
 
Technical Report Documentation Page 

1. Report No.:   
       FHWA/TX-03/4909-1 

2. Government Accession No. 3. Recipient’s Catalog No. 

4. Title and Subtitle 
 
PRECISION OF THE MOISTURE SUSCEPTIBILITY TEST 
METHOD TEX-531-C: RESEARCH REPORT  
 

5. Report Date 
October 2000 
Revised May 2002 

6. Performing Organization Code 
 

7. Author(s) 
 

Mansour Solaimanian and Thomas W. Kennedy 8. Performing Organization Report No. 
4909-1 

10. Work Unit No. (TRAIS) 
 

9. Performing Organization Name and Address 
 

Center for Transportation Research 
The University of Texas at Austin 
3208 Red River, Suite 200 
Austin, TX 78705-2650 
 

11. Contract or Grant No.  
 

7-4909 

13.  Type of Report and Period Covered 
Research Report (7/1/99 to 4/1/2000) 

 

12. Sponsoring Agency Name and Address 
 

Texas Department of Transportation 
Research and Technology Implementation Office 
P.O. Box 5080 
Austin, TX 78763-5080 
 

14. Sponsoring Agency Code 
 

15. Supplementary Notes 
Project conducted in cooperation with the U.S. Department of Transportation, Federal Highway Administration, and 
Texas Department of Transportation. 

16. Abstract 
 
Test Method Tex-531-C is the primary method of determining moisture damage susceptibility of hot mix in Texas.  
There are no known precision statements for this test method. Such a precision is required for reliable judgment of 
moisture susceptibility of the mixture.  The repeatability and reproducibility of this test procedure were determined 
based on testing performed within a single laboratory and among several laboratories.  This 10-month research began in 
August 1999 and was completed by June 2000.  The limestone aggregates were treated with lime, as specified in the 
mix design, and the gravel aggregate was treated with a liquid antistripping agent.  The mixtures with limestone 
aggregates had PG 64-22 binders while the gravel aggregate was mixed with a PG 70-22 binder according to the design 
procedure. Nine laboratories participated in the round-robin testing. On the average, the single-operator standard 
deviation of tensile strength for dry specimens was found to be 15 psi and that for moisture-conditioned specimens to 
be 12 psi.  The reproducibility standard deviation of the tensile-strength ratio between different laboratories was found 
to be 10 percent on the average.  The average coefficient of variation of the tensile-strength ratio was found to be 
approximately 8 percent for specimens compacted in one laboratory and tested in different laboratories.   The average 
coefficient of variation of the tensile-strength ratio was found to be approximately 12 percent for specimens both 
compacted and tested in different laboratories. The differences noticed in the results from different laboratories could 
be influenced by many factors such as variability in compaction, conditioning, and indirect tensile testing.  It is 
important to minimize the variability in these influencing factors in order to improve the precision of the test method.   

   
17. Key Words:  

Moisture susceptibility, Tex-531-C, tensile 
strength ratio 

18. Distribution Statement 
No restrictions. This document is available to the public 
through the National Technical Information Service, 
Springfield, Virginia 22161. 

19. Security Classif. (of report) 
Unclassified 
 

20. Security Classif. (of this page) 
Unclassified 

21. No. of pages 
70 

22. Price 

Form DOT F 1700.7 (8-72) Reproduction of completed page authorized 



 
 
 
 
 
 
 



 

 

 

 

 

PRECISION OF THE MOISTURE SUSCEPTIBILITY TEST 

METHOD TEX-531-C: RESEARCH REPORT 

 

by 

 

Mansour Solaimanian 

Thomas W. Kennedy 

 

 

Research Report 4909-1 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Project 7-4909 

Precision of Test Method Tex-531-C 

 

Conducted for the 

 

TEXAS DEPARTMENT OF TRANSPORTATION 

 

by the 

 

CENTER FOR TRANSPORTATION RESEARCH 

Bureau of Engineering Research 

THE UNIVERSITY OF TEXAS AT AUSTIN 

 

October 2000 

Revised May 2002



�



�
���
��������	�����
���	
	

��
�	)�� ��
�� 
����
��� �
� ���,� �
��
�
��,� 
�������
�
��,� ���� 
��
��	�
�
�
��� �"� �����

���������#�$%��&��������������
�
��������
��
����������
���
��������
����	
��"�
��
��
��
���

�"���
��	
��
��	��������)�� ����
�	�
��	����-
�)��
#�	
���	�
�)������������
������ �����


��	����
��
�������������
"
���
����
�������
����	
���
��
�.	

������
��
�-�������
��
�
����"�

�������������/��
�
������.	��
����"���������

���0
���
�)�
�������
��	
���	�����
�
�
���0
������

��
�� 
��
����� ��
�	)�� 
��
�-��� �
��
�
���� � 1�� 
�� ���
�
������ ����� ���� ��#��� /���
������ �"�

�
�����
���
��� 2�#/*�3� 0
��� 
�-���
)���� ���� ����
�
�
��� �"� 
��
�-
�)� ���� �
��
�
��� �"� ��
��

������
����	
���������������
��	�����"���
���
� ����������
����
���
��
���������������#/*��


�-���
)���� ���� ����
�
�
��� �"� �
�-
�
�)� �
�
�
�)� ��� ��
������� ��� ���	
�� ����� ���� ����
�)�

�
����	
��
��"����0������	�
"�
��������������������������
��������)��
""�
��������
���

����

�

�

����������
����	

�����	�������"���
���
� ����0������������
������
�	)�����������
��
����������
�������

�"����	���
��"����
�������������������
�������4���
���#����������������
��������"������#/*��

&����
	��
���/
-
�
�������

��������
��,������
������
��/������������

�

� ����
��� ����4���
���#������� ����������
��	)�
�4�2&�
�	��&�

��
�/
��

��3������
��

���))� 2�#/*�� '

�)���
�� *""
��3,� ����� �"� 0���� 4
����� ������������� �	
� 
�.	����� ���

�
�-
�
�)�	��0
��������))
�)������������"�
������
� ���������
��)
���"	�����������������
���

���

����,� ��� �	
� 
�-
���
��,� -��	����
��� "�
� ���� 
���
����
���
�� 
�-���
)��
���� � ��
�� ��
�
�
���
���

