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Foreword

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.

The proce@lures used to develop this document and those intended for its further maintenanee
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed fofj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Scope

5 document is applicable to pressuremeter tests using cylindrical flexible probes-pla
tent boreholes using testing procedures other than the Menard procedure.

ssuremeter tests following the Menard procedure are provided in [SO 2247644

E A high-pressure flexible pressuremeter probe which contains transducers for the mea
al displacements is also known as flexible dilatometer probe or high-pressure dilatometer probe

5 document applies to tests performed in any kind of grounds, starting from soils,
Feated fills, hard soils and soft rocks, up to hard and very hard rocks, either on land or of

parameters derived from this test can include stiffness), strength, initial in-situ stres
Kolidation properties.

Normative references

following documents are referred to in the' text in such a way that some or all of th
Ktitutes requirements of this document., For dated references, only the edition cited 3
ated references, the latest edition of the-referenced document (including any amendmen

16228-1, Drilling and foundation equipment - safety - Part 1:Common requirements

16228-2, Drilling and foundation equipment - safety — Part 2: Mobile drill rigs for civil and g
neering, quarrying and mining

10012, Measurementimanagement systems — Requirements for measurement processes and
'lpment

14689, Geotechnical investigation and testing — Identification, description and classificatiq

22475-1Geotechnical investigation and testing — Sampling methods and groundwater me
art 1: Teehnical principles for the sampling of soil, rock and groundwater

ISO

g
by Mérnard prnrarhlro

3

3.1

For

22476-4, Geotechnical investigation and testing — Field testing — Part 4: Prebored pressun

fed in pre-

turement of
treated or
fshore.

b state and

Pir content
pplies. For
[s) applies.

potechnical

measuring

n of rock

Isurements

emeter test

Terms, definitions and symbols

Terms and definitions

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:

©IS

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/
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3.1.1

pressuremeter probe

cylindrical flexible probe which can be expanded by the application of hydraulic pressure and/or
pressurised gas

Note 1 to entry: Pressuremeter probes contains means of measurement of its radial displacements or volume.

3.1.2

flexible dilatometer probe
high-pressure dilatometer probe
high-pressure flexible pressuremeter probe which contains transducers for the measurement of radial
displacemgnts

3.1.3
pressuremeter control unit
set of suitgble devices capable of supplying fluid and/or gas pressure to the probe, to contfol and take
readings of the probe’s pressure, radial displacements or volume of the measuring cell

3.1.4
connecting line
cable that fonnects the control unit to the probe, delivers fluid and/or gas ‘préessure in the measuf
and guard fells

3.1.5
pressuremeter test pocket
circular cylindrical cavity formed in the ground to receive a pressuremeter probe (3.1.1)

—

ng

3.1.6
pressuremeter test
process of [expanding the pressuremeter probe so as t@,pressurize the flexible membrane against{the
pocket wall and so measure pressure, radial displacements or volume as a function of time during|the
expansion fest

Note 1 to enjtry: See Figure 1.

3.1.7
pressuremeter sounding
series of pilessuremeter tests in a borehole

3.1.8
seating priessure
pressure during the expansion of the pressuremeter at which the pressuremeter membrane contfcts
the pocketfwall

3.1.9
controlling parameter
variable ufed to define the loading programme of the test according to a pre-determined progranllme
and recorded+a-the-controlunit

Note 1 to entry: This variable can be the pressure, the radius displacement or the injected volume.

3.1.10
radial displacement
change in pressuremeter probe radius/diameter or in cavity wall displacement

3.1.11
pressuremeter curve
graphical plot of pressure versus the associated cavity wall displacement or measuring cell volume

2 © IS0 2023 - All rights reserved
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3.1.12
pressuremeter shear modulus

G
PBP
shear modulus obtained from the pressuremeter curve

Note 1 to entry: See 6.3

© IS0 2023 - All rights reserved
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Figure 1 — Example of a prebored pressuremeter test
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3.1.13

depth of test

distance between the ground level and the centre of the expanding length of the pressuremeter probe
measured along the borehole axis

Note 1 to entry: See Figure 2.

3.1.14
operator
qualified person who carries out the test

3.1j15
phdse
section of the loading or expansion program characterized by a controlling parameter)a l¢ading rate
and a loading direction

3.1{16
loop
seqpence of the loading or expansion program including at least an unloading phase and 4 reloading
phalse, and possibly an intermediate hold phase

3.2| Symbols and abbreviations

For|the purposes of this document, the symbols in Table 1 apply:

Table 1 — Symbols

Symbol Description Unit
a Corrected equipment radiabdisplacement or volume mm.MPa-1
loss coefficient, taking into account calibration cylinder or
self-deformability
cm3.MPal
a, Raw equipmepttadial displacement or volume loss mm.MPa-1
coefficient
or
cm3.MPal
. Radialdisplacement or equivalent volume loss taking into mm.MPa-1
account calibration cylinder self-deformability or
cm3.MPal
dg Calibration cylinder inside diameter mm
d, Initial external diameter of the pressuremeter probe mm
Eppp A Young modulus derived from a prebored pressuremeter MPa
test
G Shear modulus MPa
Giq Firstloading pressuremeter shear modulus MPa
Gppp Pressuremeter shear modulus MPa
Gy Areloading pressuremeter shear modulus MPa
Ggys Apparent shear modulus of the equipment or system during MPa
unloading-reloading loops
Gy; An unloading pressuremeter shear modulus MPa
Gyri An unloading/reloading pressuremeter shear modulus MPa
k¢ Creep parameter in reference loading programme C mm
Lgp Expanding length of the pressuremeter probe mm
p Corrected pressure MPa

© IS0 2023 - All rights reserved 5
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Table 1 (continued)
Symbol Description Unit
P11 Constant full relief pressure for loops in reference loading MPa
programme A
Pe Pressure loss associated with membrane stiffness
Di Corrected reversal pressure before loop i MPa
Pmean Average corrected pressure in reference loading programme MPa
D
Minimum corrected pressure in reference loading pro- MPa
gramme D
Prmax Maximum corrected pressure in reference loading pro- MPa
gramme D
Pr Pressure as read at the measuring unit MPa
Ps Seating pressure MPa
r Corrected radius mm
ry Corrected radius at time ¢, in reference loading programme mm
C
ry Corrected radius at time ¢, in reference loading programine mm
C
I'e Radius correction mm
rg Nominal cavity radius mm
t Time min
T Period in reference loading programme D min
ty Time 1 in reference loading programiie C min
t, Time 2 in reference loading programme C min
AV Corrected injected volume cm3
AV, Injected volume correctidn cm3
AV, Injected volume, as read at the control unit cm3
|74 Total volume cm3
z Test depth m
1) Correctedradial displacement mm
S, Radial displacement correction mm
S, Radialdisplacement, as read at the control unit mm
O Radial displacement corresponding to the seating pressure mm
Ad, Increase of diameter, as read at the control unit mm
Ad Corrected diameter increase mm
Ap, Pressure increment, as read at the control unit MPa
Ap CoTTeCted PressSure IcTen et MPa
c Cavity strain -
\Y Poisson’s ratio -

4 Equipment

4.1 General
The test with the pressuremeter is performed by the expanding of a pressuremeter membrane placed

in the ground (see Figure 1). The pressure and the associated expansion of the probe are measured and
recorded so as to obtain a pressure-expansion relationship for the ground as tested.

6 © IS0 2023 - All rights reserved
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The equipment to carry out pressuremeter tests shall consist of the components shown in Figure 2.
The following components are mandatory:

— pressuremeter probe (no. 8 in Figure 2);

— connecting line (no. 6 in Figure 2);

— signal cable (no. 5 in Figure 2);

— displacement or volume measuring unit (no. 2 in Figure 2);

— |pressure control unit (no. 3 in Figure 2);

— |pressure source (no. 4 in Figure 2).

— |setting rods (no.1 in Figure 2).

The following components may be added to allow orientation of the instrumentif needed:
— |datalogger (no. 9 in Figure 2);

— |sediment collection tube (no. 14 in Figure 3);

— |pore pressure measuring system;

— |accelerometer or geophones to perform shear wave velo¢ity measurements.

©1S0 2023 - All rights reserved 7
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a) [ri-cellular or monocellular b) Monocellular probe with c) Monocellular prdbe with
probe with expansion followed displacement measured displacement megsured
through the volume of central inside the membrane at the cavity wall
cell
Key]
1 control unit (CU): la pressurization, differential pressurization|(if any) and
injection devices
1b pressure and displacement or volume| measuring
devices
1c acquisition, storage and printing out ¢f the data
(required for CU type B and C)
2 connecting lines: 2a line for liquid injection
2b line for gas injection
2c signal cable
3 depth measurement’system
4 setting rods
5 pressuremeter probe 5a upper guard cell
5b central measuring cell
5c lower guard cell
6 ground
7 pressuremeter test pocket
8 pvr\ho l‘\nrly’ hollgws
9 probe rod coupling
10 and 11 displacement transducers
12 metal insert at the extremities
of the displacement transducers
13 membrane clamping ring
14 sediment collection tube
15 pressure transducer (if applicable)
16 compass (if applicable)
Figure 3 — Sketch of pressuremeter probes
©1S0 2023 - All rights reserved 9
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Preparation of pressuremeter test pocket shall be performed according to ISO 22476-4. The annular
space between borehole wall and the probe, if any, shall be chosen taking into account the measuring
range of the displacement transducers if any. Drilling parameters should be recorded according to

[SO 22476-

15. Borehole log should be recorded according to ISO 22475-1 and ISO 14689.

4.2 Pressuremeter probe

The probe expansion shall be monitored by radial displacement [see Figure 3 b) and c)] or volume
measurement [see Figure 3 a)].

