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ABSTRACT 

The objective of this research was to investigate the effects of the type of curing 

solution on the compressive strength of concrete and direct tensile strength of concrete 

reinforced with reinforcing materials.  The joint overlap of the geogrid was compared using 

direct tensile strength tests.  Additionally, the flexural strength of unreinforced and geogrid-
reinforced concrete was determined through concrete beam testing. 

Compressive strength tests were conducted on cylindrical concrete samples cured 

in water, sodium sulfate solution, and sodium chloride solution.  Direct tensile testing was 

performed on unreinforced Dog Bone- shaped concrete samples, as well as samples 

reinforced with geogrid material and steel wire mesh, incubated in water, sodium sulfate 

solution, and sodium chloride solution at both 28 and 180 days of age. The joint overlap of 

1, 2, and 3-grid geogrids was subjected to direct tensile testing at 7, 14, and 28 days of age. 
The flexural strength of samples, both unreinforced and reinforced with geogrid, was tested 

after incubation periods of 7, 14, and 28 days. 
The test results concluded that the compressive strength increased with the age 

of the concrete, regardless of curing in sodium sulfate or sodium chloride solution.  Direct 

tensile testing of Dog Bone- shaped concrete samples indicated an increase in strength with 

age, regardless of the type of curing solution used. Direct tensile tests on Dog Bone-shaped 

concrete samples reinforced with overlapped geogrids at 1, 2, and 3- grid configurations 

indicated no significant differences.  Similarly, flexural strength testing of both unreinforced 

and geogrid-reinforced concrete beams yielded similar flexural strength values. 

Keywords:  geogrid reinforced in concrete, concrete, sulfate solution, chloride solution,    
                 direct tension 
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O&&N2#B!�CP/�#B  O&&N2#B!�CP/�#B O&&#@&#/"!N/ 1 �N/� 2 �N/� O%> 3 �N/� #CP/@"F 
7 14 O%> 28 /?%        53 

#G'#CP  4.7  ค/@!2?!�?%$์#>ห/N@��A%?�#?&O#� D��?&!?//"N@�ค/%�#C!#G' Dog Bone O&&R!NN2#B!O#�  
O&&N2#B!�CP/�#B  O%>N2#B!�CP/�#B O&&#@&#/"!N/ 1 �N/� 2 �N/� O%> 3 �N/� #CP/@"F  
7 14 O%> 28 /?%        54 

#G'#CP  4.8  ค/@!2?!�?%$์#>ห/N@��A%?�O#� ? N�%CP"�/�!?//"N@�ค/%�#C!ค@%O&&R!NN2#B!�CP/�#B  O%>
O&&N2#B!�CP/�#B  #CP/@"F 7 14 O%> 28 /?%     55



(11) 

 

ส@ร�?ญรู� (ตอ่) 
           ห%O@ 
#G'#CP  4.9  �@#/B&?!B�/�!?//"N@�ค/%�#C!ค@%O&&R!NN2#B!�CP/�#B O%>O&&N2#B!�CP/�#B  55 



 

 !!C่ 1 

 !�A 
 

1.1 ค/@/N!็�/@Oล>ค/@/2Aค?ญ�อ�!ัญห@ 
N'7Pอ��2�Q')ั�8(1'!524P��Nอ2#O2�!2�!2"อ2%4N�N' $'' อ2ค2# 24P�)%9�2#O2� %5P�1�อ201" /%/ �6P�

2N/'!2��0Q�OPค#�2#O2�%5PN)็'คอ'�#5#N2#4!Nห%O� 27(N'7Pอ��2��2#Q�ONห%O�N)็'2N/'ห'6P��อ�Pค#�2#O2�
คอ'�#5#N2#4!Nห%O� N!7 Pอ#0"0N/%2*N2'R)P""�$#4�##!�อ�Nห%O � Nห%O��0N�4")ฏ4�4#4"2ออ��4N"�1' 

ห#7อ$9�ออ��4R"�์ %3QหON�4"N�4"2'4!O%0�2#26��#Nอ'�อ�Nห%O� N'7Pอ��2�Nห%O��1(22#)#0�อ(#N2�N 

%5P)0)'Q'24P�O/"%Oอ! %5P21!*12อ2�20'1Q'N �#0(/'�2#N�4"2'4!�อ�Nห%O�P""N��20�2#N�4"2'4!Q'
Nห%O�%5P!5/12"8อ7P'ค%8!*4/ N�N' Nห%O�N2#4!Q'คอ'�#5# N!7PอNห%O�N2#4!คอ'�#5#N#4P!N�4"N)็'2'4!�6Q'O%O/�O
�0!5�2#�1 '2)#4!2!N�4P!!2��6Q' Pค#�2#O2��อ�อ2ค2#ห#7อ24P�)%9�2#O2� �0$9�%3%2"QหON�4"�2#
29ญN25"�3%1� �2��'2"�7Q'%5Pห'O2#1"�อ�Nห%O�N2#4!%"%� �2#29ญN25"O#�"6"Nห'5P"/#0ห/N2�Nห%O�N2#4!�1(
คอ'�#5# O%0N�4"#อ"O#�#O2/ห%8"#Nอ'ออ��อ�คอ'�#5#%5Pห8O!*4/Nห%O�N2#4! �6�%3QหOPค#�2#O2�29ญN25"
ค/2!!1P'ค�O�O�O#� O%0อ2�%3QหOR!N22!2#$#1('Q3ห'1�(##%8�R"O O%0อ2�N)็'22Nห#8QหON�4"ค/2!
N25"ห2"ห#7อ�2#/4(1#4�อ�Pค#�2#O2�R"O 

Q')ั��8(1'/4/1 '2�2#N�5P"/�1(N%คP'P%"5�2#�Nอ2#O2�R"O�1 '2อ"N2�#NอN'7Pอ� %3QหO!5/12"8%5P
'3!2Q�O%"O%'Nห%O�N2#4!Q'คอ'�#5# �2��2'/4�1"'5QR"O�1"%3/12"8 Geosynthetics �'4" Geogrid P""
!5/1#$8)#02�ค์'3!2%"O%'Nห%O�N2#4!Q'คอ'�#5#N2#4!Nห%O� �5Pอ�#4" (Geogrid) ค7อ /12"8 
Q"21�Nค#20ห์%5PQ�O23ห#1(N2#4!O#�Q'"4'ห#7อQ'/12"8%5PQ�%ONค5"��1' /12"8 Geogrid Q�O�2'%1P/R)23ห#1(�2#
N2#4!O#�Q'�3O���1'"4' #/!$6��2#N2#4!O#�Q'�1Q'%2�ห#7อ�1Q'"4'Q#O$'' �6P�"4'("อ1"Q#O$''�0N�4"
ห'N/"O#�"6��6Q'N!7Pอ!5'Q3ห'1��2�"2'�2ห'0N�O2!2�#0%3�6P� Geogrid �0�N/"#1(O#�"6�%5PN�4"�6Q' 
Geogrid N)็'/12"8%5P#1(O#�"6�R"O29� P""%1P/R)/12"8 Geogrid %3�6Q'�2�/12"8 polymer /12"8 Geogrid 

อ2�N)็' woven ห#7อ knitted !2�2�N2O'"O2" ห#7อ heat-welded �2�O$(�อ�/12"8 ห#7อ *%4# 1!�์
P""�2#N�20#9Q'O*N'/12"8O%O/"7"/12"8QหON)็'#2#2� N)็'#O' 

1.2 /?� ุ!1>2�ค์ 
1.2.1 N�7Pอ06�12*%�#0%(�อ��'4"�อ�22#Nค!5#Nอ�3%1�#1(O#�อ1"�อ�#1/อ"N2�คอ'�#5# 

#9)%#��#0(อ� 
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1.2.2 N�7Pอ06�12*%�#0%(�อ�22#%0%2"P�N"5"!�1%N�#O%022#%0%2"P�N"5"!คอ%R#"์ 

Q'�2#(N!#Nอ�3%1�#1(O#�"6�P""##��อ�คอ'�#5##9) Dog Bone O((R!NN2#4!O#� O((N2#4!O#�"O/"
Nห%O�#0O�#�R/#์N!� O%0O((N2#4!O#�"O/"�5Pอ�#4" 

1.2.3 N�7 Pอ06�12�3%1�#1(O#�"6�P""##��อ�คอ'�#5##9)  Dog Bone O((R!NN2#4!O#�  
O((N2#4!O#�"O/"�5Pอ�#4" O((N2#4!O#�"O/"�5Pอ�#4"O((%2(#อ"#Nอ 1 �Nอ� 2 �Nอ� O%0 3 �Nอ�  

1.2.4 N�7Pอ06�12�3%1�#1(O#�"1"�อ�#1/อ"N2�คอ'�#5#ค2'O((R!NN2#4!�5Pอ�#4" O%0N2#4!O#�
"O/"�5Pอ�#4"  

1.3 �อ N���อ��@10D�1@ 
1.3.1 �3%1�อ1"�อ�คอ'�#5#%5PQ�O%"2อ(N%N2�1( 200 ��./�!.2 
1.3.2 N)#5"(N%5"(�3%1�#1(O#�อ1"�อ�คอ'�#5#%#��#0(อ�%5P(N!Q''Q3 (N!Q'22#%0%2"

P�N"5"!�1%N�# O%0(N!Q'22#%0%2"P�N"5"!ค%อR#"์ %5P!5ค/2!N�O!�O'N)็'#Oอ"%0 5 P""'Q3ห'1� 
%"2อ(%5Pอ2"8 28 /1' O%0 180 /1' 

1.3.3 N)#5"(N%5"(�3%1�#1(O#�"6�P""##��อ�#1/อ"N2�คอ'�#5##9) Dog Bone O((R!NN2#4!�5
Pอ�#4" O((N2#4!Nห%O�R/#์N!� O%0O((N2#4!�5Pอ�#4" %5P(N!Q''Q3 (N!Q'22#%0%2"P�N"5"!�1%N�# O%0(N!
Q'22#%0%2"P�N"5"!ค%อR#"์%5P!5ค/2!N�O!�O'N)็'#Oอ"%0 5 P""'Q3ห'1� %"2อ(%5Pอ2"8 28 /1' O%0 180 /1' 

1.3.4 N)#5"(N%5"(�3%1�#1(O#�"6�P""##��อ�#1/อ"N2�คอ'�#5##9) Dog Bone O((R!NN2#4!�5
Pอ�#4" O((N2#4!�5Pอ�#4" O((N2#4!�5Pอ�#4"O((%2(#อ"#Nอ 1, 2 O%0 3 �Nอ� %"2อ(%5Pอ2"8 7, 14 O%0 
28 /1' 

1.3.5 %"2อ(�3%1�#1(O#�"1"�อ�#1/อ"N2�ค2'คอ'�#5#O((R!NN2#4!�5Pอ�#4" O%0N2#4!"O/"�5
Pอ�#4" %"2อ(%5Pอ2"8 7, 14 O%0 28 /1'  

1.4 �B0@/0?พ!์N�พ@> 
1.4.1 )9'�5N!'#์)อ#์#O%'"์ ค7อ )9'�5N!'#์)#0N % 1 �6 P�Q�O�1'อ"N2�O�#Nห%2"Q'�2'

�Nอ2#O2�Q')ั��8(1'Q�ON)็'/1#$8"4(ห%1�Q'�2#*%4#คอ'�#5# )9'!อ#์#O2#์ O%0)9'�5N!'#์29##�4N01
)#0N %#N2�N !52N/'*2!ห%1�P""!5 ห4')9' ห4'"4'"2' "4'%9�#1� O%0%#2" #/!R)$6��2#N�4P!22#อ7P'N 
N�7Pอ�N/"�1 '2ค8! 2��อ�)9'�5N!'#์ N�N' "4)�1! 22#)อ�P�%2' 22#%"'Q3 N)็'#O' !5%1�1!0N)็'*� 
N!7Pอ*2! ค%8��1('Q3O%O/%4Q�R/O�0N�4")ฏ4�4#4"2%2�Nค!5 !5*%%3QหON�4"�2#�Nอ#1/O%0O�O�#1/R"O 

1.4.2 �5Pอ�#4" ค7อ #2�N2"N2#4!�3%1�"4' N)็'O*N'%5P!5�2#*%4#�2�2#)#022'N2O'/12"8�3�/�
P�%4N!อ#์ (Polymer) QหON)็'O*N'#2#2��'2"#N2�N P""�Nอ�/N2�('O*N'!5�'2"QหญNO%0N2O'/12"8%5P'3!2
N�7Pอ)#022''1Q'�0!5�'2"%5PQหญN�/N2N2O'Q"�อ�O*N'N2O'Q"21�Nค#20ห์ (Geotextiles) �6P��2#)#022'/12"8
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อ2�%3P""�2#$1�%อห#7อQ�ON%ค'4ค/4&5อ7P'N ค8!)#0P"�'์ห%1��5Pอ�#4" ค7อ�2#N2#4!O#�ห#7อN2#4!ค/2!
ค�%'N�7อ(%1Q�ห!" �2#"7"#1/�0!5#0"0%5P#P3�/N2O*N'Q"21�Nค#20ห์O%022!2#$*%4#QหO!5�2##1(O#�"6�R"O29� 

1.5 !1>P0��์!C่ค@�/N@�>ไ�O1?  
1.4.1 %#2($6�ค/2!22!2#$Q'�3%1�#1(O#�"6� O%0O#�"1"�อ�คอ'�#5#N2#4!O#�"O/"�5Pอ�#4" 

1.4.2 %#2(*%�#0%(�อ�22#%0%2"P�N"5"!�1%N�# O%022#%0%2"P�N"5"!คอ%R#"์#Nอ�2#
#1(O#��อ�คอ'�#5#N2#4!�5Pอ�#4" 

1.4.3 N�7PอQ�ON)็'�Oอ!9%N(7Qอ�#O'Q'�2#'3/12"8�5Pอ�#4"N)็'/12"8%2�N%7อ��'4"Qห!N%5PQ�O%"O%'
Nห%O�R"O 



 
 

 ทท?่ 2 

ท0/ฎ?O1>�@�ว>�?.ท?่N�?.่ว�้อ�  
 

2.1 ท0/ฎ?ท?่N�?่.ว�้อ�  
2.1.1 �;��7N!��์�/#์�O%��์�#2N ��7P 1 [1] 

�;��7N!��์�/#์�O%��์�#2N ��7P 1 �6"!Q�O�3�N�O��5�/�!4�Q��4�ค/��#7�P�"�#2!4� 
90 N�/#์N�O��์ �7P�%6�Q��#2N�02ห#3�/N!#6�4N�O��;��7N!��์�#2N ��7Q 25ห#3��4#Q�O�4�ค/��#7�ห#9/
�%6� 3��์/:�24ห�##!Q��7P/4�R!N�O/��4#ค:� 4��6N01 O%2Q�OQ��4#�N/2#O4��4!���6�3P/R� N�N� N24 
ค4� �4�#4� ��� N�O��O� �;��7N!��์��6��7QQหO�5%3�2;�Q�#2"2N/%4R!N#/�N#O/!4��3�O%2QหOค/4!#O/�
�4��%4�  

2.1.2 ��6�6#6"4R0N�#�3P� [2] 

�4#�N/�3/O%2O�O��3/�/��7N!��์ N�6���6�6#6"4R0N�#�3P��/��7N!��์ �2N�6�/�ค์�#2�/� 

 2 %3�1�2 ค9/ 

2.1.2.1 �O/�Q�O24#%2%4" �7N!��์�2%2%4"Q��Q5 �N/QหON�6�R///��7Q�2�2!�3��5QหON�6�
24#�#2�/��8Q�Qห!N 

2.1.2.2 �4#N�6��/���6�6#6"4#2ห/N4��/�O�O� ��6�6#6"4N�6��8Q�P�"�#��7P�6/�/��/�O�O� P�"
R!N�5N�O��O/�Q�O24#%2%4"��6�6#6"4�#2N ��7QN#7"�/N4 <Solid State Reaction= 

