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Foreword

[SO (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 procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types

Of ISO dLLulllGllL bllUuld ‘UU llULUd. Thib dULullltﬂllL wddS L‘ll deUL‘l ill dCCUI dauu: WiLh Lhtf GdiLUl ldi Iu
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www.isolorg/patents. ISO shall not be held responsible for identifying any orall stich patent rights

Any trade name used in this document is information given for the convénience of users and
constitute an endorsement.
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related o conformity assessment, as well as information about ISO's adherence to the Wory
Organizdtion (WTO) principles in the Technical Barriers to Trade(TBT), see www.iso.org/iso/forew
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This dodqument was prepared by Technical Committee(ISO/TC 182, Geotechnics, in collaborat
the Eur¢gpean Committee for Standardization (CENJ, Technical Committee CEN/TC 341, Ged
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kion and Testing, in accordance with the Agréement on technical cooperation between I1SO

(Vienna Agreement).

Alist of 41l parts in the ISO 22476 series can héfound on the ISO website.

Any feedback or questions on this documeént should be directed to the user’s national standard
completdq listing of these bodies can be found at www.iso.org/members.html.
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Introduction

The determination of the shear strength of soils is of paramount importance in geotechnical investigation
and testing of soils. The shear resistance of soils and materials, characterised by the friction angle ¢ and the
cohesion ¢, represents an important parameter for the geotechnical engineer while studying the stability of
construction works and structures in relation with soils and materials. Usually, this resistance is measured
in the laboratory using triaxial tests or direct shear tests carried out on field samples and only if sampling,
conservation and preparation make it possible to consider the samples as non remolded and sufficiently
representative of the soil in place.

Since the 1960’s, various experimental devices have been designed and developed to determine the shear
strength oHT cLLly Trsitofronrtestscarriedout i bor chulcb, fmdifferentsoisatdifferemnt dcpthb.

The study of the bibliography literature shows that the majority of the existing borehole shear [tests are
based o1l the use of probes for applying and maintaining a normal pressure on the walls’ of the [borehole
and then|to carry out a shear phase by a linear displacement of the probe on the soil against the w4lls of the
boreholel The procedure is then repeated through a multistage increase of the normal pressure fo obtain
more valpes relating normal pressure and shear resistance.

The test equipment and apparatuses differ from each other by the geometry andsize of the probg¢s and by
the shapg of the friction part of these probes and by the procedure for applying normal pressure stages and
shear phases.

One of tHe first devices of this kind is the lowa Borehole Shear Testér (BST) developed in the USA.[L3] The
test is pgrformed by placing a bilateral expandable probe, equippéd with two diametrically oppoged shear
plates in|a predrilled borehole, expanding the probe against the‘wall of the borehole and causing a shear
failure in the soil by pulling the probe axially along the borehole. The size of the shear plates is relatively
small (33,3 cm?) and does not allow testing of soils with coaxse elements, which can somewhat limit its field
of application.

In the eafly 1970s, H. Mori,[13] in Japan, developed an in situ shearing device called the IST which wds used in
many projects. The principle of the test is carried out by generating a shearing force while pullingfupwards
a cylindrijical expandable probe provided with té&eth driven into the wall of the borehole but it is notjreported
whether|[the IST test continues to be performed currently.

A self-bgring in situ friction test (SBIET), also developed in Japan,[l4l allows the evaluatiop of soil
charactefistics as the initial horiZontal at rest pressure, and deformation modulus and [strength
charactefistics (cohesion and intefnigl friction angle) of the soil. The SBIFT possesses a self-boring drilling
functionality that can reduce the)disturbance of the tested soil. However, very few data and refsults are
available to currently validaté this device and the characteristics of the soil it provides.

The samp way as the SBIF, a self-boring in situ shear pressuremeter (SBISP), was recently deve¢loped in
China,[12] that allows~the evaluation of pressuremetric characteristics as the initial horizontdl at rest
pressure, deformatien yield pressure and modulus and also strength characteristics (cohesion and internal
friction gngle) of‘the soil. The SBISP possesses a self-boring drilling functionality that can greatly reduce
the distL:F'bance of the tested soil. However, very few data and results are available to currently validate this

device and the'‘characteristics of the soil it provides.

This document applies to the borehole shear test using the phicometer procedure, commonly named the
phicometer borehole shear test (PBST). This test has been invented and developed by Gérard Philipponnat
in the 1980’s.[10]

This test has been the subject, between 1986 and 1992, of several applied research programs to design the
apparatus and its components and to develop and optimize a common test procedure that can be used in a
majority of soils. Various articles have been published as a result of these researches and since then PBST
tests continue to be carried out currently, for the determination of the shear strength parameters from the
test and to derive values for the undrained shear strength and an estimation of the drained effective shear
resistance parameters.[2] The test has been standardized in France since 1997.

© IS0 2024 - All rights reserved
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The borehole shear test using the phicometer covers a four-phases procedure consisting of drilling a
borehole, lowering the probe to the test depth, inflating it into the borehole wall and shearing the soil by
applying a series of steps of controlled radial pressure and simultaneously pulling out the probe with a

constant displacement rate. The test sequences are shown in Figure 1.
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a) Borehole drilling  b) Probe placing phase: c) Teeth insertion phase: d) Shearing phage: pull-
ase: firilling a phico- owering the deflate radial expansion o ing on the probe|inflate
ph (rilling a phi 1 ing the deflated dial expansi f ing he probefinflated
meter|borehole with  probe to the test pocket probe and insertion of with a constant radial
casing (if necessary) and depth the annular teeth in the pressure at each multi-
setting pp the PBST test borehole wall stage step
pocket|in the borehole
bottom
Key
1  ground surface 4 casing (if necessary) 7  probe (inflated state)
2 groupd 5  string of rods 8  radial pressure
3  borehole 6  probe (deflated state) 9  pulling force
S cylindrical shear surface
Figuré-) — General arrangement and phases of the phicometer procedure borehole sheat test
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[SO 22475-1, Geotechnical investigation and testing — Sampling methods and groundwater measurements —
Part 1: Technical principles for the sampling of soil, rock and groundwater

3 Terms, definitions and symbols

3.1 Terms and definitions

For the p

urposes of this document, the following terms and definitions apply.
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[SO and IEC maintain terminology databases for use in standardization at the following addresses:

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

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

3.1.1

borehole shear test

process during which a special shearing probe is installed in a borehole at a defined depth and inflated
against the borehole wall and pulled to determine the resulting shear resistance of the soil

Note 1 to entry: This process is repeated with a succession of increased maintained normal pressure steps so as to
obtain a pressure versus shear stress relation of the soil.

3.1.2
phicomadter borehole shear test
PBST
shear teqt performed in a phicometer borehole (3.1.4) with the phicometer probe (3.1.6) and the phlicometer
test procedure

Note 1 to pntry: See Clause 5 for the phicometer test procedure.

3.1.3
phicomgqter
whole equipment which is used to carry out a phicometer borehole shear(fest (3.1.2)

3.1.4
phicometer borehole
part of ajporehole in which the phicometer test pocket (3.1.5) is.b0 be set up

Note 1 to pntry: See 5.2.

3.1.5
phicomagter test pocket
cylindridal cavity with a circular section madein a borehole and in which the phicometer probe (3.1.6) is
placed, brought into contact and pulled upwards during the test phases

3.1.6
phicomgter probe

cylindridal expandable probe with@pnular shearing teeth, used to carry out a phicometer borehole $hear test
(3.1.2)

Note 1 to pntry: See 4.2 and Figure 3.

