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TITLE: FOUNDATION BEARING CAPACITY ANALYSES

Problem Statement

Determine the factor of safety against bearing capacity failure of the landfill foundation.

References

1. Summary of Geotechnical Parameters contained in Appendix I11.D.5-1 of this Report.

2. Coduto, D.P., “Foundation Design Principles and Practices,” 2" Edition (attached pages).

3. Caterpillar Product Information, 836H, Landfill Compactor (attached pages).

4. Landfill design specifications for layer types and thicknesses presented on design details in Design
Drawing Set contained in this Application.

5. Landfill design grades for the mass excavation, liners, and final landform presented on design plan

drawings in Design Drawing Set contained in this Application.

Assumptions

The following conservative assumptions were utilized in the analysis:

Scenarios Analyzed

1.

Compacted soil liner bearing capacity under vehicle loading (short-term shear strength / loading
conditions).

Compacted soil liner bearing capacity for the final landform at the point of maximum waste height (long-
term shear strength / loading conditions).

Foundation Material Properties

Stratum IV Foundation Soils. The lithologic unit occuring immediately beneath the base liner of the North
Unit and South Unit Landfills is Stratum IV (Reference No. 1). The unit weights and shear strength
parameters assumed for this foundation unit are as follow (Reference No. 1):

Unit Weights
0 Moist unit weight = 129 pcf
0 Saturated unit weight = 132 pcf

Shear Strength - Short-Term Conditions

o0 cohesion ¢ = 2,500 psf
o friction angle, ® = 5 degrees

Shear Strength - Long Term Conditions

0 cohesion ¢’ = 720 psf
o friction angle, @’ = 13.5 degrees
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Landfill Material Properties

= The following saturated unit weights were conservatively assumed in the bearing capacity calculations for
the final cover soil, protective cover soil, compacted low permeable soil liner, and waste fill (Reference

No. 1):
Unit Weights

o final cover soil moist and saturated unit weights = 129 pcf / 132 pcf
0 protective cover soil moist and saturated unit weights = 129 pcf / 132 pcf
0 compacted low permeable soil liner moist and saturated unit weights = 129 pcf / 132 pcf
o waste fill moist and saturated unit weight = 65 pcf.

*» The length and width of the smallest landfill cell occurs in Cell N4 of the North Unit Landfill and is
approximately 1,872-feet long by 765-feet wide. The shorter dimension of 765-feet was analyzed as “B.”

= The maximum final elevation in Cell N4 occurs on the northern cell edge at elevation 726 ft. MSL.
However, to be conservative the maximum final waste column thickness of approximately 380 feet (which
occurs at the center of both the North and South Unit Landfills) was conservatively assumed in the long-
term (final landform loading) bearing capacity calculation.

= The corresponding elevation and thickness of each landfill and foundation layer used in these calculations
are summarized in Table 1 below.

Table 1
Summary of Average Thickness of Landfill Layers
Layer Top Elevation (ft. MSL) Thickness (ft.)
Final Cover System 858 3
Waste 855 380
Protective Cover Soil 475 2
Compacted Low Permeable Soil Liner 473 3
Foundation Materials 470
Total Height of Landfill, H = 388 ft
Pescadito ERC — Part lll, Appendix 111-D.5-3 2 cBé&l
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Bearing Capacity Equation for Static Conditions
The factor of safety for bearing capacity is as follows:

Where,

gur = ultimate bearing capcity (psf)
o'y = effective vertical stress (psf)

= Karl Terzaghi's bearing capacity equation for continuous footings is used to calculate bearing capacity of
landfill foundation for static conditions. Due to the size and depth of the landfill, the equation is overly
conservative for landfills.
quie = ¢'N¢ + o' ,pNy + 0.5y'BN,,

Where,
Quit = ultimate bearing capcity, psf
c, C = soil cohesion, psf
(o = vertical effective stress, psf
Y = effective unit weight of soil, pcf
B = width of foundation, feet
N¢, Ng, Ny = non-dimensional bearing capacity factors, functions of ®
o, P’ = soil friction angle, degrees

