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~ Forces caused by Maximum Credible Earthquake

Case 1 Horizontal Force in the X direction, 0.3 g's
plus Gravity in the Y direction, -1.0-g’s o

Case 2 Horizontal Force in the X direction, 0.3 g’s
plus Gravity in the Y direction, -1 0g's

Case 3 Vertical Force in the Y direction, -1.3 g’s
plus Gravity in the Y direction, -1.0 g's
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Seismic Isclation Bearings have on the design ef a structure. Seismic isclacion design, energy dissipation
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TABLE 3. RECOMMENDED DAMPING VALUES

Percentage
Stress Level . Type and Condition Critical
of Structure . Damping
Working stress, e Vital piping- Ito2
nomore than about  ® Welded steel, prestressed - 2to3
Y2 yield point - concrete, well reinforced |
— concrete (only slight cracking) |
¢ Reinforced concrete with 3tos
considerable cracking .
. ® Bolted and/or riveted steel, 5t07 &
wood structures with nailed or '-
bolted joints 4
At or just below ® Vital piping . ~ 2to3
yield point * Welded steel, prestressed 5to7
- ' concrete (without complete
loss in prestress)
e Prestressed concrete with no 7t0 10
prestress left
® Reinforced concrete 7t0 10

® Bolted and/or riveted steel, 10to 15 &=
wood structures, with

bolted joints
e Wood structures with nailed 15t0 20
joints
Re<¥. ' -Newmmlﬂ awn d o (|
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sections for this area are included in Appendix A and indicate that the materials underlying the
LR Hall consists mainly of dense to very dense poorly cemented sands with Standard Penetra-
tion Test (SPT) blow counts in the range of 75 to 100 blows per foot. In addition, results of 2
geophysical crosshole survey conducted in Borings 3-5-1, 3-5-2 , and 3-5-3 by Dames & Moore
in 1977 are also included in Appendix A together with the boring logs for these holes. Review of
these logs indicate that the materials at this location are classified as poorly cemented sandstones
with SPT blow counts somewhat greater than those measured in Boring 2-2 drilled right at the LR
Hall location. A profile of shear and compressional wave velocities versus depth developed from
the crosshole survey is included in Appendix A. This plot indicates that at the depths corre-
sponding to the elevation of the LR Hall floor, values of shear wave velocities are on the order of
2000 ft/sec. Thus, one would expect somewhat similar velocities below the foundation of the LR
Hall. On the basis of this information we have classified the site as a soft rock site from the
standpoint of seismic response and local site effects.

Peak horizontal ground accelerations were estimated using a number of attenuation
relationships proposed by several investigators (Campbell, 1988; Joyner and Boore, 1993, 1994;
Sadigh and others, 1993; Idriss, 1985), and are presented in Table 1. Values obtained from the
Joyner and Boore relationship correspond to both a soft rock site with an average shear wave
velocity (V) within the upper 100 feet of 750 m/sec (2500 ft/sec), and a hard to stiff soil site
-with an average shear wave velocity ranging between 360 m/sec (1200 ft/sec) and 750 m/sec. The
other relationships apply to rock and rock-like sites without any consideration of the shear wave
velocity characteristics of the site. Mean and mean plus one standard deviation values of
acceleration were computed for both a M7 and M7.7-7.9 event on the nearby San Andreas fault
zone (distance = 4.75 km). For the rock and rock-like site conditions the mean values of
acceleration range between 0.43 g to 0.56 g. Based on the ratios of peak horizontal to peak
vertical accelerations recorded on rock sites during both the 1989 Loma Prieta and the 1994

Northridge earthquakes, values of peak vertical accelerations can be taken as two-thirds of the
peak horizontal values.

Values of peak ground accelerations of themselves are not adequate to establish appropri-
ate site-specific response spectra for use in seismic analysis. The shape of the response
spectrum depends no only on the peak ground acceleration, but also on the individual spectral
values at the various periods of interest. Scaling of the entire spectrum by the peak ground
acceleration value which has often been done in the past due to a scarcity of strong ground
motion data is not entirely correct, especially at intermediate and long periods. In addition, the
magnitude of the earthquake and the site-specific local geologic conditions affect the shape of the
spectrum. All of these factors need to be taken into consideration when developing an appropri-
ate site-specific response spectrum for use in seismic design.

ESA Consultants
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TABLE 1
Summary of Peak Horlzontal Ground Acceleration (g) - Rock and Hard to Stiff Soll Sites
Earthquake on Nearby San Andreas Fault Zone

Distance = 4.75 km

Rock and Rock-like Site Conditions .
Max, Credible Eqk. Campbell (1988) Idriss (1987) Sadigh et al {1993) Joyner & Boore (1993)
mean | mean + 16| mean |mean+ 1c| mean |mean + 1o|Solt rock; Vs = 750 m/sec|Hard 1o stlll solls; Vs>360 & <750 nvsec
Ma Mw ) mean mean + 1o mean mean + 1o
7.2 7.0 0.53 0.89 0.49 0.84 0.53 0;94 0.40 0.65 0.46 0.71
8.3 7.9 - 0.60 "~ 0.96 0.60 0.95 0.60 0.89 0.57 0.82 0.66 0.9

1. Magnitudes listed are moment magnitude (Mw) or surlace wave magnitude (Ms) unless otherwise Indicated.

2. All attenuation relationships presented are based on a statistical analysls of historlc earthquake data.

3. Joyner & Boore (1993) relationship for the larger of two_horizontal components. Acceleration values correspond fo a
site class B site which Is a soft rock/stllf soll site where the average shear wave veloclty (Vs) within the upper 100 fest
Is In the range of Vs>360 m/sec & <750 nvsec, and a rock site with an average Vs = 750 m/sec.

This relationsahip only applies for magnitudes . 5 and < 7.7 and for distances < 100 km.. - a

A maximum value of M = 7.7 used In JB (93) relationship.

4, Campbell {1987) & Sadigh et al. (1989) relationships consider fault type.

