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. Abstract

Improved correlations have been developed between the Texas Cone Penetro-
meter Test N-value and the shear strength of hoth cohesive and cohesionless
soils. Correlations were also developed and compared with existing correla-
tions for several shear strength parameters and the Standard Penetration
Test N-value. Both field and laboratory investigations were conducted to
obtain the necessary data to develop the correlations.

Penetrometer test data and undisturbed soil samples were obtained from
five test sites for cohesive soils and six test sites for cohesionless soils.
Reasonably good correlations were developed between the unconsolidated-undrained
shear strength and the penetrometer test N-value for cohesive soils including
homogeneous clays of high plasticity ‘and silty or sandy clays of low plasticity.
In addition, a reasonably good correlation was developed between the drained
shear strength and the penetrometer test N-value for cohesionless soils in-
cluding poorly graded sands and silty sands. The currently used relationship
between the effective angle of shearing resistance of cohesionless soils and
the penetrometer test N-value was found to be a Tower hound for the data
obtained in this study. Finally, correlations were attempted hetween unit
skin friction and unit point bearing obtained from bored and driven pile tests
and the penetrometer test N-value. These correlations are considered pre-
liminary because only a limited amount of data was available from the in-
strumented pile load tests.
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DISCLAIMER

The contents of this report reflect the views of the authors
who are responsible for the facts and the accuracy of the data
presented herein. The contents dobnot necessarily reflect the
official views or policies of the Federal Highway Admfnistration.
This report does not constitute a standard, specification, or
regulation.

There was no invention or discovery conceived or first
actually reduced to practice in the course of or under this con-
tract; including any art, method, process, machine, manufacture,
design or composition of matter, or any new and useful improVe—
ment thereof, or any variety of plant which is or may be patent-
able under the patent laws of the United States of America or any

foreign country.
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ABSTRACT

Improved'corre1ations have been devé]oped between the Texas
Cone Penetrometer Test N-value and the shear strength of both' )
cohesive and cohesion]ess soils. - Correlations were also developed
and compared with existing correlations for several shear stréngth
parameters and the Standarvaenetration Test N-value. Both ffe]d :
and laboratory 1nVestigations were conducted to obtain the necessary
. , data to develop the correlations. |
| Penetrometer tesf data and undisturbed soil samples were obtéined
from five test sites for cohésive soils and Six tést sites'fOr
7 cohesibn]ess soils. Reasonably. good correlations were developed

between the unconsolidated-undrained shear strength and the péne-
trometer test N-value for cohesive soils including homogeneous clays

- of high plasticity and silty or sandy clays of low p]asticity. In
addition, a reasonably good correlation was developed between the
drained shear strength and the penetrometer test N-value for
cohesionless soils inc]hding poorly graded sands and si1ty'sahds.
The currently used relationship between the effective angle of
shearing resistance of cohesionless soils and the penetrometer test
N-value was found to bé a lower bound for the data obtained in this
study. Finally, correlations were attempted between unit skin
friction and unit point bearing obtained from bored and driven pile

tests and the penetrometer test N-value. These correlations are

considered preliminary because only a limited amount of data was




available from the instrumented pile load tests.

KEY WORDS: Penetrometer Test N-values, Cohesive Soils -
Undrained Shear Strength, Cohesionless Soils -

Drained Shear Strength.



SUMMARY

The information presented in)this report was developed during a
four-year study on "Correlation of the Texas Cone Penetrometer Test
W-value with Shear Strength of the Soil Tested." The objective of
the study was to develop an improved correlation between the Texas
Cone Penetrometer Test N-value and the shear strength of different
soil types to include sand, silt, and c1ay;

The first phase of the study dealt with cohesive soils. Field
investigations'for cohesive soils included eight borings taken at
five different sites where the Texas Cone Penetrométer Test was con-
ducted and undisturbed soil samples were obtained. The Texas Triaxial
Test and the ASTM Triaxial Test were used in the laboratory investi-
gation to obtain soil shear strength. Soils were classified and
grouped by the Unified Soil Classification System. Correlations were
deve]obed between the unconsolidated-undrained shear strength, C,> and
the penetration resistance N-values for: homogeneous CH soils, silty
CL soils, and sandy CL soils.

The second phase of the study deé]t with cohesionless séi]s. The
field investigations for cohesionless soils included eight borings
taken at six different test sites where the Texas Cone Penetrometer Test
was conducted and undisturbed samples were obtained. The direct shear
test was used to determine the effective angle of shearing resistance,
', used in calculating the drained shear strength, s. Correlations |
were developed between the penetration test i{-value and the drained

shear strength, s, the effective overburden pressure, p', and the total




unit weight, Y- The relationship currently in use by the Texas State
Department of Highways and Public Transportation (SDHPT) between ¢' and
the Cone Penetrometer N-value was examined and found to be a lower bound
for the datarobtained in this study. The soils tested were classified
by the Unified Classification System and included SP, SM and SP-SM soil
types. |

| During the third phase of the study correlations were developed
relating both unit side friction and unit point bearing with the Texas
Cone Penetrometer Test for bored and driven piles. The data used to
develop the correlations for bored piles were obtained from eleven
piles tested by researchers with the Center for Highway Research,
University of Texas at Austin. The data used to develop the corre]atibns
for driven piles were obtained from five piles tested by researchers
at Texas Transportation Institute. A limited amount of data was
available for this phase of the study and there was considerable data
scatter. The correlations developed are considered to be preliminary
and more data from instrumented test piles are needed to verify the

correlations.
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IMPLEMENTATION STATEMENT

New correlations have been developed as a result of this study
relating design stress (one-half soil shear strength)‘with the
H-value obtained from the Texas Cone Penetrometer Test for éevera]
soil types. Fig. 33 in this report gives the new design curves
for homogeneous CH‘soi1s; silty and sandy CL soiis; and SP, SM,
SP-SM soils. Also, Fig. 34 in this report givés a proposed new
design curve relating the N-value from the Texas Cone Penetrometer
Test to the angle of internal shearing resistance for cohesionless
soils. It is recommended that these newAdesign curves be 1mp1emented
into the Texas Foundation Exploration and Design Manual. Implementa-
tion of these design curves should be limited to those soils possessing
physical properties which are the same as the soils tested during this .

study.
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INTRODUCTION

Present status of the problem - Soil soundings are used to measure

the in situ resistance of a s0il against dynamic pehetration of a stan-
dard‘device. According to Wu (22)*, this reéistance usually gives some
indicatidn of the stfength and éompressjb11ity of‘the soil. Besidés
providingrqua11tative 1nf0rmation for a subsoil, soundings can often be
correlated with significant physical properties such as unit weight

and shear strength.

In the United States the most widely used dynamic penetration test
is the Standard Penetration Tést'(SPT). The resuits of the SPT can
usually be correlated in a genera1 Way'to the pertinent physical pro-
perties of sand. Meigh and Wixon (11) have reported the results of
various types of in situ teété at .several sites and have concluded that
the SPT gives a reasonable, if not somewhat conservative, estimate of the
allowable bearing capacity of fine sands. A relationship between the
N-value and the angle of. shearing resistance, ¢', which has become
widely used 1nrf0undation design procedures in sands is reported in the
text by Peck, Hanson, and Thornburn (14). A correlation between the SPT
N-value and the unconfined compressive strength of cohesive soils has
been reported by other researchers (15, 17, 20).

The State of Texas currently uses a sounding test similar to the
SPT for investigation of foundation materials encountered in bridge

foundation.exploration work. The Texas Cone Penetrometer (TCP) Test

*Numbers in parentheses refer to the references listed in Appendix I.




To develop an improved correlation between the Texas Cone

Penetrometer N-value and the drained shear strength of
cohesionless éoils.

To attempt the development of a correlation between the Texas
Cone Penetrometer N-value and unit side friction and unit

point bearing for driven and bored piles.




PENETROMETER CORRELATIONS FOR COHESIVE SOILS

During the period fkom September 1973vt0 August‘1974,‘init1a1 .
correlations were developed between the Texas Cbné Penetrometer Test .
N-value and the unconsolidated-undrained shear strength of cohesive
soils. A reasonably good’corre]ation was established between the
unconso]idated-undrained shear strength, Cy’ and penetration resistance
- N-values, for homogeneous CH soils, silty CL soils, and sandy CL soils.
Thé field investigation included seven borings taken at four different
sites where the Cone Penetrometer Test was conducted and uhdisturbed soil
samples were obtained. The Texas Triaxial Test and the ASTM Triaxial
Test were used in the laboratory investigation to determine éoi] shear
strength. The results of the 1973-74 phase of the study are reported in
TTI Report 10-1 (9). | |

During the period from September 1975 to August 1976 soil samples
and N-values from one additional site were obtained. These data are

reported in detail in this section on cohesive soils. All laboratory
.and field test data are presented either in this section orAin Appendix
III. The correlations shown in this section are based on the combined
data from all test sites.

Test Site - The 1975-76 test site was located at the SH87 overcross-
ring of the Intracoastal Canal south of Port Arthur, Texas. At this
location undisturbed cohesive samples were obtained and penetration tests
were conducted at corresponding depths. Samples were recovered using
the equipment described in TTI Report 10-1 (9).

The Port Arthur test site is located within the outcrop of the

Beaumont clay formation. The formation consists of poorly bedded plastic




clay interbedded with silt and sand seams and some more or less
continuous sand layers (16). The clays are overconsolidated by
desiccation; Structurally, the clay is jointed and frequently contains’
sTickensides created by nonuniform shrinkage and expansion. The pre-
dominant clay mineral is calcium montmorillonite, and the non-clay
minerals are quartz and feldspar (13).

"Field Investigation - The field investigation was conducted by a

Texas State Department of Highways and Public Transbortation soil 1in-
vestigation team under the direction of TTI personnel. Standard
practices of field investigation as described in the Texas Foundation
Exp1oration'and Design'Manﬁal (3) were followed throughout the
investigation. Samples were taken and penetration tests were performed
continuous]y in adjacent bore holes. | |

The purposes of the field investigation were to:

1. Establish the location of the ground water table.

27 Obtain a soil description by visual inspection of samples.

3. Obtain Texas Cone Penetrometer Test N-values.

4, Obtainrundisturbéd samples for Tlaboratory testing.
Fig. 2 shows the‘iocation of the ground water tab]e, the so0il description
and the penetration test N—vaiues for the Port Arthur test site.

Laboratory Investigation - The purpose of the laboratory investiga-

tion was to determine the unconsolidated-undrained shear strength of the

undisturbed samples and to classify these samples according to the

Unified Soil Classification System. Two types of test were used to
determine soil shear strength. The shear strength was determined by the
Texas Triaxial Test (TAT) and the ASTM Triaxial Test 2850-7 (ASTM).

