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The Development of Soil Suction Measuring Devices 
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����������������!����
���!"!��#�$�!�� %&����'��(��!!)�������� 1) Tensiometer ��� 2) 

Psychrometer. ���������� Tensiometer ���
����+&���
�����!���!"!������ (Matric suction) /������!&�+����#�$�

!�� %&���03����0���	�4
����%5��%��
��!���!��(��!���6�6�����!��7	�8�� (MEMs) �+)���$()�#�$/)�%5��%��
��

+��!��5����0���	�4
$()$�����!���9!)/���/���. Tensiometer ���
����+&��'����:$()���9!)!�$�(���

������!"!4����4� 0- 90 kPa �����"�$���/�������
�����
���$/)��!���!"!������9!)$�(������!"! 100-300 kPa. 

'#�/������������� Psychrometer ���
����+&��0�����90!)����0�%�4�?�%5��%��
(��!��!����(���'��
��@
���

����
��'�4��
�
�����!�	�/8"�� %&��'����:�#��������'��90�#�����03�������!"!��� (Total suction) 9!) 6!�

�/���'#�/�����!��� Total suction 4����4� 1,000 :&� 1,000,000 kPa. ���0��������������������!����(��! 

Tensiometer ��� Psychrometer '����:�#�9!)6!�$()�������������9��%��%)��$�/)��0A���4����. ������������

�#��'��B����0���	�4
$()����������!�������$����/��')�6�)������	)���#� (Soil-Water Retention Curve) +��

4�������!�� ��� �����!���!"!$�'���  

 

Abstract 

This paper reports on the development of two types of soil suction measuring devices, namely 

Tensiometer and Psychrometer. The tensiometer has been developed for measuring suction or 

tension of water within soil pore. It incorporates commercially available pressure sensors based on 

MEMs technology. The newly developed tensiometers work satisfactorily for suction range from 0 to 

90 kPa. Another kind of tensiometer with higher capacity is being developed for measuring suction 

from 100-300 kPa. The psychrometer used for measuring total suction is also being developed, which 

is based on capacitive relative humidity sensor and thermistor.  The range of total suction suitable for 

this psychrometer is from 1,000 to 1,000,000 kPa. Calibrations of these devices can be done with 

relatively simple equipments in laboratory. An example of applications of these devices is also shown 

for Soil-Water Retention Curve determination of soil sample in the laboratory. 

 

Keyword: Soil suction, Matric suction, Total suction, Tensiometer, Psychrometer, Soil Water Retention Curve, Soil Physics 

E-mail address: fengatj@ku.ac.th,  

 

 

 
1 /)��0A���4�������4���������������0G
� �"��
��7����������0G
����G����� 8����(���������6�@� �������������'4�
 

�/������������4���'4�
 ��	���
H 10900  
1 Geotechnical Innovation Laboratory (GIL) Geotechnical Engineering Research and Development Center, Department 

of Civil Engineering, Faculty of Engineering, Kasetsart University Bangkok 10900,  2 Asian Technology and Testing, 




����� 

�����+)�$7$�
V4�����+����#�$�!�� 6!��X
��!)�����9/�+����#�$4)!�� ����	)���#�+��!�� ���

�	�'���4�!)������Y ��������'4�
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 ������������'#���Z���������$�/���/���'�+���(� ���� 

������4� @�������� 0[�9�) ��������0G
� ���
������#� (�0����� ���'�����!�)��. ���4���0����'#���Z%&��

���(��:&�'8���+����#�$�!����� ���!"!+��!�� (Soil suction). :)���4����������������#���"�$�'8���':�4�
 

(Hydrostatic) ��#�$�(�������!�������"��/�����!����#�$4)!�� (Ground Water Table) 7���"�8��$4)'8������!&� 

(Tension) 7����#�/���+����#�!)������ (�"0��� 1). ���!&�/������!"!����������� ���!"!������ (Matric suction, s) 
%&��'����:�#����9!)!��'������� 1 

wa uus ��       (1) 

 

6!� wu  ����������!����#�$�(�������!�� ��� au  ����������!�������$�(�������!��. �������������$()��!���!"!

������6!�4���������� Tensiometer %&��7�$()���$�'8��������� au +��!�������������� 0 ������ suction �����!

9!)�5��� ������4�!��+�����!����#�!���'!�$��"0��� 1 �������. �����9��54�� Tensiometer ����907�9��'����:��!

������!����#����4�!������ 100 kPa 9!) %&���������������� 100kPa 7�4)��$()/������ Axis-translation �
�����!���

����	���� matric suction +��!��!)������������ pressure plate /���/�)����!�� 6!��03�����
������!��

�����$�(�������!�� au  �
����
��� suction $�+�������� wu  = 0 ������� 

 

 
�"0��� 1 ������+�����!����#�$�'8���':�4�
 

 

0���A����
/���Y���$()�@����������!���!"!�������������"�'��0���A����
!)��������  ���4&�B��

��0^������ ���  Surface adsorption %&�����!+&��������7��0��7	9??_������B��+����	8��!���/����. �����9��5

4�� ����
/�������'����:$����!"!��#��+)�/�4��+��!���5���+&����"����0�����+��'������������+����#�$�!�� 

Capillary 
fringe 

+ 

+������ 
�w 

1 

/���	��E��&���
 
(/���(� suction) 

-

/���	��E���$+��
�� 

���	
�E���&,��� 

/���	��E��������������� 
Pore water pressure 



%&���������� ���!"!��'6�4�� (Osmotic suction, �) 6!�!�������'������������0���"�$���#�����57�������
$�

���!"!��#�/�4�����9!)���90!)��. 6!�����90��)�7�'����:
�7���� ���!"!����'��(��!�������������� ���!"!

��� (Total suction, �)  

s�� ��       (1)

 

���!"!���7�������'��
��@
6!�4������������(���'��
��@
����	�/8"��+������������"�$�(�������!��

4��/���+������
6�9!�����'
!��'������� (2) 
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RT ln
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�
�

�
���       (2) 

                 
 

����� hR  = ����(���'��
��@
 ������������ ��4��'�����/�������!��9�$�'8���0�4�4�����!��9�$�

'8�������4�� )/( 0PP  

R  = ��������+���j�% (Universal gas constant) = 8.314 J.mol-1.K-1 

molV  = molecular volume +��9���#� (0.01802 m3), 

T  = �	�/8"�� (oK) , ��� Total suction, �, ��/�����03� kPa  

 ���!"!$�!�� /��� 
�������#�����)��!�� �03�4���0����'��
��@
6!�4������	�'���4����?^'��'
���'#���Z

/��������+��!�� (Fredlund & Rahardjo, 1993).  �����(�� �0��
�%5�4
+����#�$�!��, '��0��'��@
+�����9/�

