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Total Suction

Matrix suction
Osmotic suction
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Condutividade elétrica
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Fio isolado com PVC

<— Tubo isolante contractil

%+ —— Resina Epoxy

—— Plug de teflon

~ a .
Juncéo de referéncia
(cobre-constantan)
[BULBO SECOQ]

Cobre (+)
Cabre (-)

constantan L
[liga de Nickel (45%) Chromel (0.025mm)
e cobre (55%)] [liga de cromo e niquel]

Juncéo fundida
(Jungéo de medigéo)
[BULBO UMIDQ]

Malha n.400 (interior) — 1

/
Malha n.200 (exterior)

Disco de teflon

Cépsula / L Malha de ago inox

protetora
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~ Pressaoparcial de vapor
Pressaode vapor de saturacao

RH

Pressao de \/apor:

P — 6.11*10[(2377"5;”)}



Relative Humidity Table (in percent)

Dry Bulb Dry Bulb Minus Wet Bulb (degrees celsius)
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Succao (kPa)
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Fluxo de vapor
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Curvas de Calibracao do Whatman 42
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Interpretacao de dados para calibracao do papel filtro
Efeito osmoético no processo de calibracao
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Tempo de Equilibrio
(Papel Filtro)
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Efeito do tempo nas Calibracoes
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Curva de Calibracao usando método de vapor
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Filter Paper Water Content (%)
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Curva de retencao obtida por diferentes metodos
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Legend for filter paper measurements
# Suction and Pressure plate
& Chandler et al (1992)
#  New cahhration

100 1000 100000
suction (kPa)
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Comparacao entre calibracoes de diferentes lotes
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Dados experimentais de calibracoes de diferentes lotes

100000

1
Whatman 42
#  hstch 920071
# hatch 46307
A batch AS77070
2 hatch B339551
% batch 1442080
= Chandler et al (1392
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Soil Water Content (%)
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Undisturbed London clay
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Filter paper - soil contact

A Good contact

10% without any contact
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Filme plastico

Papel filtro e
amostra
Indeformada



Espacador
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Sistema de
medigéo de
pressao




Lucien Vidie

Inventor do mandmetro
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Tensiometros

Vantagens
Medicao direta

Permite fazer leituras continuas quando associado a
tranduitortes de pressao

Permite leituras com alta frequéncia
Em principio nao é afetado pela salinidade do solo (Cuidado!!!

Baixo custo

pesvantagens

O uso no campo esta limitado a succoes de até 100kPa

Em laboratério pode ir até 1MPa.

Necessita bom contato entre a agua do tensiometro e a aguajdomn
solo =

Se o solo varia de volume o contato pode ser perdido \\ ,
Necessita manutencao permanente devido a difusao de ar pé’i‘a" /// ”\Y\:?«\
dentrro do tensiometro // g P



AGUA
AGUA
AGUA

Manual or Automatic Reading

Manual Reading Manual Reading




Porous Stone
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Basic Concepts: Cavitation

Galileo-Galilei
| |

The first observation that
water cannot rise indefinitely
has been attributed to Galileo
Galilei.

He found that 10m was the
limit to which the water could
rise in a suction pump.

This limit is determined by the
pheomena of cavitation




Basic Concepts: Cavitation

http://canopy.evergreen.edu/workshop02/bvp.asp
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Basic Concepts: Cavitation

Air bubbles arising in a glass tube. (Harvey et al., 1944)



Basic Concepts: Cavitation

A Cavitation Mechanism (Harvey et al, 1944)

Atmospheric
pressure

Water tension
maghnitude

that tensiometers
are limited to
- latm?




The Tensiometer: Design
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The Tensiometer: Conventional Design

Water reservoir Pressure tranducer

Maintenance
system

: H Water reservoir
Porous ceramic

’
€S

Porous ceramic




The Tensiometer: Conventional Design

Pressure tranducer

Needle

*Q’ System been conected



The Tensiometer: Conventional Design

Bubble formation in ordinary
tensiometer

28 9 2001



The Tensiometer: Design
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The Tensiometer: High Capacity Design

15 bar ceramic Scale of mm
0 5 10

Entran Lt ' | : : '
electronic|pressure transducer
Stainless steel sheath

|
L

I,

Thread l connection
O ring seal

Electrical

Water reservoir

Ridley & Burland (1993)




The Tensiometer: ngh Capauty Design
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Pressure transducer (ENTRAN-EPX)

To seal the cap
In the transducer

igh air entry value
porous ceramic fitted
into a stainless steel cap




The Tensiometer

diaphragm

trai
\ g/ strain gauge

. water reservoir

IR

\15 bar
porous ceramic

water pulled by
the soil

. Working Principle

NEGATIVE

air
ATMOPSPHERIC

The high air entry ceramic sustains the pressure differential between

the negative water pressure in the reservoir and the atmospheric air

pressure outside the ceramic



The Tensiometer: Saturation

Initial Saturation:

Evacuation of tensiometer reservoir / ceramic

Importance of initially dry ceramic (e.g. Take & Bolton, 2003)
Rotational technique (low air entry value ceramics)

«Two chamber technique (higher air entry value ceramics)

Pre-pressurisation (Conditioning):
«Application of a large positive water pressure
Cycles of cavitation and pressurisation (Tarantino & Mongiovi, 2001)

Difficulty of Saturation
Increases with air-entry value (AEV)
*Required conditioning pressure increase with AEV

Chemical Treatment
*May help in the reduction of number of cavitation nuclei?




