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Shear Test Permeability Test
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Triaxial Test Oedometer Test
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Total Suction & Matric Suction

Matric suction=P, — P,

Osmotic suction P., =RT(C,

Relative Humidity
Kelvin’s Equation

vy
h = exp(-—
: exp( =
Total suction

Total Suction

Matric Suction
+

Osmotic Suction
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Direct Suction Measurement Technique

plexiglass
or plastic
bod

oay \

¥ vacuum
gauge
removable
service cap
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Tensiometer

Pressure transducer
] with needle

Oedometer
el

J Porous cup
Digital .
readout Measurement Range:

0 -100 kPa
. Equilibration Time:
Sketch of a tensiometer-pressure Hq
; : . ours
transducer for measuring matric suction.
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Tensiometer for Measuring Soil Water Potential

. . * | .
. o ’ 9 ..

A e 65 ol |, S e S

(l//m = l//gage +(Z gage z cup)

Umsaturated Soils 5



K.N. Toosi University of Technology

(5|o5.‘.,.g> C“"“M’.ﬁ}:‘uﬂl‘““f-‘

bl T a5 s Jam Jds 4y ol ;5 (6318 agenss
230 e ool (Sig 2SIl i M 5l (g 68 frogundls alive Soig xSl piegunls
Oyl a3 ek 4 S ieS Comles b - O 6l @ g peud Jolore 5l oolital [(POT)6 pouls siogausils

Sl le..\.’.’.a )3.45.....4‘3 )| i ng':f o}l.\jl J.\ls u“i" 0dgdno debéﬂ) )3.45.....4‘.7

Dr. hasan Ghssemzadeh 11

Froguanils gloil

Sliios 5 pRalesl sla)ls )5 i sisl oger o yogendls

plal 2 &Sl s &S oIl
Direct Suction Measurement Technique

* Tensiometer 32 1

— Matric suction

1 — Pressure transducer;
¢ Direct measurement 2 — Water reservoir;
3 — Ceramic disc with high air entry value.

Sl el am jo Jobas log - amas 7 aawlingls JSWl oSV e e 5l iy polis jo

Lourencgo et al., 2006
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Suction measurement — Tensiometer

cable

. tensiometer
* Tensiometer i |
soil sample

sampling ring
— Direct contact

halance

Experimental set up for the continuous drying tests
Lourenco et al., in press 2007
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Suction measurement — Tensiometer
* Tensiometer

— Direct contact

Test no. Drying procedure [ w, [%] w[%] AM [g] S max [KP2] At [h]
1 Stages 0.59 | 2435 16.88 293 568.6 148.8
2 0.55 | 24.80 17.76 335 485.5 114.5
3 0.54 | 2525 14.70 4255 995.0 171.9
4 Continuous 0.52 | 24.70 18.37 26.0 376.0 25.1

5 0.56 | 24.76 17.25 30.0 745.2 325

6 0.55 | 24.17 17.23 27.9 584.6 28.44

g, initial void ratio,

w;, initial water content,

w; final water content,

AM,, mass of water evaporated,

Smax Maximum suction of water retention curve,
Dr. hasan cALstesisduration. 15

Suction measurement — Tensiometer
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Indirect Suction Measurement Techniques

Primary Methods

* Thermocouple Psychrometers
 Transistor Psychrometers

« Chilled-Mirror Psychrometer
Secondary Method

* Filter Paper Method

Tertiary Methods
* Thermal Conductivity Sensors
« Electrical Conductivity Sensors

Total Suction Primary Methods
= Total Suction
Matric Suction Secondary Method
Total Suction and Matric Suction

+
Osmotic Suction Tertiary Methods
Matric Suction

Dr. hasan Ghssemzadeh 17
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Thermocouple Psychrometers

(Peltier Type Psychrometer)

+ Seebeck Effect (154 (2 ©la Gl quu G0 L R)
* Peltier Effect (254 (o G0 O e @la 0 )
Relative Humidity

Kelvin’s Equation

RT (| P
W=——"In —
|4 P

o

.
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3 a
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Thermocouple Psychrometers

