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DESIGN OF VACUUM VESSELS WITH CIRCUMFERENTIAL STIFFENERS 
DAVID TAYLOR MODEL BASIN PROCEDURE & MODIFIED ASME DIVISION 11 

Purpose: This calculatlon shows the required spacing of the 1,75• x 0.1875" beam tube vacuum stiffeners designed PER 
THE ASME CODE with a Factor of Safety of 3.00, In order to obtain an allowable design pressure>= 14.70 psi, 
with a < 1 percent permlsslble variation In the actual and required moments of Inertia of the stiffener I shell section. 
The moment of Inertia of the stiffener accounts for the 6 degree rotation that can be expected during construction. 

lnBut Variables, ~llnder 
Cylinder O.D, De ~ Inches 
Cylinder Thickness, tc gJ..2Z Inches 
Design Pressure, p H.10 psi 
Design Temperature ~ degrees F 
Safety factor, FS ~ ASME Safety Factor 

lnBut Variables, Stiffener 
Stiffener Depth, dstlff .1..1§D. Inches 
Stiffener Thick, tstiff ~ Inches 
Stiffener Spacing, L ~ Inches 

Computed Circumferential Stress In Cylinder 
Sc = 2,836 psi --> (p * De) I (2 * tc) 

Petermine Tangent Modulus of the Material. Et 

Et= 27,000,000 psi -->(For 304L@ 300F, Table TM-1, p664, ASME Section II Part D) 

Determine Collapsing Pressure. Per 
Per= 46.36 psi --> (2.6 •Et• ((tc/Dc)A2.5)) I (UDc - 0.45 • ((tc./Dc)"0.5)) 

Determine Maximum Allowable Pressure. Pall = Per I ES 
Pall= 15.45 psi --->Per IFS 

oetermlne Maximum Allowable Spacing Between Stiffeners 
Lmax = 27.80 inches -> De• ((tc/Dc)"0.5) * (0.45 + ((2.6 • Et)/(FS • p))*((tc./Dc)"2)) 

Determine Maximum Allowable Circumferential Stress, Sc all 
Sc_all = 2,981 psi -> ((2.6/(FS * 2)) *Et* ((tc/Dc)"1.5))/((UDc) - 0.45 * ((tc/Dc)"0.5)) 

Determine Corresponding Minimum Thickness of Cylinder. tc min 
tc_min = 0.051 inches • -> 2 * (Dc/2) * ((2 * p/Et)"0.5) 

Intermediate Vacuum Stiffeners 
A_stiff = 0.328 in**2 -> dstiff. ts tiff 
A_shell = 0.348 in**2 -> 1.1 * tc * Sqrt(Dc * tc) 
A_total = 0.677 in**2 -> A_stiff + A_shell 
ybar = 0.519 inches abv shell --> (A_stiff * (dstiff/2 + tc) + A_shell * (tc/2)) I A_total 
l_stiff = 0.083 in**4 -> Moment of Inertia of stiffener with a 6 degree incline from the vertical. 
!_shell= 0.0005 in**4 -> (1/12) * (1.1 * Sqrt(Dc * tc)) * tc"3 
!_tot= 0.232 ln**4 --> l_stiff + !_shell + A_stiff • (dstiff/2 + tc - ybar)"2 + A_shell * (ybar - tc/2)"2 
B_stiff = 3,876 psi -> 0.75 * (p * De) I {le+ A_stiff IL) 
A_value = 0.000287 -> (2 * B_stiff) I Et 
Req'd !_tot= 0.234 in**4 --> ((DC'°'2 * L * (tc + A_stiff IL)* A_ value)/ 10.9) * (FS / 3), ASME Div 2 UG-29 

Conclusion: For a design meeting the ASME Code with a Factor of Safety of 3.00, the vacuum stiffeners must be spaced no 
farther than 26.50 Inches apart for an allowable design pressure>= 14.70 psi, assuming a< 1 percent 
variation In the actual and required moments of Inertia of the stiffener I shell section. 
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DESIGN OF VACUUM VESSELS WITH CIRCUMFERENTIAL STIFFENERS 
DAVID TAYLOR MODEL BASIN PROCEDURE & MODIFIED ASME DIVISION 11 

Purpose: This calculation shows the required spacing of the 1.1s• x 0.1875• beam tube vacuum stiffeners designed PER 
THE ASME CODE with a Factor of Safety of 3.00, In order to obtain an allowable design pressure>= 14.70 psi, 
with an accepted 5 percent variation In the actual and required moments of Inertia of the stiffener I shell section. 
The moment of Inertia of the stiffener accounts for the 6 degree rotation that can be expected during construction. 

lnRut Variables, ~llnder 
Cylinder O.D, De ~ Inches 
Cylinder Thickness, tc .Q.121. Inches 
Design Pressure, p ll.12 psi 
Design Temperature 1QQ ,degreesF 
Safety Factor, FS .MQ ASME Safety Factor 

lnRut Variables, Stiffener 
Stiffener Depth, dstiff 1.1fill Inches 
Stiffener Thick, tstiff ~ Inches 
Stiffener Spacing, L 2L15Q Inches 

Computed Circumferential Stress In Cylinder 
Sc= 2,836 psi -> (p *De) I (2 * tc) 

Determine Tangent Modulus of the Material. Et 

Et= 27,000,000 psi ->(For 304L@ 300F, Table TM-1, p664, ASME Section II Part D) 

Petermlne Collapsing Pressure. Per 
Per= 44. 18 psi -> (2.6 * Et* ((tc/Dc)"2.5)) I (UDc - 0.45 * ((tc/Dc)"0.5)) 

Petermlne Maximum Allowable Pressure. Pall = Per IFS 
Pall = 14.73 psi '-> Per IFS 

oetermlne Maximum Allowable Spacing Between Stiffeners 
Lmax = 27.80 inches ->De* ((tc/Dc)"0.5) * (0.45 + ((2.6 * Et)/(FS * p))*((tc/Dc)"2)) 

Determine Maximum Allowable Circumferential Stress. Sc all 
Sc_aJI = 2,841 psi -> ((2.6/(FS * 2)) *Et* ((tc/Dc}"1.5))/((UDc) • 0.45 * ((tc/Dc)"0.5)) 

oetermlne Corresponding Minimum Thickness of Cylinder. tc min 
tc_min = 0.051 Inches -> 2 * (Dc/2) * ((2 * p/Et)"0.5) 

!ntermediat~ Vacuum Stlttene1:1 
A_stiff = 0.328 in**2 -> dstiff * tstiff 
A_shell= 0.348 in**2 -> 1.1 * tc * Sqrt(Dc * tc) 
A_totaJ = o.6n in**2 -> A_stiff + A_shell 
ybar= 0.519 inches abv shell -> (A_stiff * (dstiff/2 + tc) + A_shell * (tc/2)) I A_totaJ 
l_stiff = 0.083 in**4 -> Moment of Inertia of stiffener with a 6 degree incline from the vertical. 
l_shell = 0.0005 in**4 -> {1/12) * (1.1 * Sqrt(Dc * tc)) * tc"3 
l_tot= 0.232 ln**4 -> l_stiff + l_shell + A_stiff * (dstiff/2 + tc - ybar}"2 + A_shell * {ybar - tc/2)"2 
B_stiff = 3,891 psi -> 0.75 * (p * De) I (tc + A_stiff IL) 
A_value= 0.000288 -> (2 * B_stiff) I Et 
Req'd l_tot = 0.245 tn••4 ···> ((Dc"2 * L * (tc +A.stiff IL)* A_value) / 10.9) * (FS / 3), ASME Div 2 UG-29 

Conclusion: For a design meeting the ASME Code with a Factor of Safety of 3.00, the vacuum stiffeners must be spaced no 
farther than 27.75 Inches apart for an allowable design pressure of 14.70 psi, assuming an accepted 5 percent 
variation In the actual and required moments of Inertia of the stiffener I shell section. 
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DESIGN OF VACUUM VESSELS WITH CIRCUMFERENTIAL STIFFENERS 
DAVID TAYLOR MODEL BASIN PROCEDURE & MODIFIED ASME DIVISION 11 

Purpose: This calculation shows the resulting Factor of Safety (Non-ASME) that Is obtained by spacing the beam tube vacuum 
stiffeners (1.75" x 0.1875") at 30", yet still obtaining an allowable design pressure>= 14.70 psi, with a< 1 percent 
permissible variation In the actual and required moments of Inertia of the stiffener I shell section. 
The moment of Inertia of the stiffener accounts for the 6 degree rotation that can be expected during construction. 

lnRut Variables, C~llnder 
Cylinder O.D, De ~ Inches 
Cylinder Thickness, tc U2Z Inches 
Design Pressure, p .li.12 psi 
Design Temperature w degrees F 
Safety Factor, FS 2M Non-ASME Safety Factor 

lnuut Variables, Stiffener 
Stiffener Depth, dstlff 1.152 Inches 
Stiffener Thick, tstiff 2.liil Inches 
Stiffener Spacing, L ~ Inches 

Computed Circumferential Stress In Cylinder 
Sc= 2,836 psi -·> (p * De) I (2 * tc) 

Determine Tangent Modulus of the Material. Et 

Et= 27,000,000 psi ->(For 304L@ 300F, Table TM-1, p664, ASME Section II Part D) 

Determine Collapsing Pressure. Per 
Per= 40.74 psi -> (2.6 • Et• ((tc/Dc)"2.5)) I (UDc • 0.45 • ((tc/Dc)"0.5)) 

Determine Maximum Allowable Pressure. Pall = Per IFS 
Pall = 15.37 psi -> Per I FS 

Determine Maximum Allowable Spacing Between Stiffeners 
Lmax = 31.32 inches -> De• ((tc/Dc)"0.5) • (0.45 + ((2.6 • Et)l(FS • p))*((tc/Dc)"2)) 

Determine Maximum Allowable Circumferential Stress. Sc all 
Sc_all = 2,966 psi -> ((2.6/(FS • 2)) • Et• ((tc/Dc)"1.5))/((L/Dc) • 0.45 • ((tc/Dc)"0.5)) 

Determine Corresponding Minimum Thickness of Cylinder. tc min 
te_min = 0.051 inches -> 2 • (Dc/2) • ((2 • p/Et)"0.5) 

Intermediate Vacuum Stiffeners 
A_stiff = 0.328 in**2 -> dstiff • tstiff 
A_shell = 0.348 in**2 -> 1.1 • tc • Sqrt(Dc • tc) 
A_total = 0.677 in**2 --> A_stiff + A_shell 
ybar = 0.519 inches abv shell -> (A_stiff * (dstiff/2 + tc) + A_shell * (tc/2)) I A_total 
!_stiff= 0.083 in**4 -> Moment of Inertia of stiffener with a 6 degee incline from the vertical. 
!_shell= 0.0005 in**4 -·> (1/12) * (1.1 * Sqrt(Dc * tc)) * td'3 
!_tot= 0.232 ln**4 -·> l_stiff + l_shell + A_stiff * (dstiff/2 + tc - ybar)"2 + A_shell • (ybar - tc/2)"2 
B_stiff = 3,916 psi -·> 0.75 * (p * De) I (tc + A_stiff IL) 
A_value= 0.000290 -·> (2 * B_stiff) I Et 
Req'd i_tot = 0.234 in**4 -·> ((Dc"2 * L * (tc + A_stiff IL)* A_ value)/ 10.9) * (FS / 3), ASME Div 2 UG·29 

Conclusion: With a 30" spacing of the beam tube vacuum stiffeners, a Factor of Safety of 2.65 will result In a design that provides 
both an allowable design pressure>= 14.70 psi and variation of< 1 percent in the actual and required moments 
of inertia of the stiffener I shell section. This design does not conform to the requirements of the ASME Code. 
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DESIGN OF VACUUM VESSELS WITH CIRCUMFERENTIAL STIFFENERS 
DAVID TAYLOR MODEL BASIN PROCEDURE & MODIFIED ASME DIVISION II 

Purpose: This calculatlon shows the resulting Factor of Safety (Non-ASME) that Is obtained by spacing the beam tube vacuum 
stiffeners (1.75" x o.1a1s•) at 30•, yet still obtaining an allowable design pressure>= 14.70 psi, with an accepted 
5 percent variation In the actual and required moments of Inertia of the stiffener I shell section. 
The moment of Inertia of the stiffener accounts for the 6 degree rotation that can be expected during construction. 

Input Variables. Cylinder 
Cylinder O.D, De 
Cylinder Thickness, tc 
Design Pressure, p 
Design Temperature 
Safety Factor, FS 

Input Variables, Stiffener 
Stiffener Depth, dstiff 
Stiffener Thick, tstlff 
Stiffener Spacing, L 

Inches 
Inches 
psi 
degreesF 
Non-ASME Safety Factor 

1.Z§Q Inches 
.2...1fil Inches 
1Q..QQQ Inches 

Computed Circumferential Stress In Cylinder 
Sc= 2,836 psi ···> (p * De) I (2 * tc) 

Determine Tangent Modulus of the Material. Et 

Et= 27,000,000 psi ···>(For 304L@ 300F, Table TM-1, p664, ASME Section Ii Part D) 

Determine Collapsing Pressure. Per 
Per= 40.74 psi ···> (2.6 *Et* ((tc/Dc)"2.5)) I (L/Dc • 0.45 * ((tc/Dc)"0.5)) 

Determine Maximum Allowable Pressure. Pall = Per IFS 
Pali= 14.71 psi -·>Per IFS 

Petermlne Maximum Allowable Spacing Between Stiffeners 
Lmax = 30.01 inches ···>De* ((tc/Dc)"0.5) * (0.45 + ((2.6 * Et)/(FS * p))*((tc/Dc)"2)) 

oetermine Maximum Allowable Clrcumferentlal Stress. Sc all 
Sc_all = 2,837 psi ·-> ((2.6.f(FS * 2)) * Et* ((tc/Dc)"1.5))/((L/Dc) • 0.45 * ((tc/Dc)"0.5)) 

Petermine Corresponding Minimum Thickness of Cylinder. tc min 
tc_min = 0.051 inches ···> 2 * (Dc/2) * ((2 * p/Et)"0.5) 

Intermediate Vacuum Stiffeners 
A_stiff = 0.328 in**2 
A_shell = 0.348 in**2 
A_totai = 0.677 in**2 
ybar= 0.519 inches abv shell 
!_stiff= 0.083 in**4 
l_sheil= 0.0005 in**4 
l_tot= 0.232 in**4 
B_stiff = 3,916 psi 
A_value= 0.000290 
Req'd l_tot = 0.244 in**4 

-> dstiff * !stiff 
-> 1.1 * tc * Sqrt(Dc * tc) 
···> A_stiff + A_shell 
···> (A_stiff * (dstiff/2 + le) + A_shell * (tc/2)) I A_totai 
···> Moment of Inertia of stiffener with a 6 degree incline from the vertical. 
···> (1/12) * (1.1 * Sqrt(Dc * tc)) * td'3 
·-> i_stiff + l_sheil + A_stiff * (dstiff/2 + tc • ybar)"2 + A_shell * (ybar • tc/2)"2 
·-> 0.75 * (p * De) I (le+ A_stiff IL) 
···> (2 * B_sliff) I Et 
···> ((Dc"2 * L *(le+ A_sliff IL)* A_value) / 10.9) * (FS / 3), ASME Div 2 UG-29 

Conclusion: With a 30" spacing of the beam tube vacuum stiffeners, a Factor of Safety of 2.77 will result In a design that provides 
both an allowable design pressure>= 14.70 psi and variation of< 5 percent in the actual and required moments 
of inertia of the stiffener I shell section. This design does not conform to the requirements of the ASME Code. 
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BEAM TUBE VACUUM STIFFENERS: ROTATION DURING WELDING 

purpose 
Determine the reduction in the moment of inertia of a vacuum stiffener that rotates a maximum of 8 degrees from the vertical when 
welded to the beam tube. Consider the effect upon the total moment of inertia of the combined stiffener I shell section. The effect 
of the rotation upon the location of the C.G. of the stiffener is very minor and shall be neglecteci 

Stiffener Size & Area 
1.75' deep x 0.1875' thick 304l bar, 
=> d= 1.750in 
=> b= 0.188in 
=> As = 0.328 inA2 
=> alpha= angle of rotation of stiffener from vertical 

Moment of Inertia of Rotated Stiffener. !st 
1st= b • d • ((bA2 • sin(alpha)A2) + (dl'2 • cos(alpha)"2)) / 12 
(AISC Manual, 'Properties of Geometric Sections') 

Effective Width and Area of Beam Tube Shell 
Shell Thickness, t > 0.127 in 
Shell Outside Diameter, Do > 49.00 in i 
Effect Width, Le= 1.10 •[(Do• t)ll().5] => 2.744 in: 
Effective Area, Ae = le * t > 0.348 inA2 
Moment of Inertia, lsh = le• tA3 / 12 => 0.0005 in"4 

For the Combined Stiffener I Shell Section 
Area, At = 0.677 inA2 
ybar = 0.519 in above bottom of shell 
Moment of Inertia, lcomb = 1st+ lsh + [As* (d/2 + t- ybar)A2] + [Ae • (ybar - t/2)A2] 

Stiffener Rotation, alpha Odea 2deo 4deo 6deo 
Stiffener Inertia, Is (in"4) 0.0837 0.0836 0.0833 0.0828 

Combined Inertia !comb (in"4) 0.2331 0.2325 0.2322 0.2317 

8deo 
0.0821 
0.2310 

Chancie from aloha= O dea 0.00% -0.24 % -0.37 % -0.59 % -0.89 % 

-> 0.90 % maximum reduction in moment of inertia of combined section. NEGLIGIBLE 

<= For the stiffener only 
<= For the stiffener I shell section 
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LoAD; 15~ 4-oo psi:>< 3~b x /,1S = 5oS3 if 

\.N\ LL <; VP;) l 'f 

SUBJECT 

;, AD D'L wE~u ts REQ'D. 

, G , ...... . ; .• 1'·.J ,_ ... ~ 
...... ~ ... ,... . 'i. oF GRoovE 

tJR_L E !..S.A .< .. y 
W6:..i) At.i-2...:>1) \z>l:::> 

AOD 1
L S1i2.~NC:>T1i 

VSE.. Bvrr Gi1<oe;vE w/o fE-D(:.E. p;<.f.PA!.2A-~nv·'1. 
,A-<,.s vtv. £. Virs, 

11 P 1Z N~ 11? An o.N , vs e. A lo °It> 
Go!"<-O>V"J 'E- 1..-J~ t.. D E-FF\ Ll E. ,_J c..y poi<. Sc+ f2. Jq<.. l d 

AccotLDA"-IL£. \.» l 11-\ IJW- ls ( c_). u= LAP 
o~ :,-Drt-crJ~es \S 5PcL-tt:(Eo A'S A No..M1v.A-t. 

i. 1
; ± l/2.."J TJtE S\-h;(~)T LENC.fl...t lS 112 '1 : 

J_ .1 :ti 
,, Go x v;J4ovyc.' ... Jt. /(;:; x z.. = '28'} 

4~04 + 2eo,= 

OFFICE 
/'.,bE.. REVISION 

REFERENCE NO. 

9 '] 0 Z.1 'Z.. 

SHT _2_ OF _J_ 
MADE BY 

Jf..f./ 
CHKD BY MADE BY · CHKD BY ., L\ 6 0 131? A,V\_ \VB t: s 

DATE 
1 

DATE DATE 
8 , ·. '·z I 

sn FFE LlER 1<.. 1 ;J6.S PATE 
11/3/':;~ 

Printed In USA GO 64 PEV SE~ 5• 



;JU-..:.--111'/ v /1'1 (/JY .5c,;.9.,?J!'7?$J ?'1',/~ 

DQ - 49.coLI -
-r = (/. /2 7 

L - 2e,-> r -

Dft 4C1.oo4 - 355q ;::: 
O.t 17 -

% .. -i e. ?.~ 
(}, 515 'H.Oc4 -· ~ 

H& () c:;. 21.z 

&? b'6'5'"(Ll9. CO'f) 3/. I( 
A.; c. -::.. ~-l?&~A::i :::- - { /&S-

_..,. 
1 /-:. - ;!(;, 

CJ II 1.5 h.z~ r-?.e~~.6 

\· 

! 

SUBJECT a OFFICE REFERENCE NO. 
A/C-f-( REVISION q 3021? 

.ll ($ D 8~;J/f/ rvtt_ ' 
MADE BY CHKD BY MADE BY CHKD BY 

I ; 
}.?_}.!., V\)H. SHT_OF-

j/!,..~ / (~r~ ;~ .--~ .-' ,. - .-::>~..._;; ... ~ /'::";:~-:.·· ,t. DATE DATE DATE DATE · ..... /~- ..>. 
4-~- 'H t.. Io :it ... ft.30 3 

Printed In USA GO 64 REV SEP S4 



'l r/ 

SUBJECT 

Printed In USA 

11~ 

I 

!/ 
i I 
/' ,/ 

// 

,/ 
' ' I !' 

t'' 
i /' ~-

#· 
;f : 

ii b 

;/ 
./-' 
I 

"' 
f,(i ;f ';; v /:! 1f. 

~ ( ~ \ £..:.. /..1~-1) 

\a 
! MADE BY 

! f'.J. !-V 
i DATE 

I 3f-;,;"'"'~ 

OFFICE 
,1'./06 -/' 

CHKD BY 

WK 
DATE 

4-1- ~c.j 

' 
I.Sb{ 4t,'.i:1'i"'-'7.."7y- ....... 2.74R '( . ~ ,...z , 

£ ~ 'Zi 1rcc Doc ?.:, , 

r ~ z.47g(, i i.7)" :::. o. ooc ~1 
z:.. 

REVISION 

MADE BY 

DATE 

(! ~ : :Jt>! /I .tf·rfltl 7:,.: 

;,..._;,~~ 

I REFERENCE NO. 

i 9 70 1,.l '-

CHKD BY i 
SH T __::::__ 0 F_1_ i 

DATE I 
l 

•_,. 11 

GO 64 REV SEP 84 



;ti::. 

fc12 

SUBJECT 

'-

Printed In USA 

/'l ,, 

'1 

:?:/ 17 

N=·~~~'i 
v1~ £ :J_ 

l?.r!. -; /. ~(14.)) (';: §. 3,) ;: 6-Z 5 

I .; ( 4 ~ o 7 7 /:J~ ( '- -z s) 
1 

= 

2-,.1!.<1f)& (.o.;c40q) 
/J::: 

C-
J -

4 9. ccA IT :::: 5,70'1 

a OFFICE 
&.0'. c. 

MADE BY CHKD BY 
/~j ;,-, WJ c.. 
DATE DATE 

3F~'-~9S ~-~-~>{ 

Al.b. 

{ 

REFERENCE NO. 
REVISION 

"13::=-z12. 
MADE BY CHKD BY 1 'l 

' 
SHT_'_OF_' 

DATE DATE 
1.. \"'v 

GO 64 REV SEP 54 





SUBJECT 
\ 

\ 
'~/ ~o~(IJ'f Of 

Printed In USA 

Al~.: I 
h .., I 
i. . o, lt?S' 

c-s-

01 -- 2.f': - D,ics;"'.· -z.1.q5 

j 
;: J ,, 

' 

I [ ,~ JI q ..,t v·. , / o:::rz 7 __, 

9 _,., -· / y r r : ;-6 .:-:· ..... :.. .. ,..., · .. · ~·· .,,. ,. ') 

z. 8'9 /,-./ 4 

~ 
(.JE£.Tt4 • 

..- I ~~- 0.JvO\..vrt 
MADE BY 

\:1(·,.J /2J t~/ 
DATE 

/ - 2/~~ '·i4 

I 3 z.. J //I 4 ::> T Rf A 1D ~-I?. 

OFFICE 
/ZlC~ • / REVISION 

CHKD BY MADE BY 

\.Ji<... 
DATE DATE 

~ ; ~ j . "': ..... , •·; 

CHKD BY 

DATE 

A~11A e 

REFERENCE NO. 
C)-:> ~ -·;...,. 
/.:/V?1._. 

SHT_l_QF_\ 

GO So! REV SEP 84 



(~' 
I 
\ 

PvMP /:b;?r #~c: )c ??l/CK..,1y~;:; $ 

/1-6-~"'!'ti # 
. 

SUBJECT 

10" 1 

Printed In USA 

i-:: o.pz~ 
r. 3'' ( rHA' ,-,,,,,,~,"' ... ' /,.~r./ :;,.77') ...( ~ /.1-jC K-

¢~ /0 II 

. 
D4 io;;_ ::.. 400 ::. !).OzS 

Lin ..l - c .. 3 - ;o 

A-=- 0, COOb 

g ::. SDoo 

P-:. 4 8. - 4(r;ooo) 
- - I b.7 ''> ..s~ s (~,,{) 3 ( 400} - J 

(,,I. -4n \ 
..... ., u . "'"'""" 

-- '777'' - -

0.5:JO/~J7- (M-1A1r~J;;_.,) 
tMu 0 = ------·------

15 
11 

- (10-1 2 xl.:S) 
~ ()_ '2~ ., 

] 
/t?K7 

OFFICE 
/{~-C 

MADE BY CHKD BY 

;l.J!·J ET s 
DATE DATE 

/ /J) 1 ·' -;, /ofo)D~ 'i 3 

/r.sM~ -mJl'" l:.1J I 

vc.--z; 

Ab G, (>~ b 
5v.ll>r;.~-,.:-, ""!. 

~I~ ,.01-1 

;:- )4-_ / 

f,Tu 930/- Z 

REVISION 

MADE BY I CHKD BY 

I 
DATE i DATE 

I 

REFERENCE NO. 

930-:!iZ 

SHT_I OF_l_I 

1>. I 

GO 64 REV SEP 64 



SUBJECT 

Printed In USA 

s 

//~4-tt:- :;:: 

'Tr (Jo) 

iso= 
7)-10 

-= d, 17 

OFFICE 

MADE BY CHKD BY 
,i.J:, 3::; 
DATE DATE 

/ \ -'/1J.r·-
''(?,/ -

f-;. 5~ 
1)1-.~ ... ~/./ ~ ~ .~ 

c;-,;; ,,,,:.--,,,,"\.:~ ""'.., 

i ~ : c.-: \ 
.<11rt-.;c;;--)~~:.·~~ J 

REFERENCE NO. 
REVISION 

MADE BY I CHKD BY 
SHT-2::.... OF_J_I 

DATE i DATE 

I 
GO 64 REV SEP 5-! 



SUBJECT 

P-=- us~ 

v. -:,.Q 
/... 

v ::.-1~0 <- - -; ~ ....... /v{ C, - r.:00 .4. 

/4, 7( 'Z~) 
'I 2"S"" 

Tt:f. 

( . . '-. /- , _ __..,, 4J 

J ,s- f 
... "f"·.-~·.-:1 

JO,, I //.,,,_,r /b;;-

J.l b o d,#,f7;1 r;,1d.1P 

Printed In USA 

/4 //, 2-

OFFICE 
//;7#f "C,_ 

--ir s l'-d 

REVISION 

MADE BY ; CHKD BY MADE BY CHKD BY 

~) BTS" 
DATE DATE DATE DATE 

SJ.r~'/··:,. /P IV<>V~ 3 

REFERENCE NO. 

cts::zc 
SHTloF_!i__ 

GC 64 REV SEP 84 



JjGReir'l EiC27,::, STD <?'.i.07···· ~>- 6 [ IBh 1:<S/l.,OOO 
~VISION 14 - 04/22/93 CWRC-107 REV MAR 79) 
-RESS INTENSITIES AT LOADED ATTACHMENTS IN CYLINDERS AND SPHERES 
~E CBI STANDARD 9107-3-6 FOR INSTRUCTIONS ON USING THIS PROGRAM. 

/ 
INPUT 

ATTCHMTS 
j_ 

KN 
i.00 

RD 
5.000 

VESSEL 
i=CYI... 

!<B 
i.00 

TI 
.ooo 

VL. 
.oo 

LOADING 
-·i=FIXED 

RM 
24.000 

TP 
.ooo 

vc 
-j_!;:;(). 00 

INITIAL STRESSES NEXT TO ATTCHMNT 
SX<AU> SOC AU> SX<CU> SO<CU> 

21 i 7 A 4234 A 21 i 7 A 4234 A 

INITIAL STRESSES AT LOC•SQRT<R*T) 
SX<AU> SO<AU> SXCCU> SO CCU) 
2117. 4234. 2117. 4234. 

INITIAL STRESSES AT EDGE OF REINF 
SXCAU> SD<AU> SXCCU> SO<CU> 

o. o. o. o. 

AN1~LYSIS 

3D 

w 
.ooo 

MC 
-600.0() 

SXU:,M) SO<AM) 
14ti. .282:~. 

SX<~1M) SO<AM) 
1411. 2822-. 

SX<AM) SO<AM) 
o. o. 

' INT 
· F'F\:ESS 

-15. 

RADIAL 
NEXT TO ATTCHMNT 

AT A,B,C, AND D 
441. 

PUNNCHING SHEAR STRESSES 
AT LOC•SQRT<R•T> 

AT A,B,C, AND D 
376. 

jJ) II DlPiME:TEFi'. PUMP FORT 
930212 

LDC 
.5000 

ML 
.oo 

SX<CM) 
141L 

SX<CM) 
i4ii. 

SX<CM) 
o. 

c 
• 00 

MT 
.oo 

SO<CM> 
2s:22J. 

SO<CM) 
2822A 

SO<CM) 
o. 

AT EDGE OF REINF 
AT A,B,C, AND D 

o. 

F~OUND ATTCHMT 10 11 DIA NOZZLE 
ON A CYLINDRICAL VESSEL 

riDt~'i I 
~ ........ u ay 

I~ 
CHARG& NOe aua.IEC:T 

(~...; 
av 13v2..rL 

I-' ~~;t; l ~~1t::.. I z 
Ci-'l<D 

if ii SHT vi' t/4,JoJ'Y3 11c,,1.:J-.,t17, DATE" J 



OUTPUT 
BIJLAARD COEFICIENTS 

NEXT TO ATTCHMNT 

.--JX/MC 
MX/MC 
NX/ML 
MX/ML 
NO/P 
MO/F' 
NO/MC 
MO/MC 
NO/ML 
MO/ML 

A & B C & D 
6.727 18.388 

.032 .Oi3·* 

18.388 
~014 

6.727 

5.573 
.054 

j_ i. 680 
.010 

AT LOC*SQRT<R*T) 
A & B C & D 
5.i5j. 16.181 

.025 .009~· 

16.360 
.020 

4.626 
.012 

5.i5i 
.009 .025·)(-

4.670 
.051 

9.832 
.008 

* MX/P FROM FIG 2C-i INSTEAD OF 2C &/OR MO/P FROM iC-i INSTEAD OF iC 

iO" DIAMETER PUMP F'OHT 
930212 
ROUND ATTCHMT iO" DIA NOZZLE 

ia ... a.UtC:T 

. I 
'\_____,/ 

! --·-:.: 5,. f : ... ><_:::) B'f 

i 13 IS (2J nJ 
'--'-· 
I UAT E OATE 

\;ti .Al" v~J /(/ /'1J ;/ 13. 

ON A CYLINDRICAL VESSEL 

01 CHARGE NO• 
BY 9 30?, I '2 > • 

~I CHKO 

I DATE 
SHT ; OP ,, 



SUF\F~)CE Slh:LSE> fr~ TENSITIES 1~,EXT TO (-Yf"TCHMNT 
l:\'.O= 5.000; 

<AU) <AL) <BU> <BL) <CU) sx -16840. 11665. -16840. U.665. -·10841. so -12733. -1414. -12733. -1414. -13731. 
Tc~U -76. ··-76. 76. 76. o. /~-

/ 
-, 

SI 16827. 13080. 16827. 13080. 13716. 

SURFACE STRESS INTENSITIES AT LOC~·SQF;:T ( r.:~n·) 
RO= s. sc,6; 

<AU) <AL) <BU) <BL) <CU> BX -13278. 93i5,. -i3278. 93i5. -8830. so -10355. -2094. -10355. -2094. -·10786. TAU -·65.,. -65. 65. 65. o. SI 13265. 114i0. 13265. 11410. 1077j .• 

OUTPUT INCLUDING INITIAL STRESSES 
SURFACE STRESS INTENSITIES 
f..:O= 5.000; 

<AU) <AL) <BU) 
sx -·j.4723. 12370. -14723. 
so -·8499. -4. -8499. 
TAU -76. -76. 76. 
SI 14709. i2375A 14709. 

SURFACE STRESS INTENSITIES 
RO= 5.866; 

(P1U) <AL> (f<LJ) 
sx -ii :1.61. :1.0020. -11161. 
so -6i2i. -684. 
TAU -·65. -65. 
SI iii47. 10705. 

1. o 11 Dr AMETEF: PUMP POFn 
9302t2 

-6121. 
65. 

U. 147. 

NEXT TO ATTCHMNT 

<BL.) <CU> 
12370. -8724. 

-4. -9497. 
76. o. 

1237!:'i. 9482. 

AT LOCi<·SQRT < R>fT) 

<BL> <CU) 
10020. -67j.3. 
-684. -6~j52A 

65. o. 
10705. 6698. 

f-\OUND ATTCHi"iT iO II DIA NOZZLE 

< U=OUTS); ( L==INS) 

<CL) <DU) <DL) 
-1810. -14626. -1017. 

9066. -19949. 14265. 
o. o. o. 

10876. 19934. 15282. 

<U==OUTS); ( L=INS) 

<CL) <DU) < DL) 
·-2343. -ii879. -1844. 

7187. -15770. 11444. 
o. o. o. 

9531. 15755. 13287. 

<U=OUTS); <L=INS) 

<CL) <DU) <DL> 
-1105. -12509. -312. 
j,0476. -i57i5. 15675. 

o. o. 0. 
11581. 15700. 159B7. 

<U=OUTS); CL=INS> 

CCL) <DU) <DL) 
-·i638. -9762. --i i39. 

8597. -ii536. 12854. 
o. o. o. 

:l.0236. 11521. 13992. 

ON A CYLINDRICAL VESSEL 



CTRLINE STRESS INl.ENSITIES 
RO= 5.000; 

sx 
so 

-~TAU 
/ ''H 

I 
I 

I 

(AM) 
-2588 .. 
-7073 .. 

-76. 
7155. 

NEXT TD ATTCHMi'4T < M::::CTRI_) 

<BM) <CM) 
-2588. -6326. 
·-7073. -2333. 

76. o. 
7:1.55. 6413. 

CTRLINE STRESS INTENSITIES AT LOC•SQRT<R*T> <M=CTRL> 
RO=== 5. 866; 

<AM) <BM> <CM) 
sx -i98i. -·i 98i. -5587. 
so -6224. -·6224. -1799. 
TAU -65. 6c· ;..} . o. 
SI 6301. 630i. 5669. 

OUTPUT INCLUDING INITIAL STRESSES 
CTRLINE STRESS INTENSITIES NEXT TO ATTCHMNT <M=CTRL> 
RO= 5 .. 000; 

<AM) <BM> <CM> 
sx -:i.i 77. -ii77 .. ·-4915. 
so -4251. -4251. 489. 
TAU -76 .. 76 .. o .. 
SI 4407. 4407. 5665. 

CTRLINE STRESS INTENSITIES AT LOC*·SQRT<R*T> <M=CTRL> 
RO= 5 .. 866; 

<AM) 
sx ·-570. 
so -3402. 
TAU -65. 
SI 35<_?7. 
! 

iO" DIAMETER PUMP F'ORT 
9302i2 

<BM) <CM) 
-·570 .. -4176. 

--3402. 1023. 
65 .. o .. 

3597 .. 5322. 

<DM) 
-7821. 
-2842. 

o. 
7896. 

<DM> 
-6862. 
-2163. 

o. 
6932. 

<DM> 
-6410. 

-20 .. 
0 .. 

6845 .. 

<DM) 
-545i .. 

659. 
o .. 

6281. 

ROUND ATTCHMT iO" DIA NOZZLE 
"SYSINJ 

ON A CYLINDRICAL VESSEL 

I 
~/ 

d.~..,.~Ji'::"&c="=T=------------·-····-····-··---·····-····. . ~ ~. . o· 9Y CHARGE HO. 

-

---------------·--·--· ~ 6_ TS I i<J"'1 _j ~ 1----+----1-.......:.'1_2_0_?_1_-z._. --1 
i JAT~ ·I ;:)AT!::I'::: CHKD ' a SHT f OP /I I /C ,.;DJ l "'] /)/l/.JV"q3 DA TE 



OGR~M Ei027A STD 9107- 3- 6 [ IBM RS/6000 
~VISION 14 - 04/22/93 CWRC-107 REV MAR 79) 
-RESS INTENSITIES AT LOADED ATTACHMENTS IN CYLINDERS AND SPHERES 
:E CBI STANDARD 9107-3-6 FOR INSTRUCTIONS ON USING THIS PROGRAM. 

INPUT 
ATTCHMTS VESSEL. LOADING ANALYSIS 

i i"'=CYL. -1.::oFIXED 3D 

KN KB RM T 
LOO i.00 24.000 .125 

Fm TT. TP w 
5.000 .000 .000 .ooo 

p VL vc MC 
1154. 0() .oo i5(). 00 600.00 

INITIAL ST!=<ESSES NEXT TO ATTCHMNT 
SX<ALJ) SO<AU) SX(CLJ) SO<CU) SX<AM) SO<AM> 
2ii7. 42:3-"l, A 2117. 4234. i4U .• 2822 ... 

INITIAL STl=(ESSES f.iT LCiC*Sf.if\'.T (Rx-T) 
SX<ALJ) SCHAU) SX<CU) SO<CU) SX<AM> SO<AM> 
2ii7. 4234. 2j.17. 4234. 1411.. 2822 ... 

INITIAL STRESGES 1~T EDGE OF F~EINF 
SX<AIJ) SO<AU> SX<CU) .SO<CU) SX<AM) SO<AM) o. o. o. (). o. o. 

INT 
iPRESS 

RADIAL PUNNCHING SHEAR STRESSES 

-15. 

NEXT TO ATTCHMNT 
AT A,B,C, AND D 

441.. 

10'' DIAMETER PUMP PORT 
9302i.2 

AT LOC*SQRT<R*T) 
AT A, B, C, 1~ND D 

376. 

LOC 
.5000 

ML 
.oo 

SX<CM) 
1411. 

SX<CM) 
t41i. 

SX<CM) 
o. 

MT 
.00 

SO<CM) 
2822 .. 

SO<CM) 
2822 .. 

SO<CM> 
o. 

AT EDGE OF REINF 
AT A, B, C, ~)ND D 

o. 

ROUND ATTCHMT j_()" DIA NOZZLE ON A CYLINDRICAL VESSEL 

r-,-8...,J-EC"""T,-----------··-····-···----· 

t-----------------··· 

3.2 



OUTPUT 
BIJLAARD COEFICIENTS 

NEXT TO ATTCHMNT 

~·· NX/P 
/ ~,f1X/P 

NX/MC 
MX/MC 
NX/ML 
MX/ML 
NO/P 
MO/F' 
NO/MC 
MO/MC 
NO/ML 
MO/ML 

A & B C Ci D 
6.727 i8.388 

.032 .013* 
:1.6.360 

• 02.:.~ 
~-.:;. 532 

.014 
i8.38B 6.727 

.Oi3 .032* 
5 .. 573 

.054 
:f.i .680 

.OiO 

AT LOC*SQRT<R*T> 
A be B C & D 
::;:; • i5i 16. 18i 

.025 .009* 
16.360 

.020 
4.626 

.01.2 
i6.t8i 5.i5t 

.009 .025* 
4.670 

.051 
9.832 

.008 

* MX/P FROM FIG 2C-i INSTEAD OF 2C &/OR MO/P FROM iC-i INSTEAD OF iC 

:i. 0 11 D l A METER PUMP PORT 
930212 
ROUND ATTCHMT 10" DIA NOZZLE 

[-Ja_J_E_C:_T _______ -- ---~~=--~·-

ON A CYLINDRICAL VESSEL 



SUF:F1:1CE STi=~ESE INTENSITif~S NEXT TU ATTCHMNT ( lJ=:cu·1;) ; (l.""INS) 
RO= 5.000; 

<AU) <AL.) <BU) <BL) <CU> <CL) <DU) <DL> 
sx --16840. :1. i66~i. -16840. 11665. -·14626. -1017. -10841. -1810. 
so -12733. -141.4. -·12733. -i414. -19949. 14265. -1.3731. 9066. 

__ T1!iU 76. 76. -76. -76. o. 0. o. o. 
/' "sr 16827. i30E30. 16827. 13080. 19934. 15282. 13716. 10876. 

I 

SURFF1CE STF~ESS INTENf:>ITIES AT LOC~·SQET ( Ri<·T) <U=OUTS);(L:::INS) 
fW:::: 5.866; 

<~1U) <AL) <BU) <BL) <CU) <CL) <DU) <DL) 
sx --13278. 93:i. ~j. -13278. 93i5. --:1.i879. -i844. -8830. -2343. 
so -10355. -2094. -10355. -2094. -15770. 11444. -:l.0786. 7187. 
TAU 6'"" ,.} . ,-$5. -65. -65. o. o. o. o. 
SI 13265. :l.1410. i32~i5. ii4t0. :1.5755. 13287. 10771. 953L 

OUTPUT INCLUDING INITIP1L STF~ESSES 
SUF.:FACE STRESS INTENSITIES NEXT TO ATTCHMNT <U=OUTS>;<L=INS) 
RO~-:: 5.000; 

<AU) (AL) <BU> <BL> <CU) <CL) <DU) ( Dl..) 
sx --14723. 12370. -14723. j.2370 ... -·12~i09. -312. -8724. -U.05. 
so -8499. ····4. -8499. -4. ·-1.5715. 15675. -9497. 10476. 
TAU 76. 76. -76. -76. o. 0. o. o. 
SI 14709. i237~j. 14709. 12375. 15700. 15987. 9482. ii58i. 

SURFP1CE STF!ESS INTENSITIES AT LOC~·SQRT ( R~<-T) (U=OUTS); <!...=INS) 
RO:::: 5. 86c>; 

<AU) <AL) <BU) <BL) <CU) <CL) <DU> <DL) 
sx -11161. 10020. -'.i.ii6L 10020. -·9762. -1139. -6713. -i638. 
so -6j.2i. -6B4. ·-612i ... -684. -ii536. 12854. -6552. 8597. 
TAU 6i::· ,;; . 65A -65. -65. o. o. o. o. 

·,9I iii47. 1070!5. 11147. j.0705. i152i. 13992. 6698. 10236. 

i 0 II DI ~~METE:F~ PUMP PORT 
93()212 
f°".Ol.JND i-'ffTCHMT i ()II DI A NOZZLE ON A CYLINDRICAL VESSEL 

---~-------····-· ·······- ··- ···-· ----.....-----.-------. ;aueJEC:T e:r ,, , 'j I CHARGE;; NO. 
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CIRL.INE STF'.E:bS :u.nt::NSITJES NEXT TO (.:iTTCHMi-~ r (li=C; r.:....) 

FW= 5.000; 

sx 
so 
TAU 

-2588. 
-7073. 

<BM) 
-2588. 
-7073. 

-76. 

<CM) 
-7821. 
-2842. 

o. 
( -------\er ,..., . 
I I 

76. 
71~5~5. ?j.55. 7896. 

i 

"' 

CTRLINE STRESS INTENSITIES AT LOC*SQRT<R*T> <M=CTRL> 
RO= 5.866; 

<AM) 
sx -i98:l .• 

so -·6224. 

TAU 6·~· ,_t ... 

SI 630i. 

<BM) 
-i98L 
-6224 .. 

-65. 
6301.. 

<CM) 
-6862. 
-2i63. 

o. 
6932. 

OUTPUT INCLUDING INITIAL STRESSES 
CTRLINE STRESS INTENSITIES NEXT TO ATTCHMNT <M=CTRL) 
RO= 5 .. 000; 

<AM> 
SX -ii77. 
so -·4251. 
T1;U 76. 
SI 4407. 

<BM) 
-i1. 77. 
--425L 

-76. 
4407. 

<CM> 
-6410. 

-20. 
o. 

6845. 

CTRLINE STRESS INTENSITIES AT LOC•SQRTCR•T> CM=CTRL) 
RO= 5.866; 

CAM) <BM> <CM> 

sx -570. -·570. -5451. 

so -3402. -3402. 659. 

TAU 65. -6~.•. o. 
-,,SI 3597. 3597. 628i. 

iO" DIAMETER PUMP PORT 

-6326. 
-2333. 

o. 
64:t3. 

<DM) 
-5587. 
-1799. 

o. 
5669. 

<DM) 
-49i5. 

489. 
o. 

5665. 

<DM) 
-4176. 

1023. 
o. 

5322 .. 

93023.:2 
ROUND ATTCHMT iO" DIA NOZZLE ON A CYLINDRICAL VESSEL 

;:• .. c;ysn~] 
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THIS OllAWINli /\NO TH[ DATA CONTAINED HEflf.IN A1lE THE 
SOLE PROPERTY OF PATHWAY BELLOWS, INC. FURNISHED FOR 
THE EXPLICIT USE OF· PURCHASER, PURCHASER'S INSTALLER, 
AND/OR PURCHASER'S CUSTOMER. DIVULGING or ORAWING 
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BEAM TUBE & EXPANSION JOINT PROPERTIES-BEAM ELEMENT EQUIVALENTS 
FOR INCLUSION IN RISA-20 BEAM TUBE MODEL 

PURPOSE 
CONVERT THE AXIAL AND ANGULAR SPRING RATES OF THE EXPANSION JOINT BELLOWS INTO EQUIVALENT AXIAL 

AND ROTATIONAL STIFFNESSES FOR A BEAM ELEMENT FOR INCLUSION IN A RISA-2D MODEL OF A PORTION OF 
THE BEAM TUBE MODULE. CONVERT INTO EQUIVALENT AREA AND MOMENT OF INERTIA. ADDITIONALLY, 
DETERMINE THE AREA AND MOMENT OF INERTIA OF THE BEAM TUBE FOR INCLUSION IN THE RISA-2D MODEL 

EXPANSION JOINT PROPERTIES 
AXIAL SPRING RATE 
ANGULAR SPRING RATE 
ANGULAR SPRING RATE 
ELASTIC MODULUS AT70F 
ELASTIC MODULUS AT 300F 
BELLOWS LENGTH 
BELLOWS THICKNESS 
BELLOWS O.D. 

BEAM TUBE PROPERTIES 
BEAM TUBE O.D 
BEAM TUBE THICKNESS 

8,316 LB/IN 
47, 191 IN-LB I DEG 

2, 703,845 IN-LB I RAD 
28,300 KSI 
27,000 KSI 

18 IN 
0.105 IN 
49.00 IN 

49.00 IN 
0.127 IN 

FOR THE RISA BEAM ELEMENT REPRESENTING THE BELLOWS: 
AXIAL STIFFNESS= AREA* ELASTIC MODULUS I LENGTH 

(PATHWAY) 
(PATHWAY) 

===> AREA =AXIAL STIFFNESS * LENGTH I ELASTIC MODULUS 
ROTATIONAL STIFFNESS = ELASTIC MODULUS * MOMENT OF INERTIA I LENGTH 

===>MOMENT OF INERTIA= (ROTA DONAL STIFFNESS* LENGTH) I (ELASTIC MODULUS) 

RISA BEAM ELEMENT PROPERTIES @ ZOF (FOR BELLOWS) 
AREA > 0.0053 IN**2 
INERTIA===> 1.7198 IN**4 

RISA BEAM ELEMENT PROPERTIES @ 300F (FOR BELLOWS) 
AREA > 0.0055 IN**2 
INERTIA > 1.8026 IN**4 

RISA BEAM ELEMENT PROPERTIES (FOR NONCONVOLUTEP EXPANSION JOINT END) 
AREA > 16.13 IN**2 
INERTIA > 4819.97 IN**4 

RISA BEAM ELEMENT PROPERTIES (FOR BEAM TUBE) 
AREA===--=> 19.50 IN**2 
INERTIA ---> 5823.45 IN**4 NOTE: 5731 IN**4 USED IN MODEL=> NEGLIGIBLE DIFFERENCE 

SUBJECT OFFICE: NOE REVISION REFERENCE NO. 
930212 

RISA-20 BEAM ELEMENT SECTION PROPERTIES MADE BY CHKD MADE BY CHKD BY 

BELLOWS, EXPANSION JOINT END & BEAM TUBE WJC K.lW SHT 1 OF 1 

DATE DATE DATE DATE 
2128194 "'M4~1tj i?. I 
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1.50' 

1 

X= ;.oo· 

4 SPACES@ 15.46' = 61.83' 

0.58' 0.58' 

1.67' 

( 4 SPACES@ 15.54' = 62.17' 

1.67' 

J , / 

(TYP) (TYP) 

