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(ABSTRACT) 

An extensive literature review and experimental study 

were performed to investigate whether cavitation and 

dissolved gases exiting solution from soil pore water are 

the cause of the erratic undrained behavior often observed 

in triaxial tests on saturated, dilatant silts. 

The literature indicates that ground water contains 

various amounts of dissolved gases and that gases dissolved 

in soil pore water will have sufficient time to exit 

solution to some extent, due to the pore pressure reductions 

which occur during sampling and unconsolidated-undrained 

triaxial tests. The exit of dissolved gases from solution 

would increase the soil volume and affect its undrained 

behavior. 

Experiments were performed on saturated silts to 

measure the pore pressure reductions which occur during 

sampling and unconsolidated-undrained triaxial tests. The 

amount of dissolved air that could come out of solution and 

the desaturation that a saturated soil sample could 

experience were also estimated. 

Gas bubble formation and growth within the pores of a 

saturated silt could affect intergranular forces and 

influence the stress-strain behavior of the soil in 

undrained tests. Variations in the amount of dissolved gas 

exiting solution and forming bubbles from one specimen to 

another could be the cause of the erratic undrained behavior



often observed for saturated silts. Bubble growth within 

the soil pores is believed to have lead to abrupt strain- 

softening in a number of the undrained tests performed in 

this research. 

Variations in specimen disturbance may also contribute 

to the erratic behavior observed in undrained tests on 

Silts. Disturbance levels and their influence on soil 

behavior are difficult to quantify. 

Due to the unusual properties of water under negative 

pressure, the initial value of pore water pressure within 

the soil appears to have a direct influence on the undrained 

strength of the soil. As a result, laboratory pore water 

pressures should be similar to in-situ pore water pressures, 

in order to give reasonable undrained strength measurements. 

The findings of this research are believed to be worthy of 

further study.
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�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t�s� �B�l�1�-�1�,� �B�l�l�-� 
�2�,� �B�1�1�-�3�,� �B�9�-�1�,� �B�9�-�2�,� �a�n�d� �B�9�-�4� �o�n� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.� �e�e�e� �e� �e�e�e� �e�e� �e� �A�9�1� 
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�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�5�.�1�1�3�.� 

�5�.�1�1�4�.� 

�5�.�1�1�5�.� 

�5�.�1�1�6�.� 

�5�.�1�1�7�.� 

�5�.�1�1�8�.� 

�5�.�1�1�9�.� 

�5�.�1�2�0�.� 

�5�.�1�2�1�.� 

�5�.�1�2�2�.� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� 
�m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�1�,� �B�1�7�-�2�,� �B�1�7�-� 
�3�,� �a�n�d� �B�1�7�-�4� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.� �4�9�2� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �4�.�5�%� �a�x�i�a�l� 
�s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �B�1�7�-�1�,� �B�1�7�-�2�,� �B�1�7�-�3�,� 
�a�n�d� �B�1�7�-�4� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.� �4�9�4� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t�s� �B�1�7�-�1�,� �B�1�7�-� 
�2�,� �B�1�7�-�3�,� �a�n�d� �B�1�7�-�4� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� 
�L�M�V�D� �s�i�l�t�.�.�.�.�.� �e�e� �4�9�5� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� 
�m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�8�-�1�,� �B�1�8�-�2�,� �B�1�8�-� 
�3�,� �a�n�d� �B�1�8�-�4� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�4�9�7� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �1�0�%� 
�a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �B�1�8�-�1�,� �B�1�8�-�2�,� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t�s� �B�1�8�-�1�,� �B�1�8�-� 
�2�,� �B�1�8�-�3�,� �a�n�d� �B�1�8�-�4� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� 
�L�M�V�D� �S�i�l�t�.�.�.�.�.�.�.�c�e�e�c�e�e�e�s� �c�e�c�e� �e�r�e� �w�e�e�s� �e�e�e� �e�e� �e�e� �0� �4�9�9� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� 
�m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�1�,� �B�1�7�-�~�-�2�,� �B�1�7�-� 
�3�,� �B�1�7�-�4�,� �B�1�8�-�1�,� �B�1�8�-�2�,� �B�1�8�-�3�,� �a�n�d� �B�1�8�-� 
�4� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�5�0�1� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t�s� �B�1�7�-�1�,� �B�1�7�-� 
�2�,� �B�1�7�-�3�,� �B�1�7�-�4�,� �B�1�8�-�1�,� �B�1�8�-�2�,� �B�1�8�-�3�,� 
�a�n�d� �B�1�8�-�4� �o�n� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.� �-� �-�5�0�4� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �C�U� �t�e�s�t�s� �o�n� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.�.�.� �e�e�e� �e� �w�e�e� �5�0�7� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �C�U� �t�e�s�t� �B�5�-�1� 
�o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.�.�.� �2�0�+� �5�0�9� 
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�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�5�.�1�2�3�.� 

�5�.�1�2�4�.� 

�5�.�1�2�5�.� 

�5�.�1�2�6�.� 

�5�.�1�2�7�.� 

�5�.�1�2�8�.� 

�5�.�1�2�9�.� 

�5�.�1�3�0�.� 

�5�.�1�3�1�.� 

�5�.�1�3�2�.� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �C�U� �t�e�s�t� �B�5�-�2� 
�o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.� �c�e�c�e� �e�e�e� �e�e�e� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �C�U� �t�e�s�t� �B�5�-�4� 
�o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �C�U� �t�e�s�t� �B�5�-�3� 
�o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �S�i�l�t�.�.�.�.�.�.�.�.�.�c�e�e�e�s�v�e�c�e�s� 

�E�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �p�a�t�h�s� �m�e�a�s�u�r�e�d� �i�n� �C�U� 
�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.� �.� 

�M�i�n�o�r� �p�r�i�n�c�i�p�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �v�s�.� 
�a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� 
�C�U� �t�e�s�t� �B�5�-�1� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.� 

�M�i�n�o�r� �p�r�i�n�c�i�p�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �v�s�.� 
�a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� 
�C�U� �t�e�s�t� �B�5�-�2� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.� 

�M�i�n�o�r� �p�r�i�n�c�i�p�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �v�s�.� 
�a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� 
�C�U� �t�e�s�t� �B�5�-�4� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.� 

�M�i�n�o�r� �p�r�i�n�c�i�p�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �v�s�.� 
�a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� 
�C�U� �t�e�s�t� �B�5�-�3� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 
�v�o�l�u�m�e�t�r�i�c� �s�t�r�a�i�n� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �C�D� �t�e�s�t�s� �o�n� 
�O�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.� �c�e�e� �c�e�e� �c�e�c�e� �e�e�e� �c�e�c�e� �c�e�e� 

�E�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� �c�D� 
�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� 
�o�n� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�a�i�l�u�r�e� 

�(�o�n� �a�t� �O�y� �O�X� �=�)� �o�o�)� �5� �O�r� 

�X�X�X�l�i� 

�5�1�0� 

�5�2�3



�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 
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�F�i�g�u�r�e� 

�5�.�1�3�3�.� 

�5�.�1�3�4�.� 

�5�.�1�3�5�.� 

�5�.�1�3�6�.� 

�5�.�1�3�7�.� 

�5�.�1�3�8�.� 

�5�.�1�3�9�.� 

�5�.�1�4�0�.� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�9�-�1�,� 
�B�1�9�-�2�,� �B�1�9�-�3�,� �a�n�d� �B�1�9�-�4� �o�n� �b�a�c�k� 
�p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�e�0�.� �c�e�c�e� �e�e�s� �5�3�1� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �5�%� �a�x�i�a�l� 
�s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �B�1�9�-�1�,� �B�1�9�-�2�,� �B�1�9�-�3�,� 
�a�n�d� �B�1�9�-�4� �o�n� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�e�d� 
�s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�5�3�4� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t�s� �B�1�9�-�1�,� �B�1�9�-� 
�2�,� �B�1�9�-�3�,� �a�n�d� �B�1�9�-�4� �o�n� �b�a�c�k� �p�r�e�s�s�u�r�e� 
�s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �n�e�w� 
�L�M�V�D� �S�i�l�t�.�.�.� �c�e�c�e� �c�r�c� �c�e�c�e� �c�r� �e�r�e�s� �c�r� �c�c�c� �s�e�s�c�c�c�c�s� �5�3�5� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�2�0�-�1�,� 
�B�2�0�-�2�,� �B�2�0�-�3�,� �a�n�d� �B�2�0�-�4� �o�n� �b�a�c�k� 
�p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �S�i�l�t�.�.�.�.�.�.�.�c�c�e�c�n�c�e�n�v�e�s� �-�.�-�5�3�6� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �1�0�%� 
�a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �B�2�0�-�1�,� �B�2�0�-�2�,� 
�B�2�0�-�3�,� �a�n�d� �B�2�0�-�4� �o�n� �b�a�c�k� �p�r�e�s�s�u�r�e� 
�s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �n�e�w� 
�L�M�V�D� �S�i�l�t�.�.�.� �c�c�c� �e�w�e� �c�c� �c�e�c�e� �c�e�e� �c�e�n�e�e� �e�n� �c�a�n�a�e� �5�3�9� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t�s� �B�2�0�-�1�,� �B�2�0�-� 
�2�,� �B�2�0�-�3�,� �a�n�d� �B�2�0�-�4� �o�n� �b�a�c�k� �p�r�e�s�s�u�r�e� 
�s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �n�e�w� 
�I�L�M�V�D� �S�i�l�t�.�.�.� �c�c�c� �c�c�c� �c�c�c� �e�e� �e�e�e� �c�r�e�e� �e�e�e� �e�n�c�e�s� �5�4�0� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �o�n� �b�a�c�k� 
�p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.� �c�c�c� �e�n�c�e�s� �~� �5�4�1� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�1�,� 
�B�1�9�-�1�,� �a�n�d� �B�2�0�-�1� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �S�i�l�t�.�.�.�.�.�.�.�.�.�.�.� �c�c�c� �c� �c�c� �e�e�e� �~�5�4�3� 
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�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�2�,� 
�B�1�9�-�2�,� �a�n�d� �B�2�0�-�2� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.� �e�e�e� �c�e�r�e� �e�e�e� �5�4�6� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�3�,� 
�B�1�8�-�1�,� �B�1�9�-�3�,� �a�n�d� �B�2�0�-�3� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �S�i�l�t�.�.�.� �.�c�e�c�e�c�c�c�c�c�e�c�e�c�c�e�s� �-�5�4�8� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�4�,� 
�B�1�9�-�4�,� �a�n�d� �B�2�0�-�4� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �S�i�l�t�.�.�.� �.�.�c�e�c�e�c�c�v�e�s�s�e�e�e�e�e� �e�d�d� 

�s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�2� �a�n�d� 
�B�1�9�-�1� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� 
�S�L�L�.� �c�c� �c�c�c� �w�c� �c�c� �w�w� �w�c� �w�w�e� �r�e�n�c�e� �e�r�e�n�c�e� �n�n�e�r� �s�c�c�e�e�e�s� �5�5�3� 

�D�e�v�i�a�t�o�r� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�3�,� 
�B�1�8�-�1�,� �B�1�9�-�2�,� �a�n�d� �B�2�0�-�1� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.�.�.�.�2�.� �e�e�e� �e�e�e� �5�5�6� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�7�-�4�,� 
�B�1�9�-�3�,� �a�n�d� �B�2�0�-�2� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �S�i�l�t�.�.�.� �.� �c�c� �c�c�c�c�v�c�c�c�c�c�v�e�e� �5�5�9� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�b�e�h�a�v�i�o�r� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �B�1�8�-�2�,� 
�B�i�9�-�4�,� �a�n�d� �B�2�0�-�3� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.�.�.� �o�e� �e�e�e� �e�e� �0� �5�6�2� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �5�%� �a�x�i�a�l� 
�s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �B�1�9�-�1�,� �B�1�9�-�2�,� �a�n�d� 
�B�1�9�-�3� �o�n� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�e�d� 
�s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�5�6�5� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �p�e�a�k� 
�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t�s� �B�1�9�-�1�,� �B�1�9�-� 
�2�,� �a�n�d� �B�1�9�-�3� �o�n� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�e�d� 
�s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.� �5�6�6� 
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�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� 
�r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s� �i�n� 
�w�h�i�c�h� �e�r�r�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� 
�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �n�o�t� �o�b�s�e�r�v�e�d�.�.�.�.�.�.�.� �e�e�e� �e�e�e� �5�8�4� 

�C�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� 
�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �Q� 
�t�e�s�t�s� �i�n� �w�h�i�c�h� �e�r�r�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� 
�m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �n�o�t� �o�b�s�e�r�v�e�d�.�.�.�.�.�.�.�.�.�.�.�-�.� �5�8�5� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t� �a�t� �1�0�%� �a�x�i�a�l� 
�s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �i�n� �w�h�i�c�h� �e�r�r�a�t�i�c� 
�p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �w�e�r�e� �n�o�t� 
�O�D�S�E�Y�V�E�d� �.�.� �c�c�c� �e�e� �c�e� �w�e�e� �e�e�e� �e�e�e� �c�e�s� �e�e�e� �e�e�e� �e�e�e� �e�e�e� �e�n�e� �5�8�6� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �1�0�%� 
�a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �U�U�-�1�2�,� �U�U�-�1�5�,� 
�a�n�d� �U�U�-�1�8� �p�e�r�f�o�r�m�e�d� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �S�i�l�t�.�.�.� �c�e�c�e� �c�c�c� �c� �c�c� �c�c�c�e�e� �c�e�c�e� �r�e�r�e� �r�e�c� �e�e�s� �5�8�8� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �a�t� �1�0�%� 
�a�x�i�a�l� �s�t�r�a�i�n� �f�o�r� �Q� �t�e�s�t�s� �U�U�-�3�,� �U�U�-�1�0�,� 
�a�n�d� �U�U�-�1�4� �p�e�r�f�o�r�m�e�d� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �S�i�l�t�.�.�.�.�.�.�c�c�e�e�s�e�e�e� �c�e�e� �e�e�e� �e�e�e� �c� �e�e�e� �e�e�e� �e�e�e� �-�5�8�9� 

�C�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� 
�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �Q� 
�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�s� �u�n�c�o�n�f�i�n�e�d� 
�c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�s� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�.�.�.� �e�e�e� �e� �w�e�e�n� �5�9�3� 

�C�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� 
�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �Q� 
�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �a� �c�e�l�l� �p�r�e�s�s�u�r�e� �o�f� 
�1�0� �p�s�i� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �S�i�l�t�.�.�.� �c�c�c� �c�e�c�e� �e�r�e� �c�c�c� �e� �c�c�c� �c�e�e�e� �s�e�e� �e�s�e�o�e� �5�9�5� 

�C�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� 
�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �Q� 
�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �a� �c�e�l�l� �p�r�e�s�s�u�r�e� �o�f� 
�2�0� �p�s�i� �o�n� �s�p�e�c�i�m�e�n�s� �o�f� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �S�i�l�t�.�.�.�.�.�.�.� �c�e�c�e� �w�w�w� �e�e�n�s� �c�e� �e�e�e� �e�e� �2�0�0�0� �6� �0� �9�7� 
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�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�6�.�1�0�.� 

�6�.�1�1�.� 

�6�.�1�2�.� 

�6�.�1�3�.� 

�6�.�1�6�.� 

�V�a�r�i�a�t�i�o�n� �o�f� �P�a�-�P�y� �o�r� �s�u�c�t�i�o�n� �w�i�t�h� 
�s�p�e�c�i�m�e�n� �v�o�i�d� �r�a�t�i�o� �m�e�a�s�u�r�e�d� �p�r�i�o�r� �t�o� 
�a�p�p�l�i�c�a�t�i�o�n� �o�f� �c�e�l�l� �p�r�e�s�s�u�r�e� �i�n� �Q� �t�e�s�t� 
�s�p�e�c�i�m�e�n�s� �w�i�t�h� �m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� 
�M�O�N�L�C�O�L�I�N�G�.�.�.�.� �c�e�c�e� �e�s�e� �e�c� �e�r�r�r� �r�e�e� �r�e�c�e� �c�c�e�r�c�c�c�c�e�e� �6�0�1� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s� �v�s�.� �a�x�i�a�l� �s�t�r�a�i�n� �a�n�d� 
�c�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �v�s�.� �a�x�i�a�l� 
�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t� 
�U�U�-�1�0� �p�e�r�f�o�r�m�e�d� �a�s� �a�n� �u�n�c�o�n�f�i�n�e�d� 
�c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�,� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� 
�S�L�I�C�K�.�.�.� �c�c�c� �c�c�c� �c�c� �r�e�c�e� �r�e�c�e� �c�e�c�e� �e�n�e�r� �e�e�e� �s�e�e�s� �6�2�6� 

�V�o�i�d� �r�a�t�i�o� �v�s�.� �m�i�n�o�r� �p�r�i�n�c�i�p�a�l� 
�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�o�r� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n� 
�U�U�-�1�0� �(�N�o�t�e�:� �l�o�c�a�t�i�o�n� �o�f� �c�r�i�t�i�c�a�l� 
�s�t�a�t�e� �l�i�n�e� �i�s� �a�s�s�u�m�e�d� �a�n�d� �i�s� �p�r�e�s�e�n�t�e�d� 
�f�o�r� �i�l�l�u�s�t�r�a�t�i�v�e� �p�u�r�p�o�s�e�s� �o�n�l�y�.� �T�h�e� 
�a�c�t�u�a�l� �l�o�c�a�t�i�o�n� �o�f� �t�h�e� �c�r�i�t�i�c�a�l� �s�t�a�t�e� 
�l�i�n�e� �w�a�s� �n�o�t� �d�e�t�e�r�m�i�n�e�d� �f�o�r� �t�h�e� �o�l�d� 
�L�M�V�D� �s�i�l�t� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.�)�.�.�.�.�.�.� �r�a� �6�2�7� 

�S�o�i�l� �c�o�n�d�i�t�i�o�n�s� �c�o�n�s�i�d�e�r�e�d� �i�n� �s�a�m�p�l�i�n�g� 
�a�n�a�l�y�s�i�s� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�.�.�.�.�.�.�.�.�.�.�.� �0�0�0�-�6�4�1� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �9�%� �t�o� 
�1�0�%� �a�x�i�a�l� �s�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e�.�.�.�.�.�.� �c�e�c�e� �e�c�e�e�s� �-�6�7�7� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n�a� 
�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �o�f� �l�e�s�s� �t�h�a�n� �9�%� �a�x�i�a�l� 
�S�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e�.�.�.� �.� �c�c�c� �c�w� �c�c�c� �r�e�e�r� �c�c�c�c�c�c�a�e�e� �6�8�3� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �t�h�e� 
�p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.�.�.�.�.�6�8�7� 

�B�i�l�i�n�e�a�r� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� 
�f�o�r� �r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� 
�t�h�e� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�a�i�l�u�r�e� 
�C�Y�I�t�C�E�T�L�O�N�.�.� �.� �e�e�e� �e�e� �w�e� �w�e� �e�e�e� �e�e�e� �e�t�r�e� �e�e�e� �c�e�e� �c�c�e�e� �6�8�9� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �4�.�5�%� 
�a�n�d� �5�.�5�%� �a�x�i�a�l� �s�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e�.�.�.�.�.�.�.�.�.�.�.�6�9�4� 

�X�X�x�V�v�i



�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�6�.�1�8�.� 

�6�.�1�9�.� 

�6�.�2�0�.� 

�6�.�2�1�.� 

�6�.�2�2�.� 

�6�.�2�3�.� 

�6�.�2�4�.� 

�6�.�2�5�.� 

�6�.�2�6�.� 

�6�.�2�7�.� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e� �f�o�r� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �1�0�%� 
�a�x�i�a�l� �s�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e�.�.�.�.�.�.�.�.�.�.� �c�e�e� �c�e�e� �e�e�n�s� �6�9�5� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �e�n�v�e�l�o�p�e�s� �f�o�r� 
�r�e�m�o�l�d�e�d� �n�e�w� �L�M�V�D� �s�i�l�t�,� �b�a�s�e�d� �o�n� �t�h�e� 
�p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.�.�.�.�.� �6�9�9� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� �Q� �t�e�s�t�s� 
�B�8�-�1�,� �B�8�-�2�,� �a�n�d� �B�8�-�4�,� �b�a�s�e�d� �o�n� �6�%� �a�x�i�a�l� 
�s�t�r�a�i�n� �a�s� �t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.�.�.�.�.�.�.�.�.�.�.�.� �7�0�0� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� �Q� �t�e�s�t�s� 
�B�8�-�1�,� �B�8�-�2�,� �a�n�d� �B�8�-�4�,� �b�a�s�e�d� �o�n� �1�5�%� 
�a�x�i�a�l� �s�t�r�a�i�n� �a�s� �t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.�.�.�.�.�.� �7�0�1� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� �Q� �t�e�s�t�s� 
�B�9�-�1�,� �B�9�-�2�,� �a�n�d� �B�9�-�4�,� �b�a�s�e�d� �o�n� �1�5�%� 
�a�x�i�a�l� �s�t�r�a�i�n� �a�s� �t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.�.�.�.�.�.� �7�0�3� 

�T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� �Q� �t�e�s�t�s� 
�B�l�1�-�1�,� �B�l�1�-�2�,� �B�1�l�1�-�3�,� �a�n�d� �B�1�1�-�4�,� �b�a�s�e�d� 
�o�n� �1�5�%� �a�x�i�a�l� �s�t�r�a�i�n� �a�s� �t�h�e� �f�a�i�l�u�r�e� 
�c�r�i�t�e�r�i�o�n�.�.�.�.�.�.�.�.�.�.�.� �c�e�c�e� �w�e�e�s� �c�c� �e�e�e� �c�e�e� �c�c�c� �e�e�e� �7�0�4� 

�S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �g�r�a�i�n� �b�o�u�n�d�a�r�y� 
�s�l�i�d�i�n�g� �m�o�d�e�l� �p�r�o�p�o�s�e�d� �b�y� �V�a�a�n�d�r�a�g�e�r� 
�a�n�d� �P�h�a�r�r� �(�1�9�8�9�)� �s�h�o�w�i�n�g� �c�a�v�i�t�y� 
�f�o�r�m�a�t�i�o�n� �i�n� �t�h�e� �l�i�q�u�i�d� �p�h�a�s�e�.�.�.�.�.�.�.�.�.�.�.�.�.�.�7�2�6� 

�S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �o�f� �m�a�t�e�r�i�a�l� 
�m�i�c�r�o�s�t�r�u�c�t�u�r�e�s� �c�o�n�s�i�d�e�r�e�d� �b�y� �E�v�a�n�s� �a�n�d� 
�R�a�n�a� �(�1�9�8�0�)� �f�o�r� �c�a�v�i�t�y� �f�o�r�m�a�t�i�o�n� �a�n�d� 
�g�r�o�w�t�h� �w�i�t�h�i�n� �a� �m�a�t�e�r�i�a�l�.�.�.� �c�c�c� �e�w�e� �c�e� �e�w�w� �e�e� �7�2�8� 

�S�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �u�n�c�o�n�f�i�n�e�d� 
�c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �w�i�t�h� 
�m�i�d�h�e�i�g�h�t� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �o�n� 
�r�e�m�o�l�d�e�d� �o�l�d� �L�M�V�D� �S�i�l�t�.�.�.�.�.�.�.�.� �c�c�c� �c�e�c�e� �c�c�c�e�s� �7�3�4� 

�S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �s�h�o�w�i�n�g� �a� �c�r�o�s�s�-� 
�s�e�c�t�i�o�n� �t�h�r�o�u�g�h� �a� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �a�l�o�n�g� 
�w�i�t�h� �a� �p�o�t�e�n�t�i�a�l� �s�h�e�a�r� �p�l�a�n�e�.�.�.�.�.�.�.�.�.�.�.�.� �2�2�-�7�3�5� 

�X�X�X�V�i�i



�F�i�g�u�r�e� �6�.�2�8�.� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �s�h�o�w�i�n�g� �h�o�w� �n�e�g�a�t�i�v�e� 
�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�c�t�s� �e�s�s�e�n�t�i�a�l�l�y� 
�e�q�u�a�l�l�y� �a�l�l� �a�r�o�u�n�d� �t�h�e� �s�i�l�t� �p�a�r�t�i�c�l�e�,� 
�r�e�s�u�l�t�i�n�g� �i�n� �n�o� �c�h�a�n�g�e� �i�n� �t�h�e� 
�i�n�t�e�r�g�r�a�n�u�l�a�r� �f�o�r�c�e�s� �b�e�t�w�e�e�n� �t�h�e� �s�i�l�t� 
�P�A�L�C�I�C�L�E�S�.� �.� �L�e�c�c�e� �w�e� �e�e�e� �w�e�r�e� �e�r�r� �c�e�c�e� �e�r�n� �c�n�c�n�n�e� �7�3�7� 

�F�i�g�u�r�e� �6�.�2�9�.� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �s�h�o�w�i�n�g� �a� �c�r�o�s�s�-� 
�s�e�c�t�i�o�n� �t�h�r�o�u�g�h� �a� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �i�n� 
�w�h�i�c�h�,� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� 
�p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �w�h�i�c�h� �o�c�c�u�r�r�e�d� 
�d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �a� �g�a�s�-�f�i�l�l�e�d� 
�b�u�b�b�l�e� �h�a�s� �f�o�r�m�e�d� �w�i�t�h�i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� 
�a�l�o�n�g� �t�h�e� �p�o�t�e�n�t�i�a�l� �s�h�e�a�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�.�0�.�.� �7�3�8� 

�F�i�g�u�r�e� �6�.�3�0�.� �S�c�h�e�m�a�t�i�c� �d�i�a�g�r�a�m� �s�h�o�w�i�n�g� �t�h�a�t� �o�n�c�e� �a� 
�g�a�s�-�f�i�l�l�e�d� �b�u�b�b�l�e� �h�a�s� �f�o�r�m�e�d� �i�n� �t�h�e� 
�p�o�r�e� �w�a�t�e�r� �a�d�j�a�c�e�n�t� �t�o� �t�h�e� �s�i�l�t� 
�p�a�r�t�i�c�l�e�,� �t�h�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� 
�p�r�e�s�s�u�r�e� �t�e�n�d�s� �t�o� �p�u�l�l� �t�h�e� �s�i�l�t� 
�p�a�r�t�i�c�l�e� �a�w�a�y� �f�r�o�m� �t�h�e� �b�u�b�b�l�e�,� �t�h�e�r�e�b�y� 
�r�e�d�u�c�i�n�g� �t�h�e� �i�n�t�e�r�g�r�a�n�u�l�a�r� �f�o�r�c�.�.�.�.�.�.�.�.�.�.�.�.� �7�4�0� 

�F�i�g�u�r�e� �6�.�3�1�.� �D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �a�n�d� �c�h�a�n�g�e� �i�n� 
�p�o�r�e� �p�r�e�s�s�u�r�e�-�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p�s� 
�m�e�a�s�u�r�e�d� �i�n� �t�w�o� �Q� �t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �s�i�l�t�,� �i�n� �w�h�i�c�h� �f�a�i�l�u�r�e� �o�f� �t�h�e� �p�o�r�e� 
�p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� �s�y�s�t�e�m� �o�c�c�u�r�r�e�d�.�.�.�.�.�.�.�.� �7�4�6� 

�F�i�g�u�r�e� �6�.�3�2�.� �S�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� �t�e�s�t�s� 
�p�e�r�f�o�r�m�e�d� �o�n� �B�a�t�c�h� �1�1� �o�f� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �S�i�l�t�.�.�.� �c�c� �c�c� �c�e� �w�e� �w�c� �e�e� �e�e�e� �e�e�e� �c�e�c�e� �o�e� �7�5�0� 

�F�i�g�u�r�e� �6�.�3�3�.� �S�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� �t�e�s�t�s� 
�p�e�r�f�o�r�m�e�d� �o�n� �B�a�t�c�h� �8� �o�f� �r�e�m�o�l�d�e�d� �o�l�d� 
�L�M�V�D� �s�i�l�t�.�.�.�.�.�.�.�.�.�.�2�2�0�0�.� �e�c�m� �c�e�c�e� �c�e�e� �c� �e�e�e� �e� �e�e�s� �7�5�1� 

�F�i�g�u�r�e� �6�.�3�4�.� �D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� 
�t�e�s�t�s� �o�n� �r�e�c�o�n�s�t�i�t�u�t�e�d� �s�p�e�c�i�m�e�n�s� �o�f� 
�A�l�a�s�k�a�n� �S�i�l�t� �t�e�s�t�e�d� �b�y� �F�l�e�m�i�n�g� �a�n�d� 
�D�u�n�c�a�n� �(�1�9�9�0�)� �(�a�f�t�e�r� �d�e�l�a� �P�e�n�a�,� �1�9�9�1�)�.�.�.�.�.�.� �7�5�6� 

�F�i�g�u�r�e� �6�.�3�5�.� �D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� 
�t�e�s�t�s� �o�n� �u�n�d�i�s�t�u�r�b�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �Y�a�z�o�o� 
�s�i�l�t� �(�f�r�o�m� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� �a�n�d� 
�H�u�f�f�m�a�n�,� �1�9�9�0�)� �.�.�.�.�.�.� �c�e�e� �e�e�e� �e�e� �c�e�e� �e�e� �e�e� �r�c� �w�e�n�n� �7�5�7� 

�X�X�X�V�i�l�i



�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�F�i�g�u�r�e� 

�6�.�3�6�.� 

�6�.�3�7�.� 

�6�.�3�9�.� 

�6�.�4�0�.� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� 
�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �Y�a�z�o�o� 
�s�i�l�t� �(�f�r�o�m� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� �a�n�d� 
�H�u�f�f�m�a�n�,� �1�9�9�0�)�.�.�.�.�.�.�.� �c�e�c�e� �e�e�e� �w� �c�e�c�e� �c�e�e� �e�c�w� �e�e� �7�5�9� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� 
�t�e�s�t�s� �o�n� �r�e�m�o�l�d�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �L�M�V�D� 
�s�i�l�t� �(�f�r�o�m� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� �a�n�d� 
�H�u�f�f�m�a�n�,� �1�9�9�0�)� �.�.�.�.� �c�c�c� �c�c�c� �c�c�c� �c�c�c� �c�r� �c�c� �e�r�c�c�c�c�c�c�e�c�s�e� �7�6�0� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� 
�t�e�s�t�s� �o�n� �u�n�d�i�s�t�u�r�b�e�d� �s�a�m�p�l�e�s� �o�f� �G�r�a�y� 
�s�i�l�t�,� �W�e�s�t� �W�i�l�l�i�a�m�s�o�n� �L�.�P�.�P�.� �P�u�m�p� 
�S�t�a�t�i�o�n� �(�S�a�m�p�l�e� �U�D�-�1�0�1�-�S�2�-�A�)�,� �t�e�s�t�e�d� �b�y� 
�D�u�n�c�a�n� �a�n�d� �S�e�h�n� �(�1�9�8�7�)� �(�a�f�t�e�r� �d�e�l�a� 
�P�e�n�a�,� �1�9�9�1�)�.�.�.� �2�.� �c�e�e� �w� �e�n�c�e� �c�e�c�e� �r�n�c� �c�c�v�e�e� �c�e�e� �e�e�n�s� �7�6�2� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� 
�t�e�s�t�s� �o�n� �u�n�d�i�s�t�u�r�b�e�d� �s�a�m�p�l�e�s� �o�f� �B�r�o�w�n� 
�s�i�l�t�,� �W�e�s�t� �W�i�l�l�i�a�m�s�o�n� �L�.�P�.�P�.� �P�u�m�p� 
�S�t�a�t�i�o�n� �(�S�a�m�p�l�e� �U�D�-�8�5�-�4�-�9�)�,� �t�e�s�t�e�d� �b�y� 
�D�u�n�c�a�n� �a�n�d� �S�e�h�n� �(�1�9�8�7�)� �(�a�f�t�e�r� �d�e�l�a� 
�P�e�n�a�,� �1�9�9�1�)� �.�.�.�.� �c�c�c� �r�c�v� �c�e�v�e�e� �c�e�c�e� �e�e� �e�e�e� �e�e� �e�e� �e�o� �1�0�3� 

�D�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� �Q� 
�t�e�s�t�s� �o�n� �u�n�d�i�s�t�u�r�b�e�d� �s�a�m�p�l�e�s� �o�f� �B�r�o�w�n� 
�S�i�l�t�,� �W�e�s�t� �W�i�l�l�i�a�m�s�o�n� �L�.�P�.�P�.� �P�u�m�p� 
�S�t�a�t�i�o�n� �(�S�a�m�p�l�e� �U�D�-�8�5�-�4�-�1�1�B�)�,� �t�e�s�t�e�d� �b�y� 
�D�u�n�c�a�n� �a�n�d� �S�e�h�n� �(�1�9�8�7�)� �(�a�f�t�e�r� �d�e�l�a� 
�P�e�n�a�,� �1�9�9�1�)� �.�.�.�.�.�.�.�-�.�.�e�0�0�.� �e�c� �e� �e�c� �e�e�e� �e�e� �e�e�e� �e�e�n� �e�o� �1�0�4� 
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�C�h�a�p�t�e�r� �1� 

�I�N�T�R�O�D�U�C�T�I�O�N� 

�T�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �s�a�t�u�r�a�t�e�d�,� �f�i�n�e�-�g�r�a�i�n�e�d� 

�s�o�i�l�s� �i�s� �o�f�t�e�n� �u�s�e�d� �i�n� �p�e�r�f�o�r�m�i�n�g� �g�e�o�t�e�c�h�n�i�c�a�l� �e�n�g�i�n�e�e�r�i�n�g� 

�a�n�a�l�y�s�e�s�.� �S�a�t�u�r�a�t�e�d� �s�i�l�t�s� �o�f� �l�o�w� �p�l�a�s�t�i�c�i�t�y� �a�r�e� �f�i�n�e�-� 

�g�r�a�i�n�e�d� �s�o�i�l�s� �t�h�a�t� �a�r�e� �o�f�t�e�n� �e�n�c�o�u�n�t�e�r�e�d� �o�n� �g�e�o�t�e�c�h�n�i�c�a�l� 

�e�n�g�i�n�e�e�r�i�n�g� �p�r�o�j�e�c�t�s�.� �T�h�e�i�r� �e�n�g�i�n�e�e�r�i�n�g� �p�r�o�p�e�r�t�i�e�s� �a�n�d� 

�u�n�d�r�a�i�n�e�d� �b�e�h�a�v�i�o�r�,� �h�o�w�e�v�e�r�,� �a�r�e� �n�o�t� �v�e�r�y� �w�e�l�l� �u�n�d�e�r�s�t�o�o�d�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�i�s�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �s�i�l�t�s� �o�f�t�e�n� �c�a�u�s�e�s� 

�d�i�f�f�i�c�u�l�t�y� �f�o�r� �p�r�a�c�t�i�c�i�n�g� �g�e�o�t�e�c�h�n�i�c�a�l� �e�n�g�i�n�e�e�r�s�.� �R�e�c�e�n�t� 

�s�t�u�d�i�e�s� �(�T�o�r�r�e�y�,� �1�9�8�2�;� �F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n�,� �1�9�9�0�;� �B�r�a�n�d�o�n�,� 

�D�u�n�c�a�n�,� �a�n�d� �H�u�f�f�m�a�n�,� �1�9�9�0�)� �h�a�v�e� �p�r�o�v�i�d�e�d� �a�n� �i�m�p�r�o�v�e�d� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �s�i�l�t� �b�e�h�a�v�i�o�r�,� �b�u�t� �i�m�p�o�r�t�a�n�t� �q�u�e�s�t�i�o�n�s� 

�c�o�n�c�e�r�n�i�n�g� �t�h�e� �f�u�n�d�a�m�e�n�t�a�l� �b�e�h�a�v�i�o�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �s�t�i�l�l� 

�r�e�m�a�i�n� �u�n�a�n�s�w�e�r�e�d�.� 

�U�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� 

�o�f�t�e�n� �s�h�o�w� �c�o�n�s�i�d�e�r�a�b�l�e� �s�c�a�t�t�e�r�,� �m�a�k�i�n�g� �t�h�e� �s�e�l�e�c�t�i�o�n� �a�n�d� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�u�l�t�s� �a� �d�i�f�f�i�c�u�l�t� �t�a�s�k� �f�o�r� 

�e�n�g�i�n�e�e�r�s�.� �A� �s�t�u�d�y� �o�f� �t�h�e� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �s�i�l�t� �s�p�o�n�s�o�r�e�d� 

�b�y� �t�h�e� �C�o�r�p�s� �o�f� �E�n�g�i�n�e�e�r�s� �(�B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� �a�n�d� �H�u�f�f�m�a�n�,� 

�1�9�9�0�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �s�c�a�t�t�e�r� �o�f�t�e�n� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� 

�m�e�a�s�u�r�e�d� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �o�f� �s�i�l�t� �s�p�e�c�i�m�e�n�s� �d�e�t�e�r�m�i�n�e�d� �b�y� 

�I�N�T�R�O�D�U�C�T�I�O�N� �1



�Q�(�*�)� �t�e�s�t�s� �m�a�y� �b�e� �d�u�e� �t�o� �c�a�v�i�t�a�t�i�o�n�,� �o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� 

�b�u�b�b�l�e�s� �o�f� �w�a�t�e�r� �v�a�p�o�r� �a�n�d� �a�i�r� �w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� �s�o�i�l�.� 

�T�h�e� �f�o�r�m�a�t�i�o�n� �a�n�d� �g�r�o�w�t�h� �o�f� �b�u�b�b�l�e�s� �c�o�u�l�d� �b�e� �t�h�e� �r�e�s�u�l�t� �o�f� 

�t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�s� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� 

�s�h�e�a�r�.� �T�h�i�s� �i�s� �b�e�l�i�e�v�e�d� �t�o� �b�e� �a� �p�r�o�b�l�e�m� �u�n�i�q�u�e� �t�o� �s�i�l�t�s�.� 

�A�l�t�h�o�u�g�h� �c�a�v�i�t�a�t�i�o�n� �m�a�y� �o�c�c�u�r� �i�n� �s�a�n�d�s�,� �c�o�n�v�e�n�t�i�o�n�a�l� �Q� �t�e�s�t�s� 

�a�r�e� �n�o�t� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�n�d�s�,� �a�n�d� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �a�r�e� �n�o�t� 

�o�f�t�e�n� �u�s�e�d� �i�n� �a�n�a�l�y�s�e�s�.� �C�a�v�i�t�a�t�i�o�n� �d�o�e�s� �n�o�t� �a�p�p�e�a�r� �t�o� �b�e� �a�n� 

�i�s�s�u�e� �f�o�r� �c�l�a�y�s� �d�u�e� �t�o� �t�h�e� �s�m�a�l�l� �p�o�r�e� �s�i�z�e�.� 

�1�.�1� �R�e�s�e�a�r�c�h� �O�b�j�e�c�t�i�v�e�s� 

�T�h�e� �o�b�j�e�c�t�i�v�e�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �w�e�r�e� �t�o� �i�n�v�e�s�t�i�g�a�t�e� 

�m�o�r�e� �f�u�l�l�y� �t�h�e� �p�h�e�n�o�m�e�n�o�n� �o�f� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �i�t�s� �p�o�s�s�i�b�l�e� 

�i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �e�r�r�a�t�i�c� �b�e�h�a�v�i�o�r� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �o�f�t�e�n� 

�o�b�s�e�r�v�e�d� �i�n� �Q� �t�e�s�t�s�.� 

�B�a�s�e�d� �o�n� �t�h�e� �w�o�r�k� �o�f� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� �a�n�d� �H�u�f�f�m�a�n� 

�(�1�9�9�0�)�,� �t�h�e� �r�e�s�e�a�r�c�h� �p�e�r�f�o�r�m�e�d� �w�a�s� �d�i�r�e�c�t�e�d� �a�t� �e�x�p�l�o�r�i�n�g� �t�h�e� 

�f�o�l�l�o�w�i�n�g� �q�u�e�s�t�i�o�n�s�:� 

�1�.�)� �W�h�a�t� �i�s� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n� �w�h�i�c�h� �o�c�c�u�r�s� �d�u�r�i�n�g� �Q� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� 

�s�i�l�t�s�?� 

� � 

�(�*�)� �F�o�r� �c�o�n�v�e�n�i�e�n�c�e�,� �s�y�m�b�o�l�s� �a�n�d� �a�b�r�e�v�i�a�t�i�o�n�s� �a�r�e� �l�i�s�t�e�d� �i�n� �t�h�e� �N�o�t�a�t�i�o�n� 
�(�A�p�p�e�n�d�i�x� �A�)�.� 

�I�N�T�R�O�D�U�C�T�I�O�N� �2



�2�.�)� �W�h�a�t� �i�s� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �a� �s�o�i�l� �s�p�e�c�i�m�e�n�?� 

�3�.�)� �I�s� �c�a�v�i�t�a�t�i�o�n� �o�r� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �p�o�r�e� 

�w�a�t�e�r� �a� �f�e�a�s�i�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �f�o�r� �t�h�e� �o�b�s�e�r�v�e�d� �b�e�h�a�v�i�o�r� 

�o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �i�n� �Q� �t�e�s�t�s�?� 

�4�.�)� �I�f� �c�a�v�i�t�a�t�i�o�n� �o�f� �p�o�r�e� �w�a�t�e�r� �i�s� �f�o�u�n�d� �t�o� �b�e� �a�n� �i�n�f�l�u�e�n�c�e� 

�o�n� �t�h�e� �e�r�r�a�t�i�c� �b�e�h�a�v�i�o�r� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �Q� �t�e�s�t� 

�s�p�e�c�i�m�e�n�s�,� �w�h�a�t� �i�s� �t�h�e� �b�e�s�t� �w�a�y� �t�o� �p�e�r�f�o�r�m� �a�n�d� 

�i�n�t�e�r�p�r�e�t� �t�h�e� �r�e�s�u�l�t�s� �o�f� �s�u�c�h� �t�e�s�t�s� �f�o�r� �u�s�e� �i�n� 

�e�n�g�i�n�e�e�r�i�n�g� �a�n�a�l�y�s�i�s� �a�n�d� �d�e�s�i�g�n�?� 

�1�.�2� �O�r�g�a�n�i�z�a�t�i�o�n� �o�f� �D�i�s�s�e�r�t�a�t�i�o�n� 

�T�h�e� �f�o�l�l�o�w�i�n�g� �c�h�a�p�t�e�r�s� �o�f� �t�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n� �d�i�s�c�u�s�s� �t�h�e� 

�v�a�r�i�o�u�s� �f�i�n�d�i�n�g�s� �o�f� �t�h�i�s� �r�e�s�e�a�r�c�h� �r�e�g�a�r�d�i�n�g� �c�a�v�i�t�a�t�i�o�n� �a�n�d� 

�i�t�s� �p�o�s�s�i�b�l�e� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �e�n�g�i�n�e�e�r�i�n�g� �b�e�h�a�v�i�o�r� �o�f� �s�i�l�t�s�.� 

�C�h�a�p�t�e�r� �2� �d�i�s�c�u�s�s�e�s� �t�h�e� �b�e�h�a�v�i�o�r� �e�x�p�e�c�t�e�d� �f�o�r� �u�n�d�r�a�i�n�e�d� 

�t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�o�i�l�s� �a�n�d� �h�o�w� �t�h�e� �b�e�h�a�v�i�o�r� �w�h�i�c�h� �i�s� �o�f�t�e�n� 

�o�b�s�e�r�v�e�d� �f�o�r� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �d�e�v�i�a�t�e�s� �f�r�o�m� �t�h�i�s� �e�x�p�e�c�t�e�d� 

�b�e�h�a�v�i�o�r�.� 

�C�h�a�p�t�e�r� �3� �p�r�e�s�e�n�t�s� �a� �r�e�v�i�e�w� �o�f� �t�h�e� �c�a�v�i�t�a�t�i�o�n� 

�l�i�t�e�r�a�t�u�r�e� �a�n�d� �i�t�s� �a�p�p�l�i�c�a�t�i�o�n�s� �t�o� �s�o�i�l� �b�e�h�a�v�i�o�r�.� 

�C�h�a�p�t�e�r� �4� �r�e�v�i�e�w�s� �t�h�e� �g�e�o�t�e�c�h�n�i�c�a�l� �l�i�t�e�r�a�t�u�r�e� �o�n� �p�o�r�e� 

�a�i�r� �-� �p�o�r�e� �w�a�t�e�r� �s�y�s�t�e�m�s�.� �A�d�d�i�t�i�o�n�a�l� �i�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� 
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�l�i�t�e�r�a�t�u�r�e� �o�n� �t�h�e� �s�o�l�u�b�i�l�i�t�y� �o�f� �a�i�r� �i�n� �w�a�t�e�r�,� �t�h�e� �d�i�s�s�o�l�v�e�d� 

�g�a�s� �c�o�n�t�e�n�t� �o�f� �g�r�o�u�n�d� �w�a�t�e�r�,� �a�n�d� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �g�o�e�s� 

