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reword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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procedures used to develop this document and those intended for its further maint
cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriameé
brent types of ISO documents should be noted. This document was drafted in accordan
orial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

bntion is drawn to the possibility that some of the elements of this document may be the
ent rights. ISO shall not be held responsible for identifying any or all such patent rightg
patent rights identified during the development of the document will.bée“in the Introduct
he ISO list of patent declarations received (see www.iso.org/patents)-

trade name used in this document is information given for the,eonvenience of users ar
Stitute an endorsement.

an explanation of the voluntary nature of standardsythe meaning of ISO specific
ressions related to conformity assessment, as wellas information about ISO's ad
World Trade Organization (WTO) principles in, the Technical Barriers to Trade
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5 document was prepared by Technical Compmittee ISO/TC 182, Geotechnics, in collabot
European Committee for Standardization: (CEN) Technical Committee CEN/TC 341, G
stigation and Testing, in accordance with’/the Agreement on technical cooperation betwdg
[ (Vienna Agreement).

5 second edition cancels and replaces the first edition (ISO 22476-1:2012), which has been
sed. It also incorporates the Fechnical Corrigendum ISO 22476-1:2012/Cor 1:2013.

main changes are as follows:
dimensional tolerances of cone penetrometer have been updated;

application class’ scheme has been replaced by cone penetrometer class and teg
classificationscheme;

introduction of temperature influence on measurements monitoring and requirements
temperature sensor for cone penetrometer class 0;
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requirements for the calibration of cone penetrometers have been added;

minor updates to figures and text have been made.

Alist of all parts in the ISO 22476 series can be found on the ISO website.

Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document establishes general principles equipment requirements, the execution of and reporting
on cone and piezocone penetration tests.

The cone penetration test (CPT) consists of pushing a cone penetrometer using a series of pushrods
into the soil at a constant rate of penetration. During penetration, measurements of cone resistance
and sleeve friction are recorded. The piezocone penetration test (CPTU) also includes the measurement
of pore pressures around the cone. Two International Standards define cone penetration tests: this
document defines CPT and CPTU practice using electronic transducers; I1SO 22476-12 defines CPT
practice u§ing mechanical measuring systems.

“Cone resigtance” is the term used in practice and also in this document, although “cone penétration
resistancel is a more correct description of the process.

The test results of this document are especially suited for the qualitative and/or quantitafive
determination of a soil profile together with other investigations (e.g. sampling according to ISO 2247%5-1
and identiffication ISO 14688-1) or as a relative comparison with in situ tests.

The result$ from a cone penetration test are typically used to evaluate:
— stratif]cation;
— soil behaviour type;
— geotechnical parameters such as:
— sol|l density;
— shpar strength parameters;
— deformation and consolidation characteristics;
— hydraulic conductivity and ground water pressure.

The resultg from a cone penetration test may also be used directly in geotechnical design calculatigns.

vi © IS0 2022 - All rights reserved
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Geotechnical investigation and testing — Field testing —

Part 1:
Electrical cone and piezocone penetration test

1 [Scope

Thif document establishes equipment, procedural and reporting requirements and recommendations
on ¢one and piezocone penetration tests.

NOTE This document fulfils the requirements for cone and piezocone penetration tests|as part of
geotechnical investigation and testing according to the EN 1997 series.

This document specifies the following features:

a) [type of cone penetration test;

b) [cone penetrometer class according to Table 2;
c) |test categories according to Table 3;

d) |penetration length or penetration depth;

e) |elevation of the ground surface or the underwater ground surface at the location qf the cone
penetration test with reference to a datum;

f) |location of the cone penetration test relative to a reproducible fixed location reference ploint;
g) |pore pressure dissipation tests.

This document covers onshore, dnd nearshore cone penetration test (CPT). For requirgments for
offdhore CPT, see ISO 19901-8.

2 |Normative references

The following documents are referred to in the text in such a way that some or all of their content
conftitutes requirements of this document. For dated references, only the edition cited gpplies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISOJIEC 17025, General requirements for the competence of testing and calibration laboratorief

3 Ierms, delinitions and symbols
For the purposes of this document, the following terms and definitions apply.
ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

©1S0 2022 - All rights reserved 1
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3.1 Terms and definitions

3.11

average surface roughness

R

a

average deviation between the real surface of the cone penetrometer (3.1.6) and a medium reference
plane placed along the surface of the cone penetrometer

3.1.2

base of the cone

cylindrical

part of the cone (3.1.4) directly behind the conical part of the cone tip

3.1.3

calibratio
difference
(3.1.34) aft

3.1.4
cone

n drift

er calibration

conical shgped bottom part of the cone penetrometer (3.1.6) and the cylindrical'extension

Note 1 to ¢
through the

Note 2 to e
relative to t

3.1.5

cone pene|
CPT

test in whi
ground at :

3.1.6

cone pene|
assembly ¢
(3.1.23) as

Note 1 to enftry: An example of a cone p€netrometer is shown in Figure 1; for other filter locations, see Figurg 2

3.1.7
cone resis
cone penet

3.1.8
corrected
total cone

ntry: When pushing the penetrometer into the ground, the cone resistance (3.1.7) is transfe
cone to the load sensor.

htry: This document assumes that the cone is rigid, so when/loaded its deformation is very s
he deformation of other parts of the cone penetrometer.

kration test

ch a cone penetrometer (3.1.6) at the end.@f a series of pushrods (3.1.33) is pushed into
| constant rate of penetration and forces’are measured electrically in the cone penetrom

trometer
ontaining the cone (3.1.4), friction sleeve (3.1.16), any other sensors and measuring sys
well as the connection to thepushrods (3.1.33)

tance

ration resistance

coneresistance
Fesistance

between reference reading (3.1.34) before commencement of test and first reference readling

'red

mall

the
bter

tem

N

qt

measured cone resistance (3.1.20), q, corrected for pore pressure effects

© IS0 2022 - All rights reserved
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A A

5 5
L L
a) Cone resistance and sleeve friction load cells b) Subtraction type cone penetrometer

in compression

Key

1 [sleeveload cell

2 |coneload cell

3 |thread

4 |soil seal

5 |water seal

6 |load cell for combined/axial forces acting on the cone and the friction sleeve

Figure 1 — Cross-sections of example cone penetrometers

3.19
corfected friction ratio
Re
ratio of the measured sleeve friction (3.1.22) or corrected sleeve friction (3.1.10) to the corrected cone
resistance (3.1.8) measured at the same depth

Note 1 to entry: Usually, the measured sleeve friction is used; however, if available, the corrected sleeve friction
is used.

3.1.10
corrected sleeve friction

fe

measured sleeve friction (3.1.22), f,, corrected for pore pressure effects

©1S0 2022 - All rights reserved 3
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3.1.11

dissipation test
measurement of the pore pressure change with time, during a pause in pushing while holding the cone
penetrometer (3.1.6) stationary

3.1.12

excess pore pressure
Auy, Auy, Aug

pore pressure in excess of the original in situ pore pressure (3.1.17) at the level of the filter caused by the
penetration of the cone penetrometer (3.1.6) into the ground, see Formulae (1), (2) and (3):

Au1 Zdll —Uy

AUZ :l'lz _uO

Auz =1

3.1.13

filter elem
porous ele
sensor, ma

Note 1 to en

3.1.14

friction ratio

R¢
ratio of thg

3.1.15
friction re
device use

3.1.16

friction sl
section of t
the load is

3.1.17
in situ por
uO

original pr

3.1.18

I3 —Up

ent
ment in the cone penetrometer (3.1.6) that transmits the pore pressure to the pore presg
ntaining the geometry of the cone penetrometer

try: Slotted filter may be used as the filter element for measuréments of u,, in certain soil conditi

measured sleeve friction (3.1.22) to the measured cone resistance (3.1.20) at the same def

ducer
1 to reduce friction along the pushrod (3.1.33)

peve
he cone penetrometer (3.1,6) where friction between the soil and the sleeve is developed
transferred to the sleeve load cell

€ pressure

bssure of groundwater held within the soil

inclinatio

angular deviatione

3.1.19
initial por

U;

e
(2)

(3)

ure

ons.

and

€ pressure

measured pore pressure (3.1.21) at the start of the dissipation test (3.1.11)

3.1.20
measured

4c

cone resistance

© IS0 2022 - All rights rese
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quotient of the measured force on the cone, Q. and cross-sectional projected area of the cone 4, see

Formula (4):
q.=0Q. / Ac 4)

3.1.21

measured pore pressure

ul, uZ, U3

pressure measured in filter element (3.1.13) during penetration, dissipation test (3.1.11) and pore
pressure observation test

Note 1 to entry: The pore pressure can be measured at several locations as follows (see Figure 2):

u; on the face of the cone;
u, on the cylindrical section of the cone (in the gap between the cone and'the sleeve);

u; just behind the friction sleeve (3.1.16).

K

| 2
Us :

|

ESE

|

|
U, !

3

u1/§7

Key
friction sleeve
cone penetrometer
cone

Figure 2 — Locations of pore pressure filters

3.1.22
measured sleeve friction

fs

division of the measured force acting on the friction sleeve (3.1.16), F, by the area of the sleeve, 4, see

Formula (5):
f, =F, /A, (5)

© IS0 2022 - All rights reserved 5
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3.1.23

measuring system
all sensors and auxiliary parts used to transfer and/or store the electrical signals generated during the
cone penetration test (3.1.6)

Note 1 to entry: The measuring system normally includes components for measuring force (cone resistance and

sleeve fricti

3.1.24

on), pressure (pore pressure), inclination (3.1.18), clock time and penetration length (3.1.30).

net area ratio of the cone

a
ratio of th
location of]
cone (3.1.2

Note 1 to enftry: See Figure 6.

3.1.25

net area ratio of the friction sleeve

b
ratio of thd
of the sleey

3.1.26

net cone rgsistance

an

measured done resistance (3.1.20) corrected for the total overburden soil pressure and pore pressur
3.1.27

net frictiop ratio

an

ratio of thq sleeve friction to the net cone resistaneé(3.1.26) measured at the same depth

3.1.28

normalizedd excess pore pressure

U

excess por¢ pressure (3.1.12) during~a dissipation test (3.1.11) compared to the initial excess f
pressure

Note 1 to enjtry: See 7.3.

3.1.29

penetration depth

z
vertical de

Note 1 to e11try: See Figure 3.

3.1.30

P cross-sectional area of shaft, A, of the cone penetrometer (5.1.6) above the cone at
the gap where fluid pressure can act, to the nominal cross-sectional area of the base of
), A

C

difference between cross-sectional area of the bottom of the sleevefriction, A, and the|

e friction, A, to the area of friction sleeve (3.1.16), A,

bth of the'base of the cone (3.1.2), relative to a fixed point

penetration length

l

the
the

top

ore

sum of the lengths of the pushrods (3.1.33) and the cone penetrometer (3.1.6), reduced by the height of

the conical

part, relative to a fixed horizontal plane

Note 1 to entry: See Figure 3.

Note 2 to entry: The fixed horizontal plane usually corresponds to the level of the ground surface (on shore or

nearshore).

This can be different from the starting point of the test.

© IS0 2022 - All rights reserved
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"o

[\N1

a  |Fixed horizontal plane.

b [Base of conical part of cone.
I |penetration length

z |penetration depth

Figure 3 — Penetration lengthiand penetration depth (schematic only)

3.1J31

piezocone penetration test

CPTU

cong penetration test (3.1.5) withimeasurement of the pore pressures around the cone

3.1)32

porje pressure ratio

B
q

ratip of the excess pqré pressure (3.1.12) at the u, filter position to the net cone resistance (3.1.26)

3.1{33
pushrod
parf of astring of rods for the transfer of forces to the cone penetrometer (3.1.6)

3.1{34

reference reading
stable output of a measuring system (3.1.23) reading of a sensor just before the penetrometer penetrates
the ground or just after the penetrometer leaves the ground

Note 1 to entry: With tests starting onshore from the ground surface, the reference reading equals the zero
reading.

3.1.35

thrust machine

equipment that pushes the cone penetrometer (3.1.6) and pushrods (3.1.33) into the ground at a constant
rate of penetration

©1S0 2022 - All rights reserved 7
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3.1.36

total overburden stress

0,

s‘groess due to the total weight of the soil layers at the depth of the base of the cone (3.1.2)

3.1.37
zero drift

absolute difference between the reference readings (3.1.34) of a measuring system (3.1.23) at the start

and after completion of the cone penetration test (3.1.5)

3.2 Sympels
Symbol Name Unit
A, cross-sectional projected area of the cone mm?
A, cross-sectional area of the load cell or shaft mm?
A, surface area of the friction sleeve mm?
Ay cross-sectional area of the bottom of the friction sleeve mm?
Ay cross-sectional area of the top of the friction sleeve mm?
a net area ratio of cone
b net arearatio of sleeve
b’ repeatability error without rotation
B, pore pressure ratio

inc correction factor for the effect of the inclination of the,cone penetrometer relative to the

vertical axis

deone diameter of the cone at a specified height mm
d, diameter of the cylindrical part of the cone mm
dg diameter of the filter mm
d, diameter of the friction sleeve mm
dy.g diameter of the lower one fifth ofithe friction sleeve at rotational position 6 mm
dym.g diameter of the middle one fifth of the friction sleeve at rotational position 8 mm
dyy.p diameter of the upper one(fifth of the friction sleeve at rotational position 6 mm
d.o diameter of the cylindrical at rotational position 6 mm
g0 diameter of the filté€relement at rotational position 6 mm
Auy 5 3 excess pore pressure at filter locations 1, 2 and 3 MPa
Fig sleeve frictionforce output kN
Fy the range between maximum and the minimum value of calibration range kN
Foe cong Fesistance force output kN
Fcats force measured by the sensor for combined cone resistance and sleeve friction kN
F, reference axial force applied during calibration (canbe B ' kN
Fr reference sleeve friction force kN
Froc reference cone resistance force kN
F axially measured force on the friction sleeve kN
s measured sleeve friction MPa
fs.a apparent sleeve friction kN
fsac temperature-corrected apparent sleeve friction kPa
fsir reference sleeve friction kN
fi corrected sleeve friction MPa
h, height of the conical section of the cone mm
he.q height of the conical section at rotational position 8 mm
8 © IS0 2022 - All rights reserved
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Symbol Name Unit

h, height of the cylindrical extension of the cone mm

he.g length of the cylindrical extension of the cone at rotational position 6° mm

Iy apparent inclination 0

g X, corresponding to F, = 0 after applying a series i kN

I reference inclination 0

foi X; corresponding to F,. = 0 before applying a series i kN

k coverage factor

| penetration length ~ ] |m

Ld ltgngth of the gap bgtween the_ cylindrical part of the cone and the lower end of th@fﬂy}{ mm
; ion sleeve at rotational position 6 )

Loy length of the gap above the upper end of the friction sleeve at rotational po;igf‘orive mm

I length of the friction sleeve (\\O m

ls.o length of the friction sleeve at rotational position 0 nq/\x mm

Q. axially measured force on the cone e kN

q. measured cone resistance i \%v MPa

qc.a apparent cone resistance ) O\ . MPa

Ge.af temperature-corrected apparent cone resistance (\<( MPa

Ge.amax maximum value of g, for a predefined time periongV MPa

;C;:[:in minimum value of .., for a predefined time pe&i@ MPa

Qe reference cone resistance %) - MPa

qn net cone resistance _\\3‘ MPa

Genhax is the maximum value of cone resista@*?neasured during the penetration phase of thqd |MPa

test N

q; corrected cone resistance L, \0 MPa

r resolution of the sensor \\C}r

R, average surface roughng&s)\ pum

R¢ friction ratio ’ %

Ry, corrected frictig.na\lo %

Re, net friction rpf\(}'} %

S equal to‘&%\ac, and equal to A for f; mm?

t time (-\('O‘ S

tso tiI‘I{QTé/eded for 50 % excess pore pressure dissipation S

U @Yr;lalized excess pore pressure

u . § pvore pressure MPa

u, O/\\‘ apparent pore pressure MPa

UAC = c)spdudcd IMICASUT CIIICIIU UIICET Ldilll.y fux LilU CIroO55-5¢C€C LiUlldl dl'€d Uf L‘IlU COUIIC mm2

Up, combined standard uncertainty for the cross-sectional area of the cone mm?

