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DUKE POWER GOMPANY
P.O. Box 33180

CitAHLOTTE, N.C. 28242

IIAL 11. Tt'CKElt TE LEPitONE

(704) 373-4531vwn earmroen

March 15,1983' = = ^ = - ~ ~

Mr. Herold R. Denton, Director
Office of Nuclear Reactor Regulation
U. S. Nuclear Regulatory Commission
Washington, D. C. 20555

Attention: Ms. E. G. Adensam, Chief
Licensing Branch No. 4

Re: Catawba Nuclear Station
Docket Nos. 50-413 and 50-414

Dear Mr. Denton:

On February 22, 1983 the NRC issued the Safety Evaluation Report (SER) related
to the operation of Catawba. Section 1.8 identified a number of Confirmatory
Issues which required additional information from Duke.

Attached is a response to the following Confirmatory Issues:

(6) SSI for buildings not founded on rock (SER Section 3.7.3).

(8) Vertical seismic response spectra (SER Section 3.9.2.2).

Very truly yours,

M
Hal B. Tucker

ROS/php
Attachment

cc: Mr. James P. O'Reilly, Regional Administrator
U. S. Nuclear Regulatory Commission
Region II
101 Marietta Street, NW, Suite 2900
Atlanta, Georgia 30303 O

Mr. P. K. Van Doorn
NRC Resident Inspector
Catawba Nuclear Station

Mr. Robert Guild, Esq.
Attorney-at-Law
P.O. Box 12097
Charleston, South Carolina 29412

8303230269 830315
PDR ADOCK 05000413
E PDR
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Mr. Harold R. Denton, Director
March 15, 1983
Page 2

cc: Palmetto Alliance
2135 Devine Street
Columbia, South Carolina 29205

Mr. Jesse L. Riley
Carolina Environmental Study Group
854 Henley Place
Charlotte, North Carolina 28207

Mr. Henry A. Presler, Chairman
Charlotte-Mecklenburg Environmental Coalition
943 Henley Place
Charlotte, North Carolina 28207
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Attachment 1

| Confirmatory Issue (6)

SSI for buildings not founded on rock (SER Section 3.7.3)

Response:

Attached is an extract from Calculation File CNC-1144.09-01-0010. The
i lumped mass model used to generate seismic response spectra is shown-on

sheet 137. Properties of the model are shown on sheet 156. The methodology
of using four separate base acceleration time histories is discussed on

,

sheets 157 to 159. Sheets 160 to 167 present typical analysis input data,'

and sheets 168 to 171 discuss generation of horizontal spectra. Sheets 172
to 189 present the analysis for vertical amplification.

,

,

i Previous submittals of additional information are discussed and explained
on sheets 189.001 to 189.017. Sheets 189.018 to 189.022 address the relative;

regnitude of vertical and horizontal accelerations. It is shown that the
; . computed acceleration levels are, in fact, in the proper relationship to

each other.

Extracts of computer runs "R2TOTSTK"," SPECTRA", and " COMPARE" are included
as appropriate to support the calculations presented.e
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Extract from CNC-1144.09-01-0010

(UNCONTROLLED COPY)
(FOR INFORMATION ONLY)
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. - . _ . - . - - .- -
-

//h21uTSf Job (d362CATA,D037,,99),2KELLYJK,MSGCLA A, CLASS =J,
// 11ME=60,NU1IIY=JMh6362

-/oMt-SS AGE-UPER A T UR. I . plt ASt-Atl.Ure- A-CPU-IlME-UF-bu M1HU T E3
-

UD DSN=T5T.Ho30.C6362. LOCK =60TU1. SPEC 1 H A , - - - - - - - - - - - --
STRUDL CORE = 900K' C// EXEC

-- / / U D 1
~ // DISP =(NEW,CATLG DELETE), UNIT =3330V,MSVGP= TEST, -

// DCB=(LHECL=80 NECFM=F6 6LKSIZE=6060), '

' SEISMIC,ELSE)SPACE =(6144;lI00 100)//
RtbPunSE SPECTHAL -- - - - - - - -- - - -- - - - - - ------ -- -----STHUDL 'CAlAndA yQ-UNITS FEET LtsM POUNUG CYCLES -

(YPE PLANT FHAME
JulNT COURCINA1ES < ^

-1-O. 0.o S ----- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - &
--2- O. 2.33

- - ~ ~ - - ~ ~~ -~ - - - ~

C>
-3 0, 11.42

-' 4 0 21,42
-- 5 - 0 , 31. 9 2 ~ ~---- -- -- - - - - - - - - - - - - - - - - - ~ - - - - - - - ~ - - - - " - - ~

'W 0 41.42
'~ ~ ~ - ~ " ' " ~ ~- - - - - ^ ^ ~ '

-7 0 47.42.
8- 0 57.42

- 9 - 0 o- 67.42 -- ---
-

~

~10'of 77.42'
'- ~ - ^ ^~

~i^ " Q '% y e Q. )-
-11 0 67.42

|
_f ' .. g * h _ ._ _ _ _ . . -. _

-~~ ~-~ ^

~ - - - - - ~.-- --j __Il MM '
-

-_ .. h- Ed''

-
g'"'y,-,.'

_.1 4 0 111.75 - ~ - ~ ~ ~ ~ - -

-
*-

15 0 117.06 -

h. * f .- . . - - - . . .__ - . - - - - . . - -
. - -.- - . -- --~ ~ - ,: .. A t! L' " - $W1 53u.

, '

- 18 0 144.73'
' ~ - ~ ~ - - - " - ~ ~ - ~ ~ ~ ~ ~ ' ' ~ - ~ ~ ~ ^ ~ ~ ~ -

. , ' *d e o r ~ F-
~

19 0 152.41
.! .

._.21 U~~167 29' -" --~- " - " - - ^ - - - - - - ~ ' - -
."g -

- " - " y , v.20 0 158.65 .-

~MEMBEH INEIDENCES '~ ~ ~ ' ' ~ ~ ~ ~ ~ ~ - - - - " - - - - - ' ~ - ~ ~ ~ - ~ ~ ~ - ~ ~ - ~

7 }{y L. ~, . ~ ~ - - - '

--.- .-- . - . . - N- -_ - S km.f- I~' '' ' ' ~ ' - ' ~

YW
. . . _ . _ . .'

5
^ ~ ' ' - " ' ~ ~ - ' - ~ ~ ^ ^ - ' ~ ' ~ ~ ~ ~ ' - ' ' ' ' - ~ ' ' '~ --'

,

"
6 6 7 " , , ; , .-

y_.g .. . - ~g-
_ .y._ . 8 - ~ ~~ -' ~ ~ ' - ~ ~ - - - ~ ~ ~ ~ ~ ~ ~ ~ ~~ "' -' ~-- ' - ^ - ~ -- "- - Wg -. . . 9

9 9 10
10 10 11 - - ~ p'

--11-11- 12- ' - - - - - - - -- -

7~'
-- ~~ - - - -

~-7 tW - --

>
'- - ~~

- 12'12 13
- - ' '- ~ ~ - ~ ~

@QP413 13 14 L
t14 14 15

T- 15.15 16 _ _ _
, _ , ._ ; __. .__ , _ _ _ _ . _ . . t. _ ._ . _ _ _ _ JR-D

16 16 17 %
17 17 16 .A. 3'
18 16 19

~~ " - - - - ' " " - - - ~ - - -- - --- - D_' . g 9 . 19 20 - ~ - - - - - - - ~ ~ ~ ~ -

d Y~20'20 21
' -'' ~ ~ ~ ~ ~ ~ ~ ^ ~ ~ ~ ~ ~ ' - - -

E @QMtMHth PROPEHilES PRI SM A T IC - ---- o
1 2 AX 32.66 AY 16.33 IZ 56280 9 N

-- - " - - -
g ~4-3-10- 13 A x 25,13 - A Y 12.57- 1 Z-4$83 7.9.-

'---' -~ ~ '-- ~ ~~- ~ ~ ~ ' - ,' - - ~ f, , Y O14'AX 20.66 AY 10.33 IZ 34011.'- ~-

15 AX 20.30 AY 10.15 IZ 32266.7 I O
16 AX 19.36 AY 9.69 IZ 2M076.4 fM'

~- m ,1 1 . 1 ~ ~-~~~ ~.- _- - ~ ~ ~ .~ - ~ ' ~- - - - -

~ ' ~~- - '~ - ~ ~ - ' - - A)%'-1 FAX-17.66 AY 6;93-12 21978.1-- -- - -- ------- '-

"1,8~AX 15. 80 A Y,, 7.90 17 152
- - - - . - - - - - - - - - - - - -

, .. - , , . q , 3 _. _ .- -



INC( 3UNITS
CONSTANTS

-E-290 0 0 0 0 0;- A R -- -- - - - - - ~ -

PUISSUN 3 ALL
'IntHILA UF JulNTS ADO
2 LINEAR ALL 162909.7
3 LINEAR ALL 203048.9
4 LINEAR ALL 213707.5

-5--LINEAR ALL 205642.6- - - - - - - - - - -

--N~6- LINEAP ALL 162264.2 g
7 LINEAR ALL d24blu,4
8 LINEAR ALL 284668.7 ~

- 9-- L INE AR ALL 275139.3- - -- -
7 - ., -

T - - - - ~ ~ -'
|

y Ci L'10 LINEAR ALL 254630.0 1
11 LINEAR ALL 243893.0 -- j .

d) -

12 LINEAR ALL 243632.2
-13 LINE AR ALL-185d16.4 -- - - - - -- - - - - " - -

4 LINEAR ALL 96592 3
-

f5 LINEAR ALL 136519 7 &
1 GD LINEAR ALL 98357.4 w

-17-LlhEAR ALL 92d83,1 - - - -- - -~ - - -

|~
- -'-~~ ~~~~

L is-LIWEAR ALL 84229.6
'~ ~-- ~~

19 LINEAR ALL 72824.o
20 LINEAR ALL Sb405.2

-21- L INE AR A L L - 7 9 0 2 o . 0 - - ---- -~ - " -
7- ['-

" - - '- - - - - - ~~- - - ~ -~ - -- - - - - - - - - - - - -

- UNITS FEET - ~ ~ - ' ~ '

i Qu s ; .; c A c, A., R j. ( 3,.7, f, 3. ~- ' !DAMPING RATIU .01 .