1 2 3 12 13 14 4 5 6 7 8 9 10 11 
~~~_.,,,__~~-eo~~~-e~~~~--<,,......--<~~~~~~-e---~~~oe-~~~&o~~~-~~~~-:)o-

LS: 0 e ZS o e 0 0 ZS 0 

BEAM TUBE 
UNGUIDED GUIDED 

EXPJT 
GUIDED 

BEAM TUBE 

SUPPORT SUPPORT SUPPORT 

l - l EL 5-9 l ELEMENTS 10 - 13 ELEMENTS 1 - 4 

'1 I 
71 71 

71 72 73 74 

66 67 

< LS 0 

68 69 70 \ \ ( ( 75 76 77 
0 e ZS 00 0 0 ZS 0 e 

BEAM TUBE EXPJT BEAM TUBE 
UNGUIDED GUIDED GUIDED 
SUPPORT SUPPORT SUPPORT 

,, .. 
ELEMENTS 66 - 69 I, EL 70-74 t ELEMENTS 75 - 78 

'1 I 
'I 'I 

E!.EMENI PESCRIPIION 

1-5,9-13, BEAM TUBE 

I I 66-70, 74-78 HOIIOSCALE 

6, 8, 71, 73 EXP JT STUB END 

7, 72 EXP JT BELLOWS 

-
OFFICE SUBJECT ~ REVISION NOE C 

RISA-2D MODEL OF LIGO BEAM TUBE MADE BY CHKDBY MADE BY CHKD BY 
CASE #1, #1A & #1B WJC 12.:i [!.) 
NODES AND ELEMENTS 

DATE DATE DATE DATE 
2-25-94 19,,.,lftt¥/ 

I 

UNGUIDED 
SUPPORT 

x = 780.00' 1· 

> 

78 
0 

79 

UNGUIDED 
SUPPORT 

REFERENC:: NO. 
930212 

SHT_l _oF~ 

5.1... 



··.\ 

J 

1 

X=;.oo• 

4 SPACES @ 15.46' = 61.83' 

(TYP) 

1 2 3 4 

LS: e e e 

BEAM TUBE 

UNGUIDED 
SUPPORT 

l .. 
ELEMENTS 1 - 4 

1 

66 67 68 69 

<----·-zs: e e e 

UNGUIDED 
BEAMTUBE 

SUPPORT 

t -
ELEMENTS 66 - 69 

79 80 81 82 

<-·--------LS e e e 

UNGUIDED 
BEAM TUBE 

SUPPORT 

l .. 
ELEMENTS 79 - 82 

1 

ELEMENT DESCRIPTION 

1 - 5, 9 - 13, 
66 - 70, 74 - 78, 

79 - 83, 87 - 91 

6, 8, 71, 73, 84, 86 

7, 72, 85 

SUBJECT 

BEAMTUBE 

EXP JI STUB END 

EXP JI BELLOWS 

RISA-2D MODEL OF LIGO BEAM TUBE 
CASE #2- HANFORD, WA SITE 
CASE #3 - LIVINGSTON, LA SITE 
NODES AND ELEMENTS 

1.50' 
0.58' 0.58' 

1.67' 1.67' 

J ( 4 SPACES @ 15.54' = 62.17' 
, / 

(TYP) 

5 6 7 8 9 10 11 12 13 

ZS: e e e e ZS: e e 

GUIDED EXP JT GUIDED BEAMTUBE 

SUPPORT SUPPORT 

l l EL5-9 ELEMENTS 10-13 

I 
'I 'I 

71 72 73 74 

70 \ l Ir 75 76 77 

ZS: e e e e ZS: e e 

GUIDED EXPJT GUIDED BEAM TUBE 

SUPPORT 

l EL 70-74 

I 
'1 

SUPPORT 

l 
'I 

ELEMENTS 75 - 78 

4 SPACES@ 2.75' = 10.99' 

4 SPACES @ 7.67' = 30.67' 

e 

84 85 86 87 ~~~~~~~~~~~~-Y,' 

.. \\I(~ 89 90 91 

ZS: ee ee ZS: e e e 

/ 

14 

6 
UNGUIDED 
SUPPORT 

l 
1 

X:78~ 

78 79 
e 6 

UNGUIDED 
SUPPORT 

l 
'1 

HANFORD 

LIVINGSTON 

;> 

-> 

GUIDED 
SUPPORT 

EXP JT GUIDED 
SUPPORT 

BEAM TUBE 
STATION 

STUB END 

I, EL83-87 I, ELEMENTS 88 - 91 

1 'I , 
I 

X=858.82' HANFORD 

x = 878.51' LIVINGSTON 
~ 

7' 

I NOT TO SCALE I 

.. 
OFFICE REFERENCE NO. 

~ NOE C REVISION 930212 
MADE BY CHKD BY MADE BY CHKD BY 

WJC (lj f,J SHT~OF~ 
DATE DATE DATE DATE 

2-26-94 I !, ,r. "1; °' .4 s.3 
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RISA-2D MODEL OF LIGO BEAM TUBE MODULE: CASE #1 NODE NUMBERS 
CASE #1: SIMPLE SUPPORTS AT BOTH ENDS. TOT AL LENGTH = 780' 

N®E x.a:n DESCRIPTION 
1 0.000 FIXED SUPP'T, ROTATION FREE 
2 15.458 
3 30.917 
4 46.375 
5 61.833 GUIDED SUPP'T 
6 63.500 END TUBE I START EJ STUB 
7 64.083 END EJ STUB/ START BELLOWS 
8 65.583 END BELLOWS I START EJ STUB 
9 66.167 END EJ STUB/STARTTUBE 
10 67.833 GUIDED SUPP'T 
11 83.375 
12 98.917 
13 114.458 
14 130.000 FIXED SUPP'T, ROTATION FREE 
15 145.458 
16 160.917 
17 176.375 
18 191.833 GUIDED SUPP'T 
19 193.500 END TUBE I START EJ STUB 
20 194.083 END EJ STUB/ START BELLOWS 
21 195.583 END BELLOWS I START EJ STUB 
22 196.167 END EJ STUB/ START TUBE 
23 197.833 GUIDED SUPP'T 
24 213.375 
25 228.917 
26 244.458 
27 260.000 FIXED SUPP'T, ROTATION FREE 
28 275.458 
29 290.917 
30 306.375 
31 321.833 GUIDED SUPP'T 
32 323.500 END TUBE I START EJ STUB 
33 324.083 END EJ STUB/ START BELLOWS 
34 325.583 END BELLOWS I START EJ STUB 
35 326.167 END EJ STUB/STARTTUBE 
36 327.833 GUIDED SUPP'T 
37 343.375 
38 358.917 
39 374.458 
40 390.000 FIXED SUPP'T, ROTATION FREE 
41 405.458 
42 420.917 
43 436.375 
44 451.833 GUIDED SUPP'T 
45 453.500 END TUBE I START EJ STUB 
46 454.083 END EJ STUB/ START BELLOWS 
47 455.583 END BELLOWS I START EJ STUB 
48 456.167 END EJ STUB/STARTTUBE 
49 457.833 GUIDED SUPP'T 

SUBJECT OFFICE: NOE REVISION REFERENCE NO. 

RISA-2D MODEL OF BEAM TUBE MODULE, CASE #1 
NODE NUMBERS, COORDINATES & DESCRIPTION 

MADE BY 

WJC 

DATE 
2128/94 

CHKD 

P.Jw 
DATE 

930212 
MADE BY CHKD BY 

SHT 1 OF 2 

DATE DATE 5.'-1 I ~.~'1714 
~·r 
'--~~~~~~~~~~~~~~~~~~~~~--~~~ ......... ~~-'-~~--'-~~--~~~~~--' 



RISA-2D MODEL OF UGO BEAM TUBE MODULE: CASE #1 NODE NUMBERS 
CASE #1: SIMPLE SUPPORTS AT BOTH ENDS. TOTAL LENGTH= 780' 

NOOE XLED DESCRIPTION 
50 473.375 
51 488.917 
52 504.458 
53 520.000 FIXED SUPP'T, ROTATION FREE 
54 535.458 
55 550.917 
56 566.375 
57 581.833 GUIDED SUPP'T 
58 583.500 END TUBE I START EJ STUB 
59 584.083 END EJ STUB I START BELLOWS 
60 585.583 END BELLOWS I START EJ STUB 
61 586.167 END EJ STUB/STARTTUBE 
62 587.833 GUIDED SUPP'T 
63 603.375 
64 618.917 
65 634.458 
66 650.000 FIXED SUPP'T, ROTATION FREE 
67 665.458 
68 680.917 
69 696.375 
70 711.833 GUIDED SUPP'T 
71 713.500 ENDTUBE/STARTEJSTUB 
72 714.083 END EJ STUB I START BELLOWS 
73 715.583 END BELLOWS I START EJ STUB 
74 716.167 END EJ STUB/START TUBE 
75 717.833 GUIDED SUPP'T 
76 733.375 
77 748.917 
78 764.458 
79 780.000 FIXED SUPP'T, ROTATION FREE 

SUBJECT OFFICE: NOE 

RISA-2D MODEL OF BEAM TUBE MODULE, CASE #1 
NODE NUMBERS, COORDINATES & DESCRIPTION 

MADE BY 
WJC 

DATE 
2128194 

DATE 
/t;lllli.:14 

REVISION REFERENCE NO. 
930212 

MADE BY CHKD BY 
SHT 2 OF 2 

DATE DATE s.s 



RISA-2D (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 1 

3/09/94 

============================================================================ 

Units Option US Standard 

AISC Code Checks 9th Edition ASD 

Shear Deformation: No 

P-Delta Effects . No . 
Redesign . No . 
Edge Forces . No . 
A.S.I.F. . 1.333 . 

SUeJECJ • ~oe-C..: -- REVISfON - Jil1. 

MAOEBV CHKD fN MAOE av CHl<D BY 
t.1J ( ?1 i-1 SHT-OF-
DATE DATE DATE DATE 

~-\i -91..f t,!,f~rZ:'fl. 
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RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 2 

3/09/94 

============================================================================ 

----------------------------------------------------------------------------
Node Boundary Conditions 

No X-Coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

1 o.oo o.oo R R 0.00 
2 15.46 o.oo o.oo 
3 30.92 o.oo o.oo 
4 46.37 o.oo o.oo 
5 61.83 o.oo R 0.00 
6 62.92 o.oo 0.00 
7 63.50 o.oo 0.00 
8 66.17 o.oo 0.00 
9 66.75 o.oo 0.00 

10 67.83 o.oo R o.oo 
11 83.37 o.oo 0.00 
12 98.92 0.00 o.oo 
13 114.46 o.oo o.oo 
14 130.00 o.oo R R o.oo 
15 145.46 o.oo o.oo 
16 160.92 o.oo o.oo 
17 176.37 o.oo o.oo 
18 191.83 o.oo R o.oo 
19 192.92 o.oo o.oo 
20 193.50 o.oo 0.00 
21 196.17 o.oo o.oo 
22 196.75 o.oo o.oo 
23 197.83 o.oo R 0.00 
24 213.37 o.oo o.oo 
25 228.92 o.oo o.oo 
26 244.46 o.oo o.oo 
27 260.00 o.oo R R o.oo 
28 275.46 o.oo o.oo 
29 290.92 o.oo 0.00 
30 306.37 o.oo 0.00 
31 321.83 o.oo R o.oo 
32 322.92 o.oo 0.00 
33 323.50 0.00 0.00 
34 326.17 o.oo o.oo 
35 326.75 0.00 o.oo 
36 327.83 o.oo R o.oo 
37 343.37 o.oo o.oo 
38 358.92 o.oo o.oo 
39 374.46 o.oo o.oo 
40 390.00 o.oo R R o.oo 
41 405.46 o.oo o.oo 
42 420.92 o.oo o.oo 
43 436.37 o.oo o.oo 
44 451.83 o.oo R o.oo 
45 452.92 o.oo o.oo 

5.) 



RISA-2D (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 3 

3/09/94 

============================================================================ 

----------------------------------------------------------------------------
Node Boundary Conditions 

No X-Coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

46 453.50 o.oo o.oo 
47 456.17 o.oo 0.00 
48 456.75 o.oo o.oo 
49 457.83 o.oo R o.oo 
50 473.37 o.oo o.oo 
51 488.92 o.oo o.oo 
52 504.46 o.oo o.oo 
53 520.00 o.oo R R o.oo 
54 535.46 o.oo o.oo 
55 550.92 o.oo o.oo 
56 566.37 o.oo 0.00 
57 581.83 o.oo R o.oo 
58 582.92 o.oo 0.00 
59 583.50 o.oo o.oo 
60 586.17 o.oo o.oo 
61 586.75 o.oo o.oo 
62 587.83 o.oo R o.oo 
63 603.37 o.oo o.oo 
64 618.92 o.oo o.oo 
65 634.46 o.oo o.oo 
66 650.00 o.oo R R o.oo 
67 665.46 o.oo o.oo 
68 680.92 o.oo o.oo 
69 696.37 o.oo 0.00 
70 711.83 o.oo R o.oo 
71 712.92 o.oo 0.00 
72 713.50 o.oo 0.00 
73 716.17 o.oo 0.00 
74 716.75 o.oo o.oo 
75 717.83 o.oo R o.oo 
76 733.37 o.oo o.oo 
77 748.92 o.oo o.oc 
78 764.46 0.00 o.oc 
79 780.00 o.oo R R o.oc 

5.~ 



RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780 1 LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 4 

3/09/94 

============================================================================ 

Material Elastic Poisson's Thermal Weight Yield Stress 
Label Modulus Ratio Coefficient Density (Fy) 

---------------(Ksi)-----------------------(F)--------(K/ft3)------(Ksi)----
1 27000.00 0.30000 0.65000 0.000 19.200 



RISA-2D (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 5 

3/09/94 

============================================================================ 

Section Database Matl. Area Moment of As y /y 
Label Shape Set Inertia Coef 

--------------------------------------(in~2)---------(in~4)-----------------
BEAMTUBE 1 19.19 5731.030 1.20 
STUBEND 1 16.13 4820.000 1.20 
EXPJOINT 1 0. 01 1. 803 1. 20 

'? . I 0 



RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 6 

3/09/94 

============================================================================ 

I J I Releases J End Off sets 
No Node Node Section x y z x y z Sec Sway I J Length 

------------------------------------------------------{in)----(in)------(ft) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

1 -
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

2 BEAMTUBE 
3 BEAMTUBE 
4 BEAMTUBE 
5 BEAMTUBE 
6 BEAMTUBE 
7 STUBEND 
8 EXPJOINT 
9 STUBEND 

10 BEAMTUBE 
11 BEAMTUBE 
12 BEAMTUBE 
13 BEAMTUBE 
14 BEAMTUBE 
15 BEAMTUBE 
16 BEAMTUBE 
17 BEAMTUBE 
18 BEAMTUBE 
19 BEAMTUBE 
20 STUBEND 
21 EXPJOINT 
22 STUBEND 
23 BEAMTUBE 
24 BEAMTUBE 
25 BEAMTUBE 
26 BEAMTUBE 
27 BEAMTUBE 
28 BEAMTUBE 
29 BEAMTUBE 
30 BEAMTUBE 
31 BEAMTUBE 
32 BEAMTUBE 
33 STUBEND 
34 EXPJOINT 
35 STUBEND 
36 BEAMTUBE 
37 BEAMTUBE 
38 BEAMTUBE 
39 BEAMTUBE 
40 BEAMTUBE 
41 BEAMTUBE 
42 BEAMTUBE 
43 BEAMTUBE 
44 BEAMTUBE 
45 BEAMTUBE 
46 STUBEND 

15.46 
15.46 
15.45 
15.46 
1.09 
0.58 
2.67 
0.58 
1.08 

15.54 
15.55 
15.54 
15.54 
15.46 
15.46 
15.45 
15.46 

1.09 
0.58 
2.67 
0.58 
1.08 

15.54 
15.55 
15.54 
15.54 
15.46 
15.46 
15.45 
15.46 
1.09 
0.58 
2.67 
0.58 
1.08 

15.54 
15.55 
15.54 
15.54 
15.46 
15.46 
15.45 
15.46 

~-11 

1.09 
0.58 
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=======================--==================================================== 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----(in)------(ft) 

46 46 - 47 EXPJOINT 2.67 
47 47 - 48 STUB END 0.58 
48 48 - 49 BEAMTUBE 1.08 
49 49 - 50 BEAMTUBE 15.54 
50 50 - 51 BEAMTUBE 15.55 
51 51 - 52 BEAMTUBE 15.54 
52 52 - 53 BEAMTUBE 15.54 
53 53 - 54 BEAMTUBE 15.46 
54 54 - 55 BEAMTUBE 15.46 
55 55 - 56 BEAMTUBE 15.45 
56 56 - 57 BEAMTUBE 15.46 
57 57 - 58 BEAMTUBE 1.09 
58 58 - 59 STUB END 0.58 
59 59 - 60 EXPJOINT 2.67 
60 60 - 61 STUB END 0.58 
61 61 - 62 BEAMTUBE 1.08 
62 62 - 63 BEAMTUBE 15.54 
63 63 - 64 BEAMTUBE 15.55 
64 64 - 65 BEAMTUBE 15.54 
65 65 - 66 BEAMTUBE 15.54 
66 66 - 67 BEAMTUBE 15.46 
67 67 - 68 BEAMTUBE 15.46 
68 68 - 69 BEAMTUBE 15.45 
69 69 - 70 BEAMTUBE 15.46 
70 70 - 71 BEAMTUBE 1.09 
71 71 - 72 STUB END 0.58 
72 72 - 73 EXPJOINT 2.67 
73 73 - 74 STUB END 0.58 
74 74 - 75 BEAMTUBE 1.08 
75 75 - 76 BEAMTUBE 15.54 
76 76 - 77 BEAMTUBE 15.55 
77 77 - 78 BEAMTUBE 15.54 
78 78 - 79 BEAMTUBE 15.54 

'5. )'1... 
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============================================================================ 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----(ft)-----(ft)----------------------------------
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 

.17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

1 -
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
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------------------------~---------------------------------------------------
I J Unbraced Lengths K Factors Bending Coef s 

No Node Node Lb-in Lb-out Le In out Cm Cb 
--------------------(ft)-----(ft)-----(ft)----------------------------------

46 46 - 47 
47 47 48 
48 48 49 
49 49 50 
50 50 51 
51 51 52 
52 52 53 
53 53 54 
54 54 55 
55 55 56 
56 56 57 
57 57 58 
58 58 59 
59 59 60 
60 60 61 
61 61 62 
62 62 63 
63 63 64 
64 64 65 
65 65 66 
66 66 67 
67 67 68 
68 68 69 
69 69 70 
70 70 71 
71 71 72 
72 72 73 
73 73 74 
74 74 75 
75 75 76 
76 76 77 
77 77 78 
78 78 79 



RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780 1 LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 10 

3/09/94 

============================================================================ 

BLC 
No. 

Basic Load Case 
Description 

1 SELF WEIGHT + INSULATION 

Load Totals 
Nodal Point Dist. 

78 
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============================================================================ 

Member Distributed Loads,BLC 1: SELF WEIGHT + INSULATION 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 
24 25 
25 26 
26 27 
27 28 
28 29 
29 30 
30 31 
31 32 
32 33 
33 34 
34 35 
35 36 
36 37 
37 38 
38 39 
39 40 
40 41 
41 42 
42 43 
43 44 
44 45 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 

15.460 
15.460 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.540 
15.550 
15.539 
15.540 
15.460 
15.459 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.550 
15.540 
15.539 
15.459 
15.460 
15.449 
15.459 

1.090 
0.579 
2.670 
0.579 
1.079 

15.540 
15.550 
15.539 
15.540 
15.459 
15.460 
15.449 
15.459 
1.090 

7. \\. 



) 

RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 12 

3/09/94 

==========~================================================================= 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

45 - 46 
46 47 
47 48 
48 49 
49 50 
50 51 
51 52 
52 53 
53 54 
54 55 
55 56 
56 57 
57 58 
58 59 
59 60 
60 61 
61 62 
62 63 
63 64 
64 65 
65 66 
66 67 
67 68 
68 69 
69 70 
70 71 
71 72 
72 73 
73 74 
74 75 
75 76 
76 77 
77 78 
78 79 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

o.ooo 
0.000 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 

0.579 
2.670 
0.579 
1.079 

15.540 
15.550 
15.539 
15.540 
15.460 
15.459 
15.450 
15.460 
1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.549 
15.540 
15.539 
15.460 
15.459 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.550 
15.540 
15.539 

?.11 
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============================================================================ 

Load Combination 
No. Description 

1 DEAD LD + INSUL'N 

Self Wt BLC BLC BLC BLC BLC 
Dir Fae Fae Fae Fae Fae Fae 

1 1 

W E 
DYNA S V 
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============================================================================ 

Dynamic Analysis Data 

Number of modes (frequencies) 
Basic Load Case for masses 
BLC mass direction of action 
Acceleration of Gravity 

15 
1 
Y only 
32.20 ft/sec**2 

Load Combination is 1 : DEAD LD + INSUL'N 
Nodal Displacements 

Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.00000 
-0.13569 
-0.19000 
-0.13484 
-0.00000 

0.01058 
0.01621 
0.00858 
0.00558 

-0.00000 
-0.06767 
-0.08041 
-0.03810 
-0.00000 
-0.03509 
-0.07566 
-0.06390 
-0.00000 

0.00531 
0.00814 
0.00834 
0.00543 

-0.00000 
-0.06633 
-0.07900 
-0.03734 
-0.00000 
-0.03549 
-0.07612 
-0.06418 
-0.00000 

0.00533 
0.00817 
0.00834 
0.00543 

-0.00000 

-0.00082 
-0.00056 

0.00000 
0.00056 
0.00081 
0.00081 
0.00081 

-0.00043 
-0.00043 
-0.00043 
-0.00024 

0.00011 
0.00029 
0.00001 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 
-0.00024 

0.00010 
0.00029 
0.00000 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 

i;. i"I 
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============================================================================ 

Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.06633 
-0.07901 
-0.03735 
-0.00000 
-0.03549 
-0.07611 
-0.06418 
-0.00000 

0.00533 
0.00817 
0.00834 
0.00543 

-0.00000 
-0.06633 
-0.07901 
-0.03735 
-0.00000 
-0.03549 
-0.07611 
-0.06418 
-0.00000 

0.00533 
0.00817 
0.00831 
0.00541 

-0.00000 
-0.06605 
-0.07854 
-0.03694 
-0.00000 
-0.03625 
-0.07751 
-0.06552 
-0.00000 

0.00549 
0.00841 
0.01637 
0.01066 

-0.00000 
-0.13775 
-0.19416 
-0.13863 
-0.00000 

-0.00024 
0.00010 
0.00029 
0.00000 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 
-0.00024 

0.00010 
0.00029 
0.00000 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 
-0.00024 

0.00010 
0.00029 
0.00000 

-0.00029 
-0.00011 

0.00023 
0.00042 
0.00042 
0.00042 

-0.00082 
-0.00082 
-0.00082 
-0.00057 
-0.00000 
0.00057 
0.00084 
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Load Combination is 1 : DEAD LD + INSUL'N 
Spring Reactions 

Node Global X Global Y Moment 
----------------------(K)------------------(K)---------------(K-ft)---------

1 
5 

10 
14 
18 
23 
27 
31 
36 
40 
44 
49 
53 
57 
62 
66 
70 
75 
79 

Totals 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

2.79271 
3.35017 
2.15310 
7.04581 
2.38115 
2.41705 
7.02891 
2.38504 
2.41599 
7.02898 
2.38502 
2.41601 
7.02891 
2.38608 
2.41214 
7.04593 
2.12146 
3.37775 
2.80777 

70.98000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

s. '?,..\ 
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============================================================================ 

Load Combination is 1 : DEAD LD + INSUL'N 
Member End Forces 

Nodes ========== I-End ========== ========== J-End ========== 
No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

\ 40 
( ·. 41 
~/42 

43 

1- 2 
2- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
8- 9 
9- 10 

10- 11 
11- 12 
12- 13 
13- 14 
14- 15 
15- 16 
16- 17 
17- 18 
18- 19 
19- 20 
20- 21 
21- 22 
22- 23 
23- 24 
24- 25 
25- 26 
26- 27 
27- 28 
28- 29 
29- 30 
30- 31 
31- 32 
32- 33 
33- 34 
34- 35 
35- 36 
36- 37 
37- 38 
38- 39 
39- 40 
40- 41 
41- 42 
42- 43 
43- 44 

o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 

2.79 
1.39 

-0.02 
-1.43 

0.52 
0.42 
0.36 
0.12 
0.07 
2.12 
0.71 

-0.71 
-2.12 

3.51 
2.10 
0.70 

-0.71 
0.27 
0.17 
0.11 

-0.13 
-0.18 

2.14 
0.72 

-0.69 
-2.11 

3.51 
2.10 
0.70 

-0.71 
0.27 
0.17 
0.12 

-0.13 
-0.18 

2.14 
0.72 

-0.69 
-2.11 

3.51 
2.10 
0.70 

-0.71 

-o.oo 
-32.30 
-42.85 
-31.67 

1.27 
0.76 
0.54 

-0.11 
-0.17 
-0.19 

-22.20 
-22.23 
-0.27 
43.66 
0.24 

-21.43 
-21.35 

0.47 
0.23 
0.15 
0.17 
0.26 
0.51 

~21.72 

-21.97 
-0.23 
43.48 
0.11 

-21.51 
-21.39 

0.47 
0.23 
0.15 
0.17 
0.26 
0.50 

-21.72 
-21.97 
-0.23 
43.48 
0.11 

-21.51 
-21.39 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.op 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

-1.39 
0.02 
1.43 
2.83 

-0.42 
-0.36 
-0.12 
-0.07 

0.03 
-0.71 

0.71 
2.12 
3.53 

-2.10 
-0.70 

0.71 
2.11 

-0.17 
-0.11 

0.13 
0.18 
0.28 

-0.72 
0.69 
2.11 
3.52 

-2.10 
-0.70 

0.71 
2.12 

-0.17 
-0.12 

0.13 
0.18 
0.28 

-0.72 
0.69 
2.11 
3.52 

-2.10 
-0.70 

0.71 
2.12 

32.30 
42.85 
31.67 
-1. 27 
-0.76 
-0.54 
0.11 
0.17 
0.19 

22.20 
22.23 
0.27 

-43.66 
-0.24 
21.43 
21.35 
-0.47 
-0.23 
-0.15 
-0.17 
-0.26 
-0.51 
21.72 
21.97 
0.23 

-43.48 
-0.11 
21. 51 
21.39 
-0.47 
-0.23 
-0.15 
-0.17 
-0.26 
-0.50 
21. 72 
21.97 
0.23 

-43.48 
-0.11 
21.51 
21.39 
-0.47 
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LIGO BEAM TUBE -- BAKEOUT + SELF WT 
780 1 LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 
================================================================--=========== 

----------------------------------------------------------------------------
Nodes ---------- I-End ========= ---------- J-End ========== ---------- ----------

No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--
44 44- 45 o.oo 0.27 0.47 o.oo -0.17 -0.23 
45 45- 46 o.oo 0.17 0.23 o.oo -0.12 -0.15 
46 46- 47 o.oo 0.12 0.15 o.oo 0.13 -0.17 
47 47- 48 o.oo -0.13 0.17 o.oo 0.18 -0.26 
48 48- 49 0.00 -0.18 0.26 o.oo 0.28 -0.50 
49 49- 50 o.oo 2.14 0.50 o.oo -0.72 21.72 
50 50- 51 o.oo 0.72 -21.72 o.oo 0.69 21.97 
51 51- 52 o.oo -0.69 -21.97 o.oo 2.11 0.23 
52 52- 53 o.oo -2.11 -0.23 o.oo 3.52 -43.48 
53 53- 54 o.oo 3.51 43.48 o.oo -2.10 -0.11 
54 54- 55 o.oo 2.10 0.11 o.oo -0.70 21.51 
55 55- 56 0.00 0.70 -21. 51 o.oo 0.71 21. 39 
56 56- 57 o.oo -0.71 -21.39 o.oo 2.12 -0.47 
57 57- 58 o.oo 0.27 0.47 o.oo -0.17 -0.23 
58 58- 59 o.oo 0.17 0.23 o.oo -0.12 -0.15 
59 59- 60 o.oo 0.12 0.15 o.oo 0.13 -0.17 
60 60- 61 o.oo -0.13 0.17 o.oo 0.18 -0.25 
61 61- 62 o.oo -0.18 0.25 o.oo 0.28 -0.50 
62 62- 63 o.oo 2.13 0.50 o.oo -0.72 21.68 
63 63- 64 o.oo 0.72 -21.68 o.oo 0.69 21.88 
64 64- 65 o.oo -0.69 -21. 88 o.oo 2.11 0.10 
65 65- 66 0.00 -2.11 -0.10 o.oo 3.52 -43.66 
66 66- 67 0.00 3.52 43.66 o.oo -2.12 -0.07 
67 67- 68 o.oo 2.12 0.07 o.oo -0.71 21.77 
68 68- 69 o.oo 0.71 -21.77 o.oo 0.70 21.87 
69 69- 70 o.oo -0.70 -21.87 o.oo 2.10 0.23 
70 70- 71 o.oo 0.02 -0.23 o.oo 0.08 0.19 
71 71- 72 o.oo -0.08 -0.19 o.oo 0.13 0.13 
72 72- 73 o.oo -0.13 -0.13 o.oo 0.38 -0.55 
73 73- 74 o.oo -0.38 0.55 o.oo 0.43 -0.79 
74 74- 75 o.oo -0.43 0.79 o.oo 0.53 -1.30 
75 75- 76 o.oo 2.85 1.30 o.oo -1.44 31.99 
76 76- 77 o.oo 1.44 -31.99 0.00 -0.02 43.31 
77 77- 78 o.oo 0.02 -43.31 o.oo 1.39 32.64 
78 78- 79 0.00 -1.39 -32.64 0.00 2.81 -o.oo 
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============================================================================ 

Load Combination is 1 : 
AISC Code Checks 

No 
Nodes 
I J 

1 1- 2 
2 2- 3 
3 3- 4 
4 4- 5 
5 5- 6 
6 6- 7 
7 7- 8 
8 8- 9 
9 9- 10 

10 10- 11 
11 11- 12 
12 12- 13 
13 13- 14 
14 14- 15 
15 15- 16 
16 16- 17 
17 17- 18 
18 18- 19 
19 19- 20 
20 20- 21 
21 21- 22 
22 22- 23 
23 23- 24 
24 24- 25 
25 25- 26 
26 26- 27 
27 27- 28 
28 28- 29 
29 29- 30 
30 30- 31 
31 31- 32 
32 32- 33 
33 33- 34 
34 34- 35 
35 35- 36 
36 36- 37 
37 37- 38 
38 38- 39 
39 39- 40 
40 40- 41 
41 41- 42 
42 42- 43 
43 43- 44 

Maximum 0 

DEAD LD + INSUL'N 

Member Quarter Points 
1/4 1/2 3/4 

- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -

L Shear 
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============================================================================ 

----------------------------------------------------------------------------
Nodes Member Quarter Points 

No I J Maximum 0 1/4 1/2 3/4 L Shear 
----------------------------------------------------------------------------

44 44- 45 - Not Calculated -
45 45- 46 - Not Calculated -
46 46- 47 - Not Calculated -
47 47- 48 - Not Calculated -
48 48- 49 - Not Calculated -
49 49- 50 - Not Calculated -
50 50- 51 - Not Calculated -
51 51- 52 - Not Calculated -
52 52- 53 - Not Calculated -
53 53- 54 - Not Calculated -
54 54- 55 - Not Calculated -
55 55- 56 - Not Calculated -
56 56- 57 - Not Calculated -
57 57- 58 - Not Calculated -
58 58- 59 - Not Calculated -
59 59- 60 - Not Calculated -
60 60- 61 - Not Calculated -
61 61- 62 - Not Calculated -
62 62- 63 - Not Calculated -
63 63- 64 - Not Calculated -
64 64- 65 - Not Calculated -
65 65- 66 - Not Calculated -
66 66- 67 - Not Calculated -
67 67- 68 - Not Calculated -
68 68- 69 - Not Calculated -
69 69- 70 - Not Calculated -
70 70- 71 - Not Calculated -
71 71- 72 - Not Calculated -
72 72- 73 - Not Calculated -
73 73- 74 - Not Calculated -
74 74- 75 - Not Calculated -
75 75- 76 - Not Calculated -
76 76- 77 - Not Calculated -
77 77- 78 - Not Calculated -
78 78- 79 - Not Calculated -
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SUBJECT 

RISA-2D MODEL OF LIGO BEAM TUBE MODULE: CASE #1A NODE NUMBERS 
CASE #1A: SIMPLE SUPPORTS AT BOTH ENDS, TOTAL LENGTH= 780' 

1" SUPPORT SETTLEMENT @ INTERIOR FIXED (I.E .. UNGUIDED) SUPPORT 

HQQE 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 

X.(EI} DESCRIPTION 
0.000 FIXED SUPP'T, ROTATION FREE 
15.458 
30.917 
46.375 
61.833 GUIDED SUPP'T 
63.500 END TUBE I START EJ STUB 
64.083 END EJ STUB I START BELLOWS 
65.583 END BELLOWS I START EJ STUB 
66.167 END EJ STUB/STARTTUBE 
67.833 GUIDED SUPP'T 
83.375 
98.917 
114.458 
130.000 FIXED SUPP'T, ROTATION FREE 
145.458 
160.917 
176.375 
191.833 GUIDED SUPP'T 
193.500 END TUBE I START EJ STUB 
194.083 END EJ STUB I START BELLOWS 
195.583 END BELLOWS I START EJ STUB 
196.167 END EJ STUB/STARTTUBE 
197.833 GUIDED SUPP'T 
213.375 
228.917 
244.458 
260.000 FIXED SUPP'T, ROTATION FREE 
275.458 
290.917 
306.375 
321.833 GUIDED SUPP'T 
323.500 END TUBE I START EJ STUB 
324.083 END EJ STUB I START BELLOWS 
325.583 END BELLOWS I START EJ STUB 
326.167 END EJ STUB/STARTTUBE 
327.833 
343.375 
358.917 
374.458 

GUIDED SUPP'T 

40 390.000 FIXED SUPP'T, ROTATION FREE=> 1" SUPPORT SETILEMENT IMPOSED 
41 
42 
43 
44 
45 
46 
47 
48 
49 

405.458 
420.917 
436.375 
451.833 GUIDED SUPP'T 
453.500 END TUBE I START EJ STUB 
454.083 END EJ STUB I START BELLOWS 
455.583 END BELLOWS I START EJ STUB 
456.167 END EJ STUB I START TUBE 
457.833 GUIDED SUPP'T 

OFFICE: NOE REVISION REFERENCE NO. 
930212 

RISA-2D MODEL OF BEAM TUBE MODULE, CASE #1A 
NODE NUMBERS, COORDINATES & DESCRIPTION 

MADE BY CHKD MADE BY CHKD BY 

WJC {2Ji.-J SHT 1 OF 2 

DATE DATE DATE DATE 
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RISA-2D MODEL OF LIGO BEAM TUBE MODULE: CASE #1A NODE NUMBERS 
CASE #1 A: SIMPLE SUPPORTS AT BOTH ENDS, TOTAL LENGTH = 780' 

1" SUPPORT SETTLEMENT @ INTERIOR FIXED (I.E .. UNGUIDED) SUPPORT 

.liQDE x..cm DESCRIPTION 
50 473.375 
51 488.917 
52 504.458 
53 520.000 FIXED SUPP'T. ROTATION FREE 
54 535.458 
55 550.917 
56 566.375 
57 581.833 GUIDED SUPP'T 
58 583.500 END TUBE I START EJ STUB 
59 584.083 END EJ STUB I START BELLOWS 
60 585.583 END BELLOWS I START EJ STUB 
61 586.167 END EJ STUB I START TUBE 
62 587.833 GUIDED SUPP'T 
63 603.375 
64 618.917 
65 634.458 
66 650.000 FIXED SUPP'T, ROTATION FREE 
67 665.458 
68 680.917 
69 696.375 
70 711.833 GUIDED SUPP'T 
71 713.500 END TUBE I START EJ STUB 
72 714.083 END EJ STUB I START BELLOWS 
73 715.583 END BELLOWS I START EJ STUB 
74 716.167 END EJ STUB/STARTTUBE 
75 717.833 GUIDED SUPP'T 
76 733.375 
77 748.917 
78 764.458 
79 780.000 FIXED SUPP'T, ROTATION FREE 

SUBJECT OFFICE: NOE REVISION REFERENCE NO. 

RISA-20 MODEL OF BEAM TUBE MODULE, CASE #1A 
NODE NUMBERS, COORDINATES & DESCRIPTION 

MADE BY 

WJC 

DATE 
2128/94 

CHKD 

12\:-1 
DATE 

/ j;J •t; Jt4 

930212 

MADE BY CHKD BY 
SHT 2 OF 2 

DATE DATE 
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============================================================================ 
Units Option . us Standard . 
AISC Code Checks 9th Edition ASD 

Shear Deformation: No 

P-Delta Effects . No . 
Redesign . No . 
Edge Forces . No . 
A.S.I.F. 1.333 

··- -··- -NO. 
__ ,........,. 

• ~,l· '- -- MVIStON 

MADE BY CHKD BY M.ADE BV CHllO'W 
y.,\lt ()..1. ;--J . SHT-OF ___ . \ 
DATE DATE DATE DATE I \-\i~q~ I~,.:' /c.c .:..-r 
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============================================================================ 

----------------------------------------------------------------------------
Node Boundary Conditions 

No x-coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

1 o.oo o.oo R R o.oo 
2 15.46 0.00 o.oo 
3 30.92 o.oo 0.00 
4 46.37 0.00 o.oo 
5 61.83 o.oo R 0.00 
6 62.92 o.oo o.oo 
7 63.50 o.oo o.oo 
8 66.17 o.oo o.oo 
9 66.75 o.oo o.oo 

10 67.83 o.oo R o.oo 
11 83.37 o.oo o.oo 
12 98.92 o.oo o.oo 
13 114.46 o.oo o.oo 
14 130.00 o.oo R R 0.00 
15 145.46 o.oo o.oo 
16 160.92 o.oo 0.00 
17 176.37 0.00 0.00 
18 191.83 o.oo R o.oo 
19 192.92 o.oo o.oo 
20 193.50 o.oo o.oo 
21 196.17 o.oo o.oo 
22 196.75 o.oo o.oo 
23 197.83 o.oo R o.oo 
24 213.37 o.oo o.oo 
25 228.92 o.oo o.oo 
26 244.46 0.00 o.oo 
27 260.00 o.oo R R o.oo 
28 275.46 o.oo o.oo 
29 290.92 o.oo o.oo 
30 306.37 o.oo o.oo 
31 321.83 o.oo R o.oo 
32 322.92 o.oo 0.00 
33 323.50 o.oo o.oo 
34 326.17 o.oo o.oo 
35 326.75 o.oo 0.00 
36 327.83 o.oo R o.oo 
37 343.37 o.oo o.oo 
38 358.92 o.oo o.oo 
39 374.46 o.oo 0.00 
40 390.00 o.oo R D -1.00000 o.oo 
41 405.46 o.oo o.oo 
42 420.92 0.00 o.oo 
43 436.37 o.oo o.oo 
44 451.83 0.00 R o.oo 
45 452.92 o.oo o.oo 

S.t.4 
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============================================================================ 

----------------------------------------------------------------------------
Node Boundary Conditions 

No x-coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

46 453.50 o.oo o.oo 
47 456.17 o.oo o.oo 
48 456.75 o.oo o.oo 
49 457.83 o.oo R o.oo 
50 473.37 o.oo o.oo 
51 488.92 o.oo o.oo 
52 504.46 o.oo o.oo 
53 520.00 o.oo R R o.oo 
54 535.46 o.oo o.oo 
55 550.92 o.oo o.oo 
56 566.37 0.00 o.oo 
57 581.83 0.00 R o.oo 
58 582.92 o.oo 0.00 
59 583.50 o.oo o.oo 
60 586.17 o.oo 0.00 
61 586.75 o.oo o.oo 
62 587.83 o.oo R o.oo 
63 603.37 o.oo o.oo 
64 618.92 o.oo o.oo 
65 634.46 o.oo o.oo 
66 650.00 o.oo R R o.oo 
67 665.46 o.oo o.oo 
68 680.92 o.oo o.oo 
69 696.37 o.oo o.oo 
70 711.83 o.oo R o.oo 
71 712.92 o.oo o.oo 
72 713.50 o.oo o.oo 
73 716.17 o.oo o.oo 
74 716.75 o.oo 0.00 
75 717.83 o.oo R o.oo 
76 733.37 o.oo o.oo 
77 748.92 o.oo o.oo 
78 764.46 o.oo o.oo 
79 780.00 o.oo R R o.oo 
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=========================================--================================== 

Material Elastic Poisson's Thermal Weight Yield Stress 
Label Modulus Ratio Coefficient Density (Fy) 

---------------(Ksi)-----------------------(F)--------(K/ft3)------(Ksi)----
1 27000.00 0.30000 0.65000 0.000 19.200 

'5. 2i I 
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============================================================================ 

Section Database Matl. Area Moment of As y /y 
Label . Shape Set Inertia Coef 

--------------------------------------(inA2)---------(inA4)-----------------
BEAMTUBE 1 19 .19 5731. 030 1. 20 
STUBEND 1 16 .13 4820. 000 1. 20 
EXPJOINT 1 0.01 1.803 1.20 
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============--=============================================================== 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----(in)------(ft) 

1 1 - 2 BEAMTUBE 15.46 
2 2 - 3 BEAMTUBE 15.46 
3 3 - 4 BEAMTUBE 15.45 
4 4 - 5 BEAMTUBE 15.46 
5 5 - 6 BEAMTUBE 1.09 
6 6 - 7 STUB END 0.58 
7 7 - 8 EXPJOINT 2.67 
8 8 - 9 STUB END 0.58 
9 9 - 10 BEAMTUBE 1.08 

10 10 - 11 BEAMTUBE 15.54 
11 11 - 12 BEAMTUBE 15.55 
12 12 - 13 BEAMTUBE 15.54 
13 13 - 14 BEAMTUBE 15.54 
14 14 - 15 BEAMTUBE 15.46 
15 15 - 16 BEAMTUBE 15.46 
16 16 - 17 BEAMTUBE 15.45 
17 17 - 18 BEAMTUBE 15.46 
18 18 - 19 BEAMTUBE 1.09 
19 19 - 20 STUB END 0.58 
20 20 - 21 EXPJOINT 2.67 
21 21 - 22 STUB END 0.58 
22 22 - 23 BEAMTUBE 1.08 
23 23 - 24 BEAMTUBE 15.54 
24 24 - 25 BEAMTUBE 15.55 
25 25 - 26 BEAMTUBE 15.54 
26 26 - 27 BEAMTUBE 15.54 
27 27 - 28 BEAMTUBE 15.46 
28 28 - 29 BEAMTUBE 15.46 
29 29 - 30 BEAMTUBE 15.45 
30 30 - 31 BEAMTUBE 15.46 
31 31 - 32 BEAMTUBE 1.09 
32 32 - 33 STUB END 0.58 
33 33 - 34 EXPJOINT 2.67 
34 34 - 35 STUB END 0.58 
35 35 - 36 BEAMTUBE 1.08 
36 36 - 37 BEAMTUBE 15.54 
37 37 - 38 BEAMTUBE 15.55 
38 38 - 39 BEAMTUBE 15.54 
39 39 - 40 BEAMTUBE 15.54 
40 40 - 41 BEAMTUBE 15.46 
41 41 - 42 BEAMTUBE 15.46 
42 42 - 43 BEAMTUBE 15.45 
43 43 - 44 BEAMTUBE 15.46 
44 44 - 45 BEAMTUBE 1.09 
45 45 - 46 STUB END 0.58 

5 . .,, 'i 
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===========================================================--================ 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----(in)------(ft) 

46 46 - 47 EXPJOINT 2.67 
47 47 - 48 STUB END 0.58 
48 48 - 49 BEAMTUBE 1.08 
49 49 - 50 BEAMTUBE 15.54 
50 50 - 51 BEAMTUBE 15.55 
51 51. - 52 BEAMTUBE 15.54 
52 52 - 53 BEAMTUBE 15.54 
53 53 - 54 BEAMTUBE 15.46 
54 54 - 55 BEAMTUBE 15.46 
55 55 - 56 BEAMTUBE 15.45 
56 56 - 57 BEAMTUBE 15.46 
57 57 - 58 BEAMTUBE 1.09 
58 58 - 59 STUB END 0.58 
59 59 - 60 EXPJOINT 2.67 
60 60 - 61 STUB END 0.58 
61 61 - 62 BEAMTUBE 1.08 
62 62 - 63 BEAMTUBE 15.54 
63 63 - 64 BEAMTUBE 15.55 
64 64 - 65 BEAMTUBE 15.54 
65 65 - 66 BEAMTUBE 15.54 
66 66 - 67 BEAMTUBE 15.46 
67 67 - 68 BEAMTUBE 15.46 
68 68 - 69 BEAMTUBE 15.45 
69 69 - 70 BEAMTUBE 15.46 
70 70 - 71 BEAMTUBE 1.09 
71 71 - 72 STUB END 0.58 
72 72 - 73 EXPJOINT 2.67 
73 73 - 74 STUB END 0.58 
74 74 - 75 BEAMTUBE 1.08 
75 75 - 76 BEAMTUBE 15.54 
76 76 - 77 BEAMTUBE 15.55 
77 77 - 78 BEAMTUBE 15.54 
78 78 - 79 BEAMTUBE 15.54 
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============================================================================ 

----------------------------------------------------------------------------
Nodes Member Quarter Points 

No I J Maximum 0 1/4 1/2 3/4 L Shear 
----------------------------------------------------------------------------

44 44- 45 - Not Calculated -
45 45- 46 - Not Calculated -
46 46- 47 - Not Calculated -
47 47- 48 - Not Calculated -
48 48- 49 - Not Calculated -
49 49- 50 - Not Calculated -
50 50- 51 - Not Calculated -
51 51- 52 - Not Calculated -
52 52- 53 - Not Calculated -
53 53- 54 - Not Calculated -
54 54- 55 - Not Calculated -
55 55- 56 - Not Calculated -
56 56- 57 - Not Calculated -
57 57- 58 - Not Calculated -
58 58- 59 - Not Calculated -
59 59- 60 - Not Calculated -
60 60- 61 - Not Calculated -
61 61- 62 - Not Calculated -
62 62- 63 - Not Calculated -
63 63- 64 - Not Calculated -
64 64- 65 - Not Calculated -
65 65- 66 - Not Calculated -
66 66- 67 - Not Calculated -
67 67- 68 - Not Calculated -
68 68- 69 - Not Calculated -
69 69- 70 - Not Calculated -
70 70- 71 - Not Calculated -
71 71- 72 - Not Calculated -
72 72- 73 - Not Calculated -
73 73- 74 - Not Calculated -
74 74- 75 - Not Calculated -
75 75- 76 - Not Calculated -
76 76- 77 - Not Calculated -
77 77- 78 - Not Calculated -
78 78- 79 - Not Calculated -

I 

'7.~'1 
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SUBJECT 

RISA-2D MODEL OF LIGO BEAM TUBE MODULE: CASE #1 B NODE NUMBERS 
CASE #1B: SIMPLE SUPPORTS AT BOTH ENDS, TOTAL LENGTH= 780' 

1" SUPPORT SETTLEMENT @ INTERIOR GUIDED SUPPORT 

X1EO PE$CRIPTION 
0.000 FIXED SUPP'T, ROTATION FREE 
15.458 
30.917 
46.375 
61.833 GUIDED SUPP'T 
63.500 END TUBE I START EJ STUB 
64.083 END EJ STUB I START BELLOWS 
65.583 END BELLOWS I START EJ STUB 
66.167 END EJ STUB I START TUBE 
67.833 GUIDED SUPP'T 
83.375 
98.917 
114.458 
130.000 FIXED SUPP'T, ROTATION FREE 
145.458 
160.917 
176.375 
191.833 GUIDED SUPP'T 
193.500 END TUBE/START EJ STUB 
194.083 END EJ STUB/START BELLOWS 
195.583 END BELLOWS/START EJ STUB 
196.167 END EJ STUB/STARTTUBE 
197.833 GUIDED SUPP'T 
213.375 
228.917 
244.458 
260.000 FIXED SUPP'T, ROTATION FREE 
275.458 
290.917 
306.375 
321.833 GUIDED SUPP'T => 1" SUPPORT SETTLEMENT IMPOSED 
323.500 END TUBE I START EJ STUB 
324.083 END EJ STUB/ START BELLOWS 
325.583 END BELLOWS I START EJ STUB 
326.167 ENDEJSlUB/STARTTUBE 
327.833 GUIDED SUPP'T > 1" SUPPORT SETTLEMENT IMPOSED 
343.375 
358.917 
374.458 
390.000 FIXED SUPP'T, ROTATION FREE 
405.458 
420.917 
436.375 
451.833 GUIDED SUPP'T 
453.500 END TUBE I START EJ STUB 
454.083 END EJ STUB I START BELLOWS 
455.583 END BELLOWS I START EJ STUB 
456.167 END EJ STUB I START TUBE 
457.833 GUIDED SUPP'T 

OFFICE: NOE REVISION REFERENCE NO. 
930212 

RISA-2D MODEL OF BEAM TUBE MODULE, CASE 11 B 
NODE NUMBERS, COORDINATES & DESCRIPTION 

MADE BY CHKD MADE BY CHKD BY 

WJC ((..I II\) SHT 1 OF 2 

DATE DATE DATE DATE 
2/28194 1·9 fll'~"1 
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============================================================================ 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----( ft)-----( ft)----------------------------------
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44. 
45 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 
24 25 
25 26 
26 27 
27 28 
28 29 
29 30 
30 31 
31 32 
32 33 
33 34 
34 35 
35 36 
36 37 
37 38 
38 39 
39 40 
40 41 
41 42 
42 43 
43 44 
44 45 
45 46 
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I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In out cm Cb 

--------------------(ft)-----(ft)-----(ft)----------------------------------
46 46 - 47 
47 47 48 
48 48 49 
49 49 50 
50 50 51 
51 51 52 
52 52 53 
53 53 54 
54 54 55 
55 55 56 
56 56 57 
57 57 58 
58 58 59 
59 59 60 
60 60 61 
61 61 62 
62 62 63 
63 63 64 
64 64 65 
65 65 66 
66 66 67 
67 67 68 
68 68 69 
69 69 70 
70 70 71 
71 71 72 
72 72 73 
73 73 74 
74 74 75 
75 75 76 
76 76 77 
77 77 78 
78 78 79 
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===============--============================================================ 

BLC 
No. 

Basic Load Case 
Description 

1 1" FIXED SUPPORT SETTLEMENT 

Load Totals 
Nodal Point Dist. 

78 

7. ~1 
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Member Distributed Loads,BLC 1: 1 11 FIXED SUPPORT SETTLEMENT 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 
24 25 
25 26 
26 27 
27 28 
28 29 
29 30 
30 31 
31 32 
32 33 
33 34 
34 35 
35 36 
36 37 
37 38 
38 39 
39 40 
40 41 
41 42 
42 43 
43 44 
44 45 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 

0.000 
0.000 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
o.ooo 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
0.000 

15.460 
15.460 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.540 
15.550 
15.539 
15.540 
15.460 
15.459 
15.449 
15.460 
1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.550 
15.540 
15.539 
15.459 
15.460 
15.449 
15.459 

1.090 
0.579 
2.670 
0.579 
1.079 

15.540 
15.550 
15.539 
15.540 
15.459 
15.460 
15.449 
15.459 
1.090 
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============================================================================ 

----------------------------------------------------------------------------
Mem.b I J start End Start End 

No Node Node Dir Magnitude Magnitude Location Location 
-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----

45 45 - 46 y -0.001 -0.001 0.000 0.579 
46 46 - 47 y -0.001 -0.001 0.000 2.670 
47 47 - 48 y -0.001 -0.001 0.000 0.579 
48 48 - 49 y -0.001 -0.001 o.ooo 1.079 
49 49 - 50 y -0.001 -0.001 0.000 15.540 
50 50 - 51 y -0.001 -0.001 o.ooo 15.550 
51 51 - 52 y -0.001 -0.001 o.ooo 15.539 
52 52 - 53 y -0.001 -0.001 o.ooo 15.540 
53 53 - 54 y -0.001 -0.001 0.000 15.460 
54 54 - 55 y -0.001 -0.001 o.ooo 15.459 
55 55 - 56 y -0.001 -0.001 o.ooo 15.450 
56 56 - 57 y -0.001 -0.001 0.000 15.460 
57 57 - 58 y -0.001 -0.001 0.000 1.089 
58 58 - 59 y -0.001 -0.001 0.000 0.580 
59 59 - 60 y -0.001 -0.001 o.ooo 2.669 
60 60 - 61 y -0.001 -0.001 0.000 0.580 
61 61 - 62 y -0.001 -0.001 o.ooo 1.080 
62 62 - 63 y -0.001 -0.001 0.000 15.539 
63 63 - 64 y -0.001 -0.001 0.000 15.549 
64 64 - 65 y -0.001 -0.001 o.ooo 15.540 
65 65 - 66 y -0.001 -0.001 o.ooo 15.539 
66 66 - 67 y -0.001 -0.001 o.ooo 15.460 
67 67 - 68. y -0.001 -0.001 o.ooo 15.459 
68 68 - 69 y -0.001 -0.001 o.ooo 15.449 
69 69 - 70 y -0.001 -0.001 o.ooo 15.460 
70 70 - 71 y -0.001 -0.001 o.ooo 1.089 
71 71 - 72 y -0.001 -0.001 o.ooo 0.580 
72 72 - 73 y -0.001 -0.001 0.000 2.669 
73 73 - 74 y -0.001 -0.001 0.000 0.580 
74 74 - 75 y -0.001 -0.001 0.000 1.080 
75 75 - 76 y -0.001 -0.001 0.000 15.539 
76 76 - 77 y -0.001 -0.001 0.000 15.550 
77 77 - 78 y -0.001 -0.001 o.ooo 15.540 
78 78 - 79 y -0.001 -0.001 0.000 15.539 
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============================================================================ 

Load Combination 
No. Description 

1 l" SUPPORT DISPL 

Self Wt BLC BLC BLC BLC BLC 
Dir Fae Fae Fae Fae Fae Fae 

1 1 

W E 
DYNA S V 
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Dynamic Analysis Data 

Number of modes (frequencies) 
Basic Load Case for masses 
BLC mass direction of action 
Acceleration of Gravity 

15 
1 
Y only 
32.20 ft/sec**2 

Load Combination is 1 : 1 11 SUPPORT DISPL 
Nodal Displacements 

Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18. 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.00000 
-0.00149 
-0.00209 
-0.00148 
-0.00000 

0.00012 
0.00018 
0.00009 
0.00006 

-0.00000 
-0.00075 
-0.00089 
-0.00043 
-0.00000 
-0.00037 
-0.00080 
-0.00068 
-0.00000 

0.00006 
0.00008 

-0.00006 
-0.00004 
-0.00000 

0.00066 
0.00137 
0.00156 

-0.00000 
-0.00405 
-0.00760 
-0.00719 

0.00000 
0.00082 
0.00127 
0.03905 
0.02542 

-0.00000 

-0.00001 
-0.00001 

0.00000 
0.00001 
0.00001 
0.00001 
0.00001 

-0.00000 
-0.00000 
-0.00000 
-0.00000 

0.00000 
0.00000 
0.00000 

-0.00000 
-0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.00000 
-0.00002 
-0.00002 
-0.00001 

0.00002 
0.00006 
0.00006 
0.00007 

-0.00196 
-0.00196 
-0.00196 
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Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.36263 
-0.68428 
-0.91346 
-1.00000 
-0.91155 
-0.68198 
-0.36143 
-0.00000 

0.02569 
0.03935 
0.00127 
0.00082 
0.00000 

-0.00728 
-0.00770 
-0.00411 
-0.00000 

0.00157 
0.00140 
0.00068 

-0.00000 
-0.00004 
-0.00007 

0.00009 
0.00006 

-0.00000 
-0.00070 
-0.00084 
-0.00039 
-0.00000 
-0.00041 
-0.00086 
-0.00073 
-0.00000 

0.00006 
0.00009 
0.00018-
0.00012 

-0.00000 
-0.00151 
-0.00213 
-0.00152 
-0.00000 

-0.00188 
-0.00152 
-0.00089 

0.00001 
0.00090 
0.00153 
0.00188 
0.00197 
0.00196 
0.00196 

-0.00007 
-0.00006 
-0.00006 
-0.00002 

0.00001 
0.00002 
0.00002 
0.00000 

-0.00000 
-0.00000 
-0.00000 
-0.00000 
-0.00000 
-0.00000 
-0.00000 
-0.00000 
-0.00000 

0.00000 
0.00000 

-0.00000 
-0.00000 
-0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

-0.00001 
-0.00001 
-0.00001 
-0.00001 
-0.00000 

0.00001 
0.00001 

t:.. J '-' /• ' 
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Load Combination is 1 : 1 11 SUPPORT DISPL 
Spring Reactions 

Node Global X Global Y Moment 
----------------------(K)------------------(K)---------------(K-ft)---------

1 
5 

10 
14 
18 
23 
27 
31 
36 
40 
44 
49 
53 
57 
62 
66 
70 
75 
79 

Totals 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

0.03069 
0.03679 
0.02374 
0.07710 
0.03130 
0.00784 
0.15946 

-1.25177 
2.45398 

-2.36558 
2.46705 

-1.25746 
0.15946 
0.00729 
0.03166 
0.07710 
0.02339 
0.03710 
0.03086 
0.78000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
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Load Combination is 1 : 1 11 SUPPORT DISPL 
Member End Forces 

Nodes ========== I-End ========== ========== J-End ========== 
No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

I 16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
-11 
42 
43 

1- 2 
2- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
8- 9 
9- 10 

10- 11 
11- 12 
12- 13 
13- 14 
14- 15 
15- 16 
16- 17 
17- 18 
18- 19 
19- 20 
20- 21 
21- 22 
22- 23 
23- 24 
24- 25 
25- 26 
26- 27 
27- 28 
28- 29 
29- 30 
30- 31 
31- 32 
32- 33 
33- 34 
34- 35 
35- 36 
36- 37 
37- 38 
38- 39 
39- 40 
40- 41 
41- 42 
42- 43 
43- 44 

0.00 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

0.03 
0.02 

-o.oo 
-0.02 
0.01 
o.oo 
0.00 
o.oo 
o.oo 
0.02 
0.01 

-0.01 
-0.02 

0.04 
0.02 
0.01 

-0.01 
0.01 
0.01 
0.01 
o.oo 
o.oo 
0.01 

-0.01 
-0.02 
-0.04 
0.11 
0.09 
0.08 
0.06 

-1.21 
-1.21 
-1.21 
-1.21 
-1.21 
1.24 
1.23 
1.21 
1.19 

-1.19 
-1.20 
-1.22 
-1.23 

-o.oo 
-0.35 
-0.47 
-0.35 
0.01 
0.01 
0.01 

-o.oo 
-o.oo 
-0.00 
-0.24 
-0.25 
-0.01 
0.48 
o.oo 

-0.23 
-0.23 

0.02 
0.01 
0.01 

-0.01 
-0.01 
-0.01 
-0.04 
0.17 
0.63 
1.32 

-0.21 
-1.50 
-2.56 
-3.37 
-2.06 
-1.36 

1.87 
2.57 
3.88 

-15.29 
-34.23 
-52.91 
-71.36 
-52.89 
-34.19 
-15.26 

o.oo 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

-0.02 
0.00 
0.02 
0.03 

-o.oo 
-o.oo 
-o.oo 
-o.oo 
o.oo 

-0.01 
0.01 
0.02 
0.04 

-0.02 
-0.01 

0.01 
0.02 

-0.01 
-0.01 
-o.oo 
-0.00 
-o.oo 

0.01 
0.02 
0.04 
0.05 

-0.09 
-0.08 
-0.06 
-0.05 
1.21 
1.21 
1.21 
1.21 
1.21 

-1.23 
-1.21 
-1.19 
-1.18 
1.20 
1.22 
1.23 
1.25 

0.35 
0.47 
0.35 

-0.01 
-0.01 
-0.01 
o.oo 
o.oo 
o.oo 
0.24 
0.25 
0.01 

-0.48 
-o.oo 

0.23 
0.23 

-0.02 
-0.01 
-0.01 

0.01 
0.01 
0.01 
0.04 

-0.17 
-0.63 
-1.32 

0.21 
1.50 
2.56 
3.37 
2.06 
1.36 

-1.87 
-2.57 
-3.88 
15.29 
34.23 
52.91 
71.36 
52.89 
34.19 
15.26 
-3.91 

5 J.J 
' ' 
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============================================================================ 

----------------------------------------------------------------------------
Nodes ========== I-End ========== ========== J-End ========== 

No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--
44 44- 45 
45 45- 46 
46 46- 47 
47 47- 48 
48 48- 49 
49 49- 50 
50 50- 51 
51 51- 52 
52 52- 53 
53 53- 54 
54 54- 55 
55 55- 56 
56 56- 57 
57 57- 58 
58 58- 59 
59 59- 60 
60 60- 61 
61 61- 62 
62 62- 63 
63 63- 64 
64 64- 65 
65 65- 66 
66 66- 67 
67 67- 68 
68 68- 69 
69 69- 70 
70 70- 71 
71 71- 72 
72 72- 73 
73 73- 74 
74 74- 75 
75 75- 76 
76 76- 77 
77 77- 78 
78 78- 79 

0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

1.22 
1.22 
1.22 
1.21 
1.21 

-0.04 
-0.06 
-0.08 
-0.09 

0.05 
0.04 
0.02 
0.01 

-o.oo 
-o.oo 
-o.oo 
-0.01 
-0.01 

0.02 
0.01 

-0.01 
-0.02 

0.04 
0.02 
0.01 

-0.01 
o.oo 

-o.oo 
-o.oo 
-o.oo 
-o.oo 

0.03 
0,02 
o.oo 

-0.02 

3.91 
2.59 
1.88 

-1.37 
-2.07 
-3.38 
-2.57 
-1.51 
-0.21 
1.33 
0.64 
0.18 

-0.03 
-0.01 
-0.01 
-0.01 

0.01 
0.01 
0.02 

-0.23 
-0.24 
-o.oo 

0.48 
-o.oo 
-0.24 
-0.24 
-o.oo 
-o.oo 
-o.oo 

0.01 
0.01 
0.01 

-0.35 
-0.48 
-0.36 

o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0~00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

-1.22 
-1.22 
-1.21 
-1.21 
-1.21 

0.06 
0.08 
0.09 
0.11 

-0.04 
-0.02 
-0.01 

0.01 
0.00 
o.oo 
0.01 
0.01 
0.01 

-0.01 
0.01 
0.02 
0.04 

-0.02 
-0.01 

0.01 
0.02 
o.oo 
0.00 
0.00 
o.oo 
0.01 

-0.02 
-o.oo 

0.02 
0.03 

-2.59 
-1.88 
1.37 
2.07 
3.38 
2.57 
1.51 
0.21 

-1.33 
-0.64 
-0.18 

0.03 
0.01 
0.01 
0.01 

-0.01 
-0.01 
-0.02 

0.23 
0.24 
0.00 

-0.48 
o.oo 
0.24 
0.24 
o.oo 
o.oo 
o.oo 

-0.01 
-0.01 
-0.01 

0.35 
0.48 
0.36 

-0.00 
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Load Combination is 1 : 
AISC Code Checks 

No 
Nodes 
I J 

1 1- 2 
2 2- 3 
3 3- 4 
4 4- 5 
5 5- 6 
6 6- 7 
7 7- 8 
8 8- 9 
9 9- 10 

10 10- 11 
11 11- 12 
12 12- 13 
13 13- 14 
14 14- 15 
15 15- 16 
16 16- 17 
17 17- 18 
18 18- 19 
19 19- 20 
20 20- 21 
21 21- 22 
22 22- 23 
23 23- 24 
24 24- 25 
25 25- 26 
26 26- 27 
27 27- 28 
28 28- 29 
29 29- 30 
30 30- 31 
31 31- 32 
32 32- 33 
33 33- 34 
34 34- 35 
35 35- 36 
36 36- 37 
37 37- 38 
38 38- 39 
39 39- 40 
40 40- 41 
41 41- 42 
42 42- 43 
43 43- 44 

Maximum 0 

1 11 SUPPORT DISPL 

Member Quarter Points 
1/4 1/2 3/4 

- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -

L Shear 
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RISA-2D MODEL OF UGO BEAM TUBE MODULE: CASE #1 B NODE NUMBERS 
CASE #1 B: SIMPLE SUPPORTS AT BOTH ENDS, TOTAL LENGTH = 780' 

1" SUPPORT SETILEMENT @ INTERIOR GUIDED SUPPORT 

NQJ2E X1Eil DESCRIPTION 
50 473.375 
51 488.917 
52 504.458 
53 520.000 FIXED SUPP'T, ROTATION FREE 
54 535.458 
55 550.917 
56 566.375 
51 581.833 GUIDED SUPP'T 
58 583.500 END TUBE I START EJ STUB 
59 584.083 END EJ STUB I START BELLOWS 
60 585.583 END BELLOWS I ST ART EJ STUB 
61 586.167 END EJ STUB I START TUBE 
62 587.833 GUIDED SUPP'T 
63 603.375 
64 618.917 
65 634.458 
66 650.000 FIXED SUPP'T, ROTATION FREE 
67 665.458 
68 680.917 
69 696.375 
70 711.833 GUIDED SUPP'T 
71 713.500 END TUBE I START EJ STUB 
72 714.083 END EJ STUB I START BELLOWS 
73 715.583 END BELLOWS I START EJ STUB 
74 716.167 END EJ STUB I START TUBE 
75 717.833 GUIDED SUPP'T 
76 733.375 
n 748.917 
78 764.458 
79 780.000 FIXED SUPP'T, ROTATION FREE 

SUBJECT OFFICE: NOE REVISION REFERENCE NO. 

RISA-2D MODEL OF BEAM TUBE MODULE, CASE #1 B 
NODE NUMBERS, COORDINATES & DESCRIPTION 

930212 
MADE BY CHKD MADE BY CHKD BY 

WJC RJ W SHT 2 OF 2 

DATE DATE DATE DATE 
2128194 f81•-!rl(~ 
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============================================================================ 
Units Option us Standard 

AISC Code Checks . 9th Edition ASD . 
Shear Deformation: No 

P-Delta Effects No 

Redesign . No . 
Edge Forces No 

A.S.I.F. . 1.333 . 

• NO€ '- REVISION 

MADE BY CHKD BY M.AL''i BY CHKO t!V 
w~t t2J ,,.; SHT-OF-

ATE DATE DATE DAE 
·!%~~ /V;,.. n· '14 

~.so 
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============================================================================ 

Node Boundary Conditions 
No X-Coord Y-Coord X-dof Y-dof Rotation Temp. 

-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 

o.oo 
15.46 
30.92 
46.37 
61.83 
62.92 
63.50 
66.17 
66.75 
67.83 
83.37 
98.92 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

D -1.00000 

D -1.00000 

R 

L~-) !! 

114.46 
130.00 
145.46 
160.92 
176.37 
191.83 
192.92 
193.50 
196.17 
196.75 
197.83 
213.37 
228.92 
244.46 
260.00 
275.46 
290.92 
306.37 
321.83 
322.92 
323.50 
326.17 
326.75 
327.83 
343.37 
358.92 
374.46 
390.00 
405.46 
420.92 
436.37 
451.83 
452.92 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

R 

0.00 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
0.00 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oc 
o.oc 
o.oc 45 

5.sl 
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============================================================================ 

----------------------------------------------------------------------------
Node Boundary Conditions 

No X-Coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

46 453.50 o.oo o.oo 
47 456.17 o.oo o.oo 
48 456.75 o.oo o.oo 
49 457.83 o.oo R o.oo 
50 473.37 o.oo 0.00 
51 488.92 o.oo 0.00 
52 504.46 o.oo o.oo 
53 520.00 o.oo R R o.oo 
54 535.46 o.oo o.oo 
55 550.92 o.oo o.oo 
56 566.37 o.oo 0.00 
57 581.83 o.oo R o.oo 
58 582.92 o.oo o.oo 
59 583.50 o.oo o.oo 
60 586.17 o.oo o.oo 
61 586.75 o.oo o.oo 
62 587.83 o.oo R o.oo 
63 603.37 o.oo o.oo 
64 618.92 o.oo o.oo 
65 634.46 o.oo o.oo 
66 650.00 o.oo R R o.oo 
67 665.46 o.oo o.oo 
68 680.92 o.oo o.oo 
69 696.37 o.oo o.oo 
70 711.83 o.oo R o.oo 
71 712.92 o.oo 0.00 
72 713.50 o.oo o.oo 
73 716.17 o.oo o.oo 
74 716.75 o.oo 0.00 
75 717.83 o.oo R o.oo 
76 733.37 o.oo o.oo 
77 748.92 o.oo o.oo 
78 764.46 o.oo o.oo 
79 780.00 o.oo R R o.oo 
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Material Elastic Poisson's Thermal Weight Yield Stress 
Label Modulus Ratio Coefficient Density (Fy) 

---------------(Ksi)-----------------------(F)--------(K/ft3)------(Ksi)----
1 27000.00 0.30000 0.65000 0.000 19.200 
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=================================================================== 

Section Database Matl. Area Moment of As y/y 
Label Shape Set Inertia Coef 

--------------------------------------(inA2)---------(inA4)-----------------
BEAMTUBE 1 19.19 5731.030 1.20 
STUBEND 1 16.13 4820.000 1.20 
EXPJOINT 1 0.01 1.803 1.20 
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LIGO TUBE - 1" DIFF'L SETTLMT GUIDE SUP 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 
========================--=========--========================================= 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec sway I J Length 
------------------------------------------------------(in)----( in)------( ft) 

1 1 - 2 BEAMTUBE 15.46 
2 2 - 3 BEAMTUBE 15.46 
3 3 - 4 BEAMTUBE 15.45 
4 4 - 5 BEAMTUBE 15.46 
5 5 - 6 BEAMTUBE 1.09 
6 6 - 7 STUB END 0.58 
7 7 - 8 EXPJOINT 2.67 
8 8 - 9 STUB END 0.58 
9 9 - 10 BEAMTUBE 1.08 

10 10 - 11 BEAMTUBE 15.54 
11 11 - 12 BEAMTUBE 15.55 
12 12 - 13 BEAMTUBE 15.54 
13 13 - 14 BEAMTUBE 15.54 
14 14 - 15 BEAMTUBE 15.46 
15 15 - 16 BEAMTUBE 15.46 
16 16 - 17 BEAMTUBE 15.45 
17 17 - 18 BEAMTUBE 15.46 
18 18 - 19 BEAMTUBE 1.09 
19 19 - 20 STUBEND 0.58 
20 20 - 21 EXPJOINT 2.67 
21 21 - 22 STUBEND 0.58 
22 22 - 23 BEAMTUBE 1.08 
23 23 - 24 BEAMTUBE 15.54 
24 24 - 25 BEAMTUBE 15.55 
25 25 - 26 BEAMTUBE 15.54 
26 26 - 27 BEAMTUBE 15.54 
27 27 - 28 BEAMTUBE 15.46 
28 28 - 29 BEAMTUBE 15.46 
29 29 - 30 BEAMTUBE 15.45 
30 30 - 31 BEAMTUBE 15.46 
31 31 - 32 BEAMTUBE 1.09 
32 32 - 33 STUB END 0.58 
33 33 - 34 EXPJOINT 2.67 
34 34 - 35 STUB END 0.58 
35 35 - 36 BEAMTUBE 1.08 
36 36 - 37 BEAMTUBE 15.54 
37 37 - 38 BEAMTUBE 15.55 
38 38 - 39 BEAMTUBE 15.54 
39 39 - 40 BEAMTUBE 15.54 
40 40 - 41 BEAMTUBE 15.46 
41 41 - 42 BEAMTUBE 15.46 
42 42 - 43 BEAMTUBE 15.45 
43 43 - 44 BEAMTUBE 15.46 
44 44 - 45 BEAMTUBE 1.09 
45 45 - 46 STUB END 0.58 
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====================================================--======================= 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----( in)------( ft) 

46 46 - 47 EXPJOINT 2.67 
47 47 - 48 STUB END 0.58 
48 48 - 49 BEAMTUBE 1.08 
49 49 - 50 BEAMTUBE 15.54 
50 50 - 51 BEAMTUBE 15.55 
51 51 - 52 BEAMTUBE 15.54 
52 52 - 53 BEAMTUBE 15.54 
53 53 - 54 BEAMTUBE 15.46 
54 54 - 55 BEAMTUBE 15.46 
55 55 - 56 BEAMTUBE 15.45 
56 56 - 57 BEAMTUBE 15.46 
57 57 - 58 BEAMTUBE 1.09 
58 58 - 59 STUB END 0.58 
59 59 - 60 EXPJOINT 2.67 
60 60 - 61 STUB END 0.58 
61 61 - 62 BEAMTUBE 1.08 
62 62 - 63 BEAMTUBE 15.54 
63 63 - 64 BEAMTUBE 15.55 
64 64 - 65 BEAMTUBE 15.54 
65 65 - 66 BEAMTUBE 15.54 
66 66 - 67 BEAMTUBE 15.46 
67 67 - 68 BEAMTUBE 15.46 
68 68 - 69 BEAMTUBE 15.45 
69 69 - 70 BEAMTUBE 15.46 
70 70 - 71 BEAMTUBE 1.09 
71 71 - 72 STUB END 0.58 
72 72 - 73 EXPJOINT 2.67 
73 73 - 74 STUB END 0.58 
74 74 - 75 BEAMTUBE 1.08 
75 75 - 76 BEAMTUBE 15.54 
76 76 - 77 BEAMTUBE 15.55 
77 77 - 78 BEAMTUBE 15.54 
78 78 - 79 BEAMTUBE 15.54 
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============================================================================ 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----(ft)-----(ft)----------------------------------
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

~-- 16 ( 
r 17 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 - 8 
8 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 
24 25 
25 26 
26 27 
27 28 
28 29 
29 30 
30 31 
31 32 
32 33 
33 34 
34 35 
35 36 
36 37 
37 38 
38 39 
39 40 
40 41 
41 42 
42 43 

.43 44 
44 45 
45 46 
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================--=========================================================== 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----(ft)-----(ft)----------------------------------
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

r-<, 61 
1 62 

63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

46 - 47 
47 48 
48 49 
49 50 
50 51 
51 52 
52 53 
53 54 
54 55 
55 56 
56 57 
57 58 
58 59 
59 60 
60 61 
61 62 
62 63 
63 64 
64 65 
65 66 
66 67 
67 - 68 
68 69 
69 70 
70 71 
71 72 
72 73 
73 74 
74 75 
75 76 
76 77 
77 78 
78 79 
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==========================================================----=====--========== 

BLC 
No. 

Basic Load Case 
Description 

1 1 11 SETTLEMENT AT GUIDED SUPPORT 

Load Totals 
Nodal Point Dist. 

78 

S".5 "l 



RISA-2D (R) Version 3.01 
CBI Technical Services Page : 11 

(~,·:. 3/09/94 

( 
\ // 
"--.___/ 

LIGO TUBE - 1 11 DIFF'L SETTLMT GUIDE SUP 
180 1 LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Member Distributed Loads,BLC 1: 1 11 SETTLEMENT AT GUIDED SUPPORT 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

1 -
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 
-0.001 -0.001 

o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
o.ooo 

15.460 
15.460 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.540 
15.550 
15.539 
15.540 
15.460 
15.459 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.550 
15.540 
15.539 
15.459 
15.460 
15.449 
15.459 

1.090 
0.579 
2.670 
0.579 
1.079 

15.540 
15.550 
15.539 
15.540 
15.459 
15.460 
15.449 
15.459 

1.090 

'5. bO 
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----------------------------------------------------------------------------
Memb I J Start End Start End 

No Node Node Dir Magnitude Magnitude Location Location 
-------------------------{K/ft,F)-----(K/ft,F)---------{ft)---------(ft)----

45 45 - 46 y -0.001 -0.001 o.ooo 0.579 
46 46 - 47 y -0.001 -0.001 0.000 2.670 
47 47 - 48 y -0.001 -0.001 0.000 0.579 
48 48 - 49 y -0.001 -0.001 0.000 1.079 
49 49 - 50 y -0.001 -0.001 o.ooo 15.540 
50 50 - 51 y -0.001 -0.001 o.ooo 15.550 
51 51 - 52 y -0.001 -0.001 o.ooo 15.539 
52 52 - 53 y -0.001 -0.001 o.ooo 15.540 
53 53 - 54 y -0.001 -0.001 o.ooo 15.460 
54 54 - 55 y -0.001 -0.001 o.ooo 15.459 
55 55 - 56 y -0.001 -0.001 o.ooo 15.450 
56 56 - 57 y -0.001 -0.001 o.ooo 15.460 
57 57 - 58 y -0.001 -0.001 o.ooo 1.089 
58 58 - 59 y -0.001 -0.001 o.ooo 0.580 
59 59 - 60 y -0.001 -0.001 0.000 2.669 

~ .... 60 60 - 61 y -0.001 -0.001 o.ooo 0.580 /?--',<· 
I 61 61 62 y -0.001 -0.001 o.ooo 1.080 

1. 

62 62 - 63 y -0.001 -0.001 o.ooo 15.539 
63 63 - 64 y -0.001 -0.001 0.000 15.549 
64 64 - 65 y -0.001 -0.001 o.ooo 15.540 
65 65 - 66 y -0.001 -0.001 o.ooo 15.539 
66 66 - 67 y -0.001 -0.001 0.000 15.460 
67 67 - 68 y -0.001 -0.001 0.000 15.459 
68 68 - 69 y -0.001 -0.001 o.ooo 15.449 
69 69 - 70 y -0.001 -0.001 0.000 15.460 
70 70 - 71 y -0.001 -0.001 0.000 1.089 
71 71 - 72 y -0.001 -0.001 o.ooo 0.580 
72 72 - 73 y -0.001 -0.001 o.ooo 2.669 
73 73 - 74 y -0.001 -0.001 o.ooo 0.580 
74 74 - 75 y -0.001 -0.001 o.ooo 1.080 
75 75 - 76 y -0.001 -0.001 o.ooo 15.539 
76 76 - 77 y -0.001 -0.001 o.ooo 15.550 
77 77 - 78 y -0.001 -0.001 0.000 15.540 
78 78 - 79 y -0.001 -0.001 0.000 15.539 

L/! 

5. ""' 
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============================================================================ 

Load Combination 
No. Description 

1 1 11 SUPPORT DISPL 

Self Wt BLC BLC BLC BLC BLC 
Dir Fae Fae Fae Fae Fae Fae 

1 1 

W E 
DYNA S V 
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780 1 LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Dynamic Analysis Data 

Humber of modes (frequencies) 
Basic Load Case for masses 
BLC mass direction of action 
Acceleration of Gravity 

. . 
: 

15 
1 
Y only 
32.20 ft/sec**2 

Load Combination is 1 : 1 11 SUPPORT DISPL 
Nodal Displacements 

Page : 14 

3/09/94 

-----------------

Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.00000 
-0.00149 
-0.00209 
-0.00149 
-0.00000 

0.00012 
0.00018 
0.00012 
0.00008 

-0.00000 
-0.00098 
-0.00126 
-0.00075 
-0.00000 

0.00023 
0.00030 
0.00038 

-0.00000 
-0.00007 
-0.00011 
-0.00643 
-0.00419 

0.00000 
0.05727 
0.09265 
0.08184 

-0.00000 
-0.16872 
-0.40789 
-0.69281 
-1.00000 
-1.02188 
-1.03353 
-1.03319 
-1.02160 
-1.00000 

-0.00001 
-0.00001 

0.00000 
0.00001 
0.00001 
0.00001 
0.00001 

-0.00001 
-0.00001 
-0.00001 
-0.00000 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.00000 
-0.00001 
-0.00001 
-0.00001 

0.00032 
0.00032 
0.00032 
0.00027 
0.00009 

-0.00023 
-0.00067 
-0.00112 
-0.00143 
-0.00162 
-0.00167 
-0.00167 
-0.00167 

0.00167 
0.00167 
0.00167 
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============================================================================ 

----------------------------------------------------------------------------
Node Global X Global Y Rotation 

---------------------(in)-----------------(in)----------------(rad)---------
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.69253 
-0.40715 
-0.16818 
-0.00000 

0.08051 
0.09111 
0.05634 
0.00000 

-0.00418 
-0.00640 
-0.00010 
-0.00007 
-0.00000 

0.00035 
0.00026 
0.00020 

-0.00000 
-0.00071 
-0.00121 
-0.00093 
-0.00000 

0.00008 
0.00012 
0.00009 
0.00006 

-0.00000 
-0.00073 
-0.00087 
-0.00041 
-0.00000 
-0.00040 
-0.00085 
-0.00072 
-0.00000 

0.00006 
0.00009 
0.00018 
0.00012 

-0.00000 
-0.00151 
-0.00213 
-0.00152 
-0.00000 

0.00161 
0.00143 
0.00111 
0.00067 
0.00022 

-0.00009 
-0.00027 
-0.00032 
-0.00032 
-0.00032 

0.00001 
0.00001 
0.00000 

-0.00000 
-0.00000 
-0.00000 
-0.00000 
-0.00000 
-0.00000 

0.00000 
0.00001 
0.00001 
0.00001 

-0.00000 
-0.00000 
-0.00000 
-0.00000 

0.00000 
0.00000 
0.00000 

-0.00000 
-0.00000 

0.00000 
0.00000 
0.00000 
0.00000 

-0.00001 
-0.00001 
-0.00001 
-0.00001 
-0.00000 

0.00001 
0.00001 



RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO TUBE - 1" DIFF'L SETTLMT GUIDE SUP 
780' LENGTH, SIMPLE SUPP'TS @ BOTH ENDS 

Page : 16 

3/09/94 

============================================================================ 

Load Combination is 1 : 1 11 SUPPORT DISPL 
Spring Reactions 

Node Global X Global Y Moment 
----------------------(K)------------------(K)---------------(K-ft)---------

1 0.00000 0.03073 0.00000 
5 0.00000 0.03597 0.00000 

10 0.00000 0.02679 0.00000 
14 0.00000 0.06366 0.00000 
18 0.00000 0.24021 0.00000 
23 0.00000 -0.75450 0.00000 
27 0.00000 1.23407 0.00000 
31 0.00000 -0.55994 0.00000 
36 0.00000 -0.53684 0.00000 
40 0.00000 1.22669 0.00000 
44 0.00000 -0.75307 0.00000 
49 0.00000 0.23882 0.00000 
53 0.00000 0.06365 0.00000 
57 0.00000 0.02935 0.00000 
62 0.00000 0.02565 0.00000 
66 0.00000 0.07748 0.00000 
70 0.00000 0.02330 0.00000 
75 0.00000 0.03712 0.00000 
79 0.00000 0.03085 0.00000 

Totals 0.00000 0.78000 0.00000 

. . 
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Load Combination is 1 : 1" SUPPORT DISPL 
Member End Forces 

Nodes ========== I-End ========== ========== J-End ========== 
No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

) 15 
. 16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

l . 41 
\,__/:·42 

43 

1- 2 
2- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
8- 9 
9- 10 

10- 11 
11- 12 
12- 13 
13- 14 
14- 15 
15- 16 
16- 17 
17- 18 
18- 19 
19- 20 
20- 21 
21- 22 
22- 23 
23- 24 
24- 25 
25- 26 
26- 27 
27- 28 
28- 29 
29- 30 
30- 31 
31- 32 
32- 33 
33- 34 
34- 35 
35- 36 
36- 37 
37- 38 
38- 39 
39- 40 
40- 41 
41- 42 
42- 43 
43- 44 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

0.03 
0.02 

-o.oo 
-0.02 
o.oo 
o.oo 
o.oo 
o.oo 

-o.oo 
0.03 
0.01 

-0.01 
-0.02 

0.03 
0.01 

-o.oo 
-0.02 

0.21 
0.20 
0.20 
0.20 
0.20 

-0.55 
-0.57 
-0.59 
-0.60 

0.62 
0.60 
0.59 
0.57 

-o.oo 
-0.01 
-0.01 
-0.01 
-0.01 
-0.55 
-0.56 
-0.58 
-0.59 

0.62 
0.60 
0.59 
0.57 

-o.oo 
-0.36 
-0.47 
-0.35 
0.01 
0.01 
o.oo 
o.oo 

-o.oo 
o.oo 

-0.28 
-0.31 
-0.11 

0.34 
0.04 

-0.02 
0.15 
0.57 
0.35 
0.23 

-0.31 
-0.43 
-0.64 

8.1,0 
17.09 
26.32 
35.79 
26.37 
17.19 
8.26 

-0.44 
-0.44 
-0.43 
-0.41 
-0.41 
-0.40 
8.24 

17.12 
26.23 
35.59 
26.17 
16.99 
8.06 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

-0.02 
o.oo 
0.02 
0.03 

-o.oo 
-o.oo 
-o.oo 

0.00 
o.oo 

-0.01 
0.01 
0.02 
0.04 

-0.01 
o.oo 
0.02 
0.03 

-0.20 
-0.20 
-0.20 
-0.20 
-0.20 

0.57 
0.59 
0.60 
0.62 

-0.60 
-0.59 
-0.57 
-0.56 
0.01 
0.01 
0.01 
0.01 
0.01 
0.56 
0.58 
0.59 
0.61 

-0.60 
-0.59 
-0.57 
-0.56 

0.36 
0.47 
0.35 

-0.01 
-0.01 
-o.oo 
-o.oo 
o.oo 

-o.oo 
0.28 
0.31 
0.11 

-0.34 
-0.04 

0.02 
-0.15 
-0.57 
-0.35 
-0.23 

0.31 
0.43 
0.64 

-8.10 
-17.09 
-26.32 
-35.79 
-26.37 
-17.19 
-8.26 

0.44 
0.44 
0.43 
0.41 
0.41 
0.40 

-8.24 
-17.12 
-~6.23 
-35.59 
-26.17 
-16.99 
-8.06 
0.64 
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============================================================================ 

Nodes ========== I-End ========== ========== J-End ========== 
No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 

-0.20 
-0.20 
-0.20 
-0.20 
-0.20 

0.03 
0.02 
o.oo 

-0.01 
0.04 
0.02 
0.01 

-0.64 
-0.42 
-0.31 

0.23 
0.35 
0.57 
0.15 

-0.03 
0.03 
0.34 

-0.10 
-0.31 
-0.27 

0.20 
0.20 
0.20 
0.20 
0.20 

-0.02 
-o.oo 

0.01 
0.03 

-0.02 
-0.01 

0.01 
0.03 

-o.oo 
-o.oo 

0.42 
0.31 

-0.23 
-0.35 
-0.57 
-0.15 

0.03 
-0.03 
-0.34 

0.10 
0.31 
0.27 

-0.01 
-o.oo 
-o.oo 

/__.,_ -.. 59 

44- 45 
45- 46 
46- 47 
47- 48 
48- 49 
49- 50 
so- 51 
51- 52 
52- 53 
53- 54 
54- 55 
55- 56 
56- 57 
57- 58 
58- 59 
59- 60 
60- 61 
61- 62 
62- 63 
63- 64 
64- 65 
65- 66 
66- 67 
67- 68 
68- 69 
69- 70 
70- 71 
71- 72 
72- 73 
73- 74 
74- 75 
75- 76 
76- 77 
77- 78 
78- 79 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
0.00 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

-0.01 
o.oo 
o.oo 
o.oo 

0.01 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

o.oo 
o.oo 
o.oo 

-o.oo 
/ " • 4:; 14 \ :J 

62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 

-o.oo 
-o.oo 

0.02 
0.01 

-0.01 
-0.02 

0.04 
0.02 
0.01 

-0.01 
o.oo 

-o.oo 
-o.oo 
-o.oo 
-o.oo 

0.03 
0.02 
o.oo 

-0.02 

-0.24 
-0.24 
-o.oo 

0.48 
o.oo 

-0.24 
-0.24 
-o.oo 
-o.oo 
-o.oo 

0.01 
0.01 
0.01 

-0.35 
-0.48 
-0.36 

-0.01 
0.01 
0.02 
0.04 

-0.02 
-0.01 

0.01 
0.02 
o.oo 
o.oo 
o.oo 
o.oo 
0.01 

-0.02 
-o.oo 

0.02 
0.03 

-o.oo 
-o.oo 

0.24 
0.24 
o.oo 

-0.48 
-o.oo 

0.24 
0.24 
o.oo 
o.oo 
o.oo 

-0.01 
-0.01 
-0.01 

0.35 
0.48 
0.36 

-o.oo 
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============================================================================ 

Load Combination is 1 : 
AISC Code Checks 

Nodes 
No I J 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

\ 15 
j 16 

17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 

1- 2 
2- 3 
3- 4 
4- 5 
5- 6 
6- 7 
7- 8 
8- 9 
9- 10 

10- 11 
11- 12 
12- 13 
13- 14 
14- 15 
15- 16 
16- 17 
17- 18 
18- 19 
19- 20 
20- 21 
21- 22 
22- 23 
23- 24 
24- 25 
25- 26 
26- 27 
27- 28 
28- 29 
29- 30 
30- 31 
31- 32 
32- 33 
33- 34 
34- 35 
35- 36 
36- 37 
37- 38 
38- 39 
39- 40 
40- 41 
41- 42 
42- 43 
43- 44 

Maximum 0 

1 11 SUPPORT DISPL 

Member Quarter Points 
1/4 1/2 3/4 

- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -

Not Calculated 
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -

Not Calculated 
- Not Calculated -

L Shear 
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RISA-2D MODEL OF LIGO BEAM TUBE MODULE @ HANFORD SITE: CASE #2 NODE NUMBERS 
CASE #2: SIMPLE SUPPORTS AT ONE END. RIGID SUPPORT AT OTHER. TOTAL LENGTH= 858.8' 

NQt!E X1ED PESCRIPI!ON 
1 0.000 FIXED SUPPT, ROTATION FREE 
2 15.458 -

3 30.917 
4 46.375 
5 61.833 GUIDED SUPPT 
6 63.500 END TUBE I ST ART EJ STUB 
7 64.083 END EJ STUB I START BELLOWS 
8 65.583 END BELLOWS I START EJ STUB 
9 66.167 END EJ STUB I START TUBE 
10 67.833 GUIDED SUPPT 
11 83.375 
12 98.917 
13 114.458 
14 130.000 FIXED SUPP'T, ROTATION FREE 
15 145.458 
16 160.917 
17 176.375 
18 191.833 GUIDED SUPPT 
19 193.500 END TUBE I START EJ STUB 
20 194.083 END EJ STUB I START BELLOWS 
21 195.583 END BELLOWS I START EJ STUB 
22 196.167 END EJ STUB I START TUBE 
23 197.833 GUIDED SUPP'T 
24 213.375 
25 228.917 
26 244.458 
27 260.000 FIXED SUPP'T, ROTATION FREE 

I 28 275.458 
"""- / 29 290.917 

30 306.375 
31 321.833 GUIDED SUPP'T 
32 323.500 END TUBE I START EJ STUB 
33 324.083 END EJ STUB I START BELLOWS 
34 325.583 END BELLOWS I START EJ STUB 
35 326.167 END EJ STUB/STARTTUBE 
36 327.833 GUIDED SUPPT 
37 343.375 
38 358.917 
39 374.458 
40 390.000 FIXED SUPP'T, ROTATION FREE 
41 405.458 
42 420.917 
43 436.375 
44 451.833 GUIDED SUPP'T 
45 453.500 END TUBE I START EJ STUB 
46 454.083 END EJ STUB I START BELLOWS 
47 455.583 END BELLOWS I START EJ STUB 
48 456.167 END EJ STUB/ START TUBE 
49 457.833 GUIDED SUPP'T 

SUBJECT OFFICE: NOE REVISION REFERENCE NO. 
930212 

RISA-2D MODEL OF BEAM TUBE MODULE, CASE #2 MADE BY CHKD MADE BY CHKD BY 

NODE NUMBERS, COORDINATES & DESCRIPTION WJC fb.,J SHT 1 OF 2 

l DATE DATE DATE DATE 
s.16 

2128/94 'f}f'l,;tZI>!; 
L 



RISA-20 MODEL OF UGO BEAM TUBE MODULE @ HANFORD SITE: CASE #2 NODE NUMBERS 
CASE #2: SIMPLE SUPPORIS AT ONE END, RIGID SUPPORT AT OTHER, TOTAL LENGTH= 858.8' 

' 

liQ.QE X1Eil DESCRIPTION 
50 473.375 
51 488.917 
52 504.458 
53 520.000 FIXED SUPP'T, ROTATION FREE 
54 535.458 
55 550.917 
56 566.375 
57 581.833 GUIDED SUPP'T 
58 583.500 END TUBE I START EJ STUB 
59 584.083 END EJ STUB I START BELLOWS 
60 585.583 END BELLOWS I START EJ STUB 
61 586.167 ENDEJSTUB/STARTTUBE 
62 587.833 GUIDED SUPP'T 
63 603.375 
64 618.917 
65 634.458 
66 650.000 FIXED SUPP'T, ROTATION FREE 
67 665.458 
68 680.917 
69 696.375 
70 711.833 GUIDED SUPP'T 
71 713.500 END TUBE I START EJ STUB 
72 714.083 END EJ STUB I START BELLOWS 
73 715.583 END BELLOWS I START EJ STUB 
74 716.167 END EJSTUB/STARTTUBE 

' 75 717.833 GUIDED SUPP'T 
76 733.375 
n 748.917 
78 764.458 
79 780.000 FIXED SUPP'T, ROTATION FREE 
80 795.458 
81 810.917 
82 826.375 
83 841.833 GUIDED SUPP'T 
84 843.500 END TUBE I START EJ STUB 
85 844.083 END EJ STUB I START BELLOWS 
86 845.583 END BELLOWS I START EJ STUB 
87 846.167 END EJ STUB/STARTTUBE 
88 847.833 GUIDED SUPP'T 
89 850.581 
90 853.328 
91 856.075 
92 858.823 RIGID SUPP'T, ROTATION FIXED 

