INTERNATIONAL ISO
STANDARD 17892-11

First edition
2019-01

Geotechnical investigation‘and
testing — Laboratory testing of spil —

Part 11:
Permeability tests

Reconnaissance et essais;géotechniques — Essais de laboratoire sur
les sols —

Partie 11: Essais de perméabilité

Reference number
1SO 17892-11:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=a04b2986305b8eecfa58ff63ea6bf6fa

ISO 17892-11:2019(E)

COFPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=a04b2986305b8eecfa58ff63ea6bf6fa

ISO 17892-11:2019(E)

Contents Page
FFOT@WOTM ........ooccccceeeesse e85 5588585555555 iv
IIMETOUICEIONL. ..ot 8885 v
1 S0P ... 1
2 Normative references
3 Terms and definitions
4 Symbols
5 APPATARUS ..o Gt e 3
5.1 LT3 1<) - OSSO (PSR S 3
5.2 Permeameters .3
S T0Z S €Y o U =) OO o 16 SO ISR 3
5.2.2  Rigid wall permeameters ... e 3
5.2.3  Flexible wall permeameter w5

5.3 POTOUS AiSCS ..o 7

5.4 Permeant water properties w7

55 Measurement and control devices................... w7

5.5.1  Elevation head........coccscnsresgn e w7
5.5.2  Displacement and volume measuring deviCes.............e e 7
5.5.3  Flow volume measurement deviCe ... . oo 7
5.6 ANCILATY APPATATUS .o e et 8
6 TESE PIOCEAUIE ...t et
6.1 General requirements
L0 0 SN - U )= () o O OO
6.1.2  Hydraulic gradient.....;af s 8
6.1.3  Water temperature......

6.2 Specimen preparation
oI/ S €Y 4 V) = | OO OO OO
6.2.2  Rigid wall permeameter.................
6.2.3  Flexible wall permeameter

6.3 Test preparationuht s
6.3.1  Cylindrical permeameter.................
6.3.2  Oedemeter ring.........
6.3.3 Flexible wall permeameter

6.4 Permeability MeasurEmMeNt . . ...

6.5 DISTIMOUNEING ..o
7 T@SE T@SUITS ... e

7.1 Bulk density, dry density, water content and degree of saturation

2 Coefficient of permeability and hydraulic gradient ...

73 Correction fOr teSt LRMPETATUIE ...

8 TCDt I ClJUl t ................................................................................................................................................................................................................

8.1 Mandatory reporting ..

8.2 OPLIONAL TEOPOTEIIIE e
Annex A (normative) Calibration, maintenance and checks ... 17
BIDLIOZTAPIY . ... 20
© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=a04b2986305b8eecfa58ff63ea6bf6fa

ISO 17892-11:2019(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of

electrotechnical standardization.

The procqdures used to develop this document and those intended for its further maintenance
described|in the [SO/IEC Directives, Part 1. In particular, the different approval criteria needed.for
different f{ypes of ISO documents should be noted. This document was drafted in accordance|with
editorial rjules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention [is drawn to the possibility that some of the elements of this document may be’the subject

patent rights. ISO shall not be held responsible for identifying any or all such patént’rights. Details
any patent rights identified during the development of the document will be in the\Introduction and
on the ISQ list of patent declarations received (see www.iso.org/patents).

Any trade|name used in this document is information given for the convehience of users and does
constitutd an endorsement.

For an explanation of the voluntary nature of standards, the faeaning of ISO specific terms 4
expressiohs related to conformity assessment, as well as inforiation about ISO's adherence to
World Trdde Organization (WTO) principles in the Technical\Barriers to Trade (TBT), see www
.org/iso/fgreword.html.

This docyment was prepared by the European Committee for Standardization (CEN) Techn!cal

Committep CEN/TC 341, Geotechnical Investigation\and Testing, in collaboration with ISO Techn
Committep ISO/TC 182, Geotechnics, in accordance with the Agreement on technical cooperat
between IS0 and CEN (Vienna Agreement).

This first|edition cancels and replaces ISO/TS 17892-11:2004, which has been technically revised.

also incorporates the Technical Corrigendum ISO/TS 17892-11:2004/Cor 1:2006.
The main ghanges compared to the previous edition are as follows:

— the dpcument has been restructured with general revision of text and figures and addition
speciien preparation procedures;

— types|of apparatushave been included for rigid wall permeameters, both cylindrical and oedomse
ring equipment, and flexible wall permeameters;

— permgabilitymeasurement by constant head, falling head and constant flow conditions has b{
included;
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— normadtive ANNex A on calibration, Maintenance and clecks nas been added.

