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RECORD OF REVISIONS 

REVISION 0 

Original Issue 

REVISION I 

Page count increased from 37 to 63.  

"* Revised seismic loadings to correspond to the PSHA 2,000-yr return period earthquake (p. 9-1) 

"* Added section on dynamic strength of soils (p. 9-3) 

"* Added section on seismic sliding resistance of the mat foundation (p. 9-5) 

"* Added section on evaluation of sliding on a deep slip surface (p. 9-8) 

"* Updated bearing capacity analysis using revised seismic loadings (p. 34-1) 

Added additional loading combination: static + 40% seismic uplift + 100% in x (N-S) direction + 

40% in z (E-W) direction 
"* Added additional references (p. 36-1) 

NOTE: 
SYBoakye prepared/DLAloysius reviewed pp. 9-8 through 9-12. Remaining pages prepared by 
DLAloysius and reviewed by SYBoakye.  

REVISION 2 

Major re-write of the calculation.  

1. Renumbered pages and figures to make the calculation easier to follow.  

2. Changed effective length of mat to 265 ft to make it consistent with Calculation 

05996.02-SC-4, Rev 1 (SWEC, 1999a).  

3. Added overturning analysis.  

4. Corrected calculation of moments for joints 3 and 6 in Table 2.6-11 and incorporated 
revised seismic loads in calculations of overturning stability and dynamic bearing 
capacity.  

5. Revised dynamic bearing capacity analyses to utilize only total strength parameters 

because these partially saturated soils will not have time to drain fully during the rapid 

cycling associated with the design basis ground motion. See Calculation 05996.02-G(B)
05-1 (SWEC, 1999b) for additional details.  

6. Updated references to current issues of drawings.
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7. Added references to foundation profiles through Canister Transfer Building area 

presented in SAR Figures 2.6-21 through 23.  

8. Deleted analyses of bearing capacity on layered profile, as adequate factors of safety are 

obtained conservatively assuming that the total strengths measured for the clayey soils 

in the upper -25' to 30' layer apply for the entire profile under the Canister Transfer 

Building and revised all of the detailed bearing capacity analyses.  

9. Changed "Load Combinations" to "Load Cases" and defined these cases to be consistent 

throughout the various stability analyses included herein. These are the same cases as 

are used in the stability analyses of the cask storage pads, Calculation 05996.02-G(B)

04-5 (SWEC, 2000).  

10.Added analysis of sliding on a deep plane at the top of silty sand/sandy silt layer, 

incorporating passive resistance acting on the block of clayey soil and the foundation 
mat overlying this interface.  

11. Revised Conclusions to reflect results of these changes.  

REVISION 3 

1. Added a 1-ft deep key around the perimeter of the Canister Transfer Building mat to 

permit use of the cohesive strength of the in situ silty clay/clayey silt in resisting sliding 

due to loads from the design basis ground motion.  

2. Revised shear strength used in the sliding stability analyses of the Canister Transfer 
Building mat supported on the in situ silty clay to be the strength measured in the 

direct shear tests performed on samples obtained from elevations approximately at the 

bottom of the 1-ft deep perimeter key. The shear strength used in this analysis equaled 
that measured for stresses corresponding to the vertical stresses at the bottom of the 

mat following completion of construction.  

3. Removed static and dynamic bearing capacity analyses based on total-stress strengths.  

4. The relative strength increase noted for the deeper lying soils in the cone penetration 

testing that was performed within the Canister Transfer Building footprint was used to 

determine a weighted average undrained strength of the soils in the entire upper layer 

for use in the bearing capacity analyses, since the soils within a depth equal to 

approximately the width of the foundation are effective in resisting bearing failures. This 

resulted in the average undrained strength for the bearing capacity analyses of the 

upper layer equal to 3.18 ksf.  

5. Removed dynamic analyses based on increasing strengths of the cohesive soils that were 

measured in static tests to reflect well known phenomenon that the strength of cohesive 

soils increases as the rate of loading decreases.  

6. Revised undrained shear strength of the clay block overlying the cohesionless layer to 

2.2 ksf, based on the UU tests that were performed at confining pressures of 1.3 ksf 

(reported in Attachment 2 of Appendix 2A of the SAR) in the analysis of sliding of the 

Canister Transfer Building on deep plane of cohesionless soils.



STONE & WEBSTER, INC.

5010.65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE 

05996.02 G(B) 13-5 N/A

7. Added shearing resistance available on the ends of the block of clay, since this soil must 

be sheared along these planes in order for the Canister Transfer Building to slide on a 

deep plane of cohesionless soils.  

8. Revised method of calculating the inclination factor in the bearing capacity analyses to 

that presented by Vesic in Chapter 3 of Winterkorn and Fang (1975). Vesic's method 

expands upon the theory developed by Hansen for plane strain analyses of footings with 

inclined loads. OVesic's method permits a more rigorous analysis of inclined loads 

acting in two directions on rectangular footings, which more closely represents the 

conditions applicable for the Canister Transfer Building.  

9. Replaced Tables 2, 2.6-9, and 2.6-10 with revised results for the changes in shear 

strength of the in situ soils noted above and deleted Table 3.  

REVISION 4 

1. Updated stability analyses to reflect revised design basis ground motions (aH = 0.71 lg & 

av = 0.695g, per Table 1 of Geomatrix, 2001).  

2. Resisting moment in overturning stability analysis calculated based on resultant of 

static and dynamic vertical forces.  

3. Updated dimensions of foundation mat to 240 ft (E-W) x 279.5 ft (N-S), and changed the 

depth of the perimeter key to 1.5 ft, in accordance with design change identified in 

Figure 4.7-1 (3 sheets), "Canister Transfer Building," of SAR Revision 21 (based on S&W 

Drawings 0599602-EC-404A-B & 404B-B).  

4. Added definition of "m" used in the inclination factors for calculating allowable bearing 
capacity.  

5. Updated references to supporting calculations.  

6. Updated discussions and conclusions to incorporate revised results.  

REVISION 5 

1. Shear strength of clayey soils beneath the building for resisting sliding was changed 
from 1.8 ksf to 1.7 ksf to reflect lower final effective stresses under the mat after 

changing size of mat to 240 ft x 279.5 ft.  

2. Added sliding analysis that includes both shear resistance along bottom of the plane of 

the clayey soils enclosed within the perimeter key at the base of the mat and the full 

passive resistance from the soil cement placed adjacent to the mat. Used residual 
strength measured in the direct shear tests that were performed on these clayey soils 

for this case.
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OBJECTIVE 

To determine the stability against overturning, sliding, and static and dynamic bearing 

capacity failure of the Canister Transfer Building supported on a mat foundation.  

ASSUMPTIONS/ DATA 

The footprint of the Canister Transfer Building foundation mat is shown on SAR Figure 
4.7-1, "Canister Transfer Building," and S&W Drawing 0599602-EC-404A-B & 404B-B, 

Canister Transfer Building - Conc Mat Foundation Plan, Sheets 1 & 2. The elevation view 
of the structure is shown on Sheets 2 & 3 of SAR Figure 4.7-1. The foundation mat is 240 
ft (E-W) x 279.5 ft (N-S) x 5 ft thick, with a 6.5-ft wide x 1.5-ft deep foundation key along 
the perimeter of the mat.  

Figure 1 presents a schematic view of the foundation and identifies the coordinate system 

used in these analyses. Figure 2 presents the stick model used in the structural analysis 
of the Canister Transfer Building.  

The various static and dynamic loads and load combinations used in these analyses were 
obtained from Calculation 05996.02-SC-5-2 (S&W, 2001). All loads are transferred to the 
bottom of the mat. Moments, when transferred to the bottom of the mat, result in 
eccentricity of the applied load with respect to the center of gravity of the mat. Lateral 
loads, when combined with the vertical load, result in inclination of the vertical load, 

which decreases the allowable bearing capacity.  

The generalized soil profile at the site is shown on Figure 3. The soil profile consists of -30 
ft of silty clay/clayey silt with sandy silt/silty sand layers (Layer 1), overlying -30 ft of very 

dense fine sand (Layer 2), overlying extremely dense silt (N >100 blows/ft, Layer 3). SAR 
Figures 2.6-21 through 23 present foundation profiles showing the relationship of the 
Canister Transfer Building with respect to the underlying soils. These profiles, located as 

shown in SAR Figure 2.6-18, provide more detailed stratigraphic information, especially 
within the upper -30-ft thick layer at the site.  

The bearing capacity analyses assume that Layer 1, which consists of silty clay/clayey silt 
with some sandy silt/silty sand, is of infinite thickness and has strength properties based 

on those measured for the clayey soils within the upper layer. These assumptions simplify 
the analyses and they are very conservative. The strength of the sandy silt/silty sand in 

the upper layer is greater than that of the clayey soils, based on the increases in Standard 
Penetration Test (SPT) blow counts (N-values) and the increased tip resistance (see SAR 

Figure 2.6-5, Sheet 1) in the cone penetration testing (ConeTec, 1999) measured for these 
soils. The underlying soils are even stronger, based on their SPT N-values, which 

generally exceed 100 blows/ft.
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GEOTECHNICAL PROPERTIES 

Based on laboratory test results presented in Table 3 of Calculation 05996.02-G(B)-5-2 

(SWEC, 2000a), y..ist = 80 pcf above the bottom of the mat and 90 pcf below the mat.  

Table 6 of Calc 05996.02-G(B)-05-2 (copy included in Attachment A) summarizes the 

results of the triaxial tests that were performed within depths of - 10 ft. The undrained 

shear strengths (su) measured in these tests are plotted vs confining pressure in Figure 6.  

This figure is annotated to indicate the vertical stresses existing prior to construction and 

following completion of construction.  

The undrained shear strengths measured in the triaxial tests are used for the dynamic 

bearing capacity analyses because the partially saturated, fine-grained soils will not drain 

completely during the rapid cycling of loadings associated with the design basis ground 

motion. As indicated in Figure 6, the undrained strength of the soils within - 10 ft of grade 

is assumed to be 2.2 ksf. This value is the lowest strength measured in the UU tests, 

which were performed at confining stresses of 1.3 ksf. This confining stress corresponds 

to the in situ vertical stress existing near the middle of the upper layer, prior to 

construction of these structures. It is much less than the final stresses that will exist 

under the cask storage pads and the Canister Transfer Building following completion of 

construction. Figure 6 illustrates that the undrained strength of these soils increase as 

the loadings of the structures are applied; therefore, 2.2 ksf is a very conservative value for 

use in the bearing capacity analyses of these structures.  

The bearing capacity of the structures are dependant primarily on the strength of the soils 

in the upper -25 to -30-ft layer at the site. All of the borings drilled at the site indicate 

that the soils underlying this upper layer are very dense fine sands overlying silts with 

standard penetration test blow counts that exceed 100 blows/ft. The results of the cone 

penetration testing, presented in ConeTec(1999) and plotted in SAR Figure 2.6-5, Sheets 1 

to 14, illustrate that the strength of the soils in the upper layer are much greater at depths 

below -~10 ft than in the range of -5 ft to ~-10 ft, where most of the triaxial test specimens 

were obtained.  

In determining the bearing capacity of the foundation, the average shear strength of the 

soils along the anticipated bearing capacity failure slip surface should be used. This slip 

surface is normally confined to the zone within a depth below the footing equal to the 

minimum width of the footing. For the Canister Transfer Building, the effective width of 

the footing is decreased because of the large eccentricity of the load on the mat due to the 

seismic loading. As indicated in Table 2.6-10, the minimum effective width of the Canister 

Transfer Building occurs for Load Case lilA, where B' = 119.5 ft. This is greater than the 

depth of the upper layer (-30 ft). Therefore, it is conservative to use the average strength 

of the soils in the upper layer in the bearing capacity analyses, since all of the soils in the 

upper layer will be effective in resisting failure along the anticipated bearing capacity slip 

surface.
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The undrained strength used in the bearing capacity analyses presented herein is a 

weighted average strength that is applicable for the soils in the upper layer. This value is 

determined using the value of undrained shear strength of 2.2 ksf noted above for the soils 

tested at depths of -10 ft and the relative strength increase measured for the soils below 

depths of -12 ft in the cone penetration tests that were performed within the Canister 

Transfer Building footprint. As indicated on SAR Figure 2.6-18, these included CPT-37 

and CPT-38. Similar increases in undrained strength for the deeper lying soils were also 

noted in all of the other CPTs performed in the pad emplacement area.  