��6�6#6"4R0N�#�3P��/��7N!��์�2N�6��8Q��3Q� 2 %3�1�2 P�"Q��N/�O#��2/403"24#2%2%4"  
O%2�N/��3�R��2N�6���6�6# 6"4#2ห/N4��/�O�O��7N!��์�#2�/�R��O/"24#�#2�/�ห%4"��6� 

N/EP/N�B '�B�B1B0@R0N 1�?P% (ลB!.?��์#CP�>R O/@�N�B '�B�B1B0@!N/R' #AQหO/?%O!�!N@��@�(ลB!.?��์  

#CPR Oค1?Q�O1�  ?�%?Q%Q%#CP%C QN1@�>O0�พB�@1�@'�B�B1B0@R0N 1�?P%�/�.@1'1>�/&หล?��/��CN/%!์  

4 '1>N.#  ?�%CQ 

1. Oค%N�7"!�6%6N�� (C3S,C2S) Oค%N�7"!�6%6N�� �2�5��6�6#6"4�3��Q5�N/QหON�6� Ca(OH)2 
O%2 Calcium Silicate Hydrate (CSH) �7P�5ห�O4�7PN�O��3/�#224� �3�O2��Q�#;��7P (2.1) O%22!�4# 
(2.2) N�6���6�6#6"4�3��7Q 
 

2(3CaO)∙SiO2+6H2O →3CaO ∙2SiO2 ∙ 3H2O+3Ca(OH2)  
ห#9/ 

2C3S+ 6H2O → C3S2H3+3Ca(OH)2                                                                  (2.1) 
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2(2CaO ∙SiO)2+ 4H2O →3CaO ∙2SiO2 ∙ 3H2O+Ca(OH)2   
ห#9/ 

2C2S+ 4H2O → C3S2H3+Ca(OH)2                                                                    (2.2) 
  

 

 

 

 

 

 

 

/ู!ท? ่ 2.1  O�� 4�O2����6�6#6"4�/�Oค%N�7"!�6%6N�� [2] 
 

�4���6�6#6"4R0N�#�3P��7Q �2N�6� Gel �8P�N!9P/N�6�O�O��3/�2!7%3�1�2�7P25ค3ญ 2 �#2�4# ค9/ 
Pค#�2#O4��7 PR!N2!P5N2!/O%2!7#;�#:� /�ค์�#2�/��4�Nค!7�/� CSH �7Q �8 Q�/"; N�3� N/%4 /:�ห ;!6 
O%2/3�#42N/��Q5�N/�7N!��์ Q��7P�7Q�2Q�O�3/"N/ CSH O�� Calcium SiliCate Hydate �7PN�6��8Q�R!N/N4�2
!7/�ค์�#2�/�O%2Pค#�2#O4�N�O�/"N4�R# Ca(OH)2 �7PR�O�4���6�6#6"4R0N�#�3P� �5QหO�7N!��์N�2�์  
!7ค:�2!�3�6N�O��N4�/"N4�!4� ค9/!7 pH �#2!4� 12.5 �8P��2�N/"�้/��3��4#�3��N/��/�Nห%O�N2#6!R�O
/"N4��7!4� 

 

2) R�#Oค%N�7"!/%;!6N�� (C3A) 
��6�6#6"4R0N�#�3P��/� C3A �2N�6��8Q��3��7�3�Q� O%2�N/QหON�6��4#O�O��3//"N4�#/�N#O/�/�

�7N!��์N�2�์ �3�2!�4# (2.3) 

 

3CaO • Al2O3+6H2O →3CaO • Al2O3 • 6H2O  
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  ห#9/ C3A+6H2O → 3C3AH6                                                                                   
  N�9P/�7P�2ห�N/�R!NQหON�6���6�6#6"4�7Q/"N4�#/�N#O/ �8�Q2N"6��3P! (CaSO4 ∙ 2H2O) N�O4R�Q�

#2ห/N4���/��4#���7N!��์ "6��3P!�2�5��6�6#6"4�3� C3A �N/QหON�6��3Q��/� Ettringite ���6/�/�
/�: 4ค C3A �3�2!�4#  
 C3A+CaSO4 ∙ 2H2O →3CaO ∙ Al2O3 ∙3CaSO4 ∙31H2O (Ettringite)   
 

 O�NN!9P/N�6��4#O���3/ �2N�6� Ettringite Qห!NN�O4R�O���7Pค9/�4#ห�N/���6�6#6"4R0N�#�3P�
/7�ค#3 Q�ห�8 P� �3 Q��/��2N�O�N�N��7 Q R��� Sulphate Ions !7�#6!4�R!N!4�N�7"��/�7P�2�5QหON�6� 
Ettringite �2N�6���6�6#6"4R0N�#�3P� C3A P�"N�%7P"� Ettringite R�N�O� Monosulphate �3�O2�� 
 

 

 

 

 

 

 

 

 

 

 

                                                                         

                                                                           

/ู!ท?่ 2.2 ��/��4#ห�N/���6�6#6"4R0N�#�3P� O%2��/��4#ห�N/���6�6#6"4R0N�#�3P� O%2 Ettringite[2] 
�/� C3A)[2] 

 

3) N��#4Oค%N�7"! /%;!6P�N�/#์R#�์ (C4AF) 

��6�6#6"4R0N�#�3P��/� (C4AF) �7Q�2N�6��8Q�Q��N/��O� P�" (C4AF) �2�5QหO��6�6#6"4�3�"6��3P! 
O%2 Ca(OH)2 �5QหON�6�/�: 4ค�7P!7#;�#N4�Nห!9/�N�O!�/� Sulphoaluminate O%2 Sulphoferrite  

�3�2!�4# (2.5)             
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4CaO ∙ Al2O3 ∙ Fe2O3+CaSO4 ∙ 2H2O+Ca(HO)2 →3CaO(Al2O3,Fe2O3)∙3CaSO4      
 

N/%4�7PQ�ON�9P/QหO�8� 80% �/���6�6#6"4R0N�#�3P��/�24#�#2�/�ห%3��3Q� 4 O2��Q��4#4�  2.1  
ต@/@�ท?่  2.1  N/%4�7P�5QหO��6�6#6"4R0N�#�3P��/�24#�#2�/�ห%3�25N#O� 80% 

0@/!/>�อ ห1?� Nว1@ (ว?�) 
R�#Oค%N�7"!�6%6N�� (C3S) 10 

R�Oค%N�7"!�6%6N�� (C2S) 100 

R�#Oค%N�7"!/2%;!6N�� (C3A) 6 

N��#4Oค%N�7"!/2%;!6P�N�/#์R#�์ (C4AF) 50 

 

2.1.3 Geogrid [8]  

/32�:Q"23�Nค#42ห์�7PQ�O25ห#3�N2#6!O#�Q��6�ห#9/Q�/32�:�7PQ�%ONค7"��3� P�"�3P/R�O%O//32�: 
Geogrid �2Q�ON�9 P/N2#6!�5%3��5O���3��6� �%/����4#N2#6!O#�Q��3 Q��4� �3 Q��6�Q�O���ห#9/
Pค#�2#O4� �8P��6���/3�Q�O����2N�6�ห�N/"O#��8��8Q�N!9P/!7�Q5ห�3��4�"4��4ห�2ห#9//3��:N�O4!4
�#2�5�8P� Geogrid �2�N/"#3�O#��8��7PN�6��8Q��8P� Geogrid N�O�/32�:�7P#3�O#��8�R�O2;� P�"�3P/R�/32�: 
Geogrid �5�8Q��4�/32�: polymer /32�: Geogrid /4��2N�O� woven ห#9/ knitted !4�4�N2O��O4" 
ห#9/ heat-welded �4�O���/�/32�: ห#9/ �%6� 3��์P�"�4#N�42#;Q�O�N�/32�:O%O/"9�/32�:O�OQหON�O�
�4#4� N�O��O� 

 

2.1.3.1 ค:�2!�3�6�/��7P/�#6� 

1.) O#��8�2;�Q���2�4#"9��3/�P5 
2.) !7ค/4!%O4�P5 
3.) ���4��N/ค/4!N27"ห4"#2ห/N4��4#�6��3Q� 
4.) !7ค/4!�O4��4��N/24#Nค!7O%2�7/ 4�2;� 
5.) !7ค/4!24!4#�Q�O#�"8�Nห�7P"/�3�ค/��#7� 

6.) �6��3Q�R�O�N4"O%2#/�N#O/ 

 

2.1.3.2 �#2N ��/��7P/�#6� 

1.) Uniaxial geogrid 24!4#�#3�O#� 2 �60�4�R!NN�N4�3� 

2.) Biaxial geogrid 24!4#�#3�O#� 2 �60�4�R�ON�N4�3� 

3.) Triangular geogrid 24!4#�#3�O#� 3 �60�4�R�ON�N4�3� 
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2.1.3.3 �4#Q�O�4� 

1.) �7P/�#6�Q�OQ��4�%4��3� �N/"�#3��#:��4#"8�N�42�/��6����9Q��6/O#��8��/� �7P/�#6�
�N/"#3� 4#2�/�O#� �7PN�6��4��4#�5QหOO"�//��4��3��5QหOR�Oค/4!%4��3��4!�7P�O/��4#�7P/�#6�Q�
��3�"8��O4�O#�����3�"8� �N4"�N/�4#Q�O�7P/�#6�Q��4#"8���3���3� 

2.) �4#Q�O�7P/�#6�Q�ค/��#7� 24!4#���24#Nค!7 24#%2%4"�#�O%2�N4�R�O R!N�;��5%4"
P�"26P�!7�7/6���4�N%O� ���4#�3��#N/� �O4��4�O#��8�R�O�7 O%2��/:�ห ;!6 
 

 

 

 

 

 

 

 

/ู!ท? ่2.3 �#2N ��/��7P/�#6� [8] 
2.1.4 �Q5 [1] 

2.1.4.1 �Q525ห#3��2!ค/��#7� [1] 

�Q5�7PQ�O�2!ค/��#7��O4!724#O�%��%/!N�9/��/";N!4�N�6�R�/4��N/�ัญห4�O4�#2"2N/%4
Q��4#�N/�3/ �4#ห��/�ค/��#7� �4#!7#/"ค#4�N�%9/ (efflorescence) /";N�7P�9Q��6/�/ค/��#7��5%3�
�7P�P5%� �%/���ค/4!ค����/�ค/��#7�%�%� 24#O�%��%/!Nห%N4�7Q/4�24!4#�O�N�//�R�ON�O� 

24#O�/�%/" 24#%2%4"/�6��#7"์ O%224#%2%4"/6��#7"์  
2.1.4.2 �Q525ห#3��N!ค/��#7� [1] 

Q��4���6�3�6�2Q�O�Q522/4��7P!7ค:� 4�N�7"/�3��3��Q5�7PQ�O�2!ค/��#7��O/" O�NR!Nค/#!724#
�7P�5%4"ค/��#7�/";NQ��Q5 N�N� 24#�3%N��O%2�#��N4�N �/��4��7Q�4#Q�O�Q5�2N%�N!ค/��#7�/4��5
QหONห%O�N2#6!N�O�2�6!R�O 2N/��Q5�7P!72�6!Nห%O� �6��2�/� ห#9/N�%9/�2!/";N�2�5QหO�6/�/�ค/��#7�
N�O�#/"�N4�O%�;R!N2/"�4! �O4�Q5!7�Q5!3��2!/";N�O�2�5QหO�6/�/�ค/��#7�2��#�O%2�427�3�R�O"4�  
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2.1.4.3 �Q525ห#3�%O4�!/%#/! [1] 

�Q525ห#3�%O4��5ค/4!22/4�!/%#/!ค/#�2N�O��Q5�7P!7ค:�2!�3�6N�7"/�3��Q5�7 PQ�O�2!
ค/��#7� �4#Q�O�Q5�7P!726P�O�%��%/!N�9/��/";N N�N� �/��6��2�/� 24#/6��#7"์ O%2N�%9/�N4�N N�9P/
%O4�!/%#/!�2�5QหO26P�O�%��%/!Nห%N4�7Q�2/";N�7P�6/�/�!/%#/!O%2/4�!7�%�N/�4#"8�Nห�7P"/#2ห/N4�
�7N!��์N�2�์�3�!/%#/!ห#9/!7�%�N/�4#�5��6�6#6"4�/��;��7N!��์�3��Q5 2N��%QหOค:� 4��/�ค/��#7�
�O/"%�R�O 

2.1.5 �4#��2/�ห4คN4":��3/ [1] 

�4#��2/�N�9P/ห4คN4":��3/ (slump test) N�O�/6�7�7PQ�O�3�!4"4/�4�O%2N�O��7P�6"!!4��7P2:�
N�#42�5R�O�N4" Q�ON/%423Q�N Nห!4225ห#3��4#��2/�ค/��#7�Q� 4ค Nค#9P/�!9/�#2�/��O/"�#/"�3�
O%2Nห%O��#2�:O� �#/"�O4���!7��4�N2O��N4�0;�"์�%4� 102 !!. �O4�%N4�!7��4�N2O��N4�0;�"์�%4� 
203 !!. ค/4!2;� 305 !!. !7ห;�3� O%2!7O�N�P%ห2"9P�//�!425ห#3�N�O4Nห"7"��3Q�2/��O4�  2N/�Nห%O�
�7PQ�O�#2�:O�!7��4�N2O��N4�0;�"์�%4� 16 !!. "4/ 600 !!. �%4"�3Q� 2 �O4��%!!� 

��2/�P�"Q�O!4�#�4� ASTM C143 P�"N�ค/��#7�2�%�Q�O�� 3 �3Q� �:��3Q��2�#2�:O�
�O/"Nห%O��#2�:O� 25 ค#3Q��#2�4"QหO�3P/�3Q�ห�O4�3� N!9P/ค#� 3 �3Q� �4�ห�O4ค/��#7�QหON#7"�R�O#2�3��3�
�/��#/" N!9P/"�O���8Q��4!O�/�6P� ค/��#7��2":�%�!4 คN4":��3//4�!7ค/4!ค4�Nค%9P/��4�ค/4!
N27"��4��3��6/�O4�Q��/��#/"�3� �3��3Q��N/��5�4#��2/��8��O/��5QหO�6/�O4�Q��/��#/"N�?"� 
N�9P/%�O#�N27"��4��/��4#/3�คN4":��3/�/�ค/��#7�ค/#/3�QหO%2N/7"��8� 5 !!. 