5. Idrlss (1987), Campbell (1988) and Sadigh et al (1 993) relationships are lor rock-llke sltes.
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‘ Forces caused by Maximum Credible Earthquake

Case 1 Horizontal Force in the X direction, 0.3 ¢g's
plus Gravity in the Y direction, -1.0 g’s )

Case 2 Horizontal Force in the X direction, 0.3 g’s
plus Gravity in the Y direction, -1 0g’s

Case 3 Vertical Force in the Y direction, -1.3 g's
plus Gravity in the Y direction, -1.0 g's




CORCES (OMPOSITIoN

S”\F;L _Fx = E Loy 30°
30 Y,

aw F e 0513 F
; Fe=Nt =05
2 Fb : : 2 > 3 Y
> ) -

P(
[
N
i
(V]
“1
g |
G~
s
[N
on



RADIAL  FORLES

rTAX FoRLES
i vvvvvv
Ei {Em? F?. {[ Eﬂ@‘“}
W =
Ey <
A -
D1¢ 15¢
E. = §
4.5¢
' ]
- v40.3+4.587248
Fo < O s51tefFyr Fo © 0.533#40.3+4.S

F.p 5mdh -F 0512503 -4.507 4.3 T
b~ ¥ A
o Ep = mEr ¥ R At Fr208 T

Fa ord T as Mﬁawfuj E% Lo T Z‘"i'




14 x RADIRL Fonceg

w = 4g Y
20.3
/Q = 0

F: 0.5t 203 v 5 = OS¥H20.3+24. 56+ 33T |

Fo= Dot w203 - 45( = 404 T

e

HAx-— AxIAL Forces.

e A
S F, =25 wf;z;:zgéf,ﬂ:Z“i



(ADIxL  TIE Zabs

2~ Fow 33300

Z
Tor

(o ] *0.5
o SO e 70
“E Ay ' WITEA0 oF 0‘5?

/@ 4 Réovinep &7 wF
N = 2
E %0 46 - ;Zégfwm {A k Ai}

Lpae Ver

%?76 ﬂob: iégb v
LR

émg g ﬁfé

o A
erf ﬂoa L@O Ay,

R nr  Memg® £60 mo,

6/‘/@&!‘?: M : 25& = 025 (.

Vensog s

A R VI,
& Adseo T T

i

v [ G 167 ¥ 00024% =445 m 2K

g. 207000 -;—130- f(k 2 D30 {Vé&ﬁ
M T o
Lot i

N

INSTERY op 025
f5Q VIRED BY IW
( wornc)




LOKCES COMFONITonN

F.
2l
2
F,
F,- h= —%—:(523F
e 2 > ° Y
EQ—: o 0 60’
2




02y 1.5¢
4.5

21

ﬂ_ S 0,5?’?‘0?\;# F, = qu}ga,g%i,gé-'ﬂ,g; |

F= o 5eegf -F s 06t210% - 450 4.3 T

g

, = o -
f Er= b P R4t Fr248 T

,-»;_wﬂ\ Fo W‘:_i Fb AS Mffa‘v{bof %\3 4 ‘E‘L%é@




w=4¢g Y
20.3%
A = 20

24.¢6

F,:0.5p8203 + B = 0.5%F¢20.3 424,567 337

Fo= Dottt v03 - 45( = 404 T

HAx~- AxIAL Fortes

e

€ > g'qsgg -5-0;2;r2ﬁ4.5’#24.’5




- 55@@ 05

WiTEAD oF 0.3%5 §

%?‘!5 Pop ~ fé?@ A
QrE

‘ém’ﬂao 7 MM

QT"L’ ﬂ—oa = LOO mz

Rver  Nemg® £90 m, 2

6}\!9,@,—; < @;00;0; = ZS _& - 90,25 {
Drvm

g oo . Féﬂha:

7 A

€

236.25’

Az [ -G 47 ¥ 00024¥ =445 om ok

A L oo oy,
I T 0 N
Céo 3

ﬁ 30 {rc

cws

[N

lodg Mgg .
IN3WGAD op 02§
®

f€QUVIRED BY TN
(vornae)




. 510 449 6835 /
~- 084 2/96  23:37 3510 449 6833 " S OCONNOR é,( Ca
, L ¢ ~ / . / ;7:/;’//} 4
- . . . “Mmﬁ.m,fa
Lawrence Livermore National Laboratory ‘

®
APPLIED RESEARCH

", -~ ENGINEERING DIVISION

J IR,
‘ Post Office Box 808, L-287
AN Livermore, Califomnia 84551-9900 U.S.A.
~1 1 U :
PO L (I Telephone No. (510) 423-7533
FTS No. 8 (510) 423-7533
Fax No. (510) 422-6747
FTS No. § (510) 422-6747
Telegopy Transmmittal Sheet
R, Pzac.vp Ulade O~ 2-1- 655 £9ES
To- P_ ﬁur.'rr/w( Of-39-r0-37-3353 Date: Tu‘-\( 2, 4[
Address: Telecopier Phone #
Telecopier Verification #
' ' Total Pages Including Cover. 24
Frof /7;4\ O' éa.vwf‘
Telephone No.: (/S/Z‘f) “23-2711
Message:
g/e,mx see Vo aﬁiv"ncld{ Ctisami gaahyct bl The
5 :
Ca/ﬂ‘{ mics  Tie rodds , pﬂaf.s /=23  gre the Lims )
wf
g /"Cppr%' G/Lé’/{ 7% 4 V«'f;tl c:./ /oay/ 1§ Jzu.,t/ 4
».,\N'““L/ 71':( rw/.s AJ‘ C.-cA 5?1#( 'ﬂu ST7245 A 71&»! %e
’“\ fuo/s 1.3 %? kﬁ/;,m (5“ 19"6»4' 5) 4‘4_; ffrf’ﬁ IS5 Pus fe
oy
m= _Zﬁ,ﬂg ﬂ/SE(O-ﬂ/ Nﬂwa’" ('ﬂéu LY = 27 ﬁ/-j{«/ /Mmr

-

’ﬂﬁ{ {/h’# h/ !’om/ 5451/40/ é.\/
Y!‘oé« st £ﬁ£4 ead /)A;{ that /{// fzh' + - f‘oa[f
o pee fosded t5 B e plhesllh shoess, Z. i
Lace 7%41'& :z/é!.v -4071 4 e o 4 4-6 A ﬂ/sé/ﬁ‘n oy A
%-E’ Seemit /aﬁ,[f 2 I’ﬂﬂ .711'-_( fa&/; pé&_{—f el iy
Aa% 'ﬂ/ﬂar’fx.

Jre e e

!\‘/’ . ~ ﬂ% |
C\f L\/ vy ( - /{
) Ll “‘,,,»g ;

23 9!\} ASSymts

i éf{,{ {~ PN

A T eyt

&



GE-02/98 23:38 2510 449 6835 S OCONNOR Fafiap:
. .

@

ROLAND L. SHARPE, S.E. - Consulting Structural Ehgineer

%,

Qupeﬂinu, Ca - - 408-255-4510, 415-841-7131: Fax408-725-8585
20 May 1596
Memo to: Tom O'Connor _
SLAC BaBar Detector Project
From: " Roland L. Sharpe-
Subject: = Preliminary Analysis of "Cold Mass” Support Bolts in Cryostat
Tom:

‘We have completed our prehmmary seismic analysis of the bolts supporting the "cold mass™ within
the Cryostat. Following is a summary of the analyses and the resulting forces/stresses in the

support bolts.

