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The Primary Need is to Measure Matric
Suction in Geotechnical Engineering but it is
Difficult to Extend the Range Above 100 kPa
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Influence of the Components of Soil
Suction In Different Ranges of Suction
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MEASUREMENTS OF TOTAL SUCTION

-Based on establishing an equilibrium condition
between the water vapor in the soil and the
environment surrounding the soil specimen.

-PSYCHROMETERS (Range 100 — 8000 kPa)

-Measures relative humidity by observing the rate of
evaporation of a droplet of water.

-FILTER PAPER (Entire Range of Suctions)

-Measures relative humidity through water content
equalization of an absorptive paper.
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Mainly limited to laboratory usage
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Unsaturated Soil Technology




2800

4l
|

L

Auerage dry

’%’

ensity - kg m"> -4

:

0
-
iy

g

bW

M=5

hoo
|

8

0

0
|

1200 |-

_°§

Total suction, i (kPa)

:

A ] '] 1 1 ] 4

22 24 26 28 30

Initial water content, we (%)

0
N
O

Total suction wversus initial water content relationship for
Regina clay (from Krahn and Fredlund, 1972)

Unsaturated Soil Technology




Accuracy, reproducibility and reliability appear to be
quite similar between psychrometers and filter paper
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Comparison of independent measurements of total suction
on a compacted silty sand (from Daniel, Hamilton and
Olson, 1981)
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Non-contact filter
paper: Total suction
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measuring matric and total suction, respectively
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Calibration curve is actually a Water Retention Curve
(i.e., water content versus soil suction) for Filter Paper
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A typical calibration curve showing measured water

contents for suctions applied to the filter paper (from
McClueen and Miller, 1968)
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Measurement of Matric Suction

Ceramic disks referred to as high air entry disks
are used as separators between air and water

Ceramic disks are made of sintered kaolin

Ceramic disks are hydrophyllic in nature and
therefore readily saturate with water

Each ceramic disk has an air entry value below
which air cannot pass

However, air can diffuse through the water in the
ceramic disk and is called diffused air

Synthetic plastic or cow gut can be used as
separators up to 15 atmospheres
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Operating principle of a high air entry disc as described by
Kelvin's capillary model

Unsaturated Soil Technology




SerwiceE CEp

T rirg cap seal

Creprh lewel

FPart, molded smvbo
=idk= wwalbl of
By Ll

Heanwy Clear plasaic
oo r pliEane

WeEemn screee

Eereusmraihomr whiE SR
gEumE

Backwup washer

O orimeg Ssbaerm Sseal

Flas=tic bosdey Dol

Heagky aar entry
e A TN S

. 1 or 2 Bar High air entry
ceramic cup

Conventional tensiometer from Soillmoisture Eguipment
Cornporation

Unsaturated Soil Technology




Release collet

Cup tube
fitting

Cup tube
assembly

Flastic body
/ ' seal

Water vent screw

Service cap - Water vent
| rEl.-EIr'III'lEI nut SCFEW
| I l Water vent

) scraw fitting

r.

"h%q Yent screw %
.ﬂ* (] t"ﬁ:;.h___‘__.._?ﬁ
/_. I'""l‘f YVacuum y '[:I' ring
/ 1_ 9auge retainer

Porous ceramic
cup

a

!‘ 5
Duter nylon tube Tl

L Vent tube

Inner nylon tube #W

Coaxial tubing for ease in
flushing diffused air

Small tip tensiometer with flexible coaxial tubing (from
Soilmoisture Equipment Corporation)

Unsaturated Soil Technology




Quick Draw Tensiometer

Mull knob

>

-
3
Vacuum
gauge
Probe
Cleaning rod
Complete unit

Carrying case

Coring tool -~ /t
J Porous ceramic

SEMsiNg tp

Quick Draw tensiometer with coring tool and carrying case
(from Soilmoisture Equipment Corporation)

Most valuable tensiometer for geotechnical engineering
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Pressure plate apparatus for measuring negative pore-
water pressures using the axis-translation technigue (from
Olson and Langfelder, 1965)
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the measurement of matric suction using a null type
pressure plate apparatus (from Frediund, 1989)
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Matric suction, (us - uw) (kPa)
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Response versus time for matric suction measurements
on Regina clay using the axis-translation technique (from

Widger, 1976)
Variability in contact results in different
response times
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Note the independence of

IS the results on the density
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Direct Measurement of High Soill
Suction

« Guan, Y. and Fredlund, D.G. Fredlund, (1997).
“Direct Measurement of High Soil Suction”, Proc.
3'd Brazilian Symposium on Unsaturated Soils,
Rio de Janeiro, April 21-25, Vol. 2.

« Guan, Y. (1996), “The Measurement of Soll
Suction”, Ph.D. thesis, University of
Saskatchewan, Saskatoon, SK., Canada.

 Ridley, A. (1993), “The Measurement of Soil
Moisture Suction”, Ph.D. thesis, Imperial College,
London, U.K.
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Indirect Measurements of Matric Suction

 Allindirect measurements of matric suction
require a special type of ceramic tip

e The ceramic must have a wide range of pore
sizes

e The sensors will have hysteresis and must be
calibrated against matric suction

Techniques to Measure Matric Suction
1. Thermal conductivity
2. Resistivity
3. Dielectric constant, TDR, Time Domain
Reflectometry
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Cross-section of an AGWA-II Thermal
Conductivity matric suction sensor
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Thermal Conductivity Matric Suction Sensors
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Comparison of a Dry and Wet Soill
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Final Calibration Setup
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Typical Calibration Curve
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Laboratory measurements of matric suction on highly

plastic clay from Darke Hall, Regina, Saskatchewan,
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Matric suction, (u, - u,) (kPa)
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Regina, Canada)
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Voltage difference (mv)

Sensor Response Resulting from
Hysteresis in Ceramic
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Suction Measured Without
Considering Hysteresis
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Suction Measured When
Considering Hysteresis
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Laboratory Soil Suction Measurements
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Influence of Freeze-Thaw Cycles (soll
suction =50 kPa)
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Influence of Soil Temperature (soll
suction = 10 kPa)

| | | |
—eo— Without temperature correction

—=\W/th temperature correction

----------- aaas ‘-‘~--\,--~ "\Wf\h ’|>
284 =S * °

0 25 50 75 100 125 150 175 200 225
Time (hour)

Unsaturated Soil Technology




Site 1 - North of Bethune; Installation
completed September 12, 2000
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Reversed 3D Section Showing Installed
Thermal Conductivity Suction Sensors

East Face

Sensors installed in north
face and east face of the

North Face trench




Grid of Sensor Installations
Torquay Site
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Clean out sensor hole using compressed air




Design variation between Site 1 and Site 2
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Unsaturated Soil Technology




Completed Installation Viewed from the
Shoulder of the Road
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FTC — 100 Suction Sensor
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