SUBJECT OFFICE: NOE REVISION REFERENCE NO. 
930212 

RISA-20 MODEL OF BEAM TUBE MODULE, CASE #2 MADE BY CHKD MADE BY CHKD BY 

I 
NODE NUMBERS, COORDINATES & DESCRIPTION WJC {)j ... ) SHT 2 OF 2 

DATE DATE DATE DATE . 2128194 l11·nt04 s.11 
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CBI Technical Services 

LIGO BEAM TUBE - BAKE + SELF WT, HANFORD 
859' LENGTH, SIMPLE SUPPT - FIXED SUPPT 

Page : 1 

3/09/94 

============================================================================ 

Units Option 

AISC Code Checks 

US Standard 

9th Edition ASD 

Shear Deformation: No 

P-Delta Effects No 

Redesign : No 

Edge Forces No 

A.S.I.F. 1.333 

-- -·- -- NO. 

SHT_OF_ 

S.1 z..... 
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LIGO BEAM TUBE - BAKE + SELF WT, HANFORD 
859' LENGTH, SIMPLE SUPPT - FIXED SUPPT 
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============================================================================ 

----------------------------------------------------------------------------
Node Boundary Conditions 

No x-coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

1 o.oo o.oo R R 0.00 
2 15.46 o.oo 0.00 
3 30.92 o.oo 0.00 
4 46.37 o.oo 0.00 
5 61.83 o.oo R 0.00 
6 62.92 o.oo o.oo 
7 63.50 o.oo 0.00 
8 66.17 o.oo 0.00 
9 66.75 o.oo o.oo 

10 67.83 o.oo R o.oo 
11 83.37 o.oo o.oo 
12 98.92 o.oo 0.00 
13 114.46 o.oo 0.00 
14 130.00 o.oo R R o.oo 
15 145.46 0.00 0.00 
16 160.92 o.oo o.oo 
17 176.37 0.00 o.oo 
18 191.83 0.00 R 0.00 
19 192.92 o.oo o.oo 
20 193.50 o.oo 0.00 
21 196.17 o.oo o.oo 
22 196.75 o.oo o.oo 
23 197.83 o.oo R o.oo 
24 213.37 o.oo o.oo 
25 228.92 o.oo o.oo 
26 244.46 o.oo o.oo 
27 260.00 o.oo R R o.oo 
28 275.46 o.oo o.oo 
29 290.92 o.oo o.oo 
30 306.37 o.oo o.oo 
31 321.83 o.oo R o.oo 
32 322.92 o.oo o.oo 
33 323.50 o.oo o.oo 
34 326.17 o.oo 0.00 
35 326.75 0.00 o.oo 
36 327.83 o.oo R 0.00 
37 343.37 o.oo 0.00 
38 358.92 o.oo 0.00 
39 374.46 o.oo 0.00 
40 390.00 o.oo R R o.oo 
41 405.46 o.oo o.oo 
42 420.92 o.oo o.oo 
43 436.37 o.oo o.oo 
44 451.83 0.00 R 0.00 
45 452.92 o.oo o.oo 

s.15 
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============================================================================ 

----------------------------------------------------------------------------
Node Boundary Conditions 

No x-coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

46 453.50 o.oo o.oo 
47 456.17 o.oo 0.00 
48 456.75 o.oo o.oo 
49 457.83 o.oo R 0.00 
50 473.37 o.oo o.oo 
51 488.92 o.oo o.oo 
52 504.46 o.oo o.oo 
53 520.00 o.oo R R 0.00 
54 535.46 0.00 0.00 
55 550.92 o.oo 0.00 
56 566.37 o.oo o.oo 
57 581.83 o.oo R o.oo 
58 582.92 o.oo o.oo 
59 583.50 o.oo o.oo 
60 586.17 o.oo o.oo 
61 586.75 o.oo o.oo 
62 587.83 o.oo R o.oo 
63 603.37 o.oo o.oo 
64 618.92 o.oo 0.00 
65 634.46 0.00 0.00 
66 650.00 o.oo R R o.oo 
67 665.46 o.oo o.oo 
68 680.92 0.00 0.00 
69 696.37 o.oo o.oo 
70 711.83 0.00 R 0.00 
71 712.92 o.oo o.oo 
72 713.50 o.oo o.oo 
73 716.17 o.oo o.oo 
74 716.75 o.oo 0.00 
75 717.83 o.oo R o.oo 
76 733.37 0.00 o.oo 
77 748.92 o.oo 0.00 
78 764.46 0.00 0.00 
79 780.00 o.oo R R o.oo 
80 795.46 0.00 o.oo 
81 810.92 o.oo 0.00 
82 826.37 0.00 o.oo 
83 841.83 o.oo R 0.00 
84 843.50 0.00 o.oo 
85 844.08 0.00 o.oo 
86 845.58 o.oo o.oo 
87 846.17 o.oo o.oo 
88 847.83 o.oo R o.oo 
89 850.58 0.00 o.oo 
90 853.33 o.oo o.oo 

5.1 '{ 
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============================================================================ 

Node Boundary Conditions 
No X-Coord Y-Coord X-dof Y-dof Rotation Temp. 

-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-
91 856.08 o.oo o.oo 
92 858.82 0.00 R R R 0.00 

S.1s 
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================================================================ 

Material Elastic Poisson's Thermal Weight Yield Stress 
Label Modulus Ratio Coefficient. Density (Fy) 

---------------(Ksi)-----------------------(F)--------(K/ft3)------(Ksi)----
1 27000.00 0.30000 0.65000 0.000 19.200 
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============================================================================ 

Section Database Matl. Area Moment of As y/y 
Label Shape Set Inertia Coef 

--------------------------------------(inA2)---------(inA4)-----------------
BEAMTUBE 1 19.19 5731.030 1.20 
STUBEND 1 16.13 4820.000 1.20 
EXPJOINT 1 0.01 1.803 1.20 
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============================================================================ 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----(in)------(ft) 

1 1 - 2 BEAMTUBE 15.46 
2 2 - 3 BEAMTUBE 15.46 
3 3 - 4 BEAMTUBE 15.45 
4 4 - 5 BEAMTUBE 15.46 
5 5 - 6 BEAMTUBE 1.09 
6 6 - 7 STUBEND 0.58 
7 7 - 8 EXPJOINT 2.67 
8 8 - 9 STUBEND 0.58 
9 9 - 10 BEAMTUBE 1.08 

10 10 - 11 BEAMTUBE 15.54 
11 11 - 12 BEAMTUBE 15.55 
12 12 - 13 BEAMTUBE 15.54 
13 13 - 14 BEAMTUBE 15.54 
14 14 - 15 BEAMTUBE 15.46 
15 15 - 16 BEAMTUBE 15.46 
16 16 - 17 BEAMTUBE 15.45 
17 17 - 18 BEAMTUBE 15.46 
18 18 - 19 BEAMTUBE 1. 09 
19 19 - 20 STUBEND 0.58 
20 20 - 21 EXPJOINT 2.67 
21 21 - 22 STUBEND 0.58 
22 22 - 23 BEAMTUBE 1.08 
23 23 - 24 BEAMTUBE 15.54 
24 24 - 25 BEAMTUBE 15.55 
25 25 - 26 BEAMTUBE 15.54 
26 26 - 27 BEAMTUBE 15.54 
27 27 - 28 BEAMTUBE 15.46 
28 28 - 29 BEAMTUBE 15.46 
29 29 - 30 BEAMTUBE 15.45 
30 30 - 31 BEAMTUBE 15.46 
31 31 - 32 BEAMTUBE 1.09 
32 32 - 33 STUB END 0.58 
33 33 - 34 EXPJOINT 2.67 
34 34 - 35 STUBEND 0.58 
35 35 - 36 BEAMTUBE 1. 08 
36 36 - 37 BEAMTUBE 15.54 
37 37 - 38 BEAMTUBE 15.55 
38 38 - 39 BEAMTUBE 15.54 
39 39 - 40 BEAMTUBE 15.54 
40 40 - 41 BEAMTUBE 15.46 
41 41 - 42 BEAMTUBE 15.46 
42 42 - 43 BEAMTUBE 15.45 
43 43 - 44 BEAMTUBE 15.46 
44 44 - 45 BEAMTUBE 1.09 
45 45 - 46 STUBEND 0.58 

s.12 
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============================================================================ 

I J I Releases J End Off sets 
No Node Node Section x y z x y z Sec Sway I J Length 

------------------------------------------------------(in)----(in)------(ft) 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

46 -
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 

EXPJOINT 
STUBEND 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
STUB END 
EXP JOINT 
STUB END 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
STUB END 
EXPJOINT 
STUBEND 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
STUB END 
EXPJOINT 
STUBEND 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 
BEAMTUBE 

2.67 
0.58 
1.08 

15.54 
15.55 
15.54 
15.54 
15.46 
15.46 
15.45 
15.46 
1.09 
0.58 
2.67 
0.58 
1.08 

15.54 
15.55 
15.54 
15.54 
15.46 
15.46 
15.45 
15.46 
1.09 
0.58 
2.67 
0.58 
1.08 

15.54 
15.55 
15.54 
15.54 
15.46 
15.46 
15.45 
15.46 

s .i-'. 

1.67 
0.58 
1.50 
0.59 
1.66 
2.75 
2.75 
2.75 
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============================================================================ 

I J I Releases J End Off sets 
No Node Node Section x y z x y z Sec Sway I J Length 

------------------------------------------------------(in)----( in)------( ft) 
91 91 - 92 BEAMTUBE 2.74 

s.zo 
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=====================================================--====================== 

--------~-------------------------------------------------------------------
I J Unbraced Lengths K Factors Bending Coef s 

No Node Node Lb-in Lb-out Le In Out Cm Cb 
--------------------(ft)-----( ft)-----( ft)----------------------------------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 
24 25 
25 26 
26 27 
27 28 
28 29 
29 30 
30 31 
31 32 
32 33 
33 34 
34 35 
35 36 
36 37 
37 38 
38 39 
39 40 
40 41 
41 42 
42 43 
43 44 
44 45 
45 46 

5.2, 
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============================================================================ 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----(ft)-----(ft)----------------------------------
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

46 - 47 
47 48 
48 49 
49 50 
50 51 
51 52 
52 53 
53 54 
54 55 
55 56 
56 57 
57 58 
58 59 
59 60 
60 61 
61 62 
62 63 
63 64 
64 65 
65 66 
66 67 
67 68 
68 69 
69 70 
70 71 
71 72 
72 73 
73 74 
74 75 
75 76 
76 77 
77 78 
78 79 
79 80 
80 81 
81 82 
82 83 
83 84 
84 85 
85 86 
86 87 
87 88 
88 89 
89 90 
90 91 



RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE - BAKE + SELF WT, HANFORD 
859' LENGTH, SIMPLE SUPPT - FIXED SUPPT 

Page : 12 

3/09/94 

============================================================================ 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----(ft)-----(ft)----------------------------------
91 91 - 92 
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============================================================================ 

BLC 
No. 

Basic Load Case 
Description 

1 SELF WEIGHT + INSULATION 

Load Totals 
Nodal Point Dist. 

91 

S.2'~ 
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============================================================================ 

Member Distributed Loads,BLC 1: SELF WEIGHT + INSULATION 

----------------------------------------------------------------------------
Memb I J Start End Start End 

No Node Node Dir Magnitude Magnitude Location Location 
-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 
24 25 
25 26 
26 27 
27 28 
28 29 
29 30 
30 31 
31 32 
32 33 
33 34 
34 35 
35 36 
36 37 
37 38 
38 39 
39 40 
40 41 
41 42 
42 43 
43 44 
44 45 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 

15.460 
15.460 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.540 
15.550 
15.539 
15.540 
15.460 
15.459 
15.449 
15.460 
1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.550 
15.540 
15.539 
15.459 
15.460 
15.449 
15.459 

1.090 
0.579 
2.670 
0.579 
1.079 

15.540 
15.550 
15.539 
15.540 
15.459 
15.460 
15.449 
15.459 
1.090 
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============================================================================ 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89• 

45 -
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 

46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
0.000 
o.ooo 
o.ooo 
0.000 
0.000 
0.000 
0.000 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
0.000 
0.000 
0.000 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 

0.579 
2.670 
0.579 
1.079 

15.540 
15.550 
15.539 
15.540 
15.460 
15.459 
15.450 
15.460 
1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.549 
15.540 
15.539 
15.460 
15.459 
15.449 
15.460 

1.089 
0.580 
2.669 
0.580 
1.080 

15.539 
15.550 
15.540 
15.539 
15.460 
15.459 
15.449 
15.460 
1.669 
0.580 
1.500 
0.589 
1.660 
2.750 
2.750 
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============================================================================ 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
90 90 - 91 y -0.091 -0.091 0.000 2.750 
91 91 - 92 y -0.091 -0.091 0.000 2.739 

S,"e/ 
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============================================================================ 

Load Combination 
No. Description 

1 DEAD LO + INSUL'N 

Self Wt BLC BLC BLC BLC BLC 
Dir Fae Fae Fae Fae Fae Fae 

1 1 

W E 
DYNA S V 
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============================================================================ 

Dynamic Analysis Data 

Number of modes (frequencies) 
Basic Load Case for masses 
BLC mass direction of action 
Acceleration of Gravity 

15 
1 
Y only 
32.20 ft/sec**2 

Load Combination is 1 : DEAD LO + INSUL'N 
Nodal Displacements 

Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.00000 
-0.13569 
-0.19000 
-0.13484 
-0.00000 

0.01058 
0.01621 
0.00858 
0.00558 

-0.00000 
-0.06767 
-0.08041 
-0.03810 
-0.00000 
-0.03509 
-0.07566 
-0.06390 
-0.00000 

0.00531 
0.00814 
0.00834 
0.00543 

-0.00000 
-0.06633 
-0.07900 
-0.03734 
-0.00000 
-0.03549 
-0.07612 
-0.06418 
-0.00000 

0.00533 
0.00817 
0.00834 
0.00543 

-0.00000 

-0.00082 
-0.00056 

0.00000 
0.00056 
0.00081 
0.00081 
0.00081 

-0.00043 
-0.00043 
-0.00043 
-0.00024 

0.00011 
0.00029 
0.00001 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 
-0.00024 

0.00010 
0.00029 
0.00000 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 

'· , 
' 
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Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

-0.06633 
-0.07901 
-0.03735 
-0.00000 
-0.03549 
-0.07611 
-0.06418 
-0.00000 

0.00533 
0.00817 
0.00834 
0.00543 

-0.00000 
-0.06633 
-0.07901 
-0.03735 
-0.00000 
-0.03549 
-0.07611 
-0.06418 
-0.00000 

0.00533 
0.00817 
0.00834 
0.00543 

-0.00000 
-0.06633 
-0.07900 
-0.03734 
-0.00000 
-0.03551 
-0.07614 
-0.06421 
-0.00000 

0.00534 
0.00818 
0.00850 
0.00553 

-0.00000 
-0.06781 
-0.08139 
-0.03944 
-0.00000 
-0.03160 
-0.06893 

-0.00024 
0.00010 
0.00029 
0.00000 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 
-0.00024 

0.00010 
0.00029 
0.00000 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00042 
-0.00042 
-0.00042 
-0.00024 

0.00010 
0.00029 
0.00000 

-0.00028 
-0.00010 

0.00023 
0.00041 
0.00041 
0.00041 

-0.00043 
-0.00043 
-0.00043 
-0.00025 

0.00010 
0.00030 
0.00002 

-0.00026 
-0.00009 
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Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

82 0.00000 -0.05730 0.00021 
83 0.00000 -0.00000 0.00035 
84 0.00000 0.00692 0.00034 
85 0.00000 0.00931 0.00034 
86 0.00000 0.00034 -0.00001 
87 0.00000 0.00024 -0.00001 
88 0.00000 0.00000 -0.00001 
89 0.00000 -0.00021 -0.00000 
90 0.00000 -0.00021 0.00000 
91 0.00000 -0.00008 0.00000 
92 0.00000 -0.00000 0.00000 

S."lr 



RISA-2D (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE - BAKE + SELF WT, HANFORD 
859' LENGTH, SIMPLE SUPPT - FIXED SUPPT 

Page : 21 

3/09/94 

======--===================================================================== 

Load Combination is 1 : DEAD LD + INSUL'N 
Spring Reactions 

Node Global X Global Y Moment 
----------------------(K)------------------(K)---------------(K-ft)---------

1 0.00000 2.79271 0.00000 
5 0.00000 3.35017 0.00000 

10 0.00000 2.15310 0.00000 
14 0.00000 7.04581 0.00000 
18 0.00000 2.38115 0.00000 
23 0.00000 2.41705 0.00000 
27 0.00000 7.02891 0.00000 
31 0.00000 2.38504 0.00000 
36 0.00000 2.41599 0.00000 
40 0.00000 7.02898 0.00000 
44 0.00000 2.38502 0.00000 
49 0.00000 2.41600 0.00000 
53 0.00000 7.02898 0.00000 
57 0.00000 2.38505 0.00000 
62 0.00000 2.41592 0.00000 
66 0.00000 7.02933 0.00000 
70 0.00000 2.37957 0.00000 
75 0.00000 2.43589 0.00000 
79 0.00000 6.94163 0.00000 
83 0.00000 3.65638 0.00000 
88 0.00000 -0.96797 0.00000 
92 0.00000 1.04790 -2.92290 

Totals 0.00000 78.15262 -2.92290 
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Load Combination is 1 : DEAD LD + INSUL'N 
Member End Forces 

Nodes ========== I-End ========== ========== J-End ========== 
No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--

1 1- 2 o.oo 2.79 -o.oo o.oo -1.39 32.30 
2 2- 3 o.oo 1.39 -32.30 o.oo 0.02 42.85 
3 3- 4 o.oo -0.02 -42.85 0.00 1.43 31.67 
4 4- 5 o.oo -1.43 -31.67 o.oo 2.83 -1.27 
5 5- 6 0.00 0.52 1.27 0.00 -0.42 -0.76 
6 6- 7 0.00 0.42 0.76 o.oo -0.36 -0.54 
7 7- 8 o.oo 0.36 0.54 o.oo -0.12 0.11 
8 8- 9 o.oo 0.12 -0.11 o.oo -0.07 0.17 
9 9- 10 o.oo 0.07 -0.17 o.oo 0.03 0.19 

10 10- 11 o.oo 2.12 -0.19 o.oo -0.71 22.20 
11 11- 12 o.oo 0.71 -22.20 o.oo 0.71 22.23 
12 12- 13 o.oo -0.71 -22.23 o.oo 2.12 0.27 
13 13- 14 o.oo -2.12 -0.27 o.oo 3.53 -43.66 

- 14 14- 15 o.oo 3.51 43.66 o.oo -2.10 -0.24 
15 15- 16 o.oo 2.10 0.24 o.oo -0.70 21.43 
16 16- 17 o.oo 0.70 -21.43 o.oo 0.71 21.35 
17 17- 18 o.oo -0.71 -21.35 o.oo 2.11 -0.47 
18 18- 19 0.00 0.27 0.47 0.00 -0.17 -0.23 
19 19- 20 o.oo 0.17 0.23 o.oo -0.11 -0.15 
20 20- 21 o.oo 0.11 0.15 o.oo 0.13 -0.17 
21 21- 22 o.oo -0.13 0.17 o.oo 0.18 -0.26 
22 22- 23 0.00 -0.18 0.26 o.oo 0.28 -0.51 
23 23- 24 o.oo 2.14 0.51 o.oo -0.72 21.72 
24 24- 25 o.oo 0.72 -21.72 o.oo 0.69 21.97 
25 25- 26 o.oo -0.69 -21.97 o.oo 2.11 0.23 
26 26- 27 o.oo -2.11 -0.23 o.oo 3.52 -43.48 
27 27- 28 o.oo 3.51 43.48 o.oo -2.10 -0.11 
28 28- 29 o.oo 2.10 0.11 o.oo -0.70 21.51 
29 29- 30 o.oo 0.70 -21.51 o.oo 0.71 21.39 
30 30- 31 o.oo -0.71 -21.39 0.00 2.12 -0.47 
31 31- 32 o.oo 0.27 0.47 o.oo -0.17 -0.23 
32 32- 33 o.oo 0.17 0.23 o.oo -0.12 -0.15 
33 33- 34 0.00 0.12 0.15 o.oo 0.13 -0.17 
34 34- 35 o.oo -0.13 0.17 o.oo 0.18 -0.26 
35 35- 36 o.oo -0.18 0.26 o.oo 0.28 -0.50 
36 36- 37 0.00 2.14 0.50 o.oo -0.72 21.72 
37 37- 38 o.oo 0.72 -21.72 0.00 0.69 21.97 
38 38- 39 0.00 -0.69 -21.97 o.oo 2.11 0.23 
39 39- 40 o.oo -2.11 -0.23 o.oo 3.52 -43.48 
40 40- 41 o.oo 3.51 43.48 o.oo -2.10 -0.11 

I 1 41 41- 42 0.00 2.10 0.11 0.00 -0.70 21.51 
\ / 42 42- 43 o.oo 0.70 -21.51 o.oo 0.71 21.39 
~ 

43 43- 44 o.oo -0.71 -21.39 o.oo 2.12 -0.47 
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----------------------------------------------------------------------------
Nodes ---------- I-End ========= ------ J-End ========== ---------- ---------

No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--
44 44- 45 o.oo 0.27 0.47 o.oo -0.17 -0.23 
45 45- 46 o.oo 0.17 0.23 o.oo -0.12 -0.15 
46 46- 47 o.oo 0.12 0.15 o.oo 0.13 -0.17 
47 47- 48 o.oo -0.13 0.17 o.oo 0.18 -0.26 
48 48- 49 o.oo -0.18 0.26 o.oo 0.28 -0.50 
49 49- 50 o.oo 2.14 0.50 o.oo -0.72 21.72 
50 50- 51 o.oo 0.72 -21.72 o.oo 0.69 21.97 
51 51- 52 o.oo -0.69 -21.97 o.oo 2.11 0.23 
52 52- 53 o.oo -2.11 -0.23 o.oo 3.52 -43.48 
53 53- 54 o.oo 3.51 43.48 o.oo -2.10 -0.11 
54 54- 55 o.oo 2.10 0.11 o.oo -0.70 21.51 
55 55- 56 o.oo 0.70 -21. 51 o.oo 0.71 21.39 
56 56- 57 o.oo -0.71 -21.39 o.oo 2.12 -0.47 
57 57- 58 o.oo 0.27 0.47 o.oo -0.17 -0.23 
58 58- 59 o.oo 0.17 0.23 o.oo -0.12 -0.15 

_;_::, 5 9 59- 60 o.oo 0.12 0.15 o.oo 0.13 -0.17 
( 160 60- 61 o.oo -0.13 0.17 o.oo 0.18 -0.26 I I 

. 61 61- 62 o.oo -0.18 0.26 o.oo 0.28 -0.50 
62 62- 63 o.oo 2.14 0.50 o.oo -0.72 21.72 
63 63- 64 o.oo 0.72 -21.72 o.oo 0.69 21.97 
64 64- 65 o.oo -0.69 -21.97 o.oo 2.11 0.23 
65 65- 66 o.oo -2.11 -0.23 o.oo 3.52 -43.49 
66 66- 67 o.oo 3.51 43.49 o.oo -2.10 -0.11 
67 67- 68 o.oo 2.10 0.11 o.oo -0.70 21.52 
68 68- 69 o.oo 0.70 -21.52 o.oo 0.71 21.40 
69 69- 70 o.oo -0.71 -21.40 o.oo 2.12 -0.46 
70 70- 71 o.oo 0.26 0.46 o.oo -0.16 -0.22 
71 71- 72 o.oo 0.16 0.22 o.oo -0.11 -0.14 
72 72- 73 o.oo 0.11 0.14 o.oo 0.13 -0.17 
73 73- 74 o.oo -0.13 0.17 o.oo 0.19 -0.27 
74 74- 75 0.00 -0.19 0.27 o.oo 0.28 -0.52 
75 75- 76 o.oo 2.15 0.52 o.oo -0.74 21.94 
76 76- 77 o.oo 0.74 -21. 94 o.oo 0.68 22.41 
77 77- 78 o.oo -0.68 -22.41 o.oo 2.09 0.90 
78 78- 79 o.oo -2.09 -0.90 o.oo 3.51 -42.58 
79 79- 80 o.oo 3.44 42.58 o.oo -2.03 -0.33 
80 80- 81 o.oo 2.03 0.33 o.oo -0.62 20.17 
81 81- 82 0.00 0.62 -20.17 o.oo 0.78 18.92 
82 82- 83 0.00 -0.78 -18.92 o.oo 2.19 -4.06 
83 83- 84 o.oo 1.47 4.06 o.oo -1.31 -1.74 
84 84- 85 o.oo 1.31 1.74 o.oo -1.26 -0.99 
85 85- 86 o.oo 1.26 0.99 o.oo -1.12 0.80 

( 86 86- 87 o.oo 1.12 -0.80 o.oo -1.07 1.45 
~ 87 87- 88 o.oo 1.07 -1.45 o.oo -0.92 3.10 

88 88- 89 o.oo -0.05 -3.10 o.oo 0.30 2.62 

s .9 '{ 
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============================================================================ 

Nodes ========== I-End ========== ========== J-End ========== 
No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--
89 89- 90 o.oo -0.30 -2.62 o.oo 0.55 1.46 
90 90- 91 o.oo -0.55 -1.46 o.oo 0.80 -0.39 
91 91- 92 o.oo -0.80 0.39 o.oo 1.05 -2.92 
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============================================================================ 

Load combination is 1 : DEAD LO + INSUL'N 
AISC Code Checks 

----------------------------------------------------------------------------
Nodes Member Quarter Points 

No I J Maximum 0 1/4 1/2 3/4 L Shear 
----------------------------------------------------------------------------

1 1- 2 - Not Calculated -
2 2- 3 - Not Calculated -
3 3- 4 - Not Calculated -
4 4- 5 - Not Calculated -
5 5- 6 - Not Calculated -
6 6- 7 - Not Calculated -
7 7- 8 - Not Calculated -
8 8- 9 - Not Calculated -
9 9- 10 - Not Calculated -

10 10- 11 - Not Calculated -
11 11- 12 - Not Calculated -
12 12- 13 - Not Calculated -
13 13- 14 - Not Calculated -
14 14- 15 - Not Calculated -
15 15- 16 - Not Calculated -
16 16- 17 - Not Calculated -
17 17- 18 - Not Calculated -
18 18- 19 - Not Calculated -
19 19- 20 - Not Calculated -
20 20- 21 - Not Calculated -
21 21- 22 - Not Calculated -
22 22- 23 - Not Calculated -
23 23- 24 - Not Calculated -
24 24- 25 - Not Calculated -
25 25- 26 - Not Calculated -
26 26- 27 - Not Calculated -
27 27- 28 - Not Calculated -
28 28- 29 - Not Calculated -
29 29- 30 - Not Calculated -
30 30- 31 - Not Calculated -
31 31- 32 - Not Calculated -
32 32- 33 - Not Calculated -
33 33- 34 - Not Calculated -
34 34- 35 - Not Calculated -
35 35- 36 - Not Calculated -
36 36- 37 - Not Calculated -
37 37- 38 - Not Calculated -
38 38- 39 - Not Calculated -
39 39- 40 - Not Calculated -
40 40- 41 - Not Calculated -
41 41- 42 - Not Calculated -
42 42- 43 - Not Calculated -
43 43- 44 - Not Calculated -

-
S,'10 
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============================================================================ 

----------------------------------------------------------------------------
Nodes Member Quarter Points 

No I J Maximum 0 1/4 1/2 3/4 L Shear-
----------------------------------------------------------------------------

44 44- 45 - Not Calculated -
45 45- 46 - Not Calculated -
46 46- 47 - Not Calculated -
47 47- 48 - Not Calculated -
48 48- 49 - Not Calculated -
49 49- 50 - Not Calculated -
50 so- 51 - Not Calculated -
51 51- 52 - Not Calculated -
52 52- 53 - Not Calculated -
53 53- 54 - Not Calculated -
54 54- 55 - Not Calculated -
55 55- 56 - Not Calculated -
56 56- 57 - Not Calculated -
57 57- 58 - Not Calculated -
58 58- 59 - Not Calculated -
59 59- 60 - Not Calculated -
60 60- 61 - Not Calculated -
61 61- 62 - Not Calculated -
62 62- 63 - Not Calculated -
63 63- 64 - Not Calculated -
64 64- 65 - Not Calculated -
65 65- 66 - Not Calculated -
66 66- 67 - Not Calculated -
67 67- 68 - Not Calculated -
68 68- 69 - Not Calculated -
69 69- 70 - Not Calculated -
70 70- 71 - Not Calculated -
71 71- 72 - Not Calculated -
72 72- 73 - Not Calculated -
73 73- 74 - Not Calculated -
74 74- 75 - Not Calculated -
75 75- 76 - Not Calculated -
76 76- 77 - Not Calculated -
77 77- 78 - Not Calculated -
78 78- 79 - Not Calculated -
79 79- 80 - Not Calculated -
80 80- 81 - Not Calculated -
81 81- 82 - Not Calculated -
82 82- 83 - Not Calculated -
83 83- 84 - Not Calculated -
84 84- 85 - Not Calculated -
85 85- 86 - Not Calculated -
86 86- 87 - Not Calculated -
87 87- 88 - Not Calculated -
88 88- 89 - Not Calculated -

S.91 
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============================================================================ 

No 
Nodes 
I J 

89 89- 90 
90 90- 91 
91 91- 92 

Maximum 0 
Member Quarter Points 
1/4 1/2 3/4 

- Not Calculated -
- Not Calculated -
- Not Calculated -

L Shear 
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RISA-20 MODEL OF UGO BEAM TUBE MODULE @ LIVINGSTON SITE: CASE #3 NODE NUMBERS 
CASE #3: SIMPLE SUPPORTS ATONE END. RIGID SUPPORT AT OTHER. TOTAL LENGTH= 878.5' 

liQDE x.a:n DESCRIPTION 
1 0.000 FIXED SUPP'T, ROTATION FREE 
2 15.458 
3 30.917 
4 46.375 
5 61.833 GUIDED SUPP'T 
6 63.500 END TUBE I ST ART EJ STUB 
7 64.083 END EJ STUB I ST ART BELLOWS 
8 65.583 END BELLOWS I START EJ STUB 
9 66.167 END EJ STUB/STARTTUBE 
10 67.833 GUIDED SUPP'T 
11 83.375 
12 98.917 
13 114.458 
14 130.000 FIXED SUPP'T, ROTATION FREE 
15 145.458 
16 160.917 
17 176.375 
18 191.833 GUIDED SUPP'T 
19 193.500 ENDTUBE/STARTEJSTUB 
20 194.083 END EJ STUB I START BELLOWS 
21 195.583 END BELLOWS I START EJ STUB 
22 196.167 END EJ STUB I START TUBE 
23 197.833 GUIDED SUPP'T 
24 213.375 
25 228.917 
26 244.458 
27 260.000 FIXED SUPP'T, ROTATION FREE . 
28 275.458 
29 290.917 
30 306.375 
31 321.833 GUIDED SUPP'T 
32 323.500 END TUBE I START EJ STUB 
33 324.083 END EJ STUB I START BELLOWS 
34 325.583 END BELLOWS I START EJ STUB 
35 326.167 ENDEJSTUB/STARTTUBE 
36 327.833 GUIDED SUPP'T 
37 343.375 
38 358.917 
39 374.458 
40 390.000 FIXED SUPP'T, ROTATION FREE 
41 405.458 
42 420.917 
43 436.375 
44 451.833 GUIDED SUPP'T 
45 453.500 END TUBE I START EJ STUB 
46 454.083 END EJ STUB I START BELLOWS 
47 455.583 END BELLOWS I START EJ STUB 
48 456.167 END EJ STUB/ START TUBE 
49 457.833 GUIDED SUPP'T 

SUBJECT OFFICE: NOE 

RISA-20 MODEL OF BEAM TUBE MODULE, CASE #3 
NODE NUMBERS, COORDINATES & DESCRIPTION 

MADE BY 
WJC 

DATE 
2128194 

CHKD 
·' 

,., J :· 

DATE 
·:· -.1.· ~!':t. 

REVISION REFERENCE NO. 
930212 

MADE BY CHKD BY 
SHT 1 OF 2 

DATE DATE 
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RISA-20 MODEL OF UGO BEAM TUBE MODULE @ LIVINGSTON SITE: CASE #3 NODE NUMBERS 
CASE #3: SIMPLE SUPPORTS AT ONE END. RIGID SUPPORT AT OTHER. TOTAL LENGTH= 878.5' 

tiQD£ XlEil DESCRIPTION 
50 473.375 
51 488.917 
52 504.458 
53 520.000 FIXED SUPP'T, ROTATION FREE 
54 535.458 
55 550.917 
56 566.375 
57 581.833 GUIDED SUPP'T 
58 583.500 END TUBE I START EJ STUB 
59 584.083 END EJ STUB I START BELLOWS 
60 585.583 END BELLOWS I START EJ STUB 
61 586.167 END EJ STUB/STARTTUBE 
62 587.833 GUIDED SUPP'T 
63 603.375 
64 618.917 
65 634.458 
66 650.000 FIXED SUPP'T, ROTATION FREE 
67 665.458 
68 680.917 
69 696.375 
70 711.833 GUIDED SUPP'T 
71 713.500 END TUBE/START EJ STUB 
72 714.083 END EJ STUB I START BELLOWS 
73 715.583 END BELLOWS/START EJ STUB 
74 716.167 END EJ STUB/START TUBE 
75 717.833 GUIDED SUPP'T 
76 733.375 
n 748.917 
78 764.458 
79 780.000 FIXED SUPP'T, ROTATION FREE 
80 795.458 
81 810.917 
82 826.375 
83 841.833 GUIDED SUPP'T 
84 843.500 END TUBE I START EJ STUB 
85 844.083 END EJ STUB/START BELLOWS 
86 845.583 END BELLOWS I ST ART EJ STUB 
87 846.167 END EJ STUB I ST ART TUBE 
88 847.833 GUIDED SUPP'T 
89 855.501 
90 863.169 
91 870.837 
92 878.505 RIGID SUPP'T, ROTATION FIXED 

SUBJECT OFFICE: NOE 

RISA-20 MODEL OF BEAM TUBE MODULE, CASE #3 
NODE NUMBERS, COORDINATES & DESCRIPTION 

MADEBY CHKD 

WJC PJ:•J 

I. ;::.::VISION REFERENCE NO. 
930212 

I MADE BY CHKD BY 

SHT 2 OF 2 

DATE 
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RISA-20 (R} Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE - BAKE + SELF WT, LIVINGS 
879' LENGTH, SIMPLE SUPPT - FIXED SUPPT 

Units Option US Standard 

AISC Code Checks 9th Edition ASD 

Shear Deformation: No 

P-Delta Effects No 

Redesign : No 

Edge Forces No 

A.S.I.F. 1.333 
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CBI Technical Services 
RISA-20 (R) Version 3.01 

LIGO BEAM TUBE -- NATURAL PERIOD MODEL 
130' LENGTH, FIXED SUPPORTS @ BOTH ENDS 

Page : 1 

3/09/94 

============================================================================ 
Units Option . us Standard . 
AISC Code Checks 9th Edition ASD 

Shear Deformation: No 

P-Delta Effects No 

Redesign . No . 
Edge Forces . No . 
A.S.I.F. . 1.333 . 

SU €CT NO. 

MADS BY CH10 BY 
: .... <.. }r:..,.:;J~i S"1T_c::-_ 



RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE - BAKE + SELF WT, LIVINGS 
879' LENGTH, SIMPLE SUPPT - FIXED SUPPT 

Node Boundary Conditions 

Page : 2 

3/09/94 

No X-Coord Y-Coord X-dof Y-dof Rotation Temp. 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

o.oo 
15.46 
30.92 
46.37 
61.83 
62.92 
63.50 
66.17 
66.75 
67.83 
83.37 
98.92 

114.46 
130.00 
145.46 
160.92 
176.37 
191.83 
192.92 
193.50 
196.17 
196.75 
197.83 
213.37 
228.92 
244.46 
260.00 
275.46 
290.92 
306.37 
321.83 
322.92 
323.50 
326.17 
326.75 
327.83 
343.37 
358.92 
374.46 
390.00 
405.46 
420.92 
436.37 
451.83 
452.92 

o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

.· 
).ID'l_, 

0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
0.00 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 
o.oc 
o.oc 
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============================================================================ 

Node Boundary Conditions 
No X-Coord Y-Coord X~dof Y-dof Rotation Temp. 

-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)-
91 870.84 o.oo o.oc 
92 878.51 0.00 R R R O.OC 

. . 
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=======================================================================--==== 

Material Elastic Poisson's Thermal Weight Yield Stress 
Label Modulus Ratio Coefficient Density (Fy) 

---------------(Ksi)-----------------------(F)--------(K/ft3)------(Ksi)----
1 27000.00 0.30000 0.65000 0.000 19.200 
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============================================================================ 

Section Database Matl. Area Moment of As y/y 
Label Shape Set Inertia Coef 

--------------------------------------(inA2)---------(inA4)-----------------
BEAMTUBE 1 19.19 5731.030 1.20 
STUBEND 1 16.13 4820.000 1.20 
EXPJOINT 1 0.01 1.803 1.20 
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==============================================================--============= 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------~-----------------------------------------(in)----(in)------(ft) 

1 1 - 2 BEAMTUBE 15.46 
2 2 - 3 BEAMTUBE 15.46 
3 3 - 4 BEAMTUBE 15.45 
4 4 - 5 BEAMTUBE 15.46 
5 5 - 6 BEAMTUBE 1.09 
6 6 - 7 STUBEND 0.58 
7 7 - 8 EXPJOINT 2.67 
8 8 - 9 STUB END 0.58 
9 9 - 10 BEAMTUBE 1.08 

10 10 - 11 BEAMTUBE 15.54 
11 11 - 12 BEAMTUBE 15.55 
12 12 - 13 BEAMTUBE 15.54 
13 13 - 14 BEAMTUBE 15.54 
14 14 - 15 BEAMTUBE 15.46 
15 15 - 16 BEAMTUBE 15.4E 
16 16 - 17 BEAMTUBE 15.45 
17 17 - 18 BEAMTUBE 15.4E 
18 18 - 19 BEAMTUBE 1.0~ 

19 19 - 20 STUB END 0.5E 
20 20 - 21 EXPJOINT 2. 6-:: 
21 21 - 22 STUBEND o.5c 
22 22 - 23 BEAMTUBE 1. OE 
23 23 - 24 BEAMTUBE 15.5~ 

24 24 - 25 BEAMTUBE 15.5: 
25 25 - 26 BEAMTUBE 15.5L 
26 26 - 27 BEAMTUBE 15. 5L 
27 27 - 28 BEAMTUBE 15.4E 
28 28 - 29 BEAMTUBE 15. 4E 
29 29 - 30 BEAMTUBE 15.4: 
30 30 - 31 BEAMTUBE 15. 4E 
31 31 - 32 BEAMTUBE 1. o~ 
32 32 - 33 STUB END 0. 5~ 
33 33 - 34 EXPJOINT 2. 6~ 
34 34 - 35 STUBEND 0. 5! 
35 35 - 36 BEAMTUBE i. o~ 
36 36 - 37 BEAMTUBE 15. 5. 
37 37 - 38 BEAMTUBE 15. 5: 
38 38 - 39 BEAMTUBE 15. 5· 
39 39 - 40 BEAMTUBE 15. 5· 
40 40 - 41 BEAMTUBE 15. 4· 
41 41 - 42 BEAMTUBE 15. 4, 
42 42 - 43 BEAMTUBE 15.4 
43 43 - 44 BEAMTUBE 15. 4 1 

44 44 - 45 BEAMTUBE 1.0 
45 45 - 46 STUBEND 0.5 

?. 1~"": 
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============================================================================ 

----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----( in)------( ft) 

46 46 - 47 EXPJOINT 2.67 
47 47 48 STUB END 0.58 
48 48 - 49 BEAMTUBE 1.08 
49 49 - 50 BEAMTUBE 15.54 
50 50 - 51 BEAMTUBE 15.55 
51 51 - 52 BEAMTUBE 15.54 
52 52 - 53 BEAMTUBE 15.54 
53 53 - 54 BEAMTUBE 15.46 
54 54 - 55 BEAMTUBE 15.46 
55 55 - 56 BEAMTUBE 15.45 
56 56 - 57 BEAMTUBE 15.46 
57 57 - 58 BEAMTUBE 1.09 
58 58 - 59 STUB END 0.58 
59 59 - 60 EXPJOINT 2.67 
60 60 - 61 STUB END 0.58 
61 61 - 62 BEAMTUBE 1.08 
62 62 - 63 BEAMTUBE 15.5~ 

63 63 - 64 BEAMTUBE 15.5!: 
64 64 - 65 BEAMTUBE 15.54 
65 65 - 66 BEAMTUBE 15.54 
66 66 - 67 BEAMTUBE 15.4E 
67 67 - 68 BEAMTUBE 15.4E 
68 68 - 69 BEAMTUBE 15.4!: 
69 69 - 70 BEAMTUBE 15.4E 
70 70 - 71 BEAMTUBE 1.05 
71 71 - 72 STUB END 0. Sc 
72 72 - 73 EXPJOINT 2.61 
73 73 - 74 STUBEND 0. Sc 
74 74 - 75 BEAMTUBE 1. Oc 
75 75 - 76 BEAMTUBE 15. 5.:: 
76 76 - 77 BEAMTUBE 15. 5~ 
77 77 - 78 BEAMTUBE 15. 5.:: 
78 78 - 79 BEAMTUBE 15 • 5L 
79 79 - 80 BEAMTUBE 15. 4€ 
80 80 - 81 BEAMTUBE 15. 4€ 
81 81 - 82 BEAMTUBE 15 . .:;: 
82 82 - 83 BEAMTUBE 15. 4E 
83 83 - 84 BEAMTUBE 1. 6 ~ 
84 84 - 85 STUB END 0. 5( 
85 85 - 86 EXPJOINT 1. 5( 
86 86 - 87 STUB END 0. 5~ 
87 87 - 88 BEAMTUBE 1. 61 
88 88 - 89 BEAMTUBE 7. 6. 
89 89 - 90 BEAMTUBE 7. 6' 
90 90 - 91 BEAMTUBE' 7. 6' 

5. tor 
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No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----(in)------(ft) 

91 91 - 92 BEAMTUBE 7.67 

'5.100. 
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===================================-========================= 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In out Cm Cb 
-------~------------(ft)-----( ft)-----( ft)----------------------------------

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 
24 25 
25 26 
26 27 
27 28 
28 29 
29 30 
30 31 
31 32 
32 33 
33 34 
34 35 
35 36 
36 37 
37 38 
38 39 
39 40 
40 41 
41 42 
42 43 
43 44 
44 45 
45 46 
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==========--================================================================= 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----(ft)-----(ft)---------------------------------· 
46 46 - 47 
47 47 - 48 
48 48 - 49 
49 49 - 50 
50 50 - 51 
51 51 - 52 
52 52 - 53 
53 53 - 54 
54 54 - 55 
55 55 - 56 
56 56 - 57 
57 57 - 58 
58 58 - 59 
59 59 - 60 
60 60 - 61 
61 61 - 62 
62 62 - 63 
63 63 - 64 
64 64 - 65 
65 65 - 66 
66 66 - 67 
67 67 - 68 
68 68 - 69 
69 69 - 70 
70 70 - 71 
71 71 - 72 
72 72 - 73 
73 73 - 74 
74 74 - 75 
75 75 - 76 
76 76 - 77 
77 77 - 78 
78 78 - 79 
79 79 - 80 
80 80 - 81 
81 81 - 82 
82 82 - 83 
83 83 - 84 
84 84 - 85 
85 85 - 86 
86 86 - 87 
87 87 - 88 
88 88 - 89 
89 89 - 90 
90 90 - 91 

5. : l{ 
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============================================================================ 

I J Unbraced Lengths K Factors Bending Coefs 
No Node Node Lb-in Lb-out Le In Out Cm Cb 

--------------------(ft)-----(ft)-----(ft)----------------------------------
91 91 - 92 
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========================--=================================================== 

BLC 
No. 

Basic Load Case 
Description 

1 SELF WEIGHT + INSULATION 

Load Totals 
Nodal Point Dist. 

91 
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LIGO BEAM TUBE - BAKE + SELF WT, LIVINGS 
879' LENGTH, SIMPLE SUPPT - FIXED SUPPT 

Member Distributed Loads,BLC 1: SELF WEIGHT + INSULATION 
----------------------------------------------------------------------------

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
1 1 - 2 y -0.091 -0.091 o.ooo 15.460 
2 2 - 3 y -0.091 -0.091 o.ooo 15.460 
3 3 - 4 y -0.091 -0.091 0.000 15.449 
4 4 - 5 y -0.091 -0.091 0.000 15.460 
5 5 - 6 y -0.091 -0.091 o.ooo 1.089 
6 6 - 7 y -0.091 -0.091 0.000 0.580 
7 7 - 8 y -0.091 -0.091 o.ooo 2.669 
8 8 - 9 y -0.091 -0.091 o.ooo 0.580 
9 9 - 10 y -0.091 -0.091 o.ooo 1.080 

10 10 - 11 y -0.091 -0.091 o.ooo 15.540 
11 11 - 12 y -0.091 -0.091 o.ooo 15.550 
12 12 - 13 y -0.091 -0.091 o.ooo 15.539 
13 13 - 14 y -0.091 -0.091 o.ooo 15.540 
14 14 - 15 y -0.091 -0.091 o.ooo 15.460 

(~ 15 15 - 16 y -0.091 -0.091 o.ooo 15.459 
16 16 - 17 y -0.091 -0.091 0.000 15.449 

\ 17 17 - 18 y -0.091 -0.091 o.ooo 15.460 -

18 18 - 19 y -0.091 -0.091 0.000 1.089 
19 19 - 20 y -0.091 -0.091 0.000 0.580 
20 20 - 21 y -0.091 -0.091 0.000 2.669 
21 21 - 22 y -0.091 -0.091 o.ooo 0.580 
22 22 - 23 y -0.091 -0.091 0.000 1.080 
23 23 - 24 y -0.091 -0.091 0.000 15.539 
24 24 - 25 y -0.091 -0.091 o.ooo 15.550 
25 25 - 26 y -0.091 -0.091 o.ooo 15.540 
26 26 - 27 y -0.091 -0.091 o.ooo 15.539 
27 27 - 28 y -0.091 -0.091 o.ooo 15.459 
28 28 - 29 y -0.091 -0.091 o.ooo 15.460 
29 29 - 30 y -0.091 -0.091 o.ooo 15.449 
30 30 - 31 y -0.091 -0.091 o.ooo 15.459 
31 31 - 32 y -0.091 -0.091 o.ooo 1.090 
32 32 - 33 y -0.091 -0.091 o.ooo 0.579 
33 33 - 34 y -0.091 -0.091 o.ooo 2.670 
34 34 - 35 y -0.091 -0.091 0.000 0.579 
35 35 - 36 y -0.091 -0.091 0.000 1.079 
36 36 - 37 y -0.091 -0.091 0.000 15.540 
37 37 - 38 y -0.091 -0.091 o.ooo 15.550 
38 38 - 39 y -0.091 -0.091 o.ooo 15.539 
39 39 - 40 y -0.091 -0.091 0.000 15.540 
40 40 - 41 y -0.091 -0.091 0.000 15.459 
41 41 - 42 y -0.091 -0.091 o.ooo 15.460 

L' 42 42 - 43 y -0.091 -0.091 o.ooo 15.449 
43 43 - 44 y -0.091 -0.091 o.ooo 15.459 
44 44 - 45 y -0.091 -0.091 0. 000· 1.090 

S.n~ 
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879' LENGTH, SIMPLE SUP PT - FIXED SUPPT 
============================================================================ 

----------------------------------------------------------------------------
Memb I J Start End Start End 

No Node Node Dir Magnitude Magnitude Location Location 
-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----

45 45 - 46 y -0.091 -0.091 o.ooo 0.579 
46 46 - 47 y -0.091 -0.091 o.ooo 2.670 
47 47 - 48 y -0.091 -0.091 o.ooo 0.579 
48 48 - 49 y -0.091 -0.091 o.ooo 1.079 
49 49 - 50 y -0.091 -0.091 o.ooo 15.540 
50 50 - 51 y -0.091 -0.091 o.ooo 15.550 
51 51 - 52 y -0.091 -0.091 o.ooo 15.539 
52 52 - 53 y -0.091 -0.091 o.ooo 15.540 
53 53 - 54 y -0.091 -0.091 0.000 15.460 
54 54 - 55 y -0.091 -0.091 o.ooo 15.459 
55 55 - 56 y -0.091 -0.091 0.000 15.450 
56 56 - 57 y -0.091 -0.091 o.ooo 15.460 
57 57 - 58 y -0.091 -0.091 o.ooo 1.089 
58 58 - 59 y -0.091 -0.091 0.000 0.580 
59 59 - 60 y -0.091 -0.091 o.ooo 2.669 
60 60 - 61 y -0.091 -0.091 0.000 0.580 
61 61 - 62 y -0.091 -0.091 o.ooo 1.080 
62 62 - 63 y -0.091 -0.091 o.ooo 15.539 
63 63 - 64 y -0.091 -0.091 o.ooo 15.549 
64 64 - 65 y -0.091 -0.091 0.000 15.540 
65 65 - 66 y -0.091 -0.091 o.ooo 15.539 
66 66 - 67 y -0.091 -0.091 0.000 15.460 
67 67 - 68 y -0.091 -0.091 0.000 15.459 
68 68 - 69 y -0.091 -0.091 0.000 15.449 
69 69 - 70 y -0.091 -0.091 o.ooo 15.460 
70 70 - 71 y -0.091 -0.091 o.ooo 1.089 
71 71 - 72 y -0.091 -0.091 o.ooo 0.580 
72 72 - 73 y -0.091 -0.091 0.000 2.669 
73 73 - 74 y -0.091 -0.091 o.ooo 0.580 
74 74 - 75 y -0.091 -0.091 o.ooo 1.080 
75 75 - 76 y -0.091 -0.091 o.ooo 15.539 
76 76 - 77 y -0.091 -0.091 o.ooo 15.550 
77 77 - 78 y -0.091 -0.091 0.000 15.540 
78 78 - 79 y -0.091 -0.091 o.ooo 15.539 
79 79 - 80 y -0.091 -0.091 0.000 15.460 
80 80 - 81 y -0.091 -0.091 0.000 15.459 
81 81 - 82 y -0.091 -0.091 0.000 15.449 
82 82 - 83 y -0.091 -0.091 0.000 15.460 
83 83 - 84 y -0.091 -0.091 0.000 1.669 
84 84 - 85 y -0.091 -0.091 o.ooo 0.580 
85 85 - 86 y -0.091 -0.091 o.ooo 1.500 
86 86 - 87 y -0.091 -0.091 0.000 0.589 

i 87 87 - 88 y -0.091 -0.091 0.000 1.660 
\________/ 88 88 - 89 y -0.091 -0.091 o.ooo 7.669 

89 89 - 90 y -0.091 -0.091 0.000 7.669 

") . 5 
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=========================================----================================ 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location L-0cation 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)---
90 · 90 - 91 y -0.091 -0.091 0.000 7.670 
91 91 - 92 y -0.091 -0.091 0.000 7.669 

5. /l(., 



RISA-2D (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE - BAKE + SELF WT, LIVINGS 
879' LENGTH, SIMPLE SUPPT - FIXED SUPPT 

Page : 17 

3/09/94 

============================================================================ 

Load Combination 
No. Description 

1 DEAD LD + INSUL'N 

Self Wt BLC BLC BLC BLC BLC 
Dir Fae Fae Fae Fae Fae Fae 

1 1 

W E 
DYNA S V 

5. II I 
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============================================================================ 

Dynamic Analysis Data 

Number of modes (frequencies) 
Basic Load Case for masses 
BLC mass direction of action 
Acceleration of Gravity 

15 
1 
Y only 
32.20 ft/sec**2 

Load Combination is 1 : DEAD LO + INSUL'N 
Nodal Displacements 

Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

1 0.00000 -0.00000 -0.00082 
2 0.00000 -0.13569 -0.00056 
3 0.00000 -0.19000 0.00000 
4 0.00000 -0.13484 0.00056 
5 0.00000 -0.00000 0.00081 
6 0.00000 0.01058 0.00081 
7 0.00000 0.01621 0.00081 
8 0.00000 0.00858 -0.00043 
9 0.00000 0.00558 -0.00043 

10 0.00000 -0.00000 -0.00043 
11 0.00000 -0.06767 -0.00024 
12 0.00000 -0.08041 0.00011 
13 0.00000 -0.03810 0.00029 
14 0.00000 -0.00000 0.00001 
15 0.00000 -0.03509 -0.00028 
16 0.00000 -0.07566 -0.00010 
17 0.00000 -0.06390 0.00023 
18 0.00000 -0.00000 0.00041 
19 0.00000 0.00531 0.00041 
20 0.00000 0.00814 0.00041 
21 0.00000 0.00834 -0.00042 
22 0.00000 0.00543 -0.00042 
23 0.00000 -0.00000 -0.00042 
24 0.00000 -0.06633 -0.00024 
25 0.00000 -0.07900 0.00010 
26 0.00000 -0.03734 0.00029 
27 0.00000 -0.00000 0.00000 
28 0.00000 -0.03549 -0.00028 
29 0.00000 -0.07612 -0.00010 
30 0.00000 -0.06418 0.00023 
31 0.00000 -0.00000 0.00041 
32 0.00000 0.00533 0.00041 
33 0.00000 0.00817 0.00041 
34 0.00000 0.00834 -0.00042 
35 0.00000 0.00543 -0.00042 
36 0.00000 -0.00000 -0.00042 

c; I I\ 8 
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============================================================================ 

Node Global X Global Y Rotation 
------------------~--(in)-----------------(in)----------------(rad)---------

37 0.00000 -0.06633 -0.00024 
38 0.00000 -0.07901 0.00010 
39 0.00000 -0.03735 0.00029 
40 0.00000 -0.00000 0.00000 
41 0.00000 -0.03549 -0.00028 
42 0.00000 -0.07611 -0.00010 
43 0.00000 -0.06418 0.00023 
44 0.00000 -0.00000 0.00041 
45 0.00000 0.00533 0.00041 
46 0.00000 0.00817 0.00041 
47 0.00000 0.00834 -0.00042 
48 0.00000 0.00543 -0.00042 
49 0.00000 -0.00000 -0.00042 
50 0.00000 -0.06633 -0.00024 
51 0.00000 -0.07901 0.00010 
52 0.00000 -0.03735 0.00029 
53 0.00000 -0.00000 0.00000 
54 0.00000 -0.03549 -0.00028 
55 0.00000 -0.07611 -0.00010 
56 0.00000 -0.06418 0.00023 
57 0.00000 -0.00000 0.00041 
58 0.00000 0.00533 0.00041 
59 0.00000 0.00817 0.00041 
60 0.00000 0.00834 -0.00042 
61 0.00000 0.00543 -0.00042 
62 0.00000 -0.00000 -0.00042 
63 0.00000 -0.06633 -0.00024 
64 0.00000 -0.07900 0.00010 
65 0.00000 -0.03734 0.00029 
66 0.00000 -0.00000 0.00000 
67 0.00000 -0.03550 -0.00028 
68 0.00000 -0.07614 -0.00010 
69 0.00000 -0.06421 0.00023 
70 0.00000 -0.00000 0.00041 
71 0.00000 0.00534 0.00041 
72 0.00000 0.00818 0.00041 
73 0.00000 0.00848 -0.00043 
74 0.00000 0.00552 -0.00043 
75 0.00000 -0.00000 -0.00043 
76 0.00000 -0.06760 -0.00024 
77 0.00000 -0.08105 0.00010 
78 0.00000 -0.03914 0.00030 
79 0.00000 -0.00000 0.00002 
80 0.00000 -0.03216 -0.00026 
81 0.00000 -0.06997 -0.00009 
~ 
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=======================================--================== 

Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

82 0.00000 -0.05829 0.00022 
83 0.00000 -0.00000 0.00036 
84 o. 00000 0. 00710 0. 00035 
85 0.00000 0.00955 0.00035 
86 0.00000 0.00192 -0.00007 
87 0. 00000 0. 00141 -o. 00007 
88 0. 00000 -o. 00000 -o. 00007 
89 0. 00000 -o. 00490 -o. 00003 
90 0.00000 -0.00553 0.00002 
91 0. 00000 -o. 00251 0. 00004 
92 0. 00000 -o. 00000 0. 00000 

. . 
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===================================================================--======== 

Load Combination is 1 : DEAD LO + INSUL'N 
Spring Reactions 

Node Global X Global Y Moment 
----------------------(K)------------------(K)---------------(K-ft)---------

1 0.00000 2.79271 0.00000 
5 0.00000 3.35017 0.00000 

10 0.00000 2.15310 0.00000 
14 0.00000 7.04581 0.00000 
18 0.00000 2.38115 0.00000 
23 0.00000 2.41705 0.00000 
27 0.00000 7.02891 0.00000 
31 0.00000 2.38504 0.00000 
36 0.00000 2.41599 0.00000 
40 0.00000 7.02898 0.00000 
44 0.00000 2.38502 0.00000 
49 0.00000 2.41600 0.00000 
53 0.00000 7.02898 0.00000 
57 0.00000 2.38504 0.00000 
62 0.00000 2.41593 0.00000 
66 0.00000 7.02928 0.00000 
70 0.00000 2.38036 0.00000 
75 0.00000 2.43302 0.00000 
79 0.00000 6.95421 0.00000 
83 0.00000 3.46843 0.00000 
88 0.00000 0.17960 0.00000 
92 0.00000 1.86962 -11.98205 

Totals 0.00000 79.94441 -11.98205 
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--- -------------- ------------------------
Load Combination is 1 . DEAD LD + INSUL'N . 
Member End Forces 

----------------------------------------------------------------------------
Nodes -------- I-End ========== --------- J-End ========== --------- ---------

No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--

1 1- 2 o.oo 2.79 -o.oo o.oo -1.39 32.30 
2 2- 3 o.oo 1.39 -32.30 o.oo 0.02 42.85 
3 3- 4 0.00 -0.02 -42.85 0.00 1.43 31. 67 
4 4- 5 o.oo -1.43 -31.67 o.oo 2.83 -1. 27 
5 5- 6 o.oo 0.52 1.27 0.00 -0.42 -0.76 
6 6- 7 o.oo 0.42 0.76 o.oo -0.36 -0.54 
7 7- 8 o.oo 0.36 0.54 o.oo -0.12 0.11 
8 8- 9 o.oo 0.12 -0.11 o.oo -0.07 0.17 
9 9- 10 o.oo 0.07 -0.17 o.oo 0.03 0.19 

10 10- 11 o.oo 2.12 -0.19 o.oo -0.71 22.20 
11 11- 12 o.oo 0.71 -22.20 o.oo 0.71 22.23 
12 12- 13 o.oo -0.71 -22.23 o.oo 2.12 0.27 
13 13- 14 o.oo -2.12 -0.27 o.oo 3.53 -43.6E 
14 14- 15 0.00 3.51 43.66 o.oo -2.10 -0.24 

; 15 15- 16 o.oo 2.10 0.24 o.oo -0.70 21.43 
J 16 16- 17 o.oo 0.70 -21.43 o.oo 0.71 21.35 

17 17- 18 o.oo -0.71 -21.35 o.oo 2.11 -0.47 
18 18- 19 o.oo 0.27 0.47 o.oo -0.17 -0.23 
19 19- 20 o.oo 0.17 0.23 o.oo -0.11 -0.15 
20 20- 21 o.oo 0.11 0.15 o.oo 0.13 -0.17 
21 21- 22 o.oo -0.13 0.17 o.oo 0.18 -0.2E 
22 22- 23 o.oo -0.18 0.26 o.oo 0.28 -0.51 
23 23- 24 o.oo 2.14 0.51 o.oo -0.72 21.72 
24 24- 25 o.oo 0.72 -21.72 o.oo 0.69 21.97 
25 25- 26 o.oo -0.69 -21.97 o.oo 2.11 0.23 
26 26- 27 o.oo -2.11 -0.23 o.oo 3.52 -43.48 
27 27- 28 o.oo 3.51 43.48 o.oo -2.10 -0.11 
28 28- 29 o.oo 2.10 0.11 0.00 -0.70 21.51 
29 29- 30 o.oo 0.70 -21.51 o.oo 0.71 21.39 
30 30- 31 o.oo -0.71 -21.39 o.oo 2.12 -0.47 
31 31- 32 o.oo 0.27 0.47 o.oo -0.17 -0.23 
32 32- 33 o.oo 0.17 0.23 o.oo -0.12 -0.15 
33 33- 34 0.00 0.12 0.15 o.oo 0.13 -0.1"7 
34 34- 35 o.oo -0.13 0.17 0.00 0.18 -0.26 
35 35- 36 o.oo -0.18 0.26 o.oo 0.28 -0.5C 
36 36- 37 0.00 2.14 0.50 o.oo -0.72 21.72 
37 37- 38 o.oo 0.72 -21.72 o.oo 0.69 21. 97 
38 38- 39 o.oo -0.69 -21.97 0.00 2.11 0.23 
39 39- 40 o.oo -2.11 -0.23 o.oo 3.52 -43.4E 
40 40- 41 o.oo 3.51 43.48 o.oo -2.10 -o .·r1 
~l 41- 42 o.oo 2.10 0.11 o.oo -0.70 21.51 
42 42- 43 o.oo 0.70 -21.51 o.oo 0.71 21. 39 .. 
43 43- 44 o.oo -0.71 -21. 39 0.00 2.12 -0.47 .. . . 
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LIGO BEAM TUBE - BAKE + SELF WT, LIVINGS 
879' LENGTH, SIMPLE SUP PT - FIXED SUPPT 
-~-~~--~---~-~---~~--------------------------------------------~-: 

---------------------------------------------------------------------------· 
Nodes =====--= I-End ========== ---------- J-End ========== ---------

No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)-· 
44 44- 45 o.oo 0.27 0.47 o.oo -0.17 -o. 2: 
45 45- 46 o.oo 0.17 0.23 o.oo -0.12 -o .1! 
46 46- 47 o.oo 0.12 0.15 0.00 0.13 -o .1· 
47 47- 48 o.oo -0.13 0.17 o.oo 0.18 -o. 2~ 
48 48- 49 o.oo -0.18 0.26 o.oo 0.28 -o. 5( 
49 49- 50 o.oo 2.14 0.50 o.oo -0.72 21. 7: 
50 50- 51 o.oo 0.72 -21.72 o.oo 0.69 21. g· 
51 51- 52 o.oo -0.69 -21.97 o.oo 2.11 0. 2: 
52 52- 53 o.oo -2.11 -0.23 o.oo 3.52 -43. 4l 
53 53- 54 o.oo 3.51 43.48 o.oo -2.10 -0.L 
54 54- 55 o.oo 2.10 0.11 o.oo -0.70 21. 5: 
55 55- 56 o.oo 0.70 -21.51 o.oo 0.71 21. 3c 
56 56- 57 o.oo -0.71 -21.39 o.oo 2.12 -o. 4· 
57 57- 58 o.oo 0.27 0.47 o.oo -0.17 -o. 2: 
58 58- 59 o.oo 0.17 0.23 o.oo -0.12 -o .1! 
59 59- 60 o.oo 0.12 0.15 o.oo 0.13 -o .1· 
60 60- 61 o.oo -0.13 0.17 0.00 0.18 -o. 2~ 
61 61- 62 o.oo -0.18 0.26 o.oo 0.28 -o. 51 
62 62- 63 o.oo 2.14 0.50 o.oo -0.72 21. 7: 
63 63- 64 o.oo 0.72 -21.72 0.00 0.69 21. 9' 
64 64- 65 o.oo -0.69 -21.97 o.oo 2.11 0. 2: 
65 65- 66 o.oo -2.11 -0.23 o.oo 3.52 -43. 4 1 
66 66- 67 o.oo 3.51 43.49 o.oo -2.10 -o .1: 
67 67- 68 o.oo 2.10 0.11 o.oo -0.70 21. 5: 
68 68- 69 o.oo 0.70 -21.52 o.oo 0.71 21. 41 
69 69- 70 o.oo -0.71 -21.40 0.00 2.12 -o. 41 
70 70- 71 o.oo 0.26 0.46 o.oo -0.16 -o. 2: 
71 71- 72 o.oo 0.16 0.23 o.oo -0.11 -o. l! 
72 72- 73 o.oo 0.11 0.15 o.oo 0.13 -o .1· 
73 73- 74 o.oo -0.13 0.17 o.oo 0.18 -o. 2' 
74 74- 75 o.oo -0.18 0.27 o.oo 0.28 -o. 5: 
75 75- 76 o.oo 2.15 0.52 o.oo -0.74 21.9 
76 76- 77 o.oo 0.74 -21.91 0.00 0.68 22.3 
77 77- 78 o.oo -0.68 -22.35 o.oo 2.09 0. 8, 
78 78- 79 0.00 -2.09 -0.80 0.00 3.51 -42.7 
79 79- 80 o.oo 3.45 42.71 o.oo -2.04 -0.3 
80 80- 81 o.oo 2.04 0.30 o.oo -0.63 20.3 
81 81- 82 o.oo 0.63 -20.36 o.oo 0.77 19.2 
82 82- 83 o.oo -0.77 -19.28 o.oo 2.18 -3.5 
83 83- 84 o.oo 1.29 3.54 o.oo -1.14 -1.5 
84 84- 85 o.oo 1.14 1.52 o.oo -1.08 -0.8 
85 85- 86 o.oo 1.08 0.87 o.oo -0.95 0.6 
36 86- 87 o.oo 0.95 -0.65 o.oo -0.89 1.1 
87 87- 88 o.oo 0.89 -1.19 o.oo -0.74 2.5 
88 88- 89 o.oo 0.92 -2.55 o.oo -0.22 6.9 

'?. 11... 2, 
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============================================================================ 

Nodes ========== I-End ========== =====--==== J-End ========== 
No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--
89 89- 90 o.oo 0.22 -6.95 o.oo 0.47 5.9~ 
90 90- 91 o.oo -0.47 -5.99 o.oo 1.11 -0.3; 
91 91- 92 o.oo -1.17 0.32 0.00 1.87 -11.9~ 

s. !-:..~ 
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============================================================================ 

Load Combination is 1 : DEAD LO + INSUL'N 
AISC Code Checks 

---------------------------------------------------------------------------· 
Nodes Member Quarter Points 

No I J Maximum 0 1/4 1/2 3/4 L Shear 
---------------------------------------------------------------------------· 

1 1- 2 - Not Calculated -
2 2- 3 - Not Calculated -
3 3- 4 - Not Calculated -
4 4- 5 - Not Calculated -
5 5- 6 - Not Calculated -
6 6- 7 - Not Calculated -
7 7- 8 - Not Calculated -
8 8- 9 - Not calculated -
9 9- 10 - Not Calculated -

10 10- 11 - Not Calculated -
11 11- 12 - Not Calculated -
12 12- 13 - Not Calculated -
13 13- 14 - Not Calculated -
14 14- 15 - Not Calculated -
15 15- 16 - Not Calculated -
16 16- 17 - Not Calculated -
17 17- 18 - Not Calculated -
18 18- 19 - Not Calculated -
19 19- 20 - Not Calculated -
20 20- 21 - Not Calculated -
21 21- 22 - Not Calculated -
22 22- 23 - Not Calculated -
23 23- 24 - Not Calculated -
24 24- 25 - Not Calculated -
25 25- 26 - Not Calculated -
26 26- 27 - Not Calculated -
27 27- 28 - Not Calculated -
28 28- 29 - Not Calculated -
29 29- 30 - Not Calculated -
30 30- 31 - Not Calculated -
31 31- 32 - Not Calculated -
32 32- 33 - Not Calculated -
33 33- 34 - Not Calculated -
34 34- 35 - Not Calculated -
35 35- 36 - Not Calculated -
36 36- 37 - Not Calculated -
37 37- 38 - Not Calculated -
38 38- 39 - Not Calculated -
39 39- 40 - Not Calculated -
40 40- 41 - Not Calculated -
41 41- 42 - Not Calculated -
42 42- 43 - Not Calculated -
43 43- 44 - Not Calculated -
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================================================--=========================== 

No 
Nodes 
I J 

44 44- 45 
45 45- 46 
46 46- 47 
47 47- 48 
48 48- 49 
49 49- 50 
50 so- 51 
51 51- 52 
52 52- 53 
53 53- 54 
54 54- 55 
55 55- 56 
56 56- 57 
57 57- 58 
58 58- 59 
59 59- 60 
60 60- 61 
61 61- 62 
62 62- 63 
63 63- 64 
64 64- 65 
65 65- 66 
66 66- 67 
67 67- 68 
68 68- 69 
69 69- 70 
70 70- 71 
71 71- 72 
72 72- 73 
73 73- 74 
74 74- 75 
75 75- 76 
76 76- 77 
77 77- 78 
78 78- 79 
79 79- 80 
80 80- 81 
81 81- 82 
82 82- 83 
83 83- 84 
84 84- 85 
85 85- 86 
86 86- 87 
87 87- 88 
88 88- 89 

Maximum 0 
Member Quarter Points 
1/4 1/2 3/4 

- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
--Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -
- Not Calculated -

L Shear 
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============================================================================ 

No 
Nodes 
I J 

89 89- 90 
90 90- 91 
91 91- 92 

Maximum 0 
Member Quarter Points 
1/4 1/2 3/4 

- Not Calculated -
- Not Calculated -
- Not Calculated -

L Shear 
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RISA-20 MODEL OF LIGO BEAM TUBE MODULE: CASE #4 NODE NUMBERS 
MODEL FOR DETERMINATION OF NATURAL PERIOD 

CASE #4: RIGID SUPPORTS AT BOTH ENDS. TOTAL LENGTH= 130' 

HQQE X1ED DESCRIPTION 
1 0.000 FIXED SUPP'T, ROTATION FIXED 
2 6.870 
3 13.740 
4 20.610 
5 27.480 
6 34.350 
7 41.220 
8 48.090 
9 54.960 
10 61.830 GUIDED SUPP'T 
11 62.920 END TUBE I START EJ STUB 
12 63.500 END EJ STUB I ST ART BELLOWS 
13 66.170 END BELLOWS I ST ART EJ STUB 
14 66.750 END EJ STUB/STARTTUBE 
15 67.830 GUIDED SUPP'T 
16 74.740 
17 81.650 
18 88.550 
19 95.460 
20 102.370 
21 109.280 
22 116.180 
23 123.090 
24 130.000 FIXED SUPP'T, ROTATION FIXED 

-

SUBJECT OFFICE: NOE REVISION REFERENCE NO. 
930212 

RISA-2D MODEL OF BEAM TUBE MODULE. CASE #4 MADE BY CHKD MADE BY CHKD BY 

NODE NUMBERS, COORDINATES & DESCRIPTION WJC :=-.:. ~J SHT 1 OF 1 

DATE DATE DATE DATE. • c. 
'-:..r 319194 'j ,, .. ,;qt; .. I,. 
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============================================================================ 

---------------------------------------------------------------------------· 
Node Boundary Conditions 

No X-Coord Y-Coord X-dof Y-dof Rotation Temp 
-----------(ft)--------(ft)-----(in,K/in)----(in,K/in)---(r,K-ft/r)-----(F)· 

1 o.oo o.oo R R R 0. 0( 
2 6.87 o.oo 0. Q( 

3 13.74 o.oo 0. 01 
4 20.61 o.oo 0. 01 
5 27.48 o.oo 0. 01 
6 34.35 0.00 0. 01 
7 41.22 o.oo 0. 01 
8 48.09 o.oo 0. 01 
9 54.96 o.oo 0. 01 

10 61.83 o.oo R 0. Qi 
11 62.92 o.oo 0. 01 
12 63.50 o.oo 0. 01 
13 66.17 o.oo 0 •QI 
14 66.75 o.oo 0. 0' 
15 67.83 o.oo R 0. Q, 
16 74.74 o.oo o.o 
17 81.65 o.oo o.o 
18 88.55 o.oo o.o 
19 95.46 o.oo o.o 
20 102.37 0.00 0.0 
21 109.28 o.oo 0.0 
22 116.18 o.oo o.o 
23 123.09 o.oo o.o 
24 130.00 0.00 R R R o.o 

MADE BY CHKD BY W.Oi ffi Cf.n<'O OY 
IW'f_QF_ 

CATE TE 

.. 
c. ' ... " " ........ . 
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============================================================================ 

Material Elastic Poisson's Thermal Weight Yield Stress 
Label Modulus Ratio Coefficient Density (Fy) 

---------------(Ksi)-----------------------(F)--------(K/ft3)------(Ksi)----
l 27000.00 0.30000 0.65000 0.000 19.200 

S. \~ t 
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Section Database Matl. Area Moment of As y/y 
Label Shape Set Inertia Coef 

4 

--------------------------------------(inA2)---------(inA4)-----------------
BEAMTUBE 1 19.19 5731.030 1.20 
STUBEND 1 16 .13 4820. 000 1. 20 
EXPJOINT 1 0.01 1.803 1.20 
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----------------------------------------------------------------------------
I J I Releases J End Off sets 

No Node Node Section x y z x y z Sec Sway I J Length 
------------------------------------------------------(in)----(in)------(ft) 

1 1 -
2 2 .,... 

3 3 -
4 4 -
5 5 -
6 6 -
7 7 -
8 8 -
9 9 -

10 10 -
11 11 -
12 12 -
13 13 -
14 14 -
15 15 -
16 16 -
17 17 -
18 18 -
19 19 -
20 20 -
21 21 -
22 22 -
23 23 -

2 BEAMTUBE 
3 BEAMTUBE 
4 BEAMTUBE 
5 BEAMTUBE 
6 BEAMTUBE 
7 BEAMTUBE 
8 BEAMTUBE 
9 BEAMTUBE 

10 BEAMTUBE 
11 BEAMTUBE 
12 STUB END 
13 EXP JOINT 
14 STUB END 
15 BEAMTUBE 
16 BEAMTUBE 
17 BEAMTUBE 
18 BEAMTUBE 
19 BEAMTUBE 
20 BEAMTUBE 
21 BEAMTUBE 
22 BEAMTUBE 
23 BEAMTUBE 
24 BEAMTUBE 

e_ , • ' 
J •• "'.' ' 

6.87 
6.87 
6.87 
6.87 
6.87 
6.87 
6.87 
6.87 
6.87 
1.09 
0.58 
2.67 
0.58 
1.08 
6.91 
6.91 
6.90 
6.91 
6.91 
6.91 
6.90 
6.91 
6.91 
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=============================================================~============== 

I J Unbraced Lengths K Factors Bending Coef s 
No Node Node Lb-in Lb-out Le In Out Cm Cb 
-------~------------(ft)-----( ft)-----( ft)----------------------------------

1 1 - 2 
2 2 - 3 
3 3 - 4 
4 4 - 5 
5 5 - 6 
6 6 - 7 
7 7 - 8 
8 8 - 9 
9 9 - 10 

10 10 - 11 
11 11 - 12 
12 12 - 13 
13 13 - 14 
14 14 - 15 
15 15 - 16 
16 16 - 17 
17 17 - 18 
18 18 - 19 
19 19 - 20 
20 20 - 21 
21 21 - 22 
22 22 - 23 
23 23 - 24 
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BLC 
No. 

Basic Load Case 
Description 

1 SELF WEIGHT + INSULATION 

Page : 

3/09/94 

Load Totals 
Nodal Point Dist. 

23 

s. 1"15' 

7 
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Member Distributed Loads,BLC 1: SELF WEIGHT + INSULATION 

Memb I J Start End Start End 
No Node Node Dir Magnitude Magnitude Location Location 

-------------------------(K/ft,F)-----(K/ft,F)---------(ft)---------(ft)----
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

1 - 2 
2 3 
3 4 
4 5 
5 6 
6 7 
7 8 
8 - 9 
9 10 

10 11 
11 12 
12 13 
13 14 
14 15 
15 16 
16 17 
17 18 
18 19 
19 20 
20 21 
21 22 
22 23 
23 24 

y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 
-0.091 

o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
o.ooo 
0.000 
o.ooo 
o.ooo 
o.ooo 
0.000 
0.000 
o.ooo 

6.870 
6.870 
6.869 
6.870 
6.869 
6.870 
6.869 
6.870 
6.869 
1.089 
0.580 
2.669 
0.580 
1.080 
6.909 
6.910 
6.900 
6.909 
6.910 
6.909 
6.900 
6.909 
6.910 
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Load Combination 
No. Description 

1 DEAD LD + INSUL'N 

Self Wt BLC BLC BLC BLC BLC 
Dir Fae Fae Fae Fae Fae Fae 

1 1 

Page : 
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W E 
DYNA S V 

9 
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Dynamic Analysis Data 

Number of modes (frequencies) 
Basic Load Case for masses 
BLC mass direction of action 
Acceleration of Gravity 

. . 12 
1 
Y only 
32.20 ft/sec**2 

Load Combination is 1 : DEAD LO + INSUL'N 
Nodal Displacements 

Page : 10 
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Node Global X Global Y Rotation 
---------------------(in)-----------------(in)----------------(rad)---------

1 0.00000 -0.00000 -0.00000 
2 0.00000 -0.00938 -0.00020 
3 0.00000 -0.03017 -0.00028 
4 0.00000 -0.05310 -0.00026 
5 0.00000 -0.07112 -0.00017 
6 0.00000 -0.07947 -0.00003 
7 0.00000 -0.07564 0.00012 
8 0.00000 -0.05940 0.00027 
9 0.00000 -0.03275 0.00037 

10 0.00000 -0.00000 0.00041 
11 0.00000 0.00536 0.00041 
12 0.00000 0.00821 0.00041 
13 0.00000 0.00830 -0.00042 
14 0.00000 0.00540 -0.00042 
15 0.00000 -0.00000 -0.00042 
16 0.00000 -0.03348 -0.00038 
17 0.00000 -0.06071 -0.00027 
18 0.00000 -0.07730 -0.00013 
19 0.00000 -0.08122 0.00003 
20 0.00000 -0.07268 0.00017 
21 0.00000 -0.05426 0.00026 
22 0.00000 -0.03085 0.00029 
23 0.00000 -0.00959 0.00021 
24 0.00000 -0.00000 0.00000 
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============================================================================ 

Load Combination is 1 : DEAD LO + INSUL'N 
Spring Reactions 

Node Global X Global Y Moment 
----------------------(K)------------------(K)---------------(K-ft)---------

1 0.00000 3.50498 43.24687 
10 0.00000 2.39166 0.00000 
15 0.00000 2.40941 0.00000 
24 0.00000 3.52396 -43.71775 

Totals 0.00000 11.83000 -0.47088 

S. i~~ 
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-------------------~------------------------------- --- -- -

Load Combination is 1 : DEAD LO + INSUL'N 
Member End Forces 

----------------------------------------------------------------------------
Nodes ========= I-End --------- --------- J-End ======== --------- ---------

No I J Axial Shear Moment Axial Shear Moment 
---------------(K)--------(K)------(K-ft)-------(K)--------(K)------(K-ft)--

1 1- 2 o.oo 3.50 43.25 o.oo -2.88 -21.32 
2 2- 3 o.oo 2.88 21.32 o.oo -2.25 -3.68 
3 3- 4 o.oo 2.25 3.68 o.oo -1.63 9.6E 
4 4- 5 o.oo 1.63 -9.66 o.oo -1.00 18.71 
5 5- 6 o.oo 1.00 -18.71 o.oo -0.38 23.4E 
6 6- 7 o.oo 0.38 -23.46 o.oo 0.25 23.92 
7 7- 8 o.oo -0.25 -23.92 o.oo 0.87 20.08 
8 8- 9 o.oo -0.87 -20.08 0.00 1.50 11.95 
9 9- 10 o.oo -1.50 -11.95 o.oo 2.12 -0.48 

10 10- 11 0.00 0.27 0.48 o.oo -0.17 -0.24 
11 11- 12 o.oo 0.17 0.24 o.oo -0.12 -0.15 
12 12- 13 o.oo 0.12 0.15 o.oo 0.12 -0.lE 
13 13- 14 o.oo -0.12 0.16 o.oo 0.18 -0.25 
14 14- 15 0.00 -0.18 0.25 o.oo 0.28 -o.sc 
15 15- 16 o.oo 2.13 0.50 o.oo -1.50 12.07 
16 16- 17 o.oo 1.50 -12.07 o.oo -0.88 20.3C 
17 17- 18 o.oo 0.88 -20.30 o.oo -0.25 24.lf 
18 18- 19 0.00 0.25 -24.18 o.oo 0.38 23. 72 
19 19- 20 o.oo -0.38 -23.72 o.oo 1.01 18.9:. 
20 20- 21 o.oo -1.01 -18.91 o.oo 1.64 9.7E 
21 21- 22 o.oo -1.64 -9.76 o.oo 2.27 -3.71 
22 22- 23 o.oo -2.27 3.71 o.oo 2.90 -21.54 
23 23- 24 o.oo -2.90 21.54 o.oo 3.52 -43.72 
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Load Combination is 1 . DEAD LO + INSUL'N . 
AISC Code Checks 
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----------------------------------------------------------------------------
Nodes Member Quarter Points 

No I J Maximum 0 1/4 1/2 3/4 L Shear 
----------------------------------------------------------------------------

1 1- 2 - Not Calculated -
2 2- 3 - Not Calculated -
3 3- 4 - Not Calculated -
4 4- 5 - Not Calculated -
5 5- 6 - Not Calculated -
6 6- 7 - Not Calculated -
7 7- 8 - Not Calculated -
8 8- 9 - Not Calculated -
9 9- 10 - Not Calculated -

10 10- 11 - Not Calculated -
11 11- 12 - Not Calculated -
12 12- 13 - Not Calculated -
13 13- 14 - Not Calculated -
14 14- 15 - Not Calculated -
15 15- 16 - Not Calculated -
16 16- 17 - Not Calculated -
17 17- 18 - Not Calculated -
18 18- 19 - Not Calculated -
19 19- 20 - Not Calculated -
20 20- 21 - Not Calculated -
21 21- 22 - Not Calculated -
22 22- 23 - Not Calculated -
23 23- 24 - Not Calculated -
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·.;, LIGO BEAM TUBE -- NATURAL PERIOD MODEL 
130' LENGTH, FIXED SUPPORTS @ BOTH ENDS 
=--=========================================================== 

Frequencies 

Mode 
No. 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Frequency (Hz) 

12.43124 
12.64979 
40.13626 
40.60882 
83.44815 
84.37569 

141.78408 
143.31877 
213.26871 
215.61330 
293.23037 
296.47407 

Period (Sec) 

0.08044 
0.07905 
0.02492 
0.02463 
0.01198 
0.01185 
0.00705 
0.00698 
0.00469 
0.00464 
0.00341 
0.00337 



RISA-20 (R) Version 3.01 
CBI Technical Services 

(~~~; LIGO BEAM TUBE -- NATURAL PERIOD MODEL 
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Mode Shape 1 

Node Global X 

1 0.00000 
2 0.00000 
3 0.00000 
4 0.00000 
5 0.00000 
6 0.00000 
7 0.00000 
8 0.00000 
9 0.00000 

10 0.00000 
11 0.00000 
12 0.00000 
13 0.00000 
14 0.00000 
15 0.00000 
16 0.00000 
17 0.00000 
18 0.00000 
19 0.00000 
20 0.00000 
21 0.00000 
22 0.00000 
23 0.00000 
24 0.00000 

Global Y 

0.00000 
0.57763 
1.92170 
3.47250 
4.74021 
5.35744 
5.12237 
4.01954 
2.21144 
0.00000 

-0.36346 
-0.55702 
-1.12756 
-0.73376 

0.00000 
4.57149 
8.35349 

10.68467 
11.20956 

9.94052 
7.29357 
4.04456 
1.21701 
0.00000 

Page : 15 
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Rotation 

0.00000 
0.01282 
0.01864 
0.01798 
0.01202 
0.00254 

-0.00827 
-0.01814 
-0.02509 
-0.02777 
-0.02780 
-0.02782 

0.05657 
0.05659 
0.05665 
0.05191 
0.03794 
0.01761 

• -o. 00493 
-0.02483 
-0.03743 
-0.03894 
-0.02685 
-0.00000 

S.1'-11, 
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========================================================== 

Mode Shape 2 

Node Global X Global Y Rotation 

1 0.00000 -0.00000 -0.00000 
2 0.00000 -1.22509 -0.02718 
3 0.00000 -4.06935 -0.03937 
4 0.00000 -7.33777 -0.03777 
5 0.00000 -9.98857 -0.02494 
6 0.00000 -11. 24774 -0.00476 
7 0.00000 -10.70232 0.01800 
8 0.00000 -8.34450 0.03841 
9 0.00000 -4.55138 0.05220 

10 0.00000 -0.00000 0.05646 
11 0.00000 0.73763 0.05633 
12 0.00000 1.12949 0.05628 
13 0.00000 -0.51982 0.02602 
14 0.00000 -0.33858 0.02607 
15 0.00000 0.00000 0.02619 
16 0.00000 2.14082 0.02458 
17 0.00000 3.94734 0.01829 
18 0.00000 5.08243 0.00873 
19 0.00000 5.35868 -0.00208 
20 0.00000 4.76997 -0.01173 
21 0.00000 3.50984 -0.01791 
22 0.00000 1.95053 -0.01873 
23 0.00000 0.58785 -0.01296 
24 0.00000 0.00000 -0.00000 
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Mode Shape 3 

Node Global X Global Y Rotation 

1 0.00000 -0.00000 -0.00000 
2 0.00000 -0.65967 -0.01319 
3 0.00000 -1.75287 -0.01101 
4 0.00000 -2.20314 0.00108 
5 0.00000 -1.54714 0.01416 
6 0.00000 -0.07368 0.01975 
7 0.00000 1.40277 0.01418 
8 0.00000 2.04047 0.00046 
9 0.00000 1.46824 -0.01363 

10 0.00000 0.00000 -0.02017 
11 0.00000 -0.26483 -0.02031 
12 0.00000 -0.40637 -0.02036 
13 0.00000 -2.15388 0.10805 
14 0.00000 -1.40165 0.10811 
15 0.00000 0.00000 0.10819 
16 0.00000 8.10754 0.07669 
17 0.00000 11.46377 -0.00019 
18 0.00000 8.07413 -0.07737 
19 0.00000 -0.13738 -0.11018 
20 0.00000 -8.46396 -0.08025 
21 0.00000 -12.25883 -0.00736 
22 0.00000 -9.82154 0.06078 
23 0.00000 -3.70977 0.07364 
24 0.00000 -0.00000 0.00000 
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Mode Shape 4 

Node Global X 

1 0.00000 
2 0.00000 
3 0.00000 
4 0.00000 
5 0.00000 
6 0.00000 
7 0.00000 
8 0.00000 
9 0.00000 

10 0.00000 
11 0.00000 
12 0.00000 
13 0.00000 
14 0.00000 
15 0.00000 
16 0.00000 
17 0.00000 
18 0.00000 
19 0.00000 
20 0.00000 
21 0.00000 
22 0.00000 
23 0.00000 
24 0.00000 

Global Y 

-0.00000 
-3.71935 
-9.84661 

-12.28895 
-8.47481 
-0.12191 

8.10826 
11.49993 

8.12221 
0.00000 

-1.42279 
-2.17910 

0.36679 
0.23919 

-0.00000 
-1.42780 
-2.05788 
-1.48557 
-0.02710 

1.47737 
2.18014 
1.75922 
0.66698 
0.00000 
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Rotation 

-0.00000 
-0.07426 
-0.06128 

0.00755 
0.08102 
0.11112 
0.07795 

-0.00001 
-0.07741 
-0.10885 
-0.10871 
-0.10862 
-0.01830 
-0.01837 
-0.01855 
-0.01387 
-0.00043 
0.01354 
0.01976 
0.01463 
0.00158 

-0.01078 
-0.01322 
-0.00000 
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Mode Shape 5 

Node Global X 

1 0.00000 
2 0.00000 
3 0.00000 
4 0.00000 
5 0.00000 
6 0.00000 
7 0.00000 
8 0.00000 
9 0.00000 

10 0.00000 
11 0.00000 
12 0.00000 
13 0.00000 
14 0.00000 
15 0.00000 
16 0.00000 
17 0.00000 
18 0.00000 
19 0.00000 
20 0.00000 
21 0.00000 
22 0.00000 
23 0.00000 
24 0.00000 

Global Y 

-0.00000 
-0.59273 
-1.12096 
-0.56747 

0.56994 
1. 03629 
0.31436 

-0.76304 
-0.95222 
-0.00000 

0.19866 
0.30547 
3.15350 
2.05147 

-0.00000 
-10.53105 
-8.84953 

3.03702 
11.41685 

6.55323 
-6.09813 

-12.41794 
-6.61926 
-0.00000 
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Rotation 

-0.00000 
-0.01011 
-0.00036 

0.01249 
0.01195 

-0.00194 
-0.01350 
-0.00954 

0.00556 
0.01505 
0.01530 
0.01539 

-0.15831 
-0.15835 
-0.15817 
-0.06588 

0.10150 
0.15148 
0.02646 

-0.13012 
-0.13966 

0.00214 
0.11178 
0.00000 

S. I~) 
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Mode Shape 6 

Node Global X Global Y Rotation 

1 0.00000 0.00000 0.00000 
2 0.00000 6.63494 0.11272 
3 0.00000 12.45184 0.00224 
4 0.00000 6.10865 -0.14083 
5 0.00000 -6.57122 -0.13115 
6 0.00000 -11.44514 0.02666 
7 0.00000 -3.04814 0.15270 
8 0.00000 8.88171 0.10222 
9 0.00000 10.55691 -0.06651 

10 0.00000 0.00000 -0.15939 
11 0.00000 -2.08624 -0.15955 
12 0.00000 -3.19652 -0.15948 
13 0.00000 0.26393 -0.01310 
14 0.00000 0.17241 -0.01320 
15 0.00000 -0.00000 -0.01342 
16 0.00000 -0.93900 -0.00631 
17 0.00000 -0.82758 0.00874 
18 0.00000 0.23190 0.01380 
19 0.00000 1.01589 0.00283 
20 0.00000 0.60830 -0.01150 
21 0.00000 -0.52864 -0.01270 
22 0.00000 -1.11234 0.00003 
23 0.00000 -0.59756 0.01005 
24 0.00000 -0.00000 0.00000 

•. 



-
~ 

/ 

RISA-20 (R) Version 3.01 
CBI Technical Services 

LIGO BEAM TUBE -- NATURAL PERIOD MODEL 
130' LENGTH, FIXED SUPPORTS @ BOTH ENDS 

Page : 21 

3/09/94 

=========================--=================================--================ 

Mode Shape 7 

Node Global X Global Y Rotation 
----------------------------------------------------------------------------

1 0.00000 0.00000 0.00000 
2 0.00000 0.50134 0.00655 
3 0.00000 0.54213 -0.00646 
4 0.00000 -0.29271 -0.00960 
5 0.00000 -0.57620 0.00416 
6 0.00000 0.18495 0.01033 
7 0.00000 0.61454 -0.00214 
8 0.00000 -0.06063 -0.01070 
9 0.00000 -0.61264 0.00028 

10 0.00000 -0.00000 0.01180 
11 0.00000 0.15706 0.01218 
12 0.00000 0.24228 0.01230 
13 0.00000 4.10133 -0.20628 
14 0.00000 2.66569 -0.20619 
15 0.00000 -0.00000 -0.20490 
16 0.00000 -11.54311 -0.01463 
17 0.00000 -1.81479 0.19775 
18 0.00000 11.26454 0.04951 
19 0.00000 3.87908 -0.18884 
20 0.00000 -10.54197 -0.08309 
21 0.00000 -5.67308 0.17559 
22 0.00000 9.93379 0.12246 
23 0.00000 9.36175 -0.12047 
24 0.00000 0.00000 -0.00000 

s .1~'1 
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Mode Shape 7 
----------------------------------------------------------------------------

Node Global X Global Y Rotation 

1 0.00000 0.00000 0.00000 
2 0.00000 0.50134 0.00655 
3 0.00000 0.54213 -0.00646 
4 0.00000 -0.29271 -0.00960 
5 0.00000 -0.57620 0.00416 
6 0.00000 0.18495 0.01033 
7 0.00000 0.61454 -0.00214 
8 0.00000 -0.06063 -0.01070 
9 0.00000 -0.61264 0.00028 

10 0.00000 -0.00000 0.01180 
11 0.00000 0.15706 0.01218 
12 0.00000 0.24228 0.01230 
13 0.00000 4.10133 -0.20628 
14 0.00000 2.66569 -0.20619 
15 0.00000 -0.00000 -0.20490 
16 0.00000 -11.54311 -0.01463 
17 0.00000 -1.81479 0.19775 
18 0.00000 11.26454 0.04951 
19 0.00000 3.87908 -0.18884 
20 0.00000 -10.54197 -0.08309 
21 0.00000 -5.67308 0.17559 
22 0.00000 9.93379 0.12246 
23 0.00000 9.36175 -0.12047 
