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1.0 PROJECT INFORMATION

1.1 PROJECT AUTHORIZATION

Authorization to proceed with this project was provided SCS Engineers in the form of
Work Order Hardee-01, which was executed 5/1/2003. This study was conducted in
accordance with the Scope of Work outlined in the PSI proposal for these services dated
April 17, 2003, PSI Proposal No. 775-3G0159. |

1.2 PROJECT DESCRIPTION

The existing Hardee County landfill is planned to be expanded. Geotechnical data is
required to design the planned expansion. A geotechnical study with soil borings and
laboratory testing has been performed to provide data to assist with the design of the
planned landfill expansion. '

If this information is incorrect, PSI should be notified to determine if either changes in the
recommendations are required or additional deeper borings may be necessary.

1.3 PURPOSE AND SCOPE OF WORK

The following services have been provided in order to provide the requested geotechnical
data: ' -

1. Executed an program of subsurface exploration consisting of subsurface
sampling and field testing. PS! performed seven (7) Standard Penetration
Test (SPT) borings. One of these borings was extended to a depth of 70
feet below the ground surface. Four borings were advanced to a depth of
45 feet, and two borings were advanced to a depth of 35 feet. In each
boring, samples were collected and Standard Penetration Test resistances
have been measured virtually continuously for the top 10 feet and on
intervals of 5 feet thereafter.

2, After the performance of the soil borings, five soil borings were performed
by drilling without sampling to various depths. At those various depths, thin-
walled (Shelby) tube samples were obtained. A list of the samples obtained
is presented in the table below:

Boring No. Depth, feet Sample Name

TH-1 18.0-20.0 US1

TH-1 23.5-25.0 Us2

TH-4 23.0-24.0 US3

TH-4 23.0-24.0 US4

TH-5 13.0-16.0 - US5

TH-6 18.0-20.0 US6

TH-7 13.0-15.0 us7
lﬁ; 1 SCS Engineers
Fa. A Proposed Hardee County Landfill Expansion

PSI Project No. 775-35140



3 Visually classified representative soil samples in the laboratory using the
Unified Soil Classification System (USCS). In addition to the visual
classifications, an extensive laboratory testing was performed to help define
the characteristics of the subsurface materials at this site.

4, Collected groundwater level measurements and estimated normal wet
seasonal high groundwater tables.

5. The results of the exploration were used in the engineering analysis and the
formulation of recommendations. The results of the subsurface exploration,
including the recommendations and the data on which they are based, are
\ presented in this written report prepared by a professional engineer.

The scope of our services did not include an environmental assessment for determining
the presence or absence of wetlands or hazardous or toxic materials in the soil, bedrock,
groundwater, or air, on or below or around this site. Any statements in this report or on
the boring logs regarding odors, colors, unusual or suspicious. items or conditions are
strictly for the information of our client. It is our understanding that an environmental site
assessment is currently being performed at this site.

2.0 SITE AND SUBSURFACE CONDITIONS

2.1 SITE LOCATION AND DESCRIPTION

The site is located at the existing Hardee County landfill located on Airport Road,
approximately 2 miles east and 2 miles north of Wauchula, Florida.

2.2  SUBSURFACE CONDITIONS

The subsurface conditions were explored using seven (7) Standard Penetration Test
(SPT) borings drilled depths ranging from 35 to 70 feet below the existing ground surface.
The borings were located in the field by SCS personnel who directed the location and
depth of each soil boring. The approximate boring locations and soil profiles are
presented on Sheet 1 in the Appendix of this report.

SPT soil borings were advanced utilizing rotary mud drilling methods and soil samples
were routinely obtained at select intervals during the drilling process. Drilling and
sampling techniques were accomplished in general accordance with- ASTM standards.
Select soil samples were returned to our laboratory for visual classification and laboratory
testing. After the performance of the SPT borings, soil borings were advanced without
sampling until desired depths were attained. Then, 3 inch diameter thin-wall (Shelby)
tube samples were obtained at depths ranging from 13 to 25 feet.

