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Standard Test Method for
Measurement of Soil Potential (Suction) Using Filter Paper 1
This standard is issued under the fixed designation D 5298; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.
1. Scope D 1125 Test Method for Electrical Conductivity and Resis-

1.1 This test method covers laboratory filter papers as _tivity of Water® o
passive sensors to evaluate the soil matric (matrix) and total D 2216 Test Method for Laboratory Determination of Water
potential (suction), a measure of the free energy of the _(Moisture) Content of Soil and Rotk _ _
pore-water or tension stress exerted on the pore-water by the D 2325 Test Method for Capillary-Moisture Relationships
soil matrix (1, 22 The term potential or suction is descriptive ~ for Coarse and Medium-Textured Soils by Porous-Plate

of the energy status of soil water. Apparatu$ _ . N
1.2 This test method controls the variables for measurement D 3152 Test Method for Capillary-Moisture Relationships

of the water content of filter paper that is in direct contact with ~_for Fine-Textured Soils by Pressure-Membrane Appafatus
soil or in equilibrium with the partial pressure of water vapor D 4542 Test Method for Pore-Water Extraction and Deter-
in the air of an airtight container enclosing a soil specimen. The ~ Mination of the Solute Salt Content of Soils by Refracto-
filter paper is enclosed with a soil specimen in the airtight _metef o _ _ .
container until moisture equilibrium is established; that is, the D 4753 Specification for Evaluating, Selecting, and Speci-
partial pressure of water vapor in the air is in equilibrium with ~ fying Balances and Scales for Use in Testing Soil, Rock
the vapor pressure of pore-water in the soil specimen. and Related Construction Materials

1.3 This test method provides a procedure for calibrating E 337 Test Method for Measuring Humidity With a Psy-
different types of filter paper for use in evaluating soil matric ~ chrometer (the Measurement of Wet- and Dry-Bulb Tem-
and total potential. perature$ _

1.4 The values stated in Sl units are to be regarded as the E 832 Specification for Laboratory Filter Papers
standard. The inch-pounds units given in parentheses arg Terminology
approximate.

1.5 This standard does not purport to address all of the 3:1 Definitions: -
safety concerns, if any, associated with its use. It is the 3.1.1 Referto Terminology D 653 for standard definitions of

responsibility of the user of this standard to establish appro-f€'ms.

priate safety and health practices and determine the applica- 3-2 Definitions of Terms Specific to This Standard:
bility of regulatory limitations prior to use. 3.2.1 atmosphere-a unit of pressure equal to 76 cm Mer-

cury or 101 kPa at 0°C.

2. Referenced Documents 3.2.2 matric (matrix) suction, hm (kPa}the negative pres-
2.1 ASTM Standards: sure (expressed as a positive value), relative to ambient
C 114 Test Methods for Chemical Analysis of Hydraulic atmospheric pressure on the soil water, to which a solution

Cement identical in composition with the soil water must be subjected
D 653 Terminology Relating to Soil, Rock, and Containedin order to be in equilibrium through a porous permeable wall
Fluid< with the soil water; pressure equivalent to that measured by

Test Methods D 2325 and D 3152. Matric suction is a function
_ of the relative humidity due to the difference in air and water
* This test method is under the jurisdiction of ASTM Committee D18 on Soil and pressure across the water surface; the relative humidity or

Rock and is the direct responsibility of Subcommittee D18.04 on Hydrologic\ygter vapor pressure decreases as the radius of curvature of the
Properties.

Current edition approved June 10, 2003. Published August 2003. Originally
approvd in 1992. Discontinued December 2002 and reinstated as D 5298 — 03.