24 0.00000 0.00000 -0.00000 

5. IS o 
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Mode Shape 8 

Node Global X 

1 0.00000 
2 0.00000 
3 0.00000 
4 0.00000 
5 0.00000 
6 0.00000 
7 0.00000 
8 0.00000 
9 0.00000 

10 0.00000 
11 0.00000 
12 0.00000 
13 0.00000 
14 0.00000 
15 0.00000 
16 0.00000 
17 0.00000 
18 0.00000 
19 0.00000 
20 0.00000 
21 0.00000 
22 0.00000 
23 0.00000 
24 0.00000 

Global Y 

-0.00000 
-9.38431 
-9.96984 

5.69539 
10.56776 
-3.88538 

-11. 29517 
1.82622 

11.56402 
0.00000 

-2.71166 
-4.15874 

0.19944 
0.13055 

-0.00000 
-0.62340 
-0.13407 

0.59353 
0.23093 

-0.55497 
-0.31656 

0.52484 
0.50367 
0.00000 

1 
l 
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Rotation 

-0.00000 
-0.12153 

0.12333 
0.17696 

-0.08380 
-0.19039 

0.04975 
0.19922 

-0.01480 
-0.20650 
-0.20784 
-0.20792 
-0.00984 
-0.00996 
-0.01020 
-0.00130 

0.01055 
0.00317 

-0.00999 
-0.00478 

0.00930 
0.00672 

-0.00643 
-0.00000 

<? • I~ I 
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Mode Shape 9 

Node Global X Global Y Rotation 

1 0.00000 0.00000 0.00000 
2 0.00000 0.37991 0.00293 
3 0.00000 0.11234 -0.00763 
4 0.00000 -0.38546 -0.00027 
5 0.00000 0.08190 0.00759 
6 0.00000 0.34716 -0.00343 
7 0.00000 -0.24967 -0.00594 
8 0.00000 -0.22810 0.00626 
9 0.00000 0.35018 0.00271 

10 0.00000 0.00000 -0.00881 
11 0.00000 -0.11900 -0.00932 
12 0.00000 -0.18451 -0.00948 
13 0.00000 -4.88557 0.24663 
14 0.00000 -3.16986 0.24619 
15 0.00000 0.00000 0.24221 
16 0.00000 10.99622 -0.06635 
17 0.00000 -6.09366 -0.19725 
18 0.00000 -8.02079 0.16747 
19 0.00000 10.11072 0.11322 
20 0.00000 2.92311 -0.22441 
21 0.00000 -11.55024 0.00075 
22 0.00000 3.10960 0.22937 
23 0.00000 11.44308 -0.08547 
24 0.00000 0.00000 -0.00000 

'). I<; 1-
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----------------------------------------------------------------------------
Node Global X Global Y. Rotation 

----------------------------------------------------------------------------
1 0.00000 0.00000 0.00000 
2 0.00000 11.46020 0.08622 
3 0.00000 3.12774 -0.23106 
4 0.00000 -11. 58367 -0.00055 
5 0.00000 2.93808 0.22634 
6 0.00000 10.14329 -0.11418 
7 0.00000 -8.03873 -0.16907 
8 0.00000 -6.11189 0.19892 
9 0.00000 11.02250 0.06701 

10 0.00000 0.00000 -0.24457 
11 0.00000 -3.23173 -0.24875 
12 0.00000 -4.96537 -0.24921 
13 0.00000 0.14096 -0.00689 
14 0.00000 0.09255 -0.00702 
15 0.00000 -0.00000 -0.00727 
16 0.00000 -0.37779 0.00170 
17 0.00000 0.17592 0.00685 
18 0.00000 0.28214 -0.00520 
19 0.00000 -0.32399 -0.00411 
20 0.00000 -0.11241 0.00735 
21 0.00000 0.38181 0.00022 
22 0.00000 -0.09459 -0.00765 
23 0.00000 -0.38007 0.00277 
24 0.00000 -0.00000 0.00000 

'5 . It; '2> 
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Mode Shape 11 

Node 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Global X 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

Global Y 

-0.00000 
-0.25078 

0.09889 
0.12064 

-0.23419 
0.13669 
0.08368 

-0.22949 
0.16272 

-0.00000 
-0.08124 
-0.12698 
-5.23401 
-3.38645 

0.00000 
8.99656 

-10.95015 
3.17646 
7.38280 

-11.47176 
5.49324 
5.18858 

-12.34592 
-0.00000 

Rotation 

-0.00000 
-0.00022 

0.00448 
-0.00420 
0.00020 
0.00399 

-0.00459 
0.00104 
0.00330 

-0.00588 
-0.00647 
-0.00665 

0.26578 
0.26471 
0.25628 

-0.14467 
-0.07377 
0.23055 

-0.18422 
-0.02364 

0.21043 
-0.21563 

0.00698 
0.00000 
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----------------------------------------------------------------------------
Node 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Global X 

0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 
0.00000 

Global Y 

-0.00000 
-12.37033 

5.18207 
5.51670 

-11.49780 
7.37389 
3.21788 

-10.99832 
9.02324 
0.00000 

-3.46391 
-5.33760 

0.08469 
0.05598 

-0.00000 
-0.19864 

0.21137 
-0.04489 
-0.16037 

0.22861 
-0.10133 
-0.11030 

0.24794 
0.00000 

Rotation 

-0.00000 
-0.00724 

0.21753 
-0.21197 

0.02336 
0.18609 

-0.23224 
0.07428 
0.14636 

-0.25951 
-0.26843 
-0.26955 
-0.00406 
-0.00420 
-0.00445 

0.00254 
0.00193 

-0.00471 
0.00347 
0.00075 

-0.00431 
0.00425 

-0.00007 
-0.00000 
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UGO - BEAM TUBE DESIGN LIG0-3-1.XLS Rev 1 

pg 1of29 

- INPUTVARIABLES 

Tube outside diameter, Do = 49.004 in 
Beam Tube section length, L = 19.812 m = 65.000 ft 
Beam Tube Span length, Lsp = 18.9484 m = 62.167 ft 

Tube thickness, t = 0.127 in 
Insulation Density, Deni= 24 kg/m = 16. 127 lbs/ft 

Vacuum Stiffener thickness, ts = 0.1875 in 
Vacuum Stiffener width, ws = 1.75 in 

Vacuum Stiffener spacing, Ls = 29.84 in 
Support Stiffener thickness, tss = 0.375 in 

Support Stiffener width, wss = 4in 

Mod. of Elast. @ ambient, Ea = 28,300 ksi Table TM-1 @ 70 
Mod. of Elast. @ 302 degrees, Eb = 27,000 ksi Table TM-1, Page 664 

Coefficient of expansion, e= 9E-06 in/in/F Average from 70 to 300 degrees F 

Anchor bolt spacing, Abs = 30 in 
~-) C. line height of tube, H = 42.000 in 

Support Collar I Saddle width, b = 20.000 in 

Expansion Joint O.D., De= 53.75 in 
Expansion Joint l.D., Dei = 48.75 in 

E.J. Concentricity Error, CE= 0.1875 in 
Expansion joint axial spring rate, Kej = 9147.6 lbs/in =8316 * 1.1 

Spring rate variation, Eej = 10.0% 
Spring Rate, K = 10062 lbs/in = Kej * ( 1 + Eej ) 
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UGO - BEAM TUBE DESIGN 

- TUBE WEIGHT & PROPERTIES 

Inside Diameter, Di= 
Area, A= 

Section Modulus, S = 
Moment of inertia, I= 

Radius of gyration, rg = 

48.75 in 
19.501 in"2 =Pl()* (00"2 - Di"2) I 4 
237.7 in"3 =Pl()* (00"4 - Di"4) I 32 /Do 
5823 in"4 = Pl() * (00"4 - Di"4) / 64 

17.281 in= (I I A )"0.5 

Theoretical# of vacuum stiffeners= 27 = Round(Uls*12) 
Number of stiffeners used, Ns = 25 ----

True spacing= 31.200 in= U(Ns)*12 

Number of support stiffeners, Nss = 1.5 Per section ----

Shell weight per section = 4357 lbs = 495 * A/144 * L 

LIG0-3-1.XLS Rev 1 

Pg 2 

Weight per vacuum stiffener = 
Weight per support stiffener = 
Stiffener weight per section = 

14.987 lbs= Pl()* ( (Do+2*ws)A2-D0"2)/4 *Ts* 495I12A3 
71.550 lbs = Pl() * ( (Do+2*wss)A2-D0"2)/4 * Tss * 495 I 12A3 
482.01 lbs =Weight Vacuun * Ns + Weight support *Nss 

SUBJECT 

Estimated Baffle wt I section = 

Total metal weight, DL = 
Wd= 

Insulation weight per section = 

DL +Insulation= 
wdi= 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

27.5 lbs 

4867 lbs, or 
74.87 lbs/ft 

1048 lbs= Deni* L 

5915 lbs, or 
91.00 lbs/ft 
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UGO - BEAM TUBE DESIGN 

- ALLOWABLE STRESS PER ASME SECTION VIII DIV 1 UG 23(b) 

- Allowable Stresses @ 300 Degrees F. 

Yield Stress, Fy = 
Tensile Allowable, Sh= 

Joint Efficiency, Et= 
Compression Allowable 

19,200 psi 
13000 psi 

0.7 ----

A = 0.000648 = 0.125 I (Ro/t) 

Table Y1 
Table 1A 

UG 23(b) 

LIG0-3-1.XLS Rev 1 

Pg 3 

B = 5900 psi per Figure HA 3, interpolate to 300 degrees F. ----
Where B =Fa= Fbx = Fby = Fbxy, local buckling stress 
See below for column buckling 

- Allowable Stresses @Ambient (100 degrees F) 

Yield Stress = 
Tensile Allowable, Sa= 
Compression Allowable 

25,000 psi 
16,300 psi 

A = 0.000648 = 0.125 I (Ro/t) 

Table Y1 
Table 1A 
UG 23(b) 

B = 7800 psi per Figure HA 3, 100 degrees F. ----
Where B = Fa = Fbx = Fby = Fbxy 

- Allowable Stress Increase for Wind and Seismic 
Allowable increase for wind or seismic is 1.20 

- Allowable Axial Stress, Column Buckling per AISC 

k = 1 
L = 746 in= Lsp * 12 
r = 17.28069 in= rg 

kl I r = 43. 16958 

Cc = 166.6081 = (2 * Pl()"2 * Eb * 1000 I Fy)"0.5 

Fa = 10533 psi = (1- (kUr)"2 I 2 I CcA2)*Fy 
(5/3 + 3*(kUr)/8/Cc - (kUr)"3/8/CcA3) 

Fa > B, Thus use B = 5900 psi 
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UGO - BEAM TUBE DESIGN LIG0-3-1 .XLS Rev 1 
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- CALCULATE WIND LOAD PER ASCE 7-88 (Livingston, LA) 

F = Oz * Gh * Cf * Af Table 4 
Oz= 4.1472 = 0.00256*Kz * ( l*VY'2 Eq 3 

Kz= 0.80 , Assume exposure C Table 6 
I= 1.00 Table 5 

V= 45 mph Figure 1 
Gh= 1.32 Table 8 
Cf= 0.739 h/ D = 0.0853 Table 12 

h =(Do 12 +H)/12 
D=L 

D' I Do = WS I Do = 0.03571 
Af = 4.084 Sqft I ft= Do I 12 

F= 16.53 lbs I ft 
F= 107 4 lbs I section 

- CALCULATE WIND LOAD PER ASCE7-88 (Hanford, WA) 

F = Oz * Gh * Cf * Af Table 4 
Oz= 4.1472 = 0.00256*Kz * ( l*VY'2 Eq 3 

c ____ Kz= 0.80 , Assume exposure C Table 6 

) I= 1.00 Table 5 

" V= 45 mph Figure 1 
Gh= 1.32 Table 8 
Cf= 0.739 h/ D = 0.0853 Table 12 

h =(Do 12 +H)/12 
D=L 

D' I Do = WS I Do = 0.03571 
Af = 4.083667 Sqft I ft= Do I 12 

F= 16.53 lbs I ft= ww 
F= 107 4 lbs I section 
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UGO - BEAM TUBE DESIGN 

- CALCULATE SEISMIC LOAD PER UBC (Livingston, LA) 

V=Z*l*C/Rw*W 
Z= 0 
I= 1.0 

c = 2.75 
Aw= 3 

C/Rw = 0.916667 > 0.075 use: 0.91667 
W = 91.00 lbs/ft = DL + Insulation 

LIG0-3-1.XLS Rav 1 

Pg 5 

V = 0.0500W = O.OSW mimimum per ASCE 7-88, 9.11.2 
V = 4.55 Lbs/ft 
V = 295.8 Lbs per section 

- CALCULATE SEISMIC LOAD PER ASCE 7-88 (Hanford, WA) 

V = Z * I * C I Rw * W 
Z= 0.2 
I= 1.0 

c = 2.75 
RW= 3 

C/Rw = 0.916667 > 0.075 use: 0.91667 
W = 91.00 lbs/ft = DL + Insulation 
V = 0.1833W 
V = 16.68 Lbs/ft= wseis 
V = 1084.4 Lbs per section 

- CALCULATE SNOW LOAD PER ASCE 7-88 (Hanford, WA only) 

Pf= 15.12 = 0. 7 * Ce * Ct * I * Pg Eq Sa 
Ce= 0.9 Little shelter assumed Table 18 
Ct= 1.2 Unheated Table 19 

I= 1 Category 1 Table 20 
Pg= 20 psf Figure 6 

Ps = 9.828 = Cs * Pf 
Cs= 0.65 Angle is 35 degrees, 90-(180-70)/2, Figure Sb 

SUBJECT 

Snow Load per foot, wsn = 
Snow load per section = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

Width = 46.049 in = Do * Sin 70 Per 7.4.3, slope > 70 no load 
37.71 lbs/ft= Ps *Width 
2451 lbs 
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UGO - BEAM TUBE DESIGN LIG0-3-1 .XLS Rev 1 

Pg 6 

- DETERMINE REACTIONS, STRESSES AND DEFLECTIONS FOR INDIVIDUAL LOAD CASES 

- Nomenclature 

Rfx1 = Reaction, fixed support, x direction (horizontal), case 1 
Rgy2 = Reaction, guided support, y direction (vertical), case 2 
Rfz1 = Reaction, fixed support, z direction (axial), case 1 
Mx1 = Moment about the horizontal axis due to vertical loads, Case 1. 
My2 = Moment about the vertical axis due to horizontal loads, Case 2. 
fa9c =Stress, axial, case 9, compression, (if tension tis used instead of c) 

- Reactions Based on RISA2D 

Fixed support = 7.029 kips, per RISA2D 
1/2 of guided support = 2.41 kips, per RISA2D ----

Total, two spans = 11.849 kips, per RISA2D 

% Fixed support, Kf = 0.593215 
% Guided support, Kg = 0.406785 

- Moments based on RISA2D 

(Percentage of 2 spans) 

Maximum Moment = 43480 lb-ft, at fixed support 
Based on, 91 lbs/ft, DL + Insulation, used in RISA2D 

True DL + Insulation = wdi = 
Estimated Moment = 

Moment correction factor, Km= 

----

91.00 
43961 lb-ft = wdi * (Lsp ft)A2 I 8 

0.989 = RISA2D moment I Estimated moment 

- Deflections based on RISA2D 

Midspan Deflection= 0.079 in 
Based on, 91 lbs/ft, DL + Insulation, used in RISA2D 

True DL + Insulation = wdi = 
Estimated Deflection = 

Moment correction factor, Kd = 

----

91.00 
0.081 in= wdi * LspA4I185 i Eb I I* 12A3 I 1000 

0.978 = RISA2D deflection I Estimated deflection 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 
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UGO - BEAM TUBE DESIGN 

- CASE 1 : Dead Load Reactions, Stresses and Deflections 
FIXED SUPPORT 

Rfx1 = 0 
Rfy1 = 5774 lbs= Kf * 2 * L * wd 
Rfz1 = 0 

GUIDED SUPPORT 
Rgx1 = 
Rgy1 = 

0 
3959 lbs = Kg * 2 * L * wd 

MOMENTS & BENDING STRESS 
Mx1 = 35774 lb-ft= wd * (Lsp)"2 I 8 *Km 
fbx1 = 1806 psi= Mx1 * 12 IS 

My1 = 0 
fby1 = 0 psi = My1 * 12 I S 

MIDSPAN DEFLECTION 

LIG0-3-1 .XLS Rev 1 

Pg 7 

Dely1 (amb)= 0.062 in= wd * Lspt'4 I 185 I Ea I I* 12""3 I 1000 * Kd 

- CASE 2: Dead Load plus Insulation Reaction, Stresses and Deflections 
FIXED SUPPORT 

Rfx2= 0 
Rfy2 = 7018 lbs= Kf * 2 * L * wdi 
Rfz2 = 0 

GUIDED SUPPORT 
Rgx2= 
Rgy2= 

0 
4812 lbs= Kg* 2 * L * wdi 

MOMENTS & BENDING STRESS 
Mx2 = 43480 lb-ft= wdi * (Lsp)"2 I 8 *Km 
fbx2 = 2195 psi= Mx2 * 12 IS 

My2= 0 
fby2 = 0 psi = My2 * 12 I S 

MIDSPAN DEFLECTION 
Dely2 (302)= 0.079 in = wdi * Lspt'4 I 185 I Eb I I * 12""3 I 1000 * Kd 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 
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UGO - BEAM TUBE DESIGN 

- CASE 3: Snow Load Reaction, Stresses and Deflections (Hanford, WA) 
FIXED SUPPORT 

Rfx3 = 0 
Rfy3 = 2908 lbs = Kf * 2 * L * wsn 
Rfz3 = 0 

GUIDED SUPPORT 
Rgx3= 
Rgy3= 

0 
1994 lbs = Kg * 2 * L * wsn 

MOMENTS & BENDING STRESS 
Mx3 = 18020 lb-ft= wsn * (Lsp)A2 I 8 *Km 
fbx3 = 91 O psi = Mx3 * 12 I S 

My3= 0 
fby3 = 0 psi = My3 * 12 I S 

MIDSPAN DEFLECTION 

LIG0-3-1.XLS Rev 1 

Pg 8 

Dely3 (amb )= 0.031 in = wsn * Lsp1'4 I 185 I Ea I I * 12"3 I 1000 * Kd 

- CASE 4: Wind Load Reaction, Stresses and Deflections (Livingston, LA) 
FIXED SUPPORT 

Rfx4 = 1275 lbs = ww * 2 * L * Kf 
Rfy4 = 0 
Rfz4 = 0 

GUIDED SUPPORT 
Rgx4= 
Rgy4= 

87 4 lbs = WW * 2 * L * Kg 
0 

MOMENTS & BENDING STRESS 
Mx4= 0 
fbx4 = 0 psi = Mx4 * 12 I S 

My4 = 7896 lb-ft= ww * (Lsp)A2 I 8 *Km 
fby4 = 399 psi = My4 * 12 I S 

MIDSPAN DEFLECTION 
Delx4 (amb)= 0.014 in= ww * Lsp1'4I185 I Ea I I* 12"3 I 1000 * Kd 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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UGO - BEAM TUBE DESIGN LIG0-3-1.XLS Rev 1 

Pg 6 

- DETERMINE REACTIONS, STRESSES AND DEFLECTIONS FOR INDIVIDUAL LOAD CASES 

- Nomenclature 

Rfx1 = Reaction, fixed support, x direction (horizontal), case 1 
Rgy2 = Reaction, guided support, y direction (vertical), case 2 
Rfz1 = Reaction, fixed support, z direction (axial), case 1 
Mx1 = Moment about the horizontal axis due to vertical loads, Case 1. 
My2 = Moment about the vertical axis due to horizontal loads, Case 2. 
fa9c =Stress, axial, case 9, compression, (if tension tis used instead of c) 

- Reactions Based on RISA2D 

Fixed support= 7.029 kips, per RISA2D 
1/2 of guided support = 2.41 kips, per RISA2D ----

Total, two spans = 11.849 kips, per RISA2D 

o/o Fixed support, Kf = 0.593215 
% Guided support, Kg = 0.406785 

- Moments based on RISA2D 

(Percentage of 2 spans) 

Maximum Moment = 43480 lb-ft, at fixed support 
Based on, 91 lbs/ft, DL + Insulation, used in RISA2D 

True DL + Insulation = wdi = 
Estimated Moment = 

Moment correction factor, Km = 

----

91.00 
43961 lb-ft= wdi * (Lsp ft)"2 I 8 

0.989 = RISA2D moment I Estimated moment 

- Deflections based on RISA2D 

Midspan Deflection= 0.079 in 
Based on, 91 lbs/ft, DL +Insulation, used in RISA2D 

True DL + Insulation = wdi = 
Estimated Deflection = 

Moment correction factor, Kd = 

----

91.00 
0.081 in= wdi * Ls!)"4/ 185 i Eb/ I* 12"'3I1000 

0.978 = RISA2D deflection I Estimated deflection 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY CHKD BY MADE BY CHKD BY 
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UGO - BEAM TUBE DESIGN 

- CASE 1 : Dead Load Reactions, Stresses and Deflections 
FIXED SUPPORT 

Rfx1 = 
Rfy1 = 
Rfz1 = 

GUIDED SUPPORT 
Rgx1 = 
Rgy1 = 

0 
577 4 lbs = Kf * 2 * L * wd 

0 

0 
3959 lbs = Kg * 2 * L * wd 

MOMENTS & BENDING STRESS 
Mx1 = 35774 lb-ft= wd * (Lsp}"2 I 8 * Km 
fbx1 = 1806 psi= Mx1 * 12 IS 

My1 = 0 
fby1 = 0 psi = My1 * 12 I S 

MIDSPAN DEFLECTION 

LIG0-3-1.XLS Rev 1 

Pg 7 

Dely1 (amb)= 0.062 in= wd * Lspl'4 I 185 I Ea I I* 12"3I1000 * Kd 

- CASE 2: Dead Load plus Insulation Reaction, Stresses and Deflections 
FIXED SUPPORT 

Rfx2 = 0 
Rfy2 = 7018 lbs = Kf * 2 * L * wdi 
Rfz2 = 0 

GUIDED SUPPORT 
Rgx2= 
Rgy2= 

0 
4812 lbs = Kg * 2 * L * wdi 

MOMENTS & BENDING STRESS 
Mx2 = 43480 lb-ft= wdi * (Lsp}"2 I 8 *Km 
fbx2 = 2195 psi= Mx2 * 12 IS 

My2= 0 
fby2 = 0 psi = My2 * 12 I S 

MIDSPAN DEFLECTION 
Dely2 (302)= 0.079 in = wdi * Lsp1'4 I 185 I Eb I I * 12"3 I 1000 * Kd 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY CHKDBY MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% RJW W-H. SHT 
., 

OF 

Maximum Differential Settlements DATE DATE DATE DATE 
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UGO - BEAM TUBE DESIGN 

- CASE 3: Snow Load Reaction, Stresses and Deflections (Hanford, WA) 
FIXED SUPPORT 

Rfx3 = 0 
Rfy3 = 2908 lbs = Kf * 2 * L * wsn 
Rfz3 = 0 

GUIDED SUPPORT 
Rgx3= 
Rgy3= 

0 
1994 lbs = Kg * 2 * L * wsn 

MOMENTS & BENDING STRESS 
Mx3 = 18020 lb-ft= wsn * (Lsp)"2 I 8 *Km 
fbx3 = 910 psi = Mx3 * 12 I S 

My3= 0 
fby3 = 0 psi = My3 * 12 I S 

MIDSPAN DEFLECTION 

LIG0-3-1.XLS Rev 1 
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Dely3 (amb)= 0.031 in= wsn * Lsp1'4 I 185 I Ea I I* 12"3 I 1000 * Kd 

- CASE 4: Wind Load Reaction, Stresses and Deflections (Livingston, LA) 
FIXED SUPPORT 

Rfx4 = 1275 lbs = WW * 2 * L * Kf 
Rfy4 = 0 
Rfz4 = 0 

GUIDED SUPPORT 
Rgx4= 
Rgy4= 

87 4 lbs = WW * 2 * L * Kg 
0 

MOMENTS & BENDING STRESS 
Mx4= 0 
fbx4 = 0 psi = Mx4 * 12 I S 

My4 = 7896 lb-ft= ww * (Lsp)"2 I 8 *Km 
fby4 = 399 psi = My4 * 12 I S 

MIDSPAN DEFLECTION 
Delx4 (amb)= 0.014 in = ww * Lsp1'4 I 185 I Ea I I * 12"3 I 1000 * Kd 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY CHKD BY MADE BY CHKDBY 

Configuration 3, K = 8316 + 20% RJW wJ( SHT ? OF 

Maximum Differential Settlements DATE DATE DATE DATE! 
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UGO - BEAM TUBE DESIGN LIG0-3-1 .XLS Rev 1 
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- CASE 5: Seismic Reaction, Stresses and Deflections (Hanford, WA), X Direction (Horizontal) 
FIXED SUPPORT 

Rfx5 = 
Rfy5 = 
Rfz5 = 

GUIDED SUPPORT 
Rgx5= 
Rgy5= 

1287 lbs = wseis * 2 * L * Kf 
0 
0 

882 lbs = wseis * 2 * L * Kg 
0 

MOMENTS & BENDING STRESS 
Mx5= 0 
fbx5 = O psi = Mx5 * 12 I S 

My5= 
fby5= 

MIDSPAN DEFLECTION 

7971 lb-ft= wseis * (Lsp)A2 I 8 *Km 
402 psi = Mys * 12 I s 

Delx5 (amb}= 0.014 in= wseis * LspA4I185 I Ea I I* 12A3 I 1000 * Kd 

- CASE 6: Seismic Reaction, Stresses and Deflections (Hanford, WA), Z Direction (Axial} 

SUBJECT 

FIXED SUPPORT 
Rfx6 = 0 
Rfy6 = 0 
Rfz6 = 2169 lbs= wseis * 2 * L 

GUIDED SUPPORT 
Rgx6 = 0 
Rgy6 = 0 

MOMENTS & BENDING STRESS 
Mx6= 0 
fbx6 = 0 psi = Mx5 * 12 I S 

My6= · 
fby6 = 

MIDSPAN DEFLECTION 

0 
0 psi = My6 * 12 I S 

Dely6 (amb)= 0.000 in 

OFFICE: NOE-C REVISION: 

MADE BY CHKD BY MADE BY CHKD BY 

REFERENCE NO. 

930212 
LIGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

RJW Wk SHT '-1 OF 'Z.'1 
DATE DATE DATE DATE 
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UGO - BEAM TUBE DESIGN 

SUBJECT 

- CASE 7: Vacuum 

Bellows effective area = 
Tube pressure area = 

Bellows pressure area = 
Axial force, Pzp = 

Axial Stress due to vacuum, fav7 = 

FIXED SUPPORT 
Rfx7= 
Rfy7 = 
Rfz7= 

GUIDED SUPPORT 
Rgx7= 
Rgy7= 

fbx7 = fby7 = 

Dely7 = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements . 

2062.9 sq in = Pl()*((De+Dei)/2)"2/4 
1866.55 sq in= Pl()*((Di))"2/4 

LIG0-3-1 .XLS Rev 1 

Pg 10 

196.35 sq in =Bellows effective - tube area 
2886 lbs= 14.7*Bellows pressure area, pos.=tension 

148.0 psi = Pzp I A, pos. = tension 

OFFICE: 

O lbs 
0 
0 

O lbs 
0 

0 

0 

NOE-C 

MADE BY CHKD BY 

RJW WJl 

DATE DATE 

3/11194 ·~·Y·~'i 

REVISION: 

MADE BY CHKD BY 

DATE DATE 

REFERENCE NO. 

930212 

SHT 10 OF t.9 
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UGO - BEAM TUBE DESIGN LIG0-3-1.XLS Rev 1 
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1~=-'-, - CASE 8: Differential Settlement of Fixed Support 

'1 ! 

~ / 

- Reactions Based on RISA2D with 1" differential settlement 

Fixed support = -2.37 kips, per RISA2D ----
1/2 of guided support= 2.47 kips, per RISA2D 

Based on, 1 lbs/ft, DL, used in RISA2D 

FIXED SUPPORTS 
Rfx8 = 
Rfy8 = 

GUI OED SUPPORTS 
Rgx8= 
Rgy8= 

-2447 lbs = (RISA2D fixed) - DL * 2 * L * Kt 
-2447 lbs = (RISA2D fixed) - DL * 2 * L * Kt 

4887 lbs = 2 * (RISA2D guided) - DL * 2 * L * Kg 
4887 lbs = 2 * (RISA2D guided) - DL * 2 * L * Kg 

- Moments based on RISA2D with 1" differential settlement 

Maximum Moment = 71360 lb-ft, at fixed support 
Based on, 1 lbs/ft, DL + Insulation, used in RISA2D ----

Mx8 = My8 = 
fbx8 = fby8 = 

70882 lb-ft= (RISA2D Moment) - DL * Lspl'2 / 8 *Km 
3579 psi = Mx8 * 12 I S 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY CHKD BY MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% RJW Wk SHT ll OF t.9 
Maximum Differential Settlements DATE DATE DATE DATE 
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UGO - BEAM TUBE DESIGN 

- CASE 9: Expansion Joint Forces at 302 Degrees F. 

Maximum Bellows spring rate, K = 10062 lbs/in = Kej * ( 1 + Eej ) 
Est. temp. change above 70, Tch = 232 degrees Fahrenheit ---

Thermal growth hot, x = 3.257 in = e * 2 * L * 12 * Tch 
Longitudinal Comp. force, Pbc = 32776 lbs = K * x 

LIG0-3-1.XLS Rev 1 
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fa9c = -1681 psi= Pbc I A, stress on tube, neg is comp 

FIXED SUPPORT 
Rfx9 = 
Rfy9 = 
Rfz9 = 

GUIDED SUPPORT 
Rgx9 = 
Rgy9= 

fbx9 = fby9 = 
Delx9 = Dely9 = 

0 lbs 
0 

5959 lbs = 2 * Eej * Kej * x 

0 
167.8 lbs= Rfz9 *HI Lsp I 12 /2 

0 
0 

1 - CASE 10: Expansion Joint Forces at 100 Degrees F. 

Maximum Bellows spring rate, K = 10062 lbs/in = Kej * ( 1 + Eej ) 
Est. temp. change above 70, Tch = 30 degrees Fahrenheit ---

Thermal growth hot, xw = 0.421 in = e * 2 * L * 12 * Tch 
Longitudinal Comp. force, Pbc = 4238 lbs = K * xw 

fa1 Oc = -217 psi = Pbc I A, stress on tube, neg is comp 

SUBJECT 

FIXED SUPPORT 
Rfx10 = 
Rfy10 = 
Rfz10 = 

GUIDED SUPPORT 
Rgx10 = 
Rgy10 = 

fbx10 = fby10 = 
Delx1 O = Dely1 O = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

O lbs 
0 

771 lbs = 2 * Eej * Kej * xw 

0 
21.7 lbs= Rfz10 *HI Lsp I 12 /2 

0 
0 

OFFICE: NOE-C REVISION: 

MADE BY CHKD BY MADE BY CHKD BY 

RJW y.J H. 
DATE °DATE DATE DATE 
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REFERENCE NO. 
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UGO - BEAM TUBE DESIGN 

- CASE 11: Expansion Joint Forces at -16 Degrees F. 

Maximum Bellows spring rate, K = 10062 lbs/in = Kej * ( 1 + Eej ) 
Est. temp. change below 70, Tchc = 86 degrees Fahrenheit ----

Thermal shrinkage, xs = -1.207 in= e * 2 * L * 12 * Tchc 
Longitudinal Tension force, Pbt = 12150 lbs = K * xs 

LIG0-3-1 .XLS Rev 1 
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fa 11 t = 623 psi = -Pbt I A Positive is tension 

SUBJECT 

FIXED SUPPORT 
Rfx11 = 
Rfy11 = 
Rfz11 = 

GUIDED SUPPORT 
Rgx11 = 
Rgy11 = 

fbx11 = fby11 = 
Delx11 = Dely11 = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

O lbs 
0 

2209 lbs = -2 * Eej * Kej * XS 

0 
62.2 lbs= Rfz11 *HI Lsp I 12 /2 

OFFICE: 

0 
0 

MADE BY 

RJW 
DATE 

3/11/94 

NOE-C REVISION: 

CHKD BY MADE BY CHKD BY 
Vll.ll 

DATE DATE DATE 
+4·9~ 

REFERENCE NO. 
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SUBJECT 

- LOAD COMBINATIONS FOR MAXIMUM REACTIONS, STRESS AND DEFLECTIONS 
COMBINATION 1 - DL +Insulation+ Vacuum+ 302 F (Case 2 + 7 + 9) 

FIXED SUPPORTS 
Ax= 
Ry= 
AZ= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Ax= 
Ry= 

Amax per bolt = 
Amin per bolt = 

0 lbs = Rfx2 + Rfx7 + Rfx9 (laterial) 
7018 lbs= Rfy2 + Rfy7 + Rfy9 (Vertical) 
5959 lbs= Rfz2 + Rfz7 + Rfz9 (axial) 
3509 lbs = Ry/2 + Rx * H I Abs 
3509 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Rgx7 + Rgx9 
4980 lbs= Rgy2 + Rgy7 + Rgy9 (Vertical) 
2490 lbs = Ry/2 + Rx * H I Abs 
2490 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 

Delta x (302) = 
Delta y (302) = 

Max Delta= 

TUBE STRESSES 

0.000 in = Delx2 + Delx7 + Delx9 
0.079 in= Dely2 + Dely7 + Dely9 
0.079 in= (Delta x A2 +Delta y "2 )"0.5 

f ac = -1533 psi, f av7 + f a9c , neg = compression 
fbx = 2195 psi= fbx2 + fbx7 + fbx9 
fby = O psi = fby2 + fby7 + fby9 

Md = 7966 in-lbs = fac * A * (Max Delta + CE) 
fd = 33.5 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

fac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.260 
0.372 
0.000 
0.006 
0.638 < 1.00 

OFFICE: NOE-C 

Tube is adequate 

REVISION: REFERENCE NO. 

930212 
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SUBJECT 

COMBINATION 2 - DL +Insulation+ Settlement+ Vacuum+ 302 F (Case 2+7+8+9) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( xB"-2 + yB"-2 )l'{).5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
RX= 
Ry= 
Rz= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

0 lbs = Rfx2 + Rfx7 +x8 * Rfx8 + Rfx9 
5601 lbs= Rfy2 + Rfy7+ ya* Rfy8 + Rfy9 
5959 lbs = Rfz2 + Rfz7 + Rfz9 
2800 lbs = Ry/2 + Rx * H I Abs 
2800 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Rgx7 + x8*Rgx8 + Rgx9 
7810 lbs= Rgy2 + Rgy7 + y8*Rgy8 + Rgy9 
3905 lbs= Ry/2 +Rx* HI Abs 
3905 lbs = Ry/2 - Rx * H I Abs 

Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.369 in = Dely2 + 0.5 * y8 

Max Delta= 0.369 in = ( Delta x "2 + Delta y "2 )/\().5 

TUBE STRESSES 
fac = -1533 psi, fav7 + fa9c , neg =compression 
fbx = 4267 psi = fbx2 + fbx7 + ya * fbx8 + fbx9 
fby = O psi = fby2 + fby7 + x8 * fby8 + fby9 

Md= 22910 in-lbs= fac *A* ( Max(Max Delta or maxset) +CE) 
fd = 96.4 psi = Md I S 

COMBINED STRESS (compression) 
faVFa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

fac I Fa= 
fbx/ Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.260 
0.723 
0.000 
0.016 
0.999 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
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COMBINATION 3 - DL + lnsul + Seis x + Dif settle+ Vac + 302 F (Case 2+5+7+8+9) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.788 = ( xSA2 + ySA2 )"0.5 ----
Delta y, y8= 0.788 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

1287 lbs = Rfx2 + Rfx5 + Rfx7 +x8 * Rfx8 + Rfx9 
5089 lbs = Rfy2 + Rfy5 + Rfy7 + ya * Rfy8 + Rfy9 
5959 lbs = Rfz2 + Rfz5 + Rfz7 + Rfz9 

Amax per bolt = 
Rmin per bolt = 

4346 lbs = Ry/2 + Rx * H I Abs 
743 lbs= Ry/2 - Rx* HI Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

882 lbs= Rgx2 + Rgx5 + Rgx7 + x8*Rgx8 + Rgx9 
8831 lbs = Rgy2 + Rgy5 + Rgy7 + y8*Rgy8 + Rgy9 
5651 lbs= Ry/2 + Rx* HI Abs 
3180 lbs= Ry/2 - Rx* HI Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.014 in = Delx5 + 0.5 * x8 
Delta y (302) = 0.473 in = Dely2 + 0.5 * y8 

Max Delta = 0.473 in = ( Delta x A2 + Delta y A2 )A0.5 

TUBE STRESSES 
fac = -1533 psi, fav7 + fa9c, neg= compression 
fbx = 5015 psi = fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx9 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby9 

Md= 29157 in-lbs= fac *A* ( Max(Max Delta or maxset) +CE) 
fd = 122. 7 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 7080 psi = 1.2 * B from page 3 

fac/ Fa= 0.216 
fbx I Fbx = 0.708 
fby I Fby = 0.057 
fd I Fbxy = 0.017 

SUM= 0.999 < 1.00 Tube is adequate 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
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COMBINATION 4 - DL + lnsul + Seis z + Dif settle+ Vac + 302 F (Case 2+5+7+8+9) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = O in ---- Maxset = 0. 756 = ( x8"2 + y8"2 )1'0.5 
Delta y, y8= 0.756 in 

FIXED SUPPORTS 
Rx= 
Ry= 
AZ= 

0 lbs = Rfx2 + Rfx6 + Rfx7 +xa * Rfxa + Rfx9 
5168 lbs = Rfy2 + Rfy6 + Rfy7 + ya * Rfya + Rfy9 
812a lbs = Rfz2 + Rfz6 + Rfz7 + Rfz9 

Amax per bolt = 
Amin per bolt = 

2584 lbs = Ry/2 + Rx * H I Abs 
25a4 lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

0 lbs= Rgx2 + Rgx6 + Rgx7 + xa*Rgxa + Rgx9 
a675 lbs = Rgy2 + Rgy6 + Rgy7 + ya*Rgya + Rgy9 
4337 lbs = Ry/2 + Rx * H I Abs 
4337 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * xa 
Delta y (302) = 0.457 in = Dely27 + 0.5 * ya 

Max Delta = 0.457 in = ( Delta x "2 + Delta y "2 )1'0.5 

TUBE STRESSES 
fac = -1644 psi, fav7 + fa9c - Rfz6 /A, neg= compression 
fbx = 4901 psi = fbx2 + fbx5 + fbx7 + ya * fbxa + fbx9 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby9 

Md= 30247 in-lbs= fac *A* ( Max(Max Delta or maxset) +CE) 
fd= 127.3psi=Md/S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 70ao psi = 1.2 * B from page 3 

fac I Fa= 0.232 
fbx/ Fbx = 0.692 
fby I Fby = 0.057 
fd I Fbxy = 0.018 

SUM= 0.999 < 1.00 Tube is adequate 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 
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COMBINATION 5 - DL + Wind + Dif Set + 100 F (Case 1 + 4 + 8 + 10) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in ---- Maxset = 0.965 = ( x8"2 + y8"2 )AQ.5 
Delta y, y8= 0.965 in 

FIXED SUPPORTS 
Rx= 
Ry= 
RZ= 

1275 lbs = Rfx1 + Rfx4 +x8 * Rfx8 + Rfx10 
3413 lbs = Rfy1 + Rfy4+ y8 * Rfy8 + Rfy10 

771 lbs = Rfz1 + Rfz4 + Rfz1 O 
Rmax per bolt = 
Rmin per bolt = 

3491 lbs = Ry/2 + Rx * H I Abs 
-78 lbs= Ry/2 - Rx* HI Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Rmin per bolt = 

874 lbs= Rgx1 + Rgx4 + x8*Rgx8 + Rgx10 
8697 lbs = Rgy1 + Rgy4 + y8*Rgy8 + Rgy10 
5572 lbs = Ry/2 + Rx * H I Abs 
3125 lbs= Ry/2 - Rx* HI Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.014 in= Delx4 + 0.5 * x8 
Delta y (302) = 0.545 in = Dely1 + 0.5 * y8 

Max Delta = 0.545 in = ( Delta x "2 + Delta y "2 )AQ.5 

TUBE STRESSES 
tac= -217 psi, fav4 + fa10c, neg= compression 
fbx = 5260 psi = fbx1 + fbx4 + y8 * fbx8 + fbx1 O 
fby = 399 psi = fby1 + fby4 + x8 * fby8 + fby10 

Md = 4885 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 20.6 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

tac I Fa= 0.037 
fbx/ Fbx = 0.891 
fby I Fby = 0.068 
fd I Fbxy = 0.003 

SUM= 0.999 < 1.00 Tube is adequate 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY CHKD BY MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% RJW rJ.ic. SHT I~ OF '\..~ 

Maximum Differential Settlements DATE DATE DATE DATE . . 3/11/94 ~-4·'H ,, . 'l..1.. 
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COMBINATION 6 - DL + Insulation +Vacuum + 100 F (Case 2 + 7 + 10) 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Rmax per bolt = 
Rmin per bolt = 

0 lbs = Rfx2 + Rfx7 + Rfx10 {laterial) 
7018 lbs = Rfy2 + Rfy7 + Rfy10 (Vertical) 

771 lbs = Rfz2 + Rfz7 + Rfz10 (axial) 
3509 lbs = Ry/2 + Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 

3509 lbs= Ry/2 - Rx* HI Abs 

0 lbs = Rgx2 + Rgx7 + Rgx10 
Ry= 

Amax per bolt = 
Rmin per bolt = 

4834 lbs = Rgy2 + Rgy7 + Rgy1 0 (Vertical) 
2417 lbs= Ry/2 +Rx* HI Abs 
2417 lbs= Ry/2 - Rx* HI Abs 

MIDSPAN DEFLECTION 

Delta x (302) = 
Delta y (302) = 

Max Delta= 

0.000 in= Delx2 + Delx7 + Delx10 
0.079 in = Dely2 + Dely7 + Dely1 O 
0.079 in = ( Delta x A2 + Delta y A2 )A0.5 

TUBE STRESSES 

tac = -69 psi, f av7 + fa 1 Oc , neg = compression 
fbx = 2195 psi = fbx2 + fbx7 + fbx1 O 
fby = O psi = fby2 + fby7 + fby1 O 

Md = 360 in-lbs = tac * A * ( Max Delta + CE) 
fd = 1.5 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

tac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.012 
0.372 
0.000 
0.000 
0.384 < 1.00 Tube is adequate 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY CHKD BY MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% RJW wk SHT ~ :., OF 1.""i 

Maximum Differential Settlements DATE DATE DATE DATE 

3/11/94 ~-4 ·'14 
,.., . 1.., 
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SUBJECT 

COMBINATION 7 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+10) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 1.012 = ( x8"2 + y8"2 )"'0.5 ----
Delta y, y8= 1.012 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Rmax per bolt = 
Rmin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Rmin per bolt = 

MIDSPAN DEFLECTION 

0 lbs = Rfx2 + Rfx7 +x8 * Rfx8 + Rfx10 
4541 lbs = Rfy2 + Rfy7 + y8 * Rfy8 + Rfy1 0 

771 lbs = Rfz2 + Rfz7 + Rfz10 
2271 lbs = Ry/2 + Rx * H I Abs 
2271 lbs= Ry/2 - Rx* HI Abs 

0 lbs = Rgx2 + Rgx7 + x8*Rgx8 + Rgx10 
9780 lbs = Rgy2 + Rgy7 + y8*Rgy8 + Rgy10 
4890 lbs = Ry/2 + Rx * H I Abs 
4890 lbs = Ry/2 - Rx * H I Abs 

Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.585 in = Dely2 + 0.5 * y8 

Max Delta = 0.585 in = ( Delta x A2 + Delta y A2 )"'0.5 

TUBE STRESSES 
fac = -69 psi, fav7 + fa 1 Oc , neg = compression 
fbx = 5817 psi = fbx2 + fbx7 + ya * fbx8 + fbx1 O 
fby = 0 psi = fby2 + fby7 + x8 * fby8 + fby1 O 

Md = 1622 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 6.8 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

fac I Fa= 0.012 
fbx I Fbx = 0.986 
fby I Fby = 0.000 
fd I Fbxy = 0.001 

SUM= 0.999 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

MADE BY 

RJW 
DATE 

CHKD BY 
-WJ( 
DATE 

MADE BY CHKD BY 
SHT i,o OF 1..4 

DATE DATE 

. ~ 3/1.1/94 4-~·91.i 
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COMBINATION 8 - DL + lnsul + Seis x + Dif settle+ Vac + 100 F (Case 2+5+7+8+10) 

SUBJECT 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 1.229 = ( x8A2 + y8A2 )l\Q.5 ----
Delta y, y8= 1.229 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Amax per bolt = 
Amin per bolt = 

1287 lbs = Rfx2 + Rfx5 + Rfx7 +x8 * Rfx8 + Rfx10 
4010 lbs= Rfy2 + Rfy5 + Rfy7+ ya* Rfy8 + Rfy10 

771 lbs = Rfz2 + Rfz5 + Rfz7 + Rfz1 O 
3806 lbs = Ry/2 + Rx * H I Abs 
204 lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

882 lbs = Rgx2 + Rgx5 + Rgx7 + x8*Rgx8 + Rgx10 
10840 lbs = Rgy2 + Rgy5 + Rgy7 + y8*Rgy8 + Rgy10 
6655 lbs = Ry/2 + Rx * H I Abs 
4185 lbs= Ry/2- Rx* HI Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.014 in = Delx5 + 0.5 * x8 
Delta y (302) = 0.694 in = Dely2 + 0.5 * y8 

Max Delta= 0.694 in = ( Delta x "2 + Delta y "2 )A0.5 

TUBE STRESSES 
fac = -69 psi, fav7 + fa10c, neg= compression 
fbx = 6594 psi = fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx10 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby1 O 

Md = 1915 in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
fd = 8.1 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 7080 psi = 1.2 * B from page 3 

fac I Fa= 0.010 
fbx I Fbx = 0.931 
fby I Fby = 0.057 
fd I Fbxy = 0.001 

SUM= 0.999 < 1.00 Tube is adequate 

OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

MADE BY 

RJW 
DATE 

CHKD BY 

WK 
DATE 

MADE BY CHKD BY 

SHT 1..1 OF 

DATE DATE 

.3/11/94 4-~·'l "{ . ~, t.S 

1. '1 
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COMBINATION 9 - DL + lnsul + Seis z + Dif settle+ Vac + 100 F (Case 2+5+7+8+ 10) 

SUBJECT 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 1.195 = ( x8"'2 + y8"'2 )"0.5 ----
Delta y, y8= 1.195 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Amax per bolt = 
Amin per bolt = 

0 lbs = Rfx2 + Rfx6 + Rfx7 +x8 * Rfx8 + Rfx10 
4093 lbs = Rfy2 + Rfy6 + Rfy7 + y8 * Rfy8 + Rfy10 
2939 lbs= Rfz2 + Rfz6 + Rfz7 + Rfz10 
2047 lbs= Ry/2 +Rx* HI Abs 
2047 lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

0 lbs = Rgx2 + Rgx6 + Rgx7 + x8*Rgx8 + Rgx10 
10674 lbs= Rgy2 + Rgy6 + Rgy7 + y8*Rgy8 + Rgy10 
5337 lbs = Ry/2 + Rx * H I Abs 
5337 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.677 in = Dely27 + 0.5 * y8 

Max Delta= 0.677 in= (Delta x "-2 +Delta y "-2 )"0.5 

TUBE STRESSES 
fac = -181 psi, fav7 + fa10c - Rfz6 I A, neg= compression 
fbx = 6472 psi= fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx10 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby10 

Md = 4867 in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
fd = 20.5 psi= Md IS 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 7080 psi = 1.2 * B from page 3 

fac I Fa= 0.026 
fbx I Fbx = 0.914 
fby I Fby = 0.057 
fd I Fbxy = 0.003 

SUM= 0.999 < 1.00 Tube is adequate 

OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

MADE BY 

RJW 
DATE 

CHKDBY 
WJ<. 
DATE 

MADE BY CHKD BY 

SHT 1.. t. OF 

DATE DATE 

3/11/94 ~.4.q~ Le> .1. (,, . 

t."') 
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SUBJECT 

COMBINATION 10 - DL + snow + Dif Set + -16 F (Case 1 + 3 + 8 + 11) 

SETTLEMENT WITH COMBINATION -
Delta X, X8 = 0 in Maxset = 1.044 = ( x8"2 + y8"2 )"0.5 ----
Delta y, y8= 1.044 in 

FIXED SUPPORTS 
Ax= 
Ry= 
AZ= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Ax= 
Ry= 

Amax per bolt = 
Amin per bolt = 

0 lbs= Rfx1 + Rfx3 +x8 * Rfx8 + Rfx11 
6128 lbs = Rfy1 + Rfy3+ y8 * Rfy8 + Rfy11 
2209 lbs = Rfz1 + Rfz3 + Rfz11 
3064 lbs = Ry/2 + Rx * H I Abs 
3064 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx1 + Rgx3 + x8*Rgx8 + Rgx11 
11118 lbs = Rgy1 + Rgy3 + y8*Rgy8 + Rgy11 
5559 lbs= Ry/2 +Rx* HI Abs 
5559 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.615 in = Dely1 + Dely3 +0.5 * y8 

Max Delta= 0.615 in = ( Delta x "2 + Delta y "2 )"0.5 

TUBE STRESSES 
fat= 623 psi, fa11t, pos =tension 
fbx = 6452 psi = fbx1 + fbx3 + y8 * fbx8 + fbx11 
fby = 0 psi= fby1 + fby3 + x8 * fby8 + fby11 

Md = 14962 in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
fd = 63.0 psi = Md I S 

COMBINED STRESS 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 
Tension Allowable = 9100 psi = Sh * Et, for tension from page 3 

COMPRESSION TENSION 
fa(c or t) I Fa = -0.106 0.068 

fbx I Fbx = 1.094 0.709 
fby I Fby = 0.000 0.000 
fd I Fbxy = 0.011 0.007 

SUM = 0.999 < 1.00 0.784 < 1.00 Tube is adequate 
OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY 

RJW 
CHKD BY 

i-)Jc 
MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements DATE 

3/11/94 
DATE 

~A-qi.{ 

SHT \..'l OF l."l 

DATE DATE 
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SUBJECT 

COMBINATION 11 - DL +wind +Dif set -16 F (Case 1+4 + 8 + 11) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 1.186 = ( x8"2 + y8"2 )"-0.5 ----
Delta y, y8= 1.186 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Rmax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

1275 lbs = Rfx1 + Rfx4 +x8 * Rfx8 + Rfx11 
2872 lbs = Rfy1 + Rfy4+ ya * Rfy8 + Rfy11 
2209 lbs = Rfz1 + Rfz4 + Rfz11 
3220 lbs = Ry/2 + Rx * H I Abs 
-348 lbs = Ry/2 - Rx * H I Abs 

874 lbs= Rgx1 + Rgx4 + x8*Rgx8 + Rgx11 
9818 lbs= Rgy1 + Rgy4 + y8*Rgy8 + Rgy11 
6132 lbs= Ry/2 +Rx* HI Abs 
3685 lbs = Ry/2 - Rx * H I Abs 

Delta x (302) = 0.014 in =Delx4 + 0.5 * x8 
Delta y (302) = 0.655 in = Dely1 + 0.5 * y8 

Max Delta= 0.655 in= (Delta x A2 +Delta y A2 )"-0.5 

TUBE STRESSES 
fat = 623 psi, fa 11 t , pos = tension 
fbx = 6051 psi= fbx1 + fbx4 + y8 * fbx8 + fbx11 
fby = 399 psi = fby1 + fby4 + xa * fby8 + fby11 

Md = 16688 in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
fd = 70.2 psi = Md I S 

COMBINED STRESS 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 
Tension Allowable = 9100 psi = Sh * Et, for tension from page 3 

COMPRESSION TENSION 
fa(c or t) I Fa = -0.106 0.068 

fbx I Fbx = 1.026 0.665 
fby I Fby = 0.068 0.044 
fd I Fbxy = 0.012 0.008 

SUM= 0.999 < 1.00 0.785 < 1.00 Tube is adequate 
OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

MADE BY CHKD BY MADE BY CHKD BY 

RJW W.ll SHT 1. J OF 'L q 

DATE DATE DATE DATE 

3/11/94 {~-4~. 
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SUBJECT 

COMBINATION 12 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+11) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 1.224 = ( x8"2 + y8"2 )"'0.5 ----
Delta y, y8= 1.224 in 

FIXED SUPPORTS 
Rx= 
Ry= 
RZ= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

0 lbs = Rfx2 + Rfx7 +x8 * Rfx8 + Rfx11 
4023 lbs = Rfy2 + Rfy7 + y8 * Rfy8 + Rfy11 
2209 lbs = Rfz2 + Rfz7 + Rfz 11 
2011 lbs = Ry/2 + Rx * H I Abs 
2011 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Rgx7 + x8*Rgx8 + Rgx11 
10856 lbs = Rgy2 + Rgy7 + y8*Rgy8 + Rgy11 
5428 lbs= Ry/2 +Rx* HI Abs 
5428 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.691 in = Dely2 + 0.5 * y8 

Max Delta = 0.691 in = ( Delta x A2 + Delta y A2 )"'0.5 

TUBE STRESSES 
fat = 771 psi, fav7 + fa 11 t , pos = tension 
fbx = 6576 psi = fbx2 + fbx7 + y8 * fbx8 + fbx11 
fby = 0 psi = fby2 + fby7 + x8 * fby8 + fby11 

Md = 21223 in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
fd = 89.3 psi = Md I S 

COMBINED STRESS 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 
Tension Allowable = 9100 psi = Sh * Et, for tension from page 3 

COMPRESSION TENSION 
fa(c or t) I Fa = -0.131 0.085 

fbx I Fbx = 1.115 0.723 
fby I Fby = 0.000 0.000 
fd I Fbxy = 0.015 0.010 

SUM = 0.999 < 1.00 0.817 < 1.00 Tube is adequate 
OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

MADE BY CHKD BY MADE BY CHKD BY 

RJW v-llc_ 
DATE DATE DATE DATE 

SHT '1. ~ OF 'l..-4 

. 3/1.1/94 4-~-'i~ 
.lp.1..9 
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SUBJECT 

COMBINATION 13 - DL + lnsul + Seis x + Dif settle+ Vac + -15 F (Case 2+5+7+8+11) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = O in ---- Maxset = 1.438 = ( x8"2 + y8"2 )"0.5 
Delta y, y8= 1.438 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Amax per bolt = 
Amin per bolt = 

1287 lbs = Rfx2 + Rfx5 + Rfx7 +x8 * Rfx8 + Rfx11 
3499 lbs = Rfy2 + Rfy5 + Rfy7 + y8 * Rfy8 + Rfy11 
2209 lbs= Rfz2 + Rfz5 + Rfz7 + Rfz11 
3551 lbs= Ry/2 +Rx* HI Abs 

-52 lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

882 lbs= Rgx2 + Rgx5 + Rgx7 + x8*Rgx8 + Rgx11 
11902 lbs = Rgy2 + Rgy5 + Rgy7 + y8*Rgy8 + Rgy11 
7186 lbs= Ry/2 +Rx* HI Abs 
4716 lbs= Ry/2 - Rx* HI Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.014 in = Delx5 + 0.5 * x8 
Delta y (302) = 0.798 in= Dely2 + 0.5 * y8 

Max Delta= 0.798 in= (Delta x "2 +Delta y "2 )"0.5 

TUBE STRESSES 
fat= 771 psi, fav7 + fa11t, pos =tension 
fbx = 7342 psi= fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx11 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby11 

Md = 24441 in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
fd = 102.8 psi = Md I S 

COMBINED STRESS 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 
Tension Allowable= 

COMPRESSION 
fa(c or t) I Fa= -0.109 

fbx I Fbx = 1.037 
fby I Fby = 0.057 
fd I Fbxy = 0.015 

SUM = 0.999 < 1.00 
OFFICE: 

7080 psi = 1.2 * B from page 3 
10920 psi = 1.2*Sh * Et, from page 3 

TENSION 
0.071 
0.672 
0.037 
0.009 
0. 789 < 1.00 Tube is adequate 

NOE-C REVISION: REFERENCE NO. 

930212 
UGO - 'BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Maximum Differential Settlements 

MADE BY CHKD BY MADE BY CHKD BY 
RJW vJ1( SHT 1,,v OF '?...°; 

DATE DATE DATE DATE 

.3/11/94 4-tl.qli J '~. 0 
I . 
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SUBJECT 

COMBINATION 14 - DL + lnsul + Seis z + Dif settle+ Vac + -16 F (Case 2+5+7+8+11) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 1.411 = ( x8"2 + y8"2 )"0.5 ----
Delta y, y8= 1.411 in 

FIXED SUPPORTS 
Rx= 
Ry= 
AZ= 

0 lbs= Rfx2 + Rfx6 + Rfx7 +x8 * Rfx8 + Rfx11 
3565 lbs = Rfy2 + Rfy6 + Rfy7 + y8 * Rfy8 + Rfy11 
4378 lbs = Rfz2 + Rfz6 + Rfz7 + Rfz11 

Amax per bolt = 
Amin per bolt = 

1782 lbs= Ry/2 +Rx* HI Abs 
1782 lbs= Ry/2 - Rx* HI Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

0 lbs = Rgx2 + Rgx6 + Rgx7 + x8*Rgx8 + Rgx11 
11770 lbs = Rgy2 + Rgy6 + Rgy7 + y8*Rgy8 + Rgy11 
5885 lbs = Ry/2 + Rx * H I Abs 
5885 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.785 in= Dely27 + 0.5 * y8 

Max Delta = O. 785 in = ( Delta x "2 + Delta y "2 )"0.5 

TUBE STRESSES 
fat = 660 psi, f av7 + fa 11 t - Rfz6 I A , pos = tension 
fbx = 7245 psi = fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx11 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby11 

Md = 20568 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 86.5 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 
Tension Allowable= 

COMPRESSION 
fa(c or t) I Fa= -0.093 

fbx I Fbx = 1.023 
fby I Fby = 0.057 
fd I Fbxy = 0.012 

SUM = 0.999 < 1.00 

7080 psi = 1.2 * B from page 3 
10920 psi = 1.2*Sh * Et, from page 3 

TENSION 
0.060 
0.663 
0.037 
0.008 
0. 769 < 1.00 Tube is adequate 

OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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Configuration 3, K = 8316 + 20% 
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UGO - BEAM TUBE DESIGN 

- CHECK RIM BENDING PER ROARK & YOUNG 4th Ed, TABLE XIII CASE 13 

Mo = (p I 2 I landa"2) * (A I ( A + t*c + 2 * t I landa) 

14. 7 psi, internal pressure 

LIG0-3-1 .XLS Rev 1 

Pg 28 

P= 
Landa= 

A= 
t= 
C= 

0.7277 = (3 * (1-0.3"2)/(((Do+t)/2)"2 * t"2))"0.25 
1.5 sq in = tss * wss 

0.127 in= t 
0.375 in = tss 

Mo = 10.976 in lbs I in 

Stress= 4083 psi = 6 * M I t"2 < 3 * S = 17700 psi 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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UGO - BEAM TUBE DESIGN 

- SUMMARY - Vertical Differential Misalignment Only 

SUBJECT 

Fixed supports (lbs) Guided Support (lbs) Settlement (in) 
Combination Rx Ry Rz Rx Ry x v 

1 0 7018 5959 0 4980 0 0 
2 0 5601 5959 0 7810 0 0.579 

3 1287 5089 5959 882 8831 0 0.788 

4 0 5168 8128 0 8675 0 0.756 

5 1275 3413 771 874 8697 0 0.965 

6 0 7018 771 0 4834 0 0 
7 0 4541 771 0 9780 0 1.012 

8 1287 4010 771 882 10840 0 1.229 

9 0 4093 2939 0 10674 0 1.195 

10 0 6128 2209 0 11118 0 1.044 

11 1275 2872 2209 874 9818 0 1.186 
12 0 4023 2209 0 10856 0 1.224 

13 1287 3499 2209 882 11902 0 1.438 

14 0 3565 4378 0 11770 0 1.411 

COMBINATIONS 
1 - DL +Insulation+ Vacuum+ 302 F (Case 2 + 7 + 9) 
2 - DL +Insulation+ Settlement+ Vacuum+ 302 F (Case 2+7+8+9) 
3 - DL + lnsul + Seis x + Dif settle+ Vac + 302 F (Cas&-2+5+7+8+9) 
4 - DL + lnsul + Seis z + Dif settle+ Vac + 302 F (Case 2+5+7+8+9) 

5 - DL + Wind + Dif Set + 100 F (Case 1 + 4 + 8 + 10) 
6 - DL + Insulation + Vacuum + 100 F (Case 2 + 7 + 10) 
7 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+10) 
8 - DL + lnsul + Seis x + Dif settle+ Vac + 100 F (Case 2+5+7+8+10) 
9 - DL + lnsul + Seis z + Dif settle+ Vac + 100 F (Case 2+5+7+8+10) 

10 - DL+snow+DifSet+-16F(Case1 +3+8+11) 
11 - DL+wind+Difset-16F(Case1 +4+8+11) 
12 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+11) 
13 - DL + lnsul + Seis x + Dif settle+ Vac + -15 F (Case 2+5+7+8+11) 
14 - DL + lnsul + Seis z + Dif settle+ Vac + -16 F (Case 2+5+7+8+11) 

OFFICE: NOE-C REVISION: 

UGO - BEAM TUBE DESIGN MADE BY CHKD BY MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% RJW WJ<. 
Maximum Differential Settlements DATE DATE DATE DATE 
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Unity 
Comp Tens ion 

0.638 
0.999 
0.999 
0.999 
0.999 
0.384 
0.999 
0.999 
0.999 
0.999 0.784 
0.999 0.785 
0.999 0.817 
0.999 0.789 
0.999 0.769 
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UGO - BEAM TUBE DESIGN 

- INPUTVARIABLES 

Tube outside diameter, Do = 49.004 in 
Beam Tube section length, L = 19.812 m = 
Beam Tube Span length, Lsp = 18.9484 m = 

Tube thickness, t = 0.127 in 
Insulation Density, Deni = 24 kg/m = 

---

Vacuum Stiffener thickness, ts = 0.1875 in 
Vacuum Stiffener width, ws = 1.75 in 

Vacuum Stiffener spacing, Ls = 29.84 in 
Support Stiffener thickness, tss = 0.375 in 

Support Stiffener width, wss = 4 in ---

65.000 ft 
62.167 ft 

16.127 lbs/ft 

28,300 ksi Table TM-1 @ 70 

LIG0-3-1.XLS Rev 1 

pg 1 of 29 

Mod. of Elast. @ ambient, Ea = 
Mod. of Elast. @ 302 degrees, Eb = 

Coefficient of expansion, e= 
27,000 ksi Table TM-1, Page 664 

SUBJECT 

Anchor bolt spacing, Abs = 
C. line height of tube, H = 

Support Collar I Saddle width, b = 

Expansion Joint O.D., De= 
Expansion Joint l.D., Dei = 

E.J. Concentricity Error, CE= 
Expansion joint axial spring rate, Kej = 

Spring rate variation, Eej = 
Spring Rate, K = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement= 0.579" 

9E-06 in/in/F Average from 70 to 300 degrees F 

30 in 
42.000 in 
20.000 in ---

53.75 in 
48.75 in 

0.1875 in 
9147.6 lbs/in ---
10.0% 

= 8316 * 1.1 

10062 lbs/in = Kej * ( 1 + Eej ) 

OFFICE: NOE-C REVISION: 

MADE BY CHKD BY MADE BY CHKD BY 

RJW W~l 
DATE DATE : QATE DATE 

~.<;-'l'\ ' . 
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UGO - BEAM TUBE DESIGN 

- ALLOWABLE STRESS PER ASME SECTION VIII DIV 1 UG 23(b) 

- Allowable Stresses @ 300 Degrees F. 

Yield Stress, Fy = 
Tensile Allowable, Sh= 

Joint Efficiency, Et= 
Compression Allowable 

19,200 psi 
13000 psi 

0.7 ----

A = 0.000648 = 0.125 I (Ro/t) 

Table Y1 
Table 1A 

UG 23(b) 

LIG0-3-1.XLS Rev 1 
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B = 5900 psi per Figure HA 3, interpolate to 300 degrees F. ----
Where B = Fa = Fbx = Fby = Fbxy, local buckling stress 
See below for column buckling 

- Allowable Stresses @ Ambient (100 degrees F) 

Yield Stress = 
Tensile Allowable, Sa = 
Compression Allowable 

25,000 psi 
16,300 psi 

A= 0.000648 = 0.125 I (Ro/t) 

Table Y1 
Table 1A 
UG 23(b) 

B = 7800 psi per Figure HA 3, 100 degrees F. ----
Where B = Fa = Fbx = Fby = Fbxy 

- Allowable Stress Increase for Wind and Seismic 
Allowable increase for wind or seismic is 1.20 

- Allowable Axial Stress, Column Buckling per AISC 

k= 1 
L = 746 in = Lsp * 12 
r = 17.28069 in= rg 

kl I r = 43.16958 

Cc= 166.6081 = (2 * P1()"2 *Eb* 1000 I Fy)"0.5 

Fa= 10533 psi = (1- {kUr)A2 / 2 I CcA2)*Fy 
(5/3 + 3*(kUr)/8/Cc - (kUr)"3/8/CcA3) 

Fa > 8, Thus use B = 5900 psi 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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UGO - BEAM TUBE DESIGN 

(~-, - CALCULATE WIND LOAD PER ASCE 7-88 (Livingston, LA) 

F = Oz * Gh * Cf * Af 
Oz= 4.1472 = 0.00256*Kz * ( l*V)"2 

Kz = 0.80, Assume exposure C 
I= 1.00 

V = 45 mph 
Gh = 1.32 ----
Cf= 0.739 h ID= 0.0853 

h =(Do 12 +H)/12 
D=L 

D' I Do = ws I Do = 0.03571 
Af = 4.084 Sqft I ft= Do I 12 

F = 16.53 lbs I ft 
F = 107 4 lbs I section 

- CALCULATE WIND LOAD PER ASCE 7-88 (Hanford, WA) 

SUBJECT 

F = Oz * Gh * Cf * Af 
Oz= 4.1472 = 0.00256*Kz * ( l*V)"2 

Kz = 0.80 , Assume exposure C 
I= 1.00 

V = 45 mph ---
Gh = 1.32 ----
Cf= 0.739 h ID= 0.0853 

h =(Do I 2 +H)/12 
D=L 

D' I Do = ws I Do = 0.03571 
Af = 4.083667 Sqft I ft = Do I 12 

F = 16.53 lbs I ft = WW 

F = 107 4 lbs I section 

OFFICE: NOE-C REVISION: 

UGO - BEAM TUBE DESIGN MADE BY CHKDBY MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% RJW wJ<. 
Vertical Differential Settlement = 0.579" DATE DATE DATE DATE 

3/11/94 ~-sJH 
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Table 4 
Eq 3 
Table 6 
Table 5 
Figure 1 
Table 8 
Table 12 

Table 4 
Eq 3 
Table 6 
Table 5 
Figure 1 
Table 8 
Table 12 
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UGO - BEAM TUBE DESIGN LIG0-3-1.XLS Rev 1 
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(c'<1 - CALCULATE SEISMIC LOAD PER UBC (Livingston, LA) 

"---/ 

V = Z * I * C I Rw * W 
Z= 0 
I= 1.0 

C= 2.75 
Aw= 3 

C/Rw = 0.916667 > 0.075 use: 0.91667 
W = 91.00 lbs/ft = DL + Insulation 
V = 0.0500W = 0.05W mimimum per ASCE 7-88, 9.11.2 
V = 4.55 Lbs/ft 
V = 295.8 Lbs per section 

- CALCULATE SEISMIC LOAD PER ASCE 7-88 (Hanford, WA) 

V=Z*l*C/Rw*W 
Z= 0.2 
I= 1.0 

c = 2.75 
AW= 3 

C/Rw = 0.916667 > 0.075 use: 0.91667 
W = 91.00 lbs/ft= DL +Insulation 
V = 0.1833W 
V = 16.68 Lbs/ft = wseis 
V = 1084.4 Lbs per section 

- CALCULATE SNOW LOAD PER ASCE 7-88 (Hanford, WA only) 

Pf= 15.12 = 0. 7 * Ce * Ct * I * Pg 
Ce = 0.9 Little shelter assumed 
Ct = 1.2 Unheated 

I = 1 Category 1 
Pg= 20 psf 

Ps = 9.828 = Cs * Pf 

Eq 5a 
Table 18 
Table 19 
Table 20 
Figure 6 

Cs= 0.65 Angle is 35 degrees, 90-(180-70)/2, Figure 8b 

SUBJECT 

Snow Load per foot, wsn = 
Snow load per section = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 

Width= 46.049 in= Do* Sin 70 Per 7.4.3, slope> 70 no load 
37.71 lbs/ft= Ps *Width 
2451 lbs 

OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
MADE BY CHKDBY MADE BY Cl-'IKD BY 

RJW WH. SHT s OF z.q 
Vertical Differential Settlement = 0.579" DATE DATE DATE DATE 
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UGO - BEAM TUBE DESIGN LIG0-3-1.XLS Rev 1 
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- DETERMINE REACTIONS, STRESSES AND DEFLECTIONS FOR INDIVIDUAL LOAD CASES 

- Nomenclature 

Rfx1 = Reaction, fixed support, x direction (horizontal), case 1 
Rgy2 = Reaction, guided support, y direction (vertical), case 2 
Rfz1 = Reaction, fixed support, z direction (axial), case 1 
Mx1 = Moment about the horizontal axis due to vertical loads, Case 1. 
My2 = Moment about the vertical axis due to horizontal loads, Case 2. 
fa9c = Stress, axial, case 9, compression, (if tension t is used instead of c) 

- Reactions Based on RISA2D 

Fixed support= 7.029 kips, per RISA2D 
1/2 of guided support= 2.41 kips, per RISA2D ----

Total, two spans = 11.849 kips, per RISA2D 

% Fixed support, Kf = 0.593215 
% Guided support, Kg = 0.406785 

(Percentage of 2 spans) 

- Moments based on RISA2D 

Maximum Moment = 43480 lb-ft, at fixed support 
Based on, 91 lbs/ft, DL +Insulation, used in RISA2D 

True DL +Insulation= wdi = 
Estimated Moment = 

Moment correction factor, Km = 

- Deflections based on RISA2D 

91.00 
43961 lb-ft= wdi * (Lsp ft)A2 I 8 

0.989 = RISA2D moment I Estimated moment 

Midspan Deflection = 0.079 in 
Based on, 91 lbs/ft, DL +Insulation, used in RISA2D 

True DL +Insulation= wdi = 
Estimated Deflection = 

Moment correction factor, Kd = 

----

91.00 
0.081 in= wdi * Lsp"4 I 185 I Eb I I* 12"3 I 1000 

0.978 = RISA2D deflection I Estimated deflection 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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UGO - BEAM TUBE DESIGN 

- CASE 1 : Dead Load Reactions, Stresses and Deflections 
FIXED SUPPORT 

Rfx1 = 
Rfy1 = 
Rfz1 = 

GUIDED SUPPORT 
Rgx1 = 
Rgy1 = 

0 
577 4 lbs = Kf * 2 * L * wd 

0 

0 
3959 lbs = Kg * 2 * L * wd 

MOMENTS & BENDING STRESS 
Mx1 = 35774 lb-ft= wd * (Lsp)A2 I 8 *Km 
fbx1 = 1806 psi= Mx1 * 12 IS 

My1 = 0 
fby1 = 0 psi= My1 * 12 IS 

MIDSPAN DEFLECTION 

UG0-3-1.XLS Rev 1 
Pg 7 

Dely1 (amb)= 0.062 in = wd * Lsp1'4 I 185 I Ea I I * 12A3 I 1000 * Kd 

- CASE 2: Dead Load plus Insulation Reaction, Stresses and Deflections 
FIXED SUPPORT 

Rfx2 = 0 
Rfy2 = 7018 lbs= Kf * 2 * L * wdi 
Rfz2 = 0 

GUIDED SUPPORT 
Rgx2= 
Rgy2= 

0 
4812 lbs = Kg* 2 * L * wdi 

MOMENTS & BENDING.STRESS 
Mx2 = 43480 lb-ft= wdi * (Lsp)A2 I 8 *Km 
fbx2 = 2195 psi= Mx2 * 12 IS 

My2= 0 
fby2 = 0 psi = My2 * 12 I S 

MIDSPAN DEFLECTION 
Dely2 (302)= 0.079 in = wdi * Lsp1'4 I 185 I Eb I I * 12A3 I 1000 * Kd 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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UGO - BEAM TUBE DESIGN 

- CASE 3: Snow Load Reaction, Stresses and Deflections (Hanford, WA) 
FIXED SUPPORT 

Rfx3 = 0 
Rfy3 = 2908 lbs = Kf * 2 * L * wsn 
Rfz3 = 0 

GUIDED SUPPORT 
Rgx3= 
Rgy3= 

0 
1994 lbs = Kg * 2 * L * wsn 

MOMENTS & BENDING STRESS 
Mx3 = 18020 lb-ft= wsn * (Lsp)"2 I 8 *Km 
fbx3 = 910 psi = Mx3 * 12 I S 

My3= 0 
fby3 = 0 psi = My3 * 12 I S 

MIDSPAN DEFLECTION 

LIG0-3-1.XLS Rev 1 
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Dely3 (amb)= 0.031 in= wsn * Lspl'4 I 185 I Ea I I * 12"3 I 1000 * Kd 

- CASE 4: Wind Load Reaction, Stresses and Deflections (Livingston, LA) 
FIXED SUPPORT 

Rfx4= 
Rfy4= 
Rfz4= 

GUIDED SUPPORT 
Rgx4= 
Rgy4= 

1275 lbs = ww * 2 * L * Kf 
0 
0 

874 lbs= ww * 2 * L *Kg 
0 

MOMENTS & BENDING STRESS 
Mx4= 0 
fbx4 = O psi = Mx4 * 12 / S 

My4 = 7896 lb-ft= WW* (Lsp)"2 I 8 *Km 
fby4 = 399 psi = My4 * 12 I S 

MIDSPAN DEFLECTION 
Delx4 (amb)= 0.014 in = ww * Lspl'4 / 185 I Ea /I * 12"3 I 1000 * Kd 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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UGO - BEAM TUBE DESIGN LIG0-3-1.XLS Rev 1 
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- CASE 5: Seismic Reaction, Stresses and Deflections (Hanford, WA), X Direction (Horizontal) 
FIXED SUPPORT 

Rfx5 = 1287 lbs= wseis * 2 * L * Kf 
Rfy5 = 0 
Rfz5 = 0 

GUIDED SUPPORT 
Rgx5= 
Rgy5= 

882 lbs = wseis * 2 * L * Kg 
0 

MOMENTS & BENDING STRESS 
Mx5= 0 
fbx5 = O psi = Mx5 * 12 I S 

My5= 
fby5= 

MIDSPAN DEFLECTION 

7971 lb-ft= wseis * (Lsp)A2 I 8 * Km 
402 psi = My5 * 12 I S 

Delx5 (amb)= 0.014 in= wseis * Lspl'4I185 I Ea I I* 12A3 I 1000 * Kd 

- CASE 6: Seismic Reaction, Stresses and Deflections (Hanford, WA), Z Direction (Axial) 

SUBJECT 

FIXED SUPPORT 
Rfx6 = 0 
Rfy6 = 0 
Rfz6 = 2169 lbs= wseis * 2 * L 

GUIDED SUPPORT 
Rgx6 = 0 
Rgy6 = 0 

MOMENTS & BENDING STRESS 
Mx6= 0 
fbx6 = 0 psi = Mx5 * 12 I S 

My6= 
fby6 = 

MIDSPAN DEFLECTION 

0 
0 psi = My6 * 12 I S 

Dely6 (amb)= 0.000 in 

OFFICE: NOE-C REVISION: 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement= 0.579" 
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3/11/94 y.t., ·9 4 

REFERENCE NO. 

930212 

SHT 



UGO - BEAM TUBE DESIGN 

- CASE 7: Vacuum 

2062.9 sq in = Pl()*((De+Dei)/2)"2/4 
1866.55 sq in= Pl()*((Di))"2/4 

LIG0-3-1 .XLS Rev 1 
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Bellows effective area = 
Tube pressure area = 

Bellows pressure area = 
Axial force, Pzp = 

196.35 sq in =Bellows effective - tube area 
2886 lbs = 14. ?*Bellows pressure area, pos.=tension 

Axial Stress due to vacuum, fav7 = 148.0 psi = Pzp I A, pos. =tension 

FIXED SUPPORT 
Rfx7 = 
Rfy7= 
Rfz7 = 

GUIDED SUPPORT 

O lbs 
0 
0 

Rgx7 = O lbs 
Rgy7 = 0 

fbx7 = fby7 = 0 

Dely7 = 0 

SUBJECT OFFICE: NOE-C 

UGO - BEAM TUBE DESIGN MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% RJW w~c 
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UGO - BEAM TUBE DESIGN 

- CASE 8: Differential Settlement of Fixed Support 

- Reactions Based on RISA2D with 1" differential settlement 

Fixed support = -2.37 kips, per RISA2D ----
1/2 of guided support= 2.47 kips, per RISA2D 

Based on, 1 lbs/ft, DL, used in RISA2D 

-2447 lbs = {RISA2D fixed) - DL * 2 * L * Kf 
-2447 lbs= {RISA2D fixed) - DL * 2 * L * Kf 

LIG0-3-1.XLS Rev 1 
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FIXED SUPPORTS 
Rfx8= 
Rfy8 = 

GUIDED SUPPORTS 
Rgx8= 
Rgy8= 

4887 lbs = 2 * {RISA2D guided) - DL * 2 * L * Kg 
4887 lbs = 2 * {RISA2D guided) - DL * 2 * L * Kg 

- Moments based on RISA2D with 1" differential settlement 

Maximum Moment = 71360 lb-ft, at fixed support 
Based on, 1 lbs/ft, DL + Insulation, used in RISA2D ----

Mx8 = My8 = 
fbx8 = fby8 = 

70882 lb-ft= {RISA2D Moment) - DL * Lspt'2 I 8 *Km 
3579 psi = Mx8 * 12 I S 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

930212 
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UGO - BEAM TUBE DESIGN 

- CASE 9: Expansion Joint Forces at 302 Degrees F. 

Maximum Bellows spring rate, K = 10062 lbs/in = Kej * ( 1 + Eej ) 
Est. temp. change above 70, Tch = 232 degrees Fahrenheit ---

Thermal growth hot, x = 3.257 in = e * 2 * L * 12 * Tch 
Longitudinal Comp. force, Pbc = 32776 lbs = K * x 

LIG0-3-1.XLS Rev 1 
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fa9c = -1681 psi= Pbc I A, stress on tube, neg is comp 

FIXED SUPPORT 
Rfx9 = 
Rfy9 = 
Rfz9 = 

GUIDED SUPPORT 
Rgx9 = 
Rgy9 = 

fbx9 = fby9 = 
Delx9 = Dely9 = 

o lbs 
0 

5959 lbs = 2 * Eej * Kej * x 

0 
167.8 lbs= Rfz9*HILspI12 /2 

0 
0 

- CASE 10: Expansion Joint Forces at 100 Degrees F: 

Maximum Bellows spring rate, K = 10062 lbs/in = Kej * ( 1 + Eej ) 
Est. temp. change above 70, Tch = 30 degrees Fahrenheit ---

Thermal growth hot, xw = 0.421 in = e * 2 * L * 12 * Tch 
Longitudinal Comp. force, Pbc = 4238 lbs = K * xw 

fa10c = -217 psi= Pbc I A, stress on tube, neg is comp 

SUBJECT 

FIXED SUPPORT 
Rfx10 = 
Rfy10 = 
Rfz10 = 

GUIDED SUPPORT 
Rgx10 = 
Rgy10 = 

fbx10 = fby10 = 
Delx1 0 = Dely10 = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement = 0.579" 

o lbs 
0 

771 lbs = 2 * Eej * Kej * xw 

0 
21.7 lbs= Rfz10 *HI Lsp I 12 /2 

OFFICE: 

0 
0 

MADE BY 

RJW 
DATE 
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UGO - BEAM TUBE DESIGN 

- CASE 11: Expansion Joint Forces at -16 Degrees F. 

Maximum Bellows spring rate, K = 10062 lbs/in = Kej * ( 1 + Eej ) 
Est. temp. change below 70, Tchc = 86 degrees Fahrenheit ---

Thermal shrinkage, xs = -1.207 in = e * 2 * L * 12 * Tchc 
Longitudinal Tension force, Pbt = 12150 lbs= K * xs 

LIG0-3-1.XLS Rev 1 

Pg 13 

fa11t = 623 psi= -Pbt I A Positive is tension 

SUBJECT 

FIXED SUPPORT 
Rfx11 = 
Rfy11 = 
Rfz11 = 

GUIDED SUPPORT 
Rgx11 = 
Rgy11 = 

fbx11 = fby11 = 
Delx11 = Dely11 = 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement = 0.579" . 

0 lbs 
0 

2209 lbs = -2 * Eej * Kej * XS 

0 
62.2 lbs= Rfz11 * HI Lsp I 12 /2 

OFFICE: 

0 
0 

MADE BY 

RJW 
DATE 

3/11/94 

NOE-C REVISION: 

CHKD BY MADE BY CHKD BY 
w.ic. 
DATE DATE DATE 

4-\ .q \{ 

REFERENCE NO. 

930212 

SHT I~ OF 1.'l 

t.t . '-{ (e, 
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- LOAD COMBINATIONS FOR MAXIMUM REACTIONS, STRESS AND DEFLECTIONS 
COMBINATION 1 - DL +Insulation+ Vacuum+ 302 F (Case 2 + 7 + 9) 

FIXED SUPPORTS 
Rx= 
Ry= 
RZ= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

0 lbs = Rfx2 + Rfx7 + Rfx9 (laterial) 
7018 lbs= Rfy2 + Rfy7 + Rfy9 (Vertical) 
5959 lbs= Rfz2 + Rfz7 + Rfz9 (axial) 
3509 lbs = Ry/2 + Rx * H I Abs 
3509 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Rgx7 + Rgx9 
4980 lbs= Rgy2 + Rgy7 + Rgy9 (Vertical) 
2490 lbs = Ry/2 + Rx * H I Abs 
2490 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 

Delta x (302) = 
Delta y (302) = 

Max Delta= 

TUBE STRESSES 

0.000 in= Delx2 + Delx7 + Delx9 
0.079 in = Dely2 + Dely7 + Dely9 
0.079 in = ( Delta x A2 + Delta y A2 )A0.5 

fac = -1533 psi, fav7 + fa9c , neg = compression 
fbx = 2195 psi = fbx2 + fbx7 + fbx9 
fby = O psi = fby2 + fby7 + fby9 

Md = 7966 in-lbs = fac * A * (Max Delta + CE) 
fd = 33.5 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

SUBJECT 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 

tac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

Vertical Differential Settlement= 0.579" 
. 

0.260 
0.372 
0.000 
0.006 
0.638 < 1.00 

OFFICE: NOE-C 

MADE BY CHKD BY 

RJW (t~.)L 

DATE DATE 

3/11/94 4-\·q"{ 

Tube is adequate 

REVISION: REFERENCE NO. 

930212 
MADE BY CHKD BY 

SHT 1'1 OF '-1 
DATE DATE 

• . ii ''-4 J 
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SUBJECT 

COMBINATION 2 - DL +Insulation+ Settlement+ Vacuum+ 302 F (Case 2+7+8+9) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( x8"2 + y8"2 )1"'0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

0 lbs = Rfx2 + Rfx7 +x8 * Rfx8 + Rfx9 
5601 lbs= Rfy2 + Rfy7+ y8 * Rfy8 + Rfy9 
5959 lbs = Rfz2 + Rfz7 + Rfz9 
2800 lbs = Ry/2 + Rx * H I Abs 
2800 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Rgx7 + x8*Rgx8 + Rgx9 
7810 lbs = Rgy2 + Rgy7 + y8*Rgy8 + Rgy9 
3905 lbs = Ry/2 + Rx * H I Abs 
3905 lbs= Ry/2 - Rx* HI Abs 

Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.369 in = Dely2 + 0.5 * y8 

Max Delta = 0.369 in = ( Delta x "2 + Delta y "2 )1"'0.5 

TUBE STRESSES 
tac= -1533 psi, fav7 + fa9c, neg= compression 
fbx = 4267 psi = fbx2 + fbx7 + ya * fbx8 + fbx9 
fby = O psi = fby2 + fby7 + x8 * fby8 + fby9 

Md = 2291 O in-lbs =tac * A * ( Max(Max Delta or maxset) + CE) 
fd = , 96.4 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

tac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.260 
0.723 
0.000 
0.016 
0.999 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differentiat"Settlement = 0.579" 

MADE BY CHKD BY MADE BY CHKD BY 

RJW WK SHT l ~ OF ?..'? 
DATE DATE DATE DATE 

· 3/11/94 ~-V'I ~ 
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SUBJECT 

COMBINATION 3 - DL + lnsul + Seis x + Dif settle+ Vac + 302 F (Case 2+5+7+8+9) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( x8A2 + y8A2 )"0.5 

----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
AZ= 

1287 lbs = Rfx2 + Rfx5 + Rfx7 +x8 * Rfx8 + Rfx9 
5601 lbs= Rfy2 + Rfy5 + Rfy7+ y8 * Rfy8 + Rfy9 
5959 lbs = Rfz2 + Rfz5 + Rfz7 + Rfz9 

Amax per bolt = 
Amin per bolt = 

4602 lbs = Ry/2 + Rx * H I Abs 
999 lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Amin per bolt = 

882 lbs= Rgx2 + Rgx5 + Rgx7 + x8*Rgx8 + Rgx9 
7810 lbs= Rgy2 + Rgy5 + Rgy7 + y8*Rgy8 + Rgy9 
5140 lbs= Ry/2 +Rx* HI Abs 
2670 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.014 in = Delx5 + 0.5 * x8 
Delta y (302) = 0.369 in = Dely2 + 0.5 * y8 

Max Delta = 0.369 in = ( Delta x A2 + Delta y A2 )"0.5 

TUBE STRESSES 
tac= -1533 psi, fav7 + fa9c, neg= compression 
fbx = 4267 psi = fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx9 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby9 

Md = 2291 O in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
fd = 96.4 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa+ fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 7080 psi = 1.2 * B from page 3 

. 

fac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.216 
0.603 
0.057 
0.014 
0.890 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN MADE BY CHKD BY MADE BY CHKD BY 

Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement = 0.579" 

RJW WH.. SHT l ill' OF ?..1 
DATE DATE DATE DATE 

• 3/11/94 4·\·q"I 
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SUBJECT 

COMBINATION 4 - DL + lnsul + Seis z + Dif settle+ Vac + 302 F (Case 2+5+7+8+9) 

SETILEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( xSA2 + ySA2 )"0.5 ----
Delta y, y8= 0.579 in ----

FIXED SUPPORTS 

Rx= 
Ry= 
Rz= 

0 lbs = Rfx2 + Rfx6 + Rfx7 +x8 * Rfx8 + Afx9 
5601 lbs= Rfy2 + Rfy6 + Rfy7+ y8 * Rfya + Afy9 
8128 lbs= Rfz2 + Rfz6 + Rfz7 + Rfz9 

Amax per bolt = 
Amin per bolt = 

2aOO lbs = Ry/2 + Rx * H I Abs 
2aOO lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Rmin per bolt = 

0 lbs= Rgx2 + Agx6 + Rgx7 + xa*Agxa + Agx9 
7a10 lbs= Rgy2 + Rgy6 + Rgy7 + ya*Agya + Agy9 
3905 lbs = Ay/2 + Rx * H I Abs 
3905 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * xa 
Delta y (302) = 0.369 in = Dely27 + 0.5 * ya 

Max Delta = 0.369 in = ( Delta x A2 + Delta y A2 )AQ.5 

TUBE STRESSES 
tac= -1644 psi, fav7 + fa9c - Rfz6 I A, neg= compression 
fbx = 4267 psi = fbx2 + fbx5 + fbx7 + ya * fbxa + fbx9 
fby = 402 psi = fby2 + fby5 + fby7 + xa * fbya + fby9 

Md = 24573 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 103.4 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 70ao psi = 1.2 * B from page 3 

tac I Fa= 
fbx/ Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.232 
0.603 
0.057 
0.015 
0.906 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = a316 + 20% 
Vertical Differential Settlement = 0.579" 

MADE BY CHKD BY MADE BY CHKD BY 

RJW WK 
DATE DATE DATE DATE 

SHT l'J OF : <ry 

3/11/94 4-\ .q ~ 
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SUBJECT 

COMBINATION 5 - DL + Wind + Dif Set + 100 F (Case 1 + 4 + 8 + 10) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = O in Maxset = 0.579 = ( x8"2 + y8"2 )"0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Az= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

1275 lbs = Rfx1 + Rfx4 +x8 * Rfx8 + Rfx10 
4357 lbs = Rfy1 + Rfy4+ y8 * Rfy8 + Rfy10 
n1 lbs = Rfz1 + Rfz4 + Rfz10 

3963 lbs = Ry/2 + Rx * H I Abs 
394 lbs = Ry/2 - Rx * H I Abs 

87 4 lbs = Rgx1 + Rgx4 + x8*Rgx8 + Rgx10 
6811 lbs = Rgy1 + Rgy4 + y8*Rgy8 + Rgy10 
4629 lbs = Ry/2 + Rx * H I Abs 
2182 lbs= Ry/2 - Rx* HI Abs 

Delta x (302) = 0.014 in = Delx4 + 0.5 * x8 
Delta y (302) = 0.352 in = Dely1 + 0.5 * y8 

Max Delta = 0.352 in = ( Delta x "2 + Delta y "2 )"0.5 

TUBE STRESSES 
tac= -217 psi, fav4 + fa10c, neg= compression 
fbx = 3878 psi = fbx1 + fbx4 + y8 * fbx8 + fbx1 O 
fby = 399 psi = fby1 + fby4 + x8 * fby8 + fby10 

Md = 3249 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 13. 7 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

tac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.037 
0.657 
0.068 
0.002 
0.764 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement= 0.579" 

MADE BY CHKD BY MADE BY CHKD BY 

RJW W.1( SHT I~ OF 'Z..'7 
DATE DATE DATE DATE 

3/11/94 ~- \·9~ 
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COMBINATION 6 - DL + Insulation +Vacuum+ 100 F (Case 2 + 7 + 10) 

FIXED SUPPORTS 
Rx= 
Ry= 
RZ= 

Amax per bolt = 
Rmin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Rmin per bolt = 

O lbs = Rfx2 + Rfx7 + Rfx10 (laterial) 
7018 lbs= Rfy2 + Rfy7 + Rfy10 (Vertical) 
n1 lbs = Rfz2 + Rfz7 + Rfz10 (axial) 

3509 lbs= Ry/2 +Rx* HI Abs 
3509 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Rgx7 + Rgx10 
4834 lbs= Rgy2 + Rgy7 + Rgy10 (Vertical) 
2417 lbs= Ry/2 +Rx* HI Abs 
2417 lbs= Ry/2 - Rx* HI Abs 

MIDSPAN DEFLECTION 

Delta x (302) = 
Delta y (302) = 

Max Delta= 

TUBE STRESSES 

0.000 in = Delx2 + Delx7 + Delx1 O 
0.079 in = Dely2 + Dely7 + Dely1 O 
0.079 in = ( Delta x 11.2 + Delta y 11.2 )11.0.5 

fac = -69 psi, fav7 + fa 1 Oc , neg = compression 
fbx = 2195 psi = fbx2 + fbx7 + fbx1 O 
fby = O psi = fby2 + fby7 + fby1 O 

Md = 360 in-lbs = fac * A * ( Max Delta + CE) 
fd = 1.5 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

SUBJECT 

UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 

tac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

Vertical Differential Settlement= 0.579" . . 

0.012 
0.372 
0.000 
0.000 
0.384 < 1.00 

OFFICE: NOE-C 

MADE BY Cl-!KD BY 

RJW '/ ,.J(. 

DATE 
~~~~~ ·3111/94 