%3�1�2�/��4#":��3/�/�ค/��#7��7P��!7/";N 3 O��ค9/ �4#":��3/�#6� (true slump) �4#":��3/
O��N�9/� (shear slump) O%2�4#":��3/O��0/� (collapse slump) �4#":��3/�#6��3Q�N�6��4��4#
�#:��3/�/�ค/��#7��O/"�Q5ห�3��/��3/N/� ค/��#7��7 P!72N/��2!�/�/32�:%2N/7"�O%2ห"4��7P�7
2N/�!4�O%O/!7�4#":��3/�#6� �4#":��3/N�9/��2N�6��4��4#N%9P/�R�%�/�ค/��#7�Q�2N/����8P��2N�9/�
%�R��O4��O4� ห4��4#��2/�Q�ค#3Q�O#�R�O�%N�O��4#":��3/O��N�9/� ค/#�5�4#��2/�ค/��#7��Q5
/7�ค#3Q� N�#42�4#":��3/O��N�9/�/4��2N�6��4���2�4#"��#/"�8Q�R!N�#� O�N�O4��2/��Q5/7�ค#3Q�"3�
R�O�%N�O��4#":��3/O��N�9/�N�N�N�6! O2��/N4ค/��#7��3��%N4/!7ค/4!�#2�O4�R!N"8�N�42�3�N�#42!7
2N/��2!�/�/32�:ห"4� (ห6�) คN/��O4�!4�ห#9/!7�;��7N!��์�O/"N�6�R� �8P��O/��5�4#�#3��#:�2N/��2!
Qห!NQหOR�O�4#":��3/�#6� �4#":��3/0/�N�6�N!9P/ค/��#7�!7�Q5�2!!4����5QหONห%/O%20F&!?วล�Rหล�/�
!B พEQ% ค/%�1C!#CP/C�@10F&!?วO&&0ว&คว11>/? 1>ว?�Nพ1@>/@��>N�B �@1O0�!?วR O�N@0"O@/C�@1�CQN�0N@
ค/%�1C!/@�N�B%R' 

ค/%�1C!#CP/C.Nว%(./#CPคลO@0คลD��?%�>.@/@1"N#R OQ�ลONคC0��?%N/EP//CคN@0F&!?วN#N@�?% Q%#@�
�ล?&�?%N/EP/ค/%�1C!. #?Q�./��%B /CคN@�@10F&!?วN#N@�?% ค/%�1C!#?Q�./�/@��N4��3�!4�N�N��3� 
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ค/��#7���6�O#��7P!7คN4":��3/�P5N�#42�#2�O4�O%2!7�Q5�2!/";N�O/" O%2ค/��#7�/7���6�ห�8P�/4�!7คN4
�4#":��3/�P5N�N��3�O�N�2!7�4#N�42�3/�7 �4#��2/�คN4":��3/R!N24!4#�O"�O"2ค/4!24!4#��7PN�R�O
�/�ค/��#7��7P!7คN4":��3/�P5 N�N� !7คN4�4#":��3/N�O�0;�"์�3��3Q��8��O/��5�4#/3�ค/4!24!4#��7P�2N�R�O
�/�ค/��#7��7P!7คN4�4#":��3/�P5!4��O/"/6�7/9P� 

2.1.6 �4#�N!�9Q� [1] 

/6�7�4#�N!�3//"N4�ค/��#7��7P�6"!�5�3�R�OO�N�4#Q�O�Q5�N� �4#�3��Q5 O%2�4#Q�O�#22/��9Q�
ห#9//32�:�7PN�?"��9Q�ค%:!�3�ค/��#7� N�9P/��4��6/ค/��#7��7P23!�32/4�40�22;ญN27"ค/4!�9Q�R�O�N4"�8�
ค/#QหOค/4!�9Q�ห#9/�Q5�3��7�7Pค/��#7�O�O�O#��/ห#9/�3��7�7P�/�O�� �Q5�7PQ�OQ��4#�N!ค/��#7�ค/#
N�O��Q5�7PR!N�N/QหON�6�ค#4�2��#����6/ห�O4�/�ค/��#7� P�"N��42/"N4�"6P�Q��#�7�7P�O/��4#P�/์
�6/ห�O4ห�O4ค/��#7� #/"ค#4�2��#�Nห%N4�7Q!3�N�6��4��4#Q�O�Q5�7P!72�6!Nห%O�2;� ห#9/Q�O�Q5�7PRห%�N4�
�N/Nห%O�Q��4#�7��Q525ห#3��N!ค/��#7� �4#Q�O24""4��7��Q5N�9P/Q�OQ��4#�N!ค/��#7�24!4#�%�
�ัญห4�3��%N4/R�O�7  

2.1.7 �4#�5ค/��#7�QหOO�N� [1] 

 4"ห%3��4#N�ค/��#7�N�O42;NO��O%O/�2�5QหOค/��#7�O�N�N�9P/%��N/�/N4�O%2�/�/4�40
2N/�QหญN�2�5QหOO�N�P�"Q�ONค#9P/�23P� (vibrator) P�"N��42ค/��#7��7P!7คN4�4#":��3/�P5 O�Nค/��#7��7P
!7คN4":��3/ค/��O4�2;�/4�Q�ONห%O��#2�:O�O���4#N�"N4N�9P/R!NQหON�6��4#O"��3/�/�ค/��#7� Nค#9P/�23P�
O���:N!ห3/ (immersion or poker vibrator) Q�O25ห#3��4#23P�N�9Q/ค/��#7�P�"�#��8�!7�#226��6 4�
2;�O%2N�O��7P�6"!Q�O�3�!4� Nค#9P/�23P�O���:N!ห3/!7ค/4!�7P�/��4#23P�#2ห/N4� 4,000 �8� 12,000 #/��N/
�4�7 ��2�7PNค#9P/�23P�O�� 4"�/� (external vibrator) !7ค/4!�7P 2,000 �8� 8,000 #/��N/�4�7 O%2Q�O
"8��6��3�O��N�9P/23P��3Q�ค/��#7�O%2O��R��#O/!�3� P�"�7PO���O/�O�O�O#�O%2�3Q�/";N���7P#/�#3� 

�7P"9�ห":N� Nค#9P/�23P�O�� 4"�/��2Q�OQ��4�ค/��#7�25N#O�#;� ห#9/25ห#3��4#N�ค/��#7��6Q��4�ห#9/
N�O�#;�PคO��7PR!NNห!42Q��4#Q�ONค#9P/�23P�O��ห3/�:N!ค/��#7�2��7P!7ค/4!24!4#�Q��4#N�R�O2;��2!7
�/�/4�40/";N�#2!4�#O/"%2 5 O%2/4�N�6P!!4��8Q�N�O�#O/"%2 20 25ห#3�ค/��#7��7P!7คN4":��3/�P5 
Nค#9P/�23P�ค/��#7�O��ห3/�:N!�22N��%3��4��4�ห3/�:N!R�2;Nค/��#7��7P�O/��4#�5QหOO�N� �5QหO2N/��2!Q�
ค/��#7�N�6��4#Nค%9P/��7P %�O#�N27"��4� 4"Q�%�O%2�#3�2N/��2!QหOO�N��8Q� R%N�/�/4�40QหO%/"
�8Q�!4"3��6/ห�O4ค/��#7��5QหOค/��#7�!7ค/4!ห�4O�N�N�6P!�8Q� Q��4#�5�4�QหO�:N!%�Q�ค/��#7��4!
O�/�6P��:�#2"2 0.5 �8� 1.0 N!�# Nวล@#CPQ�OQ%�@1.?P%ค/%�1C!QหOO%N%�>N'็%Nพ1@>คว@/.@/@1"Q%�@1
N#ค/%�1C!Oล>'1>.B#$B.@พ�/�ห?ว�FN/#CPQ�O P 0#?PวR'พ&วN@คว1�FN/ห?ว�FN/ล�R'Q%ค/%�1C!'1>/@� 5 
"D� 30 วB%@#C O!N"O@.Nว%(./N�O/�O%ห1E/Nห%C0ว/@�คว1NพBP/Nวล@QหO%@%�DQ%�DP�/@�%@%"D� 2 %@#C Nวล@
Q%�@1�FN/ห?ว�FN/ล�Q%ค/%�1C!#CPพ/Nห/@>.?�N�!R O�@��@1#CP(Bวค/%�1C!�>N1BP/N1C0&Oล>R/NN'็%Pพ1� 
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�@1.?P%%@%�>#AQหO!7!/#์�O4#์%/"/";N�7P�6/ห�O4!4�N�6�R� �4#�/�ห3/�:N!//��4�ค/��#7�R!Nค/#�/�
ห3/�:N!N#O/N�6�R�ค/#�/��O/"/3�#4�#2!4� 8 �!.//6�4�7 N�9P/�5QหO�N/�/N4��7PN�6��4��4#�/�ห3/�:N!�>�
�O/"�3/N/�R�O2�6� �4#�:N!ห3/�:N!�O/��:N!QหO2:�ค/4!%8��/�ค/��#7��/�ค/��#7��7PN�ห#9/%8�%�R��#2!4�  
2-3 �!. �/��3Q�ค/��#7��7PN�R��N/��O4ค/��#7��3Q�%N4�"3�ค�/";NQ�2 4��%42�6� �/�4�Nค#9P/�23P�  

O��ห3/�:N!O%2Nค#9P/�23P�O�� 4"�/�O%O/"3�!7Nค#9P/�23P�ค/��#7�O��P�P2 �8P��6"!Q�OQ��4�25N#O�#;�
O%2Q�หO/���6�3�6�4# 

�4#23P��Q5 (Revibration) 1 �8� 2 �!. ห%3��4��4#/3�O�N�ค#3Q�O#� �2�5QหO�5%3�/3��/�
ค/��#7�2;��8Q� P�"�3P/R�O%O/�4#N�6P!�8Q��/��5%3��2�8Q��3�ค/4!�O�Nห%/�/�2N/��2! 2N/��2!�7PN"6Q!
�Q52;�N!9P/R�O#3��4#23P��Q5�2�5QหO�Q5�7P�3�/";NQ�O!/%#/!�;���3�//�R��5QหO�5%3��7�8Q�O%2�5QหO�4#"8�
Nห�7P"/�/�ค/��#7��3�Nห%O�N2#6!R�O�7�8Q��O/" 

/"N4�R#�O�4!N�ค�6ค�4#23 P��Q5R!N�6"!�5!4Q�OQ��4�ค/��#7�P�"�3 P/R�N�#42�5QหO  
คN4�N/2#O4�!7#4ค42;��8Q� O%2ห4��5�4#23P��Q5 4"ห%3��4��4#�N/�3/�/�ค/��#7�N�O�N/%4�4�N�6�R�  

/4�2N��%N27"ห4"�N/ค/��#7�R�O 
25ห#3�ค/��#7��7P!7ค/4!24!4#�Q��4#�5�4��P5 N�N� ค/��#7���/3� (roller compacted 

concrete) Q��4#��/3�Q� 4ค2�4!�2Q�O#�25ห#3��4#23P�O%2��/3� (vibratory roller) N�9P/��4��5�4�
R�ON#O/O%2��/3�N�O��3Q�R�O 2N/��4#��/3�Q�หO/���6�3�6�4#24!4#�Q�ONค#9P/�/3�O%223P��O/" �/��4��7Q 
Nค#9P/�!9/�4#��/3�O���#/คN�/#์ (proctor compaction) �7PQ�OQ��4#/3��6��O24!4#�Q�OR�ON�N��3� 

2.1.8 �5%3�#3�O#�/3��/�ค/��#7� [1] 

Q��4#��2/��5%3�#3�O#�/3�N�O�N#9P/�25ค3ญ!4�N�#42N�O��4#ค/�ค:!ค:� 4��/�ค/��#7�
�7PQ�O�4�#;��#��/�ค/��#7��7P�6"!N�9P/Q�OQ��4#��2/�N�9P/ห4�5%3�/3��/�ค/��#7��7P�6"!�3�!7 2 O�� 
ค9/#;��#�%;��40�์O%2#;��#��#2�/� �8P�QหO�5%3�/3� (ค/4!NคO�) �N4��3� �5%3�/3��/�#;��#��#2�/� 

!7คN4#O/"%2 80 �/�#;��#�%;��40�์ O%2N!9P/คN4�5%3�#3�O#�/3��/�ค/��#7�2;��8Q�/3�#42N/�#2ห/N4�คN4
�5%3�#3�O#�/3��/�ค/��#7��#��#2�/��N/�#�%;��40�์!7O�/P�O!�7P2;��8Q��O/" 

�4#N%9/�Q�O�3//"N4�ค/��#7�Q��4#��2/�QหOQ�Oห%3��4!!4�#�4��7PQ�OQ��4#//�O�� N�N� 
�4#//�O���4!!4�#�4�/3��$1ค/#Q�O#;��#�%;��40�์Q��4#��2/��5%3�/3� O%2ห4�Q�O�4!
!4�#�4��/�/60/�##!2�4�OหN��#2N�0R�"1 ห#9/!4�#�4�/N!#6�3�Q��4#//�O���Oค/#Q�O
ค/��#7�#;��#��#2�/� �/��4��7Q RIREM �8P�N�O�ห�N/"�4��7P�5ห��!4�#�4��4#��2/�O�2�5QหO
Q�Oค/��#7�#;��#��#2�/�N�9P/��4�Nห�:�%�3��N/R��7Q 

1. ค/��#7�#;��#��#2�/�QหOคN4�7P2!P5N2!/�/N4 N�9P/��4��%�#2���4#"8�#3Q��7P�%4" 
(end restraints) �/��3//"N4��3�O�N���2/�!7คN4�O/"�/N4 
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2. �%�#2��/3�N�9P/��4���6��/�ห6��N/�5%3�/3��/�ค/��#7�!7คN4�O/"�/N4O���#�%;��40�์ 

3. �4#�#2�4"�/�O#�/3��7P�6/ห�O4ค/��#7�!7คN42!P5N2!/�/N4 
4. ค/��#7��#��#2�/��5�4#N�O%2�4#��2/�Q��60�4�N�7"/�3�ค9/O�/�3Q��8P�Nห!9/�

�4#Q�O�4��#6� �8P�ค/��#7�#;��#�%;��40�์!7�4#N�O%2�4#��2/�Q��60�4��7P�5!:! 90 /�04 
2.1.9 �5%3�#3�O#��8�P�"�#��/�ค/��#7� (Direct Tensile Test) [2] 

!7ค/4!�O4��4�Q��O4�#3�O#��8��/�ค/��#7�!7�P5!4� ค6�N�O�#O/"%2 10 �/��5%3�/3�
�#2%3" O!OQ��4#ค5�/�//�O��Pค#�2#O4�ค/��#7�N2#6!Nห%O� ค/��#7��2R!NR�O#3�O#��8�P�"�#��O
�4! O�N�4#�#4�คN4�5%3��7Q�2�N/"ค/�ค:!�4#O��#O4/�/�ค/��#7��4��%�#2���N4�N R�O 

2.1.9.1 /6�7�4##3�O#��8�P�"�#��/�ค/��#7� 

P�"���6O%O/�4#QหOO#�P�"�#��3��3//"N4�ค/��#7� �2�5R�O"4�N�#42/4�N�6�ค/4!
ค%4�Nค%9P/��/��%�4#��2/��3��7Q 

1. N�6��4#N"9 Q/�0;�"์�/��3//"N4� �5QหOค/��#7�O��ห3��N/��7P�2R�OคN4�5%3��8� 
�7PO�O�#6� �8P�N�O��ัญห4�7P25ค3ญ 

2. !7ห�N/"O#�/9P�O�#�N�O4!4�4�ห3/�3�"8� �5QหO!7N�O�ห�N/"O#�N��42�7P O%2���#2�3P�
�2N�6��4#O�� � �#6N/��7Q 

3. N!9P/!7�4##O4/ �2O�#N�"4"N�6P!�8Q�/"N4�#/�N#O/�5%3�#3�O#��8��7PR�O�2N�O��/��#6N/��7P
�5%3��P52:� �8P�R!N�#��N/ค/4!N�O��#6� 

N�9P/�้/��3�R!NQหON�6�ค/4!ค%4�Nค%9P/��/��%�4#��2/� �8�R�O!7�4#�#3��#:�Nค#9P/�!9/�7P�2
Q�OQ��4#��2/��5%3�O#��8�P�"�#� O%2#;�O���/��3//"N4��7PQ�O��2/� �8P��6��6N�� N�ืP/���# O%2
26���# �%3P� ;!70#7 R�O�5�4#�3��4O%2�#3��#:�Nค#9P/�!9/�7PQ�OQ��4#��2/��5%3�#3�O#��8�P�"�#� 
O%2#;�O���/��3//"N4��7P�2Q�O��2/� N�9P/��2/�ค:�2!�3�6�5%3�#3�O#��8��/�ห6� 4"Q�OO#��� P�"
�4#��2/��5%3�#3�O#��8�O���#��/��3//"N4�ห6� �3�O2��Q�#;��7P 2.4 O%2 2.5  

 

/ู!ท? ่2.4 Nค#9P/���2/�O#��8�P�"�#��3//"N4�#;� Dog Bone [2] 
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/ู!ท? ่2.5 �3//"N4�#;� Dog Bone �7PQ�O��2/�O#��8�P�"�#� [2] 
Tuan Kiet Tran O%2 Dong Joo Kim [10] R�O�5�4#�3��4O%2�#3��#:�Nค#9P/�!9/�7PQ�O

Q��4#��2/� N�9P/�4#�#/�2/��$�6�##! �/�O#��8�P�"�#��4��7N!��์N2#6!N2O�Q"�7P!7�#226��6 4�
2;� Q�/3�#4ค/4!Nค#7"�2;� �3�O2��Q�#;� 2.6 O%2 2.7 

 

 

/ู!ท?่ 2.6 Nค#9P/���2/�O#��8�P�"�#��3//"N4�#;� Dog Bone [10] 
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/ู!ท? ่2.7 �3//"N4�#;� Dog Bone �7PQ�O��2/�O#��8�P�"�#� [10] 
2.1.10 �4#�3��#N/�N�9P/��4�ค%/R#�์ [1], [5] 
P�"�3P/R�24#�#2�/�ค%/R#�์R!N2N��%�7PN�O�/3��#4"�3�N�9Q/�/�ค/��#7��7PR!N!7Nห%O�N2#6! 

