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 ��) ��M "���� )��2��� �����140 +�"�/� ����<� K��3� �6� 6.6    � )(//1 �����(3	 K��3� �6�52 

 K��3� �6�AK�$� �#�� -	�*� 4� +45�� 9��M ��B  _�]�2	 � ("�/�   "� "	$(��  ��L/�0.3 ����  (�� _��(. 

 ;A	���� �"	� X�0 -��#= �� K�N "�)3 4]<2 :(,(../00) = 2.0	MPa.  

4���<� �	� _	$F	 6�� )2���3 �	�� �� +4���]� �3	 �$. . 4� �L2=) :#	 $*�"�W� S���1 �"	$2��(3	 HI� ( 

(M1)] "� +15 i	 )3"� "�d*� 4� [ ��) )�"	: -��"�400 ��2�3 45"�� (�	6 ��"    � )��2�(�� G	�(0

 4���]� -= 9<2 � 9�: $.) �2 )����� ��� ((OC)2= 4� 4�W. +�L �#�3 �	�"�L� ��F�$**1 �2 ��(A�  ��(F

4��F�	 $. ���7�3	.  

 K�$53 W�1�H� M1 � OC  	" 4f	"	)� .$*1�"	$2��3	 HI� (M1) 4� 45�� �� EN196-1   �( �"	 �"	$2��3	

)� o��E�$2�. . �� �	"	� -=�W�2 W/C  �3	 A	0.5  +$.��    4�0�(3 j��(0 '���(3 43�� � �. �� �

 �$.$.�� #	) Leucate �#	$2	 8�#�� 41 +(4�2	� +���k�  � �"	 �"	$2��3	 4� o���EN196- 1+    ���(<� �(�

 �#1.6 ������  )(� $(.�� .  -���(3  �(� -=CEM II/B-M  (LL-S) 32.5R   :�(3	 -=  �(�69-75% 

 +�*��121-35٪  42��� )�F=LL  #	 ��1 )�= �	�� ��)0.2  � ()2#� $Q"�21-35%     �$(. 9��(/� "�(>72	



 �"�1S 4f	"	 ��	b �� + �$. #	 X��10  "� �"�/� ����<� K��3� �6�2   9M	$(: �) #�"32.5   K��(3� �6�

 "�28  #�"9��1( .$. S�1� 41 )��6*F  -���3 )��6% w� ��3150 ) S����� � �A���121( ;>: +

 -= ��0368  HI� S����� � S������3��3	 . #	 ' 6  ���-$. �$�3"   �(/0 � l= �F= ���

"� -�1  �105 ��2�3 45"�6�$� +�5 ��WR� �� m�W.	 �	� K a(2� M1 1 ± 32.5   �(3	 K��(3� �6�A +

 �3	 -= �"�/� ����<�58 ± 0.5   �3	 K��3� �6�    m�W(.	 [�" U(3�� �$(. ��A �#	$2	) -= 9E�E� �

 (l=13٪ ± 0.5٪  .�3	 HI�M1  "�4���<�  ��UHPFRC   �#	$(2	 4� ;1 ���k� #	 41 �3	 -= ��*�� "�

 U3��� !��� �]3 :�3	 �$. 9��/� � -���3 ��0 ��� ���k�	 ��1 )L5�� 9��M "�N 4� #OC .�3	  

 )����� ���(OC)  4�2	� �"	$2��3	 �� ^��]�XP18-351  .�3	    -���(3 #	 4(1 �(3	 ��	  j��(0  $(*�� 

CEMI 52.5 PM ES �	���� �� +  ;16/A 4�  ��F U��� � H�7��3 4��: �	� "� ����<� ��WL� "�d*�

)���"�  .�3	 �$. 4�0�3 � 43�� � �.���k� �A"?� ) �� ]M20 �� )��� ( �$. x	E�3	 +j��0 '���3

-$�� #	 Palvadeau )4�2	� .$*��F ( �W�2W/C  -=0.53 	-= 4� 4�W. -= :�3  HI�M1   4(� +�3	

 !"?����� #	 ���7�3	 -= 41 �"�N 	" ����"	$2 #��2 . -���3 )��6% w� �� 41 )��6*F3150 �A���1  �

 +S����� -= ��0 ;>:��� 296 S����� � S��� ���3� �3	+   HI(� #	 ��1 )L5�� 9��M "�N 4�

M1 )� .$.�� -= 9E�E�)l= m�W.	 U3�� �$. ��A �#	$2	 (11.5± 0.5٪٪   -= �"�(/� ����<� � +�3	

 "�28 #�" (��� = 48	MPa �3	 .�� F ;F UHPFRC � ;F OC  �� ��6/���#= 4���) �1. g"��� ( 4�

 )��*Q S�3	 -	�*�PRE-CAST+  ���EJ37 ���� �	� ��UHPFRC  ���EJ �50 ���� ��� �	� ��

OC �3	 �$. 4f	"	.  

2.2 ����= [�"42��2 �#�3  

 �#	$2	 �	� ��A42��2 ���� +#�A ��B  C�724� �F ��  �	�� �#	$2	�$�3"   XF�(1 	" )(�  .$(*F� 4(2��2 ��(F 

) HI� ���A"?����k�  ]M1.6 ���� (��#	  ��  �� Y����m�W.	 l= �F= "� �$.  ���� "�20   4(5"�

 H$� 4�6  ��� �3	 �$.  .42��2 ;>: M ]37 ���� m�7�"	 � ��70 ������ �3	.  



