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DISCLAIMER
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The calculations contained in this document were developed by Bechtel SAIC Company, LLC
(BSC) and are intended solely for the use ofBSC in its work for the Yucca Mountain Project.
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1. PURPOSE

060-SYC-CROO-00700-000-00C

The purpose of this calculation is to compute foundation impedance functions (Soil Springs
and Damping values) for 2,000 and 10,000 year return periods (Annual Exceedance
Frequency of 5E-4 and lE-4) seismic events (Ref. 2.2.1, section 4.2.11.2.1) for 100' and 200'
alluvium soil cases for use in a seismic analysis of the Canister Receipt and Closure Facility
(CRCF). The basis of design for the CRCF is defined in the 000-3DR-MGRO-00300-000
000, Basis ofDesign for the TAD Canister-Based Repository Design Concept (Ref. 2.2.2).

For the Tier-l seismic analysis of the CRCF, a lumped mass multiple stick model is utilized
to represent the structure. A lumped representation of the structure-foundation interaction at
the base of the structure will consist of soil springs computed in accordance with ASCE 4-98
(Ref. 2.2.3) section 3.3.4.2. Results of this calculation will provide Soil Springs and
Damping values for use in the seismic analysis for 100' and 200' alluvium soil cases.

Soil spring values computed in the body of this calculation are based on DTN's
M00706SCSPS5E4.002 and M00706SCSPSIE4.002 which have been superceded by
DTN's given in Refs. 2.2.9 and 2.2.10 respectively. An assessment of the impact of the
superceded data is provided in attachment B

2. REFERENCES

2.1 PROJECT PROCEDURES/DIRECTIVES

2.1.1 BSC 2007. Calculations and Analyses. EG-PRO-3DP-G04B-00037, Rev.Ol0, ICN : 0
Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20071018.0001.

2.1.2 BSC 2007. Software Management. IT-PRO-OOll Rev.007, ICN: O.
Las Vegas, Nevada, Bechtel SAIC Company. ACC: DOC.20070905.0007.

2.2 DESIGN INPUTS

2.2.1 BSC 2007. Project Design Criteria Document. 000-3DR-MGRO-00I00-000 Rev. 007.
Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20071016.0005.

2.2.2 BSC 2007. Basis ofDesign for the TAD Canister-Based Repository Design Concept.
000-3DR-MGRO-00300-000-00 1.
Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG 20071002.0042.

2.2.3 ASCE 4-98. 2000.
Seismic Analysis ofSafety-Related Nuclear Structures and Commentary.
Reston, Virginia: American Society of Civil Engineers.
TIC: 253158. [ISBN 0-7844-0433-X]
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2.2.4	 BSC 2006. Canister Receipt and Closure Facility (CRCF) Soil Springs. 
060-SYC-CR00-00300-000-00A. 
Las Vegas, Nevada: Bechtel SAIC Company.  ACC: ENG.20061129.001 

2.2.5	 Bowles, J.E. 1996. Foundation Analysis and Design. 5th Edition. 
New York, New York: McGraw-Hill. 
TIC: 247039 [ISBN 0-07-912247-7] 

2.2.6	 Young, W.C.  1989. Roark's Formulas for Stress and Strain. 6th Edition. 
New York, New York: McGraw-Hill. 
TIC:10191. [ISBN 0-072541-1] 

2.2.7	 Hadjian, A.H. and Ellison, B. 1985. "Equivalent Properties for Layered Media."  
Soil Dynamics and Earthquake Engineering, 4, (4), 203-209. 
[Southampton, England]: CML Publications.  
TIC: 255744. [ISSN 0267-7261] 

2.2.8	 Biggs, J.M. 1964. Introduction to Structural Dynamics. 
New York, New York: McGraw-Hill. 
TIC: 240633. [ISBN 07-005255-7] 

2.2.9	 DTN MO0801SCSPS5E4.003 Strain Compatible Soil Properties for the Surface 
Facilities Area at 5E-4 Annual Probability of Exceedance.
 Submittal date: 01/11/2008  [DIRS 184682] 

2.2.10 DTN MO0801SCSPS1E4.003 	Strain Compatible Soil Properties for the Surface 
Facilities Area at 1E-4 Annual Probability of Exceedance.
 Submittal date: 01/11/2008  [DIRS 184683] 

2.2.11 SNL (Sandia National Laboratories) 2007. Geotechnical Data For A Potentia	 l Waste 
Handling Building And For A Ground Motion Analyses For The Yucca Mountain Site 
Characterization Project. TDR-MGR-GE-000010 REV 00. Las Vegas, NV: Sandia 
National Laboratories. [DIRS 183779] 

2.2.12 BSC 2007. Nuclear Facilities Buildings Exile Hill Fault Splay Location Plan. 
100-S0K-MGR0-00101-000 Revision 00A. 
Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20071107.0001 

2.2.13 BSC 2007. Seismic Analysis and Design Approach Document. 
000-30R-MGR0-02000-000 Revision 001. 
Las Vegas, Nevada: Bechtel SAIC Company. ACC: ENG.20071220.0029 

 7	 February 2008 



CRCF Soil Springs - 2007 Strain Compatible Soil Properties

2.3 DESIGN CONSTRAINTS

None

2.4 DESIGN OUTPUTS

060-SYC-CROO-00700-000-00C

This Calculation will be used as input for calculation CRCF Seismic Analysis - 2007
Seismic Input Ground Motions, and CRCF Tier-l In-Structure Response Spectra.

3. ASSUMPTIONS

3.1 ASSUMPTIONS REQUIRING VERIFICATION

None

3.2 ASSUMPTIONS NOT REQUIRING VERIFICATION

None
4. METHODOLOGY

4.1 QUALITY ASSURANCE

This calculation was prepared in accordance with EG-PRO-3DP-G04B-00037,
Calculations and Analyses (Ref. 2.1.1). Section 4.1.2 of the Basis ofDesign for the TAD
Canister-Based Repository Design Concept (Ref. 2.2.2) classifies the CRCF structure as
Important To Safety (ITS). Therefore, the approved version of this calculation is
designated as QA: QA.

4.2 USE OF SOFTWARE

Word 2003 & Excel 2003, which are part of the Microsoft Office 2003 Professional suite
of programs, were used in preparation of the calculation. Excel 2003 was used in section
6 to calculate Shear Modulus by inputting soil properties. Inputs for Excel are located in
section 4.3.1 and outputs are found in section 6. Microsoft Office 2003, as used in the
calculation is classified as Level 2 software usage as defined in IT-PRO-OOll, Software
Management (Ref. 2.1.2). Microsoft Office 2003 is also listed on the LEVEL 2 USAGE
Controlled Software Report (SW Tracking Number 610236-2003-00).

Mathcad 13 was utilized to perform the mathematical computations to calculate soil
springs and soil damping values. All Mathcad input values and equations are stated in the
calculation section 6. Inputs for Mathcad are located in section 6.1.1 and outputs are
found in section 6. Checking of the Mathcad template was done by using a hand
calculator to check the operations being performed by Mathcad.

8 February 2008
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Mathcad 2003, as used in the calculation is classified as Level 2 software usage as 
defined in IT-PRO-0011, Software Management (Ref. 2.1.2). Mathcad version 13 is listed 
on the LEVEL 2 USAGE Controlled Software Report (SW Tracking Number 611161-13-
00). 

The software was executed on a PC system running Microsoft Windows XP operating 
system.  

4.3      DESIGN APPROACH 

4.3.1    Soil Springs 

The soil impedance functions computed in section 6 and summarized in sections 7.1.1 
through 7.1.5 are based on data contained in DTN’s MO0706SCSPS5E4.002 and 
MO0706SCSPS1E4.002 which have been superceded by DTN’s MO0801SCSPS5E4.003 
(Ref. 2.2.9) and MO0801SCSPS1E4.003 (Ref. 2.2.10). The impact of the superceding 
data, given in Ref’s 2.2.9 and 2.2.10 on the computed impedance functions is assessed in 
Attachment B of this calculation. Results of this assessment are discussed in section 
7.1.6. 

