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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
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

ional

non-governm nnfnl' nliaisonwith 1ISQ, also take pnrf inthe work 1SO collaborates. r\ln:nl\/ with-the Interna

Electrotechn
International

The main ta
adopted by
International

Attention is ¢
rights. ISO s

ISO 11275 W
methods.

This corrects
a) in Equati
b) in Equati

cal Commission (IEC) on all matters of electrotechnical standardization.
Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
5k of technical committees is to prepare International Standards. Draft Intermational Stan

the technical committees are circulated to the member bodies for voting. ‘Publication
Standard requires approval by at least 75 % of the member bodies casting-a vote.

rawn to the possibility that some of the elements of this document may be the subject of g
nall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 190, Soil quality, Subcommittee SC 5, Ph

d version of ISO 11275:2004 incorporates the following;corrections of inadvertent omissions
bn (5) a minus sign has been added to the numerator on the right-hand side of the equation;

bn (9) a fourth term, @,jﬂ, has been added tothe right-hand side of the equation.

Hards
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atent
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Introduction

Soil water content and matric pressure are related to each other and determine the water-retention
characteristics of a soil. Soil water, which is in equilibrium with free water, is at zero matric pressure (or suction)
and either the soil is saturated or the gaseous phase occurs only as small bubbles. As a saturated soil dries, the
matric pressure decreases (| e. becomes more negat|ve) and the Iargest pores empty of water. Progressive
decreas , inonly the finest
pores. Not onIy is Water removed from soll pores but the fllms of Water held around son partlcles are reduced in
thickmess. Therefore, a decreasing matric pressure is associated with decreasing soil water content!81 (9],
Labofatory or field measurements of these two parameters can be made; and the relatignship (yvhich can be
reported graphically, in tabular form, or possibly as an equation) is called the soil wateyp:rétention gharacteristic.
The felationship extends from saturated soil to oven-dry soil (approximately 0 kPa o about —10° kPa matric
presqure).

The goil water-retention characteristic is different for each soil type. The shapé-and position of the gurve relative
to thg axes depend on soil properties such as texture, density and hysteresis associated with thg¢ wetting and
drying history. Individual points on the water-retention characteristic curveé.may be defined for specffic purposes.

The hydraulic conductivity is a measure of the rate at which liquid)water can move through the doil under the
influgnce of variations in matric pressure from point to pointiwithin the soil. The hydraulic cgnductivity of
unsajurated soil depends on the same factors as does the%saoil water-retention characteristic, flso showing
hysteresis. As a saturated soil dries, the hydraulic conductivity decreases, and it is convenient tg express the
hydrgulic conductivity corresponding to the soil water-rétention characteristic as a function of the decreasing
matrik pressure.

The results obtained using these methods can be used, for example:

— t@ provide an assessment of the equivalént pore-size distribution (e.g. identification of macrg- and micro-
ppres);

— t@ determine indices of plant-available water in the soil and to classify soil accordingly (e.g/| for irrigation
purposes);

— t@ determine the drainable(pare space (e.g. for drainage design, pollution risk assessments);

— t@ monitor changes in the structure of a soil (caused by e.g. tillage, compaction or addition of ofganic matter
of synthetic soil condifieners);

— t@ ascertain the felationship between the negative matric pressure and other soil physical prpperties (e.g.
hydraulic conductivity, thermal conductivity);

— t¢ determing water content at specific negative matric pressures (e.g. for microbiologicall degradation
sfudies);

— t@ estimate other soil physical properties.

© 1SO 2004 — Al rights reserved \Y
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nternational Standard specifies a laboratory method for the simultaneous detetmination i
urated hydraulic conductivity and of the soil water-retention characteristic. It is appli

s far as possible, homogeneous. The method is not applicable to soils which shrink in the r
hn, = 0cmto h, = —800 cm.

ange of the determination of the conductivity depends on the.sail type. It lies between m3g
ximately h,, = —50 cm and h,, = —700 cm.

ange of the determination of the water-retention characteétistic lies between matric heads of 3
0cm and h,, = —800 cm.

1 Aninfiltrometer method can be used to determing;hydraulic conductivities near saturation.

2 ISO 11274 gives methods to determine the” water-retention characteristic for matric heads betw
00 cm.

ormative references

following referenced decuments are indispensable for the application of this documen
bnces, only the editian-cited applies. For undated references, the latest edition of the referenc
ding any amendnients) applies.

