This document is not an ASTM standard and is intended only to provide the user of an ASTM standard an indication of what changes have been made to the previous version. Because
it may not be technically possible to adequately depict all changes accurately, ASTM recommends that users consult prior editions as appropriate. In all cases only the current version
of the standard as published by ASTM is to be considered the official document.

(dp )’ Designation: D5778—+2D5778 - 20
J

INTERNATIONAL

Standard Test Method for
Electronic Friction Cone and Piezocone Penetration Testing
of Soils’

This standard is issued under the fixed designation D5778; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope*
1.1 This test method covers the procedure for determining the point-—resistance during—penetration—of a conical-shaped

penetrometer—friction cone or a piezocone as it is advanced into subsurface soils at a steady rate.

1.2 This test method applies to ype-
not include hydraulic, pneumatic, or free-fall cones, although many of the procedural requirements herein could apply to those
cones. Also, offshore/marine Cone Penetration Testing (CPT) systems may have procedural differences because of the difficulties
of testing in those environments (for example, tidal variations, salt water and waves). Field tests using mechanical-type
penetrometerscones are covered elsewhere by Test Method D3441.

1.3 This test method can be used to determine porewater-pore water pressures developed during the penetratton;-thus-termed
ptezoconePorewater-penetration when using a properly saturated piezocone. Pore water pressure dissipation, after a push, can also

be monitored for correlation to time rate of consolidation and permeability.

1.4 Additional sensors, such as inclinometer, seismic geophones—(Test Methods D7400), resistivity, electrical conductivity,
dielectric, and temperature sensors, may be included in the penetrometercone to provide usefutadditional information. The use of
an inclinometer is highty-recommended since it will provide information on potentially damaging situations during the sounding
process.

1.5 EonepenetrationtestCPT data can be used to interpret subsurface stratigraphy, and through use of site specific correlations,
they can provide data on engineering properties of soils intended for use in design and construction of earthworks and foundations
for structures.

1. 6 Umts—The values stated in SI units are to be regarded as standard. Wrt-hrn—Seet—reﬂ—IS—eﬂ—Ga}eu-lat-teﬂs—S{—umts—afe

—No other un1ts of measurement are 1ncluded in this standard Reportlng of test results in units
other than SI shall not be regarded as nonconformance with this test method

1.7 All observed and calculated values shall conform to the guidelines for significant digits and rounding established in Practice

D6026, unless superseded by this test method.

1.7.1 The procedures used to specify how data are collected/recorded and calculated in the standard are regarded as the industry
standard. In addition, they are representative of the significant digits that generally should be retained. The procedures used do not
consider material variation, purpose for obtaining the data, special purpose studies, or any considerations for the user’s objectives;
and it is common practice to increase or reduce significant digits of reported data to be commensurate with these considerations.
It is beyond the scope of these test methods to consider significant digits used in analysis methods for engineering data.

! This test method is under the jurisdiction of ASTM Committee D18 on Soil and Rock and is the direct responsibility of Subcommittee D18.02 on Sampling and Related
Field Testing for Soil Evaluations.

Current edition approved Fan—+-264+2June 1, 2020. Published February—2642July 2020. Originally approved in 1995. Last previous edition approved in 26072012 as
D5778=6%-12. DOIL: +6-+526/D5778-12:10.1520/D5778-20.

*A Summary of Changes section appears at the end of this standard
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1.8 This standard does not purport to address all of the safety concerns, if any, associated with its use. It is the responsibility
of the user of this standard to establish appropriate safety-safety, health, and heatthenvironmental practices and determine the
applicability of regulatory limitations prior to use.

1.9 This international standard was developed in accordance with internationally recognized principles on standardization
established in the Decision on Principles for the Development of International Standards, Guides and Recommendations issued
by the World Trade Organization Technical Barriers to Trade (TBT) Committee.