The CRCF is a surface structure, which rests on a layered alluvial material with varying 
properties. The CRCF structures are located on the Northeast side (with respect to the 
true North) of the Exile Hill Fault Splay, see Attachment A. The alluvium depth varies 
from 100' to 200', see Fig. 6.2-4, Alluvium Thickness Contour Map of Midway Valley, 
Nevada, and Table 6.2.2, Borehole Locations and Alluvium Depth for Boreholes used in 
Figure 6.2-4, Ref. 2.2.11. Use soil properties for Northeast-100ft & 200ft data sets from 
DTN’s MO0706SCSPS5E4.002 and MO0706SCSPS1E4.002. (See discussion in above 
paragraph regarding the use of these DTN’s which have been superceded) 

For the purpose of dynamic analysis of the soil-structure interaction problem it will be 
necessary to define the foundation impedance functions. For use in the Tier-1 seismic 
analysis a set of frequency independent soils springs, damping coefficients and 
corresponding percent of critical damping will be computed in accordance with ASCE 4-
98 (Ref. 2.2.3) Section 3.3.4.2. 

Frequency independent soil springs and corresponding percent of critical damping values 
for a rectangular foundation are given in ASCE 4-98 (Ref. 2.2.3) Table 3.3-3. Soil 
springs are a function of the foundation plan dimensions B and L, the soil dynamic shear 
modulus and Poisson’s Ratio. Damping values are computed using ASCE 4-98 (Ref. 
2.2.3) Table 3.3-1. Computation of the dynamic shear modulus follows the procedure 
recommended in Hadjian, A.H. and Ellison, B., 1985 "Equivalent Properties for Layered 
Media." Soil Dynamics and Earthquake Engineering (Ref. 2.2.7) and is summarized 
below : 

9 February 2008 



   

   

   

   

CRCF Soil Springs – 2007 Strain Compatible Soil Properties   060-SYC-CR00-00700-000-00C 

The excel spreadsheets in Section 6.1.1 show that the shear wave velocity varies with 
depth under the surface facilities located on the Yucca Mountain Project North Portal 
pad. 

Since the dynamic shear modulus is a function of the shear wave velocity it also varies 
with depth. An equivalent shear modulus needs to be computed for use in determining the 
frequency independent soil springs. A method for evaluating the effect of layered soil 
properties is discussed in a paper by Hadjian, A.H. and Ellison, B., 1985 "Equivalent 
Properties for Layered Media.", Soil Dynamics and Earthquake Engineering (Ref. 2.2.7). 
The method derived in this paper is appropriate for computing soil springs in layered 
media for use in soil structure interaction problems. The method discussed in the paper is 
summarized below: 

Note: For ease of understanding Ref. 2.2.7 Equation 1(a) is redefined as follows: 

            The relative vertical layer displacements are given by: (Ref. 2.2.6, Page 76, eq. 3) 

Δ1 = (P * H1)/ (A1*E1) = (Nq1*H1)/ E1 (ft) 

Δ2 = (P * H2)/ (A2*E2) = (Nq2*H2)/ E2  (ft) 

Δn = (P * Hn)/ (An*En) = (Nqn*Hn)/ En (ft)
 

Where P = Dead Weight of Building (kip) Hn = Thickness of soil layer, n (ft) 


An= Effective area at layer, n (ft^2) En = Modulus of Elasticity for soil layer, n (ksf) 


Nqn = Boussinesq coefficient from Newmark’s influence diagrams (Ref. 2.2.5) 


(i =1…n) = Vertical displacement in layer i  (ft) 

Thus the total displacement is : Δ = (Nq1*H1)/ E1+(Nq2*H2)/ E2 +….(Nqn*Hn)/En  (Eq. 1) 

If the elastic modulus 'E' were uniform throughout the medium the total displacement 
would be calculated as: 

 Δ = (Nq1*H1)/ E+ (Nq2*H2)/ E  +…..(Nqn*Hn)/ E  (ft) 

or  (ft) 

Δi 

Δ = {(Nq1*H1) + (Nq2*H2)  +…..(Nqn*Hn)} / E (Eq. 2) 

            For the displacements to be equal the equivalent modulus of elasticity may be computed       

by equating Eq. 1 and Eq. 2, which yields: 


E = {(Nq1*H1)+(Nq2*H2)+ ....(Nqn*Hn)}/{(Nq1*H1)/ E1+(Nq2*H2)/ E2 +.....(Nqn*Hn)/ En} 
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Which may be rewritten as :

,
L(Nq, *H,)

E = ,H (ksf)
L(Nq,.H, IE,)
1=1

(Eq.3)

Once E has been determined an equivalent dynamic shear modulus can be computed as
G ~ E I 2*(1 + !J.) (ksf) where !J. is the average Poisson's Ratio for the soil at the 100' and
200' alluvium cases.

Process

1. Divide the soil media into layers and determine the representative shear wave velocity for
each layer. The soil has been divided into 45 layers for both the 100' and 200' alluvium
cases. The shear wave velocity for each layer was taken from references 2.2.9 and 2.2.10,
Northeast-100ft & 200ft data sets.

2. Compile a table of shear wave velocities and densities for each layer based on strain
compatible soil properties using data given in DTN's M00706SCSPS5E4.002 and
M00706SCSPSIE4.002 for the Northeast-100ft & 200ft data sets.

3. Compute dynamic shear modulus, G', for each layer based on the shear wave velocities
for each layer using Eq. 20-15 from Bowles Foundation Analysis and Design, 5th Edition
(Ref. 2.2.5).

4. Compute soil modulus E' for each layer based on Poisson's Ratio at each individual soil
layer (DTN's M00706SCSPS5E4.002 and M00706SCSPSIE4.002, Northeast-100ft &
200ft data sets), and the G' value for each soil layer computed in step 3.

5. Use the Newmark's influence coefficient (Nq) from 060-SYC-CROO-00300-000-00A,
Canister Receipt and Closure Facility (CRCF) Soil Springs (Ref. 2.2.4) Figure 3.

6. Compute an equivalent E for the entire depth to 495' using equation 3 previously shown.

7. Using the equivalent E from step 6 compute an equivalent shear modulus, G.

8. Compute soil spring values using ASCE 4-98 Section 3.3.4.2 (Ref. 2.2.3) and the
equivalent shear modulus values computed in step 7.

4.3.2 Soil Damping Values

Equivalent damping coefficients are calculated for six degrees of freedom from
Equations presented in Table 3.3-1 of ASCE 4-98 (Ref. 2.2.3). These equations utilize an
equivalent radius of circular basemat calculated per equations in Table 3.3-3 of ASCE
4-98 (Ref. 2.2.3).

The Critical Damping values are calculated for each degree of freedom from equation
1.13, from Biggs, 1M. 1964 Introduction to Structural Dynamics (Ref. 2.2.8). The mass

11 February 2008
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properties are from Ref. 2.2.4, Section 6.1.3.1. Soil stiffness values (Soil Springs)
computed in this calculation are used to calculate critical damping values. The ratio of
damping coefficient and critical damping is presented as a percent of critical damping for
soil damping.

Ref. 2.2.7, page 204 recommends limiting the translational damping coefficients to 75%
of the computed value. This 75% limit accounts for the fact that layering has an adverse
effect on radiation damping for the translational degrees of freedom. In addition to the
theoretical damping values, 75% of the theoretical damping values are also computed for
use in a direct integration time history analysis where damping coefficients are assigned
to the soil elements.

5. LIST OF ATTACHMENTS

Number of Pages

ATTACHMENT A - EXILE HILL FAULT SPLAY LOCATION PLAN

ATTACHMENT B - ASSESSMENT OF REVISED SOIL PROPERTIES.

6. BODY OF CALCULATION

6.1 SOIL SPRINGS AND DAMPING FOR 5E-4 AND 1E-4 SEISMIC EVENTS

6.1.1 Equivalent Dynamic Shear Modnlus

15

The following spreadsheets are utilized to determine the equivalent dynamic shear
modulus G for the lower bound, median and upper bound soil profiles for both the 100'
depth of alluvium and 200' depth of alluvium conditions for 5E-4 and IE-4 seismic
events based on the methodology discussed in Section 4.3.