0��� �����
����� ���
��
����� ����
��

�)� ���

� �	��� �����	����� � ���� -��	����� ����� "�
� ��
��

�
� ���� 0��� ����
���� "
��� ������ ����	����� ��� �
��

��� ����
���

��� 
�� 5������,� 5	��
�,�

'��	����,����

,���������,�������������#/*���
�	�
��	������
��,����

)	�6�(�)
���

�),�

������
����
�&���	������,���������7�
-�
�
����"���#������5	��
��������	���
�������)
������

��4��0���)�������	���
���"�����&����
�"�
��
�����
���
��������
��,������
�����������
�-
����

����
������/��������������&��

�8�9����� ���� "
����
��� �	���
�� �"� ������#���/���
������

�"��
�����
���
���
��)
���������
��
������

�

�

��
��
���
��0����
���
���
�������
��
���0
���������#���/���
�������"��
�����
���
����

�



 �

�������
���	
�

��������������"� ��
�� 
���
�� 
�"����� ����-
�0���"� �����	���
�,�0����
�� 
������
���� "�
�

���� "����� ���� ���� ���	
���� �"� ���� ����� �
�������� ��
�
��� � ���� ��������� ��� ���� �������

���


�"����������""
�
���-
�0���
����
�
����"��
���
�����:���
���;
)�0���5��
�
��
��
���2:;�53�

�
� ���� ��#��� /���
������ �"� �
�����
���
��� 2�#/*�3�� � ��
�� 
���
�� ����� ���� �����
�	��� ��

������
�,�����
"
���
��,��
�
�)	���
����

�

���
��0������
�-���
����
��
���-�
�������
-����
�"

������	�����
��	��������
���
���
��

���� ��	
��� �"� �
� 	���
� ��
�� ����
���,� 
���	�
�)� ���� �
�,� ������,� �
�����,� ����
��,�

���	"���	
�,����
)���
�������
�
����"������
,��
�������0�����	��"	��
��
�-���������
��",�

�
�����-�

�����"������,�0�
��� 
���
�������������������	���
� ����������� ��0���"� ����7�
����

��������"�5��

����
�����"�
�
)����	��
���

�

�

<*��1<�(</(/�:*��&*<���7&�1*<,�

'1//1<=,�*���(��1���7��*�(��

�

�

�����������������,���(��2��#���<���+�$�>3�

���������	
����
����



��

���	
�

��������������#�$%��&�
�������

��
����������"�����
�
�
�)���
��	
������)���	�����
�
�
����"�����

�
#�
����#��������
���
�����4��0���
��
�
��������������"�
���
������������������0
�)������
��
�
���

�"� ���� ����� �
����	
�� 
�� 
���
����� "�
� 
��
�����  	�)����� �"� ��
��	
�� �	�����
�
�
��� �"� ���� �
#�	
����

���� 
�������
�
��� ���� 
��
��	�
�
�
��� �"� ��
�� ����� �
����	
�� 0�
�� ����
�
���� ������ ��� 0
��
�� ����

���0��������
���
����	�
�������
�����������
����
�����	�����)���
��5	)	������������0�������������


�� ?	��� +����� � ��
��� �
""�
���� ���������))
�)���� �
#��� 0�
�� �-��	����� 
�� ���� ��	���� � �0�� �"� ����

�
#���0�
��0
����
���������))
�)�������������0���0
���)
�-����))
�)����������
���������))
�)�����

0�
���
������0
����
��,��������
"
���
�������
#����
)�,���������)
�-����))
�)����0����
������0
�����

�
.	
�����
��

��
�)��)�����������
#�	
���0
����
���������))
�)����������=�>��++��
���
��0�
�������

)
�-��� �))
�)���� 0��� �
#��� 0
��� �� �=� !��++� �
���
� ����
�
�)� ��� ���� ���
)�� �
����	
��� <
���

����
���

��� ��
�
�
������ 
�� ���� 
�	���
��
�� ����
�)�� *�� ���� �-�
�)�,� ���� �
�)������
���
� ������
��

��-
��
��� �"� ����
��� ��
��)��� "�
� �
�� ����
����� 0��� "�	��� ��� ��� �$� ��
� ���� ����� "�
� ��
��	
��

����
�
���������
����� �������+���
�� ����� 
��
��	�
�
�
��� ������
����-
��
����"� ���� ����
�����
��)���


��
�� ���0���� �
""�
���� ����
���

��� 0��� "�	��� ��� ��� ��� ��
����� ��� ���� �-�
�)��� � ���� �-�
�)��

���""
�
���� �"� -�

��
��� �"� ���� ����
�����
��)��� 
��
�� 0��� "�	��� ��� ��� ���
�#
������� @� ��
����� "�
�

����
���������������
����������
���
�������������
���
""�
��������
���

�����������-�
�)�����""
�
����

�"� -�

��
��� �"� ���� ����
�����
��)��� 
��
�� 0��� "�	��� ��� ��� ���
�#
������� �+� ��
����� "�
� ����
�����

����� ���������� ���� ������� 
�� �
""�
���� ����
���

���� ���� �
""�
������ ���
���� 
�� ���� 
��	���� "
���

�
""�
���� ����
���

��� ��	��� ��� 
�"�	������ ��� ����� "����
�� �	��� ��� -�

��
�
��� 
�� �������
��,�

����
�
��
�),� ���� 
��

���� ����
��� ����
�)�� � 1�� 
�� 
���
����� ��� �
�
�
6�� ���� -�

��
�
��� 
�� ������


�"�	���
�)�"����
��
���
��
����
��
�-�������
��
�
����"��������������������

�

	



�



 
#

�����	�
	��������	

�������	�	������������ ������������������������������������������������������������������������������������������� �	

����'��4)
�	�� ���������������������������������������������������������������������������������������������������������������� ��

��+��
��
�
��,�5��	
���,���������
�
��,��������
��	�
�
�
����"���������
����	
� ���������� +�

��%�*� ���
-���������������)���������������������������������������������������������������������������������������� ��

����1����������
�������&���

�	�
����������1��	��
� ������������������������������������������������������ $�

��$�/���

��
����"���������
��&����������������������������������������������������������������������������������� $�

�������	�	������
�����	������
 ��������������������������������������������������������������������  	

+���=���
���5��
���� ������������������������������������������������������������������������������������������������������ !�

+�+�(.	
����������������7�������������������������������������������������������������������������������������������� !�

+�%�(#��

�������/��
)� �������������������������������������������������������������������������������������������������� @�

+�������

���������
��������
��	
����� ������������������������������������������������������������������������ ���

+�$��
#�/��
)���������������������������������������������������������������������������������������������������������������� ���

+�>��
�-
�)�����'����
�) ����������������������������������������������������������������������������������������������� ���

+�!��
#
�),�&������
�),���������
"
��=
�-
�� ������������������������������������������������������������� ���

+�@���
�
�
���
�)�8���
���

�� ���������������������������������������������������������������������������������������� �%�

+�����
��
�)�����

��� ��������������������������������������������������������������������������������������������������� �$�

�������	�	����������	�
	������� ����������������������������������������������������������������������� � 	

%������	����"�
��
��
��8���
���
����	������������������������������������������������������������������������� �!�

%�+�5���)�8���
���
�����	��� �������������������������������������������������������������������������������������� +��

�������	!	�����������	���	����

��������� �������������������������������������� ��	

�����	���
� ������������������������������������������������������������������������������������������������������������������ +%�

��+�&����	�
��� �������������������������������������������������������������������������������������������������������������� +%�

��%������������
��� ���������������������������������������������������������������������������������������������������� +��

��
������� ���������������������������������������������������������������������������������������������������������������������� ��	

��������	�	 ����������������������������������������������������������������������������������������������������������������������� � 	

��������	�	 ����������������������������������������������������������������������������������������������������������������������� ��	

	



�



 #


����	�
	������	

������+������ ����
�����
���
��
����
�)
���"�
���	����"����
��	�
�
�
����"����������

�
����	
������)�8���
���

���2��������������
������������������

� ����
���

���"
���7�3������������������������������������������������������������������������������������������� ��

�

������+�+���� ����
�����
���
��
����
�)
���"�
���	����"����
��	�
�
�
����"����������

�
����	
������)�8���
���

���2�))
�)�������������������������

� ����
���

���"
���7�3������������������������������������������������������������������������������������������� ��

�

������+�%���� ����
�����
���
��
����
�)
���"�
���	����"���������
�
����"������

� ������
����	
��0
��
����8���
���
��2����
����������7�3 �������������������������������������� ��

�

������+����� 5))
�)���������'
���
��7����
����
�������
�� ������������������������������������������������ ���

������+�$��� �
#
�)�����&������
�)������
��	
���A��#/*�������������
���������������� �+�

������+�>���� ��.	

���1�"�
���
���"�
��
#
�)�����&������
��������
��	
�� �������������������� �>�

������%����� �	���
���"�����
��
���"�
�����-��	���"�
��
��
��8���
���
����	�� ���������������� �!�

������%�+��� /���
�
���
����"�*	��
�
��"�
��
��
��8���
���
����	�������������������������������������� +��

�

������%�%��� �	���
���"�����
��
���"�
�����9��	���"�
�5���)�8���
���
����	����

� 2����
�����&������������������
�
�
���
�)�8���
���
�3����������������������������������� +��

�

������%����� �	���
���"�����
��
���"�
�����9��	���"�
�5���)�8���
���
����	����

� 2����
�����&����������������&���
���8���
���
�3 ������������������������������������������� +��

�

������%�$��� /���
�
���
����"�*	��
�
��"�
�5���)�8���
���
����	���2����
������

� &����������������&���
���8���
���
�3 ��������������������������������������������������������������� ++�

�

������%�>��� /���
�
���
����"�*	��
�
��"�
�5���)�8���
���
����	���2����
������

� &������������������
�
�
���
�)�8���
���

��3���������������������������������������������������� ++�

�

�



�



 ��

�������	�	

������������	

���		����������	

��
��	
������)�,������4��0�����B��

��
�),C�����
�	��������������
��
���	����
�
������

�
������ ��
�	)��	�� ��#���� � ��	�
�� ���� ���
-�
�� �� ����
�����
-�� �������"������
�� 
���
�� ���

��
��	
���	�����
�
�
����"����������
#�	
����

�

���� ��#��� /���
������ �"� �
�����
���
��� 2�#/*�3� ���� ���� �#����
-�� ���� �
-�
���

�#��

����� 0
��� ���� 	��� �"� �
""�
���� �))
�)����� 0
��� 
�)�
�� ��� ��

��
�)�� � ����� �))
�)����

��	
����
����#�����-����)�����
���
���"�
��
������������
��	
������)��0����	����
�������
#�

������������
����2;�5&3������������
����-�����������

�	��
����
��
�)�
����;�0�-�
,�
����
���


���
������������)�����������-������
��	��
����� 
��
�-�������	

������
��	
������)��������

"�
� �����
� ���� ��
�� 
��
����� �
��
���
��� ���0���� ���
� ���� )���� ��
"�
��
��� � 5� �	���
� �"�

������ ��-�� ����� �
������� ���� 	�
�
6��� ��� ������ �
)�0��� �)���
��� "�
� ���� �-��	��
��� �"�

��
��	
������)��
��;�5&���������"��������������
�D�

�

�� ���
"
���8������������255;��*���+@%3�

�� ��#���������������$%��&�

�� ��#���������������$%��&�2'�
�
�)�����
�����3�

�� ����(�-

���������&���
�
��
�)��������

�

�

����� 55�;�*� �� +@%� �
����	
�� 2���
"
��� 8������� ����3� 
�� ���� �"� ���� �����

���������	������'

�"��,����������
���	�������
����
���)
�),�"
��6
�)�2���
����3,��
�
�������

�

-�
���2>����@���
����3,���������
�������	
��
���2$$����@����
����3����
#����������
���
���
���

��������������� ���
������������
��-��		�����	
����������������
��������>���&�0���
������

"�
�+����	
��� �5"��
� ��
����

��� ��������
������
������
��
�������
�
������ ���������
� ��
���

��������
���
��	�����
�
�������5����"��������������
���
�	)����������������������
��	
�,�����

���� 
��

���� ����
��� ��
��)��� 
�� ����	
��� ��� ����� �
�� 2	�����
�
����3� ���� ����
�
�����

����
�������

�

��#���	���� ������#���������������$%��&�	���
� �����
�����"�B�
��
��
����"���
��	
��


��	��������)������
�	�
��	����-
�)��
#�	
���	�
�)������������
�����C�������
����	
��
��

-�
���
�
��
� ���55�;�*���+@%�
���

��
����� �:�	
�����
������
��	����
��������"� ��
��� "�
�

����� ������ � ���� "
��6
�)� ������ ��"�
�� ����
�
��
�)� ���� ����
����� 
�� ���� 0���
� ����� 
��

�������
�� 
�� ���� ��#��� ������,� 0��
���� 
�� 
�� ���
����� 
�� ���� 55�;�*� �
����	
��� � ���

�������
�������"
��6
�)���
�,��������	
���������
������
������
�
�����
����"
��6�
����E�@��&�

"�
����
�
�	���"��$���	
�������������
���������
"
���
���
������������������$%��&����������



 +�


�� ���� -��		�� ���	
��
��� �
������� � ���� ��0� 
�.	