Uy temperature-corrected apparent pore pressure MPa

Ups expanded measurement uncertainty for the area of the friction sleeve mm?

Upsg combined standard uncertainty for the area of the friction sleeve mm?

U e_xpanded measurement uncertainty for calibration of cone resistance and sleeve fric- KkPa
¢ tion

U, combined standard uncertainty for calibration kN

U dim combined standard uncertainty of u, and uy;,, kPa

Ufs expanded measurement uncertainty for calibration of sleeve friction kPa

Udass measurement uncertainty for the determination of cone penetrometer class kPa

©1S0 2022 - All rights reserved 9
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Symbol Name Unit
Ugge expanded measurement uncertainty for calibration of cone resistance kPa
Ugo combined standard uncertainty for diameter of the friction sleeve mm?
Uge combined standard uncertainty for cone diameter mm?
Ugim combined standard uncertainty equal to u,, for q., and equal to u, for f; mm?
Uetass measurement uncertainty for sleeve friction for the determination of cone penetrometer KkPa
: class
u; initial excess in pore pressure (t=0) during a dissipation test kPa
each-of the uncertainty contributionsconsiderfor the calculationofthe combined
Ui standard uncertainty i
inc expanded measurement uncertainty for cone penetrometer inclination o
Uine combined standard uncertainty for cone penetrometer inclination °
Ujg combined standard uncertainty for length of the friction sleeve mm
U measurement uncertainty for cone resistance for the determination of cone penétrome- KkPa
qe:class ter class
u, reference pressure applied during calibration MPa
Upef standard uncertainty of the reference measuring device
u; pore pressure at time ¢t during a dissipation test MPa
U, expanded measurement uncertainty for pore pressure kPa
U measurement uncertainty for pore pressure for the determination of cone penetrometer KkPa
u:class class
u, in situ pore pressure MPa
uq pore pressure measured at location 1 MPa
u, pore pressure measured at location 2 MPa
us pore pressure measured at location 3 MPa
v relative reversibility error of the senser
X, computed value of deflection calculated from the interpolation formula
X; deflection output value for a calibration step from series i
Xy value of F . (or Fg) correspending to Fy kN
X_r average of the values of X; kN
Xor average of the valu€sjof X; without rotation kN
z penetration depth m
a measured total’angle between the vertical axis and the axis of the cone penetrometer °
By measured angle between the vertical axis and the projection of the axis of the cone pen- |°
etrometer on a fixed vertical plane
B, measured angle between the vertical axis and the projection of the axis of the cone pen- |°
etrometer on a vertical plane that is perpendicular to the plane of angle 3,
Abg bending influence on sleeve friction kPa/N
Abg. bending influence on cone resistance kPa/N
Ab, bending influence on pore pressure kPa/N
Aag, ambient temperature stability for sleeve friction kPa/°C
Aag, ambient temperature stability for corrected sleeve friction kPa/°C
Aa,, ambient temperature stability for cone resistance kPa/°C
Aa,.. ambient temperature stability for corrected cone resistance kPa/°C
Aa, ambient temperature stability for pore pressure kPa/°C
Aa,, ambient temperature stability for corrected pore pressure kPa/°C
Aty transient temperature stability for sleeve friction kPa/°C
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Symbol Name

Unit

Atg, transient temperature stability for corrected sleeve friction

kPa/°C

At

qc

transient temperature stability for cone resistance

kPa/°C

At

qcc

transient temperature stability for corrected cone resistance

kPa/°C

At

u

transient temperature stability for pore pressure

kPa/°C

At

uc

transient temperature stability for corrected pore pressure

kPa/°C

4

Equipment

4.1

4.1
The
Thd

4.1

Gap
sha

Thd
pre

4.2

Thd
resi
sev

NO'I
The

Con
of t

NOT

4.3
Thd

General

1 Tolerances
dimensional tolerances are operational tolerances.

tolerance on surface roughness is a manufacturing tolerance.

2 Gaps and soil seals

s between the different parts of the cone penetrometer shall'not exceed 5 mm in height
1 protect the gap to prevent soil particles from affecting'the measurement.

soil seal shall deform easily relative to the load céll’and other elements in the penet
vent the transfer of significant forces through the-gap.

Cone penetrometer

cone penetrometer shall have internaklead sensors for the measurement of force on the
stance), side friction on the friction sleeve (sleeve friction) and, if applicable, pore pressu
eral locations on the surface of the¢one penetrometer.

E1 Othersensors can be included in the cone penetrometer.
axis of all parts of the ¢one penetrometer shall be coincident.

e penetrometers showld ideally have a net area ratio of the cone approaching 1 and a ne
he sleeve approachiiig 0, taking into account the robustness of the cone penetrometer.

E2 Netareawratio, g, varies between 0,5 and 0,9 for commonly used cone penetrometers.

Surfaceé roughness and hardness

45 ¢

A soil seal

Ffometer, to

cone (cone
Fe at one or

[ area ratio

cone and friction sleeve of the cone penetrometer shall be manufactured to a minimum ?ardness of

The surface roughness, as mentioned in 4.4 and 4.5, refers to the average roughness, R,, determined by
a surface profile comparator according to ISO 8503, or equivalent.

NOTE

The surface roughness requirement intends to prevent the use of an “unusually smooth” or “unusually

rough” cone or friction sleeve. Steel, including hardened steel, is subject to wear in soil (in particular sands);
and the friction sleeve develops its own roughness with use. It is therefore important that the roughness at
manufacture approaches the roughness acquired upon use.

©IS
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4.4 Cone

The cone consists of a conical part and a cylindrical extension. The cone shall have a nominal apex angle
of 60°. The cross-sectional area of the cone shall be 1 000 mm?2, which corresponds to a diameter of

35,7 mm.

Depending on ground conditions, cones with a diameter between 25 mm (4, = 500 mm?2) and 50 mm

(A.=2000
case, the g
friction sle
be reporte

The diame

35,3 m

The height

7,0 mmy

The height

24,0 m
If a filter if
the cone, d
The cone s

The cone s
unusually

mm2) may be used for special purposes, without the application of correction factors. In this
eometry of the cone shall be adjusted proportionally to the diameter. The geometry of the
eve should be adjusted to obtain comparable results. Use of a cone with A, # 1 000 mm? shall
d.

Ler of the cylindrical part shall be within the tolerance requirement, as shown in Figute4:

m <d.< 36,0 mm

of the cylindrical extension shall be within the following tolerance requirement:

<h,<10,0 mm

of the conical section shall be within the following tolerance requiirement:
m < h.<31,2 mm

put at position u,, the diameter of the filter elementiitself shall be equal to the diametqr of
[, with a tolerance of -0,1 mm to 0 mm (see also 4.5@and 4.6).
nall be manufactured to a surface roughness 6f'R, < 5 um.

hall not be used if an additional visual.check indicates that it is asymmetrically worn or
rough, even if it otherwise fulfils the tolerance requirements.

Dimensions in millimdtres
®35,3 =.¢d’ = 936 |

o
—
vi

|
K .

~h

=312

Key

60° £5°

1 minimum shape of the cone after wear

2 maximum shape of the cone

Figure 4 — Tolerance requirements for the use of 1 000 mm? cone penetrometer

12
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4.5 Friction sleeve

The friction sleeve shall be placed just above the cone. The distance due to gaps and soil seals shall not
be more than 5,0 mm.

The surface area, A, shall be 15 000 mm?. Tolerance requirements are shown in Figure 5.

Friction sleeves with an external diameter between 25 mm and 50 mm may be used for special purposes,
if used with cones of the corresponding diameter without the application of correction factors. The
nominal ratio of the length and the diameter should preferably be 3,75. Ratios of 3 to 5 are allowable.

Bimrenstonsin millimetres

1325 = [s = 135

¢d,

length of the friction sleeve
d, |diameter of the friction sleege

Figure 5 — Geometry and tolerances of the friction sleeve

The geometry and'tolerances of the friction sleeve shall be within the tolerance requirement, as shown
in Higure 5.

Thd diaméter of the friction sleeve, d,, shall be equal within the following tolerance requirerpent:

des d, < (d.+0,25) mm

and

d, < 36,1 mm

The length of the cylindrical part shall be within the following tolerance requirement:

132,5mm <[, <135,0 mm

The friction sleeve shall be manufactured to a surface roughness of R, = 0,4 pm * 0,25 um, measured in
the longitudinal direction.

©1S0 2022 - All rights reserved 13
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The friction sleeve shall not be used if a visual check indicates that it is scratched, asymmetrically worn
or unusually rough, even if it otherwise fulfils the tolerance requirements.

The cross-sectional area of the top end of the friction sleeve shall not be smaller than the cross-sectional

area of the

lower end.

4.6 Filter element

4.6.1 General filter location

The filter

Tolerances
The pore p|

The filter ¢
layer. This
changing s

Porous filt
between 1

NOTE3
clay: sinterg

all not influence the measured cone resistance or sleeve friction:
on filter dimensions are tolerances at the start of a test.
essure measuring system shall be saturated at the startof the test.

hould remain saturated, even when the cone penetrometer is penetrating an unsaturs

hble

1 on

the

ted

[s not always possible; in these circumstances, othe¥ methods like pre pushing, pre boring or

hturating fluid can be necessary.

ers should have a pore size between 2 umrand 20 pm, matching a hydraulic conducti
~4m/s and 10~5> m/s. Filter materials that get clogged should be avoided.

'he following types of material have b€en used with good experience in soft normally consolid
d stainless steel, carborundum, cerantics, porous PVC (Poly vinyl Chloride), HDPE (High Density

Ethyleen) aipd porous brass filter.

The use of

The cone p
liquid chan

NOTE4

slotted filter shall fulfil the same purpose and general requirements as a porous filter.

enetrometer shall be designed in such a way that it is easy to replace the filter and that
\ber is easy to saturate (see 5.3).

Vith regard to.the choice of saturating liquid, saturation of pore pressure measurement system,

use of slot filters, see AnnexF.

4.6.2 Poye pressure u;

The surfac

vity

hted
Poly

the

and

e (of; the filter shall fit the shape of the cone: it shall not protrude and shall not recess 1y

ore

than 0,1 m

m.

The deviation from the surface of the filter to the surface of the cone should be assessed visually.

The filter element should be positioned in the middle third of the conical part.

14
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3 Pore pressure u,

The filter element shall be placed in or just behind the cylindrical part of the cone. The diameter of
the filter at the start of the test shall equal to the diameter of the cylindrical part of the cone and the
friction sleeve, with a tolerance limit of -0,1 mm to 0 mm.

(d;-01) <dg <d,

For correction of pore pressure effects on cone resistance, the filter element should be located in the
gap between the cone and the friction sleeve. Since this is not possible in practice, the filter should be

loca

4.6

The
-0,]
slee

Thd
fric

4.7

The
of t
ling

Pri
det

Frid
The
the
bas

diameter of the cone.

Abd
the
buc

The

NOT

PR I 4] 1. e 1 4= il 1 alal 4= 41
U I tc Ly iiuricdl gdit UT'UIT LUTIT 45 CLIUST d5 PUSSIUIT LU LT gdpP.

4 Pore pressure u;

diameter of the filter shall correspond to the diameter of the friction sleeve with a tolera
mm to 0 mm, i.e. the diameter of the filter shall be smaller or equal to the diameter of
ve:

(d;-01) <dg < d,

filter element should be placed immediately above and as close’as possible to the gap b
Fion sleeve and the shaft of the cone penetrometer.

Pushrods

pushrods shall have the same diameter as the:cone for at least 400 mm measured fro
he cone for cones with a base area of 1 000 mm?: For other size cones, this distance sha
arly in proportion to the diameter.

r to each use, the straightness shall be(checked visually. The straightness of the pushra
ermined as specified in B.1.1, at the intervals given in Table B.1.

tion along the pushrods can be'réduced by a local increase in the rod diameter (frictio
friction can also be reduced. by lubrication of the pushrods, for instance by mud injecf

e area of 1 000 mm?2. Fof ¢ther size cones, this distance shall be scaled linearly in propoj

ve the ground level, the pushrods should be guided by rollers, a casing or similar devic
risk of buckling. The pushrods may also be guided by a casing in water or soft stra
kling.

pushrods’shall be chosen with respect to the data signal transmission system chosen.

E

acoustic transfer of CPT results, the rods are also used for transmission of data.

4.8

4.8.

The pushrods can also be used to support and/or protect parts of the measuring syste

Ince limit of

he friction

btween the

n the base
I be scaled

ds shall be

Ih reducer).

ion during

test. The injection pointshould be at least 400 mm above the base of the cone for cgnes with a

tion to the

b to reduce
Fa to avoid

. With the

Measuring system

1 Accuracy

The resolution of the measuring system shall be better than one-third of the maximum allowable

unc

ertainty applicable to the cone penetrometer class given in Table 2.