Calibration
« Salt Solutions
(NacCl)

« Constant Temperature

Osmotic Suction
7 =vRIm¢

Measurement Range:
300 — 7000 kPa
Equilibration Time:
One Hour

Dr. hasan Ghssemzadeh
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Thermocouple Psychrometers

p— Osmotic Suction of NaCl Solutions at 25°C
Molality Osmotic Osmotic Molality Osmotic Osmotic
(m) Coefficient | Suction (m) Coefficient | Suction
(%) (kPa) @ (kPa)
0.000 1.00000 0.00 0.300 002123 1370.19
0.002 0.98402 9.76 0.500 0.02224 2286.15
0.005 0.97604 24.20 0.700 0.92691 3216.82
0.010 0.96804 47.00 0.900 0.93350 4165.31
0.020 0.95832 95.02 1.200 0.94567 5626.15
0.050 0.94357 23300 1.600 0.96487 7653.84
0.100 0.93250 46232 2.200 0.00818 1088735
0.200 0.92387 016.08 2.600 1.02263 1318203

Dr. hasan Ghssemzadeh
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Dataloggers:

HR-33T
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Thermocouple Psychrometers

Thermocouple Psychrometers
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Thermocouple Psychrometers

|
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Meter
\
Sealed > RT P
pﬁychln;ometer Thermocouple w=——In —
cham er\ junction V PO
Droplet of
solution I (Sl J5 285 : P
of known || @.314J mol I K™ bjl5 s> <ol :R
v A K4 (sl) o)l azpo: T
Ry -5.,..3 -1 o] .
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Thermocouple Psychrometers
Peltier L
Wet-loop ;5 aal>
1 Insulated
Cable
i i
‘z? | Constantan
Chromel ' —{— Constantan u%_“" joncon "
5 Welded
LJunction
200 Mesh ___ Stainless steel
Quter Liner | 400 Mesh screen cap Sensing/wet
== Inner Liner
Stainless Steel
Screen Cap
(Bulut & Leong, 2009) (Anon 2011)
Dr. hasan Ghssemzadeh
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Thermocouple Psychrometers

Gile] ol

Bgos alaase Soleds S

Nylon cap screw —

Retainer pins \5}57
A

/ Thermocouple %/% F' ;;”.
|\\\\\\ }\\\\\\\ \
/

*O" ring -
B Sample holder

Heat sink -

IS 58 (g S o5l
~ Lead wires olf_.;;;il,‘,)'] N
Retainer pin

Nylon slide

(AndraskiScanlon)
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P y o
ﬁjl.:.a 6)M| u‘&a lJ (KCl) wljlswl.u 9 (NaCl) QJ‘)IS‘QJM 6L®J9l;u )‘ oolaiul
Temperature
Molality 0°C 5°C 10°C 15°C 20°C 25°C 30°C 35°C 40°C
Mpa

005 -0214 -0218 -0222 —0226 -0230 -0234 -0238 -0242 -0245
0.1 -0423 -0431 -0439 —0462 -0470 0477 0485
02 -0836 -0852 -0868 -0915 -0930 -0946 -0961

.3 -1.272 -1.297 -1.368 -1.391 -1415 -1437

. -1.693 -1.727 -1.823 -1.855 -1.886 -1.917

.5 =2.115 -2281 =2322 -2362 -2.402

X =2.539 X L =2.744 -2794 -2843 -2.891 N Cl ‘

X -2.967 —3 030 -3.091 =3.151 -3210 -3270 -3328 -3.385 a 9 > . - S o

. -3.398 -3472 -3543 -3612 -3.682 -3751 -3818 -3885 LJ 6)

. 3832 3917 -3998 4079 -4.158 4237 4314 439 - P

k —4270 4366 -4459 4550 -4640 -4729 -4815 —4.901 Syl a0 g cdale s »
L1 —4599 4713 4820 -4924 -5026 -5127 -5226 -5322 -5418