The Newmark's influence coefficients for each soil layer were read from Figure 3 of the
Canister Receipt and Closure Facility (CRCF) Soil Springs (Ref. 2.2.4).
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CRCF Soil Springs - 2007 Strain Compatible Soil Properties

Summary of Equivalent Dynamic Shear Modulus

For values of equivalent dynamic shear modulus, see section 6.1.1.

060-SYC-CROO-00700-000-00C

SUMMARY OF EQUIVALENT DYNAMIC SHEAR MODULUS G. IKSFl FOR 5E-4 SEISMIC EVENT

100' Alluvium 200' Alluvium

Lower Bound Median UDDer Bound Lower Bound Median UDDer Bound
CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6

8255 KSF 15354 KSF 28124 KSF 7250 KSF 13744 KSF 25823 KSF
(Page 13) (Page 14) (Page 15) (Page 16) (Page 17) (Page 18)

SUMMARY OF EQUIVALENT DYNAMIC SHEAR MODULUS G. IKSFl FOR 1E-4 SEISMIC EVENT

100' Alluvium 200' Alluvium

Lower Bound Median Upper Bound Lower Bound Median Upper Bound
CASE 7 CASE 8 CASE 9 CASE 10 CASE 11 CASE 12

5675 KSF 10816 KSF 20359 KSF 4763 KSF 9329 KSF 18162 KSF
(Page 19) (Page 20) (Page 21) (Page 22) (Page 23) (Page 24)
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CRCF Soil Springs - 2007 Strain Compatible Soil Properties

6.1.2 SOIL SPRINGS FOR 5E-4 SEISMIC EVENT

060-SYC-CROO-00700-000-00C

The following calculations determine translational and rotational springs (Kx,Ky,Kz, K\jfx,K\jfY and K\jfz)
as per ASCE 4-98 (Ref. 2.2.3) section 3.3 methodology. These results are tabulated in sections 7.1.1
and 7.1.2.

Note: All variables used in the computation of the equivalent soil springs are defined in ASCE 4-98,
Section 3.3 ( Ref. 223)

6.1.2.1 Soil Properties

The soil springs will be calculated for Lower Bound, Median and Upper Bound cases
for 100' and 200' depth of alluvium for 5E-4 seismic event as follows.

Case : Lower Bound: 100' Depth of Alluvium: 5E-4 Seismic Event

Case 2: Median: 100' Depth of Alluvium: 5E-4 Seismic Event

Case 3: Upper Bound: 100' Depth of Alluvium : 5E-4 Seismic Event

Case 4: Lower Bound : 200' Depth of Alluvium : 5E-4 Seismic Event

Case 5: Median: 200' Depth of Alluvium: 5E-4 Seismic Event

Case 6: Upper Bound : 200' Depth of Alluvium: 5E-4 Seismic Event

Shear Modulus: See section 6.1.1.

r8255 1 Case

15354 Case 2

28124 Case 3
Gs1 :~ ks

7250 Case 4

l13744j Case 5

25823 Case 6

Poisson's Ratio:

[
0.3

0910.309

0.309

fL :~ lo.318,
0.318

0.318

See section 6.1.1

average Poisson's ratio for 100' and 200' alluvium depths
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CRCF Soil Springs - 2007 Strain Compatible Soil Properties

6.1.2.2 Horizontal X : Soil Springs

For Seismic loads in the x-direction (365' building dimension) :

060-SYC-CROO-00700-000-00C

ILx :~ 365.lj

lEx :~ 262.lj

Length of base mat in direction of seismic motion
(Ref 2.2.4, Section 6121)

Width of base mat perpendicular to direction of seismic motion
(Ref 2.2.4, Section 6121)

From ASCE 4-98 (Ref 223) Figure 3.3-3

for L.x / B.x = 1.4: l~xI :~ 09~

Kxl ~

[

6.349 x 10:1

1.181 x 10

7
2.163 x 10 kip

1-'-

5.614 x 106 It

71.064 x 10

72.000 x 10

Case

Case 2

Case 3

Case 4

Case 5

Case 6

6.1.2.3 Vertical Y : Soil Springs

h ~ 3651j (Ref 2.2.4, Section 6121)

Gsl
Kyl :~ --·~zl· IBTI-I" ,,~y~y

(8.128 x 10:1

11.512 x 10

(Ref 2.2.3 Table 33-3)

Case

Case 2

Kyl ~

72.769 x 10

67.232 x 10

71.371 x 10

l2.576 x 107j

kip
It

Case 3

Case 4

Case 5

Case 6
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CRCF Soil Springs - 2007 Strain Compatible Soil Properties

6.1.2.4 Horizontal Z: Soil Springs

For Seismic loads in the z-direction (262' for length) :

060-SYC-CROO-00700-000-00C

ILz :~ 262-[j

IBz :~ 365-[j

From Ref. 2.2.3 figure 3.3-3

Length of base mat in direction of seismic motion
(Ref. 2.2.4, Section 6121)

Width of base mat perpendicular to direction of seismic motion
(Ref. 2.2.4, Section 6121)

l~x2:~ 19
(Ref. 2.2.3 Table 33-3)

Case

Case 2

KzI ~

7
2.277 x 10 kip

6 ft
5.910 x 10

71.120x10

l2.105 x 10
7j

Case 3

Case 4

Case 5

Case 6

6.1.2.5 Rocking about X : Soil Springs

For Rocking about X use 336' x 262'. ILrx:~ 262-[j IBrx :~ 336-[j_ (Ref. 2.2.4, Section 6121)

(Ref. 2.2.3 figure 33-3)

(1.460 x 10111

I 2.716 x lOll

4.975 x lOll ft-kip
K\jIXI ~

1299 x lOll rad

2.463 x lOll

l4.628 x lOll j

(Ref. 2.2.3 Table 33-3)

Case

Case 2

Case 3

Case 4

Case 5

Case 6
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CRCF Soil Springs - 2007 Strain Compatible Soil Properties

6.1.2.6 Torsion: Soil Springs

060-SYC-CROO-00700-000-00C

ILt:~ 365.lj

~:~ [(BfLt).(B/ + L/)]·25
6·"

I~ ~ 178.9 Ij
316.GsI ·Rt

K'JIYI :~

3

r2.521 x 10111
4.688 x lOll

8.587 x lOll ft·kip
K'JIYI ~

2.214x1Oll rad

l4.196 x lOll j

7.885 x lOll

6.1.2.7 Rocking about Z : Soil Springs

For Rocking about Z use 370' x 262'.

(Ref 2.2.4, Section 6121)

(Ref 2.2.3, Table 33-3)

(Ref 2.2.3 Tables 3.3-3 and 33-1)

Case

Case 2

Case 3

Case 4

Case 5

Case 6

(Ref 2.2.4, Section 6121)

(Ref 2.2.3 figure 33-3)

(Ref 2.2.3 Table 33-3)

r2.400 x 10111
4.463 x lOll

8.175 x lOll
K\jfzl ~

2.135 x lOll

l

4.048 x 101lj

7.605 x lOll

ft·kip
rad

Case

Case 2

Case 3

Case 4

Case 5

Case 6
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CRCF Soil Sr<ir<;ls - 2007 Stra" Cotlll"tible Soil Pr~erties

6.1.3 SOL DAMPING FOR5E-4 SEISMIC EVENT

Legend:

G. = shear modulus offoundation medium (Calculated in section6.1 1)
R = Equr,.alent radius Ofcfcular base mat
1 = density offoundation medium
q = acceleration ofqravl¥
p = mass density of fo undation medium

060-SYC-CROO-0070o-00o-00C

I, (mt) = polar mass moment of inertia of structure and base mat
lox (mIVX) , lo,,(m'l") = total mass moment of inertia of structure and base mat about rocking axis at base

kxkIVl, kIVX, kl, ky, kt= equr,.alent spring constants (note k\=kIVY shown in sections7.1 1 and 7.1.2)
Cx, CIVX, Cl, Ct, CIVl,Cy = equr,.alent damping coefficients
Cc = crlical datlllinq value
~IV = co nstants that are fu nctions of the base mat dimensio nal ratio, LIB

