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 J � # �� %� & #�K �� �� � L� � � E �J  H D ?M� N �O ก P � I # � � � J ก � � กQ � %� A ก � ก 
�K I �R J SO� J D �T # 
 N J D �� & % � ก G � J J � # 
N����Uก���ก��V���#KQ�&�J
W# GA&#Q���V���D�T#���A�กXN��W�JAW�&ก��V��ก��A�#DU#�&�D?M�NV���D�T#N�YA�#DU#�&� 
ก���OกP��Q�Z#�EA��UWNJ�[�����ก�� GA&V��A�#DU#�&�I�Eก�ก
�KI�RJ  Z#��A�X�#�X�J\ก�#  MN 100 : 0, 80 : 20, 70 : 30, 
60 : 40  I�E 50 : 50 (w/w) กXN##Q�a�N����N�bUFc�� 200 oC I�W�#Q�a�DV����N�bUFc�� 1,050 oC  D�T#D��� 24 >���G�J 
%�ก#�K # D �M� N#Q ��� �N&X � J N� Y��� D V� aAW��� A�N�� �J���� ก���  ?��X �?MK # V� �F�& #Nก
N JN� Y��� �� �X �#V�� 

NJก�ก
�KI�RJ����กPbE
��
�E D�T#�c?��#ก�E%�&������KJกWN# #KQ�U#�กD���J��กก�X��WN&�E 30 
NJ#KQ�U#�ก                    
N�YA�#DU#�&����a�X���X�#V��
NJก�ก
�KI�RJ �Q�U���V�ก��U� X�ก��UA���I��IUWJ
NJN�YA�#���N&X�J?��X� N�Y�����
�X�#V��
NJก�ก
�KI�RJZ#N�����X�#����cJ
OK#%EDก�Aก��UA�����ก
OK#����Q�A�� I�EN�YA�#DU#�&����V��ก�ก
�KI�RJ           
&�J�� X� ����W�#��#กQ���JN�AN&cXZ#>X�J 20 ! 35 kg/cm2 SO�JVX�#DกbfH����Y�#
NJN�YA�#DU#�&���� ASTM C-67 กQ�U#A  
#�����#�%: ก�ก
�KI�RJ N����Uก���V���#KQ�&�J
W# N�YA�#DU#�&� กQ���J���I�JN�A ก��UA��� 
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Shrinkage and Compressive Strength Behaviors of Clay Brick Blended with Concentrated Latex 
IndustryBs Waste Residue 

 

Warintorn Banchapattanasakda1) Wirach Taweepreda 2,5) Thunwadee Tachapattaworakul Suksaroj3,5)             
and Chaisri Suksaroj*4,5)  

 
 

Abstract 
 

 This research aims to study the utilization of the waste residue from concentrated latex industry as      
a raw material for clay brick making process, in order to dispose the waste residue from concentrated latex 
industry.  The experiments were done in laboratory scale and the variation ratios of fat clay and waste residue, 
100 : 0, 80 : 20, 70 : 30, 60 : 40 and  50 : 50 (w/w) were investigated. The blended materials were baked        
at 200oC and then burned at 1,050oC for 24 hours. The burned clay bricks obtained were tested for civil 
engineering purpose. The results found that the texture of the surface of the waste residue amended clay 
bricks was porous and their weights were lighter than native clay brick weight by 30%.  Their linear shrinkage 
test showed the percentage of linear shrinkage increased accordingly the increasing of waste residue portion 
in clay brick. Beside, the waste residue amended clay brick had the compressive strength in range of           
20-30 kg/cm3 that met the ASTM C-67 clay brick standard. 
Keywords: Clay brick, Composite material, Compressive strength, Concentrated latex industrial, Shrinkage 
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1. �"��� 
     ก�E��#ก��V���
NJG�JJ�##KQ�&�J
W#D�T#IU�XJ 
กQ�D#�A��?�P��KJZ#�c�
NJ#KQ�D��&I�E
NJD��& GA&
NJD��&
>#�AU#O�J���Dก�A%�กก�E��#ก��V���#KQ�&�J
W# MN �� U�MN
ก�ก
�KI�RJ (�c���� 1) (Saowanee et al., 2004 I�E 
Varasri, 2000) SO�J����กPbED�T#
NJI
�J�EกN#��
�� 
Dก�A%�กก�E��#ก��V���#KQ�&�J
W#SO�J��ก�����#I&ก      
#KQ�&�J (Centrifugation) GA&��ก��D���IN�G�D#�&�
a�GA�D%#�N�D�� (Diammonium Hydrogen 
Phosphate: DAHP) �JZ##QK�&�J�AD?M�N��กP��F�?    
#QK�&�JกXN#D
W��cXก�E��#ก�����#I&กD�T##QK�&�J
W#I�E
I& ก �X � # � Eก N # I � ก #� D S� & � ��� �� N &cX Z# #QK � & � J �A 
(Gazeley, 1988; Sathyseelan, 2006 I�E White, 2001) 
%�กก�E��#ก�����#  
 

      

                   1ก.                                              1
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1 . 
�J�"�� 1 ก. ก�ก����	
���ก
������	���
������ �.ก�ก����	
����������


	��ก���  �. ก�ก����	
�� ��ก���������!"�#!"
���#  
 

     ก�ก
�KI�RJ ��EกN�AW�&���JD%MN�#�X�J \ %Q�?�ก���# 
���& D�Pa�W �N��N��� 
�K DLW�I�E�EกN#
NJG�UE
I�ก#�DS�&� �� pH  XN#
W�JD�T#ก��JLOJAX�JNXN# \ SO�JN�%
Dก�A%�กก��D���IN�G�D#�&D?M�N��กP��F�?#KQ�&�J 
(Wiphaphan, 2007) I�E�� X�
NJI
�J�EDU&aAW��E��b
�WN&�E 60-70 GA&#KQ�U#�ก #Nก%�ก#�KZ#ก�ก
�KI�RJN�IUWJ
&�J��EกN�a�AW�&"���N�U������Q� �=�XN?M> D>X# "���
a#G��D%# �N��N��� G?I��DS�&� I�Jก�#�� I�E��JกE�� 
Z#�����b��E��b�WN&�E 3, 15, 1.2, 10 I�E 0.5    

GA&#KQ�U#�ก SO�J X����aAWN�%I�ก�X�Jก�#a� 
OK#N&cXก��
ก�E��#ก��V��� �����b���D �����Z>WZ#ก�E��#ก��V��� 
I�E �bF�?
NJ#KQ�&�J�A D�T#�W# (Saowanee et al., 
2004; Varasri, 2000 I�E Blackley, 1997) 
     Z#N����Uก���ก��V���#KQ�&�J
W# ก�ก
�KI�RJLMN�X�D�T#

NJD��&�����JG�JJ�#a�X�WNJก�� %�กก���OกP�
WN�c�
NJ
G�JJ�#V���#KQ�&�J
W#Z#D
�%�JU��A�J
��?��X� ก�ก
�KI�RJ
%EDก�A
OK#��E��b�WN&�E 1 GA&#KQ�U#�ก
NJ#KQ�&�J�A���
#Q���Z>WZ#ก��V���#KQ�&�J
W# ก�X�� MN %E��
NJD��&Z#�c�
ก�ก
�KI�RJDก�A
OK#Z#I�X�EG�JJ�#��E��b 0.39-1.58 ��#
�XN��# (Varasri, 2000 I�E Wanchai, 1997) 
OK#ก��
#�A
ก��V��� I�EZ#ก��กQ�%�Aก�ก
�KI�RJ#�K# ��JG�JJ�#��ก%E
AQ�D#�#ก��กQ�%�AAW�&ก����KJa�U�MNZ>WL�?MK#��� L�L## 
�����KJก��DV���KJ (Somtip et al., 2002) SO�JN�%D�T#
��"�ก��กQ�%�A���a�XDU��E�� D?��EN�%กXNZUWDก�A��?�P�XN
���JI�A�WN�aAW 
     A�J#�K#U�ก#Q�ก�ก
�KI�RJA�Jก�X����Z>W��EG&>#HZ#AW�#
NM�#\aAW ก�%ED�T#ก��>X�&�A��=U�ก��%�Aก��
NJD��&%�ก
G�JJ�#N����Uก���ก��V���#KQ�&�J
W# SO�J%�กก���OกP�
���VX�#��?��X�ก�ก
�KI�RJLcก#Q����OกP�LOJI#���JZ#ก��
#Q���Z>WZ#AW�#ก��DกP�� D>X# ก���Q����& I�E���A��Q���J
A�#D�X�#�K# A�J#�K#ก����%�& ��KJ#�K %OJ�OกP� ���D�T#a�aAW 
Z#ก��#Q�ก�ก
�KI�RJ%�กG�JJ�#N����Uก���ก��V���    
#KQ�&�J
W#a�D�T#�X�#V��Z#���A�กXN��W�J�W#I�� SO�J&�J  
a�XD &��ก���OกP�D>�J��%�&��กXN# GA&��XJ�OกP�ก��
#Q�a�Z>WD�T#�X�#V��Z#ก���Q�N�YA�#DU#�&� D#M�NJ%�ก
VcW��%�&��
WN��##�PY�#�X� D�M�N#Q�ก�ก
�KI�RJ��V��ก��    
A�#DU#�&� I�W�VX�#ก��DV����N�bUFc���cJ%#N�Y��ก N�%��
 ���D�T#a�aAW���%E�� �b������ �W�&N�Y���D��  MN��
#KQ�U#�กD��ก�X�N�YA�#DU#�&�"���A� I�E#Q�N�YA�#DU#�&�
V��ก�ก
�KI�RJ���DV�aAWa��A�N� X��WN&�Eก��UA���I��
IUWJ  X�ก��AcASO�#KQ� I�E X� ����W�#��#กQ���J���
I�JN�AD?M�ND���&�D��&�ก��N�YA�#DU#�&�"���A� SO�JV�
ก���OกP����aAWN�%D�T#I#���JZ#ก��%�Aก��ก�ก
�KI�RJ���
DU��E�� GA&#Q���D�T#���L�A���X�#V��Z#ก��V���
V���F�bfHZU�X������c� X��XNa� 
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2. ���
L �L�ก�MN 
����O�ก��"
��� 
2.1 ก�������������$�����
���	���� 
     A�#DU#�&����Z>WD�T#���L�A��Z#ก���Q�N�YaAW��� ���
N#�D ��EUH%�กG�JJ�#N�Y�W�#?��  I�Eก�ก
�KI�RJ%�ก
G�JJ�#N����Uก���V���#KQ�&�J
W# Z#%�JU��A�J
��    
GA&�Q�ก��V��ก�ก
�KI�RJ���VX�#ก�����#�EDN�&A�Ja�Z#
A�#DU#�&�D?M�N�Q�N�Y���N�����X�#�EU�X�JA�#DU#�&�: ก�ก
�KI�RJ 
5 N�����X�#  MN 100:0, 80:20, 70:30, 60:40 I�E 50:50 
GA&#KQ�U#�ก D�M�NA�#DU#�&�I�Eก�ก
�KI�RJV��ก�#%#D�T#
D#MKNDA�&�ก�#I�W� %OJ#Q���N�A�JI��U�XN�cก���กH
#�A 
5x5x5 DS#��D��� GA&Z>WI�XJIกW�ก�E��WJ%Q�#�# 20  ��KJ  
D?M�NZUW�X�#V��ก�E%�&����I��U�XN %�ก#�K#VO�J�X�#V��
Z#I��U�XNZUWIUWJAW�&�� D?M�N�RNJก�#ก����AD��K&�
NJ
N�Y
bELNAI�� D�M�NN�YIUWJ?NU��A SO�J%E��JDก�aAW%�ก
��
NJA�#���D����&#a�D�T#��#KQ�������NXN#�J %OJ�Q�ก��   
LNAI��I�E#Q�N�Y���
OK#�c�I�W���VO�J���XNN�ก��E��b 
1-2 ��# D�M�NN�Y���
OK#�c�Lcก��กZUWIUWJI�W� %OJ#Q����Q�ก��
��A
#�A >��J#KQ�U#�ก I�E��#�Oก X� %�ก#�K##Q�กWN#N�Ya�
D
W��cWN�N�bUFc�� 200oC D�T#D��� 1  M# (Wacharaporn, 
2008) D?M�Na�X ���>MK# N�Y���N&X�J���VX�#ก��N�I�W�%ELcก
#Q�a�D
W�D��DV�GA&��N����ก��D?���N�bUFc�� 5oC/min 
%#LOJN�bUFc�� 600oC D�T#D��� 3 >���G�JD?M�NกQ�%�A
���N�#���&H  %�ก#�K#%OJD?���N�bUFc�����N���� 5oC/min 
D>X#DA�� %#LOJ�EA��N�bUFc��  1,050oC D�T#D���           
13 >���G�J D?M�NZUWN�Y��ก I�E��XN&ZUWD&�#Z#D��DV� GA&��
�E&ED���ก��DV���KJ��K# 24 >���G�J D�M�N#Q�N�YNNก%�ก
D��DV�I�W� %OJ�Q�ก����A
#�AI�E>��J#KQ�U#�กN�ก ��KJ      
�Q�ก���A�NJN�����X�#V���E 3 ���N&X�J 
 