Attachment B presents copies of the plots of Su vs depth for CPT-37 and CPT-38, which are 

included in Appendix D of ConeTec(1999). These plots are annotated to identify the 

average undrained strength of the cohesive soils measured with respect to depth. As 
shown by the plot of su for CPT-37, the weakest zone exists between depths of -5 ft and 
-12 ft. The results for CPT-38 are similar, but the bottom of the weakest zone is at a 

depth of - 11 ft. The underlying soils are all much stronger. The average value of s. of the 

cohesive soils for the depth range from -18 ft to -28 ft is -2.20 tsf, compared to Su -1.34 

tsf for the zone between -5 ft and -12 ft. Therefore, the undrained strength of the deeper 

soils in the upper layer was -64% (Asu = 100% x [(2.20 tsf- 1.34 tsf) / 1.34 tsf] higher than 

the strength measured for the soils within the depth range of -5 ft to -12 ft. The relative 
strength increase was even greater than this in CPT-38.  

Using 2.2 ksf, as measured in the UU triaxial tests performed on specimens obtained from 

depths of -10 ft, as the undrained strength applicable for the weakest soils (i.e., those in 
the depth range of -5 ft to -12 ft), the average strength for the soils in the entire upper 
layer is calculated as shown in Figure 4. The resulting average value, weighted as a 

function of the depth, is s. -3.18 ksf. This value would be much higher if the results from 
CPT-38 were used; therefore, this is considered to be a reasonable lower-bound value of 
the average strength applicable for the soils in the upper layer that underlie the Canister 
Transfer Building.  

Further evidence that this is a conservative value of s. for the soils in the upper layer is 

presented in Figure 6. This plot of su vs confining pressure illustrates that this value is 

slightly less than the average value of su measured in the CU triaxial tests that were 

performed on specimens obtained from depths of -10 ft at confining stresses of 2.1 ksf. As 

indicated in this figure, the confining stress of 2.1 ksf used to test these specimens is 

comparable to the vertical stress that will exist -7 ft [(2.1 ksf - 1.46 ksf) + 0.09 kcf] below 

the Canister Transfer Building mat following completion of construction. Since these tests 
were performed on specimens of the weakest soils underlying the Canister Transfer 

Building mat (the deeper lying soils are stronger based on the SPT and the cone 

penetration test data), it is conservative to use the weighted average value of su of 3.18 ksf 

for the soils in the entire upper layer of the profile in the bearing capacity analyses.  

Direct shear tests were performed on undisturbed specimens of the silty clay/clayey silt 

obtained from Borings CTB-6 and CTB-S, which were drilled in the locations shown in SAR 

Figure 2.6-18. These specimens were obtained from Elevation -4469, approximately the 

elevation of the bottom of the perimeter key proposed at the base of Canister Transfer
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Building mat. Note, this key is being constructed around the perimeter of the mat to 
ensure that the full shear strength of the clayey soils is available to resist sliding of the 
structure due to loads from the design basis ground motion. These direct shear tests were 
performed at normal stresses that ranged from 0.25 ksf to 3.0 ksf. This range of normal 
stresses bounds the ranges of stresses expected for static and dynamic loadings from the 
design basis ground motion.  

The results of these tests are presented in Attachments 7 and 8 of the Appendix 2A of the 
SAR and they are plotted in Figures 7 and 8. Because of the fine grained nature of these 
soils, they will not drain completely during the rapid cycling of loadings associated with 
the design basis ground motion. Therefore, sliding stability analyses included below of the 
Canister Transfer Building constructed directly on the silty clay are performed using the 
average shear strength measured in these direct shear tests for a normal stress equal to 
the vertical stress under the building following completion of construction, but prior to 
imposition of the dynamic loading due to the earthquake. As shown in Figures 7 and 8, 
this average shear strength is 1.7 ksf and the friction angle is set equal to 00.  

Effective-stress strength parameters are estimated to be 4 = 30' and c = 0 ksf, even though 
these soils may be somewhat cemented. This value of 4 is based on the PI values for these 
soils, which ranged between 5% and 23% (SWEC, 2000a), and the relationship between 
and PI presented in Figure 18.1 of Terzaghi & Peck (1967).  

Therefore, static bearing capacity analyses are performed using the following soil 
strengths: 

Case IA Static using undrained strength parameters: 4 = 00 & c = 3.18 ksf.  

Case IB Static using effective-stress strength parameters: 4 = 30' & c = 0.  

and dynamic bearing capacity analyses are performed using 4 = 00 & c = 3.18 ksf.  

Soil Cement Properties: 

The unit weight of the soil cement is assumed to be 100 pcf in the analyses included 
herein and the unconfined compressive strength is 250 psi.
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METHOD OF ANALYSIS 

Load cases analyzed consist of combinations of vertical static, vertical dynamic 

(compression and uplift, Y-direction), and horizontal dynamic (in X and Z-directions) loads.  

The following load combinations are analyzed: 

Case I Static 

Case II Static + dynamic horizontal forces due to the earthquake 

Case III Static + dynamic horizontal + vertical uplift forces due to the earthquake 

Case IV Static + dynamic horizontal + vertical compression forces due to the 
earthquake 

For Case II, 100% of the dynamic lateral forces in both X and Z directions are 
combined. For Cases III and IV, 100% of the dynamic loading in one direction is 
assumed to act at the same time that 40% of the dynamic loading acts in the other two 
directions. For these cases, the suffix "A" is used to designate 40% in the X direction 
(N-S for the Canister Transfer Building, as shown in Figure 1), 100% in the Y direction 
(vertical), and 40% in the Z direction (E-W). Similarly, the suffix "B" is used to 
designate 40% in the X direction, 40% in the Y, and 100% in the Z, and the suffix "C" 
is used to designate 100% in the X direction and 40% in the other two directions.  

Thus, 

Case IliA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

The negative sign for the vertical direction in Case III indicates uplift forces due to the 
earthquake. Case IV is the same as Case III, but the vertical forces due to the 
earthquake act downward in compression; therefore, the signs on the vertical 
components are positive.  

Combining the effects of the three components of the design basis ground motion in 
this manner is in accordance with ASCE-4 (1986).
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ANALYSIS OF OVERTURNING STABILITY 

The factor of safety against overturning is defined as: 

FSOT = ZMResisting + EMDriving 

The overturning stability of the Canister Transfer Building is determined using the 
dynamic loads for the building due to the PSHA 2,000-yr return period earthquake. These 
loads are listed in Table 2.6-11, and they were developed based on the dynamic analysis 
performed in Calculation 05996.02-SC-5 (S&W, 2001) and described in SAR Section 
4.7.1.5.3. The masses and accelerations of the joints (see Figure 2 for locations of the 
joints) used in the model of the Canister Transfer Building in Calculation 05996.02-SC-5 
are listed on the left side of Table 2.6-11, and the resulting inertial forces and associated 
moments are listed on the right. Based on building geometry shown schematically in 
Figure 1 and the forces and moments shown in Table 2.6-11, overturning is more critical 
about the N-S axis (279.5 ft) than about the E-W axis (240 ft). Page 37 of Calculation 
05996.02-SC-5 indicates that the moment due to angular (rotational) acceleration of the 
structure is 465,729 ft-K about the N-S axis and 1,004,332 ft-K about the E-W axis.  

The vertical force due to the earthquake can act upward or downward. However, when it 
acts downward, it acts in the same direction as the weight, tending to stabilize the 
structure with respect to overturning stability. The minimum factor of safety against 
overturning will occur when the maximum dynamic vertical force acts in the upward 
direction, tending to unload the mat and reduce the resisting moment. Therefore, 
calculate the factor of safety for Case III.  

CHECKING OVERTURNING ABOUT THE N-S AXIS 

For Case ILIA, where 40% of the horizontal force due to the earthquake act in the N-S and 
E-W directions and 100% acts vertically upward, the resisting moment is calculated as the 
net effective weight of the building x the distance from one edge of the mat to the center of 
the mat. The net effective weight of the building is 97,749 - 79,779 K, (i.e., Weight - Total 
Fv Dyn), as shown in Table 2.6-11. For overturning about the N-S axis, the moment arm for 
the resisting moment equals 1/2 of 240 ft, or 120 ft. Therefore, 

F-MResisting = (97,749 - 79,779) K x 120 ft = 2,156,400 ft-K.  

This ignores the eccentricities of the vertical masses with respect to the center of the mat.  
Incorporating these eccentricities, which are included in Attachment A of Calc 05996.02
SC-5, Rev. 2, the resulting resisting moment is calculated as follows:
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J MASS Y AY Z (E-W) Moment SM.s JOINT EL. k-sec2/ft g's ft Arm E-W ft-K Sft I f

0 94.25 260.1 0.783 0 120.00 218,002 
1 95 1,908.0 0.783 -0.73 119.27 1,589,353 

2 130 420.4 0.821 -2.02 117.98 285,292 
3 170 304.3 0.913 -3.14 116.86 99,412 

4 190 117.1 0.928 0 120.00 32,638 
5 190 27.6 1.840 0 120.00 -89,478 

6 170 1.0 0 0 120.00 3,860 

Total = 2,139,080 

The driving moments include 40% of the EM acting about the N-S axis, ZM@x in Table 2.6
11, which is 0.4 x 2,706,961.4 = 1,082,785 ft-K, and 40% of the moment about the N-S 
axis due to angular (rotational) acceleration of the structure, which is 0.4 x 465,729 = 

186,292 ft-K.  

The square root of the sum of the squares (SRSS) is used to combine the moments to 
account for the fact that the maximum responses of earthquake do not act in all three 
orthogonal directions and angular rotations at the same time. The moments acting about 
the E-W axis do not contribute to overturning about the N-S axis; therefore, 

YMDriving =11,082,7852 + (186,292)2 = 1,098,694 ft - K 

and FSor = 2,156,400 + 1,098,694 = 1.96 

about the N-S axis for Case liA without including eccentricities of vertical masses.  

Including the effect of the eccentricities of the vertical masses, the resulting factor of safety 
against overturning is: 

FSOT = 2,139,080 - 1,098,694 = 1.95 (Minimum) 

For Case IIIB, where 100% of the horizontal force due to the earthquake acts in the E-W 
direction and 40% acts in the N-S direction and vertically upward, the resisting moment is 
calculated as the net effective weight of the building x the distance from one edge of the 
mat to the center of the mat. The net effective weight of the building is 97,749 - 40% of 
79,779 K, (i.e., Weight - Total Fv Dyn), as shown in Table 2.6-11. For overturning about the 
N-S axis, the moment arm for the resisting moment equals V2 of 240 ft, or 120 ft.  
Therefore,

,MResisting = (97,749 - 0.4 x 79,779) K x 120 ft = 7,900,488 ft-K.
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The driving moments include 100% of the ZM acting about the N-S axis, ZMcx in Table 
2.6-11, which is 2,706,961.4 ft-K, and 100% of the moment about the N-S axis due to 
angular (rotational) acceleration of the structure, which is 465,729 ft-K.  

The square root of the sum of the squares (SRSS) is used to combine the moments to 

account for the fact that the maximum responses of earthquake do not act in all three 

orthogonal directions and angular rotations at the same time. The moments acting about 
the E-W axis do not contribute to overturning about the N-S axis; therefore, 

IM Driving =V/2,706,961.42 + 465,7292 = 2,746,733 ft - K

and FSo0 = 7,900,488 + 2,746,733 = 2.88 about the N-S axis for Case IIIB.

Case IIIC, where 100% of the horizontal force due to the earthquake acts in the N-S 

direction and 40% acts in the E-W direction and vertically upward, is less critical for 
overturning about the N-S axis than Case IIIB.  