Uncertainties in the measuring system are listed in 5.1.2, and the required calculations are described

inC

©IS
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4.8.2 Sensors for cone resistance and sleeve friction

The load sensor shall be compensated for possible eccentricity of axial forces. The sensor for recording
the side friction force shall be constructed so that it measures the friction along the sleeve, and not the
earth pressure against it.

Pre-compression devices to overcome the internal resistance generated by seals and o-rings can be
used to improve the operational performance of the sensors.

Normally strain gauged load cells are used for recording cone resistance and sleeve friction.

NOTE

4.8.3 Se
The sensory
porous filt
should be 2
NOTE

4.8.4 Se

The incling

An inclinat
D.

4.8.5 Se

For a cone
and have a

T

nsor for pore pressure

should not show significant deformation during loading. The sensor communicates-with
er on the surface of the cone penetrometer via a liquid-filled chamber. The measuring sys
s rigid as possible (see 5.3) to obtain a good response.

he pore pressure sensor is usually a pressure transducer of the membrane typée}

hsor for inclination
meter shall have a measuring range of at least 15° relative to thie vertical axis.

ion sensor may be omitted where the target penetration isjless than 5 m and for test categ

hsor for temperature

penetrometer class 0, a temperature sensor shall be integrated into the cone penetrom
temperature range of =10 °C to +50 °C withha’maximum allowable uncertainty of 0,5 °C.

Temperature sensors can be integrated into any-cone class. The main purpose of the temperat

sensor is tq

monitor the temperature changes that affects the load cells and pressure transducers. W

verificatiop tests are conducted to study the‘influence of temperature changes on cone penetrom

measurem
apply corr¢

4.8.6 Me

bnts, the results from the verification and CPT/CPTU temperature records, can be use
ctions to the measurements-of q,, f; and uj.

asuring of penetration Tength

The measufring system shalbm€asure the penetration length during operation.

The measy

upward m¢
the pushro

Maximum

rement system for depth shall also include a procedure for correction of measuremen
pvements-ofithe pushrods occur relative to the depth sensor, caused by a decrease in forc
ds.

hllowable uncertainty for measurlng of penetratlon length are defmed per test category,

the
fem

ory

pter

ure
hen
bter
1 to

s if
b on

see

current length For test category C and D, the maximum allowable uncertalnty is the largest of 0,2 m

and 2 % of

current length.

4.8.7 Raw data

The test data shall be recorded as raw data.

Raw data is the output of the measuring system, after converting into units of force for g, and f, and
pressure u, (u;, uz if applicable), temperature (if applicable) and penetration length, without the
application of filtering or other corrections performed manually, electronic or by microprocessors.
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Thrust machine

The equipment shall be loaded or anchored to minimize movements of the thrust machine relative to
ground level while the penetration occurs.

Required reaction (counterweight) for the thrust machine may be supplied by dead weight and/or soil
anchors.

Hammering on the cone penetrometer/rods or rotation of the cone penetrometer is not allowed during

the

The
cirg

5.1

5.1

Equ
and

Con
diag

b)

Sub

test.

rpushing equipment stratt give astroke of atteastTmOtherstroke tengths ray beusetl in special

umstances.

Test procedures
Selection of equipment, procedures and evaluation of results

1 General

ipment and procedures to be used should be selected considefing the expected ground
the project requirements.

e penetration tests are classified considering the penetrometer uncertainty characte
rnostic checks of the sensors during the fieldwork (see’5.1.2 and 5.10):

Cone penetrometer class

Based on documented calibration resultsZand uncertainty analyses as described in
Clause B.2, the cone penetrometer class.shall be determined.

Test category

Recorded observations and measurements during test preparation and executio
used, together with the cone penetrometer class, to evaluate the test category of the
performed. Description of'the documentation required is given in 5.10.

of t

5.1
Thd

clause 5.10 and Annex-A-provide guidance for selection of cone penetrometer type and ar
st category that cambe achieved, based upon required confidence level.

2 Calibration’and verification requirements

calibration and verification of cone penetrometer sensors shall be performed in a

lab¢ratorythat meets the requirements of ISO/IEC 17025. The cone penetrometer shall be c3

acc

rdance with Annex B for the following measurands, where applicable:

conditions

ristics and

n shall be
CPT/CPTU

indication

calibration
librated in

a)
b)
‘)
d)
e)

TONE TESISTance;
sleeve friction;
pore pressure;
area ratios of the cone (a) and of the friction sleeve (b);

inclination.

Annex C provides an example of a calibration report.

Calibration shall be carried out at least every twelve months or when sensors are overloaded or show
signs of malfunction or if reference readings before the start of the test shows a drift larger than 2 % of

the

full scale compared to the calibration zero load readings.

© IS0 2022 - All rights reserved

17


https://standardsiso.com/api/?name=5b60fff2df35ab22606f217a0cda7f7b

IS0 22476-1:2022(E)

The calibration test report shall include:

— description and identification of the cone penetrometer and measurement system;

— identif

ication of the calibration laboratory (or calibration laboratories);

— description of the calibration laboratory environment during calibration, average temperature and
range of variation;

— identification and uncertainty characteristics of reference instruments used for calibration and
verification;

— date of calibration, measuring intervals for calibration, calibration and verification results inclug
the interpolation formulae in accordance with Clause B.2;

— resultg before and after any adjustments or repair;

— the caljbration results of the net area ratios of the cone (a) and of the friction sleeve(b) in accorda

with C
field rg

— analys|
of unce

— statem
— statem
— statem

The calibrd

ause B.2; these values are unique to each cone penetrometer and shall be documented in|
port;

is of the uncertainty of the calibration for each of the cone penetrometer sensors; calculat
ertainty for each of the listed contributions shall conform to Clause B.2;

ent of conformity with ISO/IEC 17025 and this document;
ent identifying how the measurements are metrologically traceable;
ent of conformity with at least one of the cone penétrometer classes (see 5.1.3).

tion report shall include the uncertainty contkibutions defined in Table 1 for the calcula

of the expanded measurement uncertainty for each measurand (see Clause B.2).

Table 1 — Uncertainty contributions for each of the measurands

Uncertainty Measurand
contributions Cone resistance Sleeve friction Pore water pressure

NI

Dimensions

NI

Reference

Reproducibility

Repeatability:

Resolution

Zero drift

Interpolation

<=

Reversibility

ling

nce
the

ons

Fion

A NN SLSESESE SRS
o | S | S ) ) =

A al pa |
nlJlJCll CIIt 1UAdU
transfer

5.1.3 Cone penetrometer class conformity assessment

Cone penetrometers shall be classified following the scheme presented in Table 2. For the fulfilment
of class 0 and 1, the cone shall have cone resistance, sleeve friction and pore pressure sensors. A
temperature sensor located inside the cone housing and in close proximity to the load sensors shall
be used for the fulfilment of class 0 and should be used for class 1. Class 2 and 3 cones shall have cone
resistance and sleeve friction sensors and may have pore pressure sensors. The cone penetrometer

shall meet

all the requirements for each of the sensors for a given class to be achieved.

Each cone penetrometer shall have a statement of conformity for at least one of the cone penetrometer
classes of Table 2. Conformity to a cone penetrometer class shall be determined after each calibration

18
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of the cone penetrometer. The acceptance criteria for the statement of conformity are defined in Table 2

and the entry values shall be calculated according to the formulae provided in Clause B.2

Table 2 — Classification of cone penetrometers under laboratory conditions

Allowable . Transient Bending
. Ambient . d
Cone penetrome- maximum temperature influence
Measurand temperature e
ter class measurement RN stability®
. stability
uncertainty?
Ugc:class AagcorAag, Atgc or Aty Abg,
Ufs:class Aafs, or Aafsn: Atfs or Atfsv: Abfs
U.class Aa, or Aa, Ator At Ab,
Cone resistance | 15KkPaor 0,5 % 0,5 kPa/°C 2 kPa/°C 0,3 kPa/N
0 Sleeve friction 5kPaorl% 0,1 kPa/°C 0,5 kPa/°C 0,1 kPa/N
Pore pressure 3 kPaor0,5% 0,1 kPa/°C 0,5kPa/°C 0,05 kPa/N
Coneresistance| 35kPaorl % 2 kPa/°C 10%kPa/°C 0,3 kPa/N
1 Sleeve friction 5kPaor1 % 0,1 kPa/°C 0,5 kPa/°C 0,1 kPa/N
Pore pressure 10 kPaor 0,5 % 0,1 kPa/°C 0,5 kPa/°C 0,05 kPa/N
Coneresistance | 100 kPaor 2 % 10 kPa/°C 50 kPa/°C | kPa/N
2 Sleeve friction 15kPaor2 % 0,5 kRay°C 2,5kPa/°C 0,5 kPa/N
Pore pressure® 25kPaorl1 % 1kPa/°C 2,5kPa/°C 0,1 kPa/N
Coneresistance | 200 kPaor5 % 10 kPa/°C 100 kPa/°C D kPa/N
3 Sleeve friction | 25kPaor 10 % 1 kPa/°C 5 kPa/°C | kPa/N
Pore pressure® 50 kPaor 5 % 1 kPa/°C 5 kPa/°C 0,2 kPa/N
a2 |The maximum allowable uncertainty of the measured parameter is the larger value of the two quoted.|The relative
uncertainty applies to the measured value and not the measuring range.
b |The values of ambient temperature stabilityrepresents the maximum allowable for each class.
¢ | The values of transient temperature stability represents the maximum allowable for each class.
d  |The values of bending influence represents the maximum allowable for each class.
¢ |Pore pressure applies only to CRTU.

Conformity to a cone penetremeter class shall apply when all the following requirements ar¢ met.

U

— |Each of the uncerfainty values (U, weclass

c:class’ Ufs :class’
meets the requirements of Table 2 ?

), calculated in accordance with Annex B,
or each of the measurands for a given cone penetronjeter class.

— |Resolutionyand output stability are better than one-third of the allowable maximum yncertainty

values of Table 2, for a given cone penetrometer class.

— | Thé values of ambient temperature stability (da,,

Aag, and Aa,), transient temperatufe stability
(40, Aty and At,) and bending influence (4b,, Abfs and 'Ab ), calculated in accordance o Annex B,

meet the requirements of Table 2 for a given cone penetrometer class.

— Each of the expanded measurement uncertainty values for cone penetrometer inclination is better

than 1°, for any of the cone penetrometer classes.

The determination of cone penetrometer class is based on a smaller set of uncertainty contributions,

U

lase as defined in Annex B than those required for expanded measurement uncertainty for the

calibration, U, as defined in Annex B. A cone penetrometer can thus conform to a cone penetrometer
class, where uncertainties presented in a calibration test report are higher than values of Table 2.

A cone penetrometer can conform to more than one cone penetrometer class, for the case of multiple

intervals for calibration.
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For cone penetrometers that rely on real-time or post-processing correction for temperature influence
on CPT results, the corrected values of ambient temperature stability (Aay.. Aag, and Aa,c) and the
corrected values of transient temperature stability (Atg.. Atg. At,J), as defined in Annex B, can be
used for the assessment of cone penetrometer class in addltlon to the assessment without applying

corrections. The equations applied for correction shall be reported.

5.2 Posi

tion and verticality of thrust machine

The distance between the test location and the location of previous investigation points should be

sufficient t

o prevent interaction effects.

Between c
previous b
air or wate

The thrust

as possibleg.

penetrome

bne penetration tests, a horizontal distance of 2 m usually is sufficient. The distan¢e
brehole should be at least 20 times the borehole diameter. Some borehole techniques;suc
r drilling, can require larger distances. Nearby excavations should be avoided.

ter shall correspond to the loading axis at the start of the penetration.

5.3 Preparation of the test

If the cone
should be 1

For cone p
pore press
Appropriat

De-aired d

penetrometer is disassembled as part of routine operationdl maintenance and servicin
eassembled following the cone manufacturers maintenange)and instruction manual.

ure system shall be saturated with a non-compressible, de-aired liquid before field
e measures should be taken to preserve saturation-during the test.

machine shall push the pushrods so that the axis of the pushing force is asiclose to vert
The deviation from the intended axis should be less than 2° at ground leviel: The axis of

bnetrometers with measurement of pore pressure, thefilter element and other parts of

stilled water, glycerine or silicone oil may be“used when testing is carried out in saturg

fo a
h as

ical
the

g, it

the
ise.

ted

soils. If pe
dense sand
silicone oil

-forming penetration tests in unsaturated\soils, over-consolidated clays, dilative soils
s and silts) or above the groundwater table, the filter should be saturated with glycer
or similar or consider use of slottedfilters.

e.g.
ine,

Saturation|of the cone penetrometer beforé penetration starts or during operation in a predrillled
hole can b¢ maintained by applying a thin rubber membrane around the filter. During saturation pnd
mounting ¢f the rubber membrane, the'penetrometer is subjected to small stresses, so that the sengors
can show vjalues different from zero.

The wear ¢f the cone and thefriction sleeve shall be checked before the start of the test. When u
class 0 cong penetrometers;thé diameter of the cone and sleeve shall be measured and recorded be
the start of the test. The{results shall be used to report cone resistance and sleeve friction valug
units of pr¢ssure. Annex B provides further details regarding the required dimensional measureme

bing
fore
S in
nts.

fion
stops in den imes
in combination with casings to aV01d a collapse of the borehole. In soft or loose 50115 predrllhng can
be used to penetrate the crust to reach the groundwater table. Predrilling can be done by ramming a
dummy-rod of 45 mm to 50 mm diameter through the dense layer to provide an open hole and reduce
the penetration resistance.

The reference readings of the cone resistance, the sleeve friction and, if applicable, the pore pressure
and inclination of the cone penetrometer relative to the vertical axis shall be recorded before and after
the test. Reference readings shall be taken with the cone penetrometer in a vertical position, under no
load and under similar temperature conditions as close to the ground temperature as possible. The
output of cone resistance, sleeve friction and, if applicable, the pore pressure of the cone penetrometer
shall be recorded for a period of 1 min at a frequency of at least 1 Hz before and after testing. Reference
readings for each sensor shall be calculated as a mean of the recorded values. Output stability for each
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sensor shall be computed by subtracting the maximum and the minimum values recorded for 1 min and
documented.

Annex B contains maintenance, checks and calibration procedures.

