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OBJECTIVE 
Estimate the dynamic settlement of the soils underlying the proposed Private Fuel Storage Facility (PFSF) 
at the Skull Valley, UT site due to shaking caused by the design earthquake.  

DATA/ASSUMPTIONS 
Figure 1 presents a generalized subsurface profile, which was developed based on the borings that were 
drilled in late 1996. The groundwater table was not encountered in these borings, the deepest of which 
were drilled to depths of 100 ft. In addition, seismic refraction surveys indicate that the groundwater table 
is greater than -100 ft below grade at the site (see p1 1 of Geosphere Midwest, 1997).  

The top -30 ft of the profile consists of silt, silty clay, and clayey silt. As documented in Calculation 
05996.01-G(B)-05-0, the median blow count for this material is -14 blows per ft, indicating that it is 
"stiff', it appears to be weakly cemented, and undrained triaxial tests on the clayey silt indicates that it has 
a cohesion of greater than 2000 psf.  

As indicated in PFSF Report No. 0559602-G(B)-2, Rev 2, Addendum to Geotechnical Data Report 
Attachment 2 - Geotechnical Laboratory Testing SWEC (1998), additional Atterberg limits tests were 
performed on split-spoon samples obtained in Borings A-2, B-3, C-4, and D-4. These results, shown in 
Table 3 of that report, confirmed that Samples S3 in Borings A-2 and C-4, and Sample S3A in Boring D-4 
were essentially nonplastic. However, these Atterberg limits indicate that Samples S I in Borings A-2 and 
B-3 and Sample S2 in Boring D-4, which were described as nonplastic in the borings presented in the 
original submittal of the SAR, are actually slightly or moderately plastic.  

A review of the sample descriptions included in the boring logs indicates that only two samples of 
nonplastic silt are characterized as "loose". These two samples, Samples S-1 in Borings AR-2 and AR-3, 
were both obtained at the ground surface along the access road. All other nonplastic silt samples for which 
density is included in the description are characterized as being dense, very dense, or compact.  

The following discussion applies to the SPT samples obtained in the upper layer of silt, silty clay, and 
clayey silt in the areas of the site proposed for the cask storage pads, the canister transfer building, and the 
security and health physics building. It excludes the samples obtained at the ground surface, which 
represent soils that will be excavated for construction of the facilities.  

The borings in these areas (Borings A-1 through A-4, B-1 through B-4, C-1 through C-4, D-1 through D-4, 
E-3, and E-4) indicate that the upper layer (-30 ft) consists mostly of soils with some plasticity, especially 
in the cask storage pad area. Table 1 identifies the thickness of nonplastic silts in these borings in the upper 
layer of the profile. As shown, the average thickness of nonplastic silts in these borings is -10 ft. Borings 
A-2 through A-4, B-I through B-3, C-1 through C-3, and D-3 have less than or equal to 10 ft of nonplastic 
silts. Borings A-I in the northwest, D-1 and D-2 in the northeast, and B4, C-4, D-4, and E-4 along the 
south have -15 to 20 ft of nonplastic silts. Note that these nonplastic silts often include occasional thin 
layers of clay or slightly plastic silt, which will minimize the potential for dynamically induced settlement.  

A total of 64 SPT samples of silt (ML, MH, and some "CL,ML") were obtained in the upper layer in these 
borings. These are identified in Table 2 and a summary of the blow count data are presented in Table 3.  
Of these, 31 were nonplastic and 33 exhibited some plasticity, ranging from slightly plastic to highly 
plastic. The N-values for the nonplastic silts in this layer ranged from 11 blows/ft to 40 blows/ft. The 
median N-value was 18 blows/ft, and the average was 20 blows/ft. This median N-value corresponds to a 
corrected blow count, N1 , of -23 blows/ft, based on the relationship between penetration resistance and
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relative density developed by Gibbs and Holtz (1957) for granular soils. See Figure 1 of the RELDEN 
User's Manual (SWEC, 1979) - copy of this figure is included as Attachment A.  

