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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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cribed in the ISO/IEC Directives, Part 1. In particular, the different approval criteriamee
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).
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5 second edition cancels and ‘replaces the first edition (ISO 22476-4:2012), which

technically revised.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
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Introduction

The Ménard pressuremeter test is performed by the radial expansion of a cylindrical probe of a
minimum slenderness of 6, placed in the ground (see Figure 1). During the injection of the fluid volume
in the probe, the inflation of the measuring cell first brings the outer cover of the probe into contact
with the pocket wall and then producing ground displacement. Pressure applied to and the associated
radial expansion of the probe are measured either by volume or radial transducers and recorded so as
to obtain the stress-strain relationship of ground as tested.

A-A

L
£

Key

ground surface p  applied pressure
ground A-A axial section
pressuremeter test pocket B-B cross section

Bw N R

expanding pressuremeter probe
Figure 1 — Principle of a Ménard pressuremeter test

Together with results of investigations with [ISO 22475-1 being available or atleast with identification and
description of the ground according to ISO 14688-1 and ISO 14689 obtained during the pressuremeter
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test operations, the tests are performed in order to obtain the quantitative determination of a ground
profile, including

NOTE 1

the Ménard pressuremeter modulus Ey,
the Ménard pressuremeter limit pressure p;y, and

the Ménard creep pressure py.

investigation and testing according to EN 1997-1 and EN 1997-2.

This document fulfils the requirement for the Ménard pressuremeter test, as part of geotechnical

NO

This document refers to a probe historically described as the “60 mm (also called BX) G

thafjcorresponds to a 58 mm diameter probe with a drilling diameter between 60 mm and 66 mni wit
limitation of 5 MPa. If specified by the relevant authority or agreed for a specific project by thé)relevant parties, a

diffi
NOTI

NO']
76 1

NOT

NOT

NO'
give
Enh|
For
up t

1152

ype probe”,
h a pressure

brent pressure, not higher than 8 MPa, can be set.
E3  Gtype probe refers to probes with an external cover creating guard cells (See 4.2).
E4  Ménard pressuremeter tests can be carried out with other diameter probes such as 32 mm{ 44 mm and
m probes.
E5 Examples of other probe and pocket drilling dimensions are indicated in Table 1.
Table 1 — Probe and pocket drilling dimensions
Probe Probe Drilling diameter
(mm)
Designation Diameter Min Max
mm
AX 44 46 52
NX 70474 74 80
E6  Tests with maximum pressurestigher than 8 MPa are dealt by ISO 22476-5.
E7  For the scope of this document (and the associated measuring device and maximum upcertainties
n in Table E.1), E}; values up t. 500 MPa (that can be determined by calculation) can be commonlly obtained.

ancement of equipment to reduce uncertainties can be implemented to increase the range of me
example, use of GA type équipment and of a shunt for volume measurement can allow measurir
b 10 000 MPa. Uncertainty calculation can be used to confirm the relevance of these pressureme

hsurements.
g Ey; values
er moduli.
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Geotechnical investigation and testing — Field testing —

Part 4:
Prebored pressuremeter test by Ménard procedure
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3.1

Scope

5 document specifies equipment requirements, the execution of and reporting‘on t
Esuremeter test.

5 document describes the procedure for conducting a Ménard pressuremetef test in natur
ted or untreated fills, either on land or off-shore.

ngth and deformation parameters. They can yield lithologicalxinformation in conjun
isuring while drilling performed when creating the borehole (according to ISO 22476-15
be combined with direct investigation (e.g. sampling according to ISO 22475-1) or com
b1 in situ tests (see EN 1997-2).

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. Far,dated references, only the edition cited 3
ated references, the latest edition of the referenced document (including any amendmen

14688-1, Geotechnical investigation-dnd testing — Identification and classification of soi
tification and description

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

er measurements — Part 17 Technical principles for execution

22476-15, Geotechnical investigation and testing — Field testing — Part 15: Measuring wh

Terms, definitions and symbols

Terms and definitions

he Ménard

h1 grounds,

pressuremeter tests results of this document are suited to a quantitative determination of ground

ction with
. They can
pared with

Pir content
pplies. For
[s) applies.

| — Part 1:

n of rock

22475-1, Geotechnical jnvestigation and testing - Sampling by drilling and excavation qgnd ground

le drilling

For

thepupasesolihis documentthe lollowina lermsand delinitionsapphy

| 3

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

3.1.

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

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

1

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

© IS0 2021 - All rights reserved
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3.1.2

pressuremeter control unit
set of suitable devices capable of supplying fluid and/or gas pressure to the probe, to adjust pressure

stepsand t
3.1.3

ake readings of the probe’s pressure and the volume or radius of the measuring cell

connecting line
cable that connects the control unit to the probe, delivers fluid and/or gas pressure in the measuring
and guard cells

3.14

pressuremeter test pocket

circular cy|

indrical cavity formed in the ground to receive a pressuremeter probe (3.1.1)

Note 1 to entry: See Annex C.

3.1.5

pressuremeter borehole

borehole ir
and into w

hich the pressuremeter probe (3.1.1) is to be placed

Note 1 to enftry: See Figure 1.

3.1.6

Ménard p1
process du
the resulti
a defined p

essuremeter test
Fing which a pressuremeter probe (3.1.1) is inflated in thepressuremeter test pocket (3.1.4)

rogramime

Note 1 to enjtry: See Figure 4.

3.1.7

pressuremeter sounding

sequence (
borehole (3

3.1.8

pressure 1
pressure 3
measuring

3.1.9

f Ménard pressuremeter tests (3.1.6) executed from the same station in the pressurem
.1.5)

eading
s read at the contrpl unit (CU) elevation in the fluid and/or gas circuit supplying
cell

pressure loss

difference
pocket (3.1

3.1.10

between thé pressure inside the probe and the pressure applied to the pressuremeter
14) wall

volume lo

bS

which pressuremeter test pockets (3.1.4) with circular cross sections arejmade in the groyind,

and

g pocket expansion is measured as a function of timeand pressure increments accordinlg to

pter

the

test

volume readings on the control unit while probe is kept at constant external diameter

Note 1 to entry: They are due to system compressibility (including membrane, probe, tubing, fluid and control

unit).

3.1.11

raw pressuremeter curve
graphical plot of the injected volumes recorded at time 60 s, noted V,, versus the applied pressure at
each pressure step, p,.

© ISO 2021 - All rights reserved
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3.1.12
corrected pressuremeter curve
graphical plot of the corrected volumes V, or radial displacements versus the corrected pressure p

Note 1 to entry: See Figure 5.

3.1.13
pressuremeter creep
difference in volumes recorded at 60 s and at 30 s at each pressure step: Vg - V34 = V30

3.1.14
cor
graphical plot of the corrected pressuremeter creep versus the corrected applied pressyre at each
prefsure step

Note¢ 1 to entry: See Figure 5.

3.1{15

pressuremeter log
graphical report of the results of the pressuremeter sounding (3.1.7), together with all the ipformation
gathered during the drilling

Notg 1 to entry: See E.3.

3.1]16
Mé];ard pressuremeter modulus
modlulus obtained from the section between (p; V;) and\(p, V) of the pressuremeter curve

Note 1 to entry: See Figure D.6.

3.1117

Ménard pressuremeter limit pressure
prepsure at which the volume of the presstiremeter test pocket (3.1.4) at the depth of the megsuring cell
has|doubled its original volume

Note 1 to entry: See Figure D.5.

3.1{18
pressuremeter creep pressure
pregsure defined as the intersection of two straight lines fitted on the creep curve

Note 1 to entry: See Figure D.4.

3.1{19
opdrator
perfon whe-carries out the test

3.1120
casing
lengths of tubing inserted into a borehole to prevent the hole caving in or to prevent the loss of flushing
medium to the surrounding formation, above pocket location

3.2 Symbols

For the purposes of this document, the symbols in Table 2 apply:

Table 2 — Symbols

Symbol Description Unit

A B Parameters for reciprocal curve fitting method cm3, cm3/MPa

© IS0 2021 - All rights reserved 3


https://standardsiso.com/api/?name=389bfe0a7c5a0f3b66099f12111b97db

IS0 22476-4:2021(E)

Table 2 (continued)

Symbol Description Unit
A{toAy |Parameters for hyperbolic curve fitting methods variable
a Apparatus volume loss coefficient cm3/MPa
b,c Rarameters of power law type interpolation for the probe pressure loss correc- variable
tion
de Parameters of linear type interpolation for the probe volume loss correction variable
d Outside diameter of the central measuring cell, including any additional protec-
. mm
¢ tion such as a slotted tube
d.; Outside diameter of the inner part of the probe with slotted tube mal
dg Outside diameter of the guard cells mm
d Inside diameter of the calibration cylinder used for the volume loss calibration mm
Outside diameter of the central measuring cell during expansion as read on the 3
d : cm
r CU, before data correction
d, Drilling tool diameter mm
Ey Ménard pressuremeter modulus MPa
K Factor to determine the differential pressure for tri-cell probes -
I Length of the central measuring cell of the probe, when the cellsnembrane is
: mm
¢ fixed on the probe steel core
Iy Length of each guard cell mm
I, Length along the tube axis of the slotted section of the slotted tube mm
L, Length of the calibration cylinder used for the volumé-loss calibration mm
I, Length of the cover mm
m Parameter of power law type interpolation forcthe probe pressure loss correction -
mg Minimum value, strictly positive, of the /m;slopes cm3/MP
Slope of the corrected pressuremeter'¢urve between the two points with coordi- 3
m; v d v cm3/MP
nates (p;4, Vi.y) and (p;, V)
p Pressure applied to the ground.after correction MPa
Pe Fluid or gas pressure in the‘measuring cell of the pressuremeter probe. MPa
Pe Correction for probe prgssure loss MPa
Pk Pressure at the origin of the segment exhibiting the slope mg MPa
P'E Pressure at the end-of the segment exhibiting the slope my MPa
Pel Ultimate pressure loss of the probe MPa
Ps Pressuremeter creep pressure MPa
pg Pressure/in the guard cells, read at the CU transducer elevation -
Hydpostatic pressure between the control unit indicator and the central measur- MPa
Pn ing.cell of the pressuremeter probe
p; PTeSSUTenTeter TOTTeECted pressure MPa
Pim Ménard pressuremeter limit pressure of the ground MPa
Ménard pressuremeter limit pressure as extrapolated by the double hyperbolic
PiMbH | method MPa
Pimu Ménard pressuremeter limit pressure as extrapolated by the hyperbolic method MPa
Ménard pressuremeter limit pressure as extrapolated by the reciprocal curve
Pivr MPa
method
Pm Pressure loss of the central measuring cell membrane for a specific expansion MPa
Pressure in the measuring cell fluid or gas circuit, read at the CU transducer MPa
Pr elevation
Pt Target pressure for each pressure step according to loading program MPa