2. Referenced Documents

2.1 ASTM Standards:*

D653 Terminology Relating to Soil, Rock, and Contained Fluids

D3441 Test Method for Mechanical Cone Penetration Testing of Soils

D3740 Practice for Minimum Requirements for Agencies Engaged in Testing and/or Inspection of Soil and Rock as Used in
Engineering Design and Construction

D6026 Practice for Using Significant Digits in Geotechnical Data

D7400 Test Methods for Downhole Seismic Testing

Ed PractioesforForee Verifieation-of Testineack:

3. Terminology

3.1 Definitions:

3.1.1 For definitions of common technical terms used in this standard, see Terminology D653.

3.2 Definitions of Terms Specific to This Standard:
3.2.1 apparent load transfer—transfer, n—apparentresistance measured on either the eenetip or friction sleeve of an-eleetronica
frlCthl’l cone peﬂetremetefwhlle that element is in a no- load c0nd1t10n but the other element is loaded.-Apparenttoad-transferis

322 base{-me—baselme n—a set of zero load feadtﬁgs—e*pfesseel—rn—terms—ef—ztppafent—resm eadings that are used as

reference values during performance of testing and calibration.

3.2.3 cone ﬂp— Q —the comcal pomt of a cone peﬂeffemeteeon Wthh the end bearmg eempeﬂeﬁt—ef—peﬁet-ra-t-teﬂ—resmtance
is developed.-Fh has-a-6 e

er—eeﬂe—base—afea—ef—l-e—emz. S --=

3.2.4 cone penetration test—test, n—a-series-of penctrationreadingsperformed-at-onelocationover-the-entire-vertiea pth
whentsing-a-cone-penetrometer—pushing of a cone at the end of a series of cylindrical push rods into the ground at a constant
rate of penetration. Also referred to as a cone soundlng

3 2. 5 cone, peneﬁ‘ometﬁ‘—n—

sleeve, any other SENsors and measurmg systems as Well as the connection to the push rods.

3.2.6 cone tip resistance, g, —, n—the measured end-bearing component of penetrationreststance—The resistance-to-penetration
developed-on-the-eone-iscone re51stance equal to the vertical force applied to the cone tip divided by the cone base area.

3.2.7 corrected total cone _p_reszstance q,— n—cone tip res1stance corrected for Water pressure actrng behlnd the cone t1p (see
13:2413.1.1). v OCo i

tip-attocationty

3.2.7.1 Discussion—

Correction for water pressure requires measuring water pressures with a piezocone element positioned behind the cone tip at
location u, (See section 3.2.20).

festsf&neethat uses transducers to obtain the measurements.

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM Standards
volume information, refer to the standard’s Document Summary page on the ASTM website.
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3.2.10 equilibrium pore water pressure, u,—, n—at rest water pressure at depth of interest. Also referred to as piezometric

pressure.

3.2.11 excess pore water pressure, An—Au, n—th
{pore water pressure in excess of the equilibrium pore water pressure caused by the penetratlon of theuﬁ—and—esﬁmated—equﬂ-rbfmm
porewater-presstre{a_cone into the ground.y);or-Av=—tu—1y)- ot .
shoulder-positton-fitters:

3.2.11.1 Discussion—

Excess pore water pressure can either be positive or negative for filters with a piezocone element positioned behind the cone tip

at location u, (see 3.2.20).

3.2.12 friction ratio, R—~, n—the ratio of the friction sleeve resistance, f;, to the cone tip resistance, g, with the latter measured
at where-the-the depth for the middle of the friction sleeve-and-conepointare-atthe-same-depth;sleeve, expressed as a percentage.

Note 1—Some methods to interpret CPT data use friction ratio defined as the ratio of sleeve friction, f, to cone tip resistance corrected for pore

s lgs

pressure effects q,, (1). It is not within the scope of this standard to recommend which methods of interpretation are to be used.

3 2 13 frlctton redueer—reducer, n—anatt

penefra-t—ren—dept—hs—feea—g-weﬂ—pﬂs‘h-eapaeﬁ-y—local and symmetncal enlargement of the dlameter of a push rod to obtaln a reductlon

of the friction along the push rods.

3.2.14 friction steeve—sleeve, n—an isolated cylindrical sleeve-section enof a penetrometer—tip-cone | upon which the friction
component of penetration resistance develops. “Fhefriction-steeve-has-a-surface-area-of-+50-em>for+9-em-> “eone tips or 225 enr
for I5-em™ tips.