3.1.7
phicomdter test diagram
set of plots resulting from the PBST (3.1.2) test and allowing the determination of the shear resistance pf the soil

Note 1 to pntrytSee Clause 8 and Figure 6.

3.1.8
phicometer cohesion
in situ cohesion c; obtained from the phicometer test diagram (3.1.7)

3.19
phicometer angle of friction
in situ angle of shear friction ¢, obtained from the phicometer test diagram (3.1.7)

3.1.10

depth of test

distance between the ground level and the centre of the shearing zone of the phicometer probe measured
along the borehole axis

© IS0 2024 - All rights reserved
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3.1.11
operator

ISO 22476-16:2024(en)

technician trained in carrying out PBST tests, in accordance with this document

3.2 Symbols

For the purposes of this document, the symbols of Table 1 apply.

Table 1 — Symbols

Symbol Description Unit
T Pu}};lls fUl CC UIT thc l)l U]L}C }\11\“
T, Maximum pulling force kN
%4 Volume injected into the measuring cell of the probe as read on the cm3

control unit
A Volume injected into the measuring cell of the probe at the beginning cm3
of the application of the pulling force (V; = V)
Ve Volume injected into the measuring cell of the probe at the end-ofithe cm3
application of pulling force
V3o Volume injected into the measuring cell of the probe aftet-30s under cm3
a constant pressure phase
Vo Volume injected into the measuring cell of the probe after 60 s under cm3
a constant pressure phase
dgo Initial diameter of the probe at restin the shearing zone (see Figure 3) mm
C; phicometer cohesion measured in situ by the PBST kPa
d Diameter of the probe in the shearing zotie after injection of a volume mm
V (see Figure 3)
d; Diameter of the pocket at the leyel of the test mm
d. Outside diameter of the measuring cell of the probe mm
I, Slots length of the expansible shear tube mm
I, Distance between the.rings of the measuring cell of the probe mm
I Conventional length’of the shearing zone (see Figure 3) mm
N Standard penetration test SPT Blow count (see ISO 22476-3) -
P. Conventignalradial pressure applied to the ground after corrections kPa
Pe Probe(stiffness pressure loss determined by calibration kPa
Ph Pressure due to the injection liquid column in the probe (between kPa
z.and z,)
Pim Ménard pressuremeter limit pressure (see ISO 22476-4) MPa
2 Pressure of the liquid injected into the phicometer measuring cell, kPa
read at the level z_ of the control unit (CU)
P, Pressure of the liquid at the centre of the measuring cell kPa
qe. Cone penetratijon resistance (see ISO 22476-1 or ISO 22476-12) MPa
Time S
v Rate of axial displacement of the probe during the pulling phase mm/min
z Elevation, ascending above datum m
Z Elevation of the ground surface level at the location of the test m
Z, Elevation of the pressure measuring device of the liquid injected into m
the phicometer measuring cell
Z, Elevation of the drilling fluid in the borehole m
Zg Initial level of water or mud measured in the borehole before the m
beginning of the test

© IS0 2024 - All rights reserved
3



https://standardsiso.com/api/?name=b4dfcd4282f0e0e74f97344d9d17562c

ISO 22476-16:2024(en)

Table 1 (continued)
Symbol Description Unit
Zof Final level of water or mud measured in the borehole after the end m
of the test
Zg Elevation of the centre of the shearing zone of the phicometer probe m
at the beginning of the test
Z, Elevation of the ground water table (or free water surface in amarine m
or river environment)
Y Unit weight of the liquid injected into the measuring cell kN/m3
Y Unit weight of water kN/m3
Al Axial displacement of the probe during shearing mm
Ap Loading pressure increment kPa
At Duration of a pressure hold at a loading stage S
At, Duration of a loading pressure hold during the preliminary phase S
AV Injected volume change from 30 s to 60 s after reaching the pressure cm3
hold
®; Phicometer angle of friction measured in situ with the phicometer °
borehole shear test
T Shear stress kPa
T Conventional limit shear stress kPa

4 Equipment

4.1 General

The equi

phic
pres

alin

a pullling device placed on a reaction base on the ground surface and linked to the probe with pul

a dey

mea
dian

The equi

A phicony

bmeter probe,

An exam

sure — volume control unit (CU),

e to connect the probe to the CU,

rice to control the axial shearing displacement rate,

pment can'also include a data logger.

eter borehole shear test (PBST) device assembly is shown in Figure 2.

letofinstallation of the PBST pqnipmnnf isshown in Annex H

pbment to carry out phicometer borehole shear tests shall consist of the following compone

s of measurementand display of pressure, volume, pulling force, axial displacement and thg
eter of the shearing zone of the probe.

nts:

ing rods,

external
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Key
1 borehale string of raods Y haorehaole casing (if nec assary)
2 phicometer probe 4 connecting line 6  reaction base
2a expansible slotted tube 2c  shearing zone mobilized by the
probe teeth
2b  annular teeth 2d inflatable measuring cell
A datalogger (optional) B2 volume measurement C2 pulling device with timer
B pressure-volume control unit (CU) B3 display of readings D  axial displacement control

B1 pressure regulator & injection device  C1

measurement of pulling force

Figure 2 — Diagram of the PBST test device assembly and its components
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4.2 Phicometer probe

The phicometer probe is shown in Figure 3. It consists of a steel slotted device, called “expandable slotted
shear tube” in which a radially expandable cylindrical cell called “measuring cell” is placed.

The expandable slotted shear tube is a hollow steel cylinder rigidly connected to the pulling rods to ensure
its operation and to transmit the pulling force to the probe from the surface of the ground. It is designed
with different parts featuring:

— acentral shearing zone, made up of six initially jointed rigid plates, parallel to the axis of the probe and
comprising ten annular teeth, regularly spaced vertically;

— two

— aninflatable measuring cell placed at the level of the central shearing zone inside the exparidab

shea

injedtion used to inflate this cell and to measure its volume.

The chai

— ast
— arei
The stan

The rein
probe oc

4.3 Co

4.3.1 (onnection tube line

The flexi

the meaduring cell.

The expdnsion coefficient of this line shall be lower than 0,1 cm3/MPa per meter of line.

4.3.2 Rulling rods

A string

this strirlg of rods shall withstand the efforts and stresses generated by the test during all its phase

The elon
The sect

The part
of the lo

onard zones_made up of metal strips acting asa spring;

Ir tube and which is composed of a steel core, a deformable flexible membrane and @ tube

dard membrane;
hforced membrane.
Hard membrane is used for all soil types.

forced membrane is exclusively used for aggressive soils{where damaging and bursting d
curs frequently.

nnection tube line and pulling rods

ple tube line connecting the pressure.volume control unit to the probe is used to inject th

pf steel rods connectsthe probe to the equipment placed on the ground surface. The resi

bation of the'drill string shall remain less than 0,05 % of its total length.

on of the'rods and their fittings shall allow free sliding of the drill string in the borehole.

e slotted
For liquid

acteristics of the probe shall be as given in Annex A. Two types of defortable flexible rubber
membraa];es exist:

f the cell

e fluid in

stance of
S,

of-the'pulling rods above the ground surface is threaded over all its length, to allow the adljustment

King system of the string of rods on the pulling device (see 4.4.1)

© IS0 2024 - All rights reserved
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Key
1 expandable slotted shear tube

4 tube line for liquid injection
7 joints

10 rods-probe coupling system

2

11

steel core of the inflatable measuring3 measuring cell membrane
cell, placed between two spacers

purge 6 rings for tightening of the membrane
liquid for inflating the membrane =~ 9 annular teeth of the shearing zone
probe shearing zone 12 probe guard zones

NOTE The symbols in Figure 3 are defined in Table A.1.