CHECKING OVERTURNING ABOUT THE E- W AXIS 

For Case liA, where 40% of the horizontal force due to the earthquake act in the N-S and 

E-W directions and 100% acts vertically upward, the resisting moment is calculated as the 
net effective weight of the building x the distance from one edge of the mat to the center of 

the mat. The net effective weight of the building is 97,749 - 79,779 K, (i.e., Weight - Total 

Fv Dyn), as shown in Table 2.6-11. For overturning about the E-W axis, the moment arm for 
the resisting moment equals ½2 of 279.5 ft, or 139.75 ft. Therefore, 

EMResisting = (97,749 - 79,779) K x 139.75 ft = 2,511,308 ft-K.  

This ignores the eccentricities of the vertical masses with respect to the center of the mat.  

Incorporating these eccentricities, the resulting resisting moment is calculated as follows:

MASS Y AY Moment 
JOINT EL. Arm N-S 

k-sec 2 /ft gs ft ft-K 

0 94.25 260.1 0.783 139.75 253,882 

1 95 1,908.0 0.783 138.08 1,840,009 

2 130 420.4 0.821 131.46 317,889 

3 170 304.3 0.913 143.18 121,802 

4 190 117.1 0.928 139.75 38,010 

5 190 27.6 1.840 139.75 -104,205 

6 170 1.0 0 139.75 4,496 

Total= 2,471,883

5010 65
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The driving moments include 40% of the EM acting about the E-W axis, ZM@z in Table 2.6
11, which is 0.4 x 2,849,703 = 1,139,881 ft-K, and 40% of the moment about the E-W axis 

due to angular (rotational) acceleration of the structure, which is 0.4 x 1,004,322 = 

401,729 ft-K.  

The square root of the sum of the squares (SRSS) is used to combine the moments to 
account for the fact that the maximum responses of earthquake do not act in all three 
orthogonal directions and angular rotations at the same time. The moments acting about 
the N-S axis do not contribute to overturning about the E-W axis; therefore, 

I MDr iving =V1,139,8812 + 401,7292 = 1,208,601 ft - K 

and FSOT = 2,511,308 ÷ 1,208,601 = 2.07 

about the E-W axis for Case IIIA without including eccentricities of vertical masses.  

Including the effect of the eccentricities of the vertical masses, the resulting factor of safety 
against overturning is: 

FSOT = 2,471,883 + 1,208,601 = 2.05 (Minimum @ E-W Axis) 

For Case IIIC, where 100% of the horizontal force due to the earthquake acts in the N-S 
direction and 40% acts in the E-W direction and vertically upward, the resisting moment is 
calculated as the net effective weight of the building x the distance from one edge of the 
mat to the center of the mat. The net effective weight of the building is 97,749 - 40% of 
79,779 K, (i.e., Weight - Total Fv Dyn), as shown in Table 2.6-11. For overturning about the 
E-W axis, the moment arm for the resisting moment equals 1/2 of 279.5 ft, or 139.75 ft.  
Therefore, 

"MResisting = (97,749 - 0.4 x 79,779) K x 139.75 ft = 9,200,777 ft-K.  

The driving moments include 100% of the EM acting about the E-W axis, ZM@z in Table 
2.6-11, which is 2,849,703.4 ft-K, and 100% of the moment about the E-W axis due to 
angular (rotational) acceleration of the structure, which is 1,004,322 ft-K.  

The square root of the sum of the squares (SRSS) is used to combine the moments to 
account for the fact that the maximum responses of earthquake do not act in all three 
orthogonal directions and angular rotations at the same time. The moments acting about 
the N-S axis do not contribute to overturning about the E-W axis; therefore, 

ZMDriving =V12,849,7032 + 1,004,3222 = 3,021,501 ft-K 

and FSOT = 9,200,777 + 3,021,501 = 3.05 about the E-W axis for Case IIIC.

Case IIIB is less critical for overturning about the N-S axis than Case IIIC.
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ANALYSIS OF SLIDING STABILITY 

The factor of safety (FS) against sliding is defined as follows: 

FS = Resisting Force + Driving Force = T + V 

For this analysis, ignoring passive resistance of the soil adjacent to the mat, the resisting, 
or tangential shear force, T, below the base of the pad is defined as follows: 

T = Ntan +cBL 

where, N (normal force) = Y_ Fv = Fv Static + Fv Eqk 

S= 0 ' (for Silty Clay/Clayey Silt) 

c = 1.7 ksf, as discussed above under "Geotechnical Properties." 

B 240 feet 

L = 279.5 feet 

The driving force, V, is calculated as follows: 
F2 2 

V N- + F E-Wý 

SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING ON IN SITU CLAYEY SOILS 

Based on Half of the Passive Resistance of the Soil Cement and the Peak Strength 
of the Clayey Soils Under the Building 

The sliding stability of the CTB was evaluated using the foundation loadings developed in 
the soil-structure interaction analyses (Calculation 05996.02-SC-5, S&W, 2001). In this 
case, the strength of the clayey soils at the bottom of the 1.5-ft deep key around the CTB 
mat was based on the average of the two sets of direct shear tests performed on samples of 
soils obtained from beneath the CTB, approximately at the elevation proposed for founding 
the structure. The results of these tests are included in Attachments 7 and 8 of Appendix 
2A of the SAR, and Figures 7 and 8 present plots of peak shear stress vs normal stress 
measured in these tests. As discussed above under Geotechnical Properties, p = 0 ' and a 
shear strength of 1.7 ksf were used for the clayey soils underlying the Canister Transfer 
Building in determining resisting forces for the earthquake loading combinations.  

The unconfined compressive strength of the soil cement adjacent to the Canister Transfer 
Building will be at least 250 psi. These analyses assume that the peak shear strength of 
the clayey soils under the Canister Transfer Building are available to resist sliding along 
with up to half of the passive resistance of the soil cement.  

The backfill to be placed around the Canister Transfer Building mat and 1.5-ft deep key 
will be soil cement, constructed from the eolian silt and silty clay that was excavated from 
the area. For soil cement constructed using these soils, it is reasonable to assume the 

lower bound value of y is 100 pcf, ý = 0' & c = 125 psi.



STONE & WEBSTER, INC.  

5010.65 CALCULATION SHEET 

CALCULATION IDENTIFICATION NUMBER

J.O. OR W.O. NO. DIVISION & GROUP CALCULATION NO. OPTIONAL TASK CODE 

05996.02 G(B) 13-5 N/A

For the soil cement, Pp = 2c x Df x (B or L) 

For 5' of soil cement, using a factor of safety of 2 applied to the passive resistance, 

21 # 144. in.X K ft 2x125 x × x5ftxl
2 xcxDf xw in.2  ft2 1,000# LF K P = =_____________________ = 90

P FS 2 LF 

The CTB mat is 240' wide in the E-W direction and 279.5' long in the N-S direction; 

therefore, the total passive force available to resist sliding is at least 240' x 90 K/LF = 

21,600 K acting in the N-S direction in the analyses that use the peak strength of the 

clayey soils under the building.  

Lambe & Whitman (1969, p 165) indicates that little horizontal compression, -0.5%, is 

required to reach half of full passive resistance for dense sands. The soil cement will be 

compacted to a dense state; therefore, assume that half of the total passive resistance is 

available to resist sliding of the building. Note, 0.5% of the 5 ft height of the mat + 1.5-ft 

deep key = 0.005 x 6.5 ft x 12 in./ft = 0.39 in. Since there are no safety-related systems 
that would be severed or otherwise impacted by movements of this small magnitude, it is 

reasonable to use this passive thrust to resist sliding along with the resistance provided by 

the peak shear strength of the clayey soils enclosed within the perimeter key at the base 

of the mat.  

The results of the sliding stability analysis of the Canister Transfer Building for this case 

are presented in Table 2.6-13. In this table, the components of the driving and resisting 
forces are combined using the SRSS rule. All of these factors of safety are greater than 

1.1, the minimum required value. These results indicate that the factors of safety are 

acceptable for all load combinations examined. The lowest factor of safety is 1.15, which 

applies for Cases IIIC and IVC, where 100% of the dynamic earthquake forces act in the N
S direction and 40% act in the other two directions.  

These results are conservative, because they assume that only one-half of the passive 
pressures are available to resist sliding and no credit is taken for the fact that the strength 

of cohesive soils increases as the rate of loading increases. Note, Newmark and 

Rosenblueth (1973) indicate: 

"In all cohesive soils reported to date, strength and stiffness increase markedly with 

strain rate (Figs. 13.6 and 13.7). An increase of the order of 40 percent is common 

for the usual strain rates of earthquakes, above the strength and stiffness of static 

tests." 

Schimming et al, (1966), Casagrande and Shannon (1948, and Das (1993) all report 

similar increases in strength of cohesive soils due to rapid loading. Therefore, since these 

results are based on static shear strengths, they represent conservative lower-bound 

values of the factor of safety against sliding of the Canister Transfer Building founded on 

in situ silty clay/clayey silt with soil-cement backfill around the mat.
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Based on the Full Passive Resistance of the Soil Cement and the Residual Strength 
of the Clayey Soils Under the Building 

Before a complete sliding failure can occur, the full passive resistance of the soil cement 
must be engaged. Because the strains associated with reaching the full passive state 
typically are large for soils, in the analyses where the full passive resistance of the soil 
cement adjacent to the mat is used, the shear strength of the clayey soils under the 
building is reduced to a conservative estimate of the residual shear strength, based on the 
results of the direct shear tests.  

The results of the direct shear tests, presented as plots of shear stress vs horizontal 
displacement in Attachment 7 of Appendix 2A of the SAR (annotated copies are included in 
Attachment C of this calculation), illustrate that the residual strength of these soils is 
nearly equal to the peak strength for those specimens that were tested at confining 
stresses of 2 ksf. For example, for Sample U-1C from Boring C-2, at horizontal 
displacements of -0.025" past the peak strength, there is -1.5% reduction in the shear 
strength indicated. Note, the horizontal displacement of -0.025" past the peak strength 
corresponds to a horizontal strain of -1%, since the diameter of these specimens was 2.5".  
The results for Sample U-1AA from Boring CTB-S showed no decrease in shear strength 
following the peak at -0.025" horizontal displacement, and Samples U-3B&C from Boring 
CTB-6 showed a decrease of -5%. The specimens that were tested at confining stresses of 
1 ksf all show reductions of -20% at horizontal displacements of -0.025" past the peak.  

The final effective vertical stresses at the base of the Canister Transfer Building, a'v, are 
-1.5 ksf, now that the mat has been changed to 240 ft x 279.5 ft. This value is 
approximately half-way between the confining stresses of 1 and 2 ksf used for several of 
the direct shear tests. The residual strength of the clayey soils beneath the building are 
expected to show reductions from the peak strength of -12.5%, since the final effective 
stresses under the building are - 1.5 ksf. Therefore, based of these results, conservatively 
assume that the peak strength of the clayey soils beneath the soil cement layer underlying 
the pads is reduced by 20% to reach residual strength, to account for horizontal straining 
required to reach a strain applicable to the full passive resistance of the soil cement 

adjacent to the pad.  

The results of the sliding stability analysis of the Canister Transfer Building for this case 

are presented in Table 2.6-14. In this table, the components of the driving and resisting 
forces are combined using the SRSS rule. All of these factors of safety are greater than 
1.1, the minimum required value. These results indicate that the factors of safety are 
acceptable for all load combinations examined. The lowest factor of safety is 1.26, which 
applies for Cases IIIC and IVC, where 100% of the dynamic earthquake forces act in the N
S direction and 40% act in the other two directions. These results demonstrate that there 
is additional margin available to resist sliding of the building due to the earthquake loads, 
even when very conservative estimates of the residual shear strength of the clayey soils are 
used.
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SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING ON COHESIONLESS SOILS 

The Canister Transfer Building will be founded on clayey soils that have an adequate 
amount of cohesive strength to resist sliding due to the dynamic forces from the design 
basis ground motion. As shown in SAR Figures 2.6-21 through 2.6-23, however, some of 
the soils underlying the building are cohesionless within the depth zone of about 10 to 20 
ft, especially near the southern portion of the building. Analyses presented on the next six 
pages address the possibility that sliding may occur along a deeper slip plane at the clayey 
soil/sandy soil interface as a result of the earthquake forces.  