= Using Terzaghi’s bearing capacity factors the of Ny, N¢, and N, were determined (Reference No. 2):
For Short-Term Loading Conditions:
®=5">N,=7.3,N;=16,N,=0.4
For Long-Term Loading Conditions:
®' =13.5°> N.=11.75,N;= 3.8, N, = 1.75

Calculations

Calculate ultimate bearing capacity, q,: on the Foundation Materials. The vertical effective stress (c’,p) is
conservatively assumed equal to zero. The Stratum IV foundation soils beneath the landfill base liners are
characterized as slightly moist to dry, however to be conservative the saturated moist unit weights are
assumed (instead of the moist unit weights) in the calculations below.

Short-Term Loading Conditions:

Guie = ¢'N + o' ,pNg + 0.5y'BN,,

Quir = (720psf)(7.3) + (0psf)(1.6) + ((0.5)(132 — 62.4) pcf (765ft)(0.4))

Quir = 15,904 psf
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Long-Term Loading Conditions:

Guie = ¢'N. + o' ,pNg + 0.57'BN,,

quie = (720psf)(11.75) + ((383')(132 — 62.4)pcf (3.8)) + ((0.5)(132 — 62.4) pcf (765ft)(1.75))
Quit = 156,344 psf

Compacted Soil Liner Bearing Capacity under Vehicle Loading

Calculate the effective overburden stress (c',) due to the placement of the leachate collection system, clay
liner and loading by a vehicle (compactor). Conservatively assume that the vehicle load does not attenuate
with depth (refer to Table 2 below).

Assume loading by CAT 836H compactor (Reference No. 3, attached pages)

Vehicle Weight (Wyen) = 122,586 lbs

_ 122,586 lbs
4 drums x Areacontact

Contact Pressure (P)

122,586 lbs
P= T = 3,540 psf
4 drums X (4.58ft X 3 X 5.67 ft)
Table 2
Effective Overburden Stress @, on Foundation Materials from Vehicle Load
Thickness, t Unit Weight, y’ o'y =(t) x ()
Layer (ft) (pcf) (psf)
Vehicle Load - 3,540 3,540
Protective Soil 1 129 129
Protective Soil (saturated) 1 (132-62.4) = 69.6 69.6
Clay Liner 3 (132-62.4) = 69.6 208.8
Total Thickness = 5 (o)) = 3,947 .4 psf

Factor of Safety against bearing capacity failure due to vehicle loading and short-term static conditions, FS:

o aw_ 1590y
short—term O-’v 3,947.4 psf

Compacted Soil Liner Bearing Capacity under Final Landform Loading

Pescadito ERC — Part lll, Appendix 111-D.5-3 4 cBé&l
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Calculate the effective overburden stress (c',) due to waste and soil load for the worst case final conditions

(Table 3 below):

Effective Overburden StressT,agl'i,Son the Foundation Materials
From Final Landform
Thickness, t Unit Weight, y o'y=(t) x (y)

Layer (ft) (pcf) (psf)
Final Cover 3 129 387
Waste 380 65 24,700
Protective Soil Layer 1 129 129
Protective Soil Layer (saturated) 1 (132-62.4) = 69.6 69.6
Compacted Clay Liner 3 (132-62.4) = 69.6 208.8

Total Thickness = 388 ft (o) = 25,494.4 psf
Weighted Average y'v =  65.7 pcf

Factor of Safety (FS) against bearing capacity failure at final landform height under long-term static

conditions:

Results

FSlong—term -
Oy

Guie 156,344 psf
© 25,494 psf

The Pescadito Landfill has been designed to achieve a minimum factor of safety against bearing capacity
failure of 2.0 under static conditions. A summary of the determined factors of safety against bearing capacity

failure of the landfill foundation is presented in Table 4 below.

