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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2

"

\

 Equip. ID No. _DH-T-0001 Equip. Class _21 - Tanks and Heat Exchangers
Equipment Description BWST
Location: Bldg. _YD Floor E1. _305 Room, Row/Col _W RB HATCH

Manufacturer, Model, Etc. (optional)

auckiln? capacity of shell of large, flat-bottom,

vertical tank is equal to or greater than demand: @ N U NA

Capacity of anchor boEts and their emb2dments is equal

to or greater than demand: N U NA

0 or greater than M ek Ac @ /
( D_SHELL
" Capacity ¢f connections between the anchor bolts and

the tank shell is equal to or greater than the demand: @ N U N/A

Abacw
!
Attached piping has adequate fiexibility to accommodate
motion of large, flat-bottom, vertical tank: @N U N/A
TANK_FOUNDATION
Ring-type foundation is not used to support large,
flat-bottom, vertical tank: @ N U NA

1S _EQUIPMENT SEISMICALLY ADEQUATE? | 0uu
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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

< Equip. ID No. _DH-T-0001 Equip. Class _21 - Tanks and Heat Exchangers e
: Equipment Description BWSY
COMMENTS
tonE
!
Evaluated by: Date: J()-b-93
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m""c'“r Calculation Sheet
. Cax .
e DH- 700 - b;fi?—oo; Mc; ,T;m.f A
Roviewed by Date
2. 0. M—J -73 ﬁvu%c?.%’ (2-8-93

Purpose mmdmmuwmwwmmmmm.
Methodology The methodology to be used in this calculation is that detailed in the

Generic Implenentation Procedure (GIP).

References

10.

11

12.

13.

ES-022, Seismic Design Criteria

Generic Impienentation Procedure (GIP) for the Seismic Verification of Nuclear Plant
Equipment, Rev.2,

Gilbet Associates Drawing No. S423-O39Rcv 2.

Giibet Associates Drawing No. E-435-2C1 Rev. 6
Pittsburgh Des Moines Steel Company Drawing No. EZ, Reference No. 4692-27-1032.

Pittsburgh Des Moines Steel Company Drawing No. El, Bnboock&lecoxDuwmgNo
620-0005, 6-44 028 01.

Prtsburgh Des Moines Steel Company Drawing No. ES, Babcock & Wilcox Drawing No.
620-0005, 36-44 023 01.

Gilbet Associates Bill of Material TMI-RA, Shext No. 31-2.

EQE Report No. 42105-R-001. :

"Handbook of Tables for Applied Engineering Science”, 284 Edition Bolz & Tuve.
AISC Manual of Steel Construction, 8t Edition.

ZPRI Report NP-5228-S1, "Seismic Ver fication of Nuclear Piant Equipment Anchorage”,
Volume 1, Rev. 1.

ACI 349,
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The diagram and dumensions are from
08R = 1782 . Reference 7, Sketch A.
198 - 1782 o
e 5613737 Radas '
8% . of frecboard = V6§ 417 - 50,677 = 45.96"
N T Sy i
\ - -
198 - 12753 4
=T 127 531~
3
R = 16-%" = 108"
!

E‘mﬂuolur Caltation Sheet
DH =7~ O | = hb&-?ioai s I
4 ’ (2293 Er gy 1 2593
CALCULATIONS

~  Per Reference § the tank is constructed of ASTM A240 Type 304 stainless steel. Per
Reference 10, Table 1-57, page 104, the yield strength of Type 304 stainiess steel is 35 ksi.
Per Reference 10, page 117, the modulus of elasticity is 28 x 106 psi.

-~ Determine the height ~ * “zboard clearance betweew the liquid surface and the tank roof in
accordance with Section 7.3.5 of Reference 2. For tanks with domed roofs, measure the
freeboard from the fluid surface to the point where the roof surface is at a distance of 0.9R

- Assume height of fluid &t maximum fill level = 52'-0 1/4* = 624 25"

~ From Reference 4 find the tank is anchored with (39) type TB-1 and (1) type TB-5 anchor
bolts. Per Reference 3 find the following dimensions:

ng s & by = 42" + 48" = 90"
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[EZINuciear Calculation Sheet
o b”__ .Z" / %;-. v Rov. No. | Shes No.
I o0 - i‘m‘ o “ﬁ 2a /b |
M 2-3-23| A /2- P2
J

® Determmne aliowable shear and tension loads for a 2" diameter cast-in-place anchor bolt in
accordance with the guidelines of Reference 12. Note that this is the reference material for the
derivation of the allowable !oads for cast-in-place anchor bolts in the GIP. The values just
were not derived for 2" diameter bolts.

The allowable tension and shear loads are based on the nominal bolt area times allowable shear and ;
tension stresses. These allowable stresses (17,000 psi shear and 34,000 psi tension for A307 bolt i
material) are equal to 1.7 times the working stress design allowable given in Part 1 of the AISC |
specification for Design, Fabrication, and Erection of Structural Stee] for Buildings, Reference 11

Per Reference 11, ummmharmm=250m‘mdthcmmm e
area = 2.34 in?, L

Py =2.5 (134,000 psi) = 85,000 lbs. (coaservative as tensile stress area < nominal bolt area).

NMWMMmMWWmmMMm
theory put forth in Appendix B of the ACI Standard 349 (Reference 13), and assuring ductile
failure mode in bolt material rather than brittle failure associated with pulling of concrete cone.
The ACI concrete shear-cone theory gives the pullout strength of concrete P, as:

|
Py = 2.34 (17,000 psi) = 39,780 Ibs. (conservative as minimum root area < nominal bolt area) ’ -

|

|

P=4¢fx(L+D)L
where:
# = a capacity reduction factor = 0.65
£,' = concrete compressive strength = 3 500 psi
D = diameter of boit or stud (in.)
L = embedment length of bolt or stud (in )

