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INTRODUCTION 

A drilled shaft is a foundation element formed by boring a cylindrical hole 

into soil and backfilling the hole with concrete. The last three decades tiave 

seen a world wide increase in the use of drilled shafts in areas which do not 

have a good surface soil for foundation. A drilled shaft is often preferred to a 

driven pile because it is more economical, especially in stiff. clay. It also 

reduces ground heave, noise and vibration on the construction site. In Texas and 

in the Chicago area, drilled shaft foundations have been built for at least 25 

percent less cost than a driven pile foundation. 

A most common application of a drilled shaft is its use to resist large 

axial loads. However, drilled shafts have been used for retaining walls, offshore 

structures and as tiebacks and anchors. There is a considerable need for more 

precise information concerning soil strength parameters to be used in drilled 

shaft design. 

In the early part of this century, drilled shaft excavations were done by 

hand dug methods such as with the "Gow Caission." Gow cassions were 

cylindrical holes, sometimes several feet in diameter and they were cased with 

metal tubes that were withdrawn during concrete placement. 

In the 1920's machine excavation began to be used for drilled shafts in the 

United States. The record shows that horse-driven rotary machines were used 

to dig holes in Texas about 1920 for shafts 25 feet (7 .62 m) or more in depth. 

Background 



In the late 1940's, drilling contractors introduced casing and drilling mud 

into boreholes., a procedure long established in the oil industry, to cut through 

permeable soils below the water table. Rotary drilling rigs became 

standardized and began to be mass produced, giving further assistance to drilled 

shaft construction. Today the two basic types are crawler-crane mounted rigs 

for larger boreholes and truck mounted rigs for smaller boreholes. 

The first drilled shaft constructed by the Oklahoma Department of 

Transportation was done in 1962 and was 18 inches (457 mm) in diameter. The 

longest is 78  feet (23. 77 m) with 6 feet (1.83 m) in diameter. A 74 ft. (22.55 m) 

long and 8 ft. (2.44 m) in diameter shaft now is under the construction along SH 

20 in Osage County. The reasons for using drilled shafts instead of piles in 

Oklahoma are stability and faster construction. 

The purpose of this report is to characterize soil properties of Oklahoma 

flood plain (alluvial) soils for drilled shaft design. Also, to establish a 

correlation between shear strength (Su) obtained from unconfined compression 

test and N values obtained from both the Texas Cone and Standard Penetration 

Test for Oklahoma flood plain soils. 

This study evaluates a variety of flood plain soils at seven sites throughout 

the state of Oklahoma.. For each site, Texas and Standard Penetrometers were 

used to find N values for different types of soils in flood plain deposits. Two 

holes were bored to obtain undisturbed and disturbed samples. The gradation, 

A tterberg limit tests and percentage of sand, silt, and clay were determined in 

the lab. Shear strength was determined by the unconfined compression test .. 
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SAMPLING AND TEST METHODS 

Samples were taken by using Shelby tube, piston tube, and Denison core 

barrel devices. 

Thin-walled (Shelby) tube sampling was done according to AASHTO T-207. 

The samples were then sealed in ULTRAF LEX- WAX and protected from 

shocking or jarring by foam rubber. 

Piston tube sampling was similar to AASHTO ·T-207 procedure. The 

difference was that as the sampler is lowered into hole the piston inside the 

tube prevents filling of the tube. 

Denison sampling was similar to AASHTO T-225 procedure except that 

samples were handled as described for thin-walled tube sampling. 

Test Methods 

Both the penetration tests were done according to AASHTO T-206 except 

for Texas Highway Department Cone Penetrometer test, a 170 pound (77 kg) 

hammer. was used and the distance which the hammer fell was 24 inches (6 10 mm). ( 1) 

The cone was seated at the bottom of the hole by 12 blows. 

The following table shows the type of tests and methods which were used 

to find the soil properties. 

Type of Lab Test and Method 

of Test 

Unconfined Compression 

Sieve Analysis 

Liquid Limit 

Plastic Limit 
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Test Method 

A ASHTO T-208 

AASHTO T-88-72 

AASHTO T 89-68 

AASHTO T 90-70 

Sampling 

Type 
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SITE DESCRI PTION 

In order to locate and study a variety of soils, seven sites were chosen 

throughout the state. These sites are designated as A, B, C, D, E, F and G, 

respectively. Figure 1 shows the approximate location of the test and sampling 

sites. 

Locations 

Site A is located in the center of the SE quarter of Sec 13, T26N, R6 W at 

Osage Creek approximately 1/2 mile north of the town of Jefferson in Grant 

County. 

Site B is located on Sec 28, T22N, R7 W, at Clear Creek, 2 1/2 miles west 

of the city of Enid in Garfield County. 

Site C is located in the S W  corner of Sec 32, T 16N, Rll W at the Canadian 

River south of the city of Watonga in Blaine County. 