2The boldface numbers given in parentheses refer to a list of references at the—————————

end of the text. S Annual Book of ASTM Standardgol 11.01.
2 Annual Book of ASTM Standardgol 04.01. ¢ Annual Book of ASTM Standardgol 11.03.
4 Annual Book of ASTM Standardgol 04.08. 7 Annual Book of ASTM Standagdgol 14.02.
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water surface decreases. The term “matric” is grammatically 5.2 Soil suction is related with soil water content through
correct, while matrix is commonly used in the civil engineeringwater retention characteristic curves (see Test Method D 2325).

literature. Soil water content may be found from Test Method D 2216.
3.2.3 molality, moles/1000 -g-number of moles of solute 5.3 Measurements of soil suction may be used with other
per 1000 g of solvent. soil and environmental parameters to evaluate hydrologic

3.2.4 mole—molecular weight of a substance in grams.  processes(1)® and to evaluate the potential for heave or

3.2.5 osmotic (solute) suction, hs (kRa}he negative pres- shrinkage, shear strength, modulus, in situ stress and hydraulic
sure to which a pool of pure water must be subjected in ordeconductivity of unsaturated soils.
to be in equilibrium through a semipermeable membrane with 5.4 The filter paper method of evaluating suction is simple
a pool containing a solution identical in composition with theand economical with a range from 10 to 100 000 kPa (0.1 to
soil water; decrease in relative humidity due to the presence df000 bars).
dissolved salts in pore-water.

3.2.6 pF—a unit of negative pressure expressed as th®. Apparatus
logarithm to the base ten of the height in centimeters that a 6.1 Filter Paper—The paper used must be ash-free quanti-
column of water will rise by capillary action or negative gagetative Type |l filter paper, see Specification E 832; for example,
pressure (Mg/rf) divided by the unit weight of water (Mg/M  Whatman No. 42, Fisherbrand 9-799ASchleicher and
times 1000. pF~ 3 + logarithm to the base ten of the negative Schuell No. 589 White RibbohA suitable diameter is 5.5 cm
pressure in atmospheres. Refer to capillary head or capillarg2.2 in.).

rise in Terminology D 653. Note 1—Filter papers may be treated by dipping each paper in a 2 %

. N T . — 0

3.2.7 soil relative hu.mldlty’ R._the ratio of the vapor concentration of formaldehyde prior to use to prevent organism growth on
pressure of pore water in the soil to the vapor pressure of freg; pig|ogical decomposition of the filter paper. Biological decomposition

pure water. Relative humidity in the soil is defined as relativemay be significant when filter papers are subject to a moist, warm
humidity measured by Test Method E 337. environment for more than 14 days. Appropriate precautions should be
3.2.8 total potential (kPaj-the sum of gravitational, pres- taken when preparing formaldehyde solutions and treating filter paper.

sure, osmotic and external gas potentials. Potential may be 6.2 Specimen Container120 to 240 mL (4 to 8 0z)

identified with suction when gravitational and external gaSCapacity metal or g|a53 (rust free) container and lid (for

potentials are neglected. example, coated with zinc chromate to retard rusting) to
3.2.9total soil suction, h (kPa)-the negative pressure, contain the specimen and filter papers. The inside of these

relative to the external gas pressure on the soil water, to whicBontainers may also be coated with wax to retard rusting.

a pool of pure water must be subjected to be in equilibrium 6.3 Filter Paper Containe~This container holds filter

with the soil water through a semipermeable membrane that isaper following the equilibration of suction and removal from

permeable to water molecules only. Total soil suction (eXthe specimen container.

pressed as a positive value) is the sum of osmotic (solute) and 6.3.1 Metal Container Alternate-Two nominal 70 mL (2

matric (matrix) suctions. 0z) capacity metal moisture containers (aluminum or stainless)

3.2.10 vapor pressure of free pure water (kPajhe satura-  with lids to dry the filter paper. The containers should be
tion vapor pressure of free pure water at a given dry-bulthumbered by imprinting with a metal stamp. The containers
temperature. should not be written on with any type of marker or labelled in

3.2.11 vapor pressure of pore water in soil (kPathe  any manner. Throw-away vinyl surgical non-powdered or
partial pressure of water vapor that is in equilibrium with similar gloves should be used anytime the small containers
pore-water in soil at a given dry-bulb temperature. designated for filter paper measurements are handled to prevent
body oils from influencing any mass measurements made prior
to handling.

