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3.33 Inches total settlement after 40 years

DISCUSSION (cont'd) 

In the foregoing analyses > 90% of the settlement is due settlement in Layer 1. In 

these analyses, Layer 1 was not subdivided into smaller layers and the stresses with 

depth were determined using an approximate method (distributing them with depth 

baseon a slope of 2V: 1 H). The settlement of the storage pads due to Layer 1 was 

reevaluated, dividing Layer 1 into four sublayers as shown in Figure 7 and using 

Boussinesq's equation to distribute the loading with respect to depth, essentially as 

a strip load, since the pads are only 5 ft apart in the direction of their 64 ft lengths.  

Table 3 presents these analyses, which are based on the same procedures described 

above, except Boussinesq's equation is used to distribute the loading with respect to 

depth, essentially as a strip load, and the rate of secondary compression is 

determined based on the dashed curve shown in Figure 8.  

CONCLUSIONS: 

Table 3 presents a summary of the estimated settlements in Layer 1. As discussed 

above, Layers 2 through 4 are expected to contribute less than -0.25" to the total 

settlement of the storage pads; therefore, the total estimated settlement of the 

storage pads is: 

0.26 Inches of immediate settlement In Layer I 

0.25 Inches of immediate settlement In Layers 2-4 

1.67 Inches of primary consolidation settlement in Layer I 
1.16 Inches of secondary compression in Layer I over 40 years



(

ch L" N v N 40 to N 4 M N L N N N tA to to 0 to t4 Z~ (A Z W 0 CAa - O J & 1A PO q0 co -4 a, to tow N 

.. o 

CALCULATION OF SETTLEMENTS BENEATH CENTER OF STORAGE PAD pw w- 3 

q = 1.93 ksf Y, = 80.00 pcf GWT > 100 ft below grade 3.09 " M 
B = 30.00 ft L = 640.00 ft (L = 64 ft, but use 640 ft to emulate strip footing) . * C" 
Df = 3.00 ft E.w = 3780 ksf (From Table I of Calc 05996.01-G(B)-01-1) 0 P _ 

o 

CONCLUSIONS: 

Portion of Load due to: Weight of Storage Pad = 0.45 ksf = 0.23 
1.93 ksf , z-- -4 S0 o 

0 2 

Portion of Settlement due to Weight of Storage Pad: r > 

0 - 0 r" 
0.23 * 1.93 = 0.45 inches of immediate settlement due to Weight of Pad 0z 0 n 

0 0.23 * 2.66 = 0.62 Inches after I month due to Weight of Pad >, 
0.23 3.04 = 0.71 inches after 20 years u -4 
0.23 3.09 = 0.72 inches after 40 years n Z In 

-0 
z 0 ,-lr 

Portion of Settlement due to Placement of Casks: 0 z M0 
C 0 

-U 2.66 Inches after I month due to Weight of Pad + Casks _4 • M 
-0.62 Inches after 1 month due to Weight of Pad 0 > 

zJ 
P 0 2.04 Inches after I month due to Placement of Casks z 

-4 
Cn (X 

0 Portion of Settlement from end of 1st month after Placement of Casks to 40 Years: 0 
rnt, 

3.09 inches after 40 years 
-0.62 inches after 1 month due to Weight of Pad 
-2.04 inches after I month due to Placement of Casksm 

0.43 Inches from I month to 40 years
e ---- 1 se ped.xh on WI7

I. ___________
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Table 2A 
Determination of Coefficients of Secondary Compression

m 
-6 
m 
m

Over I Log Cycle

Test ID Load 
tsf 

CI-U3C 0.00 
Ct-U3C 0.10 
C-.U3C 0.25 
CI-U3C 0.50 
CI-U3C 1.00 
CI-U3C 2.00 
CI-U3C 0.50 
CI-U3C 1.00 
CI-U3C 2.00 
CI-U3C 4.00 
CI-U3C 8.00 
Cl-U3C 2.00 
CI-U3C 0.50

Increment 
tsf 

0.10 
0.25 
0.50 
1.00 
2.00 
0.50 
1.00 
2.00 
4.00 
8.00 
2.00 
0.50 
0.10

twA 

minutes 
15 

1500 
1380 
2580 
12780 
240 
960 
180 

4320 
1080 
60 
120 
240

Remarks 

RELOAD 

RELOAD 
RELOAD 
RELOAD 
RELOAD 
UNLOAD 
RELOAD 
RELOAD 
VIRGIN 
VIRGIN 

UNLOAD 
UNLOAD 

UNLOAD

Strain (' 
Start 

0.140 
0.557 
1.080 
1.900 
4.120 
4.660 
4.780 
5.160 

10.400 
20.120 
20.820 
19.790 
18.590

End 
0.156 
0.641 
1.170 
2.010 
5.060 
4.620 
4.830 
5.200 

11.800 
21.440 
20.720 
19.640 
18.390

Strain(%)/ Max Past Stress 

Log Cycle Tkme(rngn Pressure Ratio

-0.016 
-0.084 
-0.090 
-0.110 
-0.940 
0.040 
-0.050 
-0.040 
-1.400 
-1.320 
0.100 
0.150 
0.200