Site D is located about 1200 ft. W of the NE corner of Sec 17, T16N, R3W 

in the flood plain approximately 6 1/2 miles west of the city of Guthrie in Logan 

County. 

' 

Site E is located in Sec 14, T3N, R26 W at Sandy Creek north of the city of 

Hollis in Harmon County. 

Site F is located in the north half of Sec 10, T3N, R6E in the flood plain 

approximately 2 miles SE of the city of Ada in Pontotoc County. 
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Site G is located in the center of the west side of Sec 18, T8N, R22E in 

the flood plain approximately 2 miles NE of the town of Cameron in LeFlore 

County. 

and Soils 

·Sites A, E, F, and G consist of soft and stiff silty clay layers which are 

present to a depth of approximately 20 feet (6. 1 m). These materials are brown, 

reddish brown, gray and red in color. They become very stiff and moist with 

depth. These layers are resting on compact shale which is hard, moist, red or 

reddish brown. 

Site D is as described above except the top layers to a depth of 

approximately 9 feet (2. 7 m) are clayey sand and sand, loose, slightly moist, and 

brown in color. From 9 feet (2.7 m) to 29 feet (8.8  m) is silty clay, stiff, moist, 

and brown in color. Beneath the silty clay layer, there is 6 feet (1. 8  m) of silty 

sand, medium compact, wet, and pale brown in color, which rests on sandstone. 

Both Site B and C consist of silty sands, which are loose, moist, and pale 

brown in color with fewer fines with the layers becoming stiff er with depth. At 

approximately 20 feet (6.1 m) the borfog encounters silty-shale which is hard, 

moist, and brown in color. For boring logs see Figures 2 through 8. 
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TEST RESULTS AND DISCUSSION 

Alluvial soils deposits throughout the Sta:te of Oklahoma are variable. It 

was important to choose an appropriate classification system and develop 

correlations with shear strength and resistance· to penetration for each type of 

soil. 

Soil Condition and Classification 

The Unified system is one of the most widely used systems to classify 

soils. In order to determine the Unified soil classification, particle size analysis 

and Atterberg limits are needed. These and other properties are shown in 

Appendix A. Sites A, D, E, F and G were predominantly CL soils. Site B is 

predominantly SM and SW, and Site C is composed of S M  and SP soils. Figure 9 

shows the Unified classification of site D soils layers as an example. 

The major objective of the report was to establish a correlation between 

shear strength, Su and resistance to penetration, N value for each soil type. 

The standar� penetration test test and Texas cone penetration test has 

been used by ODOT. The Soil Foundations Branch of the Materials Division is 

using the standard penetration test and the Bridge Division is using the Texas 

cone penetrometer to obtain data for foundation design. The standard 

penetration has the advantage of being able to obtain soil samples. The Texas 

cone penetrometer is being used primarily because the charts and curves from 

the Texas Department of Highways and Public Transportation are available for 

foundation design. (4) The Texas cone penetrometer also has the advantage of 

being able to penetrate soft rock as well as soil. 
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The data for each site is summarized in Tables A- 1 through A-7 in 

Appendix A which shows N values and unconfined compressive strengths for 

each site. 

Test Methods Discussion -

The unconfined compression test is one of the simplest and most widely 

used to find shear strength for cohesive soils. (3) This test will generally give a 

conservative strength value for soils. There are opinions that shear strength 

obtained from unconfined compression tests is about 50 percent (range from 30 

to 80 percent) smaller than actual in-situ strength determinations. Other 

investigators have reported that the unconfined compression test gives as valid 

soil values as a triaxial test. (3) One of the advantages that the unconfined 

compression test has over the direct shear test is that the shearing stress and 

strain distribution are more uniform than in direct shear. Another advantage of 

the unconfined compression test is that a failure surface will tend to develop in 

the weakest portion of the sample which is unlike the forced shear plane of the 

direct shear tests. 

The triaxial test has superiority over the unconfined and the direct shear 

test. ( 13) The shear strengths obtained are closer to the in situ strength than 

those found from unconfined compression or direct shear. The Oklahoma 

Department of Transportation seldom uses the triaxial test for shear strength 

determination except for dam foundation purposes. Figure 10 shows a 

comparison of shear strength profiles obtained by various methods. (11) 

Test 

The unconfined compression test method was chosen for this study, 

because it was felt that it would give conservative strength values and is simple 

and less expensive. The "Quick" or unconsolidated undrained (UU) shear 
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strength test is the most commonly used test at the Oklahoma Department of 

Transportation to obtain the shear strength of the soil. 

Soil shear strength in ton/sq. ft. for Sites A, D, E, F, and G was 

determined by the unconfined compression (UU) test. There was no data for 

site B and C, since these soils were too soft and weak to sample. 
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ANALYSIS OF RESULTS 

The relationships between resistance to penetration, N value, and UU 

shear strength (Su) are not always constant. It is necessary to discuss factors 

influencing N value, and Su, before correlations are established. 

Factors Resistance to N. 