To determine the embedment lengths required by the GIP, the abave equation was solved
by setting P equal 1o twice the pullout capacity value given as P;. Solving the equation for
L in terms of bolt diameter for €' = 3,500 psi. yields a required embedment length of
10D Thus for a 2" diameter bolt, the embedment length must be a minimum of 20". Page
2-77 states that the minimum spacing and edge distance requirements are 12.5D and
8.75D respectively. This equates to 25" spacing and 17.5" edge distance requirements.
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(L DH-T7—coo) ~7% ) Ad-o )b
y Oate Reviewes Date
- - ol
LA [/2-3-93 a%:fe 12-8-97 |
7
CAPACITY REDUCTION FACTORS FOR CAST 4N-PLACE BOLTS
WITH RUTS OR HEADED STUDS
BORATED WATER STORAGE TANK
Bolk Dis. D)inches:  2.000 Concrete Strength f'c (psi) = 3.000 :
Poaquired Edge Dist. (Emin) inches: 1785 Actus! Edge Dist. (E) nches: 18 5
Required Embud nent (Lmin) inches: 20 Actusl Embedment (L) inuhos: o8 |
Required Specing (Smin) inches: 25 Actusl Spacing (S) inches: 29.8 '
Note: HMmbﬁmm,uuQMaMmmm, |
use minimum vekues for caloulation of reduction fectors. |
Le 20 inchee S= __28 _inches = __178 inches
THETA (edge dist.) = 2 cos-1 (28121 +D)) r= (2L+D)2
- l‘lz rad 3 - 2.1
THETA (spacing) = 2 cos-1 (S/(2L +D))
- m rad -
- Edge Distance Check
E= 18.0 > = Emin, no puliout reduction factor required.
Ew 18.0 > = B.75D, no shear reduction factor required. ;
;7 |
- Concrete Swength Check
GIP Teble C.3-1 sllowables are based on & concrete strength = f'c = 3500 psi.

Concrete strength < 3,500 psi but > = 2,500 psi. Strength reduction factor required.
Reduction fector (RFp) = (RFg) = SQRT (*'c / 3500) '
= m H

8.00

- Embedment Check: 10°D= 2000 4°0D =

L > = 100, no reduction factor required.
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[IZINuclear Caiculation Sheet
i Subject Cak No. . No. No.
¢ DH-T- o | DH-7=a) | o As o 7 A
\ Cate Reviewed Date
MQ@' JLZ-! v /| @%&% 12-6-3
- Spacing Chock ' 2°D = 400

mmwmmwm,mwmabnfwmbu.

vammwmdodywmmm:m = RSg:

RSs = 1.00 for sctual spacing (S) >= 2D

o s L S e AR R R

- Revised Alic vable Loads

From Table C.3-1 of the GIP, the subject bokt has thy following *ull allowable loads: -

ForD = 2.000 inches, the allowablé pulio' it cepsoity (Pu') = 85,000 Ibs. end
the sllowable shesr cepacity (Vu') = 39780 Ibs,

The revised pullout load = Pu = Py’ * REp * R"p * Rlp * RSp
\ = 78385 Ibs. -

The revised shear loed = Yu = Vu' * REs * RFs * RLs * RSs

= _ 36829 bs.




STEP 1: Dstermina the following input date :
TANK MATERIAL
diameter of tank (it): 33
R inominei tank radius) (inches): 193
theight of tenk ehefl } f): 62

H' fneight of tank shell | finchee): 824

t min (minimum shell *~cknees stong
height of tank! (inchee): 0.26

t 8 (minimum thickress of tank
In the lowest 10% of height [inches): 0.421

F y lylsid strength of tank shell met'§ (pe:): 35,000

h o theight of ehe!! compression rone
ot base of tank. vsuelly haight of cheir] {inches):

E o (slustic moduiue of tenk shell mat'l) ipsl}: _ 28.000,000

Vs {sverage shear wave velochy of soll
for tanke loceted st grads) (ffaec): N/A

d
ET
f

| I v

36.00

top

plate

stiffenar
plats

I RN

VERTICAL TANKS -- BORATED WATER STORAGE TANK

Note tank is eteinless etes!.
FLUD

QAMMA (weight density of fiuid) bfin3): _ 0.038
H theight of fluid &t meximum 6l lavel) (inchee): 624.26
h 1 theight of freeboard sbove fuid surface) finches): 4E.98
ANCHOR EOLTS
N (number of bolts}: )
d {diameter of bott) finches): 2

h b leff. length of ancher bolt baing etretched.
ususlly from top of cheir to embedded pletel fin.): 80

E b (elestic modulue o beit meterisl) (ped: 30,000,000
Anchor Bolt Allowabls Tension Load {Pu) fibe):
Anchor BoR Alowsbls Shear Load (V) {tbe):
(Note: Allowablee sre with raduction facters e

Yield wtrass of anchor bolt masterie! if v} (pei): 38,000

From Figure 7-8 of the GIP, find the feSewing dimensions finchee):

0% by VBB tbe
f= k o= 6.6 k=
be c= o= .
e= 8.5 h= 24 te = 0.421
We' 7 2120 batwesn anchor ohalr
and tank shell it w) iinches): 0.1876
LOADING

Mmmul‘m&mmﬂ
shear loadinge on tanks and et 1/2% demping for fluid stoeh height.

Ground response spectrum ZPA = 012 ¢

10F9
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CHECK TABLE 7-1 REQUIREMENTS

Tarsk Matarial = Carbon,  Steinlecs Stesl,  Alumniem  fcircle one)
Tank Fluid Content =  Water ar slmilar YES ar NO  (circle yos or nol, if no tenk s en OUTLIER

Nominel Radiue of Tenk = 188 inches OK, Table 7-1 requirements met, 80 I >R <420 In
Height of Tenk Shell #{') = 624 inches OK, Table 7-1 requirsments met, 120 in >4 <980 In
Height of Fldd ot the maximum Le ol
to which the tenk will be filled #) = _ _824.26 _ inches OK, Teble 7-1 requirsments me2, 120 in >H <980 in
Minimum Thicknees (t o) of the Tank Shell
in the lowest 10% of the Shell Height = 0.421 inches OF, Table 7-1 requirements met, 3/18 In >t e<t in
Effsctive Thicknese ft off} of Tenk Bhell Bessd on
the meen of the Average Thicknses (1 svg} = 0.278 Inchas OK, Table 7-1 requirements met, 3/18 in >te<!in
Dismeter of Ancher Bokt id) = 2.000 Inohes OK, Table 7-1 requirements met, 1/2in > d <2 in

Number of Anchor Doke IN] = 40

Tenk Wall Thickneee (st Basel-to-Tenk
radive Ratio = it o/ = 0.002

Eftactiva Tank Well Thicknese-
10-Tank Redius retio = {t ot/ = 0.001

O, Tabls 7-1 requirements met. N > = 8
OK, Table 7-1 requirements sra met, 001 <= te /R <= 01

OK, Table 7-1 requirements met. 001 <= toff < 01 inches.