A generalized description of the subsurface stratigraphy at this site is presented in the
table below: '

ne; 2 SCS Engineers
’Ial _ Proposed Hardee County Landfill Expansion
3 PSI Project No. 775-35140



Depth, Feet Description Range of N-values
0-18 Sand, slightly silty fine sand, and silty 5->50
sand (SP/SP-SM, SM) .
18-70 Clayey sand, silty clay, sandy clay 5->50
(SC, CL/CH) :

Exceptions to this general pattern occurred at boring TH-3, where highly weathered
limestone was encountered from 18 to 23 feet. Also, at TH-2, a clayey sand (SC) was
found from 8 to 13 feet. :

The previous descriptions are of a generalized nature to highlight the major subsurface
stratification features and material characteristics. The soil profiles included on Sheet 2
should be reviewed for specific information at individual boring locations. These profiles
include soil descriptions, groundwater levels, stratification, and penetration resistance.
The stratifications shown on the boring profiles represent the conditions only at the actual
boring locations. The stratifications represent the approximate boundary between
subsurface materials and the actual transition may be gradual.

23  LABORATORY TESTING PROGRAM

Laboratory testing was performed as directed by SCS. Laboratory testing included
moisture content, Atterberg limits, sieve analyses, tri-axial strength, permeability, standard
Proctor and consolidation testing. :

A summary of laboratory test results is presented in the Appendix of this report. Detailed
laboratory reports are also presented in the Appendix of this report.

24 GROUNDWATER INFORMATION

Groundwater levels were recorded immediately after drilling, during the time of the
subsurface exploration and corroborated through a visual examination of the obtained soil
samples. Groundwater was found at a depth of § % to 7 feet below the current ground

- surface.

It should be noted that groundwater levels tend to fluctuate during periods of prolonged
drought and extended rainfall and may be affected by man-made influences. A seasonal
effect will occur in which higher groundwater levels are normally recorded in rainy.
seasons. Groundwater levels presented in this report are the levels that were measured
at the time of our field activities. Based on the upper limit of the iron oxidation and the
observed groundwater levels, the seasonal high depth to groundwater at this site is
estimated to be on the order of 3 ¥ feet below the existing ground surface at the boring
locations.

. ’
l"ﬁ.l 3 SCS Engineers
‘ - A Proposed Hardee County Landfili Expansion

PSI Project No. 775-35140
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3.0 REPORT LIMITATIONS

The Geotechnical Engineer warrants that the findings, recommendations, specifications,
or professional advice contained herein have been made in accordance with generally
accepted professional geotechnical engineering practices in the local area. No other
warranties are implied or expressed. .

The recommendations submitted are based on the available subsurface information
obtained by PSI| and design details furnished by SCS Engineers for the proposed project.
If there are any revisions to the plans for this project or if deviations from the subsurface
conditions noted in this report are encountered during construction, PSI should be notified
immediately to determine if changes in the foundation recommendations are required.
The State of Florida is underlain by a soluble limestone formation. This limestone can be
dissolved, resulting in the formation of sinkholes. An evaluation for the existence of or the
potential for sinkhole development was not a part of the scope of services for this project.

After the plans and specifications are more complete, the Geotechnical Engineer
should be retained and provided the opportunity to review the final design plans and
specifications to check that our engineering recommendations have been properly
incorporated into the design documents. At that time, it may be necessary to submit
supplementary recommendations. This report has been prepared for the exclusive use of
SCS Engineers in Hardee County, Florida.

“ﬂ; 4 SCS Engineers
| A=l Proposed Hardee County Landfill Expansion
. PS| Project No. 775-35140
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APPENDIX I
GRAIN SIZE ANALYSES
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GRAIN SIZE DISTRIBUTION TEST REPORT
PROFESSIONAL SERVICE INDUSTRIES, INC.

- Project No. 35140 Date: - 5/20/2003

Project: Hardee County Landfill

Sample Location:  TH1 158

Soil Description: 0

Soil Classification: 0 LL Pl
GRAIN SIZE DISTRIBUTION
Sieve 3/8 4 10 ’ 20 4D_ 60 100 140 200 ¢
- 100.0 —g\"’\
' N
80.0 \

3
o
L

PERCENT FINER

8
(=]
/

20.0 \\

e
0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel B % Sand %-200
0.0 83.0 17.0
D60 D30 D10 cC Cu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date: 6/11/03

Project:  Hardee County Landfill

Sample Location:  TH1 18-20'

Soil Description: 0

Soil Classification: 0 LL Pl

GRAIN SIZE DISTRIBUTION

Sieve 3/8 4 10 20 40 60 100 140 200
100.0 g# & , %

™N
N i
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P : ' \
% 60.0 4
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GRAIN SIZE, mm
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 775-35140 Date; 6/10/03