Tube is adequate 

REVISION: REFERENCE NO. 

930212 
MADE BY CHKD BY 

SHT I~ OF 

DATE DATE . 
It "' t...-

:c; 
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SUBJECT 

COMBINATION 7 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+10) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in ---- Maxset = 0.579 = ( x8"2 + y8"2 )"0.5 
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
RX= 
Ry= 
RZ= 

Rmax per bolt = 
Rmin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Rmin per bolt = 

MIDSPAN DEFLECTION 

0 lbs = Rfx2 + Rfx7 +x8 * Rfx8 + Rfx10 
5601 lbs = Rfy2 + Rfy7+ y8 * Rfy8 + Rfy10 
n1 lbs = Rfz2 + Rfz7 + Rfz10 

2800 lbs = Ry/2 + Rx * H I Abs 
2800 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Rgx7 + x8*Rgx8 + Rgx10 
7664 lbs = Rgy2 + Rgy7 + y8*Rgy8 + Rgy10 
3832 lbs = Ry/2 + Rx * H I Abs 
3832 lbs = Ry/2 - Rx * H I Abs 

Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.369 in = Dely2 + 0.5 * y8 

Max Delta = 0.369 in = ( Delta x "2 + Delta y "2 }"0.5 

TUBE STRESSES 
fac = -69 psi, fav7 + fa10c, neg= compression 
fbx = 4267 psi = fbx2 + fbx7 + y8 * fbx8 + fbx1 O 
fby = 0 psi = fby2 + fby7 + x8 * fby8 + fby1 O 

Md = 1036 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 4.4 psi = Md I S -

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 

fac I Fa= 
fbx I Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.012 
0.723 
0.000 
0.001 
0.736 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement = 0.579" 

MADE BY CHKD BY MADE BY CHKD BY 
RJW W J( SHT '\.. o OF 1. CJ 

DATE DATE DATE DATE .. 3111194 4-s.c\ ~ 
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SUBJECT 

COMBINATION 8 - DL + lnsul + Seis x + Dif settle+ Vac + 100 F (Case 2+5+7+8+10) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( x8"2 + y8"2 )"0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
RZ= 

1287 lbs = Rfx2 + Rfx5 + Rfx7 +x8 * Rfx8 + Rfx10 
5601 lbs = Rfy2 + Rfy5 + Rfy7 + y8 * Rfy8 + Rfy10 

771 lbs= Rfz2 + Rfz5 + Rfz7 + Rfz10 
Amax per bolt = 
Amin per bolt = 

4602 lbs = Ry/2 + Rx * H I Abs 
999 lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

882 lbs = Rgx2 + Rgx5 + Rgx7 + x8*Rgx8 + Rgx10 
7664 lbs = Rgy2 + Rgy5 + Rgy7 + y8*Rgy8 + Rgy10 
5067 lbs = Ry/2 + Rx * H I Abs 
2597 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.014 in = Delx5 + 0.5 * x8 
Delta y (302) = 0.369 in = Dely2 + 0.5 * ya 

Max Delta = 0.369 in = ( Delta x A2 + Delta y A2 )"0.5 

TUBE STRESSES 
tac = -69 psi, fav7 + fa 1 Oc , neg = compression 
fbx = 4267 psi= fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx10 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby1 O 

Md= 1036 in-lbs= tac* A* ( Max(Max Delta or maxset) +CE) 
fd = 4.4 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= ' 7080 psi = 1.2 * B from page 3 

fac I Fa= 
fbx/ Fbx = 
fby I Fby = 
fd I Fbxy = 

SUM= 

0.010 
0.603 
0.057 
0.001 
0.670 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement = 0.579" 

MADE BY CHKD BY MADE BY CHKD BY 
RJW WJc. SHT '\..I OF 1..i 
DATE DATE DATE DATE .. 

3/11/94 4--)-Cf"i 
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SUBJECT 

COMBINATION 9 - DL + lnsul + Seis z + Dif settle+ Vac + 100 F (Case 2+5+7+8+10) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( x8"2 + y8"2 )"0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
RZ= 

0 lbs = Rfx2 + Rfx6 + Rfx7 +x8 * Rfx8 + Rfx10 
5601 lbs= Rfy2 + Rfy6 + Rfy7+ y8 * Rfy8 + Rfy10 
2939 lbs = Rfz2 + Rfz6 + Rfz7 + Rfz1 O 

Rmax per bolt = 
Rmin per bolt = 

2800 lbs = Ry/2 + Rx * H I Abs 
2800 lbs = Ry/2 - Rx * H I Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Rmin per bolt = 

0 lbs = Rgx2 + Rgx6 + Rgx7 + x8*Rgx8 + Rgx10 
7664 lbs= Rgy2 + Rgy6 + Rgy7 + y8*Rgy8 + Rgy10 
3832 lbs = Ry/2 + Rx * H I Abs 
3832 lbs= Ry/2 - Rx* HI Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.369 in = Dely27 + 0.5 * y8 

Max Delta= 0.369 in= (Delta x "2 +Delta y "2 )"0.5 

TUBE STRESSES 
tac= -181 psi, fav7 + fa10c - Rfz6 I A, neg= compression 
fbx = 4267 psi = fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx1 O 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby1 O 

Md = 2699 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 11.4 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 7080 psi = 1.2 * B from page 3 

fac I Fa= 0.026 
fbx I Fbx = 0.603 
fby I Fby = 0.057 
fd I Fbxy = 0.002 

SUM = 0.687 < 1.00 

OFFICE: NOE-C REVISION: 

Tube is adequate 

REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement= 0.579" 

MADE BY CHKD BY MADE BY CHKD BY 
RJW W i t SHT i.:t. OF 1. 4 
DATE DATE DATE DATE 

3/11/94 4-~-9~ 
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SUBJECT 

COMBINATION 10 - DL + snow+ Dif Set + -16 F (Case 1 + 3 + 8 + 11) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( x8"2 + y8"2 )!'0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

0 lbs = Rfx1 + Rfx3 +x8 * Rfx8 + Rfx11 
7266 lbs = Rfy1 + Rfy3+ y8 * Rfy8 + Rfy11 
2209 lbs = Rfz1 + Rfz3 + Rfz11 
3633 lbs = Ry/2 + Rx * H I Abs 
3633 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx1 + Rgx3 + x8*Rgx8 + Rgx11 
8846 lbs = Rgy1 + Rgy3 + y8*Rgy8 + Rgy11 
4423 lbs = Ry/2 + Rx * H I Abs 
4423 lbs = Ry/2 - Rx * H I Abs 

Delta x (302) = 0.000 in= 0.5 * x8 
Delta y (302) = 0.383 in= Dely1 + Dely3 +0.5 * y8 

Max Delta= 0.383 in= ( Delta x "2·+ Delta y "2 )"0.5 

TUBE STRESSES 
fat= 623 psi, fa11t, pos =tension 
fbx = 4788 psi= fbx1 + fbx3 + y8 * fbx8 + fbx11 
fby = O psi = fby1 + fby3 + x8 * fby8 + fby11 

Md = 9313 in-lbs= fac * A* ( Max(Max Delta or maxset) +CE) 
fd = 39.2 psi = Md IS 

COMBINED STRESS 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 
Tension Allowable= 9100 psi= Sh* Et, for tension from page 3 

COMPRESSION TENSION 
fa(c or t) I Fa = -0.106 0.068 

fbx I Fbx = 0.812 0.526 
fby I Fby = 0.000 0.000 
fd I Fbxy = 0.007 0.004 

SUM= 0.713 < 1.00 0.599 < 1.00 Tube is adequate 
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SUBJECT 

COMBINATION 11 - DL + wind +Dif set -16 F (Case 1 + 4 + 8 + 11) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0.579 = ( x8"2 + y8"2 )"0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
AZ= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

1275 lbs = Rfx1 + Rfx4 +x8 * Rfx8 + Rfx11 
4357 lbs = Rfy1 + Rfy4+ y8 * Rfy8 + Rfy11 
2209 lbs = Rfz1 + Rfz4 + Rfz11 
3963 lbs = Ry/2 + Rx * H I Abs 
394 lbs = Ry/2 - Rx * H I Abs 

874 lbs= Rgx1 + Rgx4 + x8*Rgx8 + Rgx11 
6851 lbs= Rgy1 + Rgy4 + y8*Rgy8 + Rgy11 
4649 lbs = Ry/2 + Rx * H I Abs 
2202 lbs = Ry/2 - Rx * H I Abs 

Delta x (302) = 0.014 in =Delx4 + 0.5 * x8 
Delta y (302) = 0.352 in = Dely1 + 0.5 * y8 

Max Delta = 0.352 in = ( Delta x A2 + Delta y A2 )A0.5 

TUBE STRESSES 
fat= 623 psi, fa11t , pos =tension 
fbx = 3878 psi = fbx1 + fbx4 + y8 * fbx8 + fbx11 
fby = 399 psi = fby1 + fby4 + x8 * fby8 + fby11 

Md = 9313 in-lbs =tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 39.2 psi= Md IS 

COMBINED STRESS 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 
Tension Allowable= 

COMPRESSION 
fa(c or t) I Fa = -0.106 

fbx I Fbx = 0.657 
fby I Fby = 0.068 
fd I Fbxy = 0.007 

SUM = 0.626 < 1.00 
OFFICE: 

5900 psi for compression from page 3 
9100 psi = Sh * Et, for tension from page 3 

TENSION 
0.068 
0.426 
0.044 
0.004 
0.543 < 1.00 Tube is adequate 

NOE-C REVISION: REFERENCE NO. 

930212 
UGO - BEAM TUBE DESIGN 
Configuration 3, K = 8316 + 20% 
Vertical Differential Settlement = 0.579" 

MADE BY 

RJW 
DATE 

3/11/94 

CHKD BY 
WJC. 
DATE 

~-<,- qtf 

MADE BY CHKD BY 
SHT 'Z..'1 OF 'l.') 

DATE DATE 



' \, __ _/ 

UGO - BEAM TUBE DESIGN LIG0-3-1.XLS Rev 1 

Pg 25 

SUBJECT 

COMBINATION 12 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+11) 

SETILEMENT WITH COMBINATION 
Delta x, x8 = O in Maxset = 0.579 = ( x8"2 + y8"2 )"-0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
RY= 
Rz= 

Amax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Rx= 
Ry= 

Amax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

0 lbs= Rfx2 + Afx7 +x8 * Rfx8 + Rfx11 
5601 lbs= Rfy2 + Afy7+ y8 * Rfy8 + Afy11 
2209 lbs = Rfz2 + Afz7 + Rfz11 
2800 lbs= Ry/2 +Rx* HI Abs 
2800 lbs = Ry/2 - Rx * H I Abs 

0 lbs = Rgx2 + Agx7 + x8*Rgx8 + Agx11 
7704 lbs = Rgy2 + Rgy7 + y8*Rgy8 + Rgy11 
3852 lbs = Ry/2 + Rx * H I Abs 
3852 lbs = Ry/2 - Rx * H I Abs 

Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.369 in = Dely2 + 0.5 * y8 

Max Delta = 0.369 in = ( Delta x A2 + Delta y A2 )A0.5 

TUBE STRESSES 
fat = 771 psi, fav7 + fa 11 t , pos = tension 
fbx = 4267 psi = fbx2 + fbx7 + y8 * fbx8 + fbx11 
fby = 0 psi = fby2 + fby7 + x8 * fby8 + fby11 

Md = 11525 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 48.5 psi = Md I S 

COMBINED STRESS 
fat/Fa + fbx/Fbx + fby/Fby +f d/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 5900 psi for compression from page 3 
Tension Allowable= 9100 psi= Sh* Et, for tension from page 3 

COMPRESSION TENSION 
fa(c or t) I Fa = -0.131 0.085 

fbx I Fbx = 0.723 0.469 
fby I Fby = 0.000 0.000 
fd I Fbxy = 0.008 0.005 

SUM = 0.601 < 1.00 0.559 < 1.00 Tube is adequate 
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SUBJECT 

COMBINATION 13 - DL + lnsul + Seis x + Dif settle+ Vac + -15 F (Case 2+5+7+8+11) 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = O in Maxset = 0.579 = ( x8A2 + y8A2 )"0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Ax= 
Ry= 
AZ= 

Rmax per bolt = 
Amin per bolt = 

GUIDED SUPPORTS 
Ax= 
Ry= 

Amax per bolt = 
Amin per bolt = 

MIDSPAN DEFLECTION 

1287 lbs= Rfx2 + Rfx5 + Rfx7 +x8 * Rfx8 + Rfx11 
5601 lbs= Rfy2 + Rfy5 + Rfy7+ y8 * Rfy8 + Rfy11 
2209 lbs= Rfz2 + Rfz5 + Rfz7 + Rfz11 
4602 lbs = Ry/2 + Rx * H I Abs 

999 lbs = Ry/2 - Rx * H I Abs 

882 lbs = Rgx2 + Rgx5 + Rgx7 + x8*Rgx8 + Rgx11 
no4 lbs = Rgy2 + Rgy5 + Rgy7 + y8*Rgy8 + Rgy11 
5087 lbs = Ry/2 + Rx * H I Abs 
2617 lbs= Ry/2 - Rx* HI Abs 

Delta x (302) = 0.014 in= Delx5 + 0.5 * x8 
Delta y (302) = 0.369 in = Dely2 + 0.5 * y8 

Max Delta= 0.369 in= (Delta x A2 +Delta y A2 )A0.5 

TUBE STRESSES 
fat= 
fbx= 
fby= 

Md= 
fd = 

COMBINED STRESS 

n1 psi, fav7 + fa11t' pos =tension 
4267 psi = fbx2 + fbx5 + fbx7 + y8 * fbx8 + fbx11 
402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby11 

11525 in-lbs = fac * A * ( Max(Max Delta or maxset) + CE) 
48.5 psi = Md I S ' 

fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 7080 psi = 1.2 * B from page 3 
Tension Allowable= 10920 psi= 1.2*Sh *Et, from page 3 

COMPRESSION TENSION 
fa(c or t) I Fa = -0.109 0.071 

fbx I Fbx = 0.603 0.391 
fby I Fby = 0.057 0.037 
fd I Fbxy = 0.007 0.004 

SUM = 0.558 < 1.00 0.503 < 1.00 Tube is adequate 
OFFICE: NOE-C REVISION: REFERENCE NO. 
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SUBJECT 

COMBINATION 14 - DL + lnsul + Seis z + Dif settle+ Vac +-16 F (Case 2+5+7+8+11) 

. 

SETTLEMENT WITH COMBINATION 
Delta x, x8 = 0 in Maxset = 0"579 = ( x8"2 + y8"2 )"0.5 ----
Delta y, y8= 0.579 in 

FIXED SUPPORTS 
Rx= 
Ry= 
Rz= 

Rmax per bolt = 
Rmin per bolt = 

0 lbs = Rfx2 + Rfx6 + Rfx7 +x8 * Rfx8 + Rfx11 
5601 lbs= Rfy2 + Rfy6 + Rfy7+ y8 * Rfy8 + Rfy11 
4378 lbs= Rfz2 + Rfz6 + Rfz7 + Rfz11 
2800 lbs = Ry/2 + Rx * H I Abs 
2800 lbs= Ry/2 - Rx* HI Abs 

GUIDED SUPPORTS 
Rx= 
Ry= 

Rmax per bolt = 
Rmin per bolt = 

0 lbs = Rgx2 + Rgx6 + Rgx7 + x8*Rgx8 + Rgx11 
7704 lbs = Rgy2 + Rgy6 + Rgy7 + y8*Rgy8 + Rgy11 
3852 lbs= Ry/2 +Rx* HI Abs 
3852 lbs = Ry/2 - Rx * H I Abs 

MIDSPAN DEFLECTION 
Delta x (302) = 0.000 in = 0.5 * x8 
Delta y (302) = 0.369 in = Dely27 + 0.5 * y8 

Max Delta = 0.369 in = ( Delta x "2 + Delta y "2 )"0.5 

TUBE STRESSES 
fat= 660 psi, fav7 + fa11t - Rfz6 I A, pos =tension 
fbx = 4267 psi = fbx2 + fbx5 + fbx7 + ya * fbx8 + fbx11 
fby = 402 psi = fby2 + fby5 + fby7 + x8 * fby8 + fby11 

Md = 9863 in-lbs = tac * A * ( Max(Max Delta or maxset) + CE) 
fd = 41.5 psi = Md I S 

COMBINED STRESS (compression) 
fat/Fa + fbx/Fbx + fby/Fby +fd/Fbxy < = 1.00 
Where B=Fa=Fbx=Fby=Fbxy= 7080 psi = 1.2 * B from page 3 
Tension Allowable = 10920 psi = 1.2*Sh * Et, from page 3 

COMPRESSION TENSION 
fa(c or t) I Fa = -0.093 0.060 

fbx I Fbx = 0.603 0.391 
fby I Fby = 0.057 0.037 
fd I Fbxy = 0.006 0.004 

SUM = 0.572 < 1.00 0.492 < 1.00 Tube is adequate 
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UGO - BEAM TUBE DESIGN 

- CHECK RIM BENDING PER ROARK & YOUNG 4th Ed, TABLE XIII CASE 13 

Mo = (p I 2 I landa"2) * (A I ( A + t*c + 2 * t I landa) 

14. 7 psi, internal pressure 

LIG0-3-1.XLS Rev 1 
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P= 
Landa= 

A= 
t= 
C= 

0.7277 = (3 * (1-0.3"2)/(((Do+t)/2)"2 * t"2))"0.25 
1.5 sq in= tss * wss 

0.127 in= t 
0.375 in = tss 

Mo = 10.976 in lbs I in 

Stress= 4083 psi = 6 * M I t"2 < 3 * S = 17700 psi 
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UGO - BEAM TUBE DESIGN 

' - SUMMARY - Vertical Differential Misalignment Only 

Fixed supports (lbs) Guided Support (lbs) Settlement (in) 
Combination Rx Ry Rz Rx Ry x y 

1 0 7018 5959 0 4980 0 0 
2 0 5601 5959 0 7810 0 0.579 
3 1287 5601 5959 882 7810 0 0.579 
4 0 5601 8128 0 7810 0 0.579 
5 1275 4357 771 874 6811 0 0.579 
6 0 7018 771 0 4834 0 0 
7 0 5601 771 0 7664 0 0.579 
8 1287 5601 771 882 7664 0 0.579 
9 0 5601 2939 0 7664 0 0.579 
10 0 7266 2209 0 8846 0 0.579 
11 1275 4357 2209 874 6851 0 0.579 
12 0 5601 2209 0 7704 0 0.579 
13 1287 5601 2209 882 7704 0 0.579 
14 0 5601 4378 0 7704 0 0.579 

COMBINATIONS 
1 - DL + Insulation +Vacuum + 302 F (Case 2 + 7 + 9) 
2 - DL +Insulation+ Settlement+ Vacuum+ 302 F (Case 2+7+8+9) 
3 - DL + lnsul + Seis x + Dif settle+ Vac + 302 F (Case 2+5+7+8+9) 
4 - DL + lnsul + Seis z + Dif settle+ Vac + 302 F (Case 2+5+7+8+9) 

5 - DL + Wind + Dif Set + 100 F (Case 1 + 4 + 8 + 10) 
6 - DL + Insulation + Vacuum + 100 F (Case 2 + 7 + 10) 
7 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+10) 
8 - DL + lnsul + Seis x + Dif settle+ Vac + 100 F (Case 2+5+7+8+10) 
9 - DL + lnsul + Seis z + Dif settle+ Vac + 100 F (Case 2+5+7+8+10) 

10 - DL+snow+DifSet+-16F(Case1 +3+8+11) 
11 - DL +wind +Dif set -16 F (Case 1 + 4 + 8 + 11) 
12 - DL +Insulation+ Settlement+ Vacuum+ 100 F (Case 2+7+8+11) 
13 - DL + lnsul + Seis x + Dif settle+ Vac + -15 F (Case 2+5+7+8+11) 
14 - DL + lnsul + Seis z + Dif settle+ Vac + -16 F (Case 2+5+7+8+11) 

SUBJECT OFFICE: NOE-C REVISION: 
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Unity 
Comp Tension 

0.638 
0.999 
0.890 
0.906 
0.764 
0.384 
0.736 
0.670 
0.687 
0.713 0.599 
0.626 0.543 
0.601 0.559 
0.558 0.503 
0.572 0.492 
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SUMMARY OF RESULTS - ANALYSIS OF BEAM TUBE CONTROLLING LOAD COMBINATIONS 
PER API BULLETIN 2U. "STABILITY DESIGN OF CYLINDRICAL SHELLS" 

The table below summarizes the results of the analysis of the UGO beam tube utilizing API Bulletin 2U, "Bulletin on Stability Design of Cylindrical Shells", 
1st Edition (May 1987). API Bulletin 2U provides stability criteria for measuring the structural adequacy against buckling of circular cylindrical members, 
either stiffened or unstlffened, when subjected to axlal load, bending and external pressure acting Independently or In combination. 

API Bulletin 2U, unlike the ASME Code, considers the Interaction between compressive axlal and hoop stresses In evaluating the susceptabllity of a 
stiffened cylinder to local buckling between stiffeners. It Is for this reason that the beam tube was evaluated per the API Bulletin 2U provisions. 

These results are discussed further In the section on the design of the beam tube. 

API Bul2U Tube Axial Tube Hoop API Bui 2U FKtor of Safety 
ease No :300E Bake lOOEQ-ag Y.aQuwn Axial Selsmk< su1212t Sf!tll'mt Strelili, 12lil Stres5, !2lil ~ Becommended 

1 Yes - Yes - - • 3,762 ·2,836 1.88 2.00 
2 Yes - Yes Yes - • 4,344 ·2,836 1.78 1.60 
3 Yes - Yes - Yes,0.579" • 5,896 ·2,836 1.66 1.50 
4 - Yes Yes - - • 2,266 ·2,836 2.25 2.00 
5 - Yes Yes Yes - • 2,789 ·2,836 2.19 1.50 
6 - Yes Yes - Yes,0.250" • 3, 161 ·2,836 2.14 2.00 
7 - Yes Yes - Yes,0.579" • 4,34D ·2,836 1.99 2.00 
8 - Yes Yes Yes Yes,0.579" • 4,681 ·2,836 1.91 1.50 
9 - Yes Yes - Yes, 1.000• • 5,893 -2,836 1.77 1.50 
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AEI B!.ILl.EilH 2!.I, EIBST EDIIlQH, MAY l, lHZ 
BULLETIN QH SIABILIT'f PESIGH OF C'fLIHPBICAL SHELLS 

SECilQH§ fBEDICTED SHELL B!.ICKLIHG §TRESS~ FOB AXIAL 
LQAD. BENDING AHO EXIEBHAL EBESS!.IBE Bing Stiffen~ 

Lr= 30.00 in. b= 0.00 in. lW= 0.1875 in. 
R= 24.439 in. Fy= 19,200 psi Ar= 0.3280 sq.In. 
t= 0.127 in. E= 27,000,000 psi l.I = 0.9385 In. 
(Rt)".5 = 1.762 in. Rlt= 192.43 Ir= 0.08374 ln.114 
Mx = L.r/(Rt)".5 = 17.03 (eq. 4.1) Ar= 25.3n in. 
Mc = b/(Rt)".5 = 0.00 {eq. 4.1) Le=[1.56(Rt)".5]+tw = 2.936 in. 

NX= 4n.n #/in. No= 360.18 #/in. 

= 3,762 psi (Axial) = 2,836 psi (Hoop) 

§~tlQO §,l l.O!<§I Bu!<kl!ag Qf !.lmHlttened Q[ Bing St!tt~oed ~lm!m 

, 
§ec1!QD §,1,l Axial Compression or Bending {No= 0) 
a. Elastic Buckling Stresses 

FxeL = {axl)(Cx)(E)(t/R) (eq. 4-2) 

Cx= 0.630 if Mx=< 1.5 
Cx= [0.904/(Mx)"2] + 0.1013(Mx)"2 = 2.941 if 1.5 < Mx < 1.73 (eq. 4-3) 
Cx= 0.605 if Mx > 1.73 

Mx= 17.03 ======- > Cx= 0.605 

axL= 0.207 if R/t >= 610 
(eq. 4-4) 

axL= 169c/(195 + Rlt) < 0.9 = 0.436 if R/t < 610 

Rlt= 192 ===--==> axL= 0.436 

C= 2.64 if Mx=< 1.5 
C= 3.13/(Mx)"0.42 = 0.952 if 1.5 < Mx =< 15 (eq. 4-5) 
C= 1.0 if Mx> 15 

Mx= 17.03 -- C= 1.000 

IF:i!*-:¥t~Jt~iSJ(itBP¥@i=m=:n~te~i4f#tI@I@M (eq. 4-2) 

b. Inelastic Buckling Stresses 
Smaller of: 
FxcL= Fxel= 37,029 psi eq. 4-6 I 

FxcL= 233(Fy)/{166 + R/t) =< Fy = 12,481 psi if R/t <300 
(eq. 4-7) 

FxcL = 0.5(Fvl = 9,600 osi if Rlt>=300 

Rlt= 192 =====--==> ltJt#~U¥tNFi~'jJ.i@!=W~ittff\%W!J 
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Section 4.1.2 External Pressure (Nx/No • 0 or 0.5) UseNx/No• o 
Nx/No = O for radial pressure 

a. Elastic Buckling Stresses Nx/No = 0.5 for hydrostatic pressure 

Frel or Fhel = (acl)(Pel)(R)(Kol)/t (eq. 4-8) 

Kol= 1.0 if Mx >=3.42 e = (1 • 0.3k)/[1 + (le)VA) 

Kol= 1 • e*y = 1.000 if 

Mx= 17.03 - --=> 

Pel= (1.27 (E) (VR)"2]/[A"1.18 + 0.5)= 

Pel= (0.92 (E) (VR)"2}/A = 42.3001 

Pel= 0.836(Cp)"-1.061 (E)(VR)"3 = 

Pel= 0.275 (E)(VR)"3 = 

Pel= 42.3001 

b. Imperfection Factors 

aol= 0.8 

c. Inelastic Buckling Stresses 

Frcl= n (Frel) (eq. 4-10) 

n= 1.0 
n = 0.45/d + 0.18 = 
n = 1.31/(1+1.15d) = 
n = 1/d= 2.95 

d. Failure Pressures 

SUBJECT 

1.0420 

1.51 
0.94 

Mx <3.42 

Kol• 

34.8387 

44.7594 

UGO Beam Tube -- 49.00' OD x 0.127' Wall 
1. 75' x 0.1875' Vacuum Stiffener, 30' Spacing 
300F Bakeout +Vacuum, No Seismic 
No Suooort Settlement 

(eq. 11-7) 

1.000 

Y= 1.0 

A= (Ar)(R/Rr)"2 = 0.304196 sq.in. 
Ar = 0.328 sq.in. 
Ar = 25.377 in. 

l9=[1.56(Rt)".5]+tw = 2.935797 in. 
k= Nx/No= O 
8• 0.449 

if Mx =< 1.26 
y = 1.58 - 0.46 Mx = -6.25 if 1.26 < Mx =< 3.42 
y= 0.0 if Mx >= 3.42 
Mx= 17.03 => y= 0.000 

if Mx > 1.5 & A< 2.5 A= Mx - 1.17 + 1.068k = 15.859 
Mx = 17.03 

if 2.5 <A < 0.208 Alt k= 0 

if 0.208 < Cp < 2.85 0.208 Alt= 40.02526 

if Cp>2.85 Cp = A!(Rlt) = 0.082413 

Fhcl = n (Fhel) (eq. 4-11) 

if d=<0.55 
if 0.55 < d =< 1.6 
if 1.6 < d < 6.25 
if d >= 6.25 

OFFICE: NOE 

MADE BY CHKD 
WJC fljtv 
DATE DATE 
3/9/94 t O/llit-11 ~~ 

d = FreLJFy = 0.3392 

n= 

REVISION 

MADE BY CHKD BY 

DATE DATE 

(eq. 5-3) 
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Ael 13!.!LL!;DM 2!.!, EIBSI EPIDQM, MAY l. lHZ 
BULLETIN ON STABILID' DESIGN QF C'fLINPBICAL SHELLS 

SECDQM~ eBEDICIEP SHELL E!l.!CKLIMG STRESSES EQB AXIAL 
LQAo, 13EHl:!IHG AMP EXIEBMAL fBESSl.!BE Biog Sliff~D!:!! 

Lr= 30.00 in. b= 0.00 in. tw= 0.1875 in. 
R= 24.439 in. Fy= 19,200 psi Ar= 0.3280 sq.In. 
t= 0.127 in. E= 27,000,000 psi Zr= 0.9385 in. 
(Rt)".5 = 1.762 in. Alt= 192.43 Ir= 0.08374 in."4 
Mx = Lr/(Rt)".5 = 17.03 (eq. 4.1) Ar= 25.377 in. 
Mc = bl(Rt)".5 = 0.00 (eq.4.1) le=[1.56(Rt)".5]+tw = 2.936 in. 

NX= 477.77 #fin. No= 360.18 #/in. 

= 3,762 psi (Axial) = 2,836 psi (Hoop) 

S~t!QD ~.l l.o!<al Bu!<kllag Qf Ua~!lttened QC Bing Stlll!med ~lai;tm 

I 

§ection 4.1.1 Axial Compression or Bending (No=O) 
a. Elastic Buckling Stresses 

FxeL = (axl)(Cx)(E)(t/R) (eq. 4-2) 

Cx= 0.630 if Mx=< 1.5 
Cx= (0.904/(Mx)A2) + 0.1013(Mx)"2 = 2.941 if 1.5 < Mx < 1.73 (eq. 4-3) 
Cx= 0.605 if Mx > 1.73 

Mx= 17.03 ======- > CX= 0.605 

axL= 0.207 if Rlt>=610 
(eq. 4-4) 

axL= 169c/{195 +Alt)< 0.9 = 0.436 if Alt< 610 

Alt= 192 ====> axl= 0.436 

C= 2.64 if Mx=< 1.5 
C= 3.13/(Mx)"0.42 = 0.952 if 1.5 < Mx =< 15 (eq. 4-5) 
C= 1.0 if Mx> 15 

Mx= 17.03 - :• Cs 1.000 

IF.i!'!l@il~tl&~it&®.lfiilf'l'Mlt~t&~::~tttHltl (eq. 4-2) 

b. Inelastic Buckling Stresses 
Smaller of: 
FxcL= Fxel= 37,029 psi eq. 4-6 l 

FxcL= 233(Fy)/(166 +Alt)=< Fy = 12,481 psi if Alt <300 
(eq. 4-7) 

FxcL = 0.5{Fy} = 9,600 DSi if Rlt>=300 

Alt= 192 =====--=> IIJi.'.i$;\¥fftil&~tM::J1i.tlMlHfa) 
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Section 4.1.2 External Pressure (Nx/No • O or 0.5) 

a. Elastic Buckllng Stresses 

Frel or Fhel = (acl)(Pel)(R)(Kol)/t (eq. 4-8) 

Kol= 1.0 if Mx>=3.42 

Kol= 1- e*y = 1.000 if Mx < 3.42 (eq. 11-7) 

Mx= 17.03 ... --==> Kol-= 1.000 

y= 1.0 
y = 1.58 - 0.46 Mx = 

Y= 0.0 
Mx= 17.03 

Pel= [1.27 (E) (VR)"2)/[A"1.18 + 0.5)= 34.8387 if Mx > 1.5 & A< 2.5 

Pel= (0.92 (E) (VR)"2VA = 42.3001 if 2.5 < A < 0.208 Alt 

Pel= 0.836(Cp)"-1.061 (E)(VR)"3 = 44.7594 if 0.208 < Cp < 2.85 

Pel= 0.275 (E)(VR)"3 = 1.0420 If Cp >2.85 

Pel = 42.3001 

b. Imperfection Factors 

aol= 0.8 

c. Inelastic Buckling Stresses 

UseNx/No• O 
Nx/No = O for radial pressure 
Nx/No = 0.5 for hydrostatic pressure 

e = (1 - 0.3k)l[1 + (le)VA] 
A= (Ar)(R/Rr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.in. 
Ar= 25.3n in. 

le=[1.56(Rt)".5]+tw = 2.935797 in. 
k= Nx!No= O 
e= 0.449 

if Mx=< 1.26 
·6.25 if 1.26 < Mx =< 3.42 

if Mx >=3.42 
===> Y= 0.000 

A= Mx • 1.17 + 1.068k = 15.859 
Mx= 17.03 
k= 0 

0.208 Alt = 40.02526 

Cp = A!(Rlt) = 0.082413 

Frcl = n (Frel) (eq. 4·10) Fhcl = n (Fhel) (eq. 4-11) 

n= 1.0 
n = 0.45/d + o. 18 = 
n= 1.31/(1+1.15d)= 
n = 1/d = 2.95 

1.51 
0.94 

if d=< 0.55 
if 0.55 < d =< 1.6 
If 1.6 < d < 6.25 
if d >= 6.25 

l~i$.i'li#HfMiHKttfHtg?ii~ll'Rj~@Iltl'I (eq. 4-10) 

d. Failure Pressures 

SUBJECT 
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Section 4.2 General !nstablllty of Bing Stiffened Cylinders 

Section 4.2.1 Axial Compression or Bending (No .. 0) 

a. Elastic Buckling Stresses 

FxeG = (axG)(0.605)(E)(VR)(1 + A'r)"0.5 (eq. 4-13) 

A'r = Ar/[Lr) t) = 0.0861 Ar = ring area = 0.328 sq.in. 
Lr = ring spacing = 30 in. 

b. Imperfection Factors 

axG = 0.72 if A'r >= 0.2 

axG = (3.6 - 5.0(axl)) (A'r) + axl = 0.558 if 0.06 < A'r < 02 
(eq. 4-14) 

axG = axl = 0.436209 if A'r=<0.06 

axG = 0.558 axl from eq. 4-4 with c = 1.0 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n= 1.0 if d=<0.55 d = FxeG/Fy = 2.5728 
n = 0.45/d + 0.18 = 
n= 1.31/(1+1.15d)= 
n = 1/d = 0.39 

SUBJECT 

0.35 
0.33 

UGO Beam Tube - 49.oo· OD x 0.121· Wall 
1.75• x 0.1875• Vacuum Stiffener, 30' Spacing 
300F Bakeout + Vacuum, No Seismic 
No Suooort Settlement 

if 0.55 < d =< 1.6 
If 1.6 < d < 6.25 
if d >= 6.25 
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i 
Secdon 4.2.2 External Pressure (Nx/No • 0 or 0.5) UseNx/No• o 

! 
Nx/No = 0 for radial pressure 

L Buckling Stresses With or Without End Pre$sure Nx/No = 0.5 for hydrostatic pressure 

FreG or FheG = (acG)(PeG)(Ro)(KoG)/t (eq. 4-16) 

KoG "' (1 - 0.3k)(Le)(t)l[(Ar + (Le)(t)] • 0.531994 (eq. 11-9) Ar= 0.328 sq.in. 

PeG = (E)(VR)(Lg)"4 + 
[N"2 + k(Lg)A2 - 1] [N"2 + (Lg)A2]"2 

lamda G (Lg) = (pi}(R)/Lb = 2.559194 

k= 0 

le=[1.56(Rt)A.5]+tw = 2.935797 in. 
k= 0 

(E)(ler)(N"2 - 1) 
(Lr)(Rc)"2(R) 

Lb= 

(eq. 4-17) 

30 in. 

ler = Ir+ (Ar)(Zr)A2 (Le)(t)/[(Ar) + (Le)(t)] + (Le}(l)A3/12 = 0.233 in."4 (eq. 4-18) 

Ir= 0.08374 in.114 

Ar= 0.328 sq.in. 

Zr= 0.9385 in. 
I= 0.127 in. 

Rr= 25.3767 in. 

Le= 1.1 (Dt)ll().5 = 
Le=Lr= 
Mx= 17.03 

2.741 in. 
30.000 in. 

---> Le= 

if Mx > 1.56 
if MX=< 1.56 

2.741 In. 

N= 4 use N that gives PeG min. 2<N 

PeG = 988.937 psi (eq. 4-17) 

b. lmperfecdon Factors 

aoG = 0.8 

c. lnelasdc Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) FhcG = n (FheG) (eq. 4-20) 

n= 1.0 if d=< 0.55 d = FreG/Fy = 4.2292 
n = 0.45/d + o. 18 = 0.286 

0.223 
if 0.55 < d =< 1.6 
if 1.6 < d < 6.25 
if d >= 6.25 

(eq. 5-3) 
n= 1.31/(1 +1.15d)= n = 0.223 
n = 1/d = 0.236 

lf.'.~)fiHEi.~f¥'lftllM!llt#!MilH?H (eq. 4-10) 
I 

d. Failure Pressures 
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SECTION 6 PREDICTED SHELL BUCKLING SIBESSES FOR COMBINED LOADS 

Section 6.3 Axial Compression. Bending and Hoop Compression 

(Ra)"2 - c (Ra)(Rh) + (Rh}"2 = 1.0 (eq. 6-3) 

Ra = Fie) I Fxcj Rh = Foe] I Frcj 

a. Unstlffened and Ring Stiffened Cylinders (all buckling modes) 

c = (Fxcj + Frcj) I Fy- 1.0 (eq. 6-4) 

Local Buckling 

c = [Fxcl + Frcl) I Fy - 1 = -0.01078 

Let Flcl = (Foel) (k) (KxL/KoL) = 

Ra= Flcl/ Exel= 0.000106 (Foel) 

Rh= Foell Frcl = 0.000154 (Foel) 

Kol= 1.0 
Kol = 1 - e*y = 1.000 
Mx= 17.03 

Solve eq. 6-3 for Foel 

General lnstablllty 

> 

if 
if 

c = [FxcG + FrcG) I Fy - 1 = 0. 796234 

KxG = 1.0 

1.3265 (Foel) 

Mx >= 3.42 
Mx < 3.42 (eq. 11-7) 

Kol= 1.000 

KoG = (1 - 0.3k)(Le)(t)ll(Ar + (Le)(t)] = 0.3104 (eq. 11-9) 
(If KoG < 0 then ring is in tension and the interaction equation is not 
applicable. Then FlcG = FxcG) j 

! 
Let FlcG = (FocG) (k) (KxG/KoG) = 4.273774 (FoeG) 

Ra= FlcG I FxcG: 0.000261 (FoeG) 

Rh = FocG I FrcG 5.51 E-05 (FoeG) 

Solve eq. 6-3 for FoeG 

SUBJECT 
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Kxl= 1.0 

e = (1 - 0.3k)/[1 + (Le)VA) 
A= (Ar)(R/Rr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.in. 
Ar = 25.377 in. 

Le=[1.56(Rt)".5)+tw = 2.748297 in. 
k = Nx/No = 1.326 
e= 0.280 

k = Nx I No = 1.326 
Ar= 0.328 sq.in. 
Le=I 1.561Rt)".5]+tw = 2. 7 48297 in. 
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SECTION 9 ALLOWABLE STRESSES 

Section 9.1 Allowable Stresses For Shell Buckllng Mode 

Section 9.1.5 Axial Compression and Hoop Compression and Axial Compression, Bending 
and Hoop Compression 

Fa = Fb = Flcl/ FS 
(eq. 9-7) 

Fo= Focl/FS 

Factor of Safety (ES)• 1.88 

IHHltlH:f.=ififa1¥tt:'~i~~Il'p#ttt#.t:tt)t't..t!AllWJi.Wt:':FHd 

ln:n==::::t:J:::::rnt~fjt:':::::t=t~;=MJ@t:'P!i\'tW::ttl~®~l?WJftfu)'{'/'M 

SECTION 11 STRESS CALCULATIONS 

Section 11.3 Hoop Stresses 

Section 11.3(b)2 Stress In a Ring Stiffener 

Nx= 

No= 

Ring Stiffener Stress= (p *Ro It)* (1.00 • 0.30 * (Nx I No))* (Le* t) I (Ar+ Le* t) 

Solving Eq 11 ·8, 

==> Ring Stiffener Stress = 1,941 psi 

477.77 #/in. 

360.18 #/in. 

(Eq 11·8) 
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AEI E:l!JLLEIIH 2!.I, EIBSI EPIIIQH, MAY l, l9U 
BULLETIN QH STABILIIY' PESIGN OE CYLINPBICAL SHELLS 

SECIIQH~ EBEQl~TEQ St:IELL B!.!~KLIHG STRESSES EQB AXIAL 
LOAD, E:IEHQIHG AMP EXIEBHAL EBESS!.!BE Blog StiffeaiH 

Lr= 30.00 in. b= 0.00 in. tw= 0.1875 in. 
R= 24.439 in. Ey= 19,200 psi Ar= 0.3280 sq.in. 
t= 0.127 in. ' E= 27,000,000 psi 11= 0.9385 in. 
(Rt)".5 = 1.762 in. Alt= 192.43 Ir= 0.08374 in."4 
Mx = L.r/(Rt)".5 = 17.03 (eq. 4.1) Ar= 25.377 In. 
Mc= b/(Rt)".5 = 0.00 (eq.4.1) l9=[1.56(Rt)".5]+tw = 2.936 in. 

Nx= 551.69 #/in. No= 360.18 #/in. 
= 4,344 psi (Axial) = 2,836 psi (Hoop) 

Section 4.l Local Buckllng of Uastlffeaed or Biog Stiffened Cylladers 

Section 4.1.1 Axial Compression or Bending (No= 0) 
a. Elastic Buckling Stresses 

Exel= (axl)(Cx)(E)(VR) (eq. 4·2) 

Cx= 0.630 if Mx=< 1.5 
CX= [0.904/(Mx)"2] + 0.1013(Mx)"2 = 2.941 if 1.5 < Mx < 1.73 (eq. 4-3) 
CX= 0.605 i if Mx > 1.73 

' 

Mx= 17.03 ======--> CX= 0.605 

axl= 0.207 if Alt>= 610 
(eq. 4-4) 

axl= 169c/(195 +Alt)< 0.9 = 0.436 if Alt< 610 
I 

Alt= 192 =====> axl= 0,436 

C= 2.64 if Mx=< 1.5 
C= 3.13/(Mx)llQ.42 = 0.952 if 1.5<MX=<15 (eq. 4-5) 
C= 1.0 if Mx> 15 

Mx= 17.03 ------=> C: 1.000 

(f:~i%li'I~t:li¢~!ERim1¥t%tifa~tffi®.N~~f:ftftW~I (eq. 4-2) 

b. Inelastic Buckllng Stresses 
Smaller of: I 
Exel= Exel= 37,029 psi eq. 4-6 i 

I 
Exel= 233(Ey)/(166 +Alt)=< Ey = 12,481 psi H Alt< 300 

I (eq. 4-7) 
Exel= 0.5(Fy) = 9,600 psi 

!I 

H Alt>= 300 

Alt= 192 - => 1~1JWMMttma~~ltfi~'i'WHl@f~:~:1 
i 
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Section 4.1.2 External Pressure {Nx/No • O or 0.5) UseNx/No• O 
Nx/No = 0 for radial pressure 

a. Elastlc Buckling Stresses Nx/No = 0.5 for hydrostatic pressure 

Frel or Fhel = (acl)(Pel)(R)(Kol)/t (eq. 4-8) 

Kol= 1.0 if Mx >=3.42 e = (1 - 0.3k)/(1 + (Le)VA] 

Kol= 1 - e*y = 1.000 if 

Mx= 17.03 ======-=--> 

Pel= [1.27 (E) (VR)"2J/lA"1.18 + 0.5)= 

Pel= [0.92 (E) (VR)"2VA = 42.3001 

Pel= 0.836(Cp)"-1.061 (E)(VR)A3 = 

Pel= 0.275 (E)(VR)"3 = 

Pel= 42.3001 

b. Imperfection Factors 

aol= 0.8 

c. Inelastic Buckling Stresses 

Frcl = n (FreL) (eq. 4-10) 

n= 1.0 
n = 0.45/d + 0.18 = 
n = 1.31/(1 + 1.15d) = 
n = 1/d= 2.95 

d. Failure Pressures 

1.0420 

1.51 
0.94 

Mx <3.42 

Kol• 

34.8387 

44.7594 

(eq. 11-7) 

1.000 

Y= 1.0 

A= (Ar)(R/Rr)A2 = 0.304196 sq.in. 
Ar= 0.328 sq.in. 
Rr = 25.377 in. 

le=[1.56(Rt)A.5]+tw = 2.935797 in. 
k= Nx/No= 0 
e= 0.449 

if Mx =< 1.26 
y = 1.58 - 0.46 Mx = -6.25 if 1.26 < Mx =< 3.42 
Y= o.o if Mx >= 3.42 
Mx= 17.03 => y= o.ooo 

if Mx > 1.5 & A < 2.5 A = Mx - 1.17 + 1.068k = 15.859 
Mx= 17.03 

if 2.5 <A < 0.208 R/t k= 0 

if 0.208 < Gp < 2.85 0.208 R/t = 40.02526 

if Gp> 2.85 Gp= Al(R/ll = 0.082413 

Fhcl = n (Fhel) (eq. 4-11) 

if d=<0.55 
if 0.55 < d =< 1.6 
if 1.6 < d < 6.25 
if d >=6.25 

d = FreUFy = 0.3392 
(eq. 5-3) 

n = 1.000 

hW~tt¥tM{i&tRe~'lll¥ltltltl~l~~ftl@ffttttM (eq. 4-12) 
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Section 4.2 General lnstablllty of Bing Stiffened Cylinders 

Section 4.2.1 Axial Compression or Bending (No • O) 

a. Elastic Buckling Stresses 

FxeG = (axG)(0.605)(E)(VR)(1 + A'r)"0.5 (eq. 4-13) 

A'r = Arl{L.r) t) = 0.0861 Ar = ring area = 0.328 sq.in. 
Lr = ring spacing = 30 in. 

b. Imperfection Factors 

axG = 0.72 if A'r >= 0.2 

axG = [3.6 - 5.0(axl)] (A'r) + axl = 0.558 if 0.06 < A'r < 0.2 
(eq. 4-14) 

axG = axl = 0.436209 if A'r =< 0.06 

axG = 0.558 axl from eq. 4-4 with c = 1.0 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n: 1.0 if d=<0.55 d = FxeG/Fy = 2.5728 
n = 0.45/d + O. 18 = 
n= 1.31/(1+1.15d)= 
n = 1/d= 0.39 
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Section 4.2.2 External Pressure (Nx/No • 0 or 0.5) UseNx/No• 0 
Nx/No = 0 for radial pressure 

a. Buckling Stresses With or Without End Pressure Nx/No = 0.5 for hydrostatic pressure 

FreG or FheG = (acG)(PeG)(Ro)(KoG)/t (eq. 4-16) 

KoG = (1 • 0.3k)(Le)(t)l[(Ar + (Le)(t)] • 

PeG = (E)(VR)(Lg)'l4 + 
[N"2 + k(lg)"2 - 1] [N"2 + (Lg)"2]"2 

lamda G (Lg) = (pi)(R)/Lb = 2.559194 

k= 0 

0.531994 (eq. 11-9) Ar= 0.328 sq.in. 
Le={1.56(Rt)".5]+tw = 2.935797 in. 
k= 0 

(E)(ler)(N"2 • 1) 
(lr)(Rc)"2(R) 

Lb= 

(eq. 4-17) 

30 in. 

ler = Ir+ (Ar)(Zr)"2 (Le)(t)/[(Ar) + (Le)(t)) + (Le)(t)"3/12 = 0.233 in."4 (eq. 4-18) 

Ir= 0.08374 in."4 Le = 1.1 (Dt)"0.5 = 2.741 in. if Mx > 1.56 
Ar= 0.328 sq.in. Le=lr= 
Zr= 0.9385 in. Mx= 
I= 0.127 in. 
Ar= 25.3767 in. 

