ViRGINIA ELECTRIC AND POwER COMPANY

RicaEMOND, VIRGINIA 23261 . 0

December 17, 1980

Mr. James P. O'Reilly, Director Serial No. 984
Office of Nuclear Reactor Regulation NO/RMB: jmj

U.S. Nuclear Regulatory Commission Docket Nog 50-338
Region II1 License No. NPF-4
101 Marietta Street, Suite 3100

Atlanta, Georgia 30303

Dear Mr. O'Reilly:
REQUEST FOR ADDITIONAL INFORMATION

NRC I.E. BULLETIN 79-02
NORTH ANNA UNIT NO. 1

This letter is written in response to your request for additional information
concerning our reply to NRC I.E. Bulletin 79-02, "Pipe Support Baseplate
Designs ing Concrete Expansion Anchor Bolts" for North Anna Unit No. 1.

You requested that we provide a mcre complete descripticnm of the finite element
modeling techniques used in the evaluation at North Anna along with sample
calculations for typical baseplates. We forwarded the description of the
finite element methods in our letter Serial No. 910 dated November 17, 1980.

The purpose of this letter is to provide sample calculations for typical
baseplates based on the finite element methods used. Attached are sample
calculations for a four bolt square plate and a six bolt rectangular plate.
Also attached is the Stone and Webster procedure for reviewing baseplates,
NA-EM.1.

If you have any questious or require any additional informationm, please contact
us.

Very truly yours,

> %7 F i
[7/4./,,. .
B. R.”Sylvia

Manager - Nuclear
Operations and Maintenance

Mr. Victor Stello, Director
Office of Inspection and Enforcement
Wwashington, D.C. 20555

Mr. Harcld R. Denton, Director

Of fice of Nuclear Reactor Regulation
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BASEPLATE REVIEWS

Your bolt square plate

Six bolt rectangular plate

Procedure for Reviewing Baseplates.
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1.0

2.0

SCC?E

This procedure is cnly applicable to square or recsangular pipe
support baseplates attached tc comcrete building strucsure with
four or more HIlzi Kuik bolzs and only 4f the following assu=pticns
axe applicable:

1, Baseplates md amchor dolts vere or:'-‘-a..ly analyzed
agsuning equal bolt loads for applied te==sica and bol:
loads for arplied moment vere cnlc.la:ed assuaing the
rigid baseplate pivotsd about = edge.

2. Vaxi=u= temsica and zaxisum moments wers applied
sizultanesusly.,

3. Bolzs, as orizgizally ana.lred. vere vithin the teasica
and chur allcwzsles prasented ia EI0-22 z=3d that tezsicn-
shear iageraczica vas ccnsidered.

&, Suppor? mezber amd me=ber to baseplatzs zstachzeut stresses
are vithia allcwabls lizits for the appliczdle desiyz lecads,

1f asgu=peicas 1, 2, and 3, above, are mot arplicshle 29 2 parsicula-
baseplaze, this precadurs czm still be applied provicded the L1/t S S
scresning sz i3 o=iitad amd the baseplacte i3 subjecsad o the
analysis desesibed ia this procedure.

DETINIZICNS AMD TS '

L,y Dictmez frou eompressicn side of member o furthecss row
of bolis eu the cppositz siie, ia, PFor reezmgular plates,
uze thz Lg fov the leng dizengiem, . L

t Plate tadlckmess, in,

| The exdimem tzmsicn loaded tels losd esleulzszd by the
Si=plified Maosked, 1D,

Pm The =2axi=mm temaicn loaded boll load ca'culated by mulsi-
plying P; by 2 load f2zcov, .

i Tatzl mumbes of belte, ;

Pa Allovsble temcicn loed em emchos bolss, ecsmsidering sheas
i{ngeraceioa, 1b,

S Applied shear loed per bols, 1B,

SA Allcwable shear load por bel: per EMTG-22, 15 (reference:
Table 1).
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tA Allovable tensicn load per bolf, vhea no shear {3 presext
(referemce: Table 1), 1b.