© ISO 2021 - All rights reserved
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Table 2 (continued)

Symbol Description Unit
Po Pressuremeter horizontal at rest pressure MPa
P Corrected pressure at the origin of the pressuremeter modulus pressure range MPa
Dy Corrected pressure at the end of the pressuremeter modulus pressure range MPa

t Time S
ty Time the loading pressure level is held s
U Pore water pressure in the ground at the depth of the test MPa
v Value, after zeroing and data correction, of the volume injected in the central cm3
measuring cell and measured 60 s after starting a pressure step
v Original volume of the central measuring cell, including the slotted tube, if appli3 cm3
¢ cable
v Value, after data correction, of the volume injected in the central measuring’cell cm3
E for pressure pg
v Value, after data correction, of the volume injected in the central meastring cell cm3
E for pressure p’g
V, Correction for volume loss of the whole equipment
V; Corrected volume cm3
Value, after data correction, of the volume injected in€he'central measuring cell 3
143 o ¢ cm
when the original volume of the pressuremeter cavity has doubled
Vi The average corrected volume between V; and¥; cm3
Volume corresponding is the intercept on theolume axis of the straight line best
Vo fitting the data points on the p-V curve obtained in the volume loss calibration cm3
test (see Figure B.2)
V. Volume injected in the probe as read\on the CU, before data correction cm3
Vi Volume of the central measuring cell including the slotted tube cm3
Vi Corrected volume at the origin‘of the pressuremeter modulus pressure range cm3
v, Corrected volume at the éngd of the pressuremeter modulus pressure range cm3
v Volume injected in the central measuring cell as read 30 s after the beginning of em3
30 the pressure step
v Volume injected in the central measuring cell as read 60 s after the beginning of em3
60 the pressure/step
Injected volume change from 30 s to 60 s after reaching the pressure step, also 3
V60,30 cm
called-pressuremeter creep
Veo/eo |60 Sanjected volume change between two successive pressure steps cm3
z Elevation, positively counted above datum m
5 Elevation of the pressure measuring device for the fluid and/or gas injected in m
K the probe
Zy Elevation of the ground surface at the location of the pressuremeter sounding m
z, Elevation of the measuring cell centre during testing m
2 Elevation of the ground water table (or free water surface in a marine or river m
w environment)
B Coefficient used to determine the pressuremeter modulus pressure range -
y Unit weight of ground at the time of testing kN/m3
Yi Unit weight of the liquid injected in the central measuring cell kN/m3
Yw Unit weight of water kN/m3
Ap Loading pressure increment MPa
Apq Initial pressure increment MPa
r; Radius of the measuring cell for transducer i m

© IS0 2021 - All rights reserved 5
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Table 2 (continued)

Symbol

Description

At

Duration to achieve pressure step i

%

Tolerance for volume measurement

Rate of change of pressure head of gas at p, per metre depth

Poisson’s ratio

Ohs

Total horizontal stress in the ground at test elevation

VS

Total vertical stress in the ground at test depth

4 Equip

4.1 Gen
The pressu

the pré

the stn

pment

bral description
remeter shown schematically in Figure 2 shall include:
pssuremeter probe;

ing of rods to handle the probe;

the co

trol unit (CU);

the copnecting lines between the control unit and the probe.

Some meais of measuring the depth of the test with appropriate measurement error shall be provided

(see also Al
4.2 Pres

4.2.1 Ge

The probe
Figure 2).
inflate the
which uniff
a uniform
coupled to

If the mea
probe may
in the cent

NOTE 1

hnex E).
suremeter probe

neral

shall be made up of cylindricalV cells of circular cross-section along the same axis
The probe shall consist of a‘hollow steel core with passages to inject the proper fluid
cells. The steel core, on_ifs)outside curved surface, shall usually bear a network of groc
brmly distribute the liquid (if relevant) in the measuring cell under the membrane, apply
pressure on the pressuremeter test pocket wall. The top of the core shall be threaded
the string of rodshiandling the probe from ground level.

uring cell has'slenderness at least equal to 6, the probe may be mono-cell. Conversely
be tri-cell to-respect this criterion. A central measuring cell membrane shall isolate the f|
al measuring cell from the gas of the guard cells.

ompliance with this criterion ensures that the stress field is two-dimensional.

see
5 to
ves
ring
and

the
uid

The centra
— covere

covere

covere

IIICaS Ul illg LC}} llld_y bC.
d by the cover creating guard cell (tri-cell G type probe);
d by the cover with specific membranes for guard cells (tri-cell E type probe);

d by the cover without guard cells (mono-cell type).

All probes can be equipped for volumetric measurement or by radial transducer or any device providing
a reliable measure of either probe volume or radius. Pressure can be measured at control unit level or
at probe level.
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2b 2b
3 M 2a 3 M Za
6 Iis 6 6 Iis 6
.//4 .//4
LT e — nm-+—>9
AN
I 5a I 5a
7 i T i
5b 5 5b g
I 5¢ I 5¢
\
Il 8 Idlln 8
2 7

Tri-cell probe, G type, with measurement of b) Tri-cell prebe, E type, with measurement of

volume of the measuring cell volume of the measuring cell
2b 2b
HEE ==
6 Al L 6 6 Ll I 6
|| || 4
n|@<—09 N <—39
)
1 5a
77— I 7— I
10 H S 10— b s
I 5c
V
il 8 Lc_| 8
7 7

c) Monos=¢ell probe, with measurement of radial d) Tri-cell probe, with measurement of radial

displacement (optional) displacement

Key
la
1b
1c

2

pressurization, differential pressurization and injection devices
pressure and volume measuring devices
acquisition, storage and printing out of the data (required for CU type B and C)

connecting lines: 2a line for liquid injection
2b line for gas injection
depth measurement system 6 ground
rods 7  pressuremeter test pocket
pressuremeter probe 8  hollow probe body

© IS0 2021 - All rights reserved 7
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5a upper guard cell

5b central
5c

9
10 transducers

probe rod coupling

measuring cell

lower guard cell

Figure 2 — Diagram of a Ménard pressuremeter

If expansion is followed by the volume of the measuring cell, the measuring cell shall be inflated by

injecting a

liquid of low compressibility.

NOTE 2  Aitermativelyaircamrbeused toinflate the measuring cethamd theexparnsion folfowed by displacement

transducery.

Three typds of pressuremeter probes shall be used depending of ground type and conditions according

to Annex C

— hollow probe body with a flexible cover;

— hollow probe body with a flexible cover and an additional more rigid protegtion;

— hollow probe body with a flexible cover and a slotted steel tube.

These prolyes are respectively described in Figure 3 a) and Figure 3 b).and their geometrical featyres

are given in Table A.1.

The pressyremeter probe shall be capable of a volumetric expansion such as to enable assessing|the

Ménard pressuremeter limit pressure within its pressure capabilities.

NOTE 3 For 60 mm probes and probes in 60 mm slotted tubes; 200 + V, can be used, where 200 and V, afe in

cm3,

NOTE4  Hor other dimensions of tri-cell probes and for mono-cell probes, a specific assessment can be mafle.

4.2.2 Prpbe with flexible cover

The probe jncludes:

— one mgasuring cell, with an outside diameter d.and a minimum length [, which shall expand radially
in a pocket and shall apply a-uniform pressure to the pocket wall;

— two guard cells if applicable with an outside diameter d, and a length I, located above and bglow
the central measuring-cell. These cells shall be designed to apply to the pocket wall a pressure close
to, but|not greater<han, the pressure induced by the central measuring cell. These cells should be
inflate(d by gas pressure.

The tri-cel| probeshould be fitted with a central measuring cell membrane and a flexible cover slegve.

The memb[;ane and the flexible cover shall be fixed to the steel core with sealing system in ordefr to

avoid any leakage or pressure loss

The flexibl

4.2.3 Pr

e cover can be reinforced by textile or metallic canvas.

obe with flexible cover and an additional more rigid protection

A flexible protection made of thin plastic or steel strips, either overlapping (up to half-way) or isolated,
running between fixing rings may be added over the cover.

NOTE
from the po

cket wall.

The flexible protection can be added to reduce damage to the cover from sharp fragments protruding

© ISO 2021 - All rights reserved
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4.2.4 Probe with flexible cover and slotted tube

This

probe shall consist of two parts:

— aninner part corresponding to previously described probes, and

— an outer part which shall be made of a slotted steel tube (see Figure 3). When this slotted tube
is pushed or driven into the soil it shall be fitted with an extension pipe ending with a point or a
cutting shoe.

The outside steel tube shall carry at least 6 axial slots, evenly distributed round the circumference

4

[Fignre3-b

The

diameter of the slotted tube shall be verified at intervals appropriate to the use\the

recg¢ived, so that it remains compliant with tool diameter (see C.2.2).