Project:  Hardee County Landfill

Sample Location:  US-2 TH-1 @ 23.5'-2%

Soil Description: Tan and Light Green Clay With Rock

Soil Classification: 0 LL 92 PI 47

NMC % 47.4

GRAIN S!ZE_DISTR!BUTION

Sieve 3/8 4 10 20 40 60 100 140 200
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 ‘Date: 5/23/2003

Project:  Hardee County Landfill

Sample Location: ~ TH1 35'

Soil Description: 0
Soil Classification: 0 LL Pl
GRAIN SIZE DISTRIBUTION
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100.0 o= ¥ s
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=) =)
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140

Date: 5/23/2003

Project:  Hardee County Landfill

Sample Location:
Soil Description:

Soil Classification:

TH2 4'

L Pl

Sieve 3/8 4 10

GRAIN SIZE DISTRIBUTION
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 GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140

Project:  Hardee County Landfill

Date: 5/23/2003

Sample Location:  TH2 20'
Soil Description: 0
Soil Classification: 0 LL Pl
GRAIN SIZE DISTRIBUTION
Sieve 3/8 4 10 20 40 60 100 140 200
100.0 3 4 \
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

" Project No. 35140 Date: 5/21/2003

Project:  Hardee County Landfill

Sample Location;  TH2 30'

Soil Description: 0

Soil Classification: 0 LL PI

PERCENT FINER

GRAIN SIZE DISTRIBUTION

Sieve 3/8 4 . 10 20 40 60 100 140 200

100.0 T % ¥ y v
86.0
\

60.0 \Q
40.0

20.0

0.0 :
10 1 - 04 0.01

GRAIN SIZE, mm

% Gravel ; ' % Sand ' %-200
0.0 38.8 61.2
D60 D30 D10 cG Ll
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140

Date:  5/22/2003

Project:  Hardee County Landfill

Sample Location:
Soil Description:

Soil Classification:

TH3 4'

0

0

LL Pl

Sleve 3/8 4 10

GRAIN SIZE DISTRIBUTION

20 40 €0 100 140 200

1000 g + ‘\
80.0
e \
w
2 60.0
(TR
'_
=
u \
v
& 40.0 \
20.0 \\
0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel % Sand  %-200
0.0 86.3 13.7
D60 D30 D10 A Cu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

" Project No. 35140 Date:  5/22/2003

Project:  Hardee County Landfill -

Sample Location:  TH3 158

Soil Description: 0

Soil Classification: 0 LL Pl

GRAIN SIZE DISTRIBUTION

Sieve 3/8 4 10 20 40 60 00 140 200

PERCENT FINER

100.0 g - ’ ‘\
80.0

\

@
=
o

N

BN
o
(=]

20.0 \

0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel ' % Sand : %-200
0.0 | 82.1 17.9
D60 D30 D10 CC cu
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date:  5/22/2003

Projebt: Hardee County Landfill

Sample Location: TH3 30'

Soil Description: 0

Soil Classification: 0 e Pl

GRAIN SIZE DISTRIBUTION

Sieve 318 4 10 20 40 80 100 140  200.

100.0 4 3 ‘k,\\
| .
80.0
&
Z 60.0
[T
=
8
74
W 400
20.0
0.0 %
10 1 . 0.1 0.01
GRAIN SIZE, mm
% Gravel ' % Sand | %-200
0.0 13.5 86.5
D60 D30 D10 CC cu
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Daté: 5/23/2003

Project:  Hardee County Landfill

Sample Location:  TH4 &'

Sail Description: 0

Soil Classification: 0 LL Pl

GRAIN SIZE DISTRIBUTION

Sieve 3/8 4 10 20 40 60 . 100 140 200

100.0 g 7 $ 4
80.0
. | \
Z 60.0
u.' @
=
&
9 \
& 400 \
20.0 : \\‘
0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel - % Sand ' - %-200
0.0 83.2 16.8
D60 D30 D10 CC - CU
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date: 6/11/2003

Project.  Hardee County Landfill

Sample Location;:  TH4 23-24'

Soil Description:

Soil Classification: LL P!