<

)TRANSIENT LUAD 1 <
-SUPPUH1 A C C E L E R A 1 10 N S -- ------ - ; g;~NH-i \icitiok - AATEQ 1.~ -' csfcfied '4~VJh..i.hr~k-1Edb ?-THANSLATION x-FILE 'CATE01' FACTOR 25 ~ 0

.

- 4

EbHATE FROM 0. 10 20. Al UELTA 1 _. j"''

.

-TRANSIENT LUAD-2 -- " MW " #"-W - ~ ~ ~ - ~ ~ - - - - --"- ---~~//
~

-SUPPOhT ACCELERATIONS ~ - - ~ ~ ' - - ~ ~ ~ ' - - p n G c /59 ' -

M g q ", - ~v - ~ - --

TRANSLATION x FILL 'LATEu2' FAClOR .25 -"

INTEGRATE FROM 0 TO 20 AT DELTA 01 . ~4- END- -
--- - - - ^ ' - ""-'' - ' '

si

---- -- - --"

TRANSIENT LUAD~3~ ~ ~ ~

y
SUPPUNI ACCELERATIONS C PiTEC~TRANSLATION x FILL 'CATEu3' FACTOR .25

-IN1EGR AT E FROM 0. - 10 -2 0.-- A l- DEL T A . 01 - - - - - - - - -- ' - " - - - - - - - - - - - - - - - - - - - - - - - -- h-- '' ~~ - - -- - -W- END
IRAf4SIENT LUAD 4 <

g
/ O u-SUPPUH1 ACCELEHATIONS

---TR ANSL A T IUN ~ x- F ILt-- 8 0 A T hu4 8-FACIUH 25- ~~ ~ - ' ' ~- - ~

~ | -' /,g~C A - -~
~ ~~ - - - - ~ ~

- - - - - - - - -

, i.

IMTEGRATE FROM 0.~TU 20 AT DELTA ~.01
'

6

END
^"

TRANSIENT LUAD 5 <
.,

h
,

ff +d itc h % E lE 5fM.-SUPPUR T A C C E L E R A T I ON S --- ---- - -- -
-TRANSLATION Y FILE 'CATEul''FACTUR 25-~

^~ ~ ~ ^ ~- dTEU T- - - - - - - - - - - -

- INT EGk ATE FROM 0 TV 20 Al DELIA 01 q
END # 9 N

G

TRANSLATION Y FILL 'CATEU2' FACTOR .25 -
O7'" {6

-TRANS1EhT LUAD-6- --- - - - - - - - - - - - , .
- - - - - - - - - - - -

" - -

" SUPPORT ACCELERATIONS'- - ~ ' ~~ ^ - ~- '

p y Rp' ' _ . -

7g
INTEGRATE FRUM 0. TO 20 AT DELTA 01 w

-END.
~ ~ ~ ~ ~ ~ - "f,~ - ' - '

" ~ '~J Hd.TRANSIENT LUAD 7 ~ ~ -

SUPPURT ACCELERATIONS 1CATEGO '

TRANSLATION Y FILE 'CATEQ3' FACTOR .25 N b' xs

r % ,.c,g . FR.UM 0.,.TU;2ps-AlfUELI,A;.U1_ -- - - ------ ---- - -
- - - - - -_- _~ ~ ,- g' U O

1N1EbHATE
_

_; Z , i -~7 ,- 7 '"- -~ 1 -'--- 7, , _ _ _7 Z '_~---- , , _ -- ? 4
.,,.c,,._ --



. _ - . . . __ . _ _ _ _ _

__ . _ . . . _ _

(INTEGRATE (rHUMTRANSLAT Y FILE 'CATEu4' FACTUR 25
0 TO 20 AT utLIA 01

--h N t) -

ASSEMBLE FOR DYNAMICS <
-lNDtPEf4 DENT DEGREEb UF FHEEDUM SELECi ~

M 4 \~ ~ ww e - c- a c d - ~~-~ CONDENSE DYNAMIC MATRICES -

MUDAL ANALYSIS huh MAX S0
LIST DYNAMIC PARTICIPATION FACTORS g.,g gp e g. , . M % (dt r.i c ralVC.

, .

_ .-LIST DYNAMIC NOHMALIZED MODES - - x
~ TRANSIENT ANALYSIS LUADS 1 234 56 78 - - - - - > l'ror.6:r.4- - - - - A eMy f i f- - - - --

-

- STUHE TRANSIENT 'HUkIZ' -

' _ g . \ . ( .1 Y . ,0 hUSt 1 234 FROM TIME 0. TU 20. g " --( A*

-JUINT 10TAL ACCELERAIIONS - - - - - ----- - ~ - - - - - - - - - -

., , ' .
-

-- u - N'" C # '" 'q'#g- " " U '-
---

6"9"14 17 20 TRANSLATION X~ - f ~ ~

END s

STURE TRANSIENT ' VERT' 4 *
-USE-5 6 76 FROM TIME-0.--Tu 20. - - - -- -~ -- -- --~ - T/etWdg\ - \ g a -- h W u ~ b g. g . d N

r

JOINT' TOTAL ACCELERATIONS- ~' ^ ~ ~ - - ~

2

e 9 14 17 20 TRANSLATION Y p" 'T' ""U M'''
-, .

^ ~

Mg~

-CUMPult STORE TRANS 'HURll'-'VEH1'- '; don-tub 4 - Gen --- hc4,tn rM 4 %%s -wkJ
-UNI TS~ R ADI ANS . 1 'STuRE SPECTRUM .

RANGE FREu LIN 1. 4. .15 4 20 65. 1. 65. 210 2.S
[USg1L-DAMP HAT |U-.005~'.ul 0290$3 20.-- ~------- ~ ~~~ Q C g ... s e, Iwr! Q' r ,

;\
*

k $h |H[3 b'f'' ~I~E"' ' " ' ' " *I F#I"

h_hyf Ah #? " ~ ~ ' -
~ ~ ~~ ~ "~ ~.-- E N D -

. .. - .E.E5?k. 0 *.N5-- -.-..-- f Unf.m----s- L a Lb ~5 L~W Y f '~,. _

y
- '

,~ ' ' ' ~ - ~

'
'' ~'

STURE SPECTRUM 2 <

'HORh'.65
* * * *

~ ~~
* * * **- ~ ~ ~ - - ' ~ - ~ " - ~ ~ - ~-

~

-
1 0 - 05~ ~~~~~ - - '~^-~ '' '~' ~ - ' ~ ~ ~ ~ - '

~ ' ' ~ - -
~USE STURE ~^

USE TRANS 1234 1,f' ~ c
- ~ ~ ~ ~ ' ' '

'
JOI TOTAL ACCEL

F~
---9-l h AN S - X - -

- - - ~ - ~~ ~~ ~~" ,END - ~~

STURE SPECTRUM 3 -

RANGE FREQ LIN 1. 4. .15 4 20 .3 20 65. 1. 65. 210 2
p OSC IL-- D A MP RAilu - - - - - -- --- - - - - m - ~ ~ ~~ ~ --- - - - '

USE-STORE 'HURIZ'.005-.01 .02 .05~ - - ' ~ - - - ~ - - - ~ ~ ~ -- ~ ~ -'

r c h'4 g:{
- ~ - ' ---~ ~''~ 7-~ ^

USE TRANS 1g34 -

g wxM ENCONTRO MED .
- -- - ch<

STURE SPFCTRUM 4 % gs ~~'(bRANGE FREU LIN 1. 4 .15 4 20 .3 20. 65. 1. 65. 210 2. D
gUSCIL- U AMP H A TIU '. 005 .01 .02 .05 - -- -- -- --- - - -'l ~ '~ -~

-- -- ~ i~ s'USE" STORE 'HORIZ'~ ~ ~ ~

Icird ~ \ l N
USE IRANS 1 d34
JOI TOTAL ACCEL ,j b$

s V

tj -- 7g M-17--T.RANS X. - . .. ' . . - - . . . ~ ~ . . - .". ... . -
~ ~ ~ - - ~~

I-
- - -- --~. ~ -- ~ N~-- ~ ~ ~ ~ "

J99 - .
,

STUkE SPECTRUM S < j e. ?PHANGE FREu LIN 1. 4 .15 4 20. .3 20. 65. 1. o5. 210 2
- - - - - - - -

Cs !i

-OSLI L- D A MP H A T 10-.005 .01 .0d705~~ ~ - - - - ~ ~ - ~ ~ ~ " ~ ~ - ~ ~- - 7' ~ ~ ~ u~ ^ ~ ~ - -- ,- ~ ~ ~ - - -- - ~ - g i t - g % |

USE' STORE 'HURIZ ' ' ' ' ' - ~
~ ~ ' ~ ~

~*Lg3 . .c hUSE THANS 1 234 | cJul TUTAL ACCEL ,

i-d o " T H A N 3 Xn n- - -- 7_ z;~. _ .- _.7-~ n ..__ .__n-~ ~ 7 1 - ~,
-

1:TT: n- .'i . _ _ ' ~ - ~ ~ - - l- n ~; ._ M
-

7
END _

M itmt--SPF t'T vit- r- --- '- ~ ~~~ ~~ ~~~ ' - ~ ~ '' ~ ~~ - - - - ~ ~ ~ ~ ~ ~ - - ~ ~ ' ~ ~ ~ ~ ~ ~ -



_ ._ _ - - _ .

!

(USCIL dad (ATIU 005 .01 02 .05
USE 5TurtE' VENT'

HJSE--T H A NS -5- o-7- 6
Jul TUTAL ACCEL p"f" .f'

-. C. '- '1 6-

F'' . \
' '-

' MH A''S (l ( a p cib'. per nr.Tbe tic. crNibdV4)Y '

f

S1UNE SPECTHUM 7 f
HANGE FHEu LIN 1. 4 .15 4 20 .3 20. 65. 1. 65. 210 2

-USCIL DAMP HATIU .005 .01 .0d .05 -- u - - - , , - -

'USE STUNE ' VERT' '
-

-

USE THANS 5 6 76 J''"N
.

JUI TUTAL ACCEL
-9--TR AldS Y - -- -- - -- - --

- -- 3-END - < U
STURE SPECTRUM 8 < -

HAf4GE FREu LIN 1. 4. .15 4 20 3 20. 65. 1. 65. 210 2
USclL DAMP HAllu .005 .u1 .02 .05 3
USt i

. /' WUSk @kANS So76 j c s rit- | tf
TURE 'VER1' - W

Jul TUTAL ACCEL -

-_.10-T. H A N S Y
- - - - - - - -- ~ ~ ~ ~ ' - - - ~ ~ - - - - ~~ ~ ~~ ~~~--- - '-

- gun - e
STURE SPECTRUM 9 <
HANGE FREu LIN 1. 4 .15 4. 20. .3 20. 65. 1. 65. 210 2.