12 -5032 -5.160 -5278 -5394 -5507 -5620 -5730 -5835 -50941

1.3 -5470 -5.611 -5742 -5869 -5994 -6.119 -6239 -6354 -6471

14 -5912 6068 —6210 -6350 -6487 -6623 -6754 -6880 -T7.006

1.5 -6359 -6.529 -6.684 -6837 -698 -7.134 -7276 -7411 -7.548

1.6 =-6811 =699 =7.163 =7330 -7.491 -7.652 -7.805 -=7950 -8.097

1.7 -7260 -7460 -7.640 -7.820 -8.000 -8.170 -8.330 -8.490 -8.650

1.8 -7730 -7940 -8130 -8330 -8520 -8700 -8.880 -9.040 -9210

19 -8.190 -8430 8630 8840 -0.040 9240 9430 -9.600 -9.780
20 -8670 -8920 -9130 -9360 -9.570 -9.780 -9.980 -10.16 -10.35
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Thermocouple Psychrometers
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Thermocouple Psychrometers
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Transistor Psychrometer

Working principle is very similar to ol
the Peltier psychrometer we |

i _-E El_ ?rr:nnsr:r
Differences: waer A

Soil

* Manually applied water drop

Sampla Contzines

* Transistors

Dr. hasan Ghssemzadeh 29
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Psychrometer

— Total suction

Sample Container

Psychrometer probe (Bulut & Leong, 2005)

Dr. hasan Ghssemzadeh 30
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Transistor Psychrometer

12-Probe Unit 8-Probe Unit

Datalogger

Measurement Range:
100 — 10000 kPa
Equilibration Time:
One Hour

Dr. hasan Ghssemzadeh 31
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Chilled-Mirror Psychrometer
Working Principle:

Chilled Mirror Measurement Range 500 — 450000 kPa
Dew Point Technique Equilibration Time : 10 minutes
photoel ctric cel Elec!mnic
CSosed SE'I'IEDF Fan Display
Chamber - I:-r.'l""'--
Infrared | | Mi“":'"
5enrsn:|r
lul:;'lel:*jpnint m&,“ sliding Tray E
PotentiaMeter |
= |

s WPA ladlSons
Sl 3058 g0le gile S Sy g oo jgmatin cpinds (Galabi jgunt (058 iyl (9,0 Aigad (65,13 (sl Abaims S
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Chilled-Mirror Psychrometer

Decagon Devices
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Chilled-Mirror Psychrometer
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Measurement Range:
500 — 30000 kPa
Equilibration Time:
10 Minutes

Ll o oS s S, oIl
Chilled-Mirror Psychrometer

Characteristic Curve

45 33 1
B 33 I —
e p—
4 — £ 3 —
33 o + Theoretical (NaC1)| | R +‘I"h;:r;m(a}ljmaC'l> H
F = WP4 (NaCl) £ 27 . Na
i ,{/ + Theoretical (KCT) | | 25 - Theoretical (RCI) | |
; '/i WP4 (KCD 7 45 I WP4 (K"CI]
2 ° 1
2390 | | 2121 =
' i | | & 1o v/ : [WP4 Charactenstic Curve anlNaa
‘WE:I Characteristic Curve: Using NaCl| 17 ‘-‘- JKCI Salt Soluti t“n&. = ':
and KC1 Salt Solutions at 25°C T [ = e
15 T T T T 134 T T T
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Salt Solution Molality, r Salt Solution Melality, m

Chilled-Mirror Psychrometer
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Integrated photonics DPS based on
photonics resonator cavity

b

Light input.