Many researchers have investigated the factors affecting N value. There 

are many variables involved in the resistance to penetrometer penetration 

. rates. DeSai (7) states that the driving of a cone would cause an upward 

displacement of the subsoil until a certain depth or surcharge pressure is 

reached which will not permit such displacement. He also concluded that the 

density, structure, depth, and ground water table will have a considerable effect 

on the cone penetrometer resistance. Gibbs and Holtz (8) conducted research 

with standard penetration tests in sand and concluded, "The overburden 

pressures were found to have the most pronounced and consistent effects on the 

penetration resistance values." Schultz and Knansenberger (12) report that 

"Dynamic penetrometers react very sensitively to any change of compactness or 

grain size". Although the researchers do not arrive at the same conclusion 

concerning the factors which have the most effect, they all agree that unit 

weight, grain size, moisture content, and overburden pressure are the major 

factors affecting the N value. These opinions are presented in the text of 

and Static of Soils by Bodarik. (2) 

The data from this study shows that there are recognizable effects, of 

moisture content, overburden pressure, and grain size on the N value for most 

sites. Figure 11 shows correlations between N value and unconfined 

compression shear strength. (6) 
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Factors Shear 

The shear strength of soil depends on many factors. One of the main 

factors is secondary structure of the soil. Lab tests usually will give low 

strength values when planes of failure in the test specimen follow joints or 

slickensides and yield higher shear strength values when planes of failure and 

joints intersect each other. There were no weakness planes observed in the test 

samples. 

The test methods used in the lab influence the shear strength values. The 

shear strength results that were obtained in the lab may not represent the 

actual strength of the soil in situ. The shear strength of soils also depends on 

the angle of internal friction, and normal pressure (effective overburden 

pressure) acting on the soil. Means and Parcher (10) have reported that factors 

affecting the shear stength are density, void ratio, grain size and shape, 

gradation, and moisture content. Most of these factors are affected by the 

same factors influencing the resistance to penetration and have been described 

previously. 

Correlation of N with Su 

Since the resistance to penetration has been affected by most of the same. 

factors as shear strength, a relationship should exist between shear strength, Su, 

and resistance to penetration, N value. It is necessary to evaluate the constant 

proportion between the two parameters by using the linear equation: 

Su = KN 

where K is a constant that varies for each type of the soil. Three steps were 

used to evaluate the constant K. 

1. Soils were classified into groups with similar properties. 

2. Plots were made for Su vs. N for each group. 

3 .  A best fit linear curve was established for each group. 
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The first step was to place soils into groups of similar proper ties. The 

Unified classification was used to group the soils. The CH soils were placed in 

one group. The CL soils were divided into two groups, silty CL, and sandy CL. 

The SC materials were placed in another. group. The cohesionless soils (SM, SP, 

SW) were placed in still another group. 

The second step was to plot Su vs. N value for each subgroup. The borings 

for sampling and borings for the penetration tests . were in close proximity. 

There was no unconfined compression tes t data available for the sandy CL, CH, 

SC, SM, and SP soils. However, it was decided to use published data for sandy 

CI,,, CH , SC, SM, and SP soil properties. (5 ,  9) 

The third step was to find the linear curve. The slope of the curve 

represents the constant K. The data for silty CL soils are given in Tables A-1, 

and A-4 through A-7. The data is plotted in Figure 1 2. There is a relatively 

good linear relationship existing between Su and N value for silty CL soils. The 

equation ob tained for silty CL soils is . 

Su = 0 .060  NTHDP ( 1 )  

where S u  is unconsolidated undrained .shear s trength (ton/sq. ft.) obtained 

from unconfined compression test and NTHDP is resistance to penetration 

(blows/ft.) as obtained from the Texas Highway Department Cone penetrometer 

Test. This equation was compared to the equation that was obtained from the 

Texas Highway Department (THD) (9) for silty CL soils. The THD equation is as 

follows: 

Su = 0.063  NTHDP (2) 

where in this case, Su, is unconsolidated undrained shear strength (ton/sq. 

ft.) obtained from AST M 2 8 5 0-7 triaxial test. Equations (1 ) and (2 )  are nearly 

equal. When comparing these two equations, it is worth no ting that the 

equations resulting from the Texas Highway Department data (designated by 

2 2  
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asterisks) for CH,  SP , sandy CL, and SM soils can be appli ed to Oklahoma soils. 

Therefore , the following equations will be valid. 

For homogeneous soil; 

For Sandy CL soil; 

For Cohesionless soil; 

Su = 0.07 N
THDP 

Su = 0 .05  N
THDP 

Su = 0 .02  NTHDP 

where Su is in ton/sq. ft. and NTHDP is blows/ft. 

(3*)  

(4*)  

(5*)  

It  was also desireable to determine the relationships between the Standard 

Penetration Test (NSTDP) and the Texas Highway Departm ent Penetrometer 

(NTH DP)' as well � the relationship between the Unconfined Compression (Su), 

and (NSTDP) ) values for Oklahoma soils. However, data were only available for 

silty CL soils. The Su and N values are shown in Tables A-1 and A-4 through A-8 . 