%&�+����#�B���!��, �#�����������X���+��!�� ��� '��0��'��@
����#������)��+��!�� ����'��
��@
4���Y 

�/�������03�
���G�����$()$�����������/
0���A����
���������+)�����!��/���!)��!)����� ���� ���9/�%&�+����#�

B���B��!�� ������/�+����#�7��!�� ���
������+��!�� '�!	�+��
��������/����!���������� H�H 

 

�������� KU-Tensiometer 

!��9!)�������+)��4)� Tensiometer �03������������������$()�03���������$������!������!"!������+��

!��$�(������ 0-100 kPa. ���@�'	��� (2532) 9!)
���� Tensiometer ���$()$������!����(���+��!���
������$/)

��#�
�(�������0��'��@�8�
. ���$�4���0����� 9!)�����
���� Tensiometer !)���%5��%��
��!���!�����

����5�������'
 %&��'�!��$�������������46���4����4�������� �4����7��������
��#�$/)�����!���!"! suction 

$�����������������"������7#���!$�0�����9��. !)���/4	B�!������������7�����7&�����4:	0��'��
�
���
���� 

Tensiometer +&���������/������������4���'4�
�03���������5�������'
 ���9!)�����$()$������7�����������+)��

/���6������ (Jotisankasa et al., 2007) 

 



�)  -)

1 cm

�) 

 

�"0��� 4KU-Tensiometer, �) (��!���!"!4�#�-A (Low-suction-Absolute) +) (��!���!"!4�#�-D (Low-suction-

Differential) �) (��!���!"!'"� (High-suction-Differential)   

 

'���0�����+�����%�6����4��
���'#���Z���  1) 0���!���B� 2) ���0����#� ��� 3) �	0���
��!���!��

/�����7'	ZZ����. !��4�������$��"0��� 4 6!�$�+��$()����	�'���7�4)������#���"��45�(��������
���$/)'����:'��

:������!&�7����#�$�!��'"���#�!)��/�)��%5��%��
��!���!��9!)�������0��'��@�8�
. �%5��%��
��!���!�����$()'#�/��� 

KU-Tensiometer ����03��%5��%��
(��! Single Silicon Piezoresistive ���B��4+&���
���$()$��	4'�/����

����5�������'
6!�$()���6�6�����!��7	�8�� (MEMs technology) �#�$/)�%5��%��
��+��!��5������'�ZZ�����

�':���$�(����	�/8"�������)��. ����	
��
���'	�@����!�� (2550) 9!)$()�%��%��
(��!���
�����03�����������
�6%

���4��
�
�����!���!����#�(!)�����) ���$()$������7�������������0G
�/������!)����� ���� ������'�)�����

!��:� �������������/
�����	!4��+��!��. '#�/��� KU-Tensiometer ���9!)������
����+&��������/�! 3 ���

!)�����. (��!���!"!4�#�-A ��� -D (�"0 4� ��� 4+) '����:��!���!"!9!)'"�'	!:&�0����� 90 kPa ���(��!���

!"!'"�  (�"0 4�) %&�������"�$���/�������
�������'����:��!���!"!9!)'"�'	!:&�0����� 350 kPa. '#�/���+)�

�4�4���+���	�����!"!4�#�-A ��� –D ��� �	�����!"!4�#� –A 7�������"��
����0������0��904������!����������

%&��4)����������0�����) $�+������	�����!"!4�#�-D 7�������� differential pressure ������������!����������

7&�9��7#��03�4)�������0�����)����������!������������� 

  ����������4����#���$� KU-Tensiometer ������������'#���Z����
���$/)���$()���������:"�4)�� 

6!���+���4��!�����  (1) �#� Tensiometer �����"�$�'8�
�/)�$'�$�8�(��0!̂B�&�8��$4)'8���'	ZZ���� 6!�$()

0���'	ZZ���� (Vacuum pump) 0���'8�
 (2) 8��$4)'8���'	ZZ���������4����#��+)�90$�(������� ���

����� Tensiometer 9�)8��$4)'8���0���'	ZZ����4�����������)�� 1 (���6�� (3) ����Y ����'	ZZ����6!�

0^!0��������()�Y �
���$/)��#��+)�90�����������$�(�������$/)/�!. $����������74)���7���"+��!��5�������0��

��#��
���$/)'����:9��?�������������4��)����"������9!)/�! %&��7�4)��0^!B�&��"����7����������!������$()��� 

6!�����90��)� Tensiometer 7�'����:��!���!"!9!)'"�'	!�
���100 kPa /��� 1 bar �������� ������7��

��������!"!���������� 7��������?����������4��+&��8��$����0����#� �#�$/)��#�$� Tensiometer +�!����4�������� 

7&�9��'����:'��:������!&�7����#�$�!��90'"��%5��%��
��!���!��9!). ������� Ridley & Burland (1993) 9!)��!�)�

��@������)9+'8������!?�� (Cavitation) ��� Imperial College London 6!��'��$/) Tensiometer ��������

!����� (1) $()!���B�����������&���#���� ��!�03���� Air-Entry ��� 15 Bar (2) �!+��!(�������$����0����#����$() 



stainless steel /�����)� �03���'!	'#�/����#����0�� (3) 0���'8�
 Tensiometer ����$()���6!��������!

���!����#�B���!���B��+)�90$����0����#�������!�� 20 bar �03��������� 2 �������$()���. !)����@����+)��4)� 

Ridley & Burland (1993) '����:��!���!"!9!)'"�'	!:&� 1,800 kPa4�!4��������� 1 �!���. 7��/������!������� 

7&�9!)0�����$()
����+&���03� KU-Tensiometer (��!���!"!'"� %&��$()!���B�(��! Air-Entry ��� 5 bar !���'!�$�

�"0��� 4� �����!���!����#���� 8 bar ���'����:��!���!"!9!)'"�'	!:&� 350 kPa  

 ���0�������� Tensiometer �������$()���7�$()/������ Hanging Water Column /������/)����#�

7��0���/���%�����+�� Tensiometer !���"0��� 5 6!�7�4)������!�����$/)9����?�������$�'����#��
�������

4��������+����#�$����'��:������ ������!"!�����!9!)7��0�B���������'"���!7����#�+&��90��� Tensiometer (9.81 

kPa/ 1 ��4���#�). �"0��� 6 �'!����������4�!4��� Tensiometer �
�����!���!"!��#�+��4�������!�����0^!B�&������

!��
���0_�����������/�+��!����/�������4��7��!. 6!�����90���4�!4��� Tensiometer �
�����!���!"!7��

4�������!��7���+���4��!����� (1) �#����+	!�"��B��4�������!��$/)���')�B���"��
+��!��5����+��!+��/�� 

Tensiometer ��5��)�� (2) �����4)����!���!"!+��!�������B��+�	+����������/����(��
�� !������ �"����/��� 

Residual soil  ���7�0_��!���/������5!������! (��7�03�!��+����6����) ���/���%�����+�� Tensiometer 

��5��)���
���$/)��#�$�!��4�������������#�$��%����� (3) 0��/�� Tensiometer ��$�/�	�$/)����
�'������� 

����&�����������7�� Tensiometer %&��7�:&�'�!	�������!"!8��$��������� 0.5-1 (���6�� !���'!�$��"0��� 6 

 

       

�"0���  5 ���'������� Tensiometer 6!�

��@����/)����#� Hanging Water Column 
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�"0��� 6 4�����������!'����!���!"!+��4�������!��6!� KU-Tensiometer $�/)��0A���4���� 

 

 

Tensiometer 

���$'���#��45� ����!�����

9��$/)��?������������+)�9!) 