�i�n�t�o� �o�r� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �i�n� �w�a�t�e�r� �i�s� �a�l�s�o� �p�r�e�s�e�n�t�e�d�.� 

�C�h�a�p�t�e�r� �5� �p�r�e�s�e�n�t�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t�s� 

�p�e�r�f�o�r�m�e�d� �o�n� �s�i�l�t�s� �i�n� �t�h�i�s� �s�t�u�d�y�.� 

�C�h�a�p�t�e�r� �6� �a�n�a�l�y�z�e�s� �a�n�d� �d�i�s�c�u�s�s�e�s� �t�h�e� �r�e�s�u�l�t�s� �o�f� �t�h�e� 

�l�a�b�o�r�a�t�o�r�y� �t�e�s�t�s� �a�n�d� �a�p�p�l�i�e�s� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� �p�r�e�s�e�n�t�e�d� �i�n� 

�C�h�a�p�t�e�r� �4� �t�o� �t�h�e� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �s�i�l�t�s� �i�n� �t�h�i�s� �r�e�s�e�a�r�c�h�.� 

�A�l�s�o� �d�i�s�c�u�s�s�e�d� �a�r�e� �t�h�e� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �t�h�e� �i�n�f�o�r�m�a�t�i�o�n� 

�p�r�e�s�e�n�t�e�d� �i�n� �C�h�a�p�t�e�r� �4�,� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t� 

�r�e�s�u�l�t�s�.� �T�h�e� �i�n�f�l�u�e�n�c�e� �o�f� �t�h�e� �f�o�r�m�a�t�i�o�n� �a�n�d� �g�r�o�w�t�h� �o�f� 

�b�u�b�b�l�e�s� �w�i�t�h�i�n� �t�h�e� �s�o�i�l� �p�o�r�e�s� �o�n� �t�h�e� �o�b�s�e�r�v�e�d� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�b�e�h�a�v�i�o�r� �o�f� �t�h�e� �s�o�i�l� �i�s� �a�l�s�o� �c�o�n�s�i�d�e�r�e�d�.� 

�C�h�a�p�t�e�r� �7� �p�r�e�s�e�n�t�s� �t�h�e� �s�u�m�m�a�r�y� �a�n�d� �c�o�n�c�l�u�s�i�o�n�s� �f�r�o�m� 

�t�h�i�s� �r�e�s�e�a�r�c�h�,� �a�n�d� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �f�o�r� �f�u�r�t�h�e�r� �s�t�u�d�y�.� 
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�C�h�a�p�t�e�r� �2� 

�U�N�D�R�A�I�N�E�D� �B�E�H�A�V�I�O�R� �O�F� �S�A�T�U�R�A�T�E�D� �S�O�I�L�S� 

�2�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�T�h�e� �b�e�h�a�v�i�o�r� �o�f� �s�a�t�u�r�a�t�e�d� �s�o�i�l�s� �t�e�s�t�e�d� �i�n� �u�n�d�r�a�i�n�e�d� 

�t�e�s�t�s� �h�a�s� �b�e�e�n� �s�t�u�d�i�e�d� �t�o� �a� �c�o�n�s�i�d�e�r�a�b�l�e� �e�x�t�e�n�t� �a�n�d� 

�g�e�n�e�r�a�l�l�y� �y�i�e�l�d�s� �a� �w�e�l�l�-�u�n�d�e�r�s�t�o�o�d� �a�n�d� �e�x�p�e�c�t�e�d� �b�e�h�a�v�i�o�r�.� 

�D�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �o�c�c�u�r� 

�w�i�t�h�i�n� �s�a�t�u�r�a�t�e�d� �s�o�i�l� �s�p�e�c�i�m�e�n�s�.� �T�h�e�s�e� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� 

�p�r�e�s�s�u�r�e� �a�r�e� �d�e�v�e�l�o�p�e�d� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �v�o�l�u�m�e� �c�h�a�n�g�e� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �s�o�i�l� �d�u�r�i�n�g� �s�h�e�a�r�.� �T�h�e� �p�o�r�e� 

�p�r�e�s�s�u�r�e�s� �w�h�i�c�h� �d�e�v�e�l�o�p� �c�a�n� �b�e� �p�o�s�i�t�i�v�e� �o�r� �n�e�g�a�t�i�v�e�,� 

�r�e�l�a�t�i�v�e� �t�o� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �d�e�p�e�n�d�i�n�g� �o�n� 

�w�h�e�t�h�e�r� �t�h�e� �s�o�i�l� �i�s� �l�o�o�s�e� �w�i�t�h� �a� �t�e�n�d�e�n�c�y� �t�o� �c�o�n�t�r�a�c�t� �o�r� 

�d�e�n�s�e� �w�i�t�h� �a� �t�e�n�d�e�n�c�y� �t�o� �e�x�p�a�n�d� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �T�h�e� 

�i�n�c�r�e�a�s�e� �o�r� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�s� �w�i�l�l� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �a�c�t�i�n�g� �o�n� �t�h�e� 

�s�p�e�c�i�m�e�n�,� �w�h�i�c�h� �i�n� �t�u�r�n�,� �w�i�l�l� �a�f�f�e�c�t� �t�h�e� �m�e�a�s�u�r�e�d� �s�h�e�a�r� 

�s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� �I�f� �a� �g�r�o�u�p� �o�f� �s�p�e�c�i�m�e�n�s� �h�a�v�e� �t�h�e� �s�a�m�e� 

�v�o�i�d� �r�a�t�i�o� �i�n�i�t�i�a�l�l�y�,� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �d�e�v�e�l�o�p�e�d� 

�d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�h�o�u�l�d� �b�e� �t�h�e� �s�a�m�e� �f�o�r� �a�l�l� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �i�n� �t�h�e� �g�r�o�u�p�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� 

�i�n� �t�h�e� �t�e�s�t�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �t�h�i�s�,� �t�h�e� �m�e�a�s�u�r�e�d� �s�h�e�a�r� 
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�s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �s�h�o�u�l�d� �b�e� �t�h�e� �s�a�m�e� �f�o�r� �a�l�l� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �i�n� �t�h�e� �g�r�o�u�p� �(�B�i�s�h�o�p� �a�n�d� �E�l�d�i�n�,� �1�9�5�0�)�.� 

�T�h�e�o�r�e�t�i�c�a�l�l�y�,� �t�h�i�s� �s�h�o�u�l�d� �b�e� �t�r�u�e� �f�o�r� �a�l�l� �s�o�i�l�s�,� 

�w�h�e�t�h�e�r� �o�r� �n�o�t� �t�h�e�y� �e�x�p�e�r�i�e�n�c�e� �a�n� �i�n�c�r�e�a�s�e� �o�r� �d�e�c�r�e�a�s�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �T�h�e� �e�r�r�a�t�i�c� 

�b�e�h�a�v�i�o�r� �o�f�t�e�n� �o�b�s�e�r�v�e�d� �i�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� 

�s�i�l�t�s�,� �h�o�w�e�v�e�r�,� �m�a�y� �v�e�r�y� �w�e�l�l� �b�e� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �d�i�l�a�t�a�n�t� 

�b�e�h�a�v�i�o�r� �a�n�d� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�s� 

�d�u�r�i�n�g� �t�h�e� �t�e�s�t�s�.� �L�o�o�s�e� �s�o�i�l�s� �a�t�t�e�m�p�t� �t�o� �c�o�n�t�r�a�c�t� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �a�n�d� �t�h�e�r�e�f�o�r�e� �e�x�p�e�r�i�e�n�c�e� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �D�e�n�s�e� �s�i�l�t�s� �a�t�t�e�m�p�t� �t�o� �d�i�l�a�t�e� �o�r� �e�x�p�a�n�d� 

�d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �T�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �O�n�e� �o�f� �t�h�e� �m�a�i�n� �f�a�c�t�o�r�s� �w�h�i�c�h� �m�u�s�t� �b�e� 

�c�o�n�s�i�d�e�r�e�d� �i�s� �t�h�a�t� �w�a�t�e�r� �s�u�b�j�e�c�t�e�d� �t�o� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �o�r� 

�t�e�n�s�i�o�n� �e�x�h�i�b�i�t�s� �d�i�f�f�e�r�e�n�t� �b�e�h�a�v�i�o�r� �t�h�a�n� �w�a�t�e�r� �w�h�i�c�h� 

�e�x�p�e�r�i�e�n�c�e�s� �a�n� �i�n�c�r�e�a�s�e� �i�n� �p�r�e�s�s�u�r�e� �o�r� �i�s� �p�l�a�c�e�d� �i�n� 

�c�o�m�p�r�e�s�s�i�o�n�.� 

�2�.�2� �E�x�p�e�c�t�e�d� �v�s�.� �O�b�s�e�r�v�e�d� �B�e�h�a�v�i�o�r� �o�f� �S�a�t�u�r�a�t�e�d� �S�o�i�l�s� �i�n� �Q� 
�T�e�s�t�s� 

�F�o�r� �a� �s�a�t�u�r�a�t�e�d� �s�o�i�l� �t�e�s�t�e�d� �i�n� �a�n� �u�n�c�o�n�s�o�l�i�d�a�t�e�d�-� 

�u�n�d�r�a�i�n�e�d� �(�U�U� �o�r� �Q�)� �t�r�i�a�x�i�a�l� �t�e�s�t�,� �a�n� �a�n�g�l�e� �o�f� �s�h�e�a�r�i�n�g� 

�r�e�s�i�s�t�a�n�c�e� �o�r� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�,�,� �e�q�u�a�l� �t�o� �z�e�r�o� 

�s�h�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d�.� �A�c�c�o�r�d�i�n�g� �t�o� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�0�)�,� 

�t�h�i�s� �i�s� �t�h�e� �r�e�s�u�l�t� �o�f� �t�h�r�e�e� �p�r�i�n�c�i�p�l�e�s�:� 
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�(�1�)� �T�h�e� �s�t�r�e�n�g�t�h� �o�f� �s�o�i�l� �i�s� �g�o�v�e�r�n�e�d� �c�o�m�p�l�e�t�e�l�y� �b�y� �t�h�e� 

�i�n�t�e�r�g�r�a�n�u�l�a�r� �f�o�r�c�e�s�,� 

�(�2�)� �T�h�e� �c�o�n�t�a�c�t� �a�r�e�a� �b�e�t�w�e�e�n� �s�o�i�l� �g�r�a�i�n�s� �i�s� �v�e�r�y� �s�m�a�l�l�,� �s�o� 

�t�h�a�t� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�c�t�s� �o�n� �v�i�r�t�u�a�l�l�y� �t�h�e� 

�e�n�t�i�r�e� �s�u�r�f�a�c�e�s� �o�f� �t�h�e� �s�o�i�l� �g�r�a�i�n�s�,� �a�n�d� �t�h�e�r�e�f�o�r�e�,� 

�p�o�s�i�t�i�v�e� �o�r� �n�e�g�a�t�i�v�e� �c�h�a�n�g�e�s� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�d�o� �n�o�t� �i�n�f�l�u�e�n�c�e� �t�h�e� �i�n�t�e�r�g�r�a�n�u�l�a�r� �f�o�r�c�e�s�,� �a�n�d� 

�(�3�)� �A�s� �a� �r�e�s�u�l�t� �o�f� �w�a�t�e�r� �b�e�i�n�g� �i�n�c�o�m�p�r�e�s�s�i�b�l�e� �c�o�m�p�a�r�e�d� �t�o� 

�t�h�e� �s�o�i�l� �s�t�r�u�c�t�u�r�e�,� �c�h�a�n�g�e�s� �i�n� �c�e�l�l� �p�r�e�s�s�u�r�e� �a�r�e� 

�c�a�r�r�i�e�d� �w�h�o�l�l�y� �b�y� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �I�f� �n�o� �d�r�a�i�n�a�g�e� �i�s� 

�a�l�l�o�w�e�d�,� �t�h�e� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�o�i�l� �s�t�r�u�c�t�u�r�e� �d�o� �n�o�t� 

�c�h�a�n�g�e� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �u�s�e�d� �i�n� �t�h�e� 

�t�e�s�t�s�.� 

�U�n�d�e�r� �t�h�e�s�e� �c�o�n�d�i�t�i�o�n�s�,� �a� �s�e�r�i�e�s� �o�f� �Q� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� 

�o�n� �a� �g�r�o�u�p� �o�f� �s�a�t�u�r�a�t�e�d� �s�o�i�l� �s�p�e�c�i�m�e�n�s� �a�t� �t�h�e� �s�a�m�e� �v�o�i�d� 

�r�a�t�i�o� �s�h�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �s�t�r�e�n�g�t�h� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �c�o�n�f�i�n�i�n�g� 

�p�r�e�s�s�u�r�e�.� �T�h�e� �M�o�h�r�-�C�o�u�l�o�m�b� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �o�b�t�a�i�n�e�d� �f�o�r� 

�t�h�e� �s�o�i�l� �s�h�o�u�l�d� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �a� �>�,� �=� �0�,� �S�y� �=�c� 

�c�o�n�d�i�t�i�o�n�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�1�.� �F�o�r� �t�h�e� �t�e�s�t�s� �o�n� �s�i�l�t� 

�s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�2�,� �h�o�w�e�v�e�r�,� �t�h�e� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� 

�d�y�,� �i�s� �c�o�n�s�i�d�e�r�a�b�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �z�e�r�o�.� 

�G�o�l�d�e�r� �a�n�d� �S�k�e�m�p�t�o�n� �(�1�9�4�8�)� �s�t�u�d�i�e�d� �t�h�e� �s�h�e�a�r� �s�t�r�e�n�g�t�h� 

�o�f� �s�a�t�u�r�a�t�e�d� �c�o�h�e�s�i�v�e� �s�o�i�l�s� �i�n� �u�n�c�o�n�s�o�l�i�d�a�t�e�d�-�u�n�d�r�a�i�n�e�d� �(�Q�)� 

�t�r�i�a�x�i�a�l� �t�e�s�t�s�.� �F�o�r� �b�o�t�h� �s�o�f�t� �a�n�d� �s�t�i�f�f� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d� 
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�N�o�r�m�a�l� �S�t�r�e�s�s� �(�p�s�f�)� 

�F�i�g�u�r�e� �2�.�2�.� �T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�-�C�o�u�l�o�m�b� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� 
�f�o�r� �Q� �t�e�s�t�s� �c�o�n�d�u�c�t�e�d� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t� 
�(�a�f�t�e�r� �G�o�l�d�e�r� �a�n�d� �S�k�e�m�p�t�o�n�,� �1�9�4�8�)� 
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�c�l�a�y�s�,� �t�h�e�y� �f�o�u�n�d� �t�h�a�t� �t�h�e� �a�n�g�l�e� �o�f� �s�h�e�a�r�i�n�g� �r�e�s�i�s�t�a�n�c�e� �o�f� 

�t�h�e� �s�o�i�l� �w�a�s� �e�q�u�a�l� �t�o� �z�e�r�o� �f�o�r� �a�l�l� �p�r�a�c�t�i�c�a�l� �p�u�r�p�o�s�e�s�.� 

�F�o�r� �s�o�m�e� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�,� �h�o�w�e�v�e�r�,� �t�h�e� �a�n�g�l�e� �o�f� 

�s�h�e�a�r�i�n�g� �r�e�s�i�s�t�a�n�c�e� �o�f� �t�h�e� �s�o�i�l� �i�n� �Q� �t�e�s�t�s� �w�a�s� �f�o�u�n�d� �t�o� �b�e� 

�s�i�g�n�i�f�i�c�a�n�t�l�y� �g�r�e�a�t�e�r� �t�h�a�n� �z�e�r�o�.� �G�o�l�d�e�r� �a�n�d� �S�k�e�m�p�t�o�n� �(�1�9�4�8�)� 

�a�t�t�r�i�b�u�t�e�d� �t�h�i�s� �t�o� �t�h�e� �d�i�l�a�t�a�n�t� �b�e�h�a�v�i�o�r� �o�f� �s�i�l�t�s�.� �T�h�e�y� 

�p�r�o�p�o�s�e�d� �t�h�a�t� �t�h�e� �t�e�n�d�e�n�c�y� �f�o�r� �d�i�l�a�t�i�o�n� �u�n�d�e�r� �u�n�d�r�a�i�n�e�d� 

�c�o�n�d�i�t�i�o�n�s� �l�e�a�d� �t�o� �a� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�i�t�h�i�n� 

�t�h�e� �s�p�e�c�i�m�e�n�s�.� �T�h�i�s� �r�e�s�u�l�t�e�d� �i�n� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �i�n�c�r�e�a�s�e� �i�n� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �a�n�d� �t�h�e� �m�e�a�s�u�r�e�d� 

�s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �i�n�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �c�e�l�l� 

�p�r�e�s�s�u�r�e�.� �T�h�e�y� �d�i�d� �n�o�t� �s�t�a�t�e� �w�h�a�t� �c�r�i�t�e�r�i�o�n� �w�a�s� �u�s�e�d� �t�o� 

�d�e�f�i�n�e� �f�a�i�l�u�r�e� �n�o�r� �d�i�d� �t�h�e�y� �p�r�e�s�e�n�t� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� 

�t�h�e� �t�e�s�t�s�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �a�l�l� �o�f� �t�h�e� �s�i�l�t�s� �t�e�s�t�e�d� �h�a�d� 

�l�i�q�u�i�d� �l�i�m�i�t�s� �b�e�l�o�w� �3�5�.� �F�u�r�t�h�e�r� �r�e�v�i�e�w� �o�f� �t�h�e�i�r� �r�e�s�u�l�t�s� 

�s�h�o�w�s� �t�h�a�t� �t�h�e� �s�i�l�t�s� �s�t�u�d�i�e�d� �h�a�d� �p�l�a�s�t�i�c�i�t�y� �i�n�d�i�c�e�s� �b�e�t�w�e�e�n� 

�4� �a�n�d� �2�3�.� �T�h�e� �l�i�q�u�i�d�i�t�y� �i�n�d�i�c�e�s� �o�f� �t�h�e� �s�i�l�t� �s�p�e�c�i�m�e�n�s� 

�t�e�s�t�e�d� �i�n� �t�h�e� �Q� �t�e�s�t�s� �r�a�n�g�e�d� �b�e�t�w�e�e�n� �0�.�1� �a�n�d� �0�.�5�,� �i�n�d�i�c�a�t�i�n�g� 

�t�h�a�t� �t�h�e� �w�a�t�e�r� �c�o�n�t�e�n�t�s� �o�f� �t�h�e� �s�i�l�t� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �g�e�n�e�r�a�l�l�y� 

�c�l�o�s�e�r� �t�o� �t�h�e�i�r� �p�l�a�s�t�i�c� �l�i�m�i�t�s� �t�h�a�n� �t�h�e�i�r� �l�i�q�u�i�d� �l�i�m�i�t�s�.� 

�B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�0�)� �s�t�u�d�i�e�d� �t�h�e� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� 

�s�o�i�l�s� �a�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �u�n�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t�s� �o�n� 

�s�a�t�u�r�a�t�e�d� �s�a�m�p�l�e�s�.� �F�r�o�m� �t�h�e�i�r� �s�t�u�d�y�,� �t�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t�,� 

�i�n� �g�e�n�e�r�a�l�,� �t�h�e� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e� �o�f� �a� �s�a�t�u�r�a�t�e�d� �s�o�i�l� 
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�d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �a� �s�e�r�i�e�s� �o�f� �u�n�c�o�n�s�o�l�i�d�a�t�e�d�-�u�n�d�r�a�i�n�e�d� �t�e�s�t�s� 

�s�h�o�u�l�d� �b�e� �t�o�o� �s�m�a�l�l� �t�o� �m�e�a�s�u�r�e� �a�n�d� �s�h�o�u�l�d� �t�h�e�r�e�f�o�r�e� �b�e� 

�e�s�s�e�n�t�i�a�l�l�y� �z�e�r�o� �f�o�r� �a�l�l� �s�o�i�l�s�,� �i�n�c�l�u�d�i�n�g� �t�h�o�s�e� �w�i�t�h� 

�d�i�l�a�t�a�n�t� �t�e�n�d�e�n�c�i�e�s�.� �T�h�e�y� �r�e�c�o�g�n�i�z�e�d�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �f�o�r� 

�c�e�r�t�a�i�n� �s�o�i�l�s� �w�h�i�c�h� �a�p�p�e�a�r�e�d� �t�o� �b�e� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�,� 

�a�p�p�r�e�c�i�a�b�l�e� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s� �c�o�u�l�d� �b�e� �m�e�a�s�u�r�e�d� 

�u�n�d�e�r� �c�e�r�t�a�i�n� �c�o�n�d�i�t�i�o�n�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�0�)�,� �o�n�e� �s�u�c�h� 

�c�o�n�d�i�t�i�o�n� �w�o�u�l�d� �a�r�i�s�e� �i�f� �t�h�e� �s�o�i�l� �c�o�n�t�a�i�n�e�d� �a�m�o�u�n�t�s� �o�f� �a�i�r� 

�t�o�o� �s�m�a�l�l� �t�o� �b�e� �d�e�t�e�c�t�e�d�.� �T�h�i�s� �s�i�t�u�a�t�i�o�n� �m�i�g�h�t� �r�e�s�u�l�t� �f�r�o�m� 

�f�o�r�m�a�t�i�o�n� �o�f� �a�i�r� �b�u�b�b�l�e�s� �o�r� �v�o�i�d�s� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n� �a�s� �t�h�e� �i�n�-�s�i�t�u� �s�t�r�e�s�s�e�s� �w�e�r�e� �r�e�l�e�a�s�e�d� �d�u�r�i�n�g� 

�s�a�m�p�l�i�n�g�.� �A�s� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�d� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g�,� 

�a�i�r� �m�i�g�h�t� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r�,� �i�n� 

�a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �H�e�n�r�y�'�s� �l�a�w�.� �I�f� �Q� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �o�n� 

�t�h�e�s�e� �s�a�m�p�l�e�s� �a�t� �l�o�w� �c�e�l�l� �p�r�e�s�s�u�r�e�s�,� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �t�h�e� �a�i�r� 

�b�u�b�b�l�e�s� �c�o�u�l�d� �r�e�s�u�l�t� �i�n� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s� �g�r�e�a�t�e�r� 

�t�h�a�n� �z�e�r�o�.� 

�A� �s�e�c�o�n�d� �c�o�n�d�i�t�i�o�n� �n�o�t�e�d� �b�y� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�0�)�,� 

�w�o�u�l�d� �o�c�c�u�r� �i�f� �t�h�e� �s�o�i�l� �s�a�m�p�l�e� �h�a�d� �a� �t�e�n�d�e�n�c�y� �t�o� �d�i�l�a�t�e� 

�d�u�r�i�n�g� �s�h�e�a�r�,� �t�h�e�r�e�b�y� �l�e�a�d�i�n�g� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�.� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �s�h�e�a�r� �c�o�u�l�d� �a�l�s�o� �l�e�a�d� �t�o� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� 

�s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r�,� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �H�e�n�r�y�'�s� 
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�l�a�w�.� �E�v�e�n� �i�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �c�o�n�t�a�i�n�e�d� �n�o� �d�i�s�s�o�l�v�e�d� �g�a�s�e�s�,� 

�i�f� �a� �l�a�r�g�e� �e�n�o�u�g�h� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �o�c�c�u�r�r�e�d�,� 

�c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �c�o�u�l�d� �t�a�k�e� �p�l�a�c�e�.� �T�h�e� 

�f�o�r�m�a�t�i�o�n� �o�f� �v�a�p�o�r� �f�i�l�l�e�d� �c�a�v�i�t�i�e�s� �w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� 

�s�o�i�l� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �t�h�e� �s�a�m�p�l�e� �b�e�i�n�g� �l�e�s�s� �t�h�a�n� �f�u�l�l�y� 

�s�a�t�u�r�a�t�e�d�,� �a�n�d� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� �a�n�g�l�e�s� �g�r�e�a�t�e�r� �t�h�a�n� �z�e�r�o�.� 

�T�h�i�s� �b�e�h�a�v�i�o�r� �i�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e�-�s�t�r�a�i�n� 

�r�e�l�a�t�i�o�n�s�h�i�p� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�3�.� 
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�F�i�g�u�r�e� �2�.�3�.� �P�o�r�e� �p�r�e�s�s�u�r�e�-�s�t�r�a�i�n� �r�e�l�a�t�i�o�n�s�h�i�p� �f�o�r� �a� �s�o�i�l� 
�w�i�t�h� �a� �t�e�n�d�e�n�c�y� �f�o�r� �d�i�l�a�t�i�o�n� �(�a�f�t�e�r� �B�i�s�h�o�p� 
�a�n�d� �E�l�d�i�n�,� �1�9�5�0�)� 
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�O�d�e�n�s�t�a�d� �(�1�9�4�8�)� �s�t�a�t�e�d� �t�h�a�t� �f�o�r� �d�i�l�a�t�a�n�t� �s�o�i�l�s� �t�e�s�t�e�d� 

�i�n� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �a�s� �a� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n� �e�x�p�e�r�i�e�n�c�e�s� 

�i�n�c�r�e�a�s�i�n�g� �a�x�i�a�l� �s�t�r�a�i�n�,� �a� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�o�c�c�u�r�s� �a�n�d� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �i�n�c�r�e�a�s�e�s� �o�r� �s�t�r�a�i�n�-�h�a�r�d�e�n�i�n�g� 

�o�c�c�u�r�s�.� �H�e� �n�o�t�e�d� �t�h�a�t� �t�h�i�s� �s�t�r�e�n�g�t�h�e�n�i�n�g� �w�o�u�l�d� �c�o�n�t�i�n�u�e� 

�u�n�t�i�l� �e�i�t�h�e�r�:� 

�(�1�)� �T�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�l�i�d� �g�r�a�i�n�s� �h�a�d� �b�e�e�n� �r�e�a�c�h�e�d� �a�n�d� 

�p�a�r�t�i�c�l�e� �b�r�e�a�k�a�g�e� �o�c�c�u�r�r�e�d�,� �o�r� 

�(�2�)� �T�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�a�c�h�e�d� �i�t�s� 

�l�i�m�i�t�i�n�g� �v�a�l�u�e� �a�n�d� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �t�o�o�k� 

�p�l�a�c�e�.� 

�B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�3�)� �f�o�u�n�d� �t�h�a�t� �i�n� �s�p�e�c�i�m�e�n�s� �w�h�i�c�h� 

�h�a�d� �a� �s�t�r�o�n�g� �t�e�n�d�e�n�c�y� �t�o� �d�i�l�a�t�e�,� �a�n� �u�n�d�r�a�i�n�e�d� �f�r�i�c�t�i�o�n� 

�a�n�g�l�e�,� �$�y�,� �o�f� �z�e�r�o� �c�o�u�l�d� �b�e� �o�b�t�a�i�n�e�d� �f�o�r� �a� �s�e�r�i�e�s� �o�f� �t�e�s�t�s� 

�o�n� �s�a�n�d� �s�a�m�p�l�e�s� �w�i�t�h� �s�i�m�i�l�a�r� �i�n�i�t�i�a�l� �v�o�i�d� �r�a�t�i�o�s� �t�e�s�t�e�d� �a�t� 

�d�i�f�f�e�r�e�n�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �a�s� �l�o�n�g� �a�s�:� 

�(�1�)� �T�h�e� �s�a�m�p�l�e�s� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d�,� �a�n�d� 

�(�2�)� �T�h�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�h�i�c�h� �d�e�v�e�l�o�p�e�d� 

�d�u�r�i�n�g� �s�h�e�a�r� �w�e�r�e� �n�o�t� �l�a�r�g�e� �e�n�o�u�g�h� �f�o�r� �c�a�v�i�t�a�t�i�o�n� �t�o� 

�o�c�c�u�r�.� 

�T�h�e�y� �f�o�u�n�d� �t�h�a�t� �i�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �t�h�e� �l�a�r�g�e� �n�e�g�a�t�i�v�e� 

�p�o�r�e� �p�r�e�s�s�u�r�e�s� �w�h�i�c�h� �d�e�v�e�l�o�p�e�d� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �a�f�t�e�r� 

�c�o�n�s�o�l�i�d�a�t�i�n�g� �t�h�e� �s�p�e�c�i�m�e�n�s� �t�o� �t�h�e� �d�e�s�i�r�e�d� �c�o�n�s�o�l�i�d�a�t�i�o�n� 

�p�r�e�s�s�u�r�e�,� �i�t� �w�a�s� �n�e�c�e�s�s�a�r�y� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �t�o� 
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�a� �v�a�l�u�e� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� �f�r�o�m� �o�c�c�u�r�r�i�n�g�.� 

�T�h�e� �i�n�c�r�e�a�s�e� �i�n� �c�e�l�l� �p�r�e�s�s�u�r�e� �i�n�c�r�e�a�s�e�d� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �w�i�t�h�i�n� �t�h�e� �s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �b�y� �a�n� �e�q�u�a�l� �a�m�o�u�n�t�.� 

�T�h�e� �i�n�c�r�e�a�s�e�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �c�o�u�n�t�e�r�a�c�t�e�d� �t�h�e� �d�e�c�r�e�a�s�e� 

�i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� 

�s�h�e�a�r�,� �s�u�c�h� �t�h�a�t� �t�h�e� �p�o�r�e� �w�a�t�e�r� �d�i�d� �n�o�t� �c�a�v�i�t�a�t�e�.� �A�b�o�v�e� �a� 

�c�e�r�t�a�i�n� �l�i�m�i�t�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e�,� �a� �s�e�r�i�e�s� �o�f� �t�e�s�t�s� �o�n� �f�u�l�l�y� 

�s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �y�i�e�l�d�e�d� �a� �$�y�,� �=� �0�,� �S�y� �=� �c� �f�a�i�l�u�r�e� 

�e�n�v�e�l�o�p�e�.� �B�e�l�o�w� �t�h�i�s� �l�i�m�i�t�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e�,� �c�a�v�i�t�a�t�i�o�n� �o�f� 

�t�h�e� �p�o�r�e� �w�a�t�e�r� �t�o�o�k� �p�l�a�c�e� �a�n�d� �a� �s�e�r�i�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� 

�t�h�e� �s�o�i�l� �d�i�d� �n�o�t� �y�i�e�l�d� �a� �$�6�,� �=� �0� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e�.� �A�s� �l�o�n�g� 

�a�s� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �a�b�o�v�e� �t�h�e� �l�i�m�i�t�i�n�g� �v�a�l�u�e�,� �t�h�e� 

�m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� �i�n� �t�h�e� �t�e�s�t� �h�a�d� �n�o� 

�i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�e�s� �i�n� �t�h�e� �s�a�m�p�l�e� �o�r� �t�h�e� 

�m�e�a�s�u�r�e�d� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h�.� 

�I�n� �u�n�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t�s� �o�n� �a� �f�i�n�e�,� �s�a�t�u�r�a�t�e�d� �s�a�n�d�,� 

�N�a�s�h� �(�1�9�5�3�)� �n�o�t�e�d� �t�h�a�t� �i�f� �e�v�e�n� �a� �s�m�a�l�l� �a�m�o�u�n�t� �o�f� �a�i�r� �w�a�s� 

�p�r�e�s�e�n�t� �i�n� �t�h�e� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n� �o�r� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�o�n�i�t�o�r�i�n�g� 

�s�y�s�t�e�m�,� �i�t� �c�o�u�l�d� �h�a�v�e� �a� �c�o�n�s�i�d�e�r�a�b�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� �t�e�s�t� 

�r�e�s�u�l�t�s�.� �I�n� �o�r�d�e�r� �t�o� �a�v�o�i�d� �t�h�i�s� �s�i�t�u�a�t�i�o�n�,� �h�e� �b�o�i�l�e�d� �t�h�e� 

�s�a�t�u�r�a�t�e�d� �s�a�n�d� �i�n� �o�r�d�e�r� �t�o� �r�e�m�o�v�e� �d�i�s�s�o�l�v�e�d� �a�i�r� �f�r�o�m� �t�h�e� 

�S�O�i�l� �p�o�r�e� �w�a�t�e�r�.� �H�e� �a�l�s�o� �f�o�r�m�e�d� �h�i�s� �s�p�e�c�i�m�e�n�s� �b�y� �p�l�a�c�i�n�g� 

�t�h�e� �s�o�i�l� �s�l�u�r�r�y� �i�n�t�o� �t�h�e� �r�u�b�b�e�r� �m�e�m�b�r�a�n�e� �i�n� �a� �s�p�l�i�t� �m�o�l�d� 

�w�i�t�h�i�n� �t�h�e� �t�r�i�a�x�i�a�l� �c�e�l�l�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �r�e�d�u�c�e�d� �t�h�e� 

�p�o�s�s�i�b�i�l�i�t�y� �o�f� �t�r�a�p�p�i�n�g� �a�i�r� �a�t� �t�h�e� �s�p�e�c�i�m�e�n�-�m�e�m�b�r�a�n�e� 
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�i�n�t�e�r�f�a�c�e�.� �O�n�c�e� �t�h�e� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �f�o�r�m�e�d�,� �h�e� �c�o�n�s�o�l�i�d�a�t�e�d� 

�t�h�e�m� �t�o� �t�h�e� �s�a�m�e� �c�o�n�s�o�l�i�d�a�t�i�o�n� �p�r�e�s�s�u�r�e�.� �A�n� �i�n�c�r�e�a�s�e� �i�n� 

�c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �t�h�e�n� �a�p�p�l�i�e�d� �u�n�d�r�a�i�n�e�d� �a�n�d� �t�h�e� �s�p�e�c�i�m�e�n�s� 

�w�e�r�e� �s�h�e�a�r�e�d�.� 

�N�a�s�h� �(�1�9�5�3�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �d�e�n�s�e� �s�a�n�d� �s�p�e�c�i�m�e�n�s� 

�t�e�s�t�e�d� �s�h�o�w�e�d� �a� �s�l�i�g�h�t� �i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�i�n�i�t�i�a�l�l�y�,� �f�o�l�l�o�w�e�d� �b�y� �a� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�w�i�t�h� �f�u�r�t�h�e�r� �s�t�r�a�i�n�.� �H�e� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �t�e�s�t�s� �t�o� �b�e� �c�o�m�p�l�e�t�e� 

�w�h�e�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �h�a�d� �b�e�c�o�m�e� �c�o�n�s�t�a�n�t�.� �H�e� �n�o�t�e�d� 

�t�h�a�t� �i�n� �a� �d�i�l�a�t�a�n�t� �s�o�i�l�,� �w�h�e�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �s�t�o�p�s� 

�d�e�c�r�e�a�s�i�n�g�,� �t�h�e� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �w�i�l�l� �b�e� �r�e�a�c�h�e�d� �f�o�r� 

�t�h�e� �s�o�i�l�.� �H�e� �a�d�d�e�d�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �i�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s� �t�o� �a�b�o�u�t� �-�1�4�.�7� �p�s�i� �o�r� �z�e�r�o� �a�b�s�o�l�u�t�e� 

�p�r�e�s�s�u�r�e�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �"�b�o�i�l�s�"� �o�r� �c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�s�.� �O�n�c�e� 

�c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �t�a�k�e�s� �p�l�a�c�e�,� �n�o� �f�u�r�t�h�e�r� 

�i�n�c�r�e�a�s�e� �i�n� �s�t�r�e�n�g�t�h� �i�s� �p�o�s�s�i�b�l�e�.� 

�S�i�m�i�l�a�r� �t�o� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�3�)�,� �N�a�s�h� �(�1�9�5�3�)� �n�o�t�e�d� 

�t�h�a�t� �f�o�r� �d�e�n�s�e� �s�p�e�c�i�m�e�n�s� �o�f� �s�a�t�u�r�a�t�e�d�,� �f�i�n�e� �s�a�n�d� �t�e�s�t�e�d� �i�n� 

�u�n�d�r�a�i�n�e�d� �t�e�s�t�s�,� �a�f�t�e�r� �c�o�n�s�o�l�i�d�a�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�,� �a� �l�a�r�g�e� 

�i�n�c�r�e�a�s�e� �i�n� �c�e�l�l� �p�r�e�s�s�u�r�e� �h�a�d� �t�o� �b�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �s�p�e�c�i�m�e�n� 

�u�n�d�r�a�i�n�e�d�.� �T�h�i�s� �h�i�g�h� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �n�e�c�e�s�s�a�r�y� �s�o� �t�h�a�t� 

�t�h�e� �s�a�m�p�l�e� �c�o�u�l�d� �r�e�a�c�h� �i�t�s� �p�e�a�k� �s�t�r�e�n�g�t�h� �w�i�t�h�o�u�t� �c�a�v�i�t�a�t�i�o�n� 

�o�f� �t�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �t�a�k�i�n�g� �p�l�a�c�e�.� �H�i�s� �t�e�s�t� �r�e�s�u�l�t�s� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �w�h�e�n� �l�o�w�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �w�e�r�e� �u�s�e�d�,� �t�h�e� �p�o�r�e� 
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�w�a�t�e�r� �i�n� �d�e�n�s�e� �s�p�e�c�i�m�e�n�s� �t�e�n�d�e�d� �t�o� �e�x�p�e�r�i�e�n�c�e� �c�a�v�i�t�a�t�i�o�n�,� 

�r�e�s�u�l�t�i�n�g� �i�n� �l�o�w�e�r� �p�e�a�k� �s�t�r�e�n�g�t�h�s� �b�e�i�n�g� �m�e�a�s�u�r�e�d� �f�o�r� �t�h�e� 

�s�o�i�l�.� 

�N�a�s�h� �(�1�9�5�3�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �f�o�r� �d�e�n�s�e� �s�a�n�d�s� �w�h�i�c�h� �m�a�y� 

�h�a�v�e� �t�h�e� �t�e�n�d�e�n�c�y� �f�o�r� �c�o�n�s�i�d�e�r�a�b�l�e� �d�i�l�a�t�i�o�n� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� 

�s�h�e�a�r�,� �h�i�g�h� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �a�r�e� �n�e�c�e�s�s�a�r�y� �i�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� 

�i�f� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n�s� �a�r�e� �t�o� �m�o�b�i�l�i�z�e� �t�h�e�i�r� �f�u�l�l� �s�t�r�e�n�g�t�h� 

�w�i�t�h�o�u�t� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�c�c�u�r�r�i�n�g�.� 

�T�h�e� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �b�y� �N�a�s�h� �(�1�9�5�3�)� �i�n�d�i�c�a�t�e�d� 

�t�h�a�t� �w�h�e�n� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �d�i�d� �n�o�t� �o�c�c�u�r�,� �a� �p�e�a�k� 

�i�n� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e� �w�a�s� �r�e�a�c�h�e�d� �b�u�t� �n�o�t� 

�u�n�t�i�l� �v�e�r�y� �h�i�g�h� �s�t�r�a�i�n�s�.� �I�n� �a�d�d�i�t�i�o�n�,� �f�o�r� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� 

�t�h�e� �p�e�a�k� �s�t�r�e�n�g�t�h� �d�e�t�e�r�m�i�n�e�d� �b�y� �t�h�e� �m�a�x�i�m�u�m� �p�r�i�n�c�i�p�a�l� �s�t�r�e�s�s� 

�r�a�t�i�o� �a�t� �f�a�i�l�u�r�e� �o�c�c�u�r�r�e�d� �a�t� �a� �l�o�w�e�r� �a�x�i�a�l� �s�t�r�a�i�n� �t�h�a�n� �t�h�e� 

�s�t�r�e�n�g�t�h� �o�b�t�a�i�n�e�d� �b�y� �t�h�e� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�.� �F�o�r� �o�n�e� 

�d�e�n�s�e� �s�p�e�c�i�m�e�n� �t�e�s�t�e�d� �i�n� �w�h�i�c�h� �c�a�v�i�t�a�t�i�o�n� �d�i�d� �n�o�t� �o�c�c�u�r�,� �t�h�e� 

�p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �o�c�c�u�r�r�e�d� �a�t� �a�n� �a�x�i�a�l� �s�t�r�a�i�n� �o�f� �a�b�o�u�t� 

�3�5�%�,� �w�h�e�r�e�a�s� �t�h�e� �m�a�x�i�m�u�m� �p�r�i�n�c�i�p�a�l� �s�t�r�e�s�s� �r�a�t�i�o� �o�c�c�u�r�r�e�d� �a�t� 

�o�n�l�y� �a�b�o�u�t� �1�0�%� �a�x�i�a�l� �s�t�r�a�i�n�.� 

�P�e�n�m�a�n� �(�1�9�5�3�)� �p�e�r�f�o�r�m�e�d� �u�n�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t�s� �o�n�a� 

�S�a�t�u�r�a�t�e�d� �s�i�l�t�.� �T�h�e� �t�e�s�t�s� �w�e�r�e� �p�e�r�f�o�r�m�e�d� �a�t� �a� �s�t�r�a�i�n� �r�a�t�e� 

�o�f� �a�b�o�u�t� �1�%� �p�e�r� �m�i�n�u�t�e� �a�n�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�e�r�e� 

�m�e�a�s�u�r�e�d� �d�u�r�i�n�g� �t�h�e� �t�e�s�t�s�.� �T�h�e� �s�a�t�u�r�a�t�e�d� �s�i�l�t� �s�p�e�c�i�m�e�n�s� 

�w�e�r�e� �p�r�e�p�a�r�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �b�y� �p�l�a�c�i�n�g� �a� �s�i�l�t� �s�l�u�r�r�y� 
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�i�n�t�o� �a� �t�r�i�a�x�i�a�l� �m�e�m�b�r�a�n�e� �w�i�t�h�i�n� �a� �s�p�l�i�t�-�m�o�l�d� �w�h�i�l�e� �a�p�p�l�y�i�n�g� 

�a� �v�a�c�u�u�m� �t�o� �t�h�e� �b�a�s�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�.� �P�r�i�o�r� �t�o� �p�l�a�c�i�n�g� �t�h�e� 

�s�i�l�t� �i�n�t�o� �t�h�e� �m�o�l�d�,� �t�h�e� �s�l�u�r�r�y� �w�a�s� �s�u�b�j�e�c�t�e�d� �t�o� �a� �v�a�c�u�u�m� �t�o� 

�r�e�m�o�v�e� �d�i�s�s�o�l�v�e�d� �a�i�r� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �F�o�r�m�i�n�g� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �f�r�o�m� �a� �d�e�a�i�r�e�d� �s�l�u�r�r�y� �w�i�t�h�i�n� �t�h�e� �t�r�i�a�x�i�a�l� �m�e�m�b�r�a�n�e� 

�r�e�d�u�c�e�d� �t�h�e� �p�o�s�s�i�b�i�l�i�t�y� �o�f� �t�r�a�p�p�i�n�g� �a�i�r� �p�o�c�k�e�t�s� �w�i�t�h�i�n� �t�h�e� 

�p�o�r�e� �w�a�t�e�r� �a�s� �w�e�l�l� �a�s� �a�t� �t�h�e� �s�p�e�c�i�m�e�n�-�m�e�m�b�r�a�n�e� �i�n�t�e�r�f�a�c�e�,� 

�w�h�i�c�h�,� �a�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �C�h�a�p�t�e�r� �6�,� �m�a�y� �h�a�v�e� �a�n� �e�f�f�e�c�t� 

�o�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�b�s�e�r�v�e�d� �i�n� �t�e�s�t�s� �o�n� �t�r�i�m�m�e�d� �s�p�e�c�i�m�e�n�s�.� 

�P�e�n�m�a�n� �(�1�9�5�3�)� �w�a�s� �a�b�l�e� �t�o� �v�a�r�y� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �b�y� �u�s�i�n�g� �d�i�f�f�e�r�e�n�t� �m�a�g�n�i�t�u�d�e�s� �o�f� �s�u�c�t�i�o�n� �a�n�d� 

�r�o�d�d�i�n�g� �t�h�e� �s�i�l�t� �s�l�u�r�r�y� �t�o� �d�i�f�f�e�r�e�n�t� �e�x�t�e�n�t�s� �d�u�r�i�n�g� �s�p�e�c�i�m�e�n� 

�f�o�r�m�a�t�i�o�n�.� �H�e� �f�o�u�n�d� �t�h�a�t� �t�h�e� �d�i�l�a�t�a�n�c�y� �o�f� �s�i�l�t� �s�p�e�c�i�m�e�n�s� 

�i�n�c�r�e�a�s�e�d� �a�s� �t�h�e� �v�o�i�d� �r�a�t�i�o� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�s� �d�e�c�r�e�a�s�e�d�.� 

�T�h�e� �u�n�d�r�a�i�n�e�d� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �w�e�r�e� �i�s�o�t�r�o�p�i�c�a�l�l�y� 

�c�o�n�s�o�l�i�d�a�t�e�d� �t�o� �5� �p�s�i�.� �A�f�t�e�r� �c�o�n�s�o�l�i�d�a�t�i�o�n� �w�a�s� �c�o�m�p�l�e�t�e�,� 

�t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �i�n�c�r�e�a�s�e�d� �u�n�d�e�r� �u�n�d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n�s� 