Alist of all the parts in the ISO 17892 series can be found on the ISO website.

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

complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

This document provides laboratory test methods for the determination of the coefficient of permeability
of soils within the international field of geotechnical engineering.

The tests have not previously been standardized internationally. It is intended that this document
presents broad good practice and significant differences with national documents is not anticipated. It
is based on international practice (see Reference [1]).

The permeability test is carried out on a cylindrical test specimen that is either confined laterally by a
rigiid container or by a flexible membrane. The specimen is subjected to differential hydrauli¢ head and
thg water flow is measured under either a constant or falling head. The results are used'to’fletermine
thg coefficient of permeability of the soil specimen. Tests can be carried out on undistutped, remoulded,
compacted or reconstituted specimens.

The calculation of the coefficient of permeability assumes the application ofDarcy’s law f¢r laminar
flo of water under saturated conditions.

It ik possible that the size of the specimen does not adequately represent, the fabric features [present in
field conditions.

© IS0 2019 - All rights reserved v
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INTERNATIONAL STANDARD ISO 17892-11

:2019(E)

Geotechnical investigation and testing — Laboratory
testing of soil —

Part 11:
Permeability tests

1

Th
in
Th

wi

NO

in fhe laboratory for geotechnical investigation and testing in accordanegywith EN 1997-1 and EN 199

2
Th

comstitutes requirements of this document. For dated references, only the edition cited aj

un

Scope

s document specifies methods for the laboratory determination of the water flow char
50il.

s document is applicable to the laboratory determination of the coefficient of permeabi
hin the scope of geotechnical investigations.

TE This document fulfils the requirements of the determination ef the coefficient of permeab

Normative references

e following documents are referred to in the text,in such a way that some or all of thg

ated references, the latest edition of the referénced document (including any amendment

ISQ) 386, Liquid-in-glass laboratory thermometers — Principles of design, construction and use
IS0 14688-1, Geotechnical investigation.and testing — Identification and classification of soil
Idantification and description

[SQ) 17892-1, Geotechnical investigation and testing — Laboratory testing of soil — Part 1: Detd
of Water content

ISQ 17892-2, Geotechnical investigation and testing — Laboratory testing of soil — Part 2: Deté
of bulk density

ISQ) 17892-3, Geotechnical investigation and testing — Laboratory testing of soil — Part 3: Detd
of particle density.

3 | Terms and definitions

For the purposes of this document, the following terms and definitions apply.

cteristics
ity of soil
lity of soils

/-2.

ir content
pplies. For
5) applies.

— Part 1:

rmination

rmination

rmination

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

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

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

31
permeameter
apparatus (cell) containing the test specimen in a permeability test

3.2
flow rate

vol

ume of water passing through a specimen per unit time
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3.3
discharge velocity
rate of flow of water per unit cross-sectional area of specimen in the direction of flow

34

hydraulic gradient

ratio of the difference in elevation head of water (head loss) between two points, to the length of the
flow path (distance between the points measured in the direction of flow)

Note 1 to entry: In Figure 1 the hydraulic gradientisi= Ah/I.
o)

-~
6
Key
1 measurement point 1
2 measS[ement point 2
3  specinjen
4  standgipe
5 standyipe head
6  datum
Figure 1'— Water flow in a soil specimen
3.5

coefficient of permeability,
ratio of the discharge velocity (3.3) to the hydraulic gradient (3.4)

Note 1 to ehtry: Thecogfficient of permeability is in accordance with Darcy's law for laminar flow.

3.6

degree oll saturation

ratio of th i

4 Symbols

A cross-sectional area of specimen in the direction of flow
a cross-sectional area of standpipe

din cross-sectional area of inlet pipe

dout cross-sectional area of outlet pipe

B pore pressure coefficient

D diameter of the specimen

2 © IS0 2019 - All rights reserved
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hy total head of water above datum at measurement point 1

hy total head of water above datum at measurement point 2

Ah difference in head of water between measurement point 1 and 2

Aht head of water above outlet elevation at time t1

Aheo head of water above outlet elevation at time t3

l distance between measuring points 1 and 2 in the direction of flow

k coefficient of permeability

kT coefficient of permeability corrected to temperature

Q flow rate

v discharge velocity

i hydraulic gradient

S degree of saturation

Adc increment of cell pressure

Ag increment of time between two readings

Ay change in pore pressure due increment of cell pressure

a correction factor for temperature

T temperature

5 | Apparatus

5.1 General

The equipment shall undergo regular calibratiod, maintenance and checks as specified in Anpex A.

