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Cold emulsion asphalts have advantages and disadvantages. The 

advantages of this type of mixture are related to the low temperature of 

production, environmental considerations, and its portability to long 

distances. One of the main reasons for the poor performance of this type 

of asphalt is its moisture content. The water penetration hinders the 

fracture of emulsion bitumen, and after that, the mixture's resistance to 

moisture is reduced. The present research used the modified Marshall 

method to determine the optimal bitumen percentage. For this reason, one 

to three percent by weight of the asphalt-cement mixture and 0.3 to 0.5 

percent by weight of fiber mixture containing fatty arbocell were added. 

The resulting samples were subjected to the Marshall strength, Marshall 

index modified Lottman and Nicholson tests. Based on the results, the 

Marshall strength was 47.88%, the Marshall index was 139%, adhesion 

was 41%, the ratio of indirect tensile strength was 21%, and the fluidity 

was 36.47%. According to the data obtained from this research, it is 

suggested that 3% cement and 0.3% fatty arbocell fibers should apply in 

cold asphalt mixtures. 
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های مکانیکی و رطوبتی  بررسی تأثیر سیمان و الیاف حاوی آربوسل چرب بر ویژگی
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 چکیده اطلاعات مقاله

 مقاله پژوهشینوع مقاله: 

 

 90/92/1492 :افتیدر خیتار

 11/95/1492 :بازنگری خیتار

 22/95/1492: رشیپذ خیتار

 

  ها: واژهکلید
 آسفالت سرد امولسیون،

 اصلاح شده،لاتمن 

 استحکام مارشال، 

 آربوسل چرب، 

 .نیکلسون

کم  ها، به دمای باشند. مزایای این نوع مخلوط امولسیونی، دارای مزایا و معایبی می های سرد آسفالت

شود. یکی از  های زیاد مربوط می ت حمل آن برای مسافتمحیطی و قابلی تولید، ملاحظات زیست

آسفالت، ضعف رطوبتی است. نفوذ آب از عملیات شکست قیر  دلایل اصلی عملکرد ضعیف این نوع

یابد.  مقاومت مخلوط در برابر رطوبت کاهش می ،آورد و در این راستا امولسیونی ممانعت به عمل می

درصد  3تا  1، پس از تعیین درصد قیر بهینه به روش مارشال اصلاح شده، به میزان حاضر در تحقیق

های چرب به مخلوط  درصد وزنی، الیاف حاوی آربوسل 5/9تا  3/9و وزنی، مخلوط آسفالتی سیمان 

های میزان استحکام مارشال، روانی، شاخص مارشال،  های حاصل، تحت آزمایش اضافه گردید. نمونه

ها، استحکام مارشال  از آزمایش دست آمده بهمبنای نتایج لاح شده و نیکلسون قرار گرفت. برلاتمن اص

درصد، نسبت مقاومت  41درصد، چسبندگی  130وجه ت رشال تا میزان قابلدرصد، شاخص ما 11/44

  یابد. این تحقیق، استفاده درصد کاهش می 44/33درصد، افزایش و روانی 21مستقیم کششی غیر

های آسفالت سرد را  درصد در مخلوط 3/9 ،درصد و الیاف حاوی آربوسل چرب 3 ،همزمان سیمان

 کند. توصیه می

 

ه ای   لِ چ رب ب ر ویژگ ی   ثیر سیمان و الیاف حاوی آربوس  أت(. بررسی 1492مرتضی. ) ،اسدامرجی؛ و حمید ،شیرمحمدی ؛علیرضا ،معتمدنیا :استناد

 .123-111 (،2)0 ،ه  ای عمران  ی  ه  ای زیرس  اخت  پ  ژوهش .ه  ای آس  فالتی س  رد امولس  یونی    مک  انیکی و رط  وبتی مخل  وط  
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 =B �2/�b R.QH���iQ� 7-89/ ���-P� ���  ���

�� ,�� ��(�)�* -/ ���� � �,�, ���F ����� ,� �* TAJ�

��� 5�, =v��� D@�  ,-b� �M�@ R.QH� �, �/� ;� � ,��5�

/ ������ ;� �, .5,�Z �-�..2� �� S� �.F 5J�, ;.