Figure 3 — Phicometer probe

© IS0 2024 - All rights reserved
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4.4 Equipment at ground surface

The equipment includes:

— apulling device;

— apressure-volume control unit (CU) allowing the pressurisation and the expansion of the probe;

— aregulation system to control the traction pulling speed of the probe.

4.4.1 Pulling device

The pul]ing device includes:

— Avrejction base, with optional plates, for the distribution of loads on the ground surface.

— A hollow cylinder jack with a diameter hole allowing the upper end of the pulling rods’strin
freely and for axially tensioning the rods string and the connected probe.

— Ade
— Ade

Vice for locking the upper end of the pulling rods string above the hollow cylinder jack.

can Ipe either at the ground surface or in the borehole.

4.4.2 Pressure-volume control unit (CU)

Placed afj the ground surface, the pressure-volume control unit allows to ensure the expansion of t

and to m

cell of th

e probe.

The prespurizing device of the CU shall enable to:

— Treac

n a pressure of atleast 1,5 MPa;

— keep constant the pressure in the measurirnig-cell during the stages of the test;

— setand apply a pressure increment in-less than 20 s.

NOTE

A pressure-volume control unit such as that used for the Ménard pressuremeter test (see ISO 2

appropridte. In that case, only the liquid €ircuit of the central measuring cell of this unit is used.

4.4.3 ‘Iegulation system of the traction speed of the probe

Thereg
and the

ation system is intended to obtain and to keep constant the rate of displacement of the pul
onnected prebe’ during the stages of shearing. The displacement is measured by compaf

fixed ref¢rence mark

45 M

4.5.1

ans ofmeasurement and control

b to pass

yice that measures the pulling force. This device placed between the-probe and the lockinjg system

he probe

basure, according to time, the pressure as well as the velume of the liquid injected in the measuring

p476-4) is

ling rods
ison to a

Fimre

The means used shall allow a measurement of time with an uncertainty lower than 2 s.

4.5.2 Pressure, volume and pulling force

The maximum uncertainties of the measuring instruments of pressure, of the volume and of the pulling
force shall not exceed the values indicated in Annex F.
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4.5.3 Axial displacement

The means used to measure the axial displacement shall allow a measurement of displacement with an
uncertainty not exceeding the value indicated in Annex F.

4.5.4 Display of readings

On the site, the operators shall be able to have simultaneous real-time visualisation or display of the following
measured readings: time, pressure, volume of the injected liquid in the measuring cell, shear displacement
and pulling force.

4.5.5 imensions of the shearing zone of the probe

The extefnal diameter d, of the shearing zone of the probe is measured with a slide caliper at'leagt at each
calibratipn of the probe (see B.2.2), within a tolerance of 0,1 mm. The length [ of the sheafing zgne of the
probe and the dimensions of its annular teeth are defined in Table A.1.

5 Test procedure
The followving operations shall be successively carried out, according to the flow chart shown in Figure 4.

In Figurd 4:

— aprgssure hold corresponds to a step during when the pressurejp; is maintained constant;

— aloading stage corresponds to a stage where the pressure.intthe probe is set and regulated tp a given
valug as defined in 5.4 and Table 2 during the loading phasg;

— aloading phase corresponds to the successive loading-stages and pressure holds applied either during
the teeth insertion phase or during the shearing phases;

— ashdaring stage corresponds to the stage of pulling up the inflated phicometer probe at a constgnt speed
of 2 mm/min, under a constant pressure during the shearing phase;

— the ghearing phase corresponds to thesuécessive application of the shearing stages as defined in Table 2
in fupction of p;; and py,.

5.1 Chlecks and measuremerits before insertion of the probe in the ground

Before inserting the probe into'the borehole, the calibrations and controls of correct operation described in
Annex B shall have been carried out.

The leve] of water or dfilling mud in the borehole is recorded right before the insertion of the probg.

5.2 Bdreholedrilling phase, probe placing phase and zero setting

To carry|out'a borehole shear test with the phicometer procedure, it is necessary to create a cylindrical test
pocket, iy performing a preliminary drilled phicometer borehole descending below the test level.

The drilling techniques of the phicometer borehole for the installation of the phicometer probe shall meet
the specifications of Annex C.

The choice between the different drilling techniques and tools is made according to the soil type, in order to
achieve a cylindrical test zone on the borehole wall with minimum disturbance and create the phicometer
test pocket. The direct driving of the phicometer probe into the soil is not allowed.

The distance between the top of the phicometer borehole and the centre of the phicometer test pocket (i.e.
the center of the shearing zone of the phicometer probe) shall not be less than 1,0 m.

© IS0 2024 - All rights reserved
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The drilling above the phicometer borehole can be carried out in a diameter greater or equal to the
phicometer borehole diameter.

In most cases, it remains necessary to support the borehole walls by using drilling mud and/or by placing

a casing.

In the case where two successive close tests are to be carried out in the same borehole (see 5.3), the depth
of the bottom of the phicometer borehole for the first test shall not exceed the depth of the first test by more
than 0,8 m, to avoid any disturbance of the second test pocket zone.

The diameter of the test pocket d, shall be:

62 m

<d. <65 mm

The test
moment

Once the
the bore
parasitic

To this e
suspend
This forg
of the ha

This rais
NOTE 1

NOTE 2
force mea

The liqui

plevation or the depth of test z, corresponds to the middle of the shearing zone of the prol
bf the installation).

probe has been lowered to the level of the test, it is essential to check thatthe system
hole and to take into account the forces due to the weight of the drill string'and the prob
forces due to possible friction on the borehole walls.

nd, the drill string and the attached probe are lifted and raised by a/few centimetres in|
the probe and the drill string and follow the variation of the corresponding necessary rais
e shall stabilize between 1 cm and 5 cm of uplift and correspond roughly to the theoretic
hged rods and the probe.

This origin value can also be reset to zero in order to read the neat effort of pulling acting on the

In order to minimize in the measurements, the part of the parasitic force on the pulling rods, t
suring device can be placed in the borehole on thetop of the probe.

d pressure in the control unit (CU) is setto zero before the beginning of the test.