4.1 Filter papers are placed in an airtight container with a g 3 2 plastic Bag Alternate-Plastic bag large enough to
specimen for seven days to allow sufficient time for the vaporzccommodate the filter paper disks (approximately 50 mm in
pressure of pore-water in the specimen, vapor pressure of POFfmension) capable of an airtight seal.
water in the filter paper, and partial vapor pressure of water in g 4 |nsulated Chest-A box of approximately 0.03 Af1 t3)
the filter papers is subsequently determined and the suction @gpame of maintaining temperature within 1°C when
the specimen is determined from a calibration relationship ogxternal temperatures vary 3°C.
the filter paper water content with suction applicable to the type g 5 Balance—A balance or scale having a minimum capac-
of filter paper and the test procedure of this test method. ity of 20 g and meeting the requirements of 4.2.1.1 of

P— Specification C 114 for a balance of 0.0001 g readability. In
5. Significance and Use addition, balances for performance of Test Method D 2216,

5.1 Soil suction is a measure of the free energy of thgneeting requirements of Specification D 4753.
pore-water in a soil. Soil suction in practical terms is a measure

of the affinity of soil to retain water and can provide informa-

tion on soil parameters that are Inﬂu.enced by the soil water; for 8 The boldface numbers in parentheses refer to the list of references at the end of
example, volume change, deformation, and strength charactefss standard.

istics of the soil. 9 Available from Thomas Scientific Supply, P.O. Box 99, Swedesboro, NJ 08085.

4. Summary of Test Method
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6.6 Drying Oven—Thermostatically-controlled, preferably o 10 20 S0 4 S0 0T By
of the forced-draft type, and capable of maintaining a uniform
temperature of 11& 5°C throughout the drying chamber and
meeting requirements of Test Method D 2216.

6.7 Metal Block—A metal block > 500 g mass with a flat

Whatman No. 420 5
~———- Schieicher and Schusil No. 589 s

h = 5327 ~ 0.0779w;

P
"
h, LOG ATMOSPHERES

SUCTION h, LOG kPa

surface to hasten cooling of the metal containers with filter z
2+ h = 2412 - 0.0135w¢ 3~ 40

paper. = 5

6.8 Thermometer-An instrument to determine the tem- T R 2SR
perature of the tested soil to an accuracy+ofl°C. ol ‘1, 128

6.9 Miscellaneous EquipmentTweezers, trimming knife, S
flexible plastic electrical tape, O-rings, screen wire, brass discs, o w46 w0 e w0 s e 7
etc. Tweezers should be at least 110 mm (4.5 in.) in length. FILTER PAPER WATER CONTENT wy, PERCENT

6.10 Desiccator—A desiccator jar of suitable size contain- NoTe 1—Coefficient of determination r >0.99.
ing silica gel or anhydrous calcium sulfate. FIG. 1 Calibration Suction-Water Content Curves for Wetting of

Note 2—Anhydrous calcium sulfate is sold under the trade name Filter Paper (4)
Drierite.

Note 3—It is preferable to use a desiccant that changes color taetained as films adsorbed to particle surfaces, while the lower
indicate when it needs reconstitution. segment represents moisture retained by capillary or surface

o tension forces between particles. The filter paper water content

7. Calibration

_ o . . break point isw; = 45.3 percent for Whatman No. 43, 4
7.1 Obtain a calibration curve applicable to a specific f||terano|Wf =54 % for Schleicher and Schuell No. 588, 4)°
paper by following the procedure in Section 8, except for 73 The calibration curves in Fig. 1 are applicable to total
replacing the soil specimen with salt solutions such as reageRyctior?. Variability in results is less than 2 % of the suction
grade potassium chloride or sodium chloride of known molahove 100 kPa. Soil disturbance has minimal influence on
lity in distilled water. suction above 20 kPa. At moisture contents with suctions less
7.1.1 Suspend the filter paper above at least 50 cc of a saffan 20 kPa, sample disturbance increases variability of mea-
solution in the specimen container, see 6.2, by placing it on agyrement2, 4). The right vertical axis of Fig. 1 provides the
improvised platform made of inert material such as plasticsyction in units pF and atmospheres pressure; for exarhple,

tubing or stainless steel screen. = 2 log atmospheres is a suction of 100 atmospheres, phile
7.1.2 Calculate the suction of the filter paper from the = 5 or 100 000 cm water.
relative humidity of the air above the solution by:
Note 4—Filter paper may be calibrated by using the pressure mem-
h= EI’ InR, 1) brane, see Test Method D 3152 for the range 100 to 1500 kPa (1 to 15
v atm), and the ceramic plate, see Test Method D 2325 for the range 10 to
100 kPa (0.1 to 1 atm).