2.2 ก��"
���"����P�ก��� 
     #Q�N�Y���aAWa��Q�ก���A�N� �b��������J����ก��� 
D?M�N#Q�a���D ��EUH ���D�T#a�aAWZ#ก��#Q�ก�ก
�KI�RJ��
D�T#�X�#V��Z#ก���Q�N�YA�#DU#�&�D?M�NZ>W D�T#���A�
กXN��W�J 
2.2.1 ก���&
���"�'�()*+���&���ก��,�- Z#ก���OกP�
 ��KJ#�K�Q�ก����JDก���กPbEF�&#Nก
NJN�Y MN ��กPbE
?MK#V��F�&#Nก 
#�A #KQ�U#�ก I�E ���U#�I#X#IUWJ   

SO�JZ>WD �M�NJ>��J����� ����EDN�&A 0.01 ก���D�T#N��ก�bH  
ก����D ��EUH I�ED���&�D��&��EU�X�JN�Y�����ก�ก
�KI�RJ
D�T#�X�#V��ก��N�YA�#DU#�&�"���A� 
2.2.2 ก���&
���"�'ก���#���������� N�Y���VX�#ก��
OK#�c� 
N� I�EDV�I�W� #Q�����D ��EUH
#�AGA&Z>WD�N�HD#�&�H   
 ����D�N�HD�T#N��ก�bHZ#ก����A D?M�N��D ��EUHU� X�    
�WN&�Eก��UA������D>�JD�W# (Total Linear Shrinkage; 
T.L.S) GA&��Aก��UA�����KJI�XU��J
OK#�c� %#ก�E���JU��J
DV� (Wet to Fire) ����"�ก����D ��EUH  MN ��A
#�A     
ก�W�J×&��×�cJ 
NJกWN#N�YU��J
OK#�c� D�T# X� Lp N�I�XJ
�A�N�ZUWIUWJ���N�bUFc�� 200oC D�T#D��� 1  M# %�ก#�K#
#Q�I�XJ�A�N�D
W�D��DV����N�bUFc�� 1,050oC ��A ���
&��U��JDV���#�Oก X�D�T# Lf I�E��A�W�& Q�#�bU� X�
�WN&�Eก��UA������D>�JD�W#���LOJ X��WN&�Eก��UA���
���D>�J������� (Total Volumetric Shrinkage; T.V.S) 
�����ก�� (1) I�E (2) 
 

100
L

)L(L
T.L.S

p

fp
×










 −
=                         (1)  

010
V

)V(V
T.V.S

p

fp
×










 −
=                         (2) 

 

GA& Vp  MN �������
NJกWN#N�YU��J
OK#�c� I�E Vf  MN 
�������
NJกWN#N�YU��Jก��DV� 
2.2.3 ก���&
���"�'� �ก��#/#01+��2� #Q�กWN#N�Y���N&X�Ja�
>��J#KQ�U#�กAW�&D �M�NJ>��JA�%��N� ��#�Oก#KQ�U#�กN�YIUWJD�T# 
W1 %�ก#�K##Q�a�I>XZ##KQ�ก���#%#�X��D�T#D��� 24 >���G�J 
D�M�N ��กQ�U#A#Q�กWN#N�Y���N&X�J
OK#%�ก#KQ� Z>WVW�D�
&ก
S��#KQ��#V��กWN#N�Y���N&X�J���EกWN#I�W�>��J#KQ�U#�กZUW
D���%F�&Z# 3 #��� ��#�Oก#KQ�U#�กN�Y���AcASO�#KQ�D�T# X� 
W2 %�ก#�K#%OJ Q�#�bU� X��WN&�Eก��AcASO�#KQ� (Water 
Absorption: W.A) %�ก��ก�� (3) 
 