The resistance to sliding is greatly reduced for frictional materials when the dynamic 
forces due to the earthquake act upward. The normal forces act downward for Case IV 
loadings and, hence, the resisting forces will be much greater than those for Case III.  
Therefore, these analyses are performed only for Load Cases liA, IIIB, and IIIC. As 
described above, these load cases are defined as follows: 

Case lilA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 100% N-S direction, -40% Vertical direction, 40% E-W direction.  

As shown in SAR Figures 2.6-21 through 2.6-23, the top of the cohesionless layer varies 
from about 5 ft to about 9 ft below the mat, and it generally is at a depth of about 6 ft 
below the mat. These analyses include the passive resistance acting on a plane extending 
from grade down to the top of the cohesionless layer, plus the shear strength available at 
the ends of the silty clay block under the mat, plus the frictional resistance available along 
the top of the cohesionless layer. The weight of the clayey soils existing between the top of 
the cohesionless soils and the bottom of the mat is included in the normal force used to 
calculate the frictional resistance acting along the top of the cohesionless layer.  

A review of the cone penetration test results (ConeTec, 1999) obtained within the top 2 ft 
of the layer of nonplastic silt/silty sand/sandy silt underlying the Canister Transfer 
Building indicated that ý = 380 is a reasonable minimum value for these soils. This review 
is presented on the next page.  

The next five pages illustrate that the factor of safety against sliding along the top of this 
layer is > 1.1 for all load cases (i.e., Load Cases lilA, IIIB, and IIIC). These analyses include 
several conservative assumptions. They are based on static strengths of the silty clay 
block under the Canister Transfer Building mat, even though, as reported in Das (1993), 
experimental results indicate that the strength of cohesive soils increases as the rate of 
loading increases. For rates of strain applicable for the cyclic loading due to the design 
basis ground motion, Das indicates that for most practical cases, one can assume that c, 
dynamic - 1.5 x Cu static. In addition, the silty sand/sandy silt layer is not continuous under 
the Canister Transfer Building mat, and this analysis neglects cementation of these soils 
that was observed in the samples obtained in the borings. Therefore, sliding is not 
expected to occur along the surface of the cohesionless soils underlying the Canister 
Transfer Building.
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ALLOWABLE BEARING CAPACITY 

Bearing capacity calculations are performed using the method for determining general 
bearing capacity failure, as presented in Winterkom and Fang (1975). Local bearing 
capacity (punching shear) failure is ruled out due to the large size of the mat, 240' x 
279.5'.  

The general bearing capacity equation is a modification of Terzaghi's bearing capacity 

equation, which was developed for strip footings and which indicates that quit = 

cNc+qNq+1/2 yBNr For this relationship, the ultimate bearing capacity of soil consists of 
three components: 1) cohesion, 2) surcharge, and 3) friction, which are represented by 
bearing capacity factors NA, Nq, and N, Terzaghi's bearing capacity equation has been 
enhanced by various investigators to incorporate shape, depth, and load inclination factors 
for different foundation geometries and loads as follows: 

qut = c Nc sc dc ic + q Nq sqdq i + ½ yB N, s, dy ir 

where 

quit = ultimate bearing capacity 

c = cohesion or undrained strength 

q = effective surcharge at bottom of foundation, = y Dy 

y = unit weight of soil 

B = foundation width 

s., sq, s7 = shape factors, which are a function of foundation width to length 

d•, dq, dy = depth factors, which account for embedment effects 

ic, iq, ir = load inclination factors 

N•, Nq, N7 = bearing capacity factors, which are a function of •.  

y in the third term is the unit weight of soil below the foundation, whereas the 
unit weight of the soil above the bottom of the footing is used in determining q in 
the second term.  

BEARING CAPACITY FACTORS 

Bearing capacity factors computed based on relationships proposed by Vesic (1973), which 
are presented in Chapter 3 of Winterkorn and Fang (1975).
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Nq = e tan• tan2 45+ fl 

Nc=(N,-1) cot ),but-5.14ffor-0.  

N,=2 (N,+1) tank 

SHAPE FACTORS 

B Nq 

L Nc 

Sq =+ Btan L 

B 
sy = 1 -0.4 -B 

L 

DEPTH FACTORS 

Df 
For - < 1: 

B 

dc =dq - fo for >O anddc=1+o.4r 1for4=O.  d d Nq -tanB 

dq = 1+2tan4 .(1-sin )) 2  -

dy = 1 

INCLINATION FACTORS 

Fq= 1- 1c i=1-Fv + B'L--c cot 

i= iq -(1-i) for4>O and ic=l - mFH for =0 
Nc -tan ý (.B' L'c Nc) 

iy= 1- B'L'J 
Fv + B'Lc cot j m+ 

Where: FH and Fv are the total horizontal and vertical forces acting on the footing and 
mB = (2 + B/L) / (1 + B/L)

mL = (2 + L/B) / (1 + L/B)
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STATIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING 

The following pages present the details of the bearing capacity analyses for the static load 

cases. These cases are identified as follows: 

Case IA Static using undrained strength parameters (4 = 0' & c = 3.18 ksf).  

Case IB Static using effective-stress strength parameters (4- = 300 & c = 0).  

Table 2.6-9 presents the results of the bearing capacity analyses for these static load 

cases. The minimum factor of safety required for static load cases is 3.  

As indicated in this table, the gross allowable bearing pressure for the Canister Transfer 

Building to obtain a factor of safety of 3.0 against a shear failure from static loads is 

greater than 6.5 ksf. However, loading the foundation to this value may result in 

undesirable settlements. This minimum allowable value was obtained in analyses that 

conservatively assume 4 = 0' and c = 3.18 ksf, the average undrained strength for the soils 

in the upper layer at the site, to model the end of construction. Using the estimated 

effective-stress strength of 4 = 300 and c = 0 results in higher allowable bearing pressures.  

As shown in Table 2.6-9, the gross allowable bearing capacity of the Canister Transfer 

Building for static loads for these soil strengths is 56.6 ksf.
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ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING

Static Analysis: 

Soil Properties:

Foundation Properties:
Ysu 

EQH E

quit = c No sc dc ic + yurch D1 Nq Sq dq 

Nc=(Nq'l) c 

Nq = e' two tan 

Ny = 2 (Nq + 1)

0 % In N-S, 0%inVert 0%inE-WQ
s, = 3,180 Average undrained strength (psf) in upper -30' layer 
0 = 0 Friction Angle (degrees) 
y = 90 Unit weight of soil (pcf) 

,ch = 80 Unit weight of surcharge (pcf) 

B, = 240.0 Footing Width - ft (E-W) L' = 279.5 Length - ft (N
Df = 5 Depth of Footing (ft) 

P = 0.0 Angle of load inclination from vertical (degrees) 

FS = 3 Factor of Safety required for qaEkaN.  

Fv = 97,749 k EQv = 0 k 

.w = 0k + EQHN.S = Ok = 0kforFH 

General Bearing Capacity Equation, 
iq + 11/2 B NT sdbased on Winterkorn & Fang (1975) 

ot(o), but = 5.14 for o = = 5.14 Eq 3.6 & Table 3.2 
2(7U4 + 4/2) = 1.00 Eq 3.6 

tan (io) = 0.00 Eq 3.8

sr = 1 + (B/L)(NQ/Nc) 

sq = 1 + (B/L) tan io 

s. = 1 - 0.4 (B/L) 

ForDW/B <1: dq= 1 +2tan4) (1 -sine0) 2 DB 
d•=1= 

For 0 > 0: d, = dq - (1-dq) / (Nq tan 0) 

For4)=0: dr= 1 +0.4(DM) 

No inclined loads; therefore, ic = iq = iy = 1.0.

Gross qut = 19,635 psf =
Nr term 
19,235

1.17 
1.00 
0.66

1.00 
1.00 
N/A 

1.01

Nq term 
+ 400

Table 3.2 

Eq 3.26 

Eq 3.27

N.term 
+ 0

qs, = 6,540 psf = quit I FS 

qac.ua = 1,457 psf = (F, + EQ) I (B' x L')

FSsctua. = 13.47 = qu" I qactuai > 3 Hence OK

[geotj\05996\calc\bmg..cap\can-xfr.xls

N/A

Case IA - Static

S)

I I
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ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING

Case 1B - Static

su = 

0= 
Y,= 

Ysurch = 
B' 

Df= 

13= 
FS = 

Fv = 

EQH E-W =

quf= c Nc sc dc ic + .surch Df Nq Sq dq 1q + 1/2 y B NY sc dy iY 

N, = (Nq - 1) cot(4)), but = 5.14 for 0 = 0 

Nq = e ao tan2(nt/4 + 0/2) 

NY = 2 (Nq + 1) tan (0) 

sc = 1 + (B/L)(Nq/Nc) 
sq = 1 + (B/L) tan 0 
sy = 1 - 0.4 (B/L) 

For DVB < 1: dq = 1 + 2 tan 0 (1 - sin )2 D/B 
dy=l1 

For 0 > 0: d= = dq - (1 -dq) / (Nq tan 0) 

Fort = 0: d, = I + 0.4 (DVB)

0nN 0 % in Vert 0% inE-W

0 Average undrained strength (psf) in upper -30' layer 
30 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 
80 Unit weight of surcharge (pcf) 

240.0 Footing Width - ft (E-W) L' = 279.5 Length

5 Depth of Footing (ft) 

0.0 Angle of load inclination from vertical (degrees) 

3 Factor of Safety required for qa)W~b1

97,749 k EQv = 0 k 

o k + EQHN.S = Ok = 0kfor FH

ft (N-S)

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

30.14 Eq 3.6 & Table 3.2 

= 18.40 Eq 3.6 

= 22.40 Eq 3.8

1.52 
1.50 
0.66

= 1.01 

= 1.00 

= 1.01 

= N/A

Table 3.2 

Eq 3.26

Eq 3.27

No inclined loads; therefore, i. = iq = i(= 1.0.

Gross q.,f = 169,921 psf =
N= term 

0
Nq term 

+ 11,076
NY term 

+ 158,845

qa, = 56,640 psf = qut / FS 

qcua = 1,457 psf = (F, + EOJ) / (B' x L')

FSactual = 116.61 = qu,1 I qactual > 3 Hence OK

(geotl\05996\calc\bmg-cap\can.xfr.xJs

5

Static Analysis: 

Soil Properties: 

Foundation Properties:
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DYNAMIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING 

The following pages present the details of the bearing capacity analyses for the dynamic 
load cases. These analyses use the dynamic loads for the building that were developed in 
Calculation 05996.02-SC-5, (S&W, 2001). The development of these dynamic loads is 

described in Section 4.7.1.5.3 of the SAR. As in the structural analyses discussed in SAR 

Section 4.7.1.5.3., the seismic loads used in these analyses were combined using 100% of 
the enveloped zero period accelerations (ZPA) in one direction with 40% of the enveloped 
ZPA in each of the other two directions. The resulting dynamic loading cases are identified 
as follows: 

Case II 100%N-S direction, 0% Vertical direction, 100% E-W direction.  

Case lilA 40% N-S direction, -100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction, 100% E-W direction.  

Case IIIC 100%N-S direction, -40% Vertical direction, 40% E-W direction.  

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.  

Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.  

Case IVC 100%N-S direction, 40% Vertical direction, 40% E-W direction.  

Table 2.6-10 presents the results of the bearing capacity analyses for these cases, which 

include static loads plus dynamic loads due to the earthquake. Because the in situ fine
grained soils are not expected to fully drain during the rapid cycling of load during the 
earthquake, these cases are analyzed using the average undrained strength applicable for 
the soils within the upper layer (4 = 00 and c = 3.18 ksf). As indicated above, for these 
cases including dynamic loads from the design basis ground motion, the minimum 
acceptable factor of safety is 1.1.  