-dSCIL-DAMP HATIU 005-.01 .02 .05 - - - - - - - ~-

-USE''STURE 'VERTe_. ._. u - f r --
USE THANS 5 o 78 J c1y [7.

J01 TUTAL ACCEL
~.gunTRANS17 Y

- . ~. .
,..-
,

3TURE SPECTRUM 10 . <
HANGE FREu LIN 1. 4. .15 4. 20. .3 20 65. 1. 65. 210, 2 |u

F..OSC I L;- D A M P k A T 10 .005-.01-.02 .0S-- -- - - ~ - ~ - - - - - - - ~ d o g \ ~ m---- ------- "- --USE STORE'' VERT' - ~ -- -- -- -

USE THAr.3 5o78
J01 TUTAL ACCEL

-20-ThANS Y---
~ - ' - -~~ -- - - - ~ ' ' - - -'~~" ~ ~

-- --

-END-~ T - - ' ' - '

COMPU}E STORE SPECTRA 1 23456 769 10 7 g, . t ,. . , -Q $ws g(
SAVE SPECTRA' SCAN CHECK .

-FIN 1SH- - -- ?g gy } erog yr- qqQL.-f wg,mNA
/Q t '

,

1 {. e' c,TTCL ,

. _ _ _ . .. .. .. . ~ . _ _ _ . - . _ . _ _ . . . .. _ _ ... _ . . _ _ .

-UlVCONTROL-LED =
-- -- - - - - -- -4

- - - -- -4-_

.

-..---..-. _. . . - . - . - -- --. .- f, -y,m_ .-
. . . - . . . . - _ . - . - - .

. .
- . - - .. .

.- -. . _ .

UVP
-

q, . t
.- . .-. . . . . - . . ~ . - . - - . . - - - . . .. . - . .. .. .. .s .. - - - - . . - - smq

r5a
.

._ _ __. - _ _ _ _ - _



. _ _ _ - _ __ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _

b
(6362CATA,0037,,99),2nLLLYJn,MSGCLAk4, CLASS =F,//R2TUTSP[ 106

NUTIFV:JMX6332TIMt=20,PthATukv.-# LEAbE-ALLUrr A- C P U-T I ME-OF-2 0 -M I N U T E S - - - - - - - - - - - - -
//

=-/ c-M ES b A b L U
EXEC STRUnkan 20,//S1tPAPLUTAPL:'CNS.PLUl.,CUHt='a00n', CLUCK:111'.PLUTPHU:SPECith --//

//DD1 UD DSN:TSI.H030 Cd362.TUI. SPECTRA, DISP:ULD,
// DCo=(LHELL:80 RECEM:Fd.6LKSlZE=eG60J
SikUDL 'CATAnbA' ICUNTAINFENT HESPUNSE SPECTHA'

-HESTONE ' SPECTRA' -- - - -- -- --- -
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10. Provide justification demonstrating negligible amplification assumed in
vertical seismic analysis (interior structure, auxiliary building, and

$ steel containment).

' Revised Response (Steel Containment only)
,

During preparation of the design report for the steel containment vessel, a
detailed review of all design calculations has been made. In the course of
this review, it was found that the spectra submitted in the initial response
to this action item had been generated using relative acceleration time
histories from the lumped mass stick model. A time history of total
accelerations is the appropriate input for generation of these spectra.

The use of spectra generated using relative accelerations results in the
conclusion that the vertical ground response spectrum envelopes the vertical
spectrum at each point. This, in fact, may not be true when total accelera-
tions are considered. Because of this, the spectra previously submitted
are somewhat misleading and should be deleted from Duke's response to this
action item.

A reanalysis of the vertical response of the steel e.ontainment was made. The
containment vessel stick model was analyted for vertical excitation using an
input vertical base acceleration time history identical to the horizontal
base acceleration time history used in the horizontal seismic analysis. All
containment frequencies up to 33 hz were considered in the. analysis. Using
total acceleration time histories from this analysis, vertical response
spectra were generated at the base and at mass points of interest.

b
A review of the results of the analysis described above was conducted to
quantify the amplification in the vertical direction. Figure 10.1 depicts
the methodology used in this review. In this figure, Spectrum "A" represents
the required vertical ground response spectrum, defined in the FSAR as two-
thirds of the horizontal ground response spectrum. Spectrum "1" represents
the vertical ground response spectrum resulting from the input vertical
base acceleration time history. It should be noted that this spectrum enve-
lopes the horizontal ground response spectrum shown in the FSAR. Spectrum
"n" represents the vertical response spectrum obtained at mass point "n".
At a given period t , one point on each spectrum is defined.j

For a given frequency or period, the magnification factor H was defined to
be the ratio of the response acceleration to the excitation acceleration.

H = a /a

The digital response spectrum data was reviewed for all frequencies between
0 bz and 33.3 bz and for all applicable damping ratios. In the general
frequency range of 5 hz to 20 hz, the magnification factor H_ was found to
be greater than 1.05, indicating a 5% or greater amplification of the
acceleration input at the base. At some points, the value of H_ reached a
maximum of 1.51, indicating an amplification of the input acceleration by
51 %.
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Since this amp'ification wts felt to be potentially significant, the spectrum
k=j data was further reviewed t) quantify the magnitude of the acceleration in-

crease. For an input vertical base excitation equal to the required vertical
* ground response (Spectrum "A"), the magnitude of the increase in acceleration

*
is given by

Aa = (a - a )a'/a = (H-1)a
n 1 A 1 A

A pointwise review of spectrum data showed the maximum amplification of
acceleration to be approximately 0.06 g. When'this increase is compared to
the constant gravitational acceleration of 1.0 g experienced by all attach-
ments to the containment vessel, it is felt that the assumption of negligible
amplification in the vertical direction is indeed justified.

kIt should be point out that the analysis in question pertains only to attach-
ments to the steel containment, not the vessel itself. In the analysis of
the containment, all vertical and horizontal modes below 30 bz were considered
by modeling the entire vessel and applying shock spectra at the base in both
directions. '

s

*?

V
%J

.

.

V



l

.
'

Q ,,u a$dg.?y8- .
. ~

@cO
.

e# 3 O8*

i - g
bW 7Yy

'

'

)
t -
( n -s - v *A*

f u m M N
)2 0 u e U O_n e R l

+ + TD eO * , i 1 T

E1%fGEL
n n , c < C A( ( c < E C3 , e e P I

, s s s F
,

IL,
, P,

M
A

L
A
CI
T
R

- E
V# )

3
( F

OD.

O
I

R S:, E I

P S
Y
L
Ab N
A

1
'i)

1
-

i * A )A
*

1

a a 0
T T 1

n , N ,

i i I i

Ot Ot E
e< P( R

U
G

i I

i| | |j,||I| t F

*

N) '
* n

aT
3

NI i
Ot
P(

l
j

i3 ge dO4

| | |



. _ __

k

DU K E PO'.';L H CO?.1P MJ Y -

form 0018 i (G 81) '

|_. . . _ - . _ _ ..

j Du./ Station kI'hW$ b Unit | File No. OMO'Il4M-0l'IdlD
| Sabj;ct -_ . MDCKL. b9tlFK.ADod ._ . .. . _ _ _ _ _ . _ _ _ _ _ . . . .

Q .___..,_ - _ _ _ _ _ _ _ . __ _._ , ._ . - _ _ . . by. N Nf Date 'N
4 ._. ChCCked By . .[)E8 Date .Id/~O _ _ . - . .f $ hest fio. - - Problem TJo.

'ji
, . _._.-. ..-_.,_ -9-

._ .. a . L ..r|
- ,.7_.m.

. i. ; ;s i
!

'

. ._ L . . L.; _ ...! u ._ p l a | i i 4

i -} . . .j
i

' ' ' L; _ . . . . _ . _ .
8

. i | i
t : s ; I t ; i i

I f h U I d I

. ii,',

| I
!f

' h100k2.3 $bBh1N T71L.
'

s!
'

[ !| d |
'

' (it t ,

I d '
;

'

Ii l | ;I : i v ! ! i

. ,

ii;

| |j! : <"| ! j ; l; | 1 ; 4i .s <

TiYbL ;iu B!nlTTALj Sifo&D iod) {i-N E; POL f o@/&G } S/f Gb7% __ _
i ,

6 f$ebECTs | A%DIDOMAL DA-IX. FA'DrH ! THEi n/J4t !/5/S Fo/2.1 u
!

'

MERDCAL hst Pd.lF/CAMDA.1. !, .rE .! _ ! _ !, _ | _;! I, |L !, f'r , I . 1 .
|

.

,

t i
..

|
: .

, .. i : , i j 4

. I -. ! .1. . - .i . _ . ;. , ! . 1 _ #. . ; _ _
. ',

{|i.!
*

;. ..- ,.l...
'

. . . _ . - . _4;

TABLE /A/ .odo' 4/OS 2MTA! ErrR/lC72D FRON !NUAJS "5Pacn$A" . !- i r

0
., %b. ''t0 mph, hE, L i SFECTRU$".1i"|j6 \ THE R,EERu)3CiSPECTRU

!
-

, , ,e' i i i, , 1 i 1

hr b)E DASE DF. ntE. 5rEUCTURE RESOLDIUG ) PRDF1i ebpr/B/NING
.

; ThE { SPECTRA \SGx) GRATED | B Y.'FOUE 6$17716716 VER17dAC T0ME
i _. }kISTDEIGb RPPLIG-b A7"17NEl DA6E. illHS WA?U]BE' REKb \ a

: FROM : RUM |5PEcrth."|4PMES|1.9,701333 QS.I WELO h6 |NL_{O,'

,

. RU # CoWP' R.E". W H ICF DSCS T REi RebOLT) jor 'SPEdTEA ( jAu. ! ;
ii i i

,

JIMILARL8j| _ SPEC.rt_orW NL . L_ __p.}__..j _._ [ _.dy .g i
,

'! ; 4 . __d .J> .|_. . _.,y
r$ _ ni-E_ RE3fbDSG 16PCLT/20/1_'-;> . -

k1~ 17nELTOP PP TWE- UN T&ltMExiT* Dome] RESULnW-_[q

0. aL FPom:comBivirJ677/E SPecreA. 66)or)t4/st. jai Pou'R.1 I! i

h . E VER-DCAL! YUH E 1+l5 TO RIES ! IT-b T//Cd 6% $ CL! 7~/h5_j _.! . .L.$
L0thTOhh V)hS C.dOSCO BECkUSG~Z7~EXXIBt 7E2>Y$E, I

(. GRehnef Pegennt6E . ATMPtlF=/CArloD VUD j116 (fPEM657? :

.nJcREW66 .lp "g LEVEL.c SPetraoM "N *;dks). 3rpouva j..;
g. . . W Tto d f 5PEcr% 746ed 2z9 y o gsof/bs Wettks rVi
n . . TRE _ PoorPROc.EssoE. d C0/HPA A:E!k i - ' _! _.a i!_L..l._j_[_.!

