An Introduction to the Cone
Penetration Test



Course Goals

1. Become familiar with the methods and limitations of the
Cone Penetration Test

Learn technigues for presenting and interpreting data

Learn the uses of CPT data in geotechnical design
1.
2.
3.

Develop a stratigraphic model of the project site
Estimation of soil engineering properties

Predict the performance of a shallow foundation subject to
vertical or inclined loads

Estimate the nominal resistance of a deep foundation subject to
a vertical load

Predict the susceptibility of the foundation soils to liguefaction



Advantages of the CPT compared to
boreholes

 Rapid
e Continuous

e In-situ measurement of
soil response

« Minimal operator
Influence on the data




What Is the most significant
difference between a sounding and a
borehole?



A brief history of CPT development

1931: Dutch push cone with rods

1946: Delf Lab manufactures hand operated cone

1947 Mantle Cone developed (sleeve resistance)

1953: French add hydraulics

1964 Fugro Consulting starts commercial use of electric penetrometer
1969: Begemann adds friction sleeve

1975: French introduce pore pressure transducers

1975: ASTM standard D-3441 established

1975-present: introduction of the seismic cone, lateral stress cone,
piezo-lateral stress cell, vibratory cone, etc.



Deslgnation: D 3441 - 98

Standard Test Method for

American Standards

Designation: D 5778 - 95 {Reapproved 2000)

Mechanical Cone Penetration Tests of Soil’

‘This standard i issucd under the fAxed desigaation D 3441: the number immediataly following the designation indicates the year of

original adaption or. in the case of rovision, the year of last revi

. A Dumber in parentheres indicares she year of lest reapproval. A

superseript epsilon (e] indicates an editorial change since tie last revision or reapproval.

This standand has beer approved for use by agencles of ihe Depurtment of Defense.

1. Scope

1.1 This test method covers the determination of end bear-
ing and side friction, the components of penelration resistance
that are developed during whe sieady slow penzrration of a
pointed rod into soil. This test method is sometimes referred to
as the Dutch Cane Test or Cone Penetration Test and is ofien
abbreviated as CPT.

1.2 This test method includes the use of mechanical cone
and fricticn-cone penetrometers. Tt does not include the vse of
clectric and electronic cones or data interpretasion.

1.2.1 The use of electric and electronic cones is covered in
Test Method D 5578,

1.3 Mechanical penetrometers of the type described in this
test method operate incrementally, using a telescoping pens
etzometer (ip, resulting in no movement of the push rods during
the measurement of the resistance components, Design con-
straints for mechanical penctrometers preclude a complete
separation of the end-bearing and side-friction companents.

1.4 The values staled in inch-pound units are to be regarded
as the standard, The values given in parsatheses are provided
for information anly,

l 5 Tﬁ:r standard does notf purport to address all of the

if any, assoclated with its use. It is the

the user of this standard to #siablish appro-
prigle safety and healih practices and determine the applica-
bility of regulatory limitations prior (o use.

2. Referenced Dacuments

2.1 ASTM Standards:

D 853 Terminology Relating o Soil, Rock, and Contained
Fluids

D 5778 Test Method for Performing Electronic Fric
Cone and Piezocone Penetratien Testing of Seil

22 Other Siandards:

USBR D 7020 Performing Cone Penetration Testing of

Soils-Mechanical Method Earth Manual, Part I, Third

Edion, U.S. Depattment of the Imerior, Bureau of
Reclamation, U.S. Government Printing Office, 1990

* This kest method is under the juriadiction af Committco D-18 on Sail and Rock
and s the direct responsibility of Subctrminittos D18.02 on Sampling and Related
Field Testing for Soil Investigations.

Current edition approved My 10, 169
published ms D 344 = 75 T. Last previous

“International Reference Test Procedure for the Cone
Penetration Test (C Proceedings of the First Interma-
tional Sympostum for Penetration Testing, ISOPT-1
DeRuiter, ed., Blakema, Rotterdam, [SBN 90 6191 8014,
1988.

3. Terminology

3.1 Definitions:

3.1.1 cone, n—the cone-shaped poimt of the penetrometer
||p, upon which the end-bearing resistance develops.

. ne peEretromeler, i—an instument in the farm of a

nt designed for penetrating

soil and soft rock and for measuring the end-bearing compo-
nent of penetration resistance,

313 cone resisianee, of énd-bearing resistance

ance to penetration developed by the cone equal to the
vertical force applied to the cone divided by its horizontally
projected area,

2.1.4 cone sounding, n—the entire serics of penptration tests
performed at ene lecation when using a cone penetromeler,

3.1.5 friction-cone penerromeler, n—a cone penetrometer
with the additional capabili ring the local side
friction component of penetration resistance.

3.1.6 friction cone sounding, n—the entire series of penetra.
tion tests performed at one kocation when using a [riction cone
penetrometer.

