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THE ELECTRIC CONE PENETROMETER (CPT/ CPTU) AND
ITSUSE IN GEOTECHNICAL ENGINEERING SERVICES

EmilioM. Morales, MSCE

Abstract: The need for reliable, fast and inexpensive soil investigation procedures has been felt in the local
construction and consulting industry. The Electric Static Cone Penetrometer (CPT/CPTU) although widely used in
more developed countries has seen very limited technical and commercial applications in our country due to its near
total absence in commercial testing. This paper was originally prepared as a primer for our end user units.
However, it was expanded into this paper to present the State of Practice in the gathering of soil data using the
Electric Cone Penetrometer (CPT/CPTU).

The various applications and limitations of the equipment and the procedures are discussed as well as findings on
the results of local correlation tests conducted in the country. Directions on future applications and enhancements
are also covered to fully exploit the potential of thistesting method.

1.0 INTRODUCTION
1.1 Genera

The Cone Penetration Test (CPT) commonly known as the Static Cone Penetration Test (as
opposed to the SPT, which is a Dynamic Penetration Test) or smply the Dutch Cone Penetration
test, originated in the Netherlands.

It evolved out of the need to have a rdatively smple and expedient test procedure that would be
more economica and cost effective when compared to the SPT and yet yidd meaningful data
which could be useful in dte chaacterization and the gathering of desgn parameters by
correlation with extensive Ingtu and Laboratory Testing results.

The CPT is mog useful in dratigraphic interpretation where its value is unsurpassed. Because it
is a continuous test of soil resgance, it can detect minute changes in dratigraphy and
consgency/density and thus give amore reliable picture of the underlying soil conditions.

Due to the wedth of data accumulated in the past throughout its evolution, soil classfication is
reaivedy wel defined through corrdation chats usng the three basc outputs of Cone
Resstance qc, Friction Seeve Resstance fs and their ratios /g known as the Friction Ratio Fr.
In the case of the CPTU or Piezocone, pore pressure u is dso measured leading to improvements
in correlations paticularly for very soft cays and borderline characterizations.  Invariably,
corrdaion with locad soils ae necessary, paticularly for borderline correations, but for the
maor generic soil types, thisisfarly well established.



The Chart (after Robertson, 1991) and included as Appendix “A” is recommended for initid
classfication by corrdations.  This would normdly be augmented by a limited number of
Boreholes to confirm or verify the locd soil characteridics specificdly in Borderline correlaions
to come out with Detailed Stretigraphic Information on the area investigated.

Gathering of desgn parameters for Strength (Cu, f), compresshility (M & Dr) and other
parameters have adso been evolved by various researchers and for routine jobs, these correlations
would suffice. For more important jobs, further tests using other established methods must be
necessary such as laboratory tests and correlations with other test procedures such as the Vane
Shesar, Pressuremeter or Dilatometer.

1.2 Higory

The CPT origindly darted in 1932 in the Netherlands when P. Barentsen used a crude device
which was made of a Gas pipe, insgde of which a ged rod is inserted and to which a 60 deg.
Cone was attached. This assembly was pushed down by hand, the cone resistance was read by a
manometer.

Improvements to this crude device were made by Begemann resulting in a Mechanicd Cone
Penetrometer which added an “adhesion” jacket behind the cone tip. Using this new device, the
Skin Friction could be measured by means of a manometer. Readings were made every 0.20m
and the Rod gring (Inner Rod and Outer Rod) is advanced dternaidy and incrementdly while
recording the manometers. A method for soil classfication through the Cone Resstance and
Friction Resstance became possible. In 1965 Begemann was aso the firs to propose that the

Friction Ratio Fr could be used to dassify soil layersin terms of soil type.

The Electric Cone Penetrometer has eclipsed the use of the Mechanicad Cone Penetrometers
except for very limited gpplications where damage to the sengtive Electric Cone Tip is possible.

The Electric Cone Penetrometer was probably first developed in Germany during the war.

It was soon recognized that this was a very important development which diminated the
uncertainties and inaccuracies associated with the Mechanical Cone Penetrometer.  Among its
advantages relative to the Mechanica Cone Penetrometer are:

1) Eliminaion of erroneous interpretation of test results due to Friction between inner
and outer rods.

2) A continuous tesing with a continuous raie of penetration without the need for
dternative movements of different parts of the penetrometer tip and no possbility
for undesirable soil movements influencing cone resstance.