3.2.15 friction sleeve resistance, f,—, n—the friction component of penetrattoncone resistance developed on a friction sleeve,

equal to the shear force applied to the frlCthIl sleeve divided by its—surface-area:the friction sleeve surface area. Also referred to
as local side friction or sleeve friction.

3.2.16 £56—full-scale output, n—abbreviatton—for-full-seale—outptt—TFhe-the output of an electronic foree-transducer when
loaded to 100 % rated capacity.

3.2.17 toeat-sidemeasuring system, friction—n—same-as—friction—sleeveresistance;fall sensors and auxiliary parts used.see
32148)to transfer and/or store the electrical signals generated during the cone penetration test.

3.2.17.1 Discussion—

The measuring system normally includes components for measuring force (cone resistance, sleeve friction), pressure (pore

pressure), inclination, clock time and penetration length.

vertical depth of the base of the cone, relative to a ﬁxed point.

3 2. 19 pﬁwﬁ'@mem‘-t-q?—penetratlon length n—the
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3.2.20 piezocone porewater pressure measurement location: u,, uz, u;—, n—fluid pressure measured by the piezocone

penetrometer-at specific locations en-the-penetrometer-asfoHtows-(2, 3, 4)°: u,—porous filter location on the midface or tip of the

cone, u,—porous filter location at the shoulder position behind-the-in the cylindrical extension of the cone tip (standard location)
and, us—porous filter location behind the friction sleeve.

3.2.21 porewaterpressure—pore water pressure, n—total-porewaterpore water pressure magnitade-measured during penetration
penetration.(same-as—3-2:25-above):

3.2.22 porewater-pressure—ratio-parameter—pore water pressure ratio, Bq=, n—the ratio of excess porewaterpressure—at-the
standard-meastrementtoeation—pore water pressure, Au,, measured with a piezocone element positioned behind the cone tip at
location u, (see 3.2.20) to corrected total cone tip resistance g,, minus the total vertical overburden stress, c,,,.~tseeEq16):

3.2.23 push rods—rods, n—the thick-watted-tubes or rods used to advance the peﬂet-rﬁmetef—t-rp-cone

3.3 Abbreviations:
3.3.1 CPT—abbreviatton—for-the-cone penetratlon test.

3.3.2 PEPT-FSO—

presstre-measurements)-full scale output

3.3.3 €EPF—MO—
output.
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FIG. 1 Piezocone Pore Water Pressure Measurement Locations (courtesy ConeTec Data Services)

3 The boldface numbers given in parentheses refer to a list of references at the end of the text.
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through the soil at a constant rate of 20 rnm/s The force on the een-tea-l—petnt—(eene)— one tlp requlred to penetrate the so1l is
measured by—eleetrica e 5 0

The cone tip resistance fheg,_ eeﬂe—baschafea—te-eb"cmﬂ—een&restsfanee-ls calculated bv d1v1d1ng the vertical force gapplied-- to the

cone tip by the cone base area.

4.2 A friction sleeve is present on the penetrometercone immediately behind the cone tip, and the force exerted on the friction
sleeve is measured bﬂyheleetﬁeal—mefheds—at—a—mmﬂﬁm—ef—everyus1ng an electric transducer. The friction sleeve resistance, 56f,
SS-is¢ ated-b i oreeis calculated by dividing the shear force applied to the

frrctlon sleeve by the surface area of the fr1ct10n sleev&te—determrne—sleeve—reststane&sleeve £

4.3 Most modern penetrometerscones are capable of registering pore water pressure induced during advancement of the

penet-remeteﬁt-rp—cone us1ng an eleet-ren-teelectnc pressure transducer These peﬁet-remeterscones are ea-l-ledipiezeeenesL"Phe

on—formally called
electr0n1c piezocones,’ but given their prevalence they are often srrnply referred to as “cones.” The dlss1pat10n of either positive

or negative excess porewater-pore water pressure can be monitored by stopping penetration, unloading the push red;rods, and
recording perewater—pore water pressure as a function of time. When petewater—pore water pressure becomes constant it is
measuring the equilibrium value (designated u,) er-piezometrictevet-at that depth.