3.1.7 friction ratio, R a—the ratio of friction resistance to
<one resistance, f/g., expressed in percent.

Note 1-—The friction ratic for mechanical penetcometers is not com-
parable to the friction ratio measuccd by clectrome or elecirical penetrom.
wter (Test Method D 5778), Users should verify that the application of
empirical carmelations such as those predicting soil type from R, are for the
corredt penclrometer.

3.1.8 friction resisiance, f,, n—the resistance 10 penetration
developed by the friction sle¢ve, equal 1o the vertical force
applied to the sleeve divided by its surface area. This resistance
consists of the s of friction and adhesion.

3.1.9 friction sleeve, n—a section of the penetrometer tp
upon which the local side-friction resistanee develops.

3.1.10 inrer rods, n—rods that slide inside the push rods o
extend the tip of a mechanical peneirometer.

3.1.11 mecharical penetrometer, n—a penstrometer that
uses a set of inner rods to operate 4 telescoping penetrometer

Standard Test Method for
Performing Electronic Friction Cone and Pilezocone
Penetration Testing of Solis’

This standard is issued ander the Axod designation D 5778; the number immedfately follawing the designation indicates the year of
crigmal adopeion or, in e case of revision, the year of last revision. A mumber in parentheses indicates the year of fast reapproval. A
superacript epsilon (4} indicates am editonal change since the Just revision of reapproval.

1. Scope

1.1 This test method covers the procedure for dslermining
ibe resistance to penetration of a conical pointed penetromsser

it is advanced into subsurface s0ils at a slow, steady rate.

1.2 This test method is also used 0 detetining the frictional
resistance of a cylindrical sleeve located behind the conical
point as it is advanced through subsurface soils at a siow,
steady rate.

1.3 This wst method applies to friction-cone penetrometers
of the electronic rype.

1.4 This test method can be used to determine pore pressore
development during push of 2 piezocone penetrometer. Pore
pressure dissipation, after a push, can also be monitored for
correlation to soil compressibility and permeability.

1.5 Other sensors such as inclinometer, seismic, and tem-
petamire sensors may be included i the penetrometer to
provide useful information. The use of an inclinometer is
highly recommended since it will provide information on
potentially damaging situations during the sounding process.

1.6 Cone penetration test data can be used to inlerpret
subsurface stratigraphy, and through use of site spacific come-
lations it can provide data ou engineering properties of soils
intended for use in design and construction of earthworks and
foundations for structures.

1.7 The values stated in SI units are to be regarded as
standard, Within Section 13 on Calculations, SI metric units are
considered the standard. Other commonly nsed units such as
the inch-pound system are shown in brackets. The various data
teported should be displayed in mutsally compatible units as
agreed to by the client or user. Cone tip projected area is
commonly referred o in cenlimetres for convenicnce. The
values stated in each system art not equivalents, therefore,
each syseem must be used independently of the other.

Note L—This test method does not include hydraulic or preumatic
penetiometers. However, many of the procedural requitements herein
could apply to0 those peactrometers,

L8 This standard does rot purport to address ali of the
safery eoncerns. if any, associated with irs use. Jt s the

* This tex method ia under the jucisdiction of ASTM Commitce D18 on Seil and
and i the di ility of Suhcommitiee DIRO2 on Sampling and

sted Field T valuarions,

Cument edion .lppruvtﬂl Sopt. L0, 1995, Publishedt Juouary 1996,

responsibility of the user of this standard 10 establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Srondards:

D653 Terminology Relating to Soil, Rock, and Comtained
Fluids*

E 4 Practice for Force Verification of Testing Machines®

3, Terminology

3.1 Definitions:

3.1.1 Definitions are in accordance with Terminclogy
D 653,

3.2 Definirions of Terms Specific ta This Standard:

3.2.1 apparent load transfer—epparent resistance measured
on esilher the cone or (riction sleeve of an electronic cone
peneirometer while that element is in a no-load condition but
the ather element is loaded. Apparent load transfer is the sum
of cross talk, subtraction ecror, and mechanical load transfer.

3.2.2 baseline—a set of zero load readings, cxpressed in
terms of apparent resistance, that are used as reference values
during performance of testing and calibration,

3.2.3 cone—the conical point of a cone penetrometer on
which the end bearing component of penetration resistance is
developed. The come has a 60° apex angle, a projected
{horizontal plane) surface area or cone bese area of 10 or 15
cm?, and a cylindrical extension behind the cone base.

3.2.4 come pencication fesi—a serics of penetration readings
performed at one location over the entite depth when using a
caone penetrometer. Also referred o as cone sounding.

3.2.5 cone penetrgmeter—a penetromeler in which the lead-
ing end of the penetrometer 1ip is a conical point designed for
peneteating soil and for measuring the end-bearing component
of penerration resistance.