1. Assumptions;

2. The "cold mass” and eryostat vacuum cylinder are essentially rigid, i.e., we did not
make a detailed model of either one. - A

€L LD Dl . .
b. Longitudinally the cold mass is supported by three bo@h end. The bolts are
effective only in tension. Transversely the cold mass is supported by eight bolts at each
end. The four bolts in tension at any time are the only ones considered effective. "

¢. The bolt spring constants were calculated using the properties ofﬂzenwmumbm—\' {,"
4 degrees Kelvin, \/ il f

S S R

d. The commections supporting the cryostat to the detector barrel are assumed as rigid; we -
do not have details of these connections. -

e. The cryostat vacuum cylinder is the support for the cold mass. .

f. The input motions are about 10 percent larger than those used by DIS mihmrlateral frce
calculations for the Detector. .
ry-364

g. The material properties for the bolts are: f]
Axial bolzs: E= 11,500 kg/mm? ; Dia. =17.96 mm; Fy= 831cg!mm2,Fa—32’T
kg/mm? (normal operation, 04Py) Samevalucsformmalbolts except, Dia = 15.96
mm and Fa =25 ke/mm2 (0.3 Fy). =S E A Fes .

-—@w

3“3@

\\

.
.

2. 'Iheﬁaquencyofthemldmasswﬁem(coldmasssuppnrtedbybolts)mﬂlelongmdmal P
(axial) direction was calculated and compared to that of the Detector barrel in in this divection. ”} §
A generic floor amplification curve was used o determine the amplification, ifany, of | ;
the previously calculated accelerations at the horizontal centerline of the Detector barrel. | 7 -

ined was used as g static seismic fmmdﬁﬁzmnethemsﬂé
fewee In the axiz! bolts. <o . ’

1

P, R
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A similar procedure was followed for the radial bolts. Note: the transverse and
vertical input motions zre different becanse of the isolator system characteristics.

3. Results:

a. Longitudinal Response:
T=0.042 sec
Seismic tension/bolt = 1430 kg (Detector door open)
Seismic tension/bolt = 1000 kg (Detector door closed)

b. Transverse Response: .
T=0.069 sec ' ‘
Seismic tension/bolt = 1203 kg (Detector door open - governing case)

¢. Vertical Response:
T =0.0396 sec _
Seismic tension/bolt = 5960 kg (Detector door open - governing case)™
Gravity load + seismic = 7160 kg :

’ * The vertical response is magnified by 3.4 because the ratio of equpment vertical period to
-+ | Detector vertical period equals 0.61; from Figure 12-2 (see attachment to calculations), MF= 3.4,
| | This value is conservative, but 2 more exact (detailed) analysis would require modifying the 3D
\ 7 model of the detector so as to include the cryostat This would take six to eight days effort. A
A simpler solution might be to increase the bolt diameter.

MoK o

Encl: 17 pages calculations + 3 pages of attachments



(}6./02/96 23:38 D510 149 8835 S OCONNOR 4 @Q?-’l

COLLABORATIVE . @
ENGINEERING
SERVICE, INC. , .

‘ : DATE PROJEST. - FAGE L OF
CHKD. BY. DATE : SURIECT : - : JOB NO.

S P % o e b m—— —— 05 AT o — o S 2 0 0 e e - .
T e LT S ——— B TR NSRS
| co—— . ron 1 b o e o — — ——— = ———— ¢ — s s o e ., <o et e e . i 58

95 mo—o e o ey we Py —
R T S e . erm e U ——— o e— —————c
B —
e e e e e s R 1, B — —— - L e

& e g egarmgens su gumy em e o — - e mm———e e te. % e — J—

B ‘e PRI e s e e

".."".'.'.'T:"_::_'.;__ S LA e O ——

i e e e P e o e - —
PR - - e e e
- — - - - ¢ i o o e w5 sre e + et + o 2t + s vm o i
e - e e e e e e o1 e o s e 1 e e e e o
. — ¢ ot e e e v e 1 e @ - —— .
e eemn e e o e e S ! E/ ro D__..._____..._._.,..‘.-.__..___-_.. o mmn e a e
- o e o a— Jp— i — e e . m—— -
‘ . - - - S U, - —
- e e i . s = 0 e . s e e o . e e - e et ot e e e e o e 2
- — - - - - ———— e — - o
- [ —_— - — D —
P e e en . [ e e e -
— o e —— P e it b i+ n e m
e e v
o JRRSE S —————————— - - s e e v — —— ¢ W GEEN 0 LD . 3 Ceee—————————C— E———— e - P
: : ;
B vema wrae ot § e e e me s ¢ e o w —— o —————————_ 5 S fu— -
i .
B R Ead I " em e el ———————— ——— ——— s g o o
e e e 3 a1 8 e0 e s et + i : e+ I
———— 4 — M / 9 O P . e
- i ay_. _,/_9_*9 .- 7 — B
- v Ky . " T
: : y : ¥ : . A
[P [p—— J A - —— .
i : . T,
tmmns S . .-
- — et 8 e e e e 8 b, e SR -
i e — PR P
—— e e e PR - J—
S S W - — e e .
[ S, v e e - me Tt v+ e e e+ e
-
- r—
- -—— - st ann ok — 0 i+ o o s . = AL 3 A SRS SR ) 00wy o o w—— -
O J— 8ot o e mmcime = J— B




oé;’uz;ge 23:3¢8 8510 146 6835 . S OCONNOR QQS

COLLABORATIVE @

‘ _ ENGINEERING ' - ‘ s

/ SERVICE, INC. : ' _

Bv_il.f____nmsféﬂi’{ PROJECT. S LA C’. pace_ 4

CHKD, BY. DATE susiEcr_ SOl ENOED
s &J.s'mlc- Ana/j.ﬂ.ﬁ'

OF.
SOB N, ..

- G — oy o e

- . — e

Y V7 WV ECIfUE;——Femfm S ply :i;ec/_afmémw Fo c’JJer.emme

_____z%e Seshyc forés s ok _Suppns rﬁ_%?_..éak.r_ﬁy.; éa_Sa/é’l?mq'

e mas - — e

::—_—— @en Eral Aede i “‘_‘__“:‘:_ e - .
e a’ Ap {;o;udﬂchég/ Fbe” So?’enwcf C/ffnsjer IJ——Sﬁ’ﬁtﬂﬁl?é’_,{

PP B o e cme—— 1 - comemas o S —

;'l_:':g} ._3_5'9/9:'- cn“ ﬁacé fnc/ Hana/ cq/cu/é-évm B pc*/ﬁ m‘w{

Ve _7«?-'7: a’e/ermme ;‘%f \S‘ez:m;c /wc.e: 'T’_.—"“;' LT

_ 2. Trencperrel 07 7"/5” C‘yﬂnd'w- s _\s'a/: /Dcnﬁea( 07 8 ,657:4‘

——.; 4:77{ @ﬂC'A Eﬂc/ e.:]na/ al)é,ﬁ fééw—a"zm/ﬁf‘ 75 e R Jj’-—-' f::::..