Assuming that these nonplastic silts are cohesionless, they would behave more like fine sands rather than 
cohesive soils. In this case, Figure 7.5 of Lambe and Whitman (1969) could be used to estimate their 
relative density based on their penetration test blow counts. A copy of this figure is included as Attachment 
B. This figure presents the relationship between penetration resistance and relative density developed by 
Gibbs and Holtz (1957) for granular soils. This is very conservative, since a decrease in mean grain size 
tends to cause a decrease in SPT N-value for the same relative density, and the nonplastic silts at the site 
have a much smaller mean grain-size than the sand and fine sand used by Gibbs and Holtz to develop this 
relationship. Using the 10 psi curve in this figure, or slightly below it, which is the appropriate overburden 
stress for the mid-depth of this layer, fine sands having the median blow count of the nonplastic silts in this 
layer would be characterized as "very dense", not "loose".  

As indicated on the boring logs in PFSF Report 05996.01-G(B)-2-1 (SWEC, 1997), this material is 
underlain by very dense, fine sands, which have uncorrected blow counts that commonly exceed 100 
blows/ft. The underlying soils, which are below the groundwater table, are greater than 100 ft below grade, 
and the P-wave velocities (5,100 fps to 5,900 ft/sec), reported by Geosphere Midwest (1997), indicate that 
these soils too are very dense.  

METHOD 
Dynamic settlements, as reported in the geotechnical literature, are based on two different mechanisms, 
depending on whether the soils are above the groundwater table or below the groundwater table. Silver and 
Seed (1971) developed a technique for estimating dynamic settlements of dry cohesionless sands above the 
groundwater table. For such soils, the dynamic settlement mechanism is compaction due to soil grain slip, 
and it is a function of the magnitude of the cyclic shear strain developed due to the earthquake, the applied 
number of cycles of this shear strain, and the relative density of the granular soils.  

Dynamic settlements of the clayey silts and silty clays in the upper layer are not expected to occur at the 
PFSF site due to the design earthquake because the cohesion and plasticity of these materials precludes 
their compaction due to grain slip as a result of shaking due to the design earthquake. Dynamic settlements 
of the underlying very dense fine sand are not expected to occur because of their high relative density. The 
underlying silts, which are assumed to be below the groundwater table, also are very dense and, thus, are 
not expected to experience dynamically induced settlements due to shaking caused by the Design 
Earthquake. Furthermore, these soils are too far removed from the surface to cause problems if they were 
to experience dynamic settlement. Therefore, dynamic settlements of the soils underlying the proposed 
PFSF at Skull Valley, UT will be limited to those associated with dynamic compaction due to grain slip of 
the nonplastic silts within the upper 30 ft of the profile.  

The method used to estimate dynamic settlements of the nonplastic silts are based on those presented in 
Tokimatsu and Seed (1987). As they indicate, for soils above the groundwater table, dynamic settlements 
are calculated based on procedures originally developed by Silver and Seed (1971), and the effects of 
multidirectional shaking are estimated based on studies reported by Pyke, Seed, and Chan (1975). For soils 
below the groundwater table, dynamic settlements are calculated based on procedures developed by Lee 
and Albaisa (1974); however, all of the nonplastic silts in the upper 30 ft of the profile are well above the 
groundwater table.  

Figure 13 of Tokimatsu and Seed (1987) presents the relationship between volumetric strain due to 
compaction, cyclic shear strain, and corrected penetration resistance (N1) of dry sands for 15 equivalent 
uniform strain cycles. A copy of this figure is included as Attachment C. The cyclic shear strain is
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estimated based on the average cyclic shear stress due to shaking caused by the Design Earthquake and the 
shear modulus of the soil. Figure 13 is used to estimate the volumetric strain due to compaction for 15 
equivalent uniform strain cycles. Table 4 of Tokimatsu and Seed (1987 - copy included as Attachment D) 
is then used to adjust for differences in the number of representative cycles of applied shear stress due to 
the Design Earthquake (-12 for Magnitude 7) and the 15 cycles used in Tokimatsu and Seed's studies. The 
dynamic settlement is calculated as the volumetric strain multiplied by the thickness of the nonplastic silts 
in the layer. Multidirectional effects of the earthquake are addressed by multiplying this result by 2, based 
on studies reported by Pyke, Seed, and Chan (1975).  