GRAIN SIZE DISTRIBUTION

Sieve 3/8 4 10 20 40 60 100 140 200

100.0 ¥ —Eﬂ——-—\
80.0
\\
& Sy
2 60.0
[TH
i_
=
&
W 400
20.0
0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel ' % Sand %-200
0.0 38.0 62.0
D60 D30 D10 ch cu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date: 6/11/03

Project:  Hardee County Landfill

Sample Location:  TH4 24-25'

Soil Description: 0

Soil Classification: 0 L Pl

GRAIN SIZE DISTRIBUTION

Stave 3/8 4 10 20 40 60 100 140 200

"100.0 :
‘\'-’.._,______\ ‘
80.0 \\
S
o \‘\
2 60.0 ¥
o N
e Nl
& 400 -
1200 |
|
0.0 =
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel ' % Sand %-200
0.8 54.6 , 447
D60 D30 D10 CC Cu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date:  5/22/2003

Project:

Hardee County Landfill

‘Sample Location:  TH4 40’

Soil Description: 0
Soil Classification: 0 LL PI
GRAIN SIZE DISTRIBUTION
Sieve 3/8 4 10 20 40 60 100 140 200
1000 g —
Z 60.0
(T
£
] \
74
& 400 \_‘
20.0 —
0.0 -
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel % Sand £ : %-200
0.0 77.4 22.6
D60 D30 D10 CC Ccu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date: ~ 5/27/2003

Project:  Hardee County Landfill

Sample Location:  TH5 4'

© 1000 o &

Soil Description: 0
Soil Classification: 0 LL Pl
GRAIN SIZE DISTRIBUTION
Sieve 3/8 4 10 20 40 60 @ 100 140 200

80.0 \

@
o
(=]

PERCENT FINER

\

b
o
(=)

20.0 \

0.0

10 1 - 01
GRAIN SIZE, mm

0.01

% Gravel ' _ % Sand ' %-200
0.0 91.9 8.1
D60 D30 D10 G0 Ccu
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.GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140

Date: 6/11/2003

Project:

Hardee County Landfill

Sample Location:  THS5

13-15'

Soil Description:

Soil Classification:

B

GRAIN SIZE DISTRIBUTION

1000 g grr—

[
T
80.0 "
N
: \
N
% 60.0 TN
-
Ay
& 400 \\
20.0 \
\'0
0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel % Sand' %-200
1.0 85.0 14.0
D60 D30 D10 CC Cu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date:  5/23/2003

Project: Hardee County Landfill

Sample Location:  THS 30’

Soil Description: 0

Soil Classification: 0 LL Pl |

GRAIN SIZE DISTRIBLUTION

—'\

100.0 g

E 2

80.0

@
<
o

PERCENT FINER

40.0
\—.__’

20.0

0.0 ST
10 1 GRAIN SIZE, mm 0.1 0.01
% Gravel ' % Sand ' - %-200
0.0 " B65.9 34.1
D60 D30 D10 GG - CU




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140

Project:

Date: 5/22/2003

Hardee County Landfilll

Sample Location:

TH6 &'

Soil Description: | 0

Soil Classification: 0 LL Pl
100.0 rL * - e STRIBUTION
80.0
14
2 60.0
o
40.0 \
20.0 \
0.0
10 1 GRAIN SIZE, mm 0.1 0.01
% Gravel % Sand %-200
0.0 77.3 99 7
D60 D30 D10 CC eu
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GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 ' Date: 6/11/2003

Project:  Hardee County Landfill

Sample Location: TH6 1&'

Soil Description:

_Soil Classification: LL Pl

GRAIN SIZE DISTRIBUTION

100.0 ge eapm——

80.0 \

[=)]
(=]
o

PERCENT FINER

8
o
[

\

200 \\“
i . . T

0.0

10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel ' % Sand %-200
0.0 _ 88.0 120
D60 D30 D10 CC Cu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date: 6/11/03

Project:  Hardee County Landfill

Sample Location:  TH6 18-20'

Soil Description: 0

Soil Classification: 0 - LL Pl

GRAIN SIZE DISTRIBUTION

Sieve 3/8 4 10 20 40 60 100 140 200

100.0 & :
% \l\
80.0 - \\’
-.___*

&
Z 60.0
TR
=
=
[il}
0
&
W 40.0

20.0

0.0
10 1 0.1 ) 0.01

GRAIN SIZE, mm

% Gravel ' % Sand %-200
0.0 | 245 75.5
D60 D30 D10 cC CU




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140 Date: 5/27/2003

Project:  Hardee County Landfill

Sample Location:  TH7 &'