5.3 Minimum spacing between tests

The dist
between

ince between two consecutive tests in a same borehole shall not be less than 1,2 m. The
two phicometer boreholes shall not be less than 20 times the initial borehole diameter.

be (at the

slides in
b and the

order to
ng force.
hl weight

ing force T is noted. It is then taken as the origin value.for the measuring of the effort of pulling.

brobe.

he pulling

distance
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®

Are the soil characteristics
appropriate for PBST (see 1)

I

Define test pocket location in the
phicometer borehole (see 5.2)

Appropriate distance
between test pockets

ISO 22476-16:2024(en)

®

[ncrease p, by successive loading

stages, and record Vs, Vg, AV at
each pressure hold (see 5.4)

Create and set a new
appropriate pocket
for a PBST (back to 1)

®

Decrease p, to the first value of
the first shearing stage (Table 2).
Record or zero the initial values
of the pulling force and the
pulling displacement

Maintain p, - value constant for

1 min and record p,, Vs, Vi,

Proceed to shearing by pulling the

of the probe (see annex B)

Conformity of probe
calibration checks
(see B.2.2)

=2

rehole drilling to test depth

and test pocket setting
(see Annex C and 5.1)

leasure the level of water or
mjud in the borehole (Figure 5)

|
Determination of py and pim
|

wering the probe to the test
cket level (see Figure 1)

|

Mounting and setting the
syrface equipment and attach
tHe probe to the pulling device
(dee 4.4 and 4.5)

<

=

o

Check the free
sliding of the probe,
read the force, Fo
(see 5,1)

p,> 600 kPa
or V>200 cm?
or AV>6 cm3and AV
> 1,5 AV of previous
loading stage

Create and set a new
appropriate pocket
for a PBST (back to 1)

V=80 cm?
(see 5.4)

Choose the appropriate
loading program, according to
pm and py, (see Table 2)

=

e5.2and 5.3) P
Prooe dat COINSAIU SPECU I'dlE (4 [
mm,/min) and constant p,-valie
Yes Check if No |
p,> b.+50kPa
Cl¢aning, purge and calibration (see 5.4) Record measurements of T and A

after each mm, displacement

Check if pulling
force stabilized for
3 consecutive
measurements, or
displacement = 7
mm or maximum
force (T = 50 kN)
reached

Record volume V;

Check end of test
criteria: V> 600 cm?
or T>50kN or last
hold pressure of the
loading program

Increase p, to the next p,-valug

according to the loading progrgm

No

Decrease p,= 0, record T at 1 mjn

and 2 min Retrieve the prnhn

Key

@
@
®

borehole drilling and probe placing phases

teeth insertion phase

shearing phase

check and record the nature of soil
and the filling between the teeth.

j—

Clean the probe (end of test)

Figure 4 — Flow chart and phases of the PBST test

© IS0 2024 - All rights reserved

11


https://standardsiso.com/api/?name=b4dfcd4282f0e0e74f97344d9d17562c

ISO 22476-16:2024(en)

5.4 Teeth insertion phase

After the insertion of the probe in the ground (see 5.2), the probe is inflated by successive loading stages
during which the pressure p, is kept constant to ensure the insertion of the annular teeth into the soil on the

borehole

wall.

The pressure p, is increased gradually by pressure increments Ap, as follows:

— Ap =50 kPa for poorly to fairly consistent soils with a Ménard pressuremeter limit pressure p; ranging
between 0,4 MPa and 1,0 MPa;

— Ap =100 kPa for consistent and compact soils with a Ménard pressuremeter limit pressure p;y higher

than

or Pn‘nn] to 1.0 MPa;

NOTE
correlatid
informati

The pres

At each s
following

The pres

Pz =1
where py,
— Ifthg

Pnh=

— If th¢

Ph=

The sped
defined I

Z, =

where z,
the begiy

At each y
the test 5
accordarn

In the case where the Ménard limit pressure values of the soils are not available, Annek E
bn and to allow the use of this document.

sure is maintained constant at each loading stage for a At, duration of 60 s.

times: t = 30 s (V30) and t = 60 s (V) and the volume difference (Vg V3().

sure p, applied to the level of the probe is conventionally given by
r+Dh

is calculated, as appropriate (see Figure 5), by the following formulae:

» test level is located above the level of water or mud in the borehole (z,, and z, < z):

(Zc - Zs)' N

» test level is located below the level ofwwater or mud in the borehole (z,, or z, > z):

(z. - zo)- vy 0r py = (2. - 2,)- V)

and z ¢ are reSpectively the initial and final levels of water or mud measured in the borehd
ning and aftér the end of the test, the probe being extracted.

ressure-hiold, the curve representing the volume Vg as a function of p, is drawn progres
heet (See Table 3) and is compared with the calibration pressure loss curve of the probe]
céwith Annex B.

provides

ns to estimate p;, from other common soil resistance parameters. These correlations ate-giveh only for

tage, the applied pressure p, is noted as well as the volume injected into|the measuring dell at the

ific weight of water or mud-y; is taken conventionally equal to 10 kN/m3 and z, is conventionally
y:
Cei ~ Zef) /2

le before

sively on
V(p.), in
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Key
1  ground surface level 4 ground water tablédevel p. pressure read on the control unit
2 PBST|probe 5 level of water pr mud in the p, Dpressurein the probe (p, =4, + py)
borehole
3 liquid pressure reading 6  elevatian
devide

Figure 5 — Location of the probe and the liquid pressure reading device and definition of[levels
during a test

In order|to ensure beforehand that the probe comes into contact with the borehole wall, it is necessary
during tllz]is expansion.phase that the pressure in the probe p, be at least 50 kPa higher than the [pressure
loss p,, given for theisame volume by the pressure loss calibration curve of the probe.

Once thi§ criterion’is reached, the teeth insertion phase is continued until obtaining one of the following
criteria:

—  the vwolume VDU ofthe prnhn is atleast 200 r‘m3; or

— the read pressure has reached 600 kPa; or

— the beginning of the creep of the soil. This beginning of creep can be detected by the variation of
volume between 30 s and 60 s when it reaches 6 cm3 and 1,5 times the same variation measured in the
previous stage.

If at the end of the teeth insertion phase, the volume of the probe is less than 80 cm3, it is recommended to
carry out a check to verify that there is no soil that has fallen or collapsed above the probe in the borehole.
In this case, the test should be repeated at another depth in the same borehole or at the same depth in a new
borehole drilled nearby.
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At the end of the teeth insertion phase, the pressure p, is then reduced to the first pressure hold value
according to Table 2 and the shearing phase is immediately carried out.

5.5 Shearing phase

5.5.1 Loading program - applied hold pressures in the probe

The shearing phase is carried out by successive stages of pulling the probe while keeping constant, for each
stage, the pressure p. measured with the pressure gauge.

The pressure holds of the loading program of the shearing phase are given in Table 2 according to the

estimate

NOTE
correlatid
informati

5.5.2 §

After the
the valud

The valu
set to zel

Ménard limit PLesSSULe Do of the soil and for different values nfp[l
In the case where the Ménard limit pressure values of the soils are not available, Annex H

ns to estimate p;y, from other common soil resistance parameters. These correlations are-give
bn and to allow the use of this document.

uccessive shearing stages under pressure holds

selection of the appropriate loading program as a function of p;; and p,) the pressure p, is
defined for the first stage, according to Table 2.

bs indicated by the measurement devices of the pulling force and pulling displacement are
0.