�8P��4�08�14/6�3"�7P�N4�!4��/N4 �4#Q�O�Q5�7P!7ค%/R#�์�2!Q�ค/��#7��8P�2N��%QหOค/��#7�!7�5%3�/3��7P
2;��8 Q� N�#42N�O�24#�7PN#N��4#�N/�3/O%2N#N��4#O�O��3/�/�ค/��#7� O�N�4#Q�O�4��/�ค/��#7�Q�
Pค#�2#O4��3P/R� �5N�O�/"N4�"6P��O/�Q2NNห%O�N2#6!N�O4R�Q�ค/��#7�N�9P/QหO#3�O#��8�N�#42�4�ค/��#7�  
!7ค/4!24!4#�Q��4##3�O#��8�R�O�O/" O%2�4#�7Pค/��#7�!7Nห%O�N2#6!�7 QN/��8�2N��%QหO�4#�5%4"
N�9P/��4�ค%/R#�์�N/Pค#�2#O4�ค/��#7�N2#6!Nห%O�!7ค/4!�3�N��O%2#:�O#�!4� �3Q��7QN�9P/��4�N�6��4#
�3��#N/� N�9P/��4�ค%/R#�์O���N4��4��4#�3��#N/��4�24#Nค!7/9P��7Pค%/R#�์24!4#��5QหO Nห%O�N2#6!
N�O�2�6!O%2ค/��#7��#6N/�#/�N Nห%O�N2#6!N�N4�3Q��7PN27"ห4"�4��4#�"4"�3/�/�Nห%O�N2#6!�3�
ค/��#7�QหON�6��4#O��#O4/ �%/����5QหOค/4!24!4#�Q��4##3�O#�"8�Nห�7P"/�/�Nห%O�N2#6!O%2
ค/��#7��P5%� O%2N�O�24Nห�:ห%3��7P�5%4"ค/��#7�N2#6!Nห%O� P�"%3�1�2�4#�5%4"�/�ค%/R#�์�N/
ค/��#7�N2#6!Nห%O��7P/";NQ�2 4�O/�%O/!�#6� �3�#;��7P 2.8  
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/ู!ท? ่2.8 ค/4!N27"ห4"�/�ค/��#7�N2#6!Nห%O�N�9P/��4�ค%/R#�์P�"Nห%O�N�O�2�6!�3�ค/��#7� 

QหOO��#O4/ ห#9/ห%:�#N/�//�!4 [1] 
�4#�3��#N/�/3�N�9P/��4�ค%/R#�์O���N4��4��4#�3��#N/��4�Nค!7/9P��#��7Pค%/R#�์�5QหO

Nห%O�N�O�2�6! O%2ค/��#7��#6N/�#/� N Nห%O�N2#6!N�N4�3Q��7PN27"ห4" N�9P/��4�N�6��4#�"4"�3/�/�
Nห%O�N2#6!O%2N�O�24Nห�:ห%3��7P�5%4"/�ค์/4ค4#ค/��#7�N2#6!Nห%O� ห%3��4#N�6���6�6#6"4 R0N�#�3�
�2N�6��%6� 3��์/"N4�ห�8P�N�6��8Q��3Q�ค9/ Oค%N�7"!R0�#/�R��์ (Ca(OH)2) �8P�!7ค:�2!�3�6N�O��N4� �5QหO
�7N!��์N�2�์ห#9/ค/��#7��7PO�O��3/O%O/ ค9/ !7คN4 pH �#2!4� 12.5 �8� 13.5 ค/4!N�O��N4��/�
ค/��#7��2�N/"�้/��3�Nห%O�N2#6! 4"Q�ค/��#7�R!NQหON�6�2�6! P�"!7�3Q��>%์!�4�N �/� γ-Fe2O3 
Nค%9/��6/Nห%O�N2#6!R/O �8P�24!4#��้/��3��Q5O%2�P4�//��6N��R!NQหO!4�5��6�6#6"4�3� Nห%O�N2#6!�8�R!N
�N/QหON�6�2�6! O�NN!9P///��/�ค%/R#�์�5%4"�>%์!�7QR�O O%2N!9P/!7�Q5O%2//��6N��!423!�32�3�Nห%O�N2#6!
�#6N/��7PR!N!7�>%์!//�R��์�้/��3�/";N Nห%O��O�2N�O�2�6! O2���3�#;� 2.10 

 
รูปท? ่2.9 �4#N�6�2�6!Nห%O�N�9P/��4���6�6#6"4R��้4Nค!7N!9P/!7ค%/R#�์Q�ค/��#7� [1] 

ค/4!N�O��N4��/�ค/��#7�/4��2%�%�R�O�4�ห%4"24Nห�: �4#O�#��8!�/�ค%/R#�์�ON�O�
/7�24Nห�:ห�8P� O%2ห4�คN4ค/4!N�O��N4��/�ค/��#7�%�%���คN4 pH �P5�/N4 9 ห#9/ 10 �4#N�6�2�6!
Nห%O��2N�6��8Q� N!9P/ค%/R#�์�4��Q5�2N%24!4#�O�#��8!N�O42;Nค/��#7��8��3Q��/�Nห%O�N2#6!O%2�5%4"
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�3 Q��>%์!�3��%N4/ �#2�/��3�!7�Q5ห#9/ค/4!�9 Q�O%2�P4�//��6N�� 4"Q�ค/��#7� �5QหON�6 �
�#2�/��4#2�6!�4���6�6#6"4R��้4Nค!7N�6��8Q�Q�#;�O���/�N�%%์�3%/4�6ค (Galvanic Cell) N�9P/��4�
N�6�03�"์R��้4�7P�#6N/��6/�/�Nห%O�N2#6! �8P�!724Nห�:�4�ค/4!O���N4��/�2 4�O/�%O/!�/�ค/��#7� 
ค/4!O���N4��/�ค/4!�9Q� ค/4!O���N4��/�ค/4!N�O!�O�24#%2%4"N�%9/ 4"Q��N/�/N4�ค/��#7� 1%1 
�5QหON�6�2 4��3Q/�/�O%2�3Q/%� N�6��4#Rห%�/��#2O2R��้4P�"!724#%2%4"�/�N�%9/ค%/R#�์Q�
�N/�/N4�ค/��#7�N�O�29P//6N%คP�#R%�์QหO/6N%ค�#/�/6P��N4� 

�#2�/��4#R��้4Nค!7 �/��#2�/��4#QหON�6�2�6!�2N#6P!�4��3Q/�/� Nห%O��2O���3/N�O�
N�/#์#32/6//� (Fe2+) N�O42;N2 4�24#%2%4" �3�2!�4# (2.6) 2N/�/6N%ค�#/� (e-) �2/6P��N4�R��4!
Nห%O�N2#6!N�O42;N�3Q/%� P�"!7�Q5�7P!7ค%/R#�์�5ห�O4�7PN�O�29P//6N%คP�#R%�์ ��6�6#6"4�7PN�6��8Q� N#7"�/N4 
��6�6#6"4O/P��6ค �4��3Q�/6N%ค�#/� (e-) �4���6�6#6"4O/P���2R�#/!�3/�3��Q5O%2�P4�//��6N��N�6�
N�O� R0�#/��6%/6/� ((OH)-) �8P�N#7"�/N4��6�6#6"4OคP��6ค �3�2!�4# (2.9) O%2N!9P/ Fe2+

 O%2 (OH)- 
�2N�6�N�O�N�/#์#32R0�#/�R��์ (Fe(OH)2) �3�2!�4# (2.7) O%2N!9/�5��6�6#6"4�3�//��6N��N�O�N�/#์
#6�R0�#/�R��์ (Fe(OH)3) ห#9/2�6!Nห%O�Q��7P2:� �3�2!�4# (2.8) [1] 

 Anodic Reaction 

  Fe  → Fe2++2e-                                                            (2.6) 
 

 Fe2+ + 2(OH)-  → Fe(OH)2  (Ferrous Hydroxide)                 (2.7) 
 

 4Fe(OH)2+2H2O+O2  → 4Fe(OH3) (Ferric Hydroxide)        (2.8) 
 

 Cathodic Reaction 

 

 4e-+ O2+ 2H2O → 4(OH)-                                              (2.9) 
 

Fe2+ �7PN�6��8Q�/7�2N/�ห�8P��2�5��6�6#6"4 CL- N�6�N�O�N�/#์#6�ค%/R#�์ (FeCL2) �8P�N!9P/�5
��6�6#6"4�3��Q5�2�%4"N�O�2�6!Nห%O�N�N��3� �3�2!�4# (2.10) O%2 (2.11) 

Fe2++ 2Cl- →FeCl2                                                             (2.10) 
 

FeCl2+ 2H2O → Fe(OH)2+2HCl                                        (2.11) 
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�4#�3��#N/��7PN�6��8Q�2N��%�5QหO!7�4#�"4"�3/N�9P/��4�Nห%O�N2#6!!7�#6!4�#!4��/N4N�9Q/
Nห%O�N�6!ห%4"N�N4 �8P�/4�!4��8� 4-6 N�N4 O%2�%3��3�ค/��#7�QหOO��#O4/N27"ห4" �3�O2��Q�#;��7P 2.11  

 
รูปที ่2.10 �@1O!�1O@ว หลF 1N/%�/�ค/%�1C!N%EP/��@��@1N�B .%B/NหลO� [1] 

 
/ู!ท?่ 2.11 �4#O��#O4/ ห%:�#N/��/�ค/��#7�N�9P/��4��4#N�6�2�6!Nห%O� [1] 

 

2.1.11 �4#�3��#N/�N�9P/��4��3%N�� [1],[3],[4] 
N�%9/�3%N��!7/";N�4!�##!�4�6�3 Q�Q�O%2Q��Q5Q�O�6� N�N� P�N�7"!�3%N�� (NA2SO4) 

P�O�2N�7"!�3%N�� (K2SO4) O!��7N�7"!�3%N�� (MgSO4) N�O��O� ค/4!#:�O#��4��4#�5%4"�/�
�3%N���7P!7�N/ค/��#7��8Q�/";N�3�ค/4!N�O!�O��/��3%N��O%2ค/4!�9Q� 24#�3%N���7P/";NQ�2 4�2�/�O�O�R!N
N�O�/3��#4"�7P!7�N/ค/��#7� O%2�4#�5%4"�/��3%N��R!NN�6��8Q�N!9P/ค/��#7�/";NQ�2 4�OหO� O�N!7
ค/4!#:�O#�!4��8Q�N!9P/ค/��#7�N�?"�!7ค/4!�9Q�O%2#:�O#�/"N4�!4�Q��#�7�7Pค/��#7�/";NQ�2 4�OหO� 
O�N!7ค/4!#:�O#�!4��8Q�N!9P/ค/��#7�!7ค/4!N�?"��9Q�O%2#:�O#�/"N4�!4�Q��#�7�7Pค/��#7�/";NQ�2 4�
N�?"�2%3�OหO� P�"24#%2%4"�3%N���2�8!N�O4R� 4"Q�P�#��N/�/N4��/�N�9Q/ค/��#7�O%2�5��6�6#6"4
�3��7N!��์N�2�์ �5QหON�6�24#�#2�/���6�Qห!N�8Q��8P�!7�4#�"4"�3/O%2O��#O4/���5QหOR!N24!4#�#3�
�5%3�R�O 
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N�%9/�3%N���7P��Q��##!�4�6O%2N�O�/3��#4"�N/Pค#�2#O4�ค/��#7�R�OO�N P�N�7"!�3%N�� 
O!��7N�7"!�3%N�� O%2Oค%N�7"!�3%N�� P�"�3P/R�ค/��#7�!72N/��2!�/�!/%#/!�3��;��7N!��์O�N
!/%#/!!7�4#�5��6�6#6"4�3��3%N���O/"!4� �3��3Q��8��5!4N2�/N��42�#2�/��4#�3��#N/��7PN�6��4�
��6�6#6"4#2ห/N4��;��7N!��์�3��3%N��N�N4�3Q� P�"�5N2�/N��42�#2�/��4#�3��#N/��7PN�6��4�
��6�6#6"4#2ห/N4��;��7N!��์�3��3%N��N�N4�3Q� P�"�5N2�/N��4224#�#2�/��3%N���7P2N��%�N/�4#
�5%4"ค/��#7� O%2�2��!4�Q�2 4�O/�%O/!�3P/R�  N�N� Q�2 4/2O/�%O/!�2N% Q��#6N/��6�NคO! 
N�O��O� Q��7P�7Q�%N4/�8��#2�/��#2�3��#N/�N�9P/��4�P�N�7"!�3%N��O%2O!��7N�7"!�3%N�� �8P���!4�
Q�2 4�O/�%O/!�3P/R�!7�%�N/�4#�5%4"Pค#�2#O4�ค/��#7�ค/��O4�#:�O#� �8P�P�" 4�#/!O%O/�5�4#
�5%4"N�9P/��4��3%N���N/ค/��#7��2N�O�Q�%3�1�2�7P�5QหOค/��#7��"4"�3/ O��#O4/�22;ญN27"�5%3�
#3�O#� �3�O2��Q�#;��7P 2.12  

 

/ู!ท? ่2.12 %3�1�2�4#�5%4"�/�24#�#2�/��3%N���N/ค/��#7� [1] 

 

�#2�/��4#N�6��3��#N/��/�24#�#2�/��/�P�N�7"!�N/�3%N���N/ค/��#7�N#6 P!�O��4�
��6�6#6"4#2ห/N4�P�N�7"!�3%N���3�Oค%N�7"!R0�#/�R��์�7PN�O���6�6#6"4R0N�#�3P� �5QหOP�N�7"!R0�#/�
R��์ (Na2(OH)2) O%2Oค%N�7"!�3%N�� (CaSO4∙2H2O) ห#9/"6��3! �4!2!�4# (2.12) P�""6��3!
24!4#��5��6�6#6"4�N/N�9P/� C-A-H �8P�R�O�4���6�6#6"4R0N�#�3P� P�"��6�6#6"4N�6��8Q��3�2!�4# (2.13) 
O%2�4�2N/�/4��5��6�6#6"4�3�Oค%N�7"!/%;!6N��R0N�#��7P�3%N��/6//�ห4"R� ห#9//4��5��6�6#6"4
� 3� C3A � 7 P Nห% 9/�4��� 6� 6# 6"4R0N�#� 3 P� � 8 P �� 3 Q �ห!�� 7 Q�5Qห O R� OOค%N� 7"!� 3%P�/% ;! 6 N� � 
(3CaO∙Al02O3 ∙3CaSO4 ∙31H2O) ห#9/ Ettringite [1] 