������ 
�� ��� ��-�� ���� ����
���� -��		��

���	
�����"�
�%���
�	����
����
����������
"�
�)�����
��)���"�>�����@����
��������	
��
�����-���

�����0���
�.	

�����"�
����1��
�����
�-�������,�0
�������
"�
�)�����%���
�	�����

��,�������)
���

�"����	
��
���0
�����������
����@����
�������������
�����

	

���� ��
�
�)� 0���
� ����� 2��#��� ����� ������� ��#�$%��&,� 5���� /� %>+$3� 
�-��-���


���
�
��� �"� ���� �
�	�
��	�� ������� �))
�)���� �
#�	
�� 
�� �� �����
��
� �"� ��
�
�)� �
��
�����

0���
� ���� ���-
�)� 
�� 	���
���
�
�)� ����
�
��� "�
� ����
�	����� �*���� ������
�����
#�	
������

������,�-
�	�������
-��
���
�������������
������������	����"�
���
�����
�	��������
�),�0�
���


���#�
�������������
�����)���

�

1�� ���� ��-

��������� ����
�
��
�)� ������,� �� ����
����������	������ ����
���� 
��

�	� ������ ��� ������� �"� �����
��	
�,� 
�������� ����
�),� ���� ��
��	
�� ����
�
��
�)�� � ����

����
��������	
������	���������
���
�����
������������
����
)����������
������
������
��

������� "�
� �

�#
��� 
��
�
���� ���	�	��� � :�
� ����
�
��
�)� ����
����,� ����� �
�� �	� ���� ��� ��

-��		�� �"� $�� ��� ;)� "�
� ��� �
�	����� � ���� -��		���� ����
���� 
���
��� 
�� �� >�� �&�

�����
��	
��"�
�>���	
��	���
�
������������
�)�2���������3�����������
����
������������+$��&�

"�
��������������	
����"�
��
����

�#
���
��
�
�������	�	������0���
���
����
�
����
������	
����

���	��	�
�
��"	��������"	�	
	����
�
��"	����	
�����
�
�
�� �� ��	��

����	���	 	

����"��	���"���
����	��������������������
��
�
����"���������������#�$%��&���	�����

�
��
�
��� 
�� 
�.	

��� "�
� 
��
�����  	�)����� �"� ��
��	
�� �	�����
�
�
��� �"� ���� �
#�	
��� � 1��

)���
��,� �����-�����"
������ 
�� ���� 
��	���,� �� ������	����������� 
�������������� 
��
��	�
������

����
���������
����
���	���.	�������#���
�����

����������	
	���
��������
���

����.	��
����"��������
�� 	�)���������	
���������
��
�
����"�����	
���������5��	
����


������	
���
����
����"������
�#
�
����"��-�
�)������	
���-��	�������
	��-��	������
��
�
���
��

����	
���
����
����"�-�

��
�
����"�����	
���-��	�����1������
�0�
��,�0������������������
��

����
����������
)����
�
����"�������

���2
���,����������
��
��������"�
��
""�
��������
�����"
���

��
����
)����
�
����"���������

��3,�����
��	����0
���������-�����������-��	����5�����	
���"�����

��)
��� �"� �)
������� ����)� ����� 
��	���� ����

���� ���� �
��
�
��� �"� ���� ����� ������� "�
� �����

����

���� � =
����
� -�

��
�
��� ����)� ���� ����� 
��	���� 
�� ��� 
��
���
��� �"� ������
� �
��
�
�����

9�

�	������
��
��������	
����������
������
��
�����

��
������
�-
������
���
�����������-��
����

0����������

��������
��
�
����"�������
�)��
����	
���

����������
�
�	�	���
�����������	�	�	���

������ �0�� ��
��� ����� 0
��� ���� -�

��
�
��� �"� ����� 
��	���� ����
���� 	���
� ����
"
��

����
���
�� ����
�
����� ����� 
�������
�
��� �"� �� �����0
��
�� �� �
�)��� ����
���
��������0
��� ����

-�

��
�
�������)����������
��	��������
����������������
�0
��
�����������
���
���������������
��



 %�

��
"�
����������
�)������
���
�
���������
������
���
������

����"��
���0
���������
"
�������"�

�.	
������	�
�)����������
�������4������
������"
������
�)���.	���
����"�����

������

�

���� 
��
��	�
�
�
��� �"� �� ����� ����)� ����
���

��� 
�� ��"
���� "
��� ���� 
��	���� ���

�	��
���� �����
�� ��
"�
�
�)� ������ 
�� ���

� 
������
-�� ����
���

���� � 1�� ����
� 0�
��,�


��
��	�
�
�
��� ������ 0
��� ���� -�

��
�
��� ����)� �
""�
���� �
�)�������� 
��	���� ����
���� 
��

�
""�
���� ����
���

��,�������"�0�
�����������
��� ���� ������������ ��� ���������
����� ��4������


������"
������
�)���.	���
����"�����

�����

�

��������
�
�������
��
��	�
�
�
����
�������	""
�
���,��	���
��������
������������"�
��������

��� ��� ����
��
��� 
��
������ � 5�� 
���
����� "����
� "�
� �� ����� ��� ��� 
��
����� 
�� 
��� �����
�
��� ���

�
��
�)	
������0�������
�����)������
"�
��
�,�����
��������
�
�������
�-
�������
�)"	��
��	������

1"����
���
���
�������0
���
�������
�
�������
��
��	�
�
�
����"���������
����	
�,��������
��������

�	��������4������
��
�-��������

�

���� 
�������
�
��� �
�
�� 
�� �
�������� ��� -��	�� 
,� 0�
��� 
�� ���� -��	�� ����0� 0�
��� ����

�����	����
""�
��������0�����0���
�)���
��	��������
����	���
�
�������
�
�������
�
�����������

�#�����������
��0
������
����
�
����"��$���
�������5��	�
�)�����������
��

�	�
����"�����
������

�

�
�����	


�)� 
���-�
�� �
�)�������� 
��	��� 
�� ���
�#
���������
���,� ���� 
�������
�
��� 
� �������

����	��������D�

�

� � 
�F+�@����
�
� � 2(.�����3�

�

���
����
�

������
�������
�
���-�

����,������
�,������-�
�)���"�����0
��
������
���
��-�

��������

�
D��

�

� �
�

�

�

�

�

	
	

�
�� �

�

� � 2(.����+3�

�

0��
���� 
�� �����	���
��"� ����
���

��� "�
�0�
������-��	����
������	������� ���� 
��
������� ����

������
����-
��
���"�
��������"����� �������
���
������
������	��������D�

�

�




�

�

�

��

	

� �
�

�
	



�
�

�

�

�
�

�

� � 2(.����%3�

�

0��
��#������#�
��
����������
�������	
���������������-�
�)���"�����	
������,�
������
-���,�

"�
�����
���
�� ����
�����
���
��
������������	���
��"�����������	�����
������
���
�� ��

�

����
��
��	�
�
�
����
�
��
���
�����������-��	���,���"
�����������-��	������0�0�
�������

�����	����
""�
��������0�����0���
�)�������	
�����������
����	���
�
��
��	�
�
�
�������
�
����



 ��

��������#�����������
��0
������
����
�
����"��$���
�������5��	�
�)�����������
��

�	�
����"�����


�������

�
����	


�)�
���-�
���
�)��������
��	���
�����
�#
���������
���,�����
��
��	�
�
�
�����

�����������	���������"����0�D�

�

��F�+�@���
�
�� � 2(.�����3�

�

0��
����
�

������
��
��	�
�
�
���-�

�������������

������
�)�������
����-
��
���
������	��������D�

�

			 ���

��


� � � 2(.����$3�

�

1���.	��
�����$,���
�
�
������-�

������"��-�
�)��-��	���"
����
""�
��������
���

�������


������	��������D�

�

�

��

�

�

�

��

	

� �
�

�
	



�
�

�

�

�
�

�

� � 2(.����>3�

�

0��
�� #�� 
��
������� ���� �-�
�)�� -��	�� "�
� ����
���
��  ,� ���� #�� 
��
������� ���� �-�
�)�� �"�

�-�
�)���"�
���������
���

������
�����
���
�"�
����������	���
��"�����
���

���
�-��-����

�

���	���	��
�	 ���
	���������	

���� ��
�� �� ���
-�� �"� ��
�� �
� ���� 0��� ��� ����
�
��� ���� �
��
�
��� �"� ���� ��
��	
��

�	�����
�
�
��� ����� ������� ��#�$%��&�� � :�
� ��
�� �	
����,� ��
��� �))
�)����� 0
��� 4��0��

��
"�
������ ���� �-�
�������
���

���� �����0�
������
���� "
����� ��

����"��
""�
���� ��	
������

;�5&� ����
����� "�
� ����
�)� ���� �-��	��
��� 0�
�� �
���
��� 	�
�)� ������ �))
�)������ ���


�-���
)���� ���� ����G�� �
��
�
��,� ���� ����
����� 0�
�� ������� ����
�
�)� ��� ����� ������� ��#�

$%��&� ��� ���� 7�
-�
�
��� �"� ��#��� ��� 5	��
�� ���� ��� �
)��� ����
� ����
���

���� � 5��� ����

��������������
�����0�
���
���
���
����������
��������
���������
��������������
�
�
���
�)�

����
���

��� "�
� ����
�)�� � � 1�� ���
�
��,� "�
� ����� �))
�)���,� �0�� �))
�)���� �������� 0�
��

�
���
�����������,� ����)�0
��� �������������
���
,� ��� ������
�
�
���
�)� ����
���

���� ��
#
�),�

�������
��,���������
�)�"�
���
�������"�����
�����0�
������	�����0
��
�����������
���
���

�

:�
� ���� 0
��
������
���
�� 
�-���
)��
��,� �
)���� ����
����� 0�
�� �
���
��� ���� �������

"�
�������))
�)����
����������
�������
���
��2������������
����
�������
���
���"�����7�
-�
�
���

�"� ��#��� ��� 5	��
�3�� � ���� ����� ���������� "
��� ���� ���� ������ 0��� 	���� ��� ����
�
��� ����


�������
�
�������
��
��	�
�
�
����"�������������������#�$%��&��



 $�

��!	��
�	�	����
�� ��������
���
�� �� ��	 ��������	

����"

���
���
���������
��
��
���
�)�
�
�)�������
���
��������
����	
��
��
����
��
�
��,�


�������
�
��,� ���� 
��
��	�
�
�
���� � ��
�� 
����
��� �
�-
���� ���� 
�.	

��� 
�"�
���
��� ��� ����

�
��
�
��� �"� ����� ������� $%��&,� 0�
��� �
�� ���� �#
��� ��"�
��� � �	��� 
�"�
���
��� 
�� -�
��


���
����� ����	��� ��
�� ����� �
����	
�� 
�� �	

������ 	���� 
�� ��#��� ��� ���� ����
���
�� ����� ����

�
��

�
��������0����)�����������
���
"�
��
��
�)�
�
�)���

��
�)�����

���	�	���

�
�� �� ��	�	
�������	���	

�������4)
�	��� 
�"�
���
������� �����������"� ���� 
����
����
�)
����
���
�-
���� 
��

��
�� ������
�� ���� �#��

������� �
�)
��,� ����

��� ������
��,� ���� ���� ��
"�
���� ������ �
��

��-�
���
��&�����
�+������
��	�����"�������	�������������

������
�)�������
���
���
��������
��

&�����
� %�� :
�����,� &�����
� �� 
���	���� �� �	���
�� ����)� 0
��� �����	�
���� ����


����������
����
�)�
�
�)���
����	�����



�



 7 

CHAPTER 2 

EXPERIMENTAL PROGRAM 

2.1 GENERALAPPROACH 

The objective of this project was to develop precision criteria for Test Method Tex-

531-C. To achieve this goal, American Society for Testing and Materials (ASTM) 

designation E 691 (standard practice for conducting an interlaboratory study to determine 

the precision of a test method) was pursued.  The researchers decided to approach the 

laboratory work in several steps. The first step was selecting and gathering aggregates from 

different sources.  This step was followed by procurement of asphalt binders for preparing 

asphalt-aggregate mixtures corresponding to specific mix designs.  Specimens were 

compacted using the Texas gyratory compactor (TGC), and then tested according to Test 

Method Tex-531-C. In addition to the extensive testing at The University of Texas (UT) 

asphalt laboratory, a series of specimens were prepared and shipped to eight different 

laboratories.  The testing at UT was aimed at developing the test repeatability (within-

laboratory project).  The testing at different laboratories was performed to develop the test 

reproducibility (among-laboratory project).   The final step included analysis of the collected 

data from within laboratory and among-laboratory data to develop the test method precision. 