The Texas Triaxial Test was the primary means of determining the




TEXAS CONE

x gl  DESCRIPTION |PENETROMETER
= 22 OF N-VALUE
njm 85 | STRATUM blows- per- foot
' Black very soft silty cloy with organics v
G.w.t. o T o=
| | With grass roots 6-8'
I .
Dork gray very soft silty clay
2 , | | ’
Ton ond gray silty clay with small S
omount of sand at 20' 3
S0 Clayey silt 10
S 15
Stitf tan and light gray silty cloy '
Stiff dark gray clay 13
50 Plastic dark gray silty clay with shells 3
48-52' with colcareous nodules 5260’
. fissured ond slickensided 5762’ 13
6 19
66 ENAK Gr tan fine sandy clay 17
SITE

Fig. 2. BORING LOG OF PORT ARTHUR TEST




unconsolidated-undrained shear strength of the samples tested. A confin-
ing pressure approximately equal to the effective overburden pressuré
that'exiéted on the sample in situ was used for both'teSts.: The;total
unit'wéight and natural moisture content were also determined for all
samples. |

A diagram of the Texas Triaxial Test apparatus is shown in Fig. 3.
The apparatus includes a rubber membrane 0.051 in. (1.3 mm) thick fitted
to a lightweight stainless steel cylinder. The sample is subjectéd to
an air pressure applied between the cylinder and the membrane. A loading
rate of 0.135 in. (3.429 mm) per minute was used to satiéfactoriTy.
achieve the undkaihed condition. This is the same loading rate used
ddring thé 1973-74 phase of the study. '

The ASTM testing apparatus is shown diagrammatically in Fig. 4.

Thé apparatus includes a 0.012 ih. (0.30 mm) thick rubber membrane that
completely seals the sample. The sealed sample 1is enc]osed.in a cell
where it is subjected to air pressure. A confining pressure equaT to
the effective overburden pressure that existed bn the samp]e'in sftu
was used. The ASTM Triaxial test was conducted on selected éamp1es for
purposes of comparing results. Samples tested by the ASTM method were
paired with samples tested by the TAT method. The samples compared had
the same Unified Soil CTassification. | »

The sample testing in both the TAT and the ASTM procedures was
performed using the same motorized press assembly. The same loading
rate was used fn all testing. Simultaneous readings of load and de-
formation were takén at intervals of 0.01 in. (.254 mm) deformation until
the sample failed. |

The soils were classified by the Unified Soil Classification System.

8




Loading cap
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© diometer - - 5§
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N - thick
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applying pressure pressure
control

\Lighfweight
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DIAGRAMMATIC LAYOUT OF THE TEXAS

TRIAXIAL TEST

(10in.= 254mm)




Axial load

Air release Loading ram Pressure gauge

Rulbber —Top cap
ring— —Lucite disc
Air—| |~ fd
o : __Sample enclosed T
in a rubber ’
membrane
Ru'bber :
ring | — Lucite disc
4 Sealing ring

: To cell pressure control
Connections for drainage or
pore pressure measurement

FiIG.4 - DIAGRAMMATIC LAYOUT OF THE ASTM
TRIAXIAL TEST (1.0in=254mm)
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Standard laboratory equipment was used to perform the tests. The labora-
tory tests included: | |

1. Percent péssing #200 sieve.

2. Liquid Timit. |

3. Plastic limit.

4. Plasticity index.
The moisture content of each sampTe before and after shear strength test-
ing was determined. The total unit weight of each sample was also
determined. A summafy of all laboratory tests conducted on the Port>
Arthur samples is given in Appendix III.

Analysis of Test Results and Development of Correlations - After

the completion of all laboratory tests the results were grouped according
to type of shear strength test and soil classification. Table 1
summarizes the results of the laboratory tests conducted for the Port
Arthur test site. The‘penetration test values are also tabulated to
facilitate the correlation of unconsolidated-undrained shear strength,
C,’ with penetration test N-values. Table 2 summarizes the same
information for the test sites reported in TTI Report 10-1 (9). The
test type given in Tables 1 and 2 indicate the test used to determine

Cye The soil classification given in the tables was determined by the

Unified Soil Classification System. The N-values shown indicate the
in situ resistance to penetration, in blows per foot, for the Texas Cone
Penetrometer. The information in Tables 1 and 2 was used to
develop all of the correlations in this section.
The values of C,2 expressed in tons per square foot, were computed

for the Texas Triaxial Test using the following equation:

11




Table |- TEST DATA FOR THE PORT ARTHUR TEST SITE

SAMPLE SOIL N-VALUE | SHEAR STRENGTH(Tsf)
NUMBER  |CLASSIFICA foot) | JAT ASTM
4 CL-Si 5 1.38
5 CL-Si 7 3 1 118
8 CH-H | 12 1.34 |
10 CL-Si 12 1.62
11 CH-H 15 1.51
12 CH-H 16 1.03
15 CH-H 16 1.76
16 CH-H 16 ~0.99
18 CH-H 15 | 1.75
20' - CH-H : 13 1.81
21 CH-H ' 13 0.98
23 CL-Si 13 1.91
24 CL-Si 13 1.49
25 CH- | 13 o 0.94
26 CH-H 13 1.84
27 CH-H 13 2.38
3 CH-H 16 2.34
35 CH-H 19 2.44
39 CH-H 17 1.13
40 CH-H 17 2.81

(1 psi = 6.9 kN/m%; 1 pcf = 16.01 kg/m>; 1 ft = .305 m)

12




Toble 2- TEST DATA FROM THE TT! REPORT 10-1 TEST SITES

SAMPLE SOIL | N-VALUE |_SHEAR STRENGTH (fsf)
NUMBER __[CLASSIFICATION(blows-per-foot) | TAT _ ASTM

A-3 CH-H 36 4.54

C-4 | CH-H 32 3.17

A-8 CH-H 22 2.82

A-9 CH-H - 18 2.32

A-12 CL-Si - u | 2.31

A-13 | cH-H 12 1.47

A-14 cL-si 28 | 0.98

A5 CH-H 18 | 1 1m:

A-16 CH-H | 18 2.2

A-19 CH-H 14 1.45

A-22 - CH-H 12 1.25

A-23 CH-H 12 0.74

B-6 CL-Sa 26 203

B-8 CL-Si 28 2.17

B-9 CL-Si 32 - 3.27

B-10 . CL-Sa 30 3.60

B-11 | cL-Si 28 3.67

(1 psi = 6.9 kN/m2; 1 pcf = 16.01 kg/m; 1 ft = .305 m)

13




Table 2- (CONTINUED) TEST DATA FROM THE
TT! REPORT 10-1 TEST SITES

SAMPLE | SOIL m-’wuz “SHEAR smr-:usm(mz |
NUMBER __ |CLASSIFICATION ptr$ooc): __JAT _ ASTM
.12 | oesi | 32 | 1.71
B-13 c-si | 28 2.9

B-15 -si 26 2.2

B-16 cL-si 24 1.08
B-19 ~ CL-Si 18 2.36.

B-30 CH-H 28 2.68

B-33 ctsi | 2 | 2.09

B-39 TR B A B
Bg0 | cuw |3 | 247

B-43 | CHH 30 ] e
C-1 | cH-H 10 1.78

C-2 cL-sa | 40 : - 2.43

c-3 CL-Sa 40 4.38

c-5  cL-sa o 3.86

C-6 | CH-H 16 1.99

c-8 CH-H 20 1 1.63
c-9 ©CHH 18 2.05

c-10 | CH-H 18 | 1.50
c-12 CL-Sa | é4 1.98

c-13 CL-Sa 24 124
C-16 | cL-si 22 2.41

(1 psi = 6.9 KN/m®; 1 pcf = 16.01 kg/m>; 1 ft = .305 m)
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Toble 2- (CONTINUED) TEST DATA FROM THE

| TT| REPORT 10-1 TEST SITES |
SAMPLE | SOIL TTu-VAwE |__SHEAR STRENGTH(1st)
| NUMBER K FICATION [(blows-perfoot) | TAT ASTM
c-18 c-sa | 22 e 1.50
c-19 CL-Sa ! 18 2.72
c-22 CL-Si | 30 2.2 |
c-24 CL-Si Y 1.53
c-24 CL-Si 38 4.76
C-30 CL-Sa 30 4.48
C-32 CL-Sa 4 3.04
c-33 CL-Sa 44 | | 2.19
-~ D-1 - CH-H 10 - 1.03
D-2  CH-H 22 1.03
b3 | CcHH 18 | 180
D-7 CH-H S 1.92
D-9 CL-Sa 22 1.59
D-10 CL-Sa 22 | 1.05
D-11 CL-Sa 32 2.50
D-13 CL-Sa 32 1.95
D-14 CL-Sa 26 3.36
D-17 CL-Sa 22 3.56
D-19 CL-Sa 28 ) 1.39
- D-24 CL-Sa - 46 2.7
(1 psi = 6.9 kN/m?; 1 pcf = 16.01 kg/m; 1 ft = .305 m)
15




where Pm = the maximum observed load, i.e., the sum of the vertical load

A induced by the confining pressure and the applied vertical Toad in tons;

Ac = the corrected area in square_feet; and O = thercbnfining pressure

in tons per square foot. |
The Valués of Cy expressed in toné per square foot, were computéd

for the ASTM Triaxial Test using the following equation:

where P, = deviator stress in tons; and A, = the corrected area in
square feet.

The difference between Eqs. 1 and 2 is due to the initial state
of stress upon confinement. The initial state of stress, in the Texas
Triaxial Test, is anisotropic. The initial state of stress, in the ASTMA
Triaxial Test, is isotropic.

The Port Arthur soils tested jnc]uded only two classifications.
The first was found to be homogeneous CH materials (i.e. clays of high
plasticity) by the Unified Soil Classification System. These soils
contained no secondary structures and hereafter will be referred to as
homoéeneous CH soils or simply CHQH. The second classification was the
CL materials (i.e. clays of low plasticity). These soils contained some
silt and were categorized silty CL or CL-Si. The silty CL soils are
those clays with less than 20% retained on the No. 200 sieve and not
containing sand or silt seams.

Two other soil types were included in TTI Report 10-1 (9 ). These

soils were sandy CL or CL-Sa, and CH soils with secondary structure
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CH-W. The sandy CL'soi1$ are those clays that contain more than.20%

retainedvon the No. 200 sieve and do not contain sand or silt seams.
None of the soils tested at the Port Arthur site fell into these
classifications. Therefore, new correlations for the'CL-Sa aﬁd'the
CH-W soils are not included in this section.

Shown in Fig. 5 is a p]ot'of unconsolidated-undrained shear -
strength, C,> based on the Texas Triaxial Test (TAT), herein referred
to'as cu (TAT), and resistance to penetration of the Texas Cone
Penetrometer, in blows per foot, NTCP’ for homogeneous CH soils. A
least square curve fit was used to develop the constant of proportion-

ality that relates Cy (TAT) and N The equation developed is:

TCP®
Gy (TAT) 2 01T Npop + o v v e e e e e e e e e e s (3)
where ¢ (TAT) is shear strength expressed in tons per square foot,

and N = Texas Cone Penetrometer N-value, expressed in blows per foot.

TCP
Eq. 3 may be used‘to predict the soil shear strength based on the Texas
Triaxial Test if the resistance to penetration, NTCP’ is avai]ab1e, and
provided that the soil tested is a homogeneous CH soil. In order to

predict the shear strength of a homogeneous CH soil based on the ASTM

Triaxial Test Fig. 6 should be used. The shear strength equation now

becomes:

<, (ASTM) = 0.067 Npep » v v e e e e (4)

where <, (ASTM) 1is shear strength expressed in tons per square foot,

and N = Texas Cone Penetrometer N-value, expressed in blows per foot.