��� ��FUHPFRC � OC  #	 [�� X� S�3	 PRE-CAST  U3��'�()�*+��     4(� +�(3	 �$(. 4f	"	

 .�3	 �$. 9���� ;1 ���EJ �� X��7�"	 41 �"�NUHPFRC ) ���A"?�   (]M �(� ���k�0.6 ����  ((��

��� 43 #	 X�� �	� �3	 �$. )2��"� 	�F��� � + OC ) ���A"?� ]M �� ���k�20 ����2��"� l= (��)  4�

 H$�6  ��� .�3	 �$. ]M 4� 42��2 ;>:65 ����      m�(7�"	 +�	�(� �� (F �	(� (��37    �	(� (�� )(��� 

UHPFRC  �50  ��� �	� ������OC )�$.�� .��L*/�  ". U3�� 41 "�]2��F $. ]22  4(2��2 m�7�"	 +[

 ���A"?� �#	$2	 �	� 43 9M	$: �� �	� $������k� $.�� �$. l�E�2	  )A$(*���2 -�*��N	 K�k: "�d*� 4� +

 S3�*� 42��2�	� K�<�2	  8���  8(]M 8��(� #	 ��A��5 �	� �)    )(��5� �$(.  -$2�W(�% ^(�N #	/  U(�	"

���k� .(��� 42��2 m�7�"	 41 �3	 �$. �$F�/� OC 2.5  ���A"?� �#	$2	 �	�     4(� �(��?2 4(1) ���(k�3 

�3	 -��# 42��2 m�7�"	 )��: "� +�3	 (62  ���A"?� �#	$2	 �	����k� �	� UHPFRC � +44   �#	$(2	 �	�

 ���A"?����k� �	� M1 �3	] 4� 45�� �� 41 +22$*��F )��1 �� F [.  

2.3 [�" ��F)f?5 9E�E� � �$>� m�W.	 ��A �#	$2	  

 m�W.	 9��1 "�N 4� 4���	 ���: #	�$. �   �](3 4(3 +l=  )W(�2 �(��N" (RH)     4(2��2 4(3 4(�UHPFRC 

�� D��E� 4d7�� �� "� �� F -�	� "	M D��E�  "� C�72 9��M �e20 ��2�3 45"���� +�	6�  K���� ��

   9(���� m�W(.	 4� 45�� �� ��2 �$(.  �(3	 :NaBr   �	(�RH = 59٪+  K�(��� KCl   �	(�RH = 85٪  �

��SO<  �	�RH = 98٪ �3	.  

 l= m�W.	 �]3%�  B��*� �W�2) K�R� -	�*� 4� (9E�E� 91l= #	   )� -�/2 	" .$F���	  �$(. o�W*�3	 

#	 41 �3	:  

  

-= "� 41 )RH(m  "� )��5 42��2RH ��	�  �$.�$. ��WR� �3	 +=�>  42��2 �/0 ����)Wi "� "� H�

"� -$. �/0 K�N �  ����105 ($�= �3� 4� �	6��2�3 45"� � +���?����=    4(� ���(�   9(��1 "�(N

.�3	 l= #	 m�W.	  

 9E�E� +l= m�W.	 \I]Q	 4� [�" ��	 #	 ���7�3	 ��Φ����� = Φ �$. ^�/� :#	  



  

 -= "� 41@�����  "� l= G�kE� -#�20 ��2�3 45"� +�3	 �	6A��0BC�   4(2��2 ;>:)   #	 ���7�(3	 �(�

 �M� �� '���10.008  8�� ��������A �#	$2	 $..�3	 (  

 l= m�W.	%� 4� �3	 ����  D�b "�/�D��B 9E�E�� U��� 90	� "�  .$.�� �$. o���+8M	� "�  "�/�

D�b D��B 4� )W�2 ���N" RH  9E�E�� U��� _	N	)w� ���i (    K��(�� 4(1 +���(�1 -�2�M ^�N #	

 D�Q�� 	" 	�F / l= "�E� ���)�$*1+ )� o��� .��.D��B o��� S�e	   ��(�A"?� 4(�   B(��*� (]M EF  "�

 l= ��� Z�/� 9k�)� !I � -�2�M U3�� 	�F /��. .����1 4����� ��2	�M ��	 S�1�- !I �  ;F	� 	"

)�$*1�#�5	 41 +  4W3���EF�/0 B��*� ]M ����%�1 ��2 4� ?�2 + �$.  �$(. ��	� ���� "� +T   �	(� �

RH . ��	�$)� 	" �$F�-	�*� 4� + :K�R�  

  

-= "� 41@�����   -#�H"	: 45"� #	 )����) l= G�kE�T ) �3	( S(����� � �A���1q(R   �(��i  #�(A

 9��1 K�g)/ �3	 (����1 "� K�� qT  ��(�� [K]   q�(3	G�      � [K�(� / �A�(��1] �(3	 l= )��(� �(5 

γ&�3	 (H"	: 45"� #	 )���� ��*`�F) 	�F / l= )�]3 X/1 ]23 .[4�	�	 "�  "� H�W(3��� ���� +20 

��2�3 45"��	6 )293.15  (����1�3	 �$. ��>2	 4����� #	 .3"� + RH = 98٪    B(��*� (]M ����%�(1 +

. 4��E�$ -	�*� 4� �EF = E���?����= = 106nm 4W3��� �3	 �$."� q RH = 85٪ -= +13 ���2�2 

�3	 4� o��� 41 +B��*� ��F 4�� ��� C-S-H )  �(3	 (4(�� -�"� B��*� q"� � RH = 59٪ +EF 4   ���2�(2

�3	4� o��� 41 + C-S-H ] 4�� -�"� B��*�24،25.�3	 [  



  

9�.2  

 "�]� 9E�E� � �#	$2	 8�#�� B��*� +9���ΦJ� 42��2 �� UHPFRC ) #	 ��1 ;>:1 S�������2�3 � (

  C�(72 ��(�5 !�3	 Porosimetry (MIP)   �$(. )��(�#"	 $(2	  �(� +9500   ��6�(3�Micromeritics ™ 

Autopore IV "��M + �� C�72 "�/� 4�200 )� K��3� �6� .$*.�� ��� U�	" �	� !I � -�2�M #	 ���7�3	 ��

 ]M �� B��*� C�72 4� o��� ��	 +���5 � 	�F6 ���� � ���2�2 )�.$.��  

2.4 [�"  -��"�)�"	:  

