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��ก(��
�7��739����ก�*�! ,'-�1�9)�9��ก(��7���3*�ก�����-
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 A <=> <?@ABCDE BFG B5E89:8H@IJK?LKMNO9P5675Q@E  (N)  
 B <=> B5E89:IRKIMก@5N<9TP? (Ns) 
 C <=> <?@ABMQMNM=T> (N/s)  
 D  <=> 5GPG8@EB5EกV89:8H@IJK?LKMNO9P5675Q@E (mm) 
 E   <=> <?@AP=VJPLQM (young modulus) (N/mm2) 
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   C <=> <?@ABMQMNM=T> (N/s)  
   D  <=> 5GPG8@EB5EกV89:8H@IJK?LKMNO9P5675Q@E (mm)  
   E   <=> <?@AP=VJPLQM (young modulus) (N/mm2) 
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3.3 *'��+���	ก���ก9���ก,� 
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����- 3 �4�9�"����;/�7���3*�ก�����"9�
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�ก9���ก,� 

��ก��
����- 3 �4�9�"����;/�7���3*�ก���
*�!�� 
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	!ก���7���/0���	����*��2��7'/�2*�! ,'-�
�2"�*��
ก�4"����;/�7���3*���-��"����;/��2��
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ก�
!��
�4
�2!
�� 

control 7.7 a ±0.59 6.9 a ±0.80 7.0 a ±1.07 7.0 a ±1.46 7.5 a ±0.64 
C50I5 7.1 b ±1.19 6.9 a ±1.12 7.0 a ±1.03 6.2 c ±1.60 6.7 d ±1.22 
C75I1 7.1 ab±0.99 6.7 b ±1.16 6.8 c ±1.28 5.5 d ±1.68 6.5 f ±1.19 
C75I5 7.7 a±1.03 6.9 a ±1.20 6.9 b ±1.06 6.5 b ±1.50 7.2 b ±1.06 
C50I15S 6.9 ab±0.63 6.2 c ±0.30 6.1d ±0.39 5.2 f ±.65 5.8 g ±0.50 
C75I1MS 7.1 ab±2.10 6.7 b ±1.27 6.9 b ±1.15 5.4 e ±2.00 6.6 e ±1.78 
C75I5MS 7.1 ab±1.40 6.8 b ±1.44 6.9 b ±1.50 6.5 b ±1.55 7.1 c ± 1.40 

a-b cd?>dกe589:BcกcQ@EกdMIMBM?cdTE BOVE<?@ABcกcQ@E8@EOfgcg89:5GVdhMdPOH@<di (P≤0.05)   
C50, C75 <=> 75gA@jกG8g89:IRK 5K>PFG  50 BFG 75 c@AFH@Vdh     I1, I5, I15 <=> 75gA@j>gMM6FgM89:IRK8VB8MกG8g 5K>PFG 1, 5 BFG 15 c@AFH@Vdh 
S  <=> ก@5Nc59PA>gMM6FgMkVPก@5IRKB5ENl=>M    MS  <=> ก@5Nc59PA>gMM6FgMkVPก@5IRKB5ENl=>MกdhO@5FGF@PmOAC>E?LKMกdh>gMM6FgM  

 

C50, C75 ";�  
����ก�����-)�* 
*�!��  50 	�� 75 ����0�2�4 
I5  ";�  
��������+�����-)�* 
*�!��  5 

����!9�� 
*�!�� 
����17���)��3*�ก��� 
"�4"3� 3.53 c ±0.53 
C50I5 0.83 a ±0.17 
C75I5 1.13 b ±0.06 
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�!�7'/��!+9ก�4 
����ก�����-)�*	����;-��ก�4

�ก(�1�*   
�����3����
�!������-�
+�7'/����

�!�����ก�
�ก�4
�ก(� �2!�3*�ก���
+�
"�4"3�
	���3*�ก���
*�!�� 75 ��;-��ก�41�*B'� 9 ���  

 
 
 
 
��
����- 4  
�����3����
�!�
�#�9��ก�
�ก�4
�ก(� 

ก���
������% �������+ 
������'�ก���ก9���ก,� (���) 

0 3 6 9 12 

����4-.� (%) 
"�4"3� 65.60 ±0.94 bB 65.95 ±0.77 bC 65.25 ±1.29 bA 65.25 ±1.00 cA ND 
C75I5 65.69 ±1.12 cC 66.18 ±1.16 aD 65.46 ±0.86 cB 63.52 ±0.99 bA ND 
C50I5 0.07 ±0.01 aB 0.06 ±0.01 aA 0.13 ±0.05bC 0.13 ± 0.05bC 0.15 ± 0.03aD 

ก��&�ก�����+
�.�� (%) 
 

"�4"3� 0.14 ±0.03bC 0.12 ±0.07 bB 0.12 ±0.29 aB 0.11 ±0.89 aA ND 
C75I5 0.15 ±0.03 cB 0.16 ±0.01 cA 0.16 ±0.01cA 0.16 ±0.07cA ND 
C50I5 0.07 ±0.01 aB 0.06 ±0.01 aA 0.13 ±0.05bC 0.13 ± 0.05bC 0.15 ± 0.03aD 

TBA  

(�ก.��3'��'�)�=�%/กก.) 

"�4"3� 5.93±0.17cA 6.12±0.25 aB 6.94±0.67 cC 7.30± 0.87 bD ND 

C75I5 4.56±0.71bA 6.48±0.12 cB 6.58±0.22 aC 7.19±0.16 aD ND 

C50I5 4.44±0.20 aA 6.39±0.64 bB 6.68±0.02 bC 7.51±0.09 cD 7.77±0.19aE 

������'� 
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(���) 
�������+ 

;������4-.�;	'
���)�% 
(3�3'�)/ก��������) 

TPC  ����)������
 

0 
"�4"3� 5.3x105 
C75I5 1.4x105 
C50I5 2.7x103 

3 
"�4"3� 5.8x105 
C75I5 2.1x105 
C50I5 0.5x103 

6 
"�4"3� 7.3x105 
C75I5 6.4x105 
C50I5 0.5x104 

9 
"�4"3� �ก�����
&�� 
C75I5 �ก�����
&�� 
C50I5 1.5x104 

12 
"�4"3� �ก�����
&�� 
C75I5 �ก�����
&�� 
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B�����-
�2�4��!
0�"��    (P≤0.05) 
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