TCP
Eq. 4 may be used to predict the shear strength of a homogeneous CH soil
based on ASTM Triaxial Test, if the resistance to penetration, Ni.p, is

available.
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Similarly a correlation was developed for silty CL soils. Fig. 7

presents the result of this correlation. In this case the equation is:

<, (TAT) = 0.1 NpEp = = v v e e e e .

whére Cu (TAT) is»the shear strength, based on the Texas Triaxial Test,
expressed in tons per square-foot, and NTCP'= Texas Cone Penetrometer
| N-value, expressed in blows per foot. This correlation makes it
possible to predict the shear strength of a silty CL soil based on the
Texas Triakial Test provided that the resistance to penetration, NTCP’
is available. Fig. 8 relates <, (ASTM) for silty CL soils with NTCP‘

The equation now becomes:

Cy (ASTM) = 0.054 NTCP ................. e e e e

where u (ASTM) is the shear strength, based on the ASTM Triaxial Test
expressed in tons per square foot, and NTCP = Texas Cone Penetrometer
N-value, expressed in blows per foot. With this cbrre]ation it is
possible to predict the shear strength of a silty CL s0i1 based on the
ASTM Triaxial Test if penétration test N-va]ues‘are-availab]e.

It can be éeen that Eqs. 3 and 5 are 1déntica1. Both of these -
equationsAare based on the Texas Triaxia]'Test; These results indicate
the possibility of using only one correlation for all cohesive soils.
Egs. 4 and 6 bn the other hand are not the same. These equations were
baséd on §hear strengths obtained using the ASTM Triaxial Test. Egs.

4 and 6 indicateAa‘range of shear strengths fof a given NTCP.value.

It should also be noted that the shear strengths predicted by the
Texas Triaxial Test are higher than those predicted by the ASTM Triaxial
Test. Fig. 9 shows a plot of <, (ASTM) versus <, (TAT) for all of the

soils listed in Tables 1 and 2. The samples compared were paired
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‘Unconsolidated-Undrained Shear Strength, c (ASTM), tsf

SYMBOL SOIL TYPE
B CH-H
A CL-SI
@ CL-Sa
.
A ‘,a’*"
a’/p
AR
a9 :
/%'65’ =
cu(ASTM) = .58 CU(TAT)

2 3

TRIAXIAL SHEAR STREWGTH.

(1 psi = 6.9 kiN/m2; 1 pcf = 16.01 kg/ms; 1 ft = .305 m)
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samples and care was exercised to ensure that the soil in each pair
had the same properties. The equation relating the shear strength tests
is:

c, (ASTM) = 0.58 cq (TAT) & v v v e e e e e e e e e e e e (7)

where o (ASTM) is the shear strength as determined by the ASTM Triaxial
Test, and Cy (TAT) is the shear strength as determined by the TEXas
Triaxial Test. cu»(ASTM) and c, (TAT) must be expressed in the same
units. Probable reasons for the differences in fhe shear strength pre-
dicted by the ASTM Triaxial Test and the TAT Triaxial Test are explained
in detail in TTI Report 10-1 (9).

Other researchers'have-deveToped correlations between the
unconsolidated-undrained shear strength of cohesive soils and the
Standard Penetration Test N-value (17, 20). It is possible to compare
data from this study with the correlations deve]oped for the SPT. Touma
and Reese (18) have déve]oped a relationship for cohesive soils
between the N-va1ues obtained by the Texas Cone Penetrometer Test, NTCP’
and NQva1ues obtained by the Standard Penetration Test, NSPT‘ Fof

clay soils the relationship is:

= 0.7 NTCP ......................... (8)

Nopt
Combining Eq. 8 with the correlation equations developed in this study
yields the equations and the plots shown in Fig. 10. The correlations
are compared graphically with the results from the other studies (17,
20). The correlations in Fig. 10 compare favorably. It is important to
note that the results of other research indicates a single curve is
valid for both CH and CL soils. On the other hand, the results of this

study indicate a range of shear strength for a given N-va]ﬁe depending
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on soil type. This range of shear strength is located within an upper

and lower bound established by the other researchers (17, 20).
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PENETROMETER CORRELATIONS FOR .COHESIONLESS SOILS

During the period from September 1974 to August 1975 initial
correlations were developed between the Texas Cone Pehetrometer Test
N-va]ue‘and drained shear strength, s, as well as several other para-
meters for cohesionless soils. The field investigation included five
test sites and eight borings and the results of the 1974-75 phase of
the study are reported in TTI'Report 10-2 (6). B _

- During the period from September 1975 to August 1976 soil samples
and N-va]ues from one additional test site were obtained. These data
are presented in this section on cohesionless sof]s. All 1aboretory and
field tesf data are presented either in this section or in Appendix II.
The correlations shown in this section are based on the combined data
from all test sites. v |

Test Site. - The 1975-76 test site was located at the Park Road
22 overcrossing of the Intracoastal Canal southeast of Corpus Christi,
Texas. At this location undisturbed sand samples were obtained and
penetration tests were conducted at corresponding depths. The samples
were recovered Qsing the methods and equipment described in TTI1 Report
10-2 (b). This test site will hereafter be referred to as the Corpus
Christi site.

Corpus Christi is located in an area of coastal prairies underlain
by Pleistocene river, delta, and shoreline sedimentsldepositéd more
than 30,000 years ago during one or more interglacial periods. River-fed
deltas built gulfward across marine embayments where coastal prairies
now occur. A relict shoreline deposit that lies along the main shore of

Laguna Madre and Redfish-Aransas Bays marks the posﬁtion of the youngest
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Pleistocene shoreline in the Corpus Christi area (4).

Field Investigation. - The field investigation was conducted by a

Texas State Department of Highways and Public Transportation soil in-
vestigation team uhder the'direction of TTI personnel. Standard
practices of field investigation as described in the Texas Foundation
Exploration and Design Manual (3) were fo]lowed_throughout the investi-
gation. Samples were taken and penetratidn tests were performed_in
adjacent bore holes.

The purposes of the field investigation were to:

1. Establish the location of the ground water table.

2. Obtain a soil description by'visua1 inspection of samples.

3. Obtain Texas Cone Penetrometer N-values.

4, Obtain undisturbed samples for laboratory testing.
Fig. 11 shows the location of the ground water table, the soil descrip-
tion, and the penetkation test N-values for the Corpus Christi test site.

| Undisturbed cohesionless samples were obtained using a small

diameter sampling tube. Fig. 12 shows a cross section of the sampling
apparatus. The sampler has an area ratio of 9.23 percent. The area

ratio is computed as follows: »
. . D*~D
: . _ volume of displaced soil _ “w e
Area Ratio = coTune oF <o 5 (100) . . .. (9)

De

where Dw = outside diameter of sample tube, and De = inside diameter of
sample tube. The area ratio of the sampler used satisfies the require-

ment of minimum diéturbance'as described by Hvorslev (10).

Laboratory Investigation. - The purpose of the laboratory investiga-
tion was to determine the drained shear strength of the cohesionless

samp]és and to classify these samples according to the Unified S0l
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-Description

of
Stratum

Texas Cone
Penetrometer

N-Value
Blows per foot

No Recovery

Some cloy from 4'~5'. . & 5
Loose dark gray sand with
small amount of clay and organic
and shells.
Very soft dark gray clay with orqonics
Very loose fine dark gray cloy w/org 4
3
Green and gray dense clayey sand 3
w/organics. Becomes firm ot 25’ 49
 With organics at 26' 26
Loose green sm¥ and
J1_with shell at 30 24
N Firm brown very fine clayey sand 44
with _shells, 56

. BORING LOG OF CORPUS CHRISTI TEST SITE
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Classification System. The direct shear test was used to determine the

effective angle of shearing resistance used in calculating drained shear
strength. Mechanical analyses and Atterberg Timits were.used'to classify
the soils tested.

Direct shear tests were performed on small diameter samples using
the equipment and procedure described in TTI Report 10-2 (6). The
samples were extruded, usfng a hand operated hydraﬁ1ic jack, directly
into the direct shear box using the extrusion device shown in Fig. 13.
Before placing the sample into the extruding device, cuttings were |
removed from both ends of the sample. At this time the total unit
weight of the sample was determined. The sample tube was then placed in
the extruding device. The direct shear box was placed inverted over the
tube complete with bottom plates. The sample was then extruded into the
box until the bottom plates made contact with the restraining pins in
the base of the shear box. The samples were trimmed using the 0.001 in.
thick (.025 mm) trimming device. The box was then removed from the
extrustion device and p]aéed upright into the direct shear loading
apparatus for testing.

The direct shear box assembly used for testing the samples is
shown in Fig. 14. The box uses a 1.58 in. (40.28 mm) diameter sample.
The shear box assembly was adapted for use with the Wykeham Farrance
equipment used in the Texas A&M Soil Mechanics Laboratory.
| The loading assembly used is shown in Fig. 15. A constant speed
motor was used to achieve a strain rate of 0.005 in./min (.127 mm/min).
The strain rate used for the Corpus Christi samples was the same strain

rate used to obtain the data presented in TTI Report 10;2 (6). In most
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cases three tests were performed on each tube sample. Normal stresses of
10, 20, and 30 psi (69; 138, and 207 kN/mz) respectively were used for
samples in each tube. |

The shear strength of the sample was détermined by dividing the
maximum force required to shear the sample by the cross sectional area
of the sample. The failure envelope was then plotted using the shear
stresses at failure and the corresponding normai stresses. The
effective angle of shearing resistance, ¢', is the angle formed by the
failure envelope and the horizontal.

The shear strength at depths corresponding to the depths where
penetrometer tests were conducted was determined from the general Mohr-

Coulomb relationship:

s =c'+ cn' tan ¢' .. . . e e e . e e e e e e e e (10)
where s = effective shear strength of soil, ¢' = effective cohesion,

cn‘ = effective normal stress, and ¢' = effective angle of shearing
resistance. The cohesion equals zero for drained tests involving
cohesionless soils. Therefore, Eq.10 becomes:

s =09 tan ¢° ... DI e (11)

Table 3 contains the summary of N-values, the effective angle of shear-
ing resistance, and the drained shear strength for the Corpus Christi
test site. Table 4 contains the same information as Table 3 buf the
data is taken from TTI Report 10-2\(6). Tables 3 and 4 contain the
information used to develop Figs. 16 through 23.

The soils were classified using the Unified Soil Classification
System. Standard laboratory equipment was used to perform the tests

necessary for classification. The laboratory tests needed for

35




SUMMARY OF N-VALUES, EFFECTIVE ANGLE

Table 3-— OF SHEARING RESISTANCE, DRAINED SHEAR

STRENGTH CORPUS CHRIST| TEST SITE
N-value Blows per foot Effective
[Sample . T, Angle of - Shear
number| Nyep [ Nyep | Ngpp | Ngpr | Shearing , | Strength, S
___|Resistance (6) | —_(4sf)
1 5 5 3 3 38.7 0.190
2 2 2 1 1 31.3 0.236
4 41 36 221 18 36.3 0.482
6 53 42 27 21 41.0 0.674
7 49 40 25 20 38.5 0.685
8 26 26 13 13 34.0 0.638
9 24 24 12 12 35.5 0.734
10 a4 37 22 19 32.5 0.701
11 56 43 28 22 45.0 1.180

(1 psi = 6.9 kilym?; 1 pcf = 16.01 kg/mS; 1 ft =

.305 m)
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SUMMARY OF N-VALUES, EFFECTIVE ANGLE OF
Table 4 -- SHEARING RESISTANCE , DRAINED SHEAR STRENGTH