�t�o� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �v�a�l�u�e� �f�o�r� �t�h�a�t� �t�e�s�t�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �c�e�l�l� 

�p�r�e�s�s�u�r�e� �u�n�d�e�r� �u�n�d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n�s� �l�e�a�d� �t�o� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� 

�i�n�c�r�e�a�s�e� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �w�h�i�c�h� �w�a�s� �u�s�e�d� �a�s� �a�n� 

�i�n�d�i�c�a�t�i�o�n� �o�f� �f�u�l�l� �s�a�t�u�r�a�t�i�o�n�.� �S�a�m�p�l�e�s� �w�h�i�c�h� �a�p�p�e�a�r�e�d� �t�o� �b�e� 

�l�e�s�s� �t�h�a�n� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d� �w�e�r�e� �r�e�j�e�c�t�e�d�.� 

�F�o�r� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� �d�i�l�a�t�a�n�t� �s�i�l�t�s�,� �P�e�n�m�a�n� �(�1�9�5�3�)� 

�o�b�s�e�r�v�e�d� �t�h�a�t� �i�n� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �l�o�w� �c�e�l�l� �p�r�e�s�s�u�r�e�s�,� �i�f� 
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�t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�d� �t�o� �a�b�o�u�t� �-�1�4� �p�s�i�,� �"�g�a�s� �[�w�a�s�]� 

�d�r�a�w�n� �o�u�t� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r�.�"� �H�e� �n�o�t�e�d� �t�h�a�t� �t�h�i�s� �w�o�u�l�d� �h�a�v�e� 

�r�e�s�u�l�t�e�d� �i�n� �t�h�e� �e�x�p�a�n�s�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� �s�o� �t�h�a�t� �i�t�s� �v�o�l�u�m�e� 

�w�o�u�l�d� �n�o� �l�o�n�g�e�r� �b�e� �c�o�n�s�t�a�n�t� �a�n�d� �t�h�e� �s�o�i�l� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� 

�f�a�i�l� �a�t� �a� �l�o�w�e�r� �s�t�r�e�n�g�t�h� �t�h�a�n� �e�x�p�e�c�t�e�d� �f�o�r� �i�t�s� �i�n�i�t�i�a�l� �v�o�i�d� 

�r�a�t�i�o�.� 

�S�i�m�i�l�a�r� �t�o� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�3�)�,� �P�e�n�m�a�n� �(�1�9�5�3�)� 

�o�b�s�e�r�v�e�d� �t�h�a�t� �i�n� �a� �s�e�r�i�e�s� �o�f� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� �s�a�m�p�l�e�s� �w�i�t�h� 

�t�h�e� �s�a�m�e� �v�o�i�d� �r�a�t�i�o� �b�u�t� �p�e�r�f�o�r�m�e�d� �a�t� �d�i�f�f�e�r�e�n�t� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s�,� �a� �c�r�i�t�i�c�a�l� �c�e�l�l� �p�r�e�s�s�u�r�e� �e�x�i�s�t�e�d� �a�b�o�v�e� �w�h�i�c�h� �t�h�e� 

�s�o�i�l� �b�e�h�a�v�e�d� �a�s� �a� �9�,� �=� �0�,� �S�y� �=� �c� �m�a�t�e�r�i�a�l�.� �B�e�l�o�w� �t�h�e� 

�c�r�i�t�i�c�a�l� �c�e�l�l� �p�r�e�s�s�u�r�e�,� �t�h�e� �a�t�t�e�m�p�t�e�d� �d�i�l�a�t�i�o�n� �o�f� �t�h�e� �s�i�l�t� 

�d�u�r�i�n�g� �s�h�e�a�r� �r�e�s�u�l�t�e�d� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�i�n�g� 

�t�o� �-�1�4� �p�s�i� �a�t� �w�h�i�c�h� �p�o�i�n�t� �c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�r�e�d�.� �T�h�i�s� 

�r�e�s�u�l�t�e�d� �i�n� �t�h�e� �s�i�l�t� �b�e�h�a�v�i�n�g� �a�s� �a� �6�,� �>� �0� �m�a�t�e�r�i�a�l�.� 

�P�e�n�m�a�n� �(�1�9�5�3�)� �s�t�a�t�e�d� �t�h�a�t� �a�s� �l�o�n�g� �a�s� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� 

�u�s�e�d� �i�n� �t�h�e� �t�e�s�t� �w�a�s� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� �o�f� 

�t�h�e� �p�o�r�e� �w�a�t�e�r�,� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �h�a�d� �n�o� 

�i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� 

�w�h�i�c�h� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �t�e�s�t�.� �T�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e�,� �t�h�e�r�e�f�o�r�e�,� 

�h�a�d� �n�o� �i�n�f�l�u�e�n�c�e� �o�n� �t�h�e� �m�i�n�o�r� �p�r�i�n�c�i�p�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� 

�w�h�i�c�h� �g�o�v�e�r�n�s� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�i�l�t�.� �U�n�d�e�r� �t�h�e�s�e� 

�c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �s�i�l�t� �w�a�s� �o�b�s�e�r�v�e�d� �t�o� �b�e�h�a�v�e� �a�s� �a� 

�f�r�i�c�t�i�o�n�l�e�s�s� �m�a�t�e�r�i�a�l� �a�n�d� �a� �$�y� �=� �0�,� �S�y� �=� �c� �M�o�h�r�-�C�o�u�l�o�m�b� 
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�f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �w�a�s� �o�b�t�a�i�n�e�d�.� �T�h�e� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� 

�u�s�e�d� �i�n� �o�b�t�a�i�n�i�n�g� �t�h�e� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �f�o�r� �t�e�s�t�s� �i�n� �w�h�i�c�h� 

�c�a�v�i�t�a�t�i�o�n� �d�i�d� �n�o�t� �o�c�c�u�r�,� �h�o�w�e�v�e�r�,� �w�a�s� �n�o�t� �r�e�a�c�h�e�d� �u�n�t�i�l� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �h�a�d� �u�n�d�e�r�g�o�n�e� �a�x�i�a�l� �s�t�r�a�i�n�s� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �2�8�%�.� 

�P�e�n�m�a�n� �(�1�9�5�3�)� �f�o�u�n�d� �t�h�a�t� �w�h�e�n� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �t�o�o� 

�l�o�w� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �f�r�o�m� �t�a�k�i�n�g� 

�p�l�a�c�e�,� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �w�a�s� �d�i�r�e�c�t�l�y� �p�r�o�p�o�r�t�i�o�n�a�l� �t�o� �t�h�e� 

�t�o�t�a�l� �s�t�r�e�s�s�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �s�i�l�t� �b�e�h�a�v�e�d� �a�s� �a� 

�f�r�i�c�t�i�o�n�a�l� �m�a�t�e�r�i�a�l� �w�i�t�h� �r�e�s�p�e�c�t� �t�o� �t�o�t�a�l� �s�t�r�e�s�s�e�s�.� �T�h�e� 

�t�e�s�t� �r�e�s�u�l�t�s� �t�h�e�r�e�f�o�r�e� �y�i�e�l�d�e�d� �a� �$�,� �>� �0� �M�o�h�r�-�C�o�u�l�o�m�b� �f�a�i�l�u�r�e� 

�e�n�v�e�l�o�p�e�.�  �� 

�T�h�i�s� �b�e�h�a�v�i�o�r� �i�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� �2�.�4� �f�o�r� �t�h�e� �B�r�a�e�h�e�a�d� 

�s�i�l�t� �t�e�s�t�e�d� �b�y� �P�e�n�m�a�n� �(�1�9�5�3�)�.� �A�s� �c�a�n� �b�e� �s�e�e�n� �f�r�o�m� �F�i�g�u�r�e� 

�2�.�4�,� �f�o�r� �t�h�e� �g�i�v�e�n� �s�o�i�l� �a�t� �t�h�e� �g�i�v�e�n� �v�o�i�d� �r�a�t�i�o�,� �w�h�e�n� �t�h�e� 

�c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� �i�n� �t�h�e� �t�e�s�t�s� �w�a�s� �a�b�o�v�e� �6�5� �p�s�i�,� �t�h�e� 

�s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �r�e�m�a�i�n�e�d� �c�o�n�s�t�a�n�t� �a�n�d� �a� �6�,� �=� �0� �f�a�i�l�u�r�e� 

�e�n�v�e�l�o�p�e� �r�e�s�u�l�t�e�d�.� �F�o�r� �t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �a�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s� 

�b�e�l�o�w� �6�5� �p�s�i�,� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �v�a�r�i�e�d� �w�i�t�h� �c�e�l�l� 

�p�r�e�s�s�u�r�e�,� �a�s� �c�h�a�r�a�c�t�e�r�i�z�e�d� �b�y� �t�h�e� �9�,� �>� �0� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� 

�o�b�t�a�i�n�e�d�.� 

�F�o�r� �a� �d�i�f�f�e�r�e�n�t� �i�n�i�t�i�a�l� �v�o�i�d� �r�a�t�i�o�,� �t�h�e� �c�r�i�t�i�c�a�l� �c�e�l�l� 

�p�r�e�s�s�u�r�e� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �6�5� �p�s�i�.� �A� �d�e�n�s�e�r� 

�s�p�e�c�i�m�e�n� �w�i�t�h� �a� �l�o�w�e�r� �v�o�i�d� �r�a�t�i�o� �w�o�u�l�d� �h�a�v�e� �l�i�k�e�l�y� �r�e�q�u�i�r�e�d� 

�a� �h�i�g�h�e�r� �c�r�i�t�i�c�a�l� �c�e�l�l� �p�r�e�s�s�u�r�e� �i�n� �o�r�d�e�r� �t�o� �p�r�e�v�e�n�t� 
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� � �4�0�0� �|� �T� �T�T� 
�T�o�t�a�l� �S�t�r�e�s�s� �M�o�h�r�'�s� �C�i�r�c�l�e�s� 

�5�5�0� �f�-� �B�r�a�e�h�e�a�d� �S�i�l�t� �(�a�f�t�e�r� �P�e�n�m�a�n�,� �1�9�5�3�)� 

�3�0�0� �&� �-� 

�2�5�0� �&� �|� 

�-� 
�2�0�0� �+� �7� 

�(�p�s�i�)� 
�1�5�0� �-� �5� �_� 

�c� �=� �1�2�7� �p�s�i� �y�=� �0� 
� � 

�1�0�0� 

�o�e� � � � � � � � 
�0� �L� �|� �Z� �|� �t�i�k� �J� 

�0� �5�0� �1�0�0� �1�5�0� �2�0�0� �2�5�0� �3�0�0� �4�5�0� �4�0�0� 

�O�s� �c�r�i�t� �O�O�P�S�!� 

�O� �(�p�s�i�)� 

�F�i�g�u�r�e� �2�.�4�.� �T�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�o�r� �u�n�d�r�a�i�n�e�d� 
�t�e�s�t�s� �(�a�f�t�e�r� �P�e�n�m�a�n�,� �1�9�5�3�)� 
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�c�a�v�i�t�a�t�i�o�n� �f�r�o�m� �o�c�c�u�r�r�i�n�g�,� �d�u�e� �t�o� �t�h�e� �i�n�c�r�e�a�s�e�d� �d�i�l�a�t�a�n�t� 

�t�e�n�d�e�n�c�y� �o�f� �t�h�e� �d�e�n�s�e�r� �s�p�e�c�i�m�e�n�.� �O�n� �t�h�e� �o�t�h�e�r� �h�a�n�d�,� �a� 

�l�o�o�s�e�r� �s�p�e�c�i�m�e�n� �w�i�t�h� �a� �h�i�g�h�e�r� �v�o�i�d� �r�a�t�i�o� �w�o�u�l�d� �h�a�v�e� �h�a�d� �a� 

�s�m�a�l�l�e�r� �t�e�n�d�e�n�c�y� �t�o� �d�i�l�a�t�e�.� �I�t� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� �d�e�v�e�l�o�p� �a� 

�s�m�a�l�l�e�r� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �s�h�e�a�r� �a�n�d� 

�w�o�u�l�d� �h�a�v�e� �r�e�q�u�i�r�e�d� �a� �l�o�w�e�r� �c�r�i�t�i�c�a�l� �c�e�l�l� �p�r�e�s�s�u�r�e� �t�o� 

�p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n�.� 

�S�c�h�u�l�t�z�e� �a�n�d� �H�o�r�n� �(�1�9�6�5�)� �c�o�m�p�a�r�e�d� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �i�n� �d�r�a�i�n�e�d� �a�n�d� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s�.� �T�h�e�y� �f�o�u�n�d� 

�t�h�a�t� �i�n� �d�r�a�i�n�e�d� �t�e�s�t�s� �w�h�e�r�e� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �w�a�s� �z�e�r�o� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�e�s�t�s�,� �f�a�i�l�u�r�e� �o�f� �t�h�e� �s�o�i�l� 

�o�c�c�u�r�r�e�d� �w�h�e�n� �t�h�e� �v�o�l�u�m�e�t�r�i�c� �s�t�r�a�i�n�,� �A�V�/�V�,� �t�h�e� �d�e�v�i�a�t�o�r� 

�s�t�r�e�s�s�,� �(�6�,� �-� �5�3�)�,� �a�n�d� �t�h�e� �p�r�i�n�c�i�p�a�l� �s�t�r�e�s�s� �r�a�t�i�o�,� �o�/�s�,� 

�w�e�r�e� �a�l�l� �a�t� �t�h�e�i�r� �m�a�x�i�m�u�m� �v�a�l�u�e�s�,� �s�o� �t�h�a�t� �t�h�e� �f�a�i�l�u�r�e� �p�o�i�n�t� 

�c�o�u�l�d� �b�e� �c�o�n�s�i�d�e�r�e�d� �u�n�i�q�u�e�.� 

�I�n� �t�h�e� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s�,� �s�a�m�p�l�e� �f�a�i�l�u�r�e� �w�a�s� �o�b�s�e�r�v�e�d� 

�w�h�e�n� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�,� �(�0�1�;� �-� �0�3�)�,� �r�e�a�c�h�e�d� �i�t�s� �m�a�x�i�m�u�m� 

�v�a�l�u�e�.� �T�h�i�s� �g�e�n�e�r�a�l�l�y� �o�c�c�u�r�r�e�d� �a�t� �l�a�r�g�e� �s�t�r�a�i�n�s�,� �u�s�u�a�l�l�y� 

�g�r�e�a�t�e�r� �t�h�a�n� �3�0�%�.� �I�n� �t�h�e� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s�,� �w�h�e�n� �(�6�1� �-� �6�3�)� 

�w�a�s� �a�t� �i�t�s� �m�a�x�i�m�u�m� �v�a�l�u�e�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n� �w�a�s� �n�o�t� �z�e�r�o�.� �I�n� �a�d�d�i�t�i�o�n�,� �t�h�e� �m�a�x�i�m�u�m� �p�r�i�n�c�i�p�a�l� 

�s�t�r�e�s�s� �r�a�t�i�o�,� �o�/�c�,� �w�a�s� �o�b�s�e�r�v�e�d� �a�t� �a� �l�o�w�e�r� �a�x�i�a�l� �s�t�r�a�i�n� 

�t�h�a�n� �t�h�e� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�,� �(�6�1� �-� �6�3�)� �m�a�x�-� 
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�S�e�e�d� �a�n�d� �L�e�e� �(�1�9�6�7�)� �c�o�n�s�i�d�e�r�e�d� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �s�a�t�u�r�a�t�e�d� �s�o�i�l�s�.� �T�h�e�y� �s�t�u�d�i�e�d� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �b�e�h�a�v�i�o�r� �o�f� �c�o�h�e�s�i�o�n�l�e�s�s� �s�o�i�l�s� �u�s�i�n�g� �t�h�e� �c�r�i�t�i�c�a�l� 

�v�o�i�d� �r�a�t�i�o� �a�n�d� �c�r�i�t�i�c�a�l� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �c�o�n�c�e�p�t�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �S�e�e�d� �a�n�d� �L�e�e� �(�1�9�6�7�)�,� �t�h�e� �c�r�i�t�i�c�a�l� �c�o�n�f�i�n�i�n�g� 

�p�r�e�s�s�u�r�e� �i�s� �t�h�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �f�o�r� �w�h�i�c�h� �a� �s�a�m�p�l�e� �o�f� 

�g�r�a�n�u�l�a�r� �s�o�i�l� �w�i�l�l� �e�x�h�i�b�i�t� �n�o� �v�o�l�u�m�e� �c�h�a�n�g�e� �a�t� �f�a�i�l�u�r�e� 

�d�u�r�i�n�g� �s�h�e�a�r�.� �I�t� �t�e�n�d�s� �t�o� �b�e� �h�i�g�h�e�r� �f�o�r� �s�o�i�l�s� �w�h�i�c�h� �a�r�e� 

�s�t�r�o�n�g�l�y� �d�i�l�a�t�a�n�t� �(�s�i�l�t�s�)� �t�h�a�n� �f�o�r� �s�o�i�l�s� �w�h�i�c�h� �a�r�e� �n�o�t�.� 

�T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �s�o�i�l�s� �w�h�i�c�h� �a�r�e� �m�o�s�t� �s�t�r�o�n�g�l�y� �d�i�l�a�t�a�n�t� 

�a�r�e� �d�e�n�s�e� �c�o�h�e�s�i�o�n�l�e�s�s� �m�a�t�e�r�i�a�l�s� �a�n�d� �s�o�i�l�s� �w�i�t�h� �v�e�r�y� �s�o�u�n�d�,� 

�r�o�u�n�d�e�d� �g�r�a�i�n�s�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �S�e�e�d� �a�n�d� �L�e�e� �(�1�9�6�7�)�,� �f�o�r� �a� �s�a�t�u�r�a�t�e�d� �s�a�n�d� 

�t�e�s�t�e�d� �i�n� �a�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t� �a�t� �a� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �b�e�l�o�w� 

�t�h�e� �c�r�i�t�i�c�a�l� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�,� �t�h�e� �s�a�m�p�l�e� �w�o�u�l�d� �t�e�n�d� �t�o� 

�d�i�l�a�t�e� �d�u�r�i�n�g� �l�o�a�d�i�n�g� �a�n�d� �t�h�i�s� �w�o�u�l�d� �r�e�s�u�l�t� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�n�d� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�.� �T�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� 

�t�h�e� �s�p�e�c�i�m�e�n� �w�o�u�l�d� �c�o�n�t�i�n�u�e� �t�o� �d�e�c�r�e�a�s�e� �u�n�t�i�l� �o�n�e� �o�f� �t�w�o� 

�l�i�m�i�t�i�n�g� �c�o�n�d�i�t�i�o�n�s� �o�c�c�u�r�r�e�d�:� 

�(�1�)� �T�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �r�e�a�c�h�e�d� �t�h�e� �c�r�i�t�i�c�a�l� 

�c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �s�o�i�l� �a�t� �w�h�i�c�h� �p�o�i�n�t� �n�o� 

�f�u�r�t�h�e�r� �c�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �o�c�c�u�r� �a�n�d� �t�h�e� 

�s�a�m�p�l�e� �w�o�u�l�d� �f�a�i�l� �w�i�t�h� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� 

�e�q�u�a�l� �t�o� �t�h�e� �c�r�i�t�i�c�a�l� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�,� �o�r� 
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�(�2�)� �P�r�i�o�r� �t�o� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �r�e�a�c�h�i�n�g� �t�h�e� 

�c�r�i�t�i�c�a�l� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�w�o�u�l�d� �d�e�c�r�e�a�s�e� �t�o� �a� �v�a�l�u�e� �o�f� �a�b�o�u�t� �-�1� �a�t�m�o�s�p�h�e�r�e�,� �a�t� 

�w�h�i�c�h� �p�o�i�n�t� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�o�u�l�d� �o�c�c�u�r�.� 

�S�i�m�i�l�a�r� �t�o� �o�t�h�e�r� �r�e�s�e�a�r�c�h�e�r�s� �w�h�o� �h�a�v�e� �s�t�u�d�i�e�d� �t�h�e� 

�b�e�h�a�v�i�o�r� �o�f� �s�i�l�t�s�,� �B�é�r�g�e�s�s�o�n� �(�1�9�8�1�)� �n�o�t�e�d� �t�h�a�t� �f�a�i�l�u�r�e� �o�f� �a� 

�s�i�l�t� �d�e�f�i�n�e�d� �b�y� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �u�s�u�a�l�l�y� �o�c�c�u�r�s� �o�n�l�y� 

�a�f�t�e�r� �l�a�r�g�e� �d�e�f�o�r�m�a�t�i�o�n�s� �h�a�v�e� �t�a�k�e�n� �p�l�a�c�e�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �d�i�f�f�i�c�u�l�t�i�e�s� �i�n�v�o�l�v�e�d� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �d�i�l�a�t�a�n�t� �s�i�l�t�s�,� �t�h�e� �C�o�r�p�s� �o�f� 

�E�n�g�i�n�e�e�r�s� �(�T�o�r�r�e�y�,� �1�9�8�2�)� �h�a�s� �e�x�a�m�i�n�e�d� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� 

�c�e�r�t�a�i�n� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �p�a�r�a�m�e�t�e�r�s� �f�o�r� �t�h�e�s�e� �s�o�i�l�s�.� 

�T�h�e� �s�t�u�d�y� �p�e�r�f�o�r�m�e�d� �b�y� �T�o�r�r�e�y� �(�1�9�8�2�)� �a�d�d�r�e�s�s�e�d� �t�h�e� �t�o�t�a�l� 

�s�t�r�e�s�s� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �R� �t�e�s�t�s� �a�n�d� �d�i�d� �n�o�t� �c�o�n�s�i�d�e�r� �t�h�e� 

�i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �Q� �t�e�s�t� �r�e�s�u�l�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�.� 

�F�o�r� �R� �o�r� �C�U� �t�e�s�t�s� �o�n� �d�i�l�a�t�a�n�t� �s�i�l�t�s�,� �T�o�r�r�e�y� �(�1�9�8�2�)� 

�r�e�c�o�m�m�e�n�d�e�d� �t�h�a�t� �f�a�i�l�u�r�e� �b�e� �t�a�k�e�n� �a�s� �t�h�e� �p�o�i�n�t� �d�u�r�i�n�g� �t�h�e� 

�t�e�s�t� �w�h�e�n� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�s� �e�q�u�a�l� �t�o� 

�z�e�r�o�.� �I�n�i�t�i�a�l�l�y� �i�n� �a� �C�U� �t�e�s�t� �o�n� �a� �s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�,� 

�t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�i�l�l� �i�n�c�r�e�a�s�e� �s�l�i�g�h�t�l�y�.� �W�i�t�h� 

�f�u�r�t�h�e�r� �s�t�r�a�i�n�,� �h�o�w�e�v�e�r�,� �t�h�e� �s�p�e�c�i�m�e�n� �w�i�l�l� �a�t�t�e�m�p�t� �t�o� �d�i�l�a�t�e� 

�a�n�d� �a� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�i�l�l� �o�c�c�u�r�.� �W�h�e�n� �t�h�e� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �h�a�s� �i�n�c�r�e�a�s�e�d� �a�n�d� �t�h�e�n� �d�e�c�r�e�a�s�e�d� �b�a�c�k� �t�o� 

�i�t�s� �i�n�i�t�i�a�l� �v�a�l�u�e� �a�t� �t�h�e� �s�t�a�r�t� �o�f� �t�h�e� �t�e�s�t�,� �t�h�e� �c�h�a�n�g�e� �i�n� 
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�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�i�l�l� �b�e� �z�e�r�o�,� �a�n�d� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� 

�c�o�r�r�e�s�p�o�n�d�i�n�g� �t�o� �t�h�i�s� �c�o�n�d�i�t�i�o�n� �s�h�o�u�l�d� �b�e� �u�s�e�d� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �T�o�r�r�e�y� �(�1�9�8�2�)�,� �t�h�e� �r�e�a�s�o�n�i�n�g� �b�e�h�i�n�d� �t�h�i�s� 

�r�e�c�o�m�m�e�n�d�a�t�i�o�n� �i�s� �t�h�a�t� �i�n� �t�h�e� �f�i�e�l�d�,� �t�h�e� �a�d�d�i�t�i�o�n�a�l� �d�e�c�r�e�a�s�e� 

�i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �d�e�v�e�l�o�p�s� �w�i�t�h� �f�u�r�t�h�e�r� �s�t�r�a�i�n� 

�w�i�l�l� �e�v�e�n�t�u�a�l�l�y� �d�i�s�s�i�p�a�t�e� �o�v�e�r� �t�i�m�e� �s�o� �t�h�a�t� �z�e�r�o� �c�h�a�n�g�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�i�l�l� �u�l�t�i�m�a�t�e�l�y� �o�c�c�u�r�.� �T�h�e� �s�t�r�e�n�g�t�h� �t�h�e� 

�s�o�i�l� �g�a�i�n�s� �f�r�o�m� �t�h�e� �n�e�g�a�t�i�v�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �w�i�l�l� �b�e� 

�l�o�s�t� �o�n�c�e� �t�h�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �d�i�s�s�i�p�a�t�e�.� 

�T�h�u�s�,� �u�s�i�n�g� �t�h�e� �p�o�i�n�t� �a�t� �w�h�i�c�h� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�s� �z�e�r�o� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�,� �i�s� �a� �c�o�n�s�e�r�v�a�t�i�v�e� 

�a�p�p�r�o�a�c�h� �t�o� �i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �o�f� �a� 

�G�i�l�a�t�a�n�t� �s�o�i�l�.� 

�T�o�r�r�e�y� �(�1�9�8�2�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �f�o�r� �s�a�t�u�r�a�t�e�d� �c�l�a�y�s�,� �w�h�e�r�e� 

�d�r�a�i�n�a�g�e� �o�c�c�u�r�s� �m�o�r�e� �s�l�o�w�l�y� �t�h�a�n� �i�n� �s�i�l�t�s�,� �i�t� �s�e�e�m�s� 

�r�e�a�l�i�s�t�i�c� �t�o� �c�o�n�s�i�d�e�r� �s�h�o�r�t�-�t�e�r�m� �s�t�a�b�i�l�i�t�y� �i�n� �t�e�r�m�s� �o�f� 

�u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s�.� �F�o�r� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�,� �h�o�w�e�v�e�r�,� �d�r�a�i�n�a�g�e� 

�c�a�n� �p�o�s�s�i�b�l�y� �o�c�c�u�r� �a�t� �a� �r�a�t�e� �r�a�p�i�d� �e�n�o�u�g�h� �s�o� �t�h�a�t� �u�s�i�n�g� �t�h�e� 

�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �f�o�r� �b�o�t�h� �s�h�o�r�t�-� �a�n�d� �l�o�n�g�-�t�e�r�m� �s�t�a�b�i�l�i�t�y�,� 

�m�a�y� �b�e� �a� �r�e�a�l�i�s�t�i�c� �a�n�d� �r�e�a�s�o�n�a�b�l�e� �a�p�p�r�o�a�c�h�.� �T�h�i�s� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n�,� �h�o�w�e�v�e�r�,� �c�a�n� �n�o�t� �b�e� �r�e�a�d�i�l�y� �a�p�p�l�i�e�d� �t�o� �Q� �t�e�s�t�s� 

�b�e�c�a�u�s�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �a�r�e� �n�o�t� �m�e�a�s�u�r�e�d� �i�n� �Q� �t�e�s�t�s�.� 
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�T�o�r�r�e�y� �(�1�9�8�2�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n�a� 

�l�a�b�o�r�a�t�o�r�y� �s�a�m�p�l�e� �o�f� �a� �d�i�l�a�t�a�n�t� �s�o�i�l� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� 

�d�e�c�r�e�a�s�e� �a�s� �l�o�n�g� �a�s� �t�h�e� �s�a�m�p�l�e� �h�a�s� �s�u�f�f�i�c�i�e�n�t� �b�a�c�k� �p�r�e�s�s�u�r�e�.� 

�H�e� �a�d�d�e�d� �t�h�a�t� �a� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �d�o�e�s� �n�o�t� �o�c�c�u�r� �u�n�l�e�s�s� 

�t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �l�e�a�d�s� �t�o� �d�e�s�a�t�u�r�a�t�i�o�n� �o�f� 

�t�h�e� �s�p�e�c�i�m�e�n�.� �I�f� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� 

�o�c�c�u�r�s� �d�u�r�i�n�g� �s�h�e�a�r� �e�l�i�m�i�n�a�t�e�s� �t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �i�n�i�t�i�a�l�l�y� 

�i�n� �t�h�e� �s�p�e�c�i�m�e�n�,� �a�i�r� �w�i�l�l� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� 

�w�a�t�e�r�.� �H�e� �n�o�t�e�d� �t�h�a�t� �a�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �c�o�u�l�d� �o�c�c�u�r� 

�i�s� �i�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�a�c�h�e�s� �a� �g�a�g�e� �p�r�e�s�s�u�r�e� �o�f� �-�1� 

�a�t�m�o�s�p�h�e�r�e� �o�r� �z�e�r�o� �a�b�s�o�l�u�t�e�,� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�w�i�l�l� �t�a�k�e� �p�l�a�c�e�.� 

�T�o�r�r�e�y� �(�1�9�8�2�)� �n�o�t�e�d� �t�h�a�t� �i�f� �a�i�r� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�r� �c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�s�,� �a� �p�e�a�k� �i�n� �t�h�e� 

�d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e� �w�i�l�l� �r�e�s�u�l�t�.� �H�e� �e�m�p�h�a�s�i�z�e�d�,� 

�h�o�w�e�v�e�r�,� �t�h�a�t� �i�t� �w�o�u�l�d� �b�e� �i�n�c�o�r�r�e�c�t� �t�o� �u�s�e� �t�h�i�s� �p�e�a�k� 

�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �a�s� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� �T�h�i�s� �t�e�n�d�s� �t�o� 

�i�m�p�l�y� �t�h�a�t� �T�o�r�r�e�y� �(�1�9�8�2�)� �d�o�e�s� �n�o�t� �c�o�n�s�i�d�e�r� �c�a�v�i�t�a�t�i�o�n� �o�f� 

�s�o�i�l� �p�o�r�e� �w�a�t�e�r� �t�o� �b�e� �a� �p�o�s�s�i�b�i�l�i�t�y� �i�n� �t�h�e� �f�i�e�l�d�,� �b�u�t� �r�a�t�h�e�r� 

�o�n�l�y� �a� �p�r�o�b�l�e�m� �e�n�c�o�u�n�t�e�r�e�d� �i�n� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t�s�.� 

�T�o�r�r�e�y� �(�1�9�8�2�)� �n�o�t�e�d� �t�h�a�t� �f�o�r� �R� �t�e�s�t� �s�p�e�c�i�m�e�n�s� 

�c�o�n�s�o�l�i�d�a�t�e�d� �t�o� �d�i�f�f�e�r�e�n�t� �c�o�n�s�o�l�i�d�a�t�i�o�n� �p�r�e�s�s�u�r�e�s�,� �d�e�f�i�n�i�n�g� 

�f�a�i�l�u�r�e� �b�y� �s�o�m�e� �l�i�m�i�t�i�n�g� �s�t�r�a�i�n� �s�u�c�h� �a�s� �1�0� �o�r� �1�5�%�,� �w�o�u�l�d� 

�y�i�e�l�d� �d�i�f�f�e�r�e�n�t� �m�a�g�n�i�t�u�d�e�s� �o�f� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� 
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�p�r�e�s�s�u�r�e� �a�t� �f�a�i�l�u�r�e� �f�o�r� �e�a�c�h� �s�p�e�c�i�m�e�n�.� �H�e� �s�t�a�t�e�d� �t�h�a�t� �t�h�e�s�e� 

�"�u�n�r�e�l�a�t�e�d�"� �t�o�t�a�l� �s�t�r�e�s�s� �M�o�h�r�'�s� �c�i�r�c�l�e�s� �f�r�o�m� �R� �t�e�s�t�s� �c�a�n� 

�n�o�t� �b�e� �u�s�e�d� �t�o� �d�e�f�i�n�e� �t�h�e� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �f�o�r� �t�h�e� �s�o�i�l�.� 

�S�u�c�h� �a� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �w�o�u�l�d� �n�o�t� �r�e�p�r�e�s�e�n�t� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� 

�t�h�e� �s�o�i�l� �i�n� �a�n� �a�c�c�u�r�a�t�e� �a�n�d� �c�o�n�s�i�s�t�e�n�t� �w�a�y�.� 

�T�o�r�r�e�y�'�s� �(�1�9�8�2�)� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� �s�e�e�m� �t�o� �b�e� �a� �r�e�a�s�o�n�a�b�l�e� 

�a�p�p�r�o�a�c�h� �t�o� �u�s�e� �f�o�r� �s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�s� �s�u�b�j�e�c�t�e�d� �t�o� 

�l�o�a�d�i�n�g� �c�o�n�d�i�t�i�o�n�s� �f�o�r� �w�h�i�c�h� �R� �t�e�s�t�s� �a�r�e� �a�p�p�l�i�c�a�b�l�e� �(�i�.�e�.�,� 

�s�o�i�l�s� �c�o�n�s�o�l�i�d�a�t�e�d� �p�r�i�o�r� �t�o� �u�n�d�r�a�i�n�e�d� �l�o�a�d�i�n�g�)�.� �F�o�r� 

�c�o�n�d�i�t�i�o�n�s� �w�h�e�r�e� �t�h�e� �l�o�a�d�i�n�g� �i�s� �a�p�p�l�i�e�d� �a�t� �a� �r�a�p�i�d� �e�n�o�u�g�h� 

�r�a�t�e� �t�h�a�t� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �c�a�n� �n�o�t� �c�o�n�s�o�l�i�d�a�t�e� �t�o� �t�h�e� �n�e�w� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�e�s� �i�m�p�o�s�e�d�,� �R� �t�e�s�t�s� �a�r�e� �n�o�t� �a�p�p�l�i�c�a�b�l�e� �a�n�d� 

�Q� �t�e�s�t�s� �m�u�s�t� �b�e� �u�s�e�d�.� �I�n� �Q� �t�e�s�t�s�,� �h�o�w�e�v�e�r�,� �p�o�r�e� �p�r�e�s�s�u�r�e�s� 

�a�r�e� �n�o�t� �u�s�u�a�l�l�y� �m�e�a�s�u�r�e�d� �a�n�d� �T�o�r�r�e�y�'�s� �(�1�9�8�2�)� �r�e�c�o�m�m�e�n�d�a�t�i�o�n�s� 

�c�a�n� �n�o�t� �b�e� �a�p�p�l�i�e�d�.� �A�n�o�t�h�e�r� �m�e�t�h�o�d� �i�s� �n�e�c�e�s�s�a�r�y� �f�o�r� 

�i�n�t�e�r�p�r�e�t�i�n�g� �t�h�e� �s�t�r�e�n�g�t�h�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �Q� �t�e�s�t�s� �o�n� 

�s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�s�.� 

�L�a�d�d� �e�t� �a�l�.� �(�1�9�8�5�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �a�t�t�e�m�p�t�e�d� �d�i�l�a�t�i�o�n� 

�o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �t�e�s�t�e�d� �i�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �r�e�s�u�l�t�s� �i�n�a� 

�d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�n�d� �a� �c�o�r�r�e�s�p�o�n�d�i�n�g� �i�n�c�r�e�a�s�e� 

�i�n� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�.� �T�h�e� �i�n�c�r�e�a�s�e� �i�n� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �g�i�v�e�s� 

�t�h�e� �s�o�i�l� �i�n�c�r�e�a�s�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�.� 

�T�h�e�y� �n�o�t�e�d� �t�h�a�t� �t�h�e� �s�t�r�e�n�g�t�h�e�n�i�n�g� �o�f� �t�h�e� �s�o�i�l� �w�i�t�h� 

�U�N�D�R�A�I�N�E�D� �B�E�H�A�V�I�O�R� �2�5



�i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n� �m�a�k�e�s� �i�t� �d�i�f�f�i�c�u�l�t� �t�o� �s�e�l�e�c�t� �a�n� 

�a�p�p�r�o�p�r�i�a�t�e� �v�a�l�u�e� �o�f� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �f�o�r� �t�h�e� �s�o�i�l�.� 

�A�x�e�l�s�s�o�n� �e�t� �a�l�.� �(�1�9�8�9�)� �s�t�a�t�e�d� �t�h�a�t� �i�n� �m�a�n�y� 

�c�o�n�s�o�l�i�d�a�t�e�d�-�u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�,� �n�o� �p�e�a�k� 

�d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �o�c�c�u�r�s� �e�v�e�n� �a�t� �s�t�r�a�i�n�s� �o�f� �u�p� �t�o� �1�5�%�.� �T�h�i�s� 

�r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �s�t�r�a�i�n�-�h�a�r�d�e�n�i�n�g� �c�a�u�s�e�d� �b�y� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� 

�o�f� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�s�.� 

�F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n� �(�1�9�9�0�)� �p�e�r�f�o�r�m�e�d� �a�n� �e�x�t�e�n�s�i�v�e� �s�e�r�i�e�s� 

�o�f� �u�n�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t�s� �o�n� �r�e�c�o�n�s�t�i�t�u�t�e�d� �s�a�m�p�l�e�s� �o�f� 

�A�l�a�s�k�a�n� �s�i�l�t�s�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �s�t�r�e�n�g�t�h�-�d�e�f�o�r�m�a�t�i�o�n� 

�c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �s�i�l�t�s� �a�r�e� �q�u�i�t�e� �d�i�f�f�e�r�e�n�t� �f�r�o�m� �t�h�o�s�e� �o�f� 

�c�l�a�y�s�.� �U�n�l�i�k�e� �n�o�r�m�a�l�l�y� �c�o�n�s�o�l�i�d�a�t�e�d� �c�l�a�y�s�,� �n�o�r�m�a�l�l�y� 

�c�o�n�s�o�l�i�d�a�t�e�d� �s�i�l�t�s� �t�e�n�d� �t�o� �d�i�l�a�t�e� �u�p�o�n� �s�h�e�a�r�i�n�g�.� �F�o�r� �b�o�t�h� 

�I�C�-�U� �a�n�d� �A�C�-�U� �t�e�s�t�s� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e�s� �i�n�c�r�e�a�s�e�d� �t�o� �a� �p�e�a�k� 

�v�a�l�u�e� �a�n�d� �t�h�e�n� �g�r�a�d�u�a�l�l�y� �d�e�c�r�e�a�s�e�d� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�.� 

�B�e�c�a�u�s�e� �o�f� �t�h�e� �d�e�c�r�e�a�s�i�n�g� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �t�h�e� �s�p�e�c�i�m�e�n� 

�b�e�c�o�m�e�s� �s�t�r�o�n�g�e�r� �s�o� �t�h�a�t� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �i�n�c�r�e�a�s�e�s� 

�c�o�n�t�i�n�u�a�l�l�y� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�.� �A�s� �a� �r�e�s�u�l�t�,� �n�o� �u�n�i�q�u�e� 

�v�a�l�u�e� �o�f� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �i�s� �o�b�t�a�i�n�e�d� �f�o�r� �a� �d�i�l�a�t�a�n�t� 

�s�i�l�t�.� 

�I�n� �t�h�e�i�r� �s�t�u�d�y�,� �F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n� �u�s�e�d� �t�h�e� �d�e�v�i�a�t�o�r� 

�s�t�r�e�s�s� �o�f� �t�h�e� �s�i�l�t� �a�t� �1�5�%� �a�x�i�a�l� �s�t�r�a�i�n� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� �T�h�e�y� �c�h�o�s�e� �1�5�%� �a�s� �t�h�e� 
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�s�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e� �b�e�c�a�u�s�e� �i�t� �r�e�p�r�e�s�e�n�t�e�d� �a� �r�e�a�s�o�n�a�b�l�e� 

�p�e�r�f�o�r�m�a�n�c�e� �l�i�m�i�t� �f�o�r� �m�a�n�y� �e�n�g�i�n�e�e�r�i�n�g� �p�u�r�p�o�s�e�s�.� 

�F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n� �(�1�9�9�0�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e�i�r� �t�e�s�t� 

�r�e�s�u�l�t�s� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �s�a�m�p�l�e� �d�i�s�t�u�r�b�a�n�c�e� �a�n�d� �s�t�r�e�s�s� �r�e�l�e�a�s�e� 

�c�a�n� �h�a�v�e� �a� �v�e�r�y� �a�p�p�r�e�c�i�a�b�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� 

�o�f� �s�i�l�t� �s�p�e�c�i�m�e�n�s� �m�e�a�s�u�r�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�.� �T�h�e�y� �s�t�a�t�e�d� 

�t�h�a�t� �U�U� �t�e�s�t� �r�e�s�u�l�t�s� �m�a�y� �g�i�v�e� �s�t�r�e�n�g�t�h�s� �t�h�a�t� �a�r�e� �l�o�w�e�r� �t�h�a�n� 

�t�h�e� �a�c�t�u�a�l� �i�n�-�s�i�t�u� �s�t�r�e�n�g�t�h�.� �W�h�e�r�e�a�s�,� �C�U� �t�e�s�t�s�,� �i�n� �w�h�i�c�h� 

�s�a�m�p�l�e�s� �a�r�e� �r�e�c�o�n�s�o�l�i�d�a�t�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �a�n�d� �t�h�e�n� 

�t�e�s�t�e�d�,� �g�i�v�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �v�a�l�u�e�s� �t�h�a�t� �a�r�e� �h�i�g�h�e�r� �t�h�a�n� 

�t�h�e� �i�n�-�s�i�t�u� �s�t�r�e�n�g�t�h�.� �E�v�e�n� �u�n�d�i�s�t�u�r�b�e�d� �s�a�m�p�l�e�s� 

�r�e�c�o�n�s�o�l�i�d�a�t�e�d� �i�n� �t�h�e� �l�a�b� �t�o� �i�n�-�s�i�t�u� �s�t�r�e�s�s�e�s� �g�i�v�e� �s�t�r�e�n�g�t�h�s� 

�g�r�e�a�t�e�r� �t�h�a�n� �i�n�-�s�i�t�u� �s�t�r�e�n�g�t�h�s�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �s�a�m�p�l�e� 

�d�i�s�t�u�r�b�a�n�c�e� �s�h�o�u�l�d� �b�e� �m�i�n�i�m�i�z�e�d� �i�n� �o�r�d�e�r� �t�o� �o�b�t�a�i�n� �r�e�l�i�a�b�l�e� 

�e�s�t�i�m�a�t�e�s� �o�f� �t�h�e� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�.� �T�h�e�y� 

�a�l�s�o� �f�o�u�n�d� �t�h�a�t� �t�h�e�r�e� �w�a�s� �c�o�n�s�i�d�e�r�a�b�l�e� �s�c�a�t�t�e�r� �i�n� �t�h�e� 

�s�t�r�e�n�g�t�h�s� �m�e�a�s�u�r�e�d� �i�n� �U�U� �t�e�s�t�s� �o�n� �u�n�d�i�s�t�u�r�b�e�d� �s�p�e�c�i�m�e�n�s�.� 

�I�n� �a�d�d�i�t�i�o�n�,� �t�h�e�y� �n�o�t�e�d� �t�h�a�t� �t�h�e� �d�e�n�s�i�t�i�e�s� �o�f� �s�i�l�t�s�,� 

�u�n�l�i�k�e� �t�h�o�s�e� �o�f� �c�l�a�y�,� �a�r�e� �n�o�t� �u�n�i�q�u�e�l�y� �c�o�n�t�r�o�l�l�e�d� �b�y� �t�h�e�i�r� 

�c�o�n�s�o�l�i�d�a�t�i�o�n� �p�r�e�s�s�u�r�e�s� �a�n�d� �c�o�n�s�o�l�i�d�a�t�i�o�n� �s�t�r�e�s�s� �h�i�s�t�o�r�i�e�s�.� 

�T�h�e� �d�e�n�s�i�t�i�e�s� �o�f� �m�a�n�y� �s�i�l�t�s� �c�a�n� �b�e� �i�n�f�l�u�e�n�c�e�d� �b�y� �v�i�b�r�a�t�i�o�n�s�.� 

�O�v�e�r� �t�i�m�e� �t�h�e� �e�f�f�e�c�t�s� �o�f� �i�n�d�i�v�i�d�u�a�l� �v�i�b�r�a�t�i�o�n� �e�v�e�n�t�s� �c�a�n� 

�a�c�c�u�m�u�l�a�t�e� �t�o� �a�l�t�e�r� �t�h�e� �d�e�n�s�i�t�y� �o�f� �t�h�e� �s�o�i�l� �c�o�n�s�i�d�e�r�a�b�l�y�.� 
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�F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n� �(�1�9�9�0�)� �n�o�t�e�d� �s�e�v�e�r�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� 

�o�f� �s�i�l�t� �b�e�h�a�v�i�o�r� �a�s� �f�o�l�l�o�w�s�:� 

�(�1�)� �S�i�l�t� �s�a�m�p�l�e�s� �a�r�e� �m�u�c�h� �m�o�r�e� �e�a�s�i�l�y� �d�i�s�t�u�r�b�e�d� �t�h�a�n� �c�l�a�y�s�,� 