Table 2.6-10 indicates the minimum factor of safety against a dynamic bearing capacity 
failure was obtained for Load Case II, the load combination of full static, 100% of the 
seismic forces acting in the N-S direction and the E-W direction and 0% in the upward 
direction. This load case resulted in an actual soil bearing pressure of 2.4 ksf, compared 
with an ultimate bearing capacity of 13.2 ksf. The resulting factor of safety against a 
bearing capacity failure for this load case is -5.5, which is much greater than 1.1, the 
minimum allowable factor of safety for seismic loading cases. In these analyses, no credit 

was taken for the fact that strength of cohesive soil increases as the rate of loading 
increases. Therefore, the Canister Transfer Building has an adequate factor of safety 
against a dynamic bearing capacity failure.
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ALLOWABLE BEARING CAPACI'r 

PSHA 2,000-Yr Earthquake: Case II 

Soil Properties: su = 

y= 

Ysurch 

Foundation Properties: B'= 
O= 

13= 

FS = 

Fv= 
EQH E-W = 

quft= c Nc se dc ic'+ Ysuch Df NqSq dqlq + 1 

N,= (Nq - 1) cot(o), b 

Nq = e taI* tan2(ir/4 + 

NY = 2 (Nq + 1) tan (0 

sC = 1 + (B/L)(N^/Nc) 

Sq= 1 + (B/L) tan 4 
sy = 1 - 0.4 (B/L) 

ForD,/B<1: dq= 1 +2tano (1-s 

dy=I 
For4'>O: d,= dq-(l-dq) / (Nq ta 

For 4=0: d, = 1 + 0.4 (Dr/B) 

mB = (2 + B/L) / (1 + B 

mL = (2 + L/B) / (1 + L 

If EOH N-S > 0: 0O = tan"'(EQ, E-W/ E 

m, = mL COS 2 O + mB S 

For' = 0: I1 = 1 - (m Fm/ B'L' c 

iq= { 1 - FH/[(FV + E 
k = { 1 - FH/[((Fv, + E(

Gross quit = 13,171 psf =

OF CANISTER TRANSFER BUILDING 

1100 % in N-S, 0 % in Vert 100 % In E-W

3,180 Average undrained strength (psi) in upper -30' layer 

0 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 
80 Unit weight of surcharge (pcf) 

184.6 Footing Width - ft (E-W) U = 221.2 Length - ft (N

5 Depth of Footing (it) 

45.7 Angle of load inclination from vertical (degrees) 

1.1 Factor of Safety required for qauwabe.  

97,749 k EQv = 0 k 

99,997 k + EQH N.s= 111,108 k = 149,480 kforFH 

General Bearing Capacity Equation, 
'2 y B NY s; dr il based on Winterkorn & Fang (1975) 

ut = 5.14 fore =0 = 5.14 Eq 3.6 & Table 3.2 

0/2) 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.16 Table 3.2 

= 1.00 

= 0.67 

finl )2 D/B = 1.00 Eq 3.26 

= t1.00 
Ln4') = N/A 

= 1.01 Eq 3.27 

QL) = 1.54 Eq 3.18a 

/B) = 1.46 Eq 3.18b 

:H N-S) = 0.73 rad 

in20 o 1.50 Eq 3.18c 

N,) = 0.66 Eq 3.16a 

Qv) + B' L' c cot0]}m  = 1.00 Eq 3.14a 

Q) + B' L' c cot 0] }m.. = 0.00 Eq 3.17a

N, term 
12,771

Nq term 
+ 400

S)

NY term 
+ 0

qm=, 11,970 psf = quIt / FS 

q.t=-= 2,394 psf = (F, + EQ) / (B' x L') 

FS..tu. = 5.50 = qui / qactuat > 1.1 Hence OK

(geotl\05996\calc\brng-cap\can_.xfr.xIs
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ALLOWABLE BEARING CAPACIr 

PSHA 2,000-Yr Earthquake: Case XI 

Soil Properties: su 

Ysurct, = 

Foundation Properties: B' = 
Dt 

FS= 
Fv = 

EQOH E.W = 

qui= c Nc sc dc ic + ysur DI Nq Sqdqiq +1i 

N,= (Nq- 1) cot(o), b 

Nq = enan* tan2( r/4 + 

Ny= 2 (Nq+1) tan(0 

Sc = 1 + (B/L)(Nq/Nr) 

Sq = 1 + (B/L) tan 0 
sy = 1 - 0.4 (B/L) 

ForDý/B<1: dq=l+2tan¢ (I-s 

dy=1 
For0> 0: d, = d, - (1-dq) / (Nq ta 

For =0: d, = 1 + 0.4 (DWB) 

m.= (2 + B/L)/(1 +B 

mL = (2 + LJB) / (1 + L 

If EQH Ns > 0: 0, = tan1 (EQH E.W/EI 

Mn = mL COS
20n, + me S 

For= 0: I = 1 - (m FH/ B'L'c 

iq = {1 - FH/ [(Fv + E 

Iý = {1 FH / [(Fv + E

Gross q,,t = 13,804 psf =

qa. = 12,540 

qaetuai = 985 

FS.ct.ul = 14.01

r OF CANISTER TRANSFER BUILDING 

A 40 % in N-S, -100 % in Vert 40%inE-W

3,180 Average undrained strength (psf) in upper -30' layer 

0 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 

80 Unit weight of surcharge (pcf) 

119.5 Footing Width - ft (E-W) U= 152.6 Length - ft (N

5 Depth of Footing (ft) 

65.8 Angle of load inclination from vertical (degrees) 

1.1 Factor of Safety required for qalwabe

97,749 k EQv = -79,779 k 

39,999 k + EOH N.S = 44,443 k = 59,792 k for FH 

12y B y s.y d, General Bearing Capacity Equation, 

SB sbased on Winterkorn & Fang (1975) 

ut = 5.14for =0 0 5.14 Eq 3.6 & Table 3.2 

0/2) = 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.15 Table 3.2 

= 1.00 

= 0.69 

sin f)2 DW/B = 1.00 Eq 3.26 

= 1.00 

an 0) = N/A 

= 1.02 Eq 3.27 

/L) 1.54 Eq 3.18a 

(B) = 1.46 Eq 3.18b 

QH N-S) = 0.73 rad 

in2e, = 1.50 Eq 3.18c 

Nc) = 0.70 Eq 3.16a 

QJ) + B' L'c cot 0] } m  = 1.00 Eq 3.14a 

Qj) + B' L'c cot 0] )m+l = 0.00 Eq 3.17a

N, term 
13,404

Nq term 
+ 400

S)

N. term 
+ 0

psf = qIt I FS 

psf = (F, + EQO) / (B' x L')

= q.f I qactuai > 1.1 Hence OK

[geotl\05996\calc\bmg-cap\canl xlr.xls
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ALLOWABLE BEARING CAPACITY 

PSHA 2,000-Yr Earthquake: Case II1 

Soil Properties: Su = 

y= 

Ysurch = 

Foundation Properties: B' = 

Df= 

FS= 
Fv= 

EQH E-W = 

qu= cNc Sc dc ic + ysu,chlDf Nq Sqdq iq + 1/ 

Nc = (Nq- 1) cot(o), bi 

Nq = en taM tan2(ir4 + 

NY = 2 (Nq + 1) tan (0r 

Sc = 1 + (B/L)(Nq/Nc) 

sq = 1 + (B/L) tan 0 
SY-% = 1 - 0.4 (B/L)

'OF CANISTER TRANSFER BUILDING 
IB 40 in -S, -40 %in e 00 %inE-W

3,180 Average undrained strength (psf) in upper -30' layer 

0 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 

80 Unit weight of surcharge (pcf) 

157.8 Footing Width - ft (E-W) U = 244.9 Length - ft (N-: 

5 Depth of Footing (ft) 

56.6 Angle of load inclination from vertical (degrees) 

1.1 Factor of Safety required for qa,1able

97,749 k EQv = -31,912 k 

99,997 k + EQH N-S = 44,443 k = 109,429 k for FH 

General Bearing Capacity Equation, 

N dbased on Winterkorn & Fang (1975) 

ut = 5.14 for$ =0 = 5.14 Eq 3.6 & Table 3.2 

0/2) = 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.13 Table 3.2 

= 1.00 
= 0.74

ForDWB<I: dq= 1 +2tans (1 -sin 0)2 D 1/B 
dy=l1 

For 0 > 0: d0 = dq - (1-dq) / (Nq tan 0) 

For 0 = 0: d, = 1 + 0.4 (D./B) 

m3 = (2 + B/L) / (1 + B/L) 

ML = (2 + L/B) / (1 + ULB) 

If EQH N-s > 0: 08 = tan-'(EQH E-W/ EQH N-S) 

M, = mL Cos02n + me sin2 O 

For 0 = 0: i, = 1 - (m FH/ B' L'c N,) 

iq = (1 - FH/ [(F, + EQV) + B' L'c cot 01] }m 

I= { 1 - FH/ [(F, + EQv) + B' 1 c cot 0] }m*1

Gross qu, = 14,103 psf =

N, term 
13,703

= 1.00 

= 1.00 

N/A 

= 1.01 

= 1.54 

= 1.46 

= 1.15 

1.53 

= 0.74 

= 1.00 

= 0.00 

Nq term 

+ 400

rad

S)

Eq 3.26 

Eq 3.27 

Eq 3.1Ba 

Eq 3.18b 

Eq 3.18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a

NY term 
+ 0

q81 = 12,820 psf = q,.t / FS

qac&.ua = 

FS.tu.j =

1,704 

8.28

psf = (F, + EQv) I (B' x L')

> 1.1 Hence OK= quft / qactual

[geotl\05996\ca]c\brmg-cap\can-xfr.xls
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ALLOWABLE BEARING CAPACITY 

PSHA 2,000-Yr Earthquake: Case III 

Soil Properties: st= 
0= 
y= 

Foundation Properties: 13'= 
Di= 

13= 

FS = 

Fv= 
EQH E-W =

OF CANISTER TRANSFER BUILDING 

C l nN -S, "40%in

3,180 Average undra 

0 Friction Angle 
90 Unit weight of 
80 Unit weight of 

207.1 Footing Width 

5 Depth of Footir 

31.3 Angle of load ii 

1.1 Factor of Safel 

97,749 k EQv 

39,999 k + EQH N-S

qu,= c Nc sc dc le + Yaurc Dt Nq Sq dq iq + 1/2 y B Ny. s dyy 

Nc = (Nq - 1) cot(o), but = 5.14 for • = 0 

Nq = en ta tan2Q(/4 + 0/2) 

NY= 2 (Nq + 1) tan (0) 

S, = 1 + (B/L)(Nq/Nc) 

Sq = 1 + (B/L) tan 0 
sý = 1 - 0.4 (B/L) 

ForDWB<I: dq= 1 +2tano (1 -sin 0)
2 D*B 

For 0 > 0: d, = dq - (1 -dq) / (Nq tan 4) 

For 0 = 0: dc = 1 + 0.4 (DM/B) 

ms = (2 + B/L) / (1 + B/L) 

ML = (2 + LUB) 1 (1 + L/B) 

If EQH N-S > 0: On = tan-'(EQH E-W/ EQH N-S) 

Mn= mL COS20, + mB sin12 0n 

For • = 0: i1 = 1 - (m FH/ B' 12 c N) 

iq = { 1 - FH/ [(F, + EQV) + B' L'c cot 0] }m 

= { 1 - FHI [(F, + EQV) + B' L' c cot 4] }m.I

Gross q.f = 15,045 psf =

N, term 
14,645

Vet 40 %nE-W

ined strength (psf) in upper -30' layer 
(degrees) 
soil (pcf) 
surcharge (pcf) 

- ft (E-W) L' = 192.9 Length - ft (N

ng (ft) 
nclination from vertical (degrees) 

ty required for qalloable

-31,912 k 

*= 111,108k = 118,088kforFH 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.21 Table 3.2 

= 1.00 

= 0.57

= 1.00 
= 1.00 

= N/A 

= 1,01 

= 1.54 

= 1.46 

= 0.35 

1.47 

= 0.73 

= 1.00 

= 0.00 

Nq term 

+ 400

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a 

Nyterm 
+ 0

qCa1= 13,670 psf = quI /FS 

• =.. = 1,648 psf = (F, + EQv) / (B' x L')