ANALYSES 
The average cyclic shear stress developed in the field due to earthquake shaking is calculated as: 

"tavg = 0.65 * ama, * (*, e rd/g = 496 psf, 

where: amax = 0.67 g for the Design Earthquake 

av = Ytotal e z above the groundwater table, = 15' x 80 pcf.  

Ytotal = 80 pcf, based on p 4 of Calc 05596.01-G(B)-5, Rev 0.  

z = depth below grade, = 15' for mid-depth of upper 30 ft layer.  

rd = 0.95 for z = 15' (stress reduction factor, which varies from 1.0 at z=0 to 0.9 at 
z=30') 

An iterative technique is used to determine the cyclic strain in the field due to the earthquake, Yfield. For an 
assumed value of the cyclic strain, G is calculated as Gr, a, • G / Gmax, where G / Gmax for the nonplastic silt 
is estimated using the curve for PI=0 presented in Figure 6 of Vucetic and Dobry (1991). A copy of this 
figure is included as Attachment E.  

Gm,, equals 1400 ksf, as indicated in SAR Table 2.6-1 for Layer 1, which was developed in Calculation 
05996.01-G(B)-1, Rev 3 based on the results of the seismic refraction survey performed by Geosphere 
(1997), which is included in SAR Appendix 2B.

The following table presents the results of these iterations.
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Determination of Cyclic Shear Strain Due to the Design Earthquake 

Iteration Yassumed G Yfield A'Y 
No. X1n.in ksf X10 

in./in. in./in.  

1 10 0.250 350 14.2 30 

2 15 0.200 280 17.7 15 

3 20 0.166 232 21.4 6

The cyclic strain in the field, Yfield, is calculated as tavg / G. Note, it is approximately equal to the assumed 
cyclic strain for Iteration No. 3; therefore, additional iterations are not required, and Yfield is -21 X 10-4 

in./in., or 0.21%.  
The volumetric strain due to compaction from 15 cycles is estimated as a function of this cyclic shear strain 
and N, of -23 blows/ft based on Figure 13 of Tokimatsu & Seed (1987). This results in a volumetric strain, 

Fc,N= 15, of 0.17%.  

The Design Earthquake is magnitude 7 (SAR Section 2.6.2.3). Table 4 of Tokimatsu & Seed (1987) 
indicates this corresponds to -12 cycles of loading and that volumetric strain ratio, EcN=12/ £c,N=15, 

should be -0.9. Therefore, the volumetric strain corresponding to the Design Earthquake is Ec,N=12, which 
is 0.9 x 0.17%, or 0.15%.

APdyn 
AH

where APdyn is the dynamic settlement of the layer, 

and AH is the thickness of the layer.

The thickness of the nonplastic silts in the upper layer is conservatively estimated to be 20 
ft, based on the discussion presented above. Therefore, for unidirectional shaking,

AH X Ec,N=12 = 20 ft x 12 in./ft x 0.15% / 100% = 0.36 inches.

The dynamic settlement is multiplied by 2 to account for multidirectional shaking due to the earthquake, as 
recommended by Pyke, Seed, and Chan (1975). This results in an estimated dynamic settlement of the 
nonplastic silts in the upper layer of 0.72 inches.

Apdyn,1 =
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DISCUSSION OF RESULTS 
As indicated in SWEC (1998), a considerable amount of calcium carbonate is present in these soils, as 
evidenced by a vigorous reaction upon application of hydrochloric acid to these soils. Therefore, these 
soils are believed to be cemented, the result of carbonate cement bonding of the silt and clay-size particles, 
imparting cohesion to these soils.  