Soil Description: 0

Soil Classification: 0 LL Pl

IN SIZE DISTRIBUTION

100.0

80.0

@
o
o

PERCENT FINER

40.0

20.0 — \

0.0 Hopeut . -
10 1 GRAIN SIZE, mm 0.1 0.01
% Gravel ' % Sand ' - %-200
0.6 89.3 10.1
D60 D30 D10 CC Ccu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

Project No. 35140

Date: 6/11/2003

Project:

Hardee County Landfill

Sample Location:

Soil Description:

TH7 13-15' CONSOL

Soil Classification: LL 61 PI 39
GRAIN SIZE DISTRIBUTION
Sieve 3/8 4 10 20 40 80 100 140 200
1000 g o o
80.0 \\
&
= 60.0
=
5
g 40.0 \k‘
"\\‘a
20.0
0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel % Sand - %-200
0.0 76.0 24.0
D60 D30 D10 L Ccu




GRAIN SIZE DISTRIBUTION TEST REPORT

PROFESSIONAL SERVICE INDUSTRIES, INC.

* Project No. 35140 | Date: 6/11/2003

Project:  Hardee County Landfill

Sample Location:  TH7 13-15' PERM

Soil Description:

Soil Classification: LL 50 Pl 26

1000

GRAIN SIZE DISTRIBUTION

I~
. N
80.0 \\
E K
Z 60.0 iy -
(T8
Q
N
E 400 N
200
0.0
10 1 0.1 0.01
GRAIN SIZE, mm
% Gravel ' % Sand %-200
1.0 59.0 40.0
D60 D30 D10 e cU




APPENDIX II

CONSOLIDATION TEST RESULTS
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APPENDIX ITX

MOISTURE-DENSITY (PROCTOR)
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JUN B3 2803 12:17 FR PSI 4873845561

3;52;$ciévt>f“

4073045561 TO PSI-TAMPR P.82-85

113
112 e
’1‘
Pa N
/ A,
Y N
a 11
N
> \
-t
o
5
b \
s 110
-
Q
109
108 -
8 9 10 COAA 12 13 14
Woter content, %
Test specification: ASTM D 698-~81 Procedure A, Standard
Elev/ Classificotion ‘H?t. { sp.c. LL PT %o "<
Depth USCS AASHTO Moist. No.4 |No.Z200
TEST RESULTS MATERIAL DESCRIPTI.OM
Max imum dry density = 112.1 pef LT.BROWN SL.STLTY
Optimum moisture = 10.5 % FINE SAND.
Project No.: 761 ) Remorka:
Project: HAROEE COUNTY LANDFILL . FILE#382
T ——
CfEEEEEEi:_jH-1 (4' BELOW SUerifi::j:)
Date: 5-19-2003
MOISTURE-DENSITY RELATIONSHIP TEST
PST, Inc. Fig. Ne




APPENDIX IV

TRI-AXIAL STRENGTH TEST RESULTS
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Hardee County Landfill | SCS ENGINEERS |

Phase Il Section Il Expansion Application for Construction

Attachment 2

Principal of Geotechnical Engineering Das (1985)



Principal of Geotechnical

Mngineering, Das (1985) -

135 Correlations for Standard Penefration Test 539

Table 43.2  Approximate Correlation of
standard Penetration Number and
Conslstency of Clay

Unconfined
Standard compression
penetration strength, q.
number, N Congsistency (ton/ft%)
0 0
Very soft
| 0.25
Soft
4 0.5
Medium stiff
8- : 1
Stiff
16 -2
Very stiff
e PRI =t 4
>32 Hard >4

Note: 1 ton/ft2 = 95.76 kN/m?

overburden pressure (and hence higher lateral confining pressure) at depth hg
will contribute to a higher value of the standard penetration number. This fact
has clearly been demonstrated by Gibbs and Holtz (1957). The results of their
findings are shown in Figure 13. 10. As an example, one can see that at D, =
80%, the standard penetration number is about 12 with o' =.0 Ib/ft%. It
increases to about 50 with o' = 40 1b/ in2 (276 kN/m?). For that reason, it is
necessary to convert the standard penetration numbers obtained at various
depths to reflect a constant effective overburden pressure. Peck, Hanson, and
Thornburn (1974) proposed the following empirical correlation for converting
the field standard penetration number to an effective overburden pressure of
o' = 1 ton/ft? (95.6 kN/m®).

