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• 1.O INTRODUCTION

This document describes the field procedures (FP) to be used for the

performance of the "Cone Penetrometer Test" (CPT) and the Hydropunch_ (or

similar equipment) sampling at Naval Air Station (NAS) Moffett Field. It

includes the calibration and data reporting requirements, and some

operational constraints. Standardization of the design and practices of the

CPT is by the American Society of Testing Materials (ASTM) Designation:

D3441-86, which governs the testing, calibration and reporting of the

procedure.
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• 2.0 PROJECT OBJECTIVE

The CPT and HydropunchTM are methods to determine if subsurface aquifer

material exists and if it is capable of producing water to a well. The

methods are less expensive than drilling wells and can be a preliminary method

for the selection of the locations for test-hole drilling. Therefore, the CPT

and HydropunchTM will be used in the initial Phase II field activities of NAS

Moffett Field.

These tests will be used to acquire physical data for soils classification,

and to collect ground water samples from the A aquifer. CPT surveys will be

made to locate the more sandy (and more permeable) A aquifer locations. Based

on this information, the HydropunchTM is used to collect a ground water

sample. Chemical analysis of the HydropunchTM water samples is intended to

provide preliminary information about the distribution of contaminantion in

the A aquifer and will aid in the placement of Phase II wells within each

site. The water samples will be analyzed for volatile organic compounds (VOC)

and total petroleum hydrocarbons (TPHC) on a 48-hour turnaround time. One

hundred and thirty CPT/HyrdopunchTM locations are proposed at Sites 3-9. These

locations are tentative and are intended to provide the following data:

• Detailed lithologic and chemical information relevant to potentially
contaminated areas identified during the Phase I activity.

• Lithologic and chemical information upgradient and downgradient of
suspected contaminant sources. Chemical analysis of Hydropunch_
ground water samples will assist in dctcrmining the need for
upgradient and downgradient monitoring wells at these suspected
contaminant sources.

• Lithologic and chemical information in areas not covered during Phase
I.

• CPT/HydropunchTM data will be used to evaluate the placement and need
for additional Phase II monitored wells at all sites. Chemical and

geologic information obtained from these may indicate some wells are
improperly located or unnecessary. Wells will be relocated or
eliminated on the basis of these tests.
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' 3.0 EQUIPMENT

CONE PENETROMETER TEST

The CPT is conducted by hydraulically driving a cone penetrometer into the

soil (Figure I). The cone penetrometer measures tip resistance (Qc), sleeve

friction (Fs), pore pressure (U) of the soils and inclination as it is

driven. The standard cone penetrometer has a 60-degree apex cone tip with a

projected cross section area of 1.55 in.2 (10 cm2), and a friction sleeve with

surface area of 23.2 in.2 (150 cm2) +/- 2% and a length of 5.24 inches (13.3

cm). However, these standards are not always strictly adhered to, with the

friction sleeve area and length varying between manufacturers. Many companies

use a 2.32 in.2 (15 cm2) cone because it is more rugged and can withstand

penetrating hard or gravelly soils.

The conical tip and cylindrical friction sleeve are attached to strain gauged

load cells which measure the soil resistance to penetration. The CPT tip also

contains a porous stone filter which is built into the cone tip and is

connected to a pressure transducer, which measures pore pressure. An

inclinometer in the penetrometer provides a check on the plumbness of the

•m, penetrometer. Electronic signals from the pressure transducer, the strain

gages and the inclinometer are transmitted through a cable in the hollow push

rods to analog and digital data recorders, which comprise the data acquisition

system. The system is generally housed in the cabin of a 4-wheel drive 20 (18

metric) ton truck. The data acquisition system for the CPT has a total of

eight recording channels. Data on cone tip resistance, sleeve friction

resistance, friction ratio, depth, inclination, pore pressures and

differential pore pressure ratio are usually recorded. In addition,

penetration can be stopped at any depth and pore pressure dissipation can be

measured. Dissipation is recorded at set time intervals or depths and can be

recorded as long as required.

The truck is rigged with a hydraulic jacking system used to drive the

penetrometer, the load of the hydraulic ram is transferred to the push rods

either by a thrust head on top of the push rods or by a hydraulic clamping

system. Each push rod is one meter in length. An electric cable has been

inserted through all the push rods connecting the penetrometer with the
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• automatic data recording system. The maximum thrust the push rods can

withstand is 45,000 pound force (ibf) (200 kiloNewton (kN)). A 45,000 ibf

(200 kN) thrust will penetrate depths up to 100 feet (30 meters) in dense or

stiff materials and up to 260 feet (80 meters) in looser soils. Power is

supplied by the power-takeoffs of the truck.

HYDROPUNCH_

The Hydropunch_ ground water sampling tool (Figure 2) can be used with either

cone penetrometer equipment or conventional drilling equipment to push or

drive the sampler to the desired sampling depth. The sampler is approximately

5 feet (152 cm) long and 1.5 inches (3.8 cm) in diameter and is constructed

entirely of stainless steel and Teflon® . The Hydropunch_ has a stainless

steel drive point, a perforated section of stainless steel pipe for sample

intake, a stainless steel and Teflon® sample chamber which is capable of

collecting 0.53 quarts (500 milliliters) of ground water, and an adapter to

attach the unit to either penetrometer push rods or standard soil sampling

drill rods.

As the unit is pushed or driven through the soil, the sample intake pipe is

shielded in watertight housing that prevents contaminated soil or ground water

from entering the unit. The shape of the sampler and its smooth exterior

surface prevents the downward transport of the surrounding soil and liquid as

the tool is advanced. When the desired sampling interval is reached, the

sampler is "Jerked" (retracted) upwards 12 to 18 inches, exposing the sampling

port to the water-bearing zone, permitting ground water to flow through the

screen into the sample chamber. A disposable, polypropylene screen covers the

sampling port to filter out sand particles.

As a ground water sample is collected, the drive cone and the sample chamber

are flush against the borehole walls, serving as packers which isolate the

intake screen from ground water above and below the zone being sampled. The

sample is collected under in-situ hydrostatic pressure with no aeration. In

addition to the sample being collected, the potentiometric surface of the

aquifer being sampled can be measured from the stabilized water level inside

the push rods. After the sample chamber is filled, the Hydropunch_ is pulled

upwards. This increases the hydrostatic pressure in the unit compared to the
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aquifer which closes the two Teflon® check valves and retains the sample

within the sample chamber. Upon retrieval, the upper check valve is replaced

with a Teflon® stop cock valve and a disposable tube. The ground water sample

is decanted out of the top of the sampler, in much the same way as decanting a

bailer. The sampler is turned upside down, the cock valve opened and the

sample decanted into a sample container through the Teflon® stopcock and

tubing.
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4.0 SCOPE

The CPT soundings and HydropunchTM sampling will be conducted up to the maximum

probable depth of the A aquifer, should it exist. It is anticipated that

soundings and sampling will not exceed a depth of 50 feet (15 meters),

depending on subsurface conditions encountered. Stratigraphic and related

geotechnical data will be obtained. CPT soundings will be performed at up to

172 locations. The initial planned locations are based on data from Phase I

activities and the objectives of Phase II and are shown in the Phase II plans

for each site. The final 25 percent of the CPT soundings, if needed, will be

located based on the initial CPT data, to locate sufficient aquifer material

for HydropunchTM sampling. The HydropunchTM will be employed at 130

locations. Locations of the Hydropunch_ will be determined based on known

data and on data collected from the adjacent CPT location. The HydropunchTM

will be used to collect ground water samples and water levels at depths to be

determined in the field.