3) The smpler and more relidble dectricd measurements of cone resistance with the
possbility for continuous readings and easy recording of results.

Further improvements were made such as the incorporation of an inclinometer and introduction
of apore pressure (u) measuring System resulting in the CPTU or the Piezocone.

1 Lynne and Robertson. “Cone Penetration Tegting” 1% Ed., 1997. Blackie Academic Press, London, UK.




1.3 Detailsof the CPT

The Cone Penetration Test (CPT) is an In-gtu procedure whereby a cone of Fixed Dimensons is
pushed into the ground a a congant rate of 20mm/sec + 10%. The Penetrometer Tip as used in
the Modern Day Electric Cone Penetrometer consst basically of four (4) mgor pats. The Cone,
the Seeave, the Inclinometer and the Body.

The cone has a 60 deg. Apex with a maximum diameter of 35.7mm with a height of 30.9mm and
a shoulder height of 10mm. The maximum cross sectional area of the Tip Base is 1,000 mnv
corresponding to adiameter of 35.7mm and aheight of the conica part of 30.9mm.

The Friction Seeve has an outer cylindricad surface area of 15,000 mn? + 2% which
corresponds to adeeve length of 133.7mm and islocated above the tip.

The inclinometer detects and regigers the inclination of the penetrometer from the vertica
which is critica to prevent damage to the sengtive parts of the penetrometer or the drill string.

The body haolds the three together and contains the Electricd Strain Gages to monitor the Tip
and Friction Resgances and aso the inclination reading in the form of dectricd ggnas which
are trangmitted via connecting cable to an andog to digitd converter which records the Friction
and Tip Resigtance and inclination versus depth and sends them to the computer. The computer
then processes these data into usable output after interpretation of the sgnds using the prestored
Penetrometer and Inclinometer Cdlibration Data.

The Cone is connected to a string of Push Rod which is inserted downward a a congtant rate of

Penetration of 20mnvVsec by a thrust machine with a push capacity of at least 5 MT to 20 MT.

Depth of Peneration is automaticaly recorded by a Linear Transducer synchronized with the
other andog sgnas fed into the converter.

Normally, a Friction reducer islocated above the penetrometer not less than 1,000mm from it.

Schematicaly, the set up is shown belowin Fig. 1.0:
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1.4 Present State of Technology

Due to its rdiability and popularity, the Electric Cone had undergone numerous improvements in
accuracy and performance.

In addition, and due to advances in Electronics and Computer Technology, new capabilities are
being added which would make possble the gathering of other parameters needed in
Geotechnica Engineering and Geoenvironmentd gpplications.

The development of more accurate and reliable srain gages has dlowed the gathering of more
rlidble daa Multi channd capabilities, dectronics miniaturization and improvements in sgnd
processng and converson have dlowed gathering of various data concurrently or separaey
such as

1) ConeResstance (qc)
2)  Friction Resistance (fs)
3) Indination (q)
4)  Pore Pressure (U)
5)  Sasmic Wave Information
Shear Modulus G
6) Ground Water Chemica Properties
- PH
Resigtivity
Conductivity
7)  Heat Flow (T)
8) Densty (gs), Moisture Content (MC) by Nuclear Probe

The Badc Electric Cone Penetrometer as we know it today, as a result of these advances, has
come to be known as a rugged, rdiable and rdatively cost effective In-gtu testing device for
Geotechnical Engineering.

15 Tes Standardization

During its early stages of Deveopment, various Szes and configurations from various countries
were in use. In order to provide rdiable data through correations, it was recognized that
dandardization was highly necessary as differing Penetrometer Geometry and the test procedures
could produce highly differing test results. Since to some extent, soil strength is dependent on
the rate of deformation (insertion of penetrometer) it was necessary to standardize this to
20mm/sec + 10%.

Severd National Standards such as the Swedish Sandard for Cone Testing and the US ASTM
D-3441-86 have evolved.

In a bid to unify various naiond dandards, the ISSMFE (International Society for Soil
Mechanics and Foundation Engineering) came out with a reference Test Procedure which is
expected to be adopted as The world standard for Cone Penetration testing. This is expected to
be revised soon.



The present Swedish Standard for Cone Tedting of 1993 exclusvely refers only to the Electric
Cone Penetrometer by specifying that measurements shal be done by Electrical means.