 -��"� _	$F	 )�"	:"� S�E� +��  +�" ��	 #	 � +UHPFRC )� OC � M1 ( XF�1 ^�N #	 �/��RH 

)� -�/�	N	 .$.��. ��>2	 )�"	: H����� +"�d*� ��	 4� ��� �3	 �$105  �400 ��2�3 45"��	6 �3	 +

 41 o�W�"	 4�)M�� 4�?>� 4� C-S- H .�3	 "�L/� 41 "�]2��FC-S-H  �Q	 �	?5	 #	 ?�2 4� K?*� 4� ��� )

)� �  )������ ���$�� "� )�"	: H����� +��.��41 �"	� ��	 � w� )  �	�K?*�   �(�  l��(.   )��(1

.�3	  



  

K�$54  

  

K�$55  

 "�]� )���$<�-��"� "� 42��2 ���� +)�"	:�/0 ���: 85� \I]Q	 "� �F +$*��F     �(/0 U(3�� 4(1

"� -$. �  ����105 �$�= �3� 4� �5 ��WR� �� �	6��2�3 45"�) $2	RH    #	 (��1 'y(35٪  �(3	 ( �

 �� -$. �3 #	 ' 20  45"��	6��2�3 �3	.(  )�"	: 40%)� ��>2	 �# \. 4�42��2 #	 :��.  ��(F20 

�	6��2�3 45"� 2 4��W� H"	: �� 20   ��(�� "� "	$��  ���: �� K�W2� 4� +���3 "� �	A )�2�3 45"�

_$F T  =200 +300  �� �400 ��2�3 45"� H$� 4� �	61  ���3)�	�M1( �� � 24 ���3 )UHPFRC 

� OC("� 'y3 � +  �$**1 �*0 4�:� �W�2 4�20  �	6��2�3 45"� ���3 "�����  4� 20   )�2�(3 45"�

�	A .�3	   

2.5 )��#� ;��<� -��#=  

��#� ;��<� -��#=)  "�UHPFRC  �OC �	�  S�3= �L2=�� )��� H"�Q 4�  �(� � +)�"	: H����� #	 �/

-��#  -�"�0 �%�1 _��.���. 42��2 �$. ��>2	 .$2	 �#�5	 ��	)�   "�(n: ��(�	?� #	 )���#"	 �� �� $F�

#�A C�72 "� W�� .��A ��>2	  

-��#= H��$<� 42��2 +��B C�72 � ;��<���F UHPFRC  �OC 3 'y #	 -�"� 4�(�F     +�$(. 4(��A #�(�

� r�F )*��� -�1 �/0 	"  ��>2	)�2 .$F�"	$<� �� "� �1 �0 �]M "�/�   +�(3	 �$(. K�*1   4(1

4�." U3��� U3� "� 8M	�  �]3 �� )2���  ��A �#	$2	 42��2�3	 �$. 9�. 4� $�*1 ��62 +a2.   K�$(5

4 �"	BA"�� 9:	� D��E� ��F)� -�/2 ���. -��# �� 	"$F�.  



�"	BA"�� K�: "� 4�:� F #	 $�� �3	 #�A ��B C�72 )S�3= ��5� ��)�J�� ��<��� ��F (�#	$2	��A  �$.

�3	     �(� -	�(*� 4(� (6�� � +�%�1 "��0�3 �� -	�*� 4� 42��2 4� 45�� 4� #��2 41 +���. #	 '  6� +

�3	 �6�F 9E�E�� U���.  

2.6 �#	$2	C�72 ��A#�A i�� ��B   

/���#=H� � 9E�E�� U��� #	 42��2 �� -�	� "	M "� �� #�A ��B C�72  �#�(5	 41 +�"��� 43 K��3 �� "

)� K���	 #	 ���7�3	 �� $F�"�/�  �� �����3	�"$�F30 – 35 K��3� �6�     "� -�(�?�F "�(N 4(� +$(.��   �(�

 K��3**  "�/� -���	A) 9�. 4� +�3	 �$. 9��/�b(2 $�*1 ��62.  

 �	� -= )�1 -��� "� K�<�2	  -= ��(3 4(� 8��� "�/� -���	A 4� o��� )3"	� -�2�M +8���  )(� $(.��  4(� +

 C�72 41 �"�N��� 4W�� "��2�� �� ��B  �3	   -"�(<�� 4(���B  ����� 41 + )(� $(.�� [27]  �[28] . "�

�	�62���F � w� 9E�E�� U��� +4�	� �3	"��� �	$��	 "� �$�� �� K��3 -��5 �� w�� "� � + 

X -= )�$.�� ���3	 ���1 �� 4� #�A ��B  C�72 41 �"�N 4� +���� )� XF�1$��� ) ��	��*� �  -�(��	A

��3 � 8��� "�/� $*��F .(�3	 �$. d*�Q X2	A H	i	.  

��B C�72 +����� #�A ���� 	"BA [�" #	 ���7�3	 �� �� � +"	$��  ���: [�" �� �� )'��  -��#=( "�N 4� 41 +

 l�E�2	 "� �$�� 4� "�d*�)A"?� ���� �"	� )6���+  4W3���   .�(3	 �$(.   �(��: [�"   [�" �(� "	$(��

 )�	�	� �	� S3�*����� ≥ 10
�.m��3	 )2��N )/���#= -��# H$� #	 ��A��5 �	� + .�3	 ��	 

)� ��>2	 �# \. 4� 41.��.  

 "�]���3 +)�>� 8��� v #�A ;>: -��5 U3��� "�N 4� LM = N/P  �3	 (4�2�i � S����� "�) 41

 �$. )���#"	 8]<� �]3 42��2 �� -= "��3	 .5 �"�>� -	�*��#	$2	 ���$�� "� ���?� �� -�� �"�� ��A

 +���2 #��2LM  "�/� XF�1 9���� ��ΔP �%�1 ) 41 )2��#�� ��     (�(3	 4(���<� "� ��(� "�/�  K�(N "�

 -��#Δt  .$. ��A �#	$2	��� "� �$. 8M	� 4`�"� -$. 4��� �� ��	��� -?E� ���� +� 42��2[	  ��	� "	M

+�$.  9�. 4� +�3	 �$. ��>2	B2  .$�*1 ��62  +9(��1 #�A ���: 4����� � �����3	 4W. -��5 w� ��LM 

)�$���2:  



  

 ;>: -= "� 41 ���� ��� -?E�A� #�A "�/� +�3	��  ��� ��3 "�� 42��2 �3	 +�. = ���0  "� ��3

 � -= ���� ���0 ���� U3��� "�/� �3	 #�A :���0 = �� � (∆P/21 : 4��� ;> "�  �$(. 4��A d2

 w��e	 9��M �3	   �(� 4(1 �3	 A�   �(3	 �$(. 4(���<� .  +4(�	�	 "��� = 1.5	MPa   �ΔP   #	 (��10.1 

�3	 K��3� �6�.  