HydropunchTM equipment will be disassembled and steam-cleaned before use and

between holes. All water during steam cleaning operations will be drummed and

temporarily stored on site. Decontamination procedures will be at least as

stringent as those outlined in Section 5.7.8 of the Sampling and Analysis

Plan. The cone penetrometer will be cleaned as necessary to remove soil and

other particulates from the tip and friction sleeve. Rinse water will be

drummed and disposed of with the HydropunchTM decon water.

All CPT and HydropunchTM holes will be backfilled with bentonite-cement grout

when possible though some holes may cave in upon removal of the tools. The

holes will be grouted from total depth to surface using tremie pipe. If the

holes do not remain open, an expendable cone will be inserted on the end of

the HydropunchTM push rods or tremie pipe and advanced in the same hole to the

total depth. The expendable cone will be dislodged and cemented in place, and

the hole will be grouted from bottom to surface using this tremie method.
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5.0 INTERFERENCES AND LIMITATIONS

There are certain factors which have a marked effect upon the performance,

measurements and interpretation of the cone penetrometer data, especially pore

pressure and friction sleeve measurements. These factors are discussed below.

• The rate at which the penetrometer is driven into the ground. The
rate of penetration may be affected by particle creep, particle
crushing, and pore pressure effects. Anything below the standard
rate of penetration could affect undrained soil conditions allowing
time for the system to drain, causing smaller excess pore
pressures. However, as long as the rate of penetration is the same
for all soundings, all the parameters will be measured relative to
one another. In other words, the rate of penetration must remain
constant for all soundings done at NAS Moffett Field. (Ref. Smythe,
et al, 1988)

• Placement of the piezoelement. The measured pore pressures during
cone penetrometer testing depends on the location of the piezometer
element. This must be taken into account during interpretation.
(Ref. Smythe, et al, 1988)

• Choice of material for the piezocone. Sintered steel, ceramic, stone
and polyethylene are some of the filter materials being used. The
type of material used does not seem to affect the pore pressure
readings, but ceramic and stone elements are most widely used. (Ref.
Smythe, et al, 1988)

• Saturation of the piezocone has the greatest effect on the pore
pressure reading. It is absolutely essential that the element is
saturated at all times during the penetration test, since entrapped
air could cause pore pressures to continue to build even after
penetration has stopped. In this situation, trapped air will allow
the pore water to continue to flow for a period of time. (Ref.
Smythe, et al, 1988)

• Temperature effects on the load cells (most commonly strain
gauges). The load cells and pressure transducers within the cone are
often temperature dependent and are almost always calibrated at room
or air temperature. Soil and ground water are often cooler than the
calibration temperature, and a shift in the zero can occur for both
load cells and pressure transducers during penetration. For cone
testing in dry sand, considerable heat can be generated during
penetration. These changes in temperature may have little
consequence for cone testing in sand where measurements are usually
large. However, the zero shift can be significant in very soft or
loose soils. Temperature corrections can be made if the temperature
of the cone tip is monitored. (Ref. Smythe, et al, 1988)

• The tip is often deflected or drifted from the vertical. Once a cone
tip has been deflected or has drifted, it continues along a path with
a relatively consistent radius of curvature. In general, the
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equipment accepts one degree of deflection per meter length without
noticeable damage. A sudden deflection in excess of one or two
degrees may cause damage to the push rods and penetration should
cease. If cemented gravel is encountered during CPT, it may be a
limiting factor to possible sounding depth.

• Wear of tip. Penetration into abrasive soils eventually wears down
or scours the penetrometer tip. Discard tips or parts of, whose wear
changes their geometry or surface roughness. (Ref. ASTM, 1988)

° Friction sleeves with unequal end areas require a correction for a
shift in the zero for both the friction and tip measurements. The
zero shift is because of unequal end areas of the friction sleeve and
is especially significant in deep profiles beneath the water table
and in low permeability saturated soils where very large dynamic pore
pressures are generated during penetration. The best solution is to
use a friction sleeve with equal end areas. If not, a correction
needs to be applied to the measured bearing. (Ref. Smythe, et al,
1988)

• Soils' stress (geologic) history is important in CPT interpretation
because the in situ radial stress has a significant effect on the
cone resistance. For this reason, CPT soundings shall not be
performed any closer than 25 boring diameters from an existing,
unbackfilled, or uncased boring hole. (Ref. ASTM, 1988)

• Variations of sound compressibility will have a significant influence
on correlations with relative density but a smaller influence on

correlations with friction angle.

• Layering in geologic systems (i.e., a thin sand layer located in soft
clay deposits) can cause scale effects when using cones of a large
diameter.

The Hydropunch_ is a ruggedly constructed sampling tool designed to be pushed

or driven into position. Although designed for durability, some basic

guidelines should be followed.

• As a general rule, the Hydropunch_ can be driven into formations
where a standard 2-inch split spoon sampler or a CPT can be driven.
Suitable geologic material include unconsolidated clays, silts, sands
and fine gravels.

• Blow counts of over thirty blows per six inches may indicate that
damage might occur while driving the Hydropunch_ sampler.

• Do not push the Hydropunchm from the surface into the soil with the
entire barrel unsupported. If the applied force to the unit is not
in a vertical plane or an obstruction is encountered while driving
the unit, the unit may be damaged by bending.

V
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• The Hydropunch_ sample chamber is designed to be filled using the
aquifer's hydrostatic pressure. The sample chamber will fill only as
fast as the formation will yield water. In addition, the cone and
sample chamber must isolate the sampling intake port from fluids
above and below the zone being sampled. To collect the desired
ground water sample, the sampling intake port must be in hydraulic
contact with only the selected aquifer zone.

• The location of the sample chamber above the intake requires that the
Hydropunch_ be driven a minimum of five feet below the static water
level for a sample to be collected.
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6.0 PROCEDURES

The Field Coordinator will perform and document a quality cheek to determine

that the subcontractor has provided all the stipulated equipment and is

prepared to do the survey as planned. The CPT subcontractor will provide data

on the type and dimensions of the probes and equipment, type and location of

the piezoelement along with the results of previous periodic calibrations.