The permeability test arrangement requires’a container for the specimen (the permeameter) yhich may
haye either rigid or flexible walls and a-§ystem for applying and measuring water pressures tp either or
both ends of the specimen. Schematics'of some typical arrangements are shown in Figures 2 ffo 4.

5.2 Permeameters

5.2.1 General

The minimum intefnal dimension (height and diameter) of the permeameter shall be at leasf six times
thg maximum particle size of the specimen.

5.4.2 Rigid'wall permeameters

5.2.2:1" General

Rigid wall permeameters shall be made of corrosion-resistant materials of sufficient rigidity to resist
deformation during the test. The inlet and outlet arrangements shall be of sufficient flow capacity to
not influence the test results. Hydrophobic coating can be used on the inside of the permeameter, mould
or ring to prevent channels and cavities that can cause bypass seepage along the surface. This coating
can consist of silicon grease, petroleum jelly coated with bentonite powder or other suitable lubricant.

5.2.2.2 (Cylindrical permeameter

A cylindrical permeameter comprises a cylindrical mould fitted with porous discs on a top-plate and
baseplate. The plates are mounted with watertight seals and equipped with valves where water inlet
and outlet can be connected.

© IS0 2019 - All rights reserved
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Two or more fitted glands can be provided for connecting manometer tubes/standpipes along the
length of the cylinder.

If required a piston that goes through the top plate and can be locked with a watertight seal at the
vertical position where it is in contact with the top porous disc, should be provided to maintain the
specimen height during the test.

A typical arrangement for a permeability test in a cylindrical rigid wall permeameter is shown in
Figure 2.

1)

Key
reservpir

poroug disc
perforpted base plate
specinjen

overflgw

measufring cylinder

N O U W e

standglipe

Figureé'2'— Example arrangement for a constant head test in a cylindrical rigid wall
permeameter

5.2.2.3 Oedometer ring permeameter

An oedometer ring permeameter comprises an oedometer ring that holds the specimen in an oedometer
used for compression tests. A typical arrangement for a permeability test in an oedometer ring
permeameter is shown in Figure 3.
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Ke)

N O U1 W

5.2

5.2

Af
str]
be

pe

\

/
oedometer ring
specimen
porous disc
water seal
reservoir
standpipe
vertical load and displacement measurement device

Figure 3 — Example arrangement for a falling head test in an oedometer cell permeameter

.3 Flexible wall permeameter

.3.1 General

exible wallpermeameter can be used where the soil specimen is to be tested under specific effective
ess conditions and/or where back pressure will be used to fully saturate the specimen. The test can
performeéd in a standard triaxial apparatus. It needs to have a cell that can be pressurised, a base
lestal'and top cap with porous discs and connectors to the water flow measurement sygtem and a

me

mbrane that seals the surface of the specimen.

A typical arrangement for a permeability test in a flexible wall permeameter is shown in Figure 4.

© IS0 2019 - All rights reserved 5
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N A W NP
N
S
/
ee)

Key
top cap
poroug disc
specinjen
membfane
pedestal
cell pregssure

displagement measurement device

O N O Ul bW N

pressyre control and volume measurement device

Figure 4 — Example arrangement for a flexible wall permeameter

5.2.3.2 Membranes

The soil specimen shall be confined by an elastic membrane which effectively prevents the cell flpid
from pengtrating into the specimen. If rubber membranes are used they shall have an un-stretched
diameter between 95 % and 100 % of the specimen diameter. The membranes are sealed with O-ri$gs
on the pedestal and top cap

5.2.3.3 Cell pressure system

The devices for applying pressure to the cell and to the back pressure system shall be capable of
maintaining a stable pressure within 1 kPa or 1 % of the absolute pressure, whichever is greater.
The total cell pressure used shall be greater than the sum of the back pressure and the inlet pressure
applied.