During the first minute of the first pressure hold, the volume of thé méasuring cell shall be read and

provides
h only for

set with

noted or

recorded

att=30§,and at t = 60 s. This last volume value corresponds to-¥;.
The prespure p, being maintained constant, shearing is theffgenerated by pulling the probe with tHe pulling
device from the ground surface, at a constant rate of displacement of 2 mm/min. The pulling forde is then
recorded at least each 30 s or each mm of displacement:
This shearing stage is stopped when the pulling-force is stabilized after at least 4 mm of displacement or
when a haximum displacement of 7 mm is reached. The stabilization is assumed to be obtained hen the
differende between three consecutive measubements is less or equal to 5 %. The volume V; at the gnd of the
stage is then recorded.
The prodess is then repeated for thesnext shearing stages and pressure holds according to Table 2.
Table 2 — Values of the pressure hold p, of the loading program for the shearing stages 1to 8
. Pressure during stages 1 to 4 Pressure during stages 5 to/8
Estimlated
5 DPh MPa MPa
Ménaxgd p;y
MI MPa Check
a No.1 | No.2 No.3 No.4 L No.5 | No.6 | No.7 No.8
condition
V;>350cm3| 0,40 | 0,45 | 0,50 0,55
pn<0,10 0,20 0,25 0,30 0,35
V;<350cm3| 045 | 0,55 | 0,65 0,75
P>350em—6;30—6;35—6;46 0,45
0,10sp;<0,15 | 0,10 0,15 0,20 0,25
V;<350cm3| 0,35 | 0,45 | 0,55 0,65
0,4<p<10
V;>350cm3| 0,25 | 0,30 | 0,35 0,40
0,15<p,<0,20 | 0,05 0,10 0,15 0,20
V;<350cm3| 0,30 | 0,40 | 0,50 0,60
Ve>350cm3| 0,25 | 0,30 | 0,35 0,40
0,20<p,<0,30 | 0,05 0,10 0,15 0,20
V;<350cm3| 0,30 | 0,40 | 0,50 0,60
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Table 2 (continued)

. Pressure during stages 1 to 4 Pressure during stages 5to 8
Estimated
Mé d Pn MPa MPa
énard p,y MPa o
MPa Nol | No2 | No3 | No4 | Chec No.5 | No.6 | No.7 | No.8
condition
Vi>350cm3| 045 | 0,55 | 0,65 0,75
pn<0,10 0,25 0,30 0,35 0,40
V;<350cm3| 0,55 | 0,70 | 0,85 1,00
Ve>350 cm3| 0,35 0,45 0,55 0,65
0,10=p,<0,15 | 0,15 0,20 0,25 0,30
V;<350 cm3| 0,45 0,60 0,75 0,90
Py 21,0
Z.>350cm3| 030 | 040 | 050 | 0,60
0,15<p,,<0,20 0,10 0,15 0,20 0,25 -
V;<350cm3| 0,40 | 0,55 | 070 0,85
Ve>350cm3| 0,25 | 0,35 (045 0,55
0,20<p,<0,30 | 0,05 0,10 0,15 0,20
V;<350cm3| 0,35 | 0,500 0,65 0,80
5.5.3 Jrnd of the test
The shealring phase is led until:
— eithdr, the eight stages of shearing given by Table 2 are carried out; or
— the yolume injected into the measuring cell of the probe exceeds600°'cm3; or
— the rhaximum pulling force exceeds 50 kN.
The prespure in the probe is then completely released to zer@and the residual forces of pulling affer a hold
period of t = 60 s and t = 120 s are recorded.
After complete deflation of the probe volume, the pulling rods and the probe are then extracted [from the
borehole
The level of water or mud in the borehole z; is foted immediately after extracting the probe.
The natufre of the soil filling the spaces between the annular teeth of the retrieved probe, and the legree of
filling (tqtal filling, partial filling or no filling) are noted.
6 Back-filling of the phicometer borehole
The method of back-filling ©f,the borehole resulting from the PBST tests shall be agreed and cafried out
in accogliance with 1SO @22475-1, taking into consideration national regulations, technical or authority
requirenjents.
If a back{illing of thelborehole is required, then it shall be documented in the test report.
7 Safety requirements

It is assumed that national safety and health regulations are followed, for example for:

— personal protection equipment;

— clean air if working in confined spaces;

— eéensu

ring the safety of personnel and equipment.

© IS0 2024 - All rights reserved
15


https://standardsiso.com/api/?name=b4dfcd4282f0e0e74f97344d9d17562c

ISO 22476-16:2024(en)

8 Testresults

8.1 General

The data reduction and the exploitation of the measurements shall be carried out in accordance with
Annex D. It consists in determining from the PBST results, the in situ shear strength parameters:

— phicometer angle of friction measured in situ ¢;;

— cohesion measured in situ c;.

To achieve this, the following procedure and steps shall be observed:

— dete
and

— dete

— dete

'mination of the calibration characteristics of the probe in order to correct the radial,pr
he shear strength t according to B.2.2.4;

'mination for each stage of the corrected radial pressure p, according to the method‘describe

rmination of the limit shear stress 1), according to the method described in D, }2;

— layouit of the following graphs of the test:

— dete

— adju

praph of the shearing curve [see Figure 6 a)], representing t, (p.);

ssociated graph of the creep [see Figure 6 b)], representing V; <V, (pJ);

issociated graph of the injected volume [see Figure 6 c)], representing the injected volume
Fmination from the graphs of the significant zone of adjustment (see Figure 6);

btment and determination of the in situ phicometér angle of friction ¢; and the in-situ cd

front the 7;(p.) curve (see D.2.2).

8.2 Shpearing curve graph — Shear strength'parameters ¢; and c;

In a grapgh having the radial pressure p. forX-coordinates and the limit shear stress t; for Y-ordir

points T,

The X an

pJ) of all the stages of the shearing-phase are represented.

'Y axes of the diagram shall be linear with the same scale. An example of this graph is rep

in Figurg 6 a).

8.3 As

Sociated graphs

Two othdr graphs are associated with the shearing curve graph. They represent:

— the dreep exparision curve of the probe which represents the difference in volume injected into t
between the-beginning and the end of each stage of the pulling phase (V; - V;) against p_. [see Fij

— thei

hjec¢ted volume curve, representing the injected volume in the probe Vagainst p,. [see Figu

PSsure p,

1inD.1.1;

V(p;

hesion c;

ates, the

resented

he probe
rure 6 bj;

re 6 ).

8.4 Adjustment and determination of the in situ phicometer angle of friction ¢; and the in

situ phi

cometer cohesion ¢;

The test diagram in Figure 6 includes three graphs [a), b) and c)]. They represent the results of all the shear
stages performed during the test.

In general, three zones can be identified on each of these graphs:

— the initial zone (zone 1), corresponding to the first shear stages, where the points indicate that the
penetration of the teeth into the borehole wall, initiated during the teeth insertion phase (see 5.4) is
achieved and that the contact of the soil, trapped beneath the teeth, with the undisturbed ground is
reached at the end of this first zone;
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— the central zone (zone 2), where shear stages with low creep values (V; - V) can be identified and where
the succession of these representative points in graphs a) and b) is quasi linear;

— the final zone (zone 3) which indicates the shear stages of the test where the creep [graph b)] and the rate
of change of the volume [graph c)] increase.

Only the points in the central zone are used for the linear fitting adjustment of a straight line representing
the shear failure envelope or the Coulomb envelope. The slope of this line on the shearing curve graph [see
Figure 6 a)] is the tangent of the angle of friction ¢, and the ordinate at the origin of this line is the cohesion
¢; measured in situ with the PBST.

NOTE
paramete

An estimation of the undrained shear resistance parameters ¢, and c, and the effective shear resistance

N /rn' and ¢’ from the in-sitn nnglp of friction Q. and cohesion c.can be obtained by gnidp]inpc pu

lished in

Referencd [9].

8.5 Expmples of adjustment and determination of the in-situ angle of friction ¢yand

cohesio

n c;

For information, examples of adjustment of measurement points are given in Annex.G

They sho

values obtained.

Annex G

T,
+

p.

a) Shearing curve graph with shear strength parameters
V.-V
Y

+

N

al

w for different typical cases how to determine the adjustment zone and the corresponding

hlso gives examples of tests that are difficult to interpret. These-examples are not exhaust

N

e

- r

P.

b) Creep expansion curve
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%4
G
P.
) Injected volume
Key
1 zpne 1: initial zone 2 zone 2:significant zone of adjustment /8"~ zone 3: finpl zone
4 shear failure envelope (coulomb line)
o Y
o "y
Figure 6 — Example of a PBST test-results diagram

9 Replorting
9.1 General
The test|report is the key deliverable from the on-site testing operations and shall provide $ufficient

informatfion such that all relevant aspects of the preparation of the pocket and the execution o
are availpble to the reader. The report shall-also provide an interpretation of the results with suypporting
graphical presentation of the results.