The mechanicd cone is used less and less today because of related inacurracies and the
cumbersome test procedure involved.

2.0 OFFICE & FIELD PROCEDURES
21 Equipment
Essentidly, the Electric Cone Penetrometer sat up would include the following:

Thrust Machine 20 MT Push Capacity (normally a special purpose Built Truck)
CPT Set
**  Cone
**  Friction Reducer
**  Push Rod String
**  Cable
Field Computer & Data Logger
Field Tools for Clearing and Maintenance of CPT
Office Computer

Thisis shown schematicaly in Fig. 1.0.
2.2 Office Procedure

2.2.1 Job Diskette Preparation

In order to avoid confuson in the Fdd, as invaridbly CPT Exploration would involve numerous
exploration points per project and because the system is fully automated, it is necessary to
prepare the exploraion plan in the office.

Normadly, Job Hoppy diskettes would be prepared in the office which would contan the
following information:

Job Number

Project Name

Location

Client Name

Cone & Inclinometer Cadlibration Data

gk wbdE

2.2.2 Cdlibration

In addition, regular cdibration a maximum 3 month intervas are caried out in the office as
mandated by ISSMFE. The cdibration is done to ensure that the cone & deeve drain gages are
within tolerance using a Force Transducer that isin turn calibrated to a higher standard.



2.2.3 DeAiring of the CPTU

In addition to the foregoing and in the case of the CPTU (Piezocone), the Pore Pressure Filter
System needs to be thoroughly deaired in order to ensure proper response of the Pore Pressure
gystem to minute changes in Pore Pressure during the Pore pressure Dissipation test.  This is
done by subjecting the Filter to immerson in glycol insde a cdosed chamber.  Vacuum is
introduced to alow the ar bubbles to boil out of the Filter and the Glycol solution. The Filter &
shipped to the fidd completdy immersed in Glycol usng say a plagtic or rubber sheath until it is
inserted into the soil.

2.3 Fidd Procedure

2.3.1 Fdd Tes Operations

In the field after equipment set up, the Job Diskette is loaded and the corresponding test point
location is chosen.

The test is initidized by first ensuring zero (No Load) reading on the Penetrometer for qc and fs
by hanging the CPT Cone in the Drill String on ar. This is recorded antométicdly by the
software as a correction.

Normdly a hole is predrilled by Auger on the Thin Desscated Dry Crugt to prevent damage to
the CPT Tip before starting penetration

The verticdity of the Push Rod and Thrust machine is checked in order to ensure that the thrust
is veticdly digned. The deviation should not exceed 2% and the axis of the rods should
coincide with the thrust direction. Normaly levelling is done by Hydraulic Jacks.

The rate of penetration shdl be 20mm/sec + 10% and stops are only made for Push Rod addition
or when performing Pore pressure Disspation Tedts.

Readings are taken by the instrumentation and software for gc & fs & maximum 50mm (2 inches)
increments averaged to within 50mm.

Depth of penetration is dso recorded and measured with an accuracy of 100mm by an automatic
linear transducer (Depth Gage) with aresolution of 20mm.

Mogt software have red Time Screen Displays of qc, fs, F, Indination q, Pore Pressure (u) and
Rate of Penetration to enable the operator to control the operation and monitor critica
parameters and ensure that tests are performed properly.

The results are automaticaly stored in the hard disk of the Fiddd Computer and the Job Foppy
Diskette after the test.



2.3.2 Maintenance and Repair

In between teds, the penetrometer is visudly inspected for any damage. All the sedls are dso
ingpected and any dirt inclusons are removed or cleaned to ensure proper performance during
the test. If necessary, the penetrometer can be field disassembled to replace any broken sedls or
O-Rings and to lubricate the O-Rings

2.4 Office Data Reduction

The data gathered in the field contained in the Job Floppy Diskette is sent to the office and is
reduced and interpreted to yidd the dratigraphy of the sSte investigated and other data which
could be used for determination of Design Parameters.

Software is dso available to automatically determine soil parameters but this has to be tempered
with local experience.