6 © IS0 2019 - All rights reserved
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5.2.3.4 Cell pressure fluid

2019(E)

The cell fluid should be selected such that it does not significantly penetrate through the membrane
into the specimen nor extract pore water from the specimen through the membrane in the period of
time it takes to perform the permeability test.

NO

TE De-aired water is generally found to meet these requirements.

5.3 Porous discs

Th

A craciyann 1o contatiand bhatosnan oo dAiccc ot both andce ~f+bn conntony Thao o

+s—liscs shall

be
of
Fil
thd
pel

5.4

W3
of

is more likely to be similar to ground water than distilled water woeuld be. The water shall be

5.5

5.5
Th

walter outlet.

Elg
he

If 3
at

filt
spé

5.5

If
ca

Spé

5.5

e
of corrosion-resistant material and shall allow free drainage of water, while preventing
50il particles into their pores. The upper and lower surfaces shall be plane, clean and uy
er paper may be used to prevent soil particles from clogging the porous discs. Thelperm|
discs together with the filter paper, if used, shall be at least one order of magnitude highg
meability of the specimen tested.

.  Permeant water properties

ter of a similar chemistry to the pore water should be used if the soilis susceptible to the
he water. If the chemistry of the pore water is unknown, tap water should be used as its

b Measurement and control devices

.1 Elevation head
e water elevation head can be measured as.the difference in height of the water sourg
ctronic differential or absolute presstre transducers can also be used to determine the
id applied. Differential transducers may be preferred when high back pressures are applie

rigid wall permeameter is used'it is preferable to measure the pressure (elevation head)

blands along the length of.the specimen, due to potential loss in pressure over tubes, ¥
er discs. The corresponding flow lengths are the distances between the glands along the

bcimen which shall be detérmined to an accuracy of 1 %.

.2 Displacementand volume measuring devices

he specimerheight or cross-sectional area can change significantly during the test and

bcimen. during the test.

.3+ Flow volume measurement device

intrusion
damaged.
eability of
r than the

chemistry
chemistry
de-aired.

e and the
elevation
d,

difference
ralves and
Gide of the

affect the

ulation of permeability, measuring devices are required to measure the dimensional chapges of the

The volume of water passing through the specimen can be measured on graduated tubes or from the
weight of expelled water. If measurements are taken over a long period of time, evaporation of water
from these tubes or water receptacles should be prevented to avoid errors in the measured flow
volumes.

The flow rate may also be measured by inserting an air bubble into both the inlet and outlet tubes, of
known diameter and measuring the travel time of the air bubbles corresponding to the flow volume.
The diameter of the tubes shall be checked at the pressure used for the flow measurement.

If digital pressure/volume controllers are used the change in volume and pressure can be automatically
recorded.

The time between water volume measurements can be measured by a stopwatch or a data-logging system.

© IS0 2019 - All rights reserved 7
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The measurement duration shall be sufficient to determine the flow volume within an accuracy of 10 %.

5.6 Ancillary apparatus

The ancillary apparatus consists of:

— balance, accuracy 0,01 g or 0,1 % of the weighed mass, whichever value is greater;

— timer

—  maxin

readableto 1s;

um/minimum thermometer readable to 1 °C:

— appar
The appar

— cuttin

— steel s
— try-sg

0,5 %
— «callip

value
— comp
6 Test
6.1 Gen
6.1.1 S3
The degrg
specimen
saturatior

calculated
should be

6.1.2 H

The hydrd
material t}
The more
have been

atus for determination of water content.
atus for the specimen preparation consists of:
g and trimming tools (e.g. a sharp knife, wire saw, spatula, cutting ring, soil lathe);

traight edge, with a maximum deviation from straight of 0,1 % of its length;

uare or a jig (e.g. a mitre box) or split mould to ensure that flatness shall be accurate to wit
of each dimension and that right-angles are within 0,5° of true;

brs, either analogue or digital, readable to 0,1 mm or 0,1 % ofthe'measured length, whiche
is greater;

Action equipment (e.g. Proctor compactor, gyratory compactors or tamping rods).
procedure

eral requirements

turation

e of saturation has a great impact on the measured permeability. A completely satura

gives the highest value ofsmieasured permeability. It is not always possible to ensure
during the test due to-equipment or soil condition, so the degree of saturation should
and reported for each test. Unless a clay specimen is known to be saturated, back press
used to saturate the specimen.