The slotted tube should be kept clean, so that it is able to recover its original shap@ and size.

The assembly within the slotted tube shall be located so as to allow the probe to expand ra
a miinimum of resistance. The mid plane of the measuring cell shall correspond to the mid

slots.

probe has

dially with
lane of the

© ISO
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A A

5 4 5 4
8 M
H H<—9
1 SHH
NOD
2
A A
i 1Y) B
dci
I
7 ——>
6
1 d. 1
2-3 2-3
5 5
4 4
A-A A-A
a) presquremeter probe with flexible cover b) pressuremeter probe with slotted tubé
Key
1  hollow probe-body 6  measuring cell drain outlet
2 measulfing cell membrane 7  slotted tube
3 externdtsteeveorflexiblecover 8 rods
4  liquid inlet to the measuring cell 9  probe-rod coupling
5 gasinlet to the guard cell

Figure 3 — Description of the pressuremeter probe

4.3 Connecting lines and injected fluid

The flexible lines shall connect the pressure and volume control unit to the probe. They shall convey the
liquid to the measuring cell and the gas to the guard cells. They may be parallel or coaxial. When the
lines are coaxial the central line shall convey the liquid and the outer line the gas.
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The liquid injected into the measuring cell is either water or a liquid of similar viscosity and shall not
freeze under the conditions of use.

The injected fluid and inner diameter of the connecting lines shall be selected in order to transmit
the fluid from the CU to the probe in a time acceptable for pressure step to apply to the ground. The
increment of volume V5, should be lower than 30 cm? at the ultimate pressure loss of the probe p,
during central membrane pressure loss test.

NOTE

transmit the fluid from the CU to the probe is increased. Alternative fluid like oil can also be chosen.

Additives such as ethylene glycol increase notably the viscosity of the fluid and therefore the time to

4.4

4.4

The

Pressure and volume control unit

1 General
control unit shall include:

equipment to pressurize, and so to inflate the probe, and to maintain constant pressures
during the test;

equipment to maintain an appropriate pressure difference between the central measur
the guard cells, if relevant;

device which permits, according to the type defined in-Table 1, the reading and recor
parameters to be measured: time, pressure and volumnie.

Table 3 — Types of pressuremeter control unit

s required

ng cell and

ding of the

Type of control unit Type of testregulation Type of reading and r¢cording
A manual manual
B manual automatic
C automatic automatic

Thd
and|

Thd

control unit shall control the probe cell expansion and permit the simultaneous reading of liquid

or gas pressures and injected liquid volume or radius of the measuring cell as a functior]
pressurizing device shallallow:

reaching the pressuvemeter limit pressure or a pressure p,. at least equal to the maximu
defined for the test;

holding constant each loading pressure level in the measuring cell and in the guard cells
set time;

implementing a pressure increment of 0,5 MPa in less than 20 s as measured on the conf

of time.

N pressure

during the

rol unit;

r‘nnfr‘n"ing the prnccnrn difference betweenthe mnacnring celland the gnarr] r*o"c;

injecting a volume of liquid in the measuring cell larger than at least its volume at rest V, i.e. 700 cm3

for a 60 mm pressuremeter probe.

If volumetric measurement is used, a valve between the volumeter and the pressure measuring device
shall allow stopping the injection.

4.4.2 Measurement and control

44.2.1 Time

The accuracy of the device used to measure time shall be in accordance with Annex E.

© IS0 2021 - All rights reserved
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4.4.2.2 Pressure and volume

The pressure measuring devices for the fluid in the central measuring cell and for the gas in the guard
cells shall be located:

— either in the control unit;
— orinside the probe, less than 1 m above the centre of the central measuring cell.

The resolution of measurement of the devices measuring pressure and volume shall be in accordance
with Annex E.

4.4.2.3 Display of readings

At the site fhe pressure and volume control unit shall give a simultaneous and instantaneous,displdy of
the followihg readings: time, pressure of the liquid injected into the measuring cell, volume“of the liquid
injected orfradius of the measuring cell and pressure of the gas in the guard cell circuitwhen relevdnt.

4.4.2.4 Volume loss calibration cylinder

The main features of this steel cylinder (Figure B.1) shall be as follows:

— measufed inside diameter d; not more than 10 % of over the probeddiameter d;
— wall tHickness not less than 8 mm;

— length(/; more than 1 m or the slot length [, whichever is greater.

4.4.3 Datalogger

The data Ipgger, the device to acquire and record the data with type B or C control units, shall be
designed tp record time, the raw data from thectransducers, the zeros, calibration coefficients pnd
identification of each probe and the resulting calibrated data of pressure and volume.

The data Idgger B or C records p, and V,, and-in case of radius measurements by transducers, p. and|r;.

The data lggger shall permit the displayor the printing of the raw data of pressure and volume (p] V,)
at the timelinterval defined by loading program, and the raw pressuremeter curve.

The data lggger shall not interfere with the conduct of a test as specified in 5.7 and it shall not obsqure
any other measuring devices. It shall be designed so as to automatically:

— record|its own identification parameters: control unit number, data logger number;

— requirg the input/of the information necessary to the test, as described in 5.4;

— prever]t the input of pressure and volume data or other information not obtained during the tesfing
process.

5 Test procedure

5.1 Assembling the parts

The cover, the membrane and possibly the rigid protection or the slotted tube if required shall be
selected according to the expected stress-strain parameters and type of the ground in which the probe
is to be used. They shall each fulfil the specifications given in Annex A. Then the probe shall be linked to
the control unit through the connecting lines.

The whole system shall be filled with liquid and purged to remove air bubbles.
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The whole probe shall be inflated three times to the maximum volume defined in 4.2.

5.2

Calibration and corrections

Calibration and correction shall be performed according to Annex B. Copies or display of the calibration
results shall be available at the testing location and later provided with raw data.

5.3

Pressuremeter test pocket and probe placing

In pressuremeter testing, it shall be paramount to achieve a high-quality pocket wall. The procedures

an

The
plag

The
pre

Thn

NOTI
cury

5.4
The

Thd
det

If th
As §

requirements in Annex G shall be 1oliowed.

position of the test should be defined prior to the test and may exceptionally be modifi
ing the probe on clear geological localized mechanical transitions (very soft soil envstiff

preparation of satisfactory pockets shall be the most important step in‘ébtaining
ssuremeter test results.

ee conditions shall be fulfilled to obtain a satisfactory pressuremeter-test pocket:

the equipment and method used to prepare the pressuremeter ‘test pocket shall caug
possible disturbance to the soil at the cavity wall (see C.1);

the diameter of the cutting tool shall meet the specifiedtolerances (see C.2.2);

the pressuremeter test shall be performed immediately-after the pocketis formed (see T3
C.1.3and C.1.4)

E An indication of the quality of the pressurenieter test pocket is given by the shape of the pr¢
re and the magnitude of scatter of the resulting parameters in one geotechnical unit (see D.2).

Preparation for testing

position of the pressuremetér sounding shall be marked on a drawing and identified by
hils.

e sounding is inclined;yits slope and direction shall be recorded (see Annex F).
next step, for eachrsounding:
the acquisition'and recording device, i.e. the data logger, shall be initialised (type B and

the injtial’reading of each transducer shall be checked and, if appropriate, recorded (typ
and type C).

Thd

ed to avoid
bround).

acceptable

e the least

ble C.1 and

ssuremeter

pressure and volume control unitiand the data logger shall be protected from direct sunlight.

ts location

C);
e A, type B

identification parameters of the test are recorded, either in the memory device or on thd

data sheet

with a carbon copy (see Annex F):

date (year, month, daye, hour and minute) of the test;
test operator identification;

report number;

sounding number;

type of probe;

technique of pocket drilling (see Annex C);

© IS0 2021 - All rights reserved

13


https://standardsiso.com/api/?name=389bfe0a7c5a0f3b66099f12111b97db

IS0 22476-4:2021(E)

metho

ground identification and description according to ISO 14688-1 and ISO 14689;

d of probe setting;

calibration test references (see Annex B);
elevation z_ of the pressure transducer or value of z_ - zy for this transducer (see Figure D.1);
elevation z, of the test location or depth (zy - z,) of the probe (see Figure D.1);

differential pressure setting (see B.4.4).

5.5 Estalblishing the loading programme

The loadin
applied by

At each pre
applicable,
hydraulic ¢

In case of 3
viscosity h
made; or a

The differe
for type A

b programme of a pressuremeter test shall be the relationship between time and priessur
the probe to the ground (Figure 4).

ssure step the pressure shall be held constant in the measuring cell and inthe guard cel
for a time t;,. The step duration ¢, is chosen in order to catch the soil behdviour and not
haracteristics of the CU circuit and connecting lines. A value of 60 s iS‘°commonly used.

long connecting line and low external temperature needing theéwuse of additive in fluid v
gher than water, implying slow response of the system, apprepriate adjustment to t, sha
kpecific assessment (experimental or theoretical) of pressureloss may be taken into acco

nce between the target pressure and obtained pressure should not exceed 25 kPa or 1,
and type B and 15 kPa or 0,5 % for type C. In case the obtained pressures exceed the

values then the average value of pressure over the whole pressure step shall be recorded.

The initial
drilling pa

pressure increment Ap; to be used shall be décided by the operator after observation of]
Fameters, examination of the core or the drill cuttings and by instruction. In case of sim

c as

s, if
the

vith
1 be
lnt.

D %
ses

the
ilar

ground comnditions, the pressuremeter limit pressuse of the previous test may be used and divided by

10. Once th
and the di
pressure iy

obtain

reach {

e initial readings have been recorded, the operator shall observe the creep parameter V
ferences Vg 69 between successive 60 s volume readings and as a result may change
crement so as to:

approximately 10 points during the test, and a minimum of 8 points;

he end of the test (see 5.Z3).