N' = CyNp = 0.7TNg log(%o;) (for o' = 0.25 ton/ft?) (13.6)

where

-
|

= corrected standard penetration number
Np = field standard penetration number
Cy = correction factor

The unit of o' is in ton/ft%,
In SI units, the preceding equation can be expressed as

N' = 0.77Ng 1og(6m%%—a—,) (for o' > 23.9 kN/m?) (13.7)

The unit of o’ in Eq. (13.7) is in kN/m?



43,5 Correlations for Standard Penetration Test

Table 13.3 Approximate Relation
Between Corrected Standard
Penetration Number, Angle of Friction,
and Relative Density of Sand

Corrected

__standard  Relative  Angle of
penetration  density, D,  friction, ¢
number, N (%) (degrees)

0-5 0-5 26-30

5-10 5-30 28-35

10-30 30-60 35-42

30-50 60-95 38-46

544

The standard penetration number is a very useful guideline in soil ex-
ploration and assessment of subsoil conditions, provided that the results are
interpreted correctly. Note that all equations and correlations relating to the
standard penetration numbers are approximate. Since soil is not homogeneous,
a wide variation in the N-value may be obtained in the field. In soil deposits

N'INg
04 06 08 10 12 14 16 1.8 20
0 -
g 1
=
&
B
o
% /
g
& % /
B
=
B
5
Q
9
3
g3 /
|
4

Figure 1341 Variation of N'/Nr with vertical effective stress, o' {after

Peck, Hanson, and Thornburn, 1974)
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Soil Mechanics

T. Willidm Lambe ¢ Robert V. Whitman

Massachusetts Institute of Technology

1969

JOHN WILEY & SONS, New York * Chichester * Brisbane « Toronto » Singapore



30 PART 11 THR NATURE OF SOIL

) D /

Z
PI
55> e
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%

Yolumes
(a) )

Fig. 3.1 Relationships among soil phases. {a) Element of
natural soil. (b) Element scparated into phases.

Volume

Porosity:
Vy
AT
Void ratio:
Ve
e = v,
Degree of saturation:
Ve
S =
Ve
€ . n
=i ae’ “"T=n
Weight
Water content:
W,
V=W,
Specific Gravity
Mass:
7t
Gy = —
" Yo
Water:
i
G, = ~—
v Yo
Solids:
Gmlt
Yo

7o = Unit weight df water at 4°C =~ ¥,
Note that Gw = Se

Unit Weight
Total:
W G- Se T 4w &
TG e T e e
Solids:
W,
Vs = '17"
Water:
. W,
Yu = Vo
Dry:
A 2N P 7
Y Vv I-{-c}’wﬂi-{-waS I +w

Submerged (buoyant):
G—1=e(l —8)

=Y = e = 1 +e Yu
Submerged (saturated soil):
G~ 1
v =Yt -?w=m?w

Specific gravity is the unit weight divided by the unit
weight of water. Values of specific gravity of solids G
for a selected group of minerals® are given in Table 3.1.

Table 3.1 Specific Gravities of Minerals

Quartz 2.65
K-Feldspars 2.54-2.57
Na-Ca-Fcldspars 2.62-2.76
Calcite 272
Dolomite 2.85
Muscovite 2.7-3.1
Biotite 2.8-3.2
Chlorite 2.6-2.9
Pyrophyllite 2.84
Serpentine 2.2-2.17
Kaolinite 2.61*
2.64 4 0.02
Halloysite (2 H,0) 2.55,
1llite 2.84%
2.60-2.86
Montmorillonite 2.14%
2.15-2.78
Attapulgite 2.30

* Calculated from crystal structure.

The expression Gw == Se is useful to check computa-
tions of the various relationships.

The student in soil mechanics must understand the
meanings of the relationships in Fig. 3.1, convince him-
sclf once and for all that they are correct, and add these
terms to his active vocabulary. These relationships are
basic to most computations in soil mechanics and thus

are an essential part of soil mechanics.