Table 4
Factors of Safety Against Bearing Capacity Failure
Loading Calculated Minimum Recommended
Conditions Factor of Safety Factor of Safety

Short-Term / Static Conditions: Vehicle Loading 40 2.0

Long-Term / Static Conditions: Final Landform Loading 6.1 2.0
Pescadito ERC — Part lll, Appendix 111-D.5-3 5 cBé&l
March 2015

Foundation Bearing Capacity Analyses




Technically Complete, March 11, 2016

Reference No. 2

Bearing Capacity Equation and Factors



Technically Complete, March 11, 2016



176

Technically Complete, March 11, 2016
Chapter 6 Shallow Foundations—Bearing Capacity

considering a slice of the foundation of length b and taking moments about Point A, we
obtain the following:

M, = (q.:Bb)(B/2) — (s, 7Bb)(B) ~ apBb(B/2) 6.)

Guir = 2w S + O.p (62)

It is convenient to define a new , called a bearing capacity factor, N, and
rewrite Equation 6.2 as:

iy = NcSu + Ozp (63)

Nustrates the general methodology required
pacity formulas, '

Terzaghi’s Bearing Capacity Formulas

Various Jimit equilibrinm methods of computing capacity of soils were advanced
in the first half of the twenticth century, but the first ope to achieve widespread accep-
tance was that of Terzaghi (1943). His method includes the following assumptions:

« The depth of the foundation is less than or equal to its width (D < B).

« The bottom of the foundation is sufficiently rough that no sliding occurs between
the foundation and the soil.

. nis

owt

throughout).

» The shear strength of the soil is described by the formula s = ¢’ + o’ tan &’

« The general shear mode of failure gov

« No consolidation of the soil occurs {i.e ement of the foundation is due oply 10
the shearing and Jateral movement of the soil).

« The foundation is very rigid in comparison to the soil.

« The soil between the ground surface and a depth D has no shear strength, and serves
only as a surcharge load.

« The applied load is compressive and applied vertically to the centroid of the founda-
tion and no applied moment loads are present.

red in
ben is a th d
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qu 13N, + o.pN, + 0.4y'BN, 6.4)

For continuons foundations:

qull - c + U;DNq + O'S’Y’BN‘Y (65)
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For circular foundations:

gu = 13¢'N, + a;pN, + 03y'BN, (6.6)

Where:
qu: = ultimate bearing capacity
¢’ = effective cohesion for soil beneath foundation
§’ = effective friction angle for soil beneath foundation
o = vertical effective stress at depth D below the ground surface
(¢’ =y D if depth to groundwater table is greater than D)
' = effective unit weight of the soil (y = ¥’ if groundwater table is very deep;
see discussion later in this chapter for shallow groundwater conditions)
D = depth of foundation below ground surface
B = width (or diameter) of foundation
N,, N,, N, = Terzaghi’s bearing capacity factors = f(¢") (See Table 6.1 or Equations
6.7-6.12.)

Because of the shape of the failure surface, the values of ¢’ and ¢’ only need to rep-
resent the soil between the bottom of the footing and a depth B below the bottom. The
soils between the ground surface and a depth D are treated simply as overburden.

Terzaghi’s formulas are presented in terms of effective stresses. However, they also
may be nsed in a total stress analyses by substituting ¢y, ¢, and o, for &/, ¢, and o', I
saturated undrained conditions exist, we may conduct a total stress analysis with the shear
strength defined as ¢; = 5, and &= 0. In this case, N, = 5.7, ¥, = 1.0, and N, = 0.0.

The Terzaghi bearing capacity factors are:

2

N, = m 67

g = €075~ ¥/360Nang’ T 68)

for ¢’ =0 6.9)

= i ol ,1 for ¢’ >0 (6.10)
tand

These bearing capacity factors are also presented in tabular form in Table 6.1. Notice that
Terzaghi’s N, of 5.7 is smaller than the value of 6.28 derived from the simple bearing ca-
pacity analysis. This difference the result of using a circular failare surface in the simple
method and a more complex geometry in Terzaghi’s methed.