�5� TAJ� �����/ U�� =� =6. �  ;.2/ 5J�, �,�3C� �

D�-��* ���@ Y�.(� � ���.� ��(�)�* 7-89/ �N�[ ��� 

=�-�� DJ�@ ����  \�IH��� ��3./ >���/�* 	H�

����/ � �5� TAJ� ;��K ������/ _
�� ������ ��

.	C�Z ���F �-�8I.�  

2- 3�� � (��"�� 

2 -1- 4(�)#�� (��" 5��6"  

S6b �� R.QH� ;� �, �5� �,�)��� �g6� h(�i/ 

 ����� �, \��Q/ =��5g6� ��-6� =� =B 	�� k�* y6�

�/ =�
�6� ���-P� ����
 � � Y��P� �,�2/ �� � ,-� 

3�1� ���5���� �� k�* =��/ �u-(-�.( �� �u-}(��  =. �

=��, �-/�* � �5�  ,��5����� �� R��G/ �* �56�ASTM 

5,�Z \�q�� ]27[=��, �6H6/ .  ;�C�Z �?� �, �� �56�

@* �, �5� ;..2� ;.�� � K�� ,�5;. ���� ������ =/�� 

 ��=��, �-/�* ,��5����� 56��ASTM D-3910   DI� �,

1 =��, �� �M�@ ����� �, .	�� �5� =v���  =��-.� �56�

�� [ * =�� � ���*;.  �,�)��� ���� ��� ������ =/��

 DI� .	�� �5,�Z1=��, �6H6/ �  �� �C�i/ h(�i/ �56�

�/ ���� R.QH� ;� �, .5�, =��/ � ;� ������C 5J�, 

 �,��5b 1 	�� �5� =v���.  ;..2� �I.��I/ >���/�*

 	.).By6� =��,  R1P ^�� ���,��5����� m����� ���

 ��5b2 .5� \�q��  

  
 DI�1 - g6� h(�i/ �56� =��, �6H6/��5= �� �C�i/  

 ��5b1- =��/ � ;� ������C 5J�,  

L,�  h(�i/ :-�  ������C 5J�,  

1  ;� 44  

2  =��/  50  

3  =��,3�  6  

 :-� �� R.QH� �, �,�)��� ,�-/ ���.� ;.6n��

 :-� 568���2  =. � ��.C-J ���.� =��
��B �� =B t	��

 :-� ;� ��.�.� � �I.��I/ ��I3.C >�i9�/ � �5�

 ���5b T�� =� ���.�3  �4 �/ .5���  

�.F  :-� �� ������ ;� �, �,�)��� ,�-/ ��-.�(-/�

�, k.�-.��B;I� )CSS-1 	B�� �-iH/ ( 	)�

�/ ,�Z����� 5��� \�K . 	�I� 56*�C =B 	�� h.M-� =�

�.F��-.�(-/� ��� *�C =��/ =�)Z �56  ;� �P =B ,-�

�C*=��5g6� =� �.F � �.91� ��-.�(-/� �.F N* 56  ��

�/ �C ;� 	��� =B 51�[* ����61/ �� �I 56

=Q1P �.F �56��/ ��-.�(-/� ���  .5����-/�* ^���  ���

 =�C� \�q�� ����� �5� =. � �.F =�-��  ��5b T�� =�5 �

�/ 5���.  

 =B 	�� �.F � �3(-8� ����1.C �� �1.B�� Y�.(�

568� ���5 g� � 	@�� �,�)��� 	 b w�F DI� =� >5/

�/ =v��� � 5.(-� .,-�  DI�2� � ���� �� Y�.(� ;� �� ���

�/  .5�,* �, ;g�� � p�� �9� ��I/� Y�.(� ;� 	(�)�

 Y�.(� ;� Y�i/ ��3./ � =���, ��2/0  ��3/0  ���� 5J�,

.	�� ��(�)�* 7-89/  
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 ��5b2- =��5g6� �I.��I/ >�i9�/ ��  

��/�*  ��/�* U��  5@��  �,�Q/  ;.* ,�5@ =/��  

	��, w-i9/ ��� =��,  ASTM C-127-15 [27] gr/cm3  751/2  -  

� w-i9/ ���=��,3  ASTM C-128-15 [28] gr/cm3  787/2  -  

��� S( S8q�*  ASTM C-131 [29] 5J�,  19   �~B�5@30  

N* Nob 5J�,  ASTM C-127-15 [27] 5J�,  6/1   �~B�5@8/2  

I(-� 5J�,�  ASTM D-4791 [30] 5J�,  8/10   �~B�5@15  

 ��5b3-  ���.� �I.��I/ � �I3.C >�i9�/�C�i/  
��Z� ��� C.3I�  ��.=q �-/�*  ��Z� ��� ��I/.I�  ��.=q �-/�*  

 j�@�� w-i9/ ���)gr/cm3(  119/3   ����C 	/��Q/7  ����)N/mm2( 1/31  

�� �3� ;.8�j�@ )gr/cm2( 2991  ����C 	/��Q/28  ����)N/mm2( 7/44  

 ��5b4-  ���.� ��.�.� >�i9�/�C�i/ ]31[  
>�1.B��  Si02  Al 2o3  Fe2o3  Cao  Mgo  So3  Na2o  K2o  