The Tensiometer: Saturation

Atmospheric
ressure :

P Water reservoir

Water tension

magnitude

)

Atmospheric Pre-pressurisation

'@ Wpressure
Water reservoir

CONDITIONE

Solid boundary




The Tensiometer: Applications
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Suction (kPa)
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The Tensiometer: Applications

SD-4 Unlo{adlng /
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Confining Pressure (kPa) Marinho et al (2003)

The effect of loading and unloading on suction (compacted residual soil)



The Tensiometer: Applications

|
Conf. 0 kPa
Conf. 50 kPa
Conf. 100 kPa
T Conf. 200 kPa
Conf. 300 kPa

|
- Compacted Residual Soil
- Optimum W/C

|
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Suction path during triaxial test on compacted residual soil
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Suction (kPa)




Marinho & Pinto (1997)



stabilize the cavitation nuclel.

Chemical treatment may help in stabilizing the cavitation

nuclel.




HC Tensiometer







Soil suction measurement using the
High Capacity Tensiometer
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Time after the contact of the sample (min)

Marinho & Pinto (1997)
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Tensdo Axial (kPa)

Succéo (kPa)

Umidéde C’)ﬁ ma

—0— CSO13 —%—(CS015 —A&— CSO017
—k— CSO14 —=— CSO16 —%— CSO18

1

2

3

4 5
Deformacéo (%)

Oliveira (2004)



Comparacao entre o TAC e outros métodos

Effective stress: kPa
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Ridley & Burland (1993)



Comparacao entre o TAC e outros metodos

Placa de Pressdo (Umid. Otima)
Papel Filtro (Umid. Otima)

Placa de Pressdo (Ramo Seco)
Papel Filtro (Ramo Seco)

Placa de Pressdo (Ramo Umido)
Papel Filtro (ramo Umido)

Placa de pressdo (Lama)

200 300 400 600 700 800 900

Succéo do tensiémetro (kPa)
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Sypsum (Bouyoucos) Block

Vantagens

Desvantagens

Nao mede bem proximo a saturacac
As propriedades do bloco de gesso
O tempo de resposta é lento

Nao funciona bem em solos que per
drenagem (tempo de resposta)

Nao é apropriado para solos expansivos

Possui forte histerese

Depende da temperatura
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Sensor de Matrix Granular (GMS)

Vantagens

Desvantagens
Baixa resolucao
Uso limitado em pesquisa, mas promissa

Elevado tempo de resposta (ruim para s¢
drenagem rapida)

Nao adequado para solos expansivos

Pode perder o contato se o solo secar d

Depende da temperatura

WATERMARIK

Soll Moisture Meter

Riverside, Calitornia
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- === Shock et al.(2003) I..
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Succdao - Tensiometro (kPa)







Colunas para ensaios de fluxo e retencao de agua

Vista geralda estrutura 7

¥ B Base de apoio das coluna e
I sistema de controle de saida
ou entrada de agua

Sistemas indutores de
umidade relativa do ar

O sistema permite:

*Criar varios sistemas de camadas

*Monitorar o fluxo de agua em diversas situacoes
*Obter a funcao de permeabilidade por analise inversa
*Permite a introducao de vegetacao
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AS celulas experimentais de Campo
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AS celulas experimentais
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Tensiometro (Calibracao)

—— QOriginal
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Tensiometro (Calibracao)

12
Corrente (mA)

Calibracéo

Ajuste da calibracéo
Original

Ajuste Original

14 16 18 20




Tensiometro (Resultados)

Parametos utilizados
Haverkamp et al. (1977):
| | Alfa= 14000 cm

Beta= 1.1

Teta sat= 0,375
Tetares=0,01

Ksat= 0,00038 cmfh
A'=.9000000 cm B'=27
Teor de umidade inicial
36,8 % e 365%
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Sensores de Temperatura
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16 18 20 22 24 26 28 30
Temperatura na Superficie do Solo

Variacao da temperatura no interior do solo em comparagao com a
temperatura externa, para varios dias.



Sensores de Temperatura
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Temperatura na Superficie do Solo -0C

Acompanhamento da variacao de temperatura em um dia.




Superficie do solo
-~ Interior do pogo

- |nterior do solo

— Container

Tempo (horas)

Variacao da temperatura em diversos ambientes.
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Eucalyptus camaldulensis —=