NOTE2  When the cone penetrometer is lowered into the ground or in the water, temperature gradients
occur if the temperature of the cone is different from the ground temperature, which will influence the sensors.
Therefore, it is essential that the penetrometer is left to come to equilibrium so that the temperature gradients
can be reduced to zero before the reference reading and the penetration starts. Usually, the largest gradients

occur after 2 min to 3 min. The cone penetrometer is usually temperature-stabilized after 10 min to 15 min.

5.4

Thd
Dur
of p

In d

Pushing of the cone penetrometer

penetration length and clock time shall be recorded during the penetration phase
ing the penetration test, the cone penetrometer shall be pushed into the ground at a co
enetration of (20 + 5) mm/s. For the category A test, the rate of penetration shall be (20

ense sands and gravels, penetration rates less than the “standard” cambe acceptable,

danpage to the cone and cone rods or to achieve larger depths. This variation'in the rate of

sha

NO1]
stro
any
infol
how

NO1
(see

5.5

Frid

1 be recorded and reported.

E1 The penetration is regarded as continuous even if the penetration is stopped regularl
ke or mounting of a new pushrod. Some thrust machines can carey out true continuous penetrat
stops which can be an advantage, particularly in layered silt_and clay deposits. Stops also g
Fmation about pore pressure behaviour and response after continuing penetration; they also help
well saturation has been succeeded.

E2 The penetration is regarded as discontinuous ifdarger stops are introduced, such as dissi
5.8) or due to unforeseen malfunctions of the equipfient.

Use of friction-reducing techniques

tion-reducing techniques by increasing the diameter or by injection of water or drilling

be ysed. The cone penetrometer andyif-¥elevant, the pushrod shall have the same diameter

400

NOTI

5.6

Tes
fric
sha
for

incr
the

mm measured from the base of'the cone before the introduction of any friction reducing

E Further information isprovided in Annex G.

Frequency of testdata recording

Fion and, where applicable, inclination, pore pressure and temperature. Recording of th
| start immediately above the fixed horizontal plane of Figure 3 and then be recorded a

ement'shall apply. If the values are measured more frequently than the required reportin
) th'e average value calculated can be reported. Other methods, however, can also be app

met

hod used shall be reported.

bf the test.
hstant rate
F 2) mm/s.

to prevent
enetration

[y for a new
ion without
ve valuable
to consider

pation tests

fluids may
for at least
technique.

- data for the following parameters shall be recorded: penetration length, cone resistance, sleeve

e test data
least once

every 200mm increase in penetration length, except for test category A where a maximum 10 mm

b intervals,
icable. The

NOTE

The logging interval for the various measured values can also be increased depending on the detail

required in the profile, e.g. detection of thin layers. Usually, the same reading interval is used for registration of
cone resistance, sleeve friction and pore pressure.

5.7

Registration of penetration length

The resolution of the penetration length measurement shall be at least 10 mm.
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The penetration length shall also be checked and recorded at least every 5 m for tests category A of
Table 3. For other categories, the penetration length shall be checked and recorded at the end of the
test. Penetration length shall be checked without using the depth sensor.

NOTE The measured parameters for a cone penetrometer with a large inclination can deviate from the
values that would have been measured if the cone penetrometer is vertical.

The penetration depth shall be calculated from penetration length and inclination measurements as
specified in Annex D.

5.8 Porepressure dissipation test (PPDT)

PSts
yis

If the drainage and/or consolidation characteristics of the soil are to be evaluated, dissipation 't
may be carfried out at pre-selected depths in the deposit. In a dissipation test, the pore pressutie-dec:
obtained by recording the values of pore pressure with time.

A dissipati
conductivi

pn test may be used to estimate the in situ geo-hydraulic properties. In fine, low hydrgulic
'y soils, the pore pressure record may be used to evaluate the coefficient of consolidatior].

Pore press
least 1 Hz
that.

lire and cone resistance shall be measured with time. The recording frequency should ble at
for the first minute of the dissipation test but may be halved for every log (time) cycle affter

Dissipatior The

cone shall

test shall be performed without delay after the cone has-reached the designated depth.
btay in the same depth while performing the test withoutmoving down- or upwards.

and
ling

NOTE1 The required depth and minimum duration of a dissipatien test depend on the soil conditions
the purpos¢ of the measurement. The maximum duration is alse~a common reference condition for avoi
inappropridtely long interruptions.

The dissip
and sleeve
The execut
equipment
clamped tg

htion test may be performed with the rods unclamped or clamped. The cone resistd
friction shall be recorded at the same time intervals as the pore pressure during the
ion method (e.g. clamped/unclamped) shall be recorded and reported. If the weight of
is greater than the total resistance’ of the soil, the dissipation test should be carried
prevent penetration of the equipment during the test.

nce
est.
the
out

NOTEZ2
equipment 4

(ariation in cone resistance-is*unavoidable in practice and depends on factors such as type of

nd soil conditions.

The durati
pore press
If u, is not

pn of the dissipation test should typically correspond to at least ¢, the time needed for 5
Lire dissipation (y s+, + 0,5 x Auy;), since tg is the time used in most interpretation meth
known, a cautious’‘estimate of the value should be made.

D %
hds.

5.9 Testicompletion

The penett the

following €

ation\with the cone penetrometer and the pushrods should be terminated when one of
VERts occurs.

The desired penetration length or penetration depth has been reached.

The inclination of the cone penetrometer relative to the vertical axis exceeds the measuring range
or 15°,

The agreed maximum thrust or the maximum capacity of the cone penetrometer or measuring
systems is reached.

Possible damage to the equipment.

Sudden change in inclination over a short penetration length.

Pore pressure observation test at the end of a CPTU can be carried out when the soils encountered at
this depth are predominantly coarse. In a pore pressure observation test, the pore pressure is obtained
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by monitoring or recording the values of pore pressure with time. In coarse, high permeability soils, the
pore pressure observation test is used to evaluate the pore pressure at measured depth. The duration
of the pore pressure observation test should exceed 1 min. Pore pressure at the end of observation can
be reported, together with monitored time, test depth and cone penetrometer class.

The reference readings of the measured parameters and output stability shall be recorded after
extraction of the cone penetrometer from the soil and, if necessary, after cleaning of the cone
penetrometer. Reference readings should be taken with the cone penetrometer unloaded under similar

tem

perature conditions as close to the ground temperature as possible.

The observed differences in reference readings before and after test completion shall be used as one of

the
Aftg

NO']
the
The

5.1
Co

to ]
be
rec
inA

Tenperature changes cause significant sensor drifts, so it is essential to ensure that si

tem

Dur
gap
car
refq

e
stalﬂ)ility obtained before and after the test shall be used to_fletermine the test category

inputs to determine the test category according to the classification set out in Table 3.
br completion of the test, inspect the cone penetrometer and note any excessive wear)or ¢

E The zero-drift determined from reference readings before the test and after€leahing is 3
correct functioning of the equipment and is used to evaluate if the requirements/f Table 3 can

0 Evaluation of CPT/CPTU in relation to test category

penetrometer class, differences observed in reference readings and the larger valug

[able 3. Tests shall meet all the requirements for each ef\the sensors for a given test ¢
hccomplished. The requirements regarding penetration length are presented in 4.8]
mmendations regarding the selection of equipmentand confidence level of test results ar
nnex A.

perature while taking reference readings béfore and after the test.

ing cone retraction, soils can adhere to.the cone penetrometer or get trapped in the pené
5. This can have an influence in the-reference readings taken after the test. It is inj

rence readings, but not dismantled if the cone sensors are pre-stressed.

Table 3 — Test categories of CPT/CPTU

lamage.

measure of
be fulfilled.

reference readings from the uncleaned cone are also important for the interpretation of test reslts.

b of output
according
ategory to
6. Further
e provided

milar cone

trometer’s
portant to

efully have cleaned or rinsed the>cone penetrometer after test completion and before taking

Reference reading checks
Maximum allow-
Test category Cone penetrometer able differenceof |, . 1 . oo
class Parameter reference values . i .
before and after in output stability
test
A 0 Cone resistance 15 kPa 1 kPa
Sleeve friction 5 kPa 0,5|kPa
Pore pressure 3 kPa 0,5 kPa
B 0,1 Cone resistance 35 kPa 5 kPa
Sleeve friction 5 kPa 1,5 kPa
Pore pressure 10 kPa 3 kPa
C 0,1,2 Cone resistance 100 kPa 11 kPa
Sleeve friction 15 kPa 3 kPa
Pore pressure? 25 kPa 8 kPa
a  Pore pressure applies only to CPTU.
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Table 3 (continued)

Reference reading checks
Maximum allow-
Test category Cone penetrometer able difference of | \p, iroum variation
class Parameter reference values . o1
before and after in output stability
test
D 0,1,2,3 Cone resistance 200 kPa 33 kPa
Sleeve friction 25 kPa 5 kPa
Pore pressure? 50 KPa T6 kPa
a2 Pore prg¢ssure applies only to CPTU.

Qualitativg observations of test performance are valuable and relevant information to the.tsers and
interpreters of the CPT/CPTU datasets and should be reported. Data anomalies like sluggish respdnse
of pore pressure, data spikes, unresponsiveness of sensors, soil disturbance are examples of qualitative
observatiops.

5.11 Equipment checks and calibrations

The overall equipment shall undergo regular maintenance, checking-and calibration procedure$ as
specified i Annex B.

5.12 Safefty requirements

It is presupgposed that national safety regulations are followed; for instance, for:
— persor]al health and safety equipment;

— clean dir if working in confined spaces;

— ensuripg the safety of the equipment.

6 Test results

6.1 Measured parameters

The follow|ng parameters shall be determined where applicable:

| penetrjation length;

q. measufed cone¥eésistance; q.shall be expressed in units of pressure determined as the ratio between
the mepsuredresistance force and cross-sectional area of the cone; the cross-section area of the done
shall be@measured before the start of the test when using class 0 cone penetrometers;

fs measured sleeve friction; f; shall be expressed in units of pressure determined as the ratio between
the measured resistance force and surface area of the friction sleeve; the surface area of the friction
sleeve shall be measured before the start of the test when using class 0 cone penetrometers;

u pore pressure, one or more of the following:
u; pore pressure in the face of the cone;
u, pore pressure at the cylindrical extension of the cone;

u; pore pressure measured above the friction sleeve;
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a measured total angle between the vertical axis and the axis of the cone penetrometer;

T temperature.

6.2 Correction of parameters
Recorded values that are not representative due to penetration interruption shall be ignored.
NOTE1 The surrounding water pressure influences the measured cone resistance and sleeve friction. This is

explained by the effect of the water pressure in the gaps between the cone and the friction sleeve, and in the gap
aboyethe friction sleeve

When water pressure is measured using a filter element at the cylindrical extension ef [th¢ cone (u,),
megsured cone resistance shall be corrected by using Formula (6):

gy =qc +up x(1-a) (6)
where

q. is the corrected cone resistance, in MPa;
q. isthe measured cone resistance, in MPa;

u, isthe pore water pressure in the cylindrical part of the extension of the cone (assumled equal to
the pore pressure in the gap between the cone and-the sleeve), in MPa;

a isthe netarea ratio:

a=A,/A.
whgre
A. isthe cross-sectional projected area of the cone (see Figure 6);

A, isthe cross-sectionaldrea of the load cell or shaft (see Figure 6).

n

Megsurements should only'be corrected if u, is measured.

u, dan be estimated from u; or u; by empirical relations, to obtain an approximately corrected cone
resistance. In soft-cldys and silts, the correction can get substantial, and u, should pr¢ferably be
megsured, and eorrections carried out if the cone resistance recordings are used for intergretation of
meg¢hanical patameters.

The arearatio (a) cannot be determined from geometrical considerations alone but shall be determined
during‘calibration in a pressure chamber or similar. Therefore, the area ratio reported is th¢ area ratio
determined during the last calibration.

NOTE 2 The measured sleeve friction is influenced by surrounding water pressure. Since it is not standard
practice to measure the pore pressure u; above the friction sleeve, the uncorrected sleeve friction f; is commonly
used. A possible correction method for the recorded sleeve friction is given in Annex E.

Various other corrections can be necessary to meet the requirements of the test category, like
temperature effects, the cross-sectional area of the cone.
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1  cross-sectional area (top), 4,

2 cross-sectional area (bottom), Ay,

3 cross-sectional shaft area, 4,

4 cross-sectional projected area, A,

R N O v

axially measured force on the cone, Q.
corrected cone resistance, g,

pore pressure measured at location 2, u,
pore pressure measured at location 3, u;

Figure 6 — Correction of cone resistance and sleeve friction due to the unequal end area effect
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Calculated parameters

The following parameters shall be calculated, based on the measured parameters:

R¢

V4

friction ratio;

penetration depth.

Correction for inclination, like calculation of penetration depth from penetration length, shall be carried
out for test categories A, B and C according to the procedure given in Annex D. Correction for inclination
may be omitted if the target penetration depth is less than 5 m.

Thd following parameter shall be calculated, based on the corrected parameters: R, cornee

rati

7

7.1

Int
as a

Rav
All

NOT
rawj

Sub

Thd
7.2.

Dur

0.

Reporting

General

he presentation of test results, the information should be easilycaceessible, for example,

 data in accordance with 4.8.7 shall be available in digital fermat.
measurements shall be presented relative to the base.0f the cone in engineering units.

E Methods of peak shaving and other correctionS‘:change over time. For this reason, it is im
data is stored for future use containing the measured values without corrections.

clause 7.2 indicates the information required in:
the field report of test results;
the test report.

field report, completed at the\project site, and the test report shall include the informati
The test results shall bexeported to enable a third party to check and understand the re

ed friction

n tables or

standard archive scheme. The presentation may be in digital form for easier data exchanpge.

portant that

on given in
Sults.

ing the cone penetrdtion test, particulars, or deviations from this document, which can affect the
restilts of the measurements and the corresponding penetration length, shall be recorded an

H reported.