TT! REPORT 10-2 TEST SITES
N vaolue, Blows per Foot Effective Drained
Sample : ‘ : ' -Angle . of Shear ~
number NTCP NTCP NSPT NSPT Rfl‘;eg‘s‘rég Stre»nath.,l S
A-1-2 | 35 33 18 17 42.0 411
A-1-3 | 60 45 30 23 40.0 .450
A-2-1 4 4 2 2 36.5 .212
A-2-2 5 5 3 3 31.5 .209
A-2-3 9 9 5 5 37.5 .307
A-3-1 6 6 3 3 - 34.5 .187
A-3-2 6 6 3 3 30.0 .199
A-3-3 | 20 20 10 10 36.5 .323
B-1-9 | 33 32 17 16 34.0 433
C-1-13f 19 19 9 9 36.0 442
c-1-18] 18 18 9 9 39.0 .637
D-1-5 | 22 22 11 11 1.0 .855
D-1-6 | 48 39 24 20 40.0 .961
(1 psi = 6.9 KN/m?; 1 pcf = 16.01 kg/m; 1 ft =

.305 m)
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Cont) SUMMARY OF N-VALUES, EFFECTIVE ANGLE

| Table 4.-- OF SHEARING RESISTANCE, DRAINED SHEAR
STRENGTH ~ TTI REPORT 10-2 TEST SITES
N value, Blows per Foot E ffective Drained
_ |sample | L _ , Angle of Shear
“Inumber | Nycp N%’CP “{ Ngpt Ngpt Sihgggiing \ Str?;\gtt)h, S
D-1-7 | 33 o3 17 16 43.0 1.153
:D-1-12 30 30 15 15 37.5 1.278
D-1-19| 80 | .55 40 28 41.0 1.766
D-1-22| 68 49 34 25 38.5 1.722
E-1-11| 64 47 32 24 39.0 1.183
E-1-12] 80 55 40 28 138.0 1.816
E-1-17| 74 52 37 26 42.0 2.076
(1 psi = 6.9 kN/m?; 1 pcf = 16.01 kg/m°; 1 ft = .305 m)
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classification included:

1. Mechanical Qrain size analysis.
2. Liquid limit.
3. Plastic Timit.
4. Plasticity index.
Other Tlaboratory tests .conducted included:
1. Moisture content of sample before and after'testing..
2. Total unit weight before testing.
The results of the laboratory tests for all Corpus Christi samples are

given in Appendix IV.

Ana]ysisvof Test Results and Deve]opment of Correlations. - Bowles
(2) recommends the use of the following equation for very fine or silty,
saturated sénd if the measured penetration number, N, is greater than 15:

sl
N'spp = 15 + 7 (Ngpy

where N'SPT = adjusted penetration number, and NSPT =}measured penetra-

-15) oo .. (12)

tion number. This equation is based on penetration numbers obtained
from the Standard Penetration Test (SPT). Eq.12 was developed based on
the assumption that the critical void ratio occurs at approximately NSPT
equal to 15, and in fine-grained materials the coefficient of bermea-
bility is so low that the .change in pore pressure created by the
expansion of the soil impedes penetration by the split spoon, thus
increasing the penetration number.

Touma and Reese (18) also developed a relationship for cohesionless
soils between the Standard Penetration Test N-value and the Texas Cone

Penetrometer Test N-value. This relationship indicates that the

penetration test N-values obtained by the TCP are twice those obtained
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for the same soil using the SPT. In equation form this.relationship is

expressed as follows:

Npep = Nepp « + v v v e e e e e e e (13)

where.NTCP = Texas Cone Penetrometer Test N-value, expressed in blows
per foot, and NSéT = Standard Penetration Test N-value, expressed in
blows per foot. Eq. 13 can be used to establish a value of NTCP equal
to 30 at the critical void ratio. If the same relationship indicated by
Eq. 12 is abp]ied to the Texas Cone Penetrometer Test, the following

equation is developed:

|
N'pp =30+ 5 (Npp = 30) « o o o oL e (14)

where N'TCP = adjusted penetration number, and NTCP = measured penetra-

tion numbér. Eq. 14 is limited to very fine or silty saturated sands

with a penetration number NTCP greater than 30. Separate‘corre1ations

were developed using both the corrected and the uncorrected N-values.
Fig. 16 shows a plot of the drained shear strength, s, versus the

corresponding Texas Cone Penetrometer Test N-value, NTCP‘ The values

of NTCP are the uncorrected values measured in the field. Using a

Teast square type of statistical analysis, a constant of proportionality

for the two soil parameters was developed. The relationship can be

expressed in equation form as follows:

S =0.020 Npcp + v v e e e e X

where s = drained shear strength, expressed in tons per square foot, and
NTCP = Texas Cone Penetrometer N-value, expressed in blows per foot.
This correlation applies only to the soil types tested. The soil types

include SP, SM, and SP-SM soils. Eq.15 can be used to determine the
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drained shear strength of these soil types if Np., is known. Plotting
the values of shear strength, and N'TCP given in Tables 3 and 4 yields
the relationship shown in Fig. 17. The relationship between the

parameters s, and N Tcp MOV becomes:
s =0.026 N'pp -+ - o e e e e e e e (16)

where s = drained shear strength, expressed in tons per square foot,
and N'TCP = Texas Cone Penetrometer N-value, expressed in blows per

foot. Eq.16 should only be used with a corrected value of N It

TCP®
should be noted that when a corrected value of NTCP is used in Eq. 16
the value of s obtained will not differ greatly from the value of s
obtained from Eq. 15 using the measured value of NTCP' In coarse sands
or nonsaturated sands, the value of s obtained from Eq. 16 will be
greater than the value of s obtained from Eq. 15. This indicates that
for nonsaturated or coéfse sands Eq. 15 is more conservative than Eq. 6 .
A correlation between s and NSPT was also developed. The values of
NSPT were determined using Eq. 13 to convert the measured values of NTCP
into the appropriate values of NSPT' Fig. 18 is the plot of s versus

NSPT' The realtionship between s and NSPT can be expressed in equation

form as follows:

s =0.041 NSPT .......................... (17)

where s = drained shear strength, expressed in tons per square foot, and
’NSPT = Standard Penetration Test N-value, expressed in blows per foot.
If Eq. 12 is used to correct the values of NSPT where the soil

conditions warrant, the following equation is developed:

s = .052 N'SPT .........................
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where s = drained shear strength, expressed in tons per square foot, and
N‘SPT = Standard Penetration Test N-value, expressed in blows per foot,
corrected using Eq. 12 where applicable. Fig. 19 shows the p1ot£ed data
which was used to develop the relationship expressed in Eq.18.

An effort was also made to correlate N with the shear strength

TCP _
parameter, ¢'. The solidicurve predicting the relationship between NTCP
and ¢'as shown in F{g. 20 was taken from the Texas Foundation Exploration
and Design Manual (3). It can be seen from Fig. 20 that the

relationship between N and ¢' used by the Texas State Department of

TCP
Highways and Public Transportation forms a lower bound for the data
obtained in this study. The plot of N'TCP versus ¢' is shown in Fig. Z1.
The solid curve shown in Fig. 21 is the same curve shown in Fig. 20.
Many of the data points in Fig. 21 have been moved upward and are
further away from the solid curve. The dashed curve is a proposed new
Tower bound for these data. The dashed curve should only be used with

the corrected N-value, N' The proposed curve yields larger values

TCP*
of ¢' than the existing curve.
A relationship between the Standard Penetration Test N-value and
the effective angle of shearing resistance, ¢','which has become wide1y
used for foundation designlin sands is presented in the text by Peck,

Hanson, and Thornburn (14). Eg. 13 was used to convert N to N

Tcp *0 Ngpr SO
that data from this study could be compared with the existing relation-
ship. Fig. 22 is a plot of NSPT and the effective angle of shearing
resistance, ¢'. The solid curve shown is the widely accepted curve
taken from Peck, Hanson, and Thornburn (14). The data were also plotted

in Fig. 24 using values of N'SPT' In Fig. 23 the solid curveiis the
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same curve shown in Fig. 22, and the broken curve is a proposed new

bound for these data.

The total unit weight, Y1» and the in situ éfféctive overburden
pressure, p', for each sample had to be determined in order to calculate
the drained shear strength, s. Since the values of v, and p' were
available, an attempt was made to correlate these vé]ues with NTCP’
Tables 5 and 6 contain a summary of the data used to develop Fig. 24
through 27. Fig. 24 shows é plot bf p' versus NTCP' The relationship

shown in Fig. 24 is expressed in equation form as follows:

P! = 0172 4 0,023 Np + v v v e e e e e e

where p' = the effective overburden pressure, expressed in tons per
square foot, and'NTCP = Texas Cone Penetrometer N-value, expressed in
blows per foot. Fig. 25 shows the relationship between p' and N'TCP
when the correction for a very fine or'si1ty saturated sand is made
using Eq. 14 The relationship shown in Fig. 25 is expressed in

equation form as follows:

p' = 0.05 + 0.02 N'TCP ........ IR R

where p' = the effective overburden pressure, expressed in.tons per
square foot, and N'TCP = Texas Cone Penetrometer N-value, expressed in
blows per foot. Fig. 26 shows the relationship between Y7 and NTCP'
The relationship shown in Fig. 26 is expressed in equation form as

follows:

B < (21)

where Yr © total unit weight, expressed in pounds per cubic foot, and

NTCP = Texas Cone Penetrometer N-value, expressed in blows per foot.
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SUMMARY OF N-VALUES, EFFECTIVE OVER-

deble 5-- BURDEN PRESSURE, TOTAL UNIT WEIGHT

CORPUS CHRISTI TEST SITE
N- value, blows / foot Total Unit Effective
Sample ' . Weight Overburden
number N - N’ (tbs/ ft3 ) Pressure
TCP TCP (1sf)
1 5 5 125.5 0.238
2 2 2 118.6 0.388
4 41 36 131.1 0.658
6 53 42 133.0 0.775
7 19 40 133.6 0.860
8 26 26 127.4 0.945
9 24 24 123.0 1.028
10 44 37 123.0 "1.100
11 56 43 124.9 1.180

(1 psi = 6.9 kN/m%; 1 pcf = 16.01 kg/mS; 1 £t = .305 m)




Toble 6.-- BURDEN PRESSURE, TOTAL UNIT WEIGHT
TT! REPORT '

SUMMARY OF N-VALUES, EFFECTIVE OVER-

I0-2 TEST SITES

Sample N-Value, blows/ foot w;?c,:h:m” gr«\;?rgt:ir\:ieen

. Number Nep N'rer * f(bs/rst3) | PTESSYTS
A-1-2 35 33 111.4 457
A-1-3 60 45 118.6 .536
A-2-1 4 4 104.3 .287
A-2-2 5 5 106.6 ©.341
A-2-3 9 9 111.4 400
A-3-1 6 6 98.7 .270
A-3-2 6 6 103.9 .345

~ A-3-3 20 20 105.8 .437
B-1-9 33 32 120.2 .643
C-1-13 19 19 118.6 .608
c-1-18 18 18 120.4 .780
D-1-5 22 22 124.7 .960

 D-1-6 48 39 123.3 1.145

(1 pcf = 16.01 kg/m>; 1 ft = .305 m3 1 tsf =

9.58 x 10% N/m?)
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(Continued) SUMMARY OF N-VALUES, EFFECTIVE
Table 6.-- OVERBURDEN PRESSURE, TOTAL UNIT WEIGHT

TTI REPORT 10-2 TEST SITES
Sample N-—Value, blows/ foot Total Unit | Effective
Weight Overburden
Number N N' 9 3 = .
TCP TCP (Ibs/ft°) |- ?ﬁfgge
D-1-7 33 32 122.2 1.235
D-1-12 30 30 134.7 1.665
D-1-19 80 55 125.5 2.032
D-1-22 683 49 119.9 2.165
E-1-11 64 47 119.3 2.270
E-1-12 80 55 123.5 2.325
E-1-17 74 52 130.3 2.755

(1 psf = 16.01 kg/mS; 1 ft = .305 m; 1 tsf = 9.58 x 10° N/m?)
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Total Unit Weight, Yy pcf.
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Fig. 27 shows the relationship between Y7 and,N'TCP. The equation

relating Ty and N'TCP is as fo]]ows:
Y = 110.48 + 0.34 N o R IR (22)

where Y = total unit weight, expressed in pounds per cubic foot, and
N'Téé = Texas Cone Penetrometer N=value, expressed in blows per foot.

in this section equations have been presented relating the Texas
Cone Penetrometer N-value, NTCP’ with'the drained shear Strength, s, the
effective overburden pressure, p', and the total unit weight Y1 Better
relationships were developed for s and p' than for Yo Also, it has
beeh shown that there is less scattef in the»data when the same
relationships were developed usfng N.TCP’ i.e. the corrected N-value
for very fine or silty saturated sands. The reduced data scatter
seems to indicate that the use of a corrected N-value would be
appropriate.