�(�2�)� �T�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �o�f� �s�i�l�t�s� �a�r�e� �l�i�k�e�l�y� �t�o� �b�e� �m�o�r�e� 

�s�e�r�i�o�u�s�l�y� �a�f�f�e�c�t�e�d� �b�y� �d�i�s�t�u�r�b�a�n�c�e� �t�h�a�n� �a�r�e� �t�h�o�s�e� �o�f� 

�c�l�a�y�s�,� 

�(�3�)� �E�f�f�o�r�t�s� �t�o� �m�i�n�i�m�i�z�e� �d�i�s�t�u�r�b�a�n�c�e� �a�r�e� �i�m�p�o�r�t�a�n�t� �i�n� 

�t�e�s�t�i�n�g� �s�i�l�t�s�,� 

�(�4�)� �F�o�r� �t�h�e� �s�i�l�t�s� �t�e�s�t�e�d�,� �s�t�r�e�n�g�t�h� �a�n�i�s�o�t�r�o�p�y� �w�a�s� �o�b�s�e�r�v�e�d� 

�t�o� �b�e� �s�i�g�n�i�f�i�c�a�n�t�,� �a�n�d� 

�(�5�)� �S�t�r�e�n�g�t�h� �l�o�s�s� �d�u�e� �t�o� �c�r�e�e�p� �w�a�s� �f�o�u�n�d� �t�o� �b�e� �v�e�r�y� �s�m�a�l�l� 

�f�o�r� �s�i�l�t�s� �a�s� �c�o�m�p�a�r�e�d� �t�o� �c�l�a�y�s�.� 

�B�a�s�e�d� �o�n� �t�h�e�i�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�,� �F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n� �(�1�9�9�0�)� 

�c�o�n�c�l�u�d�e�d� �t�h�a�t� �s�i�l�t�s� �g�e�n�e�r�a�l�l�y� �f�a�l�l� �i�n�t�o� �t�w�o� �c�a�t�e�g�o�r�i�e�s�:� 

�(�1�)� �S�i�l�t�s� �l�o�c�a�t�e�d� �a�t� �t�h�e� �c�o�a�r�s�e� �e�n�d� �o�f� �t�h�e� �s�i�l�t� �s�p�e�c�t�r�u�m� 

�c�a�n� �b�e� �e�x�p�e�c�t�e�d� �t�o� �b�e�h�a�v�e� �l�i�k�e� �a� �f�i�n�e� �s�a�n�d�.� �T�h�e�y� �w�i�l�l� 

�b�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �d�e�n�s�i�f�y� �d�u�e� �t�o� �v�i�b�r�a�t�i�o�n�s�,� �a�n�d� �w�i�l�l� 

�b�e� �d�i�f�f�i�c�u�l�t� �o�r� �i�m�p�o�s�s�i�b�l�e� �t�o� �c�h�a�r�a�c�t�e�r�i�z�e� �u�s�i�n�g� 

�n�o�r�m�a�l�i�z�e�d� �s�t�r�e�n�g�t�h� �c�o�n�c�e�p�t�s�.� 

�(�2�)� �S�i�l�t�s� �l�o�c�a�t�e�d� �a�t� �t�h�e� �f�i�n�e� �e�n�d� �o�f� �t�h�e� �s�i�l�t� �s�p�e�c�t�r�u�m� �w�i�l�l� 

�l�i�k�e�l�y� �b�e�h�a�v�e� �s�i�m�i�l�a�r� �t�o� �a� �c�l�a�y�.� �T�h�e�y� �w�i�l�l� �p�r�o�b�a�b�l�y� 

�n�o�t� �b�e� �i�n�f�l�u�e�n�c�e�d� �b�y� �s�h�o�r�t�-�t�e�r�m� �v�i�b�r�a�t�i�o�n�s�,� �a�n�d� �c�a�n� 

�p�o�s�s�i�b�l�y� �b�e� �c�h�a�r�a�c�t�e�r�i�z�e�d� �u�s�i�n�g� �n�o�r�m�a�l�i�z�e�d� �s�t�r�e�n�g�t�h� 

�c�o�n�c�e�p�t�s�.� �T�h�e� �n�o�r�m�a�l�i�z�e�d� �s�t�r�e�n�g�t�h� �v�a�l�u�e�s�,� �h�o�w�e�v�e�r�,� �c�a�n� 

�s�h�o�w� �c�o�n�s�i�d�e�r�a�b�l�e� �v�a�r�i�a�t�i�o�n� �f�r�o�m� �o�n�e� �s�i�l�t� �t�o� �a�n�o�t�h�e�r�.� 
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�A�s� �a� �r�e�s�u�l�t�,� �i�n�d�i�v�i�d�u�a�l� �a�n�a�l�y�s�i�s� �o�f� �t�h�e� �n�o�r�m�a�l�i�z�e�d� 

�s�t�r�e�n�g�t�h� �w�o�u�l�d� �h�a�v�e� �t�o� �b�e� �p�e�r�f�o�r�m�e�d� �f�o�r� �e�a�c�h� �d�i�f�f�e�r�e�n�t� 

�s�i�l�t� �d�e�p�o�s�i�t�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �p�e�r�f�o�r�m�e�d� �a�n� 

�a�d�d�i�t�i�o�n�a�l� �s�t�u�d�y� �o�f� �t�h�e� �u�n�d�r�a�i�n�e�d� �b�e�h�a�v�i�o�r� �o�f� �s�a�t�u�r�a�t�e�d� 

�s�i�l�t�s�.� �T�h�e�i�r� �s�t�u�d�y� �i�n�v�o�l�v�e�d� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t�i�n�g� �o�f� �b�o�t�h� 

�u�n�d�i�s�t�u�r�b�e�d� �a�n�d� �r�e�m�o�l�d�e�d� �s�p�e�c�i�m�e�n�s� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�.� �T�h�e�y� 

�s�t�a�t�e�d� �t�h�a�t� �p�r�o�b�l�e�m�s� �a�r�e� �o�f�t�e�n� �e�n�c�o�u�n�t�e�r�e�d� �i�n� �e�v�a�l�u�a�t�i�n�g� �t�h�e� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �s�i�l�t�s�.� �S�a�t�u�r�a�t�e�d� �s�i�l�t�s� �t�e�s�t�e�d� 

�i�n� �Q� �t�e�s�t�s� �o�f�t�e�n� �g�i�v�e� �e�r�r�a�t�i�c� �a�n�d� �u�n�r�e�l�i�a�b�l�e� �r�e�s�u�l�t�s�.� �T�h�e� 

�d�i�l�a�t�a�n�t� �t�e�n�d�e�n�c�i�e�s� �o�f� �l�o�w� �p�l�a�s�t�i�c�i�t�y� �s�i�l�t�s� �m�a�k�e� �i�t� 

�d�i�f�f�i�c�u�l�t� �t�o� �d�e�f�i�n�e� �f�a�i�l�u�r�e� �i�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s�.� �T�h�e�y� �a�d�d�e�d� 

�t�h�a�t� �d�i�l�a�t�a�n�t� �s�i�l�t�s� �m�a�y� �e�x�p�e�r�i�e�n�c�e� �d�e�s�a�t�u�r�a�t�i�o�n� �i�n� �R� �t�e�s�t�s� 

�d�u�r�i�n�g� �s�h�e�a�r�.� 

�T�h�e�i�r� �s�t�u�d�y� �r�e�e�m�p�h�a�s�i�z�e�d� �s�e�v�e�r�a�l� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t�s� 

�r�e�g�a�r�d�i�n�g� �t�h�e� �t�e�s�t�i�n�g� �o�f� �s�i�l�t�s� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y�:� 

�(�1�)� �S�i�l�t� �s�p�e�c�i�m�e�n�s� �c�a�n� �b�e� �d�i�s�t�u�r�b�e�d� �v�e�r�y� �e�a�s�i�l�y� �d�u�r�i�n�g� 

�s�a�m�p�l�i�n�g� �a�n�d� �n�o�r�m�a�l� �l�a�b�o�r�a�t�o�r�y� �h�a�n�d�l�i�n�g� �p�r�o�c�e�d�u�r�e�s�,� 

�(�2�)� �D�u�r�i�n�g� �s�a�m�p�l�i�n�g�,� �t�h�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� 

�w�h�i�c�h� �d�e�v�e�l�o�p� �w�i�t�h�i�n� �s�i�l�t� �s�p�e�c�i�m�e�n�s� �a�r�e� �g�e�n�e�r�a�l�l�y� �l�e�s�s� 

�t�h�a�n� �t�h�o�s�e� �w�h�i�c�h� �d�e�v�e�l�o�p� �i�n� �c�l�a�y�s�,� �m�a�k�i�n�g� �s�i�l�t� 

�s�p�e�c�i�m�e�n�s� �m�o�r�e� �d�i�f�f�i�c�u�l�t� �t�o� �t�r�i�m� �a�n�d� �t�e�s�t� �i�n� �t�h�e� �l�a�b�,� 

�(�3�)� �S�i�l�t�s� �t�e�n�d� �t�o� �e�x�p�e�r�i�e�n�c�e� �g�r�e�a�t�e�r� �c�o�m�p�r�e�s�s�i�o�n� �u�n�d�e�r� 

�s�t�a�t�i�c� �p�r�e�s�s�u�r�e� �t�h�a�n� �s�a�n�d�s�,� �a�n�d� 
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�(�4�)� �S�i�l�t�s� �a�r�e� �m�u�c�h� �m�o�r�e� �l�i�k�e�l�y� �t�o� �d�e�n�s�i�f�y� �d�u�e� �t�o� �v�i�b�r�a�t�i�o�n�s� 

�t�h�a�n� �a�r�e� �c�l�a�y�s�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �d�i�s�c�u�s�s�e�d� �t�h�e� �e�f�f�e�c�t� 

�o�f� �d�i�s�t�u�r�b�a�n�c�e� �o�n� �s�i�l�t� �b�e�h�a�v�i�o�r�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �s�a�m�p�l�e� 

�d�i�s�t�u�r�b�a�n�c�e� �t�e�n�d�s� �t�o� �i�n�c�r�e�a�s�e� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� 

�s�o�i�l�.� �T�h�i�s� �i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�s�u�l�t�s� �i�n�a� 

�d�e�c�r�e�a�s�e� �i�n� �t�h�e� �i�n�i�t�i�a�l� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e� �s�p�e�c�i�m�e�n�.� 

�T�h�e�y� �a�d�d�e�d� �t�h�a�t� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �a�f�t�e�r� 

�s�a�m�p�l�i�n�g� �w�i�l�l� �a�l�w�a�y�s� �b�e� �l�e�s�s� �t�h�a�n� �t�h�e� �p�e�r�f�e�c�t� �s�a�m�p�l�i�n�g� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �(�L�a�d�d� �a�n�d� �L�a�m�b�e�,� �1�9�6�3�)�,� �d�u�e� �t�o� �d�i�s�t�u�r�b�a�n�c�e�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �n�o�t�e�d� �t�h�a�t� �i�n� 

�u�n�c�o�n�f�i�n�e�d� �c�o�m�p�r�e�s�s�i�o�n� �t�e�s�t�s� �a�n�d� �Q� �t�e�s�t�s� �a�t� �l�o�w� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�,� �c�a�v�i�t�a�t�i�o�n� �o�f� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� 

�c�a�n� �o�c�c�u�r� �p�r�i�o�r� �t�o� �a� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �b�e�i�n�g� �r�e�a�c�h�e�d� �i�n� 

�t�h�e� �t�e�s�t�s�.� �N�e�g�l�e�c�t�i�n�g� �t�h�e� �e�f�f�e�c�t� �o�f� �d�i�s�t�u�r�b�a�n�c�e�,� �i�f� 

�c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�s�,� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� 

�w�i�l�l� �b�e� �l�e�s�s� �t�h�a�n� �i�f� �c�a�v�i�t�a�t�i�o�n� �d�i�d� �n�o�t� �o�c�c�u�r�.� 

�W�h�e�n� �d�i�s�t�u�r�b�a�n�c�e� �e�f�f�e�c�t�s� �a�r�e� �c�o�n�s�i�d�e�r�e�d�,� �B�r�a�n�d�o�n�,� 

�D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �n�o�t�e�d� �t�h�a�t� �i�t� �m�a�y� �h�a�v�e� �t�w�o� 

�p�o�s�s�i�b�l�e� �i�n�f�l�u�e�n�c�e�s� �o�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �t�h�e� �s�o�i�l�:� 

�(�1�)� �D�i�s�t�u�r�b�a�n�c�e� �w�i�l�l� �l�e�a�d� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �i�n�i�t�i�a�l� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �w�h�i�c�h� �c�o�u�l�d� �r�e�s�u�l�t� 

�i�n� �c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�r�i�n�g� �a�t� �a� �h�i�g�h�e�r� �s�t�r�a�i�n�,� �a�n�d� 
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�(�2�)� �D�i�s�t�u�r�b�a�n�c�e� �w�i�l�l� �c�a�u�s�e� �d�e�n�s�i�f�i�c�a�t�i�o�n� �o�f� �t�h�e� �s�p�e�c�i�m�e�n� 

�w�h�i�c�h� �g�i�v�e�s� �t�h�e� �s�a�m�p�l�e� �a� �g�r�e�a�t�e�r� �t�e�n�d�e�n�c�y� �t�o� �d�i�l�a�t�e� 

�G�u�r�i�n�g� �s�h�e�a�r�,� �s�u�g�g�e�s�t�i�n�g� �t�h�a�t� �c�a�v�i�t�a�t�i�o�n� �w�i�l�l� �o�c�c�u�r� �a�t� 

�a� �l�o�w�e�r� �s�t�r�a�i�n�.� 

�T�h�e�y� �p�o�s�t�u�l�a�t�e�d� �t�h�a�t� �t�h�e� �i�n�c�r�e�a�s�e�d� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�n�d� 

�i�n�c�r�e�a�s�e�d� �d�e�n�s�i�t�y� �w�h�i�c�h� �r�e�s�u�l�t� �f�r�o�m� �d�i�s�t�u�r�b�a�n�c�e� �m�a�y� �h�a�v�e� 

�c�o�u�n�t�e�r�a�c�t�i�n�g� �i�n�f�l�u�e�n�c�e�s� �o�n� �t�h�e� �p�o�s�s�i�b�l�e� �o�c�c�u�r�r�e�n�c�e� �o�f� 

�c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �c�o�m�p�a�r�e�d� �t�h�e� 

�s�t�r�e�n�g�t�h� �o�f� �s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�s� �o�b�t�a�i�n�e�d� �u�s�i�n�g� �v�a�r�i�o�u�s� 

�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�a�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �t�h�e� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� 

�s�t�r�e�s�s�,� �w�h�i�c�h� �i�s� �a� �v�e�r�y� �c�o�m�m�o�n� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�,� �o�f�t�e�n� �d�o�e�s� 

�n�o�t� �o�c�c�u�r� �w�i�t�h�i�n� �a� �r�e�a�s�o�n�a�b�l�e� �r�a�n�g�e� �o�f� �s�t�r�a�i�n�s� �f�o�r� �d�i�l�a�t�a�n�t� 

�s�o�i�l�s�.� �I�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� �m�a�n�y� �d�i�l�a�t�a�n�t� �s�o�i�l�s�,� �a� �m�a�x�i�m�u�m� 

�G�e�v�i�a�t�o�r� �s�t�r�e�s�s� �d�o�e�s� �n�o�t� �o�c�c�u�r� �u�n�t�i�l� �a�x�i�a�l� �s�t�r�a�i�n�s� �o�f� �3�0�%� �o�r� 

�g�r�e�a�t�e�r� �h�a�v�e� �b�e�e�n� �r�e�a�c�h�e�d�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �w�i�t�h�i�n� �t�h�e� 

�r�a�n�g�e� �o�f� �s�t�r�a�i�n�s� �c�o�n�s�i�d�e�r�e�d� �r�e�a�s�o�n�a�b�l�e� �f�o�r� �m�o�s�t� �g�e�o�t�e�c�h�n�i�c�a�l� 

�a�p�p�l�i�c�a�t�i�o�n�s�,� �t�h�e� �s�a�m�p�l�e� �n�e�v�e�r� �r�e�a�l�l�y� �"�f�a�i�l�s�.�"� �T�h�i�s� 

�c�o�n�t�i�n�u�o�u�s�l�y� �d�i�l�a�t�a�n�t� �b�e�h�a�v�i�o�r� �m�a�k�e�s� �t�h�e� �s�e�l�e�c�t�i�o�n� �o�f� �a� 

�c�o�n�s�i�s�t�e�n�t� �a�n�d� �r�e�l�i�a�b�l�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �d�i�f�f�i�c�u�l�t� �f�o�r� 

�e�n�g�i�n�e�e�r�s� �w�o�r�k�i�n�g� �w�i�t�h� �d�i�l�a�t�a�n�t� �s�i�l�t�s�.� 

�T�h�e�y� �a�d�d�e�d� �t�h�a�t� �d�i�l�a�t�a�n�t� �s�o�i�l�s� �o�f�t�e�n� �d�o� �n�o�t� �r�e�a�c�h� �a� 

�p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �u�n�t�i�l� �h�i�g�h� �a�x�i�a�l� �s�t�r�a�i�n�s� �d�u�e� �t�o� �t�h�e� 

�s�t�r�a�i�n�-�h�a�r�d�e�n�i�n�g� �b�e�h�a�v�i�o�r� �r�e�s�u�l�t�i�n�g� �f�r�o�m� �t�h�e� �d�i�l�a�t�a�n�t� 
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�t�e�n�d�e�n�c�i�e�s� �o�f� �t�h�e� �s�o�i�l�.� �A�s� �t�h�e� �s�a�m�p�l�e� �a�t�t�e�m�p�t�s� �t�o� �d�i�l�a�t�e� 

�u�n�d�e�r� �u�n�d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�d�e�c�r�e�a�s�e�s�,� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �i�n�c�r�e�a�s�e�s� �a�n�d� 

�t�h�e� �s�a�m�p�l�e� �b�e�c�o�m�e�s� �s�t�r�o�n�g�e�r�.� �T�h�i�s� �h�a�r�d�e�n�i�n�g� �e�f�f�e�c�t� �r�e�s�u�l�t�s� 

�i�n� �a� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �n�o�t� �b�e�i�n�g� �r�e�a�c�h�e�d� �u�n�t�i�l� �v�e�r�y� �h�i�g�h� 

�a�x�i�a�l� �s�t�r�a�i�n�s� �(�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n�,� �1�9�9�0�)�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �n�o�t�e�d� �t�h�a�t� �a�t� 

�s�t�r�a�i�n�s� �g�r�e�a�t�e�r� �t�h�a�n� �1�5�%�,� �t�r�i�a�x�i�a�l� �s�p�e�c�i�m�e�n�s� �t�e�n�d� �t�o� �b�e� �v�e�r�y� 

�d�e�f�o�r�m�e�d�.� �A�r�e�a� �c�o�r�r�e�c�t�i�o�n�s� �a�p�p�l�i�e�d� �t�o� �s�u�c�h� �s�p�e�c�i�m�e�n�s� �c�a�n� 

�h�a�v�e� �a� �s�i�g�n�i�f�i�c�a�n�t� �e�f�f�e�c�t� �o�n� �t�h�e� �s�u�b�s�e�q�u�e�n�t� �s�t�r�e�s�s� 

�c�o�m�p�u�t�a�t�i�o�n�s�.� �I�n� �m�o�s�t� �e�n�g�i�n�e�e�r�i�n�g� �a�p�p�l�i�c�a�t�i�o�n�s�,� �l�a�r�g�e� 

�s�t�r�a�i�n�s� �a�r�e� �n�o�t� �t�o�l�e�r�a�b�l�e�.� �T�h�e�y� �a�d�d�e�d�,� �h�o�w�e�v�e�r�,� �t�h�a�t� �i�t� �i�s� 

�d�i�f�f�i�c�u�l�t� �t�o� �c�o�r�r�e�l�a�t�e� �f�i�e�l�d� �d�i�s�p�l�a�c�e�m�e�n�t�s� �t�o� �a�x�i�a�l� �s�t�r�a�i�n�s� 

�m�e�a�s�u�r�e�d� �i�n� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t�s�.� 

�A�n�o�t�h�e�r� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �c�o�n�s�i�d�e�r�e�d� �b�y� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� 

�a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �i�s� �t�h�e� �m�a�x�i�m�u�m� �p�r�i�n�c�i�p�a�l� �s�t�r�e�s�s� �r�a�t�i�o�.� 

�T�h�i�s� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �i�s� �b�a�s�e�d� �o�n� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�e�s�,� 

�h�o�w�e�v�e�r�,� �s�o� �i�t� �i�s� �n�o�t� �a�p�p�l�i�c�a�b�l�e� �t�o� �Q� �t�e�s�t�s� �i�n� �w�h�i�c�h� �p�o�r�e� 

�p�r�e�s�s�u�r�e�s� �a�r�e� �n�o�t� �m�e�a�s�u�r�e�d�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �i�n� �R� �t�e�s�t�s� �o�n� 

�s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�s�,� �t�h�e� �m�a�x�i�m�u�m� �p�r�i�n�c�i�p�a�l� �s�t�r�e�s�s� �r�a�t�i�o� 

�o�f�t�e�n� �o�c�c�u�r�s� �a�t� �a�x�i�a�l� �s�t�r�a�i�n�s� �o�f� �l�e�s�s� �t�h�a�n� �8�%�.� �T�h�e�y� �a�d�d�e�d� 

�t�h�a�t� �t�h�i�s� �m�a�y� �b�e� �a� �r�e�a�s�o�n�a�b�l�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �i�n� 

�s�i�t�u�a�t�i�o�n�s� �w�h�e�r�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �a�n�d� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s�e�s� 
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�a�r�e� �k�n�o�w�n�.� �I�t� �t�e�n�d�s� �t�o� �l�e�a�d� �t�o� �c�o�n�s�e�r�v�a�t�i�v�e� �v�a�l�u�e�s� �o�f� �s�h�e�a�r� 

�s�t�r�e�n�g�t�h� �f�o�r� �t�h�e� �s�o�i�l�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �a�l�s�o� �c�o�n�s�i�d�e�r�e�d� �t�h�e� 

�A� �=� �0� �o�r� �c�h�a�n�g�e� �i�n� �p�o�r�e� �p�r�e�s�s�u�r�e� �e�q�u�a�l� �t�o� �z�e�r�o�,� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n� �p�r�o�p�o�s�e�d� �b�y� �T�o�r�r�e�y� �(�1�9�8�2�)�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �t�h�i�s� 

�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �i�s� �o�n�l�y� �a�p�p�l�i�c�a�b�l�e� �t�o� �R� �t�e�s�t�s�.� �I�n� �S� �o�r� 

�c�o�n�s�o�l�i�d�a�t�e�d�-�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t�s�,� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�s� �z�e�r�o� �t�h�r�o�u�g�h�o�u�t� �t�h�e� �t�e�s�t�.� �I�n� �Q� �t�e�s�t�s�,� 

�p�o�r�e� �p�r�e�s�s�u�r�e�s� �a�r�e� �n�o�t� �m�e�a�s�u�r�e�d�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �t�h�e� 

�a�d�v�a�n�t�a�g�e� �o�f� �t�h�i�s� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �i�s� �t�h�a�t� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� 

�t�h�e� �s�o�i�l� �i�s� �n�o�t� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �h�a�r�d�e�n�i�n�g� �e�f�f�e�c�t� �r�e�s�u�l�t�i�n�g� 

�f�r�o�m� �t�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s�.� �A� 

�d�i�s�a�d�v�a�n�t�a�g�e� �t�h�a�t� �t�h�e�y� �i�d�e�n�t�i�f�i�e�d� �i�s� �t�h�a�t� �f�o�r� �s�o�m�e� �s�o�i�l�s� �i�n� 

�c�e�r�t�a�i�n� �f�i�e�l�d� �a�p�p�l�i�c�a�t�i�o�n�s�,� �A� �m�a�y� �n�o�t� �r�e�a�c�h� �z�e�r�o� �u�n�t�i�l� �t�h�e� 

�s�o�i�l� �h�a�s� �r�e�a�c�h�e�d� �h�i�g�h� �s�t�r�a�i�n�s�.� 

�F�o�r� �R� �t�e�s�t�s�,� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �s�t�a�t�e�d� 

�t�h�a�t� �t�h�e� �p�o�i�n�t� �a�t� �w�h�i�c�h� �t�h�e� �s�t�r�e�s�s� �p�a�t�h� �r�e�a�c�h�e�s� �t�h�e� �K�r�¢�-�l�i�n�e� 

�i�s� �o�f�t�e�n� �a�p�p�l�i�e�d� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.� �I�n� �d�i�l�a�t�a�n�t� �s�o�i�l�s�,� 

�t�h�e� �s�t�r�e�s�s� �p�a�t�h� �m�e�a�s�u�r�e�d� �i�n� �R� �t�e�s�t�s� �c�l�e�a�r�l�y� �d�e�f�i�n�e�s� �t�h�e� �K�¢�-� 

�l�i�n�e�.� 

�T�h�e� �u�s�e� �o�f� �a� �l�i�m�i�t�i�n�g� �s�t�r�a�i�n� �m�a�y� �a�l�s�o� �b�e� �u�s�e�d� �a�s� �a� 

�f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �f�o�r� �d�i�l�a�t�a�n�t� �s�o�i�l�s�.� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� 

�H�u�f�f�m�a�n� �(�1�9�9�0�)� �n�o�t�e�d� �t�h�a�t� �t�h�i�s� �c�r�i�t�e�r�i�o�n� �c�a�n� �b�e� �a�p�p�l�i�e�d� �t�o� 

�Q�,� �R�,� �a�n�d� �S� �t�e�s�t�s�.� �T�h�e�y� �a�d�d�e�d� �t�h�a�t� �i�t� �i�s� �u�s�u�a�l�l�y� �a�p�p�l�i�e�d� 
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�t�o� �Q� �t�e�s�t�s� �w�h�e�n� �a� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� �d�o�e�s� �n�o�t� �o�c�c�u�r� �w�i�t�h�i�n� 

�a� �r�e�a�s�o�n�a�b�l�e� �a�m�o�u�n�t� �o�f� �s�t�r�a�i�n�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �v�a�l�u�e�s� 

�o�f� �t�h�e� �l�i�m�i�t�i�n�g� �s�t�r�a�i�n� �a�t� �f�a�i�l�u�r�e� �u�s�e�d� �f�o�r� �d�i�l�a�t�a�n�t� �s�i�l�t�s� 

�v�a�r�y� �f�r�o�m� �5� �t�o� �1�5�%� �i�n� �t�h�e� �l�i�t�e�r�a�t�u�r�e�.� �A� �p�r�o�b�l�e�m� �w�i�t�h� �u�s�i�n�g� 

�a� �l�i�m�i�t�i�n�g� �s�t�r�a�i�n� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �i�s� �t�h�a�t� �i�t� �i�s� 

�d�i�f�f�i�c�u�l�t� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� �a�p�p�r�o�p�r�i�a�t�e� �m�a�g�n�i�t�u�d�e� �o�f� �s�t�r�a�i�n� �a�t� 

�f�a�i�l�u�r�e� �f�o�r� �a� �g�i�v�e�n� �l�o�a�d�i�n�g� �c�o�n�d�i�t�i�o�n� �i�n� �t�h�e� �f�i�e�l�d�.� �B�e�c�a�u�s�e� 

�o�f� �t�h�i�s�,� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� 

�t�h�i�s� �i�s� �"�a� �r�a�t�h�e�r� �s�u�b�j�e�c�t�i�v�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.�"� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �d�i�s�c�u�s�s�e�d� �t�h�e� 

�p�o�s�s�i�b�l�e� �l�o�s�s� �o�f� �s�a�t�u�r�a�t�i�o�n� �t�h�a�t� �d�i�l�a�t�a�n�t�,� �l�o�w�-�p�l�a�s�t�i�c�i�t�y� 

�s�i�l�t�s� �c�a�n� �e�x�p�e�r�i�e�n�c�e� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �S�o�i�l� �s�p�e�c�i�m�e�n�s� 

�t�e�s�t�e�d� �i�n� �R� �t�e�s�t�s� �a�r�e� �u�s�u�a�l�l�y� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�e�d�.� 

�B�a�c�k� �p�r�e�s�s�u�r�e� �i�s� �u�s�e�d� �i�n� �t�h�e� �t�e�s�t�s� �t�o� �i�m�p�r�o�v�e� �t�h�e� �a�c�c�u�r�a�c�y� 

�o�f� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �i�n� �t�h�e� �t�e�s�t�s�,� �a�s� �w�e�l�l� �a�s� 

�t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� �T�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�b�a�c�k� �p�r�e�s�s�u�r�e� �t�o� �a� �s�o�i�l� �s�p�e�c�i�m�e�n� �l�e�a�d�s� �t�o� �s�a�t�u�r�a�t�i�o�n� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n� �b�y� �c�o�m�p�r�e�s�s�i�n�g� �t�h�e� �a�i�r� �p�r�e�s�e�n�t� �a�n�d� �f�o�r�c�i�n�g� �t�h�i�s� �a�i�r� 

�i�n�t�o� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �s�t�a�t�e�d� �t�h�a�t� �w�h�e�n� �t�h�e� 

�c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�v�e�l�o�p�e�d� �i�n� �a�n� �u�n�d�r�a�i�n�e�d� 

�t�r�i�a�x�i�a�l� �t�e�s�t� �r�e�t�u�r�n�s� �t�o� �z�e�r�o� �(�A�=�0�)�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �w�i�l�l� �b�e� �e�q�u�a�l� �t�o� �t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� 

�u�s�e�d� �i�n� �t�h�e� �s�a�t�u�r�a�t�i�o�n� �p�r�o�c�e�s�s�.� �A�s� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� 
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�c�o�n�t�i�n�u�e�s� �t�o� �d�e�c�r�e�a�s�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�,� �t�h�e� �b�e�n�e�f�i�t�s� 

�g�a�i�n�e�d� �b�y� �u�s�i�n�g� �t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �t�o� �s�a�t�u�r�a�t�e� �t�h�e� �s�p�e�c�i�m�e�n�,� 

�b�e�g�i�n� �t�o� �d�i�m�i�n�i�s�h�.� �A�s� �t�h�i�s� �o�c�c�u�r�s�,� �a�i�r� �f�o�r�c�e�d� �i�n�t�o� �s�o�l�u�t�i�o�n� 

�d�u�r�i�n�g� �t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�i�o�n� �p�r�o�c�e�s�s�,� �c�a�n� �b�e�g�i�n� �t�o� 

�c�o�m�e� �b�a�c�k� �o�u�t� �o�f� �s�o�l�u�t�i�o�n�.� �I�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n�,� �t�h�e� �v�o�l�u�m�e� �o�f� 

�t�h�e� �s�p�e�c�i�m�e�n� �i�n�c�r�e�a�s�e�s�,� �a�n�d� �t�h�e� �a�c�c�u�r�a�c�y� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �m�e�a�s�u�r�e�m�e�n�t�s� �d�e�c�r�e�a�s�e�s�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �a� �s�o�l�u�t�i�o�n� 

�t�o� �t�h�i�s� �p�r�o�b�l�e�m� �i�s� �t�o� �u�s�e� �a� �b�a�c�k� �p�r�e�s�s�u�r�e� �h�i�g�h�e�r� �t�h�a�n� �t�h�a�t� 

�n�e�e�d�e�d� �t�o� �s�a�t�u�r�a�t�e� �t�h�e� �s�p�e�c�i�m�e�n�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �s�t�a�t�e�d� �t�h�a�t� �i�n� �R� 

�t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�s�,� �h�i�g�h� �b�a�c�k� �p�r�e�s�s�u�r�e�s� �a�r�e� 

�o�f�t�e�n� �u�s�e�d� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� �f�r�o�m� �o�c�c�u�r�r�i�n�g�.� �T�h�e�y� �n�o�t�e�d� 

�t�h�a�t� �i�n� �f�i�e�l�d� �c�o�n�d�i�t�i�o�n�s� �w�h�e�r�e� �t�h�e� �h�y�d�r�o�s�t�a�t�i�c� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�i�s� �l�o�w�,� �c�a�v�i�t�a�t�i�o�n� �o�f� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �m�a�y� �o�c�c�u�r� �u�n�d�e�r� 

�u�n�d�r�a�i�n�e�d� �l�o�a�d�i�n�g� �c�o�n�d�i�t�i�o�n�s�.� �I�f� �c�a�v�i�t�a�t�i�o�n� �o�f� �s�o�i�l� �p�o�r�e� 

�w�a�t�e�r� �c�a�n� �o�c�c�u�r� �i�n� �t�h�e� �f�i�e�l�d�,� �a�n� �u�n�d�i�s�t�u�r�b�e�d� �s�a�m�p�l�e� �o�f� �s�o�i�l� 

�t�e�s�t�e�d� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �w�i�t�h� �a� �b�a�c�k� �p�r�e�s�s�u�r�e� �h�i�g�h�e�r� �t�h�a�n� 

�i�t�s� �i�n�-�s�i�t�u� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e�,� �w�i�l�l� �y�i�e�l�d� �a�n� �u�n�d�r�a�i�n�e�d� 

�s�t�r�e�n�g�t�h� �t�h�a�t� �i�s� �h�i�g�h�e�r� �t�h�a�n� �t�h�e� �a�c�t�u�a�l� �f�i�e�l�d� �s�t�r�e�n�g�t�h�.� 

�T�h�i�s� �i�s� �b�e�c�a�u�s�e� �t�h�e� �p�o�r�e� �w�a�t�e�r� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �s�a�m�p�l�e� �d�o�e�s� 

�n�o�t� �c�a�v�i�t�a�t�e� �d�u�e� �t�o� �t�h�e� �h�i�g�h� �b�a�c�k� �p�r�e�s�s�u�r�e� �w�h�i�l�e� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �i�n�-�s�i�t�u� �h�a�s� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� �c�a�v�i�t�a�t�e�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �n�o�t�e�d� �t�h�a�t� �i�n� �t�h�e� �R� 

�t�e�s�t�s� �t�h�e�y� �p�e�r�f�o�r�m�e�d� �o�n� �s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�s�,� �t�h�e� 
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�s�p�e�c�i�m�e�n�s� �e�x�p�e�r�i�e�n�c�e�d� �l�a�r�g�e� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�.� �T�h�e�y� �a�d�d�e�d� �t�h�a�t� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�w�o�u�l�d� �h�a�v�e� �o�c�c�u�r�r�e�d� �i�n� �t�h�e� �t�e�s�t�s� �i�f� �t�h�e�y� �h�a�d� �n�o�t� �u�s�e�d� �l�a�r�g�e� 

�e�n�o�u�g�h� �b�a�c�k� �p�r�e�s�s�u�r�e�s�.� 

�I�n� �t�h�e� �Q� �t�e�s�t�s� �t�h�e�y� �p�e�r�f�o�r�m�e�d�,� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� 

�H�u�f�f�m�a�n� �(�1�9�9�0�)� �o�b�s�e�r�v�e�d� �t�h�a�t� �t�h�e� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s� 

�a�l�w�a�y�s� �o�c�c�u�r�r�e�d� �a�t� �a�x�i�a�l� �s�t�r�a�i�n�s� �o�f� �1�3�%� �o�r� �g�r�e�a�t�e�r�.� �B�e�c�a�u�s�e� 

�o�f� �t�h�i�s�,� �u�s�i�n�g� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �o�f� �1�0�%� �a�x�i�a�l� �s�t�r�a�i�n� 

�r�e�s�u�l�t�e�d� �i�n� �a�n� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h�,� �S�y�,� �o�f� �t�h�e� �s�o�i�l� 

�w�h�i�c�h� �w�a�s� �c�o�n�s�e�r�v�a�t�i�v�e�,� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� �m�a�x�i�m�u�m� �d�e�v�i�a�t�o�r� 

�s�t�r�e�s�s� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�.� 

�T�h�e�y� �n�o�t�e�d� �t�h�a�t� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�s�t�r�a�i�n� �c�u�r�v�e�s� �f�o�r� 

�t�h�e� �s�i�l�t�s� �t�e�s�t�e�d� �w�e�r�e� �v�e�r�y� �d�i�f�f�e�r�e�n�t� �f�o�r� �t�h�e� �Q� �t�e�s�t�s�,� �a�s� 

�c�o�m�p�a�r�e�d� �t�o� �t�h�o�s�e� �f�o�r� �t�h�e� �R� �t�e�s�t�s�.� �T�h�e�y� �s�u�s�p�e�c�t�e�d� �t�h�a�t� �t�h�e� 

�d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �o�b�s�e�r�v�e�d� �s�t�r�e�s�s�-�s�t�r�a�i�n� �b�e�h�a�v�i�o�r� �w�e�r�e� �d�u�e� 

�t�o� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �d�e�v�e�l�o�p�e�d� �d�u�r�i�n�g� 

�t�h�e� �t�e�s�t�s�.� �T�h�e�y� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �u�n�d�r�a�i�n�e�d� �b�e�h�a�v�i�o�r� �o�f� 

�s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�i�l�t�s� �i�n� �Q� �t�e�s�t�s� �i�s� �d�i�f�f�e�r�e�n�t� �t�h�a�n� �t�h�e�i�r� 

�b�e�h�a�v�i�o�r� �i�n� �R� �t�e�s�t�s�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �"�i�f� �Q� �t�e�s�t� �s�p�e�c�i�m�e�n�s� 

�b�e�h�a�v�e�d� �l�i�k�e� �t�h�e� �R� �s�p�e�c�i�m�e�n�s�,� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h�s� 

�m�e�a�s�u�r�e�d� �[�i�n� �t�h�e� �Q� �t�e�s�t�s�]� �w�o�u�l�d� �h�a�v�e� �b�e�e�n� �m�u�c�h� �g�r�e�a�t�e�r�.�"� 

�T�h�e�y� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� �t�h�e� �o�b�s�e�r�v�e�d� 

�b�e�h�a�v�i�o�r�s� �m�a�y� �p�o�s�s�i�b�l�y� �b�e� �d�u�e� �t�o� �g�a�s� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� 

�f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �a�t� �p�r�e�s�s�u�r�e�s� �a�b�o�v�e� �-�1�4�.�7� �p�s�i� �i�n� �t�h�e� �Q� 
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�t�e�s�t�s�.� �T�h�e� �h�i�g�h� �b�a�c�k� �p�r�e�s�s�u�r�e�s� �u�s�e�d� �i�n� �t�h�e� �R� �t�e�s�t�s� �w�o�u�l�d� 

�h�a�v�e� �p�r�e�v�e�n�t�e�d� �t�h�i�s�.� �A�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �w�h�i�c�h� �t�h�e�y� 

�i�d�e�n�t�i�f�i�e�d� �a�s� �a� �p�o�s�s�i�b�l�e� �c�a�u�s�e� �o�f� �t�h�e� �d�i�f�f�e�r�e�n�c�e�s� �i�n� 

�b�e�h�a�v�i�o�r� �i�s� �d�i�s�t�u�r�b�a�n�c�e�.� �S�a�m�p�l�e�s� �w�i�t�h� �d�i�f�f�e�r�e�n�t� �l�e�v�e�l�s� �o�f� 

�d�i�s�t�u�r�b�a�n�c�e� �w�i�l�l� �l�i�k�e�l�y� �e�x�h�i�b�i�t� �d�i�f�f�e�r�e�n�t� �s�t�r�e�s�s�-�s�t�r�a�i�n� 

�b�e�h�a�v�i�o�r�s�.� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� 

�e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �f�r�i�c�t�i�o�n� �a�n�g�l�e�,� �$�'�,� �o�f� �d�i�l�a�t�a�n�t� �s�i�l�t�s� �i�s� 

�r�e�l�a�t�i�v�e�l�y� �i�n�s�e�n�s�i�t�i�v�e� �t�o� �t�h�e� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �u�s�e�d�.� �T�h�e� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h�,� �S�,�,� �h�o�w�e�v�e�r�,� �i�s� �v�e�r�y� �d�e�p�e�n�d�e�n�t� �o�n� 

�t�h�e� �p�a�r�t�i�c�u�l�a�r� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n� �u�s�e�d�.� �T�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� 

�s�t�r�e�n�g�t�h� �v�a�r�i�e�s� �w�i�t�h� �s�t�r�a�i�n� �a�n�d� �i�n�c�r�e�a�s�e�s� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� 

�s�t�r�a�i�n�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �t�h�e� �d�e�p�e�n�d�e�n�c�e� �o�f� �S�,� �o�n� �s�t�r�a�i�n� �i�s� 

�s�e�c�o�n�d�a�r�y�.� �T�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h�,� �S�,�,� �i�s� �r�e�a�l�l�y� 

�d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �g�e�n�e�r�a�t�e�d� �d�u�r�i�n�g� 

�s�h�e�a�r�.� �T�h�i�s� �m�e�a�n�s� �t�h�a�t� �S�,� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� 

�p�a�r�a�m�e�t�e�r� �A� �o�f� �a� �g�i�v�e�n� �t�e�s�t� �s�p�e�c�i�m�e�n�.� 

�T�h�e�y� �n�o�t�e�d� �t�h�a�t� �w�h�e�n� �S�,� �i�s� �d�e�t�e�r�m�i�n�e�d� �f�r�o�m� �R� �t�e�s�t�s� 

�u�s�i�n�g� �A�=�0� �a�s� �a� �f�a�i�l�u�r�e� �c�r�i�t�e�r�i�o�n�,� �t�h�e�r�e� �i�s� �g�e�n�e�r�a�l�l�y� �l�e�s�s� 

�s�c�a�t�t�e�r� �i�n� �t�h�e� �v�a�l�u�e�s� �o�f� �S�,�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �t�h�e� �l�o�w�e�r� �t�h�e� 

�v�a�l�u�e� �o�f� �A�,� �t�h�e� �l�e�s�s� �i�n�f�l�u�e�n�c�e� �t�h�e� �c�h�o�i�c�e� �o�f� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n� �h�a�s� �o�n� �t�h�e� �v�a�l�u�e� �o�b�t�a�i�n�e�d� �f�o�r� �S�,�.� �T�h�e�y� �a�d�d�e�d� �t�h�a�t� 

�t�h�e� �u�s�e� �o�f� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �p�a�r�a�m�e�t�e�r� �A� �a�s� �a� �f�a�i�l�u�r�e� 

�c�r�i�t�e�r�i�o�n� �c�o�u�l�d� �b�e� �u�s�e�f�u�l� �i�n� �d�e�t�e�r�m�i�n�i�n�g� �t�h�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� 
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�s�t�r�e�n�g�t�h�,� �S�,�,� �f�o�r� �d�i�l�a�t�a�n�t�,� �l�o�w�-�p�l�a�s�t�i�c�i�t�y� �s�i�l�t�s�.� �T�h�i�s� �i�s� 

�o�n�l�y� �u�s�e�f�u�l�,� �h�o�w�e�v�e�r�,� �w�h�e�r�e� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �p�a�r�a�m�e�t�e�r�,� �A�,� 

�i�s� �k�n�o�w�n�,� �a�s� �i�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �w�h�e�r�e� �p�o�r�e� �p�r�e�s�s�u�r�e�s� �a�r�e� 

�m�e�a�s�u�r�e�d�.� �I�t� �c�a�n� �n�o�t� �b�e� �d�i�r�e�c�t�l�y� �a�p�p�l�i�e�d� �t�o� �c�o�n�v�e�n�t�i�o�n�a�l� �Q� 

�t�e�s�t�s�.� 

�A�l�t�h�o�u�g�h� �c�a�v�i�t�a�t�i�o�n� �o�r� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� 

�s�o�i�l� �p�o�r�e� �w�a�t�e�r� �h�a�s� �b�e�e�n� �o�b�s�e�r�v�e�d� �i�n� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� 

�s�a�t�u�r�a�t�e�d� �d�i�l�a�t�a�n�t� �s�a�n�d�s� �a�n�d� �s�i�l�t�s�,� �h�e�a�v�i�l�y� �o�v�e�r�c�o�n�s�o�l�i�d�a�t�e�d� 

�c�l�a�y�s�,� �w�h�i�c�h� �a�l�s�o� �e�x�h�i�b�i�t� �d�i�l�a�t�a�n�t� �t�e�n�d�e�n�c�i�e�s�,� �h�a�v�e� �n�o�t� �b�e�e�n� 

�k�n�o�w�n� �t�o� �e�x�h�i�b�i�t� �s�i�m�i�l�a�r� �b�e�h�a�v�i�o�r� �(�G�o�l�d�e�r� �a�n�d� �S�k�e�m�p�t�o�n�,� 

�1�9�4�8�;� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n�,� �1�9�5�0�)�.� �S�t�u�d�i�e�s� �p�e�r�f�o�r�m�e�d� �b�y� �C�h�a�c�e� 