where

h = suction, kPa, 8. Procedure

$ _ ft)eglg,?estg?#sé?gfl’]rse'gégsrzegguklgfvlir:(zlg K, 8.1 Filter Paper Preparatior—Dry filter papers selected for

v = volume of 1080 moleé of ﬁquid water. 0 Oi§mnd testing at least 16 h or overnight in the drying oven. Place filter
R, = relative humidity, fraction. Y papers in a desiccant jar over desiccant after drying for storage

7.1.3 Standard critical tables may be used to evaluate thgtil use. . . .
relative humidity of water in equilibrium with the salt solution _ 8-2 Measurement of SuctienTotal suction will be mea-
as illustrated in Table 1. Refer to Test Method E 337 for furtherSured if filter papers are not in contact with the soil specimen;
information on relative humidity. moisture transfer will be limited to vapor transfer through the
7.2 Typical calibration curves for filter papers (for example, @i inside the specimen container. Matric suction will be
Whatman No. 42, Schleicher and Schuell No. 589%ee Fig. measured if the filter paper is in physical contact with the soil.

1, consists of two parts. The upper segment represents moistdf@ysical contact between the soil and filter paper allows fluid
transfer including transfer of salts that may be dissolved in the
pore water.

TABLE 1 Salt Solution Concentrations for Evaluating Soil o . . .
Suction Note 5—When the soil is not sufficiently moist, adequate physical

contact between the filter paper and soil may not always be possible. This

20°C can cause an inaccurate measure of matric suction. Matric suction may be
KPa log kPa pF atm R, g NaCl g KCl inferred by subtracting the osmotic suction from the total suction. The
1000 mL 1000 mL osmotic suction may be determined by measuring the electrical conduc-
water water tivity (see Test Method D 1125) of pore-water extracted from the soil
—o8 1.09 3.0 097 0.99927 13 17 using a pore fluid squeezs) or using Test Method D 4542; a calibration
-310 2.49 35 2302 099774 38 53 curve (6) may be used to relate the electrical conductivity to the osmotic
-980 2.99 4.0 -9.68  0.99278 13.1 17.0 suction.
_3‘;3?, 2;;‘3 ;‘;3 _32;§3 8;32323 122:2 125;3 8.3 Filter Paper Placemert-Place an intact soil specimen

or fragments of a soil sample, 200 to 400 g mass, in the
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specimen container. The soil specimen should nearly fill thésample temperature control during equilibration will ensure that conden-
specimen container to reduce equilibration time and to minisation effects are minimized. Storing the specimen containers containing
mize suction changes in the specimen the soil specimen and filter paper in a thermostatic box (for example, ice

- - chest) made of polystyrene insulation and packing expanded vermiculite
8.31 Measurement_ of Total SL_JCtreFR_emove two filter or similar material around the box will help minimize thermal fluctuations.
papers from the desiccator and immediately place over thg s possible to limit thermal fluctuations ta 0.01°C with such an
specimen, but isolate from the specimen by inserting screefsulation scheme.
wire, O-rings, or other inert item with minimal surface area
between the filter papers and the soil, see Fig).24 filter o . . '
paper edge should be bent up or offset slightly to hasten Iatépe end of the equilibration period, place each of the two filter

removal of the filter paper from these large containers witf?@P€rs: if total suction is to be measured, or the center filter
tweezers. 8.6. paper of a three-layer stack, if matrix suction is to be measure