4.4 The forces and, if applicable, pressure readings are taken at penetration length intervals of no more than 50 mm. Improved
resolution may often be obtained at 20- or 10-mm interval readings.

5. Significance and Use

5.1 Tests performed using this test method provide a detailed record of cone resistanee-tip resistance, which is useful for
evaluation of site stratigraphy, engineering properties, homogeneity and depth to firm layers, voids or cavities, and other
discontinuities. The use of a friction sleeve and perewater—pore water pressure element can provide an estimate of soil
classification, and correlations with engineering properties of soils. When properly performed at suitable sites, the test provides
a rapid means for determining subsurface conditions.

5.2 This test method provides data used for estimating engineering properties of soil intended to help with the design and
construction of earthworks, the foundations for structures, and the behavior of soils under static and dynamic loads.

5.3 This method tests the soil in=sita-in situ and soil samples are not ebtained—obtained during the test. The interpretation of
the results from this test method provides estimates of the types of soil penetrated. Engineers may obtain soil samples from parallel
borings for correlation purposes but prior information or experience may preclude the need for borings.

Note 2—The quality of the results produced by this standard is dependent on the competence of the personal performing the test, and the suitability
of the equipment and facilities used. Agencies that meet the criteria of Practice D3740 are generally considered capable of competent and objective
testing/sampling/inspection/etc. Users of this standard are cautioned that compliance with Practice D3740 does not in itself assure reliable results. Reliable
results depend on many factors and Practice D3740 provides a means of evaluating some of those factors.

6. Interferences

6.1 Refusal, deflection, or damage to the penetrometercone may occur in coarse grained soil deposits with maximum particle
sizes that approach or exceed the diameter of the cone.

6.2 Partially lithified and lithified deposits may cause refusal, deflection, or damage to the penetrometer-cone.

6.3 Standard-push-Push rods can be damaged or broken under extreme loadings. The amount of force that push rods are able
to sustain is a function of the unrestrained length of the rods and the weak links in the push-rod-penetrometer-tip-string-string, such
as push rod joints and push red-penetrometer-tip-rod-cone connections. The force at which rods may break is a function of the
equipment configuration and ground conditions during penetration. Excessive rod deflection is the most common cause for rod
breakage.

7. Apparatus

7.1 Cone—The cone shall meet requirements as given below and in 10.1. In a conventional cone, the forces at the cone tip and
friction sleeve are measured by two load cells within the cone. (Fig. 2)

7.1.1 In the subtraction-type cone (Fig. 2a) the cell nearest the cone tip measures the compressive force on the cone tip, while
the second cell measures the sum of the compressive forces on both the cone tip and friction sleeve. The compressive force from
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FIG 12 Gemmen—Confnguratlons for Electrlc Fr|ct|on Cone Penetrometers (1) Showing: (a)
ane 6 neterSubtraction type, (b) Compression type, and (c) Tension
type (courtesy ConeTec Data Services)

the friction sleeve portion is then computed by subtraction. This cone design is common in the industry because of its rugged
design, even though the calculated friction sleeve force may not be as accurate since it is very small compared to the cone tip force.

7.1.2 In the compression-type cone (Fig. 2b) there are separate load cells for the cone tip and the friction sleeve. This design
results in a higher degree of accuracy in friction sleeve measurement, but may be more susceptible to damage under extreme
loading conditions.

7.1.3 Designs are also available where both the cone tip and sleeve load cells are separate, but where the load cell for the friction
sleeve operates in tension (Fig. 2¢).

7.1.4 Typical general purpose electronic cones are manufactured to full scale outputs (FSO) equivalent to net loads of 100 to
200 kN. Often, weak soils are the most critical in an investigation program, and to gain better resolution, the FSO can be lowered.
However, this may place electrical components at risk if overloaded in stronger soils, in which case pre-boring may be required
to avoid damage. The selection of cone type and resolution should consider such factors as practicality, availability, calibration
requirements, cost, risk of damage, and preboring requirements.