The probe

shallhave a caverinashane afmonacellulararbetricellular When small strain measure

ent

(as defined

Radial disp
vicinity of

NOTE y
primarily u
membrane §

In arrange
pressure a
A3).

The slendg
diameter d

If included

4.3 Conl

The pressyre connecting line and signal cable ¢onnect the control unit to the probe. The presg

connecting
cable.

The injecte
differentia

4.4 Conf

The contrd|l unit shall contrel the probe expansion and permit the reading of liquid or gas pressure

displacems
The pressy

reachi

r
in EN 1997-2) is needed, local displacement measurement can be implemented in the pr
lacements shall be measured by electrical transducers on two or more points, placed in|
the mid plane [see Figure 3 b) and ¢)].
bed in soils. The arrangement shown in Figure 3 c¢) with measurement on inserts that penetrate

ind directly bear on the cavity walls is primarily used in rocks.

ment shown in Figure 3 a) and b), because membrane compressipn.influences the reading
nd displacement, proper corrections shall be determined by cerresponding calibration

rness of the pressuremeter probe (ratio between expanding length Lg, and initial exte
) shall at least be equal to 6.

pore pressure may be measured in the mid plane-of the probe.

necting lines
line conveys the fluid to the probejand may be either parallel or coaxial with the sig

bd fluid and inner diameter ‘of the connecting lines shall be selected so that the presg
between the CU and the priobe remains limited.

rol unit (CU)
nt or volumé.asa function of time.

rizing system (3 and 4 in Figure 2) shall allow:

g dapressure defined by the project;

bbe.

the

'he arrangement shown in Figure 3 a) and b) with measurement at the inner wallrof\the membrane is

the

s of
see

‘nal

ure
rnal

ure

and

— imple

— stopping the injection when necessary.

The control unit shall include:

constant pressures as required during the test;

the guard cells if any;

param

10

eters to be measured: time, pressure and displacement or volume.
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Type of control unit Type of test control Type of reading Type of recording
A manual manual manual
B manual automatic automatic
C automatic automatic automatic

Some means of measuring the depth of the test with appropriate accuracy shall be provided.

4.5

Measurement and control accuracy

4.5
The

4.5
Thd

Thd
sha

4.5
On

inst
rad

4.5

Thd
and

5

1 Time

accuracy of the device used to measure time shall be in accordance with Annex’G.

2 Pressure and expansion

pressure measuring devices for the liquid or for the gas in the measuning cell shall be lo
at least in the control unit;

if relevant, also inside the probe, in this case at less than Lmiabove the centre of the mea

maximum uncertainty of measurement of the devices measuring pressure and probe
1 be as specified in Annex C.

3 Display of readings

site, the pressure control and probe expatision measuring units shall give a simult3
antaneous display of the following readings: time, pressure of the fluid injected into thg
al displacements or injected volume,

4  Expansion calibration cylinder

main dimensions of the steelcalibration cylinder serving the calibration for membrane cd
additional effects shall(beas follows:

a known inside diameter which closely fits the deflated instrument;
a thickness appropriate to the maximum pressure to be applied;

a length appropriately greater than the expanding length of the instrument.

Test'procedures

Cated:

suring cell.

expansion

neous and
probe and

mpression

5.1

Assembly of parts

The cover, the membrane and possibly the rigid protection or the slotted tube if required shall be
selected according to the planned loading programme and type of the ground in which the probe is to
be used.

Then the probe shall be linked to the control unit through the connecting lines and cables. The whole
system shall be filled with working fluid and purged to remove air bubbles if relevant.

© IS0 2023 - All rights reserved
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5.2 Calibration of the testing device and corrections of readings
Before testing, the operator shall make sure that:

— all measuring components have been calibrated according to ISO 10012;

— calibration of the whole system has been performed according to Annex A and reading corrections

are available.

Copies of the calibration documents shall be available on request.

5.3 Pregsuremeter test pocket and probe placing

The test Idcation is usually determined from design requirements. The position of the borehole

which the probe is to be inserted shall be marked on a drawing and identified by its locatign detaild.

nto

The pocket shall be drilled and the pressuremeter probe placed in the test location with'the minimpum

of disturbgnce to the borehole wall to be tested.

The pocket and the probe placing shall be performed, and samples shall(be taken according
ISO 22476-4, with the exception of techniques involving ground displacement (e.g. pushed probe, dr
slotted tubje).

NOTE ressuremeter testing for which placement of probes involvésyground displacement is deal
[SO 22476-§.
If necessaryy, the instrument may be orientated in the pocket by<retating the setting rods.

The uncertlainty on the probe depth measurement shall follow Annex C.
5.4 Testexecution

5.4.1 Tejtloading programmes
The test lopding programme shall be specified and available before the start of the test.

NOTE he test loading programme~can take into account or cover the expected loading caused by
structure, if known.