7.2| Reporting-of test results
7.2]1 General information
Field Test
report report
a) Reference to this document, i.e. [SO 22476-1:2022 X X
b) Date of test X X
c) Starting time of the test X X
d) Clocktime during the test X X
e) Depth of the start of penetration with reference to the ground surface _ X
f)  Saturation fluid used in pore pressure system (if piezocone) X X
g) Testtype (CPT, CPTU, PPDT, etc.) X X
h) Particulars or deviations from this document X X
i) Company executing the test X X
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Field Test
report report

j)  Name and signature of equipment operator executing the test X X
k) Name and signature of field manager responsible for the test results - X
1) Depth to the groundwater table (if recorded) X X
m) Pore pressure information (for instance from piezometers) (if available) - X
n) Depth of predrilling or trenching depth X
o) Type of materials encountered (if possible) X X
p) Depth Fppnnh‘:\h’nn and pnccih]n causes of anyinterruptions (]il(n diccipah’nn fncfc) X X
q) Stop criteria applied, like target depth, maximum penetration force or inclination X
r) Methofl of back filling the hole, if applicable
s) Obseryations done during the test, for example: X X
— pilesence of gravel;
— ngise from the pushing rods;
— infidents;
— byckled rods;
— aljnormal wear.
t) Maximum difference of reference values and maximum variation.in output stability X X
(accordling to Table 3)
u) Speciffc arrangements that deviate from common set up-of¢hrust machine (like a X X
jack-up platform)

7.2.2 Lofation of the test

Field Tejt
report repdrt

a) Identiflication of the test X

b) Elevatjon of the cone penetration test -

c¢) Local ¢r general coordinates -

d) Referejnce system and tolerances -

RO XXX X

e) Referepce elevation to aknewn datum -

7.2.3 Tept equipment

Field Test
report rep([rt

a) Cone penetrometer type X
b) Cone penetrometer class X
c¢) Geometry and dimensions cone penetrometer X
d) Type of thrust machine used, pushing capacity, associated jacking and anchoring < <
systems
e) Manufacturer of cone penetrometer X X
f) Identification number of the penetrometer X X
g) Measuring intervals for calibration of cone X
h) Calibration report - X
i)  Filter location X X
j)  Filter type and filter material X X
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Field Test
report report

k) Netarearatio (aand b) X

1)  Sensor displacements relative to the level of the cone base X X

7.2.4 Testresults

Field Test
report report
a) Testeategoryaccordingto st X X
b) | Measured according to 6.1 X X
c) | Use of pre-stress devices or techniques according to 4.8.2 _ X
d) | Corrected parameters according to 6.2 and 6.3 _ X
e) | Reference readings of measured cone resistance, sleeve friction and, if applicablge; pore X X

pressure before and after the test and zero drift (in engineering units)

f) | Corrections applied during data processing (e.g. zero drifts, cone resistance and sleeve - X
friction corrections)

g) | In situ pore pressure measurements (if recorded) X X

h) | Inclination of the cone penetrometer to the vertical axis, for a maximum penetration - X

depth interval of 1 m, if applicable

7.3| Presentation of test results

In the graphical presentation of test results, the folloWwing axis scaling should be used:

— | Penetration depth z 1 scalemnit =1 m;

— | Cone resistance q,, q; 1 sc¢ale unit = 2 MPa or 0,5 MPa;

— | Sleeve friction f,, f; I scale unit = 0,05 MPa;

— | Pore pressure u 1 scale unit = 0,2 MPa or 0,02 MPa;
— | Friction ratio Ry, Ry, 1 scale unit = 2 %;

— | Pore pressure ratio Bq 1 scale unit = 0,5.

Onqg scale unit shouldbe 1 cm.

A different sealing may be used in the presentation, if the recommended scaling is used in ar] additional
plog. The recommended scaling can, for example, be used for general presentation, whereps selected
parfs maybe presented for detailed studies, using a different scaling. In clays, and where the test results
are|to.be used for interpretation of soil parameters (categories A and B in Table 3), it is garticularly

nnnnnnnnn

im YEamt o aon anlono cecaling i anracantation oL+ o
Ul'LdIIU LU UoLC LIlIdr sbu quxuls I LIIC lJl COULIILAlIVIT UL tTLOLUL T ULOUILO.,.

For test categories A and B, the cone resistance and sleeve friction shall be determined using the cone
cross-section area and sleeve surface area calculated before the start of the test.

The axis scaling for dissipation test results (cone resistance g, pore pressure u and time t) shall suit the
measured values.

NOTE A common presentation format is to use linear scales for g, and u and a logarithmic scale for .

The test results shall be presented as continuous profiles as a function of the penetration depth (for
categories A, B and C) or penetration length (for category D) relative to the level of the base of the cone
for all sensors.
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On reports presenting corrected data, the corrections applied shall be clearly described and it shall
specify over which intervals were made.

The test results (according to the test category and test type) that shall be presented are:

Cone resistance - depth/length
Sleeve friction - depth/length

Measured pore pressure - depth/length

q. (MPa) - z (m);

fs (MPa) - z (m);
Uy 2,3 (MPa) - z (m);

— Inclin
Penetratio
The units \

Presentati

include at least tabular data according to 7.1.

For catego
friction (f;
of the datg
area corre

In situ por
local pore
dissipation
density me
lacking, an

from the cgne penetration test and local experience.

For furthej

Fricti
Corre
Pore g

Norm

Knowledgs

processing of the measured data, the following relationships may be used, if appropriat
Exces§ pore pressure Aw=u-u
Net cone resistance dn=q;~ Oy

htion - depth/length a (°) - z (m) or tabulated, as function of depth.
n depth is the measured length corrected for the measured inclination.
sed may be kilopascals (kPa), depending on the scale of measured parameters.

bn of the results of cone penetration tests according to categories A and.Bshall, if requi

Iy A, corrected cone resistance (q.) shall be plotted in addition;Gird the corrected slg
may be plotted in addition. The corrected parameters should be used in further proces
. An exception is made for testing of coarse-grained materjalsywhere the effect of the
'tion is negligible.

e pressure can be estimated from the location of theigroundwater table, or preferably

tests in permeable layers. The total overburdefistress profile can be determined f
asurements in situ or from undisturbed samplesin the laboratory. If adequate informatic
estimate of the density may be obtained byuse of a classification chart based on the res

n ratio Re=(f./q9.) * 100 %;

rted friction ratie

B

ressure ratig 0 = (U2 —Uy) /(4 =040 ) =Ay2 /s

hlized excess pore pressure U=(u —uy)/(u—uy) .

ofthe following parameters is required for processing of the test results:

Re = (f,/q0) * 100 % (if known, f; shall be used instead of [,

red,

eve
bing
end

rby

pressure measurements. It can also be evaluated from the test results by perforning

fom
nis
ults

v

In situ pore pressure versus depth

Total overburden stress versus depth

u, (MPa) versus z (m);

0y, (MPa) versus z (m).

These parameters, or additional calculated values, can be used for both identification of strata and
classification of soil types, and as basic input values for evaluation in terms of engineering parameters.

The friction ratio shall be presented on the plot. Presentation of the other calculated parameters is
optional because they are dependent on interpretation.
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Annex A
(informative)

Suitability of test methods

A.1—General

Thif annex provides supplementary guidance to the selection of test category andlrelated cone
penetrometer class, for suitability of test methods.

A.2 Confidence in test results and general test comments

Tabje A.1 defines the confidence level expected for the geotechnical charactérisation of soil proprieties
for a given cone class and test category.

The confidence levels in this annex may be improved by statistical ‘analysis on-site and cone-specific
datj.

Table A.1 — Confidence levels of measurements forthe characterisation of geotechnical
properties depending on the cone'type and test category

Cone penetrometer class
Application Confidence 0 1 2 3
level
Chdracterisations of High A
gegtechnical proprieties [y qium B |
of doil deposits with
Gebax < 1 MPa Low C
Chdracterisations of High B |
gedtechnical proprieties Medium C |
of Joil deposits with
1 MPa < e < 3 MPa, &5 [HOW D
Chdracterisations of High BandC |
gedtechnical proprieties Not
of soil depositswith Medium recommended D
Gc.npax > 3 MPa
NOTE £ A¢B, Cand D are the test categories according to Table 3.

A.3 Uncertainties in cone penetrometer testing

A.3.1 General

The cone test category is for the assessment of whether a cone penetrometer system is working as
expected, but it does not inform on the wider uncertainty of the data gathered. The uncertainty of
individual data points of a CPT profile is affected by many factors and should be taken into account
when deriving geotechnical parameter values from the recorded data. Some of the factors affecting
cone penetration test uncertainty are listed here:

— ambient and transient temperature effects;

— sensor drift caused by overload or bending;
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poor saturation;

— improper transfer of loads due to dirt in gaps and seals;

— deviation of the geometry of the cone.

An uncertainty statement resulting from an uncertainty analysis that considers some of these sources
of uncertainty can be presented in the report. The uncertainty analysis can be prepared following the

recommen

dations provided in Reference [11], ISO/IEC 98-3:2008 and ISO 10012.

Some of the factors affecting cone penetration test uncertainty are discussed in A.3.2 to A.3.6. Further

discussion

A3.2 Te

For a soil p
in the soft
effects in
cone penet
penetrome
systems cg
return to S
alternative
layers and
penetrome
need to be

A3.3 Se

In practice

di+c CDT/CDTIL 11

idad Raf,
Ul UIICTT LCllllleO aooU\,nau,u LU Ul l/ ul 1'U dIcT Pl UVIUCUU ITIT INUITTTIILT LLJJ

mperature effects

pofile of dense sand overlying soft clay, there is more uncertainty in the measurements m
clay than there would be in a soft clay only profile, due to thermal effects ‘ahd hyster
he cone penetrometer response. For example, friction in dense sand canvtypically cau
rometer to heat by about 1 °C/MPa cone resistance; and the resulting heat flux in the g
ter can give an apparent shift in the cone resistancell6l. Ambient temperature compensa
nnot avoid heat flux effects. Penetration interruption to allow‘thé cone penetromete
table ambient temperature can mitigate the effect on the cone penetrometer readings
method is to revisit the investigated location, predrill to Known depths to avoid the h
acquire CPT data in the softer layers. It is also possible te'measure temperature in the ¢
ter and partially correct CPT parameters for heat flux effects. In this case all correct
documented and reported.

hsor overload

cones can be overloaded outside their maxifmium design capacity range. This can cause Iz

ade
esis
be a
one
[ion
I to

An
ard
one
ons

rge

sensor drift and compromise the accuracy of the test measurements. It is good practice to keep 4
that docunjents some of the cone operational parameters, for instance, number of tests, total meteifage
of penetration, reference readings, maximum(load, max temperature. The latest cones are equipped
with data lpggers to provide data to confirfn isers that the instruments have only been used within its
calibrated fange.

log

A.3.4 Pore pressure

ents
ore

To improve the accuracy of gepteehnical parameter, values derived from cone resistance measuremg
and the cdne resistance are frequently corrected for the effects on the cone resistance of the
water pregdsure generated by the cone penetration. However, if the pore water pressure recorded by
the pore pfressure senser-is not representative of the water pressure around the cone, the correcfion
applied to fhe conegeSistance is incorrect. Such error can be due to the pore pressure filter beconjing
blocked; o1 the perepressure sensor can desaturate due to cavitation due to high negative pore water
pressure generated in the test and therefore not respond representatively below this as a result of
the soil behawiour. Note that the gap behlnd the cone over Wthh pore water pressure affects the done
resistance wi ‘ent
from the measured pore pressure In all these cases, the assumed correctlon for pore pressure effects
on the cone resistance is erroneous and can cause errors in derived geotechnical parameter values.

Pore pressure sensors can lose saturation while the cone penetrates unsaturated or partially saturated
soil above the ground water table leading to inaccurate pore pressure measurements. This can be
avoided by using slotted filters or by restarting the test with a fully saturated cone after predrilling to
the ground water level.

A.3.5 Sleeve friction

Significant variability is reported in the sleeve friction measurements made by different designs of
cone penetrometer that all conform to ISO requirements. Therefore, compared with cone resistance
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measurements, there is larger uncertainty in the sleeve friction measurements undertaken in cone

pen

A3

etration testing.

.6 Variations in testing speed

It is not uncommon that penetration speeds vary and are lower (typical) or higher (uncommon) than
desired. Cone penetration speed is dependent on applied thrust which is commonly controlled by the
pressure applied in the thrust system.

Cone penetration speed can influence the pore pressure response (drained, partially drained or

und

rained) of specific soils/soft rocks, e.g. chalks, silt. Pore pressure response in turn a

ffects cone

resi
low
resj
soil
can

Effd
i.e.

are
sho

stance during penetration. For example, a soil responding undrained during a CPTy
er resistance to cone penetration. The speed of cone penetration can influence the por
bonse i.e. at lower speeds partially drained or drained conditions occur, whereas at highe
response can be undrained. Changes in pore pressure response are the dominaht mecha
result in a significant different penetration resistance of a cone penetrometer.

cts of varying penetration speed on cone resistance in soils with a constant pore pressur
bither drained or undrained, are limited. Examples of the effect of variable cone penetra
provided in Reference [12]. If the penetration speed deviates fromthe required (20 * 5)
11d be included in the test report.

pically has
e pressure
r speeds, a
nics which

e response,
tion speed
mm/s, this
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Annex B
(normative)

Maintenance, checks and calibration

B.1 DﬂEli[}tG%l}G}¥¥G&%4!ll(1-Gll€%Gl4SF————————————————————————————————————————————————————————————————

B.1.1 Linearity of pushrods

Before the|test is carried out, the linearity of the pushrods should be checked by one of the following

methods:

— holding the rod vertically and rotating it; if the rod appears to wobble, thé puishrod should be
replaced;

— rollingthe rods on a plane surface; if the rod appears to wobble, the pushrod should be replacedl;

— sliding a straight hollow tube which is slightly longer than the rod-otver the rod; the pushrod shquld
pass through the tube without jamming.

If any indidations of bending appear, the use of the rods should be)suspended.

Other metlLods of checking the straightness can be used.

NOTE IIn test category D, there is no inclinometer, so itds more important to control the straightness of the

rods.

B.1.2 Waear of the cone penetrometer

The wear df the cone and the friction sleeve-shall be checked regularly (see Table B.1) to ensure that{the

geometry gatisfies the tolerances (see 434 and 4.5). A standard geometrical pattern similar to a new or

unused conpe penetrometer may be used in this control.

When using class 0 cone penetyometers, the cross-sectional area of the cone and the area of the slgeve

friction shall be determined féHowing the next procedure.