.

h | i ! ! : | ; i >'
4

i .

,
-

,

g ._- . ~ q_ .t.#a .a: .. . . ._. .,

g _.,_ j TNE AMPL1 Fit AMclU FAQom._.",H55 OMAdCOLATEDh_|_M_f_La

' |SEE AL{>o }S th 177-l79) . ,yEUMCoMPARE AS IS Tif-E-[/~5AE_ VERDC AdAA:L_[ u.

__ThC 201PLIFIEb.l _f Iy.
j SPEGROM,3 |A#b TliEDPL.lFICNPDA1g q. ! ; y . .. ! ]r,

. , !
-

. ,
. . . ,-t r -H - - . . .

4
. -. t --h A-

, ; -
r -- +

,
1-

.
,

j! f NbOM Odl0 M hbb . h.b [bNk _ i]
ash To Geveekre rcors or 77te1&ntednchnop \. _

''
>

.

n AMb NMPQFlET) .dFEtnev4 FUE. l'4MP/hels&/_ | L-
TuMboc's. )Fotz Pcors,6tc .Sunimink Jhup mcfouacicapwi 8

i I .
! 4 , ,s i

i I t ! ! ! I ;! | !
'

- '

. i

- - .
______



- - a _
. L

S MC-lM4.09-DI-lbib
INU b .

Jyn)HI-2%43p
bg6 1-51-83

V
%,,/

P

,

ADDITIONAL INFORMATION FOR ACTION ITEM 10

10. Provide justification demonstrating negligible amplification assumed in
vertical seismic analysis.

Steel Containment

Previous submittals have described the methodology used in assessing the
amplification of input vertical seismic excitation for the containment vessel.
The purpose of this additional information is to provide more detailed data
at the request of NRC reviewers.

A review of the results of the analysis described in previous submittals
showed the maximum amplification of input vertical excitation to occur at
the top of the containment vessel. The stick model data point at elevation
710'+11" (Approximately 10' below the top of the containment dome) shows the
greatest amplification of input excitation.

,

Table 10.1 presents digital data used in assessing the amplification in the
V vertical direction. Columns (1) and (2) present representative periods / frequencies
(/ on the spectra. Column (3) shows the input base vertical spectrum resulting from

four synthetic time histories applied to the st'ick model (Spectrum "I" from
previous submittals). Column (4) shows the calculated spectrum at elevation
710'+11" resulting from these time histories (Spectrum "N" from previous
submittals). The structural amplification factor for a given frequency is the
ratio of these two values and is shown in column (5). Column (6) shows the
vertical ground response spectrum from the FSAR defined as 2/3 the horizontal
ground response spectrum. The amplified spectrum at elevation 710'+11" is the
product of the structural amplification factor and the FSAR vertical ground
response spectrum and is shown in column (7). The magnitude of the amplification
is shown in column (8).

Figure 10.2 graphically depicts the results of the analysis, showing a comparison
of the FSAR vertical ground response spectrum, the amplified vertical spectrum
at elevation 710'+11", and the amplification of the input vertical spectrum by
the containment vessel. Figures 10.3 and 10.4 display the same information in
tripartite format.

The frequency range of measurable vertical structural amplification is seen to
be very narrow, and the maximum increase in acceleration of 0.06 g is negligible
compared to the constant gravitational acceleration of 1.0 g experienced by all
attachments to the containment vessel.

As a result of this analysis, it is concluded that the assumption of negligible
amplification in the vertical directium is justified for all attachments tom

v the containment vessel. -
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TABLE 10.1

,

CATAWBA NUCLEAR STATION
STEEL C0ilTAltit1EllT VESSEL

OBE VERTICAL RESP 0ilSE AMPLIFICATION IflVESTIGATI0tl
ELEVATION 710'+11" 1% DAMPING

(1) (2) (3) (4) (5) (6) (7) (8)
PERIOD FREQUENCY SPECTRUM "I" SPECTRUM "N" AMPLIFICATION FSAR VERT. AMPLIFIED AMPLIFICATION

n (g) FACTOR "H" SPECTRUM (g) SPECTRUM (g) (g) m*
ti (Sec) fi (hz) aI (g). a

(4)/(3) aA (g) (5)-(6) (7)-(6) W

1.0300 0.9709 0.1916 0.1920 1.00209 0.1079 0.108 0.000
0.4947 2.0214 0.4796 0.4846 1.01042 0.2266 0.229 0.002
0.3307 3.0239 0.4157 0.4250 1.02237 0.2266 0.232 0.005
0.2513 3.9793 0.3872 0.4006 1.03461 0.2266 0.234 0.008
0.2027 4.9334 0.4457 0.4743 1.06417 0.2266 0.241 0.015
0.1653 6.0496 0.4371 0.4752 1.08717 0.2266 0.246 0.020
0.1428 7.0028 0.4068 0.4593 1.12906 0.2012 0.227 0.026,

0.1257 7.9554 0.3686 0.4265. 1.15708 0.1820 0.211 0.029
0.1102 9.0744 0.3661 0.4437 1.21196 O.1641 0.199 0.035'

0.0997 10.0301 0.2939 0.3703 1.25995 0.1516 0.191 0.039
0.0911 10.9769 0.2864 C.3744 1.30726 0.1412 0.185 0.043
0.0838 11.9332 0.2444 0.3348 1.36988 0.1322 0.181 0.049
0.0776 12.8866 0.2247 0.3238 1.44103 0.1244 0.179 0.055

h0.0705 14.1643 0.1780 0.2697 1.51517 0.1155 0.175 0.060
0.0661 15.1286 0.1418 0.2087 1.47179 0.1097 0.161 0.052
0.0622 16.0772 0.1257 0.1534 1.22037 0.1045 0.128 0.023
0.0587 17.0358 0.1187 0.1349 1.13648 0.0999 0.114 0.014
0.0556 17.9856 0.1196 0.1401 1.17141 0.0957 0.112 0.016
0.0528 18.9394 0.1194 0.1583 1.32579 0.0919 0.122 0.030
0.0503 19.8807 0.1171 0.1580 1.34927 0.0884 0.119 0.031
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Attachment 2

Confirmatory Issue (8)

Vertical seismic response spectra (SER Section 3.9.2.2)

Response:

Attached is a copy of the stress report for the Refueling Water Storage Tanks.
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2. SUMMARY OF RF.Sl!1.TS
( -

2.1 Normal

Component Actual Allowable

Anchor Bolts Stress, PSI - Tensile 276 40,000

Shear 376 12,320< -

Concrete Compressive Stre<s, PSI 342 1,250

.S_upport Ring Stress,' PSI 16,104 27,900
,

Anc' hor Chair Stress, PSI

Top Plate 192 21,750*

.

Shell '111 '27,900,

.

Vertical Plates 176 '21,750
.

'

Bearing in Bottom Plate 472 27,000

Roof Pressure, PSIG .21 643

; Shell Compressive Stress, PSI

Ring #1 322 4 488
Ring #2 - - 243 4,219
Ring #3 226 3,281

' 223 2,344- Ring #4 --
196 1,875Ring #5 ,
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2.2 Upset

Cotponent Actual Allc.eable
*

Anchor Bolts Stress, PSI - Tensile 15,718 '40,000
- Shear 5,736 .12,320

Concrete Conpressive Stress, PSI
342 1,250

Support Ring Stress,_ PSI 16,104 27,900
s.

Anchor Chair Stress, PSI
. .

1

top Plate 10,933 21,750.

-

Shell 6,321 27,900

Vertical Plates 10,004 ' 21,750

Bearing in Eot toto Plate 7,208 27,000

Roof Pressure , PSIG .23 .443

(:m Shell Co.::pr. ssive St ress, PSIa./
Ring #1 2,818 4,688
Ring #2 2,186 4,219
Ring #3 1,786 3,281
Ring #4 1,319 2,344
Ring #3 617 1,875

Thell Tensile; Stress, PSI.
. ..

-
- '10,856 18,600 -

,
-

.
, ,m

..
Nozzle Stresses, PSI

-

_
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L' 2.3 Faulted

.

C_ rep _on en t Ac t u, a 1_ AIlewahle

Anchor Bolts Stress, PSI - Tensile 31,008 38,749

- Shear 11,068 14,784

Concrete Compressive Stress, PSI 642 1,666

Support Ring Stress, PS1 30,177 33,480

Anchor Chair Stress, PSI

Top Plate 21,568 26,100-

Shell 12,469 33,480

Vertical Plates ~ 19, 7 36 26,100

Scaring in Bottram P.I.,te 13,908 32,400

Roof Frersure. .25 .53

8 She.11 Compressive Stress, PSI

5 , '' 9 0 5,625Ring #1 _

4.119 5,063Ring #2
3,335 3,937Ring #3

Ring #4 2,401 2,813

1,023 2,250Ring #5
,

.

.

..._'. . N ., . 14,630 22.,320,. .
, ~ CShell Tensile Stre=s, PSI ,-

_

4,
. .

.
.

.

Nozzle' Stresses, FSI
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,

?. . . 58,902 66,960'
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31,008 psi tensile4(574305326) - 60598S ==

( 48(485)(3.1416) 48(3.I'.16)
/ s
( ) 11.,068 psi shear_1669072's V ==

48(3.1416)

The allowable stresses are 38,749 psi t. nsile and 14,784 psi shear.

5.2 Concrete Compressive Stress

The tank has a. support ring as s'nown below which transfers the overturning

moment into the foundation.
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The loads are the w e as in Section 5.1 except the noz::le' leads ,md scis. ic

act duwnward and be.ow is,added.
.