N= 4 use N that gives PeG min. 

PeG = 988.937 psi (eq. 4-17) 

b. Imperfection Factors 

aoG = 0.8 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) 

n= 1.0 
n= 0.45/d+0.18= 
n = 1.31/(1+1.15d) = 
n = 1/d = 0.236 

d. Failure Pressures 
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if d=<0.55 
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SECTION§ PREDICTED SHELL BUCKLING STRESSES FOB COMBINED LOADS 

Section 6.3 Axfal Compression. Bending and Hoop Compression 

(Ra)"2 - c (Ra)(Rh) + (Rh)"2 = 1.0 (eq. 6-3) 
! 

Ra = Flcj I Fxcj Rh = Focj I Frcj 

a. Unstlffened and Ring Stiffened Cylinders (all buckling modes) 

c = (Fxcj + Frcj) I Fy - 1.0 (eq. 6-4) 

Local Buckling 

c = [Fxcl + Frcl) I Fy • 1 = -0.01078 

Let Flcl = (Focl) (k) (KxL/KoL) = 

Ra= Flcl I Fxcl = 0.000123 (Focl) 

Rh= Focl/ Frcl = 0.000154 (Focl) 

Kol= 1.0 
Kol = 1 • e•y = 1.000 
Mx= 17.03 

Solve eq. 6-3 for Focl 

General Instability 

> 

if 
if 

c = [FxcG + FrcG) I Fy - 1 = 0.796234 

KxG = 1.0 

1.5317 (Focl) 

Mx >= 3.42 
Mx < 3.42 (eq. 11-7) 

Kol= 1.000 

KxL= 1.0 

e = (1 - 0.3k)/[1 + (Le)VA] 
A= (Ar)(R/Rr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.in. 
Rr = 25.377 in. 

Le=[1.56(Rt)".5]+tw = 2.748297 in. 
k = Nx/No = 1.532 
e= 0.252 

KoG = (1 - 0.3k)(Le)(t)/[(Ar + (Le)(t)] = 0.2786 (eq. 11-9) k = Nx I No= 1.532 
(If KoG < 0 then ring is in tension and the interaction equation is not Ar= 0.328 sq.in. 
applicable. Then FlcG = FxcG) Le=[1 .56(Rtl".5J+tw = 2.748297 in. 

Let FlcG = (FocG) (k) (KxG/KoG) = 5.497063 (FocG) 

Ra= FlcG I FxcG : 0.000336 (FocG) 

Rh= FocG I FrcG 5.51E-05 (FocG) 

Solve eq. 6-3 for FocG 

SUBJECT 

UGO Beam Tube - 49.00' OD x 0.127' Wall 
1. 75' x o, 1875' Vacuum Stiffener, 30' Spacing 
300F Bakeout + Vacuum + Axial Seismic 
No Suooort Settlement 

! OFFICE: NOE 

I 

MADE BY 
WJC 
DATE 

3/10/94 

CHKD 

/ZJIV 
DATE 

15JH~4 

REVISION 

MADE BY CHKD BY 

DATE DATE 

REFERENCE NO. 
930212 

SHT 5 OF 6 

1.1s 



SECTION9 ALLOWABLE STRESSES 

Section 9.1 Allowable Stresses For Shell Bucldlng Mode 

Section 9.1.S Axial Compression and Hoop Compression and Axial Compression, Bending 
and Hoop Compression 

Fa= Fb = Flcl/ FS 
(eq. 9-7) 

Fo =Foell FS 

Factor of Safety (FS) = 1.78 

llf'WfflJti)(FiHftt'!f}3m.ftlpji.Hl''i'll''t~AtH:':'lhfu'Ht:'tN 

nrr=ttttr=n~~Hil'=t11~;~®.r::tP!nmniMrr=r~~w.1rtwtuitmttM 

SECTION 11 STRESS CALCULATIONS 

Section 11.3 Hoop Stresses 

Section 11.3(b)2 Stress lo a Ring Stiffener 

Nx= 551.69 #/lo. 

No= 360.18 #/lo. 

Ring Stiffener Stress= (p *Ro It)* (1.00- 0.30 * (Nx I No))* (Le* t) I (Ar+ Le* t) (Eq 11-8) 

Solving Eq 11 ·8, 

==> Ring Stiffener Stress = 1,742 psi 
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Afl B!.!LLEIIH 21.!, EIBSI EQIIIQf!f, MAY l, lUZ 
B!.!LLEIIH QH STABILITY QESIGH QE ~VLIHDBl~AL SHELLS 

i 
~ECIIQH~ PREOl~TEQ SHEL~ &!.!~KLING STRESSES EQB AXIAL 

LQAQ, BEHDl~G AHD EXTEBHAL fBESS!.!BE 
Lr= 30.00 In. ! b= 0.00 In. tw= 
R= 24.439 In. ! Fy= 19,200 psi Ar= 
t= 0.127 In. 

I 
E= 27,000,000 psi ZI= 

(Rt)".5 = 1.762 In. Alt= 192.43 Ir= 
Mx = Lr/(Rt)".5 = 17.03 (eq. 4.1) Rr= 
Mc = b/(Rt)".5 = 0.00 (eq. 4.1) 

I 

Le=[1.56(Rt)".5]+tw = I 
I 

i 
Nx= 748.79 #/in. No= 360.18 #/in. 

= 5,896 psi (Axial) = 2,836 psi (Hoop) 

Section 4,1 Local Buckling of !.!nstlffened or Ring Stiffened Cyl!nders 

SecUQD §,1,l Axlal Compression or Bending (No= 0) 
a. Elastic Buckling Stresses 

Fxel = (axl)(Cx)(E)(VR) (eq. 4-2) 

Cx= 0.630 if Mx=< 1.5 
Cx= {0.904/(Mx)"2) + 0.1013(Mx)"2 = 2.941 if 1.5 < Mx < 1.73 (eq. 4-3) 
Cx= 0.605 if Mx > 1.73 

I 

Mx= 17.03 =- > Cx• 0.605 
! 

axl= 0.207 H Alt >=610 

axl= 169c/(195 + R/t) < 0.9 = 0.436 H Alt< 610 

Alt= 192 =----> axl• 0.436 

C= 2.64 if Mx =< 1.5 
C= 3.13/(Mx)"0.42 = 0.952 if 1.5<Mx=< 15 (eq. 4-5) 
C= 1.0 if MX> 15 

Mx= 17.03 - > c= 1.000 

l'Fi~W¥Iiit.tt'-tmt.Wf¥.Kltlt~t&ljfi:ii1\tt:~ttl (eq. 4-2) 

b. Inelastic Buckling Stresses 
Smaller of: 
Fxcl= Fxel= 37,029 psi eq. 4-6 

I 
i 

Fxcl = 233(FyV(166 + R/t) =< Fy = 12,481 psi if Alt< 300 
I 

Fxcl = 0.5CFv) = 9,600 OSI I if Rlt>=300 
I 

Rlt= 192 > IHJ~j~jgf\tt~!;JUHHP.itIIllttl 
I 

SUBJECT OFFICE: NOE REVISION 
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0.1875 In. 
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I 
Section 4.1.2 External Pressure (Nx/No • p or 0.5} 

a. Elastic Buckling Stresses 

I 
Frel or Fhel = (acl)(Pel)(R)(Kol)lt (eq. 4-8) 

Kol= 1.0 If Mx >=3.42 

Kol= 1 • e*y = 1.000 If Mx <3.42 (eq. 11-7) 

Mx= 17.03 :• Kol• 1.000 

Y= 1.0 

UseNx/No• o 
Nx/No = 0 for radial pressure 
Nx/No = 0.5 for hydrostatic pressure 

e = (1 • 0.31<)1[1 + (Le)VA) 
A= (Ar)(R/Rr)A2 = 0.304196 sq.In. 

Ar = 0.328 sq.in. 
Ar= 25.3n in. 

le=(1.56(Rt)A.5]+tw = 2.935797 In. 
k= Nx/No= 0 
9• 0.449 

if Mx =< 1.26 
y = 1.58 • 0.46 Mx = -6.25 if 1.26 < Mx =< 3.42 
Y= 0.0 if Mx >=3.42 
Mx = 17.03 ====> y.. 0.000 

Pel= (1.27 (E) (VR)"'2]/[AA1.18 + 0.5)= 34.8387 if Mx > 1.5 & A< 2.5 A=Mx·1.17+1.068k= 15.859 
Mx= 17.03 

Pel= [0.92 (E) (VR)A2YA = 42.3001 if 2.5 < A < 0.208 All k= 0 

Pel= 0.836(Cp)"'-1.061 (E)(VR)"'3 = 44.7594 if 0.208 <Gp< 2.85 0.208 All= 40.02526 

Pel= 0.275 (E)(VR)"'3 = 1.0420 if Co>2.85 Co =AHR/I) = 0.082413 

Pel • 42.3001 

b. Imperfection Factors 

aol= 0.8 

c. Inelastic Buckling Stresses 

Frcl= n (Frel) (eq. 4-10) Fhcl = n (Fhel) (eq. 4-11) 

n= 1.0 
n = 0.45/d + o. 18 = 
n= 1.31/(1+1.15d)= 
n = 1/d= 2.95 

d. Failure Pressures 
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Section 4.2 General Instability of Ring SUHened Cylinders 

Section 4.2.1 Axial Compression or Bending (No • 0) 

a. Elastic Buckling Stresses 

FxeG = (axG)(0.605)(E)(VR)(1 + A'r)"<>.5 (eq. 4-13) 
I 

A'r = Artllr) t] = 0.0861 Ar= ring area = 0.328 sq.in. 
Lr = ring spacing = 30 in. 

b. Imperfection Factors 

axG = 0.72 if A'r >= 0.2 

axG = (3.6 - 5.0(axl)] (A'r) + axL = 0.558 if 0.06 < A'r < 0.2 
(eq. 4-14) 

axG = axL = 0.436209 if A'r =< 0.06 

axG = 0.558 axl from eq. 4-4 with c = 1.0 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n= 1.0 I if d :< 0.55 d = FxeG/Fy = 2.5728 
n = 0.45/d + 0.18 = 
n = 1.31/(1 + 1.15d) = 
n = 1/d= 0.39 
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Section 4.2.2 External Pressure (Nx/No • O or 0.5) UaeNx/No• o 
i Nx/No = 0 for radial pressure 

a. Buckling Stresses With or Without End Pr.SSure Nx/No = 0.5 for hydrostatic pressure 

I 
FreG or FheG = (acG)(PeG)(Ro)(KoG)/t (eq. 4-16) 

KoG • (1 - 0.3k){Le){t)/[(Ar + (Le){t)] • I 0.531994 (eq. 11-9) Ar= 0.328 sq.In. 

PeG = (E)(VR)(Lg)-"4 
[W•2 + k(Lg)"'2- 1] (NA2 + (Lg)"'2]A2 

lamda G (Lg) = (pi)(R)/Lb = 2.559194 

k= 0 

ler =Ir+ (Ar)(Zr)"'2 (Le)(t)/[(Ar) + (Le)(t)] + (Le)(t)A3/12 = 

le={1.56(Rt)A.5]+tw = 2.935797 in. 
k= 0 

(E)(ler)(N"2 - 1) 
(Lr)(Rc)"'2(R) 

0.233 in.A4 

Lb= 

{eq. 4-17) 

30 In. 

(eq. 4-18) 

Ir= 0.08374 in.A4 Le= 1.1 (Dt)"'0.5 = 2.741 in. if Mx > 1.56 
if Mx=< 1.56 Ar= 0.328 sq.in. Le= Lr= 30.000 in. 

Zr= 0.9385 in. Mx= 17.03 > Le• 2.741 In. 
t= 0.127 in. 
Rr= 25.3767 in. 

N= 4 use N that gives PeG min. 2<N 

PeG • 988.937 psi (eq. 4-17) 

b. Imperfection Factors 

aoG• 0.8 

rn'.t:$tt::M::~'#.'l~&!P.MF.iotrko.G@:J:tH'ttHHt:t:J1~201:tt@itHtltN (eq. 4-16) 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) 

n= 1.0 
n = 0.45td + 0.18 = 
n= 1.31/(1+1.15d)= 
n = 1/d = 0.236 

d. Failure Pressures 
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SECTION 6 PREDICTED SHELL BUCKLING STRESSES FOB COMBINED LOAPS 

I 
Section 6.3 Axial Compression. Bending and Hoop Compression 

I 
(Ra)"2- e (Ra)(Rh) + (Rh)"2 = 1.0 (eq. 6-3) 

Ra = Flcj I Excj 
i 

Rh = Eocj I Ercj 

a. Unstlffened and Ring Stiffened Cylinders (all buckling modes) 

e = (Exe] + Erej) I Ey - 1.0 (eq. 6-4) 

Local Buckllng 

e = [Exel + Erel) I Ey - 1 = -0.01078 

Let Rel = (Eocl) (k) (KxUKoL) = 2.0789 (Eocl) 

Ra= Elel/ Exel= 0.000167 (Eocl) 
Kxl• 1.0 

Rh = Eocl I Erel = 0.000154 (Eocl) 

Kol= 1.0 if Mx>=3.42 e = (1 - 0.3k)/(1 + (Le)t/A) 
Kol= 1 - e*y = 1.000 if Mx < 3.42 (eq. 11-7) A= (Ar)(R/Rr)"2 = 0.304196 sq.In. 
Mx = 17.03 =---=--=> Kol= 1.000 Ar = 0.328 sq.in. 

Rr = 25.an in. 
Solve eq. 6-3 for Eocl Le=[1.56(Rt)".5)+tw = 2.748297 in. 

k = Nx/No = 2.079 
e= 0.175 

General Instability 

e = [ExeG + EreG) I Ey- 1 = 0.796234 

KoG = (1 - 0.3k)(Le)(t)II(Ar + (Le)(t)] = 0.1940 (eq. 11-9) k = Nx I No= 2.079 
(II KoG < O then ring is in tension and the interaction equation is not Ar = 0.328 sq.in. 
applicable. Then EleG = ExcG) Le=f1.56lRtY'.5l+tw = 2.748297 in. 

Let ElcG = (EocG) (k) (KxG/KoG) = 10.71595 (EocG) 

Ra= ElcG I ExcG : 0.000656 (EocG) 

Rh= EocG I EreG 5.51E-05 (EocG) 

Solve eq. 6-3 for Eo?G 
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SECTION 9 ALLOWABLE SIBESSES : 

i 
Section 9.1 Allowable Stresses For Shell Buck!lng Mode 

Section 9.1.5 Axial Compression and Hoop/ Compression and Axial Compression, Bending 
and Hoop Compression I 

! 

Fa = Fb = Flcl/ FS 
(eq. 9-7) 

Fo= FocL/FS 

Factor of Safety (ES)• 1.55 

Mil\lI'f:iOM~f:F,if')I~iWiftIJ?!fft~fili/t6}'$$.:)Diffei'itf't:t:J 

Htt::t:ttn=:t~:w:r=:t:t:=:::~~::urett:'?¥.:tt:rr~w~1tt'lh#Nrt===:\I 

! 
SECTION 11 smess CALCULATIONS 

Section 11.3 Hoop Stresses 

Section 11.3(b)2 Stress In a Ring S~ffener 

i 

Nx= 

No= 

Ring Stiffener Stress= (p •Ro It)• (1 .00 ·'0.30 • (Nx I No))• (Le* t) I (Ar+ Le• t) 

Solving Eq 11-8, 

==> Ring Stiffener Stress = 1,213 psi 

748.79 #/in. 

360.18 #/in. 

(Eq 11-8) 
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Ael El!.!LLEDH 2!.!, EIBSI EDIDQH, MAY: l, lHZ 
El!.!LLETIN QH STAEllLlrt DESIGH QE ~n.IHQBICAL SHELLS 

SECDQH~ fBEDICIEQ St:IELl El!.!CKLIHG STRE~ES EQB AXIAL 
LOAQ, E!EHQING ANQ EXTEBNAL fBESS!.!BE Biog Sttffeom 

LI= 30.00 In. b= 0.00 In. tw= 0.1875 in. 
A= 24.439 in. Fy= 25,000 psi Ar= 0.3280 sq.in. 
t= 0.127 In. E= 28,300,000 psi 'ZI= 0.9385 In. 
(Rt)''.5 = 1.762 in. Alt= 192.43 Ir= 0.08374 in."4 
Mx = LI/(Rt)".5 = 17.03 (eq. 4.1) Ar= 25.3n In. 
Mc = b/(Rt)".5 = 0.00 (eq. 4.1) Le=[ 1.56(Rt)".5]+tw = 2.936 In. 

Nx= 287.78 #/In. No= 360.18 #/In. 
= 2,266 psi (Axial) = 2,836 psi (Hoop) 

Section 4,l Local Buckling of Unstlffened or Ring Stiffened Cylinders 

Section 4.1.1 Axial Compression or Bending (No= 0) 
a. Elastic Buckling Stresses I 

i 
Fxel = (axl)(Cx)(E)(VR) (eq. 4-2) I 

! 

Cx= 0.630 if Mx=< 1.5 
Cx= [0.904/(Mx)"2] + 0.1013(Mx)"2 = 2.941 If 1.5 < Mx < 1.73 (eq. 4-3) 
Cx= 0.605 i lf Mx > 1.73 

I 
I 
I 

Mx= 17.03 == c~- 0.605 

I 
axL= 0.207 if Alt>= 610 

I 169c/(195 + A!tl < 0.9 = if Alt <610 
(~. 4-4) 

axL= 0.436 

Alt= 192 === ==> axL• 0.436 

C= 2.64 If Mx=< 1.5 
C= 3.13/(Mx)"0.42 = 0.952 If 1.5<Mx=< 15 (eq. 4-5) 

C= 1.0 If Mx>15 

Mx= 17.03 - ; 

1.000 C• 
i 
I 

fiG.IWiiiit:DMial~¥Wmm~~lf:'J~i.l¥MiMJ (eq. 4-2) 

I 
b. Inelastic Buckling Stresses I 

I Smaller of: I 
FxcL= Fxel= i 38,812 psi eq. 4-6 ! 

I 
FxcL = 233(Fy)/(166 + Alt)=< Fy = 16,251 psi If Rlt<300 

I 

I 
(eq. 4-7) 

Fxcl= 0.5(Fvl = 12,500 osi If Rll>=300 
I 

Alt= 192 - l=tJfiatti@iMWl~1.$.lfti:iWMiM1Mj 
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Section 4. t.2 External Pressure (Nx/No • 0 or 0.5) 

a. Elastic Buckling Stresses 

Frel or Fhel = (acl)(Pel)(R)(Kol)lt 

Kol= 1.0 If 

Kol= 1-e*y= 1.000 if 

Mx= 17.03 

I 
I 

(eq. 4-8) 
I 

Mx>=3.42 

Mx < 3.42 (eq. 11-7) 

Kol= 1.000 

y= 1.0 
y = 1.58- 0.46 Mx = 

Y= 0.0 
Mx= 17.03 

Pel= [1.27 (E) (VR}"2}/[A"1.18 + 0.5]= 36.5161 if Mx > 1.5 & A< 2.5 

! 
Pel= [0.92 (E) (VR}"2]/A = 44.3368 

Pel= 0.836(Cp)"-L061 (E)(VR}"3 = 

Pel= 0.275 (E)(VR)"3 = 1.0922 

Pel = 44.3368 

b. Imperfection Factors 

aol• 0.8 

c. Inelastic Buckling Stresses 

if 2.5 < A < 0.208 R/t 

46.9145 if 0.208 < Cp < 2.85 

if Cp >2.85 

UseNx/Noa O 
Nx/No = 0 for radial pressure 
Nx/No = 0.5 for hydrostatic pressure 

e = (1 - 0.31<)/[1 + (le)VA) 
A= (Ar)(R/Rr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.in. 
Rr = 25.3n In. 

le=[1.56(Rt}".5)+tw = 2.935797 In. 
k=Nx!No= 0 

•= 0.449 

if Mx =< 126 
-6.25 if 1.26 < Mx =< 3.42 

if Mx >=3.42 
-> Y• 0.000 

A= Mx - 1.17 + 1.068k = 15.859 
Mx= 17.03 
k= 0 

0.208 R/t = 40.02526 

Cp = Al(R/t) = 0.082413 

Frcl = n (Frel) (eq. 4-10) Fhcl = n (Fhel) (eq. 4-11) 

n= 1.0 
n= 0.45/d+0.18= 
n = 1.31/(1+1.15d) = 
n = 1/d= 3.66 
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I 
Section 4.2 General lnstablllty of Bing Stiffened Cylinders 

i 
Section 4.2.1 Axial Compression or Bending (No = 0) 

I 
a. Elastic Buckling Stresses ' ' 

FxeG = (axG)(0.605)(E)(llR)(1 + A'r)"0.5 (eq. 4-13) 

A'r = ArJllr) t) = 0.0861 Ar = ring area = 0.328 sq.In. 
Lr = ring spacing = 30 in. 

b. Imperfection Factors 

axG = 0.72 if A'r >= 0.2 

axG = [3.6 • 5.0(axl)) (A'r) + axL = 0.558 If 0.06 < A'r < 02 
(eq. 4-14) 

axG = axl = 0.436209 i If A'r =< 0.06 

I 
axG = 0.558 axl froll) eq. 4-4 with c = 1.0 

. 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n= 1.0 If d=<0.55 d = FxeG/Fy = 2.0710 
n= 0.45/d+0.18= 
O= 1.31/(1 +1.15d)= 
n = 1/d= 0.48 

SUBJECT 
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Section 4.2.2 External Pressure (Nx/No ... o or 0,5) UseNx/No• o 
Nx/No = 0 for radial pressure 

a. Buckling Stresses With or Without End Pressure Nx/No = 0.5 for hydrostatic pressure 

FreG or FheG = (acG)(PeG)(Ro)(KoG)ll (eq. 4-16) 

KoG = {1 - 0.3k){Le)(t)l[{Ar + (le)(t)] • 

PeG = (E)(t!R)(Lg)ll4 '+ 
[N"2 + k(Lg)A2 - 1) (N"2 + (Lg)"2J"'2 

lamda G (Lg) = (pi)(R)/Lb = 2.559194 

k= 0 

0.531994 (eq. 11-9) Ar= 0.328 sq.In. 
Le=[1.56(Rt)A.5)+tw = 2.935797 In. 
k= 0 

(E)(ler)(N"2 - 1) 
(Lr)(Rc)"2(R) 

Lb= 

(eq. 4-17) 

30 In. 

ler = Ir+ (Ar)(Zr)"2 (Le)(t)/((Ar) + (Le)(t)] + (Le)(t)"3/12 = 0.233 in."4 (eq. 4-18) 

Ir= 0.08374 in."4 Le = 1.1 (Dt)"0.5 = 2.741 in. if Mx > 1.56 
if Mx=< 1.56 Ar= 0.328 sq.in. Le=Lr= 

ZI= 0.9385 in. Mx= 
t= 0.127 in. 
Ar= 25.3767 in. 

N= 4 use N that gives PeG min. 2<N 

PeG = 1036.55 psi (eq. 4-17) 

b. Imperfection Factors 

aoG • 0.8 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) 

n= 1.0 
n= 0.451d+0.18= 
n= 1.31/(1+1.15d)= 
n = 1/d = 0.294 

d. Failure Pressures 

0.312 
0.267 

30.000 in. 
17.03 > Le= 2.741 In. 

FhcG = n (FheG) (eq. 4-20) 

if d=<0.55 
if 0.55 < d =< 1.6 
if 1.6 < d < 6.25 
if d>=6.25 

d = FreG/Fy = 3.4044 

n • 0.267 
(eq. 5-3) 
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SECTION 6 PREDICTED SHELL BUCKLING STRESSES FOB COMBINED LOAQS 

Section 6.3 Axial Compression. Bending and Hoop Compression 

i 
(Ra)"2 • c (Ra)(Rh) + (Rh)"2 = 1.0 (eq. 6-3) 

i 
Ra = Flcj I Fxcj Rh = FoCJ I Frcj 

a. Unst!Hened and Bing Stiffened Cy!lnders (all buckling modes) 

c = (Fxcj + Frcj) I Fy • 1.0 (eq. 6-4) 

Local Buckling 

c = [Fxcl + FrcL) I Fy • 1 = ·0.07693 

Let Rel= (Focl) (k) (KxL/KoL) = 0.7990 (FocL) 

Ra= Rel I Fxcl = 4.92E·05 (FocL) 

Rh= Foell FrcL = 0.000147 (FocL) 

Kol= 1.0 if Mx>=3.42 
Kol = 1 • e*y = 1.000 if Mx < 3.~2 (eq. 11·7) 
Mx = 17.03 -==> Kol= 1.000 

Solve eq. 6-3 for FocL 

General lnstablllty 

c = [FxcG + FrcG) I Fy • 1 = 0.709645 

KxG • 1.0 

Kxl• 1.0 

e = (1 • 0.3k)/[1 + (Le)VA) 
A = (Ar)(R/Rr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.In. 
Ar= 25.3n in. 

le=[1.56(Rt)".5]+tw = 2.748297 in. 
k = Nx/No = 0.799 
e:a 0.354 

KoG = (1 • 0.3k)(Le)(t)/[(Ar + (Le)(t)] = 0.3920 (eq. 11·9) k = Nx I No= 0.799 
(If KoG < 0 then ring is In tension and the Interaction equation is not Ar = 0.328 sq.In. 
applicable. Then FlcG = FxcG) Le::f1.~Rt\l'.51+tw = 2.748297 in. 

Let RcG = (FocG) (k) (KxG/KoG) = 2.038459 (FocG) 

Ra= RcG I FxcG: 0.000102 (FocG) 

Rh = FocG I FrcG . 4.41 E-05 (FocG) 

Solve eq. 6-3 for FocG i 
I 

ft~::iiM=::1gaat:t=iiitti=ll!:HM (eq. &3) l 
·~~glf.®.&lDH~~f;tmmmmw~=it:Wj:Stt:t:::ijUi:MM~M 
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I 
SECDON9 AUOWABLE STRESSES i 

I 
Section 9.1 Allowable Stresses For Shell Buckling Mode 

Section 9,1.5 
I 
I 

Axial Compression and Hoop, Compression and Axial Compression, Bending 
and Hoop Compression i 

Fa = Fb = Flcl/ FS I 
(eq. 9-7) ' 

Fo= FocL/FS 

Factor of Safety (ES) • 2.25 

ltll'tt=tF.a:U.'F.6.:¥:t:tm:1,zt:\i§ftHiiilH?t~u$.iUHiMHi'tlM 

l:qr::=t:ttt=ttc=¥:=:===:=Htttt4:i.f:=:::=erntniiiiHt:=:=:®.1wr:rn;tmnttt4 

SECTION 11 

Section t 1.3 

Section t t ,3(b)2 

STRESS CALCULATIONS 

Hoop Stresses l 
Stress In a Ring S . ffener 

NX= 

No= 

Ring Stiffener Stress= (p * Ro It) * (1.00 • 0.30 * (Nx I No))* (Le* t) I (Ar+ Le* t) 

Solving Eq 11 ·8, 

=> Ring Stiffener Stress • 

I 
I 
i 

Z451

1 

pol 

I 

287.78 #/in. 

360.18 #/in. 

(Eq 11·8) 
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Ael E!!.!LLETIN 2!.!, EIBSI EDIIJQN, MAY: l, l&IZ 

' 
E!!.!LLEDN QU STAE!ILITV DESl~U QE CY:LINDBICAL SHELLS 

I 
SECDQN~ eBEDl~IED SHEU BUCKLING smESSES FOB AXIAL 

LQAD, E!ENDIUQ AND EXTEBNAL eBESS!.!BE Blag SUllwlw: 
Lr= 30.00 In. I b= 0.00 In. lW= 0.1875 In. 
R= 24.439 In. I Fy= 25,000 psi Ar= 0.3280 sq.In. 
t= 0.127 In. E= 28,300,000 psi ZI= 0.9385 In. 
(Rt)".5 = 1.762 In. Rlt= 192.43 Ir= 0.08374 ln.114 
Mx = Lr/(Rt)".5 = 17.03 (eq. 4.1) Rr= 25.3n In. 
Mc = IY(Rt)".5 = 0.00 (eq. 4.1) L9=[1.56(Rt)".5]+tw = 2.936 In. 

Nx= 354.20 #/in. No= 360.18 #/in. 

= 2,789 psi (Axial) = 2,836 psi (Hoop) 

Section 4.j Local Buckling of Unstlffened or Bing Stiffened Cyllnders 

Section 4.1.1 Axial Compression or Bending (No = 0) 
L Elastic Buckling Stresses 

Fxel = (axl)(Cx)(E)(VR) (eq. 4-2) 
I 

Cx= 0.630 I If Mx=< 1.5 
Cx= (0.904/(Mx)"2) + 0.1013(Mx)"2 = 2.941: If 1.5 < Mx < 1.73 (eq. 4-3) 
Cx= 0.605 ! if Mx > 1.73 

i 

Mx= 17.03 ------ ==> CX• 0.605 
i 
I 

' 

axl= 0.207 I If Rlt>=610 I 
i (eq. 4-4) 
I 

( 
axl= 169c/(195 + R/t) < 0.9 = 0.436' If R/t < 610 

Rlt= 192 =- > axL• 0.436 

C= 2.64 H Mx=< 1.5 
C= 3.13/(Mx)"0.42 = 0.952 if 1.5 < Mx =< 15 (eq. 4-5) 
C= 1.0 if Mx> 15 

Mx= 17.03 => C• 1.000 

!iS=lHUtttmim:lfiftlfll~lidiilMtWF) (eq. 4-2) 

i 
b. Inelastic Buckling Stresses 
SmaDerof: 
Fxcl=Fxel= 38,812 psi eq. 4-6 

Fxcl = 233(Fy)/(166 + R/t) =< Fy = 16,25~ psi If Rlt<300 
! 

I 
(eq. 4-7) ! 

Fxcl = 0.5CFvl = I 12,500 osl if Rlt>=300 
I 

Rlt= 192 --- => fHJti$t.liW@d£•lftimMWWMI 
I 

SUBJECT 

I 
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I 
Section 4.1.2 

I 
External Pressure (Nx/No • p or 0.5) 

! 
Elastic Buckling Stresses 

I a. I 
I 
I 

I 
Frel or Fhel = (acl)(Pel)(R)(Kol)ft (eq. 4-8) 

i I 
Kol= 1.0 if Mx>=3,42 

I 
I 

Kol= 1 • e*y = 1.000 if Mx < 3.42 (eq. 11·7) 

Mx= 17.03 Kol= 1.000 

Y= 1.0 

UseNx/No• 0 
Nx/No = o for radial pressure 
Nx/No = 0.5 for hydrostatic pressure 

e = (1 • 0.3k)tl1 + (Le)VA) 
A= (Ar)(R/Rr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.in. 
Ar= 25.3n in. 

le=(1.56(Rt)".5)+tw = 2.935797 in. 
k=Nx/No= 0 
•• 0.449 

if Mx=< 1.26 
y = 1.58. 0.46 Mx = -6.25 if 1.26 < Mx =< 3.42 
Y= 0.0 if Mx >= 3.42 
Mx = 17.03 -===> Y• o.ooo 

Pel= [1.27 (E) (t!R)"2.Y[A' .. 1.18 + 0.5]= 36.5161 If Mx > 1.5 & A< 2.5 A= Mx • 1.17 + 1.068k = 15.859 
Mx= 17.03 
k= 0 Pel= [0.92 (E) (t!R)"2VA = 44.33Q8 if 2.5 <A < 0.208 R/l 

l 
0.208 R/l = 40.02526 46.914S if 0.208 <Gp< 2.85 

I 
Pel= 0.836(Cp)"-1.Cl61 (E)(t!R)"3 = 

Pel= 0.275 (E)(t!R)"3 = 1.0922 if Co>2.85 Co= A/(R/l\ = 0.082413 

Pel • 44.3368 

b. Imperfection Factors 

aol• 0.8 

c. Inelastic Buckling Stresses 

Frcl = n (Frel) (eq. 4-10) Fhcl= n (Fhel) (eq. 4-11) 

n= 1.0 
n= 0.45/d+0.18= 
n = 1.31/(1+1.15d) = 
n= 1/d= 3.66 

1.83 
1.00 

if d=<0.55 
if 0.55 < d =< 1.6 
If 1.6<d<625 
if d>=6.25 

lii'i.aMHf{fetf.•m@rM@@t@tpiNNttd (eq. 4-10) 

d. Failure Pressures 
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SecUon4.2 

Section 4.2.1 

General lnstabl!Uy of Bing Stiffened Cylinders 
! 

Axial Compression or Bendln,g (No • O) 

L Elastic Buckling Stresses 

FxeG = (axG)(0.605)(E)(VR)(1 + A'r)"0.5 (eq. 4-13) 
! 
! 

A'r = Ar.l[Lr) t] = 0.0861 Ar = ring area = 0.328 sq.In. 
Lr = ring spacing = 30 In. 

b. Imperfection Factors 

axG = 0.72 If A'r>=0.2 

axG = (3.6 - 5.0(axl)J (A'r) + axL = 0.558 if 0.06 < A'r < 0.2 
(eq. 4-14) 

axG = axl = 0.436209 if A'r =< 0.06 

axG • 0.558 axl from eq. 4·4 with c = 1.0 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n= 1.0 If d=<0.55 d = FxeG/Fy = 2.0710 
n = 0.45/d + 0.18 = 
n= 1.31/(1+1.15d)= 
n = 1/d= 0.48 

SUBJECT 

0.40 
0.39 

UGO Beam Tube --
0

49.00" OD x 0.127" Wall 
1.75" x 0.1875" Vacuum Stiffener, 30" Spacing 
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I 
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If d>=6.25 

OFFICE: NOE 

MADE BY CHKD 
WJC /L1rJ 
DATE DATE 
319194 I lrfllrll'/f 

(eq. 5-3) 
ft• 0.387 

REVISION REFERENCE NO. 
930212 

MADE BY CHKDBY 
SHT 3 OF 6 

DATE DATE 
i.) I 



Section 4.2.2 External Pressure (NxJNo • 0 or 0.5) UseNxJNo• O 
Nx/No = 0 for radial pressure 

a. Buckling Stresses With or Without End Pressure Nx/No = 0.5 for hydrostatic pressure 

I 
FreG or FheG = (acG)(PeG)(Ro)(KoG)lt (eq. 4-1i) 

KoG "' (1 - 0.3k)(Le)(t)ll(Ar + (le)(t)] • 

PeG = (E)(t/R)(Lg)'l4 
[NA2 + k(lg)"2 • 1) (Nl\2 + (lg)"2)"2 

lamda G (lg) = (pi)(R)/lb = 

k= 0 

I 

i 
2.559194 

0.531994 (eq. 11·9) Ar= 0.328 sq.in. 
le=[1.56(Rt)".5]+tw = 2.935797 in. 
k= 0 

(E)(ler)(N"2 • 1) 
(lr)(Rc)"2(R) 

lb= 

(eq. 4-17) 

30 in. 

ler = Ir+ (Ar)(Zr)"2 (le)(t)/[(Ar) + (Le)(t)] + (Le)(t)"3/12 = 0.233 in.114 (eq. 4-18) 

Ir= 0.08374 in."4 Le = 1. 1 (Dt)"0.5 = 2.741 in. 
Ar= 0.328 sq.in. le=lr= 30.000 in. 
Zr= 0.9385 in. Mx= 17.03 ===> Les 
t= 0.127 in. 
Ar= 25.3767 in. 

N= 4 use N that gives PeG min. 2<N 

PeG • 1036.55 psi (eq. 4-17) 

b. Imperfection Factors 

aoG.. 0.8 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) FhcG = n (FheG) (eq. 4-20) 

if Mx > 1.56 
if Mx=< 1.56 

2.741 In. 

n= 1.0 if d=<0.55 d = FreG/Fy = 3.4044 
n = 0.45/d + 0.18 = 
n = 1.31/(1 + 1.15d) = 
n = 1/d = 0.294 

d. Failure Pressures 

0.312 
0.267 

if 0.55 < d =< 1.6 
if 1.6 < d < 6.25 
if d>=625 

lii*i¥'lfilt~:J{l}$ll;:m::t~~:t::::::::~~~Mjt::jjltHtM:H (eq. 4-12) 
I 
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SECTION& 

Section 6.3 

PREDICTED SHELL BUCKLlj° SIBESSES FOR COMBINED LOAPS 

Axial Compression. Bending and Hoop Compression 

/ 
(~)"2 • c (~)(Rh)+ (Rh)"2 = 1.0 (eq. 6-3) 

I 
~=~l~tj Rh=~/~ 

I 
a. Unstlffened and Ring Stiffened Cylinders (all buckllng modes) 

I 
c = (Fxtj + Frcj) I Fy • 1.0 (eq. 6-4) 

Local Buckllng 

c = [Fxcl + Frcl] I Fy • 1 = -0.07693 

Let Rel= (FocL) (k) (KxUKoL) = 

~ = Flcl I FxcL = 6.0SE·OS (Focl) 

Rh= Foell FrcL = 0.000147 (Focl) 

Kol= 1.0 
Kol= 1 • e*y = 1.000 
Mx 17.03 = -

Solve eq. 6-3 for FocL 

General lnstablllty 

> 

If 
H 

c = (FxcG + FrcG] I Fy • 1 = 0.709645 

KxG• 1.0 

0.9834 (Focl) 

Mx >=3r42 
Mx < 3.42 (eq. 11-7) 

Kol• 1.000 

Kxl• 1.0 

e = (1 • 0.3k)/[1 + (Le)VA] 
A = (Ar)(FVRr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.in. 
Rr = 25.3n In. 

Le=[1.56(Rt)".5]+tw = 2.748297 in. 
k = Nx/No = 0.983 

•• 0.328 

KoG = (1 • 0.3k){Le)(t)/[(Ar + (Le)(t)] = 0.3634 (eq. 11·9) k = Nx I No= 0.983 
(H KoG < O then ring is in tension and the interaction equation is not Ar = 0.328 sq.In. 
appficable. Then FlcG = FxcG) LB=f1.56(Rtl".5l+tw = 2.748297 in. 

Let FlcG = (FocG) (k) (KxG/KoG) = 2.705832 (FocG) 

~ = FlcG I FxcG : 0.000135 (FocG) 

Rh= FocG I FrcG 4.41 E-05 (FocG) 

Solve eq. 6-3 for FocG 

~~1$Ulf8~4<~$.¥WttMtHWft~'WD~fliillf~tWM 
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SECDON9 ALLOWABLE SIBESSES I 
Allowable Stresses For Shell Buckling Mode Section 9.1 

I 
Axlal Compression and Hoop Compression and Axial Compression, Bending 
and Hoop Compression J 

Section 9.1.5 

Fa = Fb = Flcl/ FS 
(eq. 9-7) 

Fo= Focl/FS 

Factor of Safety (ES)• 2.19 

1n==:1rr:::t=f.:t=ii$).:;~t=:=r:m•tt:PJtM=t~tr=1~t.rnurartttt"I 

n::::tt=:::::t:::'t:f;'.e=i=tt:=:=t®~~?t::etrn:::~=:::::m:t~N:t'HWMFtl't::f 

SECTION 11 

Section 11.3 

SIBESS CALCULATIONS 

Hoop Stresses I 
I 

Nx= 

No= 

Section 11.3(bl2 Stress In a Ring Stjffener 

Ring Stiffener Stress= (p •Ro It)• (1.oo-Jo.30 • (Nx I No))• (Le• t) I (Ar+ Le• t) 

Solving Eq 11-8, 
j 

==> Ring Stiffener Stress • 2,273 psi 

354.20 #/in. 

360.18 #/in. 

(Eq 11-8) 
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Afl EUlLLEIIH ~!.l. EIRSI EQmQN, MAY l, lHZ 
81.!LLEDN QN SIA81LITY DESIGN QE ~YLIHDBICAL SHELLS 

I 

SECDQNi fBED!tTED SHELL 8!.!CIWNQ EBE~ES EQB AXIAL 
LQA.1:2, 8EHDIHG AND EXTEBNAL fBESS!.!BE Bing SUffeaw: 

Lr= 30.00 In. b= 0.00 In. tw= 0.1875 In. 
A= 24.439 In. Fy= 25,000 psi Ar= 0.3280 sq.in. 
t= 0.127 In. E= 28,300,000 psi 1.I = 0.9385 In. 
(Rt)".5= 1.762 In. Alt= 192.43 Ir= 0.08374 ln."4 
Mx = Lr/(Rt)".5 = 17.03 (eq. 4.1) Ar= 25.3n In. 
Mc = b/(Rt)".5 = 0.00 (eq. 4.1) Le=[1.56(Rt)".5]+tw = 2.936 In. 

Nx= 401.45 #/In. No= 360.18 #/in. 
= 3, 161 psi (Axial) = 2,836 psi (Hoop) 

Section 4,1 Local Buckllag of Unstlffenecl or Ring Stiffened Cylinders 

S~UQD i.l.l Axial Compression or Bending (No =0) 
a. Elastic Buckling Stresses ; 

! 

l , I 

Fxel = (axl)(Cx)(E)(VR) (eq. 4-2) 
I i 

Cx= 0.630 i ' H Mx=< 1.5 i 
Cx= (0.904/(Mx)"2] + 0.1013(Mx)"2 = 2.941; If 1.5 < Mx < 1.73 (eq. 4-3) 
Cx= 0.605 I H Mx> 1.73 

i 
I 
I 

Mx= 17.03 =-== -> CX• 0.605 

axl= 0.207 H Rlt>=610 
(eq. 4-4) 

axl= 169c/(195 +Alt)< 0.9 = 0.436 H Rlt<610 

Alt= 192 - > axl.• 0.436 

C= 2.64 H Mx=< 1.5 
C= 3.13/(Mx)"0.42 = 0.952 H 1.5<Mx=<15 (eq. 4-5) 
C= 1.0 H Mx> 15 

Mx= 17.03 
i I -- > C• 1.000 

I 
l:F~lS~=l~!tmR'~l:i;@mm~=jJ1,ls.\Mt@H~~~1 (eq. 4-2) 

! I 
b. Inelastic Buckling Stresses 

I 
I 

I 

Smaller of: I 
Fxcl= Fxel= 

I 
psi i 38,812 eq. 4-6 

I 

FxcL= 233(Fy)/(166 +Alt)=< Fy = 16,251 psi H R/t<300 
I (eq. 4-7) 

FxcL= 0.5(Fvl = 12,500 DSI H Rlt>=300 

Alt= 192 ========> 1~mti~t:i.JSHt!i'®.Jm:1s.imw~~m11 
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Section 4. 1.2 
. I 

External Pressure {Nx/No • ,0 or 0.5) 

I 
a. Elastic Buckling Stresses 

I 

I 
I 

! 
Frel or Fhel = (acl)(Pel)(R)(Kol)/t (eq. 4-8) 

Kol= 1.0 if Mx>=3.42 

Kol= 1 - e*y = 1.000 if Mx <3.42 (eq. 11-7) 

Mx= 17.03 Kol• 1.000 

Y= 1.0 

UseNx/No• o 
Nx/No = 0 for radial pressure 
Nx/No = 0.5 for hydrostatic pressure 

e = (1 - 0.3k)/[1 + (Le)t/A] 
A= (Ar)(RIRr)"2 = 0.304196 sq.in. 

Ar= 0.328 sq.In. 
Rr = 25.3n In. 

le=(1.56(Rt)".5]+tw = 2.935797 In. 
k= Nx/No= 0 
e= 0.449 

if Mx=< 1.26 
y = 1.58- 0.46 Mx = -625 If 1.26 < Mx =< 3.42 
Y= 0.0 if Mx>=3.42 
Mx = 17.03 ====> y.. 0.000 

Pel= [1.27(E)(t/R)"2]/[A"1.18+0.5]= 36.5161 if Mx>1.5&A<2.5 

Pel= [0.92 (E) (t/R)"2VA = 44.3368 

Pel= 0.836(Cp)"-1.061 (E)(t/R)"3 = 

Pel = 0.275 (E)(t/R)"3 = 1.0922 

Pel• 44.3368 

b. Imperfection Factors 

aol• 0.8 

c. Inelastic Buckling Stresses 

if 2.5 <A < 0.208 R/t 

i 
46.9145 if 0.208 < Cp < 2.85 

i 
If Cp>2.85 

A=Mx-1.17+1.068k= 15.859 
Mx= 17.03 
k= 0 

0.208 R/t = 40.02526 

Cp = Al(Rlt) = 0.082413 

Frcl = n (FreL) (eq. 4-10) Fhcl= n (FheL) (eq. 4-11) 

n= 1.0 
n = 0.45/d + 0.18 = 
n= 1.31/(1+1.15d)= 
n = 1/d= 3.66 

d. Failure Pressures 

SUBJECT 

1.83 
1.00 

UGO Beam Tube - 49.00' OD x 0. 127' Wall 
1.75" x 0.1875" Vacuum Stiffener, 30• Spacing 
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I If d=<0.55 
H 0.55<d=<1.6 
H 1.6<d<625 
H d>=625 
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I 
Section 4.2 General lnstablllty of Bing Stiffened Cylinders 

I 
Axial Compression or Bending (No • O) Section 4.2.1 

a. Elastic Buckling Stresses 

FxeG = (axG)(0.605)(E)(VR)(1 + A'r)"0.5 (eq. 4-13) 

A'r = ArJllr) t) = 0.0861 Ar = ring area = 0.328 sq.In. 
Lr = ring spacing = 30 In. 

b. Imperfection Factors 

axG = 0.72 if A'r >=02 

axG = (3.6 - 5.0(axl)] (A'r) + axL = if 0.06 < A'r < 02 
(eq. 4-14) 

axG = axl = 0.436209 If A'r =< 0.06 

axG = 0.558 axl from eq. 4-4 with c = 1.0 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n= 1.0 If d=<0.55 d=FxeG!Fy= 2.0710 
n= 0.45/d+0.18= 
n = 1.31/(1 + 1.15d) = 
n = 1/d= 0.48 

SUBJECT 

0.40 
0.39 

UGO Beam Tube - 49.00' OD x 0.127' Wall 
1.75' x 0.1875' Vacuum Stiffener, 30' Spacing 
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! 

If 0.55 < d =< 1.6 
If 1.6 <d<625 
If d >=6.25 
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( Section 4.2.2 ~nal Pressure (N.xJNo • ~ or 0.5) UseN.xJNo• 0 
N.xJNo = 0 for radial pressure 

L Buckling Stresses With or Without End Pre8sure 

! I 
Nx/No = 0.5 for hyclrostaUc pressure 

FreG or FheG = (acG)(PeG)(Ro)(KoG)/t (eq. 4-16) 

KoG • (1 • 0.3k)(Le)(t)l[(Ar + (Le)(t)] • 

PeG = (E)(t/R)(Lg)A4 ,+ 
(NA2 + k(Lg)"2 • 1 J (NA2 + (Lg)A2)A2 

laJnda G (Lg)= (pi)(R)/lb = 2.559194 

k= 0 

0.531994 (eq. 11-9) Ar = 0.328 sq.In. 
le=[1.56(Rt)A.5]+tw = 2.935797 in. 
k= 0 

(E)(ler)(N"2 • 1) 
(Lr)(Rc)A2(R) 

Lb= 

(eq. 4-17) 

30 in. 

ler =Ir+ (Ar)(Zr)/\2 (Le)(t)/[(Ar) + (Le)(t)] + (Le)(t)A3/12 = 0.233 in.A4 (eq. 4·18) 

Ir= 0.08374 in.A4 Le= 1.1(Dt)A0.5 = 2.741 in. if Mx> 1.56 

Ar= 0.328 sq.in. Le=lr7 
Zr= 0.9385 in. Mx= 

I t= 0.127 in. 

Ar= 25.3767 in. 

N= 4 use N that gives PeG min. 

i 
PeG • 1036.55 ~sl (eq. 4·17) 

b. Imperfection Factors 

aoG• 0.8 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) 

n= 1.0 
n= 0.45/d+0.18= 
n = 1.31/(1 + 1.15d) = 
n = 1/d = ' 0.294 

' 
d. Failure Pressu~es 

I 

SUBJECT 

0.312 
0.267 

UGO Beam Tube·· 49.00' OD x 0.127' Wall 
1.75' x 0.1875' Vacuum Stiffener, 30' Spacing 
100F Operating +Vacuum, No Seismic 
Support Settlement of 0.250' 

2<l 

30.000 in. if MX=< 1.56 
17.03 ==> Le= 2.741 In. 

FhcG = n (FheG) (eq. 4·20) 

H d=<0.55 
H 0.55<d=<1.6 
if 1.6 < d < 625 
H d>=625 
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SECTION 6 PREDICTED SHELL BUCKLING STRESSES FOB COMBINED LOADS 

. I 
Section 6.3 Axial Compression. Bending and Hoop Compression 

i 
(Ra)"2 - c (Ra)(Rh) + (Rh)"2 = 1.0 (eq. 6-3) 

Ra = Rcj I Fxcj Rh = Focj I Frcj 

L Unstlffened and Ring Stiffened Cylinders (all buckling modes) 

c = (Fxcj + Frcj) /Fy - 1.0 (eq. 6-4) 

Local Buckling 

c = [FxcL + Frcl) I Fy - 1 = -0.07693 

Let FlcL = (Focl) (k) (KxUKoL) = 

Ra = Rel I Fxcl = 6.86E-05 (Focl) 

Rh= Foell Frcl = 0.000147 (Focl) 

Kol= 1.0 
Kol= 1-e*y= 
Mx- 17.03 

if 
1.000 if 

= --- ==> 

Solve eq. 6-3 for Focl 

General lnstabl!lty 

c = [FxcG + FrcG] I Fy - 1 = 0.709645 

KxG = 1.0 

1.1146 (Focl) 
I 

I 
I 

Mx >=3.42 
Mx < 3.12 (eq. 11-7) 

Kol= 1.000 

KxL· 1.0 

e = (1 - 0.31<)/[1 + (Le)VAJ 
A= (Ar)(R/Rr)"2 = 0.304196 sq.in. 

Ar = 0.328 sq.in. 
Rr = 25.377 in. 

Le={1.56(Rt)".5]+tw = 2.748297 in. 
k = Nx/No = 1.115 
e = 0.310 

KoG = (1 - 0.3k)(Le)(t)/[(Ar + (Le)(t)] • , 0.3432 (eq. 11·9) k = Nx I No= 1.115 
(If KoG < O then ring Is In tension and the interaction equation Is not Ar = 0.328 sq.In. 
applicable. Then Fie~= FxcG) I le=l1.56fRt)l\5l+tw = 2.748297 in. 

Let RcG = (FocG) (k) (KxG/KoG) = 3.248037 (FocG) 

Ra= FlcG I FxcG: :o.000162 (FocG) 

I 
Rh= FocG I FrcG I 4.41E-05 (FocG) 

Solve eq. 6-3 for FoeG 
I 

lf.:9.~~¥~W~~~ll!t~~~\fJ!iMiltWU (eq. 6-3) 
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I 
ALLOWABLE STRESSES l 
Allowable Stresses For Shelluckllng Mode 

SECTION9 

Section 9.1 

Section 9.1.5 
I 

Axial Compression and Hoop, Compression and Axial Compression, Bending 
and Hoop Compression ! 

Fa = Fb = Flcl/ FS 
(eq. 9-7) 

Fo= FocL/FS 

Factor of Safety (FS) = 2.14 

Nx= 401.45 #/in. 

l:ttltHH=Hlt~:;:~~~::ttf:gitifitl'pjMfN~ttfl~M$5.);)~jffiti'MM'JI No= 360.18 #/in. 

I 
SECTION 11 STRESS CALCULATIONS 

Section 11.3 Hoop Stresses I 
Section 11.3(b)2 Stress In a Ring Stiffener 

I 
Ring Stiffener Stress = (p * Ro It)* (1.00 -

1

0.30 * (Nx I No))* (Le* t) I (Ar+ Le* t) (Eq 11·8) 

Solving Eq 11-8, 

=> Ring Stiffener Stress • 2,146 psi 
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SECTION4 

Lr= 
A= 
t= 
(Rt)".5 = 

AP! BULLETIN 2U. ABSI EDIDON. MAY 1. 1987 
BULLETIN ON STABILITY PES!GN OF CVUNPBICAL SHELLS 

l 
PBEPICJEP SHELL BUCKLING STRESSES FOB AXIAL 

30.00 In. 
24.439 In. 

In. 
in. 

LOAP. BENDING ANP EXTERNAL PBE$SUBE 
b= 0.00 In. 
Fy = 25,000 psi 
E = 28,300,000 psi 

R/t = 192.43 

tw= 
Ar= 
Zr= 
Ir= 

Mx = L.r/(Rt)".5 = 
Mc = bl(Rt)".5 = 

0.127 
1.762 
17.03 
0.00 

(eq. 4.1) 
(eq. 4.1) 

Ar= 
l0=[1.56(Rt)".5)+tw = 

Nx = 551.18 #/in. No= 360.18 #i1n. 
= 4,340 psi (Axial) = 2,836 psi (Hoop) 

Section 4.1 Local Buckling of Unst!ffened or Bing Stiffened Cylinders 

I 
Section 4.1.1 Axial Compression or Bending (No = 0) 
a. Elastic Buckling Stresses : 

FxeL = (axl)(Cx)(E)(VR) (eq. 4-2) 
' 

Cx= 0.630 l j if Mx=< 1.5 
Cx = (0.904/(Mx)"2] + 0.1013(Mx)"2 = 
Cx= 0.605 

2.941 If 1.5 < Mx < 1.73 (eq. 4-3) 
i if Mx> 1.73 I 

i 
I 

Mx= 17.03 = > Cx• 0.605 

Ring Stiffener 
0.1875 In. 
0.3280 sq.in. 
0.9385 In. 

0.08374 in."4 
25.377 In. 
2.936 in. 

I 
axL = 0.207 if R/t >= 610 I 

.... =-.;.;;.;.;~-....;.~~~-----=.;.;;..;..--------------...-.-.-------' (eq. 4-4) axL = 169C/(195 +Alt)< 0.9 = 0.436 if R/t < 610 . 

192 r:r =====>> 

C= 2.64 
c = 3.13/(Mxy<i.42 = 0.952 
C= 1.0 

Mx= 17.03 

axL· 

If 
If 
if 

I 

0.436 

Mx=< 1.5 
1.5<Mx=<15 
Mx> 15 

i. 1.000 

m-: ... ~ .... -:::-¥.·""'U"""·= ="".=R-·J""'·m'.· ...... e ... ,=:r=·n""'·:· .. ""'·: :ji:-'.!lt"":ft,.,.,,%-m""li""":·~··""'J~--:iii"""·:·'.···"""u"""!W""''M ...... M (eq . .c.-2> 

I I 
b. Inelastic Buckling Stresses 
Smaller of: j 
FxcL = Fxel = 

1

38,812 psi 

Fxcl = 233(Fy)/(166 +Alt)=< Fy = 
! 

FxcL = 0.5CFvl = 12,500 PSI 

Alt= 192 =-=====>> 

SUBJECT 

eq. 4-6 

UGO Beam Tube -- 49.00" OD x 0.127' Wall 
1.75' x 0.1875' Vacuum Stiffener, 30' Spacing 
100F Operating+ Vacuum, No Seismic 
Suooort Settlement of 0.579' 

if 

if 
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I 
SecUon 4.1.2 External Pressure (Nx/No • r or 0.5) UseNx/No• 0 

Nx/No = O for racial pressure 
a. ElasUc Buckling Stresses Nx/No = 0.5 for hydrostatic pressure 

Frel or Fhel = (acl)(Pel)(R)(Kol)/t (eq. ~) 

Kol= 1.0 If Mx>=3.42 e = (1 • 0.3k)/[1 + (Le)t/A] 
A = (Ar)(R/Rr)"'2 = 0.304196 sq.In. 

Kol= 1 - e*y = 1.000 H Mx<3.42 (eq. 11-7) Ar= 0.328 sq.In. 
Ar= 25.3n In. 

Mx= 17.03 === :• KoL• 1.000 Le={1.56(Rt)".5]+tw = 2.935797 in. 
k= NxlNo= 0 
ea 0.449 

Y= 1.0 H Mx =< 1.26 
y = 1.58 • 0.46 Mx = ·6.25 H 1.26 < Mx =< 3.42 
Y= 0.0 If Mx >=3.42 
Mx= 17.03 ===> Y• 0.000 

Pel= (1.27 (E) (t/R)"2}/[A"1.18 + 0.5)= 36.5161 if Mx > 1.5 & A < 2.5 
! 

A= Mx • 1.17 + 1.068k = 15.859 
Mx= 17.03 

Pel= [0.92 (E) (t/R)"2YA = 44.3368 if 2.5 < A < 0.208 R/t k= 0 
i 
I 

Pel= 0.836(Cp)"-1.061 (E)(t/R)"3 = 46.9145 if 0.208 < Cp < 2.85 

I Pel= 0.275 (E)(t/R)"3 = 1.0922 H Cp>2.85 

0.208 R/t = 40.02526 

Cp = Al(R/t) = 0.082413 

Pel• 44.3368 I 
i 

b. lmperfecUon Factors 

aoL• 0.8 

c. Inelastic Buckling Stresses 

Frcl= n (Frel) (eq. 4-10) FhcL = n (Fhel) (eq. 4·11) 

n= 1.0 
n= 0.45/d+0.18= 
n = 1.31/(1+1.15d) = 
n = 1/d = · 3.66 

1.83 
1.00 

If d=< 0.55 
H 0.55<d=<1.6 
H 1.6 <d <625 
if d>=6.25 

lr.'.t.al~llfi~W,~tfilWMt!l2$tWf@HffMJM (eq. 4-10) 

I 
d. Failure Pressutes 

! 
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Section 4.2 
I 

General lnstablllty of Ring Stiffened Cylinders 
I 
I 

Section 4.2.1 Axial Compression or Bending (No = O) 

a. Elastic Buckling Stresses 

FxeG = (axG)(0.605)(E)(VA)(1 + A'r)"0.5 (eq. 4·13) 

A'r = Ari1Lr) t] = 0.0861 Ar = ring area = 0.328 sq.In. 
Lr = ring spacing = 30 In. 

b. Imperfection Factors 

axG = 0.72 if A'r >=0.2 

axG = (3.6 • 5.0(axl)] (A'r) + axl = If 0.06 < A'r < 0.2 

axG = axl = 0.436209 if A'r =< 0.06 

axG = 0.558 axl frorri eq. 4-4 with c = 1.0 
I 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4·15) 

n = 1.0 
n= 0.4&d+0.18= 
n= 1.31/(1+1.15d)= 
n = 1/d = 0.48 

SUBJECT 

0.40 
0.39 

UGO Beam Tube - 49.00' OD x 0.127' Wall 
1.75' x 0.1875' Vacuum Stiffener, 30' Spacing 
100F Operating+ Vacuum, No Seismic 
Suooort Settlement of 0.579' 

if d=<0.55 
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Section 4.2.2 
I 

External Pressure (Nx/No • o or 0.5) UaeNx/No• o 
Nx/No = O for radial pressure . I 

a. Buckling Stresses With or Without End Pressure 

: I 
Nx/No = 0.5 for hydrostatic pressure 

FreG or FheG = (acG)(PeG)(Ro)(KoG)/t (eq. 4-16) 

I 
KoG = (1 • 0.3k)(Le)(t)l[(Ar + (Le)(t)] • 

i 

PeG = (E)(VR)(LgY'4 + 
(N"2 + k(Lg)"2 • 1) (N"2 + (Lg)"2)"2 

lamda G (Lg) = (pi)(R)/lb = 2.559194 

k= 0 

0.531994 (eq. 11-9) Ar= 0.328 sq.In. 
le=(1.56(Rt)".5)+tw = ·2.935797 In. 
k= 0 

(E)(ler)(N"2 - 1) 
(l.r)(Rc)"2(R) 

Lb= 

(eq. 4-17) 

30 in. 

ler =Ir + (Ar)(Zr)"2 (Le)(t)/[(Ar) + (Le)(t)] + (Le)(t)"3/12 = 0.233 in."4 (eq. 4-18) 

Ir= 
Ar= 
Zr= 
t= 
Rr= 

0.08374 
0.328 

in."4 
sq.In. 

Le = 1.1 (Dt)"0.5 = 
Le=Lr:h 

2.741 In. 
30.000 in. 

if Mx > 1.56 
if Mx=< 1.56 

0.9385 in. 
0.127 in. 

MX= I 
25.3767 in. 

I 
N= 4 use N that gives PeG min. 2< N 

I 

PeG= 1036.55 psi (eq. 4-17) 

b. Imperfection Factors 

aoG= o.a 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) 

n= 1.0 
n= 0.45/d+0.18= 
n= 1.31/(1+1.15d)= 
n = 1/d = : 0.294 

0.312 
0.267 

i 

; I 

17.03 is=> Le• 2.741 In. 

FhcG = n (FheG) (eq. 4-20) 

If d=<0.55 
If 0.55<d=<1.6 
If 1.6<d<6.25 
If d>=6.25 

d = FreG/Fy = 3.4044 

n• 0.267 
(eq_ 5-3) 

Wi$)tiHf.~f¥.#JN~\JU!i.~lf#.itMMWM (eq. 4-10) 

d. Fallure Pressu~es I 
I I 
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SECTION§ 

Section 6,3 

PREDICTEP SHELL BUCKlliG SIBESSES FOB COMBINED LOAPS 

Axlal Compression, Bending and Hoop Compression 

{Ra)"2- c (Ra)(Rh) + (Rh)"2 = 1.0 (eq. 6-3) 

Ra = Flcj I Excj Rh = Focj I Frcj 

a. Unstlffened and Ring Stiffened Cylinders (all buckling modes) 

c = (Fxcj + Frq) I Fy - 1.0 (eq. 6-4) 

Local Buckllng 

c = [Fxcl + Frcl) I Fy • 1 = -0.07693 

Let Flcl = (FocL) {k) (Kxl/Kol) = 

Ra= Rel/ Exel= 9.42E-05 (Focl) 

Rh = Foell Frcl = 0.000147 (Focl) 

Kol= 1.0 
Kol= 1- e*y = 
Mx= 17.03 

If 
1.000 if 

=--=====> 

Solve eq. 6-3 for Focl 

General !nstabl!Hy 

c = [FxcG + FrcG) I Fy • 1 = 0.709645 

I 
1.5303 (Focl) 

I 
' 

i 
Mx >=3:42 
Mx < 3.42 (eq. 11-7) 

KoUm 1.000 

KxG • 1.0 i 

Kxl• 1.0 

e = (1 - 0.3k)/[1 + {Le)t/A] 
A = (Ar)(R/Rr)"2 = 0.304196 sq.In. 

Ar= 0.328 sq.In. 
Ar= 25.3n In. 

Le={1.56(Rt)'\5)+tw = 2.748297 lo. 
k = Nx/No = 1.530 
8• 0.252 

KoG = (1-0.3k)(Le)(t)/[(Ar + (Le)(t)] • I 0.2789 (eq. 11-9) .-k-=....,..N.,..x_/.,..No--------1-.530------1 

(If KoG < 0 then ring. is In tension and the lnteractior equation Is not Ar= 0.328 sq.In. 
applicable. Then FlcG = FxcG) LAd1.561RtY\51+tw= 2.748297 in. 

Let FlcG = (FocG) (k) (KxG/KoG) = 5.48n:>s (FocG) 
i 
I 

Aa=FlcG/FxcG: i0.000274 (FocG) 

Rh= FocG I FrcG 4.41E-05 (FocG) 
! 

Solve eq. 6-3 for FocG 
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SECTION9 

Section 9.1 tllowable Stresses For Shelluck!lng Mode 

AllOWAB~ sm~ ~ 

Axlal Compression and Hoop: Compression and Axlal Compression, Bending 
and Hoop Compression I 

Section 9.1.S 

Fa= Fb = Flcl/ FS 
(eq. 9-7) 

Fo= FocL/FS 

Factor of Safety (FS) • 1.99 

l=ttt?tttalff.6.'¥t:i:i:ili~l=t@ft?\Wtr=t~1dltt#ii'fuKK:t:t) 

l:tlftltHt:F.tHtttltt;Uf.ttMN:t::=Jirntt::=:~~~lttliiitW:tlM 

SECTION 11 

Section 11.3 

I 
I 

I 

i 
STRESS CALCULATIONS 

I 
Hoop Stresses I 

NX= 

No= 

Section 11.3(b)2 Stress In a Ring Stiffener 

Ring Stiffo""' ""9s> = (p • Ro IQ • (1.00 jo.30 • (Nx I No)) • (Lo• I) I (h + Lo• Q 

Solving Eq 11-8, 

==> Ring Stiffener Stress • 1,744 psi 

551.18 #/in. 

360.18 #/in. 

(Eq 11-8) 
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Ael BULLEIIH 21.!, EIBSI EDIDQH, MAX: l, ljiZ 
B!.!LLEIIH ON SIABILII'f DESIGH QE CYLINDBICAL SHELLS 

SECDQH4 PREQICTEt;i Sl:IELL &!.!CKLING STRESSES FOB AXIAL 
LQAD. BEHDIHG AND EXTEBHAL eeESS!.!BE Blog SUHenm: 

Lr= 30.00 In. b= 0.00 In. tw= 0.1875 In. 
R= 24.439 In. Fy= 25,000 psi Ar= 0.3280 sq.In. 
t= 0.127 In. E= 28,300,000 psi Zr= 0.9385 In. 
(Rt)i'.5= 1.762 In. ! Alt= 192.43 Ir= 0.08374 ln."4 
Mx = Lr/(Rt)".5 = 17.03 (eq. 4.1) Rr= 25.377 In. 
Mc= b/(Rt)".5 = 0.00 (eq. 4.1) 

' 
le=[1.56(Rt)".5]+tw = 2.936 in. 

Nx= 617.35 #/in. No= 360.18 #/in. 
= 4,861 psi (Axial) = 2,836 psi (Hoop) 

S~tlQD ~.l L2cal Bu!<fdlog Q( !.!011l((~oed QC Blog Stltteo~d CY:llad~c1 
! 

Section 4.1.1 Axial Compression or Bending (No= 0) 
a. Elastic Buckling Stresses 

FxeL = (axL)(Cx)(E)(VR) (eq. 4-2) 

Cx= 0.630 if Mx=< 1.5 
Cx= [0.904/(Mx)"2] + 0.1013(Mx)"2 = 2.941 if 1.5 < Mx < 1.73 (eq. 4-3) 
Cx= 0.605 If Mx > 1.73 

Mx= 17.03 ------> Cx• 0.605 

axL= 0.207 If Rlt>=610 
(eq. 4-4) 

axL= 169c/(195 + R/I) < 0.9 = 0.436 If Alt< 610 

R!t= 192 ======> axl• 0.436 

C= 2.64 ! if i Mx=< 1.5 
i 

I 
C= 3.13/(Mx)"0.42 = 0.952 If 1.5<Mx=< 15 (eq. 4-5) 
C= 1.0 I If Mx> 15 

' 

I 
Mx= 17.03 1.000 == C• 

I 
l 

t#.i~t¥H~tl@xl®tfiaf¥.GWfMJ~~ll\ii)!UMfMfl (eq. 4-2) 

b. Inelastic Buckling Stresses 
Smaller of: 
FxcL= FxeL= 38,812 psi eq. 4-6 

FxcL = 233(Fy)/( 166 + R/t) =< Fy = 16,251 psi If R!t<300 
(eq. 4-7) 

FxcL = 0.5(FV) = 12,500 PSI If Rlt>=300 

Alt= 192 = :> IWtl~¥.Mi!Hl§~$.llllS.PttWWJ 
! 
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Section 4.1.2 External Pressure (Nx/No • 0 or 0.5) UseNx/No• O 

a. Elastic Buckling Stresses 

Frel or Fhel = (acl)(Pel)(A)(Kol)lt 

Kol= 1.0 If 

Kol= 1 - e•y = 1.000 if 

Mx= 17.03 > 

(eq. 4-8) 

Mx>=3.42 

Mx<3.42 (eq. 11-7) 

Kol• 1.000 

y= 1.0 

Nx/No = 0 for radial pressure 
Nx/No = 0.5 for hydrostatic pressure 

e = (1 • 0.3k)l[1 + (le)t/A] 
A = (Ar)(FVRr)"2 = 0.304196 sq.In. 

Ar = 0.328 sq.In. 
Ar= 25.3n In. 

l.e=[1.56(At)'\5]+tw = 2.935797 In. 
k=NxlNo= 0 
8• 0.449 

if Mx=< 1.26 
y = 1.58 - 0.46 Mx = -625 if 1.26 < Mx =< 3.42 
Y= 0.0 if Mx >=3.42 

i Mx = 17.03 => Y= 0.000 

Pel= [127 (E) (VR)"2]/[AA1.18 + 0.5)= 36.5161 if Mx > 1.5 & A< 2.5 A=MX· 1.17+ 1.068k= 15.859 

Pel= [0.92 (E) (VRY'2VA = 44.3368 if 2.5 < A < 0.208 Alt 
Mx= 
k= 

17.03 
0 

Pel= 0.836(Cp)"-1.061 (E)(VR)"3 = 46.9145 if 0208 < Cp < 2.85 0.208 R/t = 40.02526 

Pel= 0.275 (E)(VR)"3 = 1.0922 

Pel= 44.3368 

b. Imperfection Factors 

aol= o.a 

c. Inelastic Buckling Stresses 

Frcl= n (Frel) ~eq. 4·10) 

n= 1.0 
n= 0.45/d + 0.18 = 1.83 
n= 1.31/(1 + 1.15d) = 1.00 
n= 1/d= 3.66 

d. Failure Pressures 
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if Cp >2.85 Cp = N(Altl = 0.082413 

Fhcl= n (Fhel) (eq. 4-11) 
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Section 4.2 General lnstablllty of Ring Stiffened Cylinders 

Section 4.2,, 1 Axial Compression or Bending (No • 0) 

L Elastic Buckling Stresses 

FxeG = (axG)(0.605)(E)(t/R)(1 + A'r)ll().5 (eq. 4-13) 

A'r = Arl[Lr) t) = 0.0861 Ai= ring area = 0.328 sq.In. 
Lr = ~ng spacing = 30 In. 

I 
I 

b. Imperfection Factors 

axG = 0.72 if A'r >= 02 

axG = [3.6 - 5.0(axl)] (A'r) + axl = 0.558. if 0.06 < A'r < 02 

axG = axl = 0.436209 if A'r =< 0.06 

axG = 0.558 axL from eq. 4-4 with c = 1.0 

c. Inelastic Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n= 1.0 
n= 0.45fd+0.18= 
n= 1.31/(1+1.15d)= 
n = 1/d = ' 0.48 
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Section 4.2.2 External Pressure (Nx/No • J° or 0.5) UaeNx/No• 0 

Nx/No = o for radial pressure 
L Buckling Stresses With or Without End Pr.Ssure Nx/No = 0.5 for hydrostatic pressure 

FreG or FheG = (acG)(PeG)(Ro)(KoG)/t (eq. 4-16) 

KoG = (1 • 0.3k)(Le)(t)l((Ar + (Le)(t)] • 

PeG = (E)(t/R)(Lg)"4 
[N"2 + k(Lg)A2 • 1) [N"2 + (Lg)"2)"2 

lamda G (Lg) = (pi)(R)/lb = 

k= 0 

+ 

2.559194 

I 

0.531994 (eq. 11·9) Ar= 0.328 sq.In. 
Le=[1.56(Rt)".5]+tw = 2.935797 in. 
k= 0 

(E)(ler)(N"2 • 1) 
(lr)(Rc)"2(R) 

Lb= 

(eq. 4·17) 

30 In. 

I 
ler = Ir + (Ar)(Zr)"2 (Le )(t)/[(Ar) + (Le )(t)) + (Le )(1)"3112 = 

l 
0.233 ln.114 (eq. 4-18) 

Ir= 
Ar= 

0.08374 ln.114 le= 1.l(Dt)"0.5= 
Le= Lr :k 

2.741 in. 
30.000 in. 

if Mx > 1.56 
if Mx=< 1.56 

Zr= 
t= 

0.328 sq.in. 
0.9385 in. 
0.127 in. 

Mx= I 
Ar= 25.3767 in. 

I 
N= 4 use N that gives PeG min. 2< N 

PeG • 1036.55 psi (eq. 4-17) 

b. Imperfection Factors 

aoG • 0.8 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) 

n= 1.0 
n = 0.45/d + 0.18 = 
n= 1.31/(1+1.15d)= 
n = 1/d = i 0.294 

d. Failure Pressures 
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17.03 > Le= 2.741 In. 

FhcG = n (FheG) (eq. 4-20) 
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SECTION& PREDICTED SHELL BUCKLING STRESSES FOR COMBINED LOAPS 

Section 6.3 Axial Compression. Bending and Hoop Compression 

(Ra)"2 - c (Ra)(Rh) + (Rh)"2 = 1.0 (eq. 6-3) 

Ra = F!cj I Fxcj Rh = Focj I Frcj 

L Unstlttened and Ring Stiffened Cylinders (all buckling modes) 

c = (Fxcj + Frcj) I Fy - 1.0 (eq. 6-4) 

Local Buckling 

c = (Fxcl + Frcl) I Fy - 1 = -0.07693 

Let Flcl = (Focl) (k) (Kxl/Kol) = 
I 

1.71~0 (Focl) 

Ra= Flcl/ Fxcl = 0.000105 (Focl) 

Rh= Foell Frcl = 0.000147 (Focl) 

i 
i 
! 

Kol= 1.0 If 
If 

Mx>=3.42 
Kol= 1 - e*y = 1.000 Mx < 3.42 (eq. 11-7) 
Mx = 17.03 =====> Kol• 1.000 

Solve eq. 6-3 for Focl 

General lnstabl!!\y 
I 
l 

c = [FxcG + FrcG) I Fy • 1 = 0.709645 
i 
i 

KxG• 1.0 

KoG = (1 • 0.3k)(Le)(t)/[(Ar + (Le)(t)) • 0.2504 (eq. 11-9) 
(If KoG < o then ring Is In tension and the Interaction equation Is not 

' I 
applicable. Then AcG = FxcG) I 

! I 
Let AcG = (FocG) (k) (KxG/KoG) = 6.84311 (FocG) 

Ra= FlcG I FxcG : 0.000341 (FocG) 

Rh = FocG I FrcG 4.41 E-05 (FocG) 

Solve eq. 6-3 for FocG 
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SECTION 9 ALLOWABLE STRESSES 

Section 9.1 Allowable Stresses For Shell Buckling Mode 

Section 9.1.5 Axial Compression and Hoop Compression and Axial Compression, Bending 
and Hoop Compression 

Fa= Fb = Flcl/ FS 
(eq. 9-7) 

Fo = Focl/,FS 

Factor of Safety (FS) • 1.91 

liMWW?f'F~t¥$1.¥=?=%\ti~:(i:~tM@MfWMftN~~Wi@!JJl.(flHtttM 

ltttrt1=::t=t:tin~1r:1=nz~l(1tm:::ettl1¥:::tw=r$.1~1~nrntimrwwn 

SECTION 11 

Section 11.3 

Section 11.3(b)2 

I 
I 
! 