(5J�,) ��5Q/  6/21  33/6  01/3  44/61  11/3  89/2  19/0  03/1  

 ��5b5- �C�i/ �-.�(-/� �.F >�.J-i
  

�/�* :-��  �/�* U���  ���^  
F >�i9�/ ,�5@.����CSS-1  
��� R1P= 234 

Min  Max  
 w-i9/ ��� ASTM D70 15/1  -  -  

 �, �����56B25 =b�, ,��g.����(s) ASTM D2170 42  20  100  

 ��2��� =GQ�(°C) ASTM D3143 44  38  -  

��.
O �, ���5��  �� S� ����24 (5J�,) 	��� ASTM D244 [32] 77/0  -  1  

 �.GQ� �� �5���.F�� �.F ��q@ 5J�,360 ,��g.���� =b�, ASTM D244 62/0  57  -  

 �5���.F�� �.F ��g�� 	.J�
(cm) ASTM D11370 101  40  -  

 �, �5���.F�� �.F 	.(A@��� ��8B  ;8.��(5J�,) ASTM D2042 08/98  5/97  -  

  

 ���@ � �,-� �3(-8� :-� �� �5� �,�)��� Y�.(�

D�-��*  	B�� r�-� �5� 5.(-� N�[ ���JCR  �-�B

�/ ���(*  ��5b�, .5���6�Z�� �  =v��� Y�.(� �I3.C ���

.	�� �5�  

2 -2- 7��"8 ��  

 	 b ����� ;� �, � =6. � �.F 5J�, ;..2�

 �,�)��� �5� TAJ� �����/ U�� �� 7-89/ 7A�
� T�P

=��, �g6� h(�i/ .5�  >5/ =� �5� �56�24  �, 	���

 ��/,160  �(�170  �, ,-b-/ N* �� �,�, ���F =b�,

=��5g6� ��./ .,-� �.91� ��  

  
 DI�2 - (�.Y� ��@� N�[ +D0�-��* �M�@ R.QH� �, =�C� ��I�  

 ��/, �� ��-.�(-/� �.F S{�60  >���@ =b�,

) L8�9/ 5J�, ^6� �� � 5� �,�,4 �5/4 �5 �5/5  �6 =� (

 =C�M� �5� 7-89/ h(�i/ �� ���(�)�* 7-89/ ��� 	1��

j(�F �, � 5�  �GF =� �����/ ���2/15  :�)��� �52/9 
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 ����� �� 	� � �, � =�9� ���.����75  �I[ =��M

 �����/2/10 �Z-8.B 7-Q� :�)��� �� =B �/45  ���.����

.5,�Z �B���/ �=�-�� ��� ��  

 ��5b6- �Z�� Y�.(� �I3.C ��� ]27[  

��/����  ���5��  

3(-8� ��5Q/ %83  

 �.F 5J�,50/70 %10  

 k(� �� ��-1�5J�,55/3 ���.8./  %7  

��2��� ��/,(°C) 500  

5./* =6./* 5.�� ���[ 5J�, %7  

 7A�
� T�P U�� �,���/ 5J�, ��5� TAJ� ��

�� =6. � �.F =B ��.F 5J�, �,�Q/ ;.g��./ m���

 � w-i9/ ��� ;���.� ������/ \�IH��� ;���.�

j��6/  j1� ��(�)�* ;�� �, �� �(�
 ��zC ��5Q/ ;��

�/ �/ ;..2� t5�-� ,,�Z ]27[ ��3./ ������/ _
�� .

��Q/ � ��)��..l� ����� �, ��(�)�* 7-89/ 	/DI� � ��

�/ SI26/ �� ��Z5��/ � .56B= ��-P  ��5Q/ ��3C� �� =B

�/ �_
�� ;� 7-89/ 	/��Q/ 	)Z ��-�  ��(�)�* ���

�..l� ����� �, 3.�DI�  ,-1 � ���/ 5�� ]33[;��K . 