A re]étionéhip was also deVeloped durihg this study, which could
be compared with the relationship currently used by the Texas State
Department of Highways and Public Transportation (SDHPT), between the

effective angle of shearing resistance, ¢', and NT This curkently

CP*

used relationship was shown to be a lower bound for the study data
presented. The currently used re]atiqnship-appears to be even more

conservative when compared to the data from this study using corrected

values of NTCP' _ )
Using the relationship developed by Touma and Reese (18) to

convert the Texas Cone Penetrometer N-values into Standard Penetration

Test N-values, correlations were developed for both s and ¢' versus

N Both corrected and uncorrected Standard Penetration Test N-values

STP”
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were used to develop these correlations. Data scatter was reduced when

corrected N-values were used. It was possible to compare the data from
this study with the widely used relationship between é' and the

Standard Pénetration Test N-value appearing in the text by Peck, Hanson,
and Thornburn (14). This widely used relationship was shown to be a
Tower bound for the study data. Also, when the corrected N-value,
N'SPT’ was used the study data plotted even further abbvé the widely
used NSPT versus ¢' curve. | | ,-

It has been shown that both the widely used relationship between
Nepy and ¢' and the relationship currently used by.the'SDHPT between
NTCP and ¢' are conservative based on the results of this study. There
appears to be ample justification towards modification of the existing
relationships. Furthermore, the study data indicates that corrected
N-values should be used where appropriate with the proposed new
relationships.

Finally, it should be noted that the samples tested in this sfudy
were classified by the Unified Classification System as SP, SM, and
SP-SM soils. This may be a Timitation to the new correlations, in the
sense that the new correlations are not proven for -well-graded or
coarse sands. It is felt, however, that many of the cohesionless soils
that exist in nature will fall into one of the classification categories

covered in this study.
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PENETROMETER CORRELATIONS FOR DRIVEN AND BORED PILES

The third objective of this study was the development of a

correlation between NTCP and unit side friction, f, and unit point
bearing, q, for driven ahd bored piles. Data from previous research
efforts were used to develop the corré]ations. ‘The data used to develop
- the correlations for bored piles are reported in.detail in a series of
reports produced by The Center for Highway Research (CFHR) for the Texas
State Department of Highways and Public Transportation (SDHPT) (1, 7,
13, 18, 19, 2])', The data used to develop the correlations for driven
piles are reported in detail in TTI Report 125-8F (5). The research
associated with TTI Report 125-8F was also conducted for the SDHPT.
Table 7 contains a list of the test site locations used for the bored
pf]es and inc]udes}the references containing the detailed information
for the tests. Table 8 contains a 1ist of the test site locations used
for driven piles and includes the references containing the detailed
information for the tests. |

Unit Side Friction and Unit Point Bearing. - In order to correlate

f and q with N it is necessary to have load transfer data so that

TCP
both side load and point load can be determined. Therefore, during this
phasé of the research it was necessary to find data from instrumented
load tests of full scale pi]es. It was a]so necessary to have soil
pkofi]es comp]éte.with N-values for each test site. The piles used in
this study were instrumented with strain gages. In most cases the gages
were placed at the top of the pile, near the bottom of the pile, and

along the pile at locations of major changes in soil types. The use of

strain gages made it possible to measure the load transfer between
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Table 7. LIST AND LOCATIONS OF BORED PILES

Test Pi ie Location df Test Site Reference No.

Gl

G2

BB

LB

Us59

HH

us9o

 Houston, Texas - South middle (19)

| bay of bent 12 of I 610 - I 45
Interchange East-bound struc-
ture

- Houston, Texas - North bay of (19)
- bent 27 of 1 610 - I 45 Inter-
change East-bound structure

Houston, Texas - West bay of - (19)
bent 5 of left frontage street
SH 288 and Brays Bayou struc-
ture

Ten miles west of Bryan, Texas (7)
adjacent to State Highway 21

Live Oak County, Texas - West (18)
- bay of bent no. 3 of the left
roadway of IH-37 and US 59
structure

‘Live Oak County, Texas - North (18)
bay of bent no. 2 of the left
main lane of IH. 37 and Hailey
Hollow structure

San Antonio, Texas - Intersec- (21)
tion of S.W. Military Drive
and U.S. Highway 90

(1 psi =

6.9 kN/m; 1 pcf = 16.01 kg/m>; 1 ft = .305 m)
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Table 7. (CONTINUED) LIST AND LOCATIONS

OF BORED PILES

Test Pile Location of Test Site Reference No.

HB&T Houston, Texas - 1 610 - HB&T (1)
Railroad overpass structure

S1T1 Houston, Texas - I 610 - (13)
SH 225 intersection

S2T1 Houston, Texas - I 610 - (13)
SH 225 intersection

S3T1L1 Houston, Texas - I 610 - (13)

SH 225 intersection

(1 psi =

6.9 kiVm?; 1 pcf = 16.01 kg/mS; 1 ft = .305 m)




Table 8. LIST AND LOCAT

IONS OF DRIVEN

PILES
Test Pile Location of Test Site Reference No.

PA1 Intracoastal Cana]rBridge on (5)
SH 87 south of Port Arthur,
Texas '

PA2 Intracoastal Canal Bridge on (5)
SH 87 south of Port Arthur,
Texas , ' '

cC Park Road 22 on the Intracoastal (5)
Waterway near Corpus Christi,
Texas

H-99R US 77 at the North Floodway near (5)
Harlingen, Texas '

H-4L US 77 at the North Floodway near (5)
Harlingen, Texas

. 2 . 3., ..
(1 psi = 6.9 kN/m"; 1 pcf = 16.01 kg/m°; 1 ft .305 m)
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various points along the pile. The load measured in the bottom strain

gage is the point load. ance,the N-values for the soil layers between
gages were known, a correlation could be attémpted.v Fig. 28 is a
schematic of a pile showing typical 1ocations of étrain gages. The
unit side friction, f, betweeh the top two gages can be computed as
follows:

¢ - load in gage 1 - load in gage 2
- contact area '

where f = unit side friction, expressed in tons per square foot, gage
loads are expressed in tons, and contact area = the perimeter of the -
pile x (depth to gage 2 - depth to gage 1), expressed'in'square feet.
The unit point load, q, can be computed as follows:

Jload in gage 4 » ' .
= Area OF PITe POTAE  © & * * * sttt e (24)

“where q = unit point bearing, expressed in tons per square foot, load
in gage 4 is the point load expressed in tons, and area of pile point is
the cross sectional area eXpressed in square feet. Appendix V contains

TCP
each soil layer, and the corrected value of Nycp- The correction of

tables showing the location of the strain gages, the value of N for

Nicp was made using Eq. 14 where applicable.

The correlations presented in thi$ section are divided into two
groups. Group I is the correlation for bored piles. Group I includes
correlations of f and q for both cohesion]ess and cohesive soils. Group
II is the correlation for driven piles and includes f and q for both
cohesionless and cohesive soils.

In order to determine the ultimate bearing capacity, Putts ofrthe

piles, it was necessary to use the load settlement curves from the pile
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Fig. 28 SCHEMATIC VIEW OF INSTRUMENTED TEST
PILE
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load tests. The magnitude of Pu]t was determined using a method outlined

in the Texas Foundation Exploration and Design Manual (3). This method
is referred to in this study as the method of tangents. The method of
tangents was used in developing the correlations presented herein. The

magnitude of P was also determined by another method using the

ult
maximum load applied tb the piles during the load tests. This method

is referred to in this study as the maximum app]ied load method. Plotted
data are not presented herein for the maximum applied Toad method. How-
ever, the values of f and q obtained by this method were determined and
are presented in Appendix V. The correlations given in this section for
f and q fn cohesjon]ess soils utilizes the values of NTCP as measured

in the field. Although the plotted data are not presented, correlations

were also made based on values of N corrected using Eq. 12 where

TCP
‘applicab1e. Table 9 is a summary of all correlations developed for
bored piies and Table 10 is a summary of all correlations developed for
driven piles. |

.A1] piles analyzed in this study were load tested in the same
manner. This method is described by Fuller and Hoy (8) and is referred
to as The Texas Mighway Department Quick-lLoad Test Method. Some of
the piles ané]yzed were subjected to several Toad tests. In most cases
the final load test was used.

Bored Piles. - Piles G1, G2, and BB were tested in Houston, Texas
and were installed using the slurry displacement method. A1l three
piles comp]éte]y penetrated a layer of clay and were bored into a layer

of sand. Pile LB was tested west of Bryan, Texas. ‘The soil type at

this test Tocation was predominantly clay to the total depth of pile
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Table 9. SUMMARY OF CORRELATIONS

DEVELOPED FOR BORED PILES

Method Used to

load

, N- value  Soil Type Correlation

! De'ermine Pu“h. - . . :
Method of tangents| Measured Cohesive | f=10.022 N
Method of tangents Measured Cohesionless | f = 0.014 N
Maximum applied Measured Cohesive f=0.023 N
load

Maximum applied Measured Cohesionless | f = 0.015 N
load

Method of tangents Measured Cohesive q=0.32N
Method of tangents Measured Cohesionless = 0,10 N
Maximum applied Measured Cohesive = 0.357 N
load »

Maximum applied Measured Cohesionless | g = 0.167 N
load

Method of tangents Corrected Cohesionless | f = 0.024 N
Maximum applied Corrected Cohesionless | f = 0.025 N
1oad .
Method of tangents Corrected Cohesionless | q = 0.18 N
Maximum applied Corrected Cohesionless | g = 0.30 N~

"

unit side friction, expressed in tsf.
Texas Cone Penetrometer N-value, expressed in blows per foot.

(1 psi = 6.9 N/m2; 1 pcf = 16.01 kg/m3; 1 ft-= .305 m)
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Table 10. SUMMARY OF CORRELATIONS

DEVELOPED FOR DRIVEN PILES

Method Used to N- volue Soil Type Correlation
Determine Pyt :
Method of tangents]| Measured Cohesive f = 0.031 N
Method of tangents| Measured Cohesionless f=0.033 N
Maximum applied Measured Cohesive f=0.032N
load

Maximum applied Corrected Cohesionless f =0.035 N
load

Method of tangents| Measured Cohesive q = 0.103 N
Method of tangents| Measured Cohesionless g=1.330 N
Maximum applied Measured ' Cohesive g=0.173 N
load

?ax;mum applied Corrected Cohesionless g =1.620 N
0a . .

f

i

N

unit side friction, expressed in tons per square foot

Texas Cone Penetrometer N-value, expressed in blows per foot

(1 psi = 6.9 kN/m%; 1 pcf = 16.01 kg/m>; 1 ft = .305 m)




penetration. The piles designated US 59 and HH Were tested in Live QOak
County, Texas. Both piles completely penetrated a clay layer and were
bored into a sand layer. The pile designated US 90 wasrtested in San
Antonio, Texas. This pile completely penetrated a clay Tayer and was
bored into a c]ay‘shale 1ayér. Pile HB & T was tested in Houston, Texas
and pehetrated a predominantly clay soil with intermittent layers of
silt and silty sand. The pi]es'designated SITT, S2T1, and S3TIL1 were
tested in Houston, Texas. These test pi]es-were installed in a pre-
dominantly clay soil.