The test lopding programme should include:
— the sequence of phasesin the test, including any loops, if present;
— the comtrolling parameter that applies in each phase: pressure, displacement or volume;

— the mdde of-application of the controlling parameter by a continuous ramp or in steps:

p to
ven

E by

the

— injcase of a continuous ramp, its rate and interval;

— in case of steps, their magnitude and duration;
— the amplitude of any loop, if present;
— readings and recordings frequency;

— any additional stopping criteria.

The loading programme specification can be simplified by using or adapting any of the reference

loading programmes laid out in 5.4.2.

The parameters laid out in a test specification may be changed during the test if the operator
reason to believe that the specified loading programme will jeopardize the test result or damage

has
the

12 © IS0 2023 - All rights reserved
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instrument. Any adaptation to the test specification by the operator and the reasons for it shall be
recorded.

5.4.2 Reference loading programmes

pr n Jﬂ\ pr M

Figure 4 — Reference loading programmes A, B, C and D
Ongq of the following reference loading programmes provided in Figure 4 may be employed a$ templates
to specify the test. These reference loading programmes, which are fully described in Annex B, are:

— |reference loading programme A: atleast two loops with (almost) full unloading, and finalfunloading;
— |reference loadirigyprogramme B: at least three loops with partial unloading;
— |reference loading programme C: a hold after a preliminary loading phase;

— |referedeeloading programme D: a specified number of loops or cycles, after a preliminary loading
phase:

NOTE In Figure 4, the pressure is used as controlling parameter only for illustration purposek. The same
reference loading programme can be applied using either radial displacement §. or injected volume AV..

5.4.3 Readings and recordings before and during the test

During the test, the operator shall record:

— the effective applied loading programme, including any deviation from the specification;
— the response of all measuring sensors during the loading programme.

A comprehensive number of data (see 7.2) shall be reported.

©1S0 2023 - All rights reserved 13
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5.4.3.1 During the test

At the end of each pressure hold or sequence:

— loading pressure or hold number in the series;

— any changes in the pressure and volume or displacement occurring during the hold or sequence.

Graphical representation of loading program (control variable according to time) and raw measurement
should be displayed to the operator.

5.4.3.2 T test completion
— date and time at completion of test;
— the unforrected pressure-expansion curve;

— the ful] print-out authentication by the operator who signs and gives his full namein capital lettfers.

5.4.3.3 Data sheet and print out

Data sheet} or, in case of the use of a data logger, print outs, shall be available.

5.5 End|of test

The test shiall be stopped when any of the following occur:

— the sp¢cified test loading programme has been carried\out;

— the mgximum admissible expansion of the pressuremeter membrane is reached;
— the mdasuring range of any of the transducersds exceeded;

— the opgrator considers there is a risk to jegpardize the test result or to damage the equipment.

5.6 Bac]tfilling of borehole

After completion of a pressuremeter-sounding, the borehole shall be backfilled and the site restqred
according to the specifications given in ISO 22475-1.

5.7 Safety requirements
The user of this document should be aware of national safety regulations, for instance for:
— persornel health- and safety equipment;

— clean dirfif working in confined spaces;

— ensuring the safety of the equipment.

Drilling rigs shall be in accordance with EN 16228-1 and EN 16228-2.

6 Testresults

6.1 General
All the derived parameters shall be obtained from the corrected pressure (corresponding to the

pressure at the cavity walls), and the corrected radius or volume (corresponding to the radius or
volume of the cavity).
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The cavity radius and volumes shall be obtained considering the corrected radial displacement and
corrected injected volumes respectively.

Corrected pressure, corrected radial displacement and corrected injected volume shall be obtained
from measured values through the application of corrections described in 6.2.

The parameters derived from the pressuremeter test can include:

shear moduli;

undrained shear strength;

The

6.2
The

whyd

Thd

wh

at rest total horizontal stress;
consolidation or creep parameters.

interpretation assumptions shall be referenced explicitly.

Corrected pressure, radial displacement and volume
corrected pressure p shall be obtained from Formula (1) or (2):

p = pr(sr)_pe(ar)-'-ph
p = pr(AV) - p(AV)+py,

bre

Ph is the hydraulic head, due to the diffenence of elevation between the measurement
sure in the measuring cell and the probe;

p. isthe pressure correction due.to membrane resistance (see Clause A.2).

corrected radial displacement §_or injected volume AV shall be obtained from Formula (
8=8.-08.(p.5,)

AV = AV, - AV,(p,, AV()

bre

8.  is€he radial displacement correction (see Clause A.3);

AV \is the injected volume correction (see Clause A.3).

e8]

(2)

bf the pres-

3) or (4):
(3)

(4)

6.3

Apparent pressuremeter moduli

The apparent secant shear modulus of a prebored pressuremeter test, Gpgp can be obtained through

Formula (5) or (6):

1 Ap
Gppp = =Ty —
PBP 2 SA5
Ap

G =V, —
PBP = 7s

© IS0 2023 - All rights reserved
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where

r is the radius of the cavity corresponding to the seating pressure p;

. is the volume of the cavity corresponding to the seating pressure p;

Ap  iseither the change of pressure above the seating pressure p,, the reversal pressure of a given

loop or the minimal pressure of a given loop;

AV is the change of corrected injected volume due to Ap;

A8  is the change of corrected radial displacement due to Ap.