FSa.au. = 9.13 = quft / actuai > 1.1 Hence OK

lgeot]\05996\calc\bmg-cap\canfxfr.xls
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ALLOWABLE BEARING CAPACITY 

PSHA 2,000-Yr Earthquake: Case IV 

Soil Properties: su = 

Ysurch 

Foundation Properties: B = 

D= 

FS = 
Fv 

EQH E-W = 

q•t= c Nc sc dc iC + Ysurch Df Nq Sqdqiq +1/ 

Ný, = (Nq - 1) cot(40), bL 

Nq = en =no tan2 (7r4 + 

Ny=2(Nq+l) tan() 

S, = 1 + (B/L)(NW/Nc) 

sq = 1 + (B/L) tan 

sy = 1 - 0.4 (B/L) 

ForOD/B_< 1: d,= 1 +2tan 0 (1 s 

For 0 > 0: d, = dq - (1-dq) / (Nq ta 

For 0 = 0: de = 1 + 0.4 (DW/B) 

Me = (2 + B/L) / (11 + B 

mL = (2 + L/B) / (1 + L 

If EQH N-S > 0: 60 = tan'(EQH E-W/ EC 

M, = mL COS20n + m5 S 

Fore= 0: i= = 1 - (m FHtB'L'c 

iq = 1 - FH/[(FV + E 
k = {1 - FH /[(F, + E(

Gross q,t = 17,897 psf =

q,1= 16,260 

tual = 2,923

OF CANISTER TRANSFER BUILDING 

A 40 % in N-S, 100 % in S0 % i nE w ll

3,180 Average undrained strength (psf) in upper -30' layer 

0 Friction Angle (degrees) 
90 Unit weight of soil (pcf) 

80 Unit weight of surcharge (pcf) 

227.8 Footing Width - ft (E-W) L' = 266.7 Length - ft (N-: 

5 Depth of Footing (ft) 

12.7 Angle of load inclination from vertical (degrees) 

1.1 Factor of Safety required for qaoae

97,749 k EQv = 79,779 k 

39,999 k + EQH N-S = 44,443 k = 59,792 k for FH 

General Bearing Capacity Equation, 

f2y B N7 s based on Winterkorn & Fang (1975) 

ut = 5.14 for = 0 = 5.14 Eq 3.6 & Table 3.2 

$/2) = 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.17 Table 3.2 

= 1.00 
= 0.66 

in of)2 D0B = 1.00 Eq 3.26 

= 1.00 

Lfn l) = N/A 

= 1.01 Eq 3.27 

(L) 1.54 Eq 3.18a 

/B) = 1.46 Eq 3.18b 

:H N-S) = 0.73 rad 

in29 = 1.50 Eq 3.18c 

Nc) = 0.91 Eq 3.16a 

Q) + B' L'c cot 0] } m  = 1.00 Eq 3.14a 

Qj + B' L' c cot (] }m+l = 0.00 Eq 3.17a

N, term 
17,497

Nq term 
+ 400

S)

N. term 

+ 0

psf = q,1 I FS 

psf = (F, + EQ) I (B'x L')

6.12 = quh / qactual > 1.1 Hence OK

5

FSactu =

[geot]\05996\calc\brng-cap\canTxfr.xls
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ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

PSHA 2,000-Yr Earthquake: Case IVB 4.inN-S,407%fi 

Soil Properties: s, = 3,180 Average undrained strength (psf) in uppei 
0 = 0 Friction Angle (degrees) 
y = 90 Unit weight of soil (pcf) 

Ysurch = 80 Unit weight of surcharge (pcf) 

Foundation Properties: B'= 198.2 Footing Width - ft (E-W) L' = 261.€ 
D, = 5 Depth of Footing (ft) 

P = 37.6 Angle of load inclination from vertical (deL 

FS = 1.1 Factor of Safety required for qaizoable.  

Fv = 97,749 k EQv = 31,912 k 

EQHE-W = 99,997 k + EQH N-S = 44,443 k = 109

qutt = c N, se dc ic + Ysurch Df Nq sq dq III + 1/2 y B NY sY d, i 

N, = (Nq - 1) cot(o), but = 5.14 for = 0 

Nq = elt nQ tan2 (7r/4 + 0/2) 

NY= 2 (Nq+l) tan (0) 

sC = 1 + (B/L)(N/Nc) 

Sq = 1 + (B/L) tan 0 

.y = 1 - 0.4 (B/L) 

For D/B <1: dq= 1 +2tano (1 -sin o 2 D/B 
d•=1 

For > 0: d, = dq- (1-dq) / (Nq tan $) 

For $ = 0: d, = 1 + 0.4 (DW/B)

me = (2 + B/L) / (1 + B/L) 

ML = (2 + L/B) / (1 + L/B) 

If EQH N-S > 0: e, = tan"'(EQH E-W/ EQH N-S) 

M, = mL COS 2en + me sin 29 

For 4 = 0: i1 = 1 - (m FH / B' L' c N) 

iq = {1 - FH / [(F, + EQV) + B' L' c cot .]im 

= (1 - FH/![(Fv + EQv) + B' L' c cot ]

Gross quit = 15,616 psf =
N, term 
15,216

Vert 100 % in E-W

r -30' layer 

9 Length - ft (N

grees) 

,429 k for FH

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.15 Table 3.2 

= 1.00 
= 0.70

= 1.00 
= 1.00 

= N/A 

= 1.01 

= 1.54 

= 1.46 

= 1.15 

-= 1.53 

= 0,80 

= 1.00 

= 0.00 

Nq term 
+ 400

rad

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

Eq 3,18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a

NY term 
+ 0

q,1 = 14,190 psf = q-1= / FS 

tual = 2,497 psf = (F, + EQJ) i (B' x L')

FSactual = 6.25 = quft / qactual > 1.1 Hence OK

[geotl\05996\catc\bmngcap\canfxfr.xls
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ALLOWABLE BEARING CAPACIT) 

PSHA 2,000-Yr Earthquake: Case I 

Soil Properties: s, = 

"Ysurch : 
Foundation Properties: B' = 

Df = 

FS = 

Fv= 

EQH E-W =

OF CANISTER TRANSFER BUILDING 
0 F6100%inN-S, 40%In

3,180 Average undra 

0 Friction Angle 
90 Unit weight of 
80 Unit weight of 

223.3 Footing Width 
5 Depth of Footii 

17.1 Angle of load i 

1.1 Factor of Safe 

97,749 k EQ.  

39,999 k + EQH N-

q.• = c Nc sc dc ic + ysrn Df Nq Sq dq iq + 1/2 y B Ny sy dy 

N.= (Nq- 1) cot(C), but=5.14for =0 

Nq = ear'n tan2 (V4 + 0/2) 
NY= 2 (Nq + 1) tan (0) 

Sc = 1 + (B/L)(NqfNc) 

Sq = 1 + (B/L) tan 0 
.y = 1 - 0.4 (B/L) 

For DWB < 1: dq = 1 + 2 tan 0 (1 - sin 0)2 DB 

For 0 > 0: de = dq - (1 -dq) / (Nq tan ') 

For 0 = 0: d, = I + 0.4 (D/B) 

mB = (2 + B/L) / (1 + B/L) 

ML = (2 + L/B) / (1 + LUB) 

If EOH N-S > 0: 80 = tan-' (EQH E-W / EQH N-S) 

m= mL COS 20, + mB sin 20n 

For 0 = 0: i = 1 - (m FH/ B'L'c N) 

iq = { 1 - FH / [(F, + EQV) + B' L' c cot ] 

y= { 1 - FH/ [(F, + EQV) + B' L' c cot 0] }m+l

Gross qf = 15,987 psf =

q=, = 14,530 

qactua = 2,465 

FS..w,, = 6.49

N, term 
15,587

Vert 40 % In E-W

iined strength (pst) in upper -30' layer 

(degrees) 
soil (pcf) 
surcharge (pcf) 

- ft (E-W) L' = 235.5 Length - ft (N

ng (ft) 

nclination from vertical (degrees) 

ty required for qaIlkb," 

S= 31,912 k 

s= 111,108k = 118,088kforFH 

General Bearing Capacity Equation, 
based on Winterkorn & Fang (1975) 

= 5.14 Eq 3.6 & Table 3.2 

= 1.00 Eq 3.6 

= 0.00 Eq 3.8 

= 1.18 Table 3.2 

1.00 

= 0.62

= 1.00 
= 1.00 

= N/A 

= 1.01 

= 1.54 

= 1.46 

= 0.35 

= 1.47 

= 0.80 

= 1.00 

= 0.00 

Nq term 
+ 400

S)

Eq 3.26 

Eq 3.27 

Eq 3.18a 

Eq 3.18b 

rad 

Eq 3.18c 

Eq 3.16a 

Eq 3.14a 

Eq 3.17a 

Nyterm 
+ 0

psf = q,,1 / FS 

psf = (F, + EQ) / (B'x L')

= quft I qactual > 1.1 Hence OK

(geot] \05996\calc\bmg.cap\canxfrr.xIs
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CONCLUSIONS 

OVERTURNING STABILITY OF THE CANISTER TRANSFER BUILDING 

The overturning stability of the Canister Transfer Building is analyzed on Pages 11 to 13 
using the dynamic loads for the building due to the PSHA 2,000-yr return period 
earthquake. These loads, listed in Table 2.6-11, were developed based on the dynamic 
analysis performed in Calculation 05996.02-SC-5 (S&W, 2001) and are described in SAR 
Section 4.7.1.5.3. This calculation demonstrates that the factor of safety against 
overturning of the Canister transfer Building is >1.1; therefore, the Canister Transfer 
Building has an adequate factor of safety against overturning due to dynamic loadings 
from the design basis ground motion. The minimum factor of safety against overturning is 
1.95, and it applies to overturning about the north-south axis.  

SLIDING STABILITY OF THE CANISTER TRANSFER BUILDING 

The Canister Transfer Building (CTB) will be founded on clayey soils. The sliding stability 
of the CTB was evaluated using the loads developed in Calculation 05996.02-SC-5 (S&W, 
2001). The static strength of the clayey soils at the bottom of the CTB mat was based on 
the average of two sets of direct shear tests performed on samples of soils obtained from 
beneath the Canister Transfer Building at the elevation proposed for founding the mat.  

The results of the sliding stability analysis are presented in Table 2.6-13 of this 
calculation, and they indicate that for all load combinations examined, the factors of safety 
were acceptable. The lowest factor of safety was 1.15, which applies for Case IIIC, where 
100% of the dynamic earthquake forces act in the N-S direction and 40% act in the other 
two directions. These results assume that only one-half of the passive pressures are 
available resist sliding and no credit is taken for the fact that the strength of cohesive soils 
increases as the rate of loading increases (Newmark and Rosenblueth, 1971, Schimming et 
al, 1966, Casagrande and Shannon, 1948, and Das, 1993); therefore, they represent a 
conservative lower-bound value of the sliding stability of the Canister Transfer Building 
founded on in situ silty clay/clayey silt with 5 ft of soil-cement backfill around the 
foundation.  

Additional sliding stability analyses are included that demonstrate that there is additional 
margin available to resist sliding of the building due to the earthquake loads. In these 
analyses, it is recognized that the ultimate sliding failure of the building cannot occur 
until after the full passive resistance of the soil cement adjacent to the mat is exceeded.  
These analyses use a very conservative estimate of the residual shear strength of the 
clayey soils under the building, based on the results of the direct shear tests that were 
performed on specimens of the soils obtained from approximately the elevation of the 
potential sliding plane under the building. The results of these analyses are presented in 
Table 2.6-14, and they demonstrate that the factor of safety against sliding is at least 1.26.
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The Canister Transfer Building, founded on clayey soils and with the soil-cement backfill, 
has an adequate factor of safety against sliding due to the dynamic forces from the design 
basis ground motion. As shown in SAR Figures 2.6-21 through 2.6-23, however, some of 
the soils underlying the building are cohesionless within the depth zone of about 10 to 20 
ft, especially near the southern portion of the building. Simplified analyses were 
performed to address the possibility that sliding may occur along a deeper slip plane at the 
clayey soil/sandy soil interface as a result of the earthquake forces.  