Typlcal Values of Phase Relationships for
Granular Soils

Figure 3.2 shows two of the many possible ways that
a system of equal-sized spheres can be packed. The dense
packings represent the densest possible state for such a
system.- Looser systems than the simple cubic packing
can be obtained by carefully constructing arches within
the packing, but the simple cubic packing is the loosest of
the stable arrangements. The void ratio and porosity of

2 Chapter 4 discusses the comunon soil minerals.



Fig. 3.2 Arrangements of uniform spheres. (4) Plan and
elevation view: simple cubic packing. (b) Plan view: dense
packing, Seolid circles, first layer; dashed circles, second
layer; e, location of sphere centers in third layer: face-
centered cubic array; x, location of sphere centers in third

layer: close-packed hexagonal array. (From Deresiewicz,
1958.) ;

these simple packings can be computed from the geom-
etry of the packings, and the results are given in Table 3.2.

This table also gives densities for some typical granular
soils in both the “dense” and “loose” states. A variety of
tests have been proposed to measure the maximum and

Table 3.2 Maximum and Minimum Densities for
Granular Soils

Dry Unit
Void Ratio  Porosity (%) Weight (pcf)
Description ®max  ®min  Pmax "min Ydmin Ydmax

Uniform spheres 092 035 476 260 — e
Standard Ottawa

sand 0.80 0.50 44 33 92 110
Clean uniform
sand - 1.0 0.40 50 29 83 118
Uniform inorganic '
silt 1.1 0.40 52 29 80 118
‘Silty sand 090 030 47 23 87 127
Fine to coarse
. sand 095 020 49 17 85 138
Micaceous sand 1.2 040 55 29 76 120
Silty sand and
gravel 085 0.4 46 12 89 146

B. K. Hough, Basic Soils Engineering. Copyright © 1957, The
Ronald Press Company, New. York.

minimum void ratios (Kolbuszewski, 1948). The test to
determine the maximum density usually involves some
form of vibration. The test to determine minimum
density usually involves pouring oven-dried soil into a
container. Unfortunately, the details of these tests have

Ch. 3 Description of an Assemblage of Particles 31

not been entirely standardized, and values of the maxi-
mum density and minimum density for a given granular
soil depend on the procedure used to determine them,
By using special measures, one can obtain densities
greater than the so-called maximum density. Densities
considerably less than the so-called minimum density can
be obtained, especially with very fine sands and silts, by .
slowly sedimenting the soil into water or by fluffing the
soil with just a little moisture present.

The smaller the range of particle sizes present (i.e., the
more nearly uniform the soil), the smaller the particles,
and the more angular the particles, the smaller the
minimum density (i.e., the greater the opportunity for
building a loose arrangement of particles). The greater
the range of particle sizes present, the greater the maxi-
mum density (i.e., the voids among the larger particles
can be filled with smaller particles).

A useful way to characterize the density of a natural

granular soil is with relative density D,, defined as

D, =-Smx T2y 100%

€max — fmin

o Ydmax % Yd — Yimin X 100% (3‘1)
Ya Yamax — Yamin
where :
- ey = Vvoid ratio of soil in densest condition

€max = void ratio of soil in loosest condition

e = in-place void ratio ]
Yamax = dry unit weight of soil in densest condition
Yamin = dry unit weight of soil in loosest condition

y4 = in-place dry unit weight

Table 3.3 characterizes the density of granular soils on
the basis of relative density.

Table 3.3 Density Description

Relative Density (%) Descriptive Term

0-15 Very loose
15-35 Loose
35-65 Medium
65-85 Dense
85-100 Very dense

~Values of water content for natural granular soils vary
from less than 0.1 for air-dry sands to more than 407%;
for saturated, loose sand.

Typical Values of Phase Relationships for
Cohesive Soils

The range of values of phase relationships for cohesive
soils is much larger than for granular soils. Saturated
sodium mentmorillonite at low confining pressure can
exist at a void ratio of more than 25; saturated clays
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272 CHAPTER EIGHT Compressibility of Soil

From Egs. (8.18) and (8.21),

S=

CH Do + Ap)
1+ep log ( Po

If po + Ap > D, , then~

S=

CH .  p CH po+Ap)
TogrEe g 2 g [ R T2
Tt+eo oo 1T+ Og( 3

However, if the e-log p curve is given, it is possible simply to pick Ae
appropriate range of pressures. This figure may be substituted into
calculation of settlement, S. :

8.8 COMPRESSION INDEX (C,)

The compression index for the calculation of field settlement causec
can be determined by graphic construction (as shown in Figure 8.1
laboratory test results for void ratio and pressure.