NOTE1 The pressuremeter shear modulus Gpgp corresponds to the secant shear modulus consjdering
the ground follows a linear elastic behaviour during the pressuremeter test, independent from strain 'dnd st|
level. If the [linear elastic behaviour is not met, especially for soils, the shear modulus G will also/vary with
distance to fhe probe and the use of the previous formulae only yields an apparent shear modulus:

NOTE2  Krocedures to derive the shear modulus G from the pressuremeter shear modalus’Gpgp obtained y
Formula (5) or (6) can be found in Reference [12].

Its

that
ress
the

vith

In case of fadial displacement measurements, pressuremeter shear moduli Gpgp shall be determined
using the gverage value of radial displacements. However, if the values differ much from each other

indicating [anisotropy of the rock or soil mass, thé‘pressuremeter shear moduli Gpgp shoul

determinedl separately for each pair of opposing displacement transducers and reported accordinglly.

When evaluating pressuremeter tests, Ap shall- only be selected within a range of any loading
unloading [phase. Whichever is selected determines whether the modulus measured is a loadin
an unloadipng one. Distinction shall be made’between the first loading modulus and various reloac
moduli. Alllshear moduli shall be derivedand quoted individually. Shear moduli values should be quq
to three significant digits.

6.4.2 Reference loading programme A

The preboped pressurenteter shear moduli Gpgp should be calculated as follows (see Table 3
Figure 5):

— the firgt loadingshodulus G; ; are derived from the data after the seating pressure p, and before|
first unloading-reloading loop;

be

or
or
ling
ted

A B

and

the

— the unjoading moduli G;;; are derived for every unload path between 30 % to 70 % of the press

ure

range between reversal pressure p; and minimum pressure p; 4;

— the reloading moduli Gg; are derived for every reload path between 30 % to 70 % of the pressure

range between minimum pressure p; ; and reversal pressure p;.

Table 3 — Pressuremeter shear moduli for reference loading programme A

Firstloading Unloading Reloading
Gy Gyy Gry
- Gy Gro
- Gyz GRr3
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Key

6.4
The

p
L -—
, -\—4—— —— - — <
/’ [
7 A | ]
__________________ v
b, ,,7' i { ! GU3
4 G, - /
,// | I [/ U2 !
N 3 4 f
G & 1 I G [ 4
L1 /,/ GRl Ut
p1.1 —————— /—‘/— —————————————————————————
py FEE—— +——
I
0, 6

corrected radial displacement
corrected pressure
seating pressure
corrected radial displacement corresponding to the s€ating pressure
corrected minimum pressure for loops and final unifeading
corrected reversal pressure before loop i or finaltunloading
shear modulus in first loading
shear modulus in unloading phase i (i =-1to 3)
shear modulus in reloading phase i{(i# 1 to 3)

Figure 5 — Preboredpressuremeter shear moduli Gpgp in reference procedure¢ A
3 Reference loading programme B
prebored pressuremeter moduli Gpgp should be calculated as follows (see Table 4 and Figure 6):
the firstloading modulus G ; are derived from the data after the seating pressure p; and before the
first unleading-reloading loop;
acsingle unloading-reloading modulus value Gyy; is derived for each unloading-reloading loop, with

1 Jdos - Lo dod s 41 1
diTrUdid IIICTUUtTuU 11T LT 10U Y.

Table 4 — Pressuremeter shear moduli for reference loading programme B

Firstloading Unloading-reloading
loop
G1a Gyr1
3 Gura
3 Gurs

© IS0 2023 - All rights reserved
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p
2
: 1
I
1
__________________ 1
P, 1 1 GUR3
% I 1
//, " J
pl /'/ | (;UK
/,’ " 1
G, ¢ i
74 P R
/
V4
7
7
4
7
/
py| gp—=—= ———
I
6, 6
Key
0 correfted radial displacement
p corrected pressure
Ps seatilg pressure
S radia| displacement corresponding to the seating pressure
pi reverfal pressure before loop i or final unloading

G, shearmodulus in first loading

Gyr; sheanmodulus in unloading/reloading loop (i = 1t0 3)

Figure 6 — Prebored pressuremeter shear moduli Gpgp in reference procedure B

6.4.4 Reference loading programme C

If the cont

the logarit
shall be de

kf=—

lo

18

rolling parameter js the pressure, the cavity radial displacement should be plotted aga
hm of time (see Figure 7). The creep parameter kg, is determined for a given pressure,
rived from Formula (7) (see also Figure 7):

3 —9
710 (281

Inst
and

(7)
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Key
t time

6 |corrected radial displacement

t; |time at the beginning of the hold period
t, |time at the end of the hold period

6, |corrected radial displacement

6, |corrected radial displacement

ke |creep parameter

Figure 7 — Obtention of the creep parameter k; in the reference loading programme C

7 |Reporting

7.1 General

The test results‘shall be reported to enable a third party to check and understand the result

2]

7.2| Contents

The rfeporting shall include the following reports:

— the field report;
— the testreport;
— every table and every plot of the test results.