�(�1�9�7�5�,� �1�9�8�5�)�,� �L�e�e� �a�n�d� �B�l�a�c�k� �(�1�9�7�2�)�,� �a�n�d� �B�a�r�d�e�n� �a�n�d� �S�i�d�e�s� 

�(�1�9�6�7�)� �i�n�d�i�c�a�t�e�d� �t�h�a�t� �a�s� �t�h�e� �s�i�z�e� �o�f� �t�h�e� �s�o�i�l� �p�o�r�e�s� 

�d�e�c�r�e�a�s�e�s�,� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �g�o�e�s� �i�n�t�o� �s�o�l�u�t�i�o�n� �o�r� �c�o�m�e�s� 

�o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� �w�a�t�e�r� �d�e�c�r�e�a�s�e�s�.� �T�h�u�s�,� �e�v�e�n� 

�t�h�o�u�g�h� �t�h�e� �p�o�r�e� �w�a�t�e�r� �i�n� �a� �d�i�l�a�t�a�n�t� �o�v�e�r�c�o�n�s�o�l�i�d�a�t�e�d� �c�l�a�y� 

�e�x�p�e�r�i�e�n�c�e�s� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� 

�s�u�f�f�i�c�i�e�n�t� �t�i�m�e� �m�a�y� �n�o�t� �b�e� �a�v�a�i�l�a�b�l�e� �f�o�r� �a�i�r� �d�i�s�s�o�l�v�e�d� �i�n� 

�t�h�e� �p�o�r�e� �w�a�t�e�r� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �d�u�e� �t�o� �t�h�e� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n�.� �T�h�i�s� �m�a�y� �p�a�r�t�i�a�l�l�y� �e�x�p�l�a�i�n� �w�h�y� �t�h�e� �e�r�r�a�t�i�c� 

�b�e�h�a�v�i�o�r� �o�b�s�e�r�v�e�d� �i�n� �Q� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �i�s� �n�o�t� 

�o�b�s�e�r�v�e�d� �i�n� �s�i�m�i�l�a�r� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �c�l�a�y�s�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�t�h�e� �e�x�t�r�e�m�e�l�y� �s�m�a�l�l� �p�o�r�e� �s�i�z�e� �i�n� �c�l�a�y�s� �a�l�l�o�w�s� �s�u�c�t�i�o�n�s� �o�r� 

�n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �c�o�n�s�i�d�e�r�a�b�l�y� �l�e�s�s� �t�h�a�n� �-�1�4�.�7� 

�p�s�i� �t�o� �d�e�v�e�l�o�p� �b�e�f�o�r�e� �a�i�r� �b�u�b�b�l�e�s� �w�i�l�l� �g�r�o�w� �i�n�t�o� �v�o�i�d�s� 
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�w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� �s�o�i�l� �(�T�e�r�z�a�g�h�i�,� �1�9�4�3�)�.� �T�h�i�s� 

�i�n�d�i�c�a�t�e�s� �t�h�a�t� �e�v�e�n� �t�h�o�u�g�h� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�s� �b�e�l�o�w� 

�t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �o�f� �w�a�t�e�r�,� �t�h�e� �w�a�t�e�r� �d�o�e�s� �n�o�t� �c�a�v�i�t�a�t�e� 

�w�h�e�n� �i�t� �i�s� �w�i�t�h�i�n� �t�h�e� �e�x�t�r�e�m�e�l�y� �s�m�a�l�l� �p�o�r�e�s� �o�f� �a� �c�l�a�y� �s�o�i�l�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �i�s� �t�h�a�t� �i�n� �c�l�a�y�s�,� �w�h�e�r�e� �t�h�e� 

�p�a�r�t�i�c�l�e�s� �a�r�e� �c�o�l�l�o�i�d�a�l� �a�n�d� �h�a�v�e� �e�l�e�c�t�r�o�s�t�a�t�i�c� �c�h�a�r�g�e�s� �o�n� 

�t�h�e�i�r� �s�u�r�f�a�c�e�s�,� �t�h�e� �b�o�n�d� �b�e�t�w�e�e�n� �t�h�e� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �a�n�d� �t�h�e� 

�s�o�l�i�d� �c�l�a�y� �p�a�r�t�i�c�l�e� �s�u�r�f�a�c�e� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �s�t�r�o�n�g�e�r� �t�h�a�n� 

�t�h�e� �b�o�n�d� �b�e�t�w�e�e�n� �t�h�e� �w�a�t�e�r� �m�o�l�e�c�u�l�e�s� �a�n�d� �a�n� �i�n�e�r�t� �s�i�l�t� 

�p�a�r�t�i�c�l�e�.� �W�i�t�h� �a� �s�t�r�o�n�g�e�r� �b�o�n�d� �b�e�t�w�e�e�n� �t�h�e� �w�a�t�e�r� �a�n�d� �t�h�e� 

�s�o�i�l� �p�a�r�t�i�c�l�e�s�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� �o�f� �c�l�a�y� �s�p�e�c�i�m�e�n�s� �c�a�n� �b�e� 

�e�x�p�e�c�t�e�d� �t�o� �m�o�r�e� �f�u�l�l�y� �w�e�t� �t�h�e� �c�l�a�y� �p�a�r�t�i�c�l�e� �s�u�r�f�a�c�e�s� �a�n�d� �t�o� 

�b�e� �l�e�s�s� �l�i�k�e�l�y� �t�o� �c�a�v�i�t�a�t�e� �t�h�a�n� �w�o�u�l�d� �t�h�e� �p�o�r�e� �w�a�t�e�r� �i�n�a� 

�s�i�l�t� �s�p�e�c�i�m�e�n�.� �T�h�i�s� �m�a�y� �v�e�r�y� �w�e�l�l� �b�e� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �w�a�t�e�r� 

�a�d�s�o�r�b�e�d� �o�n� �t�h�e� �s�u�r�f�a�c�e�s� �o�f� �t�h�e� �c�l�a�y� �p�a�r�t�i�c�l�e�s� �h�a�v�i�n�g� 

�d�i�f�f�e�r�e�n�t� �p�r�o�p�e�r�t�i�e�s� �t�h�a�n� �p�u�r�e� �w�a�t�e�r� �(�T�e�r�z�a�g�h�i� �a�n�d� �P�e�c�k�,� 

�1�9�6�7�;� �M�i�t�c�h�e�l�l�,� �1�9�9�3�)�.� 

�2�.�3� �S�u�m�m�a�r�y� �a�n�d� �C�o�n�c�l�u�s�i�o�n�s� 

�D�e�n�s�e� �s�o�i�l�s� �e�x�p�e�r�i�e�n�c�e� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �t�r�i�a�x�i�a�l� �t�e�s�t�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �a�t�t�e�m�p�t�e�d� 

�G�i�l�a�t�i�o�n� �o�f� �t�h�e� �s�o�i�l�.� �S�i�l�t�s� �h�a�v�e� �b�e�e�n� �o�b�s�e�r�v�e�d� �t�o� �e�x�h�i�b�i�t� 

�c�o�n�s�i�d�e�r�a�b�l�e� �d�i�l�a�t�a�n�t� �t�e�n�d�e�n�c�i�e�s� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� 

�T�h�e� �r�e�s�u�l�t�i�n�g� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s� �l�e�a�d� �t�o� �i�n�c�r�e�a�s�e�s� �i�n� 

�t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �a�c�t�i�n�g� �o�n� �t�h�e� �s�p�e�c�i�m�e�n�s�.� 
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�T�h�i�s� �i�n� �t�u�r�n�,� �i�n�c�r�e�a�s�e�s� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �s�p�e�c�i�m�e�n�s� 

�s�o� �t�h�a�t� �a� �s�t�r�a�i�n�-�h�a�r�d�e�n�i�n�g� �e�f�f�e�c�t� �o�c�c�u�r�s�.� �T�h�i�s� �c�o�n�t�i�n�u�o�u�s� 

�i�n�c�r�e�a�s�e� �i�n� �s�t�r�e�n�g�t�h� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n� �m�a�k�e�s� �i�t� 

�d�i�f�f�i�c�u�l�t� �t�o� �s�e�l�e�c�t� �a�n� �a�p�p�r�o�p�r�i�a�t�e� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h� 

�f�o�r� �t�h�e� �s�o�i�l� �(�L�a�d�d� �e�t� �a�l�.�,� �1�9�8�5�;� �A�x�e�l�s�s�o�n� �e�t� �a�l�.�,� �1�9�8�9�;� 

�F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n�,� �1�9�9�0�;� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n�,� 

�1�9�9�0�)�.� �I�n� �f�a�c�t�,� �i�t� �i�s� �o�f�t�e�n� �o�b�s�e�r�v�e�d� �t�h�a�t� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� 

�o�n� �d�i�l�a�t�a�n�t� �s�i�l�t�s� �r�e�a�c�h� �p�e�a�k� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�e�s� �o�n�l�y� �a�f�t�e�r� 

�e�x�p�e�r�i�e�n�c�i�n�g� �v�e�r�y� �h�i�g�h� �a�x�i�a�l� �s�t�r�a�i�n�s� �(�N�a�s�h�,� �1�9�5�3�;� �P�e�n�m�a�n�,� 

�1�9�5�3�;� �S�c�h�u�l�t�z�e� �a�n�d� �H�o�r�n�,� �1�9�6�5�;� �B�o�r�g�e�s�s�o�n�,� �1�9�8�1�;� �A�x�e�l�s�s�o�n� �e�t� 

�a�l�.�,� �1�9�8�9�;� �F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n�,� �1�9�9�0�;� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� 

�H�u�f�f�m�a�n�,� �1�9�9�0�)�.� 

�B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�0�)� �s�h�o�w�e�d� �t�h�a�t� �i�f� �a� �g�r�o�u�p� �o�f� �s�o�i�l� 

�s�p�e�c�i�m�e�n�s� �a�l�l� �w�i�t�h� �t�h�e� �s�a�m�e� �v�o�i�d� �r�a�t�i�o� �w�e�r�e� �i�n�i�t�i�a�l�l�y� �f�u�l�l�y� 

�s�a�t�u�r�a�t�e�d�,� �t�h�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�v�e�l�o�p�e�d� 

�d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�h�o�u�l�d� �b�e� �t�h�e� �s�a�m�e� �f�o�r� �a�l�l� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �i�n� �t�h�e� �g�r�o�u�p�,� �r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� 

�i�n� �t�h�e� �t�e�s�t�s�.� �A�s� �a� �r�e�s�u�l�t� �o�f� �t�h�i�s�,� �t�h�e� �m�e�a�s�u�r�e�d� �s�h�e�a�r� 

�s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �s�h�o�u�l�d� �b�e� �t�h�e� �s�a�m�e� �f�o�r� �a�l�l� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �i�n� �t�h�e� �g�r�o�u�p�.� 

�T�h�i�s� �i�s� �c�o�n�s�i�s�t�e�n�t�l�y� �o�b�s�e�r�v�e�d� �f�o�r� �s�o�i�l�s� �w�h�i�c�h� �h�a�v�e� �a� 

�t�e�n�d�e�n�c�y� �t�o� �c�o�n�t�r�a�c�t� �d�u�r�i�n�g� �s�h�e�a�r�.� �L�o�o�s�e� �s�o�i�l� �s�p�e�c�i�m�e�n�s� 

�t�e�n�d� �t�o� �c�o�n�t�r�a�c�t� �a�n�d� �e�x�p�e�r�i�e�n�c�e� �i�n�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �w�i�t�h� �i�n�c�r�e�a�s�i�n�g� �s�t�r�a�i�n�.� �A�n� �i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� 
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�p�r�e�s�s�u�r�e� �r�e�s�u�l�t�s� �i�n� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� 

�p�r�e�s�s�u�r�e� �a�c�t�i�n�g� �o�n� �t�h�e� �s�o�i�l�.� �T�h�e� �l�o�o�s�e�r� �a� �g�i�v�e�n� �s�p�e�c�i�m�e�n� 

�i�s�,� �t�h�e� �m�o�r�e� �c�o�n�t�r�a�c�t�i�v�e� �i�t� �w�i�l�l� �b�e� �d�u�r�i�n�g� �s�h�e�a�r�.� �I�t� �w�i�l�l� 

�t�h�e�r�e�f�o�r�e� �d�e�v�e�l�o�p� �l�a�r�g�e�r� �i�n�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�a�n�d� �g�i�v�e� �a� �s�m�a�l�l�e�r� �m�e�a�s�u�r�e�d� �s�t�r�e�n�g�t�h� �t�h�a�n� �a� �s�p�e�c�i�m�e�n� �w�h�i�c�h� 

�i�s� �n�o�t� �a�s� �l�o�o�s�e� �a�n�d� �d�e�v�e�l�o�p�s� �s�m�a�l�l�e�r� �i�n�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �s�h�e�a�r�.� 

�I�f� �a� �g�r�o�u�p� �o�f� �c�o�n�t�r�a�c�t�i�v�e� �s�o�i�l� �s�p�e�c�i�m�e�n�s� �a�r�e� �a�l�l� �a�t� �t�h�e� 

�s�a�m�e� �v�o�i�d� �r�a�t�i�o� �i�n�i�t�i�a�l�l�y� �a�n�d� �a�r�e� �t�e�s�t�e�d� �u�n�d�r�a�i�n�e�d� �a�t� 

�d�i�f�f�e�r�e�n�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s�,� �t�h�e�i�r� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� 

�w�i�l�l� �b�e� �d�i�f�f�e�r�e�n�t� �d�u�e� �t�o� �t�h�e� �d�i�f�f�e�r�e�n�t� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �u�s�e�d� 

�i�n� �t�h�e� �t�e�s�t�s�.� �B�e�c�a�u�s�e� �t�h�e� �s�p�e�c�i�m�e�n�s� �a�r�e� �i�n�i�t�i�a�l�l�y� �f�u�l�l�y� 

�s�a�t�u�r�a�t�e�d�,� �t�h�e� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �a�n� �i�n�c�r�e�a�s�e� �i�n� �c�e�l�l� �p�r�e�s�s�u�r�e� 

�u�n�d�e�r� �u�n�d�r�a�i�n�e�d� �c�o�n�d�i�t�i�o�n�s� �w�i�l�l� �c�a�u�s�e� �a�n� �e�q�u�a�l� �i�n�c�r�e�a�s�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�,� �s�o� �t�h�a�t� �t�h�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n� �t�h�e� 

�s�a�m�p�l�e� �w�i�l�l� �n�o�t� �c�h�a�n�g�e�.� �W�i�t�h� �t�h�e� �s�p�e�c�i�m�e�n�s� �a�t� �t�h�e� �s�a�m�e� �v�o�i�d� 

�r�a�t�i�o� �a�n�d� �h�a�v�i�n�g� �t�h�e� �s�a�m�e� �e�f�f�e�c�t�i�v�e� �s�t�r�e�s�s� �i�n�i�t�i�a�l�l�y�,� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �s�h�e�a�r� �t�h�e�y� �s�h�o�u�l�d� �d�e�v�e�l�o�p� �t�h�e� �s�a�m�e� �i�n�c�r�e�a�s�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �I�f� �t�h�e� �s�p�e�c�i�m�e�n�s� �d�e�v�e�l�o�p� �t�h�e� �s�a�m�e� 

�p�o�s�i�t�i�v�e� �c�h�a�n�g�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �s�h�e�a�r�,� �t�h�e�y� 

�s�h�o�u�l�d� �y�i�e�l�d� �t�h�e� �s�a�m�e� �s�t�r�e�n�g�t�h� �f�o�r� �t�h�e� �s�o�i�l�,� �i�n�d�e�p�e�n�d�e�n�t� �o�f� 

�t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� �i�n� �t�h�e� �p�a�r�t�i�c�u�l�a�r� �t�e�s�t�.� 

�S�o�i�l� �s�p�e�c�i�m�e�n�s� �w�h�i�c�h� �a�r�e� �d�e�n�s�e� �t�e�n�d� �t�o� �d�i�l�a�t�e� �o�r� �e�x�p�a�n�d� 

�d�u�r�i�n�g� �s�h�e�a�r�.� �T�h�e� �a�t�t�e�m�p�t�e�d� �d�i�l�a�t�i�o�n� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� 
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�l�e�a�d�s� �t�o� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n�s�.� �A� �d�e�c�r�e�a�s�e� �o�r� �n�e�g�a�t�i�v�e� �c�h�a�n�g�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�n�c�r�e�a�s�e�s� �t�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e� �a�c�t�i�n�g� 

�o�n� �t�h�e� �s�p�e�c�i�m�e�n�.� �T�h�e� �e�f�f�e�c�t�i�v�e� �c�o�n�f�i�n�i�n�g� �p�r�e�s�s�u�r�e�,� �i�n� �t�u�r�n�,� 

�i�n�f�l�u�e�n�c�e�s� �t�h�e� �m�e�a�s�u�r�e�d� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� �T�h�e� �d�e�n�s�e�r� �a� 

�g�i�v�e�n� �s�p�e�c�i�m�e�n� �i�s�,� �t�h�e� �g�r�e�a�t�e�r� �i�t�s� �t�e�n�d�e�n�c�y� �f�o�r� �d�i�l�a�t�i�o�n�.� 

�T�h�i�s� �r�e�s�u�l�t�s� �i�n� �a� �l�a�r�g�e�r� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� 

�t�h�e� �s�o�i�l�,� �g�i�v�i�n�g� �t�h�e� �s�o�i�l� �a� �h�i�g�h�e�r� �m�e�a�s�u�r�e�d� �s�t�r�e�n�g�t�h�.� 

�S�i�m�i�l�a�r� �t�o� �s�p�e�c�i�m�e�n�s� �w�i�t�h� �a� �t�e�n�d�e�n�c�y� �t�o� �c�o�n�t�r�a�c�t� �d�u�r�i�n�g� 

�s�h�e�a�r�,� �i�f� �a� �g�r�o�u�p� �o�f� �d�i�l�a�t�a�n�t� �s�p�e�c�i�m�e�n�s� �a�r�e� �a�t� �t�h�e� �s�a�m�e� �v�o�i�d� 

�r�a�t�i�o� �i�n�i�t�i�a�l�l�y�,� �t�h�e�y� �s�h�o�u�l�d� �d�e�v�e�l�o�p� �t�h�e� �s�a�m�e� �d�e�c�r�e�a�s�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �A� �s�e�r�i�e�s� �o�f� �Q� 

�t�e�s�t�s� �p�e�r�f�o�r�m�e�d� �o�n� �t�h�e�s�e� �s�a�m�p�l�e�s� �s�h�o�u�l�d� �t�h�e�r�e�f�o�r�e� �a�l�l� �y�i�e�l�d� 

�a� �s�t�r�e�n�g�t�h� �f�o�r� �t�h�e� �s�o�i�l� �w�h�i�c�h� �i�s� �i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �c�e�l�l� 

�p�r�e�s�s�u�r�e� �u�s�e�d� �i�n� �t�h�e� �t�e�s�t�.� 

�T�h�i�s� �i�s� �n�o�t� �a�l�w�a�y�s� �t�h�e� �c�a�s�e� �f�o�r� �d�i�l�a�t�a�n�t� �s�o�i�l�s�,� 

�h�o�w�e�v�e�r�.� �T�h�i�s� �r�e�s�u�l�t�s� �f�r�o�m� �t�h�e� �f�a�c�t� �t�h�a�t� �t�h�e� �p�r�o�p�e�r�t�i�e�s� �o�f� 

�w�a�t�e�r� �a�r�e� �s�o�m�e�w�h�a�t� �d�i�f�f�e�r�e�n�t� �w�h�e�n� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� 

�(�t�e�n�s�i�o�n�)� �i�s� �a�p�p�l�i�e�d� �t�h�a�n� �w�h�e�n� �p�o�s�i�t�i�v�e� �p�r�e�s�s�u�r�e� 

�(�c�o�m�p�r�e�s�s�i�o�n�)� �i�s� �a�p�p�l�i�e�d�.� �T�h�e� �d�e�v�e�l�o�p�m�e�n�t� �o�f� �p�o�s�i�t�i�v�e� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �p�l�a�c�e�s� �t�h�e� �w�a�t�e�r� �i�n� �c�o�m�p�r�e�s�s�i�o�n�.� �W�a�t�e�r� �i�s� 

�e�s�s�e�n�t�i�a�l�l�y� �i�n�c�o�m�p�r�e�s�s�i�b�l�e�.� �T�h�e� �w�a�t�e�r� �a�p�p�e�a�r�s� �t�o� �h�a�v�e� �n�o� 

�l�i�m�i�t�i�n�g� �v�a�l�u�e� �o�f� �p�o�s�i�t�i�v�e� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �c�a�n� �b�e� �a�p�p�l�i�e�d� �t�o� 

�i�t� �a�s� �t�h�e� �s�o�i�l� �s�h�e�a�r�s�.� �T�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �o�f� �a� �g�r�o�u�p� �o�f� 

�c�o�n�t�r�a�c�t�i�v�e� �s�o�i�l� �s�p�e�c�i�m�e�n�s� �w�i�l�l� �b�e� �t�h�e� �s�a�m�e� �f�o�r� �a�l�l� 
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�s�p�e�c�i�m�e�n�s�,� �b�e�c�a�u�s�e� �a�l�l� �s�p�e�c�i�m�e�n�s� �w�i�l�l� �b�e� �a�b�l�e� �t�o� �d�e�v�e�l�o�p� �t�h�e� 

�s�a�m�e� �i�n�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �s�h�e�a�r�,� 

�r�e�g�a�r�d�l�e�s�s� �o�f� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �a�n�d� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�n� �e�a�c�h� �t�e�s�t�.� 

�D�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �s�o�i�l� �s�p�e�c�i�m�e�n�s� �w�i�t�h� �a� �t�e�n�d�e�n�c�y� 

�t�o� �d�i�l�a�t�e� �e�x�p�e�r�i�e�n�c�e� �a� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� 

�W�a�t�e�r� �i�s� �u�n�a�b�l�e�,� �h�o�w�e�v�e�r�,� �t�o� �w�i�t�h�s�t�a�n�d� �a�n� �i�n�f�i�n�i�t�e� �d�e�c�r�e�a�s�e� 

�i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�.� �T�w�o� �d�i�f�f�e�r�e�n�t� �p�o�s�s�i�b�i�l�i�t�i�e�s� �e�x�i�s�t� 

�w�h�i�c�h� �m�a�y� �l�i�m�i�t� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� �A�s� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s�,� �t�h�e� �s�h�e�a�r� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �w�i�l�l� 

�i�n�c�r�e�a�s�e�.� �T�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� 

�i�n�c�r�e�a�s�e� �u�n�t�i�l� �e�i�t�h�e�r� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�l�i�d� �s�o�i�l� �g�r�a�i�n�s� 

�h�a�s� �b�e�e�n� �r�e�a�c�h�e�d� �a�n�d� �t�h�e� �g�r�a�i�n�s� �b�r�e�a�k� �d�u�r�i�n�g� �s�h�e�a�r� �o�r� �t�h�e� 

�d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�a�c�h�e�s� �s�o�m�e� �s�o�r�t� �o�f� 

�l�i�m�i�t�i�n�g� �v�a�l�u�e� �(�O�d�e�n�s�t�a�d�,� �1�9�4�8�)�.� 

�F�o�r� �t�h�e� �c�a�s�e�s� �w�h�e�r�e� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �g�r�a�i�n�s� �i�s� 

�r�e�a�c�h�e�d� �a�n�d� �t�h�e� �s�h�e�a�r�i�n�g� �c�a�u�s�e�s� �p�a�r�t�i�c�l�e� �b�r�e�a�k�a�g�e�,� �t�h�e� �t�e�s�t� 

�w�i�l�l� �y�i�e�l�d� �a� �p�e�a�k� �i�n� �t�h�e� �d�e�v�i�a�t�o�r� �s�t�r�e�s�s�-�a�x�i�a�l� �s�t�r�a�i�n� �c�u�r�v�e�.� 

�T�h�i�s� �p�e�a�k�,� �h�o�w�e�v�e�r�,� �u�s�u�a�l�l�y� �d�o�e�s� �n�o�t� �o�c�c�u�r� �u�n�t�i�l� �v�e�r�y� �h�i�g�h� 

�a�x�i�a�l� �s�t�r�a�i�n�s� �h�a�v�e� �b�e�e�n� �r�e�a�c�h�e�d�.� �T�h�e�s�e� �h�i�g�h� �a�x�i�a�l� �s�t�r�a�i�n�s�,� 

�o�f�t�e�n� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �3�0�%�,� �a�r�e� �c�o�n�s�i�d�e�r�a�b�l�y� �l�a�r�g�e�r� �t�h�a�n� �a�r�e� 

�c�o�n�s�i�d�e�r�e�d� �r�e�a�s�o�n�a�b�l�e� �f�o�r� �g�e�o�t�e�c�h�n�i�c�a�l� �e�n�g�i�n�e�e�r�i�n�g� 

�a�p�p�l�i�c�a�t�i�o�n�s�.� 
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�F�o�r� �t�h�e� �s�i�t�u�a�t�i�o�n� �w�h�e�r�e� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �r�e�a�c�h�e�s� �s�o�m�e� �l�i�m�i�t�i�n�g� �v�a�l�u�e�,� �t�w�o� �d�i�f�f�e�r�e�n�t� �t�h�i�n�g�s� 

�c�a�n� �o�c�c�u�r�.� �O�n�e� �p�o�s�s�i�b�i�l�i�t�y� �i�s� �t�h�a�t� �a�s� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s�,� �g�a�s�e�s� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�i�l�l� 

�c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n�,� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �H�e�n�r�y�'�s� �l�a�w� �(�B�i�s�h�o�p� 

�a�n�d� �E�l�d�i�n�,� �1�9�5�0�)�.� �T�h�e� �e�x�i�t� �o�f� �g�a�s�e�s� �f�r�o�m� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� 

�w�a�t�e�r� �w�o�u�l�d� �l�e�a�d� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� �o�v�e�r�a�l�l� �v�o�l�u�m�e� �o�f� �t�h�e� 

�s�o�i�l� �s�p�e�c�i�m�e�n�,� �t�h�e�r�e�b�y� �c�h�a�n�g�i�n�g� �t�h�e� �v�o�i�d� �r�a�t�i�o� �o�f� �t�h�e� 

�s�p�e�c�i�m�e�n�,� �a�n�d� �a�f�f�e�c�t�i�n�g� �t�h�e� �m�e�a�s�u�r�e�d� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l�.� 

�A�n�o�t�h�e�r� �p�o�s�s�i�b�i�l�i�t�y� �t�h�a�t� �c�o�u�l�d� �t�a�k�e� �p�l�a�c�e� �w�o�u�l�d� �b�e� �i�f� 

�t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s� �t�o� �t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �o�f� 

�w�a�t�e�r� �(�a�b�o�u�t� �-�1�4�.�7� �p�s�i� �a�t� �s�e�a� �l�e�v�e�l� �a�n�d� �2�0�°�C�)�.� �W�h�e�n� �w�a�t�e�r� 

�r�e�a�c�h�e�s� �i�t�s� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �i�t� �w�i�l�l� �c�a�v�i�t�a�t�e� �a�n�d� �b�u�b�b�l�e�s� �o�f� 

�w�a�t�e�r� �v�a�p�o�r� �w�i�l�l� �f�o�r�m� �w�i�t�h�i�n� �t�h�e� �s�o�i�l� �p�o�r�e�s� �(�B�i�s�h�o�p� �a�n�d� 

�E�l�d�i�n�,� �1�9�5�0�)�.� �T�h�i�s� �a�l�s�o� �w�o�u�l�d� �l�e�a�d� �t�o� �a�n� �i�n�c�r�e�a�s�e� �i�n� �t�h�e� 

�o�v�e�r�a�l�l� �v�o�l�u�m�e� �o�f� �t�h�e� �s�p�e�c�i�m�e�n�.� �T�h�e� �r�e�s�u�l�t�i�n�g� �i�n�c�r�e�a�s�e� �i�n� 

�v�o�i�d� �r�a�t�i�o� �w�o�u�l�d� �y�i�e�l�d� �a� �d�e�c�r�e�a�s�e� �i�n� �t�h�e� �m�e�a�s�u�r�e�d� �s�t�r�e�n�g�t�h� 

�o�f� �t�h�e� �s�o�i�l�.� 

�A� �g�r�o�u�p� �o�f� �d�i�l�a�t�a�n�t� �s�o�i�l� �s�p�e�c�i�m�e�n�s�,� �a�l�l� �a�t� �t�h�e� �s�a�m�e� 

�v�o�i�d� �r�a�t�i�o� �i�n�i�t�i�a�l�l�y�,� �s�h�e�a�r�e�d� �u�n�d�r�a�i�n�e�d� �a�t� �d�i�f�f�e�r�e�n�t� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s� �c�o�u�l�d� �e�x�p�e�r�i�e�n�c�e� �d�i�f�f�e�r�e�n�t� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �d�u�r�i�n�g� �s�h�e�a�r�.� �T�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� �i�n�a� 

�p�a�r�t�i�c�u�l�a�r� �t�e�s�t� �w�i�l�l� �i�n�f�l�u�e�n�c�e� �t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e� �o�f� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �p�r�i�o�r� �t�o� �s�h�e�a�r�.� �F�o�r� 
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�s�a�t�u�r�a�t�e�d� �s�p�e�c�i�m�e�n�s� �t�e�s�t�e�d� �i�n� �Q� �t�e�s�t�s�,� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� 

�w�a�t�e�r� �p�r�e�s�s�u�r�e� �s�h�o�u�l�d� �b�e� �e�s�s�e�n�t�i�a�l�l�y� �e�q�u�a�l� �t�o� �t�h�e� �a�p�p�l�i�e�d� 

�c�e�l�l� �p�r�e�s�s�u�r�e�.� �T�h�e� �h�i�g�h�e�r� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� �i�n� �a� �g�i�v�e�n� 

�t�e�s�t�,� �t�h�e� �h�i�g�h�e�r� �t�h�e� �i�n�i�t�i�a�l� �v�a�l�u�e� �o�f� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� 

�w�i�t�h�i�n� �t�h�e� �s�p�e�c�i�m�e�n�.� �I�n� �t�h�e� �s�p�e�c�i�m�e�n�s� �t�e�s�t�e�d� �a�t� �h�i�g�h�e�r� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s�,� �a� �l�a�r�g�e�r� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �c�o�u�l�d� 

�t�a�k�e� �p�l�a�c�e� �b�e�f�o�r�e� �g�a�s� �w�o�u�l�d� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �o�r� 

�c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �w�o�u�l�d� �o�c�c�u�r�,� �t�h�a�n� �f�o�r� �s�p�e�c�i�m�e�n�s� 

�t�e�s�t�e�d� �a�t� �a� �l�o�w�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e�.� �B�e�c�a�u�s�e� �t�h�e� �s�t�r�e�n�g�t�h� �o�f� 

�t�h�e� �s�o�i�l� �i�n�c�r�e�a�s�e�s� �a�s� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s�,� �t�h�e� 

�s�p�e�c�i�m�e�n�s� �w�h�i�c�h� �c�a�n� �d�e�v�e�l�o�p� �l�a�r�g�e�r� �d�e�c�r�e�a�s�e�s� �i�n� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �w�i�l�l� �y�i�e�l�d� �h�i�g�h�e�r� �s�t�r�e�n�g�t�h�s� �t�h�a�n� �t�h�o�s�e� �w�h�i�c�h� �r�e�a�c�h� 

�a� �l�i�m�i�t�i�n�g� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �m�o�r�e� �r�a�p�i�d�l�y�.� �A�t� 

�l�o�w� �c�e�l�l� �p�r�e�s�s�u�r�e�s�,� �t�h�i�s� �r�e�s�u�l�t�s� �i�n� �a�n� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r� 

�s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �w�h�i�c�h� �a�p�p�e�a�r�s� �t�o� �i�n�c�r�e�a�s�e� �w�i�t�h� 

�i�n�c�r�e�a�s�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e�.� 

�I�t� �i�s� �i�m�p�o�r�t�a�n�t� �t�o� �c�o�n�s�i�d�e�r� �w�h�e�t�h�e�r� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �r�e�s�u�l�t�s� �i�n� �g�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �p�o�r�e� 

�w�a�t�e�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �o�r� �v�a�p�o�r�o�u�s� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� 

�p�o�r�e� �w�a�t�e�r�.� �S�o�m�e� �s�t�u�d�i�e�s� �(�B�i�s�h�o�p� �a�n�d� �E�l�d�i�n�,� �1�9�5�0�,� �1�9�5�3�;� 

�N�a�s�h�,� �1�9�5�3�;� �P�e�n�m�a�n�,� �1�9�5�3�)� �u�s�e�d� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �w�h�i�c�h� �h�a�d� �t�h�e� 

�d�i�s�s�o�l�v�e�d� �a�i�r� �r�e�m�o�v�e�d� �p�r�i�o�r� �t�o� �p�e�r�f�o�r�m�i�n�g� �t�h�e� �t�e�s�t�s�.� �O�t�h�e�r� 

�r�e�s�e�a�r�c�h�e�r�s� �d�i�d� �n�o�t� �s�t�a�t�e� �w�h�e�t�h�e�r� �a�n�y� �s�i�m�i�l�a�r� �p�r�o�c�e�d�u�r�e�s� 

�w�e�r�e� �t�a�k�e�n� �i�n� �t�h�e�i�r� �s�t�u�d�i�e�s� �(�G�o�l�d�e�r� �a�n�d� �S�k�e�m�p�t�o�n�,� �1�9�4�8�;� 
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�S�c�h�u�l�t�z�e� �a�n�d� �H�o�r�n�,� �1�9�6�5�;� �S�e�e�d� �a�n�d� �L�e�e�,� �1�9�6�7�;� �B�o�r�g�e�s�s�o�n�,� 

�1�9�8�1�)�.� 

�T�h�e� �r�e�s�u�l�t�s� �o�f� �s�e�v�e�r�a�l� �o�f� �t�h�e� �s�t�u�d�i�e�s� �(�N�a�s�h�,� �1�9�5�3�;� 

�P�e�n�m�a�n�,� �1�9�5�3�;� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n�,� �1�9�5�0�;� �S�e�e�d� �a�n�d� �L�e�e�,� �1�9�6�7�)� 

�i�n�d�i�c�a�t�e�d� �t�h�a�t� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�d� �t�o� �a�b�o�u�t� �-�1�4�.�7� �p�s�i� �a�t� �w�h�i�c�h� �p�o�i�n�t� 

�c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�r�e�d�.� �I�f� �a�i�r� �h�a�d� �b�e�e�n� �a�l�l�o�w�e�d� �t�o� �r�e�m�a�i�n� 

�d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �p�o�r�e� �w�a�t�e�r� �r�a�t�h�e�r� �t�h�a�n� �b�e�i�n�g� �r�e�m�o�v�e�d� �p�r�i�o�r� 

�t�o� �t�e�s�t�i�n�g�,� �d�i�s�s�o�l�v�e�d� �a�i�r� �m�a�y� �h�a�v�e� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �a�t� 

�p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �a�b�o�v�e� �-�1�4�.�7� �p�s�i�.� 

�S�e�v�e�r�a�l� �s�t�u�d�i�e�s� �(�S�e�e�d� �a�n�d� �L�e�e�,� �1�9�6�7�;� �T�o�r�r�e�y�,� �1�9�8�2�;� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n�,� �1�9�9�0�)� �n�o�t�e�d� �t�h�a�t� �i�n� �C�U� �t�e�s�t�s� 

�w�h�e�r�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �i�s� �o�f�t�e�n� �u�s�e�d� �t�o� �a�c�h�i�e�v�e� �f�u�l�l�y� �s�a�t�u�r�a�t�e�d� 

�s�p�e�c�i�m�e�n�s�,� �a�s� �t�h�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e�s� �b�e�l�o�w� �t�h�e� 

�i�n�i�t�i�a�l� �v�a�l�u�e� �o�f� �b�a�c�k� �p�r�e�s�s�u�r�e�,� �a�i�r� �f�o�r�c�e�d� �i�n�t�o� �s�o�l�u�t�i�o�n� 

�d�u�r�i�n�g� �t�h�e� �b�a�c�k� �p�r�e�s�s�u�r�e� �s�a�t�u�r�a�t�i�o�n� �p�r�o�c�e�s�s�,� �c�a�n� �b�e�g�i�n� �t�o� 

�c�o�m�e� �b�a�c�k� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �a�n�d� �d�e�s�a�t�u�r�a�t�e� �t�h�e� �s�p�e�c�i�m�e�n�s�.� 

�T�h�e�s�e� �s�t�u�d�i�e�s� �a�l�s�o� �n�o�t�e�d� �t�h�a�t� �b�a�c�k� �p�r�e�s�s�u�r�e�s� �c�o�n�s�i�d�e�r�a�b�l�y� 

�h�i�g�h�e�r� �t�h�a�n� �t�h�o�s�e� �n�e�c�e�s�s�a�r�y� �t�o� �s�a�t�u�r�a�t�e� �t�h�e� �s�p�e�c�i�m�e�n�s� �c�a�n� �b�e� 

�u�s�e�d� �t�o� �p�r�e�v�e�n�t� �o�r� �d�e�l�a�y� �t�h�e� �d�e�s�a�t�u�r�a�t�i�o�n� �o�f� �C�U� �t�e�s�t� 

�s�p�e�c�i�m�e�n�s� �w�i�t�h� �d�i�l�a�t�a�n�t� �t�e�n�d�e�n�c�i�e�s�.� 

�S�i�m�i�l�a�r�l�y�,� �s�e�v�e�r�a�l� �r�e�s�e�a�r�c�h�e�r�s� �(�B�i�s�h�o�p� �a�n�d� �E�l�d�i�n�,� �1�9�5�3�;� 

�N�a�s�h�,� �1�9�5�3�;� �P�e�n�m�a�n�,� �1�9�5�3�)� �n�o�t�e�d� �t�h�a�t� �i�n� �u�n�c�o�n�s�o�l�i�d�a�t�e�d�-� 

�u�n�d�r�a�i�n�e�d� �t�e�s�t�s�,� �t�h�e� �u�s�e� �o�f� �h�i�g�h� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �w�a�s� 
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�n�e�c�e�s�s�a�r�y� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� �f�r�o�m� �o�c�c�u�r�r�i�n�g� �d�u�r�i�n�g� �t�h�e� 

�t�e�s�t�s�.� �B�i�s�h�o�p� �a�n�d� �E�l�d�i�n� �(�1�9�5�3�)� �a�n�d� �P�e�n�m�a�n� �(�1�9�5�3�)� �b�o�t�h� 

�i�d�e�n�t�i�f�i�e�d� �a� �l�i�m�i�t�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e� �f�o�r� �a� �g�i�v�e�n� �s�o�i�l� �a�t�a� 

�g�i�v�e�n� �v�o�i�d� �r�a�t�i�o� �w�h�i�c�h� �m�u�s�t� �b�e� �a�p�p�l�i�e�d� �t�o� �t�h�e� �s�p�e�c�i�m�e�n� �i�n� 

�o�r�d�e�r� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �s�h�e�a�r�.� �A�t� �c�e�l�l� 

�p�r�e�s�s�u�r�e�s� �a�b�o�v�e� �t�h�e� �l�i�m�i�t�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e�,� �t�h�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� �p�r�i�o�r� �t�o� �s�h�e�a�r� �w�a�s� �l�a�r�g�e� �e�n�o�u�g�h� �s�o� 

�t�h�a�t� �t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�r�e�d� 

�d�u�r�i�n�g� �s�h�e�a�r� �d�i�d� �n�o�t� �r�e�s�u�l�t� �i�n� �c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�r�i�n�g� �i�n� �t�h�e� 

�s�p�e�c�i�m�e�n�s�.� �T�h�e� �s�t�r�e�n�g�t�h� �o�f� �t�h�e� �s�o�i�l� �w�a�s� �t�h�e�r�e�f�o�r�e� 

�i�n�d�e�p�e�n�d�e�n�t� �o�f� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �u�s�e�d� �i�n� �t�h�e� �t�e�s�t� �a�n�d� �a� 

�$�6�,� �=� �0�,� �S�y� �=� �c� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �w�a�s� �o�b�t�a�i�n�e�d�.� �u� �u� 

�W�h�e�n� �t�h�e� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�a�s� �b�e�l�o�w� �t�h�e� �l�i�m�i�t�i�n�g� �c�e�l�l� 

�p�r�e�s�s�u�r�e�,� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �s�p�e�c�i�m�e�n� 

�w�a�s� �n�o�t� �a�t� �a� �h�i�g�h� �e�n�o�u�g�h� �v�a�l�u�e�.� �A�s� �a� �r�e�s�u�l�t�,� �t�h�e� �d�e�c�r�e�a�s�e� 

�i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�r�e�d� �d�u�r�i�n�g� �s�h�e�a�r� �l�e�a�d� �t�o� 

�c�a�v�i�t�a�t�i�o�n� �o�r� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �t�h�e� �p�o�r�e� 

�w�a�t�e�r�.� �T�h�i�s� �y�i�e�l�d�e�d� �a�n� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h� �w�h�i�c�h� �v�a�r�i�e�d� �w�i�t�h� 

�c�e�l�l� �p�r�e�s�s�u�r�e� �a�n�d� �r�e�s�u�l�t�e�d� �i�n� �a� �$�,� �>� �0� �f�a�i�l�u�r�e� �e�n�v�e�l�o�p�e� �f�o�r� 

�t�h�e� �s�o�i�l�.� 

�T�h�e� �v�a�l�u�e� �o�f� �l�i�m�i�t�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e� �w�i�l�l� �b�e� �d�i�f�f�e�r�e�n�t� 

�f�o�r� �d�i�f�f�e�r�e�n�t� �s�o�i�l�s� �a�n�d� �w�i�l�l� �v�a�r�y� �w�i�t�h� �v�o�i�d� �r�a�t�i�o� �o�r� 

�d�e�n�s�i�t�y�.� �F�o�r� �a� �g�i�v�e�n� �s�o�i�l�,� �a� �d�e�n�s�e�r� �s�p�e�c�i�m�e�n� �w�o�u�l�d� �h�a�v�e� �a� 

�g�r�e�a�t�e�r� �t�e�n�d�e�n�c�y� �t�o� �d�i�l�a�t�e� �a�n�d� �w�o�u�l�d� �t�h�e�r�e�f�o�r�e� �r�e�q�u�i�r�e� �a� 
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�h�i�g�h�e�r� �l�i�m�i�t�i�n�g� �c�e�l�l� �p�r�e�s�s�u�r�e� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n�.� �A� 

�s�p�e�c�i�m�e�n� �w�h�i�c�h� �w�a�s� �n�o�t� �a�s� �d�e�n�s�e� �w�o�u�l�d� �e�x�p�e�r�i�e�n�c�e� �a� �s�m�a�l�l�e�r� 

�d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �a�n�d� �t�h�e�r�e�f�o�r�e� �w�o�u�l�d� �r�e�q�u�i�r�e� 

�a� �l�o�w�e�r� �c�e�l�l� �p�r�e�s�s�u�r�e� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n�.� 

�A� �m�a�j�o�r� �q�u�e�s�t�i�o�n� �w�h�i�c�h� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�s� �w�h�e�t�h�e�r� �o�r� 

�n�o�t� �c�a�v�i�t�a�t�i�o�n� �o�r� �a�i�r� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �f�r�o�m� �s�o�i�l� �p�o�r�e� 

�w�a�t�e�r� �i�s� �a� �p�o�s�s�i�b�i�l�i�t�y� �i�n� �t�h�e� �f�i�e�l�d�.� �T�o�r�r�e�y� �(�1�9�8�2�)� �i�m�p�l�i�e�d� 

�t�h�a�t� �h�e� �d�o�e�s� �n�o�t� �c�o�n�s�i�d�e�r� �t�h�i�s� �a� �p�o�s�s�i�b�i�l�i�t�y�.� �B�r�a�n�d�o�n�,� 

�D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)�,� �h�o�w�e�v�e�r�,� �n�o�t�e�d� �t�h�a�t� �i�t� �m�a�y� �b�e� �a� 

�f�a�c�t�o�r� �i�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �i�n�-�s�i�t�u�.� 

�I�f� �c�a�v�i�t�a�t�i�o�n� �o�f� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �i�s� �a� �p�o�s�s�i�b�i�l�i�t�y� �i�n� 

�f�i�e�l�d� �l�o�a�d�i�n�g� �c�o�n�d�i�t�i�o�n�s�,� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �i�n� 

�t�r�i�a�x�i�a�l� �t�e�s�t� �s�p�e�c�i�m�e�n�s� �s�h�o�u�l�d� �b�e� �r�e�p�r�e�s�e�n�t�a�t�i�v�e� �o�f� �t�h�e� 

�i�n�i�t�i�a�l� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �f�i�e�l�d�.� �T�h�e� �u�s�e� �o�f� �h�i�g�h� 

�b�a�c�k� �p�r�e�s�s�u�r�e�s� �i�n� �R� �t�e�s�t�s� �a�n�d� �h�i�g�h� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �i�n� �Q� 