._'_._' CoﬁS/a/ered ,591/:‘»;,; _e;"fecv‘rue, .7.69 ﬁﬁn&fr rZa ﬁ‘aofe/e.af

S asa gl Y= —Suppertedd By ithes The Fital it
. _-.._bf ﬁci?' 75 _z?...,af %YY mOa'eﬁr?;, LTI ‘ '_—_ '
o _3 Mq,fewn/ ST _',".:-..),;W {_.3?'7?5:?-—,;;;_.‘_"_'
____...._.-.__ﬁ!m/_ﬁéc’_f._/ '
| E' /0_4 ¢

9;;{ ',,f_' * Lz S

/ = : -/, fa s

i 2 n e i !

‘ F— “gz VY .3"'.‘;""?""'71"',}"" _
S £ % A

K :

i Z T . g

| —= “'—"‘Eaﬂzaj_gad._&a_! ﬁ_.,aq/_@m R E——

e — — .—~‘~.—-<;3*~7’5'-74—mm e . —te

— p— d}ﬁj_mewa::““:::'jj s

i — 4@,,- = 2.5 K o plavmal pErets
‘ — —_ — 42507) 5’7?:5 M"

- — e = e + 3 ooy H - PR




0660298 23:3¢ 8510 148 6835 5 OCONNOR @(3’36

COLLABORATIVE |

ENGINEERING ¢
— SERVICE, INC. , ) ’ :

By HEC pared, [’ 7/76 PROJECT — .‘;S-’-é-&c — PAGE =% oF

CHKD, BY. DATE SUBJECT S 5.4 EAMDI O ‘ SOB NO.
‘ &g tEmre Ay alecss

.____Coﬂc/axxoasq DT — —

i Unde“Tnf,ﬁacﬁaa/_xe.%mﬁm._ R ————

A

STy S = R A ——
= i T

. e e+ 2 e e et o o 1 e s e e+ B D b <8

— e ffﬂ.'\'laﬂ /’c"°)'.__é'fsx_;_'f.“"../_‘23_020___(//;:/{5? A/a G"@Q.ﬂ"_

. 'Ty‘arer:/gey /;;;j,z —E 07/"’“" _Cmdzﬁan____. T

e .l______m_,-(‘-c /53 xSZ,? :z.:?f E’

Tens,m P éaf-.-f —lcaa g}: au/ a’aﬂi— Uo-ffo:rpyn

Stress per . helt = -.?"k"/?_»» ST T

b - s e e w4 o e

- '.2 Unde;- Wan:ve;v.?e (’?c e T LTI T
LT 7= o8 é? S, | '_':‘.,' :t::_. S _____,.4.;-_:_;'.'.':_“:_‘

.__'._______.__J Censters . per _.«E wr-_= 12 a.ﬁlﬂ; .'_._: A/a- _d'cscy

o e e o —

T S‘:‘res: per /La/, = 453 kg Jom .__< /334’«:5;-_’_
- [ . e eei e mmae _,j P u-- ﬁ k?/

- . Ps - o ® . yp—— -—— - J;Gh m”’
- ~3 Una/er__l/enéc.a/ fe.sys»onse. e a ';;.'“"' S '...:_%"""'

' ,7.... Po3g.S. L. Il IUILIITITETIT L

:'..'._.._._'_'-._ Tension  per én/f /cfae " Vert, Zq = 55740 Z_._jjo. _a_(f‘f_’ ,
| i pe A e e e g

’_“"”" *rg?ﬂswn du_e_i%:ﬁl:— - 1209 /(9 - :_

%Mt — ‘*b&s’ _:75&"‘_%1777( olud™ '_7"5__.92._”' 647 kaq]mmf::—f‘.lz

Lam.ofaei_"j/;ﬁf E&? -h&l. . § A g B

H

P

::T.:::‘.—'" TEension pe)» .é»cz _:::"_37/59 ",1} T

e e . e . i | S, i

¢ o om0 s e e o o o Ve e e o R o "

——— .37935_5_.71-2@} /67_7‘1-  —- 3 4, ?ij,lmm_:xj.f ZEKS /

e —— : ——— y 7 R




06-02/86  23:40 510 449 6835 $ OCONNOR L @oor

i s p
S RS

COLLABORATIVE T @ |

ENGINEERING : ‘ . ' #

SERVICE, INC. : _

_ZM_DATEM?J PROIECT SLAC PAGE =] oF.

CHKD. BY. DATE BUBJECTS S E< E“/‘i 4D . JOB NO. I
: LIS I ol crs

. B 2

bem e+ — p— e, -

':__Lb"}a:?féud_zaa!n_—ﬁ“é.spoose S __
I eee————————— o ; o 472'{' S
x/ M /1. / i i
= LT

A wral Yie Ma! Kj 485_79?”7 . A : e
:ﬁfweﬁer:::ﬂz:/_?&ﬁ o IS e

RT3 @ cadh o= A a—

- VY ) Y ,’/ T
e - 5 :_:_//,S"Oﬁ ﬁ? m/ai':‘i_"_li"’i 24493~ %J{_g T

ré i
s g—— e et ) - e e PR (5 0 LS ¥ S,
. I PN . rem s ot o —— ¢ - . SN -- PO

A = Xl =,_ Zx (/7. %) Y 253 ‘””” LWL
£ - ¥ | . if““',“.'.’.'_’“"j?'
...__._ﬁaama/enf StifFness ,/oer f“oe( - “58_'

= / e { S R

AP o o ;‘...-'

K= _.._.;5,:..;253; ;’f °o = 5937 ;/m- .5'27x/ o2t

B A N R oSt s
XAt

'_‘_‘__Ca“/'afm ,s_zm&_J a7 '%*oa /g A
o oo S T’“ [

S _: e . — . .- . .
e ‘““"“__"“j ZR“/ - -'z‘.’"’ 73 S8 mma T OOGE s
K L T ’xé){fx/o7 N el _:

P - I8 5. ’\.// ( -
e s e e e e Bk R P,

: S f--- L= 24- c.,o.e.__ - I

_TL_/.—,’.EE__L_._. e b e = v e et e+ o o rmmrm e —

© rmt @ mide gme e o e e eme

o —— - o e c—

_.s9» r’vﬁe ]mg?,-{ud)aa/ a“xem&ma 75'52 éaz)- / -y éc

=ty . —

| -m____w/ d—“ - ___tf-gfa/%._,armm_sm‘j
= 7-_/,595,__-_..-. N TR B AT

| T . M T
— V.= [P ARSI A VNI S IS T N
A ——— @ B5) % - j,“ Lo

o =

e i+ e s 23+

—T= s 64 =N 1 F//e-. AEBND P

e - R e

- —\7 -—10.,5 W__.;( .7° %Ll?é ':?*:4-;’-"’»5;’-3

. : \-—.-/ i
L ; T
— e —

. V k3] {.: v ‘m;« i 2T :
: . i e e o e e - U —
= . = . TTo . e




06-02/96  23:41 510 449 6835 S OCONNOR @gos

COLLABORATIVE ' @
ENGINEERING : o P

. SERVICE, INC. : |
WCC oare S/LE (94 proseer SLAC pace. L oF.
CHED. BY. DATE sussEcT— 2 OL SN CID 108 NO. i
: - s mic A ﬂd/gsws‘ .

