
����� 5 

��	
���
��� (Admixtures) 

 

5.1 ����� 
 �������	
���
�
���� (Admixture) ����������� ACI 116 R [1]  &'( ASTM C125 [2] ./�
01
�2�/�������ก
4�/�5�ก�16�, �0'�0�,89�:�
��;< &'( 

=�>�

��� &'(01
�2
4'?���65(>
?>�.��ก��; 
4�/����<;=��< �@(����
�4�/�ก?�����5(�A�ก���
�.��ก��;4�/����<;=��< 
 ก��>B=
���
�
����
�/��01;C28�(
	.<>�ก��8�1D8�2	
E����	.��ก��;4�/����<;=��<>4=���F6�
&'(
4��(
����5(>B=	�� ��5�A�>4=ก���A�	��	?���F6� 4�/�8�(4�1��F6� 4�/�
�/��8�(4�1��'1		�4�/�

�����A�>4=.��ก��;���G�=��.0��.	��;?�
E��ก��ก1�ก�?�� 4�/�;?�
E�����HI���ก�J��ก�F6� 
 
5.2  	!�"�#$%��	
���
��� (Type of Admixtures) 


���
�
������4'��B���  ��55A�&�ก
���
�
����4'1กKG�= 4 8�(
E� 
1. 
��
����H�	��ก�J (Air-entraining admixtures)  ;����;�S�� ASTM C260 [3]  
8V�


���������<'('���6A�   
2. 
��
.���
�
���� (Chemical admixtures)  ;����;�S�� ASTM C494 [4] 
3. 
���
�
����&DD&�?[�;2 (Mineral admixtures) ;����;�S�� ASTM C618 [5] 
4. 
���
�
�����/��K (Miscellaneous admixtures)  
8V�
���
�
�������G�?51���9?>���;�S�� 

>�D���65(ก'?�0CF	
��ก1กก�(5��H�	��ก�J &'( 
��
.���
�
���� 
 
5.3  ��	�
���,$%$�ก�. (Air-Entrained Admixtures) 
 Air-entrained agent ./� 01
�2 4�/�
���
�
�������
;��
�=�G8>�89�:�
��;< 4�/�.��ก��;4�/�
���<;��<
�/���A�>4=
ก��H�	��ก�J (Entrained air) >����<;=��<4�/�.��ก��;>��@(����A�ก���
� 
����1�0G8ก��>B= Air-entrained agent 
�/��
����.0���=�
4'0��	.��ก��; &'(
�/��8I�	ก1��'ก�(�D
5�กก��&�_	;10��	�6A� 
 ก��>B= Air-entrained agent ����>B=ก1D.��ก��;���;=�	�5`ก1D
E�� Freezing and thawing 
�1	�16�
���
�
����B�����65F	>B=ก1D8�(
�J>�&CD4��0��ก  
?0�8�(
�J>�&CD�=��G�?.0�>B=
��
�0ก��6
���(5(�A�>4=.��ก��;����.�&�	  &'(��5��กA�'1	�1����;�A�'	 
 �	.<��.������1ก5(>B= Air-entrained agent �1ก5(G�=&ก? C��  �/6�4�/�'��5���C>����&5=	 
4�/���	
���
�=�  
4;2
���(��.��
4'?���6 
�/����4��(8ก.'2�4�/���
E���6A� ก'��
8V��6A�&�_	5(��
�2@4E9��;�A�ก0?�52�
�/�ก&�_	 
E��
4'?���65('/����ก 
�/��&ก=G�8d`4� e'/��f 5F	;=�	�A�
ก'/������

�/��>4=�6A�4�/�4��(�('('�� :F�	
8V�'1กg@(.'=��ก1D Freezing and thawing  �1��
�	 
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 ก��>B=
�� Air-entrained agent 5(�A�>4=E��>�.��ก��;8�(ก�D�=0�H�	
'_ก K 
8V�5A��0�
��ก���&'(ก�(5����?�	
��A�

�� 
8V�5A��0�4'���1�'=��H�	��ก�J>� 1 �3.  ��	.��ก��; 
5.3.1 
3ก	!��#$% Air-Entraining  Admixtures 56$7$�ก	�5�8 

- .��ก��;�����.?�.0���2D;10���
�?�ก1� (Same slump) �D0?�.��ก��;����� Air-entraining  
admixture 5(�A�	��G�=	?��ก0?�ก�@����.��ก��;G�?>
? Air-entraining agent �ก
0=�>�ก�@����>B=8����@
89�:�
��;<
9	K 

- '�.?�ก��&�ก;10 (Segregation) &'(ก��.���6A� (Bleeding) 
- 
�/��>B=  Air-entraining  admixture >�.��ก��;���8����@89�:�
��;<
9	 K  �A�>4=.��ก��; 


4���0��ก &'(;D&;?	��0'A�D�ก;?�.��ก��;���&�_	;10&'=0 
- '�กA�'1	.��ก��;'	 ���	8����@��	H�	��ก�J
ก����ก
�?�G4�? กA�'1	�1���	.��ก��;���	'�'	 

��ก
�?��16� 
5.3.2 9:�8;���<=>� ?�5:9���,$%$�ก�.  (Materials for Air Entrainment) 

1. >��98��	
4'0 4�/����
8V��'	'('���6A� 
B?�
ก'/���	 Wood resins, Synthetic detergents 
(�	:1กH�ก), Salts of sulfonsted lignin, Salts of petroleum Acids, Fally (G��1�) 

01
�2���ก'?�0CF	
4'?���6'=0��A�>4=
ก��H�	>�.��ก��;D�	B���
8V�
?0��
����>B=�A�&B��9 
4�/��	:1กH�ก01
�2
4'?���6�A�>4=
ก��H�	>�.��ก��;5��	   &;?H�	���G�=��5G�?
4��(
����5(
8V�H�	
���>B=
8V� Air entrained     �1	�16�.0��A�ก����
�D 4�/����=��9'�/��1����&�?���0?�01
�2����A���>B=

4��(
����5(>B=
8V� Air-entraining agent 5��	 

2. >��98��	 Particulate Air-entarining admixtures ./�
8V�01
�2������9��2���9?&'=0&'(
�/�� 
�
�>�.��ก��;���n;�ก���.'=��K ก1DH�	��ก�J 
B?��0ก��	ก'���	�'�
;�กก'0	 ��S8o�������9
��2�  Expanded clay of shale (�1กG�=5�กก��
�����4�/� Shale >4=����;10)  ������	01
�2�0ก��6�1ก

��.?� 290 CF	 850 µm .0����2�����0�G�?�=��ก0?��=��'( 30 ���8����;� &'( Pore-size 

distribution (������	�9��2�) .0���.?��(40?�	 0.05 CF	  3  µm 
5.3.3  B,7�5$	C�����
3ก	!��56$ 	���D,$%$�ก�.  (Factors Influencing Amount of Entrained 

Air) 

- 
��
5/�8��0ก
���������<>�4���1ก5(�A�>4=ก��>B=8����@��	 Air-entraining admixture 
'�'	  

- �6A��
�.��ก��;���
8V��6A�ก�(�=�	 �A�>4=;=�	>B= Air-entraining admixture  ��ก�F6� 
- 89�:�
��;<���'(
���� (
B?� Type III) �1ก;=�	ก��8����@��	 Air-entraining agent ��กก0?�

ก�@���	89�:�
��;<���4��Dก0?� (Type I) 
- 01
�2�0ก8�:�:'�� 
�=� 
C=�C?��4��5('�8����@H�	��ก�J>�.��ก��;'	 
- �2@4E9������
�.��ก��;
9	 ;=�	>B=8����@
�� Air-entraining admixture 
9	�F6�  
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- ก��>B=
��  Air-entraining agent  �?0�ก1�ก1D
���/�� 
B?� &.'
:���.'�G��< 4�/��0ก 
Water-reducing admixtures 5(;=�	;�05
�D

��0?� 
�����>B=�?0�ก1�ก1D Air-entraining 
agent �A�>4=
ก���''D4�/�D0ก>�
�/��	H�	��ก�J 

 
���
�
����
����C
���กG�=0?��'�'�;5�ก
.��  5(>B=
r��(ก��
����.2@
�D1;���	.��ก��;
&;?G�?
ก�� 5%  ����0'��	:�
��;< 4�/�>B=
����ก?�����5(��
E��
8V�.��ก��;  
�/��8�1D8�2	.2@E��
��	.��ก��; 
 
5.4  ��	�7��
���
��� (Chemical Admixtures)  
����C5A�&�ก
��
.���
�
����;����;�S����	 
ASTM C 494 [4] G�=�1	��6 
 Type A 
��'�8����@�6A� (Water-reducing) 
 Type B 
��4�?0	ก��ก?�;10 (Retarding) 
 Type C 
��
�?	ก��ก?�;10 (Accelerating) 
 Type D 
��'�8����@�6A�&'(
��4�?0	ก��ก?�;10 (Water-reducing and retarding) 
 Type E 
��'�8����@�6A�&'(
��
�?	ก��ก?�;10 (Water-reducing and accelerating) 
 Type F 
��'�8����@�6A�8����@>��1;��
9	 (High-range water-reducing or  

superplasticizing) 
 Type G 
��'�8����@�6A�8����@>��1;��
9	&'(
��4�?0	ก��ก?�;10 (High-range water- 

reducing and retarding or superplasticizing and retarding) 
5.4.1  ��	�	6%ก�	ก6$5:9 (Accelerating Admixtures) 