• CPT cones will be calibrated at zero load reading in air and water
and shielded away from direct sunlight before the sounding at each
location. Upon completion of the test, the piezocone will again be
calibrated to zero load reading and compared to the initial reading.

• The CPT will be advanced into the subsurface at a consistent
controlled rate of 0.03 to 0.07 ft/second (I to 2 cm/second). Field
plots can consist of cone tip resistance, sleeve friction resistance,
friction ratio, depth, inclination, pore pressures and differential
pore pressure ratio.

• Pore pressure dissipation tests may be conducted when the CPT probe
is stationary at pre-chosen horizons and recorded for a set time
interval. The time interval is dependent on the lithology of the
zone being tested.

• The CPT will be retracted from the hole and the hole grouted before
setting up over the adjacent HydropunchTM location.

• The Hydropunch_ sample locations will be set approximately 3 to 4
feet (I to 1.2 meters) from a previous CPT location. The probe will
be advanced to the specified depth, which will be a permeable layer
as defined from the adjacent CPT. Once at the specified depth, the
outer Jacket of the Hydropuneh_ probe will be "Jerked" (retracted)
upwards to allow ground water inflow into the sample chamber. After
the sample chamber has filled, the probe will be retracted from the
hole and the sample transferred to the sample containers. To detect
when the sample chamber is full, place a surgical glove over the end
of the push rod (before the sampler is retracted). When the glove
inflates, a sample has been collected (an optional technique to use
if unsure whether the chamber is full). The probe and push/drive
rods will be decontaminated before reuse as described in Section 4.0
of this document and 5.7.8 of the Sampling and Analysis Plan.

• For water level measurements using the Hydropuneh_, allow enough time
for ground water to fill the sample chamber and the push rods. After
static water level conditions are achieved, a thoroughly
decontaminated electric tape is lowered through the push rods and the
water level is measured and recorded. The measurement is repeated
three times. Measurement is referenced to ground surface.

• The CPT soundings and the Hydropunch_ ground water sample collection
will be performed by an experienced subcontractor under the direction
of the IT Field Supervisor.
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7.0 MEASUREMENTS, SAMPLING, CALIBRATION, AND CORRELATION OF DATA

CPT MEASUREMENTS

The CPT measures tip resistance, sleeve friction, and pore pressure. All

other output are variations on these three parameters except depth and

inclination. Typical continuous printout of the field log is tip resistance

(Qc), sleeve friction (Fs), friction ratio (FR), pore pressure (U), and

differential pore pressure ratio (_U/Qt) (Figures 3 and 4). (Qt is the tip

resistance corrected for pore pressure effects.) The friction ratio is equal

to the corrected tip resistance divided by the sleeve friction (Qt/Fs).

Electronic sensors at the tip and sides of the probe measure penetration (tip)

resistance and side (sleeve) friction of the soil, respectively. These two

parameters are typically different for granular soils and clayey soils, thus

identifying the occurrence of sands and gravels versus clays and silts.

Values for both of these parameters are low with a high friction ratio as the

probe is driven through clays and silts and relatively high with a low

friction ratio for sands and gravels. The value of the friction ratio and the

tip resistance at a certain depth is plotted on a soll behavior type

classification chart and the type of soil at that point is determined. The

use of the differential pore pressure ratio will differentiate soil types and

allow for more accurate stratigraphic interpretations. Dynamic pore pressure

measurements from the dissipation tests can be used to estimate hydraulic

conductivity of the fine grained soil layers. Pore pressure dissipation

measurements may also be used to identify the potentiometrie level. (Ref.

Smythe, et al, i988)

Depth control is maintained by the data acquisition system. The system counts

the number of whole and partial push rods used. The cone penetrometer is

measured at the tip of the tool and zeroed at the ground surface.

HYDROPUNCH_ SAMPLING

A ground water sample is retrieved when the Hydropunoh_ sample chamber is

filled. Similar to a bailer, the upward movement of the sampler increases the

hydrostatic pressure in the unit, which closes the two cheek valves and

retains the sample within the sample chamber. Upon retrieval, the push rods

are disconnected from the Hydropuneh_ and the upper valve is removed. The
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ground water sample is decanted out of the top of the sampler, in much the

same way as decanting a bailer. The upper check valve is replaced with a

Teflon® stop cock valve and a disposable tube. The sampler is turned upside

down, the cock valve opened and the sample decanted into a sample container

through the Teflon® stopcock and tubing. The sample is then sent to the

laboratory for analysis. Samples will be analyzed for VOCs (EPA Method 324),

and for high boiling TPHC (EPA Modified Method 8015) and confirmed results

reported within 48 hours. The sample collection procedures are further

described in Section 5.9.1 of the Sampling and Analysis Plan.

Depth control is maintained by counting the number of whole and partial push

or drive rods used. The Hydropunch_ is measured at the tip of the tool and

zeroed at the ground surface.

CALIBRATION AND CORRELATION

CPT

The CPT subcontractor will provide data on the type and dimensions of the

probes and equipment, along with the results of current shop calibrations.

CPT cones will be calibrated at zero load reading in air and water and

shielded away from direct sunlight before the sounding at each location. Upon

completion of the test, the piezocone will again be calibrated to zero load

reading and compared to the initial reading.

Initial correlation of the CPT data with Moffitt lithology for the site will

be accomplished by comparing the CPT data with data from an adjacent

continuously sampled and geophysically logged soil boring.

HYDROPUNCH_

To correlate the Hydropunch_ sample data, analytical results from the

HydropunchTM ground water samples will be compared to monitoring well sample

data. Samples will be collected with the Hydropunch_ from several test

locations adjacent to existing A aquifer wells. The test locations (wells)
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will be selected to test the accuracy of the Hydropunch TM samples (relative to

the wells) for high, low, and mid-range contaminant levels.
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8.0 REPORTING

The CPT subcontractor will provide a field survey report of the test data

prior to moving off each location. The CPT subcontractor will record on the

survey report the operator's name, date of the survey, and the CPT location

number. The report will include descriptions of the various probes and

equipment and the results of calibrations performed as well as interpretation

of the survey data.

Profiles of cone tip resistance, sleeve friction resistance, friction ratio,

inclination, pore pressures and differential pore pressure ratio versus depth

will be included in the report (Figures 3 and 4). Graphs of pore pressure

dissipation versus time will be provided for each of the relevant test

locations. In addition, the report will list the derived geotechnical

parameters related to the subsurface conditions, including soil types,

standard penetration test blow counts, relative density, and shear strengths.