Resonator
LED light
source

Controller —»
Top

PRT

| Mirror — ——

Peltier Cooler

(a) Conventional " chilled-mirror " dew point hygrometer.
(b) Integrated photonics DPS based on a photonics resonator cavity. The resonator
acts as a " chilled-mirror " and a thermometer simultaneously

An ultrahigh-accuracy Miniature Dew Point Sensor based on an Integrated Photonics
Platform (2016)

Dr. hasan Ghssemzadeh 37

Water molecule

Filter Paper Method
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Filter Paper Method

S O (09,80 A Dl gy b
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Filter Paper Method
Non-Contact Method — Total Suction

plal e &S s (5,8 ol

Contact Method — Matric Suction

Moisture (suction) equilibrium
between filter papers and soil
» Constant Temperature
* In Closed Container

Lid
Filter Tape
Paper(s 'ﬁ | Sharp Edge
Ring Support
Protective
- Filter
| — | Papers
Midlle .
Soil
Filter °
Papers

(W san Ghssemzadeh

Glass Jar Container

41

O s pd S 6 520

DS s S AN YV B i cdale UNACT gls J s 5l oslizal .1
‘e s LSLA
oslital 1o il L LiS (gla amis 31 PF Y/0 S S B ki sl 2

Air supply

Pressure Plate

/

Soil
—

Embedded
filter —_—

F

papers

_/

_

/

Water compartment

[

Water

T |« oula

iher

Suction in pF = Log kPa +1

Water
cup
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Filter Paper Method
. . T
Calibration Curves
B
¥ (log kPa) = 5.327 - 0.0779w,
5 ¥ (log kPa) = 5.056 - 0.0688w,,
§
R
&
2
a 3
a ¥ (log kPa) = 2.412 - 0.0136w,,
'E 2
——Whatman #42 ¥ (log kPa) = 1.B82 - 0.0102w,,
----- Schieicher and Schuell #588
° X : .
. . L] 10 20 30 40 50 60 70 B0 20
Suction in pF = Log kPa +1 Filter Paper Water Content (%)
Filter log kPa pF
paper (log,, (| suction in (log,, (| suction s b dS das e A pF:7 53 e Slds oy PR |
kPal) in em of water| ) . o - . - )
f:""ci*; |H =5.4246—8.247w|H = 6.3662— 8.24 14w Ll e sl Sl s V) sl s 3 s e Sl
Schuell . .
No. sg9. R =0.9969 R® = 0.9899
WH (1-5 = |'H <4.1 5} (h > 2.5pF) san Ghssemzadeh 43
~
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Filter Paper Method
] T
Calibration Curves . ‘ o
Non-Contact Method — Salt Solutions AN -+~ MeQueen and ik (1658) |
(also called Total Suction Curve) w N _FE“’T”“ S Cp i
Contact Method — Pressure Plate Type : . \\ |
Devices i, S '
. . S
(also called Matric Suction Curve) ) T
1 .
o
0.00 0.20 0.40 0.60 0.80 1.00
Filtar Paper Water Content, w
Houston et al. 1994 .
L] " - ‘ "w
. et 4 | .
T T T T 1 Y o o —,
: ] g " \\ | "‘%
— - ) At PSRN IR R % |
B - y ; I
Total Suction Dr. hasan Ghssemzadeh Matric Suction a4
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Filter Paper Method

=T Recent Calibration Curves for Schleicher & Schuell No. 589-WH

1B+ +  Mamx suction test dam 18408 o - iﬂdi”'“.c“bc”ie "
- + Ammonium Chior
1E+5 o+~ Equations 4a —_— Calcium Chloride
\\ = Towlsucontest daf = 5 - Sodium Sufste
Eqacoms 45 I‘ﬁ . « Distlled Water
E 1 \_‘.\ '-"L:_L 0% [y - + Sensitwiy-Not real data|
HC 2, , . Witing Curue 5&._‘\
g - T Magx uction L
? 1B A e Rr=poom .
= " (50 = h = 43500) =
Toalscstn W, ¥ ' = ﬂ:\
1E<1 ' o B 1.E+01 {555 No. 528-WH Fiker Papers -
Y Equiloration Termperatune: 25°C|
\ Equilicration Pesiod: 2 Weeks i
IE+) 1E+00 =
b 40 &l &0 100 005 0.1 015 02 025 03 035 04 045 05 055 0@
Filber paper waner content (%) Filter paper watsr content, w
T -
Leong et al. 2002 Bulut & Wray 2005
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Filter Paper Method
Soil Total and Matric Suction Measurements