�t�e�s�t�s� �i�n� �o�r�d�e�r� �t�o� �p�r�e�v�e�n�t� �o�r� �d�e�l�a�y� �c�a�v�i�t�a�t�i�o�n�,� �m�a�y� �n�o�t� �b�e� 

�r�e�a�s�o�n�a�b�l�e� �i�f� �t�h�e� �s�o�i�l� �e�x�p�e�r�i�e�n�c�e�s� �a� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e� �i�n� 

�t�h�e� �f�i�e�l�d� �w�h�i�c�h� �i�s� �l�o�w�e�r� �t�h�a�n� �t�h�e� �i�n�i�t�i�a�l� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e� �i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t� �s�p�e�c�i�m�e�n�.� �W�h�e�n� �t�h�e� 

�h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �i�n� �t�h�e� �f�i�e�l�d� �i�s� 

�l�o�w� �e�n�o�u�g�h�,� �c�a�v�i�t�a�t�i�o�n� �o�f� �t�h�e� �p�o�r�e� �w�a�t�e�r� �i�n�-�s�i�t�u� �m�a�y� 

�p�o�s�s�i�b�l�y� �o�c�c�u�r� �d�u�r�i�n�g� �u�n�d�r�a�i�n�e�d� �l�o�a�d�i�n�g�.� 

�S�e�v�e�r�a�l� �v�a�r�i�a�b�l�e�s� �m�u�s�t� �b�e� �c�o�n�s�i�d�e�r�e�d� �i�n� �a�s�s�e�s�s�i�n�g� 

�w�h�e�t�h�e�r� �o�r� �n�o�t� �c�a�v�i�t�a�t�i�o�n� �o�f� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �w�i�l�l� �o�c�c�u�r� �i�n� 
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�t�h�e� �f�i�e�l�d�.� �T�h�e� �d�i�s�s�o�l�v�e�d� �g�a�s� �c�o�n�t�e�n�t� �o�f� �s�o�i�l� �p�o�r�e� �w�a�t�e�r�,� 

�t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �p�o�r�e� �p�r�e�s�s�u�r�e�s� �w�i�l�l� �d�i�s�s�i�p�a�t�e� �i�n� �t�h�e� �s�o�i�l� 

�a�l�o�n�g� �w�i�t�h� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �t�h�e� �l�o�a�d�i�n�g� �i�s� �a�p�p�l�i�e�d� �m�a�y� 

�i�n�f�l�u�e�n�c�e� �c�a�v�i�t�a�t�i�o�n� �o�f� �s�o�i�l� �p�o�r�e� �w�a�t�e�r� �i�n�-�s�i�t�u�.� 

�I�n� �g�e�n�e�r�a�l�,� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �a�r�e� �u�s�e�d� �w�h�e�n� �t�h�e� 

�l�o�a�d�i�n�g� �i�s� �a�p�p�l�i�e�d� �r�a�p�i�d�l�y� �e�n�o�u�g�h�,� �r�e�l�a�t�i�v�e� �t�o� �t�h�e� 

�p�e�r�m�e�a�b�i�l�i�t�y� �o�f� �t�h�e� �s�o�i�l�,� �s�o� �t�h�a�t� �t�h�e� �s�o�i�l� �w�i�l�l� �n�o�t� �h�a�v�e� 

�s�u�f�f�i�c�i�e�n�t� �t�i�m�e� �t�o� �d�r�a�i�n� �d�u�e� �t�o� �t�h�e� �a�p�p�l�i�e�d� �l�o�a�d�.� �C�o�a�r�s�e� 

�s�o�i�l�s� �a�n�d� �e�v�e�n� �t�h�e� �f�i�n�e� �s�a�n�d� �t�e�s�t�e�d� �b�y� �N�a�s�h� �(�1�9�5�3�)�,� �w�i�l�l� 

�l�i�k�e�l�y� �b�e� �a�b�l�e� �t�o� �d�r�a�i�n� �r�a�p�i�d�l�y� �e�n�o�u�g�h� �u�n�d�e�r� �m�o�s�t� �l�o�a�d�i�n�g� 

�c�o�n�d�i�t�i�o�n�s� �s�o� �t�h�a�t� �t�h�e� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�h�i�c�h� 

�d�e�v�e�l�o�p� �w�i�l�l� �d�i�s�s�i�p�a�t�e� �s�o�m�e�w�h�a�t� �a�n�d� �w�i�l�l� �n�o�t� �e�x�p�e�r�i�e�n�c�e� �a� 

�d�e�c�r�e�a�s�e� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �c�a�u�s�e� �c�a�v�i�t�a�t�i�o�n�.� �T�h�u�s�,� �t�h�e� �u�s�e� �o�f� 

�h�i�g�h� �b�a�c�k� �p�r�e�s�s�u�r�e�s� �a�n�d� �c�e�l�l� �p�r�e�s�s�u�r�e�s� �t�o� �p�r�e�v�e�n�t� �c�a�v�i�t�a�t�i�o�n� 

�i�n� �t�h�e� �l�a�b�o�r�a�t�o�r�y� �s�e�e�m�s� �r�e�a�s�o�n�a�b�l�e� �f�o�r� �t�h�e�s�e� �s�o�i�l�s�,� �b�a�s�e�d� �o�n� 

�t�h�e�i�r� �e�x�p�e�c�t�e�d� �f�i�e�l�d� �b�e�h�a�v�i�o�r�.� �F�o�r� �a� �f�i�n�e�r� �s�o�i�l�,� �s�u�c�h� �a�s� �a� 

�s�i�l�t�,� �d�r�a�i�n�a�g�e� �o�r� �d�i�s�s�i�p�a�t�i�o�n� �o�f� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� 

�p�r�e�s�s�u�r�e�s� �i�n� �t�h�e� �f�i�e�l�d� �w�i�l�l� �b�e� �s�l�o�w�e�r�.� �T�h�i�s� �s�l�o�w�e�r� 

�d�i�s�s�i�p�a�t�i�o�n� �o�f� �n�e�g�a�t�i�v�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �m�a�y� �a�l�l�o�w� �f�o�r� 

�t�h�e� �d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �t�o� �b�e� �g�r�e�a�t� �e�n�o�u�g�h� �t�h�a�t� 

�c�a�v�i�t�a�t�i�o�n� �w�i�l�l� �o�c�c�u�r� �i�n� �t�h�e� �f�i�e�l�d�.� �L�a�b�o�r�a�t�o�r�y� �c�o�n�d�i�t�i�o�n�s� 

�s�h�o�u�l�d� �t�h�e�r�e�f�o�r�e� �u�s�e� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e�s� �w�h�i�c�h� �a�r�e� �s�i�m�i�l�a�r� 

�t�o� �t�h�o�s�e� �t�h�e� �s�o�i�l� �w�i�l�l� �b�e� �s�u�b�j�e�c�t�e�d� �t�o� �i�n� �t�h�e� �f�i�e�l�d�.� 
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�R�e�c�e�n�t� �s�t�u�d�i�e�s� �b�y� �F�l�e�m�i�n�g� �a�n�d� �D�u�n�c�a�n� �(�1�9�9�0�)� �a�n�d� 

�B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� �(�1�9�9�0�)� �h�a�v�e� �p�r�o�v�i�d�e�d� �a�n� �i�m�p�r�o�v�e�d� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �s�i�l�t� �b�e�h�a�v�i�o�r�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �s�i�l�t�s� �a�r�e� 

�c�o�n�s�i�d�e�r�a�b�l�y� �m�o�r�e� �s�u�b�j�e�c�t� �t�o� �d�i�s�t�u�r�b�a�n�c�e� �t�h�a�n� �c�l�a�y�s�.� �T�h�e� 

�i�n�c�r�e�a�s�e�d� �l�e�v�e�l�s� �o�f� �d�i�s�t�u�r�b�a�n�c�e� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �a�f�f�e�c�t� 

�t�h�e� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �o�f� �s�i�l�t�s� �t�h�a�n� �c�l�a�y�s�.� �T�h�e�y� �a�d�d�e�d� 

�t�h�a�t� �c�a�r�e� �m�u�s�t� �b�e� �t�a�k�e�n� �w�h�e�n� �h�a�n�d�l�i�n�g� �s�i�l�t�s� �a�n�d� �p�r�e�p�a�r�i�n�g� 

�s�p�e�c�i�m�e�n�s� �f�o�r� �t�e�s�t�i�n�g�,� �i�n� �o�r�d�e�r� �t�o� �m�i�n�i�m�i�z�e� �d�i�s�t�u�r�b�a�n�c�e�.� 

�T�h�i�s� �i�s� �n�e�c�e�s�s�a�r�y� �b�e�c�a�u�s�e� �s�i�l�t�s� �a�r�e� �m�o�r�e� �l�i�k�e�l�y� �t�o� �d�e�n�s�i�f�y� 

�d�u�e� �t�o� �v�i�b�r�a�t�i�o�n�s� �t�h�a�n� �a�r�e� �c�l�a�y�s�.� 

�T�h�e� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �t�h�e� �e�a�s�e� �o�f� �d�i�s�t�u�r�b�a�n�c�e� �o�f� �s�i�l�t� 

�s�p�e�c�i�m�e�n�s� �a�l�o�n�g� �w�i�t�h� �t�h�e�i�r� �d�i�l�a�t�a�n�t� �b�e�h�a�v�i�o�r� �h�a�s� �c�a�u�s�e�d� 

�a�i�f�f�i�c�u�l�t�i�e�s� �i�n� �t�h�e� �i�n�t�e�r�p�r�e�t�a�t�i�o�n� �o�f� �u�n�d�r�a�i�n�e�d� �t�e�s�t�s� �o�n� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t�s�.� �U�n�d�r�a�i�n�e�d� �s�h�e�a�r� �s�t�r�e�n�g�t�h�s� �a�r�e� �o�f�t�e�n� 

�d�i�f�f�i�c�u�l�t� �t�o� �e�v�a�l�u�a�t�e� �a�n�d� �o�f�t�e�n� �g�i�v�e� �e�r�r�a�t�i�c� �a�n�d� �s�c�a�t�t�e�r�e�d� 

�r�e�s�u�l�t�s�.� �T�h�e� �s�t�u�d�y� �p�e�r�f�o�r�m�e�d� �b�y� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n� �a�n�d� �H�u�f�f�m�a�n� 

�(�1�9�9�0�)� �s�u�g�g�e�s�t�e�d� �t�h�a�t� �t�h�e� �s�c�a�t�t�e�r� �o�f�t�e�n� �o�b�s�e�r�v�e�d� �i�n� �t�h�e� 

�m�e�a�s�u�r�e�d� �u�n�d�r�a�i�n�e�d� �s�t�r�e�n�g�t�h�s� �o�f� �s�i�l�t� �s�p�e�c�i�m�e�n�s� �m�a�y� �b�e� �d�u�e� �t�o� 

�c�a�v�i�t�a�t�i�o�n�,� �o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �b�u�b�b�l�e�s� �o�f� �w�a�t�e�r� �v�a�p�o�r� �a�n�d� 

�a�i�r� �w�i�t�h�i�n� �t�h�e� �p�o�r�e�s� �o�f� �t�h�e� �s�o�i�l�,� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� 

�d�e�c�r�e�a�s�e� �i�n� �p�o�r�e� �w�a�t�e�r� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �o�c�c�u�r�s� �d�u�r�i�n�g� 

�u�n�d�r�a�i�n�e�d� �t�e�s�t�s�.� �T�h�i�s� �r�e�s�e�a�r�c�h� �w�a�s� �u�n�d�e�r�t�a�k�e�n� �t�o� �m�o�r�e� �f�u�l�l�y� 

�i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �p�h�e�n�o�m�e�n�o�n� �o�f� �c�a�v�i�t�a�t�i�o�n�,� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� 

�a�i�r� �g�o�e�s� �i�n�t�o� �a�n�d� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �i�n� �w�a�t�e�r�,� �a�n�d� �t�h�e�i�r� 

�r�e�l�a�t�i�o�n�s�h�i�p� �t�o� �t�h�e� �p�o�r�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�s� �w�h�i�c�h� �o�c�c�u�r� 
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�d�u�r�i�n�g� �Q� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�,� �a�s� �w�e�l�l� �a�s� �t�h�e� �o�b�s�e�r�v�e�d� 

�b�e�h�a�v�i�o�r� �o�f� �s�i�l�t�s� �i�n� �s�u�c�h� �t�e�s�t�s�.� 
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�C�h�a�p�t�e�r� �3� 

�C�A�V�I�T�A�T�I�O�N� �A�N�D� �R�E�L�A�T�E�D� �P�H�E�N�O�M�E�N�A� 

�3�.�1� �I�n�t�r�o�d�u�c�t�i�o�n� 

�B�e�c�a�u�s�e� �c�a�v�i�t�a�t�i�o�n� �h�a�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �a�s� �a� �p�o�s�s�i�b�l�e� 

�r�e�a�s�o�n� �f�o�r� �t�h�e� �e�r�r�a�t�i�c� �b�e�h�a�v�i�o�r� �o�f�t�e�n� �o�b�s�e�r�v�e�d� �i�n� �Q� �t�e�s�t�s� �o�n� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �(�B�i�s�h�o�p� �a�n�d� �E�l�d�i�n�,� �1�9�5�0�;� �B�r�a�n�d�o�n�,� �D�u�n�c�a�n�,� 

�a�n�d� �H�u�f�f�m�a�n�,� �1�9�9�0�)�,� �a�n� �e�x�t�e�n�s�i�v�e� �r�e�v�i�e�w� �o�f� �t�h�e� �c�a�v�i�t�a�t�i�o�n� 

�l�i�t�e�r�a�t�u�r�e� �w�a�s� �c�o�n�d�u�c�t�e�d� �a�s� �p�a�r�t� �o�f� �t�h�i�s� �s�t�u�d�y� �i�n� �o�r�d�e�r� �t�o� 

�b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �i�t�s� �c�a�u�s�e�s�.� 

�T�h�e� �p�h�e�n�o�m�e�n�o�n� �o�f� �c�a�v�i�t�a�t�i�o�n� �i�s� �a� �v�e�r�y� �e�x�t�e�n�s�i�v�e�l�y� 

�s�t�u�d�i�e�d�,� �y�e�t� �n�o�t� �f�u�l�l�y� �u�n�d�e�r�s�t�o�o�d� �a�s�p�e�c�t� �o�f� �l�i�q�u�i�d� �b�e�h�a�v�i�o�r�.� 

�C�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�s� �i�n� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �f�l�u�i�d�s� �a�n�d� �i�s� 

�i�m�p�o�r�t�a�n�t� �i�n� �m�a�n�y� �d�i�f�f�e�r�e�n�t� �f�i�e�l�d�s� �o�f� �s�t�u�d�y�.� �I�t� �h�a�s� 

�t�h�e�r�e�f�o�r�e� �b�e�e�n� �i�n�v�e�s�t�i�g�a�t�e�d� �f�r�o�m� �a� �n�u�m�b�e�r� �o�f� �d�i�f�f�e�r�e�n�t� 

�p�o�i�n�t�s� �o�f� �v�i�e�w�.� �I�t� �h�a�s� �d�e�t�r�i�m�e�n�t�a�l� �a�n�d� �b�e�n�e�f�i�c�i�a�l� �a�s�p�e�c�t�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �i�t� �i�n� �f�i�e�l�d�s� �a�s� �d�i�v�e�r�s�e� �a�s� �m�e�d�i�c�i�n�e�;� 

�m�e�c�h�a�n�i�c�a�l�,� �c�i�v�i�l�,� �c�h�e�m�i�c�a�l�,� �a�n�d� �m�a�r�i�n�e� �e�n�g�i�n�e�e�r�i�n�g�;� �b�o�t�a�n�y�;� 

�p�h�y�s�i�c�s�;� �a�c�o�u�s�t�i�c�s� �a�n�d� �u�l�t�r�a�s�o�n�i�c�s�.� 

�T�h�e� �l�i�t�e�r�a�t�u�r�e� �r�e�v�i�e�w� �p�e�r�f�o�r�m�e�d� �i�n� �t�h�i�s� �s�t�u�d�y� �h�a�s� 

�r�e�s�u�l�t�e�d� �i�n� �a� �b�e�t�t�e�r� �u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �h�a�s� 

�p�r�o�v�i�d�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �p�o�s�s�i�b�l�e� �o�c�c�u�r�r�e�n�c�e� 

�o�f� �c�a�v�i�t�a�t�i�o�n� �i�n� �Q� �t�e�s�t�s� �o�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s�.� �I�n� �t�h�i�s� 
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�c�h�a�p�t�e�r�,� �t�h�e� �i�m�p�o�r�t�a�n�t� �a�s�p�e�c�t�s� �o�f� �c�a�v�i�t�a�t�i�o�n� �w�i�l�l� �b�e� 

�s�u�m�m�a�r�i�z�e�d�.� �S�p�e�c�i�a�l� �e�m�p�h�a�s�i�s� �w�i�l�l� �b�e� �p�l�a�c�e�d� �o�n� �t�h�e� �a�s�p�e�c�t�s� 

�o�f� �c�a�v�i�t�a�t�i�o�n� �p�h�e�n�o�m�e�n�a� �w�h�i�c�h� �a�r�e� �f�e�l�t� �t�o� �b�e� �r�e�l�a�t�e�d� �t�o� �s�o�i�l� 

�m�e�c�h�a�n�i�c�s� �i�n� �g�e�n�e�r�a�l�,� �a�n�d� �l�a�b�o�r�a�t�o�r�y� �t�e�s�t�i�n�g� �i�n� �p�a�r�t�i�c�u�l�a�r�.� 

�S�e�v�e�r�a�l� �g�e�n�e�r�a�l� �r�e�f�e�r�e�n�c�e�s� �(�J�o�h�n�s�o�n�,� �1�9�6�3�;� �K�n�a�p�p�,� 

�D�a�i�l�y�,� �a�n�d� �H�a�m�m�i�t�t�,� �1�9�7�0�;� �T�r�e�v�e�n�a�,� �1�9�7�5�;� �T�e�m�p�e�r�l�e�y� �a�n�d� 

�T�r�e�v�e�n�a�,� �1�9�7�8�;� �T�r�e�v�e�n�a�,� �1�9�8�7�;� �Y�o�u�n�g�,� �1�9�8�9�)� �p�r�e�s�e�n�t� �o�v�e�r�v�i�e�w�s� 

�o�f� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �r�e�l�a�t�e�d� �p�h�e�n�o�m�e�n�a�.� �T�h�e�y� �a�l�l� �c�o�n�t�a�i�n� �v�e�r�y� 

�g�o�o�d� �d�e�s�c�r�i�p�t�i�o�n�s� �o�f� �t�h�e� �s�t�a�t�e� �o�f� �k�n�o�w�l�e�d�g�e� �r�e�g�a�r�d�i�n�g� 

�c�a�v�i�t�a�t�i�o�n�,� �a�t� �t�h�e� �t�i�m�e� �o�f� �t�h�e�i�r� �p�u�b�l�i�c�a�t�i�o�n�.� �T�h�e�s�e� 

�r�e�f�e�r�e�n�c�e�s� �w�e�r�e� �c�o�n�s�u�l�t�e�d� �o�r�i�g�i�n�a�l�l�y� �i�n� �t�h�i�s� �s�t�u�d�y� �a�n�d� �w�e�r�e� 

�u�s�e�d� �t�o� �l�o�c�a�t�e� �m�o�r�e� �s�p�e�c�i�f�i�c� �o�r�i�g�i�n�a�l� �r�e�f�e�r�e�n�c�e�s� �r�e�g�a�r�d�i�n�g� 

�t�h�e� �d�i�f�f�e�r�e�n�t� �a�s�p�e�c�t�s� �o�f� �c�a�v�i�t�a�t�i�o�n�.� �T�h�e� �i�n�f�o�r�m�a�t�i�o�n� 

�p�r�e�s�e�n�t�e�d� �i�n� �t�h�i�s� �c�h�a�p�t�e�r� �w�a�s� �o�b�t�a�i�n�e�d� �f�r�o�m� �t�h�e� �o�r�i�g�i�n�a�l� 

�s�o�u�r�c�e�s� �w�h�e�n�e�v�e�r� �p�o�s�s�i�b�l�e�.� �T�h�e� �c�o�n�t�r�i�b�u�t�i�o�n�s� �o�f� �t�h�e� �g�e�n�e�r�a�l� 

�r�e�f�e�r�e�n�c�e�s� �o�n� �c�a�v�i�t�a�t�i�o�n�,� �h�o�w�e�v�e�r�,� �a�r�e� �a�c�k�n�o�w�l�e�d�g�e�d�,� �b�e�c�a�u�s�e� 

�t�h�e�y� �e�n�a�b�l�e�d� �t�h�e� �l�o�c�a�t�i�o�n� �o�f� �m�u�c�h� �a�d�d�i�t�i�o�n�a�l� �s�u�p�p�o�r�t�i�n�g� 

�i�n�f�o�r�m�a�t�i�o�n� �a�n�d� �p�r�o�v�i�d�e�d� �a�n� �i�n�t�r�o�d�u�c�t�o�r�y� �e�x�p�l�a�n�a�t�i�o�n� �a�n�d� 

�u�n�d�e�r�s�t�a�n�d�i�n�g� �o�f� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �r�e�l�a�t�e�d� �p�h�e�n�o�m�e�n�a�.� 

�3�.�2� �T�y�p�e�s� �o�f� �P�r�e�s�s�u�r�e� �R�e�d�u�c�t�i�o�n�s� �i�n� �L�i�q�u�i�d�s� 

�W�h�e�n� �a� �l�i�q�u�i�d� �i�s� �s�u�b�j�e�c�t�e�d� �t�o� �a� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �o�r� 

�t�e�n�s�i�o�n� �o�f� �s�u�f�f�i�c�i�e�n�t� �m�a�g�n�i�t�u�d�e�,� �t�h�e� �l�i�q�u�i�d� �m�a�y� �c�a�v�i�t�a�t�e� �a�n�d� 

�f�o�r�m� �v�a�p�o�r� �o�r� �a�i�r� �f�i�l�l�e�d� �b�u�b�b�l�e�s� �w�i�t�h�i�n� �t�h�e� �l�i�q�u�i�d�.� 

�C�a�v�i�t�a�t�i�o�n� �i�t�s�e�l�f� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �m�o�r�e� �d�e�t�a�i�l� �i�n� 
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�S�e�c�t�i�o�n� �3�.�3�.� �I�n� �t�h�i�s� �s�e�c�t�i�o�n� �a� �b�r�i�e�f� �o�v�e�r�v�i�e�w� �w�i�l�l� �b�e� 

�p�r�e�s�e�n�t�e�d� �o�n� �t�h�e� �w�a�y�s� �i�n� �w�h�i�c�h� �a� �l�i�q�u�i�d� �c�a�n� �b�e� �s�u�b�j�e�c�t�e�d� �t�o� 

�n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e�s�.� 

�A� �r�e�d�u�c�t�i�o�n� �i�n� �p�r�e�s�s�u�r�e� �w�h�i�c�h� �c�a�u�s�e�s� �c�a�v�i�t�a�t�i�o�n� �t�o� 

�o�c�c�u�r� �i�n� �a� �l�i�q�u�i�d� �c�a�n� �b�e� �a�p�p�l�i�e�d� �b�a�s�i�c�a�l�l�y� �i�n� �t�h�r�e�e� 

�d�i�f�f�e�r�e�n�t� �w�a�y�s�.� �T�h�e� �m�a�j�o�r� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �t�h�e� �d�i�f�f�e�r�e�n�t� 

�m�e�t�h�o�d�s� �i�s� �t�h�e� �r�a�t�e� �a�t� �w�h�i�c�h� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �i�s� �a�p�p�l�i�e�d� �t�o� 

�t�h�e� �l�i�g�u�i�d�.� �T�r�e�v�e�n�a� �(�1�9�6�7�,� �1�9�7�5�,� �1�9�8�4�,� �1�9�8�7�)� �g�i�v�e�s� �s�e�v�e�r�a�l� 

�r�e�v�i�e�w�s� �o�f� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �t�h�e� �v�a�r�i�o�u�s� �m�e�t�h�o�d�s� �w�h�i�c�h� �c�a�n� �b�e� 

�u�s�e�d� �t�o� �s�u�b�j�e�c�t� �l�i�q�u�i�d�s� �t�o� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e�s�.� 

�O�n�e� �m�e�t�h�o�d� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� �c�a�u�s�e� �c�a�v�i�t�a�t�i�o�n� �o�f� �a� 

�l�i�q�u�i�d� �i�s� �b�y� �t�h�e� �s�t�a�t�i�c� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �t�o� 

�t�h�e� �l�i�q�u�i�d�.� �S�u�b�j�e�c�t�i�n�g� �a� �l�i�q�u�i�d� �t�o� �a� �v�a�c�u�u�m� �u�n�t�i�l� 

�c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�s� �i�s� �a�n� �e�x�a�m�p�l�e� �o�f� �t�h�e� �s�t�a�t�i�c� �a�p�p�l�i�c�a�t�i�o�n� �o�f� 

�n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �t�o� �a� �l�i�q�u�i�d�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n� �t�a�k�e�s� �p�l�a�c�e� �r�e�l�a�t�i�v�e�l�y� �s�l�o�w�l�y� �a�n�d� �c�a�v�i�t�a�t�i�o�n� 

�o�c�c�u�r�s� �w�h�e�n� �a� �l�i�m�i�t�i�n�g� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �h�a�s� �b�e�e�n� �r�e�a�c�h�e�d�.� 

�D�y�n�a�m�i�c� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �t�o� �a� �l�i�q�u�i�d�,� 

�i�s� �a�n�o�t�h�e�r� �m�e�t�h�o�d� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� �c�a�u�s�e� �c�a�v�i�t�a�t�i�o�n� �i�n�a� 

�l�i�q�u�i�d�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� �p�r�e�s�s�u�r�e� �i�s� �r�e�d�u�c�e�d� �m�o�r�e� �r�a�p�i�d�l�y�,� 

�u�s�u�a�l�l�y� �i�n� �a� �s�i�n�g�l�e� �p�u�l�s�e�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s�,� �c�a�v�i�t�a�t�i�o�n� 

�o�c�c�u�r�s� �m�o�r�e� �r�a�p�i�d�l�y� �t�h�a�n� �i�t� �d�o�e�s� �f�o�r� �s�t�a�t�i�c� �m�e�t�h�o�d�s�.� �A�n� 

�e�x�a�m�p�l�e� �o�f� �a� �d�y�n�a�m�i�c� �r�e�d�u�c�t�i�o�n� �i�n� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �b�e� �t�h�e� 

�p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e� �t�h�a�t� �o�c�c�u�r�s� �a�s� �w�a�t�e�r� �f�l�o�w�i�n�g� �i�n� �a� �t�u�n�n�e�l� 
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�p�a�s�s�e�s� �t�h�r�o�u�g�h� �a� �c�o�n�s�t�r�i�c�t�i�o�n�.� �I�f� �t�h�e� �r�e�s�u�l�t�i�n�g� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n� �i�s� �l�a�r�g�e� �e�n�o�u�g�h�,� �c�a�v�i�t�a�t�i�o�n� �m�a�y� �o�c�c�u�r�.� �H�e�r�e� �t�h�e� 

�c�a�v�i�t�a�t�i�o�n� �b�u�b�b�l�e�s� �w�h�i�c�h� �f�o�r�m� �i�n� �t�h�e� �l�o�w� �p�r�e�s�s�u�r�e� �r�e�g�i�o�n� 

�w�o�u�l�d� �r�a�p�i�d�l�y� �c�o�l�l�a�p�s�e� �a�s� �t�h�e�y� �m�o�v�e� �w�i�t�h� �t�h�e� �f�l�o�w�i�n�g� �w�a�t�e�r� 

�i�n�t�o� �h�i�g�h� �p�r�e�s�s�u�r�e� �r�e�g�i�o�n�s�.� 

�A� �t�h�i�r�d� �m�e�t�h�o�d� �w�h�i�c�h� �c�a�n� �b�e� �u�s�e�d� �t�o� �r�e�d�u�c�e� �t�h�e� �p�r�e�s�s�u�r�e� 

�o�f� �a� �l�i�q�u�i�d� �a�n�d� �c�a�u�s�e� �c�a�v�i�t�a�t�i�o�n� �i�s� �b�y� �t�h�e� �u�s�e� �o�f� �u�l�t�r�a�s�o�n�i�c� 

�o�r� �a�c�o�u�s�t�i�c� �m�e�t�h�o�d�s�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �u�t�i�l�i�z�e�s� �t�h�e� �p�r�e�s�s�u�r�e�s� 

�a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �s�o�u�n�d� �w�a�v�e�s� �t�o� �s�t�r�e�s�s� �a� �l�i�q�u�i�d� �e�x�t�r�e�m�e�l�y� 

�r�a�p�i�d�l�y�,� �o�f�t�e�n� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �m�i�l�l�i�s�e�c�o�n�d�s�.� �I�n� �t�h�i�s� �c�a�s�e�,� 

�t�h�e� �l�i�q�u�i�d� �i�s� �s�u�b�j�e�c�t�e�d� �t�o� �a� �s�e�r�i�e�s� �o�f� �c�o�m�p�r�e�s�s�i�v�e� �a�n�d� 

�t�e�n�s�i�l�e� �s�t�r�e�s�s�e�s� �d�u�r�i�n�g� �t�h�e� �p�o�s�i�t�i�v�e� �a�n�d� �n�e�g�a�t�i�v�e� �h�a�l�f� 

�p�e�r�i�o�d�s� �o�f� �t�h�e� �p�r�e�s�s�u�r�e� �c�y�c�l�e� �(�T�r�e�v�e�n�a�,� �1�9�7�5�)�.� 

�D�u�r�i�n�g� �t�h�e� �n�e�g�a�t�i�v�e� �h�a�l�f� �c�y�c�l�e�,� �w�h�e�n� �a� �s�u�f�f�i�c�i�e�n�t� 

�n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e� �h�a�s� �b�e�e�n� �r�e�a�c�h�e�d�,� �c�a�v�i�t�a�t�i�o�n� �b�u�b�b�l�e�s� �w�i�l�l� 

�f�o�r�m� �a�n�d� �g�r�o�w� �i�n� �t�h�e� �l�i�q�u�i�d�.� �I�n� �t�h�e� �p�o�s�i�t�i�v�e� �h�a�l�f� �c�y�c�l�e� 

�w�h�e�r�e� �t�h�e� �p�r�e�s�s�u�r�e� �i�n�c�r�e�a�s�e�s�,� �t�h�e�s�e� �b�u�b�b�l�e�s� �r�a�p�i�d�l�y� 

�c�o�l�l�a�p�s�e�.� �O�n�e� �o�f� �t�h�e� �m�a�i�n� �a�d�v�a�n�t�a�g�e�s� �o�f� �t�h�i�s� �m�e�t�h�o�d� �i�s� �t�h�a�t� 

�i�t� �c�a�n� �b�e� �u�s�e�d� �t�o� �f�o�r�c�e� �c�a�v�i�t�a�t�i�o�n� �t�o� �i�n�i�t�i�a�t�e� �w�i�t�h�i�n� �t�h�e� 

�b�o�d�y� �o�f� �t�h�e� �l�i�q�u�i�d�,� �r�a�t�h�e�r� �t�h�a�n� �a�t� �t�h�e� �l�i�q�u�i�d�-�c�o�n�t�a�i�n�e�r� 

�b�o�u�n�d�a�r�y�,� �a�s� �i�s� �o�f�t�e�n� �t�h�e� �c�a�s�e� �w�i�t�h� �s�t�a�t�i�c�a�l�l�y� �a�n�d� 

�d�y�n�a�m�i�c�a�l�l�y� �i�n�d�u�c�e�d� �c�a�v�i�t�a�t�i�o�n�.� 

�B�a�s�e�d� �o�n� �t�h�e�s�e� �d�e�s�c�r�i�p�t�i�o�n�s�,� �t�h�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� 

�w�h�i�c�h� �t�a�k�e�s� �p�l�a�c�e� �i�n� �s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �d�u�r�i�n�g� �s�a�m�p�l�i�n�g� �a�n�d� �Q� 
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�t�e�s�t�s� �o�c�c�u�r�s� �r�e�l�a�t�i�v�e�l�y� �s�l�o�w�l�y� �a�n�d� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �a� 

�s�t�a�t�i�c� �a�p�p�l�i�c�a�t�i�o�n� �o�f� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �t�o� �t�h�e� �l�i�q�u�i�d�.� �F�o�r� 

�t�h�i�s� �r�e�a�s�o�n�,� �t�h�e� �c�a�v�i�t�a�t�i�o�n� �t�h�a�t� �m�a�y� �p�o�s�s�i�b�l�y� �o�c�c�u�r� �i�n� 

�s�a�t�u�r�a�t�e�d� �s�i�l�t�s� �c�a�n� �b�e� �c�o�n�s�i�d�e�r�e�d� �t�o� �h�a�v�e� �t�h�e� �p�o�t�e�n�t�i�a�l� �t�o� 

�o�c�c�u�r� �g�r�a�d�u�a�l�l�y� �o�v�e�r� �a� �l�o�n�g�e�r� �t�i�m�e� �p�e�r�i�o�d�,� �r�e�l�a�t�i�v�e� �t�o� �m�a�n�y� 

�o�f� �t�h�e� �o�t�h�e�r� �o�c�c�u�r�r�e�n�c�e�s� �o�f� �c�a�v�i�t�a�t�i�o�n� �d�i�s�c�u�s�s�e�d� �i�n� �t�h�e� 

�l�i�t�e�r�a�t�u�r�e�.� 

�3�.�3� �T�y�p�e�s� �o�f� �C�a�v�i�t�a�t�i�o�n� 

�T�h�e�r�e� �a�r�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �c�a�v�i�t�a�t�i�o�n� �w�h�i�c�h� �h�a�v�e� 

�b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �e�x�p�e�r�i�m�e�n�t�a�l�l�y�.� �T�h�e� �f�i�r�s�t� �t�y�p�e� �r�e�s�u�l�t�s� �i�n�a� 

�g�a�s�-�f�i�l�l�e�d� �b�u�b�b�l�e�,� �w�h�i�l�e� �t�h�e� �s�e�c�o�n�d� �f�o�r�m�s� �a� �v�a�p�o�r�-�f�i�l�l�e�d� 

�b�u�b�b�l�e�.� �T�h�e�y� �h�a�v�e� �c�o�m�e� �t�o� �b�e� �c�a�l�l�e�d� �g�a�s�e�o�u�s� �c�a�v�i�t�a�t�i�o�n� �a�n�d� 

�v�a�p�o�r�o�u�s� �c�a�v�i�t�a�t�i�o�n�,� �r�e�s�p�e�c�t�i�v�e�l�y� �(�T�r�e�v�e�n�a�,� �1�9�7�5�)�.� 

�3�.�3�.�1� �G�a�s�e�o�u�s� �C�a�v�i�t�a�t�i�o�n� 

�D�u�r�i�n�g� �g�a�s�e�o�u�s� �c�a�v�i�t�a�t�i�o�n�,� �t�h�e� �c�a�v�i�t�a�t�i�o�n� �b�u�b�b�l�e� �f�o�r�m�s� 

�b�y� �g�a�s� �o�r� �a�i�r� �w�h�i�c�h� �w�a�s� �p�r�e�v�i�o�u�s�l�y� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� �l�i�q�u�i�d�,� 

�c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �a�n�d� �d�i�f�f�u�s�i�n�g� �i�n�t�o� �t�h�e� �b�u�b�b�l�e� �d�u�e� �t�o� 

�a� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n�,� �i�n� �a�c�c�o�r�d�a�n�c�e� �w�i�t�h� �H�e�n�r�y�'�s� �l�a�w�.� �T�h�e�s�e� 

�g�a�s�-�f�i�l�l�e�d� �b�u�b�b�l�e�s� �f�o�r�m� �r�e�l�a�t�i�v�e�l�y� �q�u�i�e�t�l�y� �a�n�d� �s�l�o�w�l�y� �b�y� 

�w�h�a�t� �i�s� �d�e�s�c�r�i�b�e�d� �a�s� �"�r�e�c�t�i�f�i�e�d� �d�i�f�f�u�s�i�o�n�"� �(�B�l�a�k�e�,� �1�9�4�9�)�.� 

�T�h�i�s� �t�y�p�e� �o�f� �c�a�v�i�t�a�t�i�o�n� �i�s� �n�o�t� �t�r�u�l�y� �c�a�v�i�t�a�t�i�o�n�,� �b�u�t� �r�a�t�h�e�r�,� 

�S�i�m�p�l�y� �a� �d�e�g�a�s�s�i�n�g� �o�f� �t�h�e� �l�i�q�u�i�d� �(�E�i�s�e�n�b�e�r�g�,� �1�9�6�1�)�.� �I�t� �h�a�s� 

�h�o�w�e�v�e�r�,� �c�o�m�e� �t�o� �b�e� �c�a�l�l�e�d� �c�a�v�i�t�a�t�i�o�n� �b�y� �m�a�n�y� �o�f� �t�h�e� 
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�r�e�s�e�a�r�c�h�e�r�s� �w�h�o� �a�r�e� �c�o�n�c�e�r�n�e�d� �w�i�t�h� �t�h�e� �c�a�v�i�t�a�t�i�o�n� �b�e�h�a�v�i�o�r� 

�o�f� �r�e�a�l� �l�i�q�u�i�d�s�.� �T�h�e� �e�x�t�e�n�t� �t�o� �w�h�i�c�h� �g�a�s�e�o�u�s� �c�a�v�i�t�a�t�i�o�n� 

�w�i�l�l� �o�c�c�u�r� �i�s� �d�e�p�e�n�d�e�n�t� �o�n� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n�,� �i�t�s� �r�a�t�e� �o�f� �a�p�p�l�i�c�a�t�i�o�n� �a�n�d� �t�h�e� �a�m�o�u�n�t� �o�f� 

�d�i�s�s�o�l�v�e�d� �g�a�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�i�q�u�i�d�.� 

�G�a�s�e�o�u�s� �c�a�v�i�t�a�t�i�o�n� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �a� �n�u�m�b�e�r� �o�f� 

�s�e�c�t�i�o�n�s� �t�h�r�o�u�g�h�o�u�t� �C�h�a�p�t�e�r� �3�,� �a�s� �i�t� �w�a�s� �e�n�c�o�u�n�t�e�r�e�d� 

�t�h�r�o�u�g�h�o�u�t� �t�h�e� �c�a�v�i�t�a�t�i�o�n� �l�i�t�e�r�a�t�u�r�e�.� �T�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� 

�d�i�s�s�o�l�v�e�d� �a�i�r� �c�o�n�t�e�n�t� �o�f� �a� �l�i�q�u�i�d� �o�n� �t�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� 

�c�a�v�i�t�a�t�i�o�n� �h�a�s� �b�e�e�n� �g�i�v�e�n� �c�o�n�s�i�d�e�r�a�b�l�e� �i�m�p�o�r�t�a�n�c�e� �i�n� 

�c�a�v�i�t�a�t�i�o�n� �s�t�u�d�i�e�s�.� �I�n�f�o�r�m�a�t�i�o�n� �f�r�o�m� �t�h�e� �c�h�e�m�i�s�t�r�y�,� 

�p�h�y�s�i�c�s�,� �a�n�d� �g�e�o�t�e�c�h�n�i�c�a�l� �e�n�g�i�n�e�e�r�i�n�g� �l�i�t�e�r�a�t�u�r�e� �d�e�a�l�i�n�g� 

�w�i�t�h� �H�e�n�r�y�'�s� �l�a�w�,� �t�h�e� �s�o�l�u�b�i�l�i�t�y� �o�f� �a�i�r� �i�n� �w�a�t�e�r�,� �a�n�d� �t�h�e� 

�r�a�t�e� �a�t� �w�h�i�c�h� �a�i�r� �g�o�e�s� �i�n�t�o� �o�r� �c�o�m�e�s� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �i�n� 

�w�a�t�e�r� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� �d�e�t�a�i�l� �i�n� �C�h�a�p�t�e�r� �4�.� 

�3�.�3�.�2� �V�a�p�o�r�o�u�s� �C�a�v�i�t�a�t�i�o�n� 

�I�n� �a�d�d�i�t�i�o�n� �t�o� �g�a�s� �c�o�m�i�n�g� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �d�u�e� �t�o� �a� 

�r�e�d�u�c�t�i�o�n� �i�n� �p�r�e�s�s�u�r�e�,� �a� �l�i�q�u�i�d� �s�u�b�j�e�c�t�e�d� �t�o� �s�u�f�f�i�c�i�e�n�t� 

�n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e�s� �c�a�n� �p�r�o�d�u�c�e� �v�a�p�o�r�-�f�i�l�l�e�d� �c�a�v�i�t�i�e�s� �(�B�l�a�k�e�,� 

�1�9�4�9�)�.� �T�h�e� �r�a�p�i�d�,� �a�l�m�o�s�t� �e�x�p�l�o�s�i�v�e� �f�o�r�m�a�t�i�o�n� �o�f� �v�a�p�o�r�-� 

�f�i�l�l�e�d� �c�a�v�i�t�i�e�s� �i�s� �c�o�n�s�i�d�e�r�e�d� �t�o� �b�e� �t�r�u�e� �c�a�v�i�t�a�t�i�o�n�.� �T�h�e�s�e� 

�b�u�b�b�l�e�s� �c�o�n�t�a�i�n� �l�i�q�u�i�d� �v�a�p�o�r� �w�i�t�h� �v�e�r�y� �l�i�t�t�l�e� �g�a�s� �p�r�e�s�e�n�t�.� 

�T�h�i�s� �i�s� �b�e�c�a�u�s�e� �t�h�e� �t�i�m�e� �f�o�r� �b�u�b�b�l�e� �f�o�r�m�a�t�i�o�n�,� �g�r�o�w�t�h� �a�n�d� 
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�c�o�l�l�a�p�s�e� �o�f�t�e�n� �o�c�c�u�r�s� �s�o� �r�a�p�i�d�l�y� �t�h�a�t� �g�a�s� �c�a�n�n�o�t� �d�i�f�f�u�s�e� 

�i�n�t�o� �t�h�e� �c�a�v�i�t�y� �q�u�i�c�k�l�y� �e�n�o�u�g�h� �(�E�i�s�e�n�b�e�r�g�,� �1�9�6�1�)�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �J�o�h�n�s�o�n� �(�1�9�6�3�)�,� �a� �v�a�p�o�r�-�f�i�l�l�e�d� �c�a�v�i�t�y� 

�w�h�i�c�h� �f�o�r�m�s� �i�n� �a� �l�i�q�u�i�d� �s�u�b�j�e�c�t�e�d� �t�o� �t�e�n�s�i�o�n� �w�i�l�l� �r�a�p�i�d�l�y� 

�c�o�l�l�a�p�s�e� �i�f� �t�h�e� �t�e�n�s�i�o�n� �i�s� �r�e�m�o�v�e�d� �o�r� �i�f� �t�h�e� �c�a�v�i�t�y� �m�o�v�e�s� 

�f�r�o�m� �a� �l�o�w� �p�r�e�s�s�u�r�e� �z�o�n�e� �i�n�t�o� �a� �h�i�g�h� �p�r�e�s�s�u�r�e� �r�e�g�i�o�n� �o�f� �t�h�e� 

�l�i�q�u�i�d�.� �A� �c�a�v�i�t�y� �f�o�r�m�e�d� �i�n� �a� �l�o�w� �p�r�e�s�s�u�r�e� �r�e�g�i�o�n�,� �w�h�e�n� 

�s�u�b�j�e�c�t�e�d� �t�o� �a� �h�i�g�h� �p�r�e�s�s�u�r�e�,� �w�i�l�l� �c�o�l�l�a�p�s�e� �i�n�w�a�r�d�.� �H�i�g�h� 

�p�r�e�s�s�u�r�e�s�,� �r�e�p�o�r�t�e�d�l�y� �u�p� �t�o� �2�0�0�,�0�0�0� �p�s�i� �(�E�i�s�e�n�b�e�r�g�,� �1�9�6�1�)�,� 

�w�i�l�l� �b�e� �d�e�v�e�l�o�p�e�d� �a�s� �t�h�e� �b�u�b�b�l�e� �c�o�l�l�a�p�s�e�s�.� �T�h�e�s�e� �h�i�g�h� 

�p�r�e�s�s�u�r�e�s� �w�i�l�l� �r�e�s�u�l�t� �f�r�o�m� �t�h�e� �e�x�t�r�e�m�e� �c�h�a�n�g�e� �i�n� �m�o�m�e�n�t�u�m� 

�w�h�i�c�h� �o�c�c�u�r�s� �w�h�e�n� �t�h�e� �f�l�u�i�d� �m�o�v�i�n�g� �i�n�w�a�r�d� �t�o�w�a�r�d� �t�h�e� �c�e�n�t�e�r� 