All data is to be stored on a magnetic medium for future processing and so

that a printout (graphical presentation) of the data is immediately available

for in-field stratigraphic correlation and evaluation. The interpretative

data will be copied to floppy disks in ASCII format for further data reduction

purposes.
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( ( Date: 12/06/8_

SOUNDING DATA IN FILE #

ENGINEER : LOCATION:
CONE ID: JOB #:

1 Terra Technologies
q
! DEPTH TIP RESISTANCE LOCAL FRICTION FRICTION RATIO PORE PRESSURE PORE PRESSURE DIFFERENTIAL RATIO INCLINATIONi

(feet) (Ton/ft2) (Ton/ft2) (Percent) (PSI Gauge) (Percent) (Degrees)

I 0.2 -0.05 31.25 0.0 0.2 0.0

2 0.2 -0.05 34.75 0.0 1.2 0.0

3 0.3 -0.05 15.63 0.0 0.9 0.0
4 0.0 -0.05 66.51 -0.0 -0.0 -0.0

5 0.0 -0.06 144.99 0.0 4.0 -0.0

6 0.3 -0.06 18.37 0.0 1.4 0.0

7 0.4 -0.07 16.69 0.0 0.2 -0.0

8 1.9 -0.07 3.80 -0.o -0.02 o.o

9 0.0 -0.07 163.98 0.2 39.0 o.o

10 0.7 -0.05 7.99 0.3 2.40 0.0
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APPENDIX A

ASTM DESIGNATION: D3441-86
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_) Designation:D 3441 - 86

Standard Test Method for
Deep, Quasi-Static, Cone and Friction-Cone Penetration Tests
Of Soil I

i

This s_u/ard i_ issued under the fixed designation D 3441; the number immediately followml the de_puttion indicates the year of
onlpna]adopttonor.m _he_ of revmon,the yearofhm revmon. A numberin I_,_'n'._-- indicatesthe yearof la_ reapprovtLA
supers_l_ el:talon (t) inchcates an editorud chanle since the _ t_vmoo or reappmvtl.

1. Scope tance to penetration developed by the cone. equal to the
1.1 This test method covers the determination of end vertical force applied to the cone divided by its horizontally

beanng and side friction, the components of penetration projectedarea.
2.4 cone sounding--the entire series of penetration testsresistancewhich are developed duringthe steady slow pene-

tration of a pointed rod into soil. This method is sometimes performedat one location when using a cone penetrometer.
referredto as the "Dutch Cone Test," or "Cone Penetration 2.5 electric penetrometer--a_penetrometer that uses elec-
Test"and is often abbreviated as the "CFT." tric-force transducers built into a nontelescoping penetro-

i.2 This test method includes the use of both cone and meter tip for measuring,within the tip, the component(s) of
friction-conepenetrometen, of both the mechanicaland elec- penetrationresistance.
tric types. It does not include data interpretation. It also 2.6 friction-conepenetrometer--a cone penetrometerwith
in,lades the penetrometer aspects of piezocone soundings, the additional capabilityof measuring the local side friction
but does not include the details of piezometer construction, component of penetrationresistance.
location, measurement, or data interpretation. 2.7 friction-conesounding--the entireseriesof penetration

tests performed at one location when using a friction-cone
NOTE l--The European Standard for the Clr[" _ • tip of right

cylindricalshapeasthowninF_ 3, as theirreferencetestagJinstwhich penetrometer.
otherCFr$maybecompared. 2.8 friction ratio, R/---the ratio of friction resistance to

cone resistance,f,/€,, expressedin percent.
1.3 Mechanicalpenetrometersof the type described in this 2.9 friction resistance, f,--the resistance to penetration

method operate incrementally, using a telescoping penetro- developed by the friction sleeve, equal to the vertical force :t
metertip, resultingin no movement of the push rodsduring applied to the sleeve divided by its surfacearea. Th_
the measurement of the resistancecomponents. Design con- tance consists of the sum of friction and adhesion.
straints for mechanical penetrometers preclude a complete 2.10 friction sleeve--a section of the penetrometer tipseparationof the end-bearing and side-friction components.

_, Electricpenetrometersareadvanced continuously and permit upon which the local side-frictionresistancedevelops.
separatemeasurement of both components. Differences in 2.11 inner rods--rods that slide inside the push rods to
shape and method of advance between cone penetrometer extend the tip of a mechanical penetrometer.
tips may result in significant differences in one or both 2.12 mechanical penetrometer--a penetrometer that uses
resistancecomponents, a set of inner rods to operate a telescoping penetrometertip

and to transmit the component(s) of penetration_nce1.4 This standard may involve hazardous materials, oper-
ations, and equtpment. This standard does not purport to to the surface for m_ment.
address all of the safety problems associated with its use. It is 2.13 penetrometer tip.-the end section of the penetrome-
the responsibility of the user of this standard to establish ter, which comprises the active elements that sense the soft
appropriate safety and health practices and determine the _ce, the cone, and in the case of the friction-cone
applicability of regulazorylimitations prior to use. pen_trometer,the friction sleeve.

2.13.1 Discussion--The addition of a piezometer to the
2. Defmitions electric penetmmeter tip permitsthe measurement of pore

waterpressureduringand afterstoppingtippenetration.A
2.1 cone--the cone-shapedpointof the penetrometer tip, penetrometerincludinga piezometeris known as a piezocone

upon which the end-bearingresistancedevelops, penetrometer,or justpiezocone.
2.2 cone penetrometer--an instrument in the form of a

cylindrical rod with a conical point designed for penetrating 2.14 piezocone sounding--the entire series of penetration •
soil and soft rock and for measuring the end-hearing corn- tests performed at one location when using a piezocone
ponent of penetrationre_laace, penem3meter.

2.3 cone resistance orend-bearing resistance, qc--there_s- 2.15 push rods--the thick-walled tubes, or other suitablerods.usedforadvancingthepenetrometertiptothereqmred
teatdepth.

' This test method is under the )umdiclion of ASTM Committee D-IS on Soil
andRockand- thedu_,ct8t..spotmbilityof SuboommmeeD15.02on Samptins 3. S[_w_]€_llCe i Use
and Related Field T,'_.nl for S_I Invmugation_

Currt'nteditionapprovedOct.31,1986.I_blishedDecember1996.Orilinaily 3.1 This test method supplies data on the engineering
p.tdi,hnd-. D344,- 7ST.L_ me,_otaee*tionD344,- 79. propertiesof soil intended to help with the design and con-
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3s7 marion or expenence may preclude the need for borings.
,_ __|_'_'| 3.3 Engineersoften correlatethe resultsof tests bythis test

' with the type of soil involved. Engineersusually relyon local
_ I ILL.,4_ ex_riencetojudgethisaccuracy.
e I _ m_ ,g 3.4 Most engineerswith offshore experiencehave also

I I]] _ found this test method suitable for offshore use.
"i' O_ I --

_______ 4. Apparatus
4.1 General:

• 4.1.1Cone--Theconeshallhavea 60"(±5")pointangle

resultingin a projected area of !.55 in.2( 10cm2). The point

_-'-_o_E ofthe coneshallhavea radiuslessthanV,in.(3 ram).w 7
35 mm--_ _ ----t

_oo_ _______ N_ 2-Co=tip,_,th_-, .d,=_m.be_ to,=._me_urement sensRivRyinweak soils.F.x_ce withelccmc_Jtips
withendareabetween0.78in.2(5c-m2)and3.I0in.2(20cm2)h_shown
_attheyproduc=datasamiJzrtothc1.5:5in,2(I0cm2)sta_LudIXOVid_

GOLLJ,PSED EXTENDED they rmuntmn the,--metipIgeometry.Conetipsizesin tim nmllemay
beusedforspecialcircumstancesprovidedtheconetipandfricuon

FIG. 1 Exam_eof•Mechanlc_ConePQnetmmetefT1p(Dut_h sleeve (if any) area is noted.