100
W

)W(W
W.A

1

12 ×






 −
=                              (3) 
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2.2.4 ก���&
���"�'� ����+�������ก2�!����#����&4   
�Q�ก����D ��EUH�������Y�#ก���A�N�
NJ��� �
D?M�Nก���A�N�I�E���A�
NJND���ก�# (American Society 
for Testing and Materials) U�MN ASTM C495-07 GA&Z>W
D �M�NJ�A�N�กQ���JN�A I��Dก��&�U��#G&กAW�&�MN 
(Proving Ring)  X�กQ���J���I�JN�A (Compressive 
Strength) U�aAW%�ก��ก�� (4) 
 

A

P
f c =                                                                  (4) 

 

GA& fc  MN กQ���J���I�JN�A��E��& ��U#X�&D�T# kg/cm2 P 
 MN I�JN�A ��U#X�&D�T# kg I�E A  MN ?MK#���U#W���A
NJ
I�XJ���N&X�J ��U#X�&D�T# cm2  
 

3. ��ก��"
���
�����#���	N�� 
3.1 #LM������"��ก��R�� 
3.1.1 !�ก5)"-����&��!"ก���1���/	 %�กก���A�NJ      
#Q�
NJD��&ก�ก
�KI�RJ%�กG�JJ�#N����Uก���ก��V���   
#KQ�&�J
W# a�D�T#�X�#V��Z#N�YA�#DU#�&�Z#N�����X�#
�X�J \ ���aAWNNกI��a�W#�K# ?��X�ก�ก
�KI�RJI�EA�#DU#�&�
�����LV��ก�#D�T#D#MKNDA�&�ก�# I�E�����L
OK#�c�aAW 
GA&N�Y�����ก�ก
�KI�RJD�T#�X�#V����?MK#V�����
��
�Eก�X�   
N�YA�#DU#�&�"���A�D��ก#WN&I�E ��������LZ#ก��  

OK#�c�GA&D�?�E���V��U#W�%E�A�J D�M�NN�YA�#DU#�&�       
��N�����X�#V��
NJก�ก
�KI�RJ��� D?���
OK# ����Q�A��        
SO�J��JDก�aAW%�ก D�M�NLNAI��%E��D�P?MK#V��
NJ���N&X�J
��A���V#�JI��U�XN �Q�ZUW?MK#V��
NJ���N&X�Ja�XD��&�D��Nก�# 
SO�JI�AJZUWDU�#�X�ก�ก
�KI�RJ#�K#a�X�� �b������D�T#���
��E��# (Binder) ���>X�&D?���ก��&OADก�E I�XD�T#D?�&J���
D?���D#MKN (Filler) I�EN�Y���N&X�J����Zก�WD �&Jก�# MND�T#��
#KQ����NXN# 
     D�M�N#Q�N�Y���N&X�J���VX�#ก��N����N�bUFc�� 200 oC     
a�DV����N�bUFc�� 1,050 oC N�Y���N&X�J%ED����&#D�T#      
��#KQ����IAJ I�E��JDก���กPbE?MK#V�� ?��X�N�YA�#DU#�&�
�����ก�ก
�KI�RJD�T#�X�#V��%E����กPbED�T#�c?��# GA&%E
�������b�c?��#D?���
OK#���N�����X�#���D?���
OK#
NJก�ก     

�KI�RJ ��KJ#�K�c?��#���Dก�A
OK##�K#D�T#V���%�ก���
NJก�ก   


�KI�RJ���V��I��กN&cXZ#N�YA�#DU#�&���J�X�#U�&a�Z#

�K#�N#ก��DV� �XJV�ZUWDก�A�c?��#ก�E%�&N&cX������KJกWN#

NJN�YA�#DU#�&������ก�ก
�KI�RJV�� SO�J%EI�ก�X�JN&X�J
>�AD%#D�M�ND��&�ก��N�YA�#DU#�&����a�X��ก�ก
�KI�RJD�T#
�X�#V�� A�J�c����  2 ��KJ#�K D#M�NJ��%�ก "���>���
NJ       
A�#DU#�&����#Q���Z>WZ#ก���Q�N�Y#�K# %E��N#�F� 
NJA�#���
U#�I#X#I�E����กPbED�T#IVX#I�ก SO�JN#�F� 
NJA�#
DU�X�#�K�����L�E��&aAW D�M�NVX�#ก��DV������N�bUFc���cJ
��KJI�X 900 oC 
OK#a� I�E�����LaU�a����>XNJ�X�J   
�X�J \ SO�J%E>X�&�A ���?��#Z#D#MKNA�#aAW (Burachat, 
2002) AW�&DU��#�K  N�YA�#DU#�&���� a�X��ก�ก
�KI�RJD�T#
�X�#V�� %OJa�X���ก[�c?��#
#�AZU=X U�MN�c?��#�����JDก�
aAWJX�&AW�&��D��X�ก�E%�&���N&cX�#กWN#N�Y���N&X�J 
 

 
�J�"�� 2 
	����
�������#�!"�/-�(�����&4����� ��6�
�����* ��� ��7 

3.1.2 ���# ��2����ก�!"���+����� �  D�M�N�Q�ก��
D���&�D��&�
#�AI�E#KQ�U#�ก
NJN�YA�#DU#�&���KJI�XU��J

OK#�c�%#ก�E���JVX�#ก��DV����N�bUFc���cJ  ?��X�N�Y
���N&X�J��
#�AD��ก�J I�E#KQ�U#�กD���J GA&N�Y         
A�#DU#�&������N�����X�#V��
NJก�ก
�KI�RJ��ก
OK#%E��
#KQ�U#�กU��J
OK#�c�#WN&�J����Q�A��I�E#KQ�U#�กU��Jก��
DV�%E�A�J��กก�X�N�YA�#DU#�&������ก�ก
�KI�RJV��N&cX
#WN&ก�X� A�JI�AJZ#����J��� 1 
     %�ก����J��� 1 %EDU�#aAW�X�N�YA�#DU#�&�������X�#V��

NJก�ก
�KI�RJ��#KQ�U#�ก�A�J��������bก�ก
�KI�RJ���
D?���
OK# ��K J#�K Dก�A
OK#%�ก�[�ก���&�ก��
%�A#KQ�NNกa�         
���N�bUFc�� 100-125 oC (Burachat, 2002) Z#
�K#�N#ก��
N�IUWJ I�E���
NJก�ก
�KI�RJ��J�X�#Z#N�Y���N&X�J    

100:0        80:20       70:30     60:40     50:50          
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SO�J�����N�#���&HD�T#NJ H��EกN�aAW�EDU&a�Z#
�K#�N#
ก��DV� D#M�NJ%�กZ#ก�ก
�KI�RJ�������b
NJI
�J���
�����L�EDU&aAW�cJLOJ�WN&�E 60-70 GA&#KQ�U#�ก 
(Saowanee et al., 2004; Varasri, 2000 I�E Blackley, 
1997) ก�X�� MN N�YA�#DU#�&������N�����X�#V��
NJก�ก   

�KI�RJ����cJ
OK# ��GNก�����%E�c=D��&#KQ�U#�กD?���
OK#D>X#ก�# 
I�E%�กV�ก���A�N� %EDU�#aAW�X�N�Y���N&X�J���
N�����X�# 50:50 SO�JD�T#N�����X�#�����ก�ก
�KI�RJV��N&cX�cJ
�����A#�K# ���WN&�Eก���c=D��&#KQ�U#�ก ��ก�����ALOJ�WN&�E 
44.36 D�M�ND��&�ก��#KQ�U#�กD�����W# #Nก%�ก#�KD�M�ND��&�
#KQ�U#�กก��N�YA�#DU#�&����a�X��ก�ก
�KI�RJD�T#�X�#V��     
%EDU�#�X�#KQ�U#�ก
NJN�YA�#DU#�&������ก�ก
�KI�RJD�T#
�X�#V��D���J��E��b�WN&�E 30-55 
NJ#KQ�U#�กN�Y  
A�#DU#�&�"���A� SO�J X�#KQ�U#�ก����A�J#�K�� ������?�#"H
ก�� X� ���U#�I#X# I�E��I#�G#W�Z#�����JDA�&�ก�# 
ก�X�� MN N�YA�#DU#�&������ก�ก
�KI�RJD�T#�X�#V���� ���
U#�I#X#�A�J��������bก�ก
�KI�RJ���D?���
OK# A�JI�AJ
Z#�c���� 3  
 

�����"�� 1   
	����
������2����ก����&4����� ���"�� ��ก �� 
�!"�!��
�� 

N�����X�# 
#KQ�U#�ก
U��J
OK#
�c� (g) 

#KQ�U#�ก
U��JDV� 

(g) 

%ก��
�c=D��&
D����& 

%
#KQ�U#�ก
����A�J1 

100 : 0 212.67 170.02 20.04 0.00 
80 : 20 171.38 119.92 29.98 29.47 
70 : 30 168.81 112.81 33.15 33.65 
60 : 40 155.40 93.18 40.02 45.19 
50 : 50 135.85 75.56 44.36 55.56 

1 #KQ�U#�กU��JDV�D��&�ก��N�YA�#DU#�&����a�X��ก�ก
�KI�RJD�T#
�X�#V��  
      

     %�ก�c���� 3 %EDU�#aAW�X�  ���U#�I#X#
NJN�YA�#
DU#�&������ก�ก
�KI�RJD�T#�X�#V��Z#N�����X�#���D?���
OK#   
��  X��A�J��KJกXN#DV�I�EU��JDV�N�Y���N&X�J #Nก%�ก#�K
 ���U#�I#X#
NJN�Y���N&X�JU��JDV�&�J�� X�#WN&ก�X�

 ���U#�I#X#
NJN�Y���N&X�JกXN#DV�N&X�JDU�#aAW>�A
&กD�W# ���U#�I#X#
NJN�Y���N&X�J���a�X��ก�ก
�KI�RJD�T# 
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3 )
กXN#DV� U��JDV�
����Y�#N�Y�N= ����Y�#N�Y���D��

�J�"�� 3 ���+����� �����&4����� ��6������* ��� ��7 
 

�X�#V��U��JDV��� X��A�JD?�&JD��ก#WN&D�X�#�K# GA&
 ���U#�I#X#
NJN�Y���N&X�JกXN#DV�N&cXZ#>X�J 1,300-
2,000 kg/m3 �X�# ���U#�I#X#
NJN�Y���N&X�JU��JDV�
#�K#N&cXZ#>X�J 990-1,900 kg/m3 ��KJ#�K��DU��U��ก
D#M�NJ��%�ก���aAWก�X��a�I�W� #��# MN ���ก�ก
�KI�RJDNJ�����
 �b������D�T#D?�&J���D?���D#MKN (Filler) SO�Ja�X>X�&��E��#
N#�F� 
NJA�#DU#�&�ZUW�� ���U#�I#X# D?���
OK #            
�������b���N�#���&H�EDU&aAWZ#��A�X�#�����กก�X�      
�WN&�E 60 �Q�ZUWDก�A�c?��#%�ก���
NJก�ก
�KI�RJ���U�&a�
���LOJก���A�J
NJA�#DU#�&��E��&SO�JaU�I��กa�N�A�c
?��#U��Jก��DV����N�bUFc���cJ �XJV�ZUW ���U#�I#X#
NJ
N�YA�#DU#�&������ก�ก
�KI�RJD�T#�X�#V��#�K#�A�J %#��
��กPbE �W�&N�Y���D������� ���U#�I#X#Z#>X�J 800-
1,000 kg/m3 SO�JN�Y���N&X�J���N�����X�# 50:50 D?�&J
���N&X�JDA�&�D�X�#�K#����� ���U#�I#X#Zก�WD �&Jก��N�Y
���D��  
 