These values for the silty CL soils were plotted to show their relationships (Figures 

13 ,  1 4). The shear strength (Su) is ton/sq. ft. and NSTDP is blows/ft. The 

correlations are as follows: 

N STDP = 0 ·63  N THDP 

Su = 0. 1 2  NSTDP 

(6)  

(7) 

Tou ma and Reese ( 1 4 )  reported the correlations between NTHDP and NSTDP for 

cohesive and cohesionless soils (Figures 1 5  and 1 6 )  which are as follows: 

N STDP = O. 70 NTHDP 

N STDP = 0.5 0  N TH DP 

(8*)  

(9*)  

Equation (8*)  represents the cohesive soils having medium to high plasticity. 

Equation (9*)  represents the cohesionless soils. 

Equations (4 * )  and (6)  were used to find the correlation between Su (tons/sq. ft. )  

and NSTDP (blows/ft. )  for sandy CL, which is as follows: 

For sandy CL soilsSu = 0 .08  NSTDP 
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Equations ( 1 )  and (6)  were used to obtain the correlation between Su (ton/sq. 

ft.) and N STDP (blows/ft.) for silty CL soils which is as follows: 

Su = 0.09  NSTDP (1 1 )  

Comparing the two equations (7) and (1 1 ), it was decided to adopt equation 

(1 1 )  for silty CL soils, because it gives a conservative result. Equations (3*)  and 

(8*)  were used to obtain the correlation between Su (ton/sq. ft. ) and N STDP 

(blows/ft.) for ho mogeneous CL soil in Oklahoma, which is as follows: 

Su = 0 . 1 0  NSTDP (1 2)  

Equations (5*)  and (9*)  were used to obtain the correlation between Su 

(ton/sq. ft.) and NSTD P  (blows/ft.) for cohesionless soil in Oklahoma, which is as 

follows: 

Su = 0 .04 NSTDP ( 1 3 )  

The correlation coe fficient (r) for the relationship between S u  and NTHDP 

(Figure 12)  is 0.83.  The r-value is between 95  percent to 99 percent valid. It was 

assumed that when N value is zero, the resulting shear strength is also zero. The 

correlation becomes as in equation ( 1 ). When boundary conditions were speci fied as 

noted above, the r-value has no meaning. 

The r-value for the relationship between NSTDP and NTHDP (Figure 1 3 )  is 

0.58 .  The correlation coe fficient is between 80 percent to 90 percent valid. 

The r-value for the relation between NSTDP and Su (Figure 1 4 )  is 0 .  772.  The 

r-value is between 9 5  percent to 99 percent valid. 
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C ONCLUSIO NS A ND RECOM MENDATIONS 

Conclusions 

The correlations between Su and NTH DP as well as Su and NSTDP have 

been developed for hqmogeneous CH, silty CL, sandy CL, and cohesionless soils. 

The following conclusions concerning this study are made. 

1. The shear strength fro m unconfined co mpression tests can be 

predicted if the Texas Highway Department cone penetrometer N 

value is known by using the following equations: 

2. 

Su = 0.06  NTHDP for silty CL soils 

Su = 0 . 07 NTH DP for ho mogeneous CH soils 

Su = 0 . 0 5 NTHDP for sandy CL soils 

Su = 0 . 0 2  NTHDP for cohesionless soils 

The relationship between the Texas Highway Department cone 

penetrometer and the standard penetration test for silty soils was 

established as follows: 

N STDP = 0 ·63 NTH DP 

3. The equations for the relationship between Su and NSTDP were 

4. 

developed as follows: 

Su = 0 . 09 NSTDP 

Su = 0 . 1 0 NSTDP 

Su = 0 . 0 8 NSTDP 

Su = 0 . 04 NSTDP 

The developed correlations 

for silty CL soils 

for homogeneous C H soils 

for sandy CL soils 

for cohesionless soils 

between Su and NTH DP as well as Su 

and NSTDP are conservative and can be used to find soil strength. 
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Recom m endations 

The following reco m mendations are felt to be appropriate : 

1.  More research is needed in order to establish a correlation between 

resistance to penetration and shear strength for SC, SW,  SP, SM 

soils in Oklahoma. 

2. To further the vali dity of the correlations between the N values 

and shear strength, additional test data should be obtained and 

cataloged. A fter a large number of tests are recorded more 

accurate and precise correlations can be derived. 

3. Additional tests, such as the Dutch cone penetrometer, are needed 

to better exa mine the factors that affect the N values of the Texas 

Highway Department cone penetro meter and standard penetration 

tests. 

4. It is reco m mended that ei�her the Texas Highway Department cone 

penetrometer test or the standard penetration test is adequate to 

calculate the soil shear strength for bridge foundation design 

purposes. 