Damping Cases :

The equr,.alent soil damp"q coefficient and critical dampinq vaues ";11 be calculated for Lower Bound,
Median and Upper Bound cases for 100' and 200' depth of alllNium for 5E-4 seismic event

See section 6.1.2.1 for definitions of cases 1 to 6

Units :

k"s (k), feet (ft), radians (rad), seconds (sec)

ResuKs :

Results are presented in tabularform f1 section 7.1.5

6.1.3.1 Equivalent Damping CoeffICients

Determine Eq ur,.alent Da tlll f1 g Coefficients pe rASCE 4-~ section 3.3, (Ref 2.2.3)
methodo logy for th e Caniste r Receipt an d Closure FaGiity

See section 6.1 .3.1 of Canister Reaipt and Closure Facility (CRCF) Soil Springs (Ref 2.2.4)
for mass and mass moment of inertia

HorilontalX

Horilontall

Torsion

Vertical Y

Rocking about X
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A) Horizontal X : Equiv Damping Co-eff: Seismic load in the X-direction (365' building dimension)

ILx ~ 3651j

~:~ rX~Lx

kip
y:~ 0.11232·-'-

ft3

ft
g~32.174-

2
sec

I~ ~ 174.51j

(Ref 229)

p:~ 1
g

See section 6.1.2.2.

(Ref 2.2.3, Table 33-3)

use lower bound value to get conservative
damping value

. 2
- 3 kIp· sec

P ~ 3A91 x 10

(Ref 2.2.3 Tables 3.3-3 and 33-1)

V5% of damped valueij

r3.112 x 10:1

4.244 x 10

)

Cxl :~ (0576'KXI'Rx.J P J
Gsl

r4.149 x 10:1
Case

Case 25.659 x 10

57.659 x 10 kip· sec Case 3
Cxl ~

5 ft
3.915 x 10 Case 4

5 Case 55.391 x 10

l7.389 x 10
5j Case 6

CxJ.(075) ~

55.744 x 10

5
2.936 x 10

54.043 x 10

l5.542 x 10
5j

kip·sec

ft

B) Vertical Y : Equiv Damping Co-eff : Seismic load in the V-direction

h ~ 3651j

~:~ ry~Ly

[7838 x 10:1
1.069 x 10

6
IA47 x 10 kip· sec

Cyl ~

ft57A43 x 10

6
1.025 x 10

6IA05 x 10

I~ ~ 174.51j

Case

Case 2

Case 3

Case 4

Case 5

Case 6

35

See section 6.1.2.3.

(Ref 2.2.3, Table 33-3)

(Ref 2.2.3 Tables 3.3-3 and 33-1)

V5% of damped valueij

[

5.879 x 10:1

8.017 x 10

6
1.085 x 10 kip' sec

CyJ.(0.75) ~

l::::::,J ft

1.053 x 10
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C) Horizontal Z: Equiv Damping Co-eff : Seismic load in the Z-direction (262' building dimension)

Rz~ 174.5fl R is same as Horizontal X.

Case

Case 2

CzI :~ [[0 576(KzI )]-Rz.J P ]
Gsl

1
4368

x 10:1
5.957 x 10

(Ref 2.2.3 Tables 3.3-3 and 33-1)

[5% of damped valueij

13276X 10:1

4.467 x 10

5 fl
4.121 x 10

CzI ~

58.062 x 10

55.674 x 10

l7.778 x 10
5j

kip· sec
5

Case 3 6.046 x 10 kip· sec
CzI·(075) ~

5 fl
Case 4 3.091 x 10

Case 5 54256 x 10

Case 6 l5.833 x 10
5j

D) Rocking about X: Equiv Damping Co-eff

I~ ~ 159.1 fj

r~~::10.048
B\jIX -

0.047

0.047

0.047

See section 6.1.2.5.

(Ref 2.2.3, Table 33-3)

(Ref 2.2.3, Table 33-1)

r4327 x 10:1
5.901 x 10

9
7.987 x 10 fl·hp·sec

C\jIXI ~
rad94.lllxl0

9
5.660 x 10

97.759 x 10

(Ref 2.2.3 Tables 3.3-3 and 33-1)

Case

Case 2

Case 3

Case 4

Case 5

Case 6
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E) Torsion: Equiv Damping Co-eff

I~ ~ 178.9 [j

r4100 x 10:1

5.591 x 10

See section 6.1.2.6.

(Ref 2.2.3 Tables 3.3-3 and 33-1)

Case

Case 2

97.567 x 10cn ~

9
3.842 x 10

Case 3

Case 4

Case 5

Ryz ~ 194 ft

95.290 x 10

l7.251 x 10
9

j Case 6

F) Rocking about Z: Equiv Damping Co-eff

ILrz ~ 370 [j Ir:::B-rz-~----=-26r:::2:-::[j

4 3
Brz·Lrz

See section 6.1.2.7.

(Ref 2.2.3, Table 33-3)

r~~~:10.028
B\jfz~

0.028

0.028

0.028

(Ref 2.2.3, Table 33-1)

)

( 03 RjC\jfzl :~ .K\jfzl .Ryz' -
I + B\jfz Gsl

r8.820 x
109

1
Case

1.203 x 10
10 Case 2

1.628 x 1010
[].kip·sec Case 3

C\jfzl ~
rad9

8378 x 10 Case 4

1.153 x 1010 Case 5

lU81 x 1010j Case 6

37

(Ref 2.2.3, Table 33-1)
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6.1.3.2 Critical Damping

Cel:~ 2,JK.m Eq. 1.13, Introduction to Structural Dynamics, Ref. 2.2.8

060-SYC-CROO-00700-000-00C

Units for Kx, Ky, and Kz is kiplft, for K\jfx, K\jfY and K\jfz is ft-k/rad, for mx, my, mz is kip-sec2/ft,
for m\jfx, m\jfz and mt is kip-ft-sec2 , for Ccx, Ccz, Ccy is kip-sec/ft and for CC\jfx, CC\jfz and
Cct is ft-k-sec/rad. All k values are taken from sections 6.1.2.2 to 6.1.2.7.

A) Horizontal X : Critical Damping

Cexl ~

r4.978 x 1051
5

6.790 x 10

5
9.189 x 10 kip.see

5 ft
4.681 x 10

l6.446 x 10:j

8.835 x 10

Case

Case 2

Case 3

Case 4

Case 5

Case 6

B) Vertical Y : Critical Damping

r5633 x 10:1

7.682 x 10

Case

Case 2

Ceyl ~

6
1.040 x 10 kip.see

5 ft
5.313 x 10

57.316 x 10

l1.003 x 10
6j

Case 3

Case 4

Case 5

Case 6

C) Horizontal Z : Critical Damping

r5108 x 10:1

6.966 x 10

Case

Case 2

Cezl ~

5
9.428 x 10 kip.see

5 ft
4.803 x 10

56.613 x 10

19.065 x lOS j

38

Case 3

Case 4

Case 5

Case 6
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D) Rocking about X : Critical Damping

r6.190 x 1091 Case

9 Case 2
8.442 x 10

1.143 x 10
10

[].kip·see
Case 3

Ce\jIXl :~ 2~K\jIXI.lox Ce\jIXl ~

9 rad
5.839 x 10 Case 4

l8040 x 10
9 j Case 5

1.102 x 10
10 Case 6

E) Torsion : Critical Damping

11.165 x
10101 Case

1.589 x 10
10 Case 2

2.151 x 1010
[].kip·see Case 3

Cet! :~ 2~K'VYI.\ Cet! ~

1.092 x 10
10 rad Case 4

1.504 x 1010 Case 5

l2.061 x 10
10j Case 6

F) Rocking about Z : Critical Damping

r9.967 x 1091 Case

1.359 x 10
10 Case 2

1.840 x 10
10

[].kip·see
Case 3

Ce\jfzl :~ 2~K\jfzl.loz Ce\jfzl ~

9 rad
9.402 x 10 Case 4

l1.295 x 10
10j Case 5

1.774 x 10
10 Case 6
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6.1.3.3 % of Critical Damping: Cc I Cci

Note: Equivalent Damping (Cc) and Critical Damping (Cci) are from sections 6.1.3.1 and 6.1.3.2
respectively.