 ;����;�S����	 ASTM 
���
�
���� Type C  ./� 
��
�?	ก��ก?�;10 (Accelerators) 4�=����
��	
��
�?	ก��ก?�;10  ./�  5(
�?	>4=.��ก��;��กA�'1	
�����F6���?�	�0�
�_0>�B?0	&�ก K ���5(
ก���F6�
>�B?0	ก��ก?�;10��	.��ก��;  
��
�?	ก��ก?�;10��65(>B=
�/��.��ก��;��9?>�
C�����������2@4E9��;�A� K  
./��2@4E9�� 2-4wC (35-40wF) >B=>�ก���'�;.��ก��;
A�
�_5�98 (
�/��;=�	ก��C��&DD
�_0) 4�/�>B=>�
	��:?��&:����;=�	ก��.0��
�?	�?0� 
A�4�1D�'���=���/�� K  ./� 
����C8����04�=�G�=
�_0  
8V�
r�0� &'(
����C
�=�	�.�	
�=�	;?�G8G�=>�
0'��1��0�
�_0 
 >���	;�	ก1��=������2@4E9��
9	  
��
�?	ก��ก?�;105(
?	�';?�ก��
8'����&8'	.0���=��>�
�1;��
9	���
ก��G8 
?	�'>4=ก��
9`

���6A���ก
ก��G8  �A�>4=.��ก��;&;ก�=�0
�/��	5�กก��4�;10 
(Shrinkage)  >��@(���ก��>B=
��
�?	ก��ก?�;10����2@4E9��;�A�5(�A�>4=52�
�/�ก&�_	��	.��ก��;'�;�A�'	
G�?
ก��  2wC   (4�/�8�(��@ 3.5wF) 
 
��
�?	ก��ก?�;10���>B=ก1������4'���J0��g����1�0G8 ./� &.'
:���.'�G��< (Calcium 
choride)  :F�	
8V�;10
�?	8y�ก����������8�(
��[�E��>�ก��
�?	8y�ก����� Hydration (8y�ก�����ก��>B=�6A�>�
ก��
����กA�'1	��	.��ก��;) 5�ก &.'
:���0�'�
ก; (Calcium Silicates, C3S)  
8V�
��
�?	ก��ก?�;10���4�
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G�=	?��&'(����.�C9ก  &;?���=�

�����
A�.1`4�F�	��?�	./�  .'�G��<G���� (Chloride ions)  5(�A�
8y�ก�����ก1D
4'_ก

���4�/�
4'_ก�/�� K  �����9?>ก'=./�
4'_ก

���5(C9กก1�ก�?��
ก��
8V�
�����ก  
 CF	&�=0?�8y�ก�����ก��
ก��
���5(
ก���F6�
r��(>�
?0����
1��1
ก1D�6A�&'(��ก:�
5� &;?ก_G�?
.0�5(

���	���5(>B=.'�G��<G����>�.��ก��;  
B?� ก���
�&.'
:���.'�G��<>�.��ก��;

���

4'_ก  .��ก��;�1�&�	  �'���;���� ./� ��;�S��;?�	K  
1�	4=��>B=&.'
:���.'�G��<>�.��ก��;�����

4'_ก

���  ��ก5�ก��6&�=&;?>�.��ก��;'=0����G�?��.0��.	��&'=0ก_G�?.0�5(>B=&.'
:���.'�G��<  
;10��?�	�'��	ก��>B=&.'
:���.'�G��<  ./� :�
��;<5(;=�����:1'
H;G�=�=��'	  
�/���
� CaCl2  
>�.��ก��;4��D (Lean)  &'(

���	;?�8y�ก������1'.�G'�<>��0'�0� (Alkali-aggregate) ��?�	G�ก_
;���'��	 CaCl2   5(
'_ก�=����ก
�/����ก��.0D.2�8y�ก��������>B=:�
��;<�����
���1'.�G'�<>�
8����@;�A�&'(
;��
��  Pozzolanas   �'5�กก��>B=  CaCl2   ���G�?�F	8���C����กก_./�  ก��4�;10 
(Drying shrinkage)  ��	.��ก��;5(
�����F6���ก8�(��@ 10-15% 4�/���5��กก0?���6&'(.0��./D  
(Creep)  >�.��ก��;ก_5(
�����F6��=0� 

CF	&�=0?�ก��>B= CaCl2   5(B?0�'��1�;���5�ก�2@4E9�����;�A���ก���5(�A�>4=�6A�>�.��ก��;&�_	
>�B?0	���2 2-3 01�&�ก (8I�	ก1���ก�J
�_�
�=�G8�A�8y�ก�����>�.��ก��;�A�>4=�6A�>�.��ก��;&�_	&'(
'('��>�E��4'1	)   �1	&
�	>�E�� 5.1  &
�	�'��	.0��B/6������;?�.��ก��;������2;?�	K  ก1D
5A��0���D��	ก��
�_�;10&'(ก��'('�� 

 
 

 

A�4�1D�=�����	ก��>B= CaCl2  >��=���/�� K  ./�  B?0�����.0��;=�����;?�ก��ก1�
:�( 

(Erosion) &'(ก��ก1�ก�?�� (Abrasion)  ;'�����2ก��>B=	�� 
�/��.��ก��;'=0�C9กD?��=0�G��6A� 
CaCl2  5(B?0�
����กA�'1	��	.��ก��;&'(
����C
�����2@4E9��>4=
9	��?�	>��@(D?�G�= 

	K ��� 5.1  &
�	.0��;=�����ก��
�_�;10&'(ก��'('����	.��ก��;
�/��D?�����2@4E9��    
                 4wC (40wF) ���>B=:�
��;<�����
�� CaCl2 ;?�	ก1� [6] 
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 �'��	�:
����.'�G��< (Sodium chloride, NaCl)  5(.'=��.'F	ก1D&.'
:���.'�G��<  &;?
�=��ก0?� ��.0��G�?&�?�����กก0?�   &'(ก���A�8y�ก����� Hydration ;16	&;?01���� 7 ��	.��ก��;5('�
�=��'	�A�>4=กA�'1	��	.��ก��;'�;�A�ก0?����.0�5(
8V� 
 �1ก0�51�D�	.�&
�	>4=
4_�0?�ก��>B=&.'
:���.'�G��<G�?���'ก�(�D��?�	
4_��1�
A�.1`;?�
ก��ก1�ก�?����	
4'_ก

���C=�.��ก��;���1;��
?0����
4��(
�&'(&�?���  &'(C=��(�(.��ก��;42=�

4'_ก
���	��  &;?�B.G�?�����>�	��
���ก���A�	��&'(.��ก��;G�?
8V�G8;��
	/���G�  ��ก

��
5�ก0?�.��ก��;�����ก��8y�D1;���?�	��5F	5(8I�	ก1�ก��ก1�ก�?��G�= 
 ��
8V�G�=���5(�A�&.'
:���G�G;��<&'(&.'
:���G�
;����
8V�
��
�?	ก?�;10  ���5(B?0�
�1D�16	ก��ก1�
:�(    &.'
:���H��<
��&'(�:
����H��<
��ก_��.0��
8V�G8G�=���5(�A���>B=	�� 
 &.'
:���H��<
�� (Calcium formate)  5(��8�(
��[�E��ก_;?�
�/��>B=:�
��;<���>B=���1;��
?0�
��	 C3A  ;?�  SO3   ��?�	�=�����
2�
�?�ก1D 4 &'(�� SO3  >�8����@;�A� 

 
 
 

Massazza  &'(  Testolin  �D0?�กA�'1	��	.��ก��;�����
?0��
���	&.'
:���H��<
��
�/��

0'��?��G8 4.5 B1�0��	 5(��กA�'1	
�?�ก1D.��ก��;���G�?��
?0��
���	&.'
:���H��<
��
�/��
0'��?��
G8 9 B1�0��	 �1	&
�	>�E�� 5.2  &'(&.'
:���H��<
��5(G�?�A�>4=กA�'1	

/��� >���	;�	ก1��=��
�'ก�(�D��	ก��>B=
��
�?	ก��ก?�;10>��=���/��K  ก_�1	G�?
����CกA�51�G�= 
 Rear &'( Chin ��
�D.��ก��;������1;��
?0��
�
��� (�1;��
?0��
��6A�;?�:�
��;< 
(water/cement ratio ) 
�?�ก1D 0.54) ���>B=8��<&'��<:�
��;<8�(
E� 1 &'(
���
� 3 &DD ��

?0��
��1	��6./� 

	K ��� 5.2  �'��	 Calcium formate  ���
?0��
�;?�	K (����0'��	:�
��;<) ;?�ก���1~��   
                 กA�'1	��	.��ก��;5�ก8����@:�
��< 420 กก./�.3  &'(�1;��
?0��6A�;?�:�
��;< 0.35 [6] 
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 &DD��� 1.  Calcium-nitrite-based 
 &DD��� 2.  Calcium-nitrate-based 
 &DD��� 3.  Sodium-thiocyanate-based 
 
?0�8�(ก�D��	:�
��;< (8����@
8V� %)  ���1	��6 
 C3S  49 � 59 
 C2S  16 � 26 
 C3A  5 � 10 
 C3AF  7 � 11 

.?�.0��'(
������	:�
��;<��9?>�B?0	 327-429 �.2/กก. 01����0�[�
D'� (Blain method) 
5�ก�'��	กA�'1	��	&�	�1�����2@4E9�� 20wC (72wF)  &
�	�1	;���	 5.1  ���&
�	>��98��	


8��<
:_�;<
�/��
���Dก1D.��ก��;���G�?��
��
�?	ก��ก?�;10 
 
5�	�% 5.1 &
�	�'��	ก��>B=
��
�?	ก��ก?�;10���>B=
?0��
�;?�	K [6] 

Range of compressive strength 
(per cent)  at the age of : 

Accelerator  No. Dosage 
ml/100 kg 
of cement 1  day 3 days 7 days 

 
1 
 
 
 
 
2 
 
 
3 

0 
1300 
2600 
3900 
0 
740 
1480 
2220 
0 
195 
390 
585 

100 
100-173 
112-175 
111-166 
100 
64-130 
65-157 
58-114 
100 
111-149 
123-185 
121-171 

100 
105-115 
107-141 
111-143 
100 
90-113 
95-113 
99-115 
100 
115-131 
101-132 
115-136 

100 
97-114 
111-129 
113-156 
100 
100-116 
105-132 
107-123 
100 
100-120 
107-130 
104-129 