	.���@ �6.� �.� ���� �� �.Q��/�.c ��B ��/�* 

r��� 	H� ��(�)�* 7-89/ ���-P� 	/5
  =� ��,

�� �2F�� k.C��� R1P =B ��/�* ;� �, .	�� �,�B =v�

 ,��5�����AASHTO T283 	��t =�-�� �� ���Z k  ��

�/ ���F ��/�* ,�-/ k�
 r��� 	H�  k � 5��.Z

D�� ��/�* \�q�� �� D1F �g, ���Z �/ ���* .5�-� 

DI�  ���3  �4 ��/�*  ���\�IH���  ;��K � �����/

=�-�� �/ ���� �� ��/�* ���  .5�,  

 �5� �5b ����� �, �.F 	/��Q/ ;..2� ����

=��5g6� =� ��  �-�8I.� �Z5��5b ��/�* �N* �f� D.(,

�/ \�q��  .,,�Z ��(�)�* 7-89/ ��� �-/�* ;�

�.c�/ \�q�� �B���/ .,-� 100 \�Z y6� �� =��,  ���

k(� ;.��/  ���1 4- 3 8 ��6 �s��[ U�� =  N�9��� ���

y6� S{� � �/ =��� �=��, g6� .,-�=��5  ��/, �, ���

150  �.F S{� ��5� k�
 	��f ��� =� �5.�� �� =b�,

y6� =� =��,  >5/ =� � �,�3C� ��90  �;(�� D
�, =.��f

�/ \�q�� 7A�
� D�� .,�o�  

  
 DI�3 - =�-�� �����/ \�IH��� ��/�* �� ���@ �1  5J�,

� ���.� 3/0 Y�.(� 5J�,  

  
 DI�4 - =�-�� ;��K ���-P� ��/�* ��  ���@3  5J�,

 � ���.�5/0 Y�.(� 5J�,  

	� � �,� =�-��  Y��� �, �� ��=�.�  ��

���g��/�* ���F =� � �5� =C�M� N* �* ��� � �,�,  >5/

24  ��/, �, 	���60 {� ����5 g� =b�,�-� �� S� 

� �Z5��5b ��3./= � >�-J ��i�/ �,�, _.9�� ,-� 

]34[ DI� .5=�-�� � �5b ��/�* 	H� ���  �Z5�

 ���� ��M�@ ����� ���� ��g��/�* �, �� �-�8I.�

�/ .5�, N* ��/�* �, ���� >�b�, ����-b  �Z5�

�=  �B���/ ��(�)�* 7-89/ �5���-b �� S� ���i� >�-J

 >5/ =� �5��10 �/ ;..2� =Q.F, .,-�  ,�5@ �,500 

 N* \�Z �,�, >���@ �* =� � �5� =�9� �C�� �,

�/ U-b =GQ� =� �� ,-�  S{� t5���250 =�-�� �� \�Z  

/ �� �~B�5@ ��5�� �B���100 =b�,   ���� � ,��g.����

 >5/10 �/ �,�, >���@ U-b N* ���, =Q.F,  � ,-�
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�/ �,� �� Y�� ���, >�-�H/ ��1I =Q.F, =� ��  ,-�

hG� ��� ����.F � ��� �, �  �5b ���� �� �,�)��� �� N*

.,,�g� h(�i/ ,5q/ ��-� x��� �� �5�  

  
 DI�5 - �-�8I.� �Z5��5b ��/�*  

 N* ����� ��/, �� Y�� >�-�H/ �5� ,�� �� S�

����� ���� � �5� �(�
 Y�� �, ,-b-/  ����.� ���

�/ ���F 5.)� hG� k ��� �� �� 7-89/  ��.2/ .56�,

�i/ ��i� >�5���/ �� ����
 ;..2� �5� ���� h(

�/ ,,�Z ]35[ DI� .6=�-�� �  ���-b 	�� 	H� ���

�/ ���� ��M�@ ����� ���� �� m�3g� .5�,  

  
 DI�6- m�3g� ���-b 	��  

) �.Q��/�.c ���B 	/��Q/ 	1��TSR �� (

�.Q��/�.c ���B 	/��Q/ 	1�� =�-��  =� :�1�� ���

,,�Z �/ DJ�@ k�
 ]26[ >K,�2/ .)1( � )2( �-H� �

 =1��H/TSR �/ ���� ��  .5�,  

)1(  2 maxP
ITS

Dtπ
=  

)2(  100 wet

dry

ITS
TSR

ITS
= ×  

�� �* �, =B ITS ��.Q��/�.c ���B 	/��Q/ �Pmax �

 ��,��� ��� =6.�.�t�8./) =�-�� 	/�9M �  �(��/D �GF �

 �=�-��ITSwet 	(�@ �, �.Q��/�.c ���B 	/��Q/ �

 �N-P�/ITSdry� Q/ 	(�@ �, �.Q��/�.c ���B 	/��

k�
 � TSRT	�� �.Q��/�.c ���B 	/��Q/ 	1�� � 

]36[.  