���!"! suction = H * 9.81 (kPa)  

H (m) 

&	���������=Y�6���

������$������	������ 

Tensiometer 



�������� KU-Total Suction Probe  

7��'������� (2) �/5�9!)��� �����!���!"!���/��� Total suction �#�9!)6!������!�������(���'��
��@
 

hR  ����	�/8"�� T 8��$�4�������!�� ���
������4��
����'��'����:4��7��!9!)6!�$()�%��%��
��4�G��%&��$()

����90$�����	4'�/���� 6��������7�����9!)�����$()�%��%��
��!����(���'��
��@
(��! Thermoset polymer 

capacitive sensing element %&�����������0���'�ZZ����� on-chip ���'����:����'�ZZ��6!�$()

���!�������� 5 6��4
 �(���!������ Tensiometer �#�$/)������'�!��$����4�!4��������������.  

 ���0��������������������!����(���'��
��@
'����:7�����#�6!�$()��@� Field Calibration ('	���A�
, 

2546) ������$()�	�'���4�+�����������4���4���(��!!��4������� 1 6!�7��#�����+���%��%��
��!����(���

'��
��@
�/���'������������%&�����7	8��$�+�!0^!B�&�!���'!�$��"0��� 7 �������������!��9??_�7��

�%��%��
4����������7�:&�7	!'�!	��������(���8��$�+�! +)���������$����0��������!)����@����������

����#�$�/)��0��������������������	��	�/8"��/���4)�������0�����)����0������0��+���	�/8"�������

�/���'�. 

 

4������� 1 �	�'���4�+��'����������������4�����$()$����0���������%��%��
��!����(���'��
��@
  

(Lu & Likos, 2004) 

'����������������4�� �	�/8"�� (oC) %����(���'��
��@
 

%RH 

���!"!���, kPa 

(Total suction) 

d(RH)/dT 

(% 4�� oC 7�� 25 oC) 

NaOH.H2O 15-25 7 365,183 0 

NaCl 5-60 75.1 39,323 -0.02 

KCl 5-40 84.2 23,617 -0.16 

BaCl2.2H2O 5-60 90.3 14,012 -0.08 

H2O (��#������) - 0 0 - 

 

 

y = -1.09x2 + 36.037x - 27.899
R2 = 0.9992
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�"0��� 7 ���'��������%��%��
��!����(���'��
��@
6!�$()'����������������4�����4�������B����'������� 
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�"0��� 8 4�������B������!���!"!��� (Total suction) 

'#�/����%��%��
��!�	�/8"��9!)�����$()(��! Thermistor ������7��������9?����������������

�(���!������ Tensiometer 7&�������'�!��$����4�!4��� ���0�������� Thermistor �#�����6!���!�	�/8"��+��

��#���������������������
6����4��
.  �"0������$()������������!���!"!���$�/)��0A���4��������������)����� 

Tensiometer 6!��#����+	!/�	�+��!��5����B����+��4�������!���')�B���"��
����0����� 6 ��.�&�0����� 

3 ��. 7������7&�/�����%��%��
��!����(��� (Rh) %&��/	)�!)�����!����(("���90$�/�	�����	!�"!)��+)��!)����'!	 

seal 0���8� UHU tack �
���0_�����������/� 6!�����907�$()��������9������ 12 (���6���
������$/)���7��

�%��%��
 Rh :&�'�!	����'8�
����(���$�4�������!��!���'!�$��"0��� 8  

 

���$�%�&�����' Suction probe 	���
(�	�'��
'�
���
&'�����)
���� 

�
���'�@�40��'��@�8�
���$()���+�����������! 7&�9!)�'!�B����$()��������������'��(��!$�����!'��

/��')�6�)������	)���#� (Soil Water Retention Curve, SWRC) +��4�������!����'8�
7�� �.����� 7.

�	4�!�4:
  %&���03�'���/�&��+��6��������7��!)��
V4�����!��:��� +���"��
��7����������0G
�H. ������+��!��

�03�!���/����0�������4)��#����!7��/��!��!�� !���'!�$��"0��� 9 ����'��
��@
��/�����0��
�%5�4
����(���

������!"!����!'��9!)������'�!��)�����������+�� SWRC ���'����:0�����9!)7��+��!���+��!��

6!���@�+�� Arya and Paris (1981) 6!�$() alpha correction factor, ��$�(��� 1.7-1.3 %&����"�$�(����������#�

6!� Arya and Paris
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�"0��� 9 ������+���')�6�)������	)���#�+��4�������!��7�� 7.�	4�!�4:
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��&$*+�+%)'
	��
��% 

����������#��'�����
����������������!����
���!"!��#�$�!������/������������4���'4�
 6!�

0�����90!)��������������!'��(��!!)����� ��� 1) Tensiometer '#�/�����!���!"!������ (0-90kPa) ��� 2) 

Total suction probe /��� Psychrometer %&���/���'�'#�/�����!���!"!���$�(������ 1000-1,000,000 kPa. 

��������������'��
����+&��6!�0���	�4
$()�%��%��
��4�G��'#�/�����!���!�����'#�/�������(���'��
��@
%&��$()

����90$��	4'�/���� ��������0�������������������$�/)��0A���4�����
�����������$7$����$()���.������7��

������������+��!��5��#�$/)'����:0���	�4
$()$�����!'��9!)/���/��� ���� ����!���/��')�6�)��	)���#� 

(Soil-Water Retention Curve) +��4�������!�� �����!���!"!������$�'��� ���90:&������!���!����#�!)����

+��!��+���!'���#�����������X���+��!�� 


������ 

�����7�����9!)��������	�'���'�	�7�� �	�
��������8�
$�����#������7��+����7���
�	��$/�� 

(MRG4980086) '#���������������������	!��&������'#�����������	�'���'�	������7�� ���

�	��	!/�	������7������������'4�
 ��. 0��7#�0� 2549 
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���@�'	��� ������7. 2532. ���$()��'!	!���B�8��$�0������
���0�����������������!����(���$�!����� 

Tensiometer. ������B������7��'�+�
�( ���0��(	������(����+���/������������4���'4�
�����

��� 28 �/������������4���'4�
 ��	���
H http://www.kmitl.ac.th/soilkmitl/SoilRes/Tesiometer.htm 

'	���A�
 '	�@���4�. 2546. ���'�������������������!����(���'��
��@
. �"�������'�������������������!