Filter Paper(s) for
Non-Contact Method

-

. ) :
T Sha||:- Edge
- 5_____/ Ring Support
Soil Sample
- —— ______,-/
Filter Paper(s) in s Soil Specimans
Between Two —Brought Together for
Protective Papers .~ Contact Method
e - o~
r—_—
Soil Sample
— -
Measurement Range:
50 — 30000 kPa
Equilibration Time:
5to 14 days Dr. hasan Ghssemzadeh 46
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Filter Paper Method
* Filter paper:

— Matric suction
— Total suction

* Bulut Filter Paper
Suction
Measurement
Demonstration
(2003)

55 mm

20 mm

20 mm

1 — non contact filter paper (total suction);
2 —ring to prevent contact;

3 — soil sample;

4 — contact filter paper (matric suction).

Dr. hasan Ghssemzadeh 47
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Filter Paper Method

* Filter paper calibration curves:

bt I ‘l v Toml suction st
e} \_ ——Egmd

For Whatman No. 42 filter paper,
Matric suction: log ¥ = 2909 — 0.0220w,  w, =47

logW = 4945 — 00673w,  w, <47

o Total suction:  log ¥ = 8.778 — 0.222w; w, =26
IB#2 |- vo¥ | .
wmﬁ el log ¥ =531 — 0087w,  w, <26
1E¢1 fooe o] et e e ]
|
1E+0 .
(1] 20 40 60 80 100
Fiter paper water content (%)
{a) Whatman No. 42 filier paper
Leong et al., 2002
Dr. hasan Ghssemzadeh 48
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Suction measurement — Filter paper

Matric suction values

Water content of
sample %

8.99 9.34 12.23 12.33 | 13.81

14.09 | 14.48 | 14.50 | 14.55 | 14.83 | 21.17 | 21.56

Water Content of
Filter Paper %

23.38 | 26.27 25.75 | 24.26 | 32.34

40.71 | 34.58 | 37.72 | 39.31 | 40.98 | 74.86 | 87.57

Matric suction
kPa

2353.92(1502.44|1629.17 | 2053.83 | 586.61

160.48|414.58 | 254.91|199.36 [ 153.91 | 15.66 | 8.01

Total suction values

Water content of
sample %

8.99 9.34 | 12.23 | 12.33 | 13.81

14.09 | 14.48 | 14.50 | 14.55 (14.83|21.17(21.56

Water Content of
Filter Paper %

21.43 | 23.42 | 24.41 | 24.07 | 28.25

37.17 | 32.29 | 33.73 | 35.35 (45.13|85.73(91.43

Total suction kPa [3179.99|2337.30|2006.48|2113,40|1105.93

nksemzade

277.72|591.38|473.16|368.24(80.84 | 8.82 | 6,54

plal 2 &S s (5,8 ol
Suction measurement — Filter paper

25%
¢ Total suction values
=) = Matric suction values
20%
9
= 15% -
§ 15% WEF“% s g R
5 5] PEERS
o
2 10%
2 o -] °
5%
% +——+———F————+— —t
0 500 1000 1500 2000 2500 3000 3500
Suction (kPa)
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Thermal Conductivity Sensor

Heater Embedded s v
lead wires
Porous Block s .
. . - . Spaghetti and b
Moisture (suction) equilibrium | <hrinkage tube
between porous block and soil 1

Calibration

Temperature change is Diode
related to the thermal Copper wirs
conductivity of the porous

medium and the moisture Porous block |
content
¢ Pres_sure Plates ’ In(-uw)=1.6081ATA-0.4316
* Tensiometers R'=00045

@
L

Yy ° Two drying processes
¥

Measurement Range:

+ Towo wetting processes

InG-uw) (kPa)