These analyses included the passive resistance acting on a plane extending from grade 
down to the top of the cohesionless layer, plus the frictional resistance available along the 
top of the cohesionless layer. The weight of the clayey soils existing between the top of the 
cohesionless soils and the bottom of the mat was included in the normal force used to 
calculate the frictional resistance acting along the top of the cohesionless layer. The factor 
of safety against sliding along the top of this layer was found to be > 1.1 for all of the 
dynamic load cases; therefore, there is an adequate factor of safety against sliding along 
the surface of the cohesionless soils underlying the Canister Transfer Building.  

BEARING CAPACITY 

STATIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING 

Table 2.6-9 presents the results of the bearing capacity analyses for the following static 
load cases. The minimum factor of safety required for static load cases is 3.  

Case IA Static using undrained strength parameters (4 = 0' & c = 3.18 ksf).  

Case 1B Static using effective-stress strength parameters (ý = 30' & c = 0).  

As indicated in this table, the gross allowable bearing pressure for the Canister Transfer 
Building to obtain a factor of safety of 3.0 against a shear failure from static loads is 
greater than 6.5 ksf. However, loading the foundation to this value may result in 
undesirable settlements. This minimum allowable value was obtained in analyses that 
conservatively assume 4 = 0' and c = 3.18 ksf, the average undrained strength for the soils 
in the upper layer at the site, to model the end of construction. Using the estimated 
effective-stress strength of 0 = 30° and c = 0 results in higher allowable bearing pressures.  
As shown in Table 2.6-9, the gross allowable bearing capacity of the Canister Transfer 
Building for static loads for these soil strengths is 56.6 ksf.  

DYNAMIC BEARING CAPACITY OF THE CANISTER TRANSFER BUILDING 

The dynamic bearing capacity was analyzed using the dynamic loads for the building that 
were developed in Calculation 05996.02-SC-5, (S&W, 2001). The development of these 
dynamic loads is described in SAR Section 4.7.1.5.3. As in the structural analyses 
discussed in Section 4.7.1.5.3, the seismic loads used in these analyses were combined 
using 100% of the enveloped zero period accelerations (ZPA) in one direction with 40% of 
the enveloped ZPA in each of the other two directions.
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Table 2.6-10 presents the results of the bearing capacity analyses for the following cases, 
which include static loads plus dynamic loads due to the earthquake. The minimum 

factor of safety required for dynamic load cases is 1.1.  

Case II 100%N-S direction, 0% Vertical direction, 100% E-W direction.  

Case lilA 40% N-S direction, - 100% Vertical direction, 40% E-W direction.  

Case IIIB 40% N-S direction, -40% Vertical direction,100% E-W direction.  

Case IIIC 100%N-S direction, -40% Vertical direction, 40% E-W direction.  

Case IVA 40% N-S direction, 100% Vertical direction, 40% E-W direction.  

Case IVB 40% N-S direction, 40% Vertical direction, 100% E-W direction.  

Case IVC 100%N-S direction, 40% Vertical direction, 40% E-W direction.  

Table 2.6-10 indicates the minimum factor of safety against a dynamic bearing capacity 
failure was obtained for Load Case II, the load combination of full static, 100% of the 

seismic forces acting in the N-S direction and the E-W direction and 0% in the upward 
direction. This load case resulted in an actual soil bearing pressure of 2.4 ksf, compared 
with an ultimate bearing capacity of 13.2 ksf. The resulting factor of safety against a 
bearing capacity failure for this load case is -5.5, which is much greater than 1.1, the 
minimum allowable factor of safety for seismic loading cases. In these analyses, no credit 
was taken for the fact that strength of cohesive soil increases as the rate of loading 
increases. Therefore, the Canister Transfer Building has an adequate factor of safety 
against a dynamic bearing capacity failure
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TABLE 2.6-9 

SUMMARY - ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

Based on Static Loads

Undrained strength (psf) & 4 = 0.  

Effective stress friction angle (deg), c = 

Footing width (ft) 

Footing length (ft) 

Depth of footing (ft) 

Unit weight of soil (pcf) 

Unit weight of surcharge (pcf) 

Factor of safety for static loads.

Fv = Vertical load (Static + EQv) 

EQH = Earthquake: Horizontal force. FH = EQH r.w or EQH N-S 

P= tan"' [(EQH E-W) / Fv] = Angle of load inclination from vertical as f(width).  

OL tan" [(EQH N-s) / Fv] = Angle of load inclination from vertical as f(length).  

eS = :M@N.S/ Fv eL = 'MoE.W/ Fv 

B'=B-2eB L'= L-2eL 

qacua, = Fv / (B' x L')

igeotl\05996\calc\bmg-cap\canfxfr.xls Table 2.6-9
£

- - - 0' C

S L GROSS e3139EFFECTIVE B L GOS e9  eL B L' FSta 
Case Fv EOH N-S EOH EMw YM@N-S M@E-W EOH E-w EOH N-S quh q81  L' qw, FStuai 

k k k ft-k ft-k deg deg ksf ksf ft ft ft ft ksf 

IA - Static 
Undrained 97,749 0 0 0 0 0.0 0.0 19.63 6.54 0.0 0.0 240.0 279.5 1.46 13.47 
Strength 

IB - Static 
Effective 97,749 0 0 0 0.0 0.0 169.92 56.64 0.0 0.0 240.0 279.5 1.46 116.61 
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TABLE 2.6-10 

SUMMARY - ALLOWABLE BEARING CAPACITY OF CANISTER TRANSFER BUILDING 

Based on Dynamic Loads Due to Design Basis Ground Motion: PSHA 2,000-yr Return Period

c = 3,180 Undrained strength (psf) 

0 = 0.0 Friction angle (deg) 

B = 240.0 Footing width (ft) 

L = 279.5 Footing length (ft) 

D, = 5.0 Depth of footing (ft) 

y = 90 Unit weight of soil (pcOf) 

Yuh = 80 Unit weight of surcharge (pcf) 

FS = 1.1 Factor of safety for dynamic loads.  

[geotl\05996\calc\brnlg-cak)\cnlfnxfr.xls Table 2.6-10

Fv = Vertical load (Static + EQv) 

EOH = Earthquake: Horizontal force. FH = EQH E-w or EOH N-S 

P11 = tan" [(EQH E-w) / Fv = Angle of load inclination from vertical as f(width).  

O3L = tan-' [(EOH N-S) / Fv ] Angle of load inclination from vertical as f(length).  

eB = F-MON-S / Fv eL = IM@E.W/ Fv 

B'=B-2e, L'= L-2e, 

qact.a- = Fv / (B' x L')

EFFECTIVE 
CB EL GROSS e9  eL L'EFFECTI 

Case Fv EQH N-S EQH E-W Y-MONS 1MGF-W EOH E-W EQN N-S qutt q&1i B9I' qa- FS,1,,ua 
k k k ft-k ft-k deg deg ksf ksf ft ft ft ft ksf 

II 97,749 111,108 99,997 2,706,961 2,849,703 45.7 48.7 13.17 11.97 27.7 29.2 184.6 221.2 2.39 5.50 

li1A 17,970 44,443 39,999 1,082,784 1,139,881 65.8 68.0 13.80 12.54 60.3 63.4 119.5 152.6 0.99 14.01 

BIB 65,837 44,443 99,997 2,706,961 1,139,881 56.6 34.0 14.10 12.82 41.1 17.3 157.8 244.9 1.70 8.28 

1f1C 65,837 111,108 39,999 1,082,784 2,849,703 31.3 59.4 15.04 13.67 16.4 43.3 207.1 192.9 1.65 9.13 

IVA 177,528 44,443 39,999 1,082,784 1,139,881 12.7 14.1 17.90 16.26 6.1 6.4 227.8 266.7 2.92 6.12 

WVB 129,661 44,443 99,997 2,706,961 1,139,881 37.6 18.9 15.62 14.19 20.9 8.8 198.2 261.9 2.50 6.25 

1WC 129,661 111,108 39,999 1,082,784 2,849,703 17.1 40.6 15.99 14.53 8.4 22.0 223.3 235.5 2.47 6.49
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Table 2.6-11 

Foundation Loadings for the Canister Transfer Building

- � - p - Y �

SHEAR 
X

SHEAR 
Y

SHEAR 
z ZMBase 0 El 93.5

ELEV MASS X MASS Y MASS Z Ax Ay Az FH N-S Fv Dyn FH E-W MOxeMON-s M6z=M6E-., 
JOINT -t -- 

ft k-sec 2 / ft k-sec2 t k-sec /ft 9 k k k ft-k ft-k 

0 94.25 260.1 260.1 260.1 1.047 0.78 0.92 8,761 6,551 7,699 5,774 6,571 

1 95 1,908.0 1,908.0 1,908.0 1.047 0.78 0.92 64,265 48,055 56,470 367,055 417,724 

2 130 420.4 420.4 420.4 1.111 0.82 0.99 15,023 11,106 13,446 490,773 548,331 

3 170 304.3 304.3 170.3 1.778 0.91 1.19 17,402 8,939 6,493 496,728 1,331,291 

4 190 144.7 117.1 144,7 1.215 0.93 1.41 5,656 3,495 6,554 632,439 545,787 

5 190 1.0 27.6 1.0 0 1.84 0.00 0 1,634 0 0 0 

6 170 1.0 1.0 f 134.0 0 0 2.17 0 0 9,336 714,193 0 

- -- 
- -i 

9 99 2,7...9.. ..., ...,1

BD 

L= 

Depth=

240.0 

279.5 

5.0

ft 

ft 

ft +

TOTALS

WEIGHT 

1.5 ft deep key with base at Elev

111,108 79,779
- I - I � d

97,749 

93.5

FSUPLIFT =
k 

ft

1.23

Note: Elevations are referenced to assumed final grade of Elev 100.  

Joint 0 equals clayey soils enclosed by perimeter key withy = 90 pcf and width of key = 6.5 ft.  

Based on masses and accelerations from p 37 of Calc 05996.02-SC-5, Rev. 2, which are applicable for 

"High" Moduli received from Geomatrix Calc 05996.02-G(PO18)-2, Rev. 1.

[geotl\05996\Calc\brg-cap\CTB\Stability.xls "Dyn Loads"
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Table 2.6-13 

Sliding Stability of Canister Transfer Building Using Shear Strength Along Bottom of Plane Formed by 1.5

ft Deen Perimeter Kev and Half of Resistance from Soil Cement Using Peak Strength of Clay

i N-S Vert E-W Static Earthquake 

Joint MASS X MASS Y MASS Z a. ay a. ShearNs F,, ShearE.w 

k-se2/ft k-sec 2 /ft k-sec 2 lft g g j g k k k k 

0 260.1 I 260.1 260.1 1.047 0.783 0.920 8,368 8,7611 6,551 7,699 

1 1.908.0 1,908.0 1,908.0 1.047 0.783 I 0.920 61,380 64,265 48,055 56,470 

2 420.4 420.4 420.4 1.111 0.821 0.994 13,524 15,023 1 11,106 13,446 

3 304.3 304.3 170.3 1.778 0.913 1.185 9,789 17,402 8,939 6,493 

4 144.7 117.1 144.7 1.215 0.928 ! 1.408 3,767 5,656 3,495 6,554 

5 1.0 27.6 1.0 0.000 1 1.840 10.000 888 0 1,634 0 

6 1.0 1.0 134.0 0.000 0.000 2.166 32 0 0 i 9,336 

CTB Mat Dimensions: B = 240.0 ft (E-W) Totals = 97,749 111,108 79.779 99,997 

Depth 5 ft L = 279.5 ft (N-S) Resisting Driving 

For 0 = 0.0 degrees c = 1.70 N (k) T (k) V (k) FS 

FvjsI.IcI 40% FII(NS) 100% FrcFpk) 40% FI(Ew I 

97,749 44,443 -79,779 39,999 17,970 135,999 59.792 2.27 

Earthquake I 4 40% Fv(•,,k) 100/ F,,IEW 

Vertical Forces ITvtsiHt, 40% F11Ns) 

97.749 44,443 -31,912 99.997 65,837 135,999 1 109,429 1.24 
Acting Up 

100% FII1NS1 40% Fv(EqkI 40% FII(Ew IIC 

97,749 111,108 -31,912 39.999 65,837 135,999 118,088 1.15 

Fvtst~t,.) 40% FIIINS.I 100% Fv(I(,jk4 40% FII(Ew) I 

I97749 44,443 79,779 39,999 177,529 135,999 59,792 2.27 

Earthquake Fvi ,uci 40%° FUINs) 40% Fv(F,,k) 100F% F1(•w) 
Vertical Forces IVB 
Acting Downi 97,749 44,443 31,912 99,997 129,661 135,999 109,429 1.24 

Fv(stut.d 100% FIIINS) 40% Fv4I-qk) 40% F :w) I I 

IVC 97.749 111,108 31,912 39,999 129,661 135,999 118,088 1.15 

* - -I

Soil Cement AFH for q,, (psi) =2502160 NA5,5 foFsc 2.