3.0 TEST DATA GATHERING AND PRESENTATION OF RESULTS
3.1 Genea

The primary purpose of the CPT is to gather soil ressance data in order to effectively
characterize the soil continuoudy with very little ggps in the dratigraphy.  Through well
edablished corrdations and augmented by locad experience, the dte characterization is
accomplished most  efficiently. In dratigrgphic  characterization, the eectric CPT s
acknowledged to be the best indtu tool because it gives a continuous resstance profile of the
subsurface.  Because it is reativey inexpensve to peform, numerous points could be
investigated to yield a more accurate horizonta  characterization of the Site,

Although various parameters obtained by correlation do not replace more accurate laboratory
tedts, the quaity of data can be upgraded by loca corrdation. This is done by performing a
limited number of boreholes and performing laboratory classfication and srength tests (shear
strength and compressibility) on the samples retrieved.

Essentidly, dratigraphic characterization and parameters corrdation (Strength, Compressiility,
Dr, Gs, etc.) are obtained by the CPT through the continuous recording of the following data:

gc - ConeResistance

fs - SleeveResistance

Fr -  Friction Ratio = fd/qc

m - PorePressure (for the Piezocone)

Because the CPT is standardized (As, A, and rate of penetration) the correlation with numerous
other tests performed in the past worldwide have given a wedth of data to make such
correlations reliable.



These cone data are discussed individually: 2°
3.2 Cone Resistance (qc)

The cone resstance is the force per unit area which is obtained by the dividing the totd axid
force against the tip by the cross sectional area of the Tip Base (1,000 mm?).

Thus
g = _K
At
Alterndtively:
G = GQctu(la)
where:
Ft = Axid Forceonthe Tip
A; = TipBaseArea = 1000 mm?
u = Porepressure
a = Tipareacorrection Factor

In the specia case whereu =0 or uisnegligible, gc » q;.
The cone resstance is expressed in Mpa or Kpa.
3.3 Local Sideor SeeveFriction (fs)

The loca dde Friction is obtained by dividing the totd Friction force acting axidly on the
Friction Seeve by the outer surface area of the deeve.

As
o= fo -{u[b]+ 0.3Du [[1—a] b]}
15

where:

b = deeveaeafactor

Du = changein pore pressure

Fs = tota force on deeve

As = outer surface area of Seeve (15,000 mnt)

20 gSwedish Geotechnical Institute. “Recommended Standard for Cone Penetration Test”. Linkoping &
Swedish 1992, Swedish Geotechnical Institute.




In the specia case where the pore pressure effects are zero or negligible, fs » f;. The loca deeve
friction isexpressed in Mpa or Kpa.

3.4 Friction Ratio (Fr)

The Friction Ratio isthe ratio between the local deavefriction (fs) and the cone resistance (qc).

F = fs x 100%
e

or

F = fr x 100%
ar

The ratio is expressed as a percentage. Normally, Fr for sands is seldom over 1% and for clays
isnormaly > 4%.

3.5 PorePressureu and Changein Pressure (Du)
With the advent of the CPTU or Piezocone, which measures pore pressure and enable the
performance of Pore Pressure Disspation Tests, more detailed tests can be performed and
strength parameters for very soft soils can be obtained.

The Differentid Pore Pressure ratio DPRR is the ratio between the generated pore pressure and
the cone resstance at the actud leve.

DPRR = Du
Qt

Alternately, the parameter By = Du/(gr - S vo) Can be used.

where:

total overburden pressure at the last level
pore pressure parameter ratio or DPRR

Swvo
Bq

Recent studies have shown that even with careful procedures and corrections for pore pressure
effects, the measurement of deevefriction (fs) is often less accurate than the cone resistance.

To overcome problems associated with deeve friction messurements, severd classfication
charts have been proposed based on g and pore pressures (Janbu and Senesset). The chart by
Janbu & Senesset use the pore pressure parameter By,

Experience has shown that, athough the deeve friction measurements are not as accurate as g
and u, generdly more rdiable soil classfications can be made using dl three pieces of daa (g,
fs & u). Thus, the norma correlation charts for characterization is three dimensiond. 1



3.6 PorePressure Dissipation Tests3®

The CPTU or Pezocone has the potentid of providing estimates of the in-gtu coefficient of
consolidation from disspation tests. A disspation test can be peformed a any depth by
interrupting the penetration at that depth. Thiswill be discussed in later sections.