HR - 3.18 OK, Table 7.1 recuirements met, 1 >HR <56

ETEP 3. mmm—mmwmmmmmmm:

.
Re 198 telf /R = 0.001 . and HIR__3.183
From Teble 7.3, find (F §) = 401 Ha.

NOTE: IMMMbMW“ﬁN‘“D”M‘.MhH*Mﬂ“h.’.lm

the fraquency must be sditeted in sccordance with the G STEP 3 se done below.
Ffiefi = F{(SORT (€ « / 30,000,000) = g7 Hz

STEP 4: mmmmcmmmmmmy.

Wh‘l“MMﬁhmmhh“nﬁmemﬂ
MMMWWhﬂPl-dMMWMMMMh
foilowing frequency range

B*FC<F<12"H =» 3.10 M < F < 481 Wz

Appropriste RBpactral Ancelarstion (Saf) - 0.42 @ 4% demping

R L

en’]

b g4-5-2/
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STEP 6: Determine the base shoar load (O).

Enter Figure 7-3 with (H/R) and it ef/R) from shove:

HR = 3.163 and ft iR = 0.001
And find bane shear load cosfficient Q') = 0.736
Sheer Losd st Bottom of Tenk = () = Q' "W * Sof - BE4. 433 e

STEP @: Determine the base overtuming moment (N}
Enter Figure 7-4 with HR = 3.183 end fteltiiA = _ COCY
And find V" = 0.406

Computs overtuming moment = M = M *W " H * 8gf

= 283,803,102 Win
STEP 7: mmmw-ummm,h.mmmmmmz‘
b = Py | Ab Nate ¥ the Seotion 4 and Appendix C oriterls sre not met for the anchorage, then the sonerets is considered
= 26048 the week iink in the lnad peth and the postuieted fallure mode in brittie. Datermine an appropriste

redhiced elowsbls snnho: hoft sirese (Fri par applicable rade reaquirements

STEP 8: Check the banding stress in the top plais of the chair. if ench of the anchorage connection components
mﬁmMWMMNMMMWh!W?hm

¥, howeaver, wummmnmmmummmmm

representad by the equivelent value of anchor boit allowable stress (Fri, as calcuiated here should ba used.

MMWNmmMMMMWMmMMlnMdMM

piate can be included in the dimension ! used i~ the following squation.
The maxiemen banding strese in the top plete is-

BIGMA = ({0375 "g)1022"d))"Pulli*a"2)
- 25,537 < fy. Strese iass then yisld, tan plate OK

Allowsbis anchor bolt Fb) from Step 7 = 25048 e
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BTEP 8. Check Tank Shell Stress

Shell Straee = 22,088 pel < Fy. Shall Strees is 0K

T= 1/(H{CIT77 e "tb " (th/te) " 2)/(BORT IR "te))) + 1}
0.089

Alowsbls Anchor Bokt Strees = Fb = 26048 e

STEP 10: The vertiosi stiffener platas are considared adequate If they satisly the following guidelines:

n IR}y <{96/(Hy/1000) " 06))
k/j= 11.32 Guidefine No. 1 Satisified
B5/it{ty /10001 08} = 18.08
2 |>=C04 "{h-clendj>=06in
j= 060 Guideline No. 2 s sn QUTLER
004 " th-ci = ces
3 P72k * |11 < 21,000 goi

Pufi2 "k "} = 13,838 Guideiine No. 3 i Satisified

STEP 11: Check weld betwasn the tank chelr end the tank.
Load per linear inch of weld = Ww Bt
= Pu"1ile+ 2 "Ni'Z2¢le/la"h 40087 "h" " 2}"2)" 5
= 1,488 the finch
Allowable losd per inch = (30,800 * t w } / SORT{2) Weid e acdequerte
= __4067 _ Meinch

STEP 12: Mlﬂwﬂ!um'omm:

Entar Figurs 7-7 with the following peramatere: Sef = 042 endHA = 3.16

and find the fiild pressure coeificiant Pa’) = ae

———

The fluid pesssure ¢mt—.dhwnmmﬁummb‘i = (Pe) = Pe’ * GAMMA " R (peil
- 2780 pei

S— —ee - — 8 OFO— - ——— .

139ys uopenoed
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STER 13 Datermine the slephant-foot buokiing stress capeoity factor: Figurs 7-8 is for carbon steel, for stainies stes!

mw-mmmmmmnmwuummmm

p
. 1o RT3 S+ 738,000 psi
o % o,t, 112 + 8}* 8, +1

- 17676  pel

R

s"aoo:

STEP 14: Determine the fluid preseurs for diamend-shape buckding (Pdj:
Enter Figure 7-8 with the following parsmeters:
Sef = 0.42 e and HR = 3.163
ond find the pressure costficient for diamond shape buckling (Pd) = _ 3.26

The fluid pressure ot the bese of the vertics! tank from diamond-shape buckling type loading = Pd) = Pd' * GAMMA * R
: w 23.1}7 e

STEP 16: mem-mmmmmz For stainlacs atesl use the following formse.

:" = 22,802 rei
t.

ou =(08y +Ay)

=073 {16*) . om

R
L 16 t, = 1.9656
A, - increase fector for inter— - -::oMnM’-"dh@."- 0.1
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ETEP 1€: Selaot the sliowable buckling stress, SIGN Ao, s 72% of the lower value of the slephant-foot
or dismond-shaps buckling Cepacity Faotar:

Blsphent-Foot Buckiing Cepeocity Fector = pel CONTROLS
" Dismond Shape Buckling Cepacihy Feoter = pe!