 

Ca(OH)2+Na2SO4+2H2O →CaSO4∙2H2O+Na2(OH)2                                         (2.12) 
 

3CaO∙Al2O3∙12H2O+3(CaSO4∙2H2O)+14H2O→ 3CaO∙Al2O3∙3CaSO4∙31H2OCa  (2.13) 
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�#2�/��4#�3��#N/��/�O!��7N�7"!�3%N���N/ค/��#7���6�6#6"4#2ห/N4�O!��7N�7"!�3%N��
�3�Oค%N�7"!R0�#/�R��์�5QหOR�OO!��7N�7"!R0�#/�R��์ (Mg(SO)4) O%2Oค%N�7"!�3%N��ห#9/"6��3! 
�4!2!�4# (2.14) �4��3Q�"6��3!�2�5��6�6#6"4�N/N�9P/��3� C-A-H R�O�%N�O�Oค%N�7"!�3%P�/%;!6N�� 
ห#9/ Ettringite �/��4��3Q�O!��7N�7"!�3%N�� (Mg(SO)4) "3��5��6�6#6"4 C-A-H R�ON�O�Oค%N�7"!
�3%P�/%;!6N��/%;!6N�7"!R0�#/�R��์ (Al(OH)3) O%2O!��7N�7"!R0�#/�R��์ (Mg(OH)2) �4!2!�4#�7P 
(2.15) /7��O/" [1] 

 

Ca(OH)2+MgSO4+2H2O → CaSO4∙2H2O+Mg(OH)2                                           (2.14) 
 

3CaO∙Al2O3∙12H2O+3(MgSO4∙7H2O)+12H2O → 

3CaO∙Al2O3∙3CaSO4∙31H2O+2Al(OH)3+3Mg(OH)2+8H2O                               (2.15) 
 

�/��4��7QOค%N�7"!�6%6N��R0N�#��7PR�O�4���6�6#6"4R0N�#�3��5"3���6�6#6"4�3�O!��7N�7"!
�3%N��R�ON�O�"6��3! O!��7N�7"!R0�#/�R��์ O%2�6%6�4N�% (SiO2∙nH2O) �4!2!�4#�7P (2.16) 

 

3CaO∙2SiO2∙nH2O+MgSO4∙7H2O →CaSO4∙2H2O+Mg(OH)2+SiO2∙nH2O            (2.16) 
 

"6��3!�7PN�6��8Q��7Q"3�24!4#��5��6�6#6"4�3� C-A-H �4!2!�4#�7P (2.15) /7��O/"�8P��%�7PR�ON�O� 
Ettringite Nห!9/�N�6! 2N/��6%6�4N�% SiO2∙nH2O �4!2!�4#�7P (2.16) "3��5��6�6#6"4�3�O!��7N�7"!R0
�#/�R��์N�O� O!��7N�7"!�6%6N��R0N�#� (4MgO∙SiO2∙8.5H2O) �3�2!�4#�7P (2.17) 
 

4Mg(OH)2+SiO2∙nH2O →4MgO∙SiO2∙8.5H2O+(n-4.5)H2O)                              (2.17) 
 

"6��3!O%2Oค%N�7"!�3%P�/%;!6N���7PN�6��8Q� !7ค/4!�N/��5N�42�P5�/N424#�#2�/�N�6! !7
�4#�"4"�3/�8P��5QหO!7�#6!4�!4��8Q� O%2N�6�O#��3�Q�ค/��#7�N�O��%QหOค/��#7�O��#O4/Q��7P2:�
2N/��6%6�4N�%O%2O!��7N�7"!�6%6�4R0N�#� N�O�24#�7PR!NO�O�O#�N�N4�3�Oค%N�7"!�6%6N��R0 N�#��7P
2;ญN27"R��5QหO�5%3��/�ค/��#7�/4�%�%� �4�2!�4#�4�Nค!7�O4��O���/N4Q��4#%��#6!4��/� C3A 
QหO�O/"%��5QหO�#6!4��/�Oค%N�7"!/%;!6N��R0N�#�%�%� 2N��%QหO�#6!4�Q��4#N�6�"6��3! Oค%N�7"!
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�3%P�/%;!6N�� O%2O!��7N�7"!�6%6N��R0N�#�%�%��4!R��O/" �5QหO�4#�3��#N/��/��3%N��%�%� 
�3��3Q��4#Q�O�;��7N!��์�7P!7 C3A �P5 �8�24!4#�%��4#�3��#N/��4��3%N��R�O�7 

P�"2#:�O%O/�#2�/��4#�3��#N/��4�Nค!7N�9P/��4�24#�#2�/��3%N���7P!7�N/ค/��#7��5QหO
R�O24#�#2�/��7PN�O�/3��#4"�N/ค/��#7��3��7QOค%N�7"!�3%N�� ห#9/ "6��3! N�O��%�4���6�6#6"4
#2ห/N4� Oค%N�7"!R0�#/�R��์N�6��3�O!��7N�7"!�3%N�� P�""6��3!!7�4#�"4"�3/!4��/N4Oค%N�7"!R0
�#/�R��์ �8P�N�O�24#�3Q�N�6!�8� 2.2 N�N4 N�O��%�5QหOค/��#7�N�6��4#�"4"�3/O%2O��#O4/ �/��4��3Q�
"3��5QหOค/��#7�R!N24!4#�"8�N�42#2ห/N4��7N!��์N�2�์�3�!/%#/! /3�N�9P/��4�N�%9/�7PN�6��8Q�24!4#�
�2%O4�ห%:�//�R�R�O�N4"2N��%QหON�9Q/ค/��#7�ห4"R��O/"O%2!/%#/!ห%:�4�ค/��#7�R�O�N4" P�"Q�
�#2�/��4#�%6�ค/��#7�24!4#�%��#6!4��/�"6��3!%�R�OP�"�4#N�6!24#�7P!7ค:�2!�3�6N�O�/32�:�/�
P�%4�N�9P/%� C3S O%2 C2S �8P�N�O�24#�7P�N/QหON�6�Oค%N�7"!R0�#/�R��์ 

O!��7N�7"!�6%6N��R0N�#� N�O�24#�#2�/��7PN�O��%�4���6�6#6"4#2ห/N4��6%6�4N�%�3�
O!��7N�7"!R0�#/�R��์ P�"24#�7Q!7%3�1�2N�O�27�4/!7ค/4!O�O�O#��P5O%22N��%QหO�5%3�/3�ค/��#7�
%�%�/7��O/" 

 

2.1.15 O#��3�Q�ค4� [1] 

#4"%2N/7"��4#��2/�O#��8��/�ค/��#7�P�"/6�7�4#�3� (bending method) ห#9/N#7"�/N4
�4#��2/�P!�;%32O��#O4/ (modulus of rupture) P�"N�ค/��#7� 2 �3Q�O�N%2�3Q��#2�:O��5�/� 60 
ค#3Q�O�N%2ค#3Q�ค#/�ค%:!�9Q��7P 12.5 �!.2 ค/��#7��7P!7ค/4!�O�ห#9/Nห�7"/!4�QหOQ�ONค#9P/�N�"N4 4"ห%3�
�4�ห%N/ค/��#7��#2!4� 24 �3P/P!��8��/�O��O%2�5R��N!N�9P/��2/��4##3�O#��8��O/"/6�7�3��6"!
Q�O�4#��O�� 3 �:� (third point loading) �4#QหO�Q5ห�3���%��3//"N4�ค/��#7��2QหOQ�/3�#4 860 
�8� 1,200 �6P%�42�4%�N/�4�7 ���3//"N4�O��ห3�//��4��3�P�"�3P/R�ค4�/4��2ห3�N�O� 2 �N/��#�
�#6N/��N/�#2ห/N4� L/3 �8� 2L/3 �8P��#6N/��3��%N4/!7คN4P!N!��์�3�2;�2:�O%2R!N!7O#�N�9/�O%2�9//N4
�4#O��ห3�P�"P!N!��์%O/�N �4#ค5�/��5%3��3� (O#��8�) �#2%3"�7P�5QหOค4�O��ห3�//��4��3�
24!4#�ค5�/��4�2!�4#�7P 2.18 O%2�#�7�7P#/"O��ห3��/��3//"N4�R!N/";N Q��N/�#2ห/N4� L/3 �8� 
2L/3 �/�ค4�O�N�O/�R!NN�6�#O/"%2 5 �/��N/�ค/4!"4/�N/�ค4�P�"Q�O2!�4#�7P 2.19 N�9P/Q�Oค5�/� 

 �= ����2                                                   (2.18) 
 �= 3����2                                                   (2.19) 
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N!9P/   σ    N�O��5%3��3� (O#��8�) �#2%3"�/�ค/��#7� (��./�!.2) 
P     N�O��Q5ห�3��#2%3"�7P�5QหOค/��#7�O��ห3� (��.) 
L     N�O��N/�ค/4!"4/�/�ค4�#2ห/N4��:�#/�#3��3��:�QหO�Q5ห�3� (�!.) 
b     N�O�ค/4!�/O4��/�ค4� (�!.) 
d     N�O�ค/4!%8��/�ค4� (�!.) 
r     N�O�#2"2N�%7P"�4��:�#/�#3��8��:�O��ห3��/�ค4� (�!.) 
 

 

 

 

 

 

 

 

 

/ู!ท? ่ 2.13  �4#��2/��4##3�O#��8��/�ค4�P�"/6�7�3� 

 

2.2 �@�ว>�?.ท?่N�?่.ว�้อ� 
2.2.1 N#9/�#:��6์  �7#2P#��์ O%2 ค�2 [8] R�O�%N4//N4/�: 4ค��4�N%O��/�/32�:!7�%�5QหO

!/#์�O4#์ห#9/ค/��#7�!7ค/4!ห�4O�N�N�6P!!4��8Q�N�O��%QหO�5%3�/3�2;��8Q�P�"R!N�O/�/403"��6�6#6"4�4�
Nค!7      �8P�N�6��4��4#�3�N#7"��7 PNห!422!�/�/�: 4ค�7P!7��4�N%O�O%2O�#�/";NQ��N/�#2ห/N4�
�;��7N!��์   Oล>#1@0ห1E/หB% �Aล?�/? .Nว%#CPNพBP/�DQ%%CQN'็%�Aล?�/? #CPN�B �DQ%%/�Nห%E/�@��Aล?�/? #CP
N'็%(ล�@�'�B�B1B0@R0N 1�?P%#CPR O�@�'G%�CN/%!์#A'�B�B1B0@�?&%QA Oล>(ล�@1# ./&พ&วN@'G%�CN/%!์
'/1์!Oล% ์'1>N.##CP 1 /C'1B/@�%QAห%?��/�ว?. F#CPคO@�&%!>O�1�/@!1�@%N&/1์ 325 /0GN1O/0ล> 13 
Oล>/C�%@ /%F.@คN�ลCP0N#N@�?& 11 R/Pค1N/!1 

2.2.2 �3�/4% [1] �%N4//N4ค/4!�O4��4�QหO�O4�#3�O#��8��/�ค/��#7��P5!4� ค9/�#2!4�
#O/"%2 10 �/��5%3��#2%3" �8�O!OQ��4#ค5�/�//�O��Q��4#ค5�/�//�O��Pค#�2#O4�ค/��#7�
N2#6!Nห%O� ค/��#7��2R!NR�O#3�O#��8�P�"�#��O�4! O�N�4#�#4�คN4�5%3��7Q�2�N/" Q��4#ค/�ค:!�4#
O��#O4/�/�ค/��#7��4��%�#2���N4�N N�N� /:�ห ;!6 �4#ห��3//6�7/3�คN4O#��8�Q�ค/��#7��5 R�O 3 



 

 

33 

 

/6�7ค9/ 1. /6�7�5%3�#3�O#��8�P�"�#� (Direct Tensile Test) 2. /6�7�5%3�#3�O#��8�  O���N4�7� (Splitting 

Test) 3. /6�7P!�;%32�4#O��#O4/�/�ค/��#7� (Flexural Strength Test) [1] 
2.2.3 Lea [9] �%N4//N4��6�6#6"4R0N�#�3 P��/��;��7N!��์N�6��4�R�#Oค%N�7"!�6% 6N�� 

(3CaO∙SiO2) R�Oค%N�7"!�6%6N�� (2CaO∙SiO2) R�#Oค%N�7"!/%;!6N�� (3CaO∙Al2O3) N��#4ค3%N�7"! 

/%;!6P�N�/#์R#�์ (4CaO∙Al2O∙Fe2O3) #/!�3��Q5�2�5QหO�;��N!��์!7%3�1�2N�O��/�Nห%/�O�O%2N�6�
24#�#2�/��8Q�!4 2 ��6�ค9/ Oค%N�7"!�6%6N��R0N�#� (Z3CaO∙2SiO2∙3H2O) ห#9/N#7"�"N/N/N4 C-S-H 

O%2Oค%N�7"!R0�#/�R��์ (Ca(OH)2) [4] 
2.2.4 �6#�6�# O%2 /6N�7"# [5] �%N4//N4�5%3�/3�ค/��#7��7PN�6P!!4��8Q�2N��%�N/�4#%�ค/4!

%8��/��4#O�#��8!ค%/R#�์Q�ค/��#7�O���##!�4!4��/N4ค/��#7��7P�2!N�O4�N4�ห6� P�"�4#O���7P
N�O4�N4�ห6�Q��#6!4��7P2;��8Q� �4#N�6P!�5%3�/3��O"6P��5QหO!7/6��6�%�N/�4#%�ค/4!%8��/��4#O�#��8!
ค%/R#�์R�O�O/"%� (ค/4!%8��/��4#O�#��8!ค%/R#�์Q�ค/��#7��7PO�N) [5] 

2.2.5 Cho Ching Joe Kwan [7] �%N4//N4#4"%2N/7"��/�ค/4!23!�3��์#2ห/N4��#6��3�!/%
#/! N�9P/�5ค/4!N�O4Q�N�7P"/�3�ค/4!23!�3��์#2ห/N4��3�O%2#2�:/�ค์�#2�/��7P25ค3ญ �8P�O2���%R�
�4#N�9 P/!�N/�3� �4#N2#6!O#��/�/32�:�2�O/�/403"�4#N�9 P/!�N/�3�#2ห/N4��#6�O%2!/%#/!�7P!7
�#226��6 4� N!9P/!7�4#N2#6!�5%3�N�6��8Q��2!7�4#%�ค/4!Nค#7"��7PR!N24!4#��;Oค9�R�ONห�9/N��/6��6�%
�/��#6� �N/"%��4#�#:��3/�4!O�/�3Q��/��3%%42�์ N�9P/N�6P!�#226��6 4��%�#2��ค/4!O�O��/�
�4#4���4��/��N/�#3�ค/4!O�O�O#��/��#6�O%2�5Oห�N��/�N2O��4#4� 4"Q��3Q��3%%42�์ [8] 

2.2.6 �"�3� O%2 ��:�% [11] �4#08�14�8��%�#2���/��4#Q�O�2�/��#2�4 , �#4"�� 
O%2N�O4�N4�ห6�O���7P�;��7N!��์ �N/คN4�4#/3��3/�/�/�: 4ค O%2��6�6#6"4�/�P�%4�คN4O#��8�P�"�#�
�/�ค/��#7� �%�4#��%/���/N4��4��/�/�: 4ค��4��7PN%O��7P2:��2QหOคN4O#��8�P�"�#��/�ค/��#7�
2;��/N4��4��7PQหญN�/N4 25ห#3��4#Q�ON�O4�N4�ห6��7P!7��4�N%O��/N4�2QหO�%�/���6�6#6"4�/�P�%4��N/
คN4O#��8�P�"�#��/�ค/��#7�2;��/N4�4#Q�ON�O4�N4�ห6���4�QหญN�/N4  O%2�4#O���7P!4��8Q�!7�%�N/
คN4O#��8�P�"�#��/�ค/��#7�N�9P/��4���6�6#6"4�/�P�%4� 