5 .  I t  is  reco mmended that at  least one soil sample per project site be 

tested for shear strength and this data used to modify the 

appropriate equation for that project. This data should be 

transmitted to the Research and Development Division for further 

modification of the equations as appropriate. 
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Bo r i n g  Dept h , 
No . Fee t  

A - 1 8 

t:> B - 1 & 
I B - 2 1 8  ,__, 

C - 1 & 
C - 2  3 3  

B or i n g  
N umber 

A- 1 

B - 1 & 
B - 2  

C - 1 & 
C - 2  

Ta b l e  A- 1 .  S i te A ,  Je fferson , Gra n t  County 

SO I L  PROPERT I ES 

Mo i s tu re Wet Den s i ty % P a s s i n g  S i eve S i ze 

Pe rce n t  P C F  L . L .  p . L .  p .  I .  No . 1 0 No . 4 0 No . 2 00 

22 . 0  1 20 . 6  

1 7 . 4  1 3 5 . 2  2 1  1 4  7 100 90 7 3 . 7  

1 5 . 8  1 36 . 4  2 7  1 7  1 0  100 99 98 . 8  

UNCON F I NE D  COMPRESS I V E  STRENGTH 

Uncon f i ned Comp re s s i ve Stra i n  a t  N
TH DP 

T S F  F a i l u re Percen t 

1 . 09 3 . 9 1 4  

% Sma l l e r than 
U n i f i ed 

. 05MM . 005MM . 002MM a s s  

64 24 20 C L -ML 

94 40 2
·
8 C L  

N STOP 

8 

.Cl 

Strength 



B o r i n g  Dep t h  Mo i s ture 
N o . feet Percent 

2A 3 . 5- 3 . 85 N/A* 

l A  5 . 3- 6 . 8  N/A* 

:::> 2 8  1 2 . 0- 1 3 . 0  N/A* I 
" 

1 B  1 2 . 5 - 1 3 . 5  N/A* 

l C  1 9 . 5- 20 . 1 N/A* 

* N o t  Ava i l a b l e  

T a b l e A-2 . S i te B ,  l::. n i d , Garfi e l d Co . 

SO I L  PROP ERT i ES 

% P a s s i n g S i e ve S i ze 
Wet Den s i ty 

P C F  L . L .  p . L .  p .  I .  No . 1 0 No . 40 No . 200 

N/A NP** NP NP 1 0 0  6 7  2 2 . 4  

N/A NP** · NP NP 1 0 0  7 2  1 1 . 2 

N/A NP** NP NP 93 3 3  5 . 0  

N/A NP** NP NP 100 25 3 . 4  

N/A N P** NP NP 1 00 9 7  9 1 . 1  

** Non P l a s t i c  

UNCON F I NtD COMPRESS I V E  T ES T  

N o t  Ava i l a b l e  

U n i fi ed 
C l a s s  -- - -

SM 

SW-SM 

SW-SM 

SW 

ML 



T a b l e A - 3  S i te C ,  Watonga , B l a i ne Co . 

SO I L  P RO P E RT I ES 

% P as s i n g S i eve S i ze 
Bo r i n g  Depth Mo i s t u re Wet Den s i ty U n i fi ed 

No . feet Percen t P C F  L . L .  p . L .  p .  I .  No . 1 0 No . 40 No . 200 C l a s s  

2A 1 . 1 - 3 . 2  N/A* N/A NP** NP NP 1 00 95 1 8 . 6  SM 

lA 5 . 0- 6 . 5  NP N P  NP 1 00 87 18 SM 

) 2 B  1 2 . 4 - 14 . 4  NP N P  N P  1 00 88 1 7 . 2  SM 

2 F  1 8 . 5 - 20 . 0 N P  N P  NP 1 00 6 3  4 . 4  S P  

l C  2 1 .  5 - 2 7 . 9 3 1  2 1  1 0  1 00 86 68 . 4  C L  

* N o t  Ava i l a b l e ** Non P l a st i c 

UNCON F I NED COMPRESS I V E  T EST 

Not Ava i l a b l e 



Bori n g  Depth 
Numbe r Feet 

A- 1 1 8 . 0 

A- 2 1 9 . 0  

B- 1 27 . 0  

C - 1 
C - 2

& 
1 3 . 0  

::> 
::, D- 1 3 2 . 0  

B - 2  2 7 . 0  

D- 2 32 . 0  

Bor i n g  
N umbe r 

A- 1 

A- 2 

C - 1 & C - 2  

D - 1 

B - 2  

n - ?  