 
5�กก���E�8����(D2G�=0?�.0��;=�	ก��>�ก��>B=
��
�?	ก��ก?�;10'�5A��0�'	 ���
r��(

ก���'�;.��ก��;
A�
�_5�98 CF	��?�	G�ก_;��ก��>B=
��
�?	ก��ก?�;10����2@4E9��;�A� K  �1	.	>B=ก1���9? 
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5.4.2  ��	L�69%ก�	ก6$5:9 (Retarding Admixtures) 
 ;����;�S����	 ASTM 
���
�
���� Type B 5(�=�	��	CF	 
��4�?0	ก��ก?�;10 (Retarder) 
4�=������	
��4�?0	ก��ก?�;10 ./� 5(�A�>4=ก��ก?�;10��	:�
��;<
�
;<B=�'	  ��8�(��B�<��ก>�ก��
�
�.��ก��;D��
0@���
E����ก�J�=��
���(�2@4E9�����
9	�F6�5(�A�>4=ก��ก?�;10
�_0�F6�  8�(��B�<
>�ก�@����;=�	
?	.��ก��;�
�

�_5G8�1	
C�����;?�	K  �����9?Gก' ;=�	>B=
0'����>�ก��
�.��ก��;
8����@��ก K  :F�	;=�	ก��>4=
ก��.0��;?�
�/��	
�/��'�8����@���;�A�>�ก��
� 
8V�;=� 
 
��4�?0	ก��ก?�;10 G�=&ก? �6A�;�'  .��<�DG�
��� 
ก'/���	
1	ก(
�  
��D�
�; &'(
ก'/�
B����/��K �0��16	
�����'>���	8y�D1;�&'=0
��4�?0	ก��ก?�;10��.2@
�D1;�>�ก��'�8����@�6A��=0� 
Khalil &'( Ward [6] &
�	.0��
1��1�[<&DD

=�;�	�(40?�	�0'��	�6A����G�?�(
4�ก'��
8V�G��6A�
&'(.0���=�����
ก��5�ก8y�ก�����G�
��B1������
���
�
���� Lignosulfonate-based  &
�	>��98��� 5.3 

 
 
 
 
 ก��>B=�6A�;�'
8V�
���
�
����.0�5(>
?>�8����@�=�� (8�(��@ 0.05% ��	8����@
:�
��;<)  5F	5(
8V�8����@���
4��(
�>�ก��
8V�4�?0	ก��ก?�;10 ./� 5(4�?0	ก��ก?�;10��	.��ก��;
8�(��@ 4 B1�0��	  
�/��	5�ก�6A�;�'G84�?0	ก��51Dก1���	 C-S-H ��?�	G�ก_;���'��	ก��>B=
�6A�;�'�1	�F6���9?ก1D8����@
��
.��>�:�
��;<  �1	�16�ก��>B=�6A�;�'5F	.0�'�	���'�	C9ก�
�ก1D
:�
��;<5��	���5(>B=>�	��ก?�
�=�	
�/��4�8����@�6A�;�'���.0�
;�����
4��(
�  
?0�8����@�6A�;�'���
��ก
ก��G8 ./� 0.2-1% ��	8����@:�
��;<  5(�A�>4=G�?
ก��ก��ก?�;10 

	K ��� 5.3  .0��
1��1�[<�(40?�	:�
��;<���G�?��G��6A�&'(.0���=�����
ก��5�ก8y�ก����� 
                 G�
��B1�������&'(G�?��
��4�?0	ก��ก?�;10 [6] 
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�/���6A�;�'C9ก>B=
8V�
��4�?0	ก��ก?�;10 กA�'1	��	.��ก��;>�B?0	&�ก K 5('�'	 &;?
4'1	5�ก 7 01�กA�'1	ก_5(
������ก�F6���กก0?�.��ก��;���G�?G�=>B=
��4�?0	ก��ก?�;10  
�/��	��5�กก��
4�?0	ก��ก?�;10:F�	���';?� 
 
��4�?0	ก��ก?�;10>B=D?����ก>�
E����ก�J�=�� &'(5(��8�(
��[��'�=��'	
�/���2@4E9��

9	�F6� �9E�� 5.4  8�(ก�D  &'(D�	.�16	
��4�?0	ก��ก?�;105(G�?���'
'�
�/���2@4E9��
9	��ก K  ./�
8�(��@ 60wC (140wF) 
�/��>4=
��4�?0	ก��ก?�;10G�=�'��?�	&�=5��	  5(&
�	ก��4�?0	ก��ก?�;10>�
�98��	ก��ก?�;10��	.��ก��;
����;=�  �1	&
�	>�;���	 5.2  �'ก�(�D5�ก�2@4E9�������;?�
0'�ก��
ก?�;10���'�=��ก0?� 

 
 
 
 

ASTM C 494 [4]  ;=�	ก��>4=
���
�
����8�(
E� B 
����C4�?0	ก��ก?�;10
����;=���?�	
�=��
2ก 1 B1�0��	  &;?G�?
ก�� 3.5 B1�0��	  กA�'1	�1���	.��ก��;
�/�������2 3 01�  5(���>4=��กA�'1	�=��
ก0?�กA�'1	��	.��ก��;���.0D.2�G�=G�?
ก�� 10% 
5.4.3  ��	38 	���D�N�� (Water-reducing admixtures) 

 ;����;�S����	 ASTM C 494 [4]  
���
�
���� Type A 5(�=�	��	CF	 
��'�8����@�6A� 
&;?
��'��6A�&'(��.2@
�D1;�
8V�;104�?0	�=0�5(
8V�
���
�
���� Type D  
���
�
�������
����C'�
8����@�6A�&'(��.2@
�D1;�
�?	ก��&�_	;10 (Type E ) 5(��ก���A���>B=8�(��B�<�=����ก  ��?�	G�ก_
;��
��'�8����@�6A����>B=
8V�
���
�
����5(&
�	������	�'ก�(�D  ก��4�?0	 :F�	
����C>B=
�0�ก1�>�ก���
� 
 4�=������	
��'�8����@�6A�5(>B='�8����@�6A�>�
?0��
���	.��ก��;  5(��ก��>B=
8�(��@ 5-10 
8��<
:_�;<  D�	.�16	 (>�	��.��ก��;���;=�	ก��.2@E��
9	)  5(>B= 15 
8��<
:_�;< 
52�8�(
	.<�����ก��>B=
���
�
���� 
�/��'�8����@�6A�>�ก���
�.��ก��;:F�	5(���>4=���1;��
?0� 
Water/Cement ;��;=�	ก�� 4�/�
����
?	

���ก���A�	�>4=���F6�>�
E�0(���กA�4�� Water/Cement  ��

	K ��� 5.4  &
�	�'��	�2@4E9��;?�ก��
:_;;10
����;=���	.��ก��;�����
?0��
���	
�� 
                4�?0	ก��ก?�;10;?�	K [6] 
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>4=  �0'�0����5(>B=5(;=�	������.'(��
�/����ก��>B=
��'�8����@�6A�  ���5(;=�	��ก��&�ก;10;�A�
&'(��ก��G4'����� 
 
��'�8����@�6A�
����C�A���>B=>�	��.��ก��;8d��  4�/� placed concrete G�= 
 
���
�
����8�(ก�D
��8�(ก�D4'1ก 2 B���./� 
 1. 
ก'/�&'(
��8�(ก�D Lignosulfonic 
 2. 
ก'/�&'(
��8�(ก�D Hydroxylated carboxylic acid 
 ก��
8'����&8'	���
ก��5�ก
��
4'?���6&
�	�1	�98 5.5 5�ก Type A 4�/� Type E 
 

 
 
 
 
 
 


?0�8�(ก�D4'1ก����A�>4=��0��	01
�2��.0��&�_	&�	
ก��5�กก���0�;10��	
?0� 2 
?0����'
�A�>4=
ก��ก��
8'����&8'	��	�=��  H�
�ก
<-
.�� ��	&�	���ก�(�A������0  ���01;C25(��ก���9�:1D��2E�.
:�
��;<���'�A�>4=��ก��
8'����
8V�8�(52'D  :F�	5(���';?�

C���E���A�>4=H�	��ก�J
ก��ก��&�ก;10
&'(G�?
����C;��ก1�G�=  �A�>4=�6A�
1��1
��2E��:�
��;<G�=��ก�F6�  
��'�8����@�6A�5(G8
�����/6���0
��	:�
��;<>4=
����C�0�;10�6A�G�=��ก�F6� :F�	5(���';?�8y�ก����� Hydration 
 >���	
����
;��
���
�
����5(���'�A�>4=
ก��ก��
8'����&8'	�6A�  �A�>4=
?0��
���ก��G4'
'/���A�>4=ก���A�	��G�=	?���F6� 
 �'ก��ก�(�D��	ก��ก�(5����2E�.:�
��;<  �A�>4=�/6���0��	:�
��;<
ก��8y�ก����� 
Hydration ��ก�F6�  :F�	5(���'�A�>4=ก��
ก��8y�ก�����
�_0��ก>�B?0	&�ก  .��ก��;��.0��&�_	&�	
����
��ก�F6�
�/��
���Dก1D.��ก��;���G�?G�=��
���
�
����  ���.0��&�_	&�	5(
�����F6���?�	;?�
�/��	;'��
�16	:�
��;<  
���
�
������
?0�B?0�>4=.0��&�_	&�	
�����F6�
���(  5(G8
?	