2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
2.8 
8 
8 
8

0.04 
0.09 
0.18 
0.36 
0.71 
0.18 
0.36 
0.71 
1.43 
2.86 
0.25 
0.06 
0.01
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Table 2B 
Determination of Coefficients of Secondary Compression

Test ID Load 
tsf 

CI-U3D 0.00 
CI-U3D 0.10 
CI-U3D 0.25 
C1-U3D 0.50 
CI-U3D 1.00 
CI-U30 2.00 
CI-U3D 4.00 
CI-U3D 8.00 
C1-U3D 2.00 
CI-U30 0.50 
C1-U3D 1.00 
CI-U3D 2.00 
CI-U30 4.00 
CI-U3D 8.00 
C1-U3D 2.00 
CI-U30 0.50

Increment 
tsf 

0.10 
0.25 
0.50 
1.00 
2.00 
4.00 
8.00 
2.00 
0.50 
1.00 
2.00 
4.00 
8.00 
2.00 
0.50 
0.10

minutes 
8 

36 
60 
78 

15540 
10500 
2640 
300 
960 
180 

4080 
180 
240 
900 
60 
180

Remarks 

RELOAD 
RELOAD 
RELOAD 
RELOAD 
RELOAD 

VIRGIN 
VIRGIN 

UNLOAD 

UNLOAD 
RELOAD 

RELOAD 
RELOAD 

RELOAD 
UNLOAD 

UNLOAD 
UNLOAD

Over I Log Cycle 

Strain (%)
Start 

0.120 
0.238 
0.700 
1.450 
3.000 

11.412 
20.353 
21.570 
20.300 
20.342 
20.980 
21.670 
22.840 
22.388 
21.290 
19.660

End 
-0.011 
0.267 
0.742 
1.570 
4.100 

13.029 
21.824 
21.520 
20.100 
20.370 
21.010 
21.740 
23.130 
22.365.  
21.180 
19.420

Strain(%)/ Max Past Stress
Log Cycle Tilme(mn) Pressure

0.131 
-0.029 
-0.042 
-0.120 
-1.100 
-1.617 
-1.471 
0.050 
0.200 
-0.028 
-0.030 
-0.070 
-0.290 
0.023 
0.110 
0.240
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Table 2C 
Determination of Coefficients of Secondary Compression

Test ID Load 
tsf 

C2-UJ2C 0.00 
C2-U2C 0.10 
C2-U2C 0.25 
C2-U2C 0.50 
C2-U2C 1.00 
C2-U2C 2.00 
C2-U2C 0.50 
C2-U2C 1.00 
C2-U2C 2.00 
C2-U2C 4.00 
C2-U2C 8.00 
C2-UJ2C 2.00 
C2-UJ2C 0.50

Increment 
tsf 

0.10 
0.25 
0.50 
1.00 
2.00 
0.50 
1.00 
2.00 
4.00 
8.00 
2.00 
0.50 
0.10

minutes 
22 

1380 
2990 
1500 

16800 
300 
960 
180 

4320 
1080 
60 
174 
240

Remarks 

RELOAD 
RELOAD 
RELOAD 

RELOAD 
RELOAD 
UNLOAD 

RELOAD 
RELOAD 

VIRGIN 
VIRGIN 

UNLOAD 

UNLOAD 
UNLOAD

Over I Log Cycle 
Strain (%)

Start 
0.086 
0.284 
0.649 
1.084 
2.400 

2.735 
3.012 
7.431 

16.118

End 
0.104 
0.341 
0.694 
1.192 
2.912 

2.759 
3.036 
8.627 

17.412

Strain(%)l Max Past Stress

Log Cycle T"rW(mln) Pressure

-0.018 
-0.056 
-0.045 
-0.108 
-0.512 

-0.024 
-0.025 
-1.196 
-1.294

Ratio

3 0.03 
3 0.08 
3 0.17 
3 0.33 
3 0.67 
3 0.17 
3 0.33 
3 0.67 
3 1.33 
3 2.67
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CALCULATION OF SETTLEMENTS BENEATH CENTER OF STORAGE PAD
q= 
B= 
D,

1.93 ksf 
30.00 ft 

3.00 ft

Tt = 

L= 
F_.-

80.00 pcf GWr > 100 ft below grade 
640.00 ft (L = 64 ft, but use 640 ft to emulate strip footing) 

3780 ksf (From Table I of Calc 05996.01-G(B)-01-1)

P13o01l 

3.09"