Allowsabs buckiing otrees =~ 12,727 pel

STEP 17: Dstermine the overturning moment capacity (Moap)

The cverturning moment capacity of the tenk. (Meap), i dapendent upon whether the postulated wesk fink
failure mode is ductile or brittle. A ductiie {ailure mode is defined as one in which the weak link
is one of the faliowing:
«  Anchor bokt stretching Step 7)
Chair top plets bending (Step 8)
Tenk ehell bending (Step 8

A brittle mode of failure je definad as one in which the wask link is ans of the following:
Conorets cons failwe {Step 7}
Chair stiffaner piate shear or buckling failure (Step 10)
Chsir-to-tank wall weld shear fallure [Step 11)

~orwcn.euun.mmmrummmmummmmwmmw - 0.19

FRorr) ™ 25,048 pel hb = 80 00 ho= 33.00 _ inches
ARowsebie Bucking Stress = 12,727 el
¢ - .10 {{ARowsble Buckiing Strees)/iFbl)* the /h b =  0.203

For BRITTLE faflure. enter Table 7-4 with the iollowing parsmater and find the base sverturming momaent cosfficient Meap') = N/A
~-re e ——

e = 0.10 ond {{Allowakis Buckiing Stressd/iFbl)* (ho /hb) = ©.203

Per Steps 7 to 10, the axpeoted fellure mode is CUCTILE
Use iMoan} value = .19 for DUCTILE feilure.

wrte (Moep) bemad on the foilowing # e

Mesp = (Mosp' | "({2°Fb) *IR°Z " te)"(hb/he)
= 382,712,268 Ibinches
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STEP 18: Compare the overturning momaent capacity of the tank (Moap! from Step 17 with
the overtyrnig moment (M} from Step 8.

Mosp = 382 712,268 ibin > M- 283,803,102 iin
The tank s ssiemically sdequats ‘or thie losding
0

BTEP 18: Compute the base shear load ospeocity (Qasp) of the tenk

Qesp = BS*(1.021"8Sef) "W
= 1388045 fhe

STEP 20: cmummwmdmnuwmsmummmmdmmms.

Qeop = 1388048 e > Q= 854,433 e
Shear cepacity exceeds demand  The tank is adequate for this loeding.

STEP 21: cmnwmumnmmwnumnmwhmm
to significant forces from the sioshing lguid .
In omlouisting tha sloeh height, nd.umm.m.mhmmn-mw
spectrum =t the sloehing mods fraquenoy, (Fel, end @ demping vaius of 1/2% Cars ehould bs exercized in sesuring that
mmmawmmummabmmmhouuno.zm

Fow (1/7(2°PI}I (SORT ({184 " g} /R) "tanh (( 184 *H)/R))
- 0.30 Hy

Spectral acosieration. (Safl, from 1/2% demeves inpirt responce apectrum et the sloshing mode frequency (Fe): NOT CLEARLY DEFINTD

Slosh height = ke = 0837 "R * Bm .

L 9

m..mmmm.oﬂﬂwhﬁ"dhmﬁmm
determine the slosh height by entering Tabls 7-5 with the fellowing paremsters to find the sloeh height, (h'sl, of the
fluid In the tenk for & ZPA of 1g st the bese of the tenk:

HiR = 318 et A= 188 inches

wfind et = 8513

Computs the sleeh hewht thal. ©  he = b'e * ZPA = 10.22  inches

$4-2-2

Aq

where ZPA is from he lzs-tsl responss spectrum = c.12 Q

199ys uopenole)
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STEF 22: Determine the aveilable freshoard sbove the fluld surface st the maximum lsvel te which the tank will be filied:

R from *he tenk centerline).

PO:6E'ST .L6-P1-S0

For tanks with a domed roof. measurs the freshoard from the fhild surfece 1o the point whers the
roof surface is at a distance of 0 OR from the tank centerfine

hl = 46.99 Inohes
Compare the evaiishie fresboard (h 7] to the slosh height of the fluid th &), from Step 21.

For cenicl roofe, messure the fresbosrd from the fhid surfece to the intersection of the wel! end the roof { & distance E
g
=

hi= __ 4896 _ inches > hew' 1022 inches
Avaslinbie freshbosrd sxcesde sxpected sivah height  This terk io adsquers for this conditinrn
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Emﬂuclur Calculation Sheet
K 1 LH- 7= G0 / gclr'%aoo/ e ;7;,,/@
( Date Fovirwec
3,0. Mo /2-3-7% Q-;%' m/a—&-F y

i Rr S*cP 10 'HA:_ Jertco. | $+ Icnu' PLJ-Os ‘{p( ‘H«_ dn&‘un' Lo”
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\ SCREENING EVALUATION WORK SHEET (SEWS) Sheet 1 of 2
4 Equip. ID No. _DH-T-0001 Equip. Class 21 - Tanks and Heat Exchangers
Equipment Description _BWST
Location: Bldg. YD Floor E1. _305 Room, Row/Col _W RB HATCH

Manufacturer, Model, Etc. (optional)

BuckEin capacity oe shell of large, flat-bottom,

vertical tank is equal to or greater than demand: @ N U NA

Maer

ANCHOR BOLTS AND EHBEQHEN]
Capacity of anchor bolts and their embedments is equal

t ter than demand: N U NA
o or greater than M"‘k A_ @ /
{
|
3 Capacity of connections between the anchor bolts and
the tank shell is equal to or greater than the demand: @ N U N/A
k-\*‘u\\ *
6
f |
Attached piping has adequate flexibility to accommodate }
motion of large, flat-bottom, vertical tank: m N U NA
TANK _FOUNDATION
Ring-type foundation is not used to support large,
flat-bottom, vertical tank: @ N U NA
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SCREENING EVALUATION WORK SHEET (SEWS) Sheet 2 of 2

~  Equip. 1D Ne. _DH-T-0001 Equip. Class _2] - Tanks and Heat Exchangers
1 Equipment Description _BWST
COMMENTS
NowE
!
Evaluated by: Date: _/O-b-93
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Reviowed by Date
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Purpose Thepurposeofﬂisalwhﬁmhtoscinnhﬂyvuifythemkmdmm.
Methodology The methodology to be used in this calculation is that detailed in the
Generic Implenentation Procedure (GIP).
References

10.