40 INTERPRETATION OF CPT/CPTU DATA
41 Genea

Numerous studies and data corration have been made in the past as the CPT/CPTU evolved
from a smple penetration test to what it is today. With the advent of sophisticated eectronics
and test sandardization, correation with various soil parameters could be made with increasng
confidence. However, as in dl goplications in soil mechanics, such corrdations need to be
tempered with loca experience and loca soil behavior and validated by actua Laboratory Tests
until the locd corrdaions are adequatdy established as to be rdiable.  Various soil information
can be gleaned from the smple CPT Tests and when augmented with pore pressure data from the
CPTU, increased accuracies and reliability can be obtained.

The following corrdations and soil information may be obtained with the CPT/CPTU tedts.
4.2 Stratigraphy

The CPT found its most useful and vauable gpplication in dratigraphy and Ste characterization.
And in this aspect, this indtu test is most superior to any existing method because it provides a
continuous profile of the soil and is relatively inexpendve. Thus, more numerous test locations
can be done providing a closer interva for visudization of soil conditions. For routine jobs the
CPT test would suffice and for more critica jobs of large magnitude, the CPT can be augmented
with alimited number of Boreholes and Laboratory Tests.

The gratigraphic characterization is obtained using the Basic CPT Data q, fs, Fr and u.

The characterization is best done using the Three Dimensona corrdation chat by Robertson
(1990) and included in Appendix “A”.

Usng rav CPT Data or normaized data, one can determine characterigtic soil descriptions of
soils using this chat. Only occassondly, when borderline cases are encountered in routine jobs,
is there aneed to do more detailed sampling by borings.

Robertson suggested that the charts are ill globd in nature and should be used as a guide to
define soil behavior type based on CPT and CPTU data.  Factors such as change in stress history,
in gtu dreses dengtivity, giffness macrofabric, minerdogy and void ratio will dso influence
dassification.™

30 Briaud, JL. “The Cone Penetrometer Test.” 1991 FHWA Office of Technology Administration, Virginia,
USA.




Essentidly for clays and dglts, Cone Pengrometer is undrained thus measurement of Pore
Pressure is important snce the rate of PP Disspation is a key to classfication. Cone resistance
should be corrected for pore pressure effects. In addition, measured pore pressures can aso be
used directly for interpretation in terms of soil design parameters.

4.3 Soil Unit Weight & Relative Density Dr

4.3.1 Soil Unit Weight (cw)

Larsson and Mulabdic (1991) based on tests performed in Sweden and Norway, proposed the
chat in Appendix “B” for obtaning a rough esimate of soil dendty for cays This is an
iterative procedure since an initid estimate of gs is necessary to compute net cone resistance and
Bg.

4.3.2 RdaiveDendgty Dr

Sevard rdationships have been evolved for determining Reldive Dendgty (Dr) of Sands.
However, ageing effects tend to increase cone resstance and no interpretation procedure could
take account of ageing. Thus, to some extent, the obtained Dr should be referred to us
“ equivalent” Dr asrecommended by Robertson. !

The vaue of Dr can be obtained from the chart in Appendix “D” or in equation form based on
the values below:

Sand Type Equation Co C1 Cc2 Note
Dr=_1 [0
NC C, EO (s'vo) C1 ] 157 055 241 Ko =045
Dr=_1 [c 0 ]

NCto OC C, o (s'm) C1 181 0.55 261 Ko >045
NC = Normally Consolidated Sand
oC = Overconsolidated Sand
S'vo = Vertical Effective Stress (Kpa)

S 'm = Mean effective stress (Kpa) = s *vo (horizontdl effective stress)



4.4 Strength Characterigtics

Various procedures have been evolved from which direct corrdations can be obtained to yield
soil strength parameters out of basic CPT data (g, fs & u).

441 C(Clay & FneGraned Soils

The undraned shear drength (Su) can be determined in severd ways from empirica

correlations.

The empirica correlation is of the generd form

SuU = (g-Sw)
Nk
Where:
0. = coneresstance

Svw = totd indtu verticd stress
Nk empirica cone factor varies normaly between
11 to 20 with an average vdue of 15

Robertson recommends the following procedures for Su determination: !

1

2

3

For deposits where little experience is available, estimate Su using the total cone resistance (¢) and
preliminary cone factor values (Nk;) from 15 to 20. For a more conservative estimate select the
upper limit.

For normally and lightly overconsolidated clays, Ni; can be as low as 10 and for stiff fissured clays
as high as 30.

In very soft clays, where there may be uncertainties in the accuracy in g estimate Su from the excess
pore pressure (Duy) using Np from 7 to 10 in the CPTU.