3.2 ก��	
���
��
	Y� 
3.2.1 ก���#�����+
8&�
*�� ก��UA���
NJN�YA�#DU#�&�
Dก�A%�กก���EDU&
NJ#KQ�Z#G �J��W�JD#MKNA�#I�Eก�ก     

�KI�RJ �Q�ZUW
#�A
NJN#�F� ��
#�AD��ก�JI�E������D
W�
U�ก�# SO�J X��WN&�Eก��UA������D>�JD�W#Z#ก���A�NJ



?���ก���ก��UA���I�EกQ���J���I�JN�A
NJN�YA�#DU#�&�D�M�NV��ก�ก
�KI�RJ 
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 ��KJ#�K�Q�ก����Aก��UA�����KJI�XU��J
OK#�c�%#ก�E���JU��J
DV� (Wet to Fire) A�JI�AJZ#����J��� 2 
 

�����"�� 2 ����!"ก���#�����+
8&�
*��
9!��� 

�WN&�Eก��UA������D>�JD�W#D����& 
N�����X�# 

AW�#ก�W�J AW�#&�� AW�#�cJ 
100 : 0 5.81 5.49 5.04 
80 : 20 5.55 4.25 5.40 
70 : 30 5.36 6.20 5.87 
60 : 40 6.10 5.82 6.10 
50 : 50 9.06 10.26 9.06 

 
     %�ก����J��� 2 %EDU�#aAW�X�  X��WN&�Eก��UA������
D>�JD�W#N&cXZ#>X�J�WN&�E��E��b 4-10 GA&N�YA�#DU#�&�
������X�#V��
NJก�ก
�KI�RJ����cJ
OK#%E&��J�� X��WN&�Eก�� 
UA������D>�JD�W#�cJ
OK#D>X#ก�# #Nก%�ก#�K&�J��JDก�aAW�X� 
ก��UA���
NJN�YA�#DU#�&�N�%%E�XJV��NJ��Eก��  MN 
N�%�Q�ZUW
#�A
NJกWN#N�YDก�Aก����AD��K&� U�MNN�%�Q�
ZUWN�YDก�A�N&�W��GA&D�?�E������D�bV��U#W�
NJN�Y
���N&X�JU�กDก�Aก��UA���a�XD�X�ก�# 
 

3.2.2 ก���#�����+
8&�	�&+���   X��WN&�Eก��UA������
D>�J�������Z#ก���A�NJ ��KJ#�K�Q�ก����AD>X#DA�&�ก��ก��
U� X��WN&�Eก��UA������D>�JD�W# GA&�Q���Aก��UA���
��KJI�XU��J
OK#�c�%#ก�E���JU��JDV� (Wet to Fire) A�JI�AJ
Z#�c���� 4 %EDU�#aAW�X� X��WN&�Eก��UA������D>�J�������
N&cXZ#>X�J��E��b�WN&�E 15-27 GA&N�YA�#DU#�&������
�X�#V��
NJก�ก
�KI�RJ����cJ
OK#%E&��J�� X��WN&�Eก��UA���
���D>�J��������cJ
OK#D>X#DA�&�ก�� X��WN&�Eก��UA������
D>�JD�W# 
 

3.3 #$�ก��
J
Z[����������� 
     U��J%�กก��I>XกWN#N�Y���N&X�JZ##KQ � D�T#D���         
24 >���G�J ?��X�ก��V��ก�ก
�KI�RJZ#�����b���D?���
OK# 
�Q�ZUW ��������LZ#ก��AcASO�#KQ�
NJN�Y���N&X�J
D?���
OK# A�JI�AJZ#�c���� 5 ��KJ#�KD#M�NJ��%�กก�ก
�KI�RJ���
DU�MNN&cXZ#กWN#N�Y���N&X�J#�K#�� ��������LZ#ก��AcASO�
#KQ�aAWA� N�ก��KJ�����b�c?��#���Dก�A
OK#ก�D���&�D��MN#ก��

D?���?MK#���V�����V��ZUWก�ก
�KI�RJ�����LAcASO�#KQ�aAWA�
&��J
OK# (Vasconcelos, 1997) 
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     %�ก�c���� 5 %EDU�#�X� X��WN&�Eก��AcASO�#KQ�N&cXZ#>X�J
�WN&�E 10-35 GA&��D?�&J 3 N�����X�# #��# MN N�����X�# 
100:0, 80:20 I�E 70:30 ���VX�#DกbfH����Y�#
NJ    
N�Y�N=  MN �� X��WN&�Eก��AcASO�#KQ�#WN&ก�X��WN&�E 25  
I�E��D?�&J 2 N�����X�#  MN N�����X�# 100:0 I�E 80:20 
���VX�#DกbfH����Y�#�Q�U���N�Y���D��  MN �� X��WN&�E
ก��AcASO�#KQ�#WN&ก�X��WN&�E 17 
 