ydraulic gradient

hulic gradient shall be sufficiently low to ensure laminar flow conditions and to prev

nin

Ver

fed
ull
be
ire

ranspert-within the specimen and high enough to ensure exceeding the threshold gradig
permeable the soil, the lower the hydraulic gradient that should be used. The values in Tab

by measur

found to be helpful when choosing the hydraulic gradient. Stable conditions can be confir

Table 1 — Guidelines for maximum recommended hydraulic gradient

Permeability (m/s) Recommended maximum hydraulic gradient
>10-5 1
10-5to 10-6 2
10-6to 10-7 5
10-7 to 10-8 10
10-8to0 10-9 20
<10-9 30 or greater

ed
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6.1.3 Water temperature

:2019(E)

The viscosity of water changes with temperature and affects the measured permeability. The

temperature at which the test was performed shall be recorded.
6.2 Specimen preparation

6.2.1 General

6.2.1.2 Examine samples prior to testing and select the least disturbed material”for t|
sighificant disturbance is apparent in the specimen this should be recorded in_the.test rep
disturbed samples will not provide meaningful results and should not be tested:

6.4.1.3 Specimens may be prepared directly within a cylindrical permeameter or from
fafricated or undisturbed tube or block samples for the oedometer or flexible wall permeame

6.2.1.4 The maximum particle size should not exceed 1/6th of theyminimum internal dimen
permeameter. If larger particles are present a larger permeametér should be used or the large
shoguld be removed and the proportion removed shall be €eported. If larger particles are f

he test. If
rt. Highly

previously
ers.

Gion of the
r particles
bund after

completion of the test, their presence shall be noted in the.report.

6.4.1.5 Take care to maintain the water content ofctlie specimen during the preparation profess. If the
prgcess is interrupted, the specimen shall be protected so that the water content does not change. Air
cirfulation around the specimen shall be avoided.

6.2.2 Rigid wall permeameter

6.2.2.1 Disturbed samples shall\be prepared by compacting the soil into the permeameter or
compaction mould either at the required water content under the application of the appropriate

b

6.2.2.2 Samples prepared in a compaction mould shall be prepared at the required specimen diameter
angl extruded.

compaction effort, or to achieve-the specified dry density.

6.2
thd
thd
dis

.2.3 Block'ortube samples shall be placed on to the trimming or tube sample extrusion

cutter shall be fitted into the permeameter or mould and the cutting edge shall be low
prepared surface. The cutter should be centred on the sample, unless visible discont
turbarce suggests that a better quality specimen can be cut off-centre.

hpparatus,
bred on to
nuities or

6.2.2.4 The cutter shall be steadily pushed into the sample until the permeameter or mould is filled
with soil with an excess protruding from the top. Soil cuttings shall be removed so that advance of the
cutter is not impeded.

6.2.2.5 With stiff soils the sample shall be trimmed in advance of the cutter to about 1 mm or 2 mm
larger than the internal specimen diameter so that the cutting edge removes the remaining thin layer.

6.2.2.6 The sample shall be cut off underneath the permeameter or mould to remove the cutter and
contained soil.

6.2.2.7 Each end of the specimen shall be trimmed in turn using appropriate tools to cut away excess
soil a little at a time.

© IS0 2019 - All rights reserved
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6.2.2.8 Immediately after preparation the mass of the specimen shall be determined to an accuracy of
0,1 % or 0,01 g whichever value is greater.

6.2.2.9 For a rigid wall permeameter, the specimen area is taken as the inside cross-sectional area
of the permeameter. The height of the specimen shall be determined to an accuracy of 0,5 mm or 1 %
whichever value is greater.

6.2.2.10 Complete the assembly of the permeameter.

6.2.3 Flexiblewatt PeTIIITanIcieT

6.2.3.1 C(ut and trim the specimen to the required dimensions. Take care to avoid deforming the
specimen during the cutting and trimming process.

6.2.3.2 The soil specimen end surfaces shall be plane and perpendicular to theJohgitudinal gxis
in accordgnce with ISO 17892-2. Grooves and holes in the ends and sides of thespecimen should|be
removed Ry further trimming or a new specimen selected if available. Otherwise, fill)grooves or holes hot
exceeding|1/6th of the specimen diameter with remoulded sample material.