�	4'�/����. �"��
'�������������������!�	4'�/���� '����'���'������6�6��� (9��-Z��0	[�) 

����	
��
 
������ ��� '	�@����!�� �����

. 2550. ����&������
���� KU Piezometer 6!����0���	�4
$() 

MEMs Pressure sensor. ���0��(	���(������������6�@��/��(�4��������� 12, 
���	6��, 0�����9��

, 2-4 
V�8��� 2550 
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Shear behavior of residual soils from landslide-prone areas in suction-monitored 
direct shear test

A. Jotisankasa and W. Mairaing

Abstract
The relationships of shear strength for unsaturated soils are frequently used in stability 
analysis for slope subjected to rain infiltration. In this paper, a modified direct shear 
box is used to determine such relationships. The apparatus incorporates the relatively 
low-cost miniature tensiometer for simpler, direct suction measurement during 
shearing. The soil-water retention curves and shearing behavior has been investigated 
for intact residual soils from four landslide-prone areas in Thailand. The air-entry 
suctions vary from zero to one kPa for the low-to-medium plasticity clayey silt, sandy 
clay, and silty sand, reflecting the presence of large pore within these materials. The 
shear strength increases non-linearly with suction, though linearization can be 
reasonably assumed. The residual soil samples with higher suction tend to have 
stronger bonds around particle contacts and thus the more brittle they are at higher 
suctions. During constant water content shearing, the soil suction appeared to change 
slightly according to change in soil volume. The strengths determined from multistage 
tests appear to be bounded within the envelopes of peak and ultimate strength. A 
simple equation can be used conservatively to predict the ultimate strength of 
unsaturated residual soils for suctions lower than about 33kPa, based on the 
volumetric water contents at 33kPa and zero suction.

Introduction

Shear strength behavior of unsaturated soils has long been investigated by a number 
of researchers (e.g. Bishop et al., 1960 and Fredlund, & Rahardjo, 1993). The 
relationships between shear strength, suction and net stress are frequently used in the 
analysis of rainfall-induced landslides (e.g. Cho & Lee, 2002, Collins & Znidarcic, 
2004, and Rahardjo et al., 2007). The additional shear strength provided by suction is
important in maintaining stability of steep slopes with deep ground water table where 
pore water pressure is negative. 

In order to obtain the shear strength-suction-net stress relationships of an unsaturated 
soil, some special equipment is usually needed to control and monitor suction, such as 
triaxial apparatus or direct shear box with axis-translation or osmostic system (see for 
example, Gan & Fredlund, 1996 and Delage et al., 2008). These equipments are not 
always available in commercial laboratories and are considered relatively expensive
in many developing countries where rainfall-induced landslides are serious problems. 
In addition, the majority of shearing behavior of unsaturated soils reported in the 
literature is that of compacted materials and rarely reported are behavior of intact 
natural soils. These problems consequently result in a large gap between practice and 
research in unsaturated soil mechanics. 

This paper will address these problems by first introducing an alternative testing 
technique for determination of the relationship of shear strength for unsaturated soils. 
A low-cost miniature tensiometer (Jotisankasa et al., 2007a) has been incorporated 
into a standard direct shear box for simpler direct suction measurement at atmospheric 
air pressure during shearing. The shearing behavior in the developed shear box of 
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some intact residual soils from four landslide-prone areas in Thailand will then be 
presented. A simple mathematical expression is finally proposed which can be used to 
predict shear strength of unsaturated soil for slope stability application.

Materials and background

This study is part of a research project on rainfall-induced landslides in Thailand 
(Jotisankasa et al., 2008 and Jotisankasa & Vathananukij, 2008), which aimed at 
characterizing mechanical properties of soils from landslide-prone areas. 
“Undisturbed” samples of residual and colluvial soils were taken at the depths of 
about 0.5 to 1 meter from four landslide-prone areas of Thailand, namely, Site C 
(Chantaburi), Site N (Nakornnayok), Site O (Omkoi) and Site U (Uttaradit) as 
indicated in Figure 1. These areas have experienced shallow landslides in the past, 
which are typical of destructive debris flow in Thailand. The geology of Site C is that 
of coarse-grained Triassic granite while that of Site O is mainly medium-grained 
granite from the lower Carboniferous. The geology of Site U is that of 
Carboniferous/Permian sedimentary rocks including siltstone, mudstone, and shale, 
which shows distinct fold structure due to tectonic activities. In the vicinity of Site N, 
the geology consists of undifferentiated Permo-triassic volcanics rocks, including 
rhyolite, andesite, tuffs, and agglomerate. The volcanic activities resulted in highly 
heterogeneous materials in the area.

The studied materials are typically low-to-medium plasticity clayey silt, sandy clay, 
and silty sand. Their basic properties are summarized in Table 1. All specimens were 
obtained using a thin-walled tube sampler with PVC liner having a diameter of 63 mm 
and length of about 60 mm. Samples were taken in test pits in the vicinity of the 
debris flow (outside the failed mass). Only the Site-N samples were taken from the 
slope of failed soil mass that had been re-graded in 2004.

Figure 1 Locations of the four studied sites and photos of landslides in Uttaradit 
(Site-U), from Asian Disaster Preparedness Center (2006)
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Site Location Parent 
Rock

Liquid 
Limit

Plasticity
Index

% 
gravel

% 
sand

% 
silt

% 
clay Soil Type

C
Chantaburi Granite 41-48 5-12 2 53.2-

55.4
22.9-
26.5

16.0-
22.7

Silty sand
SM

N 
Nakornnayok Volcanic 46-51 6-18 0.5-5.5 13.7-

18.9
38.9-
53.9

31.9-
36.7

Silts

MH/ ML
O

Omkoi Granite 47.3 15.4 1.0 45.1 16.1 37.8 Sandy clay
CL

U
Uttaradit

Siltstone/
mudstone 41.6 20.2 14.2 26.5 36.9 22.3 Sandy silt

ML

Table 1 Basic properties of the studied materials

The volumetric water content-suction relationships have also been determined for the
samples of four studied sites, as shown in Figure 2. Suction measurements were made
using the miniature tensiometers (Jotisankasas et al., 2007a). The test procedure 
involved initial suction measurement of the soil samples in the condition as-collected 
from the site, and then gradually wetting the sample by means of fog generator with 
the samples’ suction, weight and dimensions being measured at each stage of wetting. 
After the soil suction fall below 1kPa, the specimen was then submerged under water 
with a nominal vertical overburden stress of 1 kPa on top of soil specimen (in order to 
prevent soil dispersion) for a period of at least 5 days. The values of water content at 
suction of 0.1kPa, shown in Figure 2, was in fact arbitrarily chosen to indicate the 
water content of soaked samples in the logarithmic suction plot. After soaking, the 
samples were gradually air-dried and their suctions, weight, and dimensions during 
each stage were monitored incrementally. The air-entry suctions for all soils are 
relatively low, being from zero to one kPa, which reflect the presence of large pore 
within all specimens.
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Figure 2 Soil-Water Retention curves for samples from a) Chantaburi and Uttaradit 