0/30
the

14
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A c
p: (MPa) | 4 > = D
pr
od
Ry
-
t(s)
Key]
p, [target pressures t time
Ap |pressure increment At; pressure increméht duration
p, |pressure step during t; t, durationef a-pressure step
C |loading phase D unloadingphase
Figure 4 — Loading programme for aMénard pressuremeter test
A constant pressure increment Ap should be used.lf needed, its value may be adjusted up tq two times

dur

ing the test, during the pseudo-elastic phaseZThe value of the pressure steps should not b

aftgr exceeding the creep pressure.

e modified

The duration At; to apply the pressure jnerement Ap shall be less than 20 s. Appropriate adjustment to

At

shall be made for the case of long ¢onnecting line length (when in coil) and viscous inje

Thd time At; shall be kept constant-during the test. Once the test is completed as describ

unl

5.6

pading shall be performed.

Establishing the pressure of the guard cells for tri-cell probes

The pressure of the gas-in the guard cells depends on the type of tri-cell probes and shall be

acc

5.7

5.7

prding to B.4.5¢
Expansion

1 _“General

Cted liquid.
ed in 5.7.3,

calculated

The expansion process shall include:

applying a uniform pressure to the pocket wall through the pressuremeter probe accor
loading programme (see 5.5);

ding to the

recording the measuring cell volume changes with time as a function of the loading pressure applied

to the measuring cell.

5.7.2 Readings and recordings

At each pressure step the following readings shall be taken.

©IS

In type A, the fluid or gas pressure in the measuring cell required by the loading programme shall
be recorded once and the injected volume in the probe at the following times once target pressure

02021 - All rights reserved
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is reached: 15 s, 30 s and 60 s. For tri-cell probes, the liquid and gas pressures, the differential
pressure and their variations shall be checked. Excessive variation shall be noted (see also 5.5).

— Intype B and C, the applied fluid or gas pressure in the measuring cell and the injected volumes in
the probe should be recorded each second and shall be displayed at least at the following times: 1 s,
155,30 s and 60 s. Readings of gas pressures at the same times may be used for checking.

The origin of the time for each pressure step is taken at the end of the corresponding pressure increment
period t;. The origin of the time ¢, for each pressure step is taken at the beginning of the load step (see
Figure 4) and shall be recorded.

5.7.3 En(d of test

Unless otherwise specified, the test is terminated when sufficient data have been accumulated for|the
intended pjrpose, within the full capabilities of the equipment. These normally are:

— when the pressure p, reaches at least the pressuremeter limit pressure or a pressure at least equal
to 5 MPa (or up to 8 MPa if required);

— when the volume of liquid injected into the measuring cell exceeds the value given in 4.2;
— when at least three pressure steps beyond p;are obtained;
— when the probe bursts.

NOTE For a 60 mm tri-cell probe, the volume of the probe V, giyén in 4.2 corresponds approximately to
600 cm3.

5.8 Back-filling of the pockets

Method of |back-filling of the pockets resulting from-the pressuremeter sounding shall be agreed pnd
carried out in accordance with ISO 22475-1, taking\into consideration national regulations, technicgl or
authority rlequirements, the strata, contamination of the ground and its bearing capacity.

If required, backfilling of the hole in the grdund resulting from the pressuremeter sounding shall be
completedjand documented in the test report.

5.9 Safefty requirements

It is presugposed that national’safety regulations are followed; e.g. for:
— persor]al protection-equipment;

— clean dir if working in confined spaces;

— ensuripg thesafety of personnel and equipment;

Drill rigs shal¥he in accordance with ISQ 22476-15 when applicable

6 Testresults

6.1 Data sheet and field print-out or display

6.1.1 Data sheet for type A control unit
All the data as shown in E.2 shall be fully and carefully recorded.

The operator shall authenticate the data sheet by signing and giving his full name in capital letters.
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Site print-out for type B and C control units

At least the following information shall be printed or display at site for any test:

a) before the start of the test:

the operator's identification;
a statement that the test will comply with this document;

the data logger parameters;

pressurizing and read-out unit number (and data logger number if separate from th

information input for test identification: as listed in 5.4;

b) [atthe start of the test:

date (year, month, day, hour and minute) at the start of the test;

c) |atthe end of each pressure step:

loading pressure step number in the series;

one liquid pressure reading in the time interval between(the start of the pressure hd
later, correct to at least three significant digits;

readings at 30 s and 60 s after the start of the pressure step of injected volume rou
nearest cm3, or of radius of each displacementtransducer;

the difference between these two readings i.e. Vg /305

the difference between the 60 s injected volume readings of the current and precedir
step Veo/60;

d) |attest completion:

6.1:3

date and time at completion of test;

P unit);

ldand 15s

hded to the

gpressure

computer plot of yolume readings V. against pressure readings p, at 60 s giving the raw

pressuremeter curve;

the operator'shall authenticate the full print-out by signing and giving his full nam
letters.

Raw pressuremeter curve

The raw ‘pressuremeter curve shall be obtained by plotting control unit readings V. versug

60 3.

b in capital

P, each at

For types B and C control units, the raw pressuremeter curve shall be provided by the data logger
printer or screen.

6.2 Corrected pressuremeter curve

The corrected pressuremeter curve (Figure 5) shall give the probe central measuring cell volume Vas a
function of the pressure p applied to the pocket wall:

V=f(p)

where

© IS0 2021 - All rights reserved
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p is the pressure applied by the outer cover of the probe on the pocket wall, after correction for

hydraulic head and pressure loss (see D.1.2 and D.1.3);

IV is the corresponding volume at 60 s after zeroing (see B.4.2), of liquid injected into the probe,
and after correction for volume loss (see D.1.4), or the volume calculated by averaging the radial
transducers.

The method used to model the pressure loss experimental curve and the parameters shall be reported

(see D.1.3).

The corrected pressuremeter curve shall be defined by the succession of coordinates (p, V) show

in

Figure 5.
At the stay

From this
several su
rate of th
conditions

Key
1 raw p
2 corre

A

t of the pressuremeter test, the pocket wall shall be loaded by the probe untilit-retu
approximately to its original condition.

point the slope of the pressuremeter curve should generally remain sengibly constant
cessive steps. When the test reaches approximately half of its course the'radial expans
b probe should increase more rapidly with increasing pressure.-until reaching enc
for the test as defined in 5.7.3.

ressuremeter curve

cted\pfessuremeter curve

P (MPa)

rns

for
on
ling

—

Figure 5 — Plot of a corrected pressuremeter test

6.3 Calculated results

The pressuremeter test parameters shall be obtained from the information recorded on the data sheet

(type A) or either in a numerical format (type B and C).

First, the data shall be examined as recorded to see if and how much of the curve can be analysed (see

Annex D).

18
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t, the methods described in Annex D shall be used:
to determine the pressuremeter creep pressure p¢ (D.3);
to determine the Ménard pressuremeter limit pressure p;, (D.4);

to calculate the Ménard pressuremeter modulus Ey; (D.5).

x and fully

t including

eter curve

7 Reporting

7.1] General

The test results shall be reported in such a fashion that third parties are able te,\chec]
understand the results.

7.2] Field report

Thd field report shall contain all data collected in the field (see 5.4 and 6-1).

The field report shall enable to identify the operator in charge (6.1.1 and 6.1.2).

An gxample of field report for a single pressuremeter test is provided in Annex F.

7.3| Testreport

7.3]1 General

The test report shall include the field report (7Z2)*and the Ménard pressuremeter test repor
the|obtained pressuremeter parameters and-the indication of the process of interpretation. The test
repprt shall be signed by the field manager tesponsible for the project.

7.3]2 Ménard pressuremeter test report

The report for a single pressurémeter test shall include the corrected data, the pressuren
and| the pressuremeter test parameters. An example is provided in Annex F.

It shall also contain the field reports including in the case of type B and C the correspondir

eled
Thd
a)
b)

tronic data recorded on an electronic support as described in 5.7.
report shall include the following data as a minimum:
reference.to this document (I1SO 22476-4:2021);

typetoficontrol unit used for the test: A, B or C;

g readable

c)

identification number of the sounding where the pressuremeter test was performed;

d)
e)

f)
g)

h)
)

©IS

elevation of the test or its depth from the top of the sounding or casing;

type of drilling technique and drilling tool used to create the pocket and the top and bottom

elevations of the drilling stage;
time of completion of the pressuremeter test pocket, to the nearest minute;

type, make, and serial number of the control unit and of the data logger if separate from
unit;

information on the recent checks of all control and measuring devices used (see B.1);

time at the start of the test, correct to the minute;

02021 - All rights reserved
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j)

k)
D

7.3.3 Pressuremeter tests log

A pressurejmeter tests log, as shown in E.3, shall include as a minimum:

a)
b)
<)
d)
e)

f)

g)
h)
i)
j)

20

type of probe used (see 4.2) and its details (cover type, rigid protection, slotted tube, etc.), the
volume loss and the pressure loss calibration test results as defined in Annex B;

differential pressure (p, - p,) at control unit elevation;

table of the liquid pressure and volume readings at 1 s (type B and C only), 15 s, 30 s and 60 s at
each pressure loading level;

p,V coordinates of each point used to plot the corrected pressuremeter curve;

all mishaps during the test (such as a probe bursting);

elevatijons of the pressuremeter sounding top zy and the pressure transducers z_ as shownhn F.2
and Figure D.1;

elevation of the drilling fluid level when applicable and the ground water table when knhown: z
name ¢f the company performing the pressuremeter sounding i.e. drilling and testing;
correcked pressuremeter curve and the methods used for pressure and volumedoss correctiong;
Ménarf pressuremeter modulus Ey; and the method used to obtain it;
Ménarf pressuremeter limit pressure p; y and the method used to obtain it;

creep pressure pgand the method used to obtain it;

groundl identification and description according to ISO 14688-1 and [SO 14689 for the pressuremegter
test pdcket.

referefce to this document (ISO 22476-4:2021);
type of control unit used: A or B or C;

pressuremeter soundings layout drawing and, if appropriate, the grid references of the soundings;
ground surface elevation z{at the pressuremeter borehole measured from a stated datum;

level of the fluid in the bgrehole resulting from the pressuremeter sounding at specified times, pnd
the elegvation of the ground water table, if known;

pocket formatien technique with reference to Table C.1 and the dates at which the various pockets
were formed;

pressuremeter sounding inclination and direction;

information on the ground strata;
drilling parameters according to ISO 22476-15;

graphical representation of the pressuremeter parameters as a function of depth, with a depth
scale and the following values:

— Ménard pressuremeter modulus Ey ;
— Ménard pressuremeter limit pressure p;  ;
— pressuremeter creep pressure py.