2.2 EQUIPMENT ANDTESTSUSED 

Preparation and testing hot mix asphalt concrete specimens required the use of a 

series of test procedures and several pieces of equipment.  The following lists the equipment 

utilized for this project: 

 

• Three large-capacity ovens capable of maintaining high temperatures 

• Two totally enclosed counterbalanced sieving machines 

• Mechanical mixer, bowl, and hot plate 

• Texas gyratory compactor (motorized gyratory-shear molding press, calibrated            

according to Test Method Tex-914-K) 

• Pycnometer for measuring maximum theoretical specific gravity 

• Precision Circulating Water Bath to maintain temperature at 60 °C 

• Marshal Stability Tester AP 170-C with indirect tensile module 

• Freezer to maintain temperature at –15 °C 
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The test procedures for the project included the following: 

 

• Sieve Analysis of Fine and Coarse Aggregate (Test Method Tex-200-F)  

• Laboratory Method of Mixing Bituminous Mixtures (Test Method Tex-205-F) 

• Maximum Theoretical Specific Gravity of Bituminous Mixtures (Test Method 

Tex-227-F) 

• Determination of Density of Compacted Bituminous Mixtures (Test Method Tex-

207-F) 

• Compacting Test Specimens of Bituminous Mixtures (Test Method Tex-206-F) 

• Prediction of moisture-induced damage to bituminous paving mixtures using 

molded specimens (Test Method Tex-531-C) 

 

All of the Texas test procedures are provided in the Texas Manual of Testing Procedures 

(Texas Department of Transportation, 1995-1997). 

2.3 EXPERIMENTALDESIGN 

Two types of laboratory testing and study were pursued to achieve the objective of 

the research program:  

 

• the repeatability of the test procedure within a laboratory 

• the reproducibility of the test procedure among laboratories 

 

For each case, a series of specimens were prepared and shipped to the testing 

laboratories.  For the among-laboratories study, two types of specimens were prepared at the 

central laboratory (The University of Texas at Austin) and sent to the laboratories.  The first 

set included the compacted specimens.  The receiving laboratory participated in conditioning 

and testing these specimens.  The second set consisted of aggregate batches and the asphalt 

binder.  In this case, the receiving laboratory participated in mixing and compaction as well 

as in testing the specimens. Tables 1 and 2 indicate the materials and the number of 

specimens used for these two cases, respectively.  For the latter case, each laboratory 

received two batches of aggregate, 7,000 grams each.  These two batches were used to 

prepare the compacted test specimens, as well as the loose specimens, for determination of 

maximum theoretical specific gravity.  

 

Table 2.1 presents the specimen matrix for this study. The work included 

procurement of three different aggregates as shown in the table.  
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Table 2.1.  Specimen Preparation Program for Study of Reproducibility of the Test 

Procedure between Laboratories (compacted specimens sent to the laboratories from UT) 

 
Aggregates

Lab. No. Limestone 1 Limestone 2 Gravel

1 8 8 8

2 8 8 8

3 8 8 8

4 8 8 8

5 8 8 8

6 8 8 8

7 8 8 8

8 8 8 8

9 8 8 8

Numbers in the cells indicate the number of HMA specimens.

Total Number of Compacted Specimens: 216

 

Table 2.2.  Specimen Preparation Program for Study of Reproducibility of the Test 

Procedure among Laboratories (aggregate batches sent to the laboratories from UT) 

Aggregates

Lab. No. Limestone 1 Limestone 2 Gravel

1 2 2 2

2 2 2 2

3 2 2 2

4 2 2 2

5 2 2 2

6 2 2 2

7 2 2 2

8 2 2 2

9 2 2 2

Numbers in the cells indicate the number of HMA specimens.

Total Number of Aggregate Batches: 54

 

For the within-laboratory study, all the work was concentrated in the central 

laboratory.  Table 2.3 presents the design for the within-laboratory study. 

 

Table 2.3.  Specimen Preparation Program for Study of Repeatability of the Test Procedure 

within a Laboratory (central lab at UT) 

Aggregates

Limestone 1 Limestone 2 Gravel

No. of Specimen Sets 10 10 10

No. of Specimens in Each Set 8 8 8

Total Number of Specimens 80 80 80

 Total Number of Specimens: 240
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All of the specimen sets were tested according to Test Method Tex-531-C.  The 

procedure requires testing both conditioned and dry specimens in the indirect tensile test. 

From the preceding tables, it can be seen that a total of 480 compacted specimens were 

prepared for the study.  In addition, sixty batches of aggregates, each 7,000 grams, were 

prepared and shipped to the participating laboratories. 

2.4 MATERIAL SELECTION AND PROCUREMENT 

An important step of this research project was selection and procurement of the 

materials required for the program.  Aggregates and binders for specific mix designs were 

received from different districts.  The PG graded binders were either received from districts 

or  from the suppliers.  

2.4.1 Aggregates 

Through coordination with the Texas Department of Transportation (TxDOT), three 

different aggregate sources were considered for this project. These aggregates are among 

typical aggregates used in Texas. As presented in Table 2.4, one gravel aggregate and two 

limestone aggregates were included in the study.   

2.4.2 Binders 

The binders used in the study were those originally used in design and construction.  

Aggregates and binders used for this study are presented in Table 2.4. 

 

Table 2.4. Aggregates and Binders Used in This Research  

Aggr.