8.3.2 Measurement of Matric SuctieaPlace three stacked " 2 separate filtgr paper container of predetermined mass. The
filter papers in contact with the soil specimen, see Fig).2( Mass 1S determined to thg nearest Q.OOQl g, desigrifed
The outer filter papers prevent soil contamination of the cente_(lare'COId)' before _the specimen container is removeq from the
filter paper used for analysis of the matric suction. The Outepsula\_ted chest. Itis _sugg_ested t_hat the Mass of the f|_|t_er paper
filter papers should be slightly larger in diameter than thecontainer be determmed |mmed|at_ely prior to deter_mlnlng the
center filter paper. This can be accomplished by cutting thd&t@l mass of the filter paper and filter paper container.
center paper so that the diameter is at least 3 to 4 mm smaller 8.6 Transferring the Filter Papers-Utilizing a pair of
than the outer filter papers. This will help prevent direct soiltWeezers, transfer each filter paper from the specimen container
contact with the center filter paper. into a metal container alternate or plastic bag alternate of

8.4 Equilibrating Suction—Put in place the lid of the Predetermined massT{). This entire process must be com-
specimen container and seal with at least one wrapping diletedin3to 5s. Th_e key t_o_su_ccessful measurements of filter
plastic electrical tape. Then place the sealed container in ap@Per water contentis to minimize water loss during transfer of
insulated chest and place in a location with temperaturdilter paper from the specimen container and during mass
variations less than 3°C. A typical nominal temperature isdetermination prior to oven drying. Observations have been
20°C. The suction of the filter paper and the specimen in th&hade of 5% or more mass loss due to evaporation during a 5
container should be allowed to come to equilibration for al® 10 S exposure of the filter paper to a room with relative
minimum of seven days. humidity, R, of 30 to 50 %.

_ _ _ _ . 8.6.1 Metal Container Alternate-Place lids loosely on

Nore 6—If filter papers are placed with soil specimens while in the o1 container alternates (not ajar). Care must be taken to seal

field, the filter papers should be oven dried overnight then stored in an

airtight container over desiccant to minimize moisture in the filter pe\per.the metal container alternate after each transfer; that is, take the

Moisture in the filter paper prior to testing expands the fibers and alters thilter paper from the specimen container and place the filter
filter paper void space that may lead to a change in the calibration curvpaper into a metal container, then seal the container. Repeat
of the filter paper. Keep the insulated chest while in the field in the shad¢his procedure for the second filter paper using the second
during hot summer days and in a heated area during cold winter daygontainer of predetermined mass if total suction is to be
Place the chest with the sealed containers in a temperature controlled roofxtermined. Seal the containers as quickly as possible to ensure

at about 20°C following return from the field. . . . gy .
Note 7—Equilibration of suction between the soil, filter paper and airthat ambient air does not alter the moisture condition of the soil

in the closed container is the desired result of the equilibration period. [EP€Cimen or filter papers.
must be recognized that the equilibration process is dependent upon the 8.6.2 Plastic Bag Alternate-Quickly transfer a filter paper
initial suction of the soil, initial relative humidity of the air, soil mass and to a plastic bag of predetermined initial mass and seal the bag.

space in the container. The seven day period is sufficient for conc_:li_tionRepeat this procedure for additional filter papers.
normally involved in soil mechanics; however, under many conditions 8.7 Determining Mass of Filter Paper and Filter Paper
equilibration will be completed more quickly. This suction measurement ="' | ining . : - p : p
must avoid condensation so thermostatic control may be necessarzOntainers—immediately determine the mass of each of the

containers with the filter papeid, to the nearest 0.0001 g.
8.8 Equilibrating Temperature

8.5 Predetermining Mass of Filter Paper Containerg\t

. | . .
o Fiiten 8.8.1 Metal Container Alternate-Place the metal contain-
7Y screen 3 STACKED ers with filter paper in an oven at 116 5°C with the lids
FILTER PAPERS . . . .
slightly ajar or unsealed to permit moisture to escape. The
o oL containers should remain in the oven for a minimum of 2 h.

SPEC I MEN SPEC IMEN After the minimum time, seal and leave the containers in the
oven for at least 15 min to allow temperature equilibration.
Remove the metal container with filter paper from the oven and
—— then determine the dry total malgk to 0.0001 g. Immediately
soIL remove and discard the filter paper and redetermine the mass of
SPECIMEN the container that had contained the filter paper or hot mass

to 0.0001 g. Repeat this procedure for additional containers.