2.2.7 "6P���1์ O%2 ��:�% [12] �4�/6�3"�7QR�O�5�4#08�14�8��%�/��4#Q�O�2�/��Q5�#2�4  
!4Q�OQ��4�ค/��#7� �N/�5%3�/3��#2%3" O#��8�P�"�#� �7P/4": 7, 28 O%2 60 /3� �%�4#��2/���/N4
คN4�5%3�/3��/�ค/��#7�O%2คN4O#��8�P�"�#��7PQ�O�2�/��Q5�#2�4!7คN4�P5�/N4ค/��#7����6  �3Q��5%3�
/3�O%2คN4O#��8�P�"�#��/��4#O���7P�2�/��Q5�#2�4�7P#O/"%2 20 !7คN4�O/"�/N4�4#O���7P�7P#O/"%2 
10 1N�9P/��4��4#O���7P�2�/��Q5�#2�4!4��8Q� 

2.2.8 �2/3� N��#/4/:� O%2 ��:�% �3Q���406� [13] R�O�5�4#08�14�8��%�/��4#Q�O�2�/�
�Q5�#2�4�4�P#��%6��Q5�#2�4�4�N��!4Q�OO���7PQ��;��7N!��์�/#์�O%��์#O/"%2 5 P�"�Q5ห�3� Q�
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�4�!/#์�O4#์N�#O4�์#/"�N/�6/�4�ค/��#7�25N#O�#;� �%�4#��2/�O#��8�P�"�#���/N4คN4O#��8�
P�"�#��/��3//"N4�ค/��#7��7P�ั�Nห%O�O%O/Q�O!/#์�O4#์N�#O4�์!7คN42;��/N4O#��8�Q�ค/��#7�%O/� 

2.2.9 Tuan Kiet Tran O%2 Dong Joo Kim [14] R�O�3��4O%2�#3��#:�Nค#9P/�!9/�7PQ�OQ�
�4#��2/��5%3�#3�O#��8�P�"�#� O%2#;�O���/��3//"N4��7PQ�O��2/�N�9P/�4#�#/�2/��$�6�##!
�/�O#��8�P�"�#��4��7N!��์N2#6!N2O�Q"�7P!7�#226��6 4�2;� 

 

 



 

 

"��CN 3 
/B C�@ร0D�1@ 

 
3.1 /?2 >�CNใช้ใ!�@ร0D�1@ 

3.1.1 Geogrid Biaxial Q�ON'็%/?2 FN2#B!O#� 
 

 

 

 

 

 

 

 

ร?#�CN  3.1  Geogrid Biaxial  

  

3.1.2 2@#%>%@"P�N C"!�?%N�! (2!Q%%QA#CPQ�O&N!!?/อ"N@�คอ%�#C!P "Q�Oค/@!N�O!�O% 
#Oอ"%> 5 P "%QAห%?� 
 

 

 

 

 

 

 

 

 

 

ร?#�CN 3.2 2@#%>%@"P�N C"!�?%N�! 
 

 

 



36 

 

 

3.1.3 2@#%>%@"P�N C"!ค%อR# ์ (2!Q%%QA#CPQ�O&N!!?/อ"N@�คอ%�#C!P "Q�Oค/@!N�O!�O% 
#Oอ"%> 5 P "%QAห%?� 

 

 

 

 

 

 

 

 

ร?#�CN 3.3 2@#%>%@"P�N C"!ค%อR# ์ 
 

3.1.4 'G%�CN!%!์'อ#!์O%% ์'#>N ##CP 1  

 

ร?#�CN 3.4 'G%�CN!%!์'อ#!์O%% ์'#>N ##CP 1 
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3.2 อ>#�ร�์�CNใช้ใ!�@ร0D�1@ 

3.2.1 Nค#EPอ�# 2อ&�A%?�#?&O#� D�P "!#� ห#Eอ Nค#EPอ�# 2อ&อN%�'#>2�ค์ (Universal 

Testing Machine : UTM) 
 

 

 

ร?#�CN 3.5 Nค#EPอ�# 2อ&�A%?� D�P "!#�ห#EอNค#EPอ�# 2อ&อN%�'#>2�ค์ 

 

3.2.2 O&&ห%Nอ!?/อ"N@��อ�คอ%�#C!#G'##��#>&อ�, #G'!?/Rอ และO&&ค@% 

 

 

 

 

 

 
 

 

 

 

ร?#�CN 3.6 O&&ห%Nอ!?/อ"N@��อ�คอ%�#C!�#>&อ� 
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ร?#�CN 3.7 O&&ห%Nอ!?/อ"N@��อ�คอ%�#C!#G' Dog Bone 
 

 

 

 

 

 

ร?#�CN 3.8 O&&ห%Nอคอ%�#C!ค@% 
 

3.2.4 Nค#EPอ�(2!คอ%�#C!  
 

 

 

 

 

 

 

 

 

 

ร?#�CN 3.9 Nค#EPอ�(2!คอ%�#C! 
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3.2.5 �F !>O�#�#Nอ%##@" 

 

 

 

 

 

 

 

 

 

 

 

ร?#�CN 3.10 �F !>O�#�#Nอ%##@" 

 

3.2.6 �F !>O�#�#Nอ%หB%  

 

 

 
 

 

 

 

 

 

 

 

 

ร?#�CN 3.11 �F !>O�#�#Nอ%หB% 
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3.2.7 Nค#EPอ��?P�%QAห%?�#>&& B�B!อ%  
 

 

 

 

 

 
 

 

 

 

 

 

ร?#�CN 3.12 Nค#EPอ��?P�%QAห%?�#>&& B�B!อ% 
 

3.3 �?O!!อ!/B C�@ร AN!B!�@ร0D�1@ 

3.3.1 N!#C"!/?2 FQ%�@#0D�1@ N!#C"!/?2 F�CPอ�#B  Nห%O�!>O�#�R/#์N!� %QA 2@#%>%@"
P�N C"!�?%N�! O%>2@#%>%@"P�N C"!ค%อR# ์ N!#C"!!?/อ"N@�คอ%�#C!2Aห#?&�@## 2อ& 

3.3.2 .�@#N!#C"!/?2 F(2!คอ%�#C!O%>�@#(2!คอ%�#C!  

 

 

 

 

 
 

 

 

 

 

 

 

 

รูปที่ 3.13 N!#C"!'G%�CN!%!์Q%�@#(2!คอ%�#C!!?/อ"N@� 
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ร?#�CN 3.14 N!#C"!##@"Q%�@#(2!คอ%�#C!!?/อ"N@� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ร?#�CN 3.15 N!#C"!หB%Q%�@#(2!คอ%�#C!!?/อ"N@� 
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ร?#�CN  3.16  (2!2N/%(2!คอ%�#C!!?/อ"N@� 
 

3.3.2  �@#N!#C"!!?/อ"N@�คอ%�#C! 

%A/?2 F!N@�N #CPQ�O(2!คอ%�#C!!@(2!!@!อ?!#@2N/%#CP#A�@#ออ�R/OO%O/N#%�O&&ห%Nอ !?/อ"N@�
คอ%�#C! �DP��>O&N�N'็% 3 2N/% คEอ O&&ห%Nอคอ%�#C!#G'##��#>&อ� #G'!?/Rอ O%>O&&ค@%  ?�%CQ 

• !?/อ"N@�คอ%�#C!#G'##��#>&อ�  
%Aคอ%�#C!#CP(2!N2#O�O%O/ #CPQ�O�A%?�อ? N#N@�?& 200 ksc. ห%?��@�%?Q%#A�@#N#คอ%�#C! 

Q2NO&&ห%Nอ P "�@#N#คอ%�#C!O&N�N'็% 3 �? Q% #F��? Q%�>#A�@##F O�คอ%�#C!�? Q%%> 25 ค#?Q�  
'@ ห%O@คอ%�#C!QหON#C"&2!PAN2!อN!EPอคอ%�#C!�Nอ!?/ค#& 24 �!. �D�"อ O&&ห%NอO%O/%Aคอ%�#C! 

&N!Q%%QA &N!Q%2@#%>%@"P�N C"!�?%N�! O%>&N!Q%2@#%>%@"P�N C"!ค%อR# ์ #CPอ@"F 28 O%> 180 /?% 
N�EPอ%AR'#A�@## 2อ&�A%?�#?&O#�อ?  

 

 

 

 

 

 

 

 

ร?#�CN 3.17 N#คอ%�#C!Q2NO&&ห%Nอคอ%�#C!##��#>&อ� O%>#A�@#�#>#FO�คอ%�#C! 
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ร?#�CN 3.18 #A�@#'@ (B/ห%O@คอ%�#C!##��#>&อ� 
 

• !?/อ"N@�คอ%�#C!#G' Dog Bone 

%AO&&ห%Nอคอ%�#C!!?/อ"N@�#G' Dog Bone ห%?��@�%?Q%#A�@#N#คอ%�#C!Q2NO&&ห%Nอ 
�>O&N�N'็% 3 �?Q% #F��?Q%�>#A�@##FO�คอ%�#C!�?Q%%> 25 ค#?Q� P "�@#ห%Nอ!?/อ"N@��%B %CQ�>!C#?Q��@#
N2#B!�CPอ�#B  O%>!CO&&R!NN2#B!O#� �DP�!?/อ"N@�คอ%�#C!#G' Dog Bone N'็%�@## 2อ&ห%?�2Aห#?&
�A%?�#?&O#� D�P "!#��อ�คอ%�#C!N2#B!�CPอ�#B  N#C"&�?&!?/อ"N@�!N@�N #A�@#"อ O&&N!EPอคอ%�#C!
�Nอ!?/ค#& 24 �?P/P!� O%O/%AR'&N!Q%%QA &N!Q%2@#%>%@"P�N C"!�?%N�! O%>&N!2@#%>%@"P�N C"!
ค%อR# ์#CP!Cค/@!N�O!�O%Q�O#Oอ"%> 5 P "%QAห%?� N!EPอค#&อ@"F 28 /?% O%> 180 /?% O%O/�D�%AR'#A�@#
# 2อ&�A%?�#?&O#� D�P "!#� 

 

        

 

ร?#�CN 3.19 �%@ �อ�!?/อ"N@�คอ%�#C!#G' Dog Bone O%>�@#N2#B!�CPอ�#B  
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ร?#�CN 3.20 !?/อ"N@�คอ%�#C!#G' Dog Bone N2#B!�CPอ�#B O&&#@&#อ"!Nอ 1 �Nอ� 
 

 

ร?#�CN 3.21 !?/อ"N@�คอ%�#C!#G' Dog Bone N2#B!�CPอ�#B O&&#@&#อ"!Nอ 2 �Nอ� 
 

 

ร?#�CN 3.22 !?/อ"N@�คอ%�#C!#G' Dog Bone N2#B!�CPอ�#B O&&#@&#อ"!Nอ 3 �Nอ� 
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ร?#�CN 3.23 #A�@#'@ (B/ห%O@คอ%�#C!#G' Dog Bone #?Q�O&&N2#B!�C �#B  O%>O&&R!NN2#B!�CPอ�#B  

 

 

 

 

 

 

 

 

 

ร?#�CN 3.24 !?/อ"N@�คอ%�#C!&N!Q%2@#%>%@"P�N C"!�?%N�!, 2@#%>%@"P�N C"!ค%อR# ์ O%>%QA 
 

 

 

 

 

 

 

 

 

ร?#�CN 3.25 !?/อ"N@�คอ%�#C!#G' Dog Bone 
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• !?/อ"N@�คอ%�#C!ค@% 

ห%?��@�(2!คอ%�#C!O%O/ #A�@#N#คอ%�#C!%�O&&ห%NอP "�@#ห%Nอ!?/อ"N@��DP�OO&N�N'็%  
3 �?Q% O!N%>�?Q%�>#A�@##FO�คอ%�#C!�?Q%%> 25 ค#?Q� #?Q�!?/อ"N@�ค@%คอ%�#C!O&&R!NN2#B!O#� O%>
N2#B!O#� O/"�CPอ�#B  #A�@#"อ O&&N!EPอคอ%�#C!�Nอ!?/ค#& 24 �?P/P!� #A�@#"อ O&&O%O/%AR'&N!
Q%%QA N!EPออ@"Fค#& 28 /?% O%> 90 /?% O%O/%AR'#A�@## 2อ&�A%?�#?&O#� ?  

 

 
 

 

 

 

ร?#�CN 3.26 N#คอ%�#C!%�O&&ห%Nอคอ%�#C!O&&ค@% #A�@#�#>#FO�O%>'@ (B/ห%O@QหON#C"&  

 

ร?#�CN 3.27 !AOห%N��@#N2#B!�CPอ�#B �อ�!?/อ"N@�คอ%�#C!ค@%  

3.3.4 /B$C�@## 2อ& 

• !?/อ"N@�คอ%�#C!#G'##��#>&อ� 

%A!?/อ"N@�คอ%�#C!#CP&N!Q%%QA#?Q� 3 �%B  #CPอ@"F 28 O%> 180 /?% �DQ%!@(DP�QหOOหO� �@�%?Q%
#A�@#/? �%@  �?P�%QAห%?� O%>� &?%#D�คN@R/O �@�%?Q%#A�@## 2อ&!?/อ"N@�คอ%�#C! O/"Nค#EPอ�
# 2อ&�A%?�อ?  &?%#D�คN@�A%?�อ? #CPNค#EPอ�# 2อ&อN@%R O N�EPอ0D�1(%�#>#&�อ�2@#Nค!C!Nอ!?/อ"N@�
คอ%�#C! 

 2 cm. 
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ร?#�CN 3.28 #A�@## 2อ&�A%?�อ? !?/อ"N@�คอ%�#C!##��#>&อ�  

• !?/อ"N@�คอ%�#C!#G' Dog Bone 

%A!?/อ"N@�คอ%�#C!O&&R!NN2#B!O#� O&&N2#B!Nห%O�R/#์N!� O%>O&&N2#B!�CPอ�#B #CP&N!O�NQ%
%QA#?Q� 3 �%B  #CPอ@"F 28 O%> 180 /?% O%>!?/อ"N@�คอ%�#C!N2#B!�CPอ�#B O&&#@&#อ"!Nอ 1 2 O%> 3 �Nอ�  
#CPอ@"F 7 14 O%> 28 /?% !@!�Aห% /?%# 2อ&(DP�QหOOหO� �@�%?Q%�?P�%QAห%?�O%>� คN@&?%#D�R/O %A!@#A
�@## 2อ& O/"Nค#EPอ�# 2อ&�A%?�#?&O#� D�P "!#� P "Q�O#CP"D '%@"#?Q�2อ��O@��อ�!?/อ"N@�คอ%�#C!
#G' Dog Bone �@�%?Q%#A�@## 2อ&คอ%�#C!!?/อ"N@�� &?%#D�คN@�A%?� D��@�Nค#EPอ�# 2อ& N�EPอQ�OQ%
�@#คB คA%/�O%>N'#C"&N#C"&คN@Q%O!N%>�#�C!NอR' 

 

 

 

 

 

 

 

 

 

 

 

 

ร?#�CN 3.29 #A�@## 2อ&O#� D�P "!#�!?/อ"N@�คอ%�#C!#G' Dog Bone 
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• !?/อ"N@�คอ%�#C!ค@% 

%A!?/อ"N@�คอ%�#C!#CP&N!Q%%QA#CPอ@"F 7 14 /?% O%> 28 /?% %A�DQ%!@(DP�QหOOหO� �@�%?Q%�?P�
%QAห%?�O%>� คN@&?%#D�R/O %A!@#A�@## 2อ& O/"Nค#EPอ�# 2อ&�A%?�#?&O#� ? O&&Q�OO#��  �@#
# 2อ&#G'O&&%CQคEอQหOO#��#>#A#CP 2 �F Q%&#BN/�!#��DP��%@��อ�!?/อ"N@� O%>�F #อ�#?&Q%#B0#@�
!#��?%�O@!�?&&#BN/�'%@"#?Q�2อ� O@% !@!!@!#ฐ@% ASTM C78 �@�%?Q%#A�@## 2อ&!?/อ"N@�
คอ%�#C! O%>2?�N�!�$!B�##!�@#OอN%!?/ (ductility) �%�#>#?P� !?/อ"N@�คอ%�#C!ค@%N�B �@#/B&?!B %A
คN@#CPR O!@คB คA%/�O%>N'#C"&N#C"&คN@Q%O!N%>�#�C!NอR' 
 

 

 
 

 

 

 

 

 

 

 

ร?#�CN 3.30 #A�@## 2อ&�A%?�#?&O#� ? !?/อ"N@�คอ%�#C!O&&ค@%  

 

3.4 O!/�@ง�@ร/BNคร@>ห์$ล 

�@## 2อ&!?/อ"N@�คอ%�#C!#G'##��#>&อ�N'็%�@## 2อ&�A%?�#?&O#�อ?  !?/อ"N@�
คอ%�#C!#G' Dog Bone N'็%�@## 2อ&�A%?�#?&O#� D�P "!#� O%>!?/อ"N@�คอ%�#C!O&&ค@%N'็%�@#
# 2อ&�A%?�#?&O#� ?  P "Q�O�A%?�อ?  200 ksc. 