1.

12.

13

Generic Implenentation Procedure (GIP) for the Seismic Verification of Nuclear Plant
Equipment, Rev.2.
Gilbet Associates Drawing No. S-423-039R3v X

Gilbet Associates Drawing No. E-435-201 Rev. 6
Pittshurgh Des Moines Steel Company Drawing No. E& Reference No. 4692-27-1032.

Pittsburgh Des Moines Steel Company Drawing No. El, B;bcock&WﬂcoanwmgNo
620-0005, 6-44 028 01.

Pittsburgh Des Moines Steel Compary Drawing No. ES, Babeock & Wilcox Drawing No.
620-0005, 36-44 023 01.

Gilbet Associates Bill cf Mater.ai TMI-RA, Sheet No. 31-2.

EQE Report No. 42105-R-001. £

"Handbook of Tables for Applied Engineering Science”, 224 Edition, Boiz & Tuve.
AISC Manual of Steel Construction, 8t Edition

EPRI Report NP-5228-SL., "Seismic Verification of Nuciear Plant Equipment Anchorage”,
Volume 1, Rev. 1. ’

ACI 349,

|
|
|
|
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CALCULATIONS

~  Per Reference § the tank is constructed of ASTM A240 Type 304 stainless steel. Per
Reference 10, Table 1-57, page 104, the yield strength of Type 304 stainless steel is 35 ksi.
Per Reference 10, page 117, the modulus of elasticity is 28 x 106 psi.

~  Determine the height of frecboard clearance between the liquid surface and the tank roof in :
accordance with Section 7.3.5 of Reference 2. For tanks with domed roofs, measure the
&ubwdﬁmmeﬂndm:ﬁnmdrpmmmmfmrﬁwuaa&mdom :
from the tank centerline. : l‘

08R = 1782 . Reference 7, Sketch A. . !
198 - 1782 ‘
=198 :
P T o™ frocboard = V68.41° - 50,677 =45.96"
19 5001 '_"f“/ oA
e 196 - 127531 <4 =

R =169 = 198"

o

-~  Assume height of fluid at maamum fill level = 52'-0 1/4" = 624.25"

- From Reference 4 find the tank is anchored with (39) type TB-1 and (1) type TB-5 anchor
bolts. Per Reference 3 find the following dimensions:

4" by = 42" + 48" = 90"

blh——
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® Determine allowable shear and tension loads for a 2" diameter cast-in-place anchor bokt in
accordance with the guidelines of Reference 12. Note that this is the reference material for the
derivation of the allowable loads for cast-in-place anchor bolts in the GIP. Theva.hs;un
were not derived for 2" diameter bolts.

The allowable tension and shear loads are based on the nominal bolt area times allowable shear and -
tension stresses. These allowable stresses {17,000 psi shear and 34,000 psi tension for .. 07 bolt
material) are equal to 1.7 times the working stress design allowable given in Part 1 of the AISC
MMQMFMN&M&MSN&BM,W 11

Per Reference 11, mmmmharmm-zsoémmmm -
area = 2.34 in2, L

P,-2.5(34,000psi)-35,000|bs.(camuvm‘veumilemnm<nomim1boltuea). i
Py =2.34 (17,000 psi) = 39,780 Ibs. (conservative as minimum root area < nominal bolt area).
L ine Migi Eimbed Soa i { Edge Di &

mwmwmmwwmmmmm |
Mmmmwndmmlswmmmmmmmm :
mmmmmmm&mmmmmoﬁmw.

The ACI concrete shear-cone theory gives the pullout strength of concrete P, as:

B
P=4¢/Lr(L+D)L
where:
¢ = a capacity reduction factor = 0.65

(‘-conmwmp:umw=3,$00pﬁ
D = diameter of bolt or stud (in.)
L = embedment length of bolt or stud (in.)

To determine the embedment lengths required by the GIP, the above equation was solved
bywcingPeqmltotwioethepulloutclpadtyvalue;ivmuPt. Solving the equation for
L in terms of bolt diameter for £’ = 3,500 psi. yields a required embedment length of
10D. Thus for a 2" diameter bolt, the embedment length must be & minimum of 20" Page
2-77 states that the minimum spacing and edge distance requirements are 12.5D and
8.75D respeciively. This equates to 25" spacing and 17.5" edge distance requirements.
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CAPACITY REDX ““TION FACTORS FOR CAST4N-PLACE BOLTS
WITH NUTS OR HEADED $TUDS

BORATED WATER STORAGE TANK

Bolt Die. (Diinches: m Concrets Sirength {'c (psi) = 3.000
Reguired Edge Dist. (Emin) inches: 17.8 Actusl Edge Dist. (E) inches: 18

Reguired Embedment (Lmin) inches: 20 Actusl Embedment (L) inohies: 45

Required Specing (Smin! inches: ___ 26 Actual Spacing (S) inches: ___29.8

Note: If sctusl smbedment,specing, ~r edge distance exceesds minimum reguired ,

use minimum values for calouletion of reduction fectors.

Ls 20 inches S __ 28 indwe o 178 inthes
THETA (edge dist.! = 2 cos-1 (2EN2L +DY) re (2L+D)2
o L]z red = 21
THETA (specing) = 2 cos-1 (SA2L +D))
- 187 red -
- Edge Distance Check

E= 18.0 > = Emin, no pullout reduction factor required.

Ew 180 > = 8.75D, no sheer reduction fector required.

)

- Caencrete Strength Check
GIP Table C.3-1 sliowables are based on @ concrete strength = f'c = 3500 psi.

Concrete strength < 3,800 psi but > = 2,500 psi. Strength reduction factor required,

Reduotion fector (RFp) = (RFs) = SQRT ({'c / 3600)
= o8

- Embedment Check: 10°0= 2000 4°D =

L > = 10D, no reduction factor required.