����A�>4=
ก��8y�ก�����  

	K ��� 5.5  &
�	�'ก�(�D��	ก��>B=
��'�8����@�6A�������';?�ก��
8'����&8'	��	 
                
0'�
:_;;10��	.��ก��;���4���
'� 1 &'( 2  
ก��5�กก��>B=
��8�(ก�D    
                4'1ก Lignosulfonic, &'(4���
'� 3 &'( 4 
ก��5�กก��>B=
��8�(ก�D4'1ก  
                Hydroxylated carboxylic acid [6]    
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Hydration  ���F6� .0��&�_	&�	���
�����F6�5(
4_�G�=B1�
�/��.��ก��;�1	4�2?���9? &;?.��ก��;5(�1	&�_	��
��9?
�/��
0'��?��G8��� 
 &�=0?�
��'�8����@�6A�5(���'ก�(�D;?��1;��ก��
ก��8y�ก����� Hydration  ��	:�
��;<  &;?ก_
G�?���';?�ก��
8'����&8'	�'�;E1@�<&'(�.�	
�=�	��	:�
��;<��	:�
��;<
�
;<  �1	�16�
�/����ก��>B=

��'�8����@�6A�ก_G�?���';?�.0��;=�����ก��ก1�ก�?��.��ก��;>�
E�0(���
8V�4�F�	&�_	4�/�4��(  
����1�0G8
�/����ก��8�(
����'8�(��B�<��	ก��>B=
��'�8����@�6A�5A�
8V�5(;=�	
ก���0�=�	ก1D
�/6�S��  &�=0?�
��'�8����@�6A����';?�ก��4�?0	>�ก��ก?�;10��	.��ก��;&;?ก_G�?

��G8  >�
���.;
��5(��5��@�CF	�1�;������
ก��5�กก��&�ก;10��	.��ก��; 
 �'ก�(�D��	ก��>B=ก��'�8����@�6A�5(���';?�.0��&�_	&�	>�
?0��
���	:�
��;<
�/��

����;=�5(��ก��
8'������ก &'(:�
��;<5(��.?�.0��
8V��?�	;�A�4�/���8����@ C3A ���
8V�
?0��
���9?
�=��  �1	;10��?�	5(��ก��
?	

���>4=ก���A�	��>�
?0��
����F6�  ก��กA�4��8����@
�����>B=>�

?0��
�5(�F6���9?ก1D8����@ C3A  ����
�G8
8��<;&'��<:�
��;<  �1	&
�	>��98 5.6 
 

 
 
 
 
 ����1�0G88����@���กA�4��;?�:�
��;<  100 ก��'ก�1�5(��8����@;�A�  
��'�8����@�6A�5(��
�'ก�(�D��ก
�/���A���>B=
8V�
?0��
�>� Pozzolanas >�
?0��
�8��<;&'��<:�
��;<��?�	
���0 
 
�/����ก��
����8����@
��'��6A�>�
?0��
�5(
����C
����.0��
����C>�ก���A�	��  �1	
&
�	>��98 5.7  &;?5(G�?��ก��
ก��ก��4�?0	
ก���F6� 
 
 
 
 
 

	K ��� 5.6  �'ก�(�D��	8����@ C3A  >�:�
��;<  ������';?�ก��
����8����@ก��G4' 
                ��	���<;��< �����
��8�(ก�D Lignosulfonate 
8V�
?0��
� 0.2 
8��<
:_�;< [6] 
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 �'ก�(�D��	ก��>B=
��'�8����@�6A�5(���'��ก�=��
���	>��F6�ก1DB�����	8��<;&'��<
:�
��;<  &'(8����@��	�'9�������>B=
8V�
?0��
�  &;?���&�=5��	&'=0�'ก�(�D���
ก��5�กก��>B=
��
'�8����@�6A�5(�F6�ก1D8����@:�
��;< , 8����@�6A� , B����0'�0����>B=&'(8����@H�	��ก�J4�/�
�2@4E9��  �1	�16�5(;=�	��ก����'�	�
�
�/��4�8����@���&�=5��	��	01
�2���5(>B=>�	�� ;��B���&'(
.2@E����	
���
�
�������กA�4��G0=
8V�.2@
�D1;���	
���
�
����;�������		���'�;กA�4���� 
5.4.4  ��	38�N��
��.QRK� $	C
3��5�SR�R$	C (Superplasticizers) 
 Superplasticizers  
8V�
���
�
�������'�8����@�6A� &;?5(&
�	&'(B1�
5���กก0?� �1	�16�
��
5(��5��@�CF	
	/���G�ก��'�8����@�6A� ���8ก;�
��  Superplasticizers  5(
����C'�8����@�6A�G�=
��กก0?�&'(
����C�A�>4=.��ก��;
���.0��&�_	&�	��กก0?� :F�	5(��.0��&;ก;?�	ก1D
��'�
8����@�6A�>� Type A, D, 4�/� E 
 
A�4�1D
�� Superplasticizers  ;����;�S�� ASTM C 494 [4]  &'(��5��@�&�ก;��
4�1	
/� �����;�S�� ASTM C 494 [4] 5(�9�CF	0?�
8V�
���
�
�������'�8����@�6A�G�=
9	  :F�	��ก��
>B=ก1���?�	&��?4'��&'(��.2@E������� 
 ;����;�S�� ASTM 
�� Superplasticizers 5(�=�	��	CF	
���
�
���� Type F &'(
���
�

���������.2@
�D1;�ก��4�?0	�=0�5(�=�	CF	 Type G 

V		�=�5�#$%��	 Superplasticizers 

 
�� Superplasticizers  8�(ก�D�=0�
��8�(ก�D4'1ก 4 ��?�	 ./� 
1. Sulfonated Melamine Formaldehyde Condensates 
2. Sulfonated naphthalene-formaldehyde Condensates 
3. Lignosulfonates 

	K ��� 5.7  &
�	�'ก�(�D��	8����@
��4�?0	ก��ก?�;10������';?� Slump [6] 
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4. Sulfonic-acid esters &'( Carbohydrate esters 

�� Superplasticizers 
8V�
����'�
���<  Organic 
����C'('���6A�G�= :F�	ก���A�G8>B=5(

�0�;10ก1�
8V���'�
���<�������
'ก2'��0&'(���0'��
'ก2'��ก �1	�16�
�/��
���Dก1D
��	�/��5F	����.�
9	
ก0?� ���	G8ก0?��16�
���(0?�>�ก���'�;��.0��5A�
r��(�=�����5('1กg@(ก���'�; >4=G�=��
'ก2'�����0 
&'(��52�
B/���;?��=�����
2�  �1	�16�5(;=�	>4=��
��	
5/�8����G�?D��
2�[���=�����
2�  
���(C=���ก
ก��G85(
�A�>4=
ก��.0��

��4��ก1D.��ก��;G�= �0'��
'ก2'���>4 ?̀�16�5(G8
?	

������
�� Superplasticizers  
��8�(
��[�E��������F6� 
 
�� Superplasticizers  ���
?0���กG�=��5�ก
ก'/��:
����&'( 
ก'/�&.'
:���5�ก�16�;��

2��=��>�ก���'�; �'���;����5�กก��>B=
ก'/��:
����./� .��ก��;5(
ก���?�	��ก�F6�:F�	5(���';?�
8y�ก����� Hydration  ��	:�
��;< 
A�4�1D8����@���5(>B=
���
�
����5(5A�ก1�ก��>B=G�?
ก�� 0.02 

8��<
:_�;<  ����0'��	:�
��;< 


3#$%ก�	<=>��	 Superplasticizers  (Effects of Superplasticizers) 

 8y�ก��������
A�.1`./� ��
'ก2'�����05(G84?�42=���2E�.:�
��;<  ���'�A�>4=
ก��ก��
8'����
8V�
8�(52'D��ก�F6�  �1	�16��'Fก5(��ก��&�ก4?�	ก1���ก�F6�
8V��'>4=��2E�.:�
��;<��ก��ก�(;10  :F�	5(

?	

���ก���A�	��>4=��8�(
��[���ก���
2�&'(.��ก��;��.0��&�_	&�	��ก�F6��=0� 
 
�/��
��กA�4���1;��
?0� water/cement  &'(8����@�6A����5(>B=>�
?0��
�
�� 
Superplasticizers  5(�A�>4=ก���A�	����8�(
��[�E��
9	�F6� �1	;10��?�	  ���ก��กA�4��>4= slum 
;16	&;? 75 ��. CF	 200 ��.  �1	&
�	>��98 5.8  
�/����ก��>B=
�� Superplasticizers  5(G8
����ก��G4'
��	.��ก��;>4=�A�	��G�=	?���F6� :F�	5(
4��(ก1D	��.��ก��;

���
4'_ก���������>4 ?̀ �/6����G8G�?
�1�0CF	 &'(	�����;=�	ก��.0���0�
�_0 
 
��	���
�	���;=�	��ก��>B=
�� Superplasticizers  
���(>�.��ก��;�����ก���A�	��[�����&;?
;=�	ก��.0��&�_	&�	��ก 
��5(
����C'��1;��
?0���	 water/cement '	 0.2 5(G�=.?�.0��
&�_	&�	��� 28  01���	 cylinder 
�?�ก1D  150 Map  ����1�0G8
��
���ก
�� Superplasticizers  0?�
��'�
8����@�6A����
����C'�8����@�6A�>�
?0��
�
A�4�1Dก���A�	��G�= 25-35 
8��<
:_�;<  &'(
����
.0��&�_	&�	 50-75 B1�0��	  &'(5(
�����F6���ก;�����2��	.��ก��;  >�
?0��
����
8V�
��
4'���
51;2�1
5(��.0��&�_	&�	
�����F6� 30 Mpa >�
0'� 7  B1�0��	  :F�	&
�	>��98 5.9 
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�� Superplasticizers   5(G�?�A�>4=�.�	
�=�	��	:�
��;<
�
;<
8'����&8'	G8 &;?5(���';?�
ก��ก�(5��;10��2E�.��	:�
��;<:F�	5(
?	�';?�8y�ก����� Hydration 
��5(>B=
�� Superplasticizers   

�/��
����.0��&�_	&�	����1;��
?0� water/cement .	��� ��ก���/��1�0?�8����@.0��&�_	&�	5(
�����F6� 
10 
8��<
:_�;<>�
0'�  24  B1�0��	&'(
�����F6� 20 
8��<
:_�;<>�
0'� 28 01� 
  
 

 

	K ��� 5.8  .0��
����C>�ก��G4'��	.��ก��;�����ก��>B=
��  
               Superplasticizers 
8���D
���Dก1D.��ก��;���G�?��ก��>B=
�� [6] 