A) Horizontal X : % of Critical Damping

1~:::1
Cxl 0.833

Ccxl 0.836

l

O.836j
0.836

Case 1

Case 2

Case 3

Case 4
Case 5

Case 6

1 83.3 % at 100' alluvium depth 1

183.6 % at 200' alluvium depth I

B) Vertical Y : % of Critical Damping

1
1392

1
Case

1392 Case 2

Cyl ~ 1392 Case 3
Ccyl IAOI Case 4

llAOI j
Case 5

IAOI Case 6

C) Horizontal Z : % of Critical Damping

1
0855

1
Case 1

0.855 Case 2

CzI 0.855 Case 3---
Cczl 0.858 Case 4

l 0.858 j
Case 5

0.858 Case 6

D) Rocking about X : % of Critical Damping

r06~1
Case 1

0.6~ Case 2

C\jIXI ~ 0.6~ Case 3

CC\jIXI 0.704 Case 4
0.704 Case 5

0.704 Case 6

40

1139.2 % at 100' alluvium depth 1

1140.1 % at 200' alluvium depth I

1 85.5 % at 100' alluvium depth I

185.8 % at 200' alluvium depth 1

169.9 % at 100' alluvium depth 1

170A % at 200' alluvium depth 1
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E) Torsion : % of Critical Damping

r03521 Case

0.352 Case 2 1 35.2 % at 100' alluvium depth 1

Ct! 0.352 Case 3
Cet! 0.352 Case 4l0352 j Case 5 135.2 % at 200' alluvium depth 1

0.352 Case 6

F) Rocking about Z : % of Critical Damping

r08851 Case

0.885 Case 2 1 88.5 % at 100' alluvium depth 1

C\jfz1 ~ 0.885 Case 3

Ce\jfz1 0.891 Case 4l0891 j Case 5 189.1 % at 200' alluvium depth 1

0.891 Case 6

The calculated damping values for 5E-4 seismic event for all cases within each 100' & 200'
alluvium depth are the same. Therefore, damping values are independent of the Shear
Modulus and Shear Wave Velocities for the soil. The minimum % of critical damping values
for the 5E-4 seismic event is tabulated in section 7.1.5.
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6.1.4 SOIL SPRINGS FOR 1E-4 SEISMIC EVENT

060-SYC-CROO-00700-000-00C

The following calculations determine translational and rotational springs (Kx,Ky,Kz, K\jfx,K\jfY and K\jfz)
per ASCE 4-98 (Ref. 2.2.3) section 3.3 methodology. These results are tabulated in sections 7.1.3 and
7.1.4.

Note: All variables used in the computation of the equivalent soil springs are defined in ASCE 4-98,
Section 3.3 ( Ref. 223)

6.1.4.1 Soil Properties

The soil springs will be calculated for Lower Bound, Median and Upper Bound cases
for 100' and 200' depth of alluvium for 1E-4 seismic event as follows.

Case 7 : Lower Bound: 100' Depth of Alluvium: 1E-4 Seismic Event

Case 8 : Median: 100 Depth of Alluvium: 1E-4 Seismic Event

Case 9 : Upper Bound: 100' Depth of Alluvium: 1E-4 Seismic Event

Case 10: Lower Bound: 200' Depth of Alluvium: 1E-4 Seismic Event

Case 11 : Median: 200' Depth of Alluvium: 1E-4 Seismic Event

Case 12: Upper Bound: 200' Depth of Alluvium: 1E-4 Seismic Event

Shear Modulus:

r5675 110816

20359
Gs2 :~ ks

4763

19329 j
18162

Poisson's Ratio:

( 0.323

1I 0.323
0.323

fL:~ 0.339

l°.339j
0.339

See section 6.1.1.

Case 7

Case 8

Case 9

Case 10
Case 11

Case 12

See section 6.1.1.

average Poisson's ratio for 100' and 200' alluvium depths
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6.1.4.2 Horizontal X : Soil Springs

For Seismic loads in the x-direction (365' building dimension) :

060-SYC-CROO-00700-000-00C

ILx ~ 3651j

lEx ~ 2621j

Length of base mat in direction of seismic motion
(Ref 2.2.4, Section 6121)

Width of base mat perpendicular to direction of seismic motion
(Ref 2.2.4, Section 6121)

From ASCE 4-98 (Ref 223) figure 3.3-3

for L.x / B.x = 1.4: l~xI ~ 0.95 I I~zl ~ 2.20 I

Kx2 ~

[

4.411 x 10:1

8.408 x 10

7
1.583 x 10 kip

1-'-

3.747 x 106 It

67.339 x 10

71.429 x 10

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12

6.1.4.3 Vertical Y : Soil Springs

h ~ 3651j

Gs2
Ky2:~ --.~zl.1BTI-I" ,,~y~y

r5703 x 10:1

1.087 x 10

72.046 x 10 kip
Ky2 ~

6 It4.902 x 10

69.602 x 10

l1.869 x 107j

(Ref 2.2.3 Table 33-3)

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12

43

(Ref 2.2.4, Section 6121)
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6.1.4.4 Horizontal Z: Soil Springs

For Seismic loads in the z-direction (262' for length) :

060-SYC-CROO-00700-000-00C

ILz ~ 262 ft I

IEz ~ 365 ft I

From Ref. 2.2.3 figure 3.3-3

Length of base mat in direction of seismic motion
(Ref. 2.2.4, Section 6121)

Width of base mat perpendicular to direction of seismic motion
(Ref. 2.2.4, Section 6121)

l~x2 ~ 1.00 I

(Ref. 2.2.3 Table 33-3)

Case 7

Case 8

Kz2 ~

71.666 x 10 kip

6 ft3.944 x 10

67.726 x 10

l1.504X 10
7

j

Case 9

Case 10

Case 11

Case 12

6.1.4.5 Rocking about X : Soil Springs

For Rocking about X use 336' x 262'. ILrx ~ 262 ft I (Ref. 2.2.4, Section 6121)

I~\jfl ~ 0.53 I (Ref. 2.2.3 figure 33-3)

(1.025 x 10111

I 1.953 x lOll

3.676 x lOll ft.kip
K\jIX2 ~

8.808 x 1010 rad

1.725 x lOll

l3.359 x lollj

(Ref. 2.2.3 Table 33-3)

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12
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6.1.4.6 Torsion: Soil Springs

060-SYC-CROO-00700-000-00C

ILt ~ 365 ft I

~2:~ [(EfLt).(E/ + L/)]·25
6·"

1~2 ~ 178.9 Ij
316.Gs2·Rt2

K'JIY2 :~

3

11.733 x 10111
3.302 x lOll

6.216x1011
ft·kip

K'JIY2 ~

1.454 x lOll rad

l2.848 x lOll j

5.545 x lOll

6.1.4.7 Rocking about Z : Soil Springs

For Rocking about Z use 370' x 262'.

lEt ~ 262 ft I (Ref 2.2.4, Section 6121)

(Ref 2.2.3, Table 33-3)

(Ref 2.2.3 Tables 3.3-3 and 33-1)

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12

(Ref 2.2.4, Section 6121)

(Ref 2.2.3 figure 33-3)

(Ref 2.2.3 Table 33-3)

11.684 x 10111
3.209 x lOll

6.040 x lOll
K\jfz2 ~

1.447 x lOll

l

2.835x 101lj

5.519 x lOll

ft·kip
rad

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12
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6.1.5 SOL DAMPING FOR 1E-4 SEISMIC EVENT

Legend:

G. = shear modulus offoundation medium (Calculated in section6.1 1.)
R = Equr,.alent radius Ofcfcular base mat
1 = density offoundation medium
q = acceleration ofqravl¥
p = mass density of fa undation medium