Code

Aggregate

Type

Aggregate

Source

Aggregate

Producer

PG

Binder

Binder

Source

%

AC Mix Type

B Limestone Bridgeport, TX TXI Ind. 64-22 D. Shamr. 4.8 D

C Limestone Hunter, TX Colorado Matl’s 64-22 Lion 5.0 Superpave

W Gravel Realitos, TX Wright Matl’s 7o-22 TF&A 4.6 C

 

 

2.5 MIXDESIGN 

The Texas Department of Transportation District Laboratory of Corpus Christi was 

the source of mix design for aggregate W.  This design was a type C design applied in a 

recent HMAC overlay construction on I-37.  The design required using one percent of liquid 

antistripping agent. For aggregate B, the mix design was received from the TxDOT 

inspection office located at Bridgeport.  This design was a type D design recently used for 

overlay construction on SH 175 in Montague County.  For aggregate C, a 19 mm maximum 

nominal size Superpave design was used.  The design was prepared at The University of 

Texas asphalt laboratory.  For both aggregates B and C, one percent hydrated lime was used 
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as the antistripping agent.  Gradation and design information for all three mixes are presented 

in Appendix B. 

2.6 SIEVING ANDBATCHING 

All aggregates were dried in the oven at 110 °C for 24 hours, followed by sieving. 

After sieving the aggregates were combined to deliver the required gradation for a specific 

design.  Batches were properly proportioned using different material sizes.  For each mix, a 

sufficient amount of the dried material was sieved to obtain fifty aggregate batches, each 

batch approximately 7,000 grams. These batches were used for preparing asphalt-aggregate 

specimens for the moisture susceptibility test and for determining the maximum theoretical 

specific gravity.  Sieving was accomplished using the Gilson Test Master Sieving Machine
TM
 

model TM-3.  

2.7 MIXING, COMPACTING, AND SPECIFICGRAVITY 

2.7.1 Specific Gravity 

The maximum theoretical specific gravity test, most commonly known as the Rice 

Test, was conducted on the loose mixtures according to Test Method Tex-227-F.  The test 

was performed using a Pycnometer model H-1756 from Humboldt. The 4.5 liter H-1756 

meets ASTM D2041. The test also uses a residual pressure manometer that meets ASTM 

D2041. A vacuum pump is also necessary for performing the test. A vacuum pump similar to 

the MA-28 (115V/60Hz) from Gilson Company, Inc., was used for performing the maximum 

theoretical specific gravity. 

 

The bulk specific gravity of the compacted specimens was determined using an SG-

20 Specific Gravity Bench with SGA-120 Tank, an Ohaus Balance with 0.1 grams accuracy, 

and an SGA-119 Specific Gravity cradle (SGA models from Gilson Company, Inc.).  The 

specimens were left at the ambient temperature for at least 24 hours prior to the test.  

 

2.7.2 Mixing and Compaction 

The mixing procedure was performed using the specific aggregate gradation and the 

optimum binder content as established based on the mix design. The temperatures for mixing 

and compaction were selected based on the table provided by the materials section of 

TxDOT’s construction division (Table 2.5). The binder grading presented in this table 

follows the Superpave performance grading. The asphalt and aggregate were properly heated 

in an oven for 1 ½ hours prior to mixing and for 2 hours prior to compacting. 
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Table 2.5. Mixing and Compacting Temperatures — TxDOT Recommendation 

Binder Compaction Temp, °F (°C) Mixing Temp, °F (°C)

PG 64-22 250 (121) 290 (143)

PG 70-22 275 (135) 300 (149)

PG 76-22 300 (149) 325 (163)

PG 64-28 275 (135) 300 (149)

PG 70-28 300 (149) 325 (163)

 

The equipment used for mixing consists of a heating oven, a balance readable to 0.1 

gram accuracy, a hot plate, a mechanical mixer and bowl, wisk, pans, spatulas, scoops, and 

the instruments necessary for gathering all the mix stuck on the bowl and wisk. 

 

The prepared asphalt-aggregate mixtures were compacted with the aid of the Texas 

gyratory compactor according to Test Method Tex-206-F.  For each specimen, approximately 

900 grams of the mixture was placed in the compaction mold following the procedure.  

Briefly, compaction included the following steps: 

 

• Placing the mold on the platen beneath the ram of the press 

• Pumping the ram down into the center of the mold 

• Pumping until pressure reaches 345 kPa (50 psi) 

• Applying the gyration angle to the mold (5.8°) 

• Applying three gyrations to the mold (automatically stops after three) 

• Leveling the mold and applying one full stroke of the pump handle  

• Repeating gyrations and one full stroke until pressure surges to 1,034 kPa (150 

psi) 

• Pumping the pressure up to 17,238 kPa (2,500 psi) 

• Releasing the pressure gradually and pumping the ram up and out of the mold 

• Extruding the specimen out of the mold 

2.7. 3. Determination of Moisture Susceptibility (Test Method 531-C) 

The moisture susceptibility of the mixes was determined according to test procedure 

Tex 531-C.  The first phase of the method involves a trial-and-error procedure to determine 

the proper compactive effort to achieve the desired density range.  The second phase involves 

preparing eight compacted specimens, conditioning four of the specimens, testing them in 

indirect tensile mode, and determining the tensile strength ratio (TSR).  The steps in this 

procedure are briefly described as follows: 

 

• Prepare asphalt-aggregate mixtures 

• Compact trial specimens at different compactive efforts 

• Determine maximum theoretical specific gravity using loose mixture 

• Determine bulk specific gravity and air void of compacted specimens 
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• Determine compactive effort (number of compaction cycles) to deliver specimens 

with 7±1 percent voids 

• Compact test specimens with the selected compactive effort 

• Determine the bulk specific gravity and air void of the specimens 

• Divide specimens into two groups, each with four specimens 

• Subject one group of the specimens to moisture conditioning that requires the 

following steps: 

 

• Apply partial vacuum of 711 mm (28 in.) Hg to specimens for 30 minutes to 

achieve partial saturation. 