Mane• Cane) 4.1.2 Friction Sleeve. I-.avingthe same outside diameter
4-0.024to -0.000in.(+0.5to-0.0 mm)asthebasediameter
ofthecone(see4.I.!).Nootherpartofthe penetrometertip
shall project outside the sleeve diameter. The surfacearea of

,2| i_.,sm_ the sleeve shall be 23.2 in.Z(150 cmZ):t:2%.
4.1.3 Steel--The cone and friction sleeve shallbemade

_,,,, fromsteelof atyceandhardnesssuitabletoresistweardue
to abrasion by soil. The friction sleeve shall have and main-

,_ _E _ lainwithusea roughnessof20pin.(0.5_m) AA, ±50 %.
_ ,*E _- 4.1.4Push Rods--Made of suitable steel, these rods must

).,. havea sectionadequateto sustain,withoutbuckling,the
tth-ustrequiredto advancethe penetrometertip.Theymust

"__ i havean outside diameternot greaterthan the diameterof the
I base of the cone for a length of at least 1.3 fl (0.4 m) above
E sT,, thebase,or, ;.n_: _ of_e friction-conepenetrometer,at

"' I g leastl.O11(0.3m) abovethetopofthefrictionsleeve.Each
" push rod must have the same, constantinside diameter.They cone in tel:,

., must screworattachtogethertobearagainsteachotherand Non 4-
,_| _ form a rigid-jointedstringof rodswith a continuous, straight elaine€omlm

axis. thatthe thrus_
rodt In thisc_

• 4.1.5 Inner Rods--Mechanical penetrometers require a elastical/ytot_
sq)arate set of steel, or other metal alloy,inner rods within thethrustmac

E the steel push rods. The inner rods must have a constant
__ outsidediameterwith a roughnes_ excluding waviness, less 4.2.2 Mec

than10gin.(0.25pm)AA.Theymusthavethesamelength protectiona_
as the push rods (±0.004 in. or ±0.I mm) and a crosssection _ affectingthe

adequate to transmit the cone resistancewithout bucklingor I 4.2.3 Con_
otherdamage.Clearancebetweeninnerrodsandpushrods actionof one
shallbebetween0.020and0.040in.(0.5and 1.0ram).See ofreduceddi_

COL.LAPSED EXTENDED 6.8.1. _potablesoil c,
2 _ o_• t_ehameal F_ _ Tt_ 4. !.6 Measurement Accuracy_Maintain the thrust.men- J Nor_S--An

(BegemsnnFric_k._4m) suring instrumentationto obtain thrustmeasurements within i thismaneeaadt
+5 % of the correctvalue& I 4.2.4 Frieti(

struction of earthworksandthe foundations for structures. Note 3--Spec_ aadp_.ferablyredundaat,imarumentationmayIx sign and actio_
3.2 This test method tests the soil in place and does not requiredin the ofl_oreenvironmentto uma'ethit accuracyandrig, PCDetrometert

' obtainsoilsamples.The interpretationoftheresuRsfrom properoperationof_ thet_.moteWaemsinvotved, to whichthe

r this method requiresknowledge of the types of soft pene- .;.2 Mechanical Penetrometers: :engq_sthefi'i
_1_ trated.Engineersusuallyobtainthissoil informationfrom 4.2.! The slidingmechanismnecessaryin a mechanical Non6---The
!: parallel borings and soil sampling methods, but prior infor- penetrometer tip must allow a downward movement of the

410



O D3441
8 5 3 2 5

ofr,e10•m. ordirectt_, _ ]

:hcommons will vary

experience have also _) ---_-__

1 coral portooore-3
2 Lmdam

60"(±5")point angle 4wmnxool_rmo
Sin.(35.7± 0.4ram), s
n."(10 cm:).The point 6 Catm7 Stt/n ga_l
mt/,in. (3 mm). s cosn._m._rue.
s m.aybe used to increase 9 l_memtttr
enence wnh elecmcalfilm PIG. 3 _ I=_n_lrn_MN_ Tip _
;.I0in3(20cm:)hasshown
(I0cm_)standardprovided
tip sizes in thisrangemay 8 5 4 2

_ame outside diameter [
m) as the basediameter

of the penetrometertip __::
ter.The surfaceareaof - ;'_\_-_-

nsleeveshallbemade
t

tableto resistwear due _ co_at_ooo_
eshallhaveandmain- 2 Lore¢m
0,5_m) AA, ±50%. _ s_ _oe,
e steel,theserodsmust 4 F_m mOSOcm _)
withoutbuckling, the s_ mee wm,wcoftaJm_

-ometer tip. They must 7 cm,
ban th_ .meter of the e _ _ mm
_stt.3]_IRO.4m) above _ 4 _ Fdeem-CemPmmmmm.r
_-conepenetrometer, at
he friction sleeve. Each
,t inside diameter. They cone in relationto thepush rodsof at least 1.2in. (30.5 mmL te_ end-bea:ingnmstaaceInumdsasmuchu twothin_of thesleeve

re_igance may €omfierof bearinl on this dtoulder, lilnore this effect in
against eachother and Non 4---At ce_tmn combitmtions of depth tad tip rmstance(s), the m/t to medium clay&
a continuous, straight elms: €omlm_ionof theinnerrodsmayexceedthedownward_toke

thatthethnmnutchinecanat)l_ tothe innerrodsre_ve to tbe0mh 4.2.5 MeasunngEquipment--Measurethepenetmtionre.
rodt.in timcite, thetit)_ notextendandthethnmreadingtwillrite si.qamce(s)at the surfaceby a suitable device such as a