A




TABLE 6.1

I
(deg)

10
B

15
i6
17

21

23

27

29

33

35

39
40
41

oW

9.1
9.6
10.2

18.9
20.3
217

29.2
31.6
342

48,1
52.6

LAT8

86.0
95.7
106.8

Terzaghi

2.4
2.7
3.0

8.3
9.2
10.2

159
17.8
200

322
365
414

70.6
813
93.8

BEARING CAPACITY FACTORS

0.9
1.0
1.2

5.1
59
6.8

125
14.6
17.1

333
39.6
47.3

99.8
121.5
148.5

Technically Complete, March 11, 2016
6.2 Bearing Capacity Analyses in Soil—General Shear Case

59
6.2
6.5

7.9
8.3
8.8

116
12.3

15.8
16.9
18.0

25.8
279

38.6
4.2
46.1

67.9
75.3
83.9

1.3
1.4
L6

23
2.5
2.7

43
4.8

7.1
1.8
8.7

14.7
16.4

26.1
294
333

56.0
64.2
73.9

179

0.2
0.3
0.4

1.0
1.2
14

31
3.5

6.2
71
82

16.7
15.3

35.2
41.1
430

922
1094
130.2
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Engine

Engineg Mode!
Gross Power

Direct Drive — Gross Power

EEC §0/1259
Weights

Cat® C18 ACERT™

14 kW 555 hp
390 kw 523 hp
730 5301 hp

Operafing Weight

55 604 kg 122,586 th




LEngine Model

Cat® CIR ACERT™
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Drum Width

Gross Power )4 kW 535 hp 1200 mm 4t 7in
Direct Drive 390 kW 523 hp Drrum Diameter 1720 mm S 8in
- Gross Power Diameter with Tips 2050 mm 6 L 9 in
Dilz'eci Drive 249 kW 468 hp Tips per Whee! 13

- Flywheel Power

Converler Drive 413 kW 554 hp

— Gross Power

Converter Drive 372 kW 499 hp Fuel Tunk L 209.5 gat
- Flywheel Power Cooling System 7 L 28.3 gal
Net Power 390 kW 23 hp - Crankcase 60 L 15.9 gl
ELC 80/1269 373kW selhp Transmission 831 21.9 gal
Direct Drive 37 DifTerentials and 180 L 49.1 gal
- Torgque Rise Final Drives - Front

Converter Drive 36% Differentials and 190 L 50.2 gl
-~ Torgue Rise Final Drives — Rear

Bore 145 mm  §7hin Hydraulic Tank 1371 30.2 gal
Stroke 183mm  72in

Displicement 181L 1,104.5 in?

Direet Dirive 6.1 km/h 3.8 mph
- Forward 1

Direet Drive f0.9km/h 6.8 mph
-~ Forward 2

Direct Drive 0.4 km/h 4 mph
— Reverse 1

Direct Dirive 114%nw/h 7.1 mph

— Reverse 2

Converter Drive
- Forward 1

5.8 km/h

3.6 mph

Converter Drive
— Forward 2

10.3 km/h

6.4 mph

Caonverter Drive
- Reverse ]

6.0 km/h

3.8 mph

Converter Dirive
- Reverse 2

108 km/h

6.7 mph

Relief Valve Setting

24 100 kPa 3,495 psi

Lalt Cylinder Bore ¥
Stroke

139,75 mm X

HIZT

Front

Planctary-Fixed

Qsciflaling Rear

46

Operating Weight 55604 kg 122,586 b

« Operaling weight shown based on standard
machine confipured with stepped tip wheels
with Terra rolling wire guard, striker bar
with cleaner finpers, U-blade, Tull fuef,
coolant and lubricants and operator 84 kg
185 1b).

Meels ANSI/SAE
and 150 standards

Standards

* The operator sound exposure Leg
{equivalent sound pressure level) measured
wecording 1o the work cyele procedures
speeificd in ANSHSAE 11166 OCTY98 is
76 dB(A), for the cab olfered by Calerpiliar,
when properly instatled, maintaimed and
tested with the doors and windows closed,
Hearing profection may be needed when
operating with an open operalor stalion
and cab (when oot properly maintained or
doorstwindows open) for exiended periods
OF i o oY environmenl.