6.2.3.3 $pecimens may be prepared in the laboratory by compacting the’material in layers into a split
mould with the rubber membrane mounted inside. Water mixed intethe material should be given time
before the|compaction to equalize over the whole soil mass.

6.2.3.4 Measure the specimen height, diameter and mass in ‘accordance with ISO 17892-2 by linpar
measurenjent.

6.2.3.5 C(heck that the membrane to be used is free from damage that may cause leakage during the tgst.

6.2.3.6 Mount the specimen into the apparatiis, with the membrane and O-rings so that it is centfed
with respéct to the top and bottom platens.Take extreme care to avoid, as much as possible, deformjng
the specithen during the mounting process. Very soft specimens may have to be mounted withput
touching the specimen by hand at any_stage during the preparation.

6.2.3.7 (Complete the assembly of-the flexible wall permeameter.
6.3 Test preparation
6.3.1 Cylindrical permeameter

6.3.1.1 If the'permeameter is equipped with manometer tubes, their valves shall be closed during the
equipmenf and specimen saturation process.

6.3.1.2 The permeameter water inlet shall be connected to a de-aired water supply with a low hydraulic
gradient just sufficient to allow the water to slowly percolate through the specimen. If a vacuum source
is available it may be connected to the outlet before the inlet valve is opened. When vacuum is used the
inlet valve shall be opened slowly to prevent turbulent flow conditions and specimen disturbance.

6.3.1.3 When the specimen and permeameter have been adequately saturated, open the connections
to the manometer tubes and apply the inlet and outlet pressures.

6.3.2 Oedometer ring

6.3.2.1 The oedometer ring containing the specimen shall be placed in position on the apparatus.

10 © IS0 2019 - All rights reserved
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6.3.2.2 A small seating pressure shall be applied to the specimen not exceeding 3 kPa (in addition to
the stress due to the weight of the top cap and porous disc) to ensure proper contact between the loading
system and the soil. Care shall be taken to assemble the top cap and load frame such that the load is
applied axially without imposing tilt of the top cap.

6.3.2.3 The deformation measuring apparatus shall be secured in position and the initial reading
corresponding to zero deformation shall be recorded.

6.3.2.4 The permeablllty test can be performed both asa standalone test and as part of an incremental
; : S aking into
acount the nature of the soil, the presumed in 51tu stress hlstory and the parameters that@rg required
from the test. The stress applied during the permeability test shall take into account-the [change in
effective stress produced by the hydraulic head. The effective stress should be adequate fo prevent
swelling. Permeability measurements can only be taken when the soil specimenis fairly stpble, after
primary consolidation is complete at the required consolidation stress.

6.3.2.5 Take readings of displacement and volume change measurementrdevices on completion of the
comsolidation stage.

6.3.2.6 Apply the inlet pressure required for the permeability test,

6.3.3 Flexible wall permeameter

6.3.3.1 Take initial readings of displacement and volume change measurement devices.
6.3.3.2 Saturation

6.3.3.2.1 In the flexible wall permeameter adequate saturation of the specimen may bg achieved
either by:

— | the application of increments df cell pressure with closed drainage, with resulting incredse in pore
water pressure, or

— | the application of increments of both cell and back pressure with open drainage.

Thp selection of the method of saturation shall ensure that the effective stresses within thel specimen
ar¢ not raised to a levelthat affects behaviour during the permeability measurement.

The effective stress should be adequate to prevent swelling.

6.3.3.2.2 ~The effective stresses acting on the specimen during saturation shall not exceed th¢ specified
effectiverstresses for the test.

6 29 D 1£ £, 3 4 43 R N | PRIA | H o £o11 3 L 1d o1 L 4
[T e FY~Tre ) 11 lJCl IUT lllllls o2dlUul dllIUIl WILIT CIUSTU Ul alllasc, LIIT lUllUVVllls S1TUUIU dISU UUT ITITTL,.

— the observed increase in back pressure during increments of cell pressure should be atleast 90 % of
the corresponding increase in cell pressure;

— for effective consolidation stresses below 20 kPa the difference in the increment of cell and back
pressure should be kept below 2 kPa.

If these criteria cannot be met, saturation using open drainage should be considered.