0381-1, Soibquality — Sampling — Part 1: Guidance on the design of sampling programme

Al-and cultivated sites

14

soils of the
ble only to

urement of the drying or desorption curve. Application of the method is restricted to soil sgmples which
ge of matric

tric heads of

pproximately

een 0 cm and

t. For dated
ed document

0381+4; Soil quality — Sampling — Part 4: Guidance on the procedure for investigation of patural, near-

ISO 11274, Soil quality — Determination of the water-retention characteristic — Laboratory methods

ISO 11276, Soil quality — Determination of pore water pressure — Tensiometer method

ISO 11461, Soil quality — Determination of soil water content as a volume fraction using coring sleeves —

Gravi

metric method

3 Terms and definitions

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

K

factor of proportionality between the soil water flux density, v, and the hydraulic gradient Vh,, in Darcy's
equation, assuming isotropic conditions, i.e.

v=—KVh,

NOTE For the purposes of this document, conductivity is used synonymously for unsaturated hydraulic conductivity.

3.2

soil water-rgtemtior chraracteristic

retention ch
relation betw

racteristic
pen soil water content and soil matric head of a given soil (sample)

3.3

gravitational head

amount of work that must be done in order to transport reversibly and isothermally an infinitesimal quan
water, identital in composition to the soil water, from a pool at a specified elevation and at atmosg
pressure, to|a similar pool at the elevation of the point under consideration, divided by the mass of

transported

3.4

matric head

amount of work that must be done in order to transport reversibly andsisothermally an infinitesimal quan

water, identid

al in composition to the soil water, from a pool at the elevation and the external gas pressure

point under gonsideration, to the soil water at the point underscensideration, divided by the mass of
transported

35

pneumatic Head

amount of work that must be done in order to transpert reversibly and isothermally an infinitesimal quan

water, identid
point under ¢

by the mass

3.6
pressure he
tensiometer

sum of the m

al in composition to the soil water, frem’a pool at atmospheric pressure and at the elevation
pnsideration, to a similar pool at the-external gas pressure of the point under consideration, di
Of water transported

pd
head
atric and pneumatic heads

NOTE The ppeumatic head.iS assumed to be zero for the purposes of this method. On this basis, the pressure head ¢

ity of
heric
vater

ity of
Df the
vater

ity of
Df the
vided

quals

the matric head.

3.7

hydraulic hgad

sum of the matfic;pretmatic-and-gravitationatheads

4 Symbols

a height, in centimetres;

ha pneumatic head, in centimetres;

hny hydraulic head = h, + hg + by, in centimetres;
hg gravitational head, in centimetres;

hm matric head, in centimetres;

2 © 1SO 2004 — All rights reserved
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pressure head = tensiometer head h, + h,, in centimetres;
compartment and tensiometer index;

time and measurement interval index;

compartment index;

unsaturated hydraulic conductivity, in centimetres per day (cm-d—1):

mass, in kilograms;

Pw

5 H

undis
wette
surfal
tensi
of the
after
each

The 3

the nmpeasurement times, the"water content of each compartment is calculated from the water ¢

wholé¢
hydr3g
The
one-(

6 A

mass of soil sample at the end of the test, in kilograms;

time, in days (d)

soil water volume flux density, in centimetres per day (cm-d—1);
volume, in cubic metres;

vertical coordinate, in centimetres;

water content as volume fraction;

density of water, in kilograms per cubic metre.

rinciple

turbed samples of soil are taken from the field'in accordance with ISO 10381-1. Each soil S
d to near saturation in the laboratory. Then the sample is allowed to dry by evaporation
Ce; at known times during this period, pressure heads are measured at different depths in the
bmeters, and the mass of the sample.is-measured. These measurements are continued until
tensiometers. This can take a few days to two weeks depending on the type of soil. At the e
completing these measuremenis, the sample is dried and weighed, and its water content is
of the measurement times.

ample is considered astwo or more compartments (sub-samples), one for each tensiomete
e sample and thé~tensiometer readings. The soil water-retention characteristic and the
ulic conductivity are calculated from these data using an adaptationm of Wind's evaporatig

method treats the soil sample as being homogeneous in its hydraulic properties al
imensional,flow.

pparatus

ample is first
from the top
sample using
ir enters any
d of the test,
Calculated for

. For each of
pntent of the
unsaturated
n method (2!,
hd assumes

6.1

Equipment for sampling undisturbed soil.