3.26 cone resistance, g—the end-bearing component of
penetration resistance. The zesistance to penetration developed
on the cone is equal 10 the vertical force applied to the cone
divided by the cone base area.

317 correcred toral cone resistance, q—tip resistance

el Bovek of ASTM Siandurds, Vol 04.08
" Annual Boak af ASTM Sundurdy, Yol 9301,

ASTM Test Method D 3441-98
(Mechanical Cone)

ASTM Test Method D 5778-07
(Electronic Friction Cone and
Piezo Cone)



How close can a CPT be to a borehole
without effect on the data?

25 borehole diameter separation
25 x 4 inches = 100 inches = 8 feet
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FIG. 3 Example of a Reference Penetrometer With a Fixed Cone
and With Friction Sleeve

ASTM Test Method D 5778-07



U"} Cable o Cow puter

adin q: 1)
Trans ducer,

Cone Penetration Test (CPT)

per ASTARD 5778 procedures

1, = sleevefriction

Readings taken
U, = porewater pressure every 10 to 50 mnt

= net area ratio (from triaxial calibration)

. = measured tip stress or cone resistance

ij;= comected tip stress =q_ + {(1-aju,

e CPT and CPTu

 Both Measure:
— Cone Resistance: q.=QJ/A,
— Friction Resistance:  f=Q.J/A,



Unsuitable subsurface conditions

Gravel and gravelly sand

Weak rock

Cemented soils

Strong soils overlain by more than 10 feet of very weak soils

Table 1.2 - Truck with 20 ton push capability
CLAY SAND

___
Depth (feet)
| 15

o

* x| *
*| *

*




TABLE 14

SPECIAL TECHNIQUES FOR INCREASED SUCCESS OF CONE PENETR ATION

[N HARD GEOMATERIALS

Advancing Technigue

Redermnoe

Commenit=Remarks

Heavy 30-Tan Dendweight
CPT Trucks and Track Rigs
Friction Feducer

Cyeling of Fods (up and dosn)

Lange diameter penetrometer
(i, 44~-mm cone; 25mm
rodls)

Guide Casing: Double Set of
Rods: Stndand 56-mm Rods
Supported Inside Larger 44-
mm Fods; Prevents Buckling

Cinll Ot downbole CPTsS)

Bud Injection

Earth Anchors

Smtic—Lrynamic Penetrometer

[soraernhole Thrust System

W¥ery Heavy 50- and 40-Ton Rigs
ROTAP—Cmter Conng Bit
CPTWD

Somc TPFT

Mayne etal. (1995
van de Gmaf asd Schenk (198875

Shinn { 1995, personal
SO Ak |
van de Gmaf and Schenk (19887

Pevichen § 1985

BN 155G

¥an Staversn (1995)

Pagani Geotechnical Equipment
Geoprobs Systems
Sanglerat ek al. {19955
Luidberg ( 1974

Brattom {20000

Sterkx snd Van Calster {1995}
Sacchetto et al (20045

Bratron {20000

Farrington 2080400 Shinn and

Haas (2004 Famington and
Shinn (200

Increassd weight maction over
standard drill rig

Effective in frictonal soils, but
not soin very dense sands

Liocal epcounierin thin hard zones
af soil

Worke like frcton reducer

Works well in situations
involving soft soils with dense
soils at depth

Alternate heraeen drilling and
pushing

Feeds pump system for
beniomi e slurry

Increases capacity for reaction

Swibtches from static mode bo
dynamic mode when neadad
Single push stroke usualby
limited to 2 mor 3 m
After large 20-ton rig armives at
site, added mass for reaction
Special drilling capabilities
through cemented zones
Cope penetration testwhile
drilling
s of avibmbor to facilimte
penetmbon throngh grvels and
hard zomes
Wireline systems for enhanced
acoess penerarneter system

Adapred and modified after Pauchen 1993,
MM = Medzrland = Mormalisatie Institute ; CPTWD = cone peretration t2st while drilling; EAFS =enhanced acozss

penelr-:-rneler 5-:'-'5-|EI11 .




Caltrans dynamic cone penetrometer

4
1
)
{




Becker Penetration Test

A suitable tool for gravel
and gravelly sand

» Single or double acting
diesel hammer

* Double casing is driven
« Closed tip

« Count the number of blows
per foot of penetration




Equipment and Testing
Procedures



The basic components of the 1.75 inch
(44.45 mm) diameter cone penetrometer tip

Also known as a
15 cm? cone.