Pressures and pressuremeter moduli shall be quoted to at least two significant digits.
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For the same site, it is recommended to have a common scale for all pressuremeter logs.

k) comments on the test procedure, mishaps and any other information which may affect the test
results.
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Geometrical features of pressuremeter probes

Annex A

(normative)

A.1 Geo etrical snecifications for nrobhes
. HetHea-spee P

Table A.1 shall be read in conjunction with 4.2 and Figure 3 a) and Figure 3 b).

Tdble A.1 — Geometrical specifications for 60 mm tri-cell pressuremeter proebes

TITCOCTOUTIOTUT T TO

Symbols Unit Value Toleranice
Central measuring +5
. mm 210
Hollow probe body cell length 0
with flexible Guard | 120 Is
mm +
cover cell length &
Outside diameter D, mm 60 £5
Central measuring
I¢ mm 370 *5
cell length
Probe Inner part:
with Guard
central meas- ly mm 110 +5
slotted uring cell cell length
tube Central measuring cell out-
[see T d. mm 44 +2
Figure 3 b)] side diameter
Outside diamleter d, mm 60 *5
Slotted tube -
Slot length (along tube axis) I, mm =800 -

The tube slotted length [, is measured-along the tube axis. This length shall be the greater of:

1,3 (l.121,) or 800 mm

NOTE 1

measuring ¢ell has been historically used.

ther length of th€)measuring cell can be used. For the 60 mm slotted tube, a 210 mm ceijtral

NOTE2 A 60 mm<{lexible cover probe be used as inner part of a slotted tube of 76 mm of outside diamgter.
Alternatively, a 76 mn flexible cover probe can be used.

The inner diameter of the probe shall be such as to evacuate the water or mud through the stem so ds to

avoid any
the probe.

£ | H £ oo ra Lol i H 3= 43 RS N Lol 11 1 124
CTI T TICAT v AT TatTOTIS OT PTCSSUT C T PT CTOaUTITS OT - STUCTIUTT)TIT CIIC- O UT CTTOUTCT VW atT v ITCTT PTer lng

The drain tap of the measuring cell shall protrude from the bottom of the steel core. A probe shoe or
cutting shoe may be used to protect the drain tap when inserting the probe in the test cavity. Such
shoes shall have openings for the same reasons.

NOTE 3

NOTE 4

22

These variations of pressure induce an effect on the quality of the borehole wall.

If no slotted tube is involved, the hollow probe body is designed to withstand pushing.
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A.2 Selecting pressuremeter probe and components

The pressuremeter probe pressure loss, including the slotted tube when applicable, shall be as small as
possible when compared with the expected value of the limit pressure at test depth.

The choice of probe major components shall be guided by the following conditions:
a) for the central cell membrane, if applicable

_<80KkPa

b) |for the whole probe
whé¢n p; <900 kPa, then: p, < p;/3 + 25 kPa
when p;y > 900 kPa, then: p, < min { [p);/18 + 275 kPa] ; 350 kPa }
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B.1 Me

Annex B
(normative)

Calibration and corrections

All contro
standards
be such th4

NOTE 1 \
The uncert

If one part

A copy of t

In additiop to the calibration of the measuring devices, corrections shall be applied to the

readings fa
measuring
measured

NOTE2 |
case), the fl

NOTE3

and the conj
probe press

B.2 Pre;

B.2.1 Ge

The press
membrane|

be determined by using-an inflation test on each membrane as described in B.2.2 and B.2.3.

B.2.2 Pr

and measuring devices shall be periodically checked and calibrated against referg
Lo show that they provide reliable and accurate measurements. The calibration interval s
t the resolution required can be verified, and should be less than one year

(erification of the required resolution can be based on the record of previous calibgations.
ainties of measurements summarized in Annex E shall be considered-
of the system is repaired or exchanged the calibration shall be verified.

he latest calibration test report shall be available at the job site.

nce
hall

r the pressure loss and the volume loss of the whole equipment. If the stiffness of the ce
cell membrane of a tri-cell probe is not given by the'supplier, then it shall be independe
hs given in B.2.

ressure loss is due to the added stiffness of the‘central measuring cell membrane (tri-cell pj
pxible cover and the slotted tube (if any). It varies with the probe inflated volume.

folume loss is due to the expansion of the pressure connecting line, the pressure measuring de

pression of any gas contained in the liquid injected into the central measuring cell. It varies with
ure.

ssure loss of central measuring cell membrane alone

neral

ire loss value~py, which is a constant value for each batch of central measuring
5, shall be obitained from the membrane supplier. If this information is not available, it s

pparation of pressuremeter probe for central cell membrane pressure loss te

ral

htly

obe

vice
the

cell
hall

st

The probe

ort

connecting line (less than 2 m) and held vertically. The central measuring cell and the line shall be
purged to remove air bubbles. Then the membrane shall be inflated at least three times by injecting a
volume of liquid given in 4.2.

For this operation the pressurizing and read-out unit shall be fitted with a pressure measuring device
accurate to better than 10 kPa.

The device measuring the injected volume shall be zeroed by bringing the centre of the measuring cell
to the level of the pressure measuring device.
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B.2.3 Measurement of central cell membrane pressure loss

The membrane shall be inflated in pressure increments Ap equal to 10 kPa. The volume of liquid Vg,
measured at 60 s shall be used to plot the curve:

Veo =f(p)

The membrane pressure loss p,, shall be given by the pressure for which the volume of liquid injected in
the cell is the maximum volumetric expansion given in 4.2.1.

B.jd Checking measuring devices at site

Readings of the analog and digital indicating instruments of the control unit shall be compar¢d with any
other available measuring device (for example against display of the data logger, additional pressure
gaupes, etc.) at least at the beginning of each new contract. Any difference shallbéinvestigated.

Furfher, the control unit shall be checked for correct operation of pressure and volume [measuring
deviices as specified in a written procedure, for instance, by comparing-the readings obtained on the
varjous pressure transducers and in case of types B and C control units, by comparing the readings of
the [volumeter and the data logger display.

Thg equipment shall be corrected, replaced or repaired when the difference between readinigs is larger
thah the following values:

a) [for pressure readings, the largest of:
— 5% of the mean value of the two readings;.ot
— 1 9% of the full-scale measurement;

b) [for volumes: 3 cm3.

B.4 Reading corrections

B.4.1 General

The stiffness of the membrane and cover assembly decreases during their first expansiofis and this
decfease shall be minimised by some preliminary exercising as described in B.4.2.

The operations described in B.4.3 and B.4.4 shall then be carried out as follows:
— |at each change of pressuremeter probe configuration;

— |at eaghrchange of connecting lines between the probe and control unit;

— |atintervals appropriate to the use the probe has received, e.g. weekly for daily operation.

These operations shall be performed when the probe is ready to be inserted in the pressuremeter test
pocket; that is when the connecting lines are fitted and gas bubbles have been purged from the central
measuring cell and the liquid circuit.

B.4.2 Probe pre-inflation and zeroing of the volume measuring device

Before use, any probe shall first be inflated at least 3 times in the open air by injecting a volume of
liquid exceeding 1,2 times the volume of the probe V, or the expansion during the current step is such
that this value would be reached before the end of an additional step.
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After that,

centre

units);

of the measuring cell at the level of the pressure measuring device;

the initial reading of each transducer shall be checked and, if appropriate, recorded.

B.4.3 Equipment volume loss calibration test

the volume measuring device shall be zeroed by adjusting the volume of liquid whilst keeping the

the acquisition and recording device, i.e. the data logger, shall be initialised (types B and C control

B.4.3.1 G

The probe,
volume los
by increme
the calibra
pressure o
applied wif

The pressy

B.4.3.2 (

The injecte
Vi=flp)r

The volum
fitting the
following f|

V=V,
Excessively
The whole

NOTE 4

eneral

either simply clad by its rubber cover or fitted with its slotted tube, shall be placed into
5 calibration cylinder as described in 4.4.2.4 and Figure B.1. The probe shall(b¢ pressur

the
zed

nts Ap initially of 100 kPa until the probe cover or the slotted tube comeshinto contact v
Fion cylinder. After this point, equal increments shall be applied up to the expected maxi
f the tests to be performed. During the second part of this test each-préssure level sh
hin 20 s and held for 60 s.

re in the guard cells shall fulfil the conditions given in B.4.5.

btaining the volume loss correction for the equipment

bd volume at the end of each pressure step shall beYecorded and used to plot a grap
esulting in the volume loss correction curve.

e loss factor a and V, are respectively the slope and the intercept of the straight line |
points after the proge comes into contactwith the calibration cylinder, according to
prmula and Figure B.2.

+ a.p,.

' high a values suggest inadeiquate liquid filling, a leak in the liquid circuit or other prob
equipment, including control unit, lines and probe shall be checked again.