EL LR AR LALLM XY




¥ e L9

05-14-97'15:39:04 . "
FENucIur PRI
- o Rev. No.
(§ =B DN =T= D | H-T=Cao) | O T; o /b

/2-6-§2

Z"Q.Q%’ 2375 | Gl

- Spacing Check 2°D = 4.00
mmmmmmm,mmmmamtmm.
wmwmmwmmwmmm:m = RSs:

RSs = 100 for actusl spscing (8) >= 2* D
A M R T R AR S T3 W R B T R B e A, T e s s s

- Revised Allowabie Londe
From Tabie C.3.1 of the GIP, the subject bokt has the following full allowable loads: A

ForD = 2.000 inches, the allowablé puliout capaoity (Pu’) = 85,000 Ibs. and
the slioweble shear capucity (Vu') = 39780 Ibs.

The revived pullout load = Py = Pu' * REp “ RFp * Alp * RSp

= 78,685 s -

The revised sheer load = Vu = Vu' * REs * RFs * Als * RSs

= 36329 Ibs

[
.




VERTICAL TANKS .- BORATED WATER STORAGE TANK

STEP 1: Determine the foliowing input dete Fote tank is steinises stesl
TANK MATERIAL FLUD
b dlamerer of tank (f1): 33
R inominel tenk rediue) iinchas): 188 GAMMA (weight density of thid) (ibfin3): 0.038
theight of tank shefl ) (#): 82 H fheight of fluid st maximum 8 level) finches): __ $24.25
H' theight of tank sheil | finches): 824 .
h  theight of freeboerd ahove Ruid surfscs} Fnches): 45.98
t min (minimum shell thinknese slong
height of tank] (inches): 025
ANCHOR BOLTS
t » iminimurm thicknees of tank
in the lowest 10% of height] linches). ¢.a21 N (number of bolts): 40
F y fyleld sirangth of tank shell met'8 fpel): __ 35,000 : & idiamatar of bot) (inches!: 2
| h o {height of shell compression rone h b (eff. length of anchor bolt being stretched.
ot bass of tenk, usuaily height of chalr] finchee): 36.00 ussally from tep of cheir to ambedded pletel {in.): 80 ‘ ‘\\‘
E » {olaatic modulus o/ terk shell mat'd (pel): _ 28,000,600 £ b lelestic modulus of belt materiell fpe?: 30,000,000 - \\“ g
Ve tevernge shear wave velocity of solf Arichor Bolt Allovable Tension Loed (Pu} Gbel: \k
for tanks icowtad et grade; (ft/sec: N/A Anchar Bolt Afowebis Shaar Losd (Vi) fibe):
(Note: Allowsbles are with redustion fectors g
bl o d Yield stress of anchor bokt material #f y) (pei): ___36,000 1 D‘ g 8
e o g ;! From Figure 7.6 of the GIP. find the foflowing dimensions finches): \ $‘ w
- '._L_.i FPu 1 pe™"~ e T e ; g
plate e ,,t N .’;_1_____% e=__656 k= \'
stiffen ¥ .= + ::Ig t:: 0.421 . ! i
plate h N — ™
L 5 Wald aize batween sncher shair
o e :) and tank shell it w* finches!: 0.1876 . 0
i AJ4IAl _ ipioar gl ol
/ LOADING
Tank Tank wround response spestrum at 4% damping for overtirning mement and
Base Wal sheer loadinge on ranks and #t 1/2% demping for fluid sloeh height.

Ground response epectrum 7PA = 012 ¢

oN ieeug | on ey

bl Jed

»
£4-52)
ey O

10F 8 \




STEP 2: Cealouviate \he following ratios end velues:

HR = 3:183 teR = €.002

tavg = thickness of tank shell sveraged over ths ines height of the tank she!!

= (SUMUI*hI)/W

[ | t

- 0.398 __ inches 1 025
2 026
3 025
. 0.301
1) 0378
e 04

toff « {tavg + tmin)j2
- 058 in
itefiM = __ 0.001

Ad = Cross-ssctionsi sres of srbaddad anchor bolt
s (Pl xd"2)/4
- 2142 in"2

t' = squivelent ehell thicknses having
S (IN"AB)/L2°PIi*RI)I"(ED/Ee)
= __0.1082

e = oosfficlent of tank wall thicknesses and tengthe under strees
= (t'/te)*tholhb)
- 0.10

W = weight of fluid in tenk
= Pi*"R“2 "H " GAMMA
= 2787842 b e

the ssme cross sectional aran se the enchor bolts

= BUMtxh

2058,

e —

-
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CHECK TABLE 7-1 REQUIREMENTS f E
Tank Matariai = Carbon, Steinisnn Stesl, Alumnium  {cirdle one)
Tank Fluid Content = Water orslmiler ~ YER or NO (eircle yes or nol, f ne tank ls an OUTLIER b’ z
Nomins! Radiue of Tenk A= 188 inches OK. Table 7-1 recuiremants met, 86 in >R <420 In N
|
Height of Tenk Shell §i') = 824 inchee OK, Teble 7-1 requirements mat, 120 in >H <880 in
Height of Fluid «t the maximum Leve! \‘
10 which the tenk wif bs fifed $4) = __ 824.25  inches OK, Table 7-1 recuirements met, 120 in >H <860 in | o
Minimum Thickness (t s} of the Tank Sheli : : -_
in the lowest 10% of the Shell Helght = 0.421 inchos OK, Table 7-1 requirements met, 3/18 in >te<! in \
Effactive Thivkneee it off) of Tonk Shell Bassd on -
the masn of the Averags Thicknaes (t avgl = 0.27% inches OK, Teble 7-1 raquirementa met, 3/18 in >te<t in
Diarnster of Anshor Bok (d) = 2.000 inchee OK, Table 7-1 requirements met, 1/2in > d <2 in
de.ﬂﬂ- 40 OK, Tebls 7-1 requirements met, N > « 8
Tank Wall Thicknese (st Basel-to- Tenk
rodiue Ratio = it /) = 0.002 OK, Teble 7-1 requicements sre met, 001 <=ts /R <= 01
Effective Tank Wall Thickness- g :
to-Tank Rediuc retio = (t oli/) = 0.001 OK, Table 7-1 requiremants met. 001 < = t off < 01 inches.
HR - 3.16 OK, Table 7.1 requirements met, 1 >HMR <6

STEP 3: Munm«mmummmmmwmm:
oy
Re 108 toff /R = ©.001 ., and H/R__ 3.183
From Teble 7-3, find F §) = 401 Ha.