3 - :;� � <��#&  

�5� TAJ� �����/ U�� =� 7A�
� T�P D@��/  ��

 ,��5�����ASTM D-5581 �.F 5J�, ��5Q/ � \�q�� �

 ��5b �, DJ�@ ^��� .5� ;..2� =6. �7  �5� =v���

 �^��� =� =b-� �� .	��6/5 =6. � �.F ��-6� =� �.F 5J�,  

7-89/ =�-�� �����/���� ��� � ;..2� ��  �� �5� =. � ���

 U�o� r��� =� k,3� ��.�� ��.F 5J�, ;�

7-89/ �/ �5� ;..2� \�Z 	(�)�* ��� .5���  

=�-�� =�  ���@ ���6/5   ��-.<�(-/� �.F ���� 5J�,

 j.��� =�3/0  �5/0  � N�<[ D�-��* ���@ Y�.(� 1 �2  �

3   �<.� 568��� ���.� ���� 5J�,2     .	<�� �5<� �,�3<C�

=�-�� ����I� �� ��.Z-8b ����    R��<G/ ���</�* 	H� ���

��5b 8�5� ���og/�� � .5��  

3 -1-  ;
�� �#&�= �"8�>�? @�A��" B�%;#��  

=�-��  	8 / �P �� S� ��7 =� ����  \�q�� �-?6/

D�� 56*�C ��3./ ��/�* 	H� �D/�B ���*  \�IH���

 �� �����,-�� �, ^��� =B 5�5� �,�, ���F �����/

�/ �5���/ .,,�Z  

 ��5b7-  �I.��I/ >�i9�/��(�)�* 7-89/  

=6. � �.F   
(5J�,) 

7-89/ w-i9/ ���  
)gr/cm3( 

7-89/ k�-}� w-i9/ ���  
)gr/cm3( 

 �(�
 ��zC
(5J�,) 

�g6� �(�
 ����zC  
(5J�,) 

 �5��� �(�
 ��zC
 �.F ��(5J�,) 

6/5 301/2  399/2  08/4  77/16  63/75  
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 ��5b8- =��5g6� �I.��I/ >�i9�/ ��  

���i�
� \��  7-89/  =�-��  

M+0  �,�3C� ��5��  1 

M+C1%+F0.3%   �,�3C�%1 �.��� � %3/0 (�.Y�  2 

M+C2%+F0.3%   �,�3C�%2 �.��� � %3/0 (�.Y�  3 

M+C3%+F0.3%   �,�3C�%3 �.��� � %3/0 (�.Y�  4 

M+C1%+F0.5%   �,�3C�%1 �.��� � %5/0 (�.Y�  5 

M+C2%+F0.5%   �,�3C�%2 �.��� � %5/0 (�.Y�  6 

M+C3%+F0.5%   �,�3C�%3 �.��� � %5/0 (�.Y�  7 

  

 DI�7=�-�� �����/ \�IH��� ��3./ �  ��5b � ��

9=�-�� �����/ \�IH��� ��3C� 5J�, �  =� 	1�� �� ��

=�-��  DI� ���,�3C� ��5� 8 j�@�� ����� ��3./ ��,-�� �

 ��5b � ���.8./10 5J�, � =� 	1�� ����� ��3./ ���B

=�-��  �� ��,�3C� ��5� �/ ���� .5�,  

  
 DI�7 - =�-�� �����/ \�IH��� ��,-�� ��  

�-G����DI� �, =B  ���7  �8  ���5b �9  �10 �

�/ =?@A/ =�-�� t,,�Z  �,�3C� ��3  � ���.� 5J�,3/0 

.(� 5J�,� =�-�� =� 	1�� � =���, �� ,�I8�� ;�� � Y

 �����/ \�IH��� ��3./ ���,�3C� ��5�88/47  5J�,

 ����� ��3./ � ��3C�47/36 �/ ���B 5J�, .5�� 

=� =I1� ,�q� �� Y�.(� � ���.� j.B��  jb-/ �52�

s�� ����� �, 7-89/ 	/��Q/ ��3C� ,�-
�/ �Z  � ,,�Z

	� � �,� �/ ��3C� 7-89/ \�IH���  R.F, ����� .5��

=��Q/ �6H6/ �/ ���� �� ��,�3C� j.B�� 5�, ��� 

�-Bo/� 7-89/ ;� \�IH���  U�o� ,�5@ �� �� ��

H���I7-89/ \� �/ \�Z 	(�)�* ��� �, ��3C� 5��-�.5  

 ��5b9- =�-�� �����/ \�IH��� ��3./ ��3C� 5J�,  ��� ��
��,�3C� ��5� =�-�� =� 	1�� ��,�3C�  

=�-��  ��3C� 5J�,  

M+C1%+F0.3%  31/17 

M+C2%+F0.3%  38/40 

M+C3%+F0.3%  88/47  

M+C1%+F0.5%  22/12 

M+C2%+F0.5%  77/30 

M+C3%+F0.5%  54/36  

  
 DI�8 - .8./ j�@�� ����� ��3./ >��..l����  

 ��5b10-  �����/ ����� ��3./ ���B 5J�,=�-��  �� ���
��,�3C� ��5� =�-�� =� 	1�� ��,�3C�  

=�-��  ���B 5J�,  

M+C1%+F0.3%  07/20- 

M+C2%+F0.3%  95/22- 

M+C3%+F0.3%  47/36 -  

M+C1%+F0.5%  56/23- 

M+C2%+F0.5%  48/27- 

M+C3%+F0.5%  58/32-  
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3-2- @�A��" HI�A =��#& �� ;
  