The nonplastic silts in the upper 30-ft thick layer of the subsurface profile, as evidenced by the SPT data, 
are not loose. The dense nature of these soils, which is most likely the result of carbonate cement bonding 
of the silt particles, minimizes the potential for dynamically induced settlements due to the Design 
Earthquake. Ignoring the beneficial effect that cementing of these particles would have toward minimizing 
dynamically induced settlements, the total dynamic settlement is conservatively estimated to be less than 3¾4 

of an inch.  

This estimated dynamic settlement was determined based on the thickness of nonplastic silts in areas where 
the nonplastic silts are thickest, not on an average or median thickness. In addition, it ignores the fact that 
these nonplastic silts are stratified with layers of clay and clayey silt, which will minimize the potential for 
dynamically induced settlements. Thus, this estimated dynamic settlement is very conservative.  

Dynamic settlements will be much less than this over most of the cask storage pad area, since most of the 
soils in this area are not nonplastic. Rather, these soils are sufficiently stiff and cohesive that they will not 
experience dynamic compaction due to the shaking caused by the Design Earthquake.  

CONCLUSIONS 
Dynamic settlements of the clayey silts and silty clays in the upper 30-ft thick layer of the subsurface 
profile at the PFSF site are not expected to occur due to the Design Earthquake because the cohesion and 
plasticity of these materials precludes their compaction due to grain slip as a result of shaking due to the 
design earthquake. Dynamic settlements of the underlying very dense fine sand are not expected to occur 
because of their high relative density. The underlying silts, which are assumed to be below the 
groundwater table, also are very dense and, thus, are not expected to experience dynamically induced 
settlements due to shaking caused by the Design Earthquake. Furthermore, these soils are too far removed 
from the surface to cause problems if they were to experience dynamic settlement. Therefore, dynamic 
settlements of the soils underlying the proposed PFSF at Skull Valley, UT will be limited to those 
associated with dynamic compaction due to grain slip of the nonplastic silts within the upper 30 ft of the 
profile.  

The total dynamic settlement of these nonplastic silts is estimated to be less than 3/4 of an inch, even when 
conservatively assuming that they are not cemented, ignoring the fact that they are stratified with 
occasional layers of clay and clayey silt, which will minimize the potential for dynamically induced 
settlements, and that they are calculated using the maximum thickness of nonplastic silts within the upper 
layer, not an average or median thickness. Dynamic settlements of this magnitude are not expected to 
adversely affect the performance of the facilities.
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Table 1 

Approximate Thickness of Nonplastic Silts in PFSF Borings 

Boring Thickness of 

NP Silts 

A-1 17 

A-2 10 

A-3 5 

A-4 2 

B-1 5 

B-2 0 

B-3 5 

B-4 20 

C-1 0 

C-2 5 

C-3 0 

C-4 17 

D-1 15 

D-2 15 

D-3 5 

D-4 17 

E-3 12 

E-4 18 

Average 9.3
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Table 2

N-Values of Nonplastic Silts in Upper Layer at PFSF

Rec 
(in.)

Boring & 
Sample 

A-1 S1 
A-1 S2 
A-1 S3 
A-1 S4 
A-1 S5 
A-1 S6 
A-2 S1 
A-2 S3 
A-2 S4 
A-2 S5 
A-2 S6 
A-3 S1 
A-3 S4 
A-3 S5 
A-3 S6 
A-3 S7 
A-4 S1 
A-4 S3 
A-4 S4 
A-4 S5 
A-4 S6 
B-1 S1 
B-1 S3 
B-1 S4 
B-1 S5 
B-2 S1 
B-2 S3 
B-2 S4 