7.2 Cone Tip—Nominal dimensions, with manufacturing and operating tolerances, for the cone are shown on Fig. 3.

Note 3—In some applications it may be desirable to scale the cone diameter down to a smaller projected area. Cones with 5 cm? projected area find
use in the field applications and even smaller sizes (1 cm?) are used in the laboratory for research purposes. These cones should be designed with
dimensions adjusted proportionally to the square root of the diameter ratio. In thinly layered soils, the diameter affects how accurately the layers may
be sensed. Smaller diameter cones may sense thinner layers more accurately than larger cones.

7.2.1 The cone tip is made of high strength steel of a type and hardness suitable to resist wear due to abrasion by soil. Cone
tips that have worn to the operating tolerance shown in Fig. 3 shall be replaced.

7.3 Friction Sleeve—The outside diameter of the manufactured friction sleeve and the operating diameter are equal to the
diameter of the base of the cone with a tolerance of +0.35 mm and —0.0 mm, but not more than 36.1 mm for a 10-cm? cone and
44.2 mm for a 15-cm® cone. The friction sleeve is made from high strength steel of a type and hardness to resist wear due to
abrasion by soil. Chrome-plated steel is not recommended due to differing frictional behavior. The surface area of the friction
sleeve is 150 cm® =+ 2 % for a 10-cm? cone and 225 cm? =+ 2 % for a 15-cm? cone. If it has been demonstrated that comparable
results are obtained, the surface area of the friction sleeve for a 15-cm” cone can be adjusted to a minimum of 200 cm® * 2 %.
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10 cm2 Cone 15 cm2 Cone
Ideal d;. = 35.7 mm Ideal d. = 43.7 mm
L | | |
| 35.3 mm < d, < 36.0 mm | | 43.2mm < d, < 44.1 mm |

ideal he = 30.9 mm ideal he = 37.8 mm

7 = hg = 10 mm 7 <hg =10 mm
24.0 < he < 31.2 mm 29.4 < he < 38.2 mm

he = cone tip height
he = combined thickness of the cylindrical part of the
cone tip and the u, filter element, if applicable

FIG. 23 Manufacturing and Operating Tolerances of €enes-Cone Tips (5) (courtesy ConeTec Data Services)

Note 4—If the cone base area is altered to other values, as provided for in Note 2, the surface area of the friction sleeve should be adjusted
proportionally to the cone base area ratio.

7.3.1 The top diameter of the sleeve must not be smaller than the bottom diameter or significantly lower sleeve resistance will
occur. The top and bottom of the sleeve should be periodically checked for wear with a suitable tool. Normally, the top of the sleeve
will wear faster than the bottom. Friction sleeves that have worn to the operating tolerance shall be replaced.

7.3.2 Friction sleeves must be designed with equal end areas, which are exposed to water pressures (1, 5, 6, 7, 8). This will
remove the tendency for unbalanced end forces to act on the sleeve. Sleeve design must be checked in accordance with A1.6 to
ensure proper response.

7.4 Gap—The gap (annular space) between the cylindrical extension of the cone tip base and the other elements of the cone shall
be kept to the minimum necessary for operation of the sensing devices and shall be designed and constructed in such a way to
prevent the entry of soil particles. These gap requirements also apply to the gaps at either end of the friction sleeve and to other
elements of the cone.

7.4.1 The gap between the cylindrical extension of the cone tip and other elements of the cone must not be larger than 5 mm.

7.4.2 If a seal is placed in the gap, it should be properly designed and manufactured to prevent entry of soil particles. It must
have a deformability at least two orders of magnitude greater than the material comprising the load transferring components of the
sensing devices in order to prevent load transfer from the cone tip to the sleeve.

7.5 Diameter Requirements—The cone shall have the same diameter as the cone tip (that is, equal to the diameter of the base
of the cone with a tolerance of +35 mm and —0.0 mm, but not more than 36.1 mm for a 10-cm? cone and 44.2 mm for a 15-cm?
cone) for the complete length of the cone (5, 9, 10).

7.5.1 For some cone designs, it may be desirable to increase the diameter of the cone body to house additional sensors or reduce
friction along push rods. These diameter changes are acceptable if they do not have significant influence on tip and sleeve data,
and therefore these diameter changes shall be at least 400 mm from the cylindrical extension of the cone tip base for a 10-cm? cone
and 500 mm for a 15-cm? cone. If the cone diameter is not constant, information on diameters of the complete cone shall be

reported.