The content of field and test reports is provided in Tables 5 to 10.
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Table 5 — General information

Item Field Test Every
report | report | plot

Reference to this document, i.e. ISO 22476-5:2023 and to ISO 22475-1 X X

Company executing the test X X X

Name and signature of the operator executing the test

Name and signature of the field manager responsible for the project

Details of any deviations from this document X

Table 6 — Location of the test

Item Field Test: Evefry
report | report | plgt

Borehole I1} X X X

Coordinate|reference system and tolerances X

Elevation of ground surface referred to a stated datum X

Borehole features (angle, etc.) X

Test No. X X

Depth of tept X X

Table 7 — Borehole information

Item Field Test Evefry
report | report | plqt

Borehole dfilling technique X

Drilling todls dimensions and details of the depth of the.test pocket X X

Temporary|casings dimensions or drilling and supperting fluid description, if X

applicable

Description of ground cuttings according to 1S©-14688-1 and X X

ISO 14689

Depth to thle groundwater table (if recorded) and date and time of recording X X

Additional pbservations during drilling X

Base of the[borehole X

Fluid (watdr or drilling mud)ylevel in the borehole X X

Borehole backfilling accofding to ISO 22475-1 X

Table 8 — Test equipment

Item Field Test Every
Treport | report | plot

Pressuremeter type X X

Geometry and dimensions X X

A description of the drilling and sampling works according to ISO 22475-1 X

Identification of pressuremeter probe and control unit X

Measuring ranges of the sensors

Copies of the latest certificates of calibration and if applicable the calibration X

register

If applicable, calibration cylinder features: material, inside diameter, thickness, X X

etc.
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Table 9 — Test procedure

Field Test Every

Item report | report | plot

Test specifications X X

Reference loading programme, if applicable
Date of the test
Starting and end times of the test

Change to the test specifications, and associated reasons

SRR
S EEEEE IR

Additiomat observations during the test, ad COTTeSponaing time

Table 10 — Measured and derived parameters

Field Test Every

Mepsured and derived parameters
report | report | plot

Corpplete set of readings of pressures and radial displacements or volume with X X
timle, as read at the control unit

Zerp and/or reference readings of pressure, and radius or volume before and-after X X
theltest

Zerp drift (in engineering units) X
Caljbration method and data for membrane stiffness and displacement or volume X X
corfpection

Additional corrections applied during data processing (drifts;etc.) X X

Corpplete set of corrected pressures and radial displacemefts or volume data
poihts with time

Detlived parameters and procedures used to obtain¢hem X

7.3| Presentation of test results
Prepentation of the results of a prebored pressuremeter test shall include data according to J.2.
The following data shall be provided:

— |calibration results (according to Annex A), both in tables and graphs;

— |readings as a funcfien of time, for both controlling and measured parameters, in tables;

— |corrected valdesas a function of time, for both controlling and measured parameters, both in tables
and graphs;:

— |corrected’pressure versus expansion, both in tables and graphs, with enlarged plots foi particular
sections of the pressuremeter curve (e.g. for unload-reload loops): expansion may be repiiesented by
one'of the following:

— corrected radius or diameter;
— corrected volume;
— cavity strain €.

For pressure-expansion curves, the X-axis should be chosen for the controlling parameter. Alternatively,
another choice may be made, as long as the controlling and measured parameters are clearly indicated.

Presentation in digital form is permissible for easier data-exchange.

NOTE The tabulated data can be submitted electronically in an agreed format such as the AGS data format [,
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A1 Me i

:[rol and the measuring devices, including the data logger, shall be periodically checked

All the co
calibrated
be calibrat

— displa
volum

pressu

pore p

If any par
Calibration
Calibration

A.2 Pre

The pressu
according 1

The calibrg

at each

otheryf

A2.1 Pr

The pressu
source. Th
deformatid

geophones or accelerometers.

Annex A
(normative)

Calibration and corrections

to show that they provide reliable and accurate measurements. The following dévices s
ed, if applicable:

ement measuring system;
P measuring system;
re measuring system;

[essure measuring system;

of the system is repaired or exchanged, the calibration of all devices shall be verif
shall ensure that the uncertainty required is afdintained within the limits of Anne
should be performed at least once a year.

sure correction

re loss p, due to the membrane stiffness, shall be obtained from an appropriate calibrat
o the procedures described in A(2;1 and A.2.2.

tion described below shall be'carried out as follows:
change of pressuremeter membrane;

Fise at intervals appropriate to the use the probe has received but at least once a year.
bparation of pressuremeter for membrane pressure loss calibration
remeter‘probe shall be connected by a short connecting line (less than 2 m) to a press

n.

and
hall

ied.
kK C.

ion;

ure

e membrane shall then be inflated at least three times by injecting fluid up to the maxinjum

For this operation, the pressure control unit shall be Titted with a pressure measuring device with

accuracy b

etter than 10 kPa.