 =B 	�� �����/���� =8�b �� �����/ _
��

�/ ��� 5��-��..l� ����� �, 7-89/ 	/��Q/ �g�DI�  ���

 	/��Q/ ��5Q/ ����.� 5J�, ��3C� �� .5��� ��v�,

=�-�� �����/ �/ ���B ����� ��3./ � ��3C� ��  ;� .5��

 .	�� �5,�Z SI26/ �����/ _
�� ��,-�� =� >��..l�

�/ ��,-�� ����� �� =�-�� �, =B ,-�� =?@A/ ��-�  ���

��@ �3  � ���.� 5J�,3/0  ���@ Y�.(� 5J�,

D�-��*  .	�� �5.�� ,-
 ��3./ �~B�5@ =� N�[ ���

DI� 9=��Q/ �   ��5b � �����/ _
��11 5J�, �

=�-�� �����/ _
�� ��3./ ��3C� =�-�� =� 	1�� �� ��  

�/ ���� ���,�3C� ��5� �� .5�, DI� ��61/9  ��5b �

11�/ � =B ,-�� =?@A/ ��-� ��/ _
�� ;� ���

=�-�� =�-�� =� 	1�� ��   ��,�3C� 5F�C139  ��3C� 5J�,

�/ ���� ��[ ��.�� =B 5�, 	�� �.Z.     

  
 DI�9 - =�-�� �����/ _
�� ��,-�� ��  

 	C�� �,�-
 ���� =� �q6/ Y�.(� ��5Q/ ��3C�

�/ 7-89/ 	
�-6I  =B 	�� �5@ �, �/� ;� .,,�Z

�� ���.� 5J�, ��3C� ��@ ��� � ��iQ� 5��-�=  ,-b�

� �� �5/*56[ j.B�� =� 	�6� �� � 5�, ��- ���C

7-89/  7-89/ 	C�� �Z,�-
 ���� ��(�)�* ����.f]� 

�/ ���� ,-
 �� 7-89/ 	.18J ���B �, ������C  .5�,

 �, ����I�� � ����� r�-� �5� =v��� ^��� �� DJ�@ ^���

7-89/ �, ���.� j.B�� �� �,�)��� * ��� ,�� ��(�)�

 ,��,]3[.  

 ��5b11- =�-�� �����/ _
�� ��3./ ��3C� 5J�, �� �� �
��,�3C� ��5� =�-�� =� 	1�� ��,�3C�  

=�-��  ��3C� 5J�,  

M+C1%+F0.3%  87/46 

M+C2%+F0.3%  85/104 

M+C3%+F0.3%  98/138  

M+C1%+F0.5%  116,80 

M+C2%+F0.5%  75/30 

M+C3%+F0.5%  67/90  

3-3-  =��#&7��"8 ��*A�*K ��' %�&  

=�  ����� �-?6/�.f]� ��,�3C�  Y�.(� � ���.� ���

=��5g6� �Z561�[ �� N�[ D�-��* ���@  	H� �.F � ��

�.f]� �* �	�-P���/ �-�8I.� ,��5����� �� �ASTM D-

1559�  ^��� =B 5,�Z \�q�� �5� =. � >�1.B�� ��� ��

 DI� �, �*10	�� �5� =v��� � ]37[ ��5b ;.6n�� .

12=�-�� �-�8I.� �Z5��5b ���B 5J�, � �� �� 	1�� 

=� =�-��  �/ ���� ��,�3C� ��5�  ���� ^��� ����� .5�,

�/  �N�[ D�-��* ���@ Y�.(� � ���.� j.B�� =B 5�,

=��5g6� � �.F ;.� �Z561�[ �/ ,-1 � �� ��  .5�9�

=�-�� �, =q.�� ;�� �  ���@ ���3  � ���.� 5J�,5/0 

�/ =B 5,�Z �5���/ ��,�3C� Y�.(� 5J�, 5��-� ��5Q/ �� 

43/48  .5�, ���B �� �-�8I.� �Z5��5b ��5Q/ 5J�,

 ���@ Y�.(� � ���.� j.B�� �^��� ;� =� =b-� ��

g6� � �.F ;.� �Z561�[ ��3C� �� N�[ D�-��*=��5 �� 

/� 5��-� 7-89/ ���C� ,-1 � =� �q6/  ,�� 	(�)�* ���

�-.�(-/����� �55� ����� �, � .,,�Z �Z5�  

  
 DI�10 - �-�8I.� �Z5��5b ��/�* ^���  
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��5b 12- =�-�� �-�8I.� �Z5��5b ��3./ ���B 5J�, �� �
��,�3C� ��5� =�-�� =� 	1�� ��,�3C� ��  