3.4 #$�#����Y��"��ก��������
����
 
     %�กก���A�N� X� ����W�#��#กQ���J���I�JN�A
NJ
N�YU��Jก��DV� ?��X�I#�G#W�
NJ X� ����W�#��#กQ���J
���I�JN�A
NJN�Y���N&X�J#�K#I��VกV�#ก�������bก�ก     

�KI�RJ���D�T#�X�#V��Z#N�YA�#DU#�&� GA&Z#ก���A�N� 
D�M�NU#X�&I�JกAN�A�� X��cJ��A %ED������ก��������Dก�A
OK#  
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Z#��กPbE
NJก��I�ก�W��Z#I#�&��
NJกWN#N�Y         
Z#�����Jก��ก�E�Q�
NJI�JกAN�AU�MNZ#I#�A��J %�ก#�K#   
%EDก�Aก��กED��E�XN#���V���N� \ 
NJกWN#N�Y ก��������
A�Jก�X��D�T#ก��������D#M�NJ%�กI�JAOJ SO�JD�T#V���%�ก X� 
Poisson�s Ratio 
NJN�Y SO�Jก��������Z#��กPbE#�KD�T#ก��
������I�� XN& \ D�T# XN& \ a� (Sittichai, 1999) 
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�J�"�� 6 � ����+�������ก2�!����������#����&4����� ��6�  
�����* ��� �� 7 
 

     %�ก�c���� 6 %EDU�#�X�N�YA�#DU#�&����a�X��ก�ก
�KI�RJD�T#
�X�#V�� %E�� X� ����W�#��#กQ���J���I�JN�A��ก�����A
 MN 193 kg/cm2 I�EN�Y���N&X�J���N�����X�# 50:50 #�K#��
 X� ����W�#��#กQ���J���I�JN�A#WN&��A  MN 26 kg/cm2 
GA&�� X� ����W�#��#กQ���J���I�JN�A�A�J �AD�T#    
�WN&�E 87 %�กN�YA�#DU#�&����a�XV��ก�ก
�KI�RJ �X�#N�Y
���N&X�J�����N�����X�#V�� 80:20, 70:30 I�E 60:40 #�K# 
�� X� ����W�#��#กQ���J���I�JN�A�A�J �AD�T#�WN&�E 
61, 70 I�E 82 ����Q�A�� #Nก%�ก#�K&�J�����L
��JDก�DU�#LOJ ������?�#"HaAWN�ก�X� N�Y���N&X�J�����ก�ก   

�KI�RJD�T#�X�#V��Z#N�����X�#��� D?���
OK# %E��ก��
�N��#NJ�XNI�JกAN�A#WN&�J Z#N�������D�X�ก�# ��KJ#�K
D#M�NJ��%�ก "���>���
NJA�#DU#�&�GA&����a� %E�� 
S���กN#aANNกaSAH (SiO2) I�E NE�c�� D#�&�NNกaSAH 
(Al2O3) D�T#NJ H��EกN�U��ก (Burachat, 2002) I�E��
G �J��W�JV�Oก%Q�?�กD GN��a#�H (Kaolinite) �N#�H�N���
G�a#�H (Montmorillonite) I�EN��a��H (Illite) (Boonsean, 
2009)  GA& Burachat (2002) ?��X�D�M�NDV�A�#DU#�&����

N�bUFc���cJ��KJI�X 900 oC 
OK#a�%E�Q�ZUWDก�A�[�ก���&���J
D �� GA&S���กN#aANNกaSAH (SiO2) I�ENE�c��D#�&�
NNกaSAH  (Al2O3) ��J�X�#%EI���c�V�Oก���ก��
�����EกN���JD ��Z#A�#Dก�AD�T#V�OกZ� �W�&IกW�
D��&ก�X��ca��H (3Al2O3.2SiO2) �������กPbED�T#V�Oก�c�   
��
X�&����Q�ZUWA�#�� ���I
�JIก�XJD?���
OK# (Preeda, 
1999)  SO�J�����LN"���&V�ก���A�NJ X� ���
�W�#��#กQ���J���I�JN�A���aAW#��# MN ก�ก
�KI�RJ SO�JD�T#D?�&J
���D?���D#MKN (Filler) �� �b���������I�ก�X�J%�กA�#DU#�&�
AW�#ก��D����&#I��JG �J��W�JV�OกD�M�NVX�#ก��DV����
N�bUFc���cJ  D�M�NN�YA�#DU#�&�LcกI�#���AW�&ก�ก
�KI�RJ   
�Q�ZUW�����bA�#DU#�&�SO�J�� �b������Z#ก��D?��� ���
I
�JIก�XJD�M�NVX�#ก��DV����N�bUFc���cJ#WN&�J I�E�c?��#���
Dก�A%�ก���
NJก�ก
�KI�RJ���U�&a��EU�X�Jก��DV�       
%OJ�XJV�ZUWN�YA�#DU#�&������ก�ก
�KI�RJD�T#�X�#V���� X�
 ����W�#��#กQ���J���I�JN�A�A�J (Calabria et al., 
2008 I�E Bouguerra, 1998) I�XN&X�Ja�ก����N�Y
���N&X�J��KJU�A�� X� ����W�#��#กQ���J���I�JN�AN&cXZ#
DกbfH����Y�#
NJ��� �D?M�Nก���A�N�I�E���A�
NJ
ND���ก�# (American Society for Testing and Materials) 
U�MN ASTM C-67 ���กQ�U#Aa�W�Q�U���N�YA�#DU#�&�N&cX
Z#>X�J 15-40 kg/cm2I�EN�Y���N&X�J��JN�����X�# 
(80:20 I�E 70:30) N&cXZ#DกbfH����Y�#
NJ ASTM C-
495 ���กQ�U#Aa�W�Q�U���N�Y���D�� MN��กก�X� 45 
kg/cm2 
 