. .. . . . .
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68 - - 10,288 psi- -. 4 6 2 7 - . - . . . - --f
==

s
( .099) (242. 5) (2. / 72)

684627 + 180427 = 865,054 lbs.F =
c

321 psi
,863054 =

f =
c

(10 + 6( .099))(242.5)(1.049)
321(162.29/152.29) = 342 psi.157 0.K. f1

=Check: k == emax
1 + 10_28_8

_6(321)
.

c(b) Faulted
'

2.772; Z = .469; j = .7711.049; C.15; Ck === ec
.

1,414,514 ' lbs.574305326 - 199455_(.469)(485) =

Ft - '

=
'

-.(.771)(485) . "Wk 0 -

--

. u ,

.

21,255 psi^ 1414514f,
==

_(.099)(242.5)(2.772) - ~~

1.,613,969 lbs.Fc =. .1414514 + 199455' =

c.7.g. y

1613969,
__ ..

599 psi.

fc
==

'

i (10 + 6(.099))(242.5)(1.049) ?
.

I
-

599(150.65/140.65) = 642 psi
|

'.145 0.K,. fCheck: k .= 1 = =emax

.'l + 21235_ ,, t.
,

,
< -

, s, m. 4 . - , . . . ,s.
.

.
.

'.
, 6(399) %.

|The. allowahle co.ncrete corpressive stresses for 5,000 psi.. concrete are 1,250
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Thus, the bending moment in the plate per inch of width is:

5(f )(2,5) + (f max - fc)(27.5)(5)(2/3) where f and f max are theM =
c e c e

stresses from Section 5.2. Thus the moments are:

5(321)(2.5) + (342 - 321)(2.5)(5)(2/3)M =
4,187 in-lbs.=

5(599)(2.5) + (642 - 599)(2.5)(5)(2/3)M =
7,846 in-Ibs. ~=-

.

The section modulus of the plate is:
2

.260 in.3/in'Z 1 25= =
.

s .6~ <- 7-
,

and the stress is: . .r. . . - s. N 3 - 's -
. +

.

-

S 4187 16,104 psi Upset= =
.

.26. = 30,177 psi Faulted
- 1.., *a . .

_ .. -

'The allowable stresses are 1.5(18,600) ' 2 7,900 psi Normal tand l'psett and=.

33,480 Faulted.

.
4

5.4 Anchor Bolt Chairs

The anchor bolt loads can be obtained by multiplying the strese in
.

~.

Section 5.1 by the bolt area. Thus' the loads are:
.
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(Q Thus, the stress is: .

; i
/(O

176 psi Normal2.5(867).S ==

10,004 psi Upset12.34 =

19,736 pai Faulted=

.21,750 psi Normal and Upset and- 'Ibe,allowfable. stress is ,1.S(14500) =
. , .

26,100 psi Faulted

(d) Bearing .in Bottom Plate
..

.

m ;:,, .:-
. _

.c
, .3c %,- 7 - . . n, ; .

-
.

The shearing load'in the' bolt imposes bearing stress in the 1 " bottoa*
- .

.

plate. -This stress is: -

,

.
'

.

Vc,= R .= .R : .: . , q : -
,

..-. # ' ' "< - + -" ".1.25(2'0): V2.5. .

.
.

472 ' psi NormalThus V =
~

7,?08 psi Upset=

- 13,908. psi Faul.ted ,
- -N=

,

, r, .. ,
,,

.

The allowable bearing stress per Appendix XVII - 2216 is .9(30,000) =. 27,000

(
psi Normal and Upset and 32,400 psi Faulted.
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ME-311n'ps
O CERTIFICATION STATEMENT

This tank and foundation has been analyzed in accordance with Duke

Power Company Specification CNS-1148.00-03, the ASME Boiler and Pressure
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in seismic stress analysis.
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Tornado Loading conditions.
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1. INTRODUCTION(> .

<'
_

This report covers the structural and seismic analysis of the Refueling

Water Storage Tank and its foundation. The tank is shown on Duke Power Company

Drawing CN-1325-02, Revision 2. A dimensional sketch of the tank and foundation

g is shown on page 2 of this report.
.

The lateral frequency of the tank was checked for both the sloshing and

no sloshing conditions. The no sloshing condition was the worst case.

The localized nozzle stresses are treated as nozzles in a flat plate by

use of Roark's Formulas for Stress and Strain (Ref. 1) . This was done because

the tank parameters are not within the range of Welding Research Council Bulletin

107, the usual technique used. The flat plate approach is believed to be very

conservative.

[g The soil structure interaction was included by the use of soil springs.

(, The soil springs were calculated by use of equations given by Richart, Hall, and

Woods (Ref. 5), page 350, Table 10-13. The Poissons ratio of the soil (.33)

and damping of the combined soil /shell first mode (5%), not given in the specifi-

cation, was obtained by direct communication with Duke Power.

There are two Faulted conditions for this tank. These are the Normal + SSE

and Normal + Tornado conditions. From the loadings given in Section 4, it is

obvious that the Normal + SSE case governs for most of the stress calculations.

For those conditions where it is not obvious that the Normal + SSE case governs,

the Normal + Tornado case is also calculated.

.

__z__- W_ _ _ - . . ----W .M-- -n.
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FIGURE 1 - TANK OUTLINE SKETCH
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2. SUMMARY OF RESULTS
,

2.1 Normal

Component Actual Allowable

Anchor Bolts Stress, PSI - Tens'ile 276 40,000

- Shear 376 12,320

Concrete Compressive Stress, PSI 20 750

'
Support Ring Stress, PSI 1,500 27,900

Anchor Chair Stress, PSI

Top Plate 192 21,750

Shell 111 27,900

Vertical Plates 176 21,750

Bearing in Bottom Plate 591 27,000

Roof Pressure, PSIG .21 .443

Shell Compressive Stress, PSI .

Ring #1 32'2 4,688

Ring #2 243 4,219

Ring #3 226 3,281
\ 223 2,344Ring #4 -

Ring #5 196 1,875
,

Shell Tensile Stress, PSI 7,085 18,600

Nozzle Stresses, PSI

Mark A (4" Nozzle) 19, 4 55,800
'

Mark B (24" Nozzle) 27,694 55,800

Mark C (6" Nozzle) 20,872 55,800
,

Mark D' (4" Nozzle) 19,564 55,800

Mark E (3" Nozzle) 13,042 55,800

Mark G (8" Nozzle) 27,685 55,800

Mark H and J (1" Nozzle) 8,575 55,800

|O
(
.

! .

(__ - L ._ =. . _ _ _ _ . ..
-

_ _ . _ _ _ . _ _ -_.

_
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'
'~ 2.2 Upset

Component Actual Allowable
,

Anchor Bolts Stress, PSI - Tensile 15,718 40,000

- Shear 5,736 12,320

Concrete Compressive Stress, PSI 179 750

Support Ring Stress, PSI 13,428 27,900

Anchor Chair Stress, PSI

Top Plate 10,933 21,750

Shell 6,321 27,900

Vertical Plates
' 10,004 21,750

Bearing in Bottom Plate 9,010 27,000

Roof Pressure , PSIG .23 .443

4
Shell Compressive Stress, PSI

Ring #1 2,818 4,688

Ring #2 2,186 4,219

Ring #3 1,786 3,281

Ring #4 1,319 2,344
Ring #5 617 1,875

Shell Tensile Stress, PSI 10,856 18,600

Nozzle Stresses, PSI

Mark A 44,124 55,800

Mark B 52,075 55,800

Mark C 41,744 55,800

Mark D 44,124 55,300

Mark E 31,077 55,800

Mark G 52,041 55,800

Mark H and J 13,842 55,800

.



~5-

.

rA .

'
( 2.3 Faulted
s_-

Component Actual Allowable

~

Anchor Bolts Stress, PSI - Tensile 31,008 38,749
- Shear 11,068 14,784

Concrete Compressive Stress, PSI 337 1,000

Support Ring Stress, PSI 25,278 33,480

Anchor Chair Stress, PSI

Top Plate 21,568 26,100

Shell 12,469 33,480

Vertical Plates 19,736 26,100

Bearing in Bottom Plate 17,386 32,400

Roof Pressure , .25 .53

"5 Shell Compressive Stress, PSI

[D'iI Ring #1 5,290 5,625

Ring #2 4.119 5,063' ~ '

Ring #3 3,335 3,937

Ring #4 2,401 2,813

Ring #5 1,023 2,250

Shell Tensile Stress, PSI 14,630 22,320

Nozzle Stresses, PSI

Mark A 58,902 66,960

Mark B 66,154 66,960

Mark C 52,180 66,960
,

Mark D 58,902 66,960

Mark E 42,594 66,960

Mark G 66,134 66,960

Mark H and J 18,361 66,960

De
.

Y^ '

,''
' ?N?N? aa- i- .z-- - - - - -

^ " ~ ~
~ ~ ~

M*



.. . - - - - _ - .

,r;

' ' .!r
-6-

s

e 1
I *

3.

.U FREQUENCY ANALYSIS.

9-
.e 3.1

? ! Lateral Frequencies
(
! (a) Completely Filled Condition, s

,U

The completely filled condition is analyzed b
;

i.
}; i

y use of the stick model shown onpage 8 and the ICES-STRUDL code.'-7
.

use of Table 10-13, page 350, of Reference 5The soil spring constants are calculated by9
? These are:.

G,.j 70,000 psi=

u = .33 '

}. yertical or = 25' = 300"

|<

Ky 4(70000)(300)
='"

1 .33 125,373,134 lb/in.
=

.-
''

_ Lateral

' f.,
K = 32(1

.33)(70000)(300)
*

< .
x

. p 7 - 8(.33) 103,266,055 lb/in.
=

'

b'

_ Rocking,

j

Kgg _8(70000)(300)3
=

3(1 .33) _ 7,522,388,059,701=

in-lbs./ radiansI.

The weights are based upon the tank being fill d
i[ e

see page 2 for dimensions. to the overflow nozzle, -

Additional weight was included for nozzles: 4}'
etc. , chairs,

No soil weight was included at Joint
I for lateral motion but since it is

believed that some soil will move with the found tia

amount of soil was included at Joint
on vertically, a conservativei

I for vertical motion.
The computer input data is includdd on pages A 1 & A 2'

-

. The frequencies aregiven below.
The lowest frequency is seen to be 5.99 cps

.