	K ��� 5.9 ก��>B=
�� Superplasticizers   ������';?�.0��&�_	&�	��	.��ก��; [6] 
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 	���Dก�	<=>��	 Superplasticizer (Dosage of Superplasticizers) 
 
A�4�1Dก��
����8�(
��[�E��ก���A�	��>�ก���
� ����1�0G85(>B=
�� Superplasticizer 

8V�8����@ 1 CF	 3 '�;�  ;?�.��ก��; 1 '9กD�Jก<
�;� 
�� Superplasticizer  ���
8V���	
4'05(��
8����@ 40 
8��<
:_�;<��	
?0��
��16	4��  
�/��>B=
�� Superplasticizer  5('�8����@�6A�>�

?0��
�&'=0 8����@
9	
2������2`�;>4=>B=./� 5-20 '�;� ;?� .��ก��; 1 '9กD�Jก<
�;� >�ก��
.A��0@8����@�1;��
?0� water/cement &'(.2@
�D1;�����1�0G8��	
?0��
� 8����;����5(>B=
�� 
Superplasticizer 
 
5.5  ��	
���
���B��B	6V�5; (Mineral Admixtures)  

               >�ก��8�1D.2@
�D1;�D�	��?�	��	.��ก��;
����C>B=
���
�
����&DD&�?[�;2D�	B���

�
�
����
;��>�89�:�
��;<4�/�.��ก��; :F�	
����C&D?	G�=
8V� 3 B���./� 01
�2
r/��� (Inert Materials)   

01
�2:�
��;< (Cementing Materials) &'( 01
�28�:�:'�� (Pozzolanic Materials) 

5.5.1 9:�8;�[\�$] (Inert Materials)  
.��ก��;�������0'�0����.?���=�	'(
����
ก��ก��&�ก;10G�=	?�� &'(G�?
4��(
�>�ก��

'A�
'��	���ก��
9D
?	4�/�ก��
����>B=�?�   ก��
����ก��
ก�(;10��	.��ก��;
����C�A�G�=���ก��
>B=01
�2
r/���5A��0ก 4��89�D�'(
����  ����'(
����  &'(4���2o� 
8V�;=�   ก��>B=01
�2
r/���'(
����
�
�
����>�.��ก��;�1	B?0�'�ก��
��6��6A�&'(ก��;ก&;?	��0��	.��ก��;�A�G�=	?���F6�     89�:�
��;<
�
��������>B=>�ก��ก?���S&'(r�DG�=��5�กก��D�89�
�_�ก1D01
�2
r/���   ก��>B=01
�2
r/���'(
����

�/��&�����89�:�
��;<5('�กA�'1	��	.��ก��;
���(8����@89�:�
��;<'�'	 �1	�16�5F	G�?.0�>B=>�
	���.�	
�=�	��	��.��:F�	;=�	�1D&�	
9	 
5.5.2  9:�8;R����5C (Cementing Materials) 

01
�2:�
��;<G�=&ก?89�:�
��;<[���B�;�&'(;(ก�1�
;�C'2	
4'_ก 
8V�;=�  
�/��	5�ก01
�2
4'?���6
��.2@
�D1;�
8V�89�:�
��;<>�;10
�	&'(
����C>B=��&��89�:�
��;<8��<;&'��<G�=  �1	�16�
�/���A�
8y�ก�����
.��5(>4=
��8�(ก�D��	 CSH &'( CAH 
4�/��ก1D8y�ก�������	 C3S &'( C2S &;?
8y�ก��������
ก���F6�5(B=�ก0?� &'(กA�'1	>�B?0	&�ก5(;�A�ก0?���	89�:�
��;<8��<;&'��< 

1. 5!ก	:��5�53;%�L3^ก (Groud Granulated Blast-Furnace (GGBF)  Slag) 
;(ก�1�
;�C'2	
4'_กD�'(
���� 4�/�
���ก0?� Slag cement 
8V�;(ก�1�
4'_ก���4'��'('��>�


;�C'2	
4'_ก  �����
?0�8�(ก�D��	:�'�
ก;&'(�'9����:�'�
ก;��	&.'
:���  :F�	
ก���F6�>��@(
4'��'('����=��ก1D
4'_ก>�
;�C'2	
4'_ก  ;(ก�1�5('('���2@4E9��8�(��@ 1500o C (2730o F) 
&'(C9ก�A�>4=
�_�;10��?�	�0�
�_0���ก��52?�'	>��6A�  :F�	��'1กg@(.'=������'(
����G�?
8V��'Fก  
�/��
�A�ก��D�'(
����������
'_กก0?� 45 G�.���  5(���/6������0 Blaine 8�(��@ 400 � 600 m2/kg   .0��
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C?0	5A�
��(��	;(ก�1�
;�C'2	
4'_กD�'(
������9?>�B?0	 2.85 � 2.95 .0��4��&�?��0���
.?�8�(��@ 1050 � 1375 kg/m3(66 � 86 lb/ft 3) 
       ;(ก�1���'1กg@(4��D&'(���98�?�	
8V�
4'�����2�  
����C�A�8y�ก�����ก1D�6A� &'( NaOH 
4�/� CaOH  5�ก8y�ก�����;?�
�/��	5�ก8��<;&'��<:�
��;<  ก���A�8y�ก�����ก1D�6A� &'(ก��ก?�;10��
'1กg@(.'=��ก1D8��<;&'��<:�
��;<    ��?�	G�ก_;��;(ก�1�����A�>4=
�_��=0���ก�J5(G�?��.2@
�D1;�
>�ก��&�_	;10
�/���
�ก1D�6A�
4�/��ก1D;(ก�1�����A�>4=
�_��=0��6A� 
       ;(ก�1�
;�C'2	
4'_กD�'(
����G�=C9ก�1~���A���>B=
8V�.�16	&�ก>�
����1�8� 1853 ;(ก�1����
D�C9ก
8V�01
�28�(
��>�.��ก��;;16	&;?8� 1900 
�/���A�;(ก�1�
;�C'2	
4'_ก��>B=>�	��.��ก��;
8ก;�>��
���ก�
4�/�  5(�������>B=&�����:�
��;<�(40?�	 30% &'( 45% D�	.�16	.��ก��;����
�
;(ก�1�5(��;(ก�1� 70% 4�/���กก0?���	01
�28�(
��  ASTM C 989 [7] G�=&�ก;(ก�1�;��ก��

������	8y�ก�����  ���&D?	
8V� Grade 80, 100 4�/� 120  ASTM C 1073 [8] 
5.5.3 9:�8; $RaR3�� (Pozzolanic Materials) 
 ��;�S�� ASTM C 618 [5]  >4=.A�5A�ก1�.0����	 e01
�28�:�:'��f (Pozzolanic 

materials) G0=0?� 01
�28�:�:'��
8V�01
�2�����:�'�ก� (Siliceous) 4�/�:�'�ก�&'(�'9���� (Siliceous and 

aluminous) 
8V��	.<8�(ก�D4'1ก ����1�0G8&'=001
�28�:�:'��5(G�?��.2@
�D1;�>�ก���F�

8�(
�� &;?C=�01
�28�:�:'����.0��'(
������ก��&'(���6A�4�/�.0��B/6����
���	�� 5(
����C�A�

8y�ก�����ก1D&.'
:���G����กG:�< (Ca(OH2)) ����2@4E9��8ก;� �A�>4=G�=
��8�(ก�D�����.2@
�D1;�>�

ก���F�8�(
�� 
���ก8y�ก��������
ก���F6���60?�8y�ก�����8�:�:'�� (Pozzolanic reaction) 01
�28�:�:'��

����9=51กก1��1�0G8 G�=&ก? 01
�28�:�:'��[���B�;� (Natural pozzolan) :F�	
ก��5�กก�(D0�ก��;��

[���B�;� 
B?� 
C=�E9
��GH &'(�����0 (Metakaolin) 
8V�;=� &'(01
�28�:�:'��
1	
.��(4< 

(Artificial pozzolan) :F�	
?0�>4 ?̀
8V�01
�2�'��G�=���
ก��5�กก�(D0�ก���'�;>�	���2;
�4ก��� 
B?� 

:�'�ก�H9� 
C=�C?��4�� 
C=�&ก'D &'(;(ก�1�
;�C'2	
4'_ก 
8V�;=�  

 01
�28�:�:'��;����;�S�� ASTM C 618 [5]  &D?	��ก
8V� 3 8�(
E� G�=&ก? 8�(
E� F, 

8�(
E� C &'(8�(
E� N ���&D?	5�ก.2@
�D1;���	�=��
.��
8V�4'1ก �1	&
�	>�;���	��� 5.2 01
�2

8�:�:'��8�(
E� F ���8ก;��1กG�=5�กก��
��C?��4��8�(
E�&�����G:�< (Antharcite) 4�/�D��9���1
 

(Bituminous) &'(�1ก5(��&.'
:�����กG:�< (CaO) ;�A�ก0?��=��'( 10    8�(
E� C ���8ก;�G�=5�กก��


��C?��4��8�(
E�'�กG�;< (Lignite) 4�/�
1D-D��9���1
 (Subbituminous) &'(�1ก5(��&.'
:���

��กG:�< (CaO) 
9	ก0?��=��'( 10 
?0�8�(
E� N 
8V�01
�28�:�:'��;��[���B�;����
����C

�A���>B=G�=���;�	4�/��A����?��ก�(D0�ก��
��5���.2@
�D1;�;�����;=�	ก��ก?�� 

 8d552D1�01
�28�:�:'�������A���>B=>�	��.��ก��;>��98��	ก��&�����D�	
?0�>�
89�:�
��;< 
�/��	5�ก01
�28�:�:'��B?0�8�1D8�2	.2@E����	.��ก��;>4=���F6��16	>��=��ก���1D
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กA�'1	�1� .0�������;?�
��
.��5A��0กก��4�/�:1'
H; &'(
����C'�;=��2�>�ก���'�;.��ก��; 