4. ��L���ก��"
��� 
     %�กก���A�NJกQ�%�A
NJD��&ก�ก
�KI�RJGA&#Q���Z>W
D�T#�X�#V��Z#ก��V���N�YA�#DU#�&����N�����X�#A�#
�XNก�ก
�KI�RJ MN 100:0, 80:20, 70:30, 60:40 I�E 50:50 
#�K# A�#DU#�&�I�Eก�ก
�KI�RJ�����L���#
OK#�c�D�T#กWN# 
I�EN&cX��JaAW I�X?MK#V��N�%�� ���
��
�E%�ก ���
�EDN�&A
NJก�ก
�KI�RJ���a�X���Q�D��N I�Eก��U��A�XN#

NJ?MK#V����A���V#�JI��U�XN I�ED�M�NVX�#ก��DV�#KQ�U#�ก

NJN�Y���V��ก�ก
�KI�RJ#�K#D���J I�EDก�A�c?��#ก�E%�&
����?MK#V��GA&�N�
NJกWN#N�Y���N&X�J SO�J�� ���DU�#�X���
 ���D�T#a�aAW���%E#Q�a���E&�ก�HZ>WD�T#N�YA�#DU#�&� 



?���ก���ก��UA���I�EกQ���J���I�JN�A
NJN�YA�#DU#�&�D�M�NV��ก�ก
�KI�RJ 
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���D��GA&D�?�EN�Y���N&X�J���N�����X�# 80:20 I�E 
70:30 D?��E#Nก%�ก%E�� ��������LZ#ก��
OK#�c�
Zก�WD �&Jก��N�YA�#DU#�&�"���A�I�W� &�J��#KQ�U#�ก���D��
�JLOJ�WN&�E 30 D�M�ND��&�ก��N�YA�#DU#�&����a�X��ก�ก
�KI�RJ
D�T#�X�#V�� I�E�� X��WN&�Eก��UA������D>�JD�W#U��J
DV�#WN& MN��E��b�WN&�E 5 N�ก��KJ&�J�� X� ���
�W�#��#กQ���J���I�JN�A��� XN#
W�J�cJ  MN��E��b        
60-70 kg/cm2 I�EVX�#DกbfH����Y�#��� ASTM     
C-67 กQ�U#A LOJI�W�X� X� ����W�#��#กQ���J���I�JN�A
%E�A�JD�M�ND��&�ก��N�YA�#DU#�&�"���A�ก���� �Q�U���
N�Y���N&X�J���N�����X�#V���EU�X�JA�#DU#�&�I�Eก�ก     

�KI�RJD�X�ก�� 60:40 I�E 50:50 #�K#��ก��U��A�XN#���V��
 XN#
W�J��ก �� X��WN&�Eก��UA������ XN#
W�J�cJ I�E   

OK#�c�aAW&�กก�X�N�Y���N&X�J���N�����X�#V��NM�# \ %OJ��
 ���DU�#�X�a�XDU��E���%E#Q�����E&�ก�HZ>WZ#ก��Z>WJ�#
AW�#ก��กXN��W�J����WNJก��ก�����#KQ�U#�กI�E ���
�#��#�cJ I�X�� ���D�T#a�aAWZ#ก��#Q�a���E&�ก�HZ>WZ#
J�#AW�#NM�#\D>X#ก���Q����A���I�XJ��K JF�&Z#I�E
F�&#NกaAW D>X# J�#AW�#ก���กI�XJ��#%Q�?�ก ก�EL�J
�W#a�W N�Y�c��JDA�#Z#��# D�T#�W# SO�J%Q�D�T#�WNJ�Q�ก��
�A�N�U������bI�X"����E��&D?M�NU� ���DU��E��
Z#ก����E&�ก�HZ>W�XNa� �X�#��EDA�# ���D�T#a�aAW���%E
#Q�a���E&�ก�HZ>WD�T#N�YA�#DU#�&����D�� %Q�D�T#�WNJ
�Q�ก���OกP�D?���D�����KJZ#D�M�NJ  X�ก��#Q� ����WN# 
(Thermal Conductivity) N����ก���#a� (Fire Rating) 
N����ก��ก�#D��&J (Sound Transmission Class) I�E X�
 ���&MAU&�X# (Static Modulus of Elasticity) D�T#�W#  
 

ก����ก������ก�P 
     ก����%�& ��KJ#�KVX�#a�aAWAW�&A�I�E�Q�D��%���X�J���
���L���E�J H�WNJ
N
N� �b  �bF�#� &��c�"� D%W�
NJ
G�JJ�#N�Y�W�#?�� ���ZUW ���N#�D ��EUHA�#DU#�&�D?M�N
#Q���Z>W�Q�N�Y���N&X�J �� ��ก�F� ��>�����ก���G&"� 
 bE����ก��������H �U����&���&�J
��# ��#��H
GA&D�?�EN&X�J&��J #�& %��Oก a>&���b #�&?���@#H  
 J�� #�&��ก�% I�J�NJ I�E#�J�����?�� ##�E�� ���
 N&NQ�#�& ����EA�กZ#ก���Q���%�& G�JJ�#��NJ#KQ�

&�J
W#���DNMKND���Nก�ก
�KI�RJZ#ก���Q���%�&  bEVcW��%�&%OJ
Z �X
NI�AJ ���
N� �b�� b ���#�KAW�&  I�EJ�#��%�&#�K
N&cXZ#�EU�X�Jก��AQ�D#�#ก��%A���"�����N�����X�#V�� 
I�EV���F�bfH���aAW%�กก��V���EU�X�JA�#DU#�&�I�E
ก�ก
�KI�RJN�กAW�& 
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