I 
; 

STRESS CALCULATIONS 

Hoop Stresses 

Stress In a Ring Stiffener 

Nx= 617.35 #fin. 

No= 360.18 #/in. 

Ring Stiffener Stress= (p *Ro It)* (1.00 - 0.30 * (Nx I No))* (Le* t) I (Ar+ Le• t) (Eq 11·8) 

Solving Eq 11-8, 

==> Ring Stiffener Stress= 1,566 psi 
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Ael EU.!LLETIH 21.!, BRSI EDITIQH, MAY l, Jill 
B!.!LLETIH OH SIABIUI'f DESIGN QE cn!HDBICAL SHEi.LS 

SECTIQH~ fBEDICIED SHELL B!.!CKLIH!l SIBESSES FOB AXIAL 
LQAD, BEHDIH~ AND EXTEBHAL eBESS!.!BE Blag Stiffener 

Lr= 30.00 In. bs 0.00 In. lW= 0.1875 In. 
R= 24.439 In. Fy= 25,000 psi Ar• 0.3280 sq.In. 
t= 0.127 In. Es 28,300,000 psi lr• 0.9385 In. 
(Rt)i".5 = 1.762 In. Alt= 192.43 ""'' 0.08374 ln.114 
Mx = lr/(Rty..5 = 17.03 (eq. 4.1) Ar= 25.377 In. 
Mc = bl(Rt)i".5 = 0.00 (eq. 4.1) l..e=[1.56(Rty..5)+tw = 2.936 In. 

Nx= 748.41 llln. No= 360.18 lt1n.. 
= 5,893 psi (Axial) = 2,836 psi (Hoop) 

Section 4.1 Local Buckling of !.!nstlffened or Bing Stiffened Cyllnders 

s~1120 ~.1.1 Axial Compression or Bending (No • O) 
a. Elastic Buckling Stresses 

Fxel = (axl)(Cx)(E)(VR) (eq. 4-2) 

Cx= 0.630 If Mx=< 1.5 
Cx= [0.904/(Mx)"2) + 0.1013(Mx)"2 = 2.941 If 1.5 < Mx < 1.73 (eq. 4-3) 

Cx= 0.605 If Mx > 1.73 

Mx= 17.03 Cx• 0.605 

I (oq.4-4) 
I oxe. 0.207 If Alt>= 610 

169c/{195 +Rill< 0.9 = 0.436 If Rlt<610 axl= 

Alt= 192 axl.• 0.438 

C= 2.64 If Mx=< 1.5 

C= 3.13/(Mx)ll().42 = 0.952 If 1.5<Mx=<15 (eq. 4-5) 

C= 1.0 If Mx>15 

Mx= 17.03 C• 1.000 

lii!~tt*t~nmw111n1nwrnmB;Unra:11u (eq. +2> 

b. Inelastic Buckling Stresses 
Smaller of: 
Fxcl=Fxel= 38,812 psi eq. 4-6 

FxcL = 233(FyY(166 + Alt) =< Fy = 16,251 psi If Rlt<300 
(eq. 4-7) 

FxcL = O.SlFvl = 12500 OSI If Rlt>=300 

Alt= 192 Htft~i*1lMlim1~lfalu~;~;MA$] 
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Sect11:10 ~.l .2 External Pressure (Nx/No • 0 or 0.5) UaeNx/No• 0 
Nx/No = 0 for radial pressure 

L Elastic Bucldlng Stresses Nx/No = 0.5 for hydrostatic pressure 

Frel or Fhel = (acl)(Pel)(R)(KoLYl (eq. 4-8) 

Kol= 1.0 If Mx>=3.42 e = (1 • 0.3k)l'[1 + (Le)VAJ 
A= (Ar)(RIRr)-"2 = 0.304196 sq.In. 

Kol= 1-e~= 1.000 If Mx<3.42 (eq. 11-7) Ar= 0.328 sq.In. 
Rr= 25.3n In. 

Mx= 17.03 Kol• 1.000 le=(1.56(Rt)".5)+tw = 2.935797 In. 
k= NxlNo= 0 

•• 0.449 

Y= 1.0 H Mx=< 1.26 
y = 1.58 • 0.46 Mx = -625 if 1.26 < Mx =< 3.42 

Y= 0.0 if Mx>=3.42 
Mx= 17.03 -===> Y• 0.000 

Pel= [127 (E) (t/R)""2Y[A"1.18 + 0.5)= 36.5161 if Mx>1.5&A<2.5 A=Mx· 1.17+1.068k= 15.859 
Mx= 17.03 

Pel= [0.92 (E) (t1R)""2YA = 44.3368 If 2.5 <A< 0.208 R/t k= 0 

Pel= 0.836(Cp)"-1.061 (E)(t/R)"3 = 46.9145 H 0.208 < Cp < 2.85 0.208 Rll= 40.02526 

Pel= 0275 (E)(t/R)"3 = 1.0922 H CP>2.85 CP=Af(Rlt}= 0.082413 

Pel• 44.3368 

b. Imperfection Factors 

llOL• o.a 

tMi\tlrt:fiitwitiMliti®ttiMl~;w.w•it¥Wtiill:{il'.¥$.UI (eq. 4-8) 

c. Inelastic Bucldlng Str ..... 

Frcl= n (Frel) (eq. 4-10) Fhcl= n (Fhel) (eq. 4-11) 

n= 1.0 if d=<0.55 d=Frel.JFy= 02730 
n= 0.45/d + 0.18 = 1.83 H 0.55 < d=< 1.6 (eq. 5-3) 
n= 1.31/(1+1.15d)= 1.00 If 1.6<d<625 n• 1.000 
n= 1/d= 3.66 If d>=625 

lfi'lafMNfdtel*faWIJUM?:~IJBrnj (eq. 4-10) 

cl. Fallure Pressures 

f®.t.t&~Ml•liitli.®i~t~~~qt§la.tn>ltm*@WI (eq. 4-12> 
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Secdon4.2 Genaral Instability of Bing SUffened CylJndn 

Secdon 4,.2.1 Axial Compression or Bending (No • O) 

L ElasUc Budding Stresse9 

FxeG = (axG)(0.605)(E)(t/R)(1 +A'r)"0.5 (eq. 4-13) 

A'r = ArJ(Lr) tJ = 0.0861 Ar = ring area = 0.328 sq.In. 
Lr = ring spacing = 30 In. 

b. Imperfection Factors 

axG= 0.72 If A'r>=02 

axG = (3.6 • 5.0(axl)] (A'r) + axl = 0.558 If 0.06 < A'r < 02 

axG = axL = 0.436209 If A'r=<0.06 

axG. 0.558 axL from eq. 4-4 with c = 1.0 

c. lnelasUc Buckling Stresses 

FxcG = n (FxeG) (eq. 4-15) 

n= 1.0 
n = 0.45/d + 0.18= 
n = 1.31/(1 + 1.15d) = 
n= 1/d= 0.48 
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Secdon 4.2 . .2 External Pressure (Nxmo • 0 or 0.5) UseNx/No• O 
Nx/No = o for racial pressure 

L Buckllng Stresses With or Without End Pressure Nx/No = 0.5 for hydrostatic pressure 

FreG or FheG = (acG)(PeG)(Ro)(KoG)n (eq. 4-16) 

KoG • (1 • 0.3k)(Le)(t)l[(Ar + (Le)(t)] • 

PeG = (EXtlR)(Lg)'l4 + 
[N"2 + k(Lg)"2 • 1 J[N"2 + (Lg)"2)"2 

lamda G (Lg) = (pl)(R)/l..b = 2.559194 

k= 0 

0.531994 (eq. 11-9) Ar= 0.328 sq.In. 
le={1.56(Rt)".5]+tw = 2.935797 In. 
k= 0 

(E}(ler)(N"2 • 1) 
(Lr)(Rc)"2(R) (eq. 4-17) 

Lb= 30 In. 

ler = Ir + (Ar)(Zr)"2 (Le){t)l[(Ar) + (Le){t)) + (Le)(t)"3112 = 0.233 In. 114 (eq. 4-18) 

Ir= 
Ar= 
ZI= 
t= 
Ar= 

0.08374 ln.114 Le = 1.1 (Dt)"0.5 = 2.741 In. If Mx> 1.56 
0.328 sq.In. l.e=lr= 

0.9385 In. Mx= 
0.127 In. 

25.3767 In. 

N = 4 use N that gives PeG min. 2< N 

PeG • 1036.56 psi (eq. 4-17) 

b. Imperfection Factors 

aoG• 0.8 

c. Inelastic Buckling Stresses 

FrcG = n (FreG) (eq. 4-19) 

n= 1.0 
n = 0.45/d+0.18= 
n= 1.31/(1+1.15d)= 
n = 1/d = 0.294 

ct. Failure Pressures 
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SECTION I PREDICTED SHELL BUCKLING STBE$SES FOB COMBINED LQADS 

SecUon 6.3 AxJa! Compression. Bending and Hoop Compression 

(Ra)A2 - c (Ra)(Rh) + (Rh)A2 = 1.0 (eq. 6-3) 

Ra = Flcj I Fxq Rh = Foci I Frcj 

.. UnsUffened and Ring Stiffened Cyllndara (all buckling modes) 

c = (Fxcj + Frcj) I Fy- 1.0 (eq. 6-4) 

Local Buckllng 

c = [Fxcl + Frcl..) I Fy-1 = -0.07693 

Let FlcL = (RlCL) (k) (Kxl/Kol) = 2.0779 (Focl) 

Ra = Flcl I Fxcl = 0.000128 (Focl) 

Kxl• 1.0 
Rh = FocL I Frei..= 0.000147 (Focl) 

Kol= 1.0 If Mx>=3.42 e = (1 - 0.3k)/[1 + (Le)t/A) 
Kol= 1 - e*y= 1.000 If Mx<3.42 (eq. 11-7) A = (Ar)(RIRr)"2 = 0.304196 sq.in. 
Mx= 17.03 Kol• 1.000 Ar= 0.328 sq.In. 

Ar= 25.3n In. 
Solve eq. 6-3 for FocL l..e={1.56(Rt)".5)+tw = 2.748297 In. 

k=Nx/NO: 2.078 

lf'at~Uiit%lAiti.MiifBfM~I (eq. 6-3) 8• 0.175 

lfiatil!~it¥M!~i~M:ttt.UW.l~%tW#iir:ti&1Miilftf'ftH 

General lnstablll1y 

c = (FxcG + FrcG)/ Fy-1 = 0.709645 

KxG• 1.0 

KoG • (1 - o.3k)(le)(~(Ar + (Le)(t)] • 0.1942 (eq. 11-9) k=Nx/No= 2.078 
(If KoG < 0 then ring Is In tension and lhe Interaction equation Is not Ar= 0.328 sq.In. 
appficable. Then FlcG = FxcG) I ~1.561RtY\51+tw = 2.748297 In. 

Let FlcG = (FocG) (k) (KxG/KoG) = 10.70148 (FocG) 

Ra= FlcG I FxcG : 0.000534 (FocG) 

Rh= FocG I FroG 4.41E-05 (FocG) 

Solve eq. 6-3 for FocG 

[f~i~~'HiMtaaW~iil~m~HI (eq. 6-3) 

(i~~lf&$lUil!~lll'tMW.t!ey~ti"f~@:'ii11~t&~~I 
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SECTION I ALLOWABLESJBEssES 

Section 1.1 Allowable Stresses For Shell Byckllng Modt 

Section 9..1.5 Axial Compression and Hoop Compreulon and Axial Compression, Bending 
and Hoop Compression 

Fa = Fb = FlcL I FS 
(eq. 9-7) 

Fo:Focl/FS 

Factor of Safety (FS) • 1.77 

trnttt@F:i:lU!§:;nm5}!~FM@i'MMlMMM7.52SD.m:;jjffil%)H#I 

l'tlfafaM@U:.:ts=:ltMi.Mt:tm::t::::fjilWhiH::tn:~l~Hf#ii'&WU:iMI 

SECJJON 11 SJBESS CALCULATIONS 

Section 11.3 Hoop Stresses 

SecUon 11.3(b)2 Stress In a Ring Stiffener 

Nx= 

No= 

Ring Stiffaner Stress = (p • Ro It) • (1.00 - 0.30 • (Nx I No)) • (Le• t) I (Ar + Le• t) 

Solving Eq 11-8, 

so Ring Stiffener Streu• 1,214 psi 

SUBJECT OFACE: NOE REVISION 

748.41 I/in. 

360.18 I/in. 

(Eq 11-8) 

REFERENCE NO. 
930212 

UGO Beam Tube - 49.00" OD x 0.127" Wal 
1.75" x 0.1875" Vacuum Stiffener, 30" Spacing 
100F Operating+ Vacuum, No Seismic 

MADE BY 
WJC 

CHKD 
/)J,,; 

MADE BY CHKD BY 

Suooort Misalianment of 1.000" durlna Adlustment 
DATE 

311&94 
~~tj DATE 

SHT 6 OF 6 
DATE l.sg' 



\ 
i 

Tl!§ FL,liQC./Wcy OF ~I /v-ft.,w& MOJ?~ t::JF v161!.A-TJO-<./ 

oF It Cl~C..UV,-1( /<.!IVG· 

(' .:: f.IJJIT IA..IE7'1117 r?F h)/fT1it!Jft'-: 500/Jer-=- O. 'Z. f°t4 #Aui 

if::. /tCC.~7101.../ ~E 10 ~ITY: 38b 
1%ec.1. 

SUBJECT a N OFFICE 
t~ (.. REVISION 

~ f 1! o.,A\..1,..1') ( t(~ J ~£. y' MADE BY CHKD BY MADE BY CHKD BY 

tnJt.S ~H. 
I. '"l ~ 6'~11 lU4~ zJ:;h4 4DATE DATE DATE 

-',-'I'{ 
Printed In USA 

REFERENCE NO. 

~"l oi.1 v 

SHT-
1 

OF_!l 

1 ·/ 
. G064REVSEP84 . 



.~--. 

r= 

n 2-(1-nz.) 1. 

I 

I+- n" 

f -:.. 81 °' Zb. 2/ ~z. 

" t-=- 0./Z-7 h :: '2.. 

2..3, ~5 2. -t. 4 '1 

5. I c Yct.e~ l~cc. 

p~10D (r) ::. o.lc;b sec.. 

SUBJECT 

A 
~OFFICE REFERENCE NO. 

' oe;C.... REVISION ~\01.I", 

11>U 0.J Al.,,\ l>J '1 fa.ii 't 11 i°N "'( 
MADE BY CHKD BY MADE BY CHKD BY 

SHT-=.oFJl mt<.5 WJL 

vl-~O t'11+1 'l. 61! 
1.-z;1~ 

DATE DATE DATE 
~·~·'N 1'. '°L' 

Printed In USA GO 64 REV SEP 64 



TUBE OVALING FREQUENCY 

The frequency of any in-plane mode of vibration of a circular ring can be found using the following formula. 

fi = 1/[2(pij] x {[Eg/d][l/Ar"4][n"2(1-n"2}"2V[1 +n"2]} 

Ref: ·vibration Problems in Engineering•, Timoshenko, 2nd Edition 

E = modulus of elasticity = 28300 ksi 

d = unit weight of material = 0.2894 lbs/cu.in. 

g = acceleration due to gravity = 386 in/secA2 

I = ring moment of inertia = 0.0002 in"4 

A = area of ring = 0.127 sq.in. 

r = ring radius = 24.439 in. 

n = number of waves around circumference fi = frequency (Hz) 

(----,\ 
fi T I ) n 

' (Hz) (sec.) 

2 5.0932 0.1963 
3 14.406 0.0694 
4 27.622 0.0362 
5 44.67 0.0224 
6 65.53 0.0153 
7 90.194 0.0111 
8 118.66 0.0084 
9 150.92 0.0066 
10 186.98 0.0053 
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•Fonnulas for Stress & Strain•, Roark, 4th ed. 
Table VIII Case 15. Page 175 

Theta= 0.001 deg. COS= 1 sin= 2E-05 
2E-05 rad. 

R= 24.439 in. 

W= 11.287 lbs W= 13231 #/in 

M1= -0.0012 in-lbs T1 = -SE-05 lbs 

X= O deg. COS= 1 sin = 0 
O rad. 

(x=O to X=theta) M= -0.0012 in-lbs 
T= -5E-05 lbs 
V= 5.6435 lbs 

•Fonnulas for Stress & Strain•, Roark, 4th ed. 
Table VIII Case 18. Page 176 

R= 24.439 in. 

W= 11.287 lbs W= 0.0735 #/in 

M (max)= M1 = 65.851 in-lbs 

X= O deg. COS= 1 sin = 0 
O rad. 

M= 65.851 in-lbs 
T= -0.8982 lbs 
V= -5.6435 lbs 

Case 15 + Case 18 
theta= 0.001 deg. = 0 rad. 

X= O deg. = O rad. 

M= 65.85 in-lbs 
T= -0.8982 lbs 
V= O lbs 

t= 0.127 in. A= 0.127 sq.in. Z= 0.0027 cu.in. 

S = M/Z+ TIA= 24496 + -7.0728 = 24489 psi 
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17 • .RiD& under localised 
..P• J/1 and uniform 
t&ac<ntial sh..., ol 
~ ~rR'} lb. per 

~ 

(JJ: • 0 to Z • I) JI = Jlo(0.JIS3(MI - It + if - j:J - U 
Jlo • 

T • -R!0.318 (zt - uzJJ 

J/1[ ( .1 1)] v- R 0.3183 ,.+.,+2 

-----------·- ·----- ------ ----

(I • I to z • 2r) JI • Mo(0.3183("' - r ~ tf - lzl +II 
J/1 -T • - 8 (0.3183(r - u)] 

, - -~[ 0.3183( ..... "' +DJ 

TABLE VIII.-FoRMULAS FOR CIRCULAR RINGS AND ARCHES.-(Continued) 

1-llnc. ""ppcrl and I Fcrmulas for beadinc momenL JI, circumferential tension T, radial shtt.z Val angular distanc<!: from bouam d ring and for D •• change In borisonlal diameter, 
- number and D,, change in VerUcal diameler 

18. Rlnc supoorted al base JI • 111R"( I + I u - r1 + .,.) Max + M ~ M 1 = !wR' Mu - M = -o.642 .. R" al : = 1.3 rad {i U") 
and loided by own T = viR(n - iv - n) 
ftight of to fb. per f = IDR(ZU + t 1 - rll) 

liDesr in. D. - ~~(O.m2) 

Q 
.. R< 

D, • - Bl (G.4674) 

wRI 
"1l • --giC0.18785) 

Zll'Rw 

19. Rine ~=etrically 
a..pported and loaded 
hr owo weight ol w lb. 
)Ill" lineaz in. 

M1 = 1tR'{j + e ~ ~' - r1+1'J T1 = u:R(•' - ii 
(z = 0 Lo z = 8) .}{ = Jl1 - Ti.R(I - u) + u:R'(zz + u - I) 

r- Tu•+111Rzz 
Y= -T11+wRn 

D. • - '+ fa - 7r(I + ,t) 21tR<[ I ] 
El 4 

-~r 1 J Dr - Bl -2.4614 + ;rC" + 8 - 21) + 2(81 + c) 

"R'[ I J "1l - BI 0.38315 - 0.5708(< + 81) ;. ~ 

(z = 8 Lo z = r) M = Mi - T1R(l - 1') - 1</r-,zz ..- u - I - rl + r1) 
T • Tu•+ wR(n - n) v = -Tll + IDRCA - rll) 

a 1-ia. -.nen~ ol_ pipe 
Sled -WTth liquid of 
..,.cific weigbl i lb. 
Jiii" eu. in. and sup
paried al hue 

Mu -M = -0.321kR' at z = 1.3 rad (74.6") 

~.s 



-~~" A B C D E F 
I •,-------t~"l"l"lll"R[:llRmln~'flllll"ll!'l'OT"l.-'~~~~~J.-~~-'-~~~~~~~~~-'-~~~~-'-~~--j 

1 

2 

3 

4 

5 

6 

7 

8 

10 3.00E-10 

11 3.25 

12 DIMENSIONS 
13 Flawtype Surface 

14 Initial flaw depth (a) 0.06in Dist. to free edge fY'I) 100.00 in 

15 Initial flaw length (2c) 0.13 in 

0.131in 

17 

18 emperature O.OODeg. F 
19 

,.- .. 20 TRESSES 
( ):-21--t-Pr-im_._m_e_m_b_.-s-tr_e_ss-(P_m_)_----i----0-.00--+-k-s-i ---ec-. _m_e_m_b_. s-t-re_s_s-(S_m_)----t----2-5-.0-0r--k-si-,.*----j 

22 Prim. bend stress (Pb) 12.25 ksi ec. bend stress (Sb) 0.00 ksi"'* 

25 

26 25.00!ksi"' Fracture toughness (Kc) 120.001ksiVin 

70.00fksi"' 

25.00!ksi"' 

70.00:ksi* 

30 "'Specified minimum values 1"""These values may be reduced by 

31 i mechanical stress relief 

32 

33 

34 

35 

36 

37 

38 

39 

\40 

41 



r •,, A B c D E F 

42 

~ 43 

44 

45 

46 

47 Cycles Length (2c) Crack Depth, inches Type 

48 O.OOOE+OO 0.125 in 0.064 Surface 

49 6.633E+05 0.149 in 0.064 Surf ace 

50 1.289E+06 0.175 in 0.065 Surface 

51 1.798E+06 0.198 in 0.065 Surface 

52 2.279E+06 0.221 in 0.066 Surface 

53 2.708E+06 0.242 in 0.067 Surf ace 

54 3.119E+06 0.263 in 0.068 Surf ace 

55 3.487E+06 0.283 in 0.069 Surf ace 

56 ~.843E+06 0.302 in 0.070 Surface 

57 4.187E+06 0.322 in 0.071 Surface 

58 4.495E+06 0.340 in 0.072 Surf ace 

59 4.793E+06 0.359 in 0.073 Surface 

60 5.082E+06 0.377 in 0.075 Surface 

. ".61 5.340E+06 0.394 in 0.075 Surface 

)62 5.590E+06 0.410 in 0.076 Surface ( 
63 5.920E+06 0.433 in 0.078 Surface 

64 6.176E+06 0.451 in 0.079 Surface 

65 6.404E+06 0.468 in 0.080 Surf ace 

66 6.626E+06 0.485 in 0.081 !Surface i 
67 6.823E+06 1 0.500\in 0.081 Surface 

68 7.016E+06 o.5151in 
I 

o.0021surface I 

7.185E+06i 
I 

69 0.529 in 0.0831Surface 

70 7.352E+06 0.542 in 0.084 Surface 

71 7.497E+06 0.554lin 0.084 Surface 

72 7.639E+061 0.566!in 0.085 Surface 

73 7.779E+06 0.579 in 0.085 Surface 

74 7.917E+06 0.591 in 0.086 Surface I 
75 8.053E+06 0.603,in 0 .086JSurface I 
76 8.186E+06 0.615 in 0 .087!Surface i 
77 8.301E+06 0.626 in o .000isurface 



J----- A B c D E F 
)8 8414161.20 0.64 in 0.09 Surface 
79 8525895.36 0.65 in 0.09 Surface 
80 8636112.87 0.66 in 0.09 Surf ace 
81 8744851.02 0.67 in 0.09 Surface 
82 8852145.66 0.68 in 0.09 Surface 
83 8958031.29 0.69 in 0.09 Surface 
84 9062541.04 0.70 in 0.09 Surface 
85 9151049.94 0.71 in 0.09 Surface 
86 9238590.77 0.72 in 0.09 Surf ace 
87 9325182.22 0.73 in 0.09 Surface 
88 9410842.35 0.74 in 0.09 Surface 
89 9495588.61 0.75 in 0.09 Surf ace 
90 9579437.87 0.75 in 0.09 Surf ace 
91 9662406.41 0.76 in 0.09 Surface 
92 9744509.98 0.77 in 0.09 Surface 
93 9825763.79 0.78 in 0.09 Surface 
94 9906182.53 0.79 in 0.09 Surface 
95 9985780.40 0.80 in I 0.09 Surface 
96 10064571.131 0.81 in 0.10 Surface 

c ~,,7 10129623.08! 0.82 in i 0.10 Surf ace ! 
I 

10194131.11! in i 
0.10 Surface JS 0.82 i 

-- -- / 

99 10258102.62 0.83 in t 0.10 Surface 
100 10321544.46 0.84 in 0.10 Surface 
101 10384463.52. 0.85 in 0.10 Surf ace 
102 10407478.28! 0.85 in 0.10 Surface 
103 I 

104 

105 I 
i 

106 ! 

107 Estimated life = 1 Oti07,478.28 cycles 
108 

109 Limiting crack length = 0.85 in 
110 

111 Limiting crack depth = 0.097 in 

112 

113 

114 

115 
I 

I i 
116 I 

i 

. ·117 ! I 
;18 
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A B c D E F 

120 

121 
0.50 

122 

123 0.45 
124 

125 0.40 
126 

127 0.35 
c 

128 
llf 

0.30 129 st 
130 :w= 

(.) 0.25 9 Length 131 < a: 
132 u 0 Depth 
133 0.20 

134 

135 
0.15 

136 
0.10 

137 

(-~,~38 0.05 
\.._ . )39 . 

0.00 5000000.00 10000000.00 
140 

141 I CYCLES I 
142 

143 
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A B c D E F 
\ 1 CYCLE LIFE FOR BEAM BENDING MODE DURING SHIPPING OF TUBES 

2 0.125• LONG X 0.064" DEPTH CRACK 
,__ _ __,CYCLE LIFE 

3 

4 

5 

6 

7 

8 

10 3.00E-10 

11 3.25 

12 DIMENSIONS 
13 Flawtype Surface 

14 Initial flaw depth (a)· 0.06in Dist. to free edge 0N) 100.00 in 

15 Initial flaw length (2c) 0.13in 

16 all thickness 0.13in 

17 

18 emperature O.OODeg. F 

19 

1.80 ksi Sec. memb. stress {Sm) 25.ooiksi** 

0.00 ksi Sec. bend stress {Sb) o.ooiksi** 

23 clic memb. stress 1.80 ksi 

24 clic bend stress 0.00 ksi 

25 ATE RIAL PROP. 
26 25.00 ksi* Fracture toughness (Kc) 

I 

120.oo;ksiVin 

70.00 ksi* 

25.00 ksi* 

70.00 ksi* 

30 *Specified minimum values **These values may be reduced by 

31 mechanical stress relief 

32 

33 

34 

35 

36 
37 

38 

39 
7· 40 

1. 
1
41 

~j'-' --'-------------'------"------'-------------'-----'-----' 



/ 

/1 
I I 
\' 
'I 

I 

f 42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 
162 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

A 

Cycles 

O.OOOE+OO 

2.826E+08 

4.283E+08 

5.077E+08 

6.520E+08 

7.108E+08 

7.497E+08 

7.739E+08 

7.931E+08 

8.084E+08 

8.208E+08 

8.301E+08 

8.381E+08 

8.450E+08 

8.510E+08 

8.558E+08 

8.602E+08 

8.640E+08 

8.673E+08 

8.702E+08 

8.729E+08 

8.735E+08 

B c D E F 

TIME-DEPENDENT CRACK GROWTH 

Length (2c} Crack Depth, inches Type 

0.125 in 0.064 Surface 

0.182 in 0.080 Surface 

0.240 in 0.097 Surface 

0.297 in 0.119 Surface 

0.584 in 0.127 Through-wall 

0.871 in 0.127 Through-wall 

1.215 in 0.127 Through-wall 

1.559 in 0.127 Through-wall 

1.960 in 0.127 Through-wall 

2.419 in 0.127 Through-wall 

2.935 in 0.127 Through-wall 

3.452 in 0.127 Through-wall 

4.025 in 0.127 Through-wall 

4.656 in 0.127 Through-wall 

5.344 in 0.127 Through-wall 

6.033lin 0.127 Through-wall 

6.778 in 0.127 Through-wall 

7.581 lin 0.127 Through-wall 

8.384!in 0.127 Through-wall 

9.245!in 0.127 Through-wall 

10.162fin 0.127 Through-wall 

10.37Slin 0.127 Through-wall 

I 
i 

i ' I 
I 
I 
I 

i 
I 



A B c D E F 
11 

2 
3 
4 
5 
6 
7 
8 
9 a/dN = C*deltaK"m 

10 3.00E-10 

11 3.25 

12 DIMENSIONS 
13 Flaw type Surf ace 

14 Initial flaw depth {a) 0.06 in Dist. to free edge 0N) 100.00 in 

15 Initial flaw length {2c) 0.12 in 

16 all thickness 0.13 in 

17 
18 emperature 0.00 Deg.F 

19 
/c" _____ \20 TRESSES 
I 
\ )21 0.00 ksi Sec. memb. stress (Sm) 25.00 ksi** 

22 12.25 ksi ec. bend stress (Sb) 0.00 ksi** 

23 clic memb. stress 0.00 ksi 

24 clic bend stress 12.25 ksi 

25 MATERIAL PROP. 
26 25.00 ksi* Fracture toughness (Kc) 120.00:ksiVin 

27 Parent metal tensile str. 70.00,ksi* 

28 eld metal yield str. 25.00 ksi* 

29 eld metal tensile str. 25.00.ksi* 

30 *Specified minimum values **These values may be reduced by 

31 mechanical stress relief 

32 
33 ~ o. 
34 f6 == 3o0 

35 fMIJ llft.. rO i.../et;P 
36 

37 
38 

39 
···, 40 

41 



·~ A B c D E F 
\ 

TIME-DEPENDENT CRACK 

~ 
12 

- 43 GROWTH 
44 

45 
46 

47 Cycles Length {2c) Crack Depth, inches Type 

48 O.OOOE+OO 0.118 in 0.064 Surface 

49 6.832E+05 0.142 in 0.064 Surface 

50 1.312E+06 0.167 in 0.064 Surf ace 

51 1.860E+06 0.191 in 0.065 Surface 

52 2.326E+06· 0.212 in 0.066 Surface 

53 2.770E+06 0.234 in 0.067 Surface 

54 3.195E+06 0.256 in 0.068 Surface 

55 3.583E+06 0.276 in 0.069 Surface 

56 3.957E+06 0.297 in 0.070 Surface 

57 4.299E+06i 0.316 in 0.071 Surface 

58 4.629E+061 0.336 in 0.072 Surface 

59 4.930E+06 0.354 in 0.073 Surface 

60 5.222E+06 0.372 in 0.074 Surface 

-~61 5.488E+06 0.389 in 0.075 Surface 
I 

.52 5.747E+06 0.406 in 0.076 Surface 

63 5.981E+061 0.422 in 0.077 Surface 

64 6.322E+06 0.446 in 0.078 Surface 

65 6.557E+06 0.463 in 0.079 Surface 

66 6.772E+06; 0.479 in 0.080 Surface 

67 6.981E+06: 0.495 in I 0.081 Surface 

68 7.124E+06t 0.506 in 0.082
1
Surface 

69 
70 
71 
72 I 
73 
74 
75 
76 I 

n I i 
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99 

100 
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104 

105 
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A B c 

0.50 ---
-

0.45 --
-
~ 

0.40 ----
~ 0.35 -c --

Ill' -
N 0.30 -(j) -
~ --c.> 0.25 
~ --
c.> --
~ 

0.20 -
-
-
-

0.15 

~~ 
0.10 -- ........... ~ ~-- --- - - - ----- -
0.05 

~ - - -I I I I I I I I I 

0.00 2000000.00 4000000.00 

I CYCLES I 

' 
i 
I 

I 
I 

Estimated life= 7124168.76 cycles 

Limiting crack length = 0.506 in 

Limiting crack depth = 0.082 in 

i 

D E F 

8 Length 

0 Depth 

-- - I 
--

I I I I I I I 

6000000.00 8000000.00 

I 
! 
I 

i 
I 



A B c D E F 
' 
78 

79 
' 

80 
10.00 -

81 -- ~ . 
82 

-
9.00 -

83 
-

~ . --
8.00 84 -

~~ -
85 --

7.00 -86 - --
87 .5 - I .. 

llf 6.00 r -
88 t:t -

• • -
'h -

5.00 89 ~ - I • () -
•Length -90 ~ - . .. 

4.00 .. 
91 () - 0 Depth - I • - -
92 -

3.00 -
93 

---
94 2.00 --
95 --

( 

1.00 -96 - --· --L --- ~ 
-~---,97 0.00 I I I I I I I I I 

/!gs 
0.00 500000000 .00 1000000000 .00 

99 

100 I CYCLES I 
101 

102 
! 

103 i ! 

104 
: I 

105 

106 

107 Estimated life = 873496918.15 cycles 
108 

109 Limiting crack length= 10.374 in 
110 

111 Limiti_ng crack depth = 0.127 in (Through-wall} 

112 

113 

114 

115 

116 

117 

;118 
'--.._ ____ _ 

~.IS 
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1 

A c D E F B 

2 

3 

4 

5 

6 

7 

8 

9 a/dN = C*deltaK"'m 

10 3.00E-10 

11 3.25 

12 DIMENSIONS 
13 Flaw type Surface 

14 Initial flaw depth (a) 0.06 in Dist. to free edge fY'I) 100.00 in 

15 Initial flaw length (2c) 0.12 in 

16 all thickness 0.13 in 

17 

18 emperature 0.00 Deg.F 

19 

TRESSES 
0.00 ksi Sec. memb. stress (Sm) 25.00 ksi** 

/->20 
( \,,,--------------+-----4-------------+-------1-----l 
\ )21 

-'------------'--~--+-------<-----------~---'--+------1-----l 

22 12.25 ksi ec. bend stress (Sb) 0.00 ksi** 

23 clic memb. stress 0.00 ksi 

24 clic bend stress 12.25 ksi 

25 ATERIAL PROP. 
26 25.00 ksi* Fracture toughness (Kc) 120.00rksiVin 

27 Parent metal tensile str. 70.00rksi* 

28 eld metal yield str. 25.00 ksi* 

29 eld metal tensile str. 25.00 ksi* 

30 *Specified minimum values **These values may be reduced by 

31 mechanical stress relief 

32 

33 4 
34 

35 
36 

37 

38 

39 
--., 40 

41 
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A B c D E F 
I 

12 TIME-DEPENDENT CRACK J 
' 43 GROWTH 

44 

45 =-46 

47 Cycles Length (2c) Crack Depth, inches Type 

48 O.OOOE+OO 0.118 in 0.064 Surface 

49 6.832E+05 0.142 in 0.064 Surface 

so 1.312E+06 0.167 in 0.064 Surf ace 

51 1.860E+06 0.191 in 0.065 Surface 

52 2.326E+06· 0.212 in 0.066 Surf ace 

53 2.770E+06 0.234 in 0.067 Surface 

54 3.195E+06 0.256 in 0.068 Surface 

55 3.583E+06 0.276 in 0.069 Surface 

58 3.957E+06 0.297 in 0.070 Surface 

57 ! 
4.299E+06i 0.316 in 0.071 Surface 

58 4.629E+061 0.336 in 0.072 Surface 

59 4.930E+06 0.354 in 0.073 Surface 

60 5.222E+06 0.372 in 0.074 Surf ace 
/-- \61 5.488E+06 0.389 in 0.075 Surface 

/ l 

52 5.747E+06 0.406 in 0.076 Surface 
· .. 

63 5.981E+06i 0.422 in 0.077 Surface 

64 6.322E+06 0.446 in 0.078 Surface 

65 6.557E+06 0.463 in 0.079 Surface 

66 6.772E+oo; 0.479 in 0.080 Surface 

67 6.981E+oo: 0.495 in 0.081 Surface 

68 7.124E+06[ 0.506 in 0.0821
Surface 

69 
70 
71 
72 ! 
73 
74 
75 
76 I 

n I I 
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A B c D E F 

0.50 ----
0.45 ---

~ 

0.40 ----
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&&f -
~ 0.30 --
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CIC -
0 - 0 Depth -
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0.20 ----
0.15 

~,,-
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I CYCLES I 

I 
I I i i 

I 
I 

I 
I 

Estimated life= 7124168.76 cycles 

Limiting crack length = 0.506 in 

Limiting crack depth= 0.082 in 
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UGO BEAM TUBE FOUNDATION LOAD SUMMARY 

FIXED SUPPORT FOUNDATION LOADS 

l I 
LJ Rz Jf LJ 
i ~Rx i 
Ry1 Ry2 

( .. 

FIXED SUPPORT FOUNDATION LOADS Lateral 
Load Case Supp0rt Weight= 500 lbs Rx Rv1 

1. Operating 85 3870 
2. Bake Out @ 302 F 656 860 
3. 0.579• Differential Settlement @ Fixed Support 0 +/- 715 
4. 1 • Differential Settlement @ Fixed Support 0 +/-1235 
5. 0.5• Horizontal Misalignment @ Fixed Support 1235 1621 
6. 0.579• Differential Settlement @ Guided Support 0 +/-356 
7. 1 • Differential Settlement @ Guided Support 0 +/- 615 
8. 0.5• Misalignment @ Guided Support 615 807 
9. Lateral Seismic (x direction) 1287 1689 
10. Axial Seismic (z direction) 0 0 
11. Wind load 1275 1673 

Vertical 
Rv2 

3648 
-860 

+/- 715 
+/-1235 

-1621 
+/-356 
+/- 615 

-807 
-1689 

0 
-1673 

Rvtotal 

7518 
0 

+/-1430 
+/-2470 

0 
+/- 712 

+/-1230 
0 
0 
0 
0 

FOUND.XLS Rev 0 

DQ1of4 

Axial 
Rz 

771 
5959 

0 
0 
0 
0 
0 
0 
0 

2169 
0 

Maximum Reactions - Normal Operating Conditions Maximum Reactions - Seismic or Wold Conditions 
Max.Rx= 1320lbs, 1+3+5 Max Rx= 2607lbs,1+3+5+9 
Max Ry1= 6206 lbs, 1+3+5 Max Ry1= 7895 lbs, 1 +3+5+9 
Min Ry2= 1312 lbs, 1-3+5 Min Ry2= -3n lbs, 1-3+5+9 
Max.Ry= 99881bs, 1+4 Max.Ry= 9988 lbs,1+4+9 
Max.AZ= 67301bs, 1+2+3 Max.Rz= 8899 lbs,1+2+6+10 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 
,,--~." UGO Beam Tube Foundation load Summary 930212 

MADE BY CHKDBY MADE BY CHKDBY 
OF '-f RJW w.ic. SHT I ~-j;/ 

DATE DATE DATE DATE 
1. I 3122/94 4. ~ ·1\1\ 

't·?:{·: ~fr· ·.:··:>:-



UGO BEAM TUBE FOUNDATION LOAD SUMMARY FOUND.XLS REW 0 

Pg 2 

-~~, 
RESULTS OF LOAD COMBINATIONS 

-.:};' FIXED SUPPORT FOUNDATION LOADS Lateral Vertical Axial 
.;-~:_. Load Combination Suooort Weiaht = 500 lbs Rx Ry1 RV2 Rvtotal Rz 

WIO Increased allowable 
1+2+3 740 5446 3502 8948 6730 
1+4 85 5105 4883 9988 771 
1+3+5 1320 6206 2742 8948 771 
1+7 85 4485 4263 8748 771 
1+6+8 700 5034 3197 8230 771 

1+2-3 740 4016 2072 6088 6730 
1-4 85 2635 2413 5048 771 

1-3+5 1320 4776 1312 6088 771 
1-7 85 3255 3033 6288 771 

1-6+8 700 4321 2484 6806 771 
MAXIMUM 1320 6206 4883 9988 6730 
MINIMUM 85 2635 1312 5048 771 

With Increased allowable 
1+2+3+9 2027 7135 1813 8948 6730 
1+2+3+10 740 5446 3502 8948 8899 
1+2+6+9 2027 6776 1454 8230 6730 
1+2+6+10 740 5087 3143 8230 8899 
1+4+9 1372 6794 3194 9988 771 

(~ 1+4+10 85 5105 4883 9988 2940 

' 
1+7+9 1372 6174 2574 8748 771 
1+7+10 85 4485 4263 8748 2940 
1+3+5+9 2607 7895 1053 8948 771 
1+3+5+10 1320 6206 2742 8948 2940 
1+6+8+9 1987 6723 1507 8230 771 
1+6+8+10 700 5034 3197 8230 2940 

1+2-3+9 2027 5705 383 6088 6730 
1+2-3+10 740 4016 2072 6088 8899 
1+2-6+9 2027 6064 742 6806 6730 
1+2-6+10 740 4375 2431 6806 8899 
1-4+9 1372 4324 724 5048 771 
1-4+10 85 2635 2413 5048 2940 
1-7+9 1372 4944 1344 6288 771 
1-7+10 85 3255 3033 6288 2940 
1-3+5+9 2607 6465 -377 6088 771 
1-3+5+10 1320 4776 1312 6088 2940 
1-6+8+9 1987 6011 795 6806 771 
1-6+8+10 700 4321 2484 6806 2940 
MAXIMUM 2607 7895 4883 9988 8899 
MINIMUM 85 2635 -377 5048 771 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. -- ' UGO Beam Tube Foundation Load Summary 930212 
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UGO BEAM TUBE FOUNDATION LOAD SUMMARY FOUNDJCLS Rev 0 

Pg 3 

~-:-

GUIDED SUPPORT FOUNDATION LOADS ., 

I /\ 

\ I 
\j_ 

I I 
0 Rz4 0 LJ 

Rx4 
L 

i i i i Rx Rz 

Ry1/Ry3 Ry2/Ry4 Ry1/Ry2 Ry3/Ry4 

GUIDED SUPPORT FOUNDATION LOADS Lateral Vertical 
Load Case Supoort Weight = 1600 lbs Rx Ry1 RY2 RY3 Ry4 Rvtotal 

1. Operating 85 1664 1553 1664 1553 6434 
2a. Bake Out @ 302 F 656 598 -262 598 -262 672 
2b. Bake Out @ 302 F 656 262 -598 262 -598 -672 
3. 0.579• Differential Settlement @ Fixed Support 0 +/- 715 +/- 715 -I+ 365 -/+ 365 +/- 701 
4. 1 • Differential Settlement @ Fixed Support 0 +/-1235 +/-1235 -I+ 630 -I+ 630 +/-1210 
5. 0.5• Horizontal Misalignment @ Fixed Support 605 397 -397 397 -397 0 
6. 0.579• Differential Settlement @ Guided Support 0 +/-162 +I- 162 +/-155 +/-155 +/-635 
7. 1" Differential Settlement @ Guided Support 0 +/-280 +/-280 +/- 269 +/-269 +/-1097 
8. 0.5• Misalignment @ Guided Support 549 360 -360 360 -360 0 
9. Lateral Seismic (x direction) 882 579 -579 579 -579 0 
1 O. Axial Seismic (z direction) 0 0 0 0 0 0 
11. Wind Load 874 574 -574 574 -574 0 
Maximum Reactions - Normal Operating Conditions Maximum Reactions - Seismic or Wind Conditions 

Max Rx= 740 lbs, 1+2a+3 Max Rx= 1622 lbs, 1+2a+3+9 
MaxRy1= 2977 lbs, 1+2a+3 Max Ry1= 3556 lbs, 1+2a+3+9 
Min Ry2= 240 lbs, 1 +2b-3 Min Ry2= -339 lbs, 1 +2b-3+9 
MaxRy3= 2627 lbs, 1+2a+3 Max Ry1= 3206 lbs, 1+2a+3+9 
MinRy4= 590 lbs, 1 +2b-3 Min Ry2= 11 lbs, 1 +2b-3+9 
MaxRy= 7807 lbs, 1+2a+3 Max Ry= 7807 lbs, 1+2a+3+9 

SUBJECT OFFICE: NOE-C REVISION: REFERENCE NO. 

UGO Beam Tube Foundation Load Summary 930212 
MADE BY CHKDBY MADE BY CHKDBY 

RJW Wll SHT ~ OF t.J 
DATE DATE DATE DATE 

~.) 3/22194 ti ... t\ .tt~ 
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UGO BEAM TUBE FOUNDATION LOAD SUMMARY 

RESULTS OF LOAD COMBINATIONS 
GUIDED SUPPORT FOUNDATION LOADS 
Load Case Suooort Weioht = 1600 lbs 
W/O Increased allowable 
1+2a+3 
1+4 
1+3+5 
1+7 
1+6+8 

1+2b-3 
1-4 
1-3+5 
1-7 

1-6+8 
MAXIMUM 
MINIMUM 

With Increased allowable 
1+2a+3+9 
1+2a+3+10 
1+2a+6+9 
1+2a+6+10 
1+4+9 
1+4+10 
1+7+9 
1+7+10 
1+3+5+9 
1+3+5+10 
1+6+8+9 
1+6+8+10 

1+2b-3+9 
1+2b-3+10 
1+2b-6+9 
1+2b-6+10 
1-4+9 
1-4+10 
1-7+9 
1-7+10 
1-3+5+9 
1-3+5+10 
1-6+8+9 
1-6+8+10 
MAXIMUM 
MINIMUM 

SUBJECT 

UGO Beam Tube Foundation Load Summary 

Lateral 
Rx Rv1 

740 2977 
85 2899 

690 2776 
85 1944 

633 2186 

740 1211 
85 429 

690 1346 
85 1384 

633 1862 
740 2977 
85 429 

1622 3556 
740 2977 

1622 3003 
740 2424 
967 3478 

85 2899 
967 2523 

85 1944 
1572 3355 
690 2776 

1515 2765 
633 2186 

1622 1790 
740 1211 

1622 2343 
740 1764 
967 1008 

85 429 
967 1963 

85 1384 
1572 1925 
690 1346 

1515 2441 
633 1862 

1622 3556 
85 429 

OFFICE: NOE-C 

MADE BY CHKDBY 

RJW WH 
DATE DATE 

3/22194 't-i.{ 4{ 

FOUND.XLS RevO 

Pg 4 

Vertical 
Rv2 Rv3 Rv4 Ry total 

2006 2627 1655 7807 
2788 2294 2183 7644 
1871 2426 1521 7135 
1833 1933 1821 7531 
1355 2180 1348 7069 

240 1562 590 5061 
318 1034 923 5224 
441 1696 791 5733 

1273 1396 1284 5337 
1031 1869 1037 5799 
2788 2627 2183 7807 
240 1034 590 5061 

1427 3206 1077 7807 
2006 2627 1655 7807 
874 2997 867 n41 

1453 2418 1446 n41 
2209 2873 1604 7644 
2788 2294 2183 7644 
1254 2511 1243 7531 
1833 1933 1821 7531 
1292 3005 942 7135 
1871 2426 1521 7135 
776 2758 770 7069 

1355 2180 1348 7069 

-339 2140 11 5061 
240 1562 590 5061 
214 2350 220 5127 
793 1771 799 5127 

-261 1613 344 5224 
318 1034 923 5224 
694 1974 706 5337 

1273 1396 1284 5337 
-138 2275 212 5733 
441 1696 791 5733 
452 2447 459 5799 

1031 1869 1037 5799 
2788 3206 2183 7807 
-339 1034 11 5061 
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4'x 4' x 318' Horiz. Struct Tube 

~ (A500 G< B) ~ ~ c ..____._----"___....,,.______, -----L-

1-112' S/16 

318' PL {304L). 

~ 718' Holes for 314' SS bolts. ~ Y w/ (2) 1/8' Ryton Insulating washln · ··---·· · 
&1!32' lhlck x 2-314' long Mylarl nsUdng 
sleeve from F.H. Maloney Co. 
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LOADS.XLS 

, __ ,, Caae 
Fl•ed S·--ort Load• Meanitude Direction Comment• 

1 DL (Metal Wt + lnsul'n) 7,000 lbs down (oer RISA-20 enalveis for continuous beam •Vfltem) 
2 Axial Seismic Load 2,260 lbs axial C- 18% • 90 olf • 130 ft) assumes auidad sunnort doe• not take axial loads "' 3 Leterel Sei•mlo Load , , 30 lbs lateral C- 18% • 90 olf • 65 ft) assumes auidad •unnort takes laterel loads 
4 Axial BakeOut Load 5,300 lbs axlal C- 3.2 inchee of arowth • 8300 lb/In bellow• axial 1nrlna rate • 20% variation In bellow•l 

!: 
5 Axial Contraction Load 830 lbs axial (Due to daily Delta T above assumed ambient) 
6 Axial Extension Load 2, 158 lbs axial (Due to dailv Delta T below a11Sumed ambient) 
7 Vertical Stabilitv Load 600 lbs down (Assumed) 
8 Lateral Stabilitv Load 600 lbs lateral (Assumed) 

lt-...-a.· .. It oad r--blnatl-- Vert Ln•d 
.6.wl.I I __ _, I 1 -•-•-1 I __ .. Atre•-

1 DL + Vertical Stabilitv 7 600 0 0 1.000 
2 DL + Axial EQ + Axial Ext'n + Vert Stabilitv + Lat Stabilitv 7 600 4 418 600 1.333 
3 DL + Lat EQ + Axial Ext'n + Vert Stabilitv + Lat Stabilitv 7,600 2 158 1 730 1.333 
4 DL + Axial BakeOut + Vert Stabilitv + Lat Stabilitv 7.600 5 300 600 1.000 <••GOVERNS 

~ 

~~ 

, 
' --\ '-,. 

) 
\ 

_ _) 
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Z. LIE1(11Cl9L 514pt.:Q(;15 
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RA1?1N- coPJfbV£Vr ( P) = R. ~6o" =- 38a:f'(.5) =- J°Jco"" 

Tffl./GB-li!'tL CDH;ff;l./~T Cr)-= R ~bo~-= 38a:> fT (.8h~) = 3
1 

z.91 ~ 

,WESE ~D.5 i...v/t....L 

C0/11/JOSG];> OF A 
CJ F m /3£ wML. 

ee ~651 STE!:> ~ y ,,+ S/~t.e ~11..1t;, 
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MOMENT OF INERTIA CALCULATION 
===================----~====== 

bl 

1 

1---------> x 
I dl d2 
!<------->!<----------------------->! 
I I I 

I 
AREA. 

1 

2 3 

y 

I 

I 
y 

AREA 
2 

4 5 

b2 

6 7 
======== -------- ======== ======== -------- ===== ======= ------- --------

d 0.127 4 
b 3.125 0.375 
x 0.0635 2.1270 4.1270 4.1270 4.1270 4.1270 4.1270 

THETA 0 0 0 0 0 0 

AREA x AX AX2 Io 
-------- ======== ======c:= ======== --------------- -------

1 0.397 0.064 0.03 o.oo o.oo 
2 1.500 2.127 3.19 6.79 2.00 
3 o.ooo 4.127 o.oo o.oo o.oo 
4 0.000 4.127 0.00 o.oo o.oo 
5 o.ooo 4.127 o.oo o.oo o.oo 
6 o.ooo 4.127 o.oo o.oo o.oo 
7 0.000 4.127 o.oo o.oo o.oo 

======== ------- ======== ------
1.897 3.22 

TOTAL DEPTH = 4.1270 in. 

-
CENTROID (X) = SUM(AX)/SUM(AREA) = 
!(total)= [SUM(AX2 )+SUM(Io)]-(AREA)(X) 2 = 

-

8.79 

1.695 in. 

-

4 3.34 in. 

Cl= X = 1.695 in. C2 = DEPTH - X = 2.432 in. 
3 1.37 in. Syl =I/Cl= 1.97 in. 3 Sy2 = I/C2 = 

Radius of gyration (r) = (I/A) 112 = 1.326 in. 

Torsional constant (J) = in4 

0 

------------------------------------------------------------------------------y--:-"JBJECT 
:. ;TION PROPERTIES 

.'--- .... -·-~ X 3/8" STIFFENER 
~!FIXED SUPPORT SHELL RING 

!LIGO BEAM TUBE 
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'ROGRAM E0405A <STD 9110-1-2> C IBM RS/6000 J 
iTRESS AND STRAIN COEFFICIENTS FOR CIRCULAR RINGS 
'EVISION 11 - JANUARY 7, 1992 

('----:.'. ; 

~ TANDARDS 9110-1-i AND 9110-1-2 

·rxED SUPPORT DEAD LOAD - 2 PT. AT 60 DEG. 

N<R> N<T> 
2 2 

N<M> 
0 

DATA SHEET NO. 
1 

PLOT CODE 
0 

RADIUS MOD-ELAS 
26.07 28000000.00 

AREA 
1.90 

C<i> 
i .. 70 

C<2> 
2.43 

:QUILIBRIUM LOADS 
INPUT 

COMPUTED 

FV 
7600.000 
7600.179 

FH 
.ooo 
.ooo 

[NPUT LOADS AND THEIR LOCATIONS 

~ADIAL LOADS AND ANGLES 

LOADS 
ANGLES 

1900.00 
60 .. 00 

1900.00 
300.00 

fANGENTIAL LOADS AND ANGLES 

] _DADS 
1 ANGLES 

-3291.00 
60.00 

3291.00 
300.00 

·-10 MOMENT /R LOADS 

JNIT STRESS VALUES FOR CIRCULAR RINGS 

~RINTOUT AT EQUAL ANGLE INCREMENTS 

x 
.. oo 

5.00 
10.00 
15.00 
20 .. 00 
25 .. 00 
30.00 
35.00 
40.00 
45 .. 00 
50 .. 00 
55 .. 00 
60 .. 00 
65.00 
70_ .. oo 
""'7 ') 

~ 
.._ _ _,;;;oo 
90 .. 00 
95.00 

100.00 
105.00 

V/A TIA M<FORCE-LG> 
O .. OOOOE+OO -4.7821E+02 -2.0116E+o3 
4.1538E+01 -4.7154E+02 -1.9218E+03 
8.1914E+Oi -4 .. Si62E+02 -1.6548E+03 
1 .. 1998E+02 -4.i87iE+02 -1.2181E+03 
1.5463E+02 -3.7324E+02 -6.2406E+02 
1.8478E+02 -3.1582E+02 i.1013E+02 
2.0942E+02 -2.4721E+02 9.6292E+02 
2.2762E+02 -1 .. 6831E+02 1.9085E+o3 
2 .. 3853E+02 -8.0i88E+Oi 2 .. 9172E+03 
2 .. 4139E+02 1 .. 5976E+Oi 3 .. 9558E+03 
2 .. 3555E+02 1 .. 1888E+02 4 .. 9882E+03 
2 .. 2048E+02 2 .. 2711E+02 5.9756E+03 

-8.0579E+02 -1.3957E+03 6.8774E+03 
-6.8535E+02 -1.3620E+03 3.6608E+03 
-5 .. 6849E+02 -1 .. 3139E+03 9.5666E+02 
-4 .. 5641E+02 -1 .. 2525E+03 -i .. 2530E+03 
-3 .. 5024E+02 -i.1790E+03 -2.9914E+03 
-2 .. 5094E+02 -i .. 0949E+03 -4 .. 2860E+03 
-i.5941E+02 -1 .. 0016E+03 -5.1685E+03 
-7 .. 6353E+01 -9.0068E+02 -5 .. 6741E+o3 
-2.3817E+OO -7 .. 9374E+02 -5 .. 8406E+03 

6.2055E+Oi -6 .. 8245E+02 -5.7084E+o3 

M/R 
.. ooo 
.. ooo 

THETA DR 
O.OOOOE+OO -2 .. i789E-03 

-4.8207E-05 -2.2258E-03 
-9.2063E-05 -2 .. 3612E-03 
-1.2734E-04 -2 .. 5695E-03 
-1 .. 5005E-04 -2 .. 8248E-03 
-i .. 5656E-04 -3 .. 0925E-03 
-i.4373E-04 -3.3300E-03 
-1.0896E-04 -3.4885E-03 
-5.0360E-05 -3.5145E-03 

3.3212E-OS -3 .. 3524E-03 
i.4205E-04 -2 .. 9460E-03 
2 .. 7554E-04 -2.2414E-03 
4.3209E-04 -1.i897E-03 
5.5922E-04 2.1246E-04 
6 .. i436E-04 1.8179E-03 
6.0977E-04 3.4647E-03 
S.S722E-04 
4 .. 6783E-04 
3 .. 5203E-04 
2 .. 1942E-04 
7 .. 8717E-OS 

-6 .. 2322E-05 
-~-~~Q?~+n~ -t.9693E-04 

5.0180E-03 
6 .. 3697E-03 
7.4377E-03 
8.1651E-03 
8 .. 5180E-03 
8.4845E-03 
8.07i8E-03 

/0 .11 

DC 
O.OOOOE+OO 
1 .. 9151E-04 
3 .. 9106E-04 
6.0575E-04 
8.4090E-04 
i .. 0991E-03 
1.3798E-03 
1.6780£-03 
1.9848E-03 
2 ... 2860E-03 
2.5628E-03 
2.7915E-03 
2 .. 9439E-03 
2.9886E-03 
2 .. 9009E-03 
2 .. 6702£-03 
2.2989E-03 
1.8003E-03 
1.1955E-03 
5 .. i206E-04 

-2.1867E-04 
-9.6335E-04 
-1.6884E-03 

) 

5. 
10. 
15. 
20. 
25. 
30. 
35. 
40. 
45. 
50. 
55. 
60. 
65. 
70. 
75. 
80 . 
85. 
90. 
95. 

100. 
105. 
110. 



20.00 
.25.00 
30.00 

1.35.00 
.40.00 
.. ~ ') 
.f~,.) 

( 10 

.6v.OO 

.65.00 
!.70.00 
1.75.00 
t.80.00 
!.80.00 

i.9~82E+02 -3.~Y16L+V~ -~.yqi~~~v~ 

2.2050E+02 -2.2709E+02 -3.0399E+o3 
2.3557E+02 -i.1886E+02 -2.0524E+03 
2.4140E+02 -1.S957E+01 -1.0199E+03 
2.3855E+02 8.0209E+01 1.8778E+01 
2.2764E+02 1.6833E+02 1.0275E+03 
2.0944E+02 2.4723E+02 1.9731E+03 
1.8479E+02 3.1585E+02 2.8260E+03 
1.5464E+02 3.7327E+02 3.5602E+03 
1.1999E+02 4.1874E+02 4.1543E+03 
8.1918E+Oi 4.5165E+02 4.S910E+03 
4.1540E+01 4.7157E+02 4.8580E+03 
O.OOOOE+OO 4.7824E+02 4.9479E+03 
O.OOOOE+OO 4.7824E+02 4.9479E+03 

:•RINTOUT AT LOAD AND/OR MOMENT POINTS 

60.00 -8.0579E+02 -1.3957E+03 
59.99 1.9586E+02 3.3895E+02 

S00.00 -1.9580E+02 3.3917E+02 
~99.99 8.0554E+02 -i.3956E+03 

6.8774E+03 
6.8757E+03 
6.8774E+03 
6.8704E+03 

-5.1013£-04 
-5.7220£-04 
-6.0962£-04 
-6.2177E-04 
-6.0895E-04 
-5.7229E-04 
-5.1370E-04 
-4.3576E-04 
-3.4163E-04 
-2.3492E-04 
-1.. i964E-04 

O.OOOOE+OO 
O.OOOOE+OO 

4.3209E-04 
4.3176E-04 

-4.3209E-04 
-4.3243E-04 

4.873SE-03 
3.3212E-03 
1.6301E-03 

-L2987E-04 
-1.8879E-03 
-3 .. 5751E-03 
-5.1263E-03 
-6.4828E-03 
-7.S936E-03 
-8.4176E-03 
-8.9245E-03 
-9 .. 0955E-03 
-9.0955E-03 

-1.i897E-03 
-i.1922E-03 
-1. i897E-03 
-i.i873E-03 

:•fUNTOUT OF MAXIMUM AND MINIMUM VALUES OF SHEAR, THRUST, AND MOMENT 
JALUES TAKEN FROM BOTH OF THE TABLES ABOVE 

iAXIMUM V/A= 
HNIMUM V/A= 
1AXIMUM T /A= 
1INIMUM T /A= 
1AXIMUM M<FORCE-LG>= 
1INIMUM M<FORCE-LG>= 

8.0554E+02 
-8.0579E+02 

4.7824E+02 
-i.3957E+03 

6.8774E+03 
-5.8406E+03 

AT 
AT 
AT 
AT 
AT 
AT 

299.99 
60.00 

180.00 
60.00 
60.00 

100.00 

DEGREES 
DEGREES 
DEGREES 
DEGREES 
DEGREES 
DEGREES 

- • , 'loJ -'I ....... ---

-3 .. 4400E-03 
-3.7988E-03 
-4 .. 0i56E-03 
-4.0813E-03 
-3.9930E-03 
-3.7538E-03 
-3.3730E-03 
-2.8648E-03 
-2.2487E-03 
-i.5478E-03 
-7.8875E-04 

O.OOOOE+OO 
O.OOOOE+OO 

2.9439E-03 
2.9437E-03 

-2.9439E-03 
-2.944iE-03 

=·RINTOUT OF MAXIMUM AND MINIMUM <AXIAL + BENDING) STRESSES FOR MOMENT 
~RMS OF Ci AND C2 - VALUES TAKEN FROM BOTH OF THE TABLES ABOVE 

"1AXIMUM STRESS (Ci>= 3.8293E+03 AT 300 .. 00 DEGREES 
'1INIMUM STRESS <Ci>= -3.7802E+03 AT 95.00 DEGREES 
:1AXIMUM STRESS <C2>= 3.4741E+03 AT 105.00 DEGREES 
'1INIMUM STRESS <C2>= -6.4034E+03 AT 60.00 DEGREES 
TOP CSYSINl 

11>. '~ 

125 
130 
135 
140 
145 
150 
155 
160 
165 
170 
175 
180 
180 

60 
60 

300 
300 
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.:•ROGRAM E0405A <STD 9110-1-2> C IBH RS/6000 J -
3TRESS AND STRAIN COEFFICIENTS FOR CIRCULAR RINGS 
KEVISION 11 - JANUARY 7, 1992 

(),~~~ 
/ '1J' 

•' 
;) STANDARDS 9110-1-1 AND 9110-1-2 

:IXED SUPPORT DEAD LOAD+ LATERAL SEISMIC - 2 PT .. AT 60 DEG .. 

NCR> 
2 

N<T> 
3 

N<M> 
1 

DATA SHEET NO. 
1 

PLOT CODE 
0 

RADIUS MOD-ELAS MOM-INER 
3.34 

AREA 
1.90 

C<i> 
1..70 

C<2> 
2.43 26.07 28000000.00 

C.QUILIBRIUM LOADS 
INPUT 

COMPUTED 

F\I 
7600.000 
7600 .. 179 

FH 
1730.000 
1729 .. 700 

H/R 
.ooo 
.600 

INPUT LOADS AND THEIR LOCATIONS 

RADIAL LOADS AND ANGLES 

LOADS 2446.00 1354 .. 00 
ANGLES 60 .. 00 300.00 

TANGENTIAL LOADS AND ANGLES 
~-(-.,\ 

. I LOADS 1730.00 -4237.00 2345.00 
300 .. 00 ·- - ·' ANGLES .oo 60.00 

MOMENT LOADS/R AND ANGLES 

LOADS 
ANGLES 

-161 .. 40 
.oo ,, ·'" 

UNIT STRESS VALUES FOR CIRCULAR RINGS 

F'RINTOUT AT EQUAL ANGLE INCREMENTS 

x 
.. 00 

5.00 
10.00 
15 .. 00 
20 .. 00 
25 .. 00 
30 .. 00 
35 .. 00 
40.00 
45.00 
50 .. 00 
s ..... ~o 
. ·£ ' vo 

\___,-d .. 00 
75 .. 00 
00 .. 00 
85 .. 00 
90.;00 

V/A T/A MC FORCE-LG> THETA DR DC 
4 .. 0410E+02 -2 .. 2..?26E+01 -4 .. 115SE+o3 -7 .. 4310E-04 -2.17B9E-03 -6.9789E-03 
4.0547E+02 -7.3311E+OO -2 .. 3680E+o3 -8 .. 219BE-04 -4 .. 5650E-03 -6.6858E-03 5 
4.0510E+02 1. 7475E+01 --6.1818E+o2 -8~5829E-04 -7 .. 0473£-03 · -lf.;1.794E-03 - 10 
4 .. 0213E+02 5 .. 2083E+oi i.124BE+03 -8.52iiE-04 -9.5102£-03 -5.4563£-03 15 
3 .. 9573E+02 9 .. 6235E+o1- 2 .. 8479E+o3 -S.;0373E-04 -i.1839E-02 -4."5234E-03 20 
3 .. 8507E+02 1 .. 4952E+o2 4.5344E+o3 -7.·1384E-04 -1.3920E-02 .;_3.3973E-03 25 
3 .. 6938E+02 2 .. 1140E+02 6 .. 1643E+o3 -S.B357E-<>4 -1 .. 5644E-02 -2 .. 1044E~03 30 
3 .. 4794E+02 2.8117E+o2 7.7144E+o3 -4.1457E-04 -1 .. 6909E-02 -6 .. 8027E-04 35 
3 .. 2010E+02 3 .. 5801E+o2 "9.1584E+o3 -2;;.0910E-04 -1..7619E-02'·--a;:3066E-04-·4o 
2 .. 8528E+02 4 .. 4098E+02 1.0467E+o4 2 .. 9919E-05 -1.7689£-02~ 2.3762E-03 45 
2.4299E+02 5 .. 2901E+02 1.1610E+o4 2.9882E-<>4 -1.7046£-02 3;;.B972E-03- 50 
1 .. 9284E+02 6.2094E+02 1 .. 2553E+o4 5.9317E-04~-i .. S632E-02 5 .. 3289£-03 55 

-1.1549E+03 -1 .. 5180E+03 1.3263E+o4 9.;0769£-04 -1 .. 34061!--02..:...:6.6019E-03· 60 
-1..0219E+03 -1 .. 5260E+03 8 .. 5653E+o3 1 .. 1720E-03 -i .. 0395E-02- 7.6455E-03 65 
-S.8904E+02 -1 .. 5163E+o3 4 .. 4420E+03 1 .. 3291£-03 -6 .. 8290£-03 -a .. 4002E-03 70 
-7 .. 5777£+02 -1 .. 4896E+03 B.8923E+o2 i .392BE-03 -2 .. 9622E-03 : '8.8287E-03 75 
-6 .. 2952E+02 -1.4470E+03 -2 .. i030E+o3 1.3769£-03 9. 78B4E-04··-.a .. 9150E-03 80 
-5.0565E+02 -1 .. 3895E+03 -4 .. 5508E+o3 1.2949E-03., 4 .. 7986£-03 B .. 6614E-03 85 
-3 .. 8741£+02 .;.;1" .. 31S4E+03~"'-6';;4757EOfo3""~-:i.597E.;;03"':~B:3327£-:03;':~~-o859E .... 03°~"90 
_r) '"7c:o• c-~A-:> -'I ??:c;oi=--4-0'.7: -7 ~ 9044E+03 9. 8384E-04 1 .1447E-02 7 .2193E-03 95 



tOS.00 -7.7062£+01 -1.0376E+03 -Y.4V~Y~+V~ ;:> • ;:);:)t;S"tt:.-V't l. • OV.;) (I:;, -v.,.; "t. (Oo.::.c.-v.;i 

ii0.00. 9 .. 6972E+OO -9.2676E+o2 -9.5470E+o3 3.2460E-04 l. 7394E-02 ~--3.3228£-03 
ii5.00 8.4520E+01 -a.1014E+o2 -9 .. 3422E+o3 9.417BE-o5 t. 8092E-02 :;·1. 7696£-03 
120.00 1.4998E+02 -6.8945E+02 -8.8324E+o3 -1.2746£-04 1.9137E-02 ·· 1·.a414E--04 
125.00 2.0479E+02 -5.6646E+o2 -S.0630E+03 -3.3344E-04 1. 7557E-02 -1 .. 3777£-03 

ii~~ 
2.4882E+02 -4.4290E+02 -7.0903E+o3 -5.1802E-04 1.6399£-02 ~2.8633E-03 
2.8212E+02 -3.20S2E+02 -5.9307E+03 -6.7657E-o4 1.4723£-02 -4.2247E-03 

1 >O 3.0485E+02 -2.0100E+02 -4.6604E+03 -8.0559E-04 1.2609E-02 -5.4202£-03 
i"t~.00 3.1733E+02 -8.5962E+01 -3.3142E+03 -9.0270E-<>4 1.0142£-02 -6.4151E-03 
i50.00 3.2003E+02 2.3053E+01 -1.9354£+03 -9.6657£-04 7.4143£-03 -7.1827£-03 
155.00 3.1353E+02 1.2460E+02 -5.6508E+o2 -9.9693E-<>4 4.5230E-03 -7.7044£-03 
160.00 2.9854E+02 2.1733£+02 7.5859E+o2 -9.944SE-o4 1.5659E~03 ~7.9702E-03 
i65.00 2.7589E+02 3.0006E+02 2.0007E+03 -9.6068E-04 -1.3616E-03 -7.9786E-03 
170.00 2.4649E+02 3.7170E+02 3.1302E+03 -8.9802E-04 -4.1696E-03 -7.7361E-03 
175.00 2.1136E+02 4.3134E+02 4.1201E+03 -8.0952E-04 -6.7714E-03 -7.2570E-03 
180.00 i.7158E+02 4.7824E+02 4.9479E+03 -6.9888E-04 -9.0955E-03 -6.S624E-03 
iS0 .. 00 1.7159E+02 4.7924E+02 4.9479E+03 -6.9998E-04 -9.0955E-03 -6.5624E-03 

i='RINTOUT AT LOAD AND/OR MOMENT POINTS 

.. oo 4 .. 0410E+02 -2 .. 2226E+01 -4 .. 1155E+03 -7 .. 4310E-04 -2.1789E-03 
-.01 4 .. 0394E+02 -9.3421E+02 8.8749£+01 -7 .. 4311E-04 -2.1743E-03 

60.00 -i .. i549E+03 -1.5180E+03 1.3263E+04 9.0769E-04 -1 .. 3406E-02 
59.99 1.3466E+02 7 .. 1532E+02 1.3262E+04 9.0705E-04 -1.3412E-02 

300.00 -2.5705E+02 -3 .. 7i67E+Oi 4.9202E+02 4.3509E-05 1.1027E-02 
299.99 4.5648E+02 -1.2732E+03 4.8808E+02 4.3485E-05 1 .. 1027E-02 

F'RINTOUT OF MAXIMUM AND MINIMUM VALUES OF SHEAR, THRUST, AND MOMENT 
VALUES TAKEN FROM BOTH OF THE TABLES ABOVE 

MAXIMUM V/A= 
t-p---, iUM V/A= 
r~ ) UM T/A= 
t'h ...:MUM T/A= 
MAXIMUM M<FORCE-LG>= 
MINIMUM M<FORCE-LG>= 

4 .. 5648E+02 
-1.1549E+03 

7.1532E+02 
-1.5260E+03 

i .. 3263E+04 
-9.5470E+o3 

AT 
AT 
AT 
AT 
AT 
AT 

299 .. 99 
60 .. 00 
59.99 
65.00 
60.00 

110.00 

DEGREES 
DEGREES 
DEGREES 
DEGREES 
DEGREES 
DEGREES 

-6.9789E-03 
-6.9793E-03 

6.6019£-03 
6.5996E-03 
7.1422£-04 
7.1615E-04 

PRINTOUT OF MAXIMUM AND MINIMUM <AXIAL + BENDING> STRESSES FOR MOMENT 
ARMS OF Ci AND C2 - VALUES TAKEN FROM BOTH OF THE TABLES ABOVE 

MAXIMUM STRESS <Ci>= 
MINIMUM STRESS <Ci)= 
MAXIMUM STRESS <C2>= 
MINIMUM STRESS (C2>= 
TOP CSYSINl 

7 ... 4454E+03 
-5 .. 8094E+03 

6 ... 0248E+o3 
-1.1175£+04 

AT 59 ... 99 
AT i-05 .. 00 
AT 110.00 
AT - 60.00 

DEGREES 
DEGREES 
DEGREES 
DEGREES 

... ·-- ····-·- ···-~-----

"-V...J, 

110. 
115. 
120. 
125. 
130. 
135. 
140. 
145. 
150. 
1:55. 
160. 
165. 
170. 
175. 
190. 
180. 

60. 
60 

300. 
300. 
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ROGRAM E0405A <STD 9110-1-2> C IBM RS/6000 J 
TRESS AND STRAIN COEFFICIENTS FOR CIRCULAR RINGS 
·EVISION 11 - JANUARY 7, 1992 

r,J'~ 
Br fANDARDS 9110-1-1 AND 9110-1-2 

IXED SUPPORT LOAD COMBINATION ~4 - 2 PT. AT 60 DEG .. 

NCR> 
2 

N<T> 
3 

N<M> 
1 

DATA SHEET NO. 
i 

PLOT CODE 
0 

RADIUS MOD-ELAS 
26.07 28000000.00 

HOH-INER 
3.34 

AREA 
1.90 

C<1> 
1.70 

C<2> 
2.43 

QUILIBRIUM LOADS 
INPUT 

COMPUTED 

FV 
7600.000 
7600 .. 679 

FH 
600.000 
600.224 

NPUT LOADS AND THEIR LOCATIONS 

ADIAL LOADS AND ANGLES 

LOADS 
ANGLES 

2090.00 
60.00 

'ANGENTIAL LOADS AND ANGLES 

1711.00 
300.00 

M/R 
.. 000 
.000 

) _OADS 
'ANGLES 

600.00 -3619.00 
.oo 60.00 

2963.00 
300 .. 00 

10MENT LOADS/R AND ANGLES 

LOADS 
ANGLES 

-56 .. 00 
.. oo 

lNIT STRESS VALUES FOR CIRCULAR RINGS 

·RINTOUT AT EQUAL ANGLE INCREMENTS 

x V/A T/A H<FORCE-LG> 
.. oo 1 .. 4016E+02 -3 .. 202SE+02 -2 .. 7439E+03 

5 .. 00 i.6779E+02 -3 .. 1076E+02 -2 .. 0791E+03 
10 .. 00 i.9405E+02 -2 .. 8915E+02 -1 .. 2976E+03 
15 .. 00 2.1791E+02 -2 .. 5565E+02 -4 .. 0763E+02 
20 .. 00 2.3833E+02 -2 .. 1064E+02 5 .. 7828E+02 
25 .. 00 2 .. 5435E+02 -i.5464E+02 1 .. 6432E+03 
30.00 2.6502E+02 -8 .. 8358E+01 2 .. 7660E+o3 
35 .. 00 2.6950E+02 -i.2616E+Oi 3 .. 9218E+o3 
40 .. 00 2 .. 6698E+02 7.i606E+01 5.0821E+03 

THETA 
-2.5774E-04 
-3.1665E-04 
-3 .. 5795E-04 
-3.7890E-04 
-3.7701E-04 
-3 .. 5013E-04 
-2.;9659E-04 
-2 .. 1528E-04 
-1.0574E-o4 

, .. '1,0 

DR DC 
-2.1745E-03 -'2 .. 4209E-03 
-3 .. 0329E-03 -2 .. i945E-03 
-3.9827E-03 -1.8889E-03 
-4.9734E-03 -i.4982E-03 
-5.9483E-03 -1.0213E-03 
-6 .. 8457E-03 -4 .. 6226E-04 
-7 .. 5998E-03 ·1 .. 6933E-04 
-8.1429E-03 8 .. 5802E-04 
-a .. 4071E-03 - -1-.5824E~o3 

45 .. 00 2 .. 5678E+02 i .. 6321E+02 6 .. 2152E+03 3.1761E-o5 -8 .. 3263E-03 2.3153£-03 
50.00 2 .. 3831E+02 2.6097E+02 7 .. 2866E+03 i.;96i5E-04 -7 .. 8388£-03 : ·3·; 023SE-03 
55 .• 00 2.1109E+o2 3 .. 6356E+02 8.2596E+03 3 .. 8548E-<>4 -6 .. 8890E-03 '.~ 3 .. 6700E..;.03 
// 5.969oELo4 

,.:· _,. . ' .. 