The test fesults shall be reported in.such a fashion that third parties are able to check and fully un

the resulfs.

9.2 Fig¢

The field
It shall a

The PBS]]

— aref

ld report

report shall centain all data collected in the field during the four test sequences shown in
so enable todidentify the operator in charge.

" test field report shall include the following minimal indications:

brence to this document, i.e. ISO 22476-16:2024;

[ the test

derstand

Figure 1.

— the identification number of the borehole in which the test was carried out;

— the depth of test in reference to the top of borehole (z, - z,);

— the name of the company and the name of the operator in charge of the test;

— the identification references of the equipment used (at least the pressure volume control unit and the

pulli

ng device), and the corresponding calibration references;

— the drilling methods and tools used to prepare the test pocket;

— the date and time of the beginning of the test;
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— the distance between the top of the borehole and the pressure measuring device (z, - z;);

— the depths of water or drilling mud in the borehole, measured before lowering the probe and measured
after extraction of the probe;

— the type of membrane (normal or reinforced);

— the table of the volume and pressure readings during the teeth insertion, taken at 30 s and 60 s at each
loading stage;

— thetable of the readings taken during the successive stages of the shearing phase, including: the pressure
hold value and the corresponding volume injected within 30 s and 1 min (V}), the readings of the pulling

forcc—‘i T taken at each mm of the axial displacement of the probe Al the final volume injected V3
of the phase of pulling;

— the 4

tate of filling between the annular teeth of the probe after its extraction and a descripti

ground between the teeth.

An exan
Table B.2

ple of PBST test sheet is given in Tables 3 and 4. The probe calibrationssheet (see ex
) or file data corresponding to the test sheets shall be available.

tthe end

on of the

ample in
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Table 3 — Example of a PBST test sheet — Teeth insertion phase

Company: Phicometer borehole shear test
according to this document: teeth insertion phase
Fil B L ion:
Henos oo ocaFlon “““““““““ Borehole no.:
Job site:
Drilling technique:_________ Drillingtool:__________ Drilling before testing:
between_____ mand______ m
Elevation of control unit Test elevation: Fluid elevation in the borehole
Ze=___ m Zg= m Before the beginning of test: After the end of test:
Zei=_ m Zep=_ m
Probe calipratiomrmo———— Bate————  — — Festdate—— y p— p— Hour————— N
Placement and phase of dilation of the probe Aq?‘
If: z; < z, then: p,=10 (z, - z.), in kPa Pulling suspension force of the drill string arﬂ}l&:vpr be at the
If: z, > z, then: p;=10 (z. - z,), in kPa testlevel: To=______________ kN ’k('o .
Pp= kPa zZ A -
Pressure increments
z
0,4 <p;y<1,0MPa Ap=50kPa ] ¢
piv 2 1,0 MPa Ap=100kPad
Pressure fhold Pressure Injected volume
no. ) V3o (cm3) AV3600 Zy >
r
Vo (cm?) (cm3) z, —©§
Z, — .
o
&
N
~3
xO
N
\\\J Calibration curve of the probe
C) V (em?)
L 700
N\
§ 600 [——
-
O . 500
,.’{0 400
ng 300
S
Q‘( 200
. bg 100
AV
% Oﬂ 01 02 03 04 05 06 D7 08 019 1,0
0 02 04 06 08 10 12 14 16 18 20
pz (MPa)
pz = pr + ph
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Table 4 — Example of a PBST test sheet — Phase of shearing stages

Company:__________________ Phicometer borehole shear test

according to this document: shearing phase
File no: Location:

“““““““““ . T Boreholeno:_______
Job site:
Control unit device Last calibrationdate:__________________ .
Elevationoftest: _____________ m

Reference:_____ Reference:
Pulling force measuring device Last calibrationdate:__________________ Elevation of liquid pressure reading
Reference:_____ Reference: device: ____________ m

Shearing phase of the test under pressure holds values in Table 2.

p,=p.+ pJ with (see preliminary phase) p, =
Holl 1) Almm T Hold (2) Almm T Hold (3) Al dm T
P 1 P 1 D, 1
P, 2 P, 2 P, 2
Vizos) 3 Viz0) 3 Viz0) 3
Va(60s) 4 Vae0s) 4 Va(60s) 4
Ve 5 Ve 5 Ve 5
VeVy 6 ViVy 6 VeV 6
_ 7 _ 7 — 7
Hold (4) Almm T Hold (5) Almm T Almm Almm T
Pr 1 pr 1 pr 1
p, 2 P, 2 P, 2
Vi305) 3 Vi305) 3 V(305) 3
Va(e0s) 4 Va(e0s) 4 Va(e0s) 4
Ve 5 Ve 5 Ve 5
VeVy 6 VeVy 6 VeVy 6
_ 7 _ 7 _ 7
Hold (7) Almm T Hold (8) Almm T
Degree of soil filling between |the teeth:
Py 1 Pr 1
P, 2 P, 2
V(s0s) 3 ¥(505) 3 -
Nature of soil in annular
Vd(eos) 4 Va(eos) 4 teethe ____
Ve 5 Ve 5
VeVy 6 ViVy 6
] 7 ~ 7 Observations:_____________
VYolumein:____ S/~ End of the shearing phase
Units |Rressureinf_ NS p.=0 1 min T= Operators:
Rullingforcein:_________ 2 min T=
9.3 Tebktreport

The phicometer borehole shear (PBST) test report, presented in the form of a graphic document, shall
contain the following information:

Written information:

— areference to this document, i.e. ISO 22476-16:2024;

— thereference of the location of the borehole and, if available, the planimetric coordinates of the borehole;
— the identification number of the borehole in which the test was performed;

— the test depth elevation or the depth of test from the top of the borehole;
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— the type of borehole drilling technique and drilling tool used;

— thee

— thes

levation or depth of water or mud in borehole (probe being extracted);

oil type identified between the annular teeth.

Graphical information:

— a graph representing the values of the limit shear stress t; against the corrected radial pressure p,
obtained for each shearing stage and the representation of the linearly fitted straightline of the shearing

envelope [see Figure 6 a)];

— Dbest fitted values of the in situ phicometer angle of friction ¢; and in situ phicometer cohesion ¢; [see

Fig

— agrdphrepresenting the volume dilation of the probe (V;- V) at each shearing stage againstthie g

radid

— agrd
the s

The test

9.4 Te

The phic
PBST tes

— infoy
layet

— arey

— com
or aff

Fe 6 a)l;

] pressure p, [see Figure 6 b)];

ph representing the evolution of the probe volume V against the corrected radidl pressure
uccessive stages of shearing [see Figure 6 c)].

Feport shall be signed by the representative field responsible expert.

sts log

pmeter borehole shear (PBST) tests carried out in a same-bérehole can be represented a
ts log shall include as a minimum in addition to the written‘information of the test report:

mation on the ground strata met during drilling (é;ghature of the grounds, colour, dep
s, resistance to the drilling progression);

resentation of the following numerical valueswith the depth:
n situ phicometer angle of friction ¢, value; rounded to the nearest degree;
n situ phicometer cohesion c; value, expressed in kilopascals with two significant digits;

ments on the test procedure, mishaps and any other information or event that can have iy
fected the test results.

orrected

b. during

5 a log. A

th of the

fluenced
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Annex A
(normative)

Characteristics of the phicometer probe

The geometrical specifications (see Figure 3) for the manufacturing of the main components of the
phicometer probe are given in Table A.1.