?	�'>4=.?�>B=5?��>�ก��ก?�
�=�	'�'	 
�/��	5�ก01
�28�:�:'������.�C9กก0?�89�:�
��;< 01
�28�:�:
'��&;?'(B�����5
?	�'��;?�.��ก��;&;ก;?�	ก1��F6���9?ก1D.2@
�D1;�
r��(;10 ����	.<8�(ก�D��	
&�?[�;2�����9?>��98G�?
8V��'Fก&'(.0��'(
������	01
�28�:�:'�� ./� 8d551�4'1ก����A�>4=

ก��8y�ก�����8�:�:'��G�=��  
 
5�	�%��� 5.2  ก��&D?	8�(
E���	01
�28�:�:'��;����;�S�� ASTM C 618 [5]  

.2@
�D1;� 8�(
E� F 8�(
E� C 8�(
E� N 

SiO2+Al2O3+Fe2O3, �=�����
2��=��'( 70.0 50.0 70.0 
SO3 , ��ก���
2��=��'( 5.0 5.0 4.0 
8����@.0��B/6�, ��ก���
2��=��'( 3.0 3.0 3.0 
ก��
9`

��
�/��	5�กก��
��G4�=, ��ก���
2��=��'( 6.0 6.0 10.0 

�1B��กA�'1	������2 7 4�/� 28 01�, �=�����
2��=��'( 75.0 75.0 75.0 

 
  c�ก�	�]� $RaR3�� 


�/��89�:�
��;<�
�ก1D�6A��A�>4=
ก��8y�ก�����G�
��B1� (Hydration reaction) :F�	
8V�8y�ก��������
.��.0���=����ก�� &'(���'�;E1@�<5�ก8y�ก��������
A�.1` ./� &.'
:���:�'�
ก;G�
��; 
(3CaO·2SiO2·3H2O 4�/� C-S-H), &.'
:���G����กG:�< (Ca(OH)2) &'(&.'
:����'9��
�;G�
��; 
(3CaO·Al2O3·6H2O 4�/� C-A-H) �1	&
�	>�
�ก����� (5.1) CF	 (5.3) 
 

   2(3CaO·SiO2) + 6H2O   →  3CaO·2SiO2·3H2O + 3Ca(OH)2      (5.1)   

   2(2CaO·SiO2) + 4H2O   →  3CaO·2SiO2·3H2O + Ca(OH)2     (5.2) 

  3CaO·Al2O3 + 6H2O      →  3CaO·Al2O3·6H2O         (5.3) 
 
 8y�ก�����8�:�:'�� (Pozzolanic reaction) 
8V�8y�ก��������
ก���F6�E��4'1	5�กก���A�8y�ก�����G�

��B1���	89�:�
��;<ก1D�6A� ���>B=&.'
:���G����กG:�< (Ca(OH)2) ���
ก��5�ก
�ก����� (5.1) &'( (2.2) 

8V�
��;16	;=��A�8y�ก������?0�ก1D:�'�ก���กG:�< (SiO2) &'(�'9������กG:�< (Al2O3) �������9?>�01
�28�:
�:'�� �'���G�=5�ก8y�ก�����8�:�:'����6 ./� &.'
:���:�'�
ก;G�
��; (C-S-H) &'(&.'
:����'9��
�;
G�
��; (C-A-H) �1	
�ก����� (5.4) &'( (5.5) 
 

  Ca(OH)2 + SiO2 + H2O → xCaO·ySiO2·zH2O         (5.4) 
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  Ca(OH)2 + Al2O3 + H2O → xCaO·yAl2O3·zH2O             (5.5) 
 
.?� x, y &'( z >�
�ก����� (5.4) &'( (5.5) 
8V�.?����&8�G8;��B�����	&.'
:���:�'�
ก;G�
��; (C-S-H) 
&'(&.'
:����'9��
�;G�
��; (C-A-H) :F�	�16	 C-S-H &'( C-A-H ���
ก��5�ก8y�ก�����8�:�:'����6 
�A�>4=กA�'1	�1���	.��ก��;
�����F6� &'('�B?�	0?�	�(40?�	��2E�.��	89�:�
��;<'	 �A�>4=.��ก��;��

�/6�&�?��F6� ���8y�ก�����8�:�:'����65(
����
ก���F6�
�/�����28�(��@ 7 01� &'(�A�8y�ก�����;?�G8 
&�=0?�.��ก��;�����2��กก0?� 3 8�.�F�	ก_;��  

1. �d>�d6��L�� (Fly Ash) 


C=�C?��4��  
8V�01
�2�
�
�������>B=��ก���
2�>�.��ก��;  
8V��'�'��G�=5�กก��
��C?��4��
>���		���'�;ก�(&
GHHI�  >��(40?�	ก�(D0�ก��
��>�
;�  
��8�(ก�D
?0�>4 ?̀�0�CF	
.��<D��5(G4�=&'(�(
4�
8V�G�  ��ก5�ก��6>��(40?�	ก��
��G4�=5(��&�?[�;2D�	;10���
5/�8�>�
C?��4�� (
B?� ���
4���0, Feldspar, .0�:�<, &'(4��
B') 5(4'��'('��'��
9?8'?�	.01�  >�
�(40?�	���01
�2���4'��
4'0�16�5(
�_�;10'	&'(�0�ก1�
8V���2E�.ก'��
1`S��  
���ก0?� 
C=�C?��4��
4�/�
C=�'�� 
C=�C?��4��5(C9ก�1���ก��5�ก8'?�	.01�&'(C9ก�1ก51D�=0�
.�/��	�1ก51D�2o�GHHI�
C�;
4�/�C2	�1ก�2o�     
C=�C?��4��5(��'1กg@(
8V��	'(
����.'=��8��<;&'��<:�
��;<  
       ��2E�.
C=�C?��4��5(���98�?�	ก'�;1�&'(D�	
?0�5(
8V����	
���ก0?�  (Cenospheres) >�
D�	ก�@�
C=�C?��4��������9��2���5��
C=�C?��4������
'_กK ��9?E��>� :F�	
���ก�98�?�	��?�	��60?� 
Plerospheres  01
�2�	���
ก��5�กก��D� 
B?� 8��<;&'��<:�
��;<5(������
8V�
4'�����2�  ����.'(
��2E�.��	
C=�C?��4����.?�;16	&;?�=��ก0?� 1 G�.��� CF	��กก0?� 100 G��.�
�;�  ��?�	G�ก_;��
C=�
C?��4���1ก��������2E�.;�A�ก0?� 20 G��.�
�;�  ��
���	 10% - 30% ��	��2E�.���������>4 ?̀ก0?� 
45 G��.�
�;�  &'(���/6������08�(��@ 300 � 500  �2/ กก.  ��?�	G�ก_;��
C=�C?��4��D?�	��?�	��5��
�/6������0���;�A� ./� 200 �2/ กก.  &'(
9	CF	 700 �2/ กก.   
A�4�1D
C=�C?��4��8ก;����G�?C9ก�1�&�?�  .0��
4��&�?�����0�5(��.?��(40?�	 (�0';?�8����;� 1 4�?0� ����0���ก�J�(40?�	��2E�.)   
540 � 860 กก./�3 &'(
�/����ก���1�&�?�4�/�ก��
��?�
1��5(��.?�8�(��@ 1120 � 1500 กก./�3 

2. 8��#�9�
� (Metakaolin)  
              �����0
��4�/� Metakaolin  G�=5�กก���A������0��D4�/� kaolin :F�	
8V�01
�2[���B�;���
��
>�B?0	�2@4E9��&'(
0'����
4��(
� ����1�0G8��'1กg@(��	�'Fก
8V��1���98 (Amorphous) ��
'1กg@(
8V��	
���04�/�
�B��9�F6���9?ก1D8����@��	[�;2
4'_ก���
8V��	.<8�(ก�D��	
.�� ����1�0G8
��:�'�ก���กG:�< (SiO2) &'(�'9������กG:�< (Al2O3) 
8V�4'1ก  �����0
����������2E�.���'(
����
ก0?�8��<;&'��<:�
��;<��ก�����������2E�.
r'��� 1.5 G�.��� �����0
��51�
8V�
��8�:�:'�� 
Class N raw or calcined pozzolans ;����;�S�� ASTM C 618 [5] 
�/���A�8y�ก�����ก1D.1'
:��� 
G����กG:�< (Ca(OH)2) ���G�=5�ก8y�ก�����G�
��B1���	8��<;&'��<:�
��;<ก1D�6A�5(
ก��
��8�(ก�D
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.1'
:���:�'�
ก;G�
��� (3CaO.2SiO2.3H2O ; CSH) &'(.1'
:����'9��
�;G�
���(3CaO.2 
Al2O3.3H2O ; CAH) �����.0��
����C>�ก��
B/���8�(
��&'(>4=กA�'1	&ก?.��ก��;��ก5�ก8y�ก�����

.�� (Pozzolanic reaction) ���
ก���F6�&'=0 �����0
���1	B?0�8�1D8�2	.2@
�D1;�.��ก��;��	ก��E����ก
�=0� �����2E�.��	�����0B?0�'�.0����2� (Porosity) >�
�/6�.��ก��;�����2E�.��	�����0
�����
������
'_ก
�=�G8&��กB?�	0?�	�(40?�	��2E�.:�
��;<(Microfiller effect) �A�>4=.��ก��;��.0���FD
&�?��F6� �1	�16�ก��>B=�����0
���
�>�.��ก��;���'>�ก��8�1D8�2	.2@
�D1;���	.��ก��;�16	>�
�=�กA�'1	 (Strength) &'(.0������� (Durability) 