and b) Nakornayok and Omkoi 

Suction-monitored direct shear box

Figures 3 and 4 show the suction-monitored direct shear apparatus. Only minor 
modification was made to the top cap whereby the tensiometer is inserted through a 
hole and a clamping set was used to secure the tensiometer in place during shearing. 
This testing technique was in fact similar to those presented by Tarantino & 
Tombolato (2005) and Jotisankasa et al. (2007b). The main difference is that the 
miniature tensiometer used in this study was of a lower capacity, capable of 
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measuring suction from value of zero to 80 kPa. The tensiometer consists of a 
commercially available MEMs pressure sensor, a transparent acrylic tube and a mini 
one-bar air-entry-value porous ceramic disc at the front. The device was assembled in
the Geotechnical laboratory of Kasetsart University and calibrated using hanging 
water column. Careful de-airing of water inside the reservoir of each tensiometer was 
carried out inside a vacuum chamber.

Figure 3 Experimental set up of suction-monitored direct shear tests and the 
tensiometer

Figure 4 Photo showing the experimental setup

The direct shear box used in this study is otherwise a standard version available in 
most practicing geotechnical laboratories. In order to maintain a constant water 
content condition of the soil specimen during testing, plastic wrap and pieces of wet 
clothes were used to cover the whole shear box. With this technique, the water
contents before and after testing were found to differ only by 0-0.25% for a test period 
of about 8-10 hours. Blu Tac was also applied around the gap between the 
tensiometer and the top cap to prevent local evaporation, thus avoiding erroneous 
suction readings. 
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Table 2. Testing program for Site O 
Test no. Initial suction

kPa
Initial Sr, 

%
w % *
during 

shearing

Initial
void 
ratio

Vertical stress during 
shearing (kPa)

O-2
O-14

Soaked
Soaked

~100%
~100%

-
-

0.700
0.801

31
15.5/31/62  (multistage)

O-1
O-7
O-11
O-9
O-0
O-13
O-16

2
11
18
50
77
62
32

89.1
90.0
83.4
81.7
81.7
66.8
82.8

26.9
28.4
25.2
26.2
22.9
21.7
23.6

0.802
0.837
0.801
0.843
0.742
0.874
0.754

31
31
31
31
31

15.5/31/62 (multistage)
15.5/31/62 (multistage)

* w = gravimetric water content

Testing program 
Table 2 shows the testing program for samples from Site O. A similar testing program 
was followed for samples from other sites. The first group consists of slow 
(Consolidated-Drained) shearing tests on saturated samples (O-2, O-14), carried out in 
single-stage and multi-stages at three vertical stresses. Standard direct shear device 
was used for this first group. All shearing tests on unsaturated samples were carried 
out using the modified apparatus in a constant water content condition with direct
suction measurement as previously shown. The samples’ moisture content were 
modified to the required values prior to testing by either gradual water spraying or air-
drying. Since the vertical displacement is monitored, the void ratios and the degree of 
saturation during shearing can also be estimated. 

For unsaturated soil testing, both single and multistage shearing stages were also 
followed in the program. This was done in an attempt to determine the difference in 
soil behavior between the two testing approaches. Multistage shearing technique has 
been used frequently in testing residual soil (e.g. Ho & Fredlund, 1982) so as to obtain 
maximum information from a limited number of tests and so that the effect of soil 
variability is eliminated. The technique may nevertheless cause structural disturbance, 
resulting in lower peak strength than if obtained using a single stage test.

The shearing rate of the unsaturated samples was 0.1 mm/min and it was made sure 
that the pore water pressure measured at the top of sample represents the average 
suction of the sample. To verify the appropriateness of this rate, the shearing process 
in several tests was periodically stopped for about 30-45 minutes and no significant 
change (less than 10%) was observed in pore water pressure, which was considered a 
practical equilibration of suction throughout the sample. The cylindrical samples
tested were of a diameter of 63 mm and a height of about 31 mm. The maximum grain
size of the samples from Sites C, N and O are about one-sixth of the sample thickness, 
while those for Site U samples are about one-fourth.



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

0
10
20
30
40
50
60
70
80
90

100

0 1 2 3 4 5 6 7 8 9 10
Horizontal Displacement,mm

S
he

ar
 S

tre
ss

,k
P

a O-1 O-7
O-11 O-9
O-0 O-2

a)

-1.2

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2
0 1 2 3 4 5 6 7 8 9 10

Horizontal Displacement,mm

Ve
rti

ca
l d

is
pl

ac
em

en
t,m

m O-1 O-7
O-11 O-9
O-0 O-2

b)

0

20

40

60

80

100

0 1 2 3 4 5 6 7 8 9 10
Horizontal Displacement,mm

S
uc

tio
n,

kP
a

O-1 O-7 O-11
O-9 O-0 O-2

c)



 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

70

75

80

85

90

95

100

0 1 2 3 4 5 6 7 8 9 10
Horizontal Displacement,mm

D
eg

re
e 

of
 s

at
ur

at
io

n,
 % O-1 O-7

O-11 O-9
O-0 O-2

d)
Figure 5 Typical results of single stage shearing tests (samples from Site O) 

Shearing behavior

In order to demonstrate the typical shearing behavior of the unsaturated residual soils, 
results of single stage tests for Site O samples will be described as shown in Figure 5.
All the samples were sheared at a constant vertical stress of about 31kPa. It can be 
seen that the samples with higher suctions (O-0, O-9) exhibit very clearly the strain-
softening behavior, whereby after the peak, the shear stress dropped by about a half
towards the ultimate state. Before reaching the peak strength, the volume of these 
samples only slightly decreased, and the suction tended to decrease correspondingly. 
As the samples started to dilate and reaching the peak strength, the suction also 
appeared to increase slightly. The degrees of saturation in general tend to decrease 
slightly by 5% due to sample’s dilation. The samples with suction of zero and two kPa
(O-1, O-2) appear to be more contractant, without drop in shear stress after the peak.