1) �#�C�อ�!?/อ"N@�คอ%�#C!#G'##��#>&อ� #CPอ@"F 28 O%> 180 /?% #A�@## 2อ&O%>
N'#C"&N#C"&คN@�A%?�#?&O#�อ? �อ�คอ%�#C!#CP&N!Q%%QA#?Q� 3 �%B    

2) �#�C�อ�!?/อ"N@�#G' Dog Bone O&&R!NN2#B!O#� O&&N2#B!Nห%O�!>O�#�R/#์N!� O%>
O&&N2#B!O#� O/"�CPอ�#B  #CP&N!Q%%QA &N!Q%2@#%>%@"P�N C"!�?%N�! O%>2@#%>%@"P�N C"!ค%อR# ์ 
#A�@## 2อ&�A%?�#?&O#� D�P "!#� P "N'#C"&N#C"&คN@�A%?��@##?& D�O%>(%�#>#&�อ�2@#Nค!C!Nอ
คอ%�#C!#CPอ@"F 28 O%> 180 /?%  
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3) �#�C�อ�!?/อ"N@�#G' Dog Bone O&&R!NN2#B!O#� N2#B!O#� O/"�CPอ�#B O&&#@& 1 �Nอ� 
2 �Nอ� O%> 3 �Nอ� #A�@## 2อ&�A%?�#?&O#� D�P "!#� P "N'#C"&N#C"&คN@�A%?�#?& D�#CPอ@"F 7 14 
O%> 28 /?% 

4) �#�C�อ�!?/อ"N@�คอ%�#C!O&&ค@% P "!?/อ"N@�คอ%�#C!ค@%O&&R!NN2#B!O#� O%>
!?/อ"N@�คอ%�#C!ค@%O&&N2#B!O#� O/"�CPอ�#B  # 2อ&�A%?�#?&O#� ? #CPอ@"F 7 14 /?% O%> 28 /?% 
N�EPอQหOR OคN@�A%?�Q%�@##?&O#� ? �อ�!?/อ"N@�คอ%�#C!ค@%#?Q� 2 O&& 

 

 

 



 
 

 ททC่ 4 

"ล�@/0D�1@Oล>/BNค/@>ห์"ล�@/0D�1@ 
 

(ล�@# AN%B%�@%Oล>�@#วBNค#@>ห์(ล�@## 0/& P "O&N�//�N'็%(ล�@## 0/&�Aล?�#?&
O#�/? �/�!?ว/"N@�ค/%�#C!#G'##��#>&/��%@  15 X 30 �!. Oล>�@## 0/&�Aล?�#?&O#� D�
P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&R!NN0#B!O#� O&&N0#B! Oว"Rว#์N!� Oล> O&&N0#B!
 Oว"�CP/�#B  #CP&N!Q%%QA &N!Q%0@#ล>ล@"P�N C"!คล/R# ์ Oล>&N!Q%0@#ล>ล@"P�N C"!�?ลN�! (ล�@#
# 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone N0#B!�CP/�#B O&&#@&#/"!N/ 
1 �N/� 2 �N/� Oล> 3 �N/� Oล>(ล�@## 0/&�Aล?�#?&O#� ? �/�!?ว/"N@�ค/%�#C!O&&ค@%�%@   
10 X 10 X 50 �!. O&&R!NN0#B!�CP/�#B  Oล>O&&N0#B!�CP/�#B    

 

4.1 ท�2อ �Aล?ง/? O/งอ?��อง�?/อ.่@งคอ��/C�/ู!ท/ง�/> อ� 

�@�(ล�@## 0/&�Aล?�#?&O#�/? �/�ค/%�#C!##��#>&/� # 0/&#CP/@"F 28 Oล> 180 ว?% 
P "#A�@#N'#C"&N#C"&�Aล?�#?&O#�/? �/�!?ว/"N@�ค/%�#C!#CP&N!%QA!N@��%B �?%    

     
�@/@งทC่ 4.1 �Aล?�#?&O#�/? �/�!?ว/"N@�ค/%�#C!##��#>&/� 

/@"Fค/%�#C!  
(ว?%) 

Water 

 (ksc.) 

Sulfate 

(ksc.) 

Chloride 

(ksc.) 

C-28 212 252 302 

C-180 315 295 322 

 

 

/ู!ทC่ 4.1 คว@!0?!�?%$์#>หวN@��Aล?�#?&O#�/? Oล>!?ว/"N@�ค/%�#C!#G'##��#>&/�#CP&N!Q%%QA'#>N #
!N@�N #CP/@"F 28 ว?% Oล> 180 ว?% 
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�@��@##A�@## 0/&�Aล?�#?&O#�/? �/�!?ว/"N@�ค/%�#C!#G'##��#>&/�#CP/@"F 28 ว?%  ?�
O0 �Q%!@#@�#CP 1 Oล> #G'#CP 4.1 �&วN@ คN@�Aล?�#?&O#�/? �/�!?ว/"N@�ค/%�#C!#CP&N!Q%%QA!CคN@ 212 
�BPล�#?!!N/!@#@�N�%!BN!!# �DP�!CคN@N'็%R'!@!#CP//�O&&0Nว%(0!RวO Oล>N!EP//@"F 180 ว?% คN@�Aล?�/? 
�?�%@�DQ%R'"D� 315 �BPล�#?!!N/!@#@�N�%!BN!!# �DP�N'็%�@#N�B P!�Aล?�/? !@!/@"F#C PN�B P!�D Q%�/�
'�B�B#B"@R0N #�?% Oล>#CP/@"F 180 ว?% !C�@#N�BP!�DQ% �/��Aล?�#?&O#�/? !@��DQ%!@!/@"F#CP!@��DQ% 
N#N@�?& 315 295 Oล> 322 �BPล�#?!!N/!@#@�N�%!BN!!# �/�!?ว/"N@�ค/%�#C!#CP&N!Q%%QA &N!Q%
0@#ล>ล@"P�N C"!�?ลN�! Oล>&N!Q%0@#ล>ล@"P�N C"!คล/R# ์ !@!ลA ?& �@�(ล#C PR O�&วN@
0@#ล>ล@"O!Nล>�%B "?�R!N0N�(ล�#>#&/"N@��? N�%�?&!?ว/"N@�ค/%�#C! 
 

4.2 ท�2อ �Aล?ง/? O/ง�DงP�.�/ง�อง�?/อ.่@งคอ��/C�/ู!ท/ง Dog Bone 

(ล�@## 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone P "#A�@#
N'#C"&N#C"&�Aล?�#?&O#� D�P "!#��/�ค/%�#C!O&&R!NN0#B!O#� O&&N0#B!NหลO�Rว#์N!� Oล>O&&N0#B! 
�CP/�#B  Q%0 @ว>�@#&N!Q%%QA &N!Q%0@#ล>ล@"P�N C"!�?ลN�! Oล>&N!Q%0@#ล>ล@"P�N C"!คล/R# ์  
#CP/@"F 28 ว?% Oล> 180 ว?% P "Q�O�Aล?�/? //�O&&#CP 200 �BPล�#?!!N/!@#@�N�%!BN!!# 

4.2.1 (ล�@## 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&& 
R!NN0#B!O#� 
�@/@งทC่ 4.2 �Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&R!NN0#B!O#� 

/@"Fค/%�#C! 

 (ว?%) 
Water 

(ksc.) 

Sulfate 

(ksc.) 

Chloride 

(ksc.) 

N-28 15.6 16.0 17.0 

N-180 25.0 22.5 24.0 

 

 
/ู!ทC่ 4.2 คว@!0?!�?%$์#>หวN@��Aล?�#?&O#� D��?&!?ว/"N@�ค/%�#C!#G'##� Dog Bone R!NN0#B!O#�#CP&N!
Q%%QA�%B !N@�N #CP/@"F 28 ว?% Oล> 180 ว?%  
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�@�(ล�@##A�@## 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone 

O&&R!NN0#B!O#�  ?�O0 �Q%!@#@�#CP 2 Oล>#G'#CP 4.2 �&วN@#CP/@"F!?ว/"N@�# 0/& 28 ว?% !CคN@�@#
# 0/& ?�%CQ ค/%�#C!#G'##� Dog Bone O&&R!NN0#B!O#�&N!Q%%QA !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 
15.6 �BPล�#?!!N/!@#@�N�%!BN!!# �@#&N!Q%0@#ล>ล@"P�N C"!�?ลN�! !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 
16.0 �BPล�#?!!N/!@#@�N�%!BN!!# �@#&N!Q%0@#ล>ล@"P�N C"!คล/R# ์ !CคN@�Aล?�#?&O#� D�N�ลCP"
N#N@�?& 17.0 �BPล�#?!!N/!@#@�N�%!BN!!# 0Aห#?&#CP/@"F 180 ว?% �>�&วN@ !?ว/"N@�ค/%�#C!#G'##� 
Dog Bone O&&R!NN0#B!O#�#CP&N!Q%%QA !CคN@�Aล?�#?&O#� D�N�ลC P"N#N@�?& 25.0 �BPล�#?!!N/!@#@�
N�%!BN!!# �@#&N!Q%0@#ล>ล@"P�N C"!�?ลN�! !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 22.5 �BPล�#?!!N/!@#@�
N�%!BN!!# Oล>�@#&N!Q%0@#ล>ล@"P�N C"!คล/R# ์ !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 24.0 �BPล�#?!!N/
!@#@�N�%!BN!!# �Aล?�#?&O#� D�P "!#�!CคN@#CPN�BP!!@��DQ% �@�(ล�>NหO%R OวN@!?ว/"N@�ค/%�#C!#CP&N!Q%
%QA &N!Q%0@#ล>ล@"P�N C"!�?ลN�! Oล>&N!Q%0@#ล>ล@"P�N C"!คล/R# ์�>!CคN@Q�ลONคC"��?% P "#CP�%B 
�/�0@#ล>ล@"R!N!C(ล�@#>#&!N/คN@O#� D�P "!#� P "คN@O#� D�P "!#�!CคN@N�BP!!@��DQ%!@!/@"F�/�
ค/%�#C!#CP!@��DQ% �DP�N'็%R'!@!�@## 0/&�/� �"�?� Oล> �!F�ล [11] Oล> �@%วB�?"�/� "BP���/์ 
Oล> �!F�ล [12] #CPO0 �คN@O#� D�P "!#�!CคN@N�BP!!@��DQ%!@!/@"F�/�ค/%�#C!#CPN�BP!�DQ% 

4.2.2 (ล# 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&N0#B!
NหลO�Rว#์N!� 

�@/@งทC่ 4.3 �Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&N0#B!NหลO�Rว#์N!� 

/@"Fค/%�#C! 

 (ว?%) 
Water 

(ksc.) 

Sulfate 

(ksc.) 

Chloride 

(ksc.) 

ST-28 18.0 20.0 18.5 

ST-180 26.0 27.0 26.3 

 

 

/ู!ทC่ 4.3 คว@!0?!�?%$์#>หวN@��Aล?�#?&O#� D��?&!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&N0#B!NหลO�
Rว#์N!� #CP&N!Q%%QA�%B !N@�N #CP/@"F 28 ว?% Oล> 180 ว?% 
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�@�(ล�@##A�@## 0/&ค/%�#C!#G'##� Dog Bone O&&N0#B!O#� Oว"NหลO�Rว#์N!� �&วN@ 
#CP/@"F 28 ว?% #CP&N!Q%%QA!CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 18.0 �BPล�#?!!N/!@#@�N�%!BN!!# #CP&N!Q%
0@#ล>ล@"P�N C"!�?ลN�! !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 20.0 �BPล�#?!!N/!@#@�N�%!BN!!# Oล>#CP&N!
Q%0@#ล>ล@"P�N C"!คล/R# ์ !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 18.5 �BPล�#?!!N/!@#@�N�%!BN!!# N!EP/
�B�@#�@(ล�@## 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone #CP/@"F 180 ว?% 

�>NหO%R OวN@ !?ว/"N@�ค/%�#C!#G'##� Dog BoneO&&N0#B!O#� Oว"NหลO�Rว#์N!�#CP&N!Q%%QA!CคN@N#N@�?& 
26.0 �BPล�#?!!N/!@#@�N�%!BN!!# #CP&N!Q%0@#ล>ล@"P�N C"!�?ลN�!!CคN@N#N@�?& 27.0 �BPล�#?!!N/!@#@�
N�%!BN!!# Oล>#CP&N!Q%0@#ล>ล@"P�N C"!คล/R# ์!CคN@�Aล?�N#N@�?& 26.3 �BPล�#?!!N/!@#@�N�%!BN!!# 
�DP�ค/%�#C!!C�@#�?�%@�Aล?�#?&O#� D�P "!#�!@��DQ%!@!/@"F#CP!C!@��DQ% Oล>คN@O#� D�P "!#�#CPR O!C
คN@Q�ลONคC"��?% #AQหONหO%วN@R!N!C(ล�#>#&�@��%B �/�0@#ล>ล@"Q�OQ%�@#&N!ค/%�#C! Oล>คN@O#� D�
P "!#�N�BP!�DQ%!@!/@"F#CPN�BP!�DQ%Nห!E/%�?&!?ว/"N@�ค/%�#C!#CPR!NR ON0#B!ว?0 FN0#B!O#�  Oล> 0/ คลO/�
�?&(ล�@%วB�?"�/� �"�?� Oล> �!F�ล [11] Oล> �@%วB�?"�/� "BP���/์ Oล> �!F�ล [12] 

4.2.3 (ล# 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&N0#B! 
�CP/�#B  

�@/@งทC่ 4.4 �@## 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&N0#B!�CP/�#B  

/@"Fค/%�#C! 

 (ว?%) 
Water 

(ksc.) 

Sulfate 

(ksc.) 

Chloride 

(ksc.) 

