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Impulsive pressure coefficient as a function of dimensionless wall height

ci{nl) =1- oono('q]) = conl(nl) = conz(ql) BNL 1995 Eqn. 4.7
0

15 0.79
1 0.79
2| 078
3 0.78
4 0.77
5 0.77
6 0.76
‘71 075
“8] 074
9 0.72
10] 071
_|11 0.69
e
13 0.64
14| 0.62
15| 0.59
16| 0.56
17| 0.52
18| 0.49
19| 0.44
20| 0.39
21| 034
22| 0.28
23| 021
24| 0.13

Calculate maximum values of dynamic wall pressures from spectral acceleration of dome input
TH.
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Consider the first three convective mode spectral accelerations for the 0.1% damped spectrum

SAgp = 0.066¢ S =255
sec
SAy=0.11g SAg =425 2
s=:2
8Ag:=0.17¢ SAg, = 65.69 i“z
sec

Associate the impulsive mode with the ZPA, since the tank is rigid.

PGA=0276g  PGA=106.65 12 ANSYS dome RS from Spectr

seC

PmexcomM1-8) = [J(eono(na-uw)%(ml(n,)-s.«c.f+(«nz(no-sacz)z]-(m-a-m-m)

Pwimwlsive(“l'e)::[ [“i(“1)'(PGA)]2]'(PI'R'°°5(°"’°5))

pea1) = | (6T + con) S+ o Sher) + (comfnShc)” o e )
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l’maximpulsive(“l'o) =T

: o
0l 6.46
1| 645

2] 643
3] 6.39
4| 635

‘5| 6.29
6| 6.2

7| 6.13
8| 603

9| 59

10| 579

11| 564

12 5.47

13| 529

14| 5.08

15| 4.85

16| 4.59
17| 43

18| 3.98

19| 3.63

200 3.23

21| 278

22| 228

23] 171

24| 1.06
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s Maximum impulsive dynamic pressures at

in2 theta = 0.

o R
0| 042
1] 042
.2 0.42
3 0.43
‘4 0.44
-5 0.46
6| 047
"7 0.49
‘8| 0.52
9| 0.54
‘10| 0.57
11| 0.61 Tbf
pmaxconv(“l'o) 12| 065 in2
13| 0.69
14| 0.74
151  0.79 Maximum convective dynamic
15f 0.85 pressures at theta = 0.
17] 0.91
18| 0.98
19] 1.05
20| 1.14
21 1.23
22| 1.33
23 1.44
24 1.56
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= ey
0] 647
1| 6.46
2| 6.44
3| 6.41
4| 6.36
5] 631
6| 6.24
7| 6.5
8| 6.06
9| 5.94
10| 5.82
11| 5.67
12| 5.51
13| 5.33
14| 5.13
1151 4.91
16| 4.67
17 44
18| 4.1
191 3.78
20| 3.42
21| 3.04
22| 2.64
23| 2.24
24| 1.89
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Maximum total dynamic
pressure at theta = 0.

Ibf
in2
Tl R
0| 4.57
1| 4.57
2| 455
3| 4.53
4 4.5
5| 4.46
6 4.41
-7 4.35
8| 4.28
.9 4.2
pmﬂ(n1,45)= 10 4111 Bf  Mayimum total dynamic pressure
11| 4.01] ;2  attheta = 45 degrees.
121 3.9
13| 3.77
14] 3.63
15| 3.47
16| 3.3
17| 3.1
18 2.9
19 2.67
1 20 2.42
21] 2.15
22| 1.87
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0
0 0
| 0
2 0
3 0 Maximum total dynamic
a 0 pressure at theta = 90 degrees.
5] 0
6 0
- Ibf
Poadm:90)=[7 ] 0] —
8 0 in
: 9 0
_10: 0
11 0
12 0
13 0
14 0
15 0

Calculate Maximum Slosh Height:

0.837)
conmax := | 0.073 |

Maximum value of convective coefficients at n=1
0.028 )

2 2 2
_ SAg ) SAc1 ) SAq )
Braxslosh = R° j [mmllo' : ) + [Conmaxl- E J + (conmasz )

Bryaxsiosh = 25-21in Maximum theoretical siosh height
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Calculate Maximum Total Hydrodynamic Force:

The maximum hydrodynamic force induced on the tank wall is given by Eqn. 4.31 of BNL 1995
with the instantaneous accelerations replaced by the maximum spectral accelerations. First
determine the effective impulsive and convective masses.

2 544,10t Brses ,.,,2 Total waste mass based on circular cylinder
Miapprox = R “Hy Py "lapprox = approximation.
4 Ibf.sec
m:=5.3510 - Actual waste mass reported by Dytran model.
in

ek

2
fiag- 2125 107 L2 First mode convective mass
in
m, = 2 m{ (H')] m, Second mode convective mass
‘[(A. \2 _ l] [Hli R
x)
2
mg; = Gsg.glotisec Ibf-sec
2 2 [A)
M2 B [ 2 ™ Third mode convective mass
A {x oAl
2 ( 2; R

2
mgy = 156.99 215

my = my — (g + me; +mey) Impulsive mass

2
m = 315107 Eee
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Finax = mjPGA + ch-SAw +mg)-SA ) +mo8A 5

Foax=3.94x m“i Ibf Conservative estimate of maximum hydrodynamic force

The above expression is a conservative estimate because it assumes that the peak impulsive

and convective forces occur simultaneously. A less conservative estimate can be made via a
square-root-sum-of-the-squares (SRSS) combination.

Fusy= | (3PN + (e S )+ (mey S8+ (mez S8 )

Fres = 3.4 106lhf SRSS estimate of peak hydrodynamic force

2 2 2
"mmax==J(mcu's"eo) +(mey SAgy)” + (meg5A)

Feonmax = 341 x 1006 Peak hydrodynamic force due to convective response - shows up in free
oscillations.

Reference:

BNL 1995, Seismic Design and Evaluation Guidelines for the Department of Energy High-Level
Waste Storage Tanks and Appurtenances, BNL 52361, Rev. 10/95, Brookhaven National
Laboratory, Upton, New York.
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