Ly Distance frcﬁ gide of member to farthest row of bolis em
_the saze gide of the zmezdber, in. Tor recsxmgular plactes,
use 1.1 for the lcng dizensiom, in.

Treq'd  The required plate thickness for a gives applied moment, in..

zn The distmmce from the corpressicn side of a me=ber to the
nth rocw of tensica locaded belis, in.
’ﬂn The nu=ber of bolis in the nth row,
My The moment appliad by a member o a baseplats aboul 2e

T-axis at the mesber to plase intarface, 2.-15.

M ' The vessor sum of the two moments applied by a zmezber af the
mecber-to-plate izcerface, in.-D.,

Py The trosicn lcad a2 a2 bols due to a zember gpplying 2 tesmsion
nor=:1 fozcs to a baseplasz, 15,

PH: The roxdismrs tensica bols load due %o ) ia.-,

3.0 CETR'L POCCITUSS TOR FEUTTWING BASTRTATTS (5T fIothE 1)

1., Check Ly3/e., IfLp/e S 3, zecspt 22 is,

2. IfLly/e>5, ealeslate: P (Sez Sectiz= 4.0)
P (See Sectza 5.0) -

2 Teeq'd (See Sec=icz 6.0)

Lo/t (See Sectien 7.0)

Prox (See Sectica 8.0)

3. Check Py bol:z load agzsinst allcwable Pur.

b, I5P,>2,;, check Pgagaiust 1.5z Py, IfP5< Py o €0
S:tp 7.

. s. 1 P.> 1.5 PAL’ :ej'cc: base?huo
6. IT£7,< 1.57%;, gusaet baocplate per Gy procedure (Seczicom 2.0).

7. Check plise stiffness ratio Ls/t. If stiffncas ratio 4o okay,
cheek pleae ¢, IS noc, go to Step 9,
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8. 1If plate t 23 ckay, accest as {3, If not okay, gusset baseplzse
per G2 procedure (Secsicm 10.0), -

! 9. Check stiffzesa ratio against upper li=micz,

10, If got okay, gusaez per C5 procedure (Secsien 11.0).

11. 1If okay, check =axi=um bol: load dgainsc P, .,

.12. If Poax exceeds P,1» gusses plate per procedure Gj.

. If Pnu is less thmm Pyr+ check plate t and repeat Step 8,

4.0 STOLITTID METECD 07 2ASTTIATT ANALTSIS

Assu=e pivees at c:ﬁr-:a..ca side of Y
pe=ber and scolve for bols loacs due *
£0 & applied =cm=ens:
* & | *+ ¢
— —_.,-X
+ 4+ |+ <+
2
L5,
C 1\
a~/
] ' 1
R X
L {1 = .
|

l—z

2. Determize distmes from eo=oreasicn s"c’e of ze=her 3 each ;
Tew of Bolis cm tmsica side of ze=ter, 21 =d /5. !

b, Detarsize the nu::.be: of bolts {2 esch tmsica rew, Y1 ad qqe
¢. Caleulate the maxizwa bols tessica dus o ¥y by:

(o L
" VAR A

o
! v o -

- —— . -




5.0

6.0

7.0

-4

d. Sinilarly, calculate the maximm bolt teasicn due to Mx.

e. Calculate the bol: temsion dus to pull-cut (4-2) loed by:

Pr = ;—:"-. vhers N is the total ou=ber of bol:s

£, Calculate the zaxi=i= bol: temsica load, Pg, by:

7 -
DETERIMATICN OF TENSTOY AILSOWASTE
8. Caleculaza the -::- ratis,
b. Deter=inc Par by ,
| 3/5
< 5/3
P,y =T l - ( -—)
AL A Sy

THITERRASTNY | - C- - - W — P
- Cha oo | s ‘mwveas oot b D

8, Detormine the vessor cum of the meme=c3 gpplied to the surfacs
of the plate, ¥, by: :