If applying back pressure using open drainage, the change in effective stress should be not greater than
5 kPa during saturation.
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6.3.3.3 Saturation checks

6.3.3.3.1 Saturation by back pressure should be checked by measuring the B-value. To perform the
check, close the drainage to the specimen, increase the cell pressure by an isotropic increment (Ao¢) and
record the corresponding increase in pore pressure (Au). The value of the isotropic increment needs to
be carefully chosen, reflecting the nature of the sample and the intended final effective stresses required
on the sample, but increments between 10 kPa and 100 kPa are often found to be appropriate.

6.3.3.3.2

Calculate the B-value according to Formula (1):

B=-=5
A

6.3.3.3.3

B-value is
be applied
significant

6.3.3.4
pressure |

u

P ¢

Saturation should be considered complete when a B-value of at least 0,95 is achieved. If

and the B-value re-measured (6.3.3.3). If during repeated increments the'B-value shows
increase, the saturation stage may be considered complete.

Take readings of displacement and volume change measurement/devices. Adjust the

ntil the difference between the total cell pressure and the total pore pressure becomes equa

the specifiled effective stress. The choice of effective stress shall take intoraccount the increased elevat

(pressure]
soil specir

increment.

6.3.3.5

6.3.3.6 |

6.4 Per

6.4.1 Pe
head test {

head during the permeability test. Permeability measurements can only be taken when
hen is fairly stable, after primary consolidation is compléte at a specific consolidation str

Take readings of displacement and volume change'measurement devices.

\pply the inlet and outlet pressures required for the permeability test.
meability measurement

rmeability tests may be carried out under either a constant head or a falling head. In a fall
he outlet pressure may bemaintained constant (constant tail test) or both the inlet and ou

M

the

less than 0,95, further increments of cell pressure, or cell and back pressuré (6.3.3.2) shall

no

rell
I to
on
the
£SS

Ing
let
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pressures varied (the raising tail test). In the constant flow test the flow is applied directly through the
specimen by a pump. These arrangements are shown schematically in Figure 5.

: : s i
.:S\l
g
. N =
o
a) Constant head test b) Falling head test c) Kalling head rising tail test

3|

M <

d) Constantflow test

Figure 5 — Alternative arrangements.to generate flow for permeability measurement

6.4.2 Ina constant head test both the-water inlet level and the outlet level are kept constant. [n a falling
head test the inlet water level falls through the inlet burette or standpipe as the water flows through the
spécimen. This results in varying hydraulic gradient during the test.

6.4.3 The required minjmum amount of the water flow or the change of the water leyel during
ea¢h measurement shall~bé& chosen based on the accuracy of the measurement devices usgd, i.e. the
measurement period §hall be long enough and the hydraulic gradient high enough to provigle reliable
angl representative fesults.

.4 If possible, the relation of the inflow rate and outflow rate should be calculated to eyaluate the

6.4- s . g Hk n—will heresult ¢ out from the
specimen during the permeability measurement saturation should be continued and the permeability
measurement repeated or their volume should be quantified and taken into account in the measurement
of flow volume.

6.4.6 If the specimen height or cross-sectional area can change significantly during the test and affect
the calculation of permeability, record the dimensional changes of the specimen during the test.

6.4.7 The calculated value of permeability shall be consistent over four intervals of time. If there is
an increasing or decreasing trend, further measurements shall be taken until consistent results are
achieved.
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6.5 Dismounting

6.5.1 When the permeability measurements are finished, close the water inlet and outlet valves and
disconnect the permeameter from the hydraulic pressure sources.

6.5.2 Drain the flexible wall permeameter cell (if used).

6.5.3 Dismantle the permeameter,; extract the specimen and if the specimen is intact, weigh the whole
specimen and if required, record its dimensions.

6.5.4 Uy

disturbed specimens should be cut open to allow any internal structures or inhomogeneity

be identified and recorded.

6.5.5 Ei
represent
the dry mj

7 Test

7.1 Bul

her determine the dry mass of the entire specimen, or determine the water content g
itive part of the specimen without further delay in accordance with ISO 17892-1 in order t
iss may be calculated.

results

k density, dry density, water content and degree of'saturation

7.1.1 Cdlculate the initial water content from the final dry inass and the initial wet mass of

specimen.

7.1.2 Cdlculate the initial bulk and dry densities from the initial measurements of specimen dimensKlIns
following the linear measurement proceduresin accordance with ISO 17892-2. If the specinjen

and mass
dimensior
shall also

s during the test are available, the dry density at the time of the measurement of permeabi
pe calculated.