�	$��	 "�  42��2 m�7�"	L #�A ��B C�72 +���� = K  i�� �� � "��.= ��(� ��3 "� "�/� -���	A #	�	 ��� 

 42��2(X = 0)  ^�N #	�"�A$2��  � K��3 �5:41 �"�N 4� +�3	 �$. ^�/� 9��1 #�A ���: 4�����  

  

 -= "� 41����  "�)� -��� 8���� +��.μ  ��  �(3	 �(��  ��2	A #�A-= :    -	�(*� 4(�Pa.sec 2.2 "

10
R  ���� "�20 45"� �	6��2�3    �(3	 �$(. 4(��A -�A"= �"��.�5 �	�.   m�W(.	 �](3 "�%&  ��	�

�$. +����  #�A 4� )�	C ��B  C�72 \I]Q	 4� �� K�k���FS�  ��B C�72 � )W�2 #�A��� �3	.  

2.7 9E�E� ��A �#	$2	 )#�A �� (�"	BA"�� ��� �����3	�"$�F  

 �� ��0 9Q	 "� 4��/� +)Q�k�0	 -��#=��  -��#= ��pycnometric     #	 ���7�(3	 �(� �(� ��6(/���#= "� +

 K��3 4�:� F "� 42��2 90	� "� #�A ^�"?�[12] �3	 �$. ):	N .4� 42��2 �3	 ���� #�A   _(N ��

3�"� -��5 4� ���2 #�>� K�: ��	 �� +$�.�� 4�.	� )3�  -=) "	$<�  4�(�� ����  )3�3�  �$(. �(3	 .(

-��3	W���1 -?E� #	 #�A �$. 4�0�*. ;>: A.  "�/� �� "���  ^�"?��3	 �$. �3	 ��	 � w� � 41 

�3	 9��1 .  )��(L2 "�/� "� K���� �� +!�3� "� B��*� 42��2 ;>: ^�N #	 #�A ^�"?� #	 ' �T  ��(5� 

4��� +-?E� 4��� ;>: "� +41 �"�N 4� �"	��F)� )�� +42��2 B��*� ;>: � #�A � ��.:(9��1 #�A -�2�M #	) 

 

 -= "� 41AB  +�3	 B��*� ;>:A. � �3	 -?E� ;>: A��3	 4��� ;>: .�� F ;F A. �  ;F A� ^�N #	

 )���$<� -��#= ��)9E�E�� �e �� U3�� 42��2 )*�?6��5 9��. 41( )� �������. .  ;(>: H��IN	 #	



B��*� AB+ )����� 9E�E� )�#	$2	#�A �� �$. ��A ( 4���	 42��2 ;>: #	 ���7�3	 ��A��0BC� �$. 4W3��� +

�3	  :-	�*� 4�Φ���(��1 = AB/A��0BC�  #	 "	$<� F "��� K��3.  

  

3 .T�� � t���2  

3.1 � -$. �/0 i	 ) #�A ��B C�72UV( WXYZ 

 K�$55 t���2 �$2�� )M�� �	� 9E�E� Φ����� m�W.	 45"� � %�  "�RH ��	�   �	(� 	" �$.UHPFRC 

)� 4QI0 )��L*� 4�.$*1  

3.1.1 B��*� ;>:  

 9E�E�Φ�����  U3��� "�N 4�9.5% +/- 0.5 �3	 +)� "�d�2	 41 "�]2��F    )L5�(� 9(��M "�(N 4� +��"

#	 �/�� 9E�E� ΦJ�  U3��MIP  [#"	 4�6.4%  .�3	 �$. ��	� 4� 45�� ��[7] + ��*%  (�E�E� �](3) 

 �	�Φ�����    ��(� �	�� ��(� #	 )��3� D�N 4� o���  4(2)  ��(� "��(�� �	��(  )(�   )(� "�(d�2	 � +��(. ��"

 �/0 #�A ��B C�72#	 ' ) � -�1 �/0 105 ��2�3 45"� "� � �	6���� = 2 K��3� �6�( )����� 

 "�10
�� − 10
�#m� $.�� .9�. 3 )� -�/2 �	� 41 $F�UHPFRC    �(A ��B( C�72 +�(�  �(/0 #

 4� 41 �3	)�E3  "	(M �i�� ��� 	" "�/� H	��s� ��$��  )(� -= � +$(F�  ��(�  ���$(�� 0.92 �1.5 ×

10
��m�  .�3	�$*� 4<WN #�A ��B C�72 ��*%�	 UHPFRC  ��� "���� �	�� -	�*� 4� 	" ��) �L*� 42 �

��� �	��()��L*� 4� 9E�E� [#"	 �� -	�*� 4� + )� ��L*/�  .$F��72 #	 ���7�3	 4�5�� ��	  C   4(� +#�(A ��B

^�M� j0�. �� -	�*�#	 � 9E�E� ��� �	�� .�3	  



  

9�.3  

  

9�.4  

3.1.2 B��*� �#	$2	 8�#�� � -$. �/0  



 ��WR� "����� "� RH �$. ��	� m�W.	 l= ���: 9��1 "�N 4� 	$��	 #	) �$.��	 8�� �� K�N "� )*�� +4� +(

  l= m�W(.	 �](3 %� 95  "� $(Q"� RH = 98٪ ) 4(2��2 H(   )��(: "� +�(3	  78٪%�= "� RH = 85٪ 