• Place the four vacuum-saturated specimens in plastic bags in a freezer at 

–18±3 °C (0 ±5 °F) for a minimum of 15 hours 

• Place specimens in a 60 ±3 °C (140 ±1.8 °F) water batch for 24±2 hours 

 

• Remove specimens from 60 °C water bath and place in a 25 °C water bath for 3 to 

4 hours 

• Place the dry specimens in bags and place the bags in a 25 °C water bath for 3 to 

4 hours 

• Test the specimens with the indirect tensile loading to failure 

• Determine the tensile strength (TS) for both conditioned and dry specimens 

• Determine the tensile strength ratio (TSR)  

 

Typically, conditioned specimens have a tensile strength lower than that of dry 

specimens.  This loss of strength is considered to be caused by moisture conditioning through 

freezing and heating in the water bath.  Therefore, TSR is typically less than 1.  The smaller 

the TSR value, the greater the strength loss and, hence, the more susceptible the mix will be 

to moisture damage and stripping. 

2.8 PARTICIPATINGLABORATORIES 

The success of this project was directly linked to the participation of qualified testing 

laboratories.  Development of precision and reproducibility can be achieved only through an 

interlaboratory study (ILS).   

 

Standard practice ASTM E 691 recommends that an ILS include thirty or more 

laboratories.  However, because in many cases including such a large number of laboratories 

may not be practical, the practice allows for a fewer number of laboratories.  Even so, under 

no circumstances is the final statement of precision of a test method allowed to be based on 

results from fewer than six laboratories.  In general, it is important that enough number of 

laboratories are included so that a reasonable representation of the qualified laboratories is 

made.  This way the loss or poor performance of a few will not be fatal to the study, and it 

will be possible to provide a reasonable and satisfactory estimate of the reproducibility. 
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For this project, selecting a large number of laboratories was not possible owing to 

budget and time constraints, as well as to the involvement of the laboratories in their own 

routine tasks.  Eleven laboratories were selected, including the UT asphalt lab.  Most of these 

laboratories typically have a heavy load of activities.  Nonetheless, they were gracious 

enough to accommodate our request for participation in this study.  This participation has 

been of extreme value to the accomplishment of the research needs.  Without it, no precision 

could have been developed. It should be mentioned that the laboratories that participated in 

this program performed the required tests voluntarily and at no charge to the project.   

Originally, ten laboratories expressed willingness to participate, and materials were shipped 

to all of them.  However, two of the laboratories did not conduct the tests owing to their 

heavy workload. Thus, the results from nine laboratories (including UT) were available for 

analysis and development of precision criteria. 

 

The laboratories participating in the interlaboratory study (ILS) included: 

 

• Austin District Laboratory (TxDOT) 

• Atlanta District Laboratory (TxDOT) 

• Beaumont District Laboratory (TxDOT) 

• Pharr District Laboratory (TxDOT) 

• Waco District Laboratory (TxDOT) 

• Materials and Tests Section Bituminous Laboratory (TxDOT) 

• Rodriguez Engineering 

• Raba-Kistner Consultants 

• The University of Texas at Austin 

 

All of the selected laboratories were qualified to participate in the interlaboratory 

study.  They all had proper laboratory facilities, testing equipment, and competent operators.  

The participants were all familiar with the test method, and they all had a reputation for 

reliable testing work. 

 

2.9 SHIPPINGMATERIALS 

The materials for each laboratory were properly packaged and labeled in the central 

facility (UT Austin) before shipping.  One week after the materials were shipped to a specific 

laboratory, the lab was contacted to confirm that the material had arrived safely.  From time 

to time, the laboratories were contacted to ascertain how the testing was progressing.  This 

was done to compare the progress of all of the laboratories and to determine whether some 

laboratories were falling behind; if that were the case, they were advised accordingly.  Each 

lab received three boxes labeled “B,” “C,” and “W” to distinguish them.  Each box contained 

the following materials: 
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• Two batches of mixed aggregates, each batch approximately 7,000 grams. 

• Two cans of binder, each can with approximately 500 grams of binder 

• Eight 100 mm compacted HMA specimens 

• One container of antistripping agent (lime or liquid) 

 

The aggregates and binders in each box were labeled similarly so there would be no 

confusion as to which aggregate and binder should be mixed.  For example, the binder 

labeled “B” and aggregates labeled “B” were to be mixed.   

 

The package for each laboratory was accompanied by a document describing how the 

testing should be followed.  The laboratories were requested to perform two sets of action to 

accomplish the objectives of this project.  These two actions are subsequently explained. 

2.9.1 Action A  —  On Compacted Specimens 

Each box contained eight compacted specimens — the specimens were compacted in 

the central laboratory.  The specific gravity and height of these specimens were measured in 

the participating laboratory.  Four of these specimens were conditioned according to the 

conditioning procedure outlined in Test Method Tex-531-C (i.e., vacuum saturation, 

freezing, and hot water bath).  The other four were maintained dry until all eight specimens 

were tested in the indirect tensile loading equipment as required by the Test Method Tex-

531-C.  

2.9.2 Action B  —  On Aggregate Batches and Binders 

Each box contained aggregates and binders that were mixed in the participating 

laboratory to prepare the asphalt-aggregate mixtures.  These mixes were compacted in the 

participating laboratory to prepare specimens for Test Method Tex-531-C.  Each box 

contained two batches of aggregates. One batch was used to prepare (1) specimens for 

maximum theoretical specific gravity and (2) trial specimens at different number of 

gyrations.  Trial specimens were needed to establish the compactive effort.  The required 

procedure is outlined in “Note 1” of Test Method Tex-531-C.  The second batch was used to 

prepare the eight specimens required for conditioning and testing according to Test Method 

Tex-531-C. 

 

The laboratories were instructed to perform mixing and compacting specimens 

according to the information provided in Table 2.6. 

 



 16 

Table 2.6.  Required Information for Mixing and Compaction Temperatures 

Aggregate

Batch

Code

Binder

Batch

Code

Antistripping

Percent

Binder Content

(by mass of mix)

Mixing

Temperature

°C (°F)

Compaction

Temperature

°C (°F)

B B 1% lime 4.8 143 (290) 121 (250)

C C 1% lime 5.0 143 (290) 121 (250)

W W 1% Arras Adhere

Plus

4.6 149 (300) 135 (275)

 

 

The aggregate batches did not contain the required lime.  The lime was provided in 

special bags and was shipped to the participating laboratory along with the aggregates.  The 

lime was to be added to the aggregate according to the procedure followed in the 

participating laboratory.  In Table 2.6, the amount of lime is reported as a percent of the mass 

of the aggregate.  For example, if the aggregate mass in each bag is 7,000 grams, the lime to 

be added will be 70 grams in the case of 1 percent lime. 
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