060-SYC-CROO-0070o-00o-00C

I, (mt) = polar mass moment of inertia of structure and base mat
lox (mIVX) , lo,,(m'l") = total mass moment of inertia of structure and base mat about rocking axis at base

kxkIVl, kIVX, kl, ky, kt = equr,.alent spring constants (note k\=kIVY shown in sections 7 .1.3 and 7.1.4)
Cx, CIVX, Cl, Ct, CIVl,Cy = equr,.alent damping coefficients
Cc = crlical datlllinq value
~IV = co nstants that are fu nctions of the base mat dimensio nal ratio, LIB

Damping Cases :

The equr,.alent soil damp"q coefficient and critical dampinq vaues ";11 be calculated for Lower Bound,
Median and Upper Bound cases for 100' and 200' depth of alllNium for 1E-4 seismic event

See section 6.1.4.1 for definitions ofcases7 to 12

Units :

k"s (k), feet (ft), radians (rad), seconds (sec)

ResuKs :

Results are presented in tabularform f1 section 7.1.5

6.1.5.1 Equivalent Damping CoeffICients

Determine Eq ur,.alent Da tlll f1 g Coefficients pe rASCE 4-~ section 3.3, (Ref 2.2.3)
methodo logy for th e Caniste r Receipt an d Closure FaGiity

See section 6.1 .3.1 of Canister Reaipt and Closure Facility (CRCF) Soil Springs (Ref 2.2.4)
for mass and mass moment of inertia

kip·,,,
,

mx ·9759

"
kip·,,,

,
m,. 9759

",

HorilontalX

Horilontall

Torsion

Vertical Y

Rocking about X
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A) Horizontal X : Equiv Damping Co-eff : Seismic load in the X-direction (365' building dimension)

I~ ~ 174.51j

k . 2
-3 Ip·sec

p ~ 3.491 x 10

See section 6.1.3.1.

See section 6.1.3.1.

(Ref 2.2.3 Tables 3.3-3 and 33-1)

[5% of damped valueij

1
3

.477 x 10:1
Case 7

12608X 1~51
Case 84.800 x 10 3.6 x 10

5 56.586 x 10 kip· sec Case 9 4.939 x 10 kip· sec
Cx2 ~ Cx2·(075) ~

5 It 5 It
3.224 x 10 Case 10 2.418 x 10

5 Case 11 54.512 x 10 3.384 x 10

l6.296xI0
5

j Case 12 l4.722 x 10
5

j

B) Vertical Y : Equiv Damping Co-eff Seismic load in the V-direction

I~ ~ 174.51j

16633X 10:1

9.158 x 10

61.256 x 10 kip· sec
Cy2 ~

It5
6.224 x 10

58.711 x 10

l1.215X 106j

See section 6.1.3.1.

(Ref 2.2.3 Tables 3.3-3 and 33-1)

["'5"'%~0'-'fC-:dT:a""mC-:p""e-"d""v""a"'lu""eij

Case 7 r4.975 x 1051

5Case 8 6.868 x 10

5
Case 9 9.423 x 10 kip· sec

Cy2·(0.75) ~
5 It

Case 10 4.668 x 10

Case 11
l6533 x 10:j

Case 12 9.115xl0
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C) Horizontal Z: Equiv Damping Co-eff : Seismic load in the Z-direction (262' building dimension)

Rz~ 174.5ft See section 6.1.3.1.

Cz2:~ [[0 576(KZ2)lRz.J p ]
Gs2

r3660 x 10:1

5.053 x 10

5 ft
3.394 x 10

Cz2 ~

56.932 x 10

54.749 x 10

l6.627 x 10
5

j

kip· sec

(Ref 2.2.3 Tables 3.3-3 and 33-1)

[5% of damped valueij

Case 7 r2745 x 1~51
Case 8 3.79 x 10

5
Case 9 5.199 x 10 kip· sec

Cz2·(075) ~

5 ft
Case 10 2.545 x 10

Case 11 53.562 x 10

Case 12 l4.97 x 10
5

j

D) Rocking about X : Equiv Damping Co-eff

I~ ~ 159.1 [j See section 6.1.3.1.

(0048

1
I 0.048

0.048
B\jIX -

0.047

l

O.047j
0.047

See section 6.1.3.1.

r3.662 x 1091 Case 7

9 Case 8
5.055 x 10

9 Case 96.936 x 10 [].kip·sec
C\jIX2 ~

9 rad
3.438 x 10 Case 10

l4812X 10:j
Case 11

Case 12
6.713 x 10
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E) Torsion : Equiv Damping Co-eff

060-SYC-CROO-00700-000-00C

I~ ~ 178.9 [j

r3399 x 10:1

4.693 x 10

See section 6.1.2.6.

(Ref 2.2.3 Tables 3.3-3 and 33-1)

Case 7

Case 8

96A39 x 10
Ct2 ~

9
3.114x 10

9
4358 x 10

l6.081 x 10
9j

Case 9

Case 10

Case 11

Case 12

F) Rocking about Z : Equiv Damping Co-eff

( 0. 0281
I 0.028 I

0.028
B\jfz~

l~~~: j

r7A64 x 1091
1.030 x 10

10

IAI4xl0
1O

9
7.006 x 10

1
9.805 x 10

9 j
1.368 x 10

10

See section 6.1.3.1.

(Ref 2.2.3, Table 33-1)

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12
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6.1.5.2 Critical Damping

060-SYC-CROO-00700-000-00C

Cc2:~ 2,JK.m Eq. 1.13, Introduction to Structural Dynamics, Ref. 2.2.8

Units for Kx, Ky, and Kz is kiplft, for K\jfx, K\jfY and K\jfz is ft-k/rad, for mx, my, mz is kip-sec2/ft,
for m\jfx, m\jfz and mt is kip-ft-sec2 , for Ccx, Ccz, Ccy is kip-sec/ft and for CC\jfx, CC\jfz and
Cct is ft-k-sec/rad. All k values are taken from sections 6.1.4.2 to 6.1.4.7.

A) Horizontal X : Critical Damping

Ccx2 ~

14.150 x 1051
55.729 x 10

5
7.860 x 10 kip.sec

5 ft3.825 x 10

l5.353 x 10:j

7.468 x 10

Case 7

Case 8

Case 9

Case 10

Case 11

Case 12

B) Vertical Y : Critical Damping

Case 7

Case 8

Ccy2 ~

58.937 x 10 kip.sec

5 ft4.375 x 10

56.122 x 10

l8.542 x lOS j

Case 9

Case 10

Case 11

Case 12

C) Horizontal Z : Critical Damping

r4258 x 10:1

5.878 x 10

Case 7

Case 8

Ccz2 ~

58.064 x 10 kip.sec

5 ft3.924 x 10

55.492 x 10

l7.662 x lOS j

50

Case 9

Case 10

Case 11

Case 12
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D) Rocking about X : Critical Damping

r5.185 x 1091 Case 7

9 Case 8
7.159 x 10

9 Case 99.821 x 10 ft·kip·sec
CC\jIX2 :~ 2~K\jIX2.Iox CC\jIX2 ~

9 rad
4.808 x 10 Case 10

l6728XIO:j
Case 11

Case 129.388 x 10

E) Torsion : Critical Damping

r9.662 x
1091 Case 7

1.334 x 10
10 Case 8

1.830 x 1010
[].kip·sec Case 9

Cct2 :~ 2~K'VY2.\ Cct2 ~

9 rad Case 108.852 x 10

1.239 x 1010 Case 11

l1.729 x 10
10j Case 12

F) Rocking about Z : Critical Damping

r8.349 x 1091 Case 7

1.153 x 10
10 Case 8

1.581 x 10
10

[].kip·sec
Case 9

CC\jfz2 :~ 2~K\jfz2.Ioz CC\jfz2 ~

9 rad
7.741 x 10 Case 10

l1.083 x 10
10

j
Case 11

1.512 x 10
10 Case 12
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6.1.5.3 % of Critical Damping: Cc I Cci

060-SYC-CROO-00700-000-00C

Note: Equivalent Damping (Cc) and Critical Damping (Cci) are from sections 6.1.5.1 and 6.1.5.2
respectively.