A.2.2 Membrane pressure loss calibration

The probe is placed upright in the open air. The probe shall be inflated as if it was in the ground, using
pressure increments small enough to define the complete range of displacement of the membrane.

If liquid is used to pressurise the pressuremeter, the difference in elevation between the probe and the

measuring

22

unit shall be taken into account.
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The pressure versus radial displacement or injected volume curve shall be plotted as shown in
Figure A.1. The resulting pressuremeter curve is described by:

— either a relation between the pressure correction and measured radial displacement, p(5,);
— or arelation between the pressure correction and measured injected volume, p,(AV,).

If the loading programme includes unloading reloading phases, the membrane pressure loss calibration
test shall also include unloading phases.

s, AV,

4

<& O==<
p, b,

4) With radial displacement measurement b) With injected volume measurgment

Key
p, |pressure, as read at the control unit
8, [|radial displacement, as read at the control unit

AV, |injected volume, as read at the control unit

Figure A.1 — Membrane stiffness calibration

A.3 Displacement or volume correction

A.3l1 General

Except forsequipment with an outside insert such as described in Figure 3 c), a correcfion of the
megsured cavity radial displacement or cavity volume is needed to account for the followirg parasitic
effelcts:

— membrane compression and other effects (e.g. change in shape of the probe), if the probe expansion
is followed either through radial displacement transducers inside the membrane or through its
volume;

— overall dilatation of the connecting lines, compressibility of the fluid and volumetric changes in the
control unit, if the probe expansion is followed through its volume;

— accommodation of the radial displacement measuring system if the probe expansion is followed
through radial displacement transducers inside the membrane.
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Corrections shall be based on the results of appropriated calibration tests, described below. Calibrations
shall be performed:

— ateach change of pressuremeter membrane;

— at each change of connecting lines, control unit or fluid if the probe expansion is followed through
its volume;

— ateach 50 tests;

— atleastonce a year.

These calihrations are performed using one or several calibration cylinders, as described in A.3.2]
Correctiong obtained through the calibrations test are expressed as:

— either |a relation between the radial displacement correction and measured pressure §.(p,)| [or
re(prSPI;

— orarelation between the injected volume correction and measured pressure AV, (p,) [or V,(p,U)]-
The displagement or volume loss calibration method includes two distinct steps:
— afirst general case mandatory for all test types (A.3.3);

— asecond case that becomes mandatory to validate the interprétation of unloading-reloading ldops
resulting on high values of apparent shear moduli G, (A.3.4).

app

NOTE Apparent shear moduli Gpgp (derived either from initial foading or unloading-reloading loops) grefater
than 200 MPa are considered high.

A.3.2 Calibration cylinder(s)

The thicknless of the calibration cylinder(s) shall be chosen so that its deformability when submitted
to inside rjadial pressure remains low compared to that of the pressuremeter probe, as shown in
Figure A.3]When relevant, its deformability shall be considered during the calibration process.

NOTE For an apparent modulus Gpgptequal to 1 000 MPa, the use of a calibration cylinder of 100 mm infside
diameter and 8 mm thickness leads to.a\7 % underestimation.

Additionallelements related to the diameter of the calibration cylinder(s) are provided below.

A.3.3 Calibration in the_general case
In the gengral case, two-different approaches are proposed:

— a firstjapproach using a single calibration cylinder, that enables to derive the cavity expansion], by
applyipg an expansion correction as a simple function of the probe pressure p,;

— A secoITd approacit usSing Several catibration cytnders, thratemabtes to derive the cavity expansion,
based on an expansion correction as a function of both the probe pressure p,. and the probe
expansion.

The second approach should be used to enable the derivation of parameters for strain levels
corresponding to a cavity diameter significantly different from the single calibration cylinder diameter.

NOTE For a single calibration cylinder of inner diameter d
through the tests comprised between d_. +10 %.

cc—

. corrections cover a range of diameters reached

A.3.3.1 Calibration including one single cylinder

The probe should be pressurized by regular small increments Ap until it comes into contact with the
calibration cylinder. After this point, equal increments shall be applied up to the expected maximum
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pressure of the tests to be performed. The duration of the steps can be adapted to take into account any
additional time-dependent effects (creep in the probe membrane).