sTRT ' R—
E 7— Endidinibd’ 2 '-77@”3'/00-"‘@ —Q—/ﬂ-/é—mcroace w///_be__weof_;%,
ik n{pﬁ%? _J‘%Q_Z?J Euyye. :

\

e S  —— ——

——““'——7 e e o e e— - ,.'3‘-. ~ .~ ;.:‘( - ':—

e odi g e

[ .-T — - .._.,.-J_ 59 o o e s w2 o . ..__-;‘:”._/“_ir-—. - e e
- Phe f?j’bdr@ﬁb%"ﬁcﬂs&l T T

B e e

T oo o —

___-__V__.. J./ X 9.5.; XJ/S/ 0 5’&5?\7 [ e e
. . \\/ .- ,.., JR—

j_:______ a‘ 5&54 ?ﬁ‘ao = 3aa3 /2;7 e T T T

—hee os emmme s

_j?:'ns'zm C-_?..ee Eac? . .(_3/2/_3 éaar;é‘;z;:_ﬁ.: _TCJ?,S/EI?} R

[ —

*—; F ;_-.--_-: e _/ooo 1(5 ]ieac:é._._..,,fa— _F/ x® 3?5‘ th—/

___w/o “Doos Lase e e ""“3

-.::;fﬁ :- -2 042 = o, o¢ T B

:-—.'__ T T /l'G@ — ‘-: - M . . . - . - . - -
-MMF~A¢W‘%w e

o s Sapr i o g,

o o v .

—— ‘"‘szxaswﬁft:agswp L
’ _.‘5:5_‘2_‘7_? zu?__/r-'-';?’f?f-;: — e

&"‘ﬂf/@o’ﬂl%




06/02/96  23:41 510 449 6835 S OCCONNOR @Q?S

COLLABORATIVE -
ENGINEERING
SERVICE, INC.

£

v TG pure S/19/98 rrosecr SLAC pace_ D ___ or

CHKD. BY. DATE . SUBJECT Solerord JOB NO.

Gersmc . A aéys’w.s'

A X o Y e — — el

e sl i¢3¢f”—-__.5"_7-—l‘§jmm__m i&ée DEALEAT

A 2538 T

ﬁ//owaé/e J‘f!fess = A sﬁ’xﬁff‘}k _c:ana’;rf'wn D X
e ————— 35 xszf?__.stwe 53 7’7@»: ST

'“..':'.._._'.’..__."'j...'{,f._._.__._ S . - -y ji{?ﬂﬂ?* U

B T . e e . WA e %._-_
LTI I AN e e e =

e T T e e T
LT LI TN DT I T i L T

- e me - T S, Be mme = oo mom——

- - — - - R . [ — S
- - P RO —
- J— - - . - — - s o o — I
et R — - - ST e e o o 111 v s o e £ et e s o
- . - JEUP O —— [ —— SO
| —— o e ——— - -
e o . o+ e e o g : JR—
— -t — - - e
e e
i -
b e J— -
T e e e
2 R A
i : [
il - o
T t
. : \
4 {
[ JRe— s e 1 - PR -
t : .
e e e oot . 3] 0 St R ——
i rmesem — - - JR—
[ - - ——
PR — J S ———
i : e : : . - L. R




06:02/96  23:42 510 449 6835 S OCONNOR @Q;O

COLLABORATIVE . ' @
ENGINEERING ) : s
SERVICE, INC. -

. oare SN Hhoenarer SLAC < PAGE &

CHKD. BY. DATE sumEer__ ol Esos D
A : SErspve Arnaldes S

mHEC

QF.

SOB NG

I 7 rﬁn:ﬂey.rgﬁ Vey#/ca/jﬁs,ﬁ_ﬁr TE —

e o e tem o s rees
S e

‘_n__ sl TLE e D= 1597 2 —

Ceem

— : : Y= AZ?’-\“’”’” ’/m = 5.7/, VAR

——

P AR —
B — ——E= EeT _mﬁ X "”Z? =22p7) =

Ry . P WA yw,j‘@;” S
R 5: Z E' af___?':‘%:L}_./ A DY AR -
. 3 @ et &rs ,_______,.__‘_é:- = % ;_g{f'}@f_@ :g'@%gu .
- “M"‘:\. e __.._m,t

e gy, S . s s e o o S5+ a8 s

A_ f % (/5‘?&) = 200 ;—nm .____—,-ﬁ R Ay oy P

.. [ A - e,,__

Q. nder Ver:ﬁlc.ﬁ/ load ---“-——-, - e
[ " ya . B

Con:,a/en%; 4// Ten.rmn .6;;/7‘;‘ cm/ﬂ
Ayt 7

. L The a/ﬁff‘a’cém a.'/ fZg‘ ai"- oc»e""‘
___enc/ 1}:5‘ ef,maé— (a—kg at eact .

__.&/f Ammm} —L T AR
e A A A e A
;:‘_':_.;.;_'.123'.._ o/ .ua Com L ﬁ/e. Soészv.D v) ’” YR S
;E&'_'___' _’_‘_,,.,.:’._/—.-\ 4‘: é’& - : e i‘!Fg} ["":;' /rs.,w_ . /VV) — _;é“c::%{l_{. %
5 Y /
i .(/J< '”‘/0 = i.,p x/0 kf/zfm = [*/o ﬁ;‘f 9o°x’/b"k’%,?“.“_
"..-..-:... .\i . @ el /,. - - .. - - c—————— —

4
e it ..----_pergen

- o T -

-___.._. - . _.." “ 7 &Fx Ve-1-Y- I _ et et et e
TEen,/ ..:.,,27%{{ : ._:a.as%-.s,, .

i_"f” 7/)€ Ver?-rd:.a/ /OEna = —*Tigm T f - 5(?
IR G At , o)

; :'—aoﬂéf-s.-——v’— /54. c,or___.?Q‘D }I‘oaﬁvl

——— —_a+a“37§_«5_.__-'_7‘— = T35 c/J,s___ —BED Wﬂa’ej —

: . SRR - rg./a/fs LA c st j)
f"“f‘f—;t?;:',f—.;—"a. 039 6““?‘_—;5;'_5/ R SR B I
- ' - &5 s