Usually metal or plastic sleeves of known dimensions are used, together with equipment to push the sleeves
into the soil. Usually the sampling sleeves are used to retain the sample throughout the test, and therefore it is
necessary to pre-drill holes for the tensiometers. The dimensions of the soil samples are dependent on the soil
type and the purpose of the investigation. The height of a sample shall be less than or equal to its diameter, to
prevent the acquisition of redundant data. In most cases a height of 8 cm and a diameter of 10 cm are suitable
for stone-free soils.

The height shall be large enough to accommodate 2 to 4 tensiometers. However, larger heights delay the drying
of the lower compartments unduly, so that the determination may take too long, and may require an increase in
the number of measurement times. The ratio of the diameter to the height should be just above unity, e.g. 10:8,
to provide reasonably uniform conditions across the sample without requiring too broad a sample.

© IS0
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6.2 Container and polyamide mesh, to saturate the soil samples.

6.3 Balanc

e, capable of weighing to within & 0,1 % of the mass of the soil sample.

A balance dedicated to a sample for the duration of the test is preferable to reduce possible disturbances.

6.4 Tensiometer system, capable of measuring heads with an accuracy better than £ 1cm (see

ISO 11276).

The lengths of the tensiometers shall be smaller than half the diameter of the sample. The diameters of the

tensiometers

shall be less than 10 % of the height of the sample.

6.5 Equipn
dimensions t

6.6 Materid

6.7 Drying

7 Procedure

7.1 Prepa

7.1.1 Sampfling

Take soil sanpples from the field in accordance with ISO 10381-4. It is essential that undisturbed soil sampl

used, since 4
sleeves are U
carefully, ang

sampling or fransportation, it shall not be used for this determination.

7.1.2 Samp|le preparation

Prepare the
a) Measure

b) Placeac
mesh wit
retain the
the soil in

Wet the 9
level in th

nent to install the tensiometers (see ISO 11276), i.e. an auger or similar device, af\su
b bore holes into which the tensiometers will fit closely.

\ls to create seals between the sleeve and the tensiometers.

oven, capable of maintaining a temperature of (105 4 2) °C.

ation and measurements

oil structure has a strong influence on the hydraulic properties. Use a ring with a cutting e
sed. Press the sampling ring into the soil with a hydraulic jack or similar device. Dig out the sa
remove the surplus soil. If the soil sample has been compacted or its structure disturbed @

tample as follows.
the height and diameter of the soil sample.

rcle of mesh, or-similar hydrophilic closely woven material, at the bottom of the sample. Secu
N an elastic band or similar, and place the sample on a supporting sheet. The mesh and she
soil sample-Place the sample in a container for wetting (from here on, the term sample ref
a sleeve'with its retaining mesh).

amplg from the bottom, proceeding gradually to prevent air entrapment, as follows. Set the
eleontainer equal to or lower than the base of the sample. Ensure good contact between the

table

Es be
ge if
mple
uring

e the
bt will
br's to

vater
mesh

d)

e)

and the water To enable Wetting by capilfary Tise. Depending on the Soil Type, raiSe the water level after a few
hours (sand) or a few days (clay). Increase the water level gradually until it is 0,5 cm below the top of the
sample. Maintain this level for at least one day and until it is apparent that the soil at the surface of the
sample is moist. Then set the water level just under the base of the sample, and let the sample drain. Check
the height of the sample, and report any changes. Remove the sample from the container.

The structure of some soils is not stable under saturated conditions. Such soils should not be saturated
completely. They may be wetted either by placing them in a container in which the water level is maintained
at the base of the sample, or by use of a suction table (see 1ISO 11274).

Seal the bottom and sides of the sample in such a way that water can only evaporate from the top. Seal the
top of the sample whilst the tensiometers are installed and until ready to let the evaporation begin.

The sample is regarded as comprising two or more compartments above each other [see Figure 1 a)]. Use
compartments of equal height, or use compartments which decrease in height towards the top of the

© 1SO 2004 — All rights reserved
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sample. For instance, four tensiometers could be installed at 1 cm, 3 cm, 5 cm and 7 cm depths in a sample
8 cm high, thus giving four compartments which are each 2 cm high.