Note 5—The effects caused by cone diameter changes on tip and sleeve resistance are dependent on the magnitude of diameter increase, location, and
soil conditions. If there is question regarding a specific design with diameter increases, comparison studies can be made to a cone with constant diameter.
Most practitioners feel that diameter increases equivalent to addition of a friction reducer with area increases of 15 to 20 % should be restricted to a
location at least eight to ten cone diameters behind the friction sleeve.

7.6 Cone Axis—The axis of the cone tip, the friction sleeve, and the remainder of the cone must be coincident.

7.7 Force Sensing Devices—The typical force sensing device is a strain gauge load cell that contains temperature compensated
bonded strain gauges. The configuration and location of strain gauges should be such that measurements are not influenced by
possible eccentricity of loading.

7.7.1 The transducers shall have an accuracy of at least £100 kPa or 5 % of the reading (whichever is larger), except if the
transducer is dedicated to measuring the friction sleeve resistance, in which case the precision shall be at least 15 kPa or 15 % of
the reading (whichever is larger).
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i#tA piezocone can contain porous ﬁlter element(s) pressure transducer(s) and ﬂurd Jr@Hn—a—eeﬂveﬂﬁeﬂa-l—frteﬁen—t-ype—eeﬂe

dfilled ports connectrng the elements to the transducer to
oadshows some common design
se-{piezocones (with ideal

types used in practice for 10—cm2 eels-orand 15-cm? sub
1men510nsz th—H—

7.8.1 Irthe etton e-pene neter-the-cone-and-sleeve bothpr eeThe pore water pressure measurement location of
the porous element shall be erther in the cone t1p (Type 1 or eompressiveu foreesonthetoadeells—Thetoad-—eelts), immediately
behind the cone tip (Type 2 or areu,joined-togetherinstch-amanner-that the-eel) or immediately behind the friction sleeve (Type
3 or nearestu -the-conetthe-“C>eettn). Some piezocones used for research purposes Fig—tbmay)measures-the-compressive foree
en-have multiple measurement locations. The Type 2 piezocone is preferred to allow correction of tip resistances. Moreover, this
type is less subject to damage and abrasion, and shows fewer compressibility effects (1, 8).the-eone-while-the-second-eet-the
“C+-S”>eel-However, Type 2 cones may be subject to cavitation at shallow depths in dense soils because the zone behind the
height of cylindrical extension is a zone of dilation in Fig—tdrained soils. Similar response can occur in stiff fissured clays and

crusts bg_l}—meaSﬂfes—Pore water pressure measurements obtalned at the su-mgl ef—t-h&eempfessw&fefees—eﬂ—be{-h—t-he—eeﬂe—aﬂd

for dissipation readings, compressrbrhty determrnatrons and layer detectron pamcularly in ﬁssured soils and materials prone to

cause cavitation of Type 2 prezocones but are more sublect to wear and damage req-u-lrementsh llferle}eefreﬂ-te-peﬁefremefefs-

d = 35.7 mm d = 35.7 mm d = 35.7 mm
| Section
i i Area =
! 10 cm?
£
=
<+
: . ’
o Section [
a2} Area = =
I 15 cm?
£
——— U, = shoulder
60° porewater
u, = face pressure
g. = measured porewater
cone tip resistance pressure
Electric Friction Type 1 Type 2 Type 2
Cone Penetrometer Piezocone Piezocone Piezocone

FIG. 34 PenetrometerCone Design Configurations: (a) Electronic Friction-type, (b) Type 1 Piezocone, (c) Standard 10-cm? Type 2
Piezocone, and (d) 15-cm? Type 2 Version (7) (courtesy ConeTec Data Services)
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design and configuration aspects can affect the measurement of dynamiepore water pressures. Variables such as the element
location, design and volume of ports, and the type and degree of saturation of the fluids, cavitation of the element fluid system and

resaturation lag time, depth and saturation of soil during testing all affect the dynamie-porewaterpore water pressure measured

during testing and dissipation tests of dynamie-pore water pressures (2, 3, 4, 8). It is beyond the scope of the procedure to address
all of these variables. As a minimum, complete information sheuldshall be reported as to the design, configuration, and the

preparation of the piezocone system that is used for the particular sounding.