ElGE AVALLE S
i

M 00E ------ E I d f >4V t.LU E------- FR tQU Eld C Y---
I

'

, - ---PERICD- -/L 1.5344720 Cl
-( 2

4.013 74 LD C 2 5. 9 6 7 J4 oD CO 1.o7C273C-013 1.L523210 03 2.0193510 Cl
1.94EC27] C3 4.3945uuD C1 4.9345350-C24'

4.clau4oc 01 2.945067C-02S 2. bO7CdC C3 e

2.2657010-0?
7 4.227t7?D G3 S . 3-e 8 79 a0 Cl6

1. S 69 59 7C-, .

1.0 9 0 3 9 E C 'i 6.30ln dD 01 1.; W S'' C2
'' ' ''

--

,.
* ., . - - - - - ~ ~ ' r
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|

The mode shapes are given in Appendix D.

O'~}
'

(b) Sloshing Condition
,-

Sloshing is checked per A.E.C. T.I.D. 7024 (Ref. 2). The nomenclature is per

T.I.D. 7024.

(1.84)42.51.84(hl 3.91= =

R 20

Tan h(3. 91) .992=:
4

2 1.84(32.2)(.992) 2.94=w =

20 .

f .27 cps=

The spectra curve shows that this low frequency gives a much lower seismic

load than is obtained by use of the no sloshing case. Thus the no sloshing

case is the worst and is used henceforth in the analysis.

3.2 Vertical Frequencies

(fO
( ) The model, page 8, used for the lateral frequency analysis is also used

for the vertical analysis. However, the roof much be checked for its frequency.

The equation for the lowest mode of the roof.is given by Kraus, Ref. 6, pages

316-319. Thus:

R/a 2=

2 .97121Ew =

p R2
|

| E 629 x 10 psi=

!

.285/386 .0007383I ==p

40' 480"R = =

|

| Thus:

64.76 cps| f == w
2n

I ('%
and the roof is rigid and can be included in the stick model.

As mentioned previously, an amount of soil is included at Joint 1 for

| .

|
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the vertical analysis. The weight of noll was selected conservatively since

,

some authors do not include any soil weight in the model and other authors
7 ~s
! !

'

include various amounts.

The computer input is given on pages A-3 and A-4'and the frequencies are

given below:

E I Cf NV All;t S-

f
'

ri O D E ------- E I G t .N V A LM ------- E h t G U E.h C Y--------l' E P I C C--- /

1 2.535433C 02 1.5923toD Cl C.2eC2CLD-C2
2 i.6174900 03 J.727d24D C1 L . l4 5 7 610-0 2
3 4.1040190 C4 2.lutB75D C2 4.610655J ^3
4 1.3699620 05 3.6/9949D 02 2.7C274CD-C3
t 2.3557520 C5 4.96441u0 02 2.0472270-03
6 2.3938(70 C3 5.325u3sD C2 1.71055CC-C3
7 1.10e37dC 06 1.032792D C2 S.45E55tC-C4
E 1.3d51170 C6 1.1709.u 70 03 S.,9694SC-Os

The mode shapes are given in Appendix D.

t

'

%

.

s

.

- * - - 43W --
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4. LOADING CRITERIA

A
!>

'

4.1 Seismic Loading

The seismic loadings obtained from the spectra curves are:

Lateral OBE

i Mode Frequency Loading

1 5.99 .3g

2 20.2 .13g

3 33.95 .13g

4 44.13 .13g

5 53.5 .13g

Vertical OBE

1 15.9 .12g
(b

2 87.3 .09g
* The SSE loads are twice the OBE loads.

The computer input for the ICES-STRUDL analysis (IBM 370/158 computer) -

is given in Appendix A and the output in Appendix B.

4.2 Individual Nozzle Loadings

The nozzle loads are calculated in accordance with the specification.

The attached piping is assumed to be of the same schedule and size as the

nozzle pipe. The loads are:

Nozzle No rmal Upset Faulted

I" Size

F , F , F , lbs. 128 256 320x y z

Mx, M , Mz, in-lbs. 322 644 805y

3" Size -

Fx, F , Fz, lbs. 446 892 1115y
Mx, My, Mz , lbs. 3448 6896 8620

.

U - - - . . . - . .
-' w
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Nozzle Normal Upset Faultedb
4" Size

!

Fx, F, F , lbs. 634 1268 15852y

Mx, My, Mz, in-lbs. 6440 12880 16100

6" Size

F,F, F, lbs .- 1116 2232 2790x y 2
;

Mx, M , M , in-lbs. 17000 34000 42500'

y z

8" Size

. F , F , F , lbs. 1680 3360 4200x y z

M M>M, in-lbs. 33620 67240 84050xi y z

24" Size

F,F, F , lbs. 5560 11120 13900x y z

Mx, M , M , in-lbs. 323800 647600 809500y 2

O
4.3 Nozzle Loads on Tank and Support

Since Unit I and Unit 2 has different nozzle orientations, the worst

case orientations for resultant overturning.of the tank are assumed. The

resultant shear on the nozzle is assumed to act upward (downward) for the

worst case.

(a) Loads on the Support

The Normal loads are tabulated below:

Mark Resultant Shear, Lbs. Axial Load, Lbs. Result. Bending Mom.,in-lbs

A 634 897 546,921
B 5560 7862 2,627,028
C 1578 1116 1,095,795
D 634 897 230,397
E 446 631 382,753
G 6720 9502 2,757,006
11 384 543 139,673
J 384 543 143,513p

SRSS .8867 12J37 4,030,128

Upset and Faulted are 2 and 2.5 times the Normal loads.

.
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(b) Loads on the Upper Portion of Tank

Nozzles A, C, and E impose loads in the shell above the first shell

ring. All other nozzles are located in the first ring. The bending mom-

ent is as follows:

674,860 + 2658 X in-lbs.M =

2644 lbs. axial loadP =
,

X is distance from roof /shell intersection, inches.

4.4 Tornado Loads

The tornado loads are 60 mph translational and 300 mph rotational for

a total wind load of 360 mph. This is equal to 324 pounds per square foot

of projected area (using a .60 shape factor). Thus the tornado wind loads

are as follows:

(a) Loads at the Support

620,266 lbs. Shear324(40)(47.86)V ==

178,115,585 in-lbs.620266(47.86)(12)M ==

2

(b) Loads on Upper Portion of Tank

2,234,014 + 540 X2 + 69466 X in-lbs.M =

distance in inches from shell/ roof intersection.X =

In addition to the above loads, the tornado induces a 3 psi vacuum.

4.5 Other Normal Loads

(a) Atmospheric pressure at 120 F.

(b) Snow load of 20 PSF on projected roof area.

Total snow load .= 20(.785)(40)2 25,120 lbs.=

(c) Wind load of 95 mph at 30 ft. above ground. For simplicity a conser-

vative 25 PSF is used for the length of the tank. Thus the loads

at the base are: V 25(40)(47.86) 47,860 lbs. shear= =

.
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13,743,478 in-lbs. |47,860(47.86)(12)M ==

@C
2

172378 + 41.67 X2 + 5360 X (X as in Section 4.4)M =

|

,

f

,

l

|
|

|
|
|

.

~
_ . . - , . _ _ - . _ _ - . - - _ . _ _ . _ _ . _ . . , _ _ . _ _ _ . _ _ _ _ _ _ . _ , _ . _ . , _ _ . . . . _ . _ _ _ _ _ _ _ _ , _ _ _ _ _ _ _ _ _ _

__
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5. DETAILED STRESS ANALYSIS
. -

O -

.5.1 Anchor Bolts

'

>

The anchor bolts are checked by Equation 43, page 26, of Reference 3.

The loads on the support are given in Section 4 and Appendix B. There are

f 48 - 2" diameter A-325 bolts on a 40' - 5" bolt circle.

(a) Normal (Wind + Nozzles + Deadweight)

17,773,606 in-lbs.
'

13,743,478 + 4,030,128M = =

8867 + 47860R 56,727 lbs. shear= =

P 117,460 - 12,537 104,923 lbs. Down= =

4(17773606) - 104923S = 276 psi tensile=

48(485)(3.1416) 48(3.1416)
,

V 56727 376 psi shear= =

48(3.1416) -

The allowable stresses are 40,000 psi tensile and 12,320 psi shear per

Appendix XVII.

(b) Upset (Normal + OBE) -

2('4030128) + 13743478 .+ 275,243264 297,046,998 in-lbs.M = =

2(8867) + 47860 + 799522R 865,116 lbs.= =

117,460 - 2(12537) - 12760P 79,626 lbs.= =

4(297046998)S 79626 15,718 psi tensile= =-

48(485)(3.1416) 48(3.1416)

865116V 5,736 psi shear= =

48(3.1416)
~

The allowable stresses are 40,000 psi tensile and 12,320 psi shear.

(c) Faulted. (Normal + SSE)

13743478 + 2.5(4030128) + '2(275243264)M 574,305,326 in-lbs.= =

2.5(8867) + 47860 + 2(799522)R 1,669,072 lbs.= =

' P 117,460 - 2.5(12537) - 2(12760) 60,598 lbs.= =

.

''

.s _
,
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4(574305326) - 60598S 31,008 psi tensile= =

($>} 48(485)(3.1416) 48(3.1416)
I ''
'' 11,068 psi shear1669072V ==

48(3.1416)

,The allowable stresses are 38,749 psi tensile and 14,784 psi shear.

5.2 Concrete Compressive Stress
i

b

.

The tank has a support ring as shown below which transfers the overturning

moment into the foundation.

40' Dia.4
5/8" __g, 4__

in
Bottomj

e
\

it j
h 5" 5"

< < y

.

The properties of the ring which imposes stress into the concrete are:

2 15,072 in.2.785(4902 - 470 )A ==

4 1,773,397 in.33.1416(4904 - 470 )Z = =

64(245)

The loads are the same as in Section 5.1 except the nozzle loads and scismic

.act downward and snow is added. Thus the compressive stresses are:'

'

17773606 + 155130 20 psi NormalS = =

1773397 15072

179 psi Upset (Normal + OBE)297046998 + 180427S = =

1773397 15072

337 psi Faulted (Normal + SSE)574305326 + 199455S = =

1773397 15072

The allowable stresses for 3,000 psi concrete are 750 psi Normal and Upset

and 1,000 psi Faulted per the A.I.S.C. Code.

.

O
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5.3 Support Ring Stress

( j, The ring of section 5.2 is subjected to bending stress due to the
.

,

concrete compression. The stresses act as shown below:

.