— Measufre and record<thée diameter of the cylindrical (steel) part of the cone perpendicular to|the
axis offthe conedgdtrotational position 6, = 0° of the cone penetrometer, d.,, at 0;,, = 120°and
240 §t 0249 =240°. The cross-sectional projected area of the cone (4 ) shall be calculated uging
Formullae (B.43*ahd (B.2):

A, =0|25xtxd,> (B
where
dc — [ C; C,; ) (BZ)
3
— Measure and record the diameter of the friction sleeve dy.j, d;).15¢ and dy).p40, as for d.q, d..15¢ and

d..,40 at 3 positions along the vertical axis of the friction sleeve (lower one fifth of the friction,

middle one fifth of the friction sleeve and upper one fifth of the friction sleeve). For calculatio

n of

the surface area of the friction sleeve, it is assumed that the length does not change by wear and tear

and that the length of the friction sleeve according to the calibration report (I,) shall be used.
surface area of the friction sleeve (A4,) shall be calculated using Formulae (B.3) and (B.4):
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Ag =mtXdy Xl

where

~(da1,0 + 215120 + 21240 )+ (d2mi0 + dams120 +d2m240 ) +(d2u;0 + 20120 +d2u240)
=
9

.3 Gaps and seals

canlc and gonce bhaotvrnan tha Aiffarnnt navte AL+l ~on nanatrarantnr chall bha ~hacslad

(B.3)

(B.4)

according

to 1]
pen|

B.1

If p
satil
pen
gro

Bef
eac

B.1

For

alonmg with any additional manufacturer’s requirements for the particular equipment.

SCOTS Ot qUpPo ot Tyy CCTT CIIC O rcTroTre O Co Ut CoOTIC P rIIC T UTTIC Tt oToT o T CITetisey

[able B.1. In particular, the seals should be checked for intruding soil particles and'¢l
etrometer shall be cleaned before storage.

L4 Pore pressure measuring system

ore pressure measurements are carried out, the filter should have suffi¢ient permea
sfactory response (see 4.6.1). The pore pressure system should be complétely saturated|
etration starts, and this saturation should be maintained until the Cone penetrometer t
indwater-surface or saturated soil. For maintenance intervals, see Table B.1.

bre each test, the filter shall be checked visually for damage, wear and clogging. Prefer
h test, the filter should be replaced and the saturation procedure should be carried out.

L5 Maintenance procedures

maintenance and calibration of the equipmentycthe check scheme in Table B.1 shall b

Table B.1 — Control.scheme for maintenance routines

baned. The

bility for a
before the
eaches the

hbly before

e followed,

Checking routine Startof test |End of test Every twelve mont

hs

Penetrometer:

Calibration - - xa

Reference readings

Filter element

Wear

SRR
SRR
|

Gaps and séals

Thrust mrachine and rods:

Depth¢sensor - - X

Pehétration rate sensor - - X

Verticality of thrust machine X - -

Pushrods X - -

a  Atintervals, see 5.1.2.

B.2 Calibration and verification of cone penetrometer

B.2

.1 Environment and preparation

The calibration and verification of cone penetrometer sensors shall be performed in a calibration
laboratory that meets the requirements of ISO/IEC 17025.

The calibration and measurements of cone penetrometer sensors (cone resistance, sleeve friction, pore
pressure and inclination) shall be performed at a stable temperature to within 1 °C. This temperature
shall be within the range 18 °C to 28 °C and shall be recorded to an uncertainty of < 1 °C at 2 0,01 Hz.

©IS
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Enough time shall be allowed for the cone penetrometer to attain a stable temperature at the calibration

laboratory.

Calibration and verification shall be conducted on a fully assembled cone penetrometer, including all

components, seals and embedded software (systems). The cone penetrometer shall be clean prio
calibration and verification.

B.2.2 Measuring intervals for calibration

r to

The measuring intervals for calibration of the sensors of the cone penetrometer should be selected

to cover the measuring intervals of interest. The measurin
Consideratiions for the measuring intervals of interest include expected ground conditions
operational setting.

A measuring interval of interest of 0 °C to 15 °C is typically selected for calibration of inclination.

B.2.3 Cope resistance and sleeve friction calibration

B.2.3.1 (eneral

The calibrdtion of cone resistance and sleeve friction shall be conducted using a frame allowing vert
clamping of a cone penetrometer and the application of axial force, F,, tothe’cone and the friction sle
The referepce can consist of a loadcell or dead weight capable of niéasuring axial force F. The (
acquisitior] unit(s) shall be able to record the output of the force reference and the output of the d
penetromeiter.

B.2.3.2 Tlest method
The test mgthod shall be as follows.

a) Record reference cone resistance force F . (ef-reference sleeve friction force F.), cone resistg
force gutput F_. and the sleeve friction force output F, and, where applicable, apparent g
pressure u, throughout the test at > 1 Hz.For subtraction cone penetrometers, values for Fgs

be det¢rmined as Fg; = where Fy ., r is the force output of the combined cone resistance

qc+fs’
sleevelfriction load cell.

b) Place the cone penetrometeryertically.

c¢) Commegnce warm up by-Cennecting the cone penetrometer to a power supply and maintain the g
penetrjometer at zeroload until variation of F is less than 3 kPa per 100 s and the variation of 4
less thhn 0,2 kPa per<100 s.

intervals should include zero load.

and

ical
bve.
lata
one

nce
ore
hall

and

one
£ 1S

d) Perform pre-leading of the cone penetrometer, consisting of the application of the maximum

calibrgtion ferce Fy at least three times and returning to F,,. = 0 after every application.
duratipp-ofithe application of each pre-load shall be between 60 s and 90 s.

The

For a compression type cone penetrometer [see Figure 1 a)], it is necessary to perform pre-loading

separately for the cone and the friction sleeve.

e) Maintain a waiting period of atleast 30 s after completion of the pre-loading part of the test method.

f) Commence the calibration of the cone resistance sensor at F,..

= 0 and then apply F, . by increasing

load steps covering the measuring interval for calibration. The values of F,. of the first series (i = 1),

taken at a reference angle 6 = 0° are denoted deflection X; (see Figure B.1).

NOTE1 A deflection is defined as the difference between a reading under force and the reading without

force taken prior to the commencement of each load step sequence.
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g) Reduce F,  to zero load condition and maintain a waiting period of at least 30 s. Apply an identical
loading series and waiting period after returning to zero load at the same reference angle 6 = 0°.

h)

The values of F of this series (i = 2) are denoted X, (see Figure B.1).

NOTE2  Recorded values of F,,. can be negative at zero load condition.

Apply at least two further series of consecutive increasing and decreasing load steps at 8 = 120°
and 0 = 240°. The values of F,. are denoted X; for the loading series and X’, for the unloading series
at 0 = 120° and denoted X; and X’ at 6 = 240° (see Figure B.1); maintain a waiting period of at least

30 s after each series.

j)

k)

AwW
Red

X5 X'y X5, X'

Xie Xo
Figure B.1 — Positions of'the cone penetrometer

Commence the calibration of the sleeve friction sensor at F, = 0 and then apply F to 1
sleeve, by increasing load steps covering the measuring interval for calibration. The val
the first series (i = 1), taken at a refereénce angle 8 = 0° are denoted X; (see Figure B.1).

Reduce F ¢ to zero load condition’s and maintain a waiting period of at least 30 s. Apply ¢
loading series and waiting.period after returning to zero at the same reference angle

values of Fy of this series ()= 2) are denoted X, (see Figure B.1).

Apply at least two funther series of consecutive increasing and decreasing load steps
and 6 = 240°. The values of F, are denoted Xj; for the loading series and X', for the unloa

30 s after eachseries.
aiting period of at least 3 min between subsequent measurement series shall be maintaii

ords shall be made of each F, o F,

qo Frs Fre Where applicable, for each force step.

Thelnumberofle

he friction
hes of F, of

n identical
P = 0°. The

it 6 = 120°
ding series

at 6 = 120° and.dénoted X; and X’ at @ = 240° (see Figure B.1); maintain a waiting periogl of at least

ned.

nimbar aof load ctanc F  vacardad for anch tnerancing cariac and dacraacing cariac ¢
Seres

all not be

T OtC PO T T o oo oot ottt e oo ot ST OO T T oot T =

less than one hundred. These loads shall be distributed uniformly over the measuring interval(s)
for calibration. An interpolation for F . and an interpolation formula for Fg shall be determined
by a statistical best-fit of all the deflections X and X” within the respective measuring intervals for
calibration.

NOTE 3

For calibration of cone resistance and sleeve friction, a statistical weighting method can be applied

to reduce bias for increasing axial forces versus decreasing axial forces applied to the cone penetrometer during
calibration.
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B.2.3.3 Assessment of calibration uncertainty

The assessment of calibration uncertainty shall be according to Formulae (B.5) to (B.21), except that Uy
shall be determined according to a formula similar to Formula (B.5), if all of the following applies:

— calibration of f; for a subtraction type cone penetrometer;

— F_is applied to the cone and thus indirectly to the force sensor for combined axial force on the cone
and friction sleeve.

The formula similar to Formula (B.5):

— shall Qe according to the evaluation of measurement uncertainty given in ISO/IEC 17025:2D17,
particIIarly subclause 7.6;

— shall ipcorporate k=2 and shall take account of subtraction dependencies for f;

— shall b included in the calibration report.

The expanfled measurement uncertainty for the calibration U, (denoted as U, foricone resistance pnd
U for slepve friction) shall be calculated using a coverage factor, k, equal-te-2 for each value df F,
according to Formula (B.5):

UC =( c,dim /S)Xk (3-5)

S

where u_ g, is the combined standard uncertainty of u, and uy;, @ccording to Formula (B.6):

uc,dim 7 \/(uc )2 +((udimXFr)/S)2 (3-6)
where

Ugim s equalto u,. for g, and equal to uygfer f; as defined below;

S s equal to A, for q., and equal to'4 for f;;
F. s Frqc corresponding to eachiload step (or F, corresponding to each load step);
u, s the combined standard uncertainty for calibration.
B
U = :Z Uiz (B.7)

ik
The paramleter Ugzgs{denoted as Uy ;45 for cone resistance and Ug, 4, for sleeve friction) for the done
class statement of:conformity shall be calculated for each value of F, according to Formula (B.8), ex¢ept
that Ug. ., shall' be determined according to a formula similar to Formula (B.8), if all of the following
applies:

— calibration of f; for a subtraction type cone penetrometer;

— F,is applied to the cone and thus indirectly to the force sensor for combined axial force on the cone
and friction sleeve.

The formula similar to Formula (B.8):

— shall be according to the evaluation of measurement uncertainty given in ISO/IEC 17025:2017,
particularly subclause 7.6;

— shall incorporate k=2 and shall take account of subtraction dependencies for f;
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may omit u ;

shall be included in the calibration report.

2 8 o
Ulass = EX \ Z = Ui

Uncertainty contributions u; shall be calculated as follows.

(B.8)

— uy is the standard uncertainty associated with the reference force F, expressed in units of force;

— |u, is the standard uncertainty associated with reproducibility of the calibration results,
R 1 —\2
= Hx [=x Y (X - X,) (B.9)
XN 6 .
i=1,3,5
where
Fy  istherange between maximum and the minimum value of F,.({or Fy) for the selgcted meas-
uring interval for calibration;
Xy isthevalue of Fy (or Fg)) corresponding to Fy;
X; is Fy. (or F) for a selected value of F,. (each load stepy from series i;
X, isthe average of the values of X;:
— X{+X3+X
X.= 21793745 (B.10)
3
NOTE Linear interpolation can be used if.averaging requires use of slightly different values for data pairs of
X;and F,.
— |u; is the standard uncertainty dssociated with repeatability.
b’XF,
Uy = r (B.11)
V3
whére b’ is the repeatability error without rotation.
, | X=X
b =|22 L (B.12)
XWI‘
where X, :1s the average of the values of X; without rotation.
X{+X
PR A (B.13)
2
If X, =0, then uz may be set to zero.
— uy is the standard uncertainty associated with resolution.
r
Uy =—= (B.14)
J6
where ris the resolution of the sensor.
— Uy is the standard uncertainty associated with zero drift.
©1S0 2022 - All rights reserved 39
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Iy —lo; F

B.15
Xy (B.15)

Us = max
1<i<6

where
Ir; is X; corresponding to F,. = 0 after applying a series i;
Ig; isX;corresponding to F, = 0 before applying a series i.

If the lowest value of F,. for the measuring interval for calibration is greater than zero, then values for i;

and i,; maybeadjusted-accordingty:
— ugis the standard uncertainty associated with interpolation.
X -X
Ug =|+—=—-"2xF, (B}16)
XI"
where X, if the computed value of deflection calculated from the interpolation formula.
If )Tr =0, then ug may be set to zero.
— Uy is the standard uncertainty associated with reversibility.
vi|F,
uy =715 8}17)
\/3
where v is the relative reversibility error of the sensor.
vy TV
v=—"—1-2 (Bl18)
X —-X
O i (B19)
X3
Xt —-X
v, =| =25 (B|20)
Xs
— ugis the standard uncertainty associated with apparent load transfer from other sensor.
ug =n ax|Fqc | or max|fy, | (Bl21)
where
max|F} {15 the maximum (absolute) value of F. recorded during any of the series i for calibration

oI sIecve IT1CLIOIL, IIldX|I"qC| dppIES 10 U, Ol qc;a'

max|Fg| isthe maximum (absolute) value of Fi, recorded during any of the series i for calibration
of cone resistance; max|Fg|applies to u, of f;.,.

B.2.3.4 Calibration results

Test records shall include maximum and minimum air temperature, the interpolation formula, F, F,.
and Fy, and, where applicable, u,, versus time at the recording frequency of B.2.3.1.

The calibration report shall include:

— information according to 5.1.2;
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— values of A; and A selected for calculation of reference cone resistance q,. (qc; = Frqc / AJ), apparent

cone resistance q,, (4., =Fqc / Ao, reference sleeve friction f, . (f;,. = Fi¢s / A) and appa
friction f;., (fs.a = Frs / As)s

Nominal values may be selected for 4. and A..

rent sleeve

values of F, . and Fg and, where applicable, u, for at least 10 representative points evenly spread
to cover the calibration measuring interval for each of the loading series and unloading for q;

values of F,, F¢, and Fyc and, where applicable, u, for at least 10 representative points evenly spread
to cover the calibration measuring interval for each of the loading and unloading series for f;

The

B.2

B.2

The
Oor §
the
uni
tem

B.2
The

graphical results of F . and Fg records versus F;

measurement uncertainty results u;, U, Ugiy, Uc gim and Uy for atleast 10 pairs of H.and
of the loading and unloading series for g.; measurement uncertainty results u; U g, U
for at least 10 pairs of F,. and Fy, for each of the loading and unloading series|fer f..

q

parameters F, F. and F; may be replaced by q.,,, f,;» qc;a fs; €Xpressedyin’MPa or kPa.

