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Summary. The dew point method, which determines suction by measuring sample
temperature and dew point temperature of air equilibrated with the sample, provides
a quick and accurate method for measuring suction in the range 1 to 400 MPa (pF 4
to pF 6.6). We present a procedure, using the dew point method, to prepare samples
in the relevant suction range, measure suction and water content, and obtain an
equation describing the soil water characteristic (SWC). Characteristics for four soil
samples ranging in texture from sand to bentonite are presented. All show a linear
relationship when water content is plotted vs. logarithm of suction. The slope of the
characteristic is easily obtained for use in expansive soil identification.
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Introduction

The soil water characteristic (SWC) relates total suction to water content
for a particular soil, and is of fundamental importance to unsaturated soil
mechanics. In spite of its importance, few methods exist for quickly and accu-
rately determining the SWC. Traditionally axis translation methods (pressure
plates) have been used to equilibrate samples at preset matric suctions, and
then the water content of the equilibrated samples is determined by oven dry-
ing. The assumption is made that samples equilibrate in the axis translation
apparatus at the preset pressures. Both models and measurement confirm
that this is a bad assumption at suctions drier than 200 to 300 kPa (Campbell
1988, Gee et al. 2002). Beyond these suctions the hydraulic conductivity of
both the sample and sample-plate contact become so low that even weeks are
not sufficient for equilibrium. Outflow decreases rapidly with time because of
the decreasing hydraulic conductivity giving an appearance of equilibrium,
but in fact the sample stays far from it.

Tensiometers provide another popular method to measure matric suction.
Most are limited to the range 0 to 80 kPa (Lu and Likos 2004), though special
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designs and pretreatments allow some units to reach 1500 kPa. Such units are
not widely available. A tensiometer can be used, along with oven drying, to
determine the wet end of the SWC. A different method is required for the dry
end of the curve.

Vapor pressure methods are ideal for measuring suction of samples drier
than the axis translation or tensiometer range. Suction is determined by equi-
librating a sample with a head space, measuring the head space vapor pressure
and the sample saturation vapor pressure, and then using the Kelvin equation
to compute total suction:
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R(T + 273.16)
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(
p
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)
. (1)

Here R is the gas constant (8.3143 J/mol), T is Celsius temperature, Vw
is the molar volume of water (1.8 × 10−5 m3 mol−1), p is the equilibrium
vapor pressure in the head space and po is the saturation vapor pressure at
sample temperature. The units of ψt are J m−3 or N m−2 or Pa. The head
space vapor pressure can be measured by determining wet bulb depression,
as with the thermocouple psychrometer (Rawlins and Campbell 1986) or the
dew point temperature as with the dew point potentiometer (Gee et al. 1992).

Because the vapor gap between the sample and the sensor is a perfect semi
permeable membrane, vapor pressure methods measure total suction. Axis
translation methods and tensiometers measure matric suction. The difference
between these is the osmotic suction. To determine matric suction from a
vapor pressure measurement one needs to have an independent measurement
of osmotic suction. Methods for making this measurement are discussed else-
where (Rawlins and Campbell 1986, Leong et al. 2003).

The Dew Point Method

The Dew Point Potentiameter (Model WP4, Decagon Devices, Inc., Pullman,
WA 99163 USA) determines total suction by measuring the dew point tem-
perature of the head space above a sample. This is done by cooling a mir-
ror whose reflectance is carefully monitored by an optical sensor. The mirror
temperature is controlled to maintain a constant thickness of dew. The mirror
temperature is measured with a thermocouple. Sample temperature is moni-
tored by infrared thermometry. The vapor pressure of the air is the saturation
vapor pressure at dew point temperature. Saturation vapor pressure is only a
function of temperature:

po(T ) = 0.611 exp
(

17.502T
240.97 + T

)
(2)

Substituting Td in Eq. (2) to get vapor pressure (saturation vapor pressure
at dew point temperature) and Ts to get saturation vapor pressure at sample
temperature, and substituting these into Eq. (1) gives