G-28 21.0 19.5 20.0 

G-180 30.0 30.0 25.0 

 

 

/ู!ทC่ 4.4 คว@!0?!�?%$์#>หวN@��Aล?�#?&O#� D��?&!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&N0#B!�CP/�#B  
#CP&N!Q%%QA�%B !N@�N #CP/@"F 28 ว?% Oล> 180 ว?% 

�@�(ล�@## 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&
N0#B!O#� Oว"�CP/�#B #CP/@"F 28 ว?% �&วN@ !?ว/"N@�ค/%�#C!#CP&N!Q%%QA !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 
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21.0 �BPล�#?!!N/!@#@�N�%!BN!!# !?ว/"N@�ค/%�#C#CP&N!Q%0@#ล>ล@"P�N C"!�?ลN�! !CคN@�Aล?�#?&O#�
 D�N�ลCP"N#N@�?& 19.5 �BPล�#?!!N/!@#@�N�%!BN!!# Oล>!?ว/"N@�ค/%�#C!#CP&N!Q%0@#ล>ล@"P�N C"! 
คล/R# ์ !CคN@�Aล?�#?&O#� D�N�ลCP"N#N@�?& 20.0 �BPล�#?!!N/!@#@�N�%!BN!!# �>NหO%R OวN@ค/%�#C!!CคN@
�Aล?�#?&O#� D�P "!#�Q�ลONคC"��?%  Oล>#CP/@"F 180 ว?% ค/%�#C!#CP&N!Q%%QA !CคN@�Aล?�#?&O#� D�N�ลCP"
N#N@�?& 30.0 �BPล�#?!!N/!@#@�N�%!BN!!# ค/%�#C!#CP&N!Q%0@#ล>ล@"P�N C"!�?ลN�! !CคN@�Aล?�#?&O#�
 D�N�ลCP"N#N@�?& 30.0 �BPล�#?!!N/!@#@�N�%!BN!!# Oล>ค/%�#C!#CP&N!Q%0@#ล>ล@"P�N C"!คล/R# ์ !CคN@
�Aล?�#?&O#� D�N�ลCP"N#N@�?& 25.0 �BPล�#?!!N/!@#@�N�%!BN!!# �DP�ค/%�#C!#CP&N!Q%%QA#?Q� 3 �%B  !C�@#
�?�%@�Aล?�#?&O#� D�!@��DQ%!@!/@"F#CP!C!@��DQ% P "คN@�Aล?�#?&O#� D�#CPR OR!NO!�!N@��?%!@�%?� Oล>
�@#&N!Q%0@#ล>ล@"P�N C"!�?ลN�!Oล>0@#ล>ล@"P�N C"!คล/R# ์"?�R!N!C�@#0N�(ล�#>#&�? N�%!N/
�@##?&O#� D�P "!#��/�ค/%�#C! �@�#G'#CP 4.5 O0 �QหONหO%วN@�@#N0#B!O#�Q%ค/%�#C! Oว"NหลO�Rว#์
N!�!C(ล#AQหO�@##?&O#� D�P "!#�!CคN@0G�!@��วN@�@#R!NN0#B! Oล>Q%#A%/�N C"ว�?%�@#N0#B!O#� Oว"
�CP/�#B �O!C(ลQ%�@##?&O#� D�P "!#�!CคN@!@��DQ% 
 

 

 

/ู!ทC่ 4.5 คว@!0?!�?%$์#>หวN@��Aล?�#?&O#� D��?&!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&R!NN0#B!O#� 
O&&N0#B!NหลO�Rว#์N!� Oล>O&&N0#B!�CP/�#B #CP&N!Q%%QA�%B !N@�N #CP/@"F 28 ว?% Oล> 180 ว?% 

4.2.4 (ล# 0/&�Aล?�#?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&R!N
N0#B!O#� O&&N0#B!�CP/�#B  O&&N0#B!�CP/�#B O&&#@&#/"!N/ 1 �N/� 2 �N/� Oล> 3 �N/� #CP/@"F 7, 14 
Oล> 28 ว?% 
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�@/@งทC่ 4.5 �@## 0/&�@##?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone N0#B!�CP/�#B 
O&&!N@� N (Q�Oห%Nว" ksc.) 

/@"Fค/%�#C! 
(ว?%) R!NN0#B!O#� N0#B!�CP/�#B  

N0#B!�CP/�#B 
O&&#@&
#/"!N/  
1 �N/� 

N0#B!�CP/�#B 
O&&#@&
#/"!N/  
2 �N/� 

N0#B!�CP/�#B 
O&&#@&
#/"!N/  
3 �N/� 

7 11 16 17 16 13 

14 19 21 21 21 20 

28 19 21 22 23 23 

 

 

/ู!ทC่ 4.6 คว@!0?!�?%$์#>หวN@��Aล?�#?&O#� D��?&!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&R!NN0#B!O#� 
O&&N0#B!�CP/�#B  O&&N0#B!�CP/�#B O&&#@&#/"!N/ 1 �N/� 2 �N/� Oล> 3 �N/� #CP/@"F 7 14 Oล> 28 ว?% 

�@�(ล# 0/&�@##?&O#� D�P "!#��/�!?ว/"N@�ค/%�#C!#G'##� Dog Bone #CPN0#B!�CP/�#B 
O&&#@&#/"!N/ 1 �N/�, 2 �N/� Oล> 3 �N/� #CP/@"F 7 ว?% �&วN@N!EP/#A�@#N'#C"&N#C"&ค/%�#C!#CPN0#B!
 Oว"�CP/�#B Oล>!?ว/"N@�ค/%�#C!N0#B!�CP/�#B O&&#CP!C�@#!N/#@&#/"!N/ �>NหO%R OวN@�@#N0#B!�CP/�
#B Oล>O&&!C�@#!N/#@&#/"!N/!C(ล�/��@##?&O#� D�P "!#�R!NO!�!N@��?% N!EP/ค/%�#C!!C/@"F 14 ว?% 
�&วN@คN@�@#?&O#� D�P "!#��/�ค/%�#C!"?�ค�!CคN@Q�ลONคC"��?% Oล>#CP/@"F 28 ว?% �&วN@คN@�@## 0/&
O#� D�P "!#�"?�!CO%วP%O!N C"ว�?&#CP 7 Oล> 14 ว?% �ลN@วคE/คN@#CPR O!CQ�ลONคC"��?%  
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/ู!ทC่ 4.7 คว@!0?!�?%$์#>หวN@��Aล?�#?&O#� D��?&!?ว/"N@�ค/%�#C!#G'##� Dog Bone O&&R!NN0#B!O#� 
O&&N0#B!�CP/�#B  Oล>N0#B!�CP/�#B O&&#@&#/"!N/ 1 �N/� 2 �N/� Oล> 3 �N/� #CP/@"F 7 14 Oล> 28 ว?% 

4.3 "ลท�2อ �Aล?ง/? O/ง�?��อง�?/อ.่@งคอ��/C�ค@� 

(ล�@## 0/&�Aล?�#?&O#� ? �/�!?ว/"N@�ค/%�#C!ค@%O&&R!NN0#B!O#� Oล>O&&N0#B!�CP/�#B  
#CP/@"F 7 14 Oล> 28 ว?% P "Q�O�Aล?�/?  200 �BPล�#?!!N/!@#@�N�%!BN!!# 

�@กก@1ท�สอ กAล?�1? O1��?��@//@�1ฐ@� ASTM C 78  �?วอ0่@�คอ�ก1C�ค@�O  Nส1B/
�CPอก1B� ทC่อ@0ุ 7 14 Oล> 28 ว?� /Cค่@N�ลC่0Nท่@ก?  29, 41 Oล> 47 กBPลก1?/�่อ�@1@N/�1 �@/ลA�?  

�@/@งทC่ 4.6 คN@N�ลCP"�@## 0/&�Aล?�#?&O#� ? �/�!?ว/"N@�ค/%�#C!ค@%�%@  10 X 10 X 50 �!.  
O&&R!NN0#B!O#� Oล>O&&N0#B!�CP/�#B   

/@"Fค/%�#C! (ว?%) �Aล?� ? N�ลCP" 

O&&R!NN0#B!�CP/�#B  
�Aล?� ? N�ลCP" 

O&&N0#B!�CP/�#B   
7 28 29 

14 40 41 

28 45 47 
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/ู!ทC่ 4.8 คว@!0?!�?%$์#>หวN@��Aล?�O#� ? N�ลCP"�/�!?ว/"N@�ค/%�#C!ค@%O&&R!NN0#B!�CP/�#B  Oล>
O&&N0#B!�CP/�#B  #CP/@"F 7 14 Oล> 28 ว?% 

�@�(ล�@## 0/&�@##?&O#� ? �/�!?ว/"N@�ค/%�#C!ค@% �&วN@คN@O#� ? N�ลCP"#CP/@"F 7 ว?%
O&&R!NN0#B!�CP/�#B  Oล>O&&N0#B!�CP/�#B !CคN@N#N@�?& 28 Oล> 29 ksc. คN@�Aล?�#?&O#� ? N�ลCP" 
#CP/@"F 14 ว?% O&&R!NN0#B!�CP/�#B  Oล>O&&N0#B!�CP/�#B N#N@�?& 40 Oล> 41 ksc. !@!ลA ?& Oล>คN@
�Aล?�#?&O#� ? N�ลCP"#CP/@"F 28 ว?% O&&R!NN0#B!�CP/�#B  Oล>O&&N0#B!�CP/�#B !CคN@N#N@�?& 45 ล> 47 ksc. 
!@!ลA ?& �DP��@#N0#B!ว?0 F�CP/�#B !C(ล#AQหO!?ว/"N@�ค@%!C�@##?&O#� ? R ON�BP!!@��DQ%N%EP/��@�ว?0 F�C
P/�#B N'็%ว?0 F#CPQ�O0Aห#?&#?&O#� D�#CPN�B �DQ%ค@% P "�@#วB&?!B�/�!?ว/"N@�ค/%�#C!ค@%O&&R!NN0#B!�C
P/�#B  �>O!�ห?�//��@��?% O!N�>NหO%R O�? N�%วN@!?ว/"N@�ค/%�#C!ค@%O&&N0#B!�CP/�#B !CN�C"�#/"
O!�#O@วN#N@%?Q% N%EP/��@�ว?0 F�CP/�#B N'็%!?ว"D Nห%CP"วค/%�#C!RวO�D�R!NO!�ห?�//��@��?%  

     

/ู!ทC่ 4.9 �@#วB&?!B�/�!?ว/"N@�ค/%�#C!ค@%O&&R!NN0#B!�CP/�#B Oล>O&&N0#B!�CP/�#B  



 ทท?่ 5 

ส/ุ!"ล�@/ว>จ?.Oล>�้อNส�อO�> 
 

5.1 ส/ุ!"ล�@/ว>จ?. 
�@��@1!�2อ$�@11?$�Aล?�O1�อ?��อ�คอ#�1C�!1��1>$อ�!CP$N/Q##QA  $N/Q#2@1ล>ล@0

�?ลN�� $N/Q#2@1ล>ล@0คลอR1�์!CPอ@0F 28 Oล> 180 /?# คN@�Aล?��@11?$O1�อ?�N�BP//@��DQ#�@/อ@0F�อ�
คอ#�1C� �DP��@1$N/Q##QA $N/Q#2@1ล>ล@0คลอR1�์ Oล>$N/#2@1ล>ล@0�?ลN�� �?/อ0N@�คอ#�1C�
2@/@1 �?ฒ#@�Aล?�1?$O1�อ?�R�OP�0R/N/C&ล�1>!$�@�2@1ล>ล@0�?ลN��Oล>คลอR1�์  

�@�ค/@/2?/�?#"์�อ��@1!�2อ$�Aล?�1?$O1��D�P�0�1��อ��?/อ0N@�คอ#�1C�1G% Dog Bone 
!CP/C&ล�1>!$�อ��@1$N/�O/02@1ล>ล@0!@�Nค/C!CP/Cอ0GNQ##QA 21F%R�O/N@คN@�Aล?�1?$O1��D�P�0�1��อ�!F�
�?/อ0N@�N�BP/�DQ#�@/อ@0F!CPN�B P/�DQ#�อ��@1$N/!F��#B� Oล>R/NN�B��@1�?��1Nอ#ห1Eอ2N�&ล�1>!$�Nอ
�?/อ0N@�คอ#�1C�1G% Dog Bone 2Aห1?$�?/อ0N@�คอ#�1C�1G% Dog Bone !CPN21B/�Aล?��O/0�CPอ�1B� Oล>
�?/อ0N@�คอ#�1C�!CPN21B/�Aล?��O/0NหลO�R/1์N/� �>QหOคN@�Aล?�1?$O1��D�P�0�1��อ�คอ#�1C�R/N�N@��?#
/@�#?� O�N�>NหO#R�O�?�/N@�@1/B$?�B�อ�คอ#�1C�O$$R/NN21B/O1� Oล>คอ#�1C�!CPN21B/�Aล?��O/0NหลO� 
R/1์N/�#?Q# �>�@�ออ��@��?#อ0N@��?�N�# 2N/#�@1/B$?�B�อ�คอ#�1C�N21B/�Aล?��O/0�CPอ�1B�#?Q# /?2�F 
�CPอ�1B�2@/@1 0D�1?Q�คอ#�1C�!CP/B$?�BR/O 

�@�ค/@/2?/�?#"์�อ��@1!�2อ$�Aล?�1?$O1��D�P�0�1��อ��?/อ0N@�คอ#�1C�1G% Dog Bone 
O$$N21B/�CPอ�1B� N21B/�CPอ�1B�O$$1อ0�Nอ!@$ 1 �Nอ� 2 �Nอ� Oล> 3 �Nอ� �$/N@คN@�Aล?��@11?$O1�
�D�N�BP/�DQ#�@/อ@0F�อ�คอ#�1C�!CPN�BP/�DQ# O�NNหO#R�O�?�N�#/N@�@1/B$?�B�อ��?/อ0N@�คอ#�1C�O$$R/N
N21B/O1�O��ห?�ออ��@��?# Oล>�?/อ0N@�คอ#�1C�O$$N21B/�CPอ�1B�/CN�C0�1อ0O��1O@/N!N@#?Q#  

�@��@1!�2อ$�Aล?�1?$O1��?��อ��?/อ0N@�คอ#�1C�ค@#O$$R/NN21B/O1� Oล>O$$N21B/�CPอ�1B� 
/CคN@�Aล?�1?$O1��?�!CPQ�ลONคC0��?# O�NNหO#R�O�?�N�#/N@�@1/B$?�B�อ��?/อ0N@�คอ#�1C�ค@#O$$R/NN21B/O1�
�>O��1O@/Oล>ห?�ออ��@��?# �DP��?/อ0N@�คอ#�1C�ค@#O$$N21B/�CPอ�1B� �$N�C0�1อ0O��1O@/
NลO�#Oอ0N!N@#?Q# 
 

5.2 �้อNส�อO�> 

�OอN2#อO#>Q#�@10D�1@/B�?0ค1?Q�#CQN�EPอ#AR%Q�O%1?$%1F�Q#�@1!A/B�?0 Q�ON%็#O#/!@�Q#�@1
�?ฒ#@Oล>O�OR�%ัญห@!CPอ@�N�B��DQ#Q#�@10D�1@/B�?0Q#ค1?Q� ?�R%/C�?�#CQ 

5.2.1 ค/1N�BP/1>0>N/ล@Q#�@1!�2อ$ห1EอN�BP/ค/@/N�O/�O#�อ�2@1ล>ล@0 N�EPอQหONหO#
&ล�1>!$�Nอ�?/อ0N@�คอ#�1C�!CP�?�N�# 

5.2.2 1>/?�1>/?�Q#�@1N�1C0/�?/อ0N@�!�2อ$ N�EPอล�คN@�@1ค@�NคลEPอ#!CPอ@�N�B��DQ# 
5.2.3 Q#�@1!�2อ$�Aล?�1?$O1��D�P�0�1� Oล>�@1!�2อ$�Aล?�1?$O1��?� N/EPอคอ#�1C�

/B$?�BOลO/Nค1EPอ�!�2อ$ห0F�!A�@#�D�!AQหOR/NR�OคN@�@11?$�Aล?�2G�2F� ค/1�?Q�คN@Nค1EPอ�!�2อ$QหO!A�@#
�NอN�EPอQหOR�OคN@�@11?$�Aล?�2G�2F��อ��?/อ0N@�คอ#�1C� 
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