.4 Calibration of pore pressure sensor

4.1 General

calibration of the cone pressure sensor shall be conducted in a pressure vessel filled

bas. The reference consisting of a pressure sensor,shall be capable of measuring pre
‘mometer for measuring the temperature in the pressure vessel shall be used. The data
(s) shall be able to record reference pressure;:the output of the cone penetrometer s
perature of the fluid in the pressure vessel.

4.2 Test method
test method shall be as follows.

Record the reference pressure~u, apparent pore pressure u, of the cone penetron

The parameters F. and ¢, may be replaced by q,, f;,, expressed in MPa or kPa, wher
cone resistance is q{, ¥'F,. / Ac and apparent sleeve friction is f,, = F; / A

Place the cone penetrometer at atmospheric pressure in the pressure vessel ensuring th
penetrometeris not in contact with the pressure vessel except above the friction sleeve.

" for each

qc
,dim and Ufs

lvith water
ssure u,. A
hcquisition
bnsors and

heter, cone

resistance force output F«and sleeve friction force output Fi, throughout the calibratiop at = 1 Hz.

e apparent

at the cone

Apply two pressure cycles. For each cycle, apply u, in the pressure vessel in a series of
pressure steps covering the measuring interval for calibration. One pressure step sha
atu, ¥ 2 MPa to allow the determination of net area ratios according to B.2.4.4. Once th

©IS

pressure has been reached follow with a series of identical pressure steps in decre
€Cords of U, U, Fg
shall apply between subsequent cycles.

After completion of the two cycles, reduce the pressure in the vessel to atmospheric pr
continue recording of u, for atleast 30 s.

increasing
be placed
maximum

essure and

For the first pressure cycle, the deflections from the pore pressure sensor recorded in the

increasing pressure series (i = 1) are denoted X;. The deflections recorded in decrea
(i = 2) are denoted X’,. The deflections for the second pressure cycle are denoted X,
increasing and decreasing pressure series respectively.

NOTE
pressure taken prior to the commencement of each cycle.

02022 - All rights reserved
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The number of reference pressure steps, u,, recorded for each increasing series and decreasing series
shall not be less than twenty. An interpolation formula shall be determined by a statistical best-fit of all
the deflections X and X’ within the measuring interval for calibration.

B.2.4.3 Assessment of calibration uncertainty

The expanded measurement uncertainty (U,) for each value of u, shall be calculated using a coverage
factor, k, equal to 2 and according to Formula (B.22):

Uy =k><\/y,.6_1 uf (B.22)

The measurement uncertainty, U, for the cone class statement of conformity shall be calcalated for

each value|of u, according to Formula (B.23):

N6 2
Uy:clasq = 2% Zizzui (B|23)

Uncertaintly contributions u; shall be calculated as follows.

— uy is the standard uncertainty associated with the reference pressuke u,, expressed in units of
pressure;

— u,is the standard uncertainty associated with repeatability.
‘b'xu

u2 =

V3

where(b’ is the repeatability error.

r

(Bf24)

X —Xq
X1,3

(B|25)

X; s the deflection from series i

X;3 s the mean value if the deflections.

— |X;+X
X, 3 :% (B[26)

If X; 3| =0, then uymay be set to zero.

— ujyis the stapdard uncertainty associated with resolution.

Uy =— (BI27)

6
where ris the resolution of the sensor.
— u, is the standard uncertainty associated with zero drift.

Ifj —lp; U

B.28
Xy (B.28)

Uy =

max
i=1,2,3,4
where

Ir; 1s X;atu,.= 0 after applying a series (i);
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ig; isX;atu,.= 0 before applying a series (i);

Xy is the value of u, corresponding to the maximum calibration pressure.

If the lowest value of u, for the measuring interval for calibration is greater than zero, then values for i
and iy; may be adjusted accordingly.

us is the standard uncertainty associated with interpolation.

Xi12—X
Us = %xur (B.29)
41,3 |
wh¢re X, is the computed value of deflection calculated from the interpolation formula
If X; = 0, then ug may be set to zero.
— |ug is the standard uncertainty associated with reversibility.
vX[uy |
Ug =11 (B.30)
3
whgre
vy +V
=172 (B.31)
2
X'5—X
v, =|— 1 (B.32)
X1
X'4—-X
v, = 24 73 (B.33)
X3
B.2}4.4 Determination of net arearatios
The net area ratio of the cong g and the net area ratio of the friction sleeve b shall be computed using
thelformulae a = q.., / u. ad b = f;., / u, at reference pressure u. = 2 MPa. The net area ratiof should be
conmputed with the meax values of g, and f,, for the two cycles.
B.2}4.5 Calibrationresults
Test records shall include maximum and minimum temperature of the fluid in the pressure|vessel, the
intgrpolationformula, u,, u,, q..,, and f;., versus time at the recording frequency of B.2.4.2.

Thd

calibration report shall include:

©IS

Imformation according to 5.1.2,

graphical results of all u, records versus u,;

values of A, and A selected for calculation of g, and f.,;
NOTE Nominal values can be selected for A_ and A,.

values of u,, u,, q..,, and f., for at least 10 pressure steps of each pressure series;

measurement uncertainty results u;, u,, and U, for at least 10 pairs of u,. and u, for each of the

pressure series;

graphical results of u, records versus u,;
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— values

of net area ratio a for cone resistance and b for sleeve friction.

B.2.5 Determination of cone and friction sleeve dimensions

B.2.5.1 General

The dimensional measurement shall be conducted with a measuring device with an expanded
measurement uncertainty lower than 0,05 mm. A thermometer for measuring ambient air temperature
shall be used. Air temperature variations throughout the test shall not exceed +3 °C.

B.2.5.2
The test m

— DMeasu
6=00°

— DMeasu
dc;240'
The ra

est method
bthod shall be as follows.

re and record the diameter of the cylindrical (steel) part of the cone d_., at rotational posi
pf the cone penetrometer, d.;5q at 61,( = 120° and d.p4 at 0,4 = 240°.

re and record the diameter of the filter element dg; ., dg;.129 and dg;).4¢, BSfOr de.o, de.120

dial distance between the outer surface of the filter element and‘the steel immediately alj

and below the filter element may be recorded at 6, 6, and 6,,, for a-u, filter element.

— Measu

e and record the diameter of the lower one fifth of the friction sleeve d,)., d;).159 and dy

as for ¢, d;.100 and dg.p4¢-

— Measupe and record the diameter of the middle one fifth of the friction sleeve d,, .o, dyp.120
dym;2aq a8 for dgo, dg;120 and de;p40-

— Measupe and record the diameter of the upper onefifth of the friction sleeve d,,,.g, d,.1 20 and dy,
as for ¢, d.150 and dg.p4¢

— Measufe and record the height of the conijcat section h,, at rotational position 6, = 0° of the g
penetrometer, h.q5q at 01,0 = 120° andch g4 at 0540 = 240°.

— Measu
hc;O' hc

Values
datum|

— Measu
of the

— DMeasu

— DMeasu

re and record the length of the tylindrical extension of the cone h,.g, he.129 and hg.p40, as
120 and h;p40-

for hg.g, he.q90 and hgsyo may be derived from distance measurements relative to a vert

Ire and record. thelength of the gap between the cylindrical part of the cone and the lower
riction sleeve€ 1y, Lyj.120 and lgj24¢, as for hg,g, he;120 and he,p40.

e andJecord the length of the friction sleeve I, Is.15 and Ig.54, as for h.g, he.159 and h4

e-and record the length of the gap above the upper end of the friction sleeve Iy, g1 20

fion

and

ove

2400

and

240’

one

for

ical

end

and

Igu;24-0

asforl .. 1. ...andl ...
LU gL TZ0 BL2T0

B.2.5.3 Assessment of dimensional uncertainty

Expanded measurement uncertainty shall be determined using a coverage factor k equal to 2 and
according to Formulae (B.34) and (B.35):

UAC :quAC

44

(B.34)

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=5b60fff2df35ab22606f217a0cda7f7b

IS0 22476-1:2022(E)

UAS :kXUAS

Uy, is the combined standard uncertainty for the cross-sectional area of the cone:

Upe =0,5XTTXUy Xd.

where u,, is the combined standard uncertainty for cone diameter:

whg

ref]

Ups

wh

whg

Ug

N

b = 9:0{111%(,240|dc'9 ~d

¢ d

C

d. = (de,o + de;120 + de;240) /35

is the standard uncertainty of the reference measuring device;

is the combined standard uncertainty for the area of the friction sleeve:

2 2
tps =Xy gz X1 ) +(ug xdy )

bre U is the combined standard uncertainty for length of the friction sleeve:

b X, ¥,
uls:\/[ S\/gs) +uref

re

max |Is,9 —Is|
b = 0=0,120,240
Is — I

S

ls = (U0 * Is;120%1240) / 3;

is the combined standard uncertainty for diameter of the friction sleeve:

boyxdy ¥
udZZ\'/( C“@ ) +uref

where

©IS

max |21 6 —da|
_6=0,120,240;k=I,m,u

d,

bc2

dy = ((day,0 + da1:120 * da1,240) + (dam;0 + d2m;120 + dam;240) + (dau0 + d2u;120 + d2u;240)) / 95
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(B.35)

(B.36)

(B.37)

(B.38)

(B.39)

(B.40)

(B.41)

(B.42)

(B.43)

(B.44)

(B.45)

(B.46)
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B.2.5.4 Testresults

Test records shall include tabular results of the measured values of diameter, height, length versus
rotational position.

The test report shall include, where applicable:

— information according to 5.1.2;

— cone diameter d;

— cross-sectionalarea of the cone AL inmm? _determined ]’\y Formula (B 471

A.=0,

— conea

— values
diame
frictio

— diame
— verticg

h.=(h
— length

cone a
above

— areao

A=

— frictio
B.2.6 Ca

B.2.6.1 G

The calibr:
penetrome
for vertica
The mininj

D5 x Tt x d 2; (B

Fea uncertainties u,, and Uy;

for diameter of the filter element dy;,, diameter of the lower one fifth of the friction sleevg
er of the middle one fifth of the friction sleeve d, , and diameter of the‘upper one fifth of
n sleeve d, , determined as described for d;

er of the friction sleeve d, in mm;

1 height of the cone h.in mm, determined by Formula (B.48);

o Ne120 * Pe240) /35 (B
of the cylindrical part of the cone h,, length of:the gap between the cylindrical part of]

hd the lower end of the friction sleeve Igl, length of the friction sleeve I, and length of the
fhe upper end of the friction sleeve [y, deterthined as described for h;
the friction sleeve A, in mm?, determined by Formula (B.49):

¥ d2 x Is; (B

1 sleeve area uncertainties #yand Uy,.

ibration of a cone penetrometer for inclination

eneral

ition of the.cone penetrometer shall be conducted in a frame capable of clamping the ¢
ter in a €£ange of spatial reference points with the aid of a reference inclinometer, nan
referénee inclination (i, = 0°), < 5° increments of i,, 0° rotation (6,) and 90° rotation (§
um{nieasuring interval for calibration shall be 0° to 15° from vertical. A thermometer

measuring

47)

dyy,
the

48)

the
gap

49)

one
hely

90)-
for

dmbient air temperature shall be used. Air temperature variations throughout the test s

hall

not exceed £3 °C. The data acquisition unit(s) shall be able to record the output of the sensor for the

inclination

of the cone penetrometer.

B.2.6.2 Test method

The test method shall be as follows.

— Record the reference inclination i, for each of the spatial reference positions of the clamping frame
used for calibration, using the reference inclinometer.

— Place the cone penetrometer in the clamping frame, with i, at the maximum value of the selected
measuring interval for calibration, rotate the cone penetrometer and record 6, as the point where
i, reaches the maximum value.

46
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— Record i, and i, for 6, at vertical position i. = 0° and then at increasing increments equal or lower

than 5° of i. until the selected measuring interval for calibration range is reached.

— Record i, and i, for 8y, as for 6.

— Determine an interpolation formula by a statistical best-fit of all values of i, within the measuring

interval for calibration.

B.2.6.3 Assessment of inclination calibration uncertainty

The expanded measurement uncertainty (U, ) for each value of i. shall be determined using a coverage

factlor k equal to 2 and according to Formula (B.50):

/ 4 2
Uinc=k>< Zizlui

u; Is the standard uncertainty associated with the reference inclinometer{sensor used

calipration expressed in degrees.

u, iy the standard uncertainty associated with reproducibility of the calibration results.

<Ji 3 (K

Fy

U, =
2 X
N

whére

Fy is the maximum value of i, for the selected me&asuring interval for calibration;
Xy is the value of i, corresponding to Fy;
X; isi, for aselected value of i, from sexies 6;;

X_r is the average of the values of X:

v _ X0+ Xp90
X, =00-20%

us iy the standard uncertainty associated with resolution.

U3 =—

J6

where ris tle resolution of the sensor.

u, iy the standard uncertainty associated with interpolation.

(B.50)

during the

(B.51)

(B.52)

(B.53)

X=X .
SNV

Us =
I x

r

r

where X, is the computed value of deflection calculated from the interpolation formula.

If X_r =0, then u, may be set to zero.

B.2.6.4 Testresults

(B.54)

Test records shall include tabular results of air temperature, the interpolation formula, and pairs of i,
and i, for each of the spatial reference positions of the cone penetrometer. The test report shall include:

— information according to 5.1.2;

© IS0 2022 - All rights reserved
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— maximum inclination used for calibration of the cone penetrometer;

— measu

rement uncertainty results U, and u;,. for each increment of i, including i. = 0.

The maximum value of U, shall be used for conformity assessment according to 5.1.3.

B.2.7 Verification of a cone penetrometer for temperature influence

B.2.7.1 General

The verific

tion of a cone penetrometer for temperature influence shall be conducted in a frame cap

ble

of clampin
penetrome

The test s
constant te

uncertaint
water or

shall be m¢
data acquijs
acquisition

Thermost‘I bath 2 shall be capable of maintaining a constant temperature of fluid at10.%C to a stand

NOTE 4

B.2.7.2 T
The test m

Mainta
actual

Mainta
tempe

Recorq
pore p

Whers
tempe
pressu

b the cone penetrometer vertically and shall include a thermal disconnection from the)qg
ter.

hall include two thermostat baths. Thermostat bath 1 shall be capable of maintainir
mperature of fluid at 30 °C to a standard uncertainty of < 0,5 °C for the durdtion of the {

of < 0,5 °C for the duration of the test. The fluid in the thermostat baths-can consist of
ixture of water and antifreeze; and the temperature of the fluid imedach thermostat |

ition unit(s). Temperatures of the fluid in the thermostat baths should be recorded on a g
unit(s).