The exterior sound pressure fevel for the
standard machine measured at a distance
of 13 (49.2 11y according to the tesl
procedures specitied in SAE 158 JTiNS6.
mid-gear moving operalon 13 82 d13{A ).

+ The muehine sound power level is 114 dB(A),
measured according (o the {est procedures
and conditions specified in SO 6395:2008
for a standard machine confignration,
The measurement was conducted ar 70%
of the maximamn engine cooling lan speed.

* The muchine sound power level is
111 dB(A). measured according to the
test procedures and conditions specified
in ISO 6395:2008 for a sound suppression
machine configuration, The measurement
was conducted at 70% of the maximum
engine cocling fan speed,

* The operator sound pressure level 15
73 dB(A}, measured according to Lhe test
procedures and condifions specified in
150 6396:2008 for a sound suppression
machine configuration. The measurement
was conduected at 70%, of the maximum
cngine cooling fan speed.

Height to Top 4549 mm 4Tt 1lin
of Cab with A/C
Heighl Lo Top 4157 mm  13ft8in

of Exhaust Pipe

Height 1o Top R26tmm 10Mtain

of Hood

Ground Clearance 1025 mm 3(tdin
to Bumper

Center Line of Rear  3132mm 1013 in
Axle {o Edge of

Counterweight

Hilch to Center Line 2275mm 7L 6in
of Frant Axle

Wheelbuse 4550 mm 14 1lin

Length with Blade 10 182 mm 33 51in

on Ground

Ground Clearance 593 mm IEIRAR

Widih over Wheels  4280mm 141t

Height {¢ ROPS/
Canopy

4156 mm 13t din

13
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1 Height to Top ol Exhaust Pipe 4157 mm 13M8in
2 Height to Top of Hood 3201 mm 10M6mn
3 Ground Clearance to Bumper 1025 mm Iftsin
4 Ground Clearance 632 mm 20
6 Center Line of Rear Axle to Edge of Counterweight 3132 mm 10 fldin
6 Whedbase 4550 mm 14117 in
7 Length with Blade on Ground 10 182 mm 33ftSin
8 Hitch to Center Line of Front Axle 2275 mm 7itém
9 Height to ROPS/Canopy 4156 mm 131t 8in
10 Height 1o Top of Calb with A/C 4549 mm Hfi1iin :

14
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Strafght Blade

U-Blade

Semi U-Blade

Width over end bits

193 mm (1711}

S172 num (1718

S Tmm (57210

Height

3
2236 mm (7.3 1)

2215 mm (1.3 10

22008 mm (7.3 f1)

Lt speed al rated rpm

364 munfsec (1.2 fifsec)

362 mmfsec (1.2 Mfsect

934 mmdsec (1.2 fifsec)

Cutling cdges, reversible:

Length, cach end scetion (3 edges)

1408 2 mm (4.6 1)

17 mm (2.711)

§16.6 o (2.741)

Length, cach end scction (2 edges)

Y90 mm (3.3 {1)

938 mm {3.3 1)

Width % thickness

254 mm ® 25 mm

254 num X 23 pun

254 mm X 25 mm

(10 x 1 in)

(10 x 1in)

Pnd bits {23, sell-sharpeming:

Length, each

472 mm (1.6 1)

Right 472 mm (1.6 ft)

Right 472 mm (1.6 {t)

Left 432 mm (1.4 (1}

Left 472 mm {1.6 It}

Width x thick ness

254 mm X 25 mm

234 mm X 25 mm

254 mm x 25 mm

(50 i > by

{104 % 1in)

(10in x 1 in)

Capacity, rated

19.8 m* (259 vdY)

25.8m7 (31.8 vd¥)

224 m (29,29 yd

Turning diameter

OTE: See your Cat dealer foy other blade options,

8758 mm (23,7 11)

U023 mm (29.6 1)

8864 mm (29,0 11}

/- B864 mm {29.0 i) Riameter

15