A possible explanation for this behavior is that samples with higher suction tend to 
have stronger bonds around soil particles due to water menisci. These suction-induced 
bonds were overcome by sample’s dilation during shearing. Interestingly, the suction 
was not destroyed, but slightly increased by this dilation process. The influence of 
suction on shearing behavior thus appears similar to over-consolidation and 
cementation. This pattern of behavior has also been observed by several researchers 
(e.g. Cunningham et al., 2003, Jotisankasa, 2005). Typical result of a multistage test is
shown in Figure 6 for samples O-13. During the first and second shearing stages (i.e. 
normal stresses of 16 and 31kPa), the samples were not allowed to shear much further 
after reaching the peak and only a slight drop in shear stress was allowed. This 
practice appeared to prohibit the sample from further dilation during shearing and the 
suction and degree of saturation remained relatively constant during test.
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Figure 6 Results of multistage shearing test O-13

Direct shear tests on saturated samples
A series of consolidated drained direct shear tests on saturated samples were also 
performed for all four sites. The failure envelopes of four soils are shown in Figure 8
in a plot of shear stress versus normal effective stress.  Table 3 summarizes the 
effective shear strength parameters of the soils. The failure envelopes for Groups C, 
O, and N appear to be within the same range. The results of Site N samples in 
particular appear to be quite scattered, indicating heterogeneity of the volcanic soil 
slope at Nakornayok. The stress-strain relationships for Sites C, O, and N appeared to 
be strain-hardening. However, the failure envelope for Site U samples lies evidently 
above the others, indicating the material’s greater degree of cementation. The stress-
strain behavior of Site U samples also showed slight drop after the peak, and thus both 
envelopes for peak and ultimate states are shown in Figure 7.
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Figure 7 Failure envelopes from consolidated drained direct shear tests for the fully 
saturated soils of four sites

Table 3. Summary of effective shear strength parameters of the studied materials 

Shear strength-suction-normal stress relationship

A general formulation of shear strength for unsaturated soils, � can be expressed by 
Equation 1 (Fredlund & Rahardjo, 1993) 

b
wa

a
a uuuc ���� tan)(tan)(' 
��
��� (1)

where 'c = effective cohesion intercept,  � = normal total stress, au = pore air pressure 
(for the direct shear tests carried out at atmospheric pressure, au equals zero) , wu = 
pore water pressure , a� is the angle of shearing resistance with respect to net normal 
stress, and b� the angle of shearing resistance with respect to suction. In general, the 
value of a� is assumed to be equal to the effective angle of shearing resistance, '� ,
determined by conventional saturated soil testing. Despite some evidence that the 
value of a� for cemented soils may in fact differ significantly from the effective 
angle of shearing resistance, '� (Toll et al., 2008), the interpretation in this study will 
assume a constant value of a� equal to '� for simplicity before any more concrete 
evidence is available. 

Site Chantaburi Nakornayok Omkoi Uttaradit
Peak Ultimate

'c ,kPa 8.7 12.8 17.6 42.8 48.4
'� , degree 38.6 33.1 28.7 25.6 6.2
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The shear strength of unsaturated soils can be alternatively expressed by Equation 2. 
The additional shear strength due to suction is called here as “capillary cohesion”, sc . 
Figure 8 shows the values of sc , calculated for peak and ultimate strength at different 
suctions. Also indicated are the values from the multistage shearing tests. The values 
of 'c and '� used are the ultimate values as summarized in Table 3. 

scc �
�� 'tan' ��� (2)
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Figure 8 Capillary cohesions of soils from a) Chantaburi b) Omkoi, c)Uttaradit and d) 
Nakornnayok

The two solid curves in Figure 8 for Site O, U and C are the envelopes for capillary 
cohesion in the peak and ultimate states. The differences between the peak and 
ultimate strength (i.e. the material’s brittleness) appear to be greater at higher suction,
due to greater bonding effects of suction and to greater dilatancy. The cohesions from 
the multistage tests fall within these two boundaries. Nevertheless, the silt from Site N 
(Figure 8d) does not exhibit as much brittleness and most tests show only strain-
hardening behavior with lesser dilatancy. It is reminded that the silty soil from Site N 
is actually remolded material from a failed slope that had been re-graded while other 
soils were from unfailed slopes. Thus a lesser degree of cementation is expected for 
the Nakornayok soil.

Various mathematical expressions have been proposed in the literature for the failure 
envelopes of unsaturated soils (see for example, Vanapilli et al., 1996, and Oberg & 
Salfors, 1997). Only predictions from two simple empirical equations based on the 
soil-water retention curve are shown here. Equation 3 shows the expression of 
capillary cohesion, sc , based on the product of suction, degree of saturation, and 
effective angle of shearing resistance. 

'tan�
�
�



��
�

�
��
�

�
� sc

s

s (3)

where s is the matric suction � 	wus �� , and s� is the volumetric water content when 
suction is zero or the sample is soaked. It is noted that the value of s� is not 
necessarily the same as the porosity, n , since usually there are still some occluded air 
within a soaked soil sample. This approach in fact assumes the Bishop effective 

stress’s � factor equal to effective degree of saturation, ��
�

�
��
�
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�
rs

r
eS

��
�� , and that the 

volumetric water content at residual state, r� , is zero.

Equation 4 shows a simpler form of the relationship:
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where 33� is the volumetric water content at 33 kPa suction or at the field capacity. It 

can also be inferred from this equation that ��
�

�
��
�

�
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s

b . This linearized  

b� is particularly useful when only available information of the water content-suction 
relationship is the field capacity. Both equation 3 and 4 are used to predict the 
capillary cohesions based on the SWRC from Figure 2. The predictions are shown in 
Figure 9 as thin and thick dashed lines. Interestingly, the predicted failure envelopes 
from Equation 3 and 4 are practically the same for this range of suction, perhaps as a 
result of the low value of air entry suction for all soils. A good agreement between the 
prediction and the ultimate strength is observed for all sites for suctions below about 
20 kPa. At higher suctions, the prediction tends towards the peak strength for the 
sandy clay and silty sand from Site O and C (Figures 8a and 8b).  For the more 
cemented silt from Site U and the colluvial silt from Site N, the prediction agrees with
the measured ultimate strength (Figures 8 c and 8d) for most tests.

For rainfall-induced landslide problems, field monitoring experience (e.g. Johnson & 
Sitar, 1990, Springman et al., 2003, and Jotisanaksa et al., 2008) suggests that the 
suction range of interest is relatively small, perhaps within the range of a nominal 
field capacity or about 33kPa. The ultimate strength parameters are also generally 
used for the stability analyses of slopes since ground movements involved are 
relatively large and exceed the strains required for mobilizing peak state (e.g 
Atkinson, 1993: p. 262). For these reasons, it should be very convenient to use 
Equation 4 to estimate the contribution of suction to shear strength in a large hilly 
terrain such as shown in Figure 1, especially when conducting detailed laboratory 
tests for the whole area is not always possible. Coupled with field tensiometer
measurement, this approach is being used to calculate real-time factor of safety, based 
on an infinite slope stability calculation, for a landslide early warning system in 
Thailand. 

Conclusions
The suction-monitored direct shear box, which incorporates the relatively low-cost 

miniature tensiometer, would be an alternative testing technique for characterizing the 
shear strength of unsaturated soils. Even though the device is only capable of 
measuring suction lower than 80 kPa, this low suction range is more critical than the 
higher, especially in such engineering applications as rainfall-induced landslide. 