5"~
<c ,

i

h & A A h

P

Thus the bending moment in the plate per inch of width is:

5(P)(2.5)M 12.5 P where P is the stress from Section 5.2.= =

Thus the moments are:

12.5(20)M 250 in-lbs. Normal= =

12.5(179) 2,238 in-lbs. Upset= =

12.5(337) 4,213 in-lbs. Faulted (Normal plus SSE)= =

The section modulus of the plate is:

(1)2. in.3/in.Z =

6

and the stress is:

S 250(6) 1,500 psi Normal= =

2238(6) 13,428 psi Upset (Normal + OBE)= =

25,278 psi Faulted (Normal + SSE)4213(6)= =

The allowable stresses are 1.5(18600) 27,900 psi Normal and Upset=

and 33,480 psi Faulted.

5.4 Anchor Bolt Chairs

The anchor bolt loads'can be obtained by multiplying the stress in

Section 5.1 by the bolt area. Thus the loads are:

.

J - - - .
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Normal Upset Faulted.

(Normal plus SSE)
P (uplift), Lbs. 867 49,380 97,415

R (shcar), Lbs. 1,181 18,020 34,771

The chair is as shown below:
2.5"

6" 23r." Dia, llole t >4 3 \
,.- 3

'
. .,,.

,

=

5 0"3/4" 4 3/4"--p 4 :> 4 > d- 5/8"

hf f 3
1

k'
I
vt

(a) Top Plate->

The stress in the top plat a is given by:

P((.375)(3) .22(2)) .2214 PS ==

1.375(1.5)2

Thus, the stress is:

192 psi NormalS =

10,933 psi Upset=

21,568 psi Faulted=

21,750 psi Normal and Upset andThe allowabic stress is 1.5(14500) =

26,100 psi Faulted.

(b) Shell

The stress in the shell is given Equation 46 of Reference 3. ;

.9P(2.5N240(.625) .128 PS ==

18 {6-(12 + .625)2
,

Thus, the stress is:

S 111 Psi Normal; 6,321 psi Upset; 12,469 psi Faulted*
.

_
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The allowabic stress is 1.5(18600) 27,900 psi Normal and Upset and=

I.

'^ '.; 33,480 psi Faulted.
'wj'

(c) Bending in Vertical Plate

The bending moment in the plates is:

2.5 PM =

The section modulus o'f the plates /shell composite is:
;
.

.625" 19.5"
>|4

v

A
JL y

V

5"
3"

4 3

(b
V +- +. 75 ~

_
+

19.5(.625)(.3125) + 2(.75)(5)(3.125) = 1.384"y =-

12.1875 + 7.5

2(.75)(5)3 + 7.5(3.125 - 1.384)2 12.1875(1.384 .312 )21 +=

12

52.36 in.'=

.

52.36Z 12.34 in.= -

4.241

(

.

- . . - , . . . . -
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h Thus, the stress is:[D .

~'

S 2.5(867) 176 psi Normal==

10,004 psi Upset12.34 =

19,736 psi Faulted=

The allowable stress is 1.5(14500) 21,750 psi Normal and Upset and=

26,100 psi Faulted

i
'

(?) Bearing in Bottom Plate

The shearing load in the bolt imposes bearing stress in the 1" bottom

plate. _This stress is:

V R R= =

1(2.0) 2.0

591 psi NormalThus V =

9,010 psi Upset=

17,386 psi Faulted=

The allowable bearing stress per Appendix XVII - 2216 is .9(30,000) = 27,000
'%

, (f*$ psi Normal and Upset and 32,400 psi Faulted.

I
v

5.5 Roof Stresses

The roof must be checked for the compressive stresses due to snow,

deadweight, and scismic, and the tensile stress due to the 3 psi tornado

induced vacuum.

The allowable compressive stress is obtained from ASME Code Section

NC-3133.4.

480 1,920R = =

T .25

From Figure VII-1102-4:

850B =

850 .443 psig Normal 6 UpsetThus Pa = =

(m3
1920 .53 psig Faulted=

(a) Normal
,,

20Snow .14 ps4= =

144
.

- ~
--
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Deadweight .07 psi=

Total .21 psi=

(b) Upset

Seismic (.25 g) ^.02 psi

Normal .21 psi

.23 psi.

.

*

(c) Faulted

Seismic (.5 g) .04 psi

Normal .21 psi

.25 psi

In addition, the tensile stress due to the 3 psi negative tornado

pressure must be checked.

3(480)S PR 2,880 psi= = =

2t 2(.25)

h The allowabic tensile stress is 18,600(1.2) 22,320 psi.=

,

5.6 Shell Compressive Stresses

The seismic, nozzles, and wind overturning moments produce compressive

buckling stress in the shell. This stress must be computed for each shell

section since the thickness is not the same.

The overturning moments due to seismic are obtained from Appendix B ,

those due to wind from Section 4.5, and those due to nozzles from Section

4.3. The seismic axial loads are obtained from Appendix B and the dead-

weight is obtained from data given on page 2.

The shell ring numbers are given on page 2.

Ring No. 1

(a) Normal,

13,743,478 + 4,030,128M 17,773,606 in-lbs.= =

117460 + 12537 + 25120P 155,117 lbs.= =

.
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17773606 4 155117S 322 psi= =

942A 113097 -

;

The allowable compressive stress is S I800,000R(.625)'
4,688 psi" =

a
240

from NC-3922.3.

(b) Upset

2(4030128) + 13743478 + 275f43p64 297,046,998 in-lbs.M = =

* 117460 + 2(12537) + 25120 + 12760P 180',414 lbs.= =

_297046998 + 180414S 2,818 psi= =

113097 942

The allowabic is 4,688 psi.

(c) Faulted (Normal plus SSE)
p..'

2.5(4030128) + 13743478 + 2(275243264).M 574,305,326 in-lbs.= =

.
,. A ('

. . , , . , - .

117460 + 2.5(l'2537) + 25120 + 2(127'60)P 199,443 lbs.= =

574305326 + 199443S 5,290 psi= =

(b 113097 942

The allowabic is 1.2(4688) 5,625 psi.=

Ring No. 2
4

(a) Normal

41.67(408)2 + 5360(408)674860 + 2658(408) + 172378 +M =

11,055,137 in-lbs.=

113,824 lbs.86060 + 2644 + 25120P ==

243 psi11055137 + _1_13824S ==

101788 848

The allowabic is 4,219 psi (Note: Is" plate was used in computer analysis

but had to be increased to 9/16" here. )

(b) Upset /

11055137 + (674860 + (2658)(408)T + 194.535680 207,330,141 in-lbs.M ==

v . . . , ,. 's

86060 + 2644(2) + 25120 + 9766 126,234 lbs.P ==,

2,186 psi207350141 + 126234S ==
,

101788 848

.
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.

The allowable stress is 4,219 psi.

i (c) Faulted (Normal plus SSE),

w/

11055137 + 1.5(674860), + 1.5(2658)(408) + 2(194535680)M =

402,765,483 in-lbs.=

86060 + 2644(2.5) + 25120 + 9766(2)P 137,322 lbs.= =

402765483 + 137322 4,119 psiS = =,

| 101788 848

The allowabic stress is 5,063 psi.

Ring No. 3

(a) No rmal

674860 + 2658(306) + 172378 + 41.67(306)2 + 5360(306)M =

7,202,558 in-lbs.=

61460 + 2644 + 25120P 89,224 lbs.= =

7202558 + 89224S 226 psi= =

79168 660

The allowable stress is 3,281 psi.

(b) Upset
.

7202558 ,+ (2658)(306) + 674860 + 120837184M 129,527,950 in-lbs.= =

61460 + 2(2644) + 25120 + 7215P 99,083 lbs.= =

129527950 +- 99083 1,786 psiS = =

79168 660

The allowable stress is 3,281 psi. f]
O

(c) Faulted (Normal plus SSE) -

x9

7202558 + 1.5(2658)(306) + 1.5(674860) + 2(120837184)M =

251,109,238 in-lbs.=

61460 + 2.5(2644) + 25120 + 2(7215) 107,620 lbs.P ==

| S 3,335 psi251109238 + 107620 ==

' 79168 660
*%

i(/
t

The allowabic stress is 3,937 psi.

.

w
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Ring No. 4
,

W (a) Normal

M 674860 + 2658(204) + .172378 + 41.67(204)2
=

+ 5360(204)
4,217,049 in-lbs.=

P 42260 + 2644 + 25120=
70,024 lbs.=

| S _4217049 + 70024=
223 psi.=

56549 471.

,

The allowable stress is 2,344 psi.

(b) Upset

M 4217049 + 2658(204) + 674860 + 59807776
=

65,241,917 in-lbs.=

P 42260 + 2(2644) + 25120 + 5166=
77,834 lbs.=

S 65241917 + _77834
= 1,319 psi=

56549 471

The allowable stress is 2,344 psi.

(f (c) Faulted (Normal plus SSE)

M
A217049 + 1.5(2658)(204) + 1.5(674860) + 2(59807776)

=

125,658,239 in-lbs.=

P 42260 + 2.5(2644) + 25120 + 2(5166)
=

84,322 lbs.=

S 125658239 + 84322=
2,401 psi=

56549 471

The allowable stress is 2,813 psi.

Ring No. 5

(a) Normal

M 674860 + 2658(102) + 172378 + 41.67(102)2
=

+ 5360(102)
2,098,609 in-lbs.=

P 28560 + 2644 + 25120=
56,324 lbs.=

1

S 2098609 + 56324=
196 psi=

45239 377

The allowable stress is 1,875 psi.

.



-24-

.

(b) Upset
(D .

(} M 2098609 + 2658(102) + 674860 + 17352448=
20,397,033 in-lbs.=

28560 + 2(2644) + 25120 + 3485P = 62453 lbs.=-

.

20397033 + 62453S 617 psi= =

45239 377

The allowable stress is 1,875 psi.

' I (c) Faulted '(Normal plus SSE)

2098609 + 1.5(2658)(102) + 1.5(674860) + 2(17352448)M =-

38,222,469 in-lbs.=

P 28560 + 2.5(2644) + 25120 + 2(3485)=
67,260 lbs.=

S 38222469 + 67260= 1,023 psi=

45239 377

The allowable stress.is 2,250 psi.
~

5.7 Tensile Stress in Shell

. (f"5
P) '

.

(_, The maximum tensile stress in the~shell (Ring no. 1) is checked here.

(a) Normal-
.

P 42.5(62.5) 18.45 psig= =

144

PjlS 18.45(240) 7,085 psi= = =

t .625
.

The allowable stress is 18,600 psi.

(b) Upset

18.45(1.25) + 40(62.5)(.3)P 28.27 pshg= =

144

28.27(240)S 10,856 psi= =

.625

The allowable stress is 18,600 psi.