B-2 S5 
B-2 S6 
B-3 S1

Blows N-Value USC

0.00 
5.00 

10.00 

15.00 

20.00 

25.00 

0.00 

10.00 

15.00 

20.00 

25.00 

0.00 

15.00 

20.00 

25.00 

30.00 

0.00 

10.00 

15.00 

20.00 

25.00 

0.00 

10.00 

15.00 

20.00 

0.00 

10.00 

15.00 

20.00 

25.00 

0.00

1.50 

6.50 

11.50 

16.50 

21.50 

26.50 

1.50 

11.50 

16.50 

21.50 

26.50 

1.50 

16.50 

21.50 

26.50 

31.50 

1.50 

11.50 

16.50 

21.50 

26.50 

1.50 

11.50 

16.50 

21.50 

1.50 

11.50 

16.50 

21.50 

26.50 

1.50

4.0 6-13-10 

12.0 4-5-8 

13.0 6-9-13 

15.0 7-9-10 

18.0 5-6-7 

12.0 7-15-21 

3.0 1/12"-1 

14.0 5-5-6 

13.0 7-7-7 

14.05-6-11 

15.0 5-6-10 

11.0 1-2-2 

13.0 6-7-8 

13.0 6-8-12 

16.0 8-12-18 

14.0 12-14-20 

6.0 1-6-8 

12.0 6-6-7 

14.0 6-8-10 

18.0 6-6-6 

12.0 4-8-12 

8.0 2-4-9 

13.0 7-7-8 

16.0 6-10-10 

16.0 4-5-7 

0.0 1-2-2 

12.0 4-6-7 

14.0 3-7-9 

18.0 5-6-6 

13.0 6-7-8 

4.0 1-4-5

Depth 

(ft)

23 

13 

22 

19 

13 

36 

1 

11 

14 

17 

16 

4 

15 

20 

30 

34 

14 

13 

18 

12 

20 

13 

15 

20 

12 

4 

13 

16 

12 

15 

9

ML 
ML,CL 

ML 
ML 
ML 

ML 

ML 
ML 

ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 
ML 

ML 
ML 
ML 
ML 
ML 

ML 

ML 
ML 

ML 

ML 
ML 
ML

Layer 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

1 

i 

1 
1 

1

NP? 

NP 

NP 

NP 

NP 

Plastic 

NP 

Plastic 

NP 

NP 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

NP 

Plastic 

NP 

Plastic 

Plastic 

Plastic 

NP 

NP 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic
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Table 2

N-Values of Nonplastic Silts in Upper Layer at PFSF

Rec 
(in.)

Boring & 

Sample 

B-3 S2 

B-3 S3 

B-3 S4 

B-3 S5 

B-4 S1 

B-4 S2 

B-4 S4 

B-4 S5 

B-4 S6 

C-1 S1 

C-1 S2 

C-1 S4 

C-1 S5 

C-2 S1 

C-2 S2 

C-4 S1 

C-4 S2

Blows N-Value USC

15.00 

20.00 

25.00 

30.00 

0.00 

5.00 

15.00 

20.00 

25.00 

0.00 

5.00 

15.00 

20.00 

0.00 

15.00 

0.00 

5.00 

10.00 

15.00 

20.00 

25.00 

30.00 

0.00 

5.00 

10.00 

15.00 

20.00 

0.00 

5.00 

10.00 

15.00

16.50 

21.50 

26.50 

31.50 

1.50 

6.50 

16.50 

21.50 

26.50 

1.50 

6.50 

16.50 

21.50 

1.50 

16.50 

1.50 

6.50 

11.50 

16.50 

21.50 

26.50 

31.50 

1.50 

6.50 

11.50 

16.50 

21.50 

1.50 

6.50 

11.50 

16.50

14.0 5-8-10 

18.0 4-6-6 

16.0 8-10-14 

16.0 8-12-16 

6.0 2-9-13 

13.0 3-4-5 

12.0 8-7-8 

13.0 5-10-11 

14.0 6-10-11 

4.0 2-1-2 

16.0 3-4-4 

15.0 8-8-8 

18.0 4-4-4 

4.0 3-8-10 

13.0 5-6-7 

7.0 2-6-9 

12.0 4-3-4 

15.0 3-4-7 

12.0 6-6-8 

13.0 5-7-8 

14.0 10-10-10 

13.0 8-10-11 

6.0 6-20-20 

14.0 3-5-7 

14.0 5-7-7 

16.04-6-7 

15.0 6-7-9 

6.0 2-3-3 

15.0 3-3-3 

16.0 3-4-7 

16.0 5-7-8

Depth 

(ft)