�o�f� �t�h�e� �c�o�l�l�a�p�s�i�n�g� �b�u�b�b�l�e� �i�s� �f�i�n�a�l�l�y� �b�r�o�u�g�h�t� �t�o� �z�e�r�o� �v�e�l�o�c�i�t�y� 

�(�J�o�h�n�s�o�n�,� �1�9�6�3�)�.� �T�h�i�s� �w�i�l�l� �c�a�u�s�e� �a� �s�h�o�c�k� �w�a�v�e� �t�o� �b�e� 

�r�a�d�i�a�t�e�d� �i�n�t�o� �t�h�e� �l�i�q�u�i�d� �w�h�i�c�h� �c�a�n� �r�e�s�u�l�t� �i�n� �v�e�r�y� �h�i�g�h� 

�p�r�e�s�s�u�r�e�s� �w�h�i�c�h� �a�r�e� �c�a�p�a�b�l�e� �o�f� �d�e�n�t�i�n�g� �a�n�d� �d�a�m�a�g�i�n�g� �a�d�j�a�c�e�n�t� 

�m�a�t�e�r�i�a�l�s�.� �T�h�e� �p�r�e�s�s�u�r�e�s� �d�e�v�e�l�o�p�e�d� �d�e�p�e�n�d� �o�n� �t�h�e� �r�a�t�e� �o�f� 

�c�o�l�l�a�p�s�e� �o�f� �t�h�e� �c�a�v�i�t�y�,� �w�h�i�c�h� �i�s� �r�e�l�a�t�e�d� �t�o� �t�h�e� �p�r�e�s�s�u�r�e� �i�n� 

�t�h�e� �l�i�q�u�i�d� �a�n�d� �t�h�a�t� �i�n�s�i�d�e� �t�h�e� �c�a�v�i�t�y� �i�t�s�e�l�f� �(�T�r�e�v�e�n�a�,� 

�1�9�8�4�)�.� 

�V�a�p�o�r�o�u�s� �c�a�v�i�t�a�t�i�o�n� �i�s� �a�n�a�l�o�g�o�u�s� �t�o� �b�o�i�l�i�n�g� �o�f� �a� 

�l�i�q�u�i�d�.� �F�r�o�m� �a� �p�u�r�e�l�y� �p�h�y�s�i�c�a�l�-�c�h�e�m�i�c�a�l� �p�o�i�n�t� �o�f� �v�i�e�w�,� 

�t�h�e�r�e� �i�s� �n�o� �d�i�s�t�i�n�c�t�i�o�n� �b�e�t�w�e�e�n� �b�o�i�l�i�n�g� �a�n�d� �c�a�v�i�t�a�t�i�o�n� 

�(�E�i�s�e�n�b�e�r�g�,� �1�9�6�1�)�.� �D�u�r�i�n�g� �c�a�v�i�t�a�t�i�o�n�,� �c�a�v�i�t�i�e�s� �f�o�r�m� �a�n�d� 
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�g�r�o�w� �b�y� �d�e�c�r�e�a�s�i�n�g� �t�h�e� �p�r�e�s�s�u�r�e� �o�u�t�s�i�d�e� �o�f� �t�h�e� �c�a�v�i�t�y�.� 

�D�u�r�i�n�g� �b�o�i�l�i�n�g�,� �c�a�v�i�t�i�e�s� �f�o�r�m� �a�n�d� �g�r�o�w� �b�y� �i�n�c�r�e�a�s�i�n�g� �t�h�e� 

�p�r�e�s�s�u�r�e� �i�n�s�i�d�e� �t�h�e� �c�a�v�i�t�y� �(�J�o�h�n�s�o�n�,� �1�9�6�3�)�.� �W�h�e�n� �a� �l�i�q�u�i�d� 

�i�s� �s�u�b�j�e�c�t�e�d� �t�o� �i�t�s� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �a�t� �a� �g�i�v�e�n� �t�e�m�p�e�r�a�t�u�r�e�,� 

�v�a�p�o�r�-�f�i�l�l�e�d� �b�u�b�b�l�e�s� �w�i�l�l� �b�e�g�i�n� �t�o� �f�o�r�m� �i�n� �t�h�e� �l�i�q�u�i�d�.� �F�o�r� 

�w�a�t�e�r� �a�t� �r�o�o�m� �t�e�m�p�e�r�a�t�u�r�e�,� �t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �i�s� �a�b�o�u�t� �-�1� 

�a�t�m�o�s�p�h�e�r�e� �(�z�e�r�o� �a�b�s�o�l�u�t�e� �p�r�e�s�s�u�r�e�)�.� �F�o�r� �w�a�t�e�r� �a�t� �1�0�0�°�C�,� 

�t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �i�s� �e�q�u�a�l� �t�o� �n�o�r�m�a�l� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e� 

�(�1� �a�t�m�o�s�p�h�e�r�e� �a�b�o�v�e� �z�e�r�o� �a�b�s�o�l�u�t�e� �p�r�e�s�s�u�r�e�)�.� �I�n� �o�t�h�e�r� 

�w�o�r�d�s�,� �a�t� �n�o�r�m�a�l� �a�t�m�o�s�p�h�e�r�i�c� �p�r�e�s�s�u�r�e�,� �w�a�t�e�r� �b�o�i�l�s� �a�t� �1�0�0�°�C�.� 

�A�t� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e�s�,� �a�s� �i�s� �t�h�e� �c�a�s�e� �a�t� �h�i�g�h� �a�l�t�i�t�u�d�e�s�,� �t�h�e� 

�t�e�m�p�e�r�a�t�u�r�e� �a�t� �w�h�i�c�h� �b�o�i�l�i�n�g� �o�c�c�u�r�s� �i�s� �l�e�s�s� �t�h�a�n� �1�0�0�°�C�.� 

�T�h�e� �o�c�c�u�r�r�e�n�c�e� �o�f� �v�a�p�o�r�o�u�s� �c�a�v�i�t�a�t�i�o�n� �i�s� �a�l�s�o� �d�e�p�e�n�d�e�n�t� 

�o�n� �t�h�e� �m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �a�n�d� �i�t�s� �r�a�t�e� �o�f� 

�a�p�p�l�i�c�a�t�i�o�n�.� �T�h�e� �d�i�s�s�o�l�v�e�d� �g�a�s� �c�o�n�t�e�n�t�,� �h�o�w�e�v�e�r�,� �h�a�s� �n�o� 

�e�f�f�e�c�t� �o�n� �v�a�p�o�r�o�u�s� �c�a�v�i�t�a�t�i�o�n�.� �I�n� �o�r�d�e�r� �f�o�r� �v�a�p�o�r�o�u�s� 

�c�a�v�i�t�a�t�i�o�n� �t�o� �o�c�c�u�r�,� �t�h�e� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �l�i�q�u�i�d� �m�u�s�t� �g�o� 

�b�e�l�o�w� �t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �l�i�q�u�i�d�.� �A�s� �w�i�l�l� �b�e� 

�e�x�p�l�a�i�n�e�d� �s�u�b�s�e�q�u�e�n�t�l�y�,� �i�t� �s�h�o�u�l�d� �n�o�t� �b�e� �a�s�s�u�m�e�d� �t�h�a�t� 

�c�a�v�i�t�a�t�i�o�n� �w�i�l�l� �a�l�w�a�y�s� �o�c�c�u�r� �a�t� �t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �o�r� �t�h�a�t� 

�t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �r�e�p�r�e�s�e�n�t�s� �t�h�e� �t�r�u�e� �l�i�m�i�t�i�n�g� �p�r�e�s�s�u�r�e� �t�o� 

�w�h�i�c�h� �a� �l�i�q�u�i�d� �c�a�n� �b�e� �s�u�b�j�e�c�t�e�d� �b�e�f�o�r�e� �c�a�v�i�t�a�t�i�n�g�.� �G�a�s�e�o�u�s� 

�c�a�v�i�t�a�t�i�o�n� �h�o�w�e�v�e�r�,� �c�a�n� �o�c�c�u�r� �a�t� �p�r�e�s�s�u�r�e�s� �a�b�o�v�e� �o�r� �b�e�l�o�w� 

�t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e�,� �a�s� �l�o�n�g� �a�s� �t�h�e� �d�i�s�s�o�l�v�e�d� �g�a�s� �c�o�n�t�e�n�t� �o�f� 

�t�h�e� �l�i�q�u�i�d� �e�x�c�e�e�d�s� �t�h�e� �e�q�u�i�l�i�b�r�i�u�m� �g�a�s� �c�o�n�t�e�n�t� �o�f� �t�h�e� �l�i�q�u�i�d� 
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�a�t� �t�h�a�t� �p�r�e�s�s�u�r�e� �(�E�i�s�e�n�b�e�r�g�,� �1�9�6�1�)� �a�n�d� �p�r�o�v�i�d�e�d� �s�u�f�f�i�c�i�e�n�t� 

�t�i�m�e� �i�s� �a�l�l�o�w�e�d� �f�o�r� �t�h�e� �g�a�s� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n�.� 

�A�s� �i�t� �i�s� �a�l�m�o�s�t� �i�m�p�o�s�s�i�b�l�e� �t�o� �t�o�t�a�l�l�y� �d�e�a�i�r� �w�a�t�e�r�,� 

�u�s�u�a�l�l�y� �b�o�t�h� �t�y�p�e�s� �o�f� �c�a�v�i�t�a�t�i�o�n� �c�a�n� �b�e� �e�x�p�e�c�t�e�d� �t�o� �o�c�c�u�r� �t�o� 

�d�i�f�f�e�r�e�n�t� �d�e�g�r�e�e�s�,� �d�e�p�e�n�d�i�n�g� �o�n� �t�h�e� �d�i�s�s�o�l�v�e�d� �g�a�s� �c�o�n�t�e�n�t� �o�f� 

�t�h�e� �l�i�g�u�i�d� �a�n�d� �t�h�e� �m�a�g�n�i�t�u�d�e� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �p�r�e�s�s�u�r�e� 

�r�e�d�u�c�t�i�o�n�.� �I�n� �s�o�m�e� �c�a�s�e�s�,� �t�h�e� �t�y�p�i�c�a�l� �c�a�v�i�t�a�t�i�o�n� �b�u�b�b�l�e� 

�w�i�l�l� �c�o�n�t�a�i�n� �a� �m�i�x�t�u�r�e� �o�f� �b�o�t�h� �l�i�q�u�i�d� �v�a�p�o�r� �a�n�d� �g�a�s�,� �w�i�t�h� 

�o�n�e� �u�s�u�a�l�l�y� �b�e�i�n�g� �m�o�r�e� �p�r�e�v�a�l�e�n�t� �a�n�d� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� 

�b�u�b�b�l�e�'�s� �b�e�h�a�v�i�o�r� �(�T�r�e�v�e�n�a�,� �1�9�8�7�)�.� 

�3�.�4� �T�e�n�s�i�l�e� �S�t�r�e�n�g�t�h� �o�f� �W�a�t�e�r� 

�W�h�e�n� �a� �l�i�q�u�i�d� �c�a�v�i�t�a�t�e�s�,� �a� �t�e�a�r� �f�o�r�m�s� �i�n� �t�h�e� �l�i�q�u�i�d� �d�u�e� 

�t�o� �a�n� �a�p�p�l�i�e�d� �t�e�n�s�i�o�n�.� �S�t�u�d�i�e�s� �i�n� �w�h�i�c�h� �t�e�n�s�i�o�n� �i�s� �a�p�p�l�i�e�d� 

�t�o� �w�a�t�e�r� �s�o� �t�h�a�t� �c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� 

�e�s�t�i�m�a�t�e� �t�h�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �w�a�t�e�r�.� �I�n� �a�d�d�i�t�i�o�n�,� 

�t�h�e�o�r�e�t�i�c�a�l� �a�p�p�r�o�a�c�h�e�s� �h�a�v�e� �a�l�s�o� �b�e�e�n� �u�s�e�d� �t�o� �e�s�t�i�m�a�t�e� �t�h�e� 

�t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �w�a�t�e�r�.� �C�o�n�s�i�d�e�r�a�b�l�e� �d�i�s�c�r�e�p�a�n�c�i�e�s� �e�x�i�s�t� 

�h�o�w�e�v�e�r�,� �b�e�t�w�e�e�n� �t�h�e� �t�e�n�s�i�o�n�s� �w�a�t�e�r� �h�a�s� �r�e�s�i�s�t�e�d� 

�e�x�p�e�r�i�m�e�n�t�a�l�l�y� �a�n�d� �t�h�o�s�e� �e�x�p�e�c�t�e�d� �t�h�e�o�r�e�t�i�c�a�l�l�y�.� �B�e�c�a�u�s�e� 

�t�h�e� �m�e�a�s�u�r�e�d� �v�a�l�u�e�s� �a�r�e� �s�o� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�e� �s�t�r�e�n�g�t�h�s� 

�e�x�p�e�c�t�e�d� �t�h�e�o�r�e�t�i�c�a�l�l�y�,� �t�h�e� �s�t�u�d�y� �o�f� �c�a�v�i�t�a�t�i�o�n� �a�n�d� �t�h�e� 

�f�a�i�l�u�r�e� �o�f� �l�i�q�u�i�d�s� �i�n� �t�e�n�s�i�o�n� �h�a�s� �r�e�c�e�i�v�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� 

�i�n�t�e�r�e�s�t� �f�o�r� �q�u�i�t�e� �s�o�m�e� �t�i�m�e�,� �i�n� �h�o�p�e�s� �t�h�a�t� �a�n� �e�x�p�l�a�n�a�t�i�o�n� 

�f�o�r� �t�h�e� �d�i�s�c�r�e�p�a�n�c�i�e�s� �c�o�u�l�d� �b�e� �f�o�u�n�d�.� 
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�T�h�e�o�r�e�t�i�c�a�l�l�y�,� �t�h�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �w�a�t�e�r� �s�h�o�u�l�d� �b�e� 

�v�e�r�y� �h�i�g�h� �a�n�d� �c�a�v�i�t�a�t�i�o�n� �o�r� �t�h�e� �f�a�i�l�u�r�e� �o�f� �t�h�e� �l�i�q�u�i�d� �i�n� 

�t�e�n�s�i�o�n� �s�h�o�u�l�d� �n�o�t� �o�c�c�u�r� �u�n�t�i�l� �t�h�e� �u�l�t�i�m�a�t�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� 

�o�f� �t�h�e� �l�i�q�u�i�d� �h�a�s� �b�e�e�n� �r�e�a�c�h�e�d�.� �R�e�a�l� �l�i�q�u�i�d�s� �h�o�w�e�v�e�r�,� �t�e�n�d� 

�t�o� �c�a�v�i�t�a�t�e� �a�s� �s�o�o�n� �a�s� �t�h�e� �p�r�e�s�s�u�r�e� �r�e�a�c�h�e�s� �t�h�e� �v�a�p�o�r� 

�p�r�e�s�s�u�r�e� �o�f� �t�h�e� �l�i�q�u�i�d�,� �i�m�p�l�y�i�n�g� �t�h�a�t� �l�i�q�u�i�d�s� �h�a�v�e� 

�e�s�s�e�n�t�i�a�l�l�y� �n�o� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h�.� �C�o�m�m�e�r�c�i�a�l�l�y� �d�i�s�t�i�l�l�e�d� 

�w�a�t�e�r� �h�a�s� �e�v�e�n� �b�e�e�n� �o�b�s�e�r�v�e�d� �t�o� �c�a�v�i�t�a�t�e� �a�t� �v�e�r�y� �l�o�w� 

�t�e�n�s�i�o�n�s�.� �B�e�c�a�u�s�e� �t�h�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �w�a�t�e�r� �i�s� �s�o� �m�u�c�h� 

�l�o�w�e�r� �t�h�a�n� �p�r�e�d�i�c�t�e�d� �b�y� �t�h�e�o�r�y�,� �i�t� �i�s� �b�e�l�i�e�v�e�d� �t�h�a�t� �t�h�e�r�e� 

�a�r�e� �w�e�a�k� �s�p�o�t�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�i�q�u�i�d� �a�t� �w�h�i�c�h� �p�o�i�n�t� �t�h�e� 

�l�i�q�u�i�d� �i�s� �a�b�l�e� �t�o� �t�e�a�r� �a�n�d� �f�o�r�m� �a� �c�a�v�i�t�y� �(�K�n�a�p�p�,� �1�9�5�8�)�.� 

�T�h�e� �f�o�r�c�e�s� �t�e�n�d�i�n�g� �t�o� �h�o�l�d� �a� �l�i�q�u�i�d� �t�o�g�e�t�h�e�r� �a�r�e� �t�h�e� 

�e�x�t�e�r�n�a�l� �p�r�e�s�s�u�r�e� �a�n�d� �i�n�t�e�r�m�o�l�e�c�u�l�a�r� �c�o�h�e�s�i�v�e� �f�o�r�c�e�s�.� �D�u�e� 

�t�o� �t�h�e� �i�n�t�e�r�m�o�l�e�c�u�l�a�r� �f�o�r�c�e�s�,� �a� �l�i�q�u�i�d� �s�h�o�u�l�d� �b�e� �a�b�l�e� �t�o� 

�w�i�t�h�s�t�a�n�d� �t�e�n�s�i�o�n� �(�K�n�a�p�p�,� �D�a�i�l�y�,� �a�n�d� �H�a�m�m�i�t�t�,� �1�9�7�0�)�.� 

�E�s�t�i�m�a�t�e�s� �o�f� �t�h�e� �t�h�e�o�r�e�t�i�c�a�l� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �w�a�t�e�r� �h�a�v�e� 

�b�e�e�n� �m�a�d�e� �u�s�i�n�g� �v�a�n� �d�e�r� �W�a�a�l�'�s� �e�q�u�a�t�i�o�n�.� �E�v�e�n� �t�h�o�u�g�h� �w�a�t�e�r� 

�d�o�e�s� �n�o�t� �o�b�e�y� �t�h�i�s� �t�h�e�o�r�y� �v�e�r�y� �w�e�l�l�,� �a�n� �e�s�t�i�m�a�t�e� �o�f� �t�h�e� 

�m�a�g�n�i�t�u�d�e� �o�f� �t�h�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �c�a�n� �b�e� �o�b�t�a�i�n�e�d�.� �T�h�e� 

�t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h�s� �e�s�t�i�m�a�t�e�d� �r�a�n�g�e� �f�r�o�m� �1�0�0�s� �t�o� �1�0�,�0�0�0�s� �o�f� 

�a�t�m�o�s�p�h�e�r�e�s�.� �T�h�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �"�i�d�e�a�l�"� �w�a�t�e�r� �a�t� �r�o�o�m� 

�t�e�m�p�e�r�a�t�u�r�e� �i�s� �b�e�l�i�e�v�e�d� �h�o�w�e�v�e�r�,� �t�o� �b�e� �o�n� �t�h�e� �o�r�d�e�r� �o�f� �5�0�0� 

�a�t�m�o�s�p�h�e�r�e�s� �(�T�e�m�p�e�r�l�e�y� �a�n�d� �T�r�e�v�e�n�a�,� �1�9�7�8�)�.� �T�h�i�s� �v�a�l�u�e� �i�s� 

�m�u�c�h� �h�i�g�h�e�r� �t�h�a�n� �a�n�y� �v�a�l�u�e� �m�e�a�s�u�r�e�d� �e�x�p�e�r�i�m�e�n�t�a�l�l�y�.� �T�h�e� 
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�h�i�g�h�e�s�t� �v�a�l�u�e� �o�f� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �m�e�a�s�u�r�e�d� �f�o�r� �w�a�t�e�r� �w�a�s� 

�a�b�o�u�t� �2�8�0� �a�t�m�o�s�p�h�e�r�e�s�,� �w�h�i�c�h� �w�a�s� �d�e�t�e�r�m�i�n�e�d� �b�y� �B�r�i�g�g�s� �i�n� 

�1�9�5�0� �(�T�r�e�v�e�n�a�,� �1�9�6�7�;� �B�r�i�g�g�s�,� �1�9�5�0�)�.� 

�E�x�p�e�r�i�m�e�n�t�s� �t�o� �d�e�t�e�r�m�i�n�e� �t�h�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �w�a�t�e�r� 

�s�h�o�w� �t�h�a�t� �a�p�p�r�e�c�i�a�b�l�e� �t�e�n�s�i�o�n�s� �c�a�n� �b�e� �r�e�s�i�s�t�e�d�.� �T�h�e�r�e� �a�r�e� 

�h�o�w�e�v�e�r�,� �a� �w�i�d�e� �r�a�n�g�e� �o�f� �m�e�a�s�u�r�e�d� �v�a�l�u�e�s� �a�m�o�n�g� �t�h�e� �d�i�f�f�e�r�e�n�t� 

�r�e�s�e�a�r�c�h�e�r�s� �a�n�d� �e�v�e�n� �a�m�o�n�g� �t�h�e� �s�a�m�e� �r�e�s�e�a�r�c�h�e�r�.� �T�h�e� �l�a�r�g�e� 

�v�a�r�i�a�t�i�o�n� �i�n� �m�e�a�s�u�r�e�d� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h�s� �i�s� �a�g�a�i�n� �b�e�l�i�e�v�e�d� �t�o� 

�b�e� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �w�e�a�k� �s�p�o�t�s� �i�n� �t�h�e� �l�i�q�u�i�d�.� �T�h�e� 

�v�a�r�i�a�t�i�o�n� �i�n� �s�i�z�e� �a�n�d� �n�u�m�b�e�r� �o�f� �w�e�a�k� �s�p�o�t�s� �i�s� �f�e�l�t� �t�o� �a�l�l�o�w� 

�c�a�v�i�t�a�t�i�o�n� �t�o� �o�c�c�u�r� �a�t� �t�e�n�s�i�o�n�s� �w�h�i�c�h� �a�r�e� �b�e�l�o�w� �t�h�o�s�e� 

�p�r�e�d�i�c�t�e�d� �t�h�e�o�r�e�t�i�c�a�l�l�y� �a�n�d� �w�h�i�c�h� �v�a�r�y� �f�r�o�m� �o�n�e� �e�x�p�e�r�i�m�e�n�t� 

�t�o� �a�n�o�t�h�e�r� �(�K�n�a�p�p�,� �D�a�i�l�y�,� �a�n�d� �H�a�m�m�i�t�t�,� �1�9�7�0�)�.� 

�3�.�5� �C�a�v�i�t�a�t�i�o�n� �N�u�c�l�e�i� 

�T�h�e� �g�e�n�e�r�a�l�l�y� �a�c�c�e�p�t�e�d� �t�h�e�o�r�y� �a�s� �t�o� �w�h�y� �l�i�q�u�i�d�s� �s�u�c�h� �a�s� 

�w�a�t�e�r� �b�r�e�a�k� �o�r� �c�a�v�i�t�a�t�e� �a�t� �t�e�n�s�i�o�n�s� �m�u�c�h� �l�o�w�e�r� �t�h�a�n� �t�h�o�s�e� 

�e�x�p�e�c�t�e�d� �t�h�e�o�r�e�t�i�c�a�l�l�y� �i�s� �t�h�a�t� �t�h�e�r�e� �a�r�e� �w�e�a�k� �s�p�o�t�s� �i�n� �t�h�e� 

�l�i�q�u�i�d� �a�t� �w�h�i�c�h� �t�h�e� �r�u�p�t�u�r�e� �i�n�i�t�i�a�t�e�s�.� �T�h�e�s�e� �w�e�a�k� �s�p�o�t�s� 

�s�e�r�v�e� �a�s� �n�u�c�l�e�i� �f�o�r� �t�h�e� �f�o�r�m�a�t�i�o�n� �o�f� �c�a�v�i�t�a�t�i�o�n� �b�u�b�b�l�e�s� �w�h�e�n� 

�a� �l�i�q�u�i�d� �i�s� �s�u�b�j�e�c�t�e�d� �t�o� �n�e�g�a�t�i�v�e� �p�r�e�s�s�u�r�e�s�.� �I�f� �t�h�e�s�e� 

�n�u�c�l�e�i� �w�e�r�e� �n�o�t� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�i�q�u�i�d�,� �c�a�v�i�t�a�t�i�o�n� �w�o�u�l�d� �n�o�t� 

�o�c�c�u�r� �u�n�t�i�l� �m�u�c�h� �h�i�g�h�e�r� �t�e�n�s�i�o�n�s� �h�a�d� �b�e�e�n� �r�e�a�c�h�e�d�.� 
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�A�c�c�o�r�d�i�n�g� �t�o� �T�r�e�v�e�n�a� �(�1�9�8�7�)�,� �t�h�e�r�e� �a�r�e� �t�w�o� �t�y�p�e�s� �o�f� 

�c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �w�h�i�c�h� �h�a�v�e� �b�e�e�n� �p�r�o�p�o�s�e�d� �a�n�d� �a�p�p�e�a�r� �t�o� �b�e� 

�f�e�a�s�i�b�l�e�.� �T�h�e� �f�i�r�s�t� �t�h�e�o�r�y�,� �w�h�i�c�h� �i�s� �g�e�n�e�r�a�l�l�y� �l�e�s�s� 

�a�c�c�e�p�t�e�d� �b�a�s�e�d� �o�n� �e�x�p�e�r�i�m�e�n�t�a�l� �e�v�i�d�e�n�c�e�,� �i�s� �t�h�a�t� �a� �l�i�q�u�i�d� 

�m�a�y� �c�o�n�t�a�i�n� �a� �l�a�r�g�e� �n�u�m�b�e�r� �o�f� �m�i�n�u�t�e� �s�p�h�e�r�i�c�a�l� �g�a�s� �b�u�b�b�l�e�s� 

�w�h�i�c�h� �a�r�e� �s�t�a�b�i�l�i�z�e�d� �a�g�a�i�n�s�t� �g�a�s�e�o�u�s� �d�i�f�f�u�s�i�o�n� �b�y� �a�n� 

�i�m�m�i�s�c�i�b�l�e� �s�k�i�n� �o�f� �o�r�g�a�n�i�c� �i�m�p�u�r�i�t�y�.� �T�h�e� �s�e�c�o�n�d� �a�n�d� 

�g�e�n�e�r�a�l�l�y� �m�o�r�e� �a�c�c�e�p�t�e�d� �t�h�e�o�r�y� �i�s� �b�a�s�e�d� �o�n� �t�h�e� �i�d�e�a� �t�h�a�t� 

�p�o�c�k�e�t�s� �o�f� �g�a�s� �c�a�n� �b�e� �t�r�a�p�p�e�d� �a�n�d� �r�e�m�a�i�n� �s�t�a�b�l�e� �i�n� �t�i�n�y� 

�c�r�a�c�k�s� �a�n�d� �c�r�e�v�i�c�e�s� �o�n� �t�h�e� �w�a�l�l�s� �o�f� �t�h�e� �c�o�n�t�a�i�n�e�r� �h�o�l�d�i�n�g� 

�t�h�e� �l�i�q�u�i�d� �a�n�d� �o�n� �m�i�c�r�o�s�c�o�p�i�c� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �p�r�e�s�e�n�t� �i�n� 

�t�h�e� �l�i�q�u�i�d�.� �W�h�e�n� �a� �l�i�q�u�i�d� �c�o�n�t�a�i�n�i�n�g� �t�h�e�s�e� �g�a�s�-�f�i�l�l�e�d� 

�n�u�c�l�e�i� �i�s� �s�u�b�j�e�c�t�e�d� �t�o� �a� �s�u�f�f�i�c�i�e�n�t� �t�e�n�s�i�o�n�,� �t�h�e� �n�u�c�l�e�i� �c�a�n� 

�g�r�o�w� �i�n�t�o� �v�i�s�i�b�l�e� �b�u�b�b�l�e�s� �w�h�i�c�h� �a�r�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c� �o�f� 

�c�a�v�i�t�a�t�i�o�n�.� 

�3�.�5�.�1� �O�r�g�a�n�i�c� �S�k�i�n� �T�h�e�o�r�y� 

�T�h�e� �o�r�g�a�n�i�c� �s�k�i�n� �t�h�e�o�r�y� �w�a�s� �o�r�i�g�i�n�a�l�l�y� �p�r�o�p�o�s�e�d� �b�y� �F�o�x� 

�a�n�d� �H�e�r�z�f�e�l�d� �(�1�9�5�4�)�.� �T�h�e�y� �h�y�p�o�t�h�e�s�i�z�e�d� �t�h�a�t� �c�a�v�i�t�a�t�i�o�n� 

�n�u�c�l�e�i� �w�e�r�e� �v�e�r�y� �s�m�a�l�l� �b�u�b�b�l�e�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�i�q�u�i�d�,� �w�h�i�c�h� 

�w�e�r�e� �c�o�m�p�l�e�t�e�l�y� �s�u�r�r�o�u�n�d�e�d� �b�y� �a�n� �i�m�p�e�r�m�e�a�b�l�e� �o�r�g�a�n�i�c� �s�k�i�n�.� 

�T�h�e� �o�r�g�a�n�i�c� �s�k�i�n� �s�t�a�b�i�l�i�z�e�s� �t�h�e� �n�u�c�l�e�i� �b�y� �m�e�c�h�a�n�i�c�a�l�l�y� 

�p�r�e�v�e�n�t�i�n�g� �t�h�e� �l�o�s�s� �o�f� �g�a�s� �f�r�o�m� �t�h�e� �b�u�b�b�l�e� �b�y� �d�i�f�f�u�s�i�o�n� �i�n�t�o� 

�s�o�l�u�t�i�o�n�.� �A�s� �t�h�e� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �l�i�q�u�i�d� �i�s� �d�e�c�r�e�a�s�e�d�,� �t�h�e� 

�o�r�g�a�n�i�c� �s�k�i�n� �o�f� �t�h�e� �b�u�b�b�l�e� �i�s� �s�t�r�e�t�c�h�e�d� �u�n�t�i�l� �a�t� �s�o�m�e� �p�o�i�n�t�,� 
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�t�h�e� �o�r�g�a�n�i�c� �s�k�i�n� �i�s� �t�o�r�n�,� �a�l�l�o�w�i�n�g� �g�a�s� �d�i�s�s�o�l�v�e�d� �i�n� �t�h�e� 

�l�i�q�u�i�d� �t�o� �c�o�m�e� �o�u�t� �o�f� �s�o�l�u�t�i�o�n� �a�n�d� �e�n�t�e�r� �t�h�e� �b�u�b�b�l�e�,� �t�h�e�r�e�b�y� 

�e�n�l�a�r�g�i�n�g� �i�t� �t�o� �v�i�s�i�b�l�e� �s�i�z�e�.� 

�T�h�e� �t�y�p�e� �o�f� �o�r�g�a�n�i�c� �s�k�i�n� �p�r�o�p�o�s�e�d� �b�y� �F�o�x� �a�n�d� �H�e�r�z�f�e�l�d� 

�c�o�u�l�d� �e�x�i�s�t� �i�n� �w�a�t�e�r�;� �h�o�w�e�v�e�r�,� �i�t� �w�o�u�l�d� �d�i�s�s�o�l�v�e� �i�n� �o�r�g�a�n�i�c� 

�s�u�b�s�t�a�n�c�e�s� �s�u�c�h� �a�s� �a�l�c�o�h�o�l�,� �w�h�i�c�h� �s�h�o�u�l�d� �t�h�e�r�e�f�o�r�e� �n�o�t� 

�c�o�n�t�a�i�n� �n�u�c�l�e�i� �a�n�d� �a�c�c�o�r�d�i�n�g�l�y� �n�o�t� �c�a�v�i�t�a�t�e�.� �T�h�e�s�e� 

�s�u�b�s�t�a�n�c�e�s� �d�o� �c�a�v�i�t�a�t�e�,� �s�o� �a�n�o�t�h�e�r� �e�x�p�l�a�n�a�t�i�o�n� �i�s� �n�e�c�e�s�s�a�r�y�.� 

�P�r�o�t�e�i�n� �s�k�i�n�s�,� �a�s� �s�u�g�g�e�s�t�e�d� �b�y� �M�o�o�r�e� �(�1�9�5�3�)�,� �p�r�o�v�i�d�e� �a� �m�o�r�e� 

�r�e�a�s�o�n�a�b�l�e� �e�x�p�l�a�n�a�t�i�o�n� �a�c�c�o�r�d�i�n�g� �t�o� �F�o�x� �a�n�d� �H�e�r�z�f�e�l�d�,� 

�b�e�c�a�u�s�e� �t�h�e�y� �w�o�u�l�d� �n�o�t� �d�i�s�s�o�l�v�e� �i�n� �o�r�g�a�n�i�c� �l�i�q�u�i�d�s�.� �T�h�e�i�r� 

�p�r�e�s�e�n�c�e� �i�n� �n�u�m�e�r�o�u�s� �l�i�q�u�i�d�s� �h�o�w�e�v�e�r�,� �c�a�n� �n�o�t� �b�e� �f�u�l�l�y� 

�e�x�p�l�a�i�n�e�d�.� 

�Y�o�u�n�t� �(�1�9�7�9�,� �1�9�8�2�)� �f�o�u�n�d� �t�h�a�t� �b�u�b�b�l�e� �f�o�r�m�a�t�i�o�n� �i�n� 

�g�e�l�a�t�i�n� �a�p�p�e�a�r�e�d� �t�o� �b�e� �d�u�e� �t�o� �t�h�e� �p�r�e�s�e�n�c�e� �o�f� �c�a�v�i�t�a�t�i�o�n� 

�n�u�c�l�e�i� �s�t�a�b�i�l�i�z�e�d� �b�y� �o�r�g�a�n�i�c� �s�k�i�n�s� �o�f� �v�a�r�i�a�b�l�e� �p�e�r�m�e�a�b�i�l�i�t�y�,� 

�r�a�t�h�e�r� �t�h�a�n� �t�h�e� �i�m�p�e�r�m�e�a�b�l�e� �o�r�g�a�n�i�c� �s�k�i�n�s� �p�r�o�p�o�s�e�d� �b�y� �F�o�x� 

�a�n�d� �H�e�r�z�f�e�l�d�.� �H�e� �i�m�p�l�i�e�d� �t�h�a�t� �t�h�i�s� �t�y�p�e� �o�f� �o�r�g�a�n�i�c� �s�k�i�n� 

�c�o�u�l�d� �b�e� �e�x�t�e�n�d�e�d� �t�o� �l�i�q�u�i�d�s� �s�u�c�h� �a�s� �w�a�t�e�r�,� �a�s� �w�e�l�l�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �o�r�g�a�n�i�c� �s�k�i�n� �t�h�e�o�r�y� �o�f� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� 

�h�a�s� �n�o�t� �b�e�e�n� �c�o�n�c�l�u�s�i�v�e�l�y� �d�i�s�p�r�o�v�e�n�,� �i�t� �i�s� �n�o�t� �a�s� �w�i�d�e�l�y� 

�a�c�c�e�p�t�e�d� �a�s� �t�h�e� �t�h�e�o�r�y� �t�h�a�t� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �a�r�e� �s�t�a�b�i�l�i�z�e�d� 

�i�n� �c�r�a�c�k�s� �a�n�d� �c�r�e�v�i�c�e�s� �o�n� �s�o�l�i�d� �s�u�r�f�a�c�e�s�,� �a�s� �w�i�l�l� �b�e� 

�d�e�s�c�r�i�b�e�d� �s�u�b�s�e�q�u�e�n�t�l�y�.� �I�n� �f�a�c�t�,� �Y�o�u�n�t� �(�1�9�7�9�)� �n�o�t�e�d� �t�h�a�t� 
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�e�v�e�n� �H�e�r�z�f�e�l�d� �h�i�m�s�e�l�f� �a�b�a�n�d�o�n�e�d� �h�i�s� �o�r�g�a�n�i�c� �s�k�i�n� �t�h�e�o�r�y� 

�a�r�o�u�n�d� �1�9�5�7�.� �A�l�t�h�o�u�g�h� �S�t�r�a�s�b�e�r�g� �(�1�9�5�9�)� �w�a�s� �u�n�a�b�l�e� �t�o� 

�d�i�f�f�e�r�e�n�t�i�a�t�e� �b�e�t�w�e�e�n� �t�h�e� �t�w�o� �d�i�f�f�e�r�e�n�t� �t�y�p�e�s� �o�f� �n�u�c�l�e�i� �i�n� 

�h�i�s� �c�a�v�i�t�a�t�i�o�n� �e�x�p�e�r�i�m�e�n�t�s�,� �s�e�v�e�r�a�l� �e�x�p�e�r�i�m�e�n�t�a�l� �a�n�d� 

�t�h�e�o�r�e�t�i�c�a�l� �s�t�u�d�i�e�s� �(�W�i�l�l�a�r�d�,� �1�9�5�3�;� �K�n�a�p�p�,� �1�9�5�8�;� �H�a�y�w�a�r�d�,� 

�1�9�7�0�;� �A�p�f�e�l�,� �1�9�7�0�;� �C�r�u�m�,� �1�9�7�9�)� �a�d�d� �s�u�p�p�o�r�t� �t�o� �t�h�e� �c�r�a�c�k� �a�n�d� 

�c�r�e�v�i�c�e� �t�h�e�o�r�y� �a�n�d� �t�e�n�d� �t�o� �d�i�s�c�r�e�d�i�t� �t�h�e� �o�r�g�a�n�i�c� �s�k�i�n� 

�t�h�e�o�r�y�.� �T�h�e� �s�t�u�d�y� �p�e�r�f�o�r�m�e�d� �b�y� �H�a�y�w�a�r�d� �(�1�9�7�0�)� �w�a�s� 

�e�s�p�e�c�i�a�l�l�y� �s�i�g�n�i�f�i�c�a�n�t� �b�e�c�a�u�s�e� �i�t� �p�r�o�v�i�d�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� 

�s�u�p�p�o�r�t� �f�o�r� �t�h�e� �c�r�a�c�k� �a�n�d� �c�r�e�v�i�c�e� �t�h�e�o�r�y� �w�h�i�l�e� �t�e�n�d�i�n�g� �t�o� 

�r�e�f�u�t�e� �t�h�e� �o�r�g�a�n�i�c� �s�k�i�n� �t�h�e�o�r�y�,� �a�s� �w�i�l�l� �b�e� �d�i�s�c�u�s�s�e�d� �i�n� 

�S�e�c�t�i�o�n� �3�.�5�.�4�.� 

�3�.�5�.�2� �C�r�a�c�k� �a�n�d� �C�r�e�v�i�c�e� �T�h�e�o�r�y� 

�A� �m�o�r�e� �g�e�n�e�r�a�l�l�y� �a�c�c�e�p�t�e�d� �a�n�d� �p�h�y�s�i�c�a�l�l�y� �l�i�k�e�l�y� �t�h�e�o�r�y� 

�f�o�r� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �i�s� �t�h�a�t� �t�i�n�y� �p�o�c�k�e�t�s� �o�f� �u�n�d�i�s�s�o�l�v�e�d� 

�g�a�s�,� �t�r�a�p�p�e�d� �i�n� �c�r�a�c�k�s� �a�n�d� �c�r�e�v�i�c�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e�s� �o�f� 

�c�o�n�t�a�i�n�e�r� �w�a�l�l�s� �a�n�d� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �i�n� �a� �l�i�q�u�i�d�,� �s�e�r�v�e� �a�s� 

�n�u�c�l�e�i� �f�o�r� �c�a�v�i�t�a�t�i�o�n� �b�u�b�b�l�e� �f�o�r�m�a�t�i�o�n� �w�h�e�n� �a� �l�i�q�u�i�d� �i�s� 

�s�u�b�j�e�c�t�e�d� �t�o� �a� �r�e�d�u�c�t�i�o�n� �i�n� �p�r�e�s�s�u�r�e�.� 

�T�o�m�l�i�n�s�o�n� �(�1�8�6�9�)� �o�b�s�e�r�v�e�d� �t�h�e� �e�f�f�e�c�t� �o�f� �d�i�f�f�e�r�e�n�t� �s�o�l�i�d� 

�m�a�t�e�r�i�a�l�s� �o�n� �t�h�e� �b�e�h�a�v�i�o�r� �o�f� �l�i�q�u�i�d�s� �d�u�r�i�n�g� �b�o�i�l�i�n�g�.� �H�e� 

�f�o�u�n�d� �t�h�a�t� �m�o�s�t� �s�o�l�i�d� �m�a�t�e�r�i�a�l� �p�l�a�c�e�d� �i�n� �w�a�t�e�r�,� �c�a�u�s�e�d� 

�i�n�c�r�e�a�s�e�d� �b�u�b�b�l�i�n�g� �d�u�r�i�n�g� �b�o�i�l�i�n�g� �u�n�t�i�l� �t�h�e� �s�o�l�i�d� �h�a�d� �b�e�c�o�m�e� 

�"�c�h�e�m�i�c�a�l�l�y� �c�l�e�a�n�,�"� �a�f�t�e�r� �w�h�i�c�h� �i�t� �h�a�d� �l�i�t�t�l�e� �e�f�f�e�c�t� �o�n� �t�h�e� 
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�b�o�i�l�i�n�g�.� �H�e� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �t�h�e� �s�o�l�i�d�s� �s�e�r�v�e�d� �a�s� �n�u�c�l�e�i� �f�o�r� 

�t�h�e� �l�i�b�e�r�a�t�i�o�n� �o�f� �l�i�q�u�i�d� �v�a�p�o�r� �d�u�r�i�n�g� �b�o�i�l�i�n�g�.� �H�e� �f�o�u�n�d� 

�t�h�a�t� �a�s� �t�h�e� �d�e�g�r�e�e� �o�f� �c�l�e�a�n�l�i�n�e�s�s� �o�f� �t�h�e� �s�o�l�i�d� �i�n�c�r�e�a�s�e�d�,� 

�t�h�e� �a�b�i�l�i�t�y� �o�f� �t�h�e� �l�i�q�u�i�d� �t�o� �w�e�t� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �s�o�l�i�d� 

�i�n�c�r�e�a�s�e�d� �a�n�d� �t�h�e� �e�f�f�e�c�t� �t�h�e� �s�o�l�i�d� �h�a�d� �o�n� �b�u�b�b�l�i�n�g� �d�u�r�i�n�g� 

�b�o�i�l�i�n�g� �d�e�c�r�e�a�s�e�d�.� �C�e�r�t�a�i�n� �s�o�l�i�d�s� �h�a�d� �a� �g�r�e�a�t�e�r� �e�f�f�e�c�t� �o�n� 

�b�o�i�l�i�n�g� �a�n�d� �r�e�q�u�i�r�e�d� �d�i�f�f�e�r�e�n�t� �p�e�r�i�o�d�s� �o�f� �t�i�m�e� �b�e�f�o�r�e� 

�b�e�c�o�m�i�n�g� �c�h�e�m�i�c�a�l�l�y� �c�l�e�a�n�.� �P�o�r�o�u�s� �s�o�l�i�d�s� �s�u�c�h� �a�s� �c�o�k�e� �a�n�d� 

�c�h�a�r�c�o�a�l� �d�i�d� �n�o�t� �a�p�p�e�a�r� �t�o� �e�v�e�r� �b�e�c�o�m�e� �c�h�e�m�i�c�a�l�l�y� �c�l�e�a�n�.� 

�T�h�e�y� �w�e�r�e� �o�b�s�e�r�v�e�d� �t�o� �c�o�n�t�i�n�u�o�u�s�l�y� �c�a�u�s�e� �v�i�g�o�r�o�u�s� �b�u�b�b�l�i�n�g� 

�o�f� �t�h�e� �l�i�q�u�i�d� �d�u�r�i�n�g� �b�o�i�l�i�n�g�.� 

�H�a�r�v�e�y� �e�t� �a�l�.� �(�1�9�4�4�a�,� �1�9�4�4�b�,� �1�9�4�5�,� �1�9�4�7�)� �h�y�p�o�t�h�e�s�i�z�e�d� 

�t�h�a�t� �t�h�e� �n�u�c�l�e�i� �t�h�a�t� �l�e�a�d� �t�o� �c�a�v�i�t�a�t�i�o�n� �w�e�r�e� �s�m�a�l�l� �p�o�c�k�e�t�s� 

�o�f� �u�n�d�i�s�s�o�l�v�e�d� �g�a�s� �w�h�i�c�h� �w�e�r�e� �t�r�a�p�p�e�d� �a�n�d� �s�t�a�b�i�l�i�z�e�d� �i�n� 

�c�r�a�c�k�s� �a�n�d� �c�r�e�v�i�c�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e�s� �o�f� �c�o�n�t�a�i�n�e�r� �w�a�l�l�s� �a�n�d� 

�t�i�n�y� �s�u�s�p�e�n�d�e�d� �s�o�l�i�d�s� �p�r�e�s�e�n�t� �i�n� �a�l�l� �l�i�q�u�i�d�s�.� �T�h�e�y� �r�e�a�s�o�n�e�d� 

�t�h�a�t� �a�s� �t�h�e� �p�r�e�s�s�u�r�e� �i�n� �a� �l�i�q�u�i�d� �i�s� �r�e�d�u�c�e�d�,� �g�a�s� �d�i�s�s�o�l�v�e�d� 