Table A.1 — Specifications of the expansible shear tube, measuring cell and the phicometer probe
Characteristic References Symbols Units Value Tollerance
+1
Length I mm 225 1
. . +1
Outside diameter ds g mm 58 1
Annular teeth number “) 10 0
Shearing zone 0,2
Depth of teeth hq mm 5 02
Expansjible +0’0
shear thibe Thickness of teeth at edge lg 1 mm 1,0 _0'2
. +0,2
Thickness of teeth at base li> mm 3,5 02
Slot length (along tube I mm 710 +10
axis) -0
Guard zone >
+
Internal diameter d¢ mm 33 -
. . +10
Distance between rings I, mm 328
Measuling -0
Steel core
cell 05
Qutside diameter d, mm 31,5 _0'5
Phicompter | for V=200 cm? Pressure loss Pe kPa <180 -
probe With Outside diameter d mm 68<d <72 -
Standgrd for V5003 Pressure loss Pe kPa <260 -
or V= cm
membrane Outside diameter d mm 79<d, < 84 -
< -
Phicompter | f6eV2200 cm3 Pressure loss Pe kPa <220
probe yith Outside diameter d mm 68<d <72 -
Reinft())rced for V500 cm? Pressure loss Pe kPa <380 -
or V= cm
membrpne Outside diameter d, mm 80<d <85 -
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Annex B
(normative)

Calibration, checks and corrections

B.1 Measuring devices

All contrpl and measuring devices shall be periodically checked and calibrated against reference s
to show fhat they provide reliable and accurate measurements. The calibration interval shall'bé
the resolpition required can be verified, and should be less than one year.

NOTE

The uncgrtainties of measurements summarized in Annex F shall be considered. The device fo
measurement shall be calibrated with a length of tube line lower than 1 m.

If one pafrt of the system is repaired or exchanged, the calibration shall be verified.

A copy of the latest calibration test report or a proof of this calibration shall be available at the job {

B.2 Calibrations and checks of correct operation to‘be carried out on job site

B.2.1

Every mgnth or all the 100 tests and during each period'of freezing, the proof of the accuracy of the
gauges, dynamometers or of the pressure pick-ups shatl be made, for example by using a material of 1
or working measurement standards. The corresponding reports are filed in accordance with the
force in the firm to demonstrate the metrological-traceability.

B.2.2 HRhicometer probe

The standard cell membrane of the phicometer probe is used for all soil types. The reinforced men
exclusiveg

The operjations described in B:2,2.1, B.2.2.2 and B.2.2.3 shall be carried out as follows:

These operations shall be undertaken only when the probe is ready to be inserted into the grou

ate

ate

atin

use

Verification of the required resolution can be based on the record of previous calibratieris.

NMeans of measurement

:Izh change of the(phicometer probe configuration or component replacement;

h change ordnodification of the connecting lines between the probe and the control unit;

f the'probe.

fandards
tuch that

r volume

ite.

pressure
eference
rules in

hbrane is

ly used for aggressive soils where damaging and bursting of the cell probe occurs frequenfly.

fervals.adapted to the use that the probe has received, for example a daily interval for regiilar daily

d for the

PBST test, i.e. when the suitable length of connecting line is fitted and after having purged the measuring
cell and the liquid circuit from all gas bubbles.

B.2.2.1 Checks of the geometrical characteristics of the probe in use

A probe in good condition of use shall present a teeth depth hy not less than 4 mm and shall comply with the
characteristics given in Table B.1.
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B.2.2.2 Probe pre-inflation

The probe is inflated at least three times in the open air by injecting 600 cm3 of liquid. Then the probe
is placed vertically near the control unit so that the centre of the measurement cell is at the level of the
pressure transducer. After that, the volume measuring device shall be zeroed by adjusting the volume of
liquid in the circuit. The initial reading of each transducer shall then be checked.

B.2.2.3 Geometrical features, pressure loss and volume-diameter relation of the phicometer probe

The probe is placed near the pressure regulator, i.e. out of the ground, as shown on Figure B.1.
A

Ze /

ﬁf\/

zo |

0

/
Key
z  elevgtion Zg phicometer probe level z. elevation of contro]unit

Figure B.1 — Location of the probe and the pressureregulator during the calibration

The volumeter is regulated successively to inject in thexprobe a volume ranging from 200 cm3 to[600 cm3
by steps pf 100 cm3. At each step of injected volume, the\liquid circuit is closed and the corresponding liquid
pressure|is measured and recorded as p,. The outside diameter d; of the probe is measured on the outer
edge of the fifth tooth (starting from the top) of the probe, by means of a slide caliper. Table B.2 pr¢sents an
example of a calibration sheet. The probe shall fulfill the criteria given in Table B.1.

Table B.1 — Criteria to check the state of the phicometer probe

Volume injected cm3 Standard membrane Reinforced membrane
0 56<d <61 mm 56 <d <61 mm
(atrest) <10 kPa <10 kPa
20022 68<d,<72mm 68<d,<72mm
. <180 kPa o< 220KkPa
500 + 2 79 <d, <84 mm 80<d,<85mm
P <260 kPa P. < 380 kPa
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Table B.2 — Calibration of the probe - Example

Company:
File no: Location:___________ Calibration
Sitee . _________________

Date: Probe calibration no.:

Hour: O normal O reinforced

Observation: Zo= m operator

Ze=___ m
Pe=Dr* 10(Zc'zs)
pinkPaand zinm
Probe calibration (see Figure B.2) Control criteria (see Figure B.3)
injected pressure outside diameter of
volume probe d, measured
% read calculated | atthe 5thannular iniected .
em? ». o, tooth counted down- l\?c])iin?e standard «N» membrane | reinforced «R» hembrane
kPa kPa ward v
mm 3
cm
O dS pe dS pe

200 mm kPa mm kPa
300

200 68<d;<72 <180 68<d;<72 <220
400
500

500 79<'d/< 84 <260 80<d ;<85 <380
600

— if p, higher than the values above the probe is out df service
— disdssemble the probe if for V = 500 cm3 the diatheter dj is
higher than the values above.

If, for a vplume V of 500 cm3:

— the probe diameter is higher than the values:given in Table B.1, it is necessary to disassemble the probe,
to clgan it and start again the calibration;

— the probe diameter is lower than the values given in Table B.1, the probe should be rejected.

B.2.2.4 Exploitation and analysis of the calibration results

From thd calibration measurements, two curves are plotted:

— the durve pressure-valume: V = f(p,) which is plotted (see Figure B.2) after correction if necegsary (i.e.
when the probe was/not placed on the same level as the pressure transducer) of pressure p;, due to the
hydrfaulic head between z_and z (see Figure B.1).

The pressufeloss of the probe p, is, after corrections:
De = Pt Pr

where

Ph is the hydraulic head correction;

pr is the pressure read with the pressure gauge.

— the curve volume-diameter: V = g(d) is also plotted (see Figure B.3).

The curve V = f(p,) is adjusted by the least squares fitting method such as:

V=a

’ (pe)b
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a and b being the coefficients of the adjustment.
The curve V = g(d,) in the same way is adjusted with a linear law, such as:

V=c-ds+d

c and d being the coefficients of the adjustment.