~ The unit side friction, f, versus NTCPffor bored pi]eé is plotted
in Fig. 29 and'includes friction data for both cohesive (clay) and
cohesionless (sand) soils. As mentioned previously, the friction data
were determined using the method of tangents to determine Pu]t and the
values of NTCP are the values measured in the field. The correlation

equation for clay soils is:

- 5
f=002 Npep - o v oL R T (25)
where f = unit side frictionaexpressed in tons per square foot, and
NTCP = Texas Cone Penetrometer N-value, expressed in blows per foot.

The equation relating, f, and NTCP for sands is expressed as:
f=0.018 Nppp + v v o e e e e e e (26)

where f = unit side friction,expressed in tons per square foot, and
NTCP = Texas Cone Penetrometer N-value, expressed in blows per foot. As
indicated on Fig. 29 some of the values of unit side friction were
obtained from piles installed by the slurry displacement method. The

data points for these piles fall in the same range of values as the

70




Unit Side Friction, f, tsf.

Resistance to Penetration, Nrcp> Blows per Foot.

Fig.. 29 RELATIONSHIP BETWEEN UNIT SIDE FRICTION AND RESISTANCE TO
- PENETRATION FOR BORED PILES,

(1 ft = 0.305 m; 1 tsf = 9.58 x 10° N/m?)
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poinfs from the other'pi1es and it was decided to combine them for
purposes of making the correlations. Table 11 contains a suhmary of
the data plotted in Fig. 29. |

The correlations deve1oped for f and NTCP.are cohsidered pre-
1iminary. There are only five data points for f in sand and these
data poihts are very scattered. Because of the scatter and the limited
amount of data'for»fiin sand, the correlation is not good. Theke was
more data available for f in clay, but the data also exhibit consider-
able scatter. VThere does seem to be ‘a better trend developing between
f and NTCP for the clay soils. With the addition of data from future
research it may be possible to develop a better’corre]ation between f
and NTCP for clays.

Fig. 30 shows the plotted data for unit point bearing, q, and

N Fig. 30 includes values of q for both sands and clays. The

TCP®
values of q were determined using the method of tangents and the values
of NTCP are the values measured in the field. The relationship between

q and NTCP for clay soils is:

Q=032 Nrep v v v e e e e e .

where q = unit point bearing expressed in tons per square foot, and
NTCP = Texas Cone Penetrometer N-value., expressed in blows per foot.

The relationship between q and NTCP for sands is:

q=0.10 NTCP ....................... v

where q = unit point bearing_.expressed in tons per square foot, and
NTCP = Texas Cone Penetrometer N-value expressed in blows per foot. The

data plotted in Fig. 30 are summarized in Table 12. Again because of
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Table 1l - SUMMARY OF VALUES OF SIDE
FRICTION AND NTCP FOR BORED
| PILES |
Side Friction Ntep Soil Type
tons per square foot blows per foot. '
0.32 - 12 CLAY
.33 23 CLAY
1.22 9 CLAY
.84 ‘ 25 CLAY
.95 | 27 CLAY
.38 | CLAY
.53 23 CLAY .
.64 9 CLAY
61 | 20 CLAY
.51 9 CLAY
70 23 CLAY
.59 - 18 CLAY
3.14 | 44 CLAY
2.69 30 CLAY
.32 | 25 CLAY
1.53 143 CLAY
.48 10 CLAY
.75 37 CLAY
1.07 43 CLAY

(1 ft = .305 m; 1 tsf = 9.58 x 102 N/m?)
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Table || (CONTINUED) SUMMARY OF VALUES OF
SIDE FRICTION AND Nyep FOR BORED

- PILES -
~ Side Friction . NTCP ' ~ Soil Type
Tons Per Square Foot 7 Blows Per Foot '

.96 ' 36 ' CLAY
1.15 : 57 SAND
1.45 } 39 : SAND
1.76 199 SAND
2.27 ) 115 : SAND
3.45 ' 213 ; SAND

(1 ft = 305 m; 1 tsf = 9.53 x 102 N/ml)

74




70— — ,

60 - © /
50 '
s/
. &
Y o
w N
; 3/
o & 7
< m 0]
o o
H g/
£ /
s 30 L
fn T
r A
=
. b\
o) / \c,o
20 9&6
/ °
/ >
SYMBOL SOIL
10 / — - -
/ —— —0 Ccohesive
: / ' — A COhesioOnless
A A
o) 100 200 300 400
. Resistance to Penetration, NTCP’ Blows per Foot.
Fig. 30 RELATIONSHIP BETWEEN UNIT POINT BEARING AND RESISTANCE
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Unit Side Friction, f, tons per square foot

1.4+ ]
a

.21

10 £=0.033 NTcp(son,d)/y

/,

f= 0.03) Nycplclay)

o = cohesive
- A = cohesionless

10 20 30 40 50

Resistance to Penetration, NTCP’ Blows per Foot

RELATIONSHIP BETWEEN UNIT SIDE FRICTION AND RESISTANCE TO
PENETRATION FOR DRIVEN PILES
(1 ft. = .305 m; 1 tsf = 9.58 x 10° N/m°)
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- Table 13 - SUMMARY OF VALUES OF UNIT
SIDE FRICTION AND Nyecp FOR DRIVEN

PILES
Side Friction : Nycp Soil Type
tons per square foot blows per foot
0.521 14.5 CLAY
0.441 14.0 CLAY
0.523 20.0 CLAY
0.447 1.5 CLAY
0.555 17.0 CLAY
0.662 21.5 CLAY
0.368 | ~12.5 CLAY
0.345 0.0 SAND
0.285 31.5 SAND
1.400 29.0 SAHD
1.300 25.0 SAND

(1 ft = .305m; 1 tsf = 9.58 x 102 N/m2)
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Timited. Although a reasonably good correlation between f and N

TCP Was
developed, this correlation should be considered preliminary. There

is consideréb]e scatter in the data used to correlate f and NTCP for
sands and the dataAused for this correlation were very Timited. Again,
there is a need for additional data in order to verify and imbrove
these correlations.

Fig. 32 js a plot of unit point bearing, q, versus NTCP for driven
piles. Values of q for both sand and clay soils are plotted. The |
method of tangents was used to determine q, and values of NTC?
measured in the field were used to develop the correlations. The

reTationship between g and NTCP for clays is:

q = 0.103 NTCP ..... .....................

where g = unit point bearing, expressed in tons per square foot, and
NTCP = Texas Cone Penetrometer N-value, expressed in blows. per foot.

The relationship between q and NTCP for sands is:

q=1.330 NTCP ..........................

where q = unit point bearing, expressed in tons per square foot, and

NTCP = Texas Cone Penetrometer N-value, expressed in blows per foot.

Table 14 contains the data plotted in Fig. 32. The data used to

develop the correlations between g and NTCP for driven piles are really

Timited and these correlations should be considered very preliminary.
Correlations were developed in this section relating both unit side

friction, f, and unit point bearing, g, with NTCP for bored and driven

piles. These correlations were developed using a limited amount of

data and in most cases there was considerable data scatter. Therefore,
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Unit Point Bearing, g, tsf.
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Fig. 32 RELATIONSHIP BETWEEN UNIT POINT BEARING AND RESISTANCE
'TO PENETRATION FOR DRIVEN PILES.

(1 ft. = .305m; 1 tsf = 9.58 x 10% N/m2)

81

60




TABLE 14 - SUMMARY OF VALUES OF UNIT POINT
BEARING FOR DRIVEN PILES

Unit Point Bearing Soil Type

tons per square foot - bldwsNEg»? fqot
1.045 o 20.0 | CLAY
3.072 = 20.0 | CLAY
55.670 | | 50.0 SAND
58.769 | 32.0 SAND

38.127 28.0 SAND

(1 ft = .305m; 1 tsf = 9.58 x 102 N/m2)
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these correlations should be considered preliminary in nature.

A reasonably good correlation was deve]oped'relating q and NTCP for
bored piles in clay in the sense that there was not much data scatter.
However, this .correlation is based upon only four datavpoints. A
reasonable correlation was also developed between f and N.., for driven
piles in clay. This correlation has the iimitation that all but one
of the éeVén data points used to develop the correlation éame from the
same test site.

Tables 9 and 10 contain a 1list ofrall of the correlations
deve]oped for f and q. It is interesting that, with only a few
exceptibns, the constants of proportionality do not change greatly when
"different methods are used to determine the ultimate bearing capacity,
Pu]t’ of the test piles. This is primarily due to the manner in which
the piles weré load tested. Thatris, an attempt was made to reach a

plunging failure for each load test.
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CONCLUSIONS AND RECOMMENDATIONS

Conc]usiOns.'- Correlations have been developed between-the Texas
Cone Penetrometer Test N-value and the'unconéo]idated-undrained Shear
strength for a group of cohesive soils. Thé soil shear strengths used.
in the correlations were determined using both the Texas Triaxial Test
and the ASTM Triaxial Test. The corre]ations'wére developed for three
soil subgroups which include homogeneoué CH soils (i.e. soils with no
secondary structure), silty CL soils, and sandy CL soils. The following
conclusions are made for cohesive soils:
1. The shear strengths of identical samples were higher when
determihed by the Texas Triaxial Teét (TAT) than those shear
strengths determined by the ASTM Triaxial Test (ASTM). The

equation relating these shear strengths is as follows:

o (ASTM) = 0.58 o (TAT)

2. (a) The following equations can be used to predict the un-
consolidated-undrained shear strength, based on the Texas
Triaxial Test, when the Texas Cone Penetrometer (TCP) Test

MN-value is known:

<, (TAT) = 0.11 Nrep - Homogeneous CH soils
<, (TAT) = 0.11 NTCP - Silty CL soijs
<, (TAT) = 0.095 NTCP - Sandy CL soils

(b) Equations were also developed relating the unconsolidated-
undrained shear strength, as determined by the ASTM Triaxial

Test, to the TCP Test N-value. These equations are as follows:
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Cy (ASTM)
<, (ASTM).
<, (ASTM)

= 0.067 NTCP - Homogeneous CH soils

0.054 NT p - Silty CL soils

C
0.053 NTCP - Sandy CL soils

3. Results obtained by Touma and Reese (18) were used to develop

equations
_undrained
N-value.

following

c, (ASTH)
c, (ASTM)

which can be used to predict the unéonso11dated—

shear strength from the Standard Penetration Test

The ASTM shear strength can be predicted using the

equations:

0.096 Ngpr - Homogeneous CH soil

- CL soils

0i076 NSPT

Correlations were developed between the drained shear strength of

cohesionless soils
order to calculate

effective angle of

and the Texas Cone Penetrometer Test N-value. In
the shear strength, it was necessary to determine the

shearing resistance, ¢', the effective overburden

pressure, p', and the total unit weight, Y- Correlations were also

developed between these parameters and the TCP N-value. The following

conclusions are made for SP, SM, and SP-SM soils:

1. The drained shear strength can be predicted using the following

equation i

known:

s = 0.021

f the Téxas Cone Penetrometer Test N-value, NTCP’ is

Nrcp

2. The effective overburden pressure can be predicted using the

following

p' = 0.172

equation if NTCP is known:

+ 0.023 NTCP
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Fig. 33. RELATIONSHIP BETWEEN DESIGN STRESS AND RESISTANCE TO

PENETRATION FOR THE TEXAS CONE PENETROMETER.
(1psi = 6.9 kN/m%; 1pcf = 16.01 kg/m>; 1 ft

.305 m)
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vaa1ué to the effective angle of Shearing resistance. The solid curve
is the relationship currently used by the Texas State Depaktment of
Highways and Public Transportation. The broken curve is the proposed

new curve based upon the results of thié study. The broken curve forms

a lower bound to test data'when corrected values of NTCP are used. It is
felt that ihe fe]ationship proposed should only be used with corrected
values of NTCP' That is, Eq. 14 should be appliéd to the measured values
of NTCP'when the soil is a very fine or si]tyvsaturated sand with a
measured value of NTCP greater than:30. Also, the new curve should only
be used for SP, SM, and SP-SM soils.