18 

12 

24 

28 

22 

9 

15 

21 

21 

3 

8 

16 

8 

18 

13 

15 

7 

11 

14 

15 

20 

21 

40 

12 

14 

13 

16 

6 

6 

11 

15

ML 
ML 
ML 

ML 
ML 

ML 
ML 
ML 
ML 
ML 

ML 
ML 

ML 
ML 
CL,ML 
ML 

CL/CH/ 
ML 
ML 

ML 
ML 
ML 
ML 

ML 

ML 
ML 

ML 
ML 
ML 
ML 

ML 
ML

Layer 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1

NP? 

Plastic 

Plastic 

Plastic 

NP 

NP 

Plastic 

NP 

NP 

NP 

NP 

Plastic 

Plastic 

Plastic 

Plastic 

Plastic 

NP 

Plastic 

NP 

NP 

Plastic 

NP 

NP 

NP 

NP 

NP 

Plastic 

NP 

NP 

Plastic 

Plastic 

NP

C-4 

C-4 

C-4 

C-4 

C-4 

D-1 

D-1 

D-1 

D-1 

D-1 

D-2 

D-2 

D-2 

D-2

S3 

S4 

S5 

S6 

S7 

S1 

S2 
S3 

S4 

S5 

S1 

S2 

S3 

S4
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Table 2

N-Values of Nonplastic Silts in Upper Layer at PFSF

Depth 

(ft)

Boring & 

Sample 

D-2 S5 

D-2 S6 

D-3 S6 

D-4 S1 

D-4 S2 

D-4 S3 

D-4 S4 

D-4 S5 

D-4 S6 

E-3 S1 

E-3 S3 
E-3 S4 

E-3 S5 

E-3 S6 

E-4 S1 

E-4 S4 

E-4 S5 

E-4 S6

Rec 
(in.)

Blows N-Value USC

15.0 6-9-9 

15.0 6-8-9 

16.0 8-14-25 

3.0 4-4-4 

3.0 3-2-2 

8.05-10-14 

12.0 10-12-10 

14.0 4-4-5 

14.0 6-7-9 

7.0 2-4-5 

16.0 3-5-7 

16.0 7-10-12 

16.0 4-7-8 

15.0 5-6-12 

7.0 3-7-10 

12.0 8-20-20 

17.0 6-6-10 

16.0 7-10-14

18 

17 

39 

8 

4 

24 

22 

9 

16 

9 

12 

22 

15 

18 

17 

40 

16 

24

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML 

ML

Layer 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1

NP? 

NP 

NP 

NP 

NP 

Plastic 

NP 

NP 

Plastic 

NP 

NP 

Plastic 

NP 

Plastic 

NP 

NP 

NP 

Plastic 

NP

NOTES: This sheet only addresses Layer 1 silts, without AR borings and B-1 & 2.  

Layer 1 SM samples are excluded. All of their blow counts > 20.

indicates N < 10

21.50 

26.50 

26.50 

1.50 

6.50 

11.50 

16.50 

21.50 

26.50 

1.50 

11.50 

16.50 

21.50 

26.50 

1.50 

16.50 

21.50 

26.50

20.00 

25.00 

25.00 

0.00 

5.00 

10.00 

15.00 

20.00 

25.00 

0.00 

10.00 

15.00 

20.00 

25.00 

0.00 

15.00 

20.00 

25.00
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Table 3 

Summary of N-Values of Nonplastic Silts in Upper Layer at PFSF 

Excluding Samples from 0 to 1.5 ft 

31 NP 33 Plastic 64 NP & 
samples samples Plastic 

samples 

N-values Minimum 11 Minimum 4 Minimum 4 
Average 20 Average 14 Average 17 
Median 18 Median 13 Median 16 
Maximum 40 Maximum 30 Maximum 40 
N<10 0 N<10 7 N<10 7
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FIG. 13.-Relationship between Volu
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TABLE 4.-Influence of Earthquake Magnitude on Volumetric Strain Ratio for Dry 
Sands 