\ maximum value of 6 ¢gm3/MPa has been historically considered for the 60 mm pressuremeter pr

vith

h of

best
the

obe.
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2
A
NQ-
Y
de
Key
1 |calibration cylinder
2 |pressureinéter probe
Eigure B.1 — Calibration cylinder for volume loss correction (example of a tri-cell probe)

B.4.3.3 Obtaining central measuring cell volume V_

The initial external volume of the central measuring cell, for a probe with a flexible cover with or
without rigid protection, shall be obtained from the following formula:

V,=025ml d2-V,

where
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V, isinB.4.3.2;

I. is the length of the central measuring cell measured when the cell membrane is fixed on the
probe steel core, as shown in Figure B.1 and in Table A.1;

d; istheinside diameter of the calibration cylinder. This value shall be recorded on the pressurem-

eter test report.

For a probe in a slotted steel tube, the initial external volume of the central measuring cell shall be
obtained from the following formula:

V=045l (d?-(dz2-d ) -V,

v, (qm*) A

pr (MPa)

Figure B.2 — Volume'loss calibration — Example

B.4.4 Probe pressure loss calibration test

The probe|(shall be placed close to.the pressure measuring device, as shown on Figure B.3, and in|the
open air. The probe shall be inflated as if it were in the ground, with pressure increments Ap equdl to
1/5 of the [expected pressurel1oss of the probe p,. Each pressure increment shall be held for 60 s. A
volume of 3t least 700 cm3.shall be injected in the central measuring cell.

The volumetric straingate of the pressure loss test should not significantly differ from the one impqsed
during thepressurénmeter test. Alternatively, the pressure loss calibration can be made by volume stps,
with a totafl duration equal to the pressuremeter test.

NOTE He-pressure loss p,, of the probe is a function of the type of membrane, cover and slotted tube, iffany,
which are ca. fSessemntiatty adapted to € Lypt Ol grounua to oe tested. am vary betweern 0;05 MPa and
0,3 MPa.

The resulting pressure versus volume curve, Vg, = f(p,) is illustrated in Figure B.4.

The pressure values obtained from this curve for each pressure step shall be used for the pressure loss
correction (see D.1.3).

The ultimate probe pressure loss p, (Figure B.4) shall be the pressure reading for an injected volume of
liquid equal to 1,2 times the volume of the probe V, (around 700 cm3 for a 60 mm pressuremeter probe).
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/ A

Key)

1 |pressuremeter probe

2 |pressure measuring device
3 |pressure regulator

4 |ground surface

z |elevation

NOTE For z_, z;, and z, tefer to Figures B 5 and D.1.1.

Figure B.3 — Elevation of probe and pressure regulator during a pressure loss cali

bration
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V; (cm?)

Vm ax

B.4.5 Esf

The gas pr
cell p.. The
ensure a cq
probes, thi

This can bg

-
pe (MPa)

Del

Figure B.4 — Example of pressure loss plot for a pressurenieter probe

fimation of gas pressure in guard cells for a given test

essure p, in the guard cells shall not be higher than the pressure in the central measu
difference between the pressure at the measuring celland the guard cells shall be such g
rrect inflation (quasi-cylindrical) of the measuring’cell during the test. In general, for G §
5 difference is comprised between two or three‘times the central cell pressure loss.

e verified if the following relationship is respected, at the probe level:
)k ) = Kpm

if p.<Kp,

17\

The centra|

cell pressure loss.py, and the coefficient K to be adopted are parameters that depend on|

[ing
s to
ype

the

membrane|being used for-the central cell. These parameters shall be given by fabricant or determined

by the confractor befor€ary testing.

The differ¢nce between the pressure at the measuring cell and the guard cells shall be determined
before each testas a function of the testing depth and fixed at the first pressure step. This value shall
not vary dyring the test.

At the CU Tevel, operator shall adjust the differential pressure Paisccu = (Or — pg) according to the
following rules:
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For conditions in which the self-weigh of gas can be neglected: (considering p, =Py and given that p_ =

prt ph):
Paitecu =(Pe —Pg )=Kpm —Py
For conditions in which the self-weigh of gas cannot be neglected, p, shall be corrected as follows:

P =Pg + (zcu % )pg

Where:
P is the liquid pressure in the central measuring cell, obtained with p. ='p/+ p,,
Pm is the central measuring cell membrane pressure loss;
Px is the gas pressure in the guard cells. Since the unit weight-of.the gas changes with the

gas pressure:

Z~ — Z,.) is the vertical distance between probe cellsand measuring device infthe control
cu~%p p g
unit,

py, is the head in the liquid line between thediquid pressure transducer and fthe central
measuring cell,

Pg is the pressure reading at the controbunit of the gas in the guard cells.

Ag 1§ the rate of change of pressure head of gas at pressure py per meter depth. When no data is available,
A, 41,15 104 m'1 may be used.

NOTE For practical purposes, the gas unitiweight change can be ignored when the vertical distamce between
the fontrol unit and the probe is less than 30im and the gas pressure less than 5 MPa.

For|type G tri-cell probes, at the jobsite, and before carrying out the tests, the operator shall be given a
table exhibiting guard cells pressures as a function of the depth according to the type of propes used.
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/ iinias b Il ZN

Px

Pk 5

Key

1 ground|surface

2 CU

3  pressuifemeter probe

4  gasling

5 liquid ljne

NOTE 4.and Zg are positive; z, is negative.

Figure B.5~ Details of pressures and elevations during a Ménard pressuremeter test
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Annex C
(normative)

Placing the pressuremeter probe in the ground

C.1 r‘nhnval considerations

eI e T CUITIO T C T aTIrutTIyy

C.1}j1 Overview

Prepsuremeter testing and the production of the pressuremeter series of pockets,shall be

together. The quality of each pocket wall governs the quality of each test. In_order to placg
in the ground and to obtain valid Ménard pressuremeter parameters, the préssuremeter

formation techniques shall be adapted as specified in C.2 and C.3 according to the type

Tabje C.2). Alternative techniques may be chosen depending on the actual site conditions

evaluation of the operator. When the soil conditions are unknowmn; equipment for sever:
techniques shall be brought to the site so as to cover unexpected cases.

If aly placing technique other than those listed in C.2 is used, the)contractor shall be able to d¢
upan request that the technique yields pressuremeter results of satisfactory quality (see D.2

C.1{2 Spacing between tests and the minimum,depth of probe in the ground

In gny pressuremeter sounding, the minimum spacing between two successive tests shall

considered
the probe
est pocket
bf soil (see
and on the
11 different

monstrate
.2).

not be less

thah ten times the probe diameter (> 10d_). The&spacing between the locations of the central section of

the [probe for two successive tests should be T-m.

Thd minimum depth z_ below the groundlevel for a test in a pressuremeter sounding shall b
the [probe diameter.

The probe shall be placed in the pocket so that the top of its expanding length is at least 0,5
pocket entry.

If the pressuremeter testpacket is created from the bottom of a larger borehole no test shal
at aldepth of the central-cell less than 0,75 m below the conventional borehole foot.

Theg bottom of the/expanding length of the probe shall also not be closer than 0,3 m from th¢

thelpocket.

C.1{3 Maximum length of the drilling stage before placing pressuremeter prob

When the pocket is obtained by drilling, the pressuremeter probe shall be installed in thg

e ten times

m from the

take place

bottom of

a)
-

b pocket as

SO0h-a5BeSsst ible-after-dritHneshas-been nr\mn]ni—nﬁ] [caa C 1 4) f\v\r] Y H«n nnnnnnnnn leing vy

TS POSSTOTC O tCT O Ittt T O CTT Tpretco(oceT =1 o STIITC— VY OTISTIIT S uu]

driving should be advanced between every test. However, drilling or driving stages enough
tests may be allowed if ground conditions and time permit, as shown in Table C.1.

Drilling or
for several

Table C.1 — Maximum continuous drilling or driving stage length before testing

Ground type Maximum continuous drilling or
tube driving stage length
(m)
Sludge and soft clay, soft clayey soil 1a
Firm clayey soils 3

a2 Ortherequired interval between two successive tests.
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Table C.1 (continued)

Ground type Maximum continuous drilling or
tube driving stage length
(m)
Stiff clayey soils 5
Silty soils:
- above ground water table 4
- below water table
Loode sandy soils:
- abqve ground water table 3
- belpw water table 14

Medjum dense and dense sandy soils

Coarfse soils: gravels, cobbles

Coailse soils with cohesion

Loode non homogeneous soils, other soils not specified 3.te5
aboye (e.g. tills)

Weathered rock, weak rock 5
Medjum hard and hard rock

a r the required interval between two successive tests.

Maximum [continuous drilling stage lengths before testing may not apply to STDTM technique [see
C.2.4.7). These lengths shall be chosen according to agreed:specifications.

C.1.4 Time between forming the pressuremetér test pocket and testing

When pockets are obtained through drilling or tube pushing, pressuremeter testing shall be carfied
out immedliately after the pressuremeter testpockets have been drilled and during the same drilling
phase.

When the pressuremeter probe is direétly’ driven or pushed into the ground inside a slotted tube, fwo
ways to cafry out the tests are permitted:

— after sfopping driving at each depth of test, or
— after cpmpleting the driving or pushing, by lifting the string of casing or rods between tests.

NOTE1  The first way implies that some delay can be required between the end of driving or pushing and the
start of the fest to ensur€equilibration of the pore water pressure.

NOTE 2  The seeond way is only possible if the casing string diameter is the same as that of the slotted tjube.
This technitllue helps equilibration of the pore water pressure for the upper tests without further delay.

C.2 Probe placement techniques without ground displacement

C.2.1 General

When a pressuremeter test pocket is drilled, the primary concern shall be the quality of the pocket wall
obtained. The second concern is that this pocket diameter shall be adapted to the pressuremeter probe
diameter.

Drilling parameters should be measured according to ISO 22476-15.
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Localisation of ground units may be based on ground profile derived from measuring while drilling
(MWD) according to ISO 22476-15.

NOTE1 Use of MWD or further analysis of discontinuities in rock based on core samples results can help to
solve potential anomaly in interpretation of the pressuremeter sounding.