« Conetip
e Friction sleeve
e |Inclinometer

=133.7min
1000mm

1‘3

FIG.2.3. Standard Dimensions of the Electric Penetrometer Tip




All CPT tips contain a 2 channel
Inclinometer

» Resolution of 0.1 degrees
 Full scale output is 15 degrees

« Heading of cone penetrometer
tip never known

« Sudden changes in heading
are caused by:

— rocks

— boundaries of underlying
harder layers




The cone penetrometer tips used by Caltrans and
made by Vertek are:

 Caltrans owns 3 multi-channel digital cones:
— Cone tip resistance
— Local friction resistance
— Pore pressure behind the cone tip
— Temperature
— Inclination

$7500 each

 (Caltrans owns 2 digital cones which also have:
— Seismic compression or shear wave receiver

$8500 each




Alternate locations for the porous
element of a piezocone

Fosition

WY R TR, T,

A —

Friction Sleeve

porous
filter

=u.= element
N u, = u, made of
- shoulder fplaaic,
porewater el ceramic, 0
intered

pressure . si
q. = measured q, = commected (behind the tip). “X metal
tip stress tip stress A

10-cm? Friction-Type 10-cm’ Standard 10-em® 15-em® Type 2
Cone Penciromeiter Piczocone Piezocone Piezocone Pencirometer,

FIG. 2.6. Location of the Porous Filter




The porous element installed in the cone
“shoulder” location of a Type 2 cone tip.

08/ 15/2011




Other cone penetrometer tip Iinstruments

* Vision or optical

 Electrical resistivity

 Ultra violet induced fluorescence
« Gamma

 Piston sampler

e Grout
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FIGURE 9 Basic internal schematic of an
electric cone penetrometer.
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The interior of “subtraction’ cones

CPT subtraction proba
(Hogantogler & Co.)
By Richard §. Olsan, PAD




Push rods

One meter long
Tapered threads

Hollow with data cable
threading through

40 rods on the rack




CPT carrier vehicle configurations




O3/AIS20] !

GVW 46,000 pounds

25 feet long

8 feet wide

12.5 feet high for travel
13.5 feet high when testing




Weights and pressures for the Caltrans
cone penetrometer

Truck Weight:

Maximum Axial Rod Load:
Hydraulic Ram Load at Bypass:
Cone penetrometer tip max. load:
Cone penetrometer tip max. stress:

23 tons?
20 ton?
10 tons?
11.5 tons
1065 tsf



Cone penetrometer tips can be
manufactured to have different maximum
load capacities

) ) ) Rating of Available Cone
Soil Strength Tip Capacity Penetrometer

Very soft 1to 2.5 tons
Soft to medium 2.5to 5 tons

Medium to hard 5to 10 tons




Cone Penetrometer Test (CPT) Request Form

E-Mail to: Ronnie_Gu@ .
G hnical Instrumentatien (G1) Branch

)apth per He
epth per He
Jepth per Hr

A Notice Far nals with ; i , this document 2 or information call |
or TO'D {916} 263-2044 or write Records and Forms Management, . R, 112 , Sacrame 514
L:SF 005




Performing a cone penetration sounding
with the Caltrans equipment




Starting a sounding where there are
surface obstructions

» Asphalt Concrete
e Portland Cement Concrete



Guide tube and hydraulic thrust cylinders

. 08/16/2011

~




There are 2 rod clamping mechanisms




The data acquisition system

Depth encoding gage captures data
approximately every 50 mm.




The CPT test procedure

20 m/sec pUsh rate —




The CPT test procedure




Interpreting the name of the field data file

CPT FILE NAMING SCHEME

DESCRIPTION POSITION
15T
2ND
JRD
4TH
aTH
6TH
3 DIGITS AFTER ™"

NOTES:
1 Rig ID User defined identification of the Push Rig.

2 onth Code The first unused letter of the current month. January,
February, March, April, May, June, July, August, September,

October, November, December.
e —

3 Test Type A unique, single character identification code for the type of
data file.

PT Data
Dissipation Data
eismic Data

4 Extension The depth (ft) is used as the extension for all files EXCEPT
C CPT files that use ".DAT". )




Reasons to terminate a CPT sounding

 Reaction force or thrust capacity exceeded
 Push rod buckling
* Inclination exceeds the maximum tolerable limit

* Inclination changes a large amount in a short
penetration distance

« Magnitude of cone tip readings exceeds the
maximum tolerable limit

» Magnitude of friction sleeve readings exceeds the
maximum tolerable limit



Routine maintenance of the cone tip

 cone tips and cone sleeves are
ASTH INSPECTION SHEET gradually reduced in size when

DATE:

penetrating sandy and gravelly soils

INSPECTION PERFORMED BY:

* cone tips and cone sleeves can be
chipped or dented when pushed
through gravel, boulders and man-
made debris

* routine replacement of the soil seals
prevent soil from intruding into the
cone tip

Tip replacement cost: $100
Sleeve replacement cost: $200
Piezo element cost: $10

Annual device calibration: $300




Questions?