06/02/96 23:42 510 449 8835 S5 OCONNOR Qll

COLLABORATIVE ‘ @

ENGINEERING - .
oot SERVICE, INC. . ' ' |
) sv_Z16C  one 52/ 74 mm0mer SLAC. I 4

OF,

CHEKD. BY DATE. . smEer__ S 0lEMEID JOB NO,

Sprsmic Arnalisis
[

- e o ey @ o,

ﬁ' i 2 723 —-2 S "_'-;:': R — e e

MFE18 Eo. 6 BEI K L T .'-3“'a

— T - —
S\ - peaR =] o
; i\ F/mv nc:efa = J’asj ﬁwm Vé,a‘_,é’s @ ;f.. l.:?ﬁc:’P-f__-. .

wip Ate, = B x 452 933 ..._:___ S ———

.-7'5an . E@ Fevid T —— LT T

_-V 4?3‘74 A x/aaa...Bgf‘ 454 0? e LT T

T o cwﬂ,/fex File _\So‘f_sﬂp;}sﬁ :—_:2.:____..__.;.. L

una@r._Jm%g_aLeac} ead :7%;’ Mx _/éﬁfi_f’-’f,.«.n ooz T

'30...- B3 ?‘9. B —:'.'::-:.'___f._'_-: .'"__“..::'_- S '_'.'.:..._— e

@ Selrm:c J-;y_e per _éo/;‘ "..':.::‘"":'f P
C F'"—38° 45’4 __‘x 0. é_,r-}?éo A’-:' J— _j-:_:_—_ .

- B .;a e i LT

s&é;; @ eacA PR f . :f;:. LT
_T’C‘ﬁg <l ?i‘i” P reniof ety E

T e e R

P B s o o ot @ e W 1 o e 8

a __j-ﬁL___,7fx7aao xa,a/__/Zoy_,gy —

£% 16 b s e S g @ e ¢ . 2._.. . - P o aremen

...__..\S#PESJ‘_'Hae JQ:ZM 799,.- ,.5‘,/:;: : ' A ﬁ_ -
—ta *“}br‘“ 7229 =<, me-‘f_;/-mm 1_23_327“_-%‘ -—

‘,, R i ki

-l ‘ — e SreiE rnder keremal
A Cbrémea’._.b& - &0 - e ——— ‘Eﬁﬁerm‘;dz:;_;“‘ pldl
‘ -‘——»#— —--—1-4787'____)]_::_53—7 gjm)n .
' ~ ..E.S’x_L..S_::-.é’.S—ZEJ:o/ s

- - H - — - — o s

g i s s . -




06/02/96 23:43 8510 449 6833 5 OCONNOR

ENGINEERING

SERVICE, INC. ' g :

;Wﬁmmscr S LA Q‘ i PAGE ‘? OF.
CHKD. BY. DATE sumszer___ S 8L E#EIE OB NG. -
' Serspe A rma ézg o5

DATE

_:__,b—,-:l/n Hé}:mezstferJ‘E AT Y- S : ___ e
R @YX 7 nS’Jm_ ,}?____53 —-&7,55 o ﬂt,_ .ee , w ,j
___’ﬂéeuafez/_eﬁiéma_ﬁd/ 7_11f_a$__oa.e_cnd ‘
e ogies d@)‘
A =_0.3 x/o___.?ﬁ‘mu___.. ____ B

¢ e § 0 Ml BedS FUMed s o md

B

e o o e e #85 s ho

7<' f_ = 3355 éfy/:mm [—— S
. L F T 5,,o o B e oo e
L P -'-3. 27xjo 'W/M /;ﬁer ena’

e TR

S zr:': _Z‘?i’_/‘:;‘i.. OB LG ST
_:_{ﬁ:—_— - o e et e+ = e+ e v

— RN i —
@ hiiiia T R e
- T T T T F//

P - e - " —. L{_. }—&wy:f-—v-—,»-w S

j;‘:;?/::g fkaa.r#ewe m.;pawe 2y oo_/-S'o/m‘af-____ — L

— T SESEIST [ e — T e TR
‘f';;_".?il.m: 0,089 = psas _'_Ef::':ff‘-::;;;-;:'_'::':"_ e e
7- e — - _.'_ T

' —M F = /o {ﬁpm Fc? 2-j2>"'" Tz .j STTIIIILT

s i Sy

COLLABORATIVE ) i)

z.a/o “afsev Ca.:e (gwemmg Cave) DT T

 atand

7_:}5;,@;_‘3_7? mL one en;f 7* _c"“‘?;—a'eﬁ ,_r%e _?_a_z_z_x_. irE

i Z7 XO.E. W,o =2, SSM/P =: 0.5517 é’xﬂ’”“ 2270 kf* :

P —

- ey

= . R . i .
: . .

S 05&'2.2‘? e : = R

5 e e —
i o

S e o e v

'_";._Eez.s'm/«: o /)e»_écr??‘.w_ SRR -

[ P——

-————/:EQ.:_(FZ”?&,,,x o.s*.{e::_./.?aﬁ_ﬂzy__ — _ :
: . _ o7
ST ﬁpey_égﬁ iy PN S e S 2~<‘25‘x}33-5525

T(Fa)ea= T2 oS/Zoa—- 6 23 K3/

-TFansvErIE TS - T R,



06-02/9886 23:43 8510 449 8835 S GCONNOR dhoLs

COLLABORATIVE @
ENGINEERING - . 4
SERVICE, INC _ .
EYMDA‘E‘EM % proscT S LA C?;. PAGE 9 oF

CHKD. BY. DATE . susmEeT s 0 L E Lo o D 108 NO. :
' S @ el Aﬂdgffsvs

— o’ér_ﬁmémeaf EA

.__/ 7 a@ﬂ;: /ﬁ 2 _ﬁélzfdﬂ_idlye c.-ﬁom _m'emc?'e- N

———— s

__.___;Cm?o 7€ aﬁ'_ﬂ@'rﬁvﬁ'_ﬁﬁm.émﬁm_ema ?:7? anf_«a / _E& x

— X ﬁEeo’ed’ T ' = R
TR Nepical 3 Mn«ﬂwfd E@h 772'&{ no# ée C’nomélrecf.

ey © o ‘A
- PIa é’)’l f o eee e e, et
...... e b & e smom——e emmrmete m ot e s = e e e e e o————— — s m cnn o i e & diemre o = e
- P - [ —
- — - PPN — —— s e . e e . S e 1 8 - e
S LA —— .- S —— - — D — —
P _— - - L meem o — [
- o e e - ¢ e o n b —, PR -
— -— o o o e e = - —— - - - — -
- - ——————— g —— - ———— e = . PP - — - o e e s e
S PRE———————— PPN JR— -
o o e n S U - - U U PR SR,
PR . [ - e — - et s
sec e fae e - - . [P —
—— 1 [ - - o e e+ — - e s e e -
- - - - U - e R - =
- e i - - = e +
e o o - e [P U E— o
DR - i JR— . S L A pup—, . - o e ma—
s
s B - [P - i 2o e e s s 5| conmn o ol o S S, e
wran e s 21 e e et
s g .8 -
..... oy e s Wtk
- [ - S
. B
. » ¢ L
¥ T T T
i t i : H
. : -
B A e P
1 R D A e ¢
i T =+ AL S
' R i [ :
i N - -
7 7
—
i
e vasn o e
. - - - o o st csanc—- = = P — —— — 1} " —
o e ceo e ey s o oo o
|, e st s o gy PR—
. P
U
JE— A o —
P U, e