X e it el

b. Calczlate the reguized besezlace thickncess, r,&od". by:'
r 1 -—-:—-.
req g 4l8

DESEIMTUATION OF STITTITSS 24~70

From the geczatTy of the beseplate, detersize sha ddstazee fres
the coupressica side of tie member to the farticse row of bolss em .
the oppesite side of the zowber, This distmmce, Lz, 48 Lluct=szed



8.0

9.0

~

-
in Sectiom 4.0, Tor tectangulir plates, or 1f the attachnent member
is offset, alwvays use the lougest dissance to deger=ine Lz.

Calculats the stiffness ratio by dividicg I.z by the baseplate thicke
gess, ia,

" DETETMTMATION OF MAXTMVINM TTUSTON LOAD

To determine the mazizum tensica bols load, eater Pigure 2 wvish the

* value of Lz/ t for the baseplase and x-ad the correspcndiag load facseor,

Poa/?a-
Calculate ?:u b?:

e ()

P

mv‘.--lv ?.~CN-~~~.- G'Q

8. Calemlata the ragio 3_*_; .
b, Ea:a: Figuzs 2 Wit a 1gogd factor equal to P,y /Pg amd find -
corTespending valve of Ly/s.

. 8¢ Sizc gussets to obetain a2 sectica zouent of inertia egu. "alens

to & plate with the L9/t dasermized iz Seep (D) zdove., Use
7.5 ¢t a2 the elfsezive widsh of plase i3 bemdizg whem ealsulasisg
the scesicn 2zncat of izerdd .

d. s==Z gusgels £ viithis two Si=es bols diz-eser oz exch bdels
eeaser lize, :

€,. Orient gussets to be st effective i providiang load pa:.‘z fzon
the mezber to the bolss,

£. Use the load fzctor of Sc:p (a) above 2o detarmine the maximun
bolt loczd, P.

gs Check pla:g. gosses, ezd veld stTesses by apolying P to ezch
bolt i3 temsica essured :o zc: sizulsmecualy,

w o f v-‘.."‘ ??-cc'::u..- G:

If Gy 1s favoked (because & 2 Treq'q), them the caly problem is plaze
stTesg, not bols loading: T




~-

b,

A;ply the Si:pu;‘ied Method bol: loads and recheck the plate

stresgs,

Add pussets, as required, to briang the plate stress within

allowable. s - .

11.0 CUSSETING PROCTURE Gy

1f G. is iavoked (because L/t exceeded the upper 14=4:), both bolt

loudsmd stress iz the plaze are in doubt:

b.

Add gusgets sized to provide mm Lp/t of 16.5 or less 1£

N = & or Ly/t of 9 or lesa 1£ N> 4, Lizig effeciive width

of plate ia beadizg to 7.3 t.

Exscnd gussef at lesst two-thirds of distancs fres se=ber
to edgz of platz, veld gussetl I2 plate ==md =ze=der, oriant

gusset to be efisczive in providing load path frcm zemder o2

bolc.

N



Size
(d)

3/8"
1/2"
s/8"
3/4"
78"
.
11"

STDS=-13-3-1

Allcwable Locd 4a LD
Shear (SA) )

Temsica (T,)

700,
1000,
uoa .

2200,

3000,

3500,

700,
1000.
1500.
1800,
2200,
2500.

TABLE 1

E R S

ANCIOR BOLT ALLOWADLE LCADS FCR £', = 3,000 PSI COiC

ALzt Rwik 3Jolt

. Mllecwadle Lcad in L
Teasicn (TA)

950.
2185,
2145,
3525,
5710.
77}0 .