7.1.3 Cdlculate the final degree of saturation, S, based on a particle density value measured

accordand

e with ISO 17892-3, or estimated, and the water content at the end of test (6.5.5).

7.2 Cogdfficient of permeability and hydraulic gradient

721 If
than 10 9
be detern
without a

[ to

f a
hat

the

ity

in

hny of the equipment used (valves, tubes, porous discs, etc.) causes a head loss that is gredter

h of the elevation head applied in the test, this should be corrected for. The correction
ined by measuring the differential pressure required to flow water through the equipm
fest specimen at the same flow rate as that of the permeability test with the test specimen.

The hydrduligigradient, i, is calculated according to Formula (2).

Can
ent

. Ah
i=—
l

14

(2)
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7.2.2 The coefficient of permeability shall be calculated for each of the four or more test intervals and
the average value calculated.

For constant head and constant flow tests the coefficient of permeability is calculated according to

Formula (3).

KoV Q  QxlI

i Axi AxAh

3

For a flexible wall permeameter, some consideration has to be taken for the area A used in the
Cal Haticone Thic conld bhatho tnitial avna A tbhn calonlatnd avna A b o tine afthao flovas W‘M“Jrements

Hratio R S— S eotraBe-tRe-HhttarafFeaoFttRe-carctateaafreaattae—+tt OTCITCTTOVY TIreco

whiichever is deemed most appropriate.

Depending on the arrangement of head and tail sources for falling head tests the coefficient of
permeability is calculated according to either Formula (4) or (5).

- Ah
Falling head raising tail k= in *Dout _ ! xIn| —L 4)
(ain +aout) AXAt Ahtz
[ Ah
Falling head constant tail k= n*’, In t (5)
A>< At Ahy,

7.3 Correction for test temperature

The permeability measured in a test performed with«thie permeant water at temperature,| Ttest (°C),
can be converted to a corresponding permeability at@nother temperature, T (°C) through a gorrection

fadtor @ according to Formulae (6) and (7).

kp =Kyoge X0 (6)
whlere
o= ntest (7)
nr

angl ntis the viscosity for water in mPa-s for a given temperature, T is from Table 2.

Table 2 — Dynamic viscosity of water

Temperature T Viscosity n
°C mPa-s
10 1,304
15 1,137
20 1,002
25 0,891
30 0,798

NOTE 1 Intermediate values can be estimated by interpolation. Alternatively,
the dynamic viscosity can be calculated using the approximation:

nr= 0,024 14 x 10[247,8 / (T +133)]

where T is the test temperature (°C) in the above range.
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8

Test report

8.1 Mandatory reporting

The test report shall state that the test was carried out in accordance with this document. It shall
contain the following information:

a)
b)

p)

type of permeameter used and whether it was a rising, falling or constant head or constant flow test;

identification of the spec1men tested e.g. by borehole number sample number and sample depth

d of sample selectlon 1f relevant

visual description of the specimen including any observed features noted after testing, follow
the pyjinciples in ISO 14688-1;

methgd of preparation of the test specimen;
initial dimensions of the specimen;

initial water content (%) and a statement that it has been based on.the specimen trimming
appropriate;

final Wwater content (%) and degree of saturation at the end of thetest, if determined;

le,

ng

initia] bulk density, initial dry density and dry density at thetime of measurement of permeabiljty,

if avaflable (Mg/m3);

average coefficient of permeability;

consolidation stress level at which the permeability measurement was taken, if appropriate;
average laboratory temperature (°C) at whichi.the test was performed;

source of the permeant water e.g. tap watet;

hydrajulic gradient applied during the.permeability test;

level ¢f back pressure and B-value, if used;

equipment head loss correction applied to the measurements, if any, and the associated flow rat

deviations from the testmethod.

8.2 Optional reporting

The following additional information may be required:

a)

b)
‘)

d)
€)
f)
g)

16

D
wn
<.

to

flow fate and calculated coefficient of permeability for each of the test results that were used

calculate the reported average value.

coefficient of permeability corrected to a specific reference temperature;

particle density used, and whether it has been measured according to ISO 17892-3 or has been

assumed;

initial and final void ratio;

inflow and outflow volumes and permeability coefficients presented as a function of time;
flow rates and permeability coefficients as a function of time;

specimen dimensions during the test, if available.
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