The distance between the centre of a tensiometer and an end of the sample shall be not less than the
diameter of the tensiometer.

f) Bore a close-fitting hole for a tensiometer into each compartment using an auger or similar device (see
ISO 11276). It is essential to obtain a smooth installation, minimum disturbance and a good contact
between the soil and the tensiometer. Fill the tensiometers with deaerated water. Install the tensiometers
horizontally in each compartment in accordance with ISO 11276 and in such a way that their vertical
projections do not intersect [see Figure 1 b)]. Arrange the set-up so that the vertical positions of the
tensiometers are at the mid-heights of the hypothetical compartments. If applicable, seal the gaps between

thretenstometersandthesteevetopreventevaporation:

g) Record the vertical positions of the tensiometers and the total volume of the holes made jn the soil to
arcommodate them.

A
A fp4,1 Vi —
|
A
C————————h
3 P 3 V2’j 3
A
C—————————
2 (pzj V1’j h2]
A M
C———
1 0., hy;
A
P
a) Side view b) Top view

Figure 1.4 Schematic overview of the sample with compartments and tensiometgrs

7.1.3] Measurements

Recdrd-the temperature and humidity during the test.

Perform the test preferably in a room with constant temperature and humidity.

Put the sample on a balance. Connect the tensiometers to a read-out unit in accordance with 1SO 11276, if
applicable. Let the sample and tensiometers equilibrate. Determine the hydraulic equilibrium by measuring the
height of the hydraulic heads, and permit evaporation to begin when the hydraulic heads of all the tensiometers
are equal to within 4= 1 cm. Commonly this situation is reached after several hours.

As the mechanical contact between the equipment on the balance and the other parts of the set-up (e.g. tubing
or signal and power cables) influences the measured mass of the sample, care should be taken that this
mechanical contact is as small as possible and invariant during these measurements.

When pore-water pressures are measured, it is necessary to convert the pressure measurements to pressure
heads.

© 1SO 2004 — All rights reserved 5
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NOTE 1

It is possible to use one of the following methods. Use the conversion table in ISO 11274 to convert the pressure

reading to a pressure expressed in cmH,O. Convert the latter pressure reading to a head reading, in centimetres, by
multiplying by 1; or use the conversion table of ISO 11276; or use a suitable equation.

Allow evaporation from the top of the sample. At intervals, determine the total mass, m; (j = 1,..., number of
measurement interval), the pressure heads, h;; (¢ = 1,..., number of tensiometer), and time, t;. Repeat the
measurements regularly, for instance every 2 h. The maximum time between intervals should not exceed 8 h.
Stop when air enters any tensiometer. Usually, this happens between h;,, = —800 cm and h, — 900 cm. If air
causes problems at higher pressure heads, replace the tensiometer, wet or saturate the sample again, and
restart the test.

Determine th
and determir

NOTE 2 The
temperature o
amount of wat

7.2 Calcullations

7.2.1 Calcu
test in accorg
the tensiome

7.2.2 Calcu
equation:

e total mass of the soil sample at the end of the test, m,. Dry the soil to constant mass at 40
e its average water content, @, as specified in 7.2.1.

measurements require approximately 2 days for clays and 2 weeks for coarse sands in an environment
f 20° C and a relative humidity of 50 %. The measurements require more time for sands 'due to the
br that has to evaporate before a pressure head of —800 cm is reached.

ate the average water content, g, as a volume fraction of thedwhole soil sample at the end
ance to ISO 11461. Correct the volume of the soil sample by/subtracting the volume occupi
ters.

ate the average water content as a volume fraction.of the whole soil sample at interval j usir]

the average water contept,as a volume fraction, of the soil sample at interval j;

the average water content, as a volume fraction, of the soil sample at the end of the test;
the mass of the'soil sample at interval j, in kilograms;

the mass of the soil sample at the end of the test, in kilograms;

the density of water, in kilograms per cubic metre (= 1 000 kg-m—3);

Pw

5° C,

Wwith a

larger

bf the

ed by

g the

@)

Vv

is the volume of the soil sample, in cubic metres.

Calculate the average water content of the whole sample for every interval j.