'1กg@(��	ก��E����	�����0
�����B1�
5�./�
8V��	
�
=��?�����'(
������ก 5�กE��C?��
�=0�
.�/��	 Scanning Electron Microscope (SEM) �D0?������0���98�?�	��	��2E�.G�?&�?���
?0�
>4 ?̀
8V�&�?����9��2�&'(
ก�(ก1�
8V�ก'2?�ก=�� �����0��������2E�.
r'��� 9 G�.��� &'(���/6������0
5A�
��(
�?�ก1D 9800 ;���	
:�;�
�;�;?�ก�1� 5�กก����
�D.0��'(
�������0�[�ก��01��/6������0
5A�
��( (Blaine specific surface area) ;����;�S�� ASTM C 204 [9]  ��2E�.�����0���/6������0
5A�
��(��กก0?�8��<;&'��<:�
��;<CF	 3 
�?� 
              .0��C?0	5A�
��( (Specific gravity) ��	8��<;&'��<:�
��;<&'(�����0
�� (ASTM C 168) 
&
�	>�;���	��� 5.4  �����0
����.0��C?0	5A�
��( 2.43 :F�	;�A�ก0?�8��<;&'��<:�
��;< �16	��6��.?�.0��
C?0	5A�
��(���&;ก;?�	ก1�
8V��'
�/��	5�ก�	.<8�(ก�D��	
.�����&;ก;?�	ก1� 8��<;&'��<:�
��;<��
�	.<8�(ก�D��	.1'
:�����กG:�<&'(
4'_ก��กG:�<������0'��
'ก2'
9	��9?>�8����@��ก >�����
��������0
�����	.<8�(ก�D��	:�'�ก�&'(�'9����������0'��
'ก2';�A���9?>�8����@��ก  

3. �d>�Bก3�  (Rice Hush Ash) 
>�8�4�F�	K8�(
�JG��G�=&ก'D5�กก��
��=�08�(��@ 5 '=��;1� >�&;?'(;1���	

�=�0
8'/�ก
�/��
�&'=05(��&ก'D��9?8�(��@ 200 กก. &'(
�/���A�&ก'DG8
��5(G�=
C=�&ก'D (Rice 
husk ash) 8�(��@�=��'( 20 ��	�6A�4�1ก��	&ก'D4�/�8�(��@ 40 กก.  ก��
��&ก'D����2@4E9��
>�B?0	 600 CF	 800 �	J�
:'
:��
 5(�A�>4= SiO2 ��9?>��98G�?
8V��'Fก:F�	��.0��G0;?�ก���A�8y�ก�����
8�:�:'��  C=�
��&ก'D����2@4E9��;�A�
ก��G85(�A�>4=��
���������<
4'/���9?&'(G�?
4��(
�ก1Dก��
�A����
�ก1D89�:�
��;<  &;?C=�
������2@4E9��
9	
ก��G8:�'�ก����G�=5(
8V��'Fก:F�	5(
r/���;?�ก���A�
8y�ก�����8�:�:'��&'(G�?
4��(;?�ก���A�G8�
��A�.��ก��;
B?�ก1�  ก��
��&ก'D>�B?0	�2@4E9��
�(40?�	 600 CF	 800 �	J�
:'
:��
  
����C�A�G�=���ก��
��&ก'Dก�	
'_กK���>B=&ก'D4�1ก
8�(��@ 20 กก. &ก'D���G�=5(��
�
����0    ��0��	
C=�&ก'D������9��2�
9	 :F�	5(�9��6A�
�=�G8>�;10
C=�
&ก'DG�=	?�� ���98�?�	G�?&�?���   

��ก5�ก��6�1	����>B=&ก'D
8V�
B/6�
�'�	>���	
� :F�	
C=�&ก'D���G�=5�ก��	
���
��A�&'(
�2@4E9����	ก��
��&ก'D5(
9	ก0?� 800 �	J�
:'
:��
    &;?
�/��	5�ก
0'�>�ก��
��.?���=�	
16�./�
;�A�ก0?� 10 ���� �A�>4=
C=�&ก'D�A����G�=�1	��9?>��98G�?
8V��'Fก
8V�
?0�>4 ?̀ &'(
����C>B=�
�
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&�����89�:�
��;<D�	
?0�G�=
B?�ก1� &;?ก��D�'(
����;=�	>B=
0'�����F6�  :F�	
�/���A�G8D�>4=
'(
����5(�A�8y�ก�����8�:�:'��G�=��  ก��D�
C=�&ก'D>4='(
����
8V�ก��
����.0��G0>�ก���A�
8y�ก�����8�:�:'��  
C=�&ก'D
��4�/�
����0D�'(
����G�=	?��ก0?�
C=�&ก'D�A�     .0��'(
������	

C=�&ก'D���D�'(
����&'=0��.?�8�(��@ 8,000 CF	 15,000 :�2/ก 
�/��01����0�[���	
D'�:F�	.?���=�	

9	
�/��	5�ก
C=�&ก'D���/6������0��ก
���(�.�	
�=�	���9��2�
9	     ������2E�.��	
C=�&ก'D
D�'(
����5(��.0��4'�ก4'�� ./� ������
'_กก0?� 1 G��.�
�;� 5�CF	8�(��@ 100 G��.�
�;� 
�F6�ก1D
0'����>B=>�ก��D�
C=�&ก'D   

4. R�3�ก�,K� (Silica Fume) 
Silica fume, Microsilica , 4�/� Condensed  silica fume 
8V�B/��
���ก01
�2�
�
����B���4�F�	 

:F�	01
�2��6
8V��'�'��G�= (By - product) ��	��		�� Silicon metal &'( Ferrosilicon Alloy  
8V�
�D0�ก�� Reduction 5�ก Quartz ���D��
2�[��G8
8V� Silicon ���0�[� Electric arc ����2@4E9��
9	CF	 2000w

C  �A�>4=
ก��G� (Fume) ��	 SiO  :F�	;?���5( Oxidize &'( Condense ����2@4E9��;�A�K G�=
8V���2E�.
����
'_ก��กK  ��	 Silicon �����9?>��98���G�?
8V��'Fก (Glassy phase)  :�'�ก�H9�5(C9ก�1ก51D>� Fillers 

D��52>
?C2	G0= ����1�0G85(��������2E�.
r'���8�(��@ 0.1 µm &'(�� Surface area 8�(��@ 20 CF	 

25 m2/g  (���0�[� Nitrogen absorption)  ������	 Silica fume ��6 (0.1µm) 
8V��������
'_ก��กK  
ก'?�0./�������
'_กก0?�89�:�
��;<8��<;&'��<CF	ก0?� 100 
�?� 


�/��	5�ก'1กg@(��2E�.��	:�'�ก�H9����
'_ก��กK  &'(��  Surface area 
9	  &'(��9?>��98���G�?

8V��'Fก (Amorphous)  �A�>4=:�'�ก�H9�
8V�
�����
ก��8y�ก����� 8�:�:'��G�=
�_0��ก  8d`4���	 
:�'�ก�H9�����DD?��
�/��>B=>�.��ก��;./�ก�����;=�	
����8����@�6A�>�
?0��� 
�/��>4=G�=.0���=�
4'0

�?�
���:F�	
�
4;2
�	5�ก������2E�.���
'_ก��กK  ��	�1� 

>���		����	 Silicon metal and ferrosilicon alloy  5(G�=�'�'��G�=��	 Silica fume ������
�=��'( 75  4�/���กก0?�5(8�(ก�D�=0� Silicon &'( Silicon ���G�=��6ก0?��=��'( 85 CF	 95 5(
8V� 
Glassy Phase ��	 Silica :F�	��=��5(�A�8y�ก�����8�:�:'�� 


?0�>���		�� Ferrosilicon ���G�=�'�'��G�=��	 Silicon 8�(��@�=��'( 50 �D0?� Silica ���
����9?5(�=�� &'(
8V��98�'Fก.?���=�	��ก :F�	
?	�'>4=ก��>B=:�'�ก�H9�
4'?���6>�.��ก��;G�?���1ก

�/��	5�กก��
ก��8y�ก�����8�:�:'��;�A� 
 �	.<8�(ก�D4'1ก��	
.����	:�'�ก�H9�./� SiO2 :F�	.0�5(��9?>��98���G�?
8V��'Fก
8V�
?0�
>4 ?̀   :�'�ก�H9������5A�4�?��>��=�	;'���� SiO2 ��กก0?��=��'( 90 �F6�G8  
?0����
4'/�5(
8V�
�	.<8�(ก�D��	 Al2O3, Fe2O3, CaO, MgO, Na2O, K2O &'(��กG:�<�/��K��ก�=��'( 1 4�/� 2 :F�	
��กG:�<
4'?���6C/�0?��=����ก
�/��
���Dก1D8����@��	 SiO2  4�ก�A�.?���กG:�<��	:�'�ก�H9���

8���D
���Dก1D��	89�:�
��;<  
C=�C?��4��  ;(ก�1�
;�C'2	
4'_ก 
C=�&ก'D &'( �����0
�� 5(�D0?���
�	.<8�(ก�D���&;ก;?�	ก1�.?���=�	��ก�1	&
�	>�;���	��� 5.3 
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.2@
�D1;���	ก��E����	:�'�ก�H9����
4_�B1�
5�  ./�
8V��2o��	���'(
������ก
�
�� 
���A�
4�/�
������0 &;?C=�
8V�:�'�ก�H9�.0D&�?�5(��������	��2E�.���>4 ?̀�F6�
�/��	5�กก���0�;10��	
:�'�ก�H9�4'��K��2E�.
�=��=0�ก1�  .0��C?0	5A�
��(��	:�'�ก�H9���.?�8�(��@ 2.2  ��������2E�.

r'���8�(��@ 0.1 G��.�
�;� ���/6������08�(��@ 200,000 CF	 250,000 :�2/ก :F�	>B=ก����
�D���
0�[��9�:1Dก��:G��;�
5� (Nitrogen absorption test) &'(C/�0?���.?�
9	��ก (�@(���
C=�C?��4����
.?�8�(��@ 3,000 CF	 7,000 :�2/ก :F�	��
�D���0�[�
D'� )   ������2E�.��	:�'�ก�H9�
8V��������

'_ก��ก
���(������
'_กก0?�89�:�
��;<8��<;&'��<CF	ก0?� 150 
�?�
���(89�:�
��;<8��<;&'��<
8�(
E���� 1 ����2E�.
r'���8�(��@ 15 G��.�
�;� 
�/��	5�ก:�'�ก�H9�������
'_ก��ก5F	��8d`4�>�
ก�����=��  
�/��&ก=8d`4���65F	��ก���A�:�'�ก�H9����1��0�ก1�
�/��>4=������>4 ?̀�F6�
���ก0?�:�'�ก�H9�
.0D&�?�      
A�4�1D.2@
�D1;���	ก��E����	 :�'�ก�H9�  
C=�C?��4��  �����0
�� 
C=�&ก'D ;(ก�1�

;�C'2	
4'_ก  &'(89�:�
��;<8��<;&'��<8�(
E���� 1  G�=&
�	
8���D
���DG0=>�;���	��� 5.4 

 
5�	�%��� 5.3  ;10��?�	�	.<8�(ก�D��	
.�����8�(��@��	01
�28�(
��  

�=��'(����6A�4�1ก (%)  
��กG:�< 89�:�
��;<

8�(
E� I 
 
C=�C?��4��&�?