NOTE: 'MMMbmmﬁﬁm«n”.@ﬂn“bﬂwmw“bﬂ.lm&
the fraquency must be sdiveted in sccordance with the GF STEP 3 as done below.

Fflef = F{ISORY {£ « / 30,000,000) = 3.87 Hz

STEP 4: mmmwmsmmmm«-nmmuw.

mmc%mmmummmmhmqmumnbmm
um-m.-abmnmums.ummmmmm"m

following frequency range:
B*H<C<F<I2"F » 3.10 M < F < 481 He
Appropriste Bpactral Acceisration Saf) = 0.42 9 4% damping




STEP B: Determine the base shear losd {Q).

Enter Figurs 7-3 with (H/R) and (1 aH/R) from above:

HR = 3.183 and t o)/ = 0.001
And find bame shear lond confficient Q'] = 0.736
Shes Load ot Bottom of Tenk « 1O} » Q' * W * Sef - 864,433 e

SYEP 6: Determine the bese overturning moment (M)
Enter Figure 7-4 with HA = 3.163 and RteiiiR = 0001
And find M = C 406

Compute overtuming moment = M = M "W * H * Sgf

= 282,903,302 in
.T!’.h mmm:mmmm.h.mmmmmnvmm;‘
Fb= Pul/Ab Note: # the Seotion 4 sno Aspandix C oriteris are not met for the ancharage. then the soncrete ls considered
= 26048 the wesk link in the load path and the postidated feilure mode is brittle. Tatermine an appropriste

reduced sliowsbie anchor hot atress (Fr) par sppiicabls code requiraments

STEP 8: Check the bending strose in the top plate of the cheir. If each of the anchorage connestion components
mnmmMWMMMMMMthm7hm
if, howsver, any of the componsnts doee aq; meet thess guideiines, tha reduced anchor bolt tension capacity
represented by the equivalent value of anchor boit allowable strese (Fr), es caiculated hers shouid be used.
MMMMMMMvMWhWMMMM'RMd”M
mmummmewhuMomm. +

The maximum banding stress in the top plste is: .

SIGMA = ({0376 "g){0.22°d)) " Puill®e "2}
= 26,537 < {y, Streee less than yisld, tep piate OK

Aliowable anchor bolt strees (Fbi from Step 7 = 26,048 he

-2/
o18Q

=M 1

c %/f
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STEP 8: Check Tenk Shell Stress
Shell Strees = 22008 ol < Fy. Ghell Strass is OK

Z® 1/(({0177 "e*tb " (tb/te] " 2)/{CORT (R tul}l}) + 1)
0.889

Allowsbis Anchor Bolt Strees = Fb = 25048 e

STEP 10: mmmmmmmnmmumm:

" IR7]) <(96/(HWy/1000) " 08} }

k/j= 1138 Guidelina Nc. 1 Satisified
B6/{lity/10001°0.8)) = 18.08

2 |>=004"ih-oclendj>=06in

i= 0.50 Guideline No. 2 ls en CUTLIER
004 " th-ci = 0.88 .
3 Pa/i2"% ")) < 21,000 pei
PuiZ "k ") = 13.838 Guideline No. 3 i Satieified

STEP 11: Check weld betwaen the tank chelr and the tank,
Load per finear inch of weld = Ww Bt
= Pu™Ml/le+ 2 "HNI2+410/ta"h +0887°*h 21" 86
= 1,498 he finch
Allowstie load per inch = {30,800 * t w ! / BORT(2} Waid le sdaquate
= _ADS] __ "afinch

STEP 12: Chack tank wall for siephent’s foot buckling:
. i

Enter Figure 7-7 with the foillowing perameters: Sef = 642 adHR = 3.16
and find the fluid pressure coefficient Pa’) = ae

The fluld pressure -mmdmwmmmmwui- {Pe) = Pe’ * GAMMA * R (psl}
- 2780 pei

C
s o

st
199ys uopenoe)

Y=y
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STEP 13:  Determine the elephant-foot buckling vrese cspecity fector: Figars 7-8 ia for garbon steel, for stainiess stes!

mmm-vmmmnnuowyuuumwwummmmz

112 + 8¢ S, +1

A, \0,(.

= 17,676 pel

Capacity § = [ R/

-

8, =

400 ¢,

o.e-E.H,_[P.n)'“‘ 1 J 1+ "745,000 psi

STEP 14: Determine the fluid preesure for diamond-shaps buckling (Pd):
Enter Figure 7-8 with the following paremeters:
Sof = 0.42 e ed HR = 3.153
and find the premsurs confficiant for diamorvi-shape bitcikding (Pd') = 3.26

The fluid sreesurs #t the base of the vertical tank from dismond shape buckiing type loading = Pdj = Pd' * GAMMA * R
- 23‘1_7 pe

STEP 16: Datarmine the diamond-ahape buckling streee cepacity factor: For stainless stesl ves the following formmse.

op =(0 Oy +Ay) e 22802 pei
A.