=�-��  ���B 5J�,  

M+C1%+F0.3%  5/12- 

M+C2%+F0.3%  56/26 - 

M+C3%+F0.3%  06/39-  

M+C1%+F0.5%  81/32- 

M+C2%+F0.5%  18/42- 

M+C3%+F0.5%  43/48-  

3-4- ��A�K � 7��"8 =��#& �� ;
  

N* ��/�* ,��5����� ���� �3.� ���-b ) ��

 ,��5�����ASTM D-3625(  ���B ;..2� ����

 	H� ��5�� �B���/ 7-89/ �, �Z561�[�.f]�  U-b N*

 DI� �, ��/�* ;� ^��� .	��11 .	�� �5� =v��� �

��/�*  �� �).B >���/�* �� ���-b N* � �-�8I.� ���

�/ K�� ��G
 5J�, t56��� �/ ��@ ;� �� �(�  �� ��-�

6� =� =b-�=I �� �-/�* �, �� ^�����-9 ���� ��-
 �

 t5���,�.f]�  D�-��* ���@ Y�.(� � ���.� j.B�� 	1~/

=��5g6� � �.F ;.� �Z561�[ 	.J�
 ,-1 � �, N�[  ��

/ �, ��7-89  �,�)��� �� �5� =. � ��-.�(-/� ��(�)�* ���

 ^��� .,-�� =��Q/ �� �� � �5���/ >���/�* ;� ��

���� w�-
 ,-1 � �� �B�@ =�-�� �Z5� �� ,�-/ �

 �� h(�i/ �� �.F �Z5��5b ���B ;.6n�� .,��, =2(�G/

 DI� .	�� ,- �/ ���.� 5J�, ��3C�11 ��3./ �

 	H� ��5�� �B���/ 7-89/ �, �Z561�[�.f]�  N*

 ��5b � ���-b13 7-89/ �, �Z561�[ ���B 5J�, �

=�-�� �5�� �B���/ �� �� 	1�� =� =�-��   ��,�3C� ��5�

�/ ���� .5�,  

�����  �/ ���� ^���  Y�.(� � ���.� j.B�� 5�,

g6� � �.F ;.� �Z561�[ �N�[ D�-��* ���@=��5 �� �� 

 �,-1 /� =�-�� �, =q.�� ;�� � �5�9�  ���@ ���3 

 � ���.� 5J�,5/0  5,�Z �5���/ ��,�3C� Y�.(� 5J�,

�/ =B 5��-�  ��5Q/ ��62/40  �, �Z561�[ ��5Q/ 5J�,

.5�, ���B �� �5�� �B���/ 7-89/  

  
 DI�11 - 3./ ^����5�� �B���/ 7-89/ �, �Z561�[ �� 

 	H��.f]� ���-b N*  

��5b 13-  �B���/ 7-89/ �, �Z561�[ ��3./ ���B 5J�,
 	H� ��5���.f]� =�-�� �, ���-b N* �� =� 	1�� ��,�3C� �� �

=�-��  ��,�3C� ��5�  

0&��&  7��+ *L�(  

M+C1%+F0.3%  18/17- 

M+C2%+F0.3%  93/10- 

M+C3%+F0.3%  43/23-  

M+C1%+F0.5%  81/32- 

M+C2%+F0.5%  37/34- 

M+C3%+F0.5%  62/40 -  

3-5- =��#& �� ;
 7��"8 O���'� �#��$� 0� 3�� 

P�
Q RSL� 4*A 

 j.B�� �� ����6 =�-�� ,5�   ��5� =. � �����/

=�-�� � N�9���  ��� ���Z .5,�Z �.�Q� ���Z �, =� ��

�-�� =� D/�� ��B �-/�* 	H� k�
 	(�@ �, =

�.c >5/ =� =B =�-�� =� D/�� \�, ���Z � �.Q��/24 

�.c ��B �-/�* 	H� � :�1�� 	��� ���F �.Q��/

 DI� �, �-/�* ;� ^��� .	C�Z12 .	�� �5,�Z =v��� �

�/ ^��� =� =b-� ��  � ���.� j.B�� =B ,-�� ��.� ��-�

7-89/ �.Q��/�.c ���B 	/��Q/ 	1�� Y�.(�  ���

�/ ,-1 � �� ��-.�(-/� ,�� 	(�)�* 5�9��  � 6� �(�

=�-��  ���@ ���3  �5  � ���.� 5J�,3/0  �5/0  5J�,

 5@ 56����-� Y�.(�80 ;.* �, �5� ;..2� �5J�,  =/��

 ���]56��� ;./ ) ,��5�����AASHTOO T283( ;�� � .