There is a need for additional data from other test sites. These
new test sites should contain soil types not tested in this study. This
would make it possible to develop curves for a more complete range of
soil types.

No final correlations are recommended relating unit side friction
and unit point bearing with NTCP forvdriven and bored piles. Additional
data needs to be added to the data used in this study. The addition
of more data from instrumented piles might make it possible to .predict
the bearing capacity of piles directly from the results of the Texas

Cone Penetrometer Test.
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APPENDIX II- NOTATION

The Syrhbols Used on Borings Logs Are:

Soil Type

Clay

.
> >
d AR RS
San AT
swh ot
. e 0.;

Silt

’ v.-
Fill )
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The following symbols are used in this paper:

Cu(ASTM)

cu(TAT)

i]

the corrected area in square feet;

effective cohesion, in tons per square foot;
unconsolidated-undrained shear strength; in tons per square
foOt;

unconsolidated-undrained shear strength as determined by the

ASTM Triaxial Test, in tons per square foot;

unconsolidated-undrained shear strength as determined by the

Texas Triaxail Test, in tons per squaré foot;

inside diameter of sample tube;

outside diameter of sample tube;

unit side friction capacity of a pile, in tons per square
foot;

the number of blows required to drive a penetrometer one
foot;

the measured number of blows Eequired to drive the standard

split spoon one foot;

the correctéd number of blows requfred to drive the standard
split spoon one foot;

the measured number of blows required to drive the Texas
Cone Penetrometer one foot;

the corrected number of blows required to drive the Texas
Cone Penetrometer one foot;

effective overburden pressure, in tons per square foot;

the sum of the vertical load induced by the confining

pressure and the applied vertical load, in tons;
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the deviator stress, in tons;

the ultimate bearing capacity of a pile; in tons;
uhit point bearing capacity of a pile, in tons per square
foot;

drained shear strength, in tons per square foot;

design stress or * shear strength, in tons per square foot;

total unit weight, in pounds per cubic foot;
effective angle of shearing resistance, in:degrees;
the cohfining pressure, in tons per square foot;

effective normal stress, in tons per square foot.
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APPENDIX III

SUMMARY OF PORT ARTHUR TEST DATA
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TABLE. SUMMARY OF TEST.RESULTS.

'SAMPLE NUMBER AND SITE 4 |5  '-1~0' 11 |12 | 13

8
, AT , 19~ |21- | 26- | 31- | 35~ | 36- | 38-
PENETRATION, FT 20 |21.5027 |32 136 |37 | 39

PENETRATION RESISTANCE, N* | 5 |7 [12 |12 |15 | 16 L

Liquid Limit, % | 45.7 | 72.4 54.0 163.9 |80.0

Plastic Limit, % 119.3[18.8 | 26.7]21.5 }22.2 27.0 |29.0
Plasticity Index, % | | :

| 126,6126,9145.7121,4 lg_l_,g 36.9 151.1
Percent Passing '

No. 200 Sieve 78.380.4 | 95.1{99.6 | 98.9}99.9 | --

CLASSIFICATION
TESTS

Unified Classification | cL fcu | chlce | chlcen | cH

‘Subgroup ST | Si | H Si H H H
Type of Test -1 3 } -~ 1}1 1 3 -
= S
&35 | Initial 25.8{ 22.1133.9] 34.3|47.5] 31.4]26.7
Z | b= o .
221238 | Final
1 o 1na 27.3121.4}29.51 31.4133.7| 34.0{26.5
=3 , : , 22
=& | Total Unit WtJb/ft3 121.1}129.2119.2}128.0118.7]119.2 --
=5 . 2 N L
© | Cohesion, ton/ft 1.3841.18 | -~ |[1.62]1.51]1.03 | -~
Lateral Pressure, PSI 8.51 9.0l-- l12.8 14.5018.8 | -

Specific Gravity

Percent Saturation

OTHER
SOIL PRO¢
PERTIES

Legend and Notes

1 = Unconsolidated-undrained Texas Triaxial SITE:
2 = Unconsolidated-undrained ASTM Triaxial Port-Arthur, Texas
N* = Blow count for twelve inches penetration

(1 PSI = 6.9 KN/M™; 1 PCF = 16.01 kg/M3;
1 ft. = .305 m)

nn
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TABLE.

SUMMARY OF TEST RESULTS

N* =

Blow count for twelve inches penetration

(1 PSI - 6.9 KN/M%; 1 PCF = 16.01 kg/M’;
1 ft.

.305 m)

SAMPLE NUMBER AND SITE 15 t16 118 120 | 21
oo, R e
PENETRATION RESISTANCE, N* 16 {16 | 15 13 |13
- e e e »
Liquid Limit, 85.9186.7 |101.4) 92.9163.1
z | Plastic Limit, 3 37.2 1 36.8{33.6 | 35.0]22.9
i, | Plasticity Index, & 1437 49.9/67.8| 57.9]40.1
_ EE Percent Passing
ar No. 200 Sieve 94.1 | 99.888.8} 97.2[92.7
-
© Unified Classification CH { CH CH CH | CH
{ Subgroup H H H H {H
Type of Test 1 3 1 1 13
[~
o = I 144
_ | E& | Initial 47.5132.7 132.9151.6 {38.5
L2 |1 £5 Final
z0 S | Fina 47.0445.1 133.9151.6 138.3
> ud | ) 3
<X | :
E% Total Unit Wtlb/ft 109.31111.8108,61108.0116,7
© | Cohesion, ton/ftz, 1.76 | .99 {1.75}1.81}.98
Lateral Pressure, PSI ]16.2116.5}17.3} 18.3}18.8"
= “Specifi )
o 01 Specific Gravity
e .
55 %] Percent Saturation
v o,
Legend and Noteé
1 = Unconsolidated-undrained Texas Triaxial SITE:
2 = Unconsolidated-undrained ASTM Triaxial .

Port Arthur, Texas
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TABLE. SUMMARY OF TEST RESULTS

N*

(1 pSI
1 ft.

il

.305 m)

Blow count for twelve inches penetration
6.9 KN/MZ; 1 PCF - 16.01 kg/M>;

SAMPLE NUMBER AND SITE 25 126 27 131 35 39 |40
50- |51- | 52- |5/- | 60- | 64- | 65~
_PENETRATION, FT 51 152 153 |58 161 | 65 |66
PENETRATION RESISTANCE, N* ' 16 19 17 7
Liquid Limit, % b5.4 |78.4 b1.58{79.7 | 74.3{72.7 | 75.6
z | Plastic Limit, 2 1.0 |24.0 p1.2 |26.5 | 26.7]24.8 | 27.0
=, | Plasticity Index, % Ba 4 |54.4 j0.4 |53.3 | 47.6{48.0 |49.0
EE Percent Passing
@' | No. 200 Sieve 81.6 ]93.1]90.8 | 95.999.4 | 96.797.2
pu—}
S | unified Classification | CH [CH | cH JcH | cH | cH | cH
Subgroup H | H H | H H H | H
Type of Test 3 |1 1|1 1 30 1
-
<= | Initial 25,50 29.3/21.5 | 25.236.8 | 30.8 |30.0
Bl=k |
25 | =8 | Final 27.11| 28.1{21.5 | 23.0133.1 | 32.4|29.3
> Ul
.Eg Total Unit Wtlb/ft> 123.01122.41124.4126.5{119, 90118 61121,
O . )
8 | cohesion, ton/ft? .94 .84 |2.381 2.34}2.44 | 1.13}2.81
Lateral Pressure, PSI o0 5 b1.0 |21.5] 23.5] 25.d 27.0)27.5
mgg_} Specific Gravity
== ,
5o %| Percent Saturation
(V2 ¥~ W
Legend and Notes
1 = Unconsolidated-undrained Texas Triaxial SITE:
2 = Unconsolidated-undrained ASTM Triaxial .

Port Arthur, Texas
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APPENDIX IV

SUMMARY OF CORPUS CHRISTI TEST DATA
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TABLE - Summary of Tests Results

Site

and Sample Number = [S-1 | a b c [S-2 |a b

Depth (ft) 4-5 | | 9-10

HIILPehetration Resistance, N 5 . 2.3

Percent Passing
No. 200 Sieve - }9.0 | | 29.6

Uniformity Coef., Cu

Curvature Coef., CC

Plastic Limit

Classification Tests

Liquid Limit

‘Unified Classification | SP-SM| SM

Shear Strength _
at Failure (psi) 9.52 |16.44 | 21.20 6.19 [10.38

Before test (%) 24.5 |23.5 | 22.9 123.3]23.2

Moisture
Content

After test (%) 23.3 [24.2 |23.7 24.3 |38.9

Direct Shear Test

Unit Neight] (pcf) 116.2113.1 | 114.9 | 116.20105.6§

Angle of Internal ' _ .
~LLiction 138.7 Y P -

Total Unit Weight® (pcf) |125.5] 118.6

N~ O T
i n n o h

-

Notes : , Site

Normal Stress = 10 psi -Corpus Christi, Texas
Normal Stress = 20 psi
Normal Stress = 30 psi
Measured in Shear Box

Measured in Sample Tube

&, (1 psi = 6.9 KN/m®; 1 pcf = 16.01 kg/m3; 1 ft. = .305m)
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TABLE - Summary of Tests Results

N = O

LI I T I

Normal Stress = 10 psi
Normal Stress = 20 psi
Normal Stress = 30 psi
Measured in Shear Box

Measured in Sample Tube

Corpus Christi, Texas

- =1
~Site and Sample Number S~3 a b S-4 a’ b c
12.5-| 19-
Depth (ft) 13.5 20
Penetration Resistance, N 0 41
- _ - f
Percent Passing
8 No. 200 Sieve 82.2 19.0
5 , .
= | Uniformity coef., C|43.2
(@]
5 irvd Coef., C
3 Curvathe oef., c |22.7
= | Plastic Limit
[72]
= | Liquid Limit |
l; Unified Class1f1cat1on. CL SM el
| Shear Strength _
2 | at Failure (psi) | 8.65 | 13.8402.06
—
e e e ‘ ' ' '
3 |2 a| Before test (%) 40.7 |54.5 19.3 | 21.6 | 20.7
& =t
5 128 After test (%)’ 118.7 ] 18.2
@ ’ . .
£ | unit Weignt' (pcf) 121.2[122.4]122.4
Angle of Internal ’ .
S 36.3 |
- Fr1;;;pn : . : ;:J
Total Unit Weight? (pcf) |104.3 11311 -
Notes . Site |

[; (1 psi = 6.9 KN/mZ; 1 pcf = 16.01 kg/m3; 1 ft.