.netrometers requirea elasticallytotbeendofthemachine_rokeandtbeajumpalmtpdywhen hydraulicor electricloadcellor provingring,
.lloy, inner rods within thethrustmachinemakescont_-twiththeImahrods. 4.3 Electric Penetrometers:m_t have a con=d.?.nt
_cludingwaviness, less 4.2.2 Mechamcal penetrometer tip design shall include 4.3. I Cone PenetrometerQFigure 3 shows one design for
,t have thesame length protection against soil entering the sliding mechanism and an electric-cone penetrometer tip. The cone resistance is
_rn)and a cross section affectingthe resistancecomponent(s) (see 4.2.3 and Note 5). measured by means of a force transducer attached to the
cewithout bucklingor 4.2.3 Cone Penetrometer--Figure 1 shows the design and cone. An electriccableor other suitable system transmitsthe
_errods and push rods action of one mechanicaJcone penetrometertip. A mantle tzan_ucer signals to a data recording system. Electric-cone

of reduceddiameter is attachedabove the cone to minimize penetrometersshall permit continuous advance and record-
(0.5 and 1.0 ram). See possiblesoil contamination oft_e sliding mechanism, ing over each push rod-lengthinterval.

dntain the thrust-men- No_ f,---An unknown amount of sdde ft_cfioB may _ along 4.3.2 Friction-Cone Penetrometer_The bottom of the
_tmeasurementswithin thismantleam/beincludedintheconer_mmce, friction sleeve shall not be more than 0.4 in. (10 ram) above

the base of the cone. The same requirementsas 4.3.1 apply.
4.2.4 Friction-Cone Penetrometer--Figure 2 shows the de- Figure 4 showsone design for an electric friction-cone pene-

nt.imlrumentationmaybe sign and action of one telescoping mechanical friction-cone trometer tip.
_uRthisaccuracyandtl_ penetrometertip. The lowerpartof the tip, including a mantle 4.3.3 Other Pentnrometers--Electric penetrometers may
_olved. to which the cone attaches, advances first until the flange include othertransducer measurementsas well at, or instead

enl_ges the friction sleeve and then both advance, of, the frictionsleeve measurement. Common ones areincli-
,ssaryina mechanical Non 6.--ThethoulderatthelowerendofthefrictioBdee__ nometerstoassistwiththealignmentcontrol ofthetip (see
wardmovementofthe
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5.7,
: _TI-IqUST I:EIqOVI_) (PISTON IqEVERSF.D) lane(

( ! __l usin_
_ / that

....... _ ...... _----'_lL"sm'_" ENGAGED (IN THIS CASE STILl_ nov(

PlqI_B.tJSLIE_CHANGE IN _EARt.IEST PT. A SLOW INI_qlEASE IN CONE RE- ofth(
"_ I _ _SlST_X:EWITH. OPS_*Tt_C_--_ SZST_X:E); I PS_=-mATX_P,ST ; OeTAtN_-£ rods
8 la / pozm"'T' _ t_ ,_ ,...._, _ssu_ Jt._ o_ than
ffll__, __ ...._ __ __ __ .l... __ __ .._ -- __ _ " t -- -- -- _.-. -- -- -- __._ [-TO ACClELISRATION OF I¢IqICTICI_ rods.---r'_ ..... "_-..... k--- t I- .... r*','- sL_ _ ca+-

_- W _" Z [ | l /"STEADY e-TATE BEI=_ _ lrtm'Vl_ MOVING F'RICTIQ_q NO

Y " _ / / / I t LY *NCAEASINGCOtE_ESZST_qCE) Nmet

\- ...... ..... ?- soon5.2
\ f:_ BuZLtXPrO ExTEM3¢_ I descr

1 t t I l 1 I Fig.
PRESStJ_ = resist

rupU:
Nor_---o-_"rm_mmmmeo_n__onsmmts_ mm_imt_ memmumiumvme_m wnn_ _ _ m _ _ _ _ 5.3

ext_ of ttw t_, .a-0"15me _m_t tr_lx_ _ iI_ _i_s _m_t ¢xmtatm_/_m_m_t_ly n I_ _0 _ Incttn__ _ _.
Howev_. tt_eol_to_ canr_ mada Wnssum 9_e oralunti it tteWtm, such -- at I_nt "€."By_'_ _ _ _r,eol_mt_ _ _ a Inc'acnmmsmn_ wry' ol 5.3
-i>_:.. TI-neo¢_tltc_ _t rled _ _ U loon u _ IRm" _ I_.ml__ m_wr.zo _ twin" _ or i_upt _ngu m _ rm_t_r_ may matut tt_ em_" throu

_. 5.3
FIG. 5 Annotated Chart Record of the Pressure Changes in the Hydmuik; Loed Cell Memmring Thrust on Top of Ihe Inner Rods tip h;

DudnganEuml_e E_enstonofIN) MechanicalF_ Penelrometm,Tip anda
temp

5.3
_.3) and piezometers to provide additional dataon soil stra- mem,Rmen_ Thh is Ix-nnmibleprovidedtherateactuallyusedand frictk

tigraphvandbehavior, then_son forthedeviationisnotedon thetestreo0cd, inter_
" No'r_ I l--Pore pn_aun_ generated ahead of and around the

4.4 Thrust Machine--This machine shall provide a con- tratinlconeor frictionconepenetrome_rtip_n havean important 5.3
tinuous stroke, preferablyover a distance greaterthan one effectontheq,andf,valuesmeasured.Piezoconetipswithsimulumeons &sin
push rod length. The machine must advance the penetrome- poRpremuemeasurementcapabilityhaveprovenusefultohelpevaJuate soun(
ter tip at a constant rate while the magnitude of the thrust suchefl'ec_andto provida additionaldataaboutthem'aUIraphyand satis_
requiredfluctuates(see 5.1.2). engineeringprolx-m_of thesoilspenetrated, poner

NOTE 7--Deep peneUlltion so-ndinp ttstla_y reqtlil_ • thrtl_ _I_- 5.2 Mechanical Penetrometers:
bility of at least 5 tons (45 kN). Most modern machines me hydraufi¢ 5.2.1 Cone Penetrometer--(l) Advance penetrometer tip 6. Sp
pistonswith10to 20-ton(90to 180-kN)tlmm.caml_lity.. to the requi..redtest depth by applyingsufficient thrust on the 6. I