��( 
 ;(ก�1�
;�     
  C'2	
4'_ก 

 :�'�ก�H9� 
C=�&ก'D �����0
�� 

SiO2 20 48 37 92 90 55 
Al2O3 5 26 11 0.7 0.5 40 
Fe2O3 3 10 0.3 1.2 2.0 0.5 
CaO 60 5 40 0.2 0.5 - 
MgO 1.1 2 7 0.2 0.2 - 
SO3 2.4 0.7 0.3 - 1.5 - 

��กG:�<�/��K 1.5 1.3 2.3 2.6 - - 
LOI. 2 3 - - 4.7 - 
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5�	�%��� 5.4  .2@
�D1;���	ก��E����	:�'�ก�H9�, 
C=�C?��4��, 
C=�&ก'DD�, ;(ก�1�
;�C'2	
4'_ก  
                     &'(89�:�
��;<8��<;&'��<8�(
E���� I 

.2@
�D1;� 89�:�
��;< 
8�(
E���� 1 

�����0
�� 
C=�C?��4�� 
&�?
��( 


C=�&ก'DD� ;(ก�1� 

;�C'2	
4'_ก 

:�'�ก�H9� 

.0��'(
������	 

D'� (:�2/ก) 

3,400 9,800 3,500 8,000 3,500 200,000* 

.0��C?0	5A�
��( 3.15 2.43 2.0 2.2 2.9 2.2 

� 
�� 
�
=��?�� 
���?��5�CF	 


��
�=�4�/� 

��6A�;�' 


��CF	
���A� 
�� 
������0 
5�CF	
��

�A� 

L��]�L5; * 0�[�
D'�G�?
����C>B=01�.0��'(
������	:�'�ก�H9�G�= &;?>B=0�[� nitrogen absorption &�� 

 
5.6   ��	
���
���$\��h (Miscellaneous Admixtures)  ���>B=����9?4'����?�	
B?� 

1. Gas-forming admixtures :  ./�
������A�>4=
ก���9��2�>�
�/6�.��ก��; 
B?� Hydrogon peroxid 
(��'=�	&�'), Metallic aluminum �A�>4=
ก��ก��:G���
5� 

2. Grouting admixtures :   �1ก>B=>�ก��  Grouting  �1ก5(
8V�
���
�
�������>B=>�	��
r��( 

B?� �0ก Bentonite clay 
�/��'�.0��4��&�?� ��	 Slurry  4�/�>
? Barite &'( Iron 
�/��
����
.0��4��&�?���	 Slurry 

3. Expansion-producing admixtures   �0ก��6�1ก>B=
�/��'�8d`4�ก��4ก;10��	.��ก��;./�>
?

�������ก������;10
8V�ก��
�/��ก��4�;10��	:�
��;<
�/��	5�ก Shrinkage 

4. Bonding admixtures :  
�/��&�	�F�4�?0	>�89�:�
��;< 
B?��0ก Latex 
5. Pumping aids :  
8V�
���
�
����
�/���A�>4=
����C8d��.��ก��;G�=���
����.0���F�
ก�(;10

��	.��ก��;>4=
9	�F6� 
B?� Water-soluble synthetic, Cellulose derivatives, Carboxyl-
containing  styrene copolymers, Paraffin, Coaltar , Asphalt, Bentonites, silicafume, Fly ash, 
Hydrated time. 

��ก5�ก��6�1	��   
- Coloring admixtures 
- Flocculation admixtures 
- Damproofing admixtures. 
- Permeability-reducing admixtures 
- Chemical admixtures to reduce alkali-aggregate expansion 
- Corrosion-inhibiting admixture  
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Disc, October 2005, Vol. 04.02.  
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for Hydraulic Activity of Ground Slag by Reaction with Alkali, ASTM Standards on Disc, 
October 2005, Vol. 04.02.  

9. American Society for Testing and Materials, ASTM C204-00 Standard Test Method for 
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September 2005, Vol. 04.01.  

 

7��d���>�]��  
1. ก��
ก��
E��ก��&�_	;10&'('('����	�6A�
'1Dก1�G8 (Freeze-thaw) 
����C�A�>4=.��ก��;


ก��ก��&;ก�=�0G�=��?�	G� 5	�[�D�� 
2. 4�ก;=�	
�.��ก��;�����5
ก��8d`4�
E��ก��&�_	;10&'('('����	�6A�
'1Dก1�G8  5(�A�ก��

8I�	ก1�G�=��?�	G� 
3. 
���(
4;2>� 
?0��
�.��ก��;>�8�(
�JG��5F	G�?����>B=
��ก1กก�(5��H�	��ก�J (Air 

entraining agent)  
?0�8�(
�J�������>B=
��B�����6>�
?0��
�.��ก��;�1กG�=&ก?8�(
�J>�
&CD>�  &'(��
4;2�'��?�	>����;=�	>B=
��B�����6 
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4. ก��>B=
��ก1กก�(5��H�	��ก�J5(
?	�';?�ก��
��6��6A�  .0��
����C>�ก��
�  &'(กA�'1	��	
.��ก��;��?�	G�D=�	 

5. .0��'(
������	89�:�
��;< &'( ก��>B=01
�28�:�:'�� �
�>�.��ก��;5(
?	�';?�8����@
H�	��ก�J>�.��ก��;��?�	G�D=�	 &'(���=�&�(�A���?�	G�
�/��&ก=G��'ก�(�D�1	ก'?�0���

ก���F6�;?�.��ก��; 

6. ก��
'/�ก>B=
��4�?0	ก��ก?�;10>�	��.��ก��;��4'1กก��
'/�ก>B=ก1D	��8�(
E�>�&'(��

E����ก�J&DD>� 5	�[�D������
�=�>5 

7. ก��>B=
��4�?0	ก��ก?�;10>�.��ก��;5(
?	�'ก�(�D;?�.��ก��;��?�	G�D=�	  5	�[�D����
��
�=�>5 

8. ก��
'/�ก>B=
��
�?	ก��ก?�;10>�	��.��ก��;��4'1กก��
'/�ก>B=ก1D	��8�(
E�>�&'(��
E��
��ก�J&DD>� 5	�[�D������
�=�>5 

9. ก��>B=
��
�?	ก��ก?�;10>�.��ก��;5(
?	�'ก�(�D;?�.��ก��;��?�	G�D=�	  5	�[�D������

�=�>5 

10. 5	�[�D��CF	�'ก�(�D��	ก��>B=&.'
:���.'�G��<>�.��ก��; ;?�
��	;?�G8   
   - �(�(
0'�ก��ก?�;10  - 8����@H�	��ก�J 
   - .0���=��5�ก8y�ก�����G�
��B1�  - กA�'1	�1� 

- ก��./D&'(ก��4�;10 (Creep and shrinkage) 
11. 5	�[�D��CF	�=���&'(�=�

����	ก��>B=
��'��6A���
Jg;?�.��ก��;0?����(G�D=�	 
12. 
���(
4;2>�  5F	G�?����>B=�6A�;�'
8V�
��4�?0	ก��ก?�;10>�.��ก��;  �16	����6A�;�'
8V�
��

4�?0	ก��ก?�;10���G�=�'����กB���4�F�	 
13. �2@4E9����	
E��&0�'=��>��@(
�.��ก��;����
�
��4�?0	ก��ก?�;10���';?��(�(
0'�

ก��ก?�;10��	.��ก��;��?�	G� 
14. 4�ก5A�
8V�;=�	>B=
���
�
����>4=
'/�ก (:F�	G�=&ก? 
��4�?0	ก��ก?�;10, 
��
�?	ก��ก?�;10, 
��

ก1กก�(5��H�	��ก�J, 
��'��6A���?�	��ก, 
C=�C?��4��, :�'�ก=�H9�) &'(
'/�ก89�:�
��;<8��<;
&'��< (:F�	G�=&ก? 89�:�
��;<8��<;&'��<8�(
E���� 1, 2, 3, 4, 5, 89�:�
��;<��0, 89�:�
��;<
�
�) 5	�[�D��4'1กก��&'(
4;2�'>�ก��
'/�ก>B=
��
.���
�
����&'(89�:�
��;<  
�/���A�
.��ก��;>�	���1	;?�G8��6  

ก. ก��ก?�
�=�	��.��>�8�(
�J�������ก�J4��0��ก �2@4E9��;��'D   
�. 	��ก?�
�=�	��.��
9	 85 B16� >� ก��.    
.. 	��ก?�
�=�	>ก'=B���(
'      	. 	��ก?�
�=�	D=���1ก��J1� 2 B16� 

15.   Super plasticizers  ./��(G�  ��8�(��B�<;?�ก���'�;.��ก��;��?�	G� 
16. 01
�2
r/���, 01
�2
B/���8�(
��, 01�28�:�:'��  ./��(G� ��'1กg@(���&;ก;?�	ก1���?�	G� 