The residual soil with higher suction tend to have stronger bonding around soil 
particle contacts and thus the difference between the peak and ultimate shear strength 
appear to be greater for higher suction. Upon constant-water content shearing, the 
unsaturated soil tended first to slightly contract and then dilate. The soil suction 
appeared to vary slightly in accordance with the volume change, which is decreasing
followed by increasing. The bonding effect of suction appears to be similar to over-
consolidation and cementation. The strengths determined from multistage tests appear 
to be bounded within the envelopes of peak and ultimate strength.

Despite the material’s heterogeneity, a simple equation can be used satisfactorily 
to predict the ultimate strength of unsaturated residual soils, based on the volumetric 
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water contents at 33kPa and zero suction. The prediction is on the safe-side for lower 
values of suction.
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DEVELOPMENT OF A LOW-COST MINIATURE TENSIOMETER AND ITS 
APPLICATIONS
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Abstract: The paper presents a development of the new miniature tensiometers. Two types of tensiometers 
are being developed, one of which is designed to measure matrix suction upto 80 kPa, another for suctions in 
excess of 100 kPa. The device makes use of miniature commercial piezoresistive pressure sensor which are 
available at relatively low cost. Examples of applications of these devices are given for in-situ suction 
measurement, and soil-water retention curves determination. A particular attention is drawn to the 
determination of the effective strength parameter of soft Bangkok clay using the suction-monitored 
unconfined compression test. 

1. INTRODUCTION 
Tensiometers have been used extensively to 

measure the matrix suction of unsaturated soils. 
Their geotechnical applications include assessing 
the stability of unsaturated soil slope, the volume 
change behaviour, and the flow phenomena in 
vadose zone. The device directly measures the 
tensile stress or negative pressure of the water 
within soil pores (-uw), which is equivalent to the 
matrix suction (s = ua-uw) of the soil when the pore 
air pressure equals atmospheric value (ua = 0). The 
device essentially consists of a high air-entry 
porous ceramic filter, a reservoir of de-aired water, 
and a pressure-measuring device of some types, 
which can be either a vaccum gauge, a manometer 
or an electronic pressure sensor. Conventional 
forms of tensiometers constantly suffer from air-
bubble formation within the water reservoir when 
the tensile stress of water exceeds about 90kPa.  

A breakthrough in the development of 
tensiometer started with Ridley & Burland (1993) 
who first developed the high-capacity tensiometers. 
These tensiometers are capable of measuring 
negative pore water pressure up to about 1500kPa 
for relatively long periods (e.g. > 1 months) 
without problems of bubble formation. Special 
saturation and preconditioning procedures for the 
tensiometers however have to be strictly followed 
if the devices are to function appropriately. Similar 
developments of the high-capacity tensiometers 
have since been made by various subsequent 
researchers (e.g.  Fredlund et al., 1997, and 
Lourenço et al., 2006). This paper presents another 
development of the tensiometers which make use 
of a silicon pressure sensor, manufactured 
commercially using the micromachined-fabrication 

technology.  Some examples of the geotechnical 
applications of the developed tensiometers are 
presented.

2. THE LOW-COST MINIATURE 
TENSIOMETERS

As discussed earlier, the three main components 
of tensiometers are: ceramic filter, reservoir of de-
aired water, and a pressure measuring device. 
Normally, the size of water reservoir is designed to 
be relatively small so that the response time of the 
tensiometer is reasonably fast. A smaller size of the 
reservoir also reduces the likelihood of bubble 
formation within the device (Ridley & Burland, 
1993). The pressure sensor is to be placed as close 
as possible to the porous ceramic tip in order to 
avoid head loss between different elevations of the 
tip and the sensor. The proximity of the sensor to 
the porous tip increases the working range of the 
tensiometer (a distance of 1m ~ 9.81 kPa).  
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Figure 1. Example of calibration relationship of 
the pressure sensor for different temperatures. 



The advent of the Micro-Electro-Mechanical 
Systems (MEMs) technology has brought about 
commercially available single-silicon 
piezoresistive pressure sensor with high reliability 
and accuracy at competitively low cost. The 
pressure sensors of this type are normally available 
in temperature compensated, calibrated, and signal 
conditioned (or amplified) configurations. Hence 
the thermal stability of this type of sensor is 
excellent without any complicated external signal 
conditioning system. Figure 1 demonstrates the 
repeatability of the calibration relationships of the 
sensor used with the tensiometer carried out at 
different temperatures in the laboratory at Kasetsart 
Univeristy. This type of pressure sensor also has 
high output sensitivity (in the range of 6-40mV/kPa 
for different types of sensor), and thus ideally 
suited for using with the proposed miniature 
tensiometer. Two types of tensiometers, used for 
measuring different ranges of suction, are being 
developed as explained in the following. 

                  a) 

            b) 
Figure 2. Configuration of the low-suction KU 
tensiometers, a) with absolute pressure sensor, b) 
with differential pressure sensor. 

2.1 Low-suction KU tensiometer 
This type of Kasetsart University (KU) 

tensiometer employs porous ceramic of 1Bar air 
entry value, and its maximum working range is 
limited to a suction of about 0.8Bar. There are 2 
configurations of the low-suction tensiometer, 
depending on the type of pressure sensor used. 
Figure 2a show the tensiometer which uses the 
absolute pressure sensor, sensing the pressure 
referenced to vacuumed chamber within the sensor. 
The tensiometer in Figure 2b uses the differential 
pressure, whose one of the two ports is connected 
to porous tip contacted with soil pore water, and 
another port to either atmosphere or the air within 
soil pore. When connecting this port to soil pore air, 
the tensiometer automatically measures the 
difference between pore air pressure and pore water 
pressure, (s = ua-uw), thus the matrix suction. This 
will be of advantage when using this type of 
tensiometer to measure matric suction in 
compacted clay fill where air pressure can be 
greater than atmospheric value.  

The tensiometer is calibrated using hanging 
water column, where the ratio between the distance 
of the water column open end below the sensor is 
about 1m per 9.8kPa of suction. The method used 
to saturate the low-suction tensiometer with de-air 
water is similar to the approach suggested by 
Ridley & Burland (1993), however, without 
pressurisation the tensiometer at high pressure. The 
low-suction KU tensiometers have been used in 
various research works at Kasetsart University and 
examples of their application are given in Sections 
3, 4 and 5. 

1 cm

Figure 3. Configuration of the high-suction KU 
tensiometers. 