Mindioun
Ecbednens, Ia,

3
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Fe= &5 A
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- —
(W @ 654 LL?
o« |} —y) Y
i . - 1-".‘ 2|5 b
n_— e
" o ‘3 M’.=1'3,300 = U
3"

NA - EM.1 ‘PROCEDURE FOR REVIEWING BACEPLATES'

REVIEW PRCLEDURE ExXAMPLE 1

PL '/z..,‘ |3.>< l3~ WITH ‘4 - ;é;' HiLT KWk BouTs

'

LOADS ON BASE PLATE FROM THE MuMSER

MY= 5273 w-b
M?-: IS 141 w=-Llb

From GEOMETRY

"

STEP | CHECK L|/t

l_-E‘_-, 2-75- = 5.5 75

—

STEP 2. IF L4 »5 chicuiaTe B, KL,TM.@,, L3/ 5 Prrax

2a. CALCULATE PS ASSUMING PLATE PIVOTS AT COMPRESSION SIDE
OF THE TMEMELR AS ExPLANED N SSECTON 4.9

DeTERMNE DSTANCE FROM COMPRESSION SIDE OF ThE MEMES
D EACH ROW OF BOUTS ON TENSION S'\DE

SINCE  IN THIS ExamMPLE ONLy ONE RDW OF BOUTS 'S PRESLY
ON THE TENSON SIZE ONuy L Neeps To Be CALLWATED

L - \3/2"‘ 5“"*72_ —7025”
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REYIEW

PROCTPURE ExAmMPLE 1 Nt

Ne, OF BouTS

IN THIS ROW = 2

MAXIMUM BCLT TENSION Due TO M AND Mg

P - L\ MY — r_'\_r.
™ N, i?‘ MR
= 9273
2»x72S
= 3é4 Ab.
Svaapy B, = Ly - M3z
N Y % R L
= \S141
2xh725
= 1044 A

(Smce PLATE 1S SQUARE 'A\Tw
A ClRcULAR ™Mew3ER K,
TOEE ~ LuAN(’E)

CALCOLATE BOLUT TeENSON Due To WAD PuLury THE PLATE

Pr=F = ece
N =
= 64

S MaxiMum BouT TenSoN Fo= P+ R

P = \€4+ 364 + 1044

-
= 5572. Lo
2L, carcueate B
TeETE2MINE APPLIED SHeAR IN BOowT
Toe T \'—'Y 6‘2‘-_‘,' = 164 M AwRGe Y AxS
S4 Mo ALONG

Dua‘m‘:z 29 =
A

Z Ax\§
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KEVIEW TPRXEDURE gEsampr | kCohn"/

DLeE ToO M’ 23300 = 17 L AT 450 WITH Z Ang
& 52.*5‘1

24T,




TEVIEW PROCEIVRS

2d CALCULAT

S
“

ETERMINE

1S5 MiNimum OfF |

CrHECK Ps BOLT LOAD AGAINLT ALLCWASBLE PM_

ngm PasT ’2.>




L A R S

ReView FROCEDURE ExAmPLE 1 (conT)

STEP B
SINCE £ > Tm::vﬂ.