\ bath containing tap water and melting ice made from tap watercan serve as thermostat bath 2.

est method
bthod shall be as follows.

in temperature of the fluid in thermostat'bath 1 at 30 °C throughout the test and req
temperature values at > 0,01 Hz.

in temperature of the fluid in thermostat bath 2 at 0 °C throughout the test and record ac
rature values at > 0,01 Hz.

apparent cone resistance gy apparent sleeve friction f;., and, where applicable, appa
Fessure u, and apparent temperature T, throughout the test at > 1 Hz.

applicable, determiné and record temperature-corrected apparent cone resistance g
rature-corrected dapparent sleeve friction f,. and temperature-corrected apparent
re u,.throughoutthe testat > 1 Hz.

Both o
correc

a)

re

the followdinhg shall apply to cone penetrometers that rely on real-time or post-proces
ion for temperature influence on CPT results.

ording of q..,, f;,, and, where applicable, u,;

one

ga
est.
ard
tap
ath

pasured by reference thermometer. Output of the cone penetrometei~shall be recorded ¢n a

lata

ord

fual

fent

c;ac’
ore

bing

Such correction can, for example, be derived from algorithms that incorporate data acquired by a
temperature sensor in the cone penetrometer.

temperature of 30 °C throughout, defined as the earlier of:

a)
b) on

the end of a period of 500 s when the variation of g, during that period is less than 2 kPa;

e hour after the placement of the cone penetrometer in the thermostat bath.

Thereafter, quickly transfer the cone penetrometer to thermostat bath 2, so that

a) the apex of the cone is at least 10 mm above the bottom of the thermostat bath;

48

Place the cone penetrometer in thermostat bath 1, so that the cone penetrometer reaches a uniform
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b)
sleeve.

After 3 min, quickly return the cone penetrometer to thermostat bath 1.
After 10 min, quickly return the cone penetrometer to thermostat bath 2.
After 10 min, quickly return the cone penetrometer to thermostat bath 1.
After 3 min, return the cone penetrometer to thermostat bath 2.

Determine t ot defined as the earlier of:

the fluid level of the thermostat bath coincides with the gap immediately above the friction

B.2
Thd

a)

the start of a period of 500 s when (qc.amax = e.amin) 1S less than 2 kPa, where 4,
highest value of g, during that period and q.,,;, is the lowest value of g.., during t

b) one hour after the start of the last transfer.

7.3 Testresults
test records and test report shall include, where applicable:

calibrationreportforthereference thermometer of thermostatlyath 1 and the reference th
of thermostat bath 2;

description of the apparatus and if applicable, the test method(s) for temperature cor
cone penetrometers that rely on real-time or post-progessing correction for temperatur
on CPT results;

temperatures of the thermostat baths, q..., Gs3e fs.a fs.ar Ua »Uac and T, versus time at the
frequencies of B.2.7.2;

cross-sectional area of the cone and aréa of the friction sleeve used for calculation of q..

ambient temperature stability for:céne resistance (Aa,.) in kPa/°C, determined by Aa,,
dc.a0)l/ (T30 — T), where q,..,3( is'the value of g, at the time t3, immediately before the fi
of the cone penetrometer to thermostat bath 2; q.,o is the value of g, at time ¢
temperature at t3,; and T;is the temperature at ¢, 4;

end

ambient temperatupe, stability for corrected cone resistance (Aay.) in kPa/°C, detg
anqX = 1Qcac30 ~Geaco)l/(T3g — Tp), where q.,c30 and q.,co are the values of .., at t5
or Aa;

q’

amax 1S _the
hat period;

Prmometer

rection, for
e influence

 recording

and fg.,;

= |(qc;a30 -
st transfer
T3, is the

rmined by
ind ¢4, as

ambient temperature stability for sleeve friction and corrected sleeve friction (Aag and Aag) in

kPa/°C and ambient temperature stability pore pressure (Aa, and Aa,) in kPa/°C det

describad for Aa,. and Aag;

brmined as

i |(qc;amax -

transient temperature stability for cone resistance (Atqc) inkPa/°C, determined by At

a and g

is the

=T where isthe hichest value of g _hetween t.. and ¢
uJ7 O 1C; 30U end

a W(T.
rc;amin’t 7 L= 50 IC;amax
lowest value of .., between t3y and ¢, 4;

5 1

;amin

transient temperature stability for corrected cone resistance (Aty.) in kPa/°C, determined by
Atgee = 1qcacmax ~ 9e;aemin) /(T30 = Tp), where qc.,cmay is the highest value of q,,,. between t5, and

t is the lowest value of q..,. between t3; and ¢

end and qc;acmin end’

transienttemperature stability for sleeve friction (At;,and Aty ) inkPa/°Cand transient temperature
stability for pore pressure (At, and At ) in kPa/°C, determined as described for At and At

For cone penetrometer classes 2 and 3, the verification for temperature influence may be limited to
reporting the results for 20 or more tests if the cone penetrometers are of the same design, the same
type and made according to the same manufacturing and assembly process. The results for these
penetrometers should all meet the decision rule for temperature influence defined in Table 1.
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For cone penetrometer class 0, the test report shall additionally include, where applicable:

— variation in cone resistance (4fy ) inkPa/s, determined by Af; . = 1(qcfgmax =~ 9c;fgmin)1/0:05(tiv20 = £,
where (¢, tgmax ~ de;fgmin) F€Presents the largest difference between values of g, for any 20 s period
Livoo = Ui

— variationinconeresistance (4fy,. ) inkPa/s,determinedby Af; o ..=1(Gcc;tgmax ~ Dec;fgmin) /0,05 (Ei20 = ),
where (Gccfgmax = ec;fgmin) TePresents the largest difference between values of g, for any 20 s

period

tispo ~ L

— variation in sleeve friction (4f ¢, and 4f ¢ ) in kPa/s and variation in pore pressure (4f,, and 4f, )

in kPa

B.2.8 Ve

B.2.8.1 G

The verific
with an in
force F,, ap

5, determined as described 10T 4f o and Af g .-

rification of a cone penetrometer for bending influence

eneral

ation shall be performed in a frame capable of clamping the cone penetsometer horizont

plied at the cylindrical part of the cone, where F, is a static forceCbgtween 90 N and 11

with a stapdard uncertainty of < 1 N. The data acquisition unit(s) shall récord the output of the d

penetrome

B.2.8.2 T
The test m

— Recorg
qc-a'

y

— Recorg

— Recorg
throug

— Place t
betwe
An ext
distan

— Apply

— Rotate
incren

B.2.8.3 T

ter. Air temperature variations throughout the test shall notexeeed +3°.

est method
bthod shall be as follows.

| the cross-sectional area of the cone A, selected for calculation of relative cone resistg

| the area of the friction sleeve A selected for calculation of relative sleeve friction f.,.

| q... fs;a and, where applicable, apparent pore pressure u, and apparent temperatur
hout the test at > 1 Hz.

he cone penetrometer horizontally in the clamping frame, so that the horizontal dist4

ension rod may be conhected to the cone penetrometer to achieve the required horizo
Ce.

. for a period ef between about 5 s and 30 s and record its minimum value.

the cone penetrometer axially in 7 increments of 45° and repeat the previous step for ¢
ent.

est results

ally

Hependent loading device or means to apply a dead weight, capable~of’'measuring a radial

ON
one

nce

nce

bn the point of fixity at the)clamping frame and the cone is between 400 mm and 600 fm.

ntal

ach

Test records shall include:

— standard uncertainty for F,;

— values
— values

— values

of A, and A selected for calculation of g, and £ ,;
of g..a, fs;a and, where applicable, u,, versus time at the recording frequency of B.2.8.2;

for F, for each of the rotational positions of the cone penetrometer.

The test report shall include:

— bending influence on cone resistance (Ab, ) in kPa/N, determined by Aby. = (¢¢;amax ~ 9c;amin)/Fr fOr
the rotational position showing the largest value for (¢.amax = 9c;amin)» Where qg.amay is the highest
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value of q.., and q ., is the lowest value of g, for the following measuring sequence: unloaded
— F.— unloaded;

— bendinginfluence on sleeve friction (Abs) and bending influence on pore pressure (Ab, ), determined
as described for Ab.

For cone penetrometer classes 2 and 3, the verification for bending influence may be limited to reporting
the results for 20 or more tests if the cone penetrometers are of the same design, the same type and
made according to the same manufacturing and assembly process. The results for these penetrometers
should all meet the decision rule for bending influence as defined in Table 2.
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C.1 Gen

Annex C
(informative)

Calibration report example

ral

The calibr
results. It §
shortening

htion report aims to provide additional clarity regarding the presentation of calibrafion
hould be noted that this example partially fulfils the requirements of Annex B. For example,
led to omission of some of the required reporting for calibrations.
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Calibration Report

Calibration Laboratory

influence.

Accredited by XXXX

Prof. De Beer Limited; 10, Macallan street. London

Calibration tests were performed at Calibrations Limited calibration laboratory facility in London. (Testing Laboratory No.9999).
This report refers to results of calibration tests performed on a cone penetrometer including dimensions verification, cone resistance calibration,
sleeve friction calibration, pore pressure calibration, inclination calibration, verification of temperature influence and verification of bending

The cone penetrometer was calibrated on behalf of Site Investigations Limited (contact: technical.enquires@siteinvestigations.com)

Prof. De Beer Limited laboratory methodologies and management system conforms with 1ISO17025 and 1SO22476-1 requirements for calibration.
The measurements and references are metrologically trazable in accordance with ISO 17025 requirements.

The calibration report presented here demonstrates that this instrument conforms with the-«xequirements for a cone
penetrometer class 1 as set out by ISO 22476-1 if temperature corrections are applied te the/measured results. And
conforms with cone penetrometer class 2 when no temperature influence corrections:are.applied. The results relate
only to the calibration of the cone penetrometer with serial number 775241.

Calibrated Instrument Cone Sensors Calibration Interval Maximum Rating Sensor Classification
Description CPTU probe (4 sensors) Cone 0to 80 MPa 120 Class 0
Manufacturer SCIKT Sleeve friction 0to 0.7 MPa 1.5 Class 0

Type Compression Pore pressure 0to 10 MPa 10 Class 1

Serial number 775241 Inclinometer 0to 20° 40°

Condition Used and serviced with new  Temperature 0to 70 °C 90 °C

Calibration Conditions

Calibration test Performed by Date Approved by Date

Calibration report D 19/04/2022 SS 20/04/2022

Calibration certificate  JD 19/04/2022 SS 20/04/2022

Number of pages in report 9
Reference standard Manufacturer Type SeriahkNo. Combined Standard Uncertainty
Force Reference 1 (Frqc) BHM C120 1001 0,00009Frqc + 0,00030 (kN)
Force reference 2 (Fs) BHM C5 1583 0,00025Fs + 0,00055 (kN)
Pressure reference (u,) BHM P20 3210 0,00004ur + 7,00000 (kPa)
Calliper reference (u,) BHM 450 58620 0,05 (mm)
Inclinometer (u;) BHM 1438 54126 0,004721 +0,00417 °
Temperature (T,) SCIKT IC 10144 0,01 °C

Ambient temperature

Atmospheric Pressure

Calibration Method

Environmental Humidity'

22+1°C
30+ 3rel

100,1+0,2 kPa

Units (SI).

The calibration was performed according to I1SO 22476-1 and ISO 17025 requirements for calibration of cone penetrometers. The uncertainty evaluatjon
for eachwofthe calibrated sensors has been carried out in accordance with ISO 22476-1 requirements.

Jhis calibration report documents the traceability to national standards, which realize the units of measurement according to the International Systen of

© IS0 2022 - All rights reserved

53


https://standardsiso.com/api/?name=5b60fff2df35ab22606f217a0cda7f7b

	Foreword 
	Introduction 
	1 Scope 
	2 Normative references 
	3 Terms, definitions and symbols 
	3.1 Terms and definitions 
	3.2 Symbols 

	4 Equipment 
	4.1 General 
	4.1.1 Tolerances 
	4.1.2 Gaps and soil seals 

	4.2 Cone penetrometer 
	4.3 Surface roughness and hardness 
	4.4 Cone 
	4.5 Friction sleeve 
	4.6 Filter element 
	4.6.1 General filter location 
	4.6.2 Pore pressure u1 
	4.6.3 Pore pressure u2 
	4.6.4 Pore pressure u3 

	4.7 Pushrods 
	4.8 Measuring system 
	4.8.1 Accuracy 
	4.8.2 Sensors for cone resistance and sleeve friction 
	4.8.3 Sensor for pore pressure 
	4.8.4 Sensor for inclination 
	4.8.5 Sensor for temperature 
	4.8.6 Measuring of penetration length 
	4.8.7 Raw data 

	4.9 Thrust machine 

	5 Test procedures 
	5.1 Selection of equipment, procedures and evaluation of results 
	5.1.1 General 
	5.1.2 Calibration and verification requirements 
	5.1.3 Cone penetrometer class conformity assessment 

	5.2 Position and verticality of thrust machine 
	5.3 Preparation of the test 
	5.4 Pushing of the cone penetrometer 
	5.5 Use of friction-reducing techniques 
	5.6 Frequency of test data recording 
	5.7 Registration of penetration length 
	5.8 Pore pressure dissipation test (PPDT) 
	5.9 Test completion 
	5.10 Evaluation of CPT/CPTU in relation to test category 
	5.11 Equipment checks and calibrations 
	5.12 Safety requirements 

	6 Test results 
	6.1 Measured parameters 
	6.2 Correction of parameters 
	6.3 Calculated parameters 

	7 Reporting 
	7.1 General 
	7.2 Reporting of test results 
	7.2.1 General information 
	7.2.2 Location of the test 
	7.2.3 Test equipment 
	7.2.4 Test results 

	7.3 Presentation of test results 

	Annex A (informative) Suitability of test methods 
	Annex B (normative) Maintenance, checks and calibration 
	Annex C (informative) Calibration report example 
	Annex D (normative) Calculation of penetration depth 
	Annex E (informative) Correction of sleeve friction for water pressure 
	Annex F (informative) Preparation of the piezocone 
	Annex G (informative) Friction reduction techniques 
	Bibliography 