The guidelines given in Table C.2 shall be considered when selecting the proper method and the
appropriate equipment.

When selecting the method and equipment, it shall be considered that the wall of the pressuremeter
test pocket shall be as smooth as possible and that its diameter shall be as constant as possible over the
lengthrof the pressuremetertest pocket:

When inserting the probe, it shall be checked that shoe and hollow probe body are not obstrjicted.

NOTE 2  If the pressuremeter test pocket diameter varies significantly, because of ravelling for ekample or if
the pocket is not cylindrical, the quality of the test is impaired.

C.2{2 Cutting tool diameter for the pocket

When determining the diameter of the necessary cutting tool for a eyed pressuremeter test pocket,
three factors shall be considered:

— |the diameter of the pocket required;

— |the over cutting of the pocket resulting from either waohble of the cutting tool or wall erdsion by the
mud circulation or both; and

— |the inward yielding that occurs between the removal of the cutting tool and the probe placement.
Inward yielding or swelling can be reduced by:the'use of an appropriate drilling fluid.
The tool diameter shall not be more than 1,00d_..

When selecting equipment for the site,‘several bits of various sizes should be available so gs to adjust
thelsize of the tool depending on whether over cutting or inward yielding occurs.

Onq of the techniques describédiin C.2.4, potentially including the provisions described in|C.2.3, may
be Uised to prepare the test-cavity for the pressuremeter probe, depending on the type of ground (see
Table C.2).

C.2|3 Methods te:stabilize the borehole

C.2]3.1 Genezxal

When thewalls of the borehole are likely to be unstable or subject to decompression, stabillizing fluid
and/or<casing shall be used.

In caseof stabitizing fiuid; ftis Tecommended to use a fiuid of sufficient viscosity anmd demnsity, based on
bentonite, possibly weighed down by additives.

A fluid may be used as a flushing medium to transport the excavated material and cool the drilling tool.

Water or air can be used as drilling fluid but cannot be considered as a stabilizing fluid. Water is the
preferred drilling fluid in rotary core drilling technique but shall be avoided in open holes and rotary
percussive drilling techniques.

Other drilling fluids, also called muds, may be used as stabilizing fluids on the basis of experience of
previous cases in comparable or worse geotechnical conditions, such as:

— bentonite suspensions,
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— polymers and other, or
— other products.

The fluids shall be prepared by suspending the respective particles in water, with or without the use
of admixtures. The suspensions shall be prepared, maintained and controlled in accordance with the
manufacturer's instructions.

To avoid erosion during drilling and increasing of the borehole diameter, or damaging of the borehole,
the flow rate shall be limited. If a liquid is used as drilling fluid, a value of 15 1/min should not be
exceeded to limit the upward speed to 30 m/min to 60 m/min.

NOTE versized drilling diameters can be identified with the pressuremeter curve.

The flow should also be adapted so that the fluid pressure (measured in the drilling rig at ground level)
remains lower than 500 kPa.

The operator shall check that the fluid ensures a proper recovery of the fluid itself and the excavdted
material.

C.2.3.2 Bentonite suspensions

Properties|of bentonite suspensions, when fresh, shall be obtained by, mixing on average 40 kg of|dry
bentonite ijn 1 m3 of water.

Higher denlsities are permitted during the drilling process for thé\re-use case.
Specific additives may be added to increase density for specific purposes.

NOTE The value of 40 kg of bentonite in 1 m3 correspondsto a mean density of 1,1 g/cm3.

C.2.3.3 Polymers and other suspensions

Other suspensions or drilling fluids, for instance containing

— polymers,

— polymers with bentonite as an admixture,

— other dlays.

may be usdd as stabilizing fluids on the basis of experience of

— previops cases in_cemparable or worse geotechnical conditions, or

— full-scile trial'excavations on the site.

C.2.4 Different probe placement techniques without ground displacement

C.2.4.1 General

The down thrust force shall be adjusted in order to limit the downward penetration rate V, to 90 m/h
(150 “cm/min”). The rotation rate should also be limited to maintain a constant drilling diameter.

NOTE Oversized drilling diameters can be identified with the pressuremeter curve.

C.2.4.2 Rotary open hole drilling (OHD)

Rotary open hole drilling consists in rotating a cutting bit, applying a downward force from the ground
surface with a drill rig and washing the resulting cuttings to the surface with a flow of fluid.
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The selected bits should be drag bits or rock roller bits with specially designed axial bottom discharge

nozzles.

The rotating drill bit shall be advanced into the soil while satisfying the following conditions:

— low vertical pressure on the drilling tool, slow rotation (less than 60 revolutions per minute), and

— low and controlled drilling fluid flow appropriate for the material being drilled.

C.2.4.3 Hand auger (HA)

Abdve water table, a hand auger may be used to drill the pressuremeter test pocket. It con
tubfilar steel segments with a cutting edge, or auger blades, welded at the top to a com
form a nearly complete tube, but with diametrically opposed longitudinal slots. The~auger
conpected at the bottom by a helical point or tapered screw. The blades also blo¢k the es
confained soil. A handle is fitted to the top extension rod.

NOTE Depending on the stiffness and the grading of the soil, the use of a hand duger can beco
The|pocket walls can be damaged by too many removals of the cutting tool. This'technique is used f
shallow depths (4 m to 6 m).

1ilsts of two

on rod to
blades are
Cape of the

me difficult.
br testing at

Carg shall be taken that the auger does not simply displace very soft:soil.

C.2{4.4 Continuous flight auger drilling (CFA)

A flight auger consists of a short helical length of steel welded to a slender solid stem with a cutting
heaf connected either to drill rods or to additional auger-sections over the length of the drilling string.
The cutting head shall be slightly greater in diameéfer than the auger flight to prevent snjearing the
cav|ty wall. Rotation speed should not exceed 6Q\revolutions per minute. The auger shall[be rotated
durjng withdrawal, in the same direction as dufing the penetration phase.

C.24.5 Rotary core drilling (RCD)

Equipment and tool should be selected in a way that the mud circulation does not|erode the
pressuremeter test pockets.

Thip technique permits a detailed description of lithology and thickness of the various sofl layers. In
addjition, the core sample can’be tested but the priority shall be given to pocket wall quality.

C.2/4.6 Rotary percussive drilling (RP & RPM)

In the case of soils-in which this technique is acceptable (see Table C.2 for guidance), rotary|[percussive

drilling consisting in advancing the pressuremeter sounding by dropping and raising a drillling bit by

pneumatic.oivhydraulic pressure may be used. The disintegrating action of the drilling bit i
by jjotation:

b increased

the limitation of available air pressure.

C.2.4.7 Slotted tube with inside disintegrating tool and mud circulation (STDTM)

pths due to

The STDTM technique consists in creating the pocket using an open slotted tube which is an integral

part of the casing close to its lower end. One of the two following methods may be chosen.

soil inside the casing is removed by an appropriate drilling bit.

simultaneously with the advancement of a casing. The cutting tool associated with fluid
either slightly protruding from the casing shoe or flush with it.

© IS0 2021 - All rights reserved
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The casing is lowered using a rapid reciprocating hammering action. The drilling proceeds

injection is
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Before each series of pressuremeter tests, the drilling string shall be pulled up. Then the probe shall be
centred in the slotted section.

C.2.5 Pu

shed, hammered or vibro-driven tubes (0S-T/W, OS-TK/W and VDT)

C.2.5.1 General

For certain ground conditions, a tube with a circular cross section may be pushed, hammered or
vibro-driven into the ground. The tube shall be fitted with an inward bevel cutting edge to minimise
pre-stressing of the test cavity wall before testing, in contrast to samplers described in ISO 22475-1.

A minimu
driving po

C.2.5.2

In soft to
create the
method of
to avoid di

The tube s}

In sludge a

C.2.5.3 H

For stiffer
hammer.

C.3 Pro

In buoyant

nt, in order to avoid disturbance cause by the additional stresses near the bottom of the

ushed tubes (0S-T/W)

edium stiff clayey soils and in silty soils above water table pushed tubes‘may be use
pressuremeter test pocket. If the pocket cannot be obtained in one-single push anof
preparing the pressuremeter test pocket shall be chosen. Full core recovery is required s
sturbance of the pocket wall and to be able to test the underlying layers.

hall be withdrawn slowly to limit inward yielding of the pocketwall due to suction.

hd soft clay, thin wall tubes shall be used.

ammered tubes (0S-TK/W) or vibro-driven tubes(VDT)

be placement techniques with ground displacement

granular material, if it appears-impossible to prevent the pressuremeter test pocket {

from cavi
— push
— hamm

with eithey

Between tl
probe or th

In certain

i

in, the probe may be:

directly into the soil (PP});

ered or vibro-driven intothe soil (DST) inside its slotted tube;
a driving point pr\a-cutting shoe.

e probe and either the point or the cutting shoe, an extension tube at the diameter of
e slotted.tube shall be included, so as to prevent compaction effect at the level of the pro

Cases;drilling a pilot hole much smaller in diameter than the pressuremeter probe maj

necessary

tohelp probe placing. The pilot hole may be drilled with possible pre-boring techniq

soils, thick wall tubes shall be used. They may. be driven by ramming or by a vibrat

the
ool.

1 to
her
D as

—-

ng

vall

the

F be
les:

OHD, RP apd:RPM. Once this smaller size open hole is completed, the pocket is trimmed to the prg

per

diameter b
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Annex D
(normative)

Obtaining pressuremeter parameters

D.1]

Valiies of pressures and volumes readings during the test shall be corrected for:

D.1]
Dur

reg
and

D.1]

Thi
and

whg

As 1

COEETETEY

.1 General

hydraulic head py;
probe pressure loss p,;

volume loss of the whole equipment during pressurization V..