STRESSES BENEATH FOOTING: 
LAYER AH Zzaa m n lo I..W A f 

ft ft kaf It kaf ksf 
1A 5.00 5.50 0.44 2.50 6.00 128.00 0.250 1.00 1.69 2.13 
IB 5.00 10.50 0.84 7.50 2.00 42.67 0.240 0.96 1.62 2.46 
1C 7.00 16.50 1.32 13.50 1.11 23.70 0.213 0.85 1.44 2.76 
ID 10.00 25.00 2.00 22.00 0.68 14.55 0.169 0.68 1.14 3.14 

Note: a xZ yXY, A, a(q - ly•,W) x 1.*. 1, a 4xI,. aw :,,o + Aav 
I,,w "f(m & n) based on Fig 3.40 In Das(1995), where: m~b/z,, b-B/2 n = 1z1, where 1-1-/2 

ELASTIC SETTLEMENTS: 
LAYER AH A0, C,,,,,, E E eeft, Apo - AH x 12 In./ft x e,,k 

ft ksf % E. ksf % Inches 
1A 5.00 1.69 0.11 0.41 1564 0.11 0.06 
1B 5.00 1.62 0.10 0.43 1637 0.10 0.06 
1C 7.00 1.44 0.078 0.49 1850 0.078 0.07 
1D 10.00 1.14 0.052 0.58 2197 0.052 0.06 

Total - 0.25 Inches 
Note: ej Ao, I E 
Assume: El EI = Based on G/G,, from Geomatrix Calc 05996.01-G(P05)-I, Rev 0, p12/29 of Section 1.3 

NOTE: E Is directly related to G; I.e., E = 2 x (I+p) G 

PRIMARY CONSOLIDATION SETTLEMENTS:
LAYER AH o,

ft 
5.00 
5.00 
7.00 
10.00

ksf 
0.44 
0.84 
1.32 
2.00

Ulpf App,, = AH x 12 ln./ft x RR x Log (a,/a,) 

ksf Inches 

2.13 0.57 Note: 6.00 ksf =Me) 
2.46 0.39 See p 7 
2.76 0.38 0.014 a RR, S€ 
3.14 0.33 

Total I 1.67 Inches

ximum past pressure from consolidation tests 
Calc 05996.01-G(B)-01 
ie p 13 Calc 05996.01-G(B)-03
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CALCULATION OF SETTLEMENTS BENEATH CENTER OF STORAGE PAD
q = 1.93 ksf
B= 
Dj=

30.00 ft 
3.00 It

Yt = 
L= 

Era =

SEOUNUARY SETTLEMENTS:
LAYER AH

ft

1A 
18 
1C 
ID

5.00 
5.00 
7.00 
10.00

GyFV awo/tMp

kIf 

2.13 
2.48 
2.76 
3.14

80.00 pcf GWT > 100 ft below grade 
640.00 It (L = 64 If, but use 640 ft to emulate strip footing) 

3780 ksf (From Table I of Calc 05996.01-G(B)-01-1)

A Secondary Settleme

C. 4.64 7.02

Plowl 

3.09"

nt = 12 In./ft x C. x Logio(At In min) 

7.32 = Logto(40 yrs x 525,960 min/yr)

%/Log Log Cycles Log Cycles Log Cycles 
Cycle Time In I month In 20 Yrs In 40 Yrs 

(mln) Inches Inches Inches
0.35 
0.41 
0.46 
0.52

0.035 
0.042 
0.049 
0.060

0.10 
0.12 
0.19 
0.33

Total 0.74

Note:

0.15 
0.18 
0.29 
0.50
0.- .. 0.63
1.12

0.16 
0.18 
0.30

1.16 Inches

C. = rate of secondary compression & Is f(a/Om,) - From Figure 2 in Calc 05996.01-G(B)-05 
525,960 mrin 1 yr a 365.25 days x 24 hr/day x 60 min/hr 

43,830 min/month = 525,960 min/yr 
12 months/yr

SUMMARY OF SETTLEMENTS: 
LAYER AH , Z.  

ft ft It 
1A 5.00 5.50 2.50 
1B 5.00 10.50 7.50 
1C 7.00 16.50 13.50 
1D 10.00 25.00 22.00

Inches 
0.08 
0.06 
0.07 
0.06

Total - 0.  

Total ,

Apprwy 

Inches 
0.57 
0.39 
0.38 
0.33
1.67

A Secondary Settlement 
I month 20 yrs 40 yrs 
Inches Inches Inches 

0.10 0.15 0.10 
0.12 0.18 0.18 
0.19 0.29 0.30 
0.33 0.50 0.53
U.74 1.12 1.16 inches

1.93 Inches of Immediate settlement 
2.66 inches after I month 
3.04 inches after 20 years 
3.09 Inches after 40 years
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