)42��2 G( �3	����  4� � + 74٪ �� U<�RH = 59٪  )42��2 F)� XF�1 ( .$��� ��	 4% A	 ��" � X���#=

42��2 4� Db�� 41) $. ��>2	 D��E� ��F i	t���2 � )� �$F�/� +(�3	   �(L*� m�(*� 41 ;�*14  "� $(Q"� 

%� ��� RH = 85  �59 )� c" $Q"�$F� . )��6*F	 ���7�3	 41 "� !I � -�2�M #20   ��2�(3 4(5"��	6 

�3	B��*� -�1 �/0 4� o��� ��	 +  ��� ]M ��13  ��4 41 +���2�2 �	� 4�� -�"� B��*�  )��	C-S-H +

�	� � 4�� -�"� B��*�  )���C-S-H $*��F����1 -�2�M 4� 45�� �� :- ��� +!I �85  ��59٪ RH ���� +

#	 �A"?� B��*�  )��L2= �3	4�� 90	� "� 41��F C-S-H $*��F )��0 .�#	$2	��A)� -�/2 �� ��F 41 $F�

 �L*�4 91 9E�E� #	 $Q"� UHPFRC �R� -	�*� 4�) �� K%�(RH-85%) - %�(RH=59%)(  "� B��*� #	

$��] ���4،13 .�3	 �$. 4�0�3 ���2�2 [ �L*� +4��/� "�N 4�5٪ 9E�E� #	 UHPFRC  B��*� #	 #	 �A"?�

106 "� �/0 41) ���2�2 RH = 98٪( � +22٪ ?� B��*� 9E�E� #	 #	 �A"13   .�(3	 �$. 9��/� ���2�2

9E�E� #	 �"���� K�R� -	�*� 4�) �F74 �L2= #	 $Q"� (4 ���2�2 �3	-= K�R� -	�*� 4� + 4�� -�"� "���F 

C-S-H �3	 �# "� ."��0�3 �#�3 4*�L� #	 4>��2 �� ��	 UHPFRC  "���� B��*� �#	$2	 41 $*1 )� ;F	�

Z#�2 $*��F K��3 C�72 �	� "� )��� ����<� +�" ��	 #	 +� +.$2"	�  

  



 9�.5 

 ���� �� -	�*� 4� 9��Mt���2 +4���<� MIP B��*� �#	$2	 8�#�� �	� UHPFRC   �(��:   9�(. "� �(/04 

�3	 �$. ��	� . �� ���� 6 #	 � ����  $:) ���2�2 MIP(+ B��*� �#	$2	 8�#�� UHPFRC $� ��� �� +�3	 )

R1	$: B7*�  ]M "�12 �3	 "	$<� ��	 #	 �A"?� B��*� ]M $�$. XF�1 K�W2� 4� +���2�2 . �%�1 H��7�

��� l= m�W.	 "� RH = 85٪ )13       � (m�W(.	 B(��*� (]M ��(�A"?� #	 ���2�(2RH = 59٪ )4   #	 ���2�(2

(m�W.	 B��*� ]M ���A"?� U3�� 41 �3	 MIP 4�5�� �3	 �$. 4��"�]� +   "� (]M #	 )��(3� D�N ��	

B��*� ;>: $�$. XF�1 �#�:  .�3	 4�7L2 4� �	� ?5 4�R1	$: �%�1)  "�3.85  r�F +������ B(7*� 

�/��� �"	$2 ��5� +4����:"�  #	 �A"?� ]M100   ���2�(2 �(3	 .   #	 (�A"?� B(��*�80   -�(���"�  Z(� 

�%�1�>�	 +��6�3� 90	� 4� +42��2 [� U3�� �$. � MIP ��	� �W�2 S3�*� �3	 �$.    B(��*� �(� �(L2= :

 -�2�M �%�1����1- "� J�: K�: "� !I �98٪RH �� � �# -= 2 )*�� X� �$/$2	 . r�F +��	 � ��I�

 #	 ��%�1 B��*�6 ���2�2�  �	�MIP  l��: �3	 �$/2�	� )�Q	 B��*� ]M 41 �"�N 4� + UHPFRC 

$��� 12 $.�� ���2�2 . +�� m�W.	 �]3 ��A �#	$2	 �� ^��]� 41 �3	 ��	  �"�(���   K�$(5 4(�5    :$(�*1 ��(62

	%� "�74  #	 �A"?� B��*� #	 '  $Q"�4 ����1 -�2�M 4� 45�� �� +�$. �/0 ���2�2- �$2�� )M�� !I �

�3	.  

  



 9�.6  

3.1.3  C�72l= m�W.	 ���: "� �$: �� #�A ��B  

 "���: 8�� #	 4��2 $*% 4f	"	 )*�*� (RH,	%�) ��= 4�*�	 �$F�/� �	� �� _$F +UHPFRC  �3	 ����

����"$�F [� ��  $F� 4f	"	42 ��)� #�A -= S5�� 4� 41 �3	 +42�3" ^�N #	 $2	���F -��5 K��3 �]3 

F� -�/2 	" ��	��3	 �$. m�W.	 9��1 "�N 4� 	" -= 41 )��: "� +$ . +�# "� +��	��*�  #�(A ��B( C�72 F�b 

����  #	UHPFRC  �3	 �$. 4f	"	(1)  ��WR� #	 '  ���� "�RH  ��	��$. � +(2)    -$(. �(/0 #	 ' 

"�  �105 ��2�3 45"� ��� �� F +�	6X.�   ��30  +K��3� �6� 9�. 4�3  .$�*1 ��62 42��2H  �(� 95٪ 

m�W.	  �$. :�3	 -= #	 ��1 #�A ��B C�72 ��10
��m� �"	�)�M	� #�A 8�� r�F � +�	  ����  ��3 "�

 ��A �#	$2	2�$/ �3	��� ��3 "� ���i #�A "�/� #	 ���7�3	 ��6*F "� +  #	 X�� �	�4   .���(3 (�)  -	�(�

4� o��� 7Q �� �	� #�A ��B C�72 41 ��A 4>��2 	%� = 95% (RH = 98٪)   .�(3	   #	 ���7�(3	 �(�

 "� !I � -�2�M٪RH = 98  �20  45"���2�3     4�(3��  �(�� r�(F 4(1 �(3	 )*�� -	$� ��	 +�	6�	  "�

UHPFRC B��*� #	 9�/��  #	 �A"?� ]M 41 +���2106 �3	 ���2�2.  