The resulting calibration curve shall be used to:

— verify thatthe calibration cylinder is sufficiently rigid in comparison of the expect apparent modulus
Gpgp expected:

— if the slope a., is higher than a./3, a thicker calibration cylinder shall be used (a, and a
corresponding to the apparent slope of the calibration curve, as shown in Figure A.2),

cc

£l ] ralialh £l /10 41 Tt £l Ll 3 1 d Laolll d dt
T CIC STOPC U - TS TS TICT U al T U 7 1T0, Tt T T TU Tt y Uttt attoT atior Ly THTaCT-STIaTr ottt o siaere (0}

determine the displacement or volume correction;

— |correct the raw measurements and assess the cavity radial displacement of cavity volyme. One of
the following procedures may be chosen:

— derivation of a unique correction factor a (equal to and a,-a.), supposing that the [calibration
curve yields a linear part over the pressure range reached during thepressuremetef test,

— fitting of the calibration experimental points by any appropriate-method,
— linear interpolation between calibration experimental points.
S AV.

e

O ol = '—'-"Q"_—e

Key)
1 [measured behaviour during the displacement or volume calibration associated to the slope a,

2 |self-deformability of the calibration cylinder, associated to the slope a,. to be considered if relevgnt. It can be
measurédwor be derived theoretically.

3 |effective correction to apply to the raw radial displacement or volume, associated to the slope g, if|relevant

Figure A.2 — Determination of the combined correction for membrane compression and
connecting lines dilatation (if relevant)

A.3.3.2 Calibration including several cylinders

This approach includes the use of at least three calibration cylinders. The diameters of the calibration
cylinders d.. shall be chosen to cover the range of diameters reached during the tests.

Note Correction evolves with the pressuremeter probe expansion.

The deformability of each calibration cylinder shall be considered as in A.3.3.1.
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In each calibration cylinder, the probe should be pressurised as in A.3.3, to obtain a set of calibration

curves, as given in Figure A.3.

8,V

T

Key

This curve
of the pres

)
)
)
)
!
)
1
!

D S R G R CEE R R LR SE ey <

I‘ 1

26

falibration curves associated to calibration cylinders with diameters d.. ; to d 3

1,2and 3
bressure loss calibration curve (see Clause A.2)

Figure A.3 — Set of expansion calibration curves

can then be used to derive the ¢avity radius (or the equivalent cavity volume) as a func
sure p,. and of the probe expansion. An example is provided in Figure A.4.

fion

T
—
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AV,

!
I
e Al A Cau

0 --0--9--0-0

R Y T ey Py G
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r(pr,i' AVni) //

p.

Key]
1 | external radius of the probe r function of AV, curve, for a given value of p, = p,;, that already incly

correction due to the hydraulic head

Figure A.4 — Determination of cavity radial displacement when using several calihration
cylinders (example when probe expansion is followed through its volume)

A.3l4 Additional calibration in case of unloading-reloading loops

Thg method proposed below should be used to directly correct the apparent moduli obtainec
loop, using the apparent equipment (orsystem) stiffness Ggyq.

NOTE "Directly” means that a corrected cavity pressure - cavity radius p - r curve is n
det¢rmined.
A single calibration cylinder)with an inside diameter similar to the cavity diameter duri
shopld be used.

The probe shall be initially inflated to reach the tube. After this first contact, the probe shall b
inflpted, includingradditional unloading-reloading loops (see Figure A.5):

the pressuremeter test;

ar-sufficiently numerous to cover the non-linear evolution of the system stiffness Gy

1 1 L LI N N dl 1 - 1 - 1 . dul +
WIUIC TdITgC U JITSSUTTS d550LIALCU LU LT UITTUAUIIT ST TIUAUIITES TOUPS TIT ULIT PI TS5 Ul cmeter test
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Key
p i

Geys(pr;)) agparent system stiffness for unloading-reloading loop 7 (i =1t0'3)

Ggys Is the gpparent system stiffness that can be obtained using Formulae (5) and (6) given in 6.3.

This calibrjation results can be used to determine the apparent equipment stiffness G, as a func
of the pregsure at the beginning of each uploading-reloading loop p, ;, according to Figure A.6. Fit
of the calipration experimental points by“dny appropriate method or linear interpolation betw
calibrationfexperimental points can be implemented to obtain G as a function of p ;.

AV

Gsys (pr,3) Gsys (prA-)

®

pr.l pr.Z pr.3 pr,4 pr

inftial pressure for unloading-reloading loop i (i = 1 to 3)

Figure A.5 — Determination of the apparent system stiffness Gy

sys

[ion
[ing
een

b,

Figure A.6 — Determination of the apparent system stiffness G, as a function of the pressure

28

at the beginning of the unloading-reloading loops
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The corrected apparent shear modulus Gpgp is obtained using Formula (A.1), taking into account the
pressure in the probe p.;+py,.

! = ! + ! (A1)
GPBP (pi) Gapp (pi) Gsys (pr,i +ph)
Where G,,, is the uncorrected apparent modulus obtained from corrected values of the cavity

p
pressure (fescribed in Clause A.2 and values of radial displacements (or volumes) already including the
corrections described in A.3.3.2.
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