Mo i s tu re 
Perce n t  

2 7 . 6  

30 . 4  

20 . 4  

2 5 . 0  

22 . 1 

20 . 4  

26 . 2  

T ab l e A-4 . S i te D ,  Gu thri e ,  Logan County 

SO I L  PROPERT I E S 

Wet De n s i ty %Pa s s i n g  S i eve S i ze 

PCF L . L .  p . L .  p .  I .  No . 10 No . 40 No . 200 

1 20 . 1 46 2 1  2 5  1 00 100 96 . 2  

1 20 . 7  4 3  19 24 100 1 00 9 3 . 5  

1 2 7 . 8  22 1 7  5 1 00 1 00 5 7 . 4  

1 2 1 . 8 39 18 2 1  100 1 00 92 . 3  

1 29 . 5  25 - 1 7  8 100 1 00 5 5 . 0  

1 33 . 8  

1 2 5 . 6  

UNCON F I N E D  COMPR ESS I V E STRENGl H 

Uncon fi ned Compre s s i ve S t ra i n  a t  N
TH D P  

N
STDP T S F  F a i l ure , Perc e n t  

1 . 04 3 . 2  1 7  1 0  

0 . 52 2 . 8  1 3  7 

1 . 1 5 6 . 7  

0 . 52 4 . 8 

0 . 4 5 1 3 . 0  

0 . 4 2 14 . 0  1 6  

% Sma l l e r T h a n  
Un i fi ed 

. 05MM . 005MM . 002MM C l a s s  

8 7  4 1  34 CL 

84 38 3 2  C L  

3 7  1 5  1 3  C L - ML 

80 3 5  3 0  C L  

3 9  1 8  6 CL 

Strength, 
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Bori n g  
Number 

A- 1 -A& 
A- 1 - B  

A - 2  

B - 1 

B- 2 

B - 3  
B - 4

& 

B - 5  
B - 6

& 

Bor i n g  
N umbe r  

A- 2 

B - 1 
B - 2

& 

Depth 
Feet 

1 9  

4 9  

1 9 . 20 

20- 2 1  

30- 3 2  

49 

T a b l e A- 5 .  S i te � .  Ho l l i s ,  Ha rmon Coun ty 

SO I L  P ROPERT I ES 

Mo i s tu re We t Den s i ty %Pa s s i ng S i eve S i ze 

Perce n t  P C F  

1 7 . 3  1 2 7 . 2  

1 9 . 3  

1 3 . 9  

1 9 . 2  

2 9 . 2  1 1 9 . 0  

1 9 . 1 1 3 2 . 2  

Uncon f i ned Comp re s s i ve 
S T 

3 .  52 

3 . 1 8 

L . L .  p . L .  p .  I .  No . 1 0 

NP NP NP 100 

27 18 9 1 00 

1 9  1 7  2 1 00 

3 1  2 0  1 1  1 00 

3 1  2 1  1 0  100 

UNCON F I NED COMPRESS I V E TEST 

Stra i n  a t  
Fa i l u re , 

8 . 2  

4 . 2  

No . 40 No . 2 00 

96 26 . 6  

9 2  7 8 . 0  

1 00 48 . 0  

99 9 1 . 4  

89 7 4 . 2  

5 1  

39 

3 �  

3 3  

% Sma 1 1  e r  than 
U n i f i ed 

0 . 5MM . 005MM . 002MM C l a s s  

2 3  1 6  1 4  S M  

C L  

30 1 7  1 4  S M  

8 1  3 0  22 C L  

6 5  32 22 CL 

19 

24 

2 1  

3 3  

percent 



:> 
f'I 

B or i n g  
N umber 

A - 1 

A - 2 

A- 3 

A - 4  

B o r i n g  
N umbe r  

A - 3  

A - 4  

fa b l e A-6 S i te F ,  Ada , Ponto toc Cou n ty 

SO I L  P ROPERT I ES 

% P a s s i n g  S i eve S i ze 
Dep th , Mo i s tu re Wet Den s i ty 
Feet Percent PCF L . L .  P . L . p .  I .  No . 1 0 No . 4 0  No . 200 

8 . 5 1 9 . 7  1 28 . 7  42 18 24 N/A N/A N/A 

1 3 . 5  1 6 . 8  1 3 7  . 0  47 1 9  28 

1 8 . 5 1 2 . 6  1 2 5 . 7  48 2 1  2 7  

2 3 . 5  1 6 . 9  1 3 7  . 8  4 1  2 3  1 8* 

* U l trason i c Tre a tment : L L =4 7 , P I =2 5  

Wet Den s i ty 
P C F  

1 3 5 . 5 

14 1 .  5 

UNCON F I N ED COMPR ESS I V E T EST 

Uncon f i ned Comp re s s i ve 
T s F  

1 . 85 

2 . 2 1 

Stra i n a t  
F a i l u re , Percent 

1 . 8 

9 . 4  

% Sma l l er t h a n  
U n i fi ed 

. 0 5MM . 005MM . 002MM C l a s s  

7 5  5 1  39 C L  

8 5  52 4 3  C L  

8 7  60 39 CL 

86 55 30 C L  

Strength, 



T a b l e A-7 . S i te G ,  C ameron , L e F i ore County 

SO I L  P ROPERT I ES 

Bori n g  Dep t h , Mo i s tu re We t Den s i ty 
% P a s s i n g  S i eve S i ze % Sma l l e r than 