A) Horizontal X : % of Critical Damping

1
0838

1
Case 7

0.838 Case 8 1 83.8 % at 100' alluvium depth 1
Cx2 0.838 Case 9---
Ccx2 0.843 Case 10

l 0.843 j Case 11 1 84.3 % at 200' alluvium depth 1

0.843 Case 12

B) Vertical Y : % of Critical Damping

1
1406

1
Case 7

1406 Case 8

Cy2 ~ 1406 Case 9
Ccy2 1423 Case 10

l1423 j Case 11

1423 Case 12

C) Horizontal Z : % of Critical Damping

1
0860

1
Case 7

0.860 Case 8

Cz2 0.860 Case 9---
Ccz2 0.865 Case 10

l 0.865 j Case 11

0.865 Case 12

1 140.6 % at 100' alluvium depth 1

1142.3 % at 200' alluvium depth 1

1 86.0 % at 100' alluvium depth 1

1 86.5 % at 200' alluvium depth 1

D) Rocking about X : % of Critical Damping

r
0706

1
Case 7

0.706 Case 8

C\jIX2 ~ 0.706 Case 9
CC\jIX2 0.715 Case 10

0.715 Case 11

0.715 Case 12

52

170.6 % at 100' alluvium depth 1

171.5 % at 200' alluvium depth 1
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E) Torsion : % of Critical Damping

r03521 Case 7

0.352 Case 8 1 35.2 % at 100' alluvium depth 1

Ct2 0.352 Case 9
Cct2 0.352 Case 10l0352 j Case 11 135.2 % at 200' alluvium depth 1

0.352 Case 12

F) Rocking about Z : % of Critical Damping

r08941 Case 7

0.894 Case 8 1 89.4 % at 100' alluvium depth 1

C\jfz2 ~ 0.894 Case 9

CC\jfz2 0.905 Case 10l0.905 j Case 11 1 90.5 % at 200' alluvium depth 1

0.905 Case 12

The calculated damping values for 1E-4 seismic event for all cases within each 100' & 200'
alluvium depth are the same. Therefore, damping values are independent of the Shear Modulus
and Shear Wave Velocities for the soil. The minimum % of critical damping values for the 1E-4
event is tabulated in section 7.1.5.
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7. RESULTS AND CONCLUSIONS

7.1 RESULTS

Tables in this section present lower bound, median and upper bound soil springs for 100'
and 200' of alluvium and damping suitable for use in a lumped mass stick model seismic
analysis of the CRCF.

7.1.1 Soil Springs for 100' Alluvium: SEA Event

Table 7.1.1 Soil Springs 100' Alluvium: SEA Event

Values are taken from Sections 6.1.2.2 to 6.1.2.7.

Soil Spring Lower Bound Median Upper Bound

KX - Horizontal
Spring in x (365') 6.35 X 106 11.81 X 106 21.63 X 106

direction of kips/ft kips/ft kips/ft
foundation

KY - Vertical 8.13 X 106 15.12 X 106 27.69 X 106

Spring kips/ft kips/ft kips/ft

KZ - Horizontal
Spring in z (262') 6.68 X 106 12.43 X 106 22.77 X 106

direction of kips/ft kips/ft kips/ft
foundation

K'¥X -Rocking
14.60 X 1010 27.16 X 1010 49.75 X 1010Spring about x

(365') axis of ft-kips/rad ft-kips/rad ft-kips/rad
foundation

K'¥Y - Torsional 25.21 X 1010 46.88 X 1010 85.87 X 1010

Spring ft-kips/rad ft-kips/rad ft-kips/rad

K'¥Z - Rocking
24.00 X 1010 44.63 X 1010 81.75 X 1010Spring about z

(262') axis of ft-kips/rad ft-kips/rad ft-kips/rad
foundation
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7.1.2 	 Soil Springs for 200' Alluvium : 5E-4 Event 

Table 7.1.2   Soil Springs 200'  Alluvium : 5E-4 Event 

Values are taken from Sections 6.1.2.2 to 6.1.2.7. 

Soil Spring Lower Bound Median Upper Bound 

KX – Horizontal 
Spring in x (365’) 5.61 X 106 10.64 X 106 20.00 X 106 

direction of kips/ft kips/ft kips/ft 
foundation 

KY – Vertical 7.23 X 106 13.71 X 106 25.76 X 106 

Spring kips/ft kips/ft kips/ft 

KZ – Horizontal 
Spring in z (262’) 5.91 X 106 11.20 X 106 21.05 X 106 

direction of kips/ft kips/ft kips/ft 
foundation 

KΨX –Rocking 
Spring about x 
(365’) axis of 

foundation 

12.99 X 1010 

ft-kips/rad 
24.63 X 1010 

ft-kips/rad 
46.28 X 1010 

ft-kips/rad 

KΨY – Torsional 22.14 X 1010 41.96 X 1010 78.85 X 1010 

Spring ft-kips/rad ft-kips/rad ft-kips/rad 

KΨZ – Rocking      
Spring about z 
(262’) axis of 

foundation 

21.35 X 1010 

ft-kips/rad 
40.48 X 1010 

ft-kips/rad 
76.05 X 1010 

ft-kips/rad 

CRCF Soil Springs – 2007 Strain Compatible Soil Properties   060-SYC-CR00-00700-000-00C 
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7.1.3 	 Soil Springs for 100' Alluvium : 1E-4 Event 

Table 7.1.3   Soil Springs 100'  Alluvium : 1E-4 Event 

Values are taken from Sections 6.1.4.2 to 6.1.4.7. 

Soil Spring Lower Bound Median Upper Bound 

KX – Horizontal 
Spring in x (365’) 4.41 X 106 8.41 X 106 15.83 X 106 

direction of kips/ft kips/ft kips/ft 
foundation 

KY – Vertical 5.70 X 106 10.87 X 106 20.46 X 106 

Spring kips/ft kips/ft kips/ft 

KZ – Horizontal 
Spring in z (262’) 4.64 X 106 8.85 X 106 16.66 X 106 

direction of kips/ft kips/ft kips/ft 
foundation 

KΨX –Rocking 
Spring about x 
(365’) axis of 

foundation 

10.25 X 1010 

ft-kips/rad 
19.53 X 1010 

ft-kips/rad 
36.76 X 1010 

ft-kips/rad 

KΨY – Torsional 17.33 X 1010 33.02 X 1010 62.16 X 1010 

Spring ft-kips/rad ft-kips/rad ft-kips/rad 

KΨZ – Rocking      
Spring about z 
(262’) axis of 

foundation 

16.84 X 1010 

ft-kips/rad 
32.09 X 1010 

ft-kips/rad 
60.40 X 1010 

ft-kips/rad 
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7.1.4 	 Soil Springs for 200' Alluvium : 1E-4 Event 

Table 7.1.4   Soil Springs 200'  Alluvium : 1E-4 Event 

Values are taken from Sections 6.1.4.2 to 6.1.4.7. 

Soil Spring Lower Bound Median Upper Bound 

KX – Horizontal 
Spring in x (365’) 3.75 X 106 7.34 X 106 14.29 X 106 

direction of kips/ft kips/ft kips/ft 
foundation 

KY – Vertical 4.90 X 106 9.60 X 106 18.69 X 106 

Spring kips/ft kips/ft kips/ft 

KZ – Horizontal 
Spring in z (262’) 3.94 X 106 7.73 X 106 15.04 X 106 

direction of kips/ft kips/ft kips/ft 
foundation 

KΨX –Rocking 
Spring about x 
(365’) axis of 

foundation 

8.81 X 1010 

ft-kips/rad 
17.25 X 1010 

ft-kips/rad 
33.59 X 1010 

ft-kips/rad 

KΨY – Torsional 14.54 X 1010 28.48 X 1010 55.45 X 1010 

Spring ft-kips/rad ft-kips/rad ft-kips/rad 

KΨZ – Rocking      
Spring about z 
(262’) axis of 

foundation 

14.47 X 1010 

ft-kips/rad 
28.35 X 1010 

ft-kips/rad 
55.19 X 1010 

ft-kips/rad 
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7.1.5 Summary of Damping Values

060-SYC-CROO-00700-000-00C

As seen in Sections 6.1.3.3 and 6.1.5.3 of this calculation the percent of critical damping is
independent of the shear wave velocity. Thus for the Tier -I seismic analysis of the CRCF the %
of critical damping to be used in the analysis is summarized below for 5E-4 and IE-4 events.

