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Development of a Digital Soil Tensiometer using Porous Ceramic Cups
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Abstract

This study was conducted to develop a 100 kPa soil tensiometer mainly consisted of a porous ceramic cup, water-holding
tube, and a digital vacuum gauge, through theoretical design analysis and experimental performance evaluation. Major

findings were as follows.

1. Theoretical analysis showed that air entry value of a porous media decreased as the maximum effective size of the
pore increased, and the maximum diameter of the pores was 2.9 tn for measuring up a 100 kPa of soil-water tension.
2. Property analysis of tensiometer porous cups supplied in Korean domestic market indicated that main components were

SiO; and ALO; with a porosity range of 33.8~49.3%.

3. The porous cup selected through sample fabrication and air-permeability tests showed weight ratios of 87% and 11%
for AL,Os and SiO,. The analysis of SEM (scanning electron microscope) images showed that the sample was sintered
at temperatures of about 1150°C, which consisted of pores with sizes of up to 25% of those for commercial porous

cups.

4. The prototype soil tensiometer was fabricated using the developed porous cup and a digital vacuum gauge that could
measure water tension with a pressure of 85 kPa in air tests.

5. In-soil tests of the prototype conducted during a period of 25-day drying showed that soil-water tension values
measured with the prototype and commercial units were not significantly different, and soil-water characteristic curves
could be established for different soils, confirming accuracy and stability of the prototype.

Keywords : Soil sensor, Soil water tension, Tensiometer, Porous cup
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Fig. 4 View of the sensors installed in the soil container (left) and data logging screen (right).
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Table 1 Effective pore diameter vs. air-entry value for commercial porous ceramic (from Lu and Likos, 2004)

Air-entry value (kPa) Approx. pore diameter (fm) Type of porous ceramic
48-62 6.00 172 bar high flow
138-207 1.70 1 bar
131-193 2.50 1 bar high flow
262-310 1.10 2 bar

451



o2 Al P2 0I8% TIXY EUSE He Y

. OFY X S AT A

F2& 100 kPa7kA] £4817] §jg e fra
HA 35 A7 2.9 mE VEAT7)7] fl8te] 4 Fuljel|A]
Bo] FEEHI = 3718 713D, SM, DK)& ool t)
g BN A= 2 29 2ok 27149 2 intru-
siontHol] et 7)F-&2 33.8-49.3% W0l CH, Tale
tiE Abet e FalE
(ALO3) © ’&i}ﬁ‘_x_(SiOz)ﬂ %ﬁ Aol om AbslekE
"5 63.5~92.1% B ANt T3 Ax@u)AH Jts
A T AR 2 28 texture) ] ARV F
ete] 1000C Ui]2] 2ZolA AFEHJE Flojlehs 2%
71499 g Ak

Table 2 Main components and porosity of the three commercial
sample and prototype porous cups

Sample Component (%) Porosity (%)
Si0;  (60.1%)
SD ALOs (3.56%) 33.8%
MgO (27.6%)
Si0, (6.76%)
M 30
S ALO (92.1%) 49.3%
Si0, (33.0%)
DK 7%
ALO; (63.5%) 40.7%
SiO;  (11.0%)
Prot .89
rototype ALOs (87.0%) 43.8%
AR ulEs olitshtAad 2N, T RE 58

=]
| o o i

SA7IEA AES ARst 57148 Ads AAs E
Oﬂ%“ﬂw 287 sk thdds AZE ¢ Atk 1" 6
M AET 2 AeA A el digk 5714 Al
wom SM A& sﬂ A5 A3 77 6ol Yo7 ¥
At ule}l 7o) thF-E- 250 kPa ©|3te] oA F7|Hke

WD 8.0nmm

0KV X5000  1um

o] AN, AIREL: BF 700 kPaZHA S 71
£ wjEo] TaEA gtk el g AjgEA| o] £
Hog sl o o]} 4ES T Ak, o] Ax
04?011/‘1 g tgRe] 48 Rt §7

FHE B
T AT
%71*3 Al?}ﬂ—% %ﬂ@l Aol thate] 2317)&doll FAR
Ay g &, 248 4 7138 24 JFEith
I8 7904 B vlel Zo 7]E A4 AlERL SM AEe] B

3lo] AlZHES) g Rkl 32 A7) dAE) B2 &
Q1319111 o]= DK 2 SD AZ3 nwatde AolE SA
3 ARE At A Hrhs ofeiglont §uew £
u 100 kPa-§ AEAIEL Hoh 35 F7o] 2.9 me} 2 2}
0|2 HolA| ggron) AR FIo] AEAEY T

o 9 S & 5 ASltE 1¥ sERE Jad o A%
29| air-entry values 3= A7 0.73 moll Ish= 400
kPaii EE@P 100 kPa FEHHI)E= 48] 2T &

Prototype

Fig. 6 View of the air permeability test for SM sample (left) and
prototype (right) cups.

Fig. 7 Scanning electron microscope (SEM) image of SM sample (left) and prototype (right) porous cups.
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Fig. 8 Results of in-air tests for SD and prototype tensiometers.
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