A

1-1500 kPa N )
Equilibration Time: ) 7 la(om=2 63020 Ta 52641
hours to days ) F R
3 4 5 5
H ATa (")
There are bOth Iaboratory and fleld asan Ghssemzadeh Zhang et al. 2001 51

applications of thermal conducti?fi’?y sensors

Thermal Conductivity Sensor

Slisn Css a5 g8 3l 5 408 08l b )L culaa
WST5 K o opeme SISy sl 4 ] ) calan oy A%

NG LI RS KV PG b

aop g oz ol Glie 4 ) culis glale Sl e
Sl 185 130 o S gaicnl aly gLl ax> 0 b Cughs,

Dr. hasan Ghsse%éadglw
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Thermal Conductivity Sensor

Cable
Insulation

E
S

IS o (553l ) e e riias f j5b 4 by, cnl 0 ¥

4 Lead Wires

Epoxy Backing

Sl K Jols oSaus oyl
s o o ol oS
Sl gl Gbu s
)W)AA}?}nyTMAgsaa)‘l?l

.A.»ﬁdawgaf\soj)agTb'

__ Plastic Jacket )
2o dRme oSS s OT e
T T S T PP TS S
Temperature- <
Sensfi)ng —Heater S osb 4 LS s el LSS
Integrated esistor Sy J1s 55 Sl N i
Circuit 35 6, ejlully
geramic S OT Gl sl daly
OTO_US 3,ls s LZ] A T [EESH
hasanGh!&!ﬁgégi1 ? i mgﬂ}
Thermal Conductivity Sensor
urette ol JAST LSl G bl ol s S5 oslul e

--— volume

b

to monitor

of

water outflow

Extension steel ring

s Gl 6,8 oIl 5 Jadie S S e 4 o)

.l

Thermal
conductivity

Cennecting
cable

sensor

Lucite
ring

i

Soll mix

[l

J\Tl
|

= line

-
Flushing

Modified

PressSupe hasan Ghssemzadeh
plate

.;,.zuﬁct,,;t@u;qu—w;eg;tdﬂwow);a)f

Connected to
hand-held meter or

N data acquisition system
Air
Al o Pressure
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Thermal Conductivity Sensor

Jobiie S5k G b 51 e LS STl 3 s pe OT e B L
BE :MS;&J:Q)\f@);ﬂ\}éhﬁ&ho&;}kébf Sl dal g el
S}LJAUTJ‘@LJ}KM@‘JJMQS}L))Q)‘Fb)}d@“}s“w
53 (8l 28 Ol gr ool k3 il 1 (6,8 03I L o & Ol st
T awsa |y ¢Sl

oy 3l 4 Jeddze ¢S Jotls ST LSl Jotls T b %

CCl 335V b el ) Jal @ Oy Ol

RGO I (ORI 1. T BV P 2§ R E =%

>;°f‘,‘,j‘54‘\"J‘§J"‘"js5“"‘:‘45‘)‘)"}*"}_}}“‘*“"C}"—I“"‘}:‘.L")ﬂ”‘“‘:“b ’:‘
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Thermal Conductivity Sensor

233 4 Olg o aS Wles S wIIA (gl SVslee (g5L 5 ol 319
35 o laf

Zhang et al. 2012 -

McCartney et al. 2013 -

Murphy et al. 2014 -
Lles 8, &S Glasl j3 b 0,3 g9y 33 ol 7

Ning Lu andYi Dong L. s luas & olaels, 51 S
S gy Sby ol wsls p A (gl SYslas @11 4 ol plo]
ol plail o 03,5 odalin Iy gyl Culda (69, Cusbys

5
Dr. hasan GhsserzT?zé)dg#
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Thermal Conductivity Sensor

Ay s,

Slawle &5

) I

—— Thermal conductivity
i -—-Matric suction

3 — Thermal conductivity
i -—-Matric suction

Thermal conductivity, A [W/mK]
Matric suction, y [kPa]
Thermal conductivity, A [W/mK]

Dr. hasan Gh%?cﬁﬂz‘asdch

Matric suction, w [kPa]