Terzaghi and Peck (1967) suggested the following empirical ex|
pression index:

For undisturbed clays:

C, = 0.00%LL — 10)

For remolded clays: \
C, = 0.007(LL — 10)

where LL = liquid limit, in percent. .

In the absence of laboratory consolidation data, Eq. (8.24) is
approximate calculation of primary consolidation in the field.

Several other correlations for the compression index are also av
have been developed by tests on various clays. Some of these correl:
Section E.2 (Appendix E). '



Hardee County Landfill | SCS ENGINEERS |

Phase Il Section |l Expansion Application for Construction

Attachment 6

T. William Lambe * Robert V. Whitman (1969)



Fig. 3.2 Arrangements of uniform spheres. (a) Plan and
clevation view: simple cubic packing. (b) Plan view: dense
packing. Solid circles, first layer; dashed circles, second
layer; e, location of sphere centers in third layer: face-
centered cubic array; X, location of sphere centers in third
layer: close-packed hexagonal array. (From Deresiewicz,
1958.) ;

these simple packings can be computed from the geom-
etry of the packings, and the results are given in Table 3.2.

This table also gives densities for some typical granular
soils in both the “dense™ and “loose” states. A variety of
tests have been proposed to measure the maximum and

Table 3.2 Maximum and Minimum Densities for
Granular Soils

Dry Unit
Void Ratio  Porosity (J;) Weight (pcf)
Description ®max fmin  "max "min Yd¢min Ydmax

Uniform spheres 092 035 476 260 — —
Standard Ottawa

sand 0.80 0.50 44 33 92 110
Clean uniform

sand - 1.0 040 50 29 83 118
Uniform inorganic '

silt 1.1 0.40 52 29 80 118
‘Silty sand 090 030 47 23 87 127
Fine to coarse ‘

. sand 0.95 0.20 49 17 85 138
Micaceous sand 1.2 040 55 29 76 120
Silty sand and

gravel 0.85 0.14 46 12 89 146

B. K. Hough, Basic Soils Engineering, Copyright © 1957, The
Ronald Press Company, New. York. )

minimum void ratios (Kolbuszewski, 1948). The test to
determine the maximum density usually involves some
form of vibration. The test to determine minimum
density usually involves pouring oven-dried soil into a
container. Unfortunately, the details of these tests have

Ch. 3 Description of an Assemblage of Particles 31

not been entirely standardized, and values of the maxi-
mum density and minimum density for a given granular
soil depend on the procedure used to determine them.
By using special measures, one can obtain densities
greater than the so-called maximum density. Densities
considerably less than the so-called minimum density can
be obtained, especially with very fine sands and silts, by .
slowly sedimenting the soil into water or by fluffing the
soil with just a little moisture present.

The smaller the range of particle sizes present (i.e., the
more nearly uniform the soil), the smaller the particles,
and the more angular the particles, the smaller the
minimum density (i.e., the greater the opportunity for
building a loose arrangement of particles). The gréater
the range of particle sizes present, the greater the maxi-
mum density (i.e., the voids among the larger particles
can be filled with smaller particles).

A useful way to characterize the density of a natural

granular soil is with relative density D;, defined as

DT=_EJJ.’_%-‘:Z__3_ x 100%

€max ™ €min
= Yamax X Ya — Yamin x 100% (31)
Ya Yamax = Yamin

where

emin = Vvoid. ratio of soil in densest condition
emnx = void ratio of soil in loosest condition
e = in-place void ratio _
Yamax = dry unit weight of soil in densest condition
Yamin = dry unit weight of soil in loosest condition
yq = in-place dry unit weight

Table 3.3 characterizes the density of granular soils on
the basis of relative density.

Table 3.3 Density Description

Relative Density (%) Descriptive Term

0-15 Very loose
15-35 Loose
35-65 Medium
65-85 Dense
85-100 Very dense

_Values of water content for natural granular soils vary
from less than 0.1 for air-dry sands to more than 409;

for saturated, loose sand.

Typical Values of Phase Relationships for
Cohesive Soils

The range of values of phase relationships for cohesive
soils is much larger than for granular soils. Saturated
sodium montmorillonite at low confining pressure can
exist at a void ratio of more than 25; saturated clays
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SETTLEMENT POINT LOCATIONS

14

NOTE: POINTS SHOWN WITHN PHASE Il SECTION |
ARE BASED ON PHASE Il SECTION | AS—BUILT

SUBGRADE ELEVATION.
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