�-/�* ;.� �, =q.�� =�-�� =� 7-��/ ��  D/�� ���3 

 � ���.� 5J�,3/0  �� �Y�.(� 5J�,60/21  5J�,

�/  .5��� =� �q6/ Y�.(� � ���.� j.B�� 5�� �/ �?� =�
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 7-89/ �.F 5J�, ��3C� � 7-89/ �(�
 ����zC ���B

;� =B ,,�Z �/ 7-89/ 	/��Q/ ��3C� x��� �/���  �, ��

�/ 	�-P� ������  �� .,,�Z� ��3./ Y�.(� 5J�, ��3C

,5q/ 7-89/ �(�
 ��zC� �/ ��3C� 5��  =� �q6/ =B

/ ���B 	/��Q/ ���B� .,,�Z �g, �-� ���  Y�.(�

�/� ;� =B 	C�Z ,-
 =� =(-8Z DI�  ���B =� �q6/

7-89/ 	/��Q/ �/ :�1�� ��� ,-� .����� �8B  ^���

�/ ����  �Q� Y�.(� � ���.� �,�3C� 5�,/���f  �,

7-89/ :-� ;� 	/��Q/ ,-1 �  ���-P� ����
 ����� �, ��

.,��,  

  
 DI�12 -  ���-P� ��/�* ^���;��K  

��5b 14-  �.Q��/�.c ���B 	/��Q/ 	1�� ��3C� 5J�,
=�-�� ��=�-�� =� 	1�� ��,�3C� �� �  ��,�3C� ��5�  

=�-��  ��3C� 5J�,  

M+C1%+F0.3%  11/7 

M+C2%+F0.3%  20/10 

M+C3%+F0.3%  60/21  

M+C1%+F0.5%  64/8 

M+C2%+F0.5%  30/13 

M+C3%+F0.5%  70/14  

4- 0T�#& ����  

 �� 5,�Z �2� ��M�@ ����� �,�.f]�  j.B��

D�-��* ���@ Y�.(� � ���.� �Z�� �� N�[ ���  ���

 ,�-/ ��-.�(-/� ,�� 	(�)�* 7-89/ �I.��I/ � ���-P�

 .,�.Z ���F U�I6B � =2(�G/ �� �� ^���D.8H�  ;� ���

�����:5� �5����.  

1- �-� �,�)��� N�[ �-���* ���@ Y�.(� � ���.� \

 �,7-89/  ��3C� =� �q6/ ,�� 	(�)�* ���

7-89/ ;� ������ ��-� �/ ��  ^��� .,,�Z

�-/�* �/ ���� ��  ��3./ 5�,3/0  � Y�.(� 5J�,

3  �� 7-89/ :-� ;� ������ ��-� ���.� 5J�,

7-89/ U�o� r��-M 5@ �,  \�Z 	(�)�* ���

�/ ��3C� �-�2/ .5�,  =�� �, :-M-/ ;�

=� =I1� ,�q� 2� �5� ,�q� �B���/ � �5 DJ�@

-� �,�)��� ��� Y�.(� � ���.� \ 7-89/ j.B�� �,

DJ�@ �/ .5���   

2-  =� N�[ �-���* ���@ Y�.(� � ���.� �,�3C�

 ���3/ �� ��A� ��-.�(-/� ,�� 	(�)�* 7-89/

 �����/ _
�� ��3C� =� �q6/ �G.H/ 	��

�/ 7-89/ �/ �/� ;� .,,�Z  =� �q6/ 5��-� ,-1 �

7-89/ 	/��Q/ �..l� ����� �, ��DI�  ��v�, ���

 .,,�Z 

3-  �� N�[ �-���* ���@ Y�.(� � ���.� j.B��

=��5g6� � �.F ;.� �Z561�[ ��3C� �/ ��  5��-�

7-89/ 	/��Q/  �, ��-.�(-/� ,�� 	(�)�* ���

���� �55� ����� �,-1 � �Z5 .5�9� 

4-  Y�.(� � ���.� j.B�� �-���* ���@N�[  ��

����zC �q@ ���B  �(�
 	1�� 	/��Q/

7-89/ ���B  �� ��-.�(-/� ,�� 	(�)�* ���

�/ ��3C� =�-�� 5�,  ���@ ���3  �5  5J�,

 � ���.�3/0  �5/0  ����C� A�� Y�.(� 5J�,

D��F  ���� ,-
 �� 	�-P� ����
 ����� �, �-1F

�/ .56�,  

5- �-/�* ^��� �/ ���� ���-P� � �I3.C ���  5�,

�Z�� ;� ,-1 �  ��[, Y�.(� 5J�, ��3C� �� ��

�/ �A�
�  ���� �, �� �/� ;� 	8� =B ,,�Z

 ��3./ ��3C� �� 7-89/ 	
�-6I 	C�� �,�-


�/ Y�.(�  ���/� :-M-/ 	.��� .,�B -q��b ��-�

hM�� �/ ��  �� ���.� 5J�, ��3C� =B ,,�Z

 ���B �� p��/�.f]�  ,-1 � �� Y�.(� ,���/

��Z� ��� ��.�.� � �I3.C ���  .,,�Z  
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