4.5 Reaction Equipment--The properperformance of the push rods;and (2) Apply sufficient thruston the inner rods ofthi:
static-thrust machine requiresa stable, static reaction, to extend the penetrometertip (see Fig. 1). Obtain the cone capat

re,stance at a specific point (see5.2.3) during the downward tanceNOTE8--Thetypeoftea€rio-providedmayaffectthepenetmmete_
resastane_$)me_.mred,particularlyin themrfaceor aear-mrfacelayen, movement of the inner rods relative to the stationarypush tips a

rods.Repeatstep (1). Applysufficient thrust on the push rods intro(
5. Procedure _ to collapsethe extendedtip and advanceit to a newtest proje,

depth. By continuallyrepeating this two-step cycle,obtain rods (
5.l General: coneresistancedataatincrementsofdepth.Thisincrement meth,
5.1.1 Set up the thrust machine for a thrust direction as shallnot ordinarilyexceed 8 in. (203 mm). less tl

near vertical as practical. 5.2.2 Friction-Cone Penetrometer--Use this penetrometer proje_
5.1.2 Rate ofPenaration--Maintain a rate of depth pen- as described in 5.2.1 but obtaintwo resistancesduring the 1.0 fl

etrationof2 to4 ft/min(I0to20 mm/s) :1:25% when step(2)extensionofthetip(seeFigs.2 and5).Firstobtain frictJc
obtaining resistancedata. Otherratesof penetration may be the cone resistance during the imtial phaseof the extension, diam,
used between tests. When the lower part of the tip engages and pulls down the diam,

Nor_ 9--The rateof 2 fUmin(10 mm/s) providesthe time the friction sleeve, obtain a second measurement of the total No-
operatorneedsto readpmlleflythe rmistancevalues_ usingthe resistance of the cone plus the sleeve. Subtraction gives the useof
n._tumicalfriction-€onepenem)meter.Therateof4l_min(20totals)sleeveresistance.
is suitable for the single resistance reading nxluired when _ the 6.2
mechanicalcone_netrometerandprovidesfortheefftcieato_xn-ation NOTE12--_:mae of raillayering,the coneremaancemaychange bular
ofelectricpenetmmeten.TheE_ _tndasdrequires4 fl/min(20 dtmnltheadditionaldownwardmovementofthetiprequiredm obtain lengtl
mml$), thefri_onmeuummeut the rr
Nort 10--Ratesofpenemtfioneither_t'rorfmtes'thanthe_an- NOtE 13---Themil frk'tionaionlthedecvep_anadditionalover-

_ rotemaybensedfor-IX_iai_x:unman_es.inchu Im_ pnmmm."Immaeak_l ontl_ railabovethem_ andmayincomerunermmmm_ No-
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above that measured dunng the initial phase of the tip extemaon by an will require • special system of ca._ng support to resmct adequately the
unknown, but probably sinai1amount, ignot_ thiseffect, buckliu8of the pushrods.

5.2.3 RecordingData--To obtainreproduciblecone.regis- 6.3 Drift of Tip-- For penetrationdepthsexceedingabout
tancetestdata.orconeand friction-resistancetestdatawhen 40 ft (12 m), the tip will probablydriftawayfrom a vertical
using a friction-cone tip, record only those thrust readings alignment. Occasionally, seriousdriftingoccurs, even at less
that occur at a well-defined point during the downward depth. Reduce drifting by using push rods that are initially
movement of the top of the inner rods in relation to the top straightand by making sure that the initial cone penetration
of the push rods. Because of the elasticcompression of inner into soil does not involve unwanted, initial lateral thrust.
rods {see Note 4), this point ordinarilyshould ,be at not less Passingthrough or alongside an obstructionsuch as boulders,
than 1.0in. (25 ram) apparent relativemovement of the inner soil concretions, thin rock layers, or inclined dense layers
rods. When using the friction-cone penetrometer, this point may deflect the tip and induce drifting. Note any indications
shall bejust before the cone engagesthe friction sleeve, of encountering such obstructions and be alert for possible

Nort 14---Figure5 showsone exampleof howthe thrustin the subsequent improper tip operation as a sign of serious drift-
hydraulicloadcellcanvaryduringtheextensionof thefricuou-conetip. ing,

Notethejumpin gagepressun_whentheconeengagesthesleeve. Nort 17--ElectricvenetrometerUpsma_'alsoincorvoratean inc[i-
5.2.3.1 Obtain the cone plus friction-resistancereading as nometerto monitordriftand providea warmngwhenit becomes

soon as possible after the jump so as to minimize the error exce_ve
describedin Fig. 5. Unless using continuous recordingas in 6.4 Wear of Tip-Penetration into abrasive soils eventu-
Fig. 5, the operator should not record a cone plus friction allywears down or scours the penetrometer tip. Discard tips,
resistanceifhesuspectstheconeresistanceischangingat>- orpartsthereof,whosewearchang_theirgeometryorsurface
ruptlyorerratically, roughnesssotheyno longermeettherequirementsof4.I.

,0_ 5.3ElectricPenetrometers: Permitminorscratches.
;t•r_.
,tmmwmro¢ 5.3.1 If using continuous electric cable, prethread it 6.5 Distance Between Cone and Friction Sleeve--The fric.
_,e t_s srmr through the push rods. lion resistanceof thesleeve appliesto the soilat some distance

5.3.2 Record the initial reading(s)with the penetrometer above the soil in which the cone resistancewas obtained at
mtt_ Reds tip hanging freely in air or in water,out of direct sunlight, thesame time. When comparingthese resistances for the soil

and afteran initial, short penetration,test hole so that the tip at a slx'oiled depth, for example when computing friction
temperature is at soil temperature, ratios or when plotting these data on graphs, take proper

5.3.3 Record the cone resistance, or cone resistanceand accountof the verticaldistance between the base of the cone
Slyusedand friction resistance, continuously with depth or note them at and the midheight of the frictionsleeve.
,d the ix,he- intervalsof depth not exceeding 8 in. (203 ram). 6.6 Interruptions--The engineer may have to interruptthe
._important 5.3.4 At the end of a sounding, obtaina finalset of readings normal advance of a static penetration test for pu_ such
multaneous as in 5.3.2 and check them againstthe initial set. Discardthe as removing the penetrometer and drilling through layersor
,eipevaluatesounding,and repairorreplacethetipifthischeckisrmt obstructionstoostrongtopenetratestatically.Ifthepenetro-
illraphyand satisfactoryfor the accuracy desired for the resistancecom- meter is designed to be drivendynamically without damage

_' ponent(s), to its subsequent static performance (those illustratedherein
in Figs. I to 4 are not so designed), the engineer may drive

)meter tip 6. Sl_'ial Techniques and Precaatiom past such layersor obstructions. Delays of over l0 rain due
ust on the 6.1 Reduction of Friction Along Push Rods--The purpose to personnel or equipment problems shall be considered an
,nnerrods 0fthisfrictionreductionistoincreasethepenetrometerdepth interruption.Continuingthestaticpenetrationtestafteran
1 the cone capability,and not to reduce any differences between resis- interruption is permitted provided this additional testing
_lownward tance components determined by mechanical and electric remains in conformance with this standard. Obtain further
narypush tipsasnotedin 1.3.To accomplishthefrictionreduction,resistancecomponentdataonlyafterthetippassesthrough
push rods introduce a special rod with an enlargeddiameter or special the engi.'neer'sestimate of the idld_urbedzone ._':_-sultingfrom
:new t_'t projections,calleda"frictionreducer,"intothestringofpusla thenatureanddepthoftheinterruption.As an alternative,
:le,obtain rodsorbetweenthepushrodsandthetip.Anotherallowable readingsmay becontinuedwithoutfirstmakingtheaddi-
increment method to reduce friction is to use pushrods with a diameter tional tip penetrationand the disturbedzone evaluated from

less than that of the tip. In accordancewith 4.1.4, any such these data. Then disregarddata within the disturbedzone.
,etrometer projectionsor changes in diameter must begin no closer than