Q 1 NMeac cazan o . v dractatie
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7.8.3 Measurement of equ1hbr1um pore Water pressures during pauses in testrng are more straightforward. The presence of air

entrained in the system only affects dynamic response. In high permeability soils (for example, clean sands or gravel), the pore
water pressure will equalize the equilibrium pore pressure within seconds or minutes. In low permeability materials such as high
plasticity clays, equalization can take many hours. If the goal of the exploration program is only to acquire equilibrium pore water
pressures in sands, some of the preparation procedures for pore water pressure measuring can be relaxed, such as deairing fluids.
However, such relaxation shall be reported in detail, including on each pore pressure graph generated with such relaxed preparation
procedures.

7.8.4 The pressure transducer is normally housed near the cone tip. For dynamic pressure measurements, the filter and ports are
filled with deaired fluid and the volume of connecting ports to the transducer should be minimized. The transducer shall have an
accuracy of at least 25 kPa or 3 % of the reading (whichever is larger).

7.8.5 Element—The element is a fine porous filter made from plastic, sintered steel or bronze, or ceramic. The pore size should
be less than 100 micron. Different materials have different advantages. Smearing of metallic element openings by hard soil grains
may reduce dynamic response of the system, thus these elements are normally not used for Type 1 cones, but best suited for Type
2 or Type 3 cones. Ceramic elements are very brittle and may crack when loaded, but perform well for Type 1 cones as they reduce
compressibility concerns. Polypropylene plastic elements are most commonly used in practice, particularly for Type 2 and Type
3 cones, but they may be inappropriate for environmental type CPTs where contaminant detection is sought.

7.8.6 Fluids for Saturation—Pure glycerine or silicone oil is most often applied for deairing elements that are used to measure
the dynamic response. These stiff viscous oils have less tendency to cavitate, although cavitation may be controlled by the effective
pore size of the element mounting surfaces. Water or water mixtures can be used for the fluid if the entire sounding will be
submerged, or if the dynamic response is not important. The fluids are deaired using procedures described in 11.1.

7.9 Measuring-Data Acquisition System—The signals from the penetrometercone transducers are to be displayed at the surface
durlng testrng as a contrnuously updated plot agalnst dept-h—penetratlon length The data are also to be recorded electronlcally f-er

7.10 Push Rods—Steel rods are required having a cross sectional area adequate to sustain, without buckling, the thrust required

to advance the penetrometer-tip—Forpenetrometers-tsing-eleetricalcone. For systems that use cables, the cable is prestrung through
the rods prior to testing. Push rods are typically supplied in 1-meter tengths—lengths, although other lengths are used as well. The

push rods must be secured together to bear agalnst each other at the ]01nts and form a r1g1d Jomted strrng of push rods. Fhe

perma-nent—cu-rvafure—Before a test is carrled out the hnearrty of the push rods should be checked If any 1nd1cat10ns of bendlng
appear, the use of the rods should be suspended

7.10.1 For the 10-cm?® pene stte—strength—cone steel push rods are typically 36-mm
outside diameter, 16-mm inside dlameter and have a mass per unit length of 6.65 kg/m For 15-cm? penetrometers;cones, the test
may—be—pushedis typically performed with 44.5-mm outside diameter rods or with standard rods used for the 10- -cm?
penetrometet-cones, although other diameters are used as well.

7.11 Friction Reducer—Friction reducers are normally used on the push rods to reduce rod friction. If a friction reducer is used,
it shoutdshall be located on the push rods no closer than 8-5-m400 mm behind the cone tip base of the 10-cm* cone and 500 mm
behind the cone tip base of a 15-cm?* cone. Friction reducers, that increase push rod outside diameter by approximately 25 %, are
typically used for 10-cm? cones. If a 15-cm? penetrometercone is advanced with 36-mm push rods there may be no need for friction
reducers since the penetrometercone itself will open a larger hole. The type, size, amount, and location of friction reducer(s) used
during testing must be reported.
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