Table 7.1.5 Summary of Damping Values

Minimum values are taken from Sections 6.1.3.3 and 6.1.5.3.

Degree of Freedom Minimum % of Critical
Damping

Horizontal Translation-X 83.3 %

Vertical Translation-Y 139.2 %
Horizontal Translation- Z 85.5 %

Rocking about- X 69.9%

Torsion 35.2 %
Rocking about-Z 88.5 %

The above frequency independent percent of critical damping coefficients for the six degrees
of freedom are approximated soil-structure interaction damping values for the layered soil
conditions at the CRCF site location. Ref. 2.2.7, page 204 recommends a blanket reduction
factor for translational damping values of 75%. ASCE 4-98 (Ref. 2.2.3), Section 3.1.5.4
requires a maximum damping value of 20% for soil structure interaction mode shapes. For a
Tier-I structural analysis the percent of critical damping to be used in the seismic analysis
should be limited to 75% of the computed values or a maximum of 20% for Soil Structure
Interaction mode shapes. Future detail design will be based on a detailed Soil Structure
Interaction (SSI) analysis that will account for the frequency dependent damping values of
the layered soils beneath the CRCF.

7.1.6 Revised Strain Compatible Soil Properties

From ATTACHMENT B page B-15, the max. percentage change of Shear Modulus "Goo is
2.1 %. The Equivalent Damping Coefficient is a linear function of the square root of "Goo
(Ref. 2.2.3, Table 3.3.1 & 3.3.3) and the impact to the Critical Damping due to this change is
insignificant. Therefore this revised soil properties have no impact to this calculation.

7.2 CONCLUSIONS

The above computed results for soil springs and damping are reasonable compared to the
inputs and are suitable for use in a Tier-I seismic analysis of the CRCF.

As the design matures soil structure interaction effects will be included in the analysis by
modeling the soil properties in SASSI (System for Analysis of Soil Structure Interaction).
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ATTACHMENT B: ASSESSMENT OF REVISED SOIL PROPERTIES

The purpose of this attachment is to assess the impact on the computed foundation impedances
for the revised strain compatible soil properties given in DTN's M00801SCSPS5E4.003 (Ref.
2.2.9) and M00801SCSPSIE4.003 (Ref. 2.2.10). Soil spring values computed in the body of
this calculation and used in subsequent seismic analysis calculations of the CRCF were based on
DTN's M00706SCSPS5E4.002 and M00706SCSPSIE4.002 which have been superceded by
the above referenced DTN's.

To assess the impact of the new strain compatible soil properties on the foundation impedance
functions, the composite soil column shear modulus, G's, is recomputed using the data in
references 2.2.9 and 2.2.10. A comparison of the shear modulus for each of the soil cases
computed using both the current data and the superceded data is made.

Soil impedances calculated in section 6 of this calculation were computed using the impedance
functions given in Table 3.3-3 of ASCE 4-98 (Ref. 2.2.3). In reviewing the impedance functions
given, it is observed that both the translation and rotational spring stiffness are linear functions of
the soil shear modulus, G. Thus the computed spring values will be directly proportional to the
percentage increase or decrease in the computed soil shear modulus as determined in this
attachment. As stated in section 6 of the calculation, the soil damping values are independent of
the shear modulus and thus are not impacted by the revised soil properties.

The equivalent soil shear modulus computed in this attachment uses the same approach
described in section 4.3 and carried out in section 6 using the applicable strain compatible soil
properties given in Refs. 2.2.9 and 2.2.10. These shear modulus calculations are carried out in
excel spreadsheets on the following pages.

Revised shear modulus values for each of the soil cases (upper bound, median, lower bound) and
each of the alluvium depths (l00' and 200') for both the 5E-4 and lE-4 cases are summarized in
Tables B-1 and B-2.

Comparison of these revised shear modulus values to the values computed using the superceded
data are summarized in Tables B-3 and B-4.

B-1 February 2008
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CRCF Soil Springs - 2007 Strain Compatible Soil Properties

Summary of Equivalent Dynamic Shear Modulus

060-SYC-CROO-00700-000-00C

For values of equivalent dynamic shear modulus, see pages B-2 through B-13.

SUMMARY OF EQUIVALENT DYNAMIC SHEAR MODULUS G. (KSFI FOR 5E-4 SEISMIC EVENT

TABLE B-1
100' Alluvium 200' Alluvium

Lower Bound Median Upper Bound Lower Bound Median Upper Bound
CASE 1 CASE 2 CASE 3 CASE 4 CASE 5 CASE 6

8233 KSF 15333 KSF 28121 KSF 7212 KSF 13751 KSF 25996 KSF
(Page B-2) (Page B-3) (Page B-4) (Page B-5) (Page B-6) (Page B-7)

SUMMARY OF EQUIVALENT DYNAMIC SHEAR MODULUS G. (KSFI FOR 1E-4 SEISMIC EVENT

TABLE B-2
100' Alluvium 200' Alluvium

Lower Bound Median Upper Bound Lower Bound Median Upper Bound
CASE 7 CASE 8 CASE 9 CASE 10 CASE 11 CASE 12

5556 KSF 10599 KSF 19973 KSF 4746 KSF 9297 KSF 18102 KSF
(Page B-8) (Page B-9) (Page B-1 0) (Page B-11) (Page B-12) (Page B-13)

B-14 February 2008



CRCF Soil Springs - 2007 Strain Compatible Soil Properties 060-SYC-CROO-00700-000-00C

TABLE B-3 SHEAR MODULUS COMPARISION 5.00E-04
SHEAR MODULUS, G KSF)

NE 100' ALLUVIUM NE 200' ALLUVIUM
LOWER MEDIAM UPPER LOWER MEDIAM UPPER
BOUND BOUND BOUND BOUND

M00706SCSPS5E4.002 8255 15354 28124 7250 13744 25823

M00801 SCSPS5E4.003 8233 15333 28121 7212 13751 25996
(REF2291

% CHANGE -0.27 -0.14 -0.01 -0.52 0.05 0.67

TABLE B-4 SHEAR MODULUS COMPARISION 1.00E-04
SHEAR MODULUS, G KSF)

NE 100' ALLUVIUM NE 200' ALLUVIUM
LOWER MEDIAM UPPER LOWER MEDIAM UPPER
BOUND BOUND BOUND BOUND

M00706SCSPS5E4.002 5675 10816 20359 4763 9329 18162

M00801 SCSPS5E4.003 5556 10599 19973 4746 9297 18102
(REF229)

% CHANGE -2.10 -2.01 -1.90 -0.36 -0.34 -0.33

As seen in tables B-3 and B-4 the maximum % change in G and thus the corresponding % change
in spring stiffness values from the qualified data compared to the superceded data used in the soil

spring calculations is about 2% . The effect of this change in soil stiffness on the seismic analysis
results is even less since the fundamental frequency of a system is a function of stiffness (k) and
mass (m) given by: f = .Jk / m. Thus a 2% change in stiffness will result in a 1. 0% shift in
frequency. Given the broad band nature of the YMP input ground spectra (Ref 2.2.13), the effect
of this % change in frequency will have a negligible impact on the computed seismic analysis results.
The existing seismic analysis results based on the soil springs computed using the superceded data
contained in M00706SCSPSSE4.002 and M00706SCSPSIE4.002 are adequate for use in the
preliminary design of the Canister Receipt and Closure Facility.

B-15 February 2008