Nor_ tS.--laterrulmonoftheviezocone_un_nl| afar• pushallows
luringthe 1.0ft (0.3 m) fromthe baseof the coneorthe topof the meenlincertoexaminethedissipationof positiveornegativeexcess
rst obtain friction sleeve when using cones with the standard 4.1.1 potrewtte_lmtsmm:.
extension, diameter. For other cones (see Note 2) use no closer than 8
down the diametet_ 6.7 Below orAdjacent to Bormgs--A cone or friction-cone

sounding shall not be performed any closer than 25 boring
the total Nor1 15--Non-mechanicaltechnique, to reduce friction, tuchuthe diam_-rs from an existing, unbackfilled, uncased boring. gives the u_.ofdrillinllmudabovethetip,arealsoaUowsble.

hole. When performed at the bottom of a boring, the engineer
6.2 Prevention of Rod Bending Above Surface_Use a tu- should estimate the depth below the boring of the disturbed

my chanse bularrod guide,at the base of the thrust machine, of sufficient zone and disregard penetration test data in this zone. The
x/to obtaia lengthto preventsignificantbending of thepushrodsbetween depth may vary from one to five diameters. Where the
tioul over- the machine and the ground surface, engineerdoes not havesufficientexperiencewiththis variable
_enmttance Nort 16---Special situations, such at when working through water, a depth of at least three bonng diameters should be used.
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6.8 Mechanical Penetrometers: soil descriptions estimated from the friction-cone penetro- _]_[_
6.8. I Inner Rod Friction--Soil particles and corrosion can meter data, include a graph of the variation of friction ratio -UII"

increase the friction between inner rods and push rods, pos- with depth. Place this graph adjacent to the graph for cone
sibly resulting in significant errors in the measurement of the resistance, using the same depth scale (see 6.5).
resistance component(s). Clean and lubricate the inner rods. 7.3 Piezocone Penetrometer_in addition to the 7. I and

6.8.2 Weight of Inner Rods--For improved accuracy at 7.2 report requirements, a piezocone sounding shall include
low values of cone resistance, correct the thrust data to a parallel graph, to the same depth scale, of measured pont
include the accumulated weight of the inner rods from the water pressure during the penetration versus depth. Excess
tip to the topmost rod. pore water pressure venus time plots may also be constructed

6.8.3 Jamming--Soil particles between sliding surfaces or at those depths where the piezocone sounding is interrupted
bending of the tip may jam the mechanism during the many (see Note i).
extensions and collapses of the telescoping mechanical tip. 7.4 General--The operator shall record his name. the
Stop the sounding as soon as uncorrectable jamming occurs, name and location of the job, date of sounding, sounding 1. Stop

6.9 Electric Penetrometers: number, location coordinates, and soil and water surface 1.1 1"
elevations (if available). The report shall also include a note barrel s

6.9.1 WaterSeal--Provide adequate waterproofing for the as to the type of penetrometer tip used, the type of thrust identifi_
electric transducer. Make periodic checks to assure that no machine, tip and thrust calibration information, or both, any where i"
water has passed the seals, zero-drift noted, the method used to provide the reaction is adeq|

NOTE19_Someelecmctipsleevedesignsarenotcompensatedfor force, if a frictionreducerwas used.the methodof tip specim¢
hydrostaticendareaeffectsandrequirea calibrationcorrection.Deter- advancement, the method of recording, the condition of the without
miningthe net end areaof the cone underhydrostaticpressurealso rods and tip after withdrawal, and any special difficulties or significa
requiresa hydrostaticcalibrationmeasurement.The tipmanufacturm" other observations concerning the performance of the equip- result ocan usually supply these calibration enmg'tion constants. Their impor-
tance increasesas thesoilbeingtestedbecomesweaker, ment. tests sh,

7.5 Deviations from Standard--The report shall state that bance o
7. Report the test procedureswere in accordance with this Test Method 1.2 1"

7.1 Graph of Cone Resistance. qr--Every n.-portof a cone D 3441. 12_scnbe completely any deviations from this test test; ho,
Criction-conesoundingshall include a graph of the varia- method, blow co

of cone resistance (in units of tons or kPa) with depth 8. Precision and Bias Sul_len!.3 7
(in feet or metres). Successivecone-resistancetest values from 8.1 Because of the many variables involved and the lack ations.
the mechanical cone andfriction-cone penetrometer_ usually of a superior standard, engineers have no direct data to address
determined at equal increments of depth and plotted at the determine the bias of this method. Judgingfrom its observed the resp,
depth correspondingto the depth of the measurement, may reproducibility in approximately uniform soil deposits, plus establis,
be connected with straight lines as an approximation for a the q, and f, measurement effects of specialequipment and mine th
continuous graph, operator care, persons familiarwith this method estimate its

7.2 Friction-Cone Penetrometer: pr_ision as follows: 2. Refe_
7.2.1 Graph of Friction Resistance. f_--ln addition to the 8.1.1 Mechanical Tips--Standard deviation of 10% in q, 2. I .,I

*_,'aphof cone resistance (7.1) the report may include an and 20 %in f,. D 15_
adjacent or superposedgraphof friction _ce or friction 8.1.2 Electric Tips--Standard deviation of 5 % in qc and plir
ratio, or both. with depth. Use the same depth s:ale as in 7. i 10% inf,. DI5_
(see 6.5). NOTE20----Thesedatamaynot matchsimilardatafrommechanical D 211

7.2.2 Graph of Friction Ratio, Rr--If the report includes tim (_ 1.3). ln_
D 24_

Th_ s4_n_ i8 gU_i_f m f_w_8t_nM _/ _ L_y_e r_a_nUib_ _nni_j_ _n_nM1_ w_ n_uM_ nw_w_ _ _ _ _
• , , ' , ..... (v,
_nr_ _. _n ve,J _r mma.Nveu_ _n__e_eo_,_m_n_,, _ ,_n __ _ _ _ _ _ 3. Sip_
v_,,__,o.mto_ As_ commemon_. _e _ st.._ pA_ 3.1 "1"

ante to
_tn_ _, _matt_camv_ ¢tanmanmm.Y¢_cammmma¢__ _ _- m_ _ _ _ ot_. _ _mnaat_ thin-wa
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