A. Total Suction B. Matrix Suction Note 8—If the containers containing filter paper are metal, they should
FIG. 2 Setup for Equilibrating Suction in Large Container be placed on a metal block for approximately 30 s to cool. The metal block
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acts as a heat sink and will reduce the temperature variation during My,
determination of mass. Wr = 100Vf @
8.8.2 Plastic Bag Alternate-Place the filter paper in the
drying oven for a minimum of 2 h, then place in a desiccant jar,,,
over silica jel or standard desiccant to cool for a minimum of J
2 to 3 min. Place in the plastic bag and determine miskss,
Remove the filter paper and determine the final mass of th
plastic bag,T,.
8.8.3 Once the massdd, and T, have been determined, h=mw+b ®)
discard the filter papers. Under no circumstances shall ovenynere:
dried filter papers be re-used in conducting this standard testy; = slope of filter paper calibration curve, lggkPa/%

water content, and

ere:
= filter paper water content, percent.
9.3 Convert the filter paper water contem, to a suction
value by reference to a calibration curve or calculate the
Suction from

9. Calculation

) b = intercept of the filter paper calibration, lggkPa.
9.1 Calculate for each filter paper: 9.3.1 Acalibration curve defined by Eq 5 is unique for each
M= M, — T, (2)  type of filter paper and consists of a line with a relatively steep
M,=M; — M, + T, — T, @3) Slope and a relatively flat slope, Fig. 1. The suction determined
from the calibration curve may be taken as the average of the
where: suctions evaluated from the water contents if two filter papers
M; = mass of dry filter paper, g, were used to determine the soil suction. The test results should
M, = drytotal mass, g, be discarded if the difference in suction between the two filter
T, = mass of the hot container, g, papers exceeds 0.5 log kPa.
M,, = mass of water in the filter paper, g, and
T. = mass of the cold container, g.

10. Report

_ _ 10.1 Table 2 is an example data sheet for evaluating soll
Note 9—The hot container masg, may be consistently less than the suction using filter paper.

cold massT, if metal filter paper containers are used because of the loss - -
of surface adsorbed moisture when heated. Air currents from rising of air 10.2 Report the soil water content corresponding to the total

heated by the hot metal container may also contribute to a smaller hat0ll suction, temperature of measurement and equilibration

container mass. The average difference between hot and cold containéme, method of calibrating filter paper, and bulk density of

mass for 69 measurements is#.6.9 % of the filter paper mass and must Soil.

be considered if measurements of the filter paper mass are to have an error1 0.3 Report the salinity of the pore water if determined to

less than 5 %. No test results are available for plastic bags. permit evaluation of osmotic suction and calculation of matric
9.2 The water content of the filter papey by mass is: suctionhm =h - hs

(o}
from the measured quantitidg,, M,, T, andT,.

TABLE 2 Evaluation of Soil Suction Using Filter Paper

BORING NO.: DATE TESTED:
DATE SAMPLED: TESTED BY:
SAMPLE NO.:

Depth

Moisture Tin No.

Top Filter Paper/ Top Top Top Top Top Top
Bottom Filter Paper (circle) Bottom Bottom Bottom Bottom Bottom Bottom
Cold Tare Mass, g Te
Mass of Wet Filter Paper M,
+ Cold Tare Mass, g
Mass of Dry Filter Paper M,
+ Hot Tare Mass, g
Hot Tare Mass, g Th
Mass of Dry Filter Paper, g (M, — T},) Mg
Mass of Water in Filter Paper, g My

My =M, =T +Ty)

Water Content of Filter Paper, g We
(Mw + Mf
Suction, pF h




A8 D 5208 — 03
“afl

11. Precision and Bias 12. Keywords

11.1 Precision—Data are being evaluated to determine the 12.1 f||ter paper; 50” re|ative hum|d|ty, 50” Suction
precision of this test method. In addition, Subcommittee
D18.04 is seeking pertinent data from users of the test method.

11.2 Bias—There is no accepted reference value for this test
method, therefore, bias cannot be determined.
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