z

SOLEND

UNDEFORMED
SHAPE

OPTIONS

FLEMENT PINS
WIRE FRAME

SAPYY

o/ o

96/20/90

¥y-ie

GE89 677 0T¢kD

HONNG2O &

YIb D



#,._.--'""'""-'-o-...,.‘
- o
© LS

VERTICAL

7

-

SOLENDY -
DEFORMED
SHAPE
LoaD - i

MINIMA
X-@,4586E -85
Y 0. 0B000E+00

. 0.0000c+00 |

MAXIMA

X B,4586E-05
Y @.0000L+00
. @.1002t-083

5APY@

S

88/20/90

vy-¢e

€088 8FF 018

YONNGOO §

_E
;J’@



TRAAN‘-UE rsE LoAaD

'li_$x

s

SOLENDT .

DEFORMED
SHAPE

LOAD l

MINIMA
X @,0000C+00

Y 0.0000E+00

/-0, 13220-04
MAXIMA

X 0.3002E-03
Y 0.0000E+60
/0, 1322E-64

| 5APY

%,

‘ﬂ'fz/bL

Feiee 88/20/90

SCR9 677 0TSER

YONNODQ §

%
810



Fx

/

86/20/90

¢y e

SOLENDY

DEFORMED
SHAPE

LoaD

¢ees 877 01¢8D

| MINIMA
X-0, 3827E-03
Y 0.0000F+00
7-0.2983E-03 |
MAXIMA

X 0.827E-03
Y 0.0000F +00
7 0.3209F-03

YONNCOO §

LocAt berormaTions ( Qualit-atiee) S{»\]PQ

LTOD



06/02/96  23:45 510 149 6833 5 GCONNCR

S
=
81
wE
o
i o
. L e @
_ T . D,M —|R &
5] Ea.l @
= f.;w )
= H- =T b5
“ =
% TR i
(g // I ) m
® 3 NN =
3 o
- . -t o
e = .
I ~S— «
S
r
¥ o
[] & [] & @
od - - = =

o N ILYNT 00N TWld3dS




0&/02/‘98 23:45 L8510 448 8835 S OCONNGR Q19

| | L ®
®

Figure 12-2. Design MF vs period ratic
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. ROLAND L. SHARPE, SE. Consulting Structural Enginser
Cupertino, CA ' '

- FIGURE 2 :
ANALYTICAL CHECK RESULTS

1. Developed Two Models
9D - For mode shapes and vertical response, see attached.
3D - Global - For horizontal forces - check on stresses at selected points, se attached.

2. Response Spectrum Analysis

Used DIS spectral curve, do nothave precise data to modify curve in longer period range
For purposes of this check analysis, DIS curve was deemed adequate, See attached figure.

Rase Shear wio Doors,  V =0.5g [DIS, V =0.49]
Base Shear w/ Doors, V= 0.35g [DIS, V =0.34g]

System Period, T = 1.59 sec Longitudinal, [1.6 sec]
T = 1.55 sec Transverse

3. Vertical Analysis
2D Model, Frequency Analysis, T= 0.065 sec, f = 15.38 Hz
3D Model T=0074sec,f=135Hz
Effect on Bqguipment: Possible resonant range= 11to 18Hz
Vertical P=+/- 1.07W
4. Stress Analysis
Support legs:  Axial stress = 129 ksi
Bending stress = 24.4 ksi
|  Combined =37.3 kst '

RS 4/856
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TM 5-808-10/NAVFAC P-355/AFM 88-3, Chap. 13.

d. Appendsge magnificatian fector: The sppendage magnification
facror (MF) is the ratio of the pesk motion of the appendzge (in

this case, equipment) to the peak motion of the floor level that it |

is mounted on. A theoretical value.of the MF is genexzlly based on
steady-state motiom due to the floor responding es a uniform sine
wave. However, buildings that zre responding to earthquakes move in
2 somewhzt random fashion znd thereby do mot generate magnification
facters as large as caleculated by theoreticzl steady-state Tesponse.
Following zre discussioms of the steady-stzte response and of an
zpproximate method for estimating sppendage magnification factors.
(1) The megnification factor for ai idezlized single mass
occiliater, with 2 peried T, znd damping characteristics at 2
percent of critical damping, responding to z steady-state sinusol
acceleration having 2 period T, is pletted in figure 12-1. If T, is
essentizlly equal to T, MF equsls 25. In other words, at &

condition of resonznce, the maximum scceleration of the oscillator

mass will be 25 times the peak zcceleration of the forcing motion.
This idezlized conditien depends on the fine-tuning of the two
periods, the linearity of the escillztor spring, the wmiformity of

the input simusoidal motion, &nd the length of time of the input

motion (2t lesst 25 cycles).

(2) If the oscililator represents the equipment, the fleor
response represents the steady-state input motion, and the preduct
7c (0.4 x 0.73) equal to 0.30 is zssumad te be the fleor
acrelerztion, the peak acceleration Zor the equipment is 25 times
0.30g = 7.5g- In other words, the horizentzl force on the equipment
is seven and ome-half times its ovi weight, EHowever, due to the
actual nenlinear characteristics of eguipment gnd buildings and
particulariy the finite duration of ezrthquake motion, it is highly
unlikely that such a magnification could actuzlly occur to & 2
percent damped eguipment eppendage.

(3) In order to aspproximate & realistic vaine for & design
MF, it is assumed that the periocds T, and T will differ by at least
5 percent; thet buildings are not perfectly linearly elastic,
especially at high amplitudes oI Tesponse; rhat the floor Tesponze
ic pot an exsct, uniform sime wave: end that the number of high
emplitude floor response cycles is svbstantislly less than 25.

(4) The design MF curve shown in figure 12-2 is presented as

an gid to estimating the design respomse of single-degree—ofi-freedon
zppendages, in lieu of more rigorous znalysis methods, The pesk MF

of 25 is reduced to 7.5 by reducing the effectiveness of the period

tuning, the peak floor response explitude, &nd the number of
continmucus cycles to roughly seo-thirds of the idezlized values
(i.e., 25x 2/3x2/3x2/3= 7.5). The width of the maegnification
factor is broademed to account for uncertzinty of actuwal period

ratios. .
e. Equivalent static force. The equivelent static force for

-

the snchorage of flexible and flexibly mounted equipment is given by
the equation

E, = ZIFAPCPWP (eq 12-2)

' yhich is 2 modification of the SEAOC rigid eguipment equation 1-10,

vhere &, is the amplificetion factor for & value of C = 0.75. The
value of Ap is relsted to.the ¥F values of figure 12-2; however, the

125
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ROLAND L. SHARPE, S.E. . Consulting Structural Engineer

gupemnn, CA 408-255-4510, 415-841-7131: Fax408-725-8585
|
o
2;3 May 1996
#'hma to: Tom O'Connor
i SLAC BaBar Detector Project
i
From: Roland L. Sharpe

;éubject:  Additional Preliminary Analyses of "Cold Mass" Support Bolts in Cryostat
|

EEnclosed are copies of Tables 1, 2, and 3 which present results of reanalyses for the solenoid
(Cold Mass) assuming the longitudinal and radial bolts are prestressed. We made these reanalyses
for two materials, titanium and inconel bolts. We assumed the prestress was equal t0 1/2 Fa.