') -9 .. 2698E+02 -1.4382E+o3 -9. 0956E+03 -s. 4305£-1>3 :-- ~4· .. 2113£-03 
,:> -8 .. 0220E+02 -i.4i90E+03 5 .. 3648E+03 7 .. 7169E-04 -3 .. 4707E-03 4.6029£-03 

\-..,.;;.00 -6 .. 7977E+02 -i.3842E+03 -2 .. 1680E+03 8.6224E--o4 -1.1.853E-03 ··4 .. 8077E-03 
75 .. 00 -5 ... 6103E+02 -i.3348E+o3 -5 .. 0794E+02 8.8140E-o4 i .. 2315£--03 L 4 .. sOs9E-o3 
eo.oo -4 ... 4719E+02 -1.272iE+03 -2 .. 68i6E+03 8 .. 4161:E-o4 3 .. 613t£..:;03~l::.~4;.;593l:!E~3 

) 

5. 
10. 
15. 
20. 
25. 
30. 
35. 
40, 
45. 
50. 
55. 

. 60. 
65 

·70. 
75. 
80 

85 .. 00 =~: ~:;~~:g;. =~ :~ii~~:g; ~;·:~~~~~:gi,~·iiC~~~~~~i .. i•:g:~:~ 90 .. 00 
~-- ~~ , AC"JAr- _ _.,/'\,.... -,.C A~ L 7C" ~(Y'l( -A.AA7°'!="+03 4.8472E-04 9.3007E-03 2. 8394E-·03 95 



.)5.00 1.3750E+01 -8.0571£+02 -6 • '7'~'7' fl:..+V~ l. ~.::.,,,:. <t..-v"t J.. J.. .1.v.i:.~-v<L .1.. v..:i,.::.i;;.-·v..:i .L\.'-...J•\. 

10.00 7 .. 9162£+01 -6.9283E+02 -6.7857E+03 -1.S856E-05 1 .. 1304E-02 5 .. 1176E-05 110 .. C 
15.00 1 .. 3459E+02 -5.7727E+o2 -6.3208E+03 -1.7576E-04 1.1045£-02 -9 .. 2726£-04 115 .. C 
20.00 1.7989E+02 -4 .. 6073E+02 -5.638SE+o3 -3.2162E-04 1.0354£-02 -1.8640£-03 120.( 
25.00 2.1503E+02 -3.4487E+02 -4.7827E+03 -4.4869E-04 9.2732E-OJ -2.7231E-03 125.C 
J .; .. ') 2.4014E+02 -2.3132£+02 -3.7970E+03 -5.5326E-04 7.8577E-03 -3.4727E-03 130.C 
··~ 2 .. 5551E+02 -1.2165E+02 -2.7240£+03 -6.3272E-04 6.1727E-03 -4.0866E-03 135.C 3,/ . 

4 ' ) 2.6153E+02 -1. 7382E+01 -1.60SOE+03 -6.8542E-04 4.2904E-03 -4.S443E-03 140.( 
40 ...... 0 2.5874E+02 8.0083E+01 -4.7920E+02 -7 .. 107SE-04 2.2866E-03 -4 .. 8319E-03 145 .. C 
50.00 2.4779E+02 1.6943E+02 6.1664E+o2 -7.089BE-04 2.3881E-04 -4.9421E-03 150 .. C 
55.00 2.2944E+02 2.4948£+02 i.6490E+03 -6.8126E-04 -1.7770E-03 -4.8745E-03 155.C 
60.00 2.0455E+02 3.1915£+02 2.S877E+03 -6.2951E-04 -3.6885£-03 -4.63SOE-o3 160.C 
65.00 1.7407E+02 3.7755E+02 3.4065E+03 -5 .. 5634E-04 -S .. 4294E-03 -4 .. 2357E-03 165 .. C 
70.00 1.3901E+02 4.2390E+02 4.0836E+03 -4 .. 6492E-04 -6.9412E-03 -3.6941E-03 170.C 
75 .. 00 1.0045E+02 4 .. 5760E+02 4 .. 6013E+03 -3.5895E-04 -8.1750E-03 -3.0324E-03 175 .. < 
·ao .. oo 5.9524E+01 4.7822E+02 4 .. 9472E+03 -2.4245E-04 -9 .. 0929E-03 -2 .. 2765E-03 190 .. < 
80 .. 00 5 .. 9524E+01 4 .. 7822E+02 4.9472E+03 -2.4245E-04 -9.0929E-03 -2 .. 2765E-03 180.< 

RINTOUT AT LOAD AND/OR MOMENT F'OINTS 

.oo i .. 4016E+02 -3.2028E+02 -2 .. 7439E+03 -2.5774E-04 -2 .. 1745E-03 -2 .. 4209E-03 . ( 
- .. 01 1.4005£+02 -6.3658E+02 -1.2852E+03 -2 .. 5768E-04 -2 .. 1729E-03 -2.4213E-03 .( 

60 .. 00 -9 .. 2698E+02 -i.4382E+03 9.0956E+03 5.9690E-04 -5 .. 4305E-03 4.2113£-03 6(). ( 

59.99 1 .. 7484E+02 4.6937E+02 9.0940E+03 5.9645E-04 -5.4340E-03 4.2104E-03 60.( 
00.00 -2.1717E+02 2.0862E+02 4.6648E+03 -2.6697E-04 3.0455E-03 -1.6735E-03 300.( 
99.99 6.8454E+02 -1.3532E+03 4.6589E+03 -2.6720E·-04 3 .. 0470E-03 -i.6730E-03 300.( 

RINTOUT OF MAXIMUM AND MINIMUM VALUES OF SHEAR, THRUST, AND MOMENT 
ALUES TAKEN FROM BOTH OF THE TABLES ABOVE 

AXIMUM V/A= 
r;-~ ;uM v /A= 
{ ).JM T/A= 
11. /IUM T /A= 
1AXIMUM MCFORCE-LG>= 
iINIMUM M<FORCE-LG>= 

6 .. 8454E+02 
-9.2698E+02 

4 .. 7822E+02 
-1 .. 4382E+03 

9 .. 0956E+03 
-6.9897E+03 

AT 
AT 
AT 
AT 
AT 
AT 

299.99 
60.00 

180.00 
60.00 
60.00 

105 .. 00 

DEGREES 
DEGREES 
DEGREES 
DEGREES 
DEGREES 
DEGREES 

·RINTOUT OF MAXIMUM AND MINIMUM <AXIAL + BENDING) STRESSES FOR MOMENT 
;RMS OF Ci AND C2 - VALUES TAKEN FROM BOTH OF THE TABLES ABOVE 

iAXIMUH STRESS (Ci>= 5 .. 0845E+03 AT 59.99 DEGREES 
i IN I MUM STRESS <Ci>= -4.4110E+03 AT 100 .. 00 DEGREES 
!AXIMUM STRESS <C2>= 4 .. 2838E+03 AT 105.00 DEGREES 
iINIMUM STRESS (C2>= -8.06iOE+03 AT 60.00 DEGREES 
·of• CSYSINl 

/( 



/ 

'DESIGAJ I<. J'Jt; s ~Plba · l t.1~ !> 

~ 
f11IJ¥. - v~ UJ/fD -= 'f8Cj Z-

JI 

L:.. II 

Tfl'/ 4 •/ >( 3/e I( fllfTE 

IJ = f (.37~::; /.5 /A/ 1. 

r=~ 
,, 

:. 0.108 

KL~ ~ Cu)(11~ ~ z_14 
If .Jo6,, 

SUBJECT OFFICE 
/YOE. 

(' 

JC= Z./ 

I~ 

... . 
~ 

, 

REVISION 

~ -
" 4 

• 

~ 

-· 

REFERENCE NO. 
., .,, 0 .,,,,""" 

MADE BY CHKD BY MADE BY CHKD BY "r 
MIS bb6, -. SHT~OF_ 
lz.kJ'?f t./f~t( DATE DATE /f.1.-V 



(AISC 

Cc..-: 

a) 

/zfy~Ei I 

f5•'ii. .. 
\,.. ,·. 

~::. L~ ~ 000 fSJ G 3oo•r 

fi -=- /'11 Zoo /'SI @ 3e;t0•F 

Cc..~ /b{:;," 

fr- ~L/JlJF 
~ 

z_c.,_1' t -
-t .JCK'i71-) - ~l);r - 3 

BC.:.. 8 Cc.' 

f 01. :::. 10, '1 '70 f'S/ 

,,. 
f~-=-

4,SCIZ. l 710 /'~/ -
'2.8b~.,_ -

SUBJECT 

i. • 

J ASll?S s EQ. lJJ[. j;/ltl. 2 
,I 

KL/r--: 2-7. 5 

<Fo. .c OK &>O 

-·-

·- -

__ ,.,. . 

--- -

-

- .. 

- - - -· 

A 
OFFICE REFERENCE NO. 

~e.. REVISION '\'l, 01.-l'l..--
MADE BY CHKD BY MADE BY CHKD BY 

SHT 't.~ OF'-/'( (1)/.5 ~-- -- ··-. 

i,J;,,Jeu. 'Ii~ DATE DATE 
/0 .1..~ 



( : 

6·.--. 
' 

fr>IJ-X. V£J?.77CA-L LolfJ:) = 4, 8'1 z..,,, Cv~- :Pl. +- vro. ~l.J!y t- [A:/-. ~) 

JJ 
L-::: ; o K:=- 2.1 

A-=- /. 27 /V 

KLJ -Ir -

2. 

(IJISC ~z) 

Cc.. = /bb.b ~ 0.171-

~./1~l...J f 
I - z.. ~, 'lPO 1151 

- /3 r ~(.11f) - ·n4)J 
!J 

SUBJECT OFFICE 
»:£ REVISION 

MADE BY CHKD BY MADE BY CHKD BY 

DATE DATE 

REFERENCE NO. 

~~o t..IV 

. SHT~OF_±f_ 

1•.t.'( 



5 J7<, F55Nc, 7lf Fi lol.l~/ TUl>/.A/IH.. 

1S W~'PG S<-J/7~/lT /(, WG • 

v-:: 15~3 f>sJ + .32.'2_ ~' =- /96Z. l'$J - . 
{ f~ v~ CAl,"Yf\.__ ~mo.utf.. 8e:ivPJva. 1>C1r ~ /..cAJ~- ~ ~c.11" ~ 

SUBJECT 

-----. - --- PrintedlnUSA ----~----~---- ----1 _ i'.'· \-><·--~ 

OFFICE 
A>€.. REVISION 

CHKD BY MADE BY CHKD BY 

DATE DATE 

-- REFERENCE NO. 

01.\ "V 

• 14 'it __ SHT-OF-

- It. ts 



( j 
\ 

(' 

If 
,, 

US£ hJ 18 loA/(, L"r, IA..l/T~ If b t.vf])e PJ.A1TV 
" , If 

/JcJ' 2. .x-'J .x ' "" " 

!rT ~ EµJ:> 

~ ~~ '"5SET, 5300 
~ 

~ 

1a'' 

loJ./t4/Tl11?1NAL FOR.a {p) "=- 53CO -Jr 

/YJO/)'JtJV/ OJ../ 7'18E wAU ( 11
1
):. 4 ''{;300 #..) =- 2-11 ltV /v~> 

SUBJECT 

L.Ol.J&nuPJ~ C<J/YJ/7~~$1ve ~ (fJ4)-=. S-doo p$/ 

l/r;L. 8~1t'l JV18E cALc.:;,) 

OFFICE 
µg;: REVISION 

CHKD BY MADE BY CHKD BY 

DATE DATE 

REFERENCE NO. 

"' .,., v 

SHT t.{; OF_jB_ 



~ 

STANDARD 9108-7 BRACKET SUPPORTS ON CYLINDERS 

0.127 in. Shell thickness 

= 24.4385 in. Shell radius 

L = 18 in. Length of lug 

tl = 6 in. Lug thickness 

tw = 0.125 in. Weld size 

w = 6.25 in. tl + 2(tw) 

p = 5300 lbs. Vertical load 

Mact = 21200 

Qact = 0 

in-lbs 

lbs. 

Longitudinal moment on shell from lug 

Radial load on shell from lug 

SL = 0 

SH = 0 

Slc = 1862 

psi 

psi 

psi 

Longitudinal shell stress due to internal pressure. 

Circumferential shell stress due to internal pressure. 

Longitudinal shell compression stress. 

ALLOWABLE STRESS (Sa) = 14400 psi = 1.25( .6Fy) 
\ 

) = 1. 285/(Rt). 5 = 0.729397 

Ml = 1390(t2 ) (6 + 6BL + (B2)(L2)] w = 20754 in-lbs 

M2 = 2520(t2) [6 + 6BL + (B2)(L2)] W= 37627 in-lbs 

Ql = 8333(t2 ) WB ( 2 + BL) = 5339 lbs. 

Q2 = 15150(t2 ) WB (2 + BL) = 9707 lbs. 

Ma/Ml + Qa/Ql + SL/Sa = 1.0 =< 1.0 

Ma/M2 + Qa/Q2 + SH/Sa = 0.56 =< 1.0 

ALLOWABLE SHELL COMPRESSION (Sea) = 1,800,000 (t/R) = 

p 

Sc = ----------------- + Slc = 3406 psi 
[1.154(L) + W](t) 

9354 psi 
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MOMENT OF INERTIA CALCULATION 
==========~==============--=== 

---------> x 
dl d2 

<------->,<-----------------------> 
-------~--- y 

AREA I 
l -------------------------- -----

bl 

I 
y 

l 2 3 

AREA 
2 

4 5 6 

b2 

======= ======== ======== -------- ======= ======= --------
d 3.8125 0.375 3.8125 
b 0.375 6 0.375 
x 1.9063 4.0000 6.0938 8.0000 8.0000 8.0000 

THETA 0 0 0 0 0 0 

AREA x AX AX2 Io 
-------- ======= ======= ------ ======== -------- --------

l 1.430 1.906 2.73 5.20 1.73 
2 2.250 4.000 9.00 36.00 0.03 
3 1.430 6.094 8.71 53.09 1.73 
4 o.ooo 8.000 0.00 o.oo o.oo 
5 o.ooo 8.000 o.oo o.oo o.oo 
6 o.ooo 8.000 0.00 o.oo o.oo 
7 0.000 8.000 o.oo o.oo o.oo 

===---== =--' =-- ====--======z== 
5.109 20.44 

TOTAL DEPTH = 8.0000 in. 

CENTROID (X) = SUM(AX)/SUM(AREA) = 

!(total)= [SUM(AX2 )+SUM(Io)]-(AREA)(X) 2 = 

97.77 

4.000 in. 

16.02 in. 4 

7 
====== 

8.0000 
0 

Cl = x = 4.000 in. C2 = DEPTH - x = 4.000 in. 

I/Cl 4.01 • 3 Sy2 = I/C2 3 Syl = = in. = 4.01 in. 

Radius of gyration (r) = (I/A)l/2 = 1.771 in. 

Torsional constant (J) = in4 

---------------------------------------------------~-----~-------~------------
r~fBJECT 

TION PROPERTIES ABOUT X-X 
_ .tt<J.RIZONTAL RESTRAINT 

! 
! LIGO BEAM TUBE · 

!MADE BY: MRS 1 R !MADE BY: !REFERENCE NO.! 
!-------------! E !-------------! ~\~~('\..,; ! 
! CHKD BY: l:>~ ! V ! CHKD BY: 1----.l-------- ! 
1-------------1 1-------------1 , I 
iDATE: 2/22/94i ioATE: isHT~oF_jf:_i 

-----------------------------------------~---------------------~--------------
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MOMENT OF INERTIA CALCULATION 
===================- =™ ==== 

1---------> x 
I dl d2 
l<------->l<----------------------->I 
~---------! y l 

AREA J 
1 -------------------------- -----

bl 

I 
----- ----------- y 

1 2 3 

AREA 
2 

4 5 6 

b2 

7 
======== ======== ====== ------- ======== ======= ====== -------

d 2.8125 0.375 2.8125 
b 0.375 8 0.375 
x 1. 4063 3.0000 4.5938 6.0000 6.0000 6.0000 6.0000 

THETA 0 0 0 0 0 0 

AREA x AX AX2 Io 
====:c::=== ======== ====== ====--== ======= 

1 1.055 1.406 1.48 2.09 0.70 
2 3.000 3.000 9.00 27.00 0.04 
3 1.055 4.594 4.84 22.26 0.70 
4 o.ooo 6.000 o.oo o.oo o.oo 
5 0.000 6.000 o.oo o.oo o.oo 
6 o.ooo 6.000 o.oo 0.00 o.oo 
7 o.ooo 6.000 o.oo o.oo o.oo 

======= === == ========= 
5.109 15.33 52.77 

TOTAL DEPTH = 6.0000 in. 

CENTROID (X) = SUM(AX)/SUM(AREA) = 3.000 in. 

I(total)= (SUM(AX2 )+SUM(Io)]-(AREA)(X) 2 = 6.78 in. 4 

- -
Cl = x = 3.000 in. C2 = DEPTH - x = 3.000 in. 

3 2.26 in. Syl = I/Cl = 2.26 in. 3 Sy2 = I/C2 = 
Radius of gyration (r) = (I/A)l/2 = 1.152 in. 

Torsional constant (J) = in4 

0 

----------------------------------------~------~---------------------------~--r "TBJECT 
\ . .:TION PROPERTIES ABOUT Y-Y 
, _ _/.:lldRI ZONTAL RESTRAINT 
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! 
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L.12ag kDH n .. ;..a ... ...i Sunnort 1 ---'- Total M1goltud1 Di~112D 
1 DL {Metal Wt + lnsul'n) 5,100 lbs down 
2 Axial Seismic Load 0 lbs axial 

3 Lateral Seismic Load 1,130 lbs lateral 

4 Axial BakeOut Load : 0 lbs axial 

5 Axial Contraction Load 0 lbs axial 

6 Axial Extension Load 0 lbs axial 

7 Vertical Stability Load 600 lbs down 

8 Lateral Stability Load 600 lbs lateral 

~mb'o LQld ~mbloatl~m 
1 DL + Vertical Stability 
2 DL + Axial EQ + Axial Ext'n + Vert Stability + Lat Stability 
3 DL +Lat Ea+ Axial Ext'n +Vert Stability+ Lat Stability 
4 DL + Axial BakeOut + Vert Stability + Lat Stabllltv 
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CQmm11111 
(per RISA-20 analysis for continuous beam system) 
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(- 18% • 90 pit • 65 ft), assumes guided 8"ppOrt lakes ....., loedll 

(assumes taken by fixed support) 

(assumes taken by fixed support) 

(assumes taken by fixed support) 

(assumed) 

(assumes guided support takes la'8ral loads) 

~ldLal Axlall.cwl uan11m Sbwm 
5,700 0 0 1.000 
5,700 ·o 600 1.333 
5,700 0 1,730 1.333 
5,700 0 600 1.000 
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>f<OGRAH E0405A <STD fS.i0-1-2> t IBH RS/6000 J 
STRESS AND STRAIN cOEFFXciENTS FOR CIRCULAR RINGS 
REVISION 11 - JANUARY 7, 1992 

IP'!~ 
~ (,fANDARDS 9110-1-1 AND 9110-1-2 

G.UIDE SUPPORT LOAD COMBINATION 01 - .2 PT. AT 55 DEG. 

N<R> 
2 

N<T> 
2 

N<H> 
2 

DATA SHEET NO. 
1 

RADIUS HOD-ELAS 
26.07 28000000.00 

HOH-INER 
3.34 

EQUILIBRIUM LOADS FV 
INPUT 5700.000 

COMPUTED 5701 .. 035 

FH 
.ooo 
.. ooo 

INPUT LOADS AND THEIR LOCATIONS 

RADIAL LOADS AND ANGLES 

LOADS 
ANGLES 

1635 .. 00 
55.00 

TANGENTIAL LOADS AND ANGLES 

LOADS 
ANGLES 

-2335.00 
55 .. 00 

MOMENT LOADS/R AND ANGLES 

1635 .. 00 
305 .. 00 

2335.00 
305 .. 00 

LOADS 
ANGLES 

1038.60 -1039.60 
ss .. oo 305 .. 00 

UNIT STRESS VALUES FOR CIRCULAR RINGS 

PRINTOUT AT EQUAL ANGLE -.INCRSHENTs ~-- . 

AREA 
1.90 

H/R 
.. ooo 
.. ooo 

C<1> 
1.70 

C<2> 
2 .. 43 

/I.") 

X V/A - --T/A-~:.:;-"< ·tlCFORCE-i.Gl- ·--: THETA DR .. _ -~-=~~,:. -- DC-

., -

.00 O.OOOOE+oo -i. .• Li.OOE+o2-...,5 .. :6890E+o3 0.;0000E+OO l.4932£-02 <O.OOOOE+OO 
5.00 9.568SE+OO ..;1.0694E+02-··.-5~-6682E+o3- ..;l~·3823E--04 l .. 46t9E--02 .~:2882£-03 5 

10 .. 00 t .. 8431E-+Oi ~ .. 4822E+0:1 -''!5.6074E+o3 ~2~7545£-04 .. t .3981£-02 ...;2 .. 5391£-03 10 
15.oo 2 .. 5899E+01~~7:48i2E+o1--=s:s1£2E+o3 ·..:.:;~r.·1076£..;;;.o•-·· 1~2926E=<>2~.7ttti£-<>3 15 
20.00 3 .. 1267E+ol-~~72o6E+ot -5 .. 3870E+03 -S.4336£-04 -- J..1468E-.o2~~.-x . .f7834E-03 20 
25. oo 3 .. 3918E+o1-:;;;.1 ~24o3E~i '~.;:;s::2452E+.o3_._ .;:6..;?2?1£~ ~: •~62*~· . ~7<)&s£-03 25 
30. 00 3 .. 3237£+01 :_· 2;;:90SSE+oi ~-5_;!(>!90£~3 .::'.'J~j852E-::<>.\ __ ·_ 7. 41~~. -:~;4~~-.03 30 
35.oo 2 .. 8665£.+ot ··· :7 .. 66s9E+01 --•~'9639£+()3 -'9 ... 2oaae:-o•~ · 4.e745£~oa .. ~5E-o3 35 
40.00 1 .. 9701£+01 -~·1.2961E+o2,.-4~'"9579.E.f.03 ~:.i,.,0:403,£-03 2.01SOE:.:. _;_ ~ -:-03 .4<l 
45 .. oo s .. 9105E+oo-;::l:·~a71~+o2:i7-4~"SooeE-+o.:s:~:lln'~3--;;.1:;;r~ · · ;::.03--~ 4~ 
50.00 -1.3o70E+o1: 2 .. 4840.E+o2 ':;4::8t44E+03 ,-.:J.:2744£-03:..;it ... s269t~~ .. , ~0£-03 5<J 
55.00 -8.9941E+02 ~.1S45E+o2" :;!?~'21S5E+o4 ~~t:3'26£~~~S~'S.$r-"' . "' '.. ·~3 ·~ 
L~oo -e.189sE+o2 .. ·~ .. 2305E+o2 .... ~t..a447E+o4 -ta-.'9948E-o~.-~-t .. i.2?7£ -~a~...;.o3 6(] 

( : ' -7.3862E+o2 ·~.t.699£+02 ~ :s..;'5oS6£+b4 4·:"9232E~~--t.:..n · ·_ ·· :.,.~~ ~- ·37£-03 ·6S 
\~L..-0 -6 .. 5923£+02 --9 .. -00B7E+02 · 1 .. 2070E+04 -1 ... 0271£-04 -1.4375E-02 -3.3902E-03 70 

75.00 '""!5 .. S166E-+02 ;~9 .. 7540E+o2 .:_-9~3929E+G3 :g:7666E-05~ -l.461?E.:::02~.::2.t.i74E--03 7: 
ao.oo -s .. 0669E+02 -e.4139E+02· '.7.0455£+03 2 ... ''9>696£-04 ~1.4347£...;02· ·:Sl~6e6£-04 . .ac 
85.00 -4 .. 3503E+o2--,:;;.7 .. 9972E+02 ··:s •. :0-147E+o3. -~·~»4302E~04 -i .. 35!6E=02 r;:3:7207£..;.Q4 ·~ 

:~:: :;:~~~~~i~~'.. _ i -pa~,~~ 
- ·--·- -- · --·--·n~ , ~~·~~i~~ L 7Ao~~-na -Q 4Ann~-n~ ~.~~~i~-n~ iOr 



lS.0.00 -1.4529E+o2 ~.i.116E+o2 -t. .. Oia:JE+o3 
l15.00 -t.0357E+o2 -4.4487£~2 -1·~'5535E+o3 
t.20.00 -6.7658£+01 -3.7828E+o2 -t .. 9209E+o3 
t25.00 -3.7:529E+oi -3.l244E+o2 -2.14SSE+03 
t.~"-00 -i.3075E+ol -2.4940E+o2 -2 .. 2530E+o3 
ift..~~l() 5.9058£+00 -1.871~+02 -2.2665£+03 
( '!So 1 .. 9697E+o1 -1.2961£+02 -2.209:5£+03 
\; __ .oo 2.e661E+o1 -7.6664£+01 -2.1035E+o3 
t50 ... 00 3.3234£+01 -2.9094£+01 -i.9684E+o3 
l55.00 3.3916E+oi 1.2397E+01 -1.8222E+03 
t.60.00 3.i264E+01 4. 7200E+o1 -.t ... 6905E+o3 
t.65.00 2.5887£+01 7.4006E+Oi -1.55&3E+o3 
t.70.00 i.B429E+Ot 9.40iSE+Oi -i.4600£+03 
t.75.00 9.5682E+oo 1.-0694£+02 -1.3992£+03 
lS0.00 O.OOOOE+OO 1 ... 1100£+02 -i.3784£+03 
lS0.00 O.OOOOE+OO 1.1100E+02 -1.3794£+03 

~RINTOUT AT LOAD AND/OR MOHENT POINTS 

6.22:i2E-04 ~.;i36!1E~ "4a6663E-o3 t.1.0 
s. 908?£~ ···~a. ?282E-03-~s:o10x..:03-'1t.s 
s.4829£-<>4 -1.9762E-03 ·s.3186E-o3120 
4.9857£-04 -3.i486E-04 5..4178£-03 12S 
4.4485£-()-4 . 1.2308£-03 5.3770£-03 130 
3.8971£-04 2.6429£-03 5.2069£-03 135 
3.35f.5E-<>4 3.9098E-o3 4.9199£-03 140 
2.8261E-o4 5.0250E-03 4.5289£-03 145 
2.3304£-04 5.9858E-03 4.0474E-03 150 
1.8693£-04 6.7921E-03 3.4887E-03 155 
i.4<435E-04 7.4460£-03 2.8664E-03 160 
1.0502E-04 7 ... 9502£-03 2.1935£-03 165 
6.8402E-05 8.3077£-03 t.4831E-03 170 
3.3702E-05 8.5210E-03 7.4773E-04 175 
O.OOOOE+oo 8.5919£-03 O.OOOOE+oo 180 
O.OOOOE+OO 8.5919£-03 O.OOOOE+OO 180 

55.00 -8.9941E+02 -9.1845E+02 2.2155E+04 -1.3926E-03 -8.1512E-03 -6.5397E-03 55 
54.99 -3.7469E+Oi 3.1231£+02 -4.9212E+03 -1.3924E-03 -8.1438E-03 -6.5411E-03 55 
~0~.00 3.7524E+01 3.1244E+02 -4.9215E+03 1.3926E-03 -8.1512E-03 6.5397E-03 305 
504.99 S.9925E+02 -9.1847E+02 2.2147E+04 1.3916E-03 -S.1587E-03 6.5382E-03 305 

~RINTOUT OF MAXIMUM AND MINIMUM VALUES OF SHEAR, THRUST, AND MOMENT 
IALUES TAKEN FROM BOTH OF THE TABLES ABOVE ' 

1AXIHUH V/A= 8.9925E+o2 AT 304.99 DEGREES 
1INIHUH V/A• -8.9941E+02 AT 55.00 DEGREES 
1AXIHUH T /A= 3.1244E+02 AT 305.00 DEGREES 
1!.NIHUH TIA• -9.2305E+o2 AT 60.00 DEGREES ( J U1 M<FORCE-LG>• 2.2155E+o4. AT 55.00 DEGREES 
, / UH M<FORCE-LG>• -5.6890E+o3 AT .oo DEGREES 

=-RINTOUT OF ·MAXIMUM AND MINIMUM (AXIAL + BENDING> STRESSES FOR MOMENT 
~RHS OF Ci AND C2 --VALUES TAKEN FROM BOTH OF TI£ TABLES ABOVE 

'1AXIHUH STRESS (Ci>• 
;1INIHUM STRESS <Ci.)• 
"'IAXIMUH.STRESS <C2>• 
iINIMUH STRESS <C2>• 
fOP tSYSINJ 

~ 
~~: ;·:, 
' ' 

"--__.d>"' 

1.0325E+o4 . AT 
-2.9981£+03 AT 

4 .. 03t4E+oi-~--~T 
-1. 7-050£+04 AT 

_-;;;- __ -.-···--.-- ·-·----~·· ~· 

.·• 

55.00 ·DEGREES 
• 00 DEGREES-• oo . oeGREE&-· ... 

,55~00 ·:DEGREES · 

- . -
~< . 
• 'I'"---- ... -

. . - ,., :g _, __ 
o:;,:?~~.ft"'.·~i:'.~~-~~:~~j_Jt\fj~~lJlVtJ%1•~.\4!J:i~~·t:i;';r~~f~~a.~~~' 
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( 

MOMENT OF INERTIA CALCULATION 

---------> x 
dl d2 

<------->,<----------------------->, 
----------- y 

AREA I 
1 ------------~----------~-- ----~ 

AREA 
bl 2 b2 

-------------------------- -----
I ----- ----------- y 

1 2 3 4 5 6 7 
======= ======== ====--= ====== ===== --=== ==-== 

d 0.127 6 
b 3.125 0.375 
x 0.0635 3.1270 6.1270 6.1270 

THETA 0 0 0 0 

AREA x AX AX2 

======== ======= ------ ====== 
1 0.397 0.064 0.03 o.oo 
2 2.250 3.127 7.04 22.00 
3 o.ooo 6.127 o.oo o.oo 
4 o.ooo 6.127 o.oo o.oo 
5 o.ooo 6.127 o.oo o.oo 
6 0.000 6.127 o.oo o.oo 
7. o.ooo 6.127 o.oo o.oo 

=======-
2.647 7.06 

TOTAL DEPTH = 6.1270 in. 

CENTROID (X) = SUM(AX)/SUM(AREA) • 

I(total)= [SUM(AX2 )+SUM(Io)J-(AREA)(X) 2 = 

6.1270 6.1270 
0 

Io 
===---== 

o.oo 
6.75 
o.oo 
o.oo 
o.oo 
o.oo 
o.oo 

28.75 

2.668 in. 
4 9.92 in. 

0 
6.1270 

0 

Cl = X = 2.668 in. C2 = DEPI'H - X = 3.459 in. 
3 2.87 in. ,~· · Syl == I/Cl = 3.72 in. 3 Sy2 • I/C2 = 

Radius of gyration (r) = 
Torsional constant (J) = 

(I/A)l/2 = 1.936 in. 

in4 
._..,..· 

•. 
--~---------~-~-~------~~~~------~-~~-~---~--~----~---~-----~-~-~~~---~-------
-~ECT 

.~f!~ION PROPERTIES 
· {F°X 3/8" STIFFENER 

!FIXED SUPPORT SHELL RING 
lLIGO BEAM TUBE 

!MADE BY: MRS I R !MADE BY: !REFERENCE NO.! 
1-------------1 E !-------------! ~~O~l'V" ! 
lCHKD BY:~ ! V !CHKD BY: !-------------! 
!--~----------! 1------~~----~1 ~~ ! 
!DATE: 3/01/94! !DATE: !SHT~OF~! 

-----------------~---~----~----------~----------~~-------------~-----.-----~---
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PROGRAM E0405A <STD 9110-J.-2> 1 181'1 RS/6000 J 
STRESS AND STRAIN COEFFICIENT9.~f1JR CIRCUl..AR RINGS 
REVISION 11 - JANUARY ?, 1992 

.~>--~~ 
f '~TANDARDS 9110-1-1 AND 9110-1-2 

GUIDE SUPPORT LOAD COMBINATION 03 - 2 PT. ·AT !55 DEG. 

N<R> 
2 

N<T> 
3 

N<H> 
3 

DATA SHEET NO. 
1 

PLOT CODE 
0 

RADIUS HOD-El.AS HOH-INER 
26 .. 07 20000000.00 3.34 

EQUILIBRIUM LOADS FV FH 
INPUT 5700 .. 000 1730.000 

COMPUTED 5699.642 1730.351 

INPUT LOADS AND THEIR LOCATIONS 

RADIAL LOADS AND ANGLES 

LOADS 2093 .. 00 1176.00 
ANGLES 55 .. 00 305 .. 00 

TANGENTIAL LOADS AND ANGLES 

(-- ~\I LOADS 1730 .. 00 -2989 .. 00 
. _.· ANGLES .. oo 55.00 

MOMENT LOADS/R AND ANGLES 

LOADS -161.40 1330.00 
ANGLES .oo 55.00 

UNIT STRESS VALUES FOR CIRCULAR RINGS 

PRINTOUT .AT EQUAL -ANGJ.:£...,INCREMENTS . ·- -

AREA C( 1-> 
1 .. 90 i.70 

M/R 
.. ooo 
.600 

1680 .. 00 
3~ .. oo 

-7~7.00 
305 .. 00 

l I 
--·-::~···;:-~---~IF~ .. -~--...--- ··-· 

C<2> 
2.43 

- 11.1'{ 

X V/A T/A M(f'ORCE-LC") THETA -·- DR -_ ·-· · - -- DC 
.oo 2.7303E+o2 , 3 .. 4510E+o2 ~7 .. 7916E+o3 -.3.5152E-04 1.4830£-02 ~.3481£-03 

5.00 2.4291E+o2 .3 .. 4595E+o2 -6 .. 6782E+o3 -5.2726£~. - 1..3391£--02 ~~:5832E-o3 5 
10.00 2.1250E+02 ·3~5161£+02 •5 .. 6953E-+03 -6.7:7<49£-<>4 -j, .. 1481£~ -6~6716£-03 iO 
15.oo t .. e140E+o2 . 3 .. 62i4E+o2 ·.;-4.e4sOE+o3-~9:0'543E:;-04"· 9.l667£~~.;..:7:5752£;:;o3 .. 15 
20.00 1.4916E+o2 ·: 3 .. 7751E+02 -"4.t312E+o3 -9.1.433£~4. 6.5145E~~,;e;261.6E-03 20 
25. 00 i .. 1537£+o2 -. 3 .. 9759E+02 --3.:5598E+o3 ·:.::.1 .. :007~3 - 3.i~~ -~7041£-03 25 
30.00 7.9635E+Ot . 4' ... 2218E+02--3 .. 1382E+.03 -l.-OS81E~ - 4 .. 27.69£-.04·.~;88o5E--03 30 
35.00 4.1566E+o! 4.'5096C:+02 -2.:S75BE+o3 ...;S..,J.&t:6£~3 -2.9057£~~-:.oJ -35 
40.00 8.i767E-01_ .. _4_.EJ353E+02_-2~7833E:t-03 .:l.!~i>3_':6_.37~~-~=:03._ 40 
45.00 -4.2922E+Oi 5 .. l94iE+02·-2.9730£*°3 _-J. ... ~..-;~- -9;954~~:~. ' __ .. ~03. -45 
50.00 -9.9916E+Oi ·5 .. 5804£+02 -3.l5S.4E+;()3. -1.-37 .. 1~~·-t.36~~~::~.~.· :·~.·.".· ~.·-.~.;.o. 3 so ... 
55 .. oo -1 .. 2437E+o3--9.7695E+o2· -a-.. 1019E+D4- ;;.;;1:453S£~~....;.i;.7349£~· -·· M£~3:--·:ss 

... ' ' - ' " - . ,, ·: '. " .-·.;_!'": . . . . , ~"7V'- ":} . . , 

ACL._QO -1.1563E+o3 -t.0248E+o3. ~2~!$839£+.04 ...;7 ,-6301£-()4 ~2.0237£....;o2 -1:"'3:6266£-"03 ·--60 
. ·::::_o -1.0652£+03 ·.;;;;1.0595E+o3-·"-2~t'o44E+o4-~l~9355E-=o4 -2.t!i40£~·:-:;;.l:!"793.i.£-o3-- -65 
\ Jtjo -9. 7i73E+02 -1.0S10E+03 i.>6648E+04 2.6409£-<>4 -2.1514£-<>2 · 9.4271£-05 70 
75.oo -0 .. 7693E+o2 '.'"'.i.OS97E+o3··~-.J..;.2659E+04 · 6-~1-972E..:.04 .. -'2.040l£~:::-i:;t1302E-03 75 
ao .. oo -7.e1-91E+o2 -l. .. OB6iE+03 9.<>78SE+o3 s_,,s32SE-o4 _-1.e43u:-02 •. :?3~~300E-o3 ao 
es.oo -6 .. B771£+02 -1 .. 07oeE+o3 · s .. 90StE+o3 - t:..0647E..::03 -1.sei7E=o2·-·s:1284E-03 - es 

~::,~:~lX~-t~, -:;t~z : .. " ... 9 



1 u. vu -;,: • OJ. ~.:M:.'t"V..:: -a.1 l.;Ji l'C:.'T"\l.C -'"'· ~40rto;n:,~ .... .., r rgs;.--v.o. ~. wc;lVT ... -v.. . .... "9V"I ..... -~ A .&V 

.1s.oo -1.9027E+o2 -7.8025E+o2. ~.l2'9E+o3 9.6421£..:.04 =·a.e173E..:Q3:~'t(e~-<>3 ·11s 

.20.00 -1 .. 2529E+02 -7 .0026E+o2 -s .. '80S6E+o3 8 .. 3073£-04 · 6.S6S2£-o3 ':'."7::-ao?2E"'"'°3 120 
·25 .. 00 -6 .. 6759£+01 -6.3262E+o2 -6.2176E+o3 6 .. 8397£-04 8.9432£-<>3 ··?-:.t277E-o3 t25 
~3" 00 -i .. 4947£+01 -5.5451£+02 -6 .. 39i5E+o3 S .. 3015£-04 l .. Os>iOE-o2 . -6.2583£-03 130 

(-~oc~~'-,0 0 2 .. 9986£+01 -4. 7518£+02 -6.3565£+03 3. 7470£-04 : t.2442£-02 .. S.2361£-03 135 
~ 6 .. 7986E+o1 -3.9581E+o2 -6.t426E+03 2 .. 2234£-04 1.3528E-o2 -4.0997£-03 140 
00 9 .. 9101£+01 -3.1758E+02 -5.7796E+o3 7 .. 7050£-0:S t.4172£-02 -2 .. 8879£-03 145 

·50 .. 00 1.2340E+o2 -2 .. 4162£+02 -5.2969£+03 -5.7091£-05 1.4390£-o2 t.6396E-o3 150 
55.00 -t.4137E+o2 -1.6902E+02 -4.72J1E+o3 -1 .. 7993£-04 1.4205E-02 3 .. 8811£-04 155 
.60 .. 00 1.5311E+02 -1 .. 0079£+02 -4.0855E+o3 -2.8717E-o4 S. .. 3651.E-<>2 -8.2987E..;.cM 160 

1.65.00 1 .. 5912E+02 -3 .. 78SOE+o1 -3 .. 4098£+03 -3. 7839£-04 i.2767£-02 ~1.984BE-o3 165 
.70 .. 00 1.5990E+02 1 .. 086SE+01 -2 .. 7197£+03 -4.5296E-04 1 .. 1598£-02 -3.0499£-03 170 
L75 .. 00 1.5602E+02 6 .. 8691E+Oi -2 .. 0364E+o3 -5 .. 1077E-04 1.0190£-02 -4.0021E-03 175 
i.80.00 i .. 4813E+02 1.1094£+02 -1~3787£+03 -5.5224£-04 8.5917E-03 -4.8228E-o3 180 
.eo.oo 1.4813£+02 1.1094E+o2 -1 .. 3787E+03 -5 .. 5224E-04 a.5917E-03 -4.822BE-03 1eo 

:•RINTOUT AT LOAD AND/OR MOMENT POINTS 

.OO 2.7303£+02 3.4510£+02 -7.7916€+o3 -3.5152E-04 i.4830E-02 -4.3481E-03 
-.01 2 .. 7293E+02 -5.66B6E+o2 -3.5862E+o3 -3.5134E-04 i.4833E-02 -4.3455E-03 

55.00 -1.2437E+03 -9.7685E+02 3.1019E+o4 -1.4538E-03 -1.7349E-02 -5.2791E-03 55 
54.99 -i.4028E+o2 5.9871£+02 -3.6529E+o3 -1.4536£-03 -1.7341E-02 -5.2821E-03 55 

305.00 -6.5192E+Oi 2.6036E+Oi -6.1909E+o3 1.3312E-03 i.0495E-03 7.7991£-03 305 
504.99 5.5458E+02 -8.5950£+02 i.3279E+04 1.3305E-03 t.0420£-03 7.7993E-03 305 

:•RINTOUT OF MAXIMUM AND MINIMUM VALUES OF SHEAR, THRUST~ AND MOMENT 
/ALUES TAKEN FROM BOTH OF THE TABLES ABOVE 

iAXIMUH V/A= 5.5458E+02 AT 304.99 t>EGREES 
1INIHUH V/A• -1.2437E+o3 AT 5~.00 DEGREES 
,-~ 1UH T/A= ~.9871E+o2 .AT 54.99 DEGREES 
( )tUH T/A• -1.0997E+03 AT 75.00 DEGREES 
1A.X:IHUH H<F<>RCE-LG)• 3.1019E+04 AT 55.00 DEGREES 
'1INIHUl1 t1< FORCE-LG)• -7 .. 7916E+03 AT .. oo DEGREES 

>RINTOUT OF MAXIMUM AND HINIHUH <AXIAL + BENDING> STRESSES FOR MOMENT 
:\RMS OF Ci AND C2 - VALUES TAKEN FROM BOTH OF Tl£ 'TABLES ABOVE -

'iAXIHUH STRESS 
1INIMUH STRESS 
iAXIHUH STRESS 
'1INIHUH STRESS 
rOP CSYSINJ 

<Ci)• - -:i':-4765£+04· --~,AT 
<Ci)• -3.7981E+o3 AT 
<C2>• -6.a0185E+o3 ____ AT· 
<C2>• .;..2 .. 3563£+04 ' AT 

55.00 
130.00 

.·00 
,55.00 

.DEGREES 
DEGREES 
DEG-REES 
DEGREES, 

-:,··~· 
... -.........--~-----· 

~ --·· 
·- t;_ . 

.. 4/,/<ttJ ______ . --------~--; -~+~-~--~-~"- ·-
. . . • ', . :%>2i·:· 

--·-·-- - -·· ·---- ----·-- ·--- -· - ---.....---~....-~~-- ;~~"1.~":~- ' ... -.. - ·~ -
-~ :: 

.. ·- ~.::~ ": . 

-~---- -- -- -- -· --~ .~.L!~;~¥ - '" -~~ -



(~ I •• 

,JJ 

~01/Q~ ~r _____ 

'1 "JC~ " R;;Ji 

v;,~ =- J 41 7b5 />SI 

v-~1V - -3/C)j PJ/ -
tr,,~ - I> t:!' °I l'SJ -
v-~J'\/ - -23, ,-e,~ !':$/ -

• 

/J ::; ZM7 /Vi. 

' S1 ::: 3. 72. IV 

.P~ 1A1 :r 1% 
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JV S/hllA. GJ5So 

JV S/f44- G 130• 

JV '$7JPFw . €) t:J. 

JIV S7Jff, § 55""' 
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·ROGRAH E0405A <STD 9110-1-2) 1 IBM RS/6000 J 
>TRESS AND STRAIN COEFf ICIENTS-. .f:OR CIRCULAR RINGS --· ..... --- . -·-~-7;+~-- -·- ·~ ---... ~-:·~-~::;:::T·--
~VISION ll - JANUARY 7, i992 .. 

/?~if ANDARDS 9110-1-l AND 9U.O-i-2 

;uIDE SUPPORT LOAD COMBINATION •4 - 2 PT. AT S5 DEG. 

NCR> 
2 

N<T> 
3 

NOO 
3 

DATA SHEET NO. 
t. 

PLOT CODE 
0 

RADIUS MOD-EL AS HOH-INER 
26.07 27000000 .. 00 3 .. 34 

:QUILIBRIUM LOADS FV FH 
INPUT 5002 .. 000 600 .. 000 

COMPUTED 5801 .. 473 600 .. 087 

CNPUT LOADS AND THEIR LOCATIONS 

~ADIAL LOADS AND ANGLES 

LOADS 1023 .. 00 1505 .. 00 
ANGLES 55.00 305 .. 00 

f ANGENTIAL LOADS AND ANGLES 

(-~,J '-OADS 600 .. 00 -2603 .. 00 
~- / ANCLES .oo 55.00 

"10MENT LOADS/R AND ANGLES 

LOADS -56.00 1158.00 
ANGLES .oo 55 .. 00 

UNIT STRESS VALUES FOR CIRClLAR RIHGS 

PRINTOUT AT £Qt.JAL ·ANGL.£ INCREHENTS ----·· 

AREA C<i> 
1.90 i .. 70 

H/R 
.. ooo 
... ooo 

2149 .. 00 
305 .. 00 

-~.oo 
305.00 

C<2> 
2.43 

II. 1'1 

X V/A - -T/A :M<F-ORcE-t.ii> THETA .DR 1>C >c 
.. 00 9.4730E+Ol -4.~107£+01 -'6.'520BE+o3 -J..264SE-04 1 .. 5657E-i02 -1 .. 5641£-0.3 

5 .. 00 9.0713E+Ol 4 .. Bt28E+ot ~ .. t205E-+03 -2,8590£-<>4 --i.:_-499.lE~ -2.-9049£-03 5 .. 
10 .. 00 8 .... 6124E+oi 5 .. 8227£+01 ~'5 .. 7386E+o3 -4 .. 3545£--04 t.3959£-02 -4.1.669.E-03 :10 ... 
15 .. oo a. 03-48E+o1 7 .. 5306E+ot :.:;s:a789E-+03 -s .;'7563£~4 -~ t ... 2292£.:.o2 -·~s.3ili£.:.03-······ ·15. 
20.00 7 .. 2793£-+0l . -9 .. 9162E+01. -'5.0477E+o3 -7.070BE-04 1 .. 0324£.:.:.02 -:-6 .. 3007E-<>3 20 • 
. 23. 00 6 .. 2853E+Ol !. • 2948£+()2-··::4:::7541E+o3 -8 ~3063E~. -::7:9870£~3 ·,;_7 .. 1022£~-~:- 25 ... 
30 .. 00 5 .. 000SE+Ol i .. 6585E+o2 -~ .. 509-4E+o3 -9 ... 4736£-<>4 $..;3164E-o3 -7.6850£~ 30 .. 
35 .. 00 3.3745E+Oi -··2.Q775E+02 ..:;4_,.-3273£+()3 -1.0587£:.:.03. :c·2~3465£.f.03-~-6~02{4£~-~--35 .. 
40 .. 00 i. ... 3605E+Oi , 2 .. 5458£+02 -~4.223?£+.03 -1 .. :1664£-03 .~ .. sn:E.;:;04 -e.oe.6$E"'."'03 _::·AO .. 
45 .. 00 -i. .. 0811£+01 ·.:3.056"3£.if.02-::;4_ .. ~~+03 .:..;1~2~~~=§1~,,,· ... ~""~7~~~~44$; 
50 .. 00 -3 .. 9838E+oi 3.60i3E+o2 -4 ... 3236£+03 -i. .. 3800£~ ;;oe~ - ' -:-7:."ill9•-o3 ·;50; 
55 .. oo -i. .. 0347E+03 -9 .. 5492E+o2-:.2~5'22£+o4 ·-.:.1.491•~"i~~~t .:·,- :::;&~-:fij9f:,.OS i~fS!$] 
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I. INTRODUCTION: 

This report documents the finite element heat transfer analysis of the Ligo tube system, near the 
fixed supports. This thermal analysis determines the temperature drop of the Ligo tube near the fixed 
supports during bake-out conditions. 

The Ugo structure consists of a tube approximately four kilometers in length. A current within the 
tube wall maintains a tube temperature of 284.0°F away from the supports, during bake-out. While 
heating of the tube occurs, the supports act as a heat sink. This analysis determines the minimum 
tube wall temperature, due to the sink effects of the supports; this tube wall temperature determines 
the acceptability of the insulation system at the supports. The minimum acceptable tube wall 
temperature is 266.ooF. 

Included in this report is a description of model geometry, finite element modelling of the same, 
material properties, thermal loads, thermal boundary conditions, and temperature distribution results. 

II. SUMMARY OF RESULTS: 

Figures 1 through 4 show the support details. Separate finite element models determine the tube 
wall temperature at the transfer lug and column supports. The minimum tube wall temperatures 
occur at these locations. The minimum tube wall temperatures at these locations are greater than 
the specified minimum value of 266.0oF. 

The minimum tube wall temperature occurs at the column support. While not shown in the attached 
figures, two inches of duct wrap insulation covering the plates, micarta, and column is required to 
meet the minimum tube wall temperature requirement. The transfer lug support detail shown in the 
attached figures is adequate. 

Ill. METHOD OF ANALYSIS: 

A. Rationale of Separate Point Support Models 

Figure 1 shows a typical three point fixed support for the Ligo tube. Both the Ligo tube and 
supports are symmetric about the X=O plane shown in Figure 1. Two distinct heat sinks exist due 
to the presence of the support, one at the transfer lug location, and one at the column support 
location. Since the supports are about twenty-five inches apart along the circumference of the 
tube, these heat sinks are assumed to act independently of each other. This analysis uses 
separate finite element models, called the transfer lug model and column support model, 
respectively, to analyze each location. Figures 5 and 6 show the geometry of the transfer lug 
and column support models, respectively. 
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B. Rationale of Axisymmetric Analysis 

Both finite element models are axisymmetric, with the z-direction the axis of symmetry. The main 
path of heat flow from the tube is through the transfer lug or column support, the horizontal 
structure tube, and the support lug assembly to the concrete foundation. The axisymmetric 
modelling of the non-axisymmetric support components utilizes smearing of the thermal 
conductivities based on cross sectional area of the component versus modelled cross sectional 
area along the flow path. Similarly, axisymmetric modelling of convective film coefficients utilizes 
smearing based on exposed surface area ratios. 

C. Axisymmetric Analysis of a Concentrated Heat Sink 

The transfer lug and column support models determine which of the two locations produces the 
minimum tube wall temperature, and also the total heat flux through this governing heat sink. 
The governing total heat flux is then used in an additional axisymmetric model to more accurately 
determine the minimum tube wall temperature. Figure 7 shows the concentrated heat sink model 
geometry. 

D. Acceptance Criteria 

The maximum temperature in the tube is 284.0°F. The minimum tube temperature is 266.ooF. 
This is a pure temperature requirement, not a requirement based on a maximum temperature 
drop in the tube. 

E. Computer Programs 

The ADINA-T computer program determines the temperature distribution in the tube, insulation, 
stiffener, and support components. ADINA-T (Automatic Dynamic Incremental Non-linear 
Analysis of Temperatures) is a general purpose, commercially available computer program for 
the solution of linear or non-linear, steady-state or transient, finite element analysis of heat , 
transfer and field problems. ADINA R&D, Inc., of Watertown, Massachusetts developed and 
maintains the ADINA-T program. 

PATRAN Plus software generates the finite element models and presents the analysis results. 
PATRAN Plus is a pre- and post- processing software package developed and maintained by 
PDA Engineering of Costa Mesa, California. PATRAN is an open-ended (solver independent), 
general purpose, commercially available, engineering software package that utilizes interactive 
graphics to generate finite element models and evaluate and present analysis results. 

F. Assumptions 

The analysis uses the assumptions shown below. 

- Steady state heat transfer analysis. The analysis assumes no transient effects. 
- No thermal gradient exists at the model end away from the support. 
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Symmetry exists along the z=O plane for both models. 
No thermal gradient exists across the plane of symmetry. 

Location _____ N_O_E_-_A __ 

Smearing of thermal conductivities used to reflect true material cross sectional area of non
axisymmetric support components. 

Smearing of convective film coefficients used to reflect true exposed surface area of non
axisymmetric support components. 

Transfer lug and column support heat sinks act independently of each other. 
Free convection acts on all exposed surfaces. Analysis includes support insulation if initial 

results require refinement. 
Convective film coefficients are a function of temperature. 
Thermal conductivity of micarta is constant. Other thermal conductivities are a function of 

temperature. 
Tube wall thickness intentionally modelled as 0.125 inches. The actual thickness of the tube 

wall is 0.127 inches. 
Ambient temperature used for prescribed temperature of concrete. 
Analysis does not include the teflon fabric. 

IV. FINITE ELEMENT MODEL DESCRIPTION: 

A. Geometry 

Figures 1 through 4 show the geometry of a typical fixed support. Figures 5 and 6 show the 
geometries used for the transfer lug and column support models, respectively. The dimensions 
shown in Figures 1 through 4, along the heat flow path and beyond the micarta insulation 
(foundation side of the support), are used to establish the smeared geometry used in the 
axisymmetric modelling. 

The extents of the tube and duct wrap insulation modelled away from the support is sixty inches. 
Boundary condition effects at this location have no effect on the temperature distribution at the 
support. 

Figure 7 shows the geometry of the concentrated heat sink model. This model includes sixty 
inches of tube and insulation. 

B. Finite Element Mesh 

Figures 8 through 10 show the finite element mesh of the transfer lug, column support, and 
concentrated heat sink models, respectively. All models use eight-noded axisymmetric elements. 
The figures show the materials used for the respective analyses. 
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C. Material Properties 

Table 1 shows the base thermal conductivities for the materials used in the analysis. With the 
exception of micarta, all thermal conductivities are a function of temperature. Table 2 shows the 
smearing factors used in the analyses. The thermal conductivities of the analyses are the base 
values times the smearing factors. Appendix A contains the calculations of the conductivity 
smearing factors for the transfer lug and column support analyses. 

D. Thermal Loads 

The lone heat source in all models is an applied distributed heat flux which simulates the effect of 
the electric current in the tube. Away from the support, the temperature of the tube is 284.ooF. 
Appendix B contains the calculations used to determine the approximate required value of this 
heat source, given an insulation thickness and free convection to ambient conditions. This 
calculation considers one constant thermal conductivity value of the insulation per iteration; 
therefore, this calculation is approximate. The required heat source is about 20.05 BTU/hr-in, or 
15, 640 BTU/hr for each sixty-five foot section of tube. 

E. Thermal Boundary Conditions 

SUBJECT 

Both models have prescribed temperatures assigned at the support lug end, where it attaches to 
the concrete foundation. The temperature value is the same used for the ambient conditions. In 
the analyses, the ambient temperature is 100F. 

Free convection to ambient air is assigned to all exposed surfaces. Figures 1 through 4 do not 
include insulation details for the supports. The analyses consider support insulation details only if 
the conservative non-insulated approximation yields unacceptable results. The base convective 
film coefficients are a function of temperature and are shown in Table 3. Table 4 shows the 
smearing factors used in the analyses. The convective film coefficients used in the analyses are 
the base values times the smearing factors. Appendix A contains the calculations of the 
convective film coefficient smearing factors for the transfer lug and column support analyses. 
Appendix B contains the calculation used to determine the convective film coefficients shown in 
Table 3. 

The concentrated heat sink model includes distributed heat flow out of the model at the heat sink 
location. The results from the transfer lug and column support models determine the magnitude 
of this heat sink. This model contains no prescribed nodal temperatures. 
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V. INITIAL RESULTS AND ANALYSIS REFINEMENT: 

A. Transfer Lug Model - Initial Minimum Tube Wall Temperature 

Figure 11 shows an isotherm plot of the temperature distribution in the tube, stiffener, and 
support components. The plot shows that the minimum temperature in the tube exceeds the 
minimum requirement of 266.0°F. The calculated minimum temperature of the tube wall is 
280.3°F. 

B. Transfer Lug Model -Analysis Refinement 

An axisymmetric analysis assumes that no heat flow occurs in the circumferential direction. 
Some heat flow occurs in the Ugo structure circumferentially around the stiffener, between the 
column support and transfer lug. The distance between these supports is about twenty-five 
inches around the circumference of the pipe. Between these supports, a location exists where no 
heat flow occurs circumferentially; the maximum temperature between the supports occurs at this 
location. It is reasonable to assume that this maximum occurs about half way between the 
supports. 

From the temperature distribution shown in Figure 11, the tube wall temperature about twelve 
and one-half inches away from the support is about 282.SoF. To conservatively estimate the 
effect of potential interaction of the heat sink supports, the heat flow input is revised, such that 
the maximum pipe temperature is reduced from 284.ooF to 202:s°F. This assumption is 
conservative, since the maximum tube wall temperature of 284.0°F occurs in the Ugo structure 
along the length of the tube, as well as the top of the tube. 

C. Transfer Lug Model - Refined Analysis Results 

Figure 12 shows an isotherm plot of the revised temperature distribution in the tube, stiffener, 
and support components. The plot shows that the minimum temperature in the tube exceeds the 
minimum requirement of 266.ooF. The calculated minimum temperature of the tube wall is 
279.2°F. 

D. Column Support Model - Initial Minimum Tube Wall Temperature 

Figure 13 shows an isotherm plot of the temperature distribution in the tube, stiffener, and 
support components. The plot shows that the minimum temperature in the tube is below the 
minimum requirement of 266.0°F. The calculated minimum temperature of the tube wall is 
257.9°F. 
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E. Column Support Model - Analysis Refinement 

Since the minimum temperature of the tube wall does not meet the minimum temperature 
requirement, the model refinement includes two inches of duct wrap insulation covering horizontal 
and vertical plates, micarta, and column support. This refinement uses equivalent convective film 
coefficients considering both conduction through the insulation and free convection to ambient 
air. Appendix C contains this calculation. 

F. Column Support Model - Refined Analysis Results 

Figure 14 contains an isotherm plot of the refined analysis. Figure 14 shows that the minimum 
temperature in the tube exceeds the minimum requirement of 266.0°F. The calculated minimum 
temperature of the tube wall is 271.2oF. 

An additional one degree temperature drop is assumed due to interaction effects between the 
two supports. The resulting minimum temperature of 270.2°F is still above the required minimum 
value. This is verified by the concentrated heat sink model. 

G. Concentrated Heat Sink Model- Initial Minimum Tube Wall Temperature 

The minimum tube wall temperature occurs at the column support. Therefore, the heat loss is 
higher at the column support, than at the transfer lug. Appendix C contains the calculations for 
the heat loss at the column support, and the equivalent heat loss applied in the concentrated heat 
sink model. 

Figure 15 contains an isotherm plot of the temperature distribution in the tube. This figure shows 
that the minimum temperature in the tube exceeds the minimum requirement of 266.ooF. The 
calculated minimum temperature of the tube wall is 270.3°F. 

H. Concentrated Heat Sink Model - Analysis Refinement 

The revision of the heat flow in the tube is similar to the technique used in the transfer lug 
analysis. The maximum tube wall temperature is 280.3°F in the revised analysis. No change is 
made in the heat loss rate. 

I. Concentrated Heat Sink Model - Refined Analysis Results 

Figure 16 contains an isotherm plot of the temperature distribution in the tube. This figure shows 
that the minimum temperature in the tube exceeds the minimum requirement of 266.0°F. The 
calculated minimum temperature of the tube wall is 266.7°F. 

Since the analysis of the concentrated heat sink model yields acceptable results, the insulation 
detail of the column support region of the support is adequate. The heat loss is greater at the 
column support than at the transfer lug. The insulation detail at the transfer lug is also adequate. 

---
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VI. CONCLUSIONS: 

The insulation details at the transfer lug and column support analyzed in the refined analyses are 
adequate.· The minimum temperature in the tube wall occurs at the column support. This minimum 
calculated temperature is 266.7oF, above the required temperature of 266.0°F. 

While not shown in Figures 1 through 4, two inches of duct wrap insulation covering the plates, 
micarta, and column is required to meet the minimum tube wall temperature requirement. The 
transfer lug support detail shown in the attached figures is adequate. 

VII. REFERENCES: 

1) Fundamentals of Heat Transfer, F.P. lncropera, D.P. DeWitt, John Wiley and Sons, 1981 Edition. 

2) ASME Code, Section II, Part D, Table TCD, 1992 Edition. 

3) Kraut Duct Wrap Technical Data Manual 

tt 

--· 

SUBJECT MAOE BY KA'D CHARGE NO. 

Ugo Heat Transfer Analysis 'DEP 
BY 930212 

3h~7i4 3/°oi7qi 
~ CHKO 
"' 

CalTech DATE 
SHT 7 OF 

nted on USA I 
GO 7B7 REV FEB B3 



I 
\ 

,./~ 
I ' 

( 

Figure 1: 
Ligo Support Geometry - Elevation View 
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Figure 2: 
Ugo Support Geometry - Side View 
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FIGURE 11 

TRANSFER LUG HODEL - INITIAL TEMPERATURE DISTRIBUTION IN TUBE 
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FIGURE 12 

TRANSFER LUG HODEL - REFINED TEMPERATURE DISTRIBUTION IN TUBE 

> 
1mgn111u 11 u ~ 1 u1 1 1 



mt c: Q 

fJ) 
co ( - 0 a. 

I CD 
(") <ll 
n> Ill 

~ 3 
0 --i 
:;:,- c: 

O" 
(!> 

0 
(!> 
fJ) 

ce· 
:::> 
DJ 
:::> 
a. 
0 
c: 
!!!. 
~ 
()" 
DJ -er 
:::> 

{.._, 

,..--...... 

> 

(\ 
I I 
'--

NOTE: NOT ALL TUBE ANIJ DUCT ~/RAP ELEHENTS SHOWN 

~~-

1--f--1-

1--f--1-

EE: 
1 11111 1111111111111 I I I I I I I I I I I I I I I I~ I I I I I I I I ~ 

FIGURE 13 

COLUMN SIJl'PORT MODEL - INITIAL TEHPERATURE DISTRIBUTION IN TUBE 
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FIGURE 14 

COLUMN SUPPORT MODEL - REFINED TEHPERATURE DISTRIBUTION IN TUBE 
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FIGURE 15 

CONCENTRATED HEAT ~ItlK MODEL - INITIAL TEHPERATURE llISTRIBrTION IN TUBE 
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Location _____ N_O_E_-_A __ 

Table 1 

Thermal Conductivities - Base Values 

Temperature Stainless Steel Carbon Steel Duct Wrap 
(Deg. F) 304L (BTU/hr in F) A36 (BTU/hr in F) (BTU/hr in F) 

70.0 0.717 1.967 1.792E-03 
·75.0 ---------- ---------- 1.792E-03 
100.0 0.725 1.992 1.917E-03 
125.0 ---------- ---------- 2.069E-03 
150.0 0.750 2.017 2.236E-03 
175.0 ---------- ---------- 2.458E-03 

200.0 0.775 2.033 2.667E-03 
225.0 ---------- ---------- 2.958E-03 
250.0 0.800 2.033 3.264E-03 
275.0 ---------- ---------- 3.625E-03 

/ 
--

300.0 0.817 2.033 4.028E-03 

( 
Thermal Conductivity of Micarta 

(Assumed Independent of Temperature) 

k = 1.25E-02 BTU/hr in F 

CHARGE NO. 
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Table 2 

Thermal Conductivities - Smearing Factors 

Component 

Micarta 
Transfer Lug 

Horizontal Tube 
Support Lug 

Component 

Vertical Plates 
Horizontal Plate (SS) 
Horizontal Plate (CS) 

Micarta 
Column 

Horizontal Tube 
Support Lug 

Transfer Lug Model 

Column Support Model 

SUBJECT MADE BY T~KJ( ~ 

Smearing Factor 

0.01768 
0.03724 
0.00977 
0.71772 

Smearing Factor 

BY 

0.01367 
0.02009 
0.01926 
0.01475 
0.00613 
0.00408 
0.33447 
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Table 3 

Convective Film Coefficients - Base Values 

Free Convection to Ambient Temperature 

Temperature (Deg. F) 

70.0 
75.0 
100.0 
125.0 
150.0 
175.0 
200.0 
225.0 
250.0 

h (BTU/hr irv'2 F) 

7.857E-06 
2.385E-03 
4.149E-03 
4.957E-03 
5.506E-03 
5.924E-03 
6.260E-03 
6.541E-03 
6.782E-03 

Free Convection Plus Two Inches Duct Wrap Insulation 

Temperature (Deg. F) 

70.0 
75.0 
100.0 
125.0 
150.0 
175.0 
200.0 
225.0 
250.0 

h (BTU/hr irv'2 F) 

6.513E-04 
7.786E-04 
8.559E-04 
9.293E-04 
1.018E-03 
1.099E-03 
1.206E-03 
1.315E-03 

.......,s=u~~=Ec=r----------------. ........... M=Ao=E~BY,,........, ........ C~HK=o~BY,.,....-,........,-~--..--------c~H~AR=GE~N=o.---
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Table 4 

Convective Film Coefficients - Smearing Factors 

Transfer Lug Model 

Component Smearing Factor 

Transfer Lug 0.08675 

Horizontal Tube 0.06141 

Support Lug 0.21955 

Column Support Model 

Component Smearing Factor 

Vertical Plates 0.10853 

( Horizontal Plate (SS) 0.00785 

Horizontal Plate (CS) 0.00745 

Micarta 0.06391 

Column 0.03607 

Horizontal Tube 0.02315 

Support Lug 0.10284 
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Heat Source Input Calculations 

Assumed Conditions 

Ambient Temperature= 70.00 F 

Tube Temperature T1 = 284.00 F 

Initial Estimate of T3 = 100.00 F 

ltera!iQD l l~ratiQD2 lteratioa 3 

T3= 100.00 F T3= 97.16 F T3= 97.77 F 

Ta= 85.00 F Ta= 83.58 F Ta= 83.88 F 

V= 90.122 111"2/hr V= 89.680 in"2/hr V= 89.774 ir1"2/hr 

a= 127~693 ir1"2/hr «= 127.041 in"2/hr «= 127.180 in"2/hr 

Pr= 0.7058 Pr= 0.7059 Pr= 0.7059 

P= 1.836E-03 1/R P= 1.841 E-03 1/R P= 1.840E-03 1/R 

RaD= 4.439E+09 RaD= 4.070E+09 RaD= 4.149E+09 

"fl= 15.689 "fl= 15.463 yl = 15.513 

"(l = 1.205 "{].= 1.205 "{].= 1.205 

NuD= 185.458 NuD= 180.408 NuD= 181.520 

(_ Tb= 192.000 F Tb= 190.581 F Tb= 190.883 F 

K2= 2.600E-03 BTU/hr in F K2= 2.588E-03 BTU/hr in F 1<2= 2.591E-03 BTU/hr in F 

K3= 1.275E-03 BTU/hr in F K3= 1.272E-03 BTU/hr in F K3= 1.273E-03 BTU/hr in F 

h= 4.149E-03 BTU/hr in"2 F h= 4.027E-03 BTU/hr in"2 F h= 4.054E-03 BTU/hr in"2 F 

U1 = 0.001 hrin F/BTU U1= 0.001 hrin FIBTU U1= 0.001 hr in F/BTU 

U2= 9.257 hr in F/BTU U2= 9.299 hrin F/BTU U2= 9.290 hr in F/BTU 

U3= 1.346 hr in F/BTU U3= 1.387 hrin F/BTU U3= 1.377 hr in F/BTU 

I Q= 20.181 BTU/hr in I I Q= 20.024 BTU/hr in I I 0= 20.059 BTU/hr in I 

T3= 97.16 F T3= 97.77 F T3= 97.63 F 
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·~ 

UeratiQD 4 

T3= 97.63 

Ta= 83.81 

V= 89.753 

a.= 127.149 

Pr= 0.7059 

P= 1.840E-03 

RaD= 4.131E+09 

yl = 15.502 

"(2 = 1.205 

NuD= 181.271 

Tb= 190.815 

K2= 2.590E-03 

K3= 1273E-03 

h= 4.048E-03 

U1= 0.001 

U2= 9.292 

U3= 1.379 

I 0= 20.051 

T3= 97.66 

SUBJECT 

HG"/lr 

Heat Source Input Calculations 

Assumed Conditions 
Ambient Temperature= 70.00 F 

Tube Temperature T1 = 284.00 F 

Initial Estimate of T3 = 100.00 F 

lteratio!l~ 

F T3= 97.66 F 

F Ta= 83.83 F 

irY'2/hr V= 89.758 inA2/hr 

lrY'2/hr <l= 127.156 inA2/hr 

Pr= 0.7059 

1/R P= 1.840E-03 1/R 

RaD= 4.135E+09 

yl = 15.505 

11= 1.205 

NuD= 181.327 

F Tb= 190.830 F 

BTU/hr in F 1<2= 2.590E-03 BTU/hr in F 

BTU/hr in F K3= 1.273E-03 BTU/hr in F 

BTU/hr inA2 F h= 4.0SOE-03 BTU/hr inA2 F 

hrin F/BTU U1= 0.001 hr in F/BTU 

hr in F/BTU U2= 9.292 hrin F/BTU 

hrin F/BTU U3= 1.379 hr in F/BTU 

BTU/hr in I I 0= 20.053 BTU/hr in I I 
F T3= 97.65 F 

I Q (Unit Length)= 20.052 BTU/hr in I 
I Q (Per 65' Length)= 15640.0 BTU/hr I 

OFFICE 

A /l/OE-,4 

Iteration 6 

T3= 97.65 F 

Ta= 83.83 F 

V= 89.756 inA2/hr 

<l= 127.154 inA2/hr 

Pr= 0.7059 

P= 1.840E-03 1/R 

RaD= 4.134E+09 

yl = 15.504 

11= 1.205 

NuD= 181.314 

Tb= 190.827 F 

1<2= 2.590E-03 BTU/hr in F 

K3= 1.273E-03 BTU/hr in F 

h= 4.049E-03 BTU/hr inA2 F 

U1 = 0.001 hr in F/BTU 

U2= 9.292 hr in F/BTU 

U3= 1.379 hr in F/BTU 

0= 20.052 BTU/hr in I 

T3= 97.65 F 
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Free Convection Coefficient Calculations 

Assumed Conditions 
Ambient Temperature= 70.00 F 
Tube Temperature T1 = 284.00 F 

T3= 70.00 F T3= 75.00 F T3= 100.00 F 

Ta= 70.00 F Ta= 72.50 F Ta= 85.00 F 

V= 85.816 in"21hr V= 86.506 in"21hr V= 90.122 in"21hr 

a= 121.323 in"21hr a= 122.346 in"2/hr a= 127.693 in"21hr 

Pr= 0.7073 Pr= 0.7071 Pr= 0.7058 

13= 1.888E-03 1/R 13= 1.879E-03 1/R 13= 1.836E-03 1/R 

RaD= O.OOOE+OO RaD= 8233E+08 RaD= 4.439E+09 

yl = 0.000 yl = 11.848 yl = 15.689 

"(2 = 1205 "(2= 1205 "(2= 1.205 

NuD= 0.360 NuD= 108.838 NuD= 185.458 

K3= 1244E-03 BTU/hr in F K3= 1249E-03 BTU/hr in F K3= 1.275E-03 BTU/hr in F 

h= 7.857E-06 BTU/hr in"2 F h= 2.385E-03 BTU/hr in"2 F h= 4.149E-03 BTU/hr in"2 F 

T3= 125.00 F T3= 150.00 F T3= 175.00 F 

Ta= 97.50 F Ta= 110.00 F Ta= 122.50 F 

V= 94.021 in"21hr V= 97.919 in"2/hr V= 101.817 in"21hr 

a= 133.428 in"21hr a= 139.163 in"2/hr a= 144.898 in"21hr 

Pr= 0.7047 Pr= 0.7036 Pr= 0.7027 

13= 1.795E-03 1/R 13= 1.755E-03 1/R 13 = 1.718E-03 1/R 

RaD= 7297E+09 RaD= 9.557E+09 RaD= 1.134E+10 

yl = 17.044 yl = 17.828 yl = 18.343 

"(2= 1205 "(2= 1205 "(2= 1.206 

NuD= 217.303 NuD= 236.850 NuD= 250.127 

K3= 1.300E-03 BTU/hr in F K3= 1.325E-03 BTU/hr in F K3= 1.350E-03 BTU/hr in F 

h= 4.957E-03 BTU/hr in"2 F h= 5.506E-03 BTU/hr in"2 F h= 5.924E-03 BTU/hr in"2 F 
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Free Convection Coefficient Calculations 

Assumed Conditions 
Ambient Temperature= 70 F 
Tube Temperature T1 = 284 F 

T3= 200.00 F T3= 225.00 F T3= 250.00 F 

Ta= 135.00 F Ta= 147.50 F Ta= 160.00 F 

V= 105.716 irY'21hr V= 109.614 in"2/hr V= 113.512 irY'2/hr 

ct= 150.633 in"21hr ct= 156.368 in"2/hr ct= 162.103 in"2/hr 

Pr= 0.7018 Pr= 0.7010 Pr= 0.7003 

fi= 1.682E-03 1/R fi = 1.647E-03 1/R fi = 1.614E-03 1/R 
.. 

RaD= 1.273E+10 RaD= 1.381E+10 .. RaD= 1.464E+10 

yl = 18.701 yl = 18.956 yl = 19.141 

"(2 = 1.206 "(2 = 1.206 ... "(2 = 1.206 

NuD= 259.557 NuD= 266.392 NuD= 271.373 

K3= 1.375E-03 BTU/hr in F K3= 1.400E-03 BTU/hr in F K3= 1.424E-03 BTU/hr in F 

h= 6.260E-03 BTU/hr in"2 F h= 6.541E-03 BTU/hr in"2 F h= 6.782E-03 BTU/hr irY'2 F 
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