Thermal Conductivity Sensor

J)}T@JM\)CL&\b)))w»UTL;\J:NQ\}SGAJ'{)J}AJ})\ADW‘L’:‘

A— )\dr}' - [l N (i)m}l;’m—l
Asat = Adry 0

)‘_)‘dry - \‘l*(k_q)mJljm—l
AsaL - )"dry Sf
358 i 5 ile JLail o i Ol e aM 2l

J}Jduiﬁv\ﬁuo)‘v\a‘dlymn J:.H‘)li
00,

1 ]]—],"’:‘r _ _
= - B Ll OT (gl gomer O
0: =0 []+(m) gLst T (sl st O

Ul:éfla’-J;’-l:gT)LiéL.w_,gmﬁdm_l):a
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Thermal Conductivity Sensor

Yo Yslae I Jolo gl

< Soil #23
& Soil #24
© Soil #25

Thermal conductivity, [w/mK]

0.0 + T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6
u Water content, 8 [m¥m?]
il
Z“ =y . i Clw g J,& S - 93
2 /
g‘,. F gt
E Tightty Pusiued
Laowe Packed
w
o o or [ 311 02 L] 0l s o4
'chrmetric Water Cartent

Dr. hasaRBbstBnzadeh

Electrical Conductivity Sensor

/ ’.-' Polystyrene tube

A Porous Block and Two S 1
Concentric Electrodes i [ -
Embedded inside the Block Brass foil M

The Porous Block serves the same a N
purpose as the porous block in the ct Conperwire
thermal conductivity sensor [

Electrical conductivity is related to
the moisture in the porous medium

e 1 I—
100 —E(Cn:m’s.:mxl calibration curve) |
o \ s Ecs
Measurement Range: L
50 — 1500 kPa F \
Equilibration Time: M
6 to 50 hours * = —
'] — N L}
) Dr basan ?wsscmzaﬁh o 200 400 :ESEJ(?‘S:;L]:;C?D 1100 1400 ]60060
CalibrationFrom He 1999
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Electrical Conductivity Sensor

&QQ:)}T@:QG\J{}H})W o3lazul

_[B-avV -a)]*
W‘[ c—av ]

gLl Ll 2 55 (s 5 SH bl ia
&b%‘ﬁ))@}ﬁjlﬂjbwmc
Sl O gl 87 meie Cabas abois b bz b

Electrical Resistance Blocks & Meters
Dr. hasan Ghsseg‘r;%@?@

Electrical Conductivity Sensor

25 = . -
S20 — CdS L Ly 5 W, s
I E— /._/"*"x— — . L
E 1 -\.fo.ﬁ RS QLA)

5

0.00147 + 0561
Aae = o593 &V
1] 25 50 75 100 125 150 175 200 225
| a=38520 —_—
b=23182" . .. .
e b A o S5 o

Vaoltage difference (mv)
85885888z 88
|
|

1 10 100 1000 10000 100000 {0RGDGC° NSO A2

Matric suction (kPg)
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Field Instrumentalization

N 90m
18.0m 18.0m 18.0m

4.5

X X X
3.04

X X X
3.5§

X X X
3.51

29.0m O © ¢ 9 A ©
R —

3.5Mm 2.0m

X X x
3.54 i

X X X
3.0m

X X X
4.5

A B c D
Acoustic wave
Key © Extensometer A quide Scale 1om = 4m

Borehole probe
locators (Durh&tnj'2san Gxéseningliiometer

Om 4m 8m 16m  20m  24m

63

Field Instrumentalization

* Field equipment

— 2 borehole probe locators

with 5 probes each

J'

t
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Field Instrumentalization

* Field equipment

— 2 borehole probe locators
with 5 probes each

[N
J ‘ 0.5m
im
1.5 m
L1
2m
]
3m Dr. hasan Ghssemz, et
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Field Instrumentalization

* Field equipment

— 10 tensiometers
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Field Instrumentalization

* Field equipment

— 10 plugs

plal 2 &S s (5,8 ol
Field Instrumentalization

* Field equipment
— Logger;
— Computer;
— Power source;
— 100 meters cable;

Saturation vessel.