(c) Faulted (Normal + SSE)

'5 P= 18.45(1.5) + 40(62.5)(.6) 38.1 psig=

V 144

S 38.l(240) 14,630 psi= =

.625
.

a
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.

The allowable stress is 22,320 psi.
Ih j

,

( ) I

5.8 Stresses in Nozzles !'~

The nozzles in the tank are treated by cases 5 and 4, page 217

of Reference 1. The nomenclature is that of Reference 1.

In this case a > > r. Thus the equations reduce to:

|
Case 5

?
.454MS3

=

2tr

Case 4

S3+S4.1434W (3.33 + 4.33Ln d) S1 =

S4 =

t2 r

Resultant Bending MomentAxial. Force M =+S;WSb S1 2 ==

r = outside radius ofplate thickness b =
t =

nozzle
I S2 = Internal pressure stress
4

distance f rom edge of shell/ head or shell/ bottom junction.([[ d =

/ i

I t_) The shearing stresses are:

M + RV = _r
Z2nr t nrt

Resultant shearing forcetorsional moment R =
M =

t

The stresses are combined by the maximum shearing stress theory.

\f(2V)2 + sbS =

The nozzle loads are given in Section 4.2.

The nozzles in the shell should be analyzed by Welding Research Council

Bulletin 107. However, the shell parameter exceeds those covered by WRC 107.

Therefore, since it is known that the flat plate is more severe than the

curved shell (for stresses) the nozzles in the shell are treated as being in

a flat plate. This is believed to be conservative. Note that the bending

t.

stress is independent of a for a > > r.

.

$ %wa
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1" Nozzle
,

30" r = .875" td .625"= =

.4'4Y3222+3222 + .1434 (128)(3.33 + 4.33 Ln 30 )5Si =

(.625)2( 875) (.625)2 .875

1,480 psi Normal=

2,960 pci Upset=

= 3,700 psi Faulted,

S2 7,085 psi Normal; 10,856 psi Upset, and 14,630 psi Faulted=

due to internal pressure.
Thus:

1480 + 7085S 8,565 psi Normal= =
b

= 13,816 psi Upset

18,330 psi Faulted=

fl282 + 1282322 +V 212 psi Normal= =

2(3.142)(.875)2(.625) 3.142(.875)(.625) 424 psi Upset=

530 psi Faulted=

(
(2(212))2 + (8565)2 8,575 psi NormalS = =

13,842 psi Upset=

18,361 psi Faulted=

The allowable stress per Appendix XIII is 3(18600) 55,800 psi for the=

total localized stress for Normal and Upset and 66,960 psi Faulted.

3" Nozzle (in shell)

An 8" 0.D. x !s" reinforcing pad is used.

r = 1.75" d = 4.75" t = .5"o

.454Y34482 + 34482 + .1434(446) (3.33 + 4. 33Ln 4. 75 )Si=
(.5)RI.75) (.5)4 1.75

7018 psi Normali 14,036 psi Upset; and 17,545 psi Faulted=

The pressure stress is O psi Normal, 5000 psi Upset, and 10,000 psi Faulted

for this nozzle. Thus:

Sb = 7018 psi Normal *, 19,036 psi Upset, and 27,545 Faulted

.



.

(f V = 3448 +Y4462 + 4462 588 psi Normal_

=

O 2(3.142)(1.75)4(.5) 3.142(1.75)(.5) 1176 psi Upset=

1470 psi Faulted=

[(2(588))2+(7018)2S= 7,116 psi Normal=

= 19,181 psi Upset
= 27,701 psi Faulted

At edge of Pad

,454 Y34482 + 34482 + .1434 646 )(3.33 + 4.33 Ln 4.75)| St=
_ (.25)2 (4) (.25)2 4

.

.

- 13,024 psi Normal; 26,048 psi Upset; and 32,560 psi Faulted

Sb = 13,024 psi Normal
- 31,048 psi Upset
= 42,560 psi Faulted

3448
_ +Y4462 + 4462V =

338 psi Normal=

2 (3.142) (4)T.25) 3.142(4)(.25)

Y(2(338))2 + (13024)2S = 13,042 psi Nomal=

31,077 psi Upset=

42,594 psi Faulted=

(O
4" Nozzle (Mark A - Mark D does not require a pad)

This nozzle has a 9"'O.D. x Is" reinforcing pad.

ro = 2.25" d = 4.5" t= .5"

S1 = .454Y64402+64402 + .1434 (634)(3.33 + 4. 33 Ln, 4.5) 9,652 psi Norma.=

(.5)2(2.25) (.5)2 2.25

Sp 0 psi Normal, 5,000 psi Upset, and 10,000 psi Faulted.=

Sb= '9,652 psi Normal; 24,304 psi Upset; 34,130 psi Faulted

Y6342 2_6440 _ +V = + 634 659 psi Nomal; 1,318 psi=

2 (3.142) ( 2. 25)'( . 5) . 3.142(2.25) (.5) Upset; 1,648 psi Faulted

= (2(659))2 + (9652)2 - 9,742 psi Normal; 24,446 Upset; and 34,289 FaultedS

At Edge of Pad

4.5" t = .25"r =
~

.454 /64402 + 64402Si + .1434(634)(3. 33 + 4.33 1,4.5) = 19,543 psi Norma
=

(.25)2 (4.5) 4.5

6

- _

_ -
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Sb= 19,543 Normal
'f 44,086 . Upset=

58,858 Faulted=

Y6342 + 6342V 6440 += 456 psi Normal,=

2(3.142)(4.5)2(.25) 3.142 (,4. 5) ( . 25)

=Y(2(456)) + (19543)2S 19,564 pai Normal=

44,124 psi Upset=

58,902 psi Faulted'

*

6" Nozzle

This nozzle has a 40" 0.D. x I" pad.t

ro= 3.31" d= 24" t= .5"

Si= .454Y170002 + 170002 + .1434(1116)(3.33 + 4.33Ln 24 )
(.5)2 (3.31) (.5)2 3.31

20,811 psi Normal; 41,622 psi Upset; 52,028 psi Faulted=

The pressure stress is zero. Thus:

Sb= 20,811 psi Normal
41,622 psi Upseti =

52,028 psi Faulted
-

=

+[1116 2 217000V + 1116 < 797 psi Normal=

2(3.142)(3.31)2.5) 3.142(3.31)(.5)

- V(2(797))2 + (20811)2S 20,872 psi Normal=

41,744 psi Upset- < =

52,180 psi Faulted=

At edge of pad

20" t .25"r = =
g

Si= .454 170002 + 170002 + .1434(1116) (3_. 33 + 4.33Ln 24)
(.25)2 (20) (.2512 20

19,279 psi Normal; 38,558 psi Upset; and 48,198 psi Faulted=

The pressure stress is zero, thus S 19,279 psi Normal.=
b

17000 +Y11162 + 11162V 128 psi Normal= =

2(3.142)(20)Z(.25) 3.142(20)(.25) 356 psi Upset

=Y(2(128))2 (19279)2S 19,281 psi Normal+ =

38,561 psi Upset=

48,203 psi Faulted=

.
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8" Nozzle
f

'

''
d = 36.25 ro = 4.31 t .625"=

.454\/336202
'

Si + 336202 + .1434(1680l(3.33 + 4.33 Ln 36.25)=

(.625)2 (4.31) (.625)2 4.31

20,560 psi Normal ; 41,120 psi Upset; and 51,400 psi Faulted-

The pressure stress is 7,085 psi Normal, 10,856 psi Opset, and 14,630

| psi Faulted, Thus:
.

Sb= 27,645 psi Normal
51,956 psi Upset=

66,030 psi Faulted=

33620 +Y16802 + 16802V 742 psi Normal= =

2(3.142)(4.31)2(.625) 3.142(4.31)(.625) 1484 psi Upset=

1855 psi Faulted=

=\[(2(742))2 + (27645)2S 27,685 psi Normal=

52,041 psi Upset=

66,134 psi Faulted=

24" Nozzle 72" 0.D. pad " thick

(*~%' d= 32.25" r = 12" t= 1.125"
*

'

( i

.454Y3238002 + 3238002Si= + .1434(5560)(3.33 + 4.33 Ln 17 ?si
(1.125)2(12) (1.125)4 ~ T2-

18,481 psi Normal; 36,962 psi Upset; and 46,203 psi Faulted=

The pressure stress is 7,085 ps'i Normal; 10,856 psi Upset; and 14,630 psi Faulted
Thus:

Sb 25,566 psi Normal=

47,818 psi Upset=
i

60,833 psi Faulted=

+ \[55602 + 55602323800V 503 psi Normal= =

2(3.142)(12)2(1.125) 3.142(12)(1.125)

=y(2(503))2+(25566)2S 25,586 psi Normal=

47,860 psi Upset=

60,885 psi Faulted=

At edge of pad

r= 36" t= .625"

.454 \[3238002 + 3238002 + .1434 (5560) (3. 33 + 4. 33 Ln 32_._23)Si=
(.625)2(36) (.625)Z 36

20,607 psi Normal; 41,214 psi Upset; and 51,518 psi Faulted=

.

C
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Sb= 27,692 psi Normal
f*% 52,070 psi, Upset=

. /**, 66,148 psi Faulted=
;t ,

323800 + \l55602 + 55602V-- = 175 psi Normal=

2(3.142)(36)2(.625) 3.142(36)(.625)

\[(2(175))2 + (27692)2S =
27,694 psi Normal=

52,075 psi Upset=

66,154 psi Faulted=

.

7~T/

.

'
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ADDENDUM NO. 1 to REPORT ME-311-
i

July 11, 1977

This addendum is issued to cover the change in anchor bolt material

from SA-325 to Specification SA-320 with SA-193 Grade B7 bolts.

The SA-320 Spec with SA-193 Grade B7 bolts is acceptable based on either/or
,

,

the following two criteria:

1 1) The SA-320 with SA-193 Grade B7 bolts is a higher grade material
.t

{l' than the SA-325 and it has higher yield and ultimate strengths. The
*

.

I- mechanical properties are at least equivalent to the SA-325 bolts.

.

2) The SA-320 with SA-193 Grade B7 bolts has a higher allowable stress,

, t.

gd than the SA-325 bolts when the criteria of ASME Code Case 1644-5
,I e

h (/ ))
',

is applied to both bolts. The SA-320 with SA-193 Grade B7 bolts
e

has allowable stresses (for- both shear and tensile stresses) given

,.

by ASME Code Case 1644-5 which exceeds th.e actual stresses in the
,

! bolts. ". ~- J
~ " '
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