Su = Du
NDu
where:
Du = (u;—up)
Npy = conefactor varies between?2 to 10

If previous experience is available in the same deposits, the value suggested above should be
adjusted to reflect this experience.

For larger projects, where high quality field and laboratory data may be available, site specific
correlations should be devel oped based on appropriate and reliable values of Su.



442 Coarse Graned Soils

Cone penetration in coarse graned soils is generdly undrained, thus, no excess pore pressures
ae generated. Edablished corrdations usng large laboratory cdibration chamber tests have
been made with this assumption.

The procedure as recommended uses the chartsin Appendix “E”.

The f ¢ from rddively uniform uncemented clean sand is empiricaly esimated from Fig. 556 in
Appendix “E”. Figure 555 can be used to adjust the estimated f ¢to account for variations in
compressibility and Ko. A reasonably consarvative value of f ¢ should be selected based on the
range obtained.

44.3 Intermediate Sails (Clayey Sandsto Silts)

The methods for interpretation applied for clays or sands may not be totaly vaid for slts as
penetration in this materid is partially draned. In this regad clay content of the gits is
important.

It is important therefore to determine the type of drainage conditions encountered during the
teds. If the design problem involves undrained loading and the CPT is undrained, then the CPT
data can be interpreted in a manner smilar to cdlay and smilarly for drained loading and drained
CPT in sands.

4.5 Compressbility & Consolidation Characteristics

451 Codfficient of Permesbility (k)

The CPTU Pore Pressure Dissipation tests could give the plot of pore pressure decay over the
time the test was performed. From this data, t 5o — the time for 50% dissipation can be obtained.

Robertson proposed a chart relating tso (minutes) to Ky (cm/sec) since drainage in the CPTU is
essentidly horizontd.

Verticd Permegbility K, can be obtained from well etablished fidd vadues rdaing K, to Ky
after Jamiolkowski 1985 and presented in chart form below:

Nature of Clay Kn / Ky
No macrofabric, or only dightly developed macrofabric
essentially homogeneous depsoits 1tol5

From fairly well to well developed macrofabric, e.g.
sedimentation, clays with discontinuous lenses and layers 2t04
of more permeable material.

Varved clays and other deposits containing embedded 3to 15
and more or less continuous permeabl e layers.




4.5.2 Codfficient of Consolidation (Cp)

The coefficient of consolidation C, in the horizontal direction can be agpproximated from the
chart as proposed by Robertson (1992) from an extension of the work by Houlsby & Teh and

shownin Appendix “F” rdaingtso asdefined above and Cp, (cnv/sec?).

The relationship between Cy and C, — the coefficient of consolidation in the vertica direction is
obtained smilarly from the above table rlating K, to K.

5.0 DIRECT APPLICATIONSOF CPT/CPTU DATA

In the foregoing section, interpretation of CPT/CPTU Data was directed towards correation with
s0il drength parameters asde from other properties such as unit weight, reaive dengty,
dratigraphy, etc. These parameters in turn can be plugged into the various formulas (Theoretica
or Empirical) to yield Bearing Capacity, Settlement, etc.

However, and particularly for Driven Piles, direct applications of CPT/CPTU Data could result
in direct prediction of Pile capacity. The CPT procedure is a scde modd of a Pile being inserted
into the ground. Thus predictions of cgpaty are farly more reiable. The reason being the
ability to do continuous prafiling of the subsurface soil response.

Superiority of the CPT method over non-CPT methods have been confirmed in other studies.

Literature is replete procedures to use data gathered from the Electric CPT/CPTU Tedts directly
to provide solutions such as.

Pile Capacity and Settlement

Bearing Capecity of Shalow Foundations
Settlement of Shallow Foundations
Ground Improvement Quality Control
Liquefaction Assessment

In al the foregoing, reduction factors need to be applied to CPT Vaues. The need for such
reduction factors is due to scale effects of the test, rate of loading or insertion technique. !

6.0 CONCLUSION AND SUMMARY

The foregoing presents the Electric CPT/CPTU its advantages and advantages in obtaining soil
parameters needed in Geotechnica Engineering and Foundation Design.

Its ease of use resulting in reduction in cogt of investigation without degradation of information
obtained from such tests is certainly an important consideration.

It is hoped that this paper would pave the way for increased understanding and wide acceptance
of the procedure as an invauable tool in Soil Exploration.
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