Earthquake Number of representative Volumetric strain ratio, 
magnitude cycles at 0.65 'r,,• ,cN/Ec.-15 

(1) (2) (3) 

8-1/2 26 1.25 
7-1/2 15 1.0 
6-3/4 10 0.85 
6 5 0.6 
5-1/4 2-3 0.4
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DISCUSSION OF SETTLEMENTS 

The estimated settlements of the Canister Transfer Building will not adversely affect 

the performance or integrity of the structure. The building settlements are minimal, 

considering the mat foundation system utilized. The subsurface profile under the 

building is essentially uniform, as shown on SAR Figures 2.6-21 through 23. The 5

ft thick mat will distribute the building loads over a wide area, resulting in relatively 

uniform distribution of settlements under the mat. As shown in S&W Drawing 

0599601-EA-8-D, the reinforced-concrete walls are arranged more or less 

symmetrically on the mat, tending to load the mat uniformly, which minimizes 

potential tilting of the structure. These walls also serve to stiffen the massive, 5-ft 

thick reinforced-concrete mat foundation, minimizing dishing and resultant 

differential settlement.  

Most of the static settlements will occur as the building is constructed or within a 

short time after construction. This is true even for the secondary settlements. Page 

18 indicates more than half of the secondary settlement (0.69" of 1.11", as indicated) 

is expected to occur within the first month following construction. In addition, the 

building loads spread out with respect to depth. The soils adjacent to the mat 

foundation will also settle somewhat as the building is loaded; thus, there will not be 

an abrupt differential settlement at the face of the mat foundation. Further, there 

are no important-to-safety piping systems or electrical ducts connected between the 

yard area and the structure. Those systems that do run between the yard area and 

the building will be designed to accommodate appropriate levels of differential 

settlement, but since these connections will be made late in the construction 

schedule, most of the settlement will have already occurred, and the potential 

differential settlements for these connections will be much smaller than the 

estimated total settlement of 3 inches.  

Table 14.1, "Allowable Settlement," in Lambe and Whitman (1969) indicates that the 

maximum tilting of crane rails and differential settlement of reinforced-concrete 

building curtain walls should be limited to 0.003 E, (S/C - 1/300). The walls 

supporting the crane in the Canister Transfer Building are spaced 65 ft apart (S&W 

Drawing 0599601-EA-8-D). For spread footings, the differential settlement is 

generally estimated to be -3/4 of the total settlement. Because mat foundations 

spread the loads out over wide areas, they generally are more tolerant of differential 

settlements. Terzaghi & Peck (1967) indicate: 

"... because of the random distribution of compressible zones in the 

subsoil (Fig 55.3) combined with the stiffening effect of the raft and 

building frame, it can safely be assumed that the differential settlement of



STONE & WEBSTER ENGINEERING CORPORATION 

5010.65 CALCULATION SHEET

CALCULATION IDENTIFICATION NUMBER 

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

05996.02 G(C) 14-1

a raft foundation per inch of settlement is not more than one half the 
corresponding value for buildings on footings." 

Therefore, for mat foundations, assume the ratio of differential settlement to total 
settlement is -3/8. Even if we assume that the total estimated settlement was 
applicable in contributing to the differential settlement between the two walls 
supporting the crane, the expected differential settlement would be only 3/8 x 3 in., 
which equals 1.12 in. This represents a tilt of only 1.12 in. over 65 ft, or 

1.12 in. 1 
e65 ft x 12 in./ft 700 

which is much smaller than the typical allowable of 1/300. Therefore, even using 
very conservative upper-bound estimates of the differential settlement applicable for 
the walls supporting the Canister Transfer Building crane, the performance of this 
crane will not be adversely affected by the estimated settlements.
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