68
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Suction
Component
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Summary

Laboratory
Field

Paper
Method

Isopiestic

Total Thermocouple Laboratory

suction Psychrometer & Field
Transistor Laboratory
Psychrometer & Field
Chilled-Mirror Laboratory
Psychrometer

Non contact Filter | gboratory

& Field

Laboratory

humidity control

Suction Equilibrati

Range (kPa) | on
Time

100 - 8000 1 hour

100-10000 1 hour

500 —450000 10

Source/
Manufacturer

Spanner 1951

Wescor: www.wescor.com
Campbell Scientific:
www.campbellsci.com

Gee et al. 1992

Wiederhold 1997

minutes Decagon Devices:
www.decagon.com
1000 — S5to 14 Decagon Devices:
www.decagon.com
500000 days
4000 — Hours to Young 1967
400000 days

Dr. hasan Ghssemzadeh
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Suction
Compo
nent

Matric  Thermal
Suction Conductivity
Sensor

Electrical
Conductivity
Sensor

Contact filter
Paper method

Tensiometers

Axis
translation
techniques

Laboratory Suction

plal 2 &S s (5,8 ol

Equilibration

Field Range (kPa) | Time

Laboratory 1-1500 hours to

& Field days
Laboratory 50 - 1500 6 to 50 hours
& Field

Laboratory Entire range 5 to 14 days
& Field

Laboratory 0-100

& Field
Laboratory

0-1500

hours

hours to
days

Dr. hasan Ghssemzadeh

Source/
Manufacturer

Campbell Scientific:
www.campbellsci.com
GCTS: www.gcts.com

Soil Moisture Equipment:
www.soilmoisture.com

Houston et al 1994
Decagon Devices:
www.decagon.com

Cassel &Klute 1986
Stannard 1992

Hilf 1956
Fredlund and Wong 1989

70
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Reliable Measurements with
* Thermocouple Psychrometers

* Transistor Psychrometers

« Chilled Mirror Psychrometer

* Non-Contact Filter Paper Method

Depend on
* A Good Laboratory Testing Protocol
» Constant Temperature Environment

Reliable Measurements with
» Contact Filter Paper Method

* Thermal Conductivity Sensors

« Electrical Conductivity Sensors

Depend on
* A Good Laboratory Testing Protocol
* Intimate Contact Between the Measuring Sensor and Soil

Dr. hasan Ghssemzadeh 71

Soil Water Measurement

* Tensiometers

— Measure soil water potential (tension)

— Practical operating range is about 0 to 0.75 bar of
tension (this can be a limitation on medium- and
fine-textured soils)

* Electrical resistance blocks

— Measure soil water potential (tension)

— Tend to work better at higher tensions (lower
water contents)

* Thermal dissipation blocks
— Measure soil water potential (tension)
— Require individual calibration

Dr. hasan Ghssemzadeh 72
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Soil Water Measurement

Gravimetric
Measures mass water content (6,,)
Take field samples — weigh — oven dry — weigh
Advantages: accurate; Multiple locations
Disadvantages: labor; Time delay

Feel and appearance
Take field samples and feel them by hand
Advantages: low cost; Multiple locations
Disadvantages: experience required; Not highly accurate

Dr. hasan Ghssemzadeh

Soil Water Measurement

* Neutron scattering (attenuation)
— Measures volumetric water content (0,)
— Attenuation of high-energy neutrons by hydrogen nucleus
— Advantages:

* samples a relatively large soil sphere
* repeatedly sample same site and several depths

* accurate
— Disadvantages:
* high cost instrument
* radioactive licensing and safety
* not reliable for shallow measurements near the soil surface
* Dielectric constant
— A soil’s dielectric constant is dependent on soil moisture
— Time domain reflectometry (TDR)
— Frequency domain reflectometry (FDR)
— Primarily used for research purposes at this time

Dr. hasan Ghssemzadeh 74
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Soil Water Measurement
Neutron Attenuation

Sphere of
Influence

T

75

e sMAX N ¢ s o Gla ol ¢ oo Casby 5 b3 655 310 109k s SlaS” (gla i S b

Ay e Ol
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