N umber Feet Percen t  P C F  L . L .  P . L .  P . I .  No . 1 0 No . 40 No . 2 00 0 . 5MM . 005MM . 002MM 

B l -A 
B l - B

& 

Bo r i n g  
N umber 

B l -A 
B l - B

& 

1 5 . 0 1 8 . 7  1 28 . 0  

Uncon fi ned Compre s s i ve 
T s F  

1 . 69 

3 2  1 7  1 5  1 00 

UNCON �I N E D  COMPRESS I V E  T EST 

S t ra i n  a t  
Fa i l u re , Percent 

5 . 2  

99 80 . 8  70 36 28 

NT H  DP 
N STDP 

24 16 

32 18 

Un i fi ed 
C l a s s  

CL 

Strength, 
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co 

C o a r sc g r a i nctl 
soi l s. ( Mure  
i i . a n  h a l  I < ' I  m a -
t t · r i a l i s  l arger 
t l i a n  No. 200 
S I  e ve si /.e . ) 

Do . . . . . .  . 

Primary di vi sion s 

------ --
( ;ravel s. ( More 

than h a i r ol 
the 
Ira e r  ion I S  
l a rge r  1 h a n  No. 
4 S I C V C  s i ze . )  

. . .  <lo . . . . . . .  

Sands.  ( More 
1han I tal  I o l  
t h e  co a r s e  
lraciion i s  
smal l e r  d1:in 
No. 4 s i eve 
si ze. ) 

. . .  do . . . . . .  . 

------
C l e an gra v e l s.  ( L e s s  

t h an 5% o f  m a 1 e r i a l  
sma l l er 1han No. 200 
s i e ve s i ze. ) 

( ;rave l s  w i 1 h  l ines.  
(More 1han 1 23 o f  
m a t e r i a l  smal l e r  
1han No. 200 s i eve 
si ze . )  1 

Cl ean sands.  ( L e s s  
Lhan 5% o l  m a 1erial  
sm a l l er t h a n  No.  200 
si e ve s i ze . )  

Sand s  w i t h  li n e s .  
(More 1han 1 23 o f  
m a i eri al  sma l l er 
1han No. 200 s i e ve 
si ze. ) I  

Unif ied So i l  C l a s s i fi cation Sy stem 

G roup 
sym
bol 

c ; w  

G I '  

( ; M  

c ;c 

S W  

SP 

SM 

SC 

-- -

SeconJ a ry di v i sion s 

---··-

W e l l  graJed grav e l s ,  
gra v e l - s a n d  m i uures,  l i 1 -
d e  or no lin e s. 

Poo r l y  gradeJ gravel s ,  
gravel - sand m i x l llre s, l i 1 -
t l e  or no l ines.  

Si l t y  g r a v e l s, a n d  g r a v e l 

sand- si l t  m i x t u re s ,  w h i ch 
m a y  h e  poo rly graJed. 

Cl a y e y  gra vel s ,  and 

gra vel - sa n J - c l a y  m i x
lllre s ,  wh i ch may be 
poo r l y  graded. 

Wel l graJeJ s a n d s ,  grav

e l l y  s a n d s ,  l i u l e  or n o  
li n e s. 

Poorl y graded s a n d s ,  
· g ra ve l l y sanJs,  l i u l e  o r  
no li n e s. 

Si l i y  s a n d s ,  a nd s a n d - s i h  
m i x tu r e s ,  w h i ch m a y  b e  
poo rl y graded. 

Cl a y e y  s a n d s ,  a n d  sand
cl a y  m i x t u re s ,  whi ch 
may be poorly gradeJ. 

Laboratory cl  a .� s i  Ii c a t i on cri t eri a 
Supp l em en t a ry cri t e r i a  for 

vi s u a l  i Jen 1 i l i c a 1ion 

- --· 

grea i c r  1 h a n  4 

> 1o x l)60 h e 1 w een 1 anJ 3 

N o 1  m e e i i n g  a l l  grad a i ion req u i re

m erH s for GW. 

A ue rherg l i m i 1 s  
b e l o w  • A •  l i ne,  
or Pl  less 1han 
4 2 

A u e rhcrg l i m i t s  
abo v e  " A "  l i n e ,  
w i 1h l ' I  grea 1 e r  
1 h a n  7 

A u e rberg l i m i t s  
abo ve " A "  l i n e  
w i 1h l ' I  be-
1 ween 4 and 7 
i s  borde r l i n e  
case 

GM-GC 

grcaier 1 h a n  6 

be1ween 1 and 3 
N o 1  meecing a l l  gradaiion re q u i re-. 

men t s  for SW 

A u e rberg l i m i 1 s  
b e l o w  " A "  l i n e ,  
o r  P l  l e s s  1 h a n  
4 

A uerberg l i m i t s  
above " A "  l i n e ,  
wi 1 h  P I  greaier 
1han 7 

Aueruerg l i m i  i s  
abo ve " A "  l i ne 
wi 1h PI be-
1 ween 4 anJ 7 
i s  borderl i n e  
c a s e  

SM-SC 

W i de range in gr a i n  s i z e  a nd 
s u h s 1 a n 1 i a l  amoun 1 s  ol a l l  
i n 1er111 e d i a 1 e· p a r t i cl e si ze s. 

P redom i n an L l y  o n e  S I  7.e o r  a 
range o l  si zes w i 1 h some 1n-
1ermed i a 1e s i z e s  m i s s i n g. 
on-p l a s 1 i c  l i n e s  or l i n e s  o f  
l o w  p l a s 1i c i 1y.  

P l a s i i c  fi n e s. 

ll>'ide range in gra i n  s i ze s  a n d  
s u b s t a n t i a l  amo u n t s  o f  a l l  
i n t ermed i a t e  p a r  t i  cl  e s i ze s. 

P reJom i n a t e l y  o n e  s i ze or a 
range ol s i z e s  w i t h  some i n -
1ermedia1e si z e s  m i s s i n g. 

Non-pl a s t i c  l i n e s  or l i n e s  o l  
l o w  p l a s t i c i t y .  

P l a s t i c  fi n e s .  

coars<· 



F i ne grai ned 
so i l s. ( More 
t ha n  h a l f of ma-
1 erial  i s  smal l e r  
t ha n  N o .  200 
s i e v e  s i ?.<·. ) 

Do . . . . . .  . 

P rimary di v i s ions 

Si l i s  and clay s .  ( Li qu i d  l i m i 1  l e s s  
r h a n  50. ) 

. . .  do . . . . • . . • . • . • . • . . • • . . • • . . • . • 

. . .  do . . . . . . . . • • . . . . . . . . . . • . . . • • •  

Si l t s  and c l a y s .  ( Li q u i d  limi t grearer 
1han 50. ) 

. . .  do . . . . . • . . . . . • • . • • • • . . • . . . . . .  

. . .  do . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l l i g h l y  organi c soi l s  . . . . • . • . . • . • . . 

Unified Soi l  Classlflcatlon System 

Group 
s ym• 
bot 

M L  

C L  

O L  

M i i  

CJI 

011  

P c  

Secondary di visions L aboratory c l as s i fic ation c ri ieri a 
Supp l emenlary criteria for 

v i s ual i deniificacion 

lnorgani c si Its,  clayey 
sihs, rock flour,  sihy 
very fin e  sands.  

Inorgan i c  clays o f  low 10 
medium p l a sticity;  s i h y ,  
s a n d y  o r  grave l l y  clays.  

Orga n i c  sil!S  and organ i c  
s i h- c l a y s  o f  low p l a s
t i c i 1 y .  

Inorgan i c  s i l r s ,  clayey 
sil t s , e l a sti c  s i h s ,  mi
caceo u s  o r  d i a iomaceous 
si l t y  o r  fi n e  sandy soil s. 

Inorgan i c  c l a y s  of h i gh 
p l a s ti ci 1y ,  fa1 c l a y s. 

Orga ni c cl a y s  and s i l r y 
cl a y s  o f  medium 10 h i gh 

· p l a s ti c i ry .  

A ue rberg l i m i t s  
below " A •  l i n e, 
or P l  l e s s  than 
4 

A u e rberg l i m i i s  
a bo ve " A •  l i n e ,  
w i t h  Pl grea ier 
1han 7 

A ue rberg l i m i 1 s  
b e l o w  • A • l i ne 

A u e rberg l i mi r s  
b e l o w  • A •  t i ne 

A u erbe rg l i m i r s  
above " A •  l i n e  

A u e rberg l i m i r s  
below " A • t i n e  

Dry 
s t ren gd1 

None 10 
s l i g hr 

A uerberg l i m i r s  
above " A "  l i n e  
wi th Pl be-
1 ween 4 an d 
i s  borderline Medium. 
case to high 

ML-CL 

S l i g h t  to 
m e di um 

R eacuon 
IO 

shak ing 

Q u i ck 10 
slow 

None to 
very 
slow 

Slow 

Slight 10 Sl o w  to 
medium 

l l i gh 10 
"ery 
h i g h 

Medium 
to high 

none 

None 

None to 
very 
slow 

Tough
n e s s  
n e a r  

p l  a s r i c  
l i m i c  

N o n e  

M ed i um· 

S l i g h t  

Sl i gh !  !O 
m e di um 

l l i gh 

S l i g h t  10 
m e di um 

P e a t ,  m eado w mat,  highly H i gh i gni tion l o s s, LL and P l  de- Organ i c  co lor and odor,  spo n gy 
fe e l ,  frequen t l y  fibro u s  t e x -organi c soi l s . crease a fter drying 
tu re.  

1 Materi a l s wi ch 'i IO 1 2  percen!
. 

sma l l er than No. 200 sieve are borde rline case s, designar.ed: GW-GM, SW-SM. 
2Sce Ch. I ,  Fi gure j- 1 ,  for po si tion on p l a sti ci t y  charr. 
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