NOTE The set of computer programs METRONIA[2! permits the calculations given in 7.2.3 t0 7.2.9.

7.2.3 Calculate the mean pressure head in the soil sample using the following equation:

@)

© 1SO 2004 — All rights reserved
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where
h_j is the mean pressure head in the soil sample at interval j, in centimetres;
h;j s the pressure head of tensiometer 7 at interval 7, in centimetres;
n is the number of tensiometers, i.e. of compartments.

Calculate the average water content of the whole sample for every interval j.

7.2.4 Cit 2 caontinuauc crrva thranah all naire b - and 5 ta annravimata tha ratantian charactaric |C
LA e eeRHRHOUS-GH e e HgHa-PaHS Pt HatetHe-feteHoR-cHalacter .

LA R < B

7.2.5 Calculate the estimated water content, {; ;, for compartment 4 at interval j, using’ the measured
presgqure head h; ; and the estimated retention characteristic. Calculate these for all compartments.

Calcylate the mean estimated water content at interval j using the following equation:

n
i; = é ;Gi@,j 3)
wherg
é; is the mean estimated water content of the soil sample at interval j;
cﬁi,j is the estimated water content of compartment' at interval 7;
a is the total height of the soil sample, in.centimetres;
al; is the height of compartment 2, inleentimetres.

Corrgct @,j for every compartment using’the following equation:

. Pj ~
ij = = Pij 4)
J (10] J

)

wher

1%

Qi,j* is the-corrected estimated water content of compartment ¢ at interval j;

4, is\the water content calculated in 7.2.2.

Calculate @, ;* for all intervals.

Fit a continuous curve through the pairs h; ; and @J* for all compartments and intervals to approximate the
retention characteristic.

7.2.6 Repeat the calculations of 7.2.5 until the improvement is not significant. The pairs h; ; and @]* and the
curve of the last iteration describe the retention characteristic as a table and as a curve respectively.

7.2.7 For interval j, calculate the gradient of the pressure head for adjacent compartments ¢ and ¢ + 1 using
the equation:

Ah, _ _\/hi+1,j+1‘hi+1,j + \/hi,j+1 - by j
Az Zig1 — Zi

®)

© 1SO 2004 — All rights reserved 7
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where

AhplAz

hijia

Zi

is the gradient of the pressure head;

is the pressure head in compartment ¢ at interval j, in centimetres;

is the pressure head in compartment ¢ at interval j + 1 (the interval after interval 7), in

centimetres;

is the position of the tensiometer in compartment %, in centimetres;

Zi4+1

if Ahy/Az i

Calculate thdg

Is the position of the tensiometer in compartment ¢z 4 1 (the compartment above compar
1), in centimetres;

not significantly less than —1, do not calculate conductivity for a compartment at igterval j.

gradients between all adjacent compartments (n — 1 times).

ment

NOTE A threghold for Ah,/Az can be estimated when the standard deviation of the measurement noise of hp, s(kp), is
known. An appropriate method is to calculate an unsaturated hydraulic conductivity only if AhyfAz < —1 — 3s(hp)

7.2.8 Forinferval j, calculate the volume flux densities between adjacent cofapartments ¢ and 7 + 1 usir]
following eqyation:

i
1 ~ ~
Vii = 1. Zak(SDk,j — Pk,j+1)
I k=
where
Vj is the volume flux density from compartment ¢ to 7 4+ 1 between intervals 7 and j +

ag

Pk.j

centimetres per day;
is the time at interval 7, in days;
is the height of compartment’k (k = 1 is the bottom compartment), in centimetres;

is the estimated water-eontent of compartment k at interval j.

7.2.9 Calculate the unsaturated conductivity using Darcy's equation:

Kij(hif) =

Ui,j . Ui,j
<Ah,  Ah
D: Az 1

where
K, j(hij)
Vi j
AhnlAz
AhplAz

is the conductivity at a pressure head Ei,j, in centimetres per day;
is the volume flux density, calculated in 7.2.8, in centimetres per day;
is the gradient of the hydraulic head;

is the gradient of the pressure head, calculated in 7.2.7.

Calculate the matching pressure head, Ei,j using the equation:

T 4
hij = —/hij - hitj - hijia - hitrjm

Az.

g the

(6)

1, in

()

8)
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