.2 Probe hydraulic head correction

ing a test at a given elevation z, the pressure in the\céntral cell shall be equal to th
hlator pressure plus the hydraulic head, p;, between‘the elevation of the pressure measu

the centre of the pressuremeter probe (see Figured.1).
Ph = yi(zp - Zs)
.3 Probe pressure loss correction

5 pressure correction involves the pressuremeter probe pressure loss p,, as a function of |
Figure B.4). After having discarded erratic points if any, one of the following methods m

power law type interpolation:

p.(V.)=bV.c

re b and c arecobtained by the mean square regression method;
double hyperbolic adjustment (see D.4.3.3);

linear interpolation between experimental points.

e pressure
Fing device

[ (see B.4.4
hy be used:

any, and of

hisypressure loss is a function of the type of membrane and cover, of the slotted tube if

the

©IS

Injected I'uld volume, the corrected pressure shall be:

p= pr(Vr) - pe(Vr)

02021 - All rights reserved
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3—

2— "3 H
o2
1 Zs T Zs 1
a) In a marine or river environment b) In a land environment
Key
1  pressufemeter probe 5 ground surface
2 pressufemeter borehole 6  liquid pressure measuring device
3  casing 7  control unit (CU)
4 water thble

Figure D.1/=>- Elevation of probe and control unit during test

D.1.4 Volume loss:correction

The volume loss correction involves the experimental pressuremeter probe volume loss curve obtained
in a thick steel€ube in B.4.3.2, in order to take into account the volume losses of the probe, the connecting
lines and thé-measuring system.

This curve shall be used for volume loss correction by one of the following methods (see Figure D.2):
— volume correction by direct linear adjustment between experimental points;

— volume correction using a factor obtained by linear regression (see B.4.3.3); for a given value of
pressure p, the volume V_shall be correctedas V="V, (p,) - a.p,;

— volume correction using more elaborated methods than linear regression: hyperbolic model as
used in D.4.3.3 or logarithmic regression V=d + e.ln(p,).

NOTE In stiff or dense soils and rocks, the more elaborated methods (third method) are preferred.
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V. (cm?) A

235
230
225

220

215

p} (MPa)
210 U >

Key
linear regression for all points after the contact with the calibration tube
linear regression on the last 3 points

logarithmic regression for all points after the contact with the calibration tube

NOTE The volume loss correction in soft to medium stiff grodnds can be negligible.
Figure D.2 — Volumeloss correction

D.1.5 Corrected pressuremeter curve

The corrected values of volume and pressure, read at each pressure level for an elapsed tim¢ of 60 s are
obtained from the following formulae:

p =D, + Py~ Pe(V)
V=V.-V.(p)

The pressuremeter test’data points or curve shall be plotted with pressures on the horizontal axis and
volumes on the vertical axis.

D.2 Assessing the quality of the pressuremeter test

D.2.1 “Analysis of a pressuremeter test

The corrected pressuremeter curve shall be analysed together with the corrected pressuremeter creep
curve, considering m; slopes and V3, pressuremeter creep values at each pressure step (see Figures 5
and D.3), considering slopes m; of straight line segments between data points:

(V -Viq)
(p; -Pi1)

In a completed test, the sequence of readings can be divided into three successive groups:

i

— the first group consists of the sets of readings obtained during probe expansion up to the contact
between the surface of the probe and the pocket wall and a first recompression stage; they usually
exhibit high pressuremeter creep values;
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pressu

pressu

remeter creep values; this group identifies the pseudo-elastic section of the curve;

remeter creep values; this group identifies the plastic phase.

the second group in the lower pressure range includes readings which exhibit low slopes m; and low

the third group in the higher pressure range exhibits increasingly higher slopes and higher

Pressuremeter creep pressure p; shall be found in the transition zone between the last two groups (see

D.3).

Ménard pressuremeter modulus E); shall be obtained from the second group of readings (see D.5).

Ménard pr

On the pre
contact of

D.2.2 Qu

i 1 14 Lolll Lo £ FS NS s | £ i H L
FSSUT CIIC TCT IO PTC S SUTCPT N ST O OD tATIIC U I T UTI e T U s T O U P UT TCAaUTITE S5ttt

ssuremeter curve, the region between the first and the second group is used to define
he probe against the pocket wall.

ality of the pressuremeter test

The magnitude of scatter of the test points and the shape of the pressuremeter)cudrve shall give

indication

At least thy

bf the pressuremeter test pocket quality.

ee data points in the second group of readings and three data paints in the third group s

be available to determine all three parameters py, p; ; and Ey;.

Ifin a test,
the three p

when
fewer

when {
no poi

NOTE
performed
curve which

4

arameters shall be considered:

the pressuremeter curve includes only the second;and third groups of readings and v
han two data points in the second group, values.of E}; and p¢ cannot be obtained;

he pressuremeter curve includes only the first and second groups of readings (i.e. only on
\ts in the third group), p; y and p; cannot.be obtained.

\ pressuremeter curve that includes only the last two groups of readings can result from a
n swelling ground or in too small.a\pocket. A too large pocket can result in a pressuremeter
includes only the first two groups ef readings.

the

an

hall

one group of readings is incomplete or missing, the followihg effects on the determination of

vith

c Or

test
test
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V (cm3),
m, (cm?/MPa) Vom0 (cm?)
A

1

'
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
|
|
|
|
|

r1r—
~Tr

.9 V60/3O
y. (MPa)
Key
first group of readings
second group of readings
third group of readings
Figure D.3 — Pressuremeter test data points analysis - Example
D.3

Pressuremeter creep pressure
If there are at least two sets ofteadings both in the second and in the third group, the creep pressure p¢
sha|l be estimated, using the following graphical analysis of the (p, Vg(,30) diagram: 2 straight lines shall
be drawn on the (p, Vgos3y) graph, one involving the data points in the second group, the yecond one
invglving the data poirts'in the third group, as illustrated on Figure D.4; the abscissa of the ifitersection
of the 2 straight linés-give p;.
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V (cm3)
A

6-4:2021(E)

Veos30 (cm?)

A

A

Figure D.4 — Pressuremeter creep pressure.determination

p (MPa

This value|shall be confirmed during the final check (see D.6) when considering the values of p; ), pnd
E\; obtained in D.4 and D.5, and the whole pressuremeter curve.

If there is pnly the first set of readings, the pressuremeter creep pressure value shall be reportedl as
p¢> p, p belng the last corrected pressure applied.

D.4 Ménard pressuremeter limit pressure

D.4.1 Definition

The Ménard pressuremeter limit¢pressure is conventionally defined as the pressure leading to|the
doubling of the initial volume ofthe pocket.

It can be|either obtained by direct measurement or determined using extrapolation metHods
(Figure D.3).
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V (cm?) 1/V (cm?)
A
VL = VC + 2V1 _________________________________________________________ 7

1/Vip

»

Pwm | p EMPa)

Figure D.5 — Ménard pressuremeter limit pressure, with reciprocal fitting and extrapolation
method

D.4.2 Direct solution

When, during a test, the injected volume is such that the pressuremeter central cell volunje becomes
bigger than

V. + 2V,
the[Ménard pressuremeter limit pressure shall be then obtained by interpolation.
D.4.3 Curve fitting and extrapolation methods

D.4{3.1 General

When, during an expansion test, the injected liquid volume is not enough to reach the Ménard
prepsuremeter liniit pressure it is impossible to use the direct method. Therefore, the limjt pressure
shal|l be extrapdlated.

Different extrapolation methods may be applied to test results. The final value of the limft pressure
which has-to be reported shall be determined according to D.4.4. Examples of curve fitting and
extapolation methods are given in D.4.3.2 and D.4.3.3.

For these methods, extrapolation is only permitted when the number of pressure steps applied beyond
pressure pyis at least three.

Special care should be taken when a ratio py/p¢> 2,5 is observed.

If the limit pressure is not obtained either by the direct method or by extrapolation methods, the
Ménard pressuremeter limit pressure value shall be reported as p;; > p, p being the maximum corrected
pressure.

D.4.3.2 Reciprocal (1/V) method

The (p, V) pairs of readings shall be transformed into (p, 1/V) values and plotted. A linear regression
shall then be performed using the last three readings.
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This extrapolation shall be obtained by the following transformation:

1/V=4A

p+B

where A and B are coefficients obtained by a least squares regression of 1/V on p.

D.4.3.3 Hyperbolic methods

A single hyperbolic segment may be used when applicable for the second and third groups of points.

4

V=4

The entire
segments 3

V=4

NOTE I

D.4.4 Limit pressure by extrapolation, final step

The sum o
divided by
retained sH

D.5 Obt

D.5.1 Ge

The Menat
points or tl

D.5.2 Ch
The analys

The lowest]
and of its ¢

B =1

T4,p+

T4,p+

pice of the pseudo-elastic range

(A4-p)

pressuremeter curve shall be approximated by a straight line tangential to twie. hyperh
s defined by the following formula:

A3 N A5
(A3-p) (45-p)

Reference for the mathematical modelling can be found in Bibliography.

[ the errors for each fitting curve obtained by at least.two methods shall be calculated
the number of data points beyond p; used. The Ménard pressuremeter limit pressure
all be the one obtained by the method giving the lewest mean error.

hining the Ménard pressuremeter modulus

neral

d pressuremeter modulus shall be derived from the corrected pressuremeter test g
ne fitting curve as defined in{.5.2 on a pseudo-elastic range.

is of a corrected preéssuremeter curve shall begin by calculating the slope m; (see D.2.1).

m; value, always-positive, is called mg. The coordinates of the origin of this segment (p,
nd (p'g, V'g)shall be used to calculate the coefficient § as follows:

20V
Vg~ Vg

1 .P'E"‘pE +
100¢ p'— pg

olic

and
ISRY

lata

VE)

: ] £ Izl 2 S 11
where §V iSatoteramrcefor Ftakemras3om TITICIAlLy.
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