7=1—-0.73 (1-0-’) - 0.45%

e R
Mo e = 13
Ay = incresse factor for internal pressure ffrom Figure 7-11 of the GiP) = on

\2
Ps| R
=2l &
E,[l.) 0.182

e
T
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SYEP 18: Selaot the sllowsble buokiing stress, S5IGMAc, as 72% of the lower valus of the elephant-foot
or diamond-shape buckling Capacity Fector:

Blephent-Foot Buockiing Capecity Factor = ikiﬂ oel CONTROLS
 Dismend Shape Buckiing Cepecity Facter = el

Allawabs huckiing strese = 12,727 el

o

STEP 17: Destermine the overturning moment cepscity (Mosp).
The ovarturming moment capscity of the tank, Meap), e dependent upan whether the postuleted wesk fink
faliure mode is ductits or beittle. A ductile failure mods iz defined s one In which the wesk fink
iz one of the following:
+  Anchor bokt stretching (Step 7)

Chaeir top plete bending (Step 8!
Tonk ahell bending (Stsp 9)

A brittie mode of failure is defined ae one in which “ha wesk link le ons of the following:
- Conerste cone failwe {Step 7)
Chair stiffaner plate shear or buckling fellure {Step 10}
Chair-to tank wall weld shewr failure (Step 11)
ruwcnzum.mmv-tzwmmmuwmmmm&mmw - 0.1e
Fhort) » 2604% pol hb= 9900 ho= 38.00 inches
¢ - 0,10 {:Afowsble Buckling Strese!/IFbi!" (hc /h b =  0.203
Fc"tﬂ[ﬂwqm?ﬂo?»‘ﬂhhw’m-dﬁ the base overturning moment coefficient Ricap’) = N/A
-~

e = e.1¢ end {{Aflowabie Buckling Strees)/IFbI1* (he /hbj = 0.203

Per Stape 7 to 10, the expsoted failure mods ls DUCTILE
Use (Moep) vehse = 0.189 for DUCTILE faihrs.

wuts (Moap) based on the fallowing fo.mule:

Mosp = (Mosp' | "{2°Fb)"(R"2Z *" tel*(hbihe)
= 392,712,268 Ibinches

4eoionN[IE]

199ys uonejnoey
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STEP 18: Compare the overturning moment capecity of the tank (Moap) from Stap 17 with
the overtyrnig moment (M) from Step 8.
Mosp = 382,712,268 tbin > M- 282,803,102 ibin
The tank is weismioslly arlequats for this loading
0
STEP 19: Compute ths base shear lcad oapscity (Qoap) of the tenk
Qeap = B8 " ({1.021"8ef) "W
- 1,388,045 Ibe
STE? 20: wmmmwmumu«wmmnwmmwmmms.
Qcep = __1,388048 ibs > Q- 864,433 e
Shear capacity excesds demand. The tenk is adequats for thie toading.
STEP 21: cmnmm'ommwnommmwhmm

to significant forces from the sloshing liauid.

In csloulating the stoeh height, ih sl, the spectral acosieration, (Saf). must be obteined from the input demand

epectrum et the sioshing moda fraquancy. (Fel, end a damping velue of 1/2%. Coea ehould be exercised in sesuring thet
hmmnwmhhH&Qm‘Mtho.l&ho.!&.

Few {1/2"PIJI (SORTIIBE "g}/R) " tanh ({1 B4 "HI/R))
- 0.30 Hz

Spectrsl accelerstion, M.MlmmeWQMMMMmN:W

Siosh height = he = 0837 "R " Bms
-~ N/A inches

m,anmMmMﬂWhﬁwdhmMMN
detarmine the siosh height by entering Table 7-5 with the following paremetere to find tha elosh height, (h's). of the
fiusid in the tank for a ZPA of 1g st the base of the tank:

HIR= 318 ant A= 198 inches
to find (h's) = £5.13

Compute the sfosh height th ), : he = h's * ZPA = 10.22 inches
where ZFA ls from horizontsl respones spactrum = 0.12 g

&b-~p-~2/

smg
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sTer 22: Wmmwwmmmmnmmwnmmmuum«:

FuMM.thMhMW&NMd&““MM!om
R from the tenk centariine).

r-mw.mw.muwmummmummm
roof surfscs is ot & distance of O 8R from the tenk conterfine.

hiw 46 8e Inohee
Compare the avalieble frasbonrd (h 1) 1o the sioeh height of the fkuid th 81, from Step 21.
hi= __ asse inches > he=' _ 1022 inches
MWMWMW Thiz tank s sdequete for this cundition.
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[A7INuclear
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Calculation Sheet
i B H- T Co0 |/ DH-7ooe) |65 |G/l
m? are Reviews
,O. Ma 12°3-7% Qfé't;;’ m/a-é-Fz ks

- Rer 5449 10 Yhe Vertico! otibene PLJ—*; for He ancler boll
: Cormpress/ve

Chairs are clacsifad as outiers C heck ache!

Sress:
. O
—1[—' s2°
| .Jf Z G . o5y 0
.{{._.‘ z, - _‘1‘(_5_"/'3')_3__ r 7.6b w®

A' ﬁ(/S' 7/(. 7’ Z-J‘&n&

~J& « CE
£

” T‘\( )OAJ s afp'.CJ 2 $ue 5(’04“’«/
Joad dretribe hon 16 not /inear a/ans
distribles aleny Hhe Upper

[T 288 * O.1¢4

{
P)-s*‘-s ly %Mc‘-ar La"l. T“L
e Ia.,#\ Of fha plate Lot rs
The lower 1. of +e

lote, will see | Ale ~ no /ald'ns as 'H'. "'DPCG&FP[&R ’'es not
PWtdL ¢',‘ML‘ +0 dis#i‘v‘t %L ,m/ AV'\ "U 1/.

Compressive stresg :
Ky o(
M )-./4-:) r 83

Use a wlwe of 10K delerm g Hee allpwatble
Edve fo Tonk. ome fo plete are
( welde/
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Nuclear Calculation Sheet
Di - cool DH-Toco; | & |[AlL o b

o oy Roviowed by

Dane
(2393 @#ﬁ’ >8-93 |

frovn Jolle 3-36, Rebll, find FEs 14947

From S-kp 10 And achuel Corpless e strmeg v 13.5““

3.8 ¢ 14,9 § e OK, Outlier Recolvas

" —

Chek weld of <t lorer plie to touk:

H I-‘L'. A”ml-lc. losd * &, "X 707)(& ,4“)( 3@5"‘) (. lz"lo.Q

977 (per plae)
Wl OL L, jpavant -

ot T8 dusker both in. not exactly equally spread aroumd
He ok bage, very by /re 2 qu‘ This Sfmcing
s [vdyed 4o be adegucte. '
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