�i�n� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �l�i�q�u�i�d� �w�i�l�l� �d�i�f�f�u�s�e� �i�n�t�o� �t�h�e� �g�a�s� �p�o�c�k�e�t�,� 

�c�a�u�s�i�n�g� �i�t� �t�o� �i�n�c�r�e�a�s�e� �i�n� �s�i�z�e� �s�o� �t�h�a�t� �i�t� �b�e�c�o�m�e�s� �a� �v�i�s�i�b�l�e� 

�b�u�b�b�l�e�.� 

�A�c�c�o�r�d�i�n�g� �t�o� �H�a�r�v�e�y� �e�t� �a�l�.� �(�1�9�4�4�a�)�,� �a� �f�r�e�e� �s�p�h�e�r�i�c�a�l� 

�g�a�s� �b�u�b�b�l�e� �i�n� �a� �l�i�q�u�i�d� �i�s� �u�s�u�a�l�l�y� �u�n�s�t�a�b�l�e�.� �A�b�o�v�e� �a� �c�e�r�t�a�i�n� 

�c�r�i�t�i�c�a�l� �s�i�z�e�,� �i�t� �w�o�u�l�d� �f�l�o�a�t� �t�o� �t�h�e� �s�u�r�f�a�c�e� �d�u�e� �t�o� �t�h�e� 

�s�u�r�r�o�u�n�d�i�n�g� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �l�i�q�u�i�d�.� �B�e�l�o�w� �a� �c�e�r�t�a�i�n� 
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�c�r�i�t�i�c�a�l� �s�i�z�e�,� �s�u�r�f�a�c�e� �t�e�n�s�i�o�n� �f�o�r�c�e�s� �i�n� �t�h�e� �l�i�q�u�i�d� �w�o�u�l�d� 

�c�a�u�s�e� �i�t� �t�o� �d�i�s�s�o�l�v�e� �i�n� �t�h�e� �l�i�q�u�i�d�.� �A� �g�a�s� �m�a�s�s� �p�r�e�s�e�n�t� �o�n� 

�a�n� �i�r�r�e�g�u�l�a�r� �s�u�r�f�a�c�e�,� �h�o�w�e�v�e�r�,� �w�o�u�l�d� �n�o�t� �b�e� �s�p�h�e�r�i�c�a�l� �a�n�d� 

�p�r�e�s�e�n�t�s� �a� �v�e�r�y� �c�o�m�p�l�i�c�a�t�e�d� �s�i�t�u�a�t�i�o�n�.� �I�n� �t�h�i�s� �c�a�s�e�,� �t�h�e� 

�c�o�n�f�i�g�u�r�a�t�i�o�n� �o�f� �t�h�e� �g�a�s�-�l�i�q�u�i�d�-�s�o�l�i�d� �i�n�t�e�r�f�a�c�e� �b�e�c�o�m�e�s� �v�e�r�y� 

�i�m�p�o�r�t�a�n�t�.� �T�h�e�y� �n�o�t�e�d� �t�h�a�t� �i�n� �o�r�d�e�r� �f�o�r� �a� �g�a�s� �n�u�c�l�e�u�s� �t�o� 

�e�x�i�s�t� �i�n� �a� �c�r�a�c�k� �o�r� �c�r�e�v�i�c�e� �o�n� �a� �s�o�l�i�d� �s�u�r�f�a�c�e� �i�n�a� �l�i�q�u�i�d�,� 

�t�h�e� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �o�f� �t�h�e� �s�u�r�f�a�c�e� �a�r�e� �v�e�r�y� �i�m�p�o�r�t�a�n�t�.� �G�a�s� 

�b�u�b�b�l�e�s� �t�e�n�d� �t�o� �a�d�h�e�r�e� �t�o� �h�y�d�r�o�p�h�o�b�i�c� �s�u�r�f�a�c�e�s�,� �p�a�r�t�i�c�u�l�a�r�l�y� 

�t�h�o�s�e� �t�h�a�t� �a�r�e� �r�o�u�g�h� �a�n�d� �i�r�r�e�g�u�l�a�r�.� �T�h�i�s� �w�i�l�l� �a�l�s�o� 

�i�n�f�l�u�e�n�c�e� �t�h�e� �c�o�n�t�a�c�t� �a�n�g�l�e� �a�t� �t�h�e� �g�a�s�-�l�i�q�u�i�d�-�s�o�l�i�d� 

�i�n�t�e�r�f�a�c�e�.� 

�W�i�t�h� �t�h�e� �r�i�g�h�t� �c�o�m�b�i�n�a�t�i�o�n� �o�f� �c�r�e�v�i�c�e� �g�e�o�m�e�t�r�y�,� �g�a�s� 

�p�r�e�s�s�u�r�e�,� �l�i�q�u�i�d� �p�r�e�s�s�u�r�e�,� �a�n�d� �s�u�r�f�a�c�e� �t�e�n�s�i�o�n� �i�n� �t�h�e� 

�l�i�g�u�i�d�,� �t�h�e� �g�a�s�-�l�i�q�u�i�d� �b�o�u�n�d�a�r�y� �c�a�n� �b�e� �c�o�n�c�a�v�e� �t�o�w�a�r�d� �t�h�e� 

�l�i�q�u�i�d�.� �I�n� �t�h�i�s� �s�i�t�u�a�t�i�o�n�,� �t�h�e� �s�u�r�f�a�c�e� �t�e�n�s�i�o�n� �w�o�u�l�d� �t�e�n�d� 

�t�o� �p�r�e�v�e�n�t� �t�h�e� �g�a�s� �p�o�c�k�e�t� �f�r�o�m� �d�i�s�s�o�l�v�i�n�g� �i�n� �t�h�e� �l�i�q�u�i�d�.� 

�T�h�i�s� �w�o�u�l�d� �l�e�a�d� �t�o� �a�n� �e�q�u�i�l�i�b�r�i�u�m� �c�o�n�d�i�t�i�o�n� �s�u�c�h� �t�h�a�t� �t�h�e� 

�n�u�c�l�e�u�s� �w�o�u�l�d� �r�e�m�a�i�n� �i�n� �t�h�e� �l�i�q�u�i�d� �i�n�d�e�f�i�n�i�t�e�l�y� �(�P�e�a�s�e� �a�n�d� 

�B�l�i�n�k�s�,� �1�9�4�7�)�.� 

�F�i�g�u�r�e� �3�.�1� �s�h�o�w�s� �a� �g�a�s� �p�o�c�k�e�t� �s�t�a�b�i�l�i�z�e�d� �i�n� �a�n� 

�i�d�e�a�l�i�z�e�d� �c�r�a�c�k� �o�n� �a� �s�o�l�i�d� �s�u�r�f�a�c�e�.� �I�n� �t�h�i�s� �c�a�s�e� �t�h�e� 

�i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �l�i�q�u�i�d� �a�n�d� �g�a�s� �i�s� �c�o�n�c�a�v�e� �t�o�w�a�r�d� �t�h�e� 

�l�i�q�u�i�d�.� �A�s� �t�h�e� �p�r�e�s�s�u�r�e� �i�n� �t�h�e� �l�i�q�u�i�d� �i�s� �r�e�d�u�c�e�d�,� �t�h�e� 
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�i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �l�i�q�u�i�d� �a�n�d� �g�a�s� �w�i�l�l� �b�e� �p�u�l�l�e�d� �o�u�t�w�a�r�d� 

�t�o�w�a�r�d� �t�h�e� �l�i�q�u�i�d� �a�n�d� �c�a�n� �b�e�c�o�m�e� �c�o�n�v�e�x� �t�o�w�a�r�d� �t�h�e� �l�i�q�u�i�d�.� 

�I�f� �t�h�e� �m�a�g�n�i�t�u�d�e� �a�n�d� �d�u�r�a�t�i�o�n� �o�f� �t�h�e� �p�r�e�s�s�u�r�e� �r�e�d�u�c�t�i�o�n� �a�r�e� 

�s�u�f�f�i�c�i�e�n�t�,� �t�h�e� �g�a�s� �p�o�c�k�e�t� �w�i�l�l� �c�o�n�t�i�n�u�e� �t�o� �e�n�l�a�r�g�e� �a�n�d� 

�e�v�e�n�t�u�a�l�l�y� �f�o�r�m� �a� �b�u�b�b�l�e� �i�n� �t�h�e� �l�i�q�u�i�d�,� �a�s� �s�h�o�w�n� �i�n� �F�i�g�u�r�e� 

�3� �*� �2� �e� 

�L�i�q�u�i�d� 

�S�o�l�i�d� 

�G�a�s� 

�F�i�g�u�r�e� �3�.�1�.� �C�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�u�s� �s�t�a�b�i�l�i�z�e�d� �i�n� �a� �c�r�a�c�k� �o�n� 
�t�h�e� �s�u�r�f�a�c�e� �o�f� �a� �h�y�d�r�o�p�h�o�b�i�c� �s�o�l�i�d� �(�a�f�t�e�r� 
�H�a�y�w�a�r�d�,� �1�9�7�0�)� 

�G�a�s� 

�L�i�q�u�i�d� 

�S�o�l�i�d� 

�F�i�g�u�r�e� �3�.�2�.� �F�o�r�m�a�t�i�o�n� �o�f� �a� �b�u�b�b�l�e� �f�r�o�m� �a� �n�u�c�l�e�u�s� �d�u�e� �t�o� �a� 
�r�e�d�u�c�t�i�o�n� �i�n� �t�h�e� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� �l�i�q�u�i�d� 
�(�a�f�t�e�r� �Y�o�u�n�g�,� �1�9�8�9�)� 
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�B�e�c�a�u�s�e� �o�f� �v�a�r�i�a�t�i�o�n�s� �i�n� �t�h�e� �g�e�o�m�e�t�r�y� �o�f� �t�h�e� �m�i�n�u�t�e� 

�c�r�a�c�k�s� �a�n�d� �c�r�e�v�i�c�e�s� �o�n� �s�o�l�i�d� �s�u�r�f�a�c�e�s�,� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �o�f� 

�m�a�n�y� �d�i�f�f�e�r�e�n�t� �s�h�a�p�e�s� �a�n�d� �d�i�m�e�n�s�i�o�n�s� �c�a�n� �e�x�i�s�t� �i�n� �a� �l�i�q�u�i�d� 

�a�t� �t�h�e� �s�a�m�e� �t�i�m�e�.� �F�o�r� �e�a�c�h� �s�u�c�c�e�s�s�i�v�e� �d�e�c�r�e�a�s�e� �i�n� �p�r�e�s�s�u�r�e�,� 

�a�g�i�f�f�e�r�e�n�t� �g�r�o�u�p�s� �o�f� �n�u�c�l�e�i� �m�a�y� �b�e�c�o�m�e� �u�n�s�t�a�b�l�e�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �i�f� �a� �s�a�m�p�l�e� �o�f� �w�a�t�e�r� �s�a�t�u�r�a�t�e�d� �w�i�t�h� �a�i�r� �a�t� �1� 

�a�t�m�o�s�p�h�e�r�e�,� �h�a�s� �i�t�s� �p�r�e�s�s�u�r�e� �s�u�c�c�e�s�s�i�v�e�l�y� �r�e�d�u�c�e�d� �t�o� �1�/�2�,� 

�1�/�4�,� �a�n�d� �1�/�8� �a�t�m�o�s�p�h�e�r�e�,� �a� �n�e�w� �s�e�t� �o�f� �b�u�b�b�l�e�s� �s�h�o�u�l�d� �f�o�r�m� 

�f�o�r� �e�a�c�h� �s�u�c�c�e�s�s�i�v�e� �d�e�c�r�e�a�s�e� �i�n� �p�r�e�s�s�u�r�e� �(�H�a�r�v�e�y� �e�t� �a�l�.�,� 

�1�9�4�4�a�)�.� �A�f�t�e�r� �a� �s�u�f�f�i�c�i�e�n�t� �t�i�m�e� �a�t� �e�a�c�h� �p�r�e�s�s�u�r�e�,� �n�o� �m�o�r�e� 

�b�u�b�b�l�e�s� �s�h�o�u�l�d� �f�o�r�m� �u�n�t�i�l� �t�h�e� �n�e�x�t� �p�r�e�s�s�u�r�e� �d�e�c�r�e�a�s�e� �o�c�c�u�r�s�.� 

�S�e�v�e�r�a�l� �o�t�h�e�r� �o�b�s�e�r�v�a�t�i�o�n�s� �c�o�n�c�e�r�n�i�n�g� �c�a�v�i�t�a�t�i�o�n� �c�a�n� 

�a�l�s�o� �b�e� �a�d�d�r�e�s�s�e�d� �t�h�r�o�u�g�h� �t�h�e� �c�r�a�c�k� �a�n�d� �c�r�e�v�i�c�e� �t�h�e�o�r�y� �o�f� 

�c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i�.� �W�h�e�n� �w�a�t�e�r� �i�s� �b�r�o�u�g�h�t� �t�o� �b�o�i�l�i�n�g� �i�n�a� 

�p�o�t� �o�n� �a� �s�t�o�v�e�,� �t�h�e� �b�u�b�b�l�e�s� �i�n�i�t�i�a�t�e� �o�n� �t�h�e� �w�a�l�l�s� �a�n�d� �b�o�t�t�o�m� 

�o�f� �t�h�e� �p�o�t� �(�K�n�a�p�p�,� �D�a�i�l�y�,� �a�n�d� �H�a�m�m�i�t�t�,� �1�9�7�0�)�.� �T�h�e�y� �r�e�m�a�i�n� 

�t�h�e�r�e� �v�i�s�i�b�l�y� �s�t�a�b�l�e� �u�n�t�i�l� �e�n�o�u�g�h� �g�a�s� �o�r� �w�a�t�e�r� �v�a�p�o�r� �e�n�t�e�r�s� 

�t�h�e�m� �s�o� �t�h�a�t� �t�h�e�y� �a�r�e� �l�a�r�g�e� �e�n�o�u�g�h� �t�o� �b�e� �b�r�o�u�g�h�t� �t�o� �t�h�e� 

�s�u�r�f�a�c�e� �b�y� �b�u�o�y�a�n�c�y�.� �F�e�w�e�r� �b�u�b�b�l�e�s� �a�r�e� �u�s�u�a�l�l�y� �o�b�s�e�r�v�e�d� �o�n� 

�t�h�e� �s�u�r�f�a�c�e� �o�f� �a� �g�l�a�s�s� �p�o�t� �t�h�a�n� �o�n� �a� �m�e�t�a�l� �p�o�t� �b�e�c�a�u�s�e� �g�l�a�s�s� 

�t�e�n�d�s� �t�o� �b�e� �l�e�s�s� �h�y�d�r�o�p�h�o�b�i�c� �t�h�a�n� �m�e�t�a�l�.� �T�h�e� �m�o�s�t� �b�u�b�b�l�e�s� 

�w�o�u�l�d� �p�r�o�b�a�b�l�y� �b�e� �o�b�s�e�r�v�e�d� �o�n� �t�h�e� �s�u�r�f�a�c�e� �o�f� �a� �p�o�t� �w�h�i�c�h� �h�a�s� 

�a� �n�o�n�s�t�i�c�k� �s�u�r�f�a�c�e�.� �T�h�e�s�e� �s�u�r�f�a�c�e�s� �u�s�u�a�l�l�y� �h�a�v�e� �a� �r�o�u�g�h� 

�t�e�x�t�u�r�e� �w�h�e�n� �c�o�m�p�a�r�e�d� �t�o� �a� �p�o�t� �w�i�t�h�o�u�t� �s�u�c�h� �a� �s�u�r�f�a�c�e�.� �I�n� 

�f�a�c�t�,� �t�h�e� �b�a�s�i�c� �p�r�i�n�c�i�p�l�e� �o�f� �a� �n�o�n�s�t�i�c�k� �c�o�o�k�w�a�r�e� �s�u�r�f�a�c�e� �m�a�y� 
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�b�e� �r�e�l�a�t�e�d� �t�o� �t�h�e� �i�d�e�a� �o�f� �e�n�h�a�n�c�e�d� �n�u�c�l�e�a�t�i�o�n� �t�o� �i�n�c�r�e�a�s�e� 

�c�a�v�i�t�a�t�i�o�n� �a�n�d� �w�e�a�k�e�n� �t�h�e� �b�o�n�d� �b�e�t�w�e�e�n� �t�h�e� �f�o�o�d� �b�e�i�n�g� �c�o�o�k�e�d� 

�a�n�d� �t�h�e� �c�o�o�k�i�n�g� �s�u�r�f�a�c�e�.� 

�3�.�5�.�3� �R�e�m�o�v�a�l� �o�f� �C�a�v�i�t�a�t�i�o�n� �N�u�c�l�e�i� 

�T�h�e� �m�a�j�o�r� �j�u�s�t�i�f�i�c�a�t�i�o�n� �f�o�r� �t�h�e� �e�x�i�s�t�e�n�c�e� �o�f� �c�a�v�i�t�a�t�i�o�n� 

�n�u�c�l�e�i� �h�a�s� �b�e�e�n� �t�h�e� �a�b�i�l�i�t�y� �o�f� �a� �n�u�m�b�e�r� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �t�o� 

�p�e�r�f�o�r�m� �p�r�o�c�e�d�u�r�e�s� �w�h�i�c�h� �i�n� �e�f�f�e�c�t�,� �r�e�m�o�v�e� �t�h�e� �n�u�c�l�e�i� �f�r�o�m� 

�t�h�e� �l�i�q�u�i�d�.� �W�i�t�h� �t�h�e� �n�u�c�l�e�i� �r�e�m�o�v�e�d�,� �t�h�e� �l�i�q�u�i�d�s� �h�a�v�e� �b�e�e�n� 

�f�o�u�n�d� �t�o� �b�e� �l�e�s�s� �l�i�k�e�l�y� �t�o� �c�a�v�i�t�a�t�e� �t�h�a�n� �s�i�m�i�l�a�r� �l�i�q�u�i�d�s� 

�w�h�i�c�h� �h�a�d� �n�o�t� �b�e�e�n� �s�u�b�j�e�c�t�e�d� �t�o� �s�u�c�h� �p�r�o�c�e�d�u�r�e�s�.� 

�H�a�r�v�e�y� �e�t� �a�l�.� �(�1�9�4�4�b�,� �1�9�4�5�)�,� �i�n� �t�h�e�i�r� �s�t�u�d�y� �o�f� �t�h�e� 

�e�f�f�e�c�t�s� �o�f� �h�i�g�h� �a�l�t�i�t�u�d�e� �f�l�i�g�h�t� �a�n�d� �r�e�d�u�c�e�d� �p�r�e�s�s�u�r�e�s� �o�n� 

�o�r�g�a�n�i�s�m�s�,� �p�r�e�s�e�n�t�e�d� �t�e�c�h�n�i�q�u�e�s� �f�o�r� �t�h�e� �r�e�m�o�v�a�l� �o�f� �g�a�s� 

�c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �f�r�o�m� �l�i�q�u�i�d�s�.� �F�o�r� �t�h�e�i�r� �c�a�v�i�t�a�t�i�o�n� 

�e�x�p�e�r�i�m�e�n�t�s�,� �t�h�e�y� �w�a�n�t�e�d� �t�h�e� �l�i�q�u�i�d� �t�o� �b�e� �e�s�s�e�n�t�i�a�l�l�y� �f�r�e�e� 

�o�f� �a�l�l� �n�u�c�l�e�i�.� �T�h�e�y� �f�e�l�t� �t�h�a�t� �i�f� �t�h�e�y� �r�e�m�o�v�e�d� �a�l�l� �d�u�s�t� 

�p�a�r�t�i�c�l�e�s� �a�n�d� �t�h�o�r�o�u�g�h�l�y� �w�e�t�t�e�d� �a�l�l� �s�u�r�f�a�c�e�s� �i�n� �c�o�n�t�a�c�t� �w�i�t�h� 

�t�h�e� �l�i�q�u�i�d�,� �n�o� �n�u�c�l�e�i� �w�o�u�l�d� �b�e� �p�r�e�s�e�n�t�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �t�h�e� 

�l�i�q�u�i�d� �c�o�u�l�d� �b�e� �m�a�d�e� �p�a�r�t�i�a�l�l�y� �f�r�e�e� �o�f� �n�u�c�l�e�i� �b�y� �t�h�o�r�o�u�g�h�l�y� 

�c�l�e�a�n�i�n�g� �t�h�e� �t�e�s�t� �c�o�n�t�a�i�n�e�r� �s�u�r�f�a�c�e�s� �a�n�d� �b�y� �s�t�r�o�n�g�l�y� 

�c�e�n�t�r�i�f�u�g�i�n�g� �t�h�e� �l�i�q�u�i�d� �u�n�d�e�r� �i�n�v�e�s�t�i�g�a�t�i�o�n�.� �T�h�e�y� �a�l�s�o� 

�a�t�t�e�m�p�t�e�d� �t�o� �f�i�l�t�e�r� �t�h�e� �l�i�q�u�i�d� �t�o� �r�e�m�o�v�e� �d�u�s�t� �p�a�r�t�i�c�l�e�s� �b�u�t� 

�f�o�u�n�d� �i�t� �t�o� �b�e� �l�e�s�s� �e�f�f�e�c�t�i�v�e� �t�h�a�n� �c�e�n�t�r�i�f�u�g�i�n�g�.� 
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�A�c�c�o�r�d�i�n�g� �t�o� �H�a�r�v�e�y� �e�t� �a�l�.� �(�1�9�4�5�)�,� �t�h�e� �c�e�n�t�r�i�f�u�g�e� 

�t�r�e�a�t�m�e�n�t� �r�e�m�o�v�e�d� �a�l�l� �g�a�s� �n�u�c�l�e�i� �w�h�i�c�h� �w�o�u�l�d� �g�r�o�w� �t�o� �v�i�s�i�b�l�e� 

�b�u�b�b�l�e�s� �a�t� �t�h�e� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �o�f� �w�a�t�e�r� �a�t� �2�2�°�C�.� �T�h�e�s�e� 

�n�u�c�l�e�i� �t�h�e�y� �c�a�l�l�e�d� �"�g�a�s� �m�a�c�r�o�n�u�c�l�e�i�.�"� �T�h�e�y� �f�o�u�n�d� �h�o�w�e�v�e�r�,� 

�t�h�a�t� �w�h�e�n� �t�h�e� �c�o�n�t�a�i�n�e�r� �w�a�s� �t�a�p�p�e�d� �l�i�g�h�t�l�y� �o�r� �p�l�a�c�e�d� �i�n�a� 

�h�i�g�h� �f�r�e�q�u�e�n�c�y� �s�o�u�n�d� �f�i�e�l�d�,� �g�a�s� �b�u�b�b�l�e�s� �a�p�p�e�a�r�e�d� �d�u�e� �t�o� �w�h�a�t� 

�t�h�e�y� �c�a�l�l�e�d� �"�g�a�s� �m�i�c�r�o�n�u�c�l�e�i�"� �w�h�i�c�h� �h�a�d� �n�o�t� �b�e�e�n� �r�e�m�o�v�e�d� �b�y� 

�t�h�e� �c�e�n�t�r�i�f�u�g�i�n�g�.� 

�H�a�r�v�e�y� �e�t� �a�l�.� �(�1�9�4�4�b�)� �p�o�i�n�t�e�d� �o�u�t� �t�w�o� �m�o�r�e� �e�f�f�e�c�t�i�v�e� 

�m�e�a�n�s� �o�f� �r�e�m�o�v�i�n�g� �g�a�s� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �f�r�o�m� �l�i�q�u�i�d�s�.� �T�h�e� 

�f�i�r�s�t� �i�s� �p�r�o�l�o�n�g�e�d� �b�o�i�l�i�n�g� �o�f� �t�h�e� �l�i�q�u�i�d� �o�r� �e�v�a�c�u�a�t�i�o�n� �u�n�d�e�r� 

�v�a�c�u�u�m�.� �I�n� �t�h�i�s� �p�r�o�c�e�d�u�r�e�,� �a� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�u�s� �i�s� �r�e�m�o�v�e�d� 

�b�y� �f�o�r�c�i�n�g� �i�t� �t�o� �f�o�r�m� �a� �b�u�b�b�l�e� �a�n�d� �r�i�s�e� �t�o� �t�h�e� �s�u�r�f�a�c�e� �a�n�d� 

�l�e�a�v�e� �t�h�e� �l�i�q�u�i�d�.� �I�t� �h�a�s� �t�h�e� �d�i�s�a�d�v�a�n�t�a�g�e� �h�o�w�e�v�e�r�,� �t�h�a�t� �a�n�y� 

�d�i�s�s�o�l�v�e�d� �g�a�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �l�i�q�u�i�d� �w�i�l�l� �a�l�s�o� �b�e� �r�e�m�o�v�e�d� �b�y� 

�t�h�e� �p�r�o�c�e�s�s�.� �T�h�i�s� �p�r�o�c�e�d�u�r�e� �w�a�s� �n�o�t� �u�s�e�f�u�l� �t�o� �H�a�r�v�e�y� �e�t� �a�l�.� 

�b�e�c�a�u�s�e� �t�h�e�y� �w�e�r�e� �i�n�t�e�r�e�s�t�e�d� �i�n� �t�h�e� �e�f�f�e�c�t� �o�f� �t�h�e� �d�i�s�s�o�l�v�e�d� 

�g�a�s� �c�o�n�t�e�n�t� �o�n� �b�u�b�b�l�e� �f�o�r�m�a�t�i�o�n�.� �B�e�c�a�u�s�e� �o�f� �t�h�i�s� 

�l�i�m�i�t�a�t�i�o�n�,� �t�h�e�y� �d�e�v�e�l�o�p�e�d� �a� �s�e�c�o�n�d� �p�r�o�c�e�d�u�r�e� �t�o� �r�e�m�o�v�e� �g�a�s� 

�c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �f�r�o�m� �a� �l�i�q�u�i�d�,� �w�i�t�h�o�u�t� �a�l�t�e�r�i�n�g� �i�t�s� 

�d�i�s�s�o�l�v�e�d� �g�a�s� �c�o�n�t�e�n�t�.� 

�T�h�e�y� �f�o�u�n�d� �t�h�a�t� �b�y� �a�p�p�l�y�i�n�g� �a� �h�i�g�h� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�s�s�u�r�e� 

�t�o� �t�h�e� �l�i�q�u�i�d�,� �t�h�e� �g�a�s� �n�u�c�l�e�i� �s�t�a�b�i�l�i�z�e�d� �i�n� �c�r�a�c�k�s� �a�n�d� 

�c�r�e�v�i�c�e�s� �o�n� �t�h�e� �s�u�r�f�a�c�e�s� �o�f� �c�o�n�t�a�i�n�e�r� �w�a�l�l�s� �a�n�d� �s�u�s�p�e�n�d�e�d� 
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�s�o�l�i�d�s� �c�o�u�l�d� �b�e� �m�a�d�e� �i�n�a�c�t�i�v�e�.� �T�h�e� �h�i�g�h� �p�r�e�s�s�u�r�e� �f�o�r�c�e�d� �t�h�e� 

�i�n�t�e�r�f�a�c�e� �b�e�t�w�e�e�n� �t�h�e� �l�i�q�u�i�d� �a�n�d� �g�a�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� �n�u�c�l�e�i� 

�u�p� �i�n�t�o� �t�h�e� �a�p�e�x� �o�f� �t�h�e� �c�r�a�c�k� �o�r� �c�r�e�v�i�c�e�,� �t�h�e�r�e�b�y� �f�o�r�c�i�n�g� 

�t�h�e� �g�a�s� �i�n� �t�h�e� �n�u�c�l�e�i� �i�n�t�o� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �l�i�q�u�i�d� �a�n�d� 

�c�a�u�s�i�n�g� �t�h�e� �s�u�r�f�a�c�e� �o�f� �t�h�e� �c�r�a�c�k� �o�r� �c�r�e�v�i�c�e� �t�o� �b�e� �w�e�t�t�e�d� �b�y� 

�t�h�e� �l�i�q�u�i�d�.� �T�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �o�f� �t�h�e� �l�i�q�u�i�d� �e�s�s�e�n�t�i�a�l�l�y� 

�e�l�i�m�i�n�a�t�e�d� �a�l�l� �o�f� �t�h�e� �l�i�q�u�i�d�-�g�a�s� �i�n�t�e�r�f�a�c�e�s� �p�r�e�s�e�n�t� �i�n� �t�h�e� 

�l�i�q�u�i�d�.� �W�h�e�n� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �p�r�e�s�s�u�r�e� �w�a�s� �r�e�m�o�v�e�d�,� 

�t�h�e�r�e� �w�e�r�e� �n�o� �l�i�q�u�i�d�-�g�a�s� �i�n�t�e�r�f�a�c�e�s� �r�e�m�a�i�n�i�n�g�,� �s�o� �t�h�a�t� �t�h�e� 

�r�e�c�e�n�t�l�y� �d�i�s�s�o�l�v�e�d� �g�a�s� �f�r�o�m� �t�h�e� �n�u�c�l�e�i� �s�t�a�y�e�d� �i�n� �s�o�l�u�t�i�o�n� 

�a�n�d� �c�o�u�l�d� �n�o�t� �r�e�f�o�r�m� �i�n�t�o� �g�a�s�-�f�i�l�l�e�d� �n�u�c�l�e�i�.� 

�A� �l�i�q�u�i�d� �t�r�e�a�t�e�d� �w�i�t�h� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �c�o�u�l�d� �t�h�e�n� 

�w�i�t�h�s�t�a�n�d� �t�e�n�s�i�o�n�s� �c�o�n�s�i�d�e�r�a�b�l�y� �l�a�r�g�e�r� �t�h�a�n� �a� �s�a�m�p�l�e� �o�f� �t�h�e� 

�s�a�m�e� �l�i�q�u�i�d� �w�h�i�c�h� �h�a�d� �n�o�t� �b�e�e�n� �t�r�e�a�t�e�d� �w�i�t�h� �h�i�g�h� �h�y�d�r�o�s�t�a�t�i�c� 

�p�r�e�s�s�u�r�e� �b�e�c�a�u�s�e� �n�o� �n�u�c�l�e�i� �o�r� �l�i�q�u�i�d�-�g�a�s� �i�n�t�e�r�f�a�c�e�s� �w�e�r�e� 

�p�r�e�s�e�n�t� �t�o� �i�n�i�t�i�a�t�e� �t�h�e� �b�u�b�b�l�e� �f�o�r�m�a�t�i�o�n�.� �O�n�e� �o�f� �t�h�e� �m�a�i�n� 

�b�e�n�e�f�i�t�s� �o�f� �t�h�i�s� �m�e�t�h�o�d� �f�o�r� �H�a�r�v�e�y� �e�t� �a�l�.� �i�n� �t�h�e�i�r� 

�e�x�p�e�r�i�m�e�n�t�s�,� �w�a�s� �t�h�a�t� �t�h�e� �l�i�q�u�i�d� �b�e�c�a�m�e� �d�e�n�u�c�l�e�a�t�e�d� �w�i�t�h�o�u�t� 

�r�e�m�o�v�i�n�g� �t�h�e� �d�i�s�s�o�l�v�e�d� �g�a�s� �f�r�o�m� �s�o�l�u�t�i�o�n�.� �F�i�g�u�r�e� �3�.�3� �s�h�o�w�s� 

�h�o�w� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �c�a�n� �b�e� �r�e�m�o�v�e�d� �f�r�o�m� �a� �l�i�q�u�i�d� �b�y� 

�s�u�b�j�e�c�t�i�n�g� �t�h�e� �l�i�q�u�i�d� �t�o� �h�i�g�h� �p�r�e�s�s�u�r�e�s� �w�h�i�c�h� �f�o�r�c�e� �t�h�e� �g�a�s� 

�p�r�e�s�e�n�t� �i�n� �t�h�e� �n�u�c�l�e�i� �i�n�t�o� �s�o�l�u�t�i�o�n�.� 
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�L�i�q�u�i�d� 

�S�o�l�i�d� 

�G�a�s� 

�(�a�)� �G�a�s� �p�o�c�k�e�t� �i�n� �e�q�u�i�l�i�b�r�i�u�m� �w�i�t�h� �l�i�q�u�i�d� 

�L�i�q�u�i�d� 

�S�o�l�i�d� 

�G�a�s� 

�(�b�)� �P�r�e�s�s�u�r�e� �a�p�p�l�i�e�d� �t�o� �l�i�q�u�i�d� �f�o�r�c�e�s� �l�i�q�u�i�d� �t�o�w�a�r�d� 
�a�p�e�x� �o�f� �c�r�a�c�k� 

�L�i�q�u�i�d� 

�S�o�l�i�d� 

�(�c�)� �G�a�s� �p�o�c�k�e�t� �c�o�m�p�l�e�t�e�l�y� �d�i�s�s�o�l�v�e�d� �i�n� �l�i�q�u�i�d� �d�u�e� �t�o� 
�a�p�p�l�i�e�d� �p�r�e�s�s�u�r�e� 

�F�i�g�u�r�e� �3�.�3�.� �R�e�m�o�v�a�l� �o�f� �a� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�u�s� �b�y� 
�p�r�e�p�r�e�s�s�u�r�i�z�i�n�g� �t�h�e� �l�i�q�u�i�d� �t�o� �d�i�s�s�o�l�v�e� �t�h�e� 
�t�r�a�p�p�e�d� �g�a�s� 
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�I�n� �t�h�e�i�r� �e�x�p�e�r�i�m�e�n�t�s�,� �H�a�r�v�e�y� �e�t� �a�l�.� �(�1�9�4�4�b�,� �1�9�4�5�)� 

�e�x�p�o�s�e�d� �w�a�t�e�r� �a�n�d� �i�t�s� �c�o�n�t�a�i�n�e�r� �t�o� �a� �p�r�e�s�s�u�r�e� �o�f� �1�6�,�0�0�0� �p�s�i� 

�f�o�r� �1�5� �t�o� �3�0� �m�i�n�u�t�e�s�.� �T�h�e�y� �f�o�u�n�d� �t�h�a�t� �t�h�e� �r�e�s�u�l�t�i�n�g� �l�i�q�u�i�d� 

�c�o�u�l�d� �b�e� �h�e�a�t�e�d� �t�o� �o�v�e�r� �2�0�0�°�C� �w�i�t�h�o�u�t� �b�u�b�b�l�i�n�g�,� �a�l�t�h�o�u�g�h� �a� 

�s�i�g�n�i�f�i�c�a�n�t� �a�m�o�u�n�t� �o�f� �e�v�a�p�o�r�a�t�i�o�n� �d�i�d� �t�a�k�e� �p�l�a�c�e� �f�r�o�m� �t�h�e� 

�l�i�q�u�i�d� �s�u�r�f�a�c�e�.� �W�h�e�n� �t�h�e�y� �l�o�w�e�r�e�d� �t�h�e� �p�r�e�s�s�u�r�e� �o�f� �t�h�e� 

�l�i�q�u�i�d� �t�o� �i�t�s� �v�a�p�o�r� �p�r�e�s�s�u�r�e� �a�t� �a� �t�e�m�p�e�r�a�t�u�r�e� �o�f� �2�0�°�C�,� �n�o� 

�b�u�b�b�l�e�s� �f�o�r�m�e�d� �i�n� �t�h�e� �l�i�q�u�i�d� �u�n�l�e�s�s� �t�h�e� �v�e�s�s�e�l� �h�o�l�d�i�n�g� �t�h�e� 

�l�i�q�u�i�d� �w�a�s� �s�t�r�u�c�k� �b�y� �a� �v�e�r�y� �s�e�v�e�r�e� �b�l�o�w�,� �w�h�i�c�h� �c�a�u�s�e�d� 

�s�i�g�n�i�f�i�c�a�n�t� �t�e�n�s�i�o�n�s� �t�o� �d�e�v�e�l�o�p� �i�n� �t�h�e� �l�i�q�u�i�d�.� �T�h�e�y� 

�e�s�t�i�m�a�t�e�d� �t�h�a�t� �b�y� �s�u�b�j�e�c�t�i�n�g� �t�h�e� �w�a�t�e�r� �t�o� �a� �p�r�e�s�s�u�r�e� �o�f� 

�1�6�,�0�0�0� �p�s�i�,� �a�l�l� �n�u�c�l�e�i� �w�i�t�h� �r�a�d�i�i� �g�r�e�a�t�e�r� �t�h�a�n� �1�3�.�5� 

�a�n�g�s�t�r�o�m�s� �w�e�r�e� �d�i�s�s�o�l�v�e�d� �i�n�t�o� �s�o�l�u�t�i�o�n� �i�n� �t�h�e� �w�a�t�e�r�.� 

�H�a�r�v�e�y� �e�t� �a�l�.� �(�1�9�4�5�)� �c�o�n�c�l�u�d�e�d� �t�h�a�t� �u�n�l�e�s�s� �s�p�e�c�i�a�l� 

�p�r�o�c�e�d�u�r�e�s� �h�a�v�e� �b�e�e�n� �u�s�e�d� �t�o� �d�e�n�u�c�l�e�a�t�e� �a� �l�i�g�u�i�d�,� �g�a�s� 

�c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �m�u�s�t� �b�e� �p�r�e�s�e�n�t� �i�n� �e�v�e�r�y� �c�o�n�t�a�i�n�e�r� �a�n�d� 

�l�i�q�u�i�d� �i�n� �w�h�i�c�h� �c�a�v�i�t�a�t�i�o�n� �o�c�c�u�r�s� �a�t� �t�e�n�s�i�o�n�s� �b�e�l�o�w� �t�h�o�s�e� 

�e�x�p�e�c�t�e�d� �t�h�e�o�r�e�t�i�c�a�l�l�y�.� �T�h�e�y� �s�t�a�t�e�d� �t�h�a�t� �t�r�e�a�t�i�n�g� �l�i�q�u�i�d�s� 

�a�n�d� �t�h�e�i�r� �c�o�n�t�a�i�n�e�r�s� �w�i�t�h� �h�i�g�h� �p�r�e�s�s�u�r�e�s� �t�o� �r�e�m�o�v�e� 

�c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �s�h�o�u�l�d� �b�e� �s�i�g�n�i�f�i�c�a�n�t� �i�n� �f�u�t�u�r�e� �s�t�u�d�i�e�s� �o�f� 

�t�h�e� �t�e�n�s�i�l�e� �s�t�r�e�n�g�t�h� �o�f� �l�i�q�u�i�d�s� �a�n�d� �i�n�v�e�s�t�i�g�a�t�i�o�n�s� �i�n�t�o� 

�c�a�v�i�t�a�t�i�o�n� �p�h�e�n�o�m�e�n�a� �i�n� �l�i�q�u�i�d�s� �s�u�c�h� �a�s� �w�a�t�e�r�.� 

�I�t� �s�h�o�u�l�d� �b�e� �n�o�t�e�d� �t�h�a�t� �t�h�e� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �p�r�o�c�e�s�s� 

�t�h�a�t� �H�a�r�v�e�y� �e�t� �a�l�.� �u�s�e�d� �t�o� �r�e�m�o�v�e� �c�a�v�i�t�a�t�i�o�n� �n�u�c�l�e�i� �c�o�u�l�d� 
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�w�o�r�k� �a�s� �w�e�l�l� �f�o�r� �n�u�c�l�e�i� �s�t�a�b�i�l�i�z�e�d� �b�y� �o�r�g�a�n�i�c� �s�k�i�n�s�.� �I�n� 

�t�h�i�s� �c�a�s�e�,� �t�h�e� �h�i�g�h� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �p�r�e�s�s�u�r�e� �w�o�u�l�d� �c�r�u�s�h� 

�t�h�e� �o�r�g�a�n�i�c� �s�k�i�n� �s�u�r�r�o�u�n�d�i�n�g� �t�h�e� �m�i�n�u�t�e� �g�a�s� �n�u�c�l�e�i� �b�u�b�b�l�e�,� 

�t�h�e�r�e�b�y� �f�o�r�c�i�n�g� �t�h�e� �g�a�s� �i�n� �t�h�e� �n�u�c�l�e�i� �t�o� �d�i�s�s�o�l�v�e� �i�n�t�o� �t�h�e� 

�l�i�q�u�i�d�.� �U�p�o�n� �r�e�m�o�v�a�l� �o�f� �t�h�e� �h�i�g�h� �p�r�e�s�s�u�r�e�,� �t�h�e� �o�r�g�a�n�i�c� 

�i�m�p�u�r�i�t�y� �w�o�u�l�d� �r�e�m�a�i�n�,� �b�u�t� �n�o� �g�a�s� �w�o�u�l�d� �b�e� �p�r�e�s�e�n�t� �w�i�t�h�i�n� 

�t�h�e� �s�k�i�n� �t�o� �s�e�r�v�e� �a�s� �a� �n�u�c�l�e�i�,� �a�n�d� �a�c�c�o�r�d�i�n�g�l�y�,� �h�i�g�h�e�r� 

�t�e�n�s�i�o�n�s� �w�o�u�l�d� �b�e� �r�e�q�u�i�r�e�d� �t�o� �i�n�i�t�i�a�t�e� �c�a�v�i�t�a�t�i�o�n�.� �A�s� �s�o�m�e� 

�o�f� �t�h�e� �e�x�p�e�r�i�m�e�n�t�a�l� �s�t�u�d�i�e�s� �p�r�e�s�e�n�t�e�d� �i�n� �S�e�c�t�i�o�n� �3�.�5�.�4� �w�i�l�l� 

�s�h�o�w� �h�o�w�e�v�e�r�,� �t�h�e� �c�r�a�c�k� �a�n�d� �c�r�e�v�i�c�e� �t�h�e�o�r�y� �a�p�p�e�a�r�s� �t�o� �b�e� 

�m�u�c�h� �m�o�r�e� �j�u�s�t�i�f�i�e�d� �a�n�d� �i�s� �c�u�r�r�e�n�t�l�y� �a�l�m�o�s�t� �u�n�i�v�e�r�s�a�l�l�y� 

�a�c�c�e�p�t�e�d� �a�s� �t�h�e� �c�a�u�s�e� �o�f� �c�a�v�i�t�a�t�i�o�n� �i�n� �l�i�q�u�i�d�s�.� 

�3�.�5�.�4� �T�h�e�o�r�e�t�i�c�a�l� �a�n�d� �E�x�p�e�r�i�m�e�n�t�a�l� �S�t�u�d�i�e�s� �o�f� �C�a�v�i�t�a�t�i�o�n� 
�N�u�c�l�e�i� 

�A� �n�u�m�b�e�r� �o�f� �r�e�s�e�a�r�c�h�e�r�s� �h�a�v�e� �i�n�v�e�s�t�i�g�a�t�e�d� �t�h�e� �t�h�e�o�r�y� 

�t�h�a�t� �n�u�c�l�e�i� �p�r�e�s�e�n�t� �i�n� �l�i�q�u�i�d�s� �a�r�e� �t�h�e� �c�a�u�s�e� �o�f� �c�a�v�i�t�a�t�i�o�n� 

�i�n� �l�i�q�u�i�d�s� �u�n�d�e�r� �t�e�n�s�i�o�n� �(�P�e�a�s�e� �a�n�d� �B�l�i�n�k�s�,� �1�9�4�7�;� �P�l�e�s�s�e�t�,� 

�1�9�4�9�;� �W�i�l�l�a�r�d�,� �1�9�5�3�;� �K�n�a�p�p�,� �1�9�5�8�;� �S�t�r�a�s�b�e�r�g�,� �1�9�5�9�;� 

�H�a�y�w�a�r�d�,� �1�9�7�0�;� �W�i�n�t�e�r�t�o�n�,� �1�9�7�7�;� �C�r�u�m�,� �1�9�7�9�)�.� �A� �n�u�m�b�e�r� �o�f� 

�e�x�p�e�r�i�m�e�n�t�a�l� �s�t�u�d�i�e�s� �h�a�v�e� �b�e�e�n� �p�e�r�f�o�r�m�e�d� �t�o� �i�n�v�e�s�t�i�g�a�t�e� �a�n�d� 

�s�t�u�d�y� �t�h�e� �e�f�f�e�c�t�s� �o�f� �h�i�g�h� �h�y�d�r�o�s�t�a�t�i�c� �p�r�e�p�r�e�s�s�u�r�i�z�a�t�i�o�n� �o�n� 

�d�e�a�c�t�i�v�a�t�i�o�n� �o�f� �n�u�c�l�e�i�.� �O�t�h�e�r� �s�t�u�d�i�e�s� �h�a�v�e� �l�o�o�k�e�d� �i�n�t�o� �t�h�e� 

�n�a�t�u�r�e� �o�f� �t�h�e� �n�u�c�l�e�i� �t�h�e�m�s�e�l�v�e�s� �a�n�d� �h�a�v�e� �p�r�o�v�i�d�e�d� �s�u�p�p�o�r�t� 

�f�o�r� �t�h�e� �n�u�c�l�e�i� �t�h�e�o�r�y� �p�r�o�p�o�s�e�d� �b�y� �H�a�r�v�e�y� �e�t� �a�l�.� 
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