U, 0

0 
(D 
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m

U

I1 21.600 ; N/A 1 25,155 ý for FSsc = 2.0



Table 2.6-14 

Sliding Stability of Canister Transfer Building Using Shear Strength Along Bottom of Plane Formed by 1.5
r+ " -& a*+.4m%,* iw^p ovA uIA&iatfnn^ frnm Snil fl.ment IT.InO Residual Strenifth = 80% of Peak Strength of

N-S Vert E-W Static Earthquake 

Joint MASS X MASS Y MASS Z a. ay a, Fv ShearNs i F, ShearE.w 

k-sec 'Ift k-sec 2 Ift k-sec 2 /ft gg ' g k k k k 
0 260.1 2260.1 260.1 1.047 0.783 0.920 8,368 8,761 6,551 I 7,699 

1 1,908.0 1,908.0 1,908.0 1.047 i 0.783 0.920 61,380 64,265 48,055 56,470 

2 420.4 420.4 420.4 1.111 0.821 0.994 13,524 15,023 i 11,106 13.446 

3 304.3 304.3 170.3 1.778 0,913 i 1.185 9.789 17,402 8,939 6,493 

4 144.7 117.1 144.7 1.215 0.928 1.408 3,767 5,656 I 3,495 6,554 

5 1.0 i 27.6 1.0 0.000 1.840 0.000 888 0 . 1,634 0 

6 1.0 1.0 134.0 0.000 0.000 2.166 32 0 0 9.336 

CTB Mat Dimensions: B = 240.0 ft (E-W) Totals = 97,749 111,108 j 79,779 99,997 

Depth = 5 ft L = 279.5 ft (N-S) Resisting Driving 

For = 0.0 degrees c 1.36 N (k) T (k) V (k) FS 

F,,,,tcj 40% FII(NS" 100% Fv(Fqk 40% FI(1w) 
liA 97,749 44,443 1 -79,779 39,999 17,970 148,586 59,792 2.49 

Earthquake10%F 
Er q kI FvtsjItj 40% FII(NS) 40% Fv(EIk) 100% F 11 W' 

Vertical Forces HI I 44,443 -31,912 99,997 65.837 148,586 109,429 i 1.36 

Acting Up I 
Fv , 1 100% F,ONS/ ) 40% F,(f:,,kl 40% F110(.w' mc I 

IC 97,749 111,108 -31,912 39,999 65,837 148,586 118,088 1.26 

FV(st,,,:) 40% FIIlNs, 1000% Fv(Elk) 400/°0 FHIEW
IVA 

97,749 44,443 79,779 39,999 177,529 1 148,586 59,792 2.49 

Earthquake Fv Stat" d 40% FHINS) 40% F..tEqk) 1009'/o FIIW) 
Vertical Forces IVB Veticali 97,749 44,443 31,912 99,997 129.661 148,586 1 109,429 1.36 

i vtst;,tc] 190% F, [INS) I 40 % FA.tk, 1 4 F m 

Acting~~~18,8 Down0 1.26~.t~11,0 000~'Ik ! 97,749 111,108 31,912 39,999 129,661 148,586 I18,088 1.26

I
Soil Cement AF.. for a. (psi) = 2504320 NA 530 trF sc 1.J
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FIGURE 1

FOUNDATION SCHEMATIC & COORDINATE SYSTEM
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Note: The coordinate system is consistent with that used in Calculation 05996.02-SC-5.
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FIGuRE 2 

CANISTER TRANSFER BUILDING STICK MODEL
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Note: From Calculation 05996.02-SC-5, Rev. 2, Page 8.
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FIGURE 5 

ESTIMATE STRESSES UNDER THE CANISTER TRANSFER BUILDING AT 
COMPLETION OF CONSTRUCTION 

Fv = Total dead weight = 97,749 K from Table 2.6-11 

A = Area of mat = 240ft x 279.5 ft = 67,080 ft2 

240 -- 1

1PLAPt4 

FyFv 97,749 K 

A 67,080 K
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Figure 6 
Summary of Triaxial Test Results for Soils Within Depth of -10 ft of Ground Surface at the Site 
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TABLE 6 
SUMMARY OF TRIAXIAL TEST RESULTS FOR SOILS WITHIN -10 FT 

OF GROUND SURFACE9 AT THE SITE 

Boring Sample Depth Elev w ATTERBERG LIMITS USC Ty I'd el 0C Su Type Date ft ft % LL I PL I PI Code pcf pcf ksf kaf % 
B-1i U-2C 5.9 4453.9 47.1 66.1 33.4 32.7 MH 79.3 53.9 2.15 0.0 2.03 1.7 CU INov'99 

B-1 U-2B 5.3 4454.5 52.9 80.6 40.9 39.7 MH 70.8 46.3 2.67 1.0 2.21 6.0 CU Nov '99 

B-4 U-3D 10.4 4462.1 27.4 42.5 24.7 17.8 CL 85.5 67.1 1.53 1.3 2.18 4.0 UU Jan '97 

C-2 U-2D 11.1 4453.4 35.6 See U-2C & El CL 78.5 57.9 1.93 1.3 2.39 11.0 UU Jan '97 

CTB-1 U-3D 8.7 4463.7 47.9 See U-3C2 CH 91.9 62.1 1.73 1.7 2.84 5.0 CU June '99 

CTB-4 U-2D 9.5 4465.5 45.2 See U-2E 2  CH 87.7 60.4 1.81 1.7 3.11 6.0 CU June'99 

CTB-6 U-3D 8.3 4467.9 52.7 CH 85.7 56.2 2.02 1.7 2.70 7.0 CU June '99 

CTB-N U-1B 5.7 4468.4 30.1 41.3 22.5 18.8 CL 100.6 77.3 1.20 1.7 3.00 8.0 CU Nov '98 

CTB-N U-2B 7.7 4466.4 65.4 See U-2A2  MH 74.6 45.1 2.76 1.7 2.41 13.0 CU June '99 

CTB-N U-3D 10.5 4463.6 52.2 61.1 30.8 30.3 CH 86.3 56.7 1.98 1.7 2.73 7.0 CU June'99 

CTB-S U-1B 5.8 4468.7 73.6 66.2 40.9 25.3 MH 78.0 44.9 2.78 1.7 2.05 12.0 CU Nov'98 

CTB-S U-2D 8.4 4466.1 54.6 57.9 28.9 29.0 CH 90.0 58.2 1.92 1.7 2.40 5.0 CU June'99 

B-i U-2D 6.5 4453.3 45.2 59.8 34.7 25.1 MH 76.7 52.8 2.22 2.1 3.26 15.0 CU Ma"'99 

B-3 U-1B 5.2 4463.0 33.5 52.4 25.2 27.2 MH 90.6 67.9 1.50 2.1 3.55 8.0 CU Mar'99 

C-2 U-iD 6.3 4458.2 50.5 70.3 41.3 29.0 MHI- 74.5 49.5 2.43 2.1 3.03 12.0 CU Mar'99 
- l -• - - - - - - - - - - - - - --III- -

NOTES 1 Attachment 2 of SAR Appendix 2A.  

2 Attachmcnt 6 of SAR Appendix 2A.

igeotl\05996\calc\G(B)\05-2\Tablc-_6.xli
4At-.iA_ýs~tzý A, p A i/ 

Tý6 Cki~c 5AP0. ca v-5

) 
I

0 
0

0 

0.c 

o9 r z 
0

0 

rn 

4
C 

0 

z 

z 

m 
z 

-X

0 

0) 

c 

a' 

0 

0 

C) 

I

0, 

z 

z 

0 

0 

oU 

0 zI

0 

0 
z 
(1) 
X m 
m H

ca -4 
0 
z M 

go 

m 

"ED 

w 

M 
-.4 

M 

2 

z 

0 
0 
0 
23 

-4

"-o 

C)

I I

)



I
Stone & Webster 
Su tsf

10 0

Si;e: CPT -37 
Lo,-atim: P'FS (D5G6.,02)

Phi OCR

0

Cone: 20 TON A 041 
Oate: 0423:gg 11:36

k (cm/s)
5

SBT 
0 12

Max. Depth: 30.84 (ft) 

Depth Inc.: 0.161 (0t)

SIlTI': Soil 1lk-Iaior Type (Rowrt son arid Ca(rnpanwla l 1988)

Pertewlnilil-y k: ejna.il ed f[,orn soil I Ype

App. D-37

0.  

-5.

50 0 1 

.~~ ~ .!::•• ..........  

.. ......-10.

-15.

m 

C-

4-) 
cl 

w 
0

-20

Silt 
Sandy Silt 

Silt 

Clayey Silt 

Silt 

Clayey Silt 

Sandy Silt 

Silt 

Sandy Silt 

Silty Sand/Sand 

Sand 

Silty Sand/Sand 
Sandy Silt 

Silt 

Sandy Silt 

Clayey Silt 

Silt 

Sandy Silt 

Silt 

Silty Sand/Sand 
Sand

C~) 

A

-25

-30.  

-35.  

-40.



I 

CONE EC 

Sun &. Wfster

0 10 0

) ______ ___________________ _________________________________________________ _____________

Jie: Lf-I. 3 

I.0"SYn:iF~- 'O'.-).!j [[J,'

Phi

Cone: 20 TON! A -1-1 
Da- .r: 15:06

OCR
I50 0

k (cm/s)
15 -8

SBT 
0 12

0 . 1 1 1 1 1 1

.-.] . .... . .... . . .. ...... .... .........  
/

.. . . .

SIMrr Soil 13ehin-ior Type (Rol'•rrtson mid Camp: ella 1988)

!'(ml'l.Zilil y k: ('stimale'd I'rolrl soil Iv.pe

App. D-38

-5.0

-10.0o.

C=

-15.0 

-20.0

r4 .  

a
w-

-c

I I

1

w1 -TsE

.

-... .. .

.. ........ ] 

1 

...... _ ....... .  

I.  
.I 

I.  
F 

... . . . . . . . . . .  

- F-

-25.0 

-30.0

-35.01

-40.0

Mlx. Dept.h: 32.15 (fI) 

Dlropth Iimi.: 0.164 (ft)

Silt 
Sandy Silt 
Silt 
Clayey Silt 
Silty Cly 
Silt 

Clayey Slit 

Silt 

Sanuly Silt 

Silty Sand/Sand 

Sand 

Silty Sand,,Sand 

Silt 

Sandy Silt 

Silt 

"layey Silt 

Silt 

Sandy Silt 
silt 
Sandy Silt 

Silty Sand.iSand 

Silt 
G;rAivelly S•iid

f 

"i

]

I

L 
.. ....................  

AJ 

............ .........

tyl



)

DIRECT SHEAR TEST 
Boring C-2, Sample U-1C

0.3500.050 0.100 0.150 0.200 0.250 0.300 

Horizontal Displacement, inches

C -TC Cb ý%26->-3- v i~

) )

3.00 

2.50 

2.00

4

U, 

U)

1.50

1.00 

0.50

0.00 AL.
0.000



) ) )

DIRECT SHEAR TEST 
Boring CTB-6, Sample U-3B&C 
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DIRECT SHEAR TEST 
Boring CTB-S, Sample U-1AA
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