2.2 High-suction KU tensiometer 
Shown in Figure 3 is another form of 

tensiometer designed to measure suction higher 
than 1Bar. The size of water reservoir of the 
tensiometer (in port P2) is designed to be relatively 
small (~0.06cm3) and the device needs to be 
preconditioned before use. The method used to 
saturate the tensiometer with de-air water is similar 
to the approach by Ridley & Burland (1993). The 
tensiometer is first evacuated under dry condition 
before submerging the device with de-aired water 
under vacuum. Afterwards, the tensiometer is 
pressurised under water at 1500 kPa. A preliminary 
testing of the high-suction tensiometer shows that 
suction upto 350 kPa can be measured with this 
device. Figure 4 shows result of suction 
measurement on a gradually drying clay sample 
over a period of 12days, before bubble forming in 
the tensiometer. However, the success rate of 
manufacturing the well-performing high-suction 
tensiometer is still unsatisfactory and need further 
research. It is believed that the Epoxy-based 
material used to manufacture the pressure sensor 
body might have some imperfections on the surface 
which provides nuclei of air bubble formation 
when under high tensile stress. More research 
needs to be carried out to improve further the 
performance of the high-suction KU tensiometer. 
The high-suction KU tensiometer also employs 
differential pressure sensor, thus automatically 
measuring the difference between pore air pressure 
and pore water pressure, (s = ua-uw), i.e. the matrix 
suction.

3. IN-SITU SUCTION MEASUREMENTS 
Figure 5 shows schematically the method used 

for installing the KU tensiometer in-situ. Firstly, a 
borehole is formed, and a plastic casing is inserted 
(stage 1). A guide rod with a drill bit is then used to 
drill a small hole, where the tensiometer tip is 
gently pushed in afterwards with the guide rod 
(stages 2-3-4). Some results of the suction 
measurement during rain infiltration simulation 
on ,a landslide prone area of weathered granite, are 
shown in Figure 6. The weathered granitic soils are 
of silty and loamy type. Movement of the wetting 
front can be seen in the figure. The data of suction 
variation with depth and time from the simulation 
can also be used to back calculate the permeability 
variation with suction of the ground profile in the 
tested area, provided that the soil-water retention 
curves of the soils are known. 

4. DETERMINATION OF SOIL-WATER 
RETENTION CURVE  

In general the soil-water retention curve (SWRC) 
is determined using the pressure plate apparatus. 
Recently, some researchers make use of the 
tensiometer to determine the retention curves 
continuously (Cunningham, 2000, Toker et al., 
2004). This novel use of the tensiometer simplifies 
the process and apparatus used to determine the 
soil-water retention curve.  
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Figure 5. Installation of the tensiometer for in-situ 
suction  measurement. 
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Figure 7. Experimental set-up for determining the 
soil-water retention curve using the tensiometer. 
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Figure 8. Soil-water retention curves of a granitic 
residual soil determined  using the tensiometer. 

The KU tensiometers have been used to 
investigate the SWRC of the same granitic soil 
from the landslide area. Suction measurement is 
made on a carefully wrapped sample, inside a 
sealed container. Figure 7 shows the experimental 
set up used for the measurement. In this 
preliminary study, after each suction measurement, 
the sample is either dried or wetted by about 1% 
water content in order to obtain the soil-water 
retention curve. Drying is realised by exposing the 
sample in the air, while wetting is achieved by 
directly adding water into the sample using syringe 
and/or fog generator. Some results of these 
preliminary tests are shown in Figure 8. This 
method has the advantage in that the equipment 
used is much simpler than the conventional 
pressure plate or suction plate. 

5. SUCTION-MONITORED UNCON-
FINED COMPRESSION TESTS 

In Asian countries, the unconfined compression 
tests are normally carried out to determine the 
design parameters for structures founded on both 
fully saturated soils and unsaturated soil. Thus the 
total stress analysis, and undrained shear strength, 

(su = qu/2) are normally employed in the routine 
designs.

Cunningham et al. (2003) demonstrate that the 
effective stress failure envelope of a silty clay 
determined using unconfined compression tests 
with suction measurement coincides with that from 
conventional effective-stress triaxial testing, when 
the samples are close to full saturation. Similarly, 
in this study, three preliminary unconfined 
compression tests were carried out on the Bangkok 
clay from various depths of 1-4 m. The soil 
samples were obtained from a test site at Asian 
Institute of Technology, AIT, and were fully 
saturated. Figure 9 shows the experimental set up. 
Note that the tensiometer was inserted 7-8mm into 
the wrapped soil samples with diameter of 65mm. 
It is believed that the insertion of the tensiometer 
into the soil did not cause excessive interference 
with the shearing process and the measured soil 
strength, although more research needs to be 
carried out to verify this assumption. The effective 
stress paths of the samples during unconfined 
shearing are shown in Figure 10, using the MIT 
notations, where 

22
vhvq

���
�

�
�                      (1)    

svhvp ��
�

�
22

''
'

���
                              (2)    

and s is the matrix suction monitored during the 
tests, using the tensiometer. This soft clay has 
value of air entry suction greater than the suction 
values shown in the figure and thus fully saturated 
throughout the tests. The value of the effective 
angle of shearing resistance, '� , obtained from 
these tests is  29o, with effective cohesion equal to 
zero. This parameter is close to the previously 
reported angle of shearing resistance, '� , of about 
30o of the Bangkok clay (e.g. Balasubramaniam et 
al., 1992, and Shibuya & Tamrakar, 2003; ). In 
addition, the sample from a shallower depth of 
crust zone (1-2m) tends to behave like a more 
overly-consolidated clay with dilatant behaviour 
and higher suction. It thus can be seen that very 
useful additional information can be obtained from 
the routinely performed unconfined compression 
tests, when the tensiometers are incorporated.  



Figure 9. Experimental set up of the suction-
monitored unconfined compression tests on soft 
Bangkok clay. 

0

20

40

60

80

0 20 40 60 80 100 120 140 160

p' = (�'1+�'3)/2

q 
= 

( �
1-
�3

)/2

Depth 2-3m
Depth 1-2m
Depth 3-4m
failure envelope

�' = 29o

Figure 10. Effective stress paths of the Bangkok 
clay during suction-monitored unconfined 
compression tests. 

6. OTHER POSSIBLE APPLICATIONS 
With the relatively low cost of the tensiometers, 

it is very feasible that the devices are incorporated 
into other standard apparatus, such as the  
oedometer, direct shear box, and triaxial appartus. 
Collapse-on-wetting behaviour of a silty clay have 
been thoroughly investigated by Jotisankasa (2005) 
using the suction-monitored oedometer. Tarantino, 
& Tombolato (2005) incorporate the Imperial 
College type tensiometer into their direct shear 
apparatus, obtaining coupling hydraulic and 
mechanical constitutive equations of a compacted 
kaolin. Many useful informations thus can be 
obtained when incorporating the miniature 
tensiometers into conventional apparatus. 

7. CONCLUSIONS 
An ongoing development of the miniature 

tensiometers at Kasetsart University is reported. 
Two types of the tensiometers are being developed, 
those measuring suction below 1Bar and those 
measuring suction up to 3 Bar. The devices have 
been used for in-situ suction measurement, and 
soil-water retention curve determination. In 
particular, the suction-monitored unconfined 
compression tests were carried out, enabling 
determination of the effective strength parameters  
of the soft Bangkok clay. The miniature 
tensiometer appears a promising tool for 
investigating the behaviour of both fully saturated 
and unsaturated soils. 
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