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PURPOSE

The purpose of this calculation is to evaluate possible effects of pad flexibility on the seismic
analysis of the Skull Valley cask storage pads. This assessment is performed to address Paragraphs
D.1.b(i) and D.1.b(ii) of the State of Utah’s unified contention L/QQ.

METHOD

The influence of the pad flexibility on the impedance functions will be estimated using the
information provided in Reference 1.

REFERENCES

1. “Dynamic Response of Flexible Rectangular Foundations on an Elastic Half-Space™, M. Iguchi
and J.E. Luco, Earthquake Engineering and Structural Dynamics, Vol. 9, 1981.

2. Calculation 05996-G(P017)-2, “Storage Pad Analysis and Design.

ASSUMPTIONS

The paper used as a basis for this evaluation was based on a square foundation on an elastic half-
space of uniform properties. The Skull Valley pads are 67° long by 30’ wide (Reference 2), and are
founded on a layered subgrade. To account for this, following assumptions were made:

1. The size of the equivalent square was determined by using a square with the same area as the
rectangular pad.

2. Equivalent uniform soil properties (shear wave velocity, density and Poisson’s ratio) were
estimated from the best estimate soil properties, presented on sheet 8 of Reference 2, using the
top 50° of the soil profile. Values assumed for this evaluation are:

e Shear wave velocity 750 ft/sec.
e Density 100 Ib/f?
* Poisson’s Ratio 0.40 (to be consistent with the value in Ref. 1)

3. The case presented in Reference 1 without the rigid center (model a) was considered more
applicable to the real case.

CONCLUSION

The effects of pad flexibility on the impedance functions are not significant.
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Calculate the dimensionless parameter §:

&= (EC)(1a’ (1-v7))
Where:
E = Young’s modulus of the pad (450,000 ksf for 3000 psi concrete)
t = Thickness of pad (3 feet)
p = Shear modulus of soil = p V2 = (.100 ksf/ 32.17)(750 fps)* = 1749 ksf
v =040
a=(sqrt (67° x 30"))/4 =22.4’
Substituting, 5 = 0.735

Calculate applicable range of the dimensionless parameter A,

3,=QalV;
Where
Q = frequency of interest, in radians per second

For frequencies between 1 Hz and 5 Hz (6.3 and 31.4 radians per second), a, ranges from 0.19
to 0.94.

Evaluate effect on impedance functions

From figures 4 (vertical) and 5 (rocking) of Reference 1 for the case of model (a), it can be seen that
for values of a, less than 1.0 and values of 5 greater than 0.5 there is little difference in the
impedance functions from the completely rigid case. See Attachment A for a details.
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The effects of the flexibility of the foundation plate on the vertical and rocking impedance functions are
illustrated in Figures 4 and 5, respectively. The results shown in these figures were calculated by subdividing
the foundation plate and the contact region into 64 equal square subregions. A value of v = 04 was used for-
Poisson’s ratio in the soil The results presented for values of the relative stiffness 5 = 0-005, 0-05, 0-5 and o
(rigid plate) indicate that, at low frequencies, the dynamic stiffness cocfficients ( Ky, Ky for a flexible
foundation plate can be significantly lower than those for a rigid plate. At high frequencies, however, the
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Figure 4. Effects of flexibility of the foundations on the vertical impedance functions (v = 04, v =0)

dynamic stiffness cocfficients for flexible foundation plates can be higher than those for a rigid plate. For 1
Model(a), the effects of flexibility of the foundation on the vertical and rocking stiffness coefficients are similar. -
For Model (b), the effects on the rocking stiffness coefficients are more pronounced.

Perhaps the most significant effect shown in Figures 4 and 5 corresponds to the reduction of the damping :
coefficients (,Cy, ,C,) associated with fiexibility of the foundation. It is apparent that a flexible foundation -
plateis less efficient in radiating energy into the ground than a rigid foundation. For Model (a), the reduction of
the vertical damping coefficient is more pronounced than that of the rocking damping coefficient. For Model ;
(b), the reduction of the rocking damping coefficient is morc pronounced. )

L YO R

EQUIVALENT RIGID FOUNDATION

Since a considerable amount of information on the dynamic response of rigid foundations is available, it is of -
interest to explore the possibility of representing a flexible foundation by an equivalent rigid foundation. One ;;
possibility is to define the dimensions of the equivalent rigid foundation in such a way that the static stiffness

i
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Figure 5. Effects of flexibility of the foundations on the rocking impedance functions (v = 04, v, =0)

coefficients (real parts of the impedance function at a, = 0) coincide with those for the flexible foundation. As
an example, the lengths 24, of rigid square foundations having the same static vertical stiffness coefficients as
fiexible foundations corresponding to Model (b) with & = 0-5,0-05 and 0-005 are defined by ay/a = 0-798,0-641
and 0-551, respectively. The corresponding equivalent lengths 24,, obtained by equating the static rocking
stiffness coefficients are given by dy/a = 0-820, 0-646 and 0-552. For Model (b), values of the ratios a,/a and
d,,/a range from 1-0 for § = oo 10 0-5 for & = 0. It is interesting to notice that the equivalent length for rocking
excitation is slightly higher than that for vertical excitation.

The equivalent rigid foundation described above is based on the static response of the fiexible foundation. It
is, then, necessary to test the adequacy of the equivalent representation at different frequencies. I the flexible
foundation and its equivalent rigid representation give the same force-displacement relationships, the
following equations would be satisfied:

Cvlao) = (a/dy) CUdpv) (19)
Cu(ao) = (a/8)° Crddom) (20)
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