A

]




JUN-21-1996 11:04 LLNL RTEG 5104243532 P.@3

P

TABLE 1 - SOLENOID SUPPORTS W/ PRESTRESSED LONGITUDINAL BOLTS

_._-__..,___-_,..-...__..,.._-...._.,..___._.-.-—--......_--.....-u.n--.-——-—-—u---w-—-—-—-u

DATE! : 5/23/96

TITANIUM INCONEL
ULTIMATE STRENGTH, Fu, Kg/mm 2 100 126 — géﬁ
YTELD| STRENGTH, Fy. Xy /™2 83 105— 242
MODULps OF ELASTICITY,E,Kg/mm*2 11500 21000 71133
BOLT DIAMETER,mm 17.96 17.96 ~
AREA OF BOLT,mm"2 (%) 253.2 253.2.
BOLT LENGTH,mm 486 486 -
ALIOWABLE TENSILE STRESS,Fa, Kg/mm"2 25 31.8 35 -51%
{(1/4 Fu or 2/3 Fy) 4;,{ U?wuﬁif
PERIOD (FREQUENCY) OF SOLENOID Ta=0.03 S. Ta=0.022 S§.° T
Fa=33 CPS Fa=45 CPS €,o50
PERIGD (FREQUECY) OF BARREL Ta=1.04 S. Ta=1.04 S.
i ISOLATOR,W/O DOOR) Fa=0.96 CPS Fa=0.%6 CPS

Ta/T | 0.029 0.021
MF, MAGNIFICATION FACTOR 1 P
BASE SHEAR COEFFICIENT OF BARREL 0.55 /055 | tg 0.7
WT OF| SOLENOID,Kg 7800 3800
TOTAL EQ FORCE OF SOLENOID, Kg 4290 4290~ - 15%0
EQ FORCE PER BOLT (TOTAL 6), 715 715, &2
TENSILE STRESS DUE EQ,Kg/mm” 2 2.82 2.82

RESS,1/2 ALLOWABLE (Fa) ,mm “2 12.5 15.75
m STRESS (EQ+PRESTRESS) Kg/mm”2 15.32 o 18.57

«1.33%25=33.25,0K «<1. 33f3i’§=41 9 OK
* AsspMING UPSET BOLT
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QLE 2 - SOLENOID VERTICAL SUPPORTS W/ PRESTRESSED RADIAL BOLTS

.__——..._.._.._.-u-—---...._.___.._..__.._ﬁ..w-—...----_.__._._..—,..-..

TITANIUM
ULTIMATE STRENGTH, Fu, Kg/mm 2 100
YIEL@ STRENGTH, Fy,Kg/mm 2 83
MODULUS OF ELASTICITY,E,Kg/mm”2 11500
BOLTnLENGTH mm 668
BOLT| DIAMETER, mm 15.96
AREA! OF BOLT,mm”2 (*) 200.0
ALT.OWARLE TENSILE STRESS, Fa Kg/mm 2 25
(1/4 Fu ox 2/3 PFy) :
PERI@D (FREQUENCY) OF SOLENOID Ta=0‘028 s.

Fa=36 CPS
PERIDD (FREQUECY) OF BARREL Ta=0.065 5.

; Fa=15.4 CPS

T= /T 0.43
W GNIFICATION FACTOR 1

FLOOR ACCELERATION,g 1.45
WT OF SOLENOID, Kg 7800
TOTAL EQ FORCE QOF SOLENOID,Xg 11310
MAX. EBOLT FORCE UNDER 1 XKg EA. END 0.155

EQ FORCE PER BOLT (TOTAL 8),Kg 877
TENSILE STRESS DUE EQ, Ky/mm”2 4.39

PRESTRESS, 1/2 ALLOWARLE (Fa),mm”2 12.5
STRESS (EQ+PRESTRESS) ,Kg/mm”*2 16.89

* ASSUMING UPSET BOLT

€1.33%25=33.25,0K

e - W ww om G G S e

126 743
15.96 V) Al L 4

Ta=0.021 S. r.c34
Fa=47 CPS
Ta=0.065 S.

Fa=15.4 CPS

7

1 oA
1.45
7800
11310
0.1585
877
4.33
15.75
20.14
«1.33%¥31.5=41.9 OK

0.32 5,4§'
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..------—-.-u—-—-u-—-.s_..—......___.....____..._...__._..__.................,________,_..____._-_._

TITANIUM INCONEL
ULTL§ATE STRENGTH, Fu, Kg/mm"2 100 126
YIELD STRENGTH,Fy,Xg/mm 2 83 105
MODULUS OF ELASTICITY,E,Kg/mm"2 11500 21000
BOLT |LENGTH, mm 668 668
BOLT |DIAMETER, mm 15.96 15.96
AREA |[OF BOLT,mm" 2 (*) 200.0 200.0
ALLOWABLE TENSILE STRESS,Fa,Kg/mm"2 25 31.5
(1/4 {Fu or 2/3 Fy)
PERI@D (FREQUENCY) OF SOLENOID Ta=0.048 S. Ta=0.036 S.
Fa=21 CPS Fa=28 CPS
PERIQD (FREQUECY) OF BARREL Ta=1.04 S. Ta=1.04 S.
(ON | ISOLATOR,NO DOOR) Fa=0.96 CPS Fa=0.96 CPS
Ta/T | 0.046 0.034
MAGNIFICATION FACTOR 1 . ' 1
BASE |SHEAR COEFFICIENT 0.55 0.55
WT OF SOLENOID,Kg 7800 7800
TOTAL EQ FORCE OF SOLENOID,Xg 4290 4230
MAX . 'BOLT FORCE UNDER 1 Kg EA. END 0.289 0.289
EQ FORCE PER BOLT (TOTAL 8),Xg 620 620
TENSILE STRESS DUE EQ,Kg/mm”2 3.10 3.10
PRESTRESS, 1/2 ALLOWABLE (Fa) ,mm’2 12.5 15.75
STRESS (EQ+PRESTRESS) ,Kg/mm™2 15.60 18.85

; «1.33%25=33.25,0K <«1.33+%31.5=41.9 0K
* ASSUMING UPSET BOLT

TOTAL P.85