  

 K�$56 

 42��2 �	�F �G �# 41 +	%� = 95% �W.	�$. m$2	 � +K��3 X�	?�	 �� #�A ��B  C�72 + "� "���� ���<�

;1;�	 + #	 10
�.m�  4�7 " 10
�.m� )42��2 F +	%� = 74% (  �(� �8 × 10
��m�   4(�2 "

10
�.m� )42��2 G +	%� = 78%( �3	 �$. �Wi + �"���� 9�. 4�3  .$�*1 ��62   "�(d�2	 4(1 "�]2��F

)�42��2 m�W.	 �/�� +��" G )	%� = 78% (C�72    4(2��2 #	 (��1 ��	$(� "�(N 4� #�A ��B  F )%� =

74%( .�"	� 42��2 ��	 �� F �	��� "� �F   "�(k�� "�(/� �� = 30	MPa +����   ��(�10
��m�  �

8 × 10
��m� �3	 �� -	�*� 4� 41 + [� ����"$�F )�M	� 4��A d2 "� �$.�3	 .   �	(� +8(M	� "�

���� = 10
�.m� ) S��� 4����� = 8 × 10
��m� "� +0.2  #�A "�/� -���	A K��3� �6�)  4(1



 4�"�d*� 9�� "� K���	 �3	( #�A -��5 + �L*�8.14  /����������3  S��� 4�)6.51 /����������3( 

�3	 )���� $: "� q0.5 ��3� �6�    #�(A -�(�5 +#�(A "�/� -���	A K26 /������� ���(3    �(� (�	�)20.8 

/����������3.�3	 (  

  

�.97  

3.2  �� )���#"	���: ) �	� �/0 85�U_ (WXYZ  

-	�*� 4� +��� �	�� � )>�"$� S�3= i	 4���<� �� _$F #�A ��B C�72 ��A �#	$2	 �� �� 4]�	" "� +���: 

85�  .�3	-=  "� �/0 ���: -	�*� 4�105     �(� 4(� o�(�� +�	A )�2�3 45"��̀    �"	B(A"�� K�(: "�

 �� �����3	�"$�F30  �� K��3� �6�25 HI� �	�) K��3� �6�M1 (   �(3	 �$(. l�(E�2	 . 9�(. 5  9(���� 

����  ���̀���� 43 F "� + )UHPFRC +OC �M1)� -�/2 	" ($F�      8(5� �(��: "� 4(�F 4(1 )2�(�# +

$*��F .)� ���7�3	 ;���3 4� ��"� !��<� +��."�]2��F ��B  C�72 ��n� 4� �/�� 41    �(�A �#	$(2	 ���

!�W�M	 ��	� .�3	 �$.  

41 �3	 $<��� )�� UHPFRC ��B  C�72 ��1 )L5�� 9��M "�]� #	 OC HI� � M1  ��� [#"	 �� +�3	

0.96 �1.5 " 10
��m� )XE� �# ��*`�F )�WM 3.1 $�*�W� 	"(  ��(� ���$�� ��	 41 )��: "� .6.0 



�6.5 × 10
��m�  �	� M1 ��� � +20.1  �49 × 10
��m� �	� OC �3	.   +K�(: ��	 ��  8(5�

[#"	 ��F ��B C�72�	� �/0 #�A UHPFRC  "�   �(� ��6(/���#= "� ^��3 �$�= �3� 4� t���2 �� 4���<�

]17��� )�	"�1 �� ��� $*% "� [ )� )M��$2��     ��$(: #	 #�(A ��B( C�72 4(1 +5 × 10
��m� ) �6   �(�8 

9E�E� $Q"�(  .�3	�	� �/0 #�A ��B C�72 85� UHPFRC )��*R�3	 ��	 �3	 ����  +.���2   ��I(�

 �_I0� +��	 UHPFRC � OCHI� + M1 ?�	 ��$�� 4� �W�<� ��	 :�3	 !��: "�/� X�	 4(�  (���M	� )

41 )A�"�0 Z� r�F �%�1) 45�� 9��M  c" -= -$. �/0 K�N "�2�	� �W�2 +�3	 ��	$�3	  �$. �. 

 �/�� K��2 #�A ��B C�72 "�   "�(k�� "�(/� 4(� �	�� ��3��: )���#"	 �	� !�W�M	  �(3	  4(1 +   "�(N 4(�

-= S�3= �]3 4� o��� ;�<��� )�$.�� �� :   ��	� "� #�(A ��B( C�72 ��� �W�2��  ��(��1 "� �  �� 	"

���7�3	 ���7�3	 	" �$. ;��1K�R� -	�*� 4� + �(��)/K(�� = 3G��)  + 9�. 4�6   .$(�*1 ��62  �(�	

�#�5	 �1 Z�  �	� -4���	 #�A ��B C�72 )�(�� = 3G��)( )� 	"$F� 41 + ��	 �� "�d*�  9(��M "	$<�

�� ���� �� #	 )L5�� 6���  +�3	 H��7�� 4� K�$56 :$�*1 ��62 	�(�� = 3G��)   (3��� "�(N 4(� U

1.4 × 10
��m�  �	�105 ��2�3 45"�  �(/0 (� �	6 UHPFRC  �(3	    -�(/2 	" -= 4(1 )��(: "� +

 �$*F�4.6 �	� "	$<� ��	 "�� M1 � +35  "	$<� ��	 "���	� OC .�3	  

�3	 �$. �$F�/� D��E� #�� �� .#�� ����	 �"	BA"�� K�: "� �3	-= )N "� 41 + ��� OC  (3��: 4� ���

X�	?�	 ��  ��60٪  "� #�A ��B  C�72 "� XF�1�� = 30G��  .�3	  4(1 �(3	 )*�� ��	 4� ��	 OC 

 Z� 	$��	 �%�1�3	 ��"�0 . 9�. #	 IWM 41 "�]2��F5  �"�.	$. +HI� M1   4(� !��: �e �W�<��� 

�3	 �	�� ��	 41 �3	 )*�� -	$� 41 +) )L5�� 9��M "�N 4�wrt.  )��2	�� K�(<�2	  -= #�(A  �(� (105   4(5"�

 �	6��2�3H"	: )�2 "	M �i�� ����A .� �#	$2	 4�OC +UHPFRC      ��$(: XF�(1 �(� +K��(3 4� !��:

30٪  "� #�A ��B  C�72 "��� = 30G�� �3	 .    ��(� "�(��" +4(��E� 4(�:� "� OC   #	 (��1 $2��(�  

UHPFRC  �� H��7� :�3	���� �	� "�� ����	 �	� �"	BA"�� 4�:� "� OC  �	(� #	 UHPFRC   ��%�(1

�3	 .H	$F�/� ��	 ��	 4�  )*�� �3	 )��6*F +41 4190	� "� #�A ���� +�$/2 "�k�� UHPFRC   �"�(���



��� #	 ��1 #�� OC  .$*��F ��	90	� "� #�A ���� UHPFRC  _��. ��]M)�%�1 4*�L� S�1� -	�*� 4� +

 �$. �#�3�	� o�W*�3	 )� ��.$*F� 

9�. a7  ��k�SEM   "��0�(3?�" #	 )��(��� UHPFRC     �(/0 8(5� �(���	 "�  )(� -�(/2 	" .$(F�  "�

!��<� �$F�/� ��F �$.U3�� SEM )*��� #	 �    _��(. r�(F +(���2�2 $Q $*% )�%�(1   �$F�(/�2  �$(/

�3	 . +K�: ��	 ��UHPFRC  �� "�)�"	: H����� �3	 �$/2 jE/�  � _���	 ��� o�W�"	 ��WL� �	� 41 +

)A$*W�% ]5)� �#�5	 [.$F	�0  

H	$F�/� #	 SEM #	 UHPFRC � M1  "�)� o�W*�3	 ��*% +�/0 85� ���: 4(*�	� 41 ��. ����  �

��$�� 4� �W�2 -= ��3��:�  �� F 4� 45�� �� +"�/� H	��s�(1)       � -���(3 (��0 ��(� $(2�� �����(3	

�?�� _���	  /�) � -���3 ��0 �����k� ) � (43�� � �.2)�2 (  #	 ��1 ]M �� 43�� ��F 42	�) "��0�3?�"

0.6 �	� �� )��� FUHPC  �1.6    �	(� (�� )(��� M1  .$*�(�F (    )(�2 � )A$*W(�% H"$(M �� (F 

"��0�3?�" �	� UHPFRC  �(� 41 )��6*F +�3	 �$. �#�3 4*�L� M1 )� OC (   �(3	 �$(. 4(���<� .  �(�	

 G	�0 � ;�<��� SM	��K�<�2	 8��� �"	�4���<� "� 41 )��6*F : UHPFRC  ��M1  �OC +����   "�(N 4�

���� XF�1 )L5�� 9��M ��$�� "�/� H	��s� 4� �W�2 -= ��3��: +$.9�. +��F 5  �6 $�*�W� 	".  

3.3 	�� � /�*� S�3= i	�  

3.3.1  H	��s���0�3?�""  

"�/�2	  �"	����k� U3�� )�"	: H����� #	 '  S�3=SEM ;�>� �3	 �$. 9�(. 4� + a7  �b  (� �	

UHPFRC 85� � )12 (   HI(� �	(�M1   $(�*1 ��(62 .  �	(�UHPFRC    4(1 �(3	 �$(. �$F�(/� + 

)A{��S�3= ��F  )�Q	 4� -��"� H������ "400 ��2�3 45"�   -���(3 (��0 � W�� ��� U�	" S�E� �	6

� +�3	4� 45�� �  "�n:)�IN  m�W.	))��"�� "� ( 41)� -�/2$F� . "� 41 �3	 )�]3 #�� ��	 +K�: ��	 ��

$/2 �$F�/� _���	 ����� �L2= �]3 ���� �	�F �� r�F � +�E� :�3	 �$/2 S W�� ��� ��$�� "� $2�� ��

��5� -���3 ��0 � �"	�.  



HI� �	� M1 #	 '  S�E� +400      ) �(� +�(3	 (� ���(�A )(�"	: H����� �	6��2�3 45"�1  B(��*� (

 ����AU3�� �$. �$F�/�)MIP () �2  Z(� #	 ).�2 H"	: ( �(%�1  "�     9(k� "� �� (F (J�: K�(:

 ��� Z�/����k�  � -���3 ��0 � 43�� � �. )A$*W�% -�$�-���3 )� )���$2�."� 41 +   4(2	� ��

��F U�	")� "	M� $2��  �$�W�% / 4�� .��.�� B��*� [��A 4�?>� C-S-H  ���$�� "�105-400  45"�

 �	6��2�3 )A�"�0 Z� � +�3	 �	�F�%�1  � -���3 ��0 ��� 9��2	7�� m���	 4����k�  �	� �W(�2 �

)� .��.�	� OC.�3	 o�W*�3	 4��/� S�3= ;��2��� +  +K�: ��	 ���	� UHPFRC )A�"�(0 Z� r�F + 

)�%�1 4� 4�W. M1  �$F�/�/2$�3	 � . )(:	N +8M	� "� UHPFRC  9��(. ITZ     U(�	") ��$(�� "��(��

 � 42�0"�1 ��� )�73 H��7� "� ����$�� �� � +(K�<�2	 4<]*�)A$*W�%    "� X�	?(�	 4(� 45�� ��)  )�7(3

-���3 ��04� � + 43�� � �. wrt. �/�� �W�2 -=( �3	 .�	    � m�(M� -�(1 ��$(�� 4� ��1 4� �?�� �

Z� -	?��  �%�1�3	 .4�?>� +��	 � ��I� C-S-H /� ��    �$(�� X(E� 4(� )(3�3� �	� 82�� 9� #	 �	

 l�0 "���� B��*� �#	$2	 4� 45�� �� +42��2.�"	� )6��� 

3.3.2  #�A ��B C�72)UV( WXYZ S�3= "�/�2	 #	 '   

 H	��s� +)�"	: H����� #	 '  :�3	 �$. ��	� -�/2 #�A ��B C�721 ( #	 )���� -	�*� 4�   H�(���� ��(��

) )�"	:T ��	� ;1 K��3 "	$<� �� �	� �$. 3 K��3� �6�(  9�(. 4� +8   $(�*1 ��(62  -= #	 '(  +2(  4(� +

��$�� #	 )���� -	�*��  9�. +"�/�9  �3 $�*�W� 	" U3��    #�(A ��B( C�72 8(5� )105℃, ��( ����  

/)c, ��( ����  .�3	 �$. K��2 )A$*���2 F)A{�� X�	?�	 D��E� ��FG�0 C�72 H	��s� �� #�A ��B 

Y7: � )�"	: H�����  ���� 43 4���<� �UHPFRC +OC � M1 .�3	  



  

9�.8 

3.2.2.1  i	 -��"�����  K��3 "� )�"	: . 9�. "�8  H	(��s� +42�A	$5 H"�Q 4� �	�� #	 �� F �	� +

 K��2 #�A ��B C�72 �3	 �$.[#"	 �� 4���<� "� K�R� -	�*� 4�  �������: "�  "� �/0 85���  =3 

K��3� �6� ;1 �3	 . i	 +)A$*���2 ��*% #	 ���7�3	 �� -��"�   (� �(L*� )(�"	: ����   4(1 )��(6*F  "� -=

�� 4���<� �� �3	 �/�� K��3+  ���<�)�.��.  



  



9�.9  

 9�.8 )� -�/2)�"	: H����� 41 $F� "� � = ����(�� = 3	MPa) )� -�/2 	" X�	?�	 $(F�  4(� +

-= 41 �"�N  U3��1.6 �	�) OC( 2.1  �	�)UHPFRC(  �2.8 �	�) M1( "� T = 200  )�2�3 45"�

�	A  .�3	  �$. lJ "� ��/�� X�	?�	� = ����(�� = 3	MPa)   "� 4(1 �(3	 T = 300    4(5"�

��A �#	$2	 �	A )�2�3 �3	 �$. 41 �3	 -= :�� 2.9 �	� OC +5.7 �	� UHPFRC  �10.4 �	� M1 

 .�3	 �$. lJ45�� 9��M "�]� X�	?�	 �/���  "�400 �� �	A )�2�3 45"�  l(J � = ����(�� =

3	MPa)  ��8.7 �	� UHPFRC +13.2 �	� OC  �36.7 �	� M1 �#	$2	 �(�A   .�(3	 �$(.   +��	��(*�

UHPFRC X�	?�	 ����%�1  ���$�� T=[200;400]��2�3 45"��	6   �(3	 ��(1 Y7:   4(1 )��(: "� +

HI� U3�� 41 �3	 )�"	: 9��� 4� H"��0 ���/�� M1 .�3	 �$2�� "	$�� OC      �(� S�(3= ����%�(1

300 ��2�3 45"��	6 �3	 ��1 Y7: 	"  4(1 )��: "� +   #	 '(  XW�(3=400   ��2�(3 4(5"� �	6  H�(����

#	 �/�� )�"	: UHPFRC �3	. 

�	� M1 � OC)A{�� +)A�"�0 Z� � [��A B��*� 4� o��� S�3= )�Q	 ��F  �(%�1  $*�(�F  (�# +

 XE�3.3.1 $�*�W� 	" . +��*`�FM1    4(��� +(�*��1 �L*� 42 9��. 41 +�3	 �$. 9��/� -���3 �� #	 #	

 � �F= a*3 �$**1 ��1�0 �3	 �$. 4�0�3 �"�1 .  �����1��(3	 +H���(J	 ��	 4� 45�� �� C-S-H "� 

M1  #	 � ����AOC �3	�3	 -���3 �� -	�*� 4� �L*� �*��1 #	 ���7�3	 �� 41 + .4�?>� +��	��*� C-S-

H HI� "� M1  #	 �(/�� ���� ���$�� �� "� �3	 Db�� OC     4(1 "�]2�(�F +$(F� c"    D(�N �(� 4(�

X*1	� #	 ����3�)�����. ��F �	� OC o��� )� .��. ���M	� ��	 � ��I� ��	  HI(� 4(1 �3	 M1 

#	 -���3 ��0 #	 ��/�� �W�2 9��. OC ) 368  S����� � S��� ���3�  9(��<� "�296   ���(3�

)� (S����� � S�����.�����1��3	 ��	 + C-S-H  )�Q	 9��� 4� �3	 � ����A  X�	?(�	 �	� 4�*�	

"� �/�� � ���#����(�� = 3	MPa) HI� #	 M1 X�	?�	 �� T �3	 �$. ��7� (� 41 )��6*F +� OC 

�3	 �$. 4���<� . +9��<� "�UHPFRC �$2�� )M��  �$�� S�3= H"$2 4� � 	$Q �3	 4(� 41 M1 � OC  "�



F "� H	��s� #	 )�1 �	$�� �� 4���<�-= B��*� 43$* �3	   X(E� (�# +3.3.1      4(1 �"�(N 4(� +.$(�*�W� 	"

S�E� -= #	 ��1 "���� -= ��B C�72 OC �  M1.�3	  

  K�$(5 +9��� "�]�6   )(� -�(/2    K��(3 "� 4(1 $(F� ����(  )�� = 3	MPa +( ��(� OC   �����(� �	"	�

� �� 9WM +�	�� 43 F