J. BasepLaTte 1S 0.K.
STeP 9, 10, 1 1\Z AnD 13 NOT REOUIRED FoR TH'S

BASEPLATE

CONCLUSION - - ANCHOR BOLTS AND BASEPLATE ARE ACCEFTAZLT
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NA-EM.| “"PRCOCEDURE FoR REVIEWING DARSEPLATES
~ - k2 ” /
Exameee 2 - (S BovwTge | X 12 %18 FoAaT:
"
3,‘1 HILT Kw“ B:st
o
st
. T? - * L2 ¢ fFoeces ON  BASKEPATE
[ | - —— et
|
3 | A\ L, T = 627 o
< — C' ‘ ( "v’)‘——*l y = 2 LR
g | \. \}/ r
| | - : 2’\ /
¥l . . z B4
4 _
LS e e e s o ;M Q‘\G
\5 - B s M. = 25165 IN-LT
v »T
. V‘j =+ 18768
\"= ;‘+ ;:_'E - [C.’:f - : c\
= M—é_ = 8425
-z B-45 - 575
-~
t - ‘Il )
STEP | CHECK L&
iy
L= 20 =5.75 > g
< \
STe 2 —1 C ~- ) T P " -
STe? 2 SINCE /c.?D, CALCUVATE s, PA\_JTM\}A LVL’ Pma,.
~Q. CALCUMTE g ASSUMING FATE Pivels AT ComeeESTIN
SPE OF MeMEi2
TLeRMinE TISTANCE Fuom  COMBREISICN S\SE ¢
The AR o wMm P oW CF Ciwl oSN TENsION
S\
1‘ - 2"‘:' NuwSie OF PATS N [ww 2 Ma- g
Lo, = 025" Nuraget OF Bous 'w Row 2 Nza=Z.
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. Expmere 2 lcowr)
3
e 'me - ,L ™M (Maximum  Bout TENSON DE
. Al N
. N N2 Ay )
r
e — 1028 « 2816%
. ¢ -
o A 295 + 2210:25
" - \ 3\
3 ]
4
" v ™M MIMENT L= 9 .
" = 6-15
"
" N\ = 3
" S Py =M
2 = . _—’1
02 N\‘Q\
" _ BT5 x \EA2H
s 2 % £75% .
s
ar - 9\0 ‘Uc
i A
t4 )
30 pf - Y
L B T\X-
3 - 621
3 3
3 = |05 Uy
e
0 = 105 + \3" + 90
a0
- = 2246 A\
a“r
)
L)
a3
e
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2
3
-
s
*
L
.
-

2 A,

-

ﬁi:/jm / (‘ﬂ + 4565 4

CavcuLate FPaL

DETERMING APPLED SHEAR IN Bolr

Due To Fx. = Q_\éﬁ =153 b Awg X AxS

nE Yo F?_ - 3.%‘1: 47 i Alone Z Axis

ME o My ‘876__8_3"6’4-4-‘5‘)'

L 8% Cx 4.5
= 456 Lb/EO\.T

= &13 A,

—

FeoM TABLE | OF NA-gmM1
Sa= \B00 AL

3
Par 3525[ &) 5/3] .

oo PaL = 3160 LUs.

TETERCMINE ng..a

t = /M - M7_'

% ji&\ebt-r \341&:
= 33660 M

+<53+45--_8. )

= 3525 Ak

l




P w ey om-

"
(.'7
u‘
< 10N
()

O

L)

=8, CALCVULATE L2/

* )

2 e TeTaavwNe = Py

Puay = Ps (P_'ﬂﬁz')

Fs
Foe .\:-z = |C025 L_MA‘ = ‘-09
“ Fas

-

... PMQ‘ - 2326 » \009

= 2525 Ao

crep3. CHEck By BouT LOAD AGAINST ALowABLE F .
Py= 2326 (Feom Pasc 2)
P= 3,160 (_r-‘eom ract 3)
Py = 2326 L 3160 = 6 Cek.

SiNce Py L P, Sk STEP 4L, S, ac B




Examae 2 (Cowt)

e
SiNCE

'
2
3
-
s
.
L
Al
L

e SkiPp STEP & AND GO o0 STeP O

) STEP 9. CrEck TLATE SNIFFNESS  RATIO Ly/_ AGAINST

N UPPER LIMIT. k

" SINCE ‘:_':.. - \0.28 L 15 (W\CH 1S TH UPPER ™ T

= < OF STIFFNESS RATI® TO
. ASSURE. Peogz ¢ 115 655 o

i S. SKiIP STEP 10 mp Go To sTeP It

-

:: STeP || CHECK MAXIMUM BOLT LOAD AGRINST PAL

t 34

:: Prax = 2535 As.  (Feom Pace &)

: PL = 3160 AN (Feom PAGE 3)

:: - 5 Py LB S«aP sTEP 12

3a

i Srer 13 CHECK PLATE THICKNESS

TTep 7. CHeCk TPLATE STIFFNESS RATIO L2/t
-2 ~ 025

L2 15 GREATER THAN 9.2 (SE: Re.2)

<