The volume loss of the circuit is neglected.

4

500

200

™
®

Key
N standard membrane of the inflatable measuring cell
R reinfprced membrane of the inflatable measuring cell

Figure B.2 — Pressuredloss calibration curve V(p.) plot

" e Re

200

85 d,

Q) 79 84

®

Key
N  standard membrane of the inflatable measuring cell
R  reinforced membrane of the inflatable measuring cell

Figure B.3 — Volume-diameter relation of the phicometer probe V(d;) plot
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Annex C
(normative)

C.1 Drilling the phicometer borehole

The drilljngs techniques depend on type of soils, their state and the existence or not of a water table.|Table C.1
presents|various usual methods with their condition of uses.
Table C.1 — Drilling techniques for phicometer boreholes
Preboring
Soil[Type By rotary drilling? By driving
HA HAM CFA OHDM RCD RPM OSTKWH VDT 0S-T/W-P

Medium stiff clay R R o R o o ] [ ] ]
Stiff clay afjd marl NA o R R R Q ] [ ] u
Silt:
—  abovd ground

watel table R R R © © © © ° ©
—  below water table [ ] o [ ] o 0 o [ ] [ ] [ ]
Loose sand|
—  abovd ground

wateq table R R © © © © . " "
—  below water table ] R [ ] © [ ] o [ ] ] ]
Medium depse and R R R R o o o ° NA
dense sand
Coarse soil: gravels,
cobbles, boplder clay NA NA Q © © R © © NA
Weathered|rock NA NA o RO R o o o NA
Soft rock
R Recommended HA Hand auger RPM Rotary percussion with mud
o Permitted HAM Hand auger with mud circulation
[ ] Not permitted CFA Continuous flight auger OS-TKWH  Driven tube - Hammered
NA Not adapted
0 Possible withoutsnhud OHDM Open hole rotary drilling with mud VDT Vibro driven sampler/tube

RCD Rotary Core drilling with mud 0S-T/W-P  Thin wall pushed sampler /{ube

° Mud circplation: pressure should not exceed 500 kPa or the flow exceed 15 1/min.
a Tool diarreternotbemoretiran 1,13 dSO'

C.2 Length of borehole before inserting the probe

The length of the phicometer borehole to be drilled before placing the phicometer probe, is such that it shall
not exceed the depth of test (centre of the probe) of more than 1,5 m.

Only one test is carried out for each phicometer borehole drilling stage. After each test, the probe is retrieved

from borehole in order to be cleaned.

In the case where two successive tests distant of 1,2 m are to be carried out, the depth of the phicometer
borehole for the first test should not exceed the depth of test by more than 0,8 m.
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C.3 Membrane choice selection

The reinforced membrane is used only in soils containing coarse grain with asperities being likely to
cause burstings or puncture of the standard membrane during the test. In all the other cases, a standard
membrane shall be used.

C.4 Time between drilling and testing

The test shall be executed immediately after completion of drilling.
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Annex D
(normative)

Determination of the shear strength parameters

D.1 Determination of the values of T and p,

For each

conventipnal radial stress p_, are determined as follows.

D.1.1 (

During a

is equal fo the pressure p, read with the pressure regulator, increased by the hydrostatic press

stage of shearing, the values of the conventional limit shear stress of the ground,z|

orrections of the radial pressure

test to a given elevation z,, the neat radial pressure p_ being applied by theprobe on th

and the

e ground
ire p;, as

defined ih 5.4 and decreased by the pressure loss of the probe p, for the corresponding injected volume (see

B.2.2.3):
Pe=1
D.1.2 (

The sheafr stress T, is given by the formula

T]='

Where, f

— Tis
each

— L ist
— d,is

from

D.2 De

D.2.1 [
The thre

Tl

r T Ph~ Pe

alculation of the limit shear stress 7; of each sheayring stage

0

s'ds

br each stage of shearing at a given pressure hold:

the limit pulling force, correspondifig to the maximum value of the pulling force measurg
shear stage, after elimination of afiy aberrant or non-representative values;

he conventional length of theishearing zone of measurement of the probe, taken as [ = 23
the diameter of the probel corresponding to the volume injected at the end of the stage V.

the calibration curve V'=g(d) (see B.2.2.3).

terminatien.of the shearing curve of the soil

Jetermination of the significant zone of the shearing curve

e oraphs described in 8.2 and 8.3 are plotted (see Figure 6).

d during

Cm;

[t results

If values of [V = V) Tor Tirst shearing stages go decreasing significantly and If the corresponding points of
the graph V = f (p.) form a curve with the concavity directed towards the axis of p. values, that means that
the penetration of the teeth in the intact ground is insufficient and the corresponding points of these first
stages should not be considered for the fitting of the Coulomb envelope.

If, for the last shearing stages, the general shape of the curve V = f (p_) has a concavity directed towards
the axis of 7, this shows that a creep of soil under the exerted radial pressures is occurring and that the

correspo

nding points should also not be considered for the fitting.
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D.2.2 Determination of the in situ shearing parameters ¢; and c;

The line of shearing is adjusted by the least squares method of fitting on the remaining significant zone of
adjustment where the points of the curve 7| = f (p_) correspond to a variation of V; = f (p.) having a linear
form. For a correct fitting of the Coulomb envelope and determination of the shearing parameters, it is
necessary to have at least three significant points remaining in the zone of adjustment.

The in situ angle of friction ¢; measured by the phicometer borehole shear test is defined by the slope of the

Coulomb

linear envelope.

In situ cohesion c;, measured by the phicometer borehole shear test is the ordinate at the origin of this linear
envelope.

The formni

®; =1

ulae corresponding to the least squares method of linear fitting, giving ¢, and c; are:
n n n
i) (g s
2
n - n
DMIRINY
n n 9 n n
217:1 'lec )_(21 Pc (21 Pc 'Tl))

Where n

In the ca
possible
values, a

o =1

n - n 2
n21 Pc |~ 21 Pe
is the number of significant points taken into account for the fitting.

e where the linear regression fitting leads to a cohesion value close to zero, but negative,
Lo consider ¢; = 0 and to determine the value of ¢; by‘using the fitting method based on th¢
5 follows:

>

1

an~! i
n

itis then
P average
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Annex E
(informative)

Correlations to estimate pj,, from other soil resistance parameters

q.and N

In the case where the Ménard limit pressure pim values of the soils to be tested by the phicometer borehole

shear tegtarenot avallab}c, T 15 uret-t %28 ovidescorretationstoestimate PI™M for-different L_y pes of 011 from
the mechanical CPT cone resistance g. or from the SPT N value of the soil.
These cqrrelations are given only for information and to allow the execution of the PBST [test using this
documert.
I i i | i 1 p.(MH)
0 1 2 3 5
0 3 6 9 12 15
qC(MPa)
OO N s s e |
0 15 30 45 60 N
0 8 16 24 32
q.(MPq)
. B i
0 20 40 60 80 N
0 3,5 7 10,5 14
’ ’ q.(MP3)
8 1
0 20 40 60 80 N
i OI L 4| A, 8| | |12| e 9.(MP4)
-+ttt [ I | |
0 6-12 12-24 18-36 24-48 N
Key
1  clay @nd clayey silt 2 sand and gravel
3  marl 4  chalk
SOURCE | Reference{l1], reproduced with the permission of the authors.
Figurge E.1==Example of correlations to estimate p;y; from q. and N for different types of soill11l
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