= .305m)

i
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. TABLE - Summary of Tests Results

ﬁ.Site and Sample Number S-6 |a b C S-7 a b
- ‘ 22,5~ 25~ '
Depth (ft) 23.5 26

Penetration Resistance, N 53 | ' 49

Percent Passing
No. 200 Sieve  |13.8 12.8

Uniformity Coef., Cu

CUrvature Coef., CC

Plastic Limit

Classification Tests

Liquid Limit

Unified Classification| SM SM
Shear Strength | ‘
at Failure (psi) 7.52118.14 | 25.22 7.96 [13.72

Before test (%) | 20.0 [17.2 |16.5 21.1 0.2

After test (%) 16.9 |18.2 | 16.6 20.3 p0.7
1

Direct Shear Test
Moisture
Content

Unit Weight' (pcf) 122.4 1118.7 [117.4 121.20118.7

Angle of Internal , A
Friction . 4;.01 38.5

Total Uait Weight® (pcf)  [133.0 133.6

Notes Site

Normal Stress = 10 psi - -Corpus Christi, Texas
Normal Stress = 20 psi

Normal Stress = 30 psi
Measured in Shear Box
Measured in Sample Tube

1]

NN— O T o
0 onou

(1 psi = 6.9 KN/m?; 1 pcf = 16.01 kg/mS; 1 ft. = .305 m)
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TABLE - Summary of Tests Results

I

e |
Site and Sample Number S-7¢ | S-8 a b c
1 27.5-
Depth (ft) 28.5
Penetration Resistance, N 26
L -~
Percent Passing
a No. 200 Sieve - 13.7
K
£ Uniformity Coef., Cu
ey L £
.§ Curvature Coe‘,, Cc
= | Plastic Limit
[ %2}
< . . .
S Liquid Limit 7 |
L Unified Classification SM
| Shear Strength ,
+ N . .
g | at Failure (psi) 23.89 6.64 | 14.16| 19.91
o B ' ' » )
@ |2 a@| Before test (%) |19.4 22.9123.9 |21.9
5 |2f
» 28| After test (%) |19.2 1 21.6 {22.0 {19.9
@ ]
;E Unit Neight] (pef) [119.9 122.4 1123.6]124.9
Angle of Internal
L Eriction e 134.0 ]
Total Unit Weight? (pcf) 127.4
Notes Site
a = Normal Stress = 10 psi Corpus Christi, Texas
b = Normal Stress = 20 psi
¢ = Normal Stress = 30 psi
1 = Measured in Shear Box
2 = Measured in Sample Tube
(1 psi = 6.9 KN/m?; 1 pcf = 16.01 kg/m; 1
L p / , p g/m Jd

1 ft. = .305 m)
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Site and Sample Number 5-9 | a | b c S-10

TABLE - Summary of Tests Results

30- | 32.5~
Depth (ft) 131 | 7 33.5

P

=

enetration Resistance, N 24 L 44

Percent Passing 1
No. 200 Sieve 8.5 13.9 |

Uniformity Coef., Cu

Curvature Coef., C.

Plastic Limit

Classification Tests

Liquid Limit

‘Unified Classification | SP-SM SM

Shéar Strength
at Failure (psi) 7.52 [15.491 19.02

|6.19

12.39

Before test (%) 25.1 |24.6 | 27.1

24.2

26.5

After test (%) 25.7 {25.8 | 27.7

25.2

32.5

Direct Shear Test
Moisturd
Content

Unit Weight! (pcf) 113.01{113.6 [113.0

13.0

113.0

Angle of Internal ! 32.5
Ericiion 355

EF“

Total gait Weight? (pcf) | 123.0 123.0

Notes Site

Normal Stress
Normal Stress = 20 psi
Normal Stress = 30 psi
Measured in Shear Box
Measured in Sample Tube

10 psi -Corpus Christi, Texas

B H

#

= O T M
L S T I | B 1

o

(1 psi = 6.9 KN/m; 1 pef = 16.01 kg/mS; 1 ft. = .305m)
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TABLE - Summary of Tests Results

F—,

S-10d

S-111 a b

] Site and Sample Number

Depth (ft)

35-
36

Penetration Resistance, N

56

-

Percent Passing
No. 200 Sieve

22.2

Uniformity Coef., Cu

Curvature Coef., CC

Plastic Limit

Liquid Limit

Classification Tests

‘Unified Classification

SM

Shear Strength
at Failure (psi)

120.35

8.41121.2

Before test (%)

25.5

28.5 122.4

23.1

Moisturé
Content

After test (%)

29.1

28.6 | 23.8

24.1

Direct Shear Test

Unit weight] (pcf)

1111.7

41117.41117.4

Angle of Internal
Friction

45

Total Unit Weight? (pcf)

124.9

Notes
“Normal Stress = 10 psi
Normal Stress = 20 psi
Normal Stress = 30 psi
Measured in Shear Box

It ouou

=0 T
W an

Measured in Sample Tube

Site

-Corpus Christi, Texas

(1 psi = 6.9 KN/m®; 1 pcf = 16.01 kg/m3; 1 ft. = .305m)
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APPENDIX V-

SUMMARY OF PILE DATA
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DEPTH
{FT)

STRAIN

| COHESIONLESS | N -value
1—

GAGE

) | f(TSF) | q(TSF)_
—1 MT

/
N1cp

_LOCATIQ Ta {MY[aL [MT]AL N1cp.

[}

.32 .37 . 12

23 X

.83} .80 ' 23

36 X

57 X
1.8 | [X

2.8312.40| 141

44

90

MT - Method of Tangents
AL - Maximum Applied Load Method
(1 ft = .305 m; 1 tsf = 9.58 x 102 N/m%)

108




TABLE - SUMMARY OF TEST PILE G2

,EEE STRAIN COHESIVE COHESIONLESS | N-VALUE
o GAGE ,
L f(TSF) q(TSF) | #(TSF)  q(TSF) .
~ | LOCATION |— Nrcp IN
e MT [AL [MT [AL [MT JAL IMTIAL] 'c° | T¢P
3 R
| 1.2211.17 | 9
15 Y ®
841 .81} - ‘ 25
56 | | R
1.45] 1.51 39 35
78 X - p.osfid.eq 314 75

MT - Method of Tangents
AL - Maximum Applied Load Méthod -
(1 ft = .305 m; 1 tsf = 9.58 x 102 N/m?)
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TABLE - SUMMARY OF TEST PILE BB

STRAIN | COHESIVE | COHESIONLESS

N-VALUE

DEPTH
(FT.)

GAGE  ["¥(75) | alTom) | f7sF).

q(TSF)

Nrcp |1

LOCATION IMT TAL[WT

6 vl

|.95 i.16

30 e

1.7641

48 Ega

.84

33.0]55.0

27

199

229

115

130

MT - Method of Tangents
AL - Maximum Applied Load Method

(1 Ft = .305 m, 1 tsf = 9.58 x 102 N/m°)
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TABLE - SUMMARY OF TEST PILE LB

T _ | STRAIN | COHESIVE COHESIONLESS | N-VALUE
a i GAGE | f(rsF)[q(TsF) | f(1sF) [a(TSH) |~ [,
o — | tocation [mT JaL [m1 [aL [mT [AL [mT[aL | Nycp| N1ce|
.32} .30 25 |
T
32 X
1.531.66 | R VS
42 X 38.7{44.8 155

MT - Method of Tangents
AL - Maximum Applied Load Method 5 2
(1 ft = .305 m; 1 tsf = 9.58 x 10° N/m“)
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TABLE - SUMMARY OF TEST PILE US59 _

E- | STRAIN COHESIVE | COHESIONLESS | N-VALUE
Wi | GAGE f(TSF) | q(TSF) | f(TSF) | g(TSF) V.
.59} .79 18
15 X
25 ™ 2.2712.39] 115 73
). o .61 67.4 275 | 153
%54 | 6w NOT | b N
ENCOUNTERED

MT - Method of Tangents
AL - Maximum Applied Load Method
(1 ft = .305 m; 1 tsf = 9.58 x 102 N/m°)

et
d
A

v




TABLE - SUMMARY OF TEST PILE HH

e sTRAIN. - |_COHESIVE | COHESIONLESS | N-value
B GAGE . | f(TSF)| q(TSF)| f(TSF) | q(TSF) 1.,
a LOCATION |MT AL [MT JAL [MT JAL [MTTAL | Nycp| Nycp|
17 X 3.143.09| 44
3.45]3.45 213 {122
20 | |- 27.1131.9 300 |165
. W.T. NOT |
EISJ’COUNTNE%EDl

MT - Method of Tangents
AL - Maximum Applied Load Method

(1 ft - .305 m; 1 tsf = 9.58 x 102 N/m?)
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TABLE. - SUMMARY OF TEST PILE SITI

STRAIN COH?E:SI‘:VEEJ | COHESIONLESS | N~ VALUE
GAGE . [f(asF)[q(TsFI|[f(TSFI]a(TSF) [N I

' DEPTH
(FT)

LOCATION [MT JAL [MT JAL [MT JAL [MT]AL] TP ] TCP

L3381 .27 | ‘ 9

.531.631 | | i ] 23

23 . |2.44l10.74 | 28

MT - Method of Tangents
AL - Maximum Applied Load Method 2 2
(1 ft = .305 m; 1 tsf = 9.58 x 10 N/m%)
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‘ TABLE - SUMMARY OF TEST PILE S2T1 - — »
| ' "J':'f_.“ "S_TRAéN -~} COHESIVE . COHESIONLESS | N- VALUE
.o . GAGE f(TSF) 1 q(TSF) [f(TSF) |g{(TSF) |N. N7 -
&~ | LOCATION TurTaL [wr JaL [mT [AL [MT]AL] "Ff T
.64 ] .88 9
8 . E
.61 .42 20
v
18.5 . _&
MT - Method of Tangents
AL - Maximum Applied Load Method
(1 ft = .305 m; 1 tsf = 9.58 x 10° N/m?)
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TABLE - SUMMARY OF TEST PILE H-99R

. SE\QEN | COMESIVE | COHESIONLESS | N-vALUE
- LOCATION | FTSFY ["qISF) | fITSF) | a(TSF] [n.  Inweo |
MT JAL [MT AL |MT [ AL |[MT [AL | TP |"TCP

(FT)

DEPTH

25 | | X
| lseslzsl | | | - |2.g

9.6 | »cgg |

1.41 11.40 . 29.1

18.4 ' - :
ES? | | | 53.8162.4] 32 | 31

MT - Method of Tangents
‘AL - Maximum Applied Load Method |
(1 ft = .305 m; 1 tsf = 9.58 x 10° N/m?)




TABLE - SUMMARY OF TEST PILE H-4L

STRAIN | COHESIVE | COHESIONLESS | N-VALUE
L | GAGE | F(TSF) |qlTSF) | fITSF) 1q(TSF) [ —
| LOCATION IMT LAL M

| DEPTH |
FT)

Y

T AL | MT [AL | Nrep| Nrce

4.8 vyl [om

119 1.140 20.6

15.4 X

"—=.-’1-'_ : ‘ 1.30}1.30 25

38.1{44.4 28

T - Method of Tangents
AL - Maximum Applied Load Method
(1 ft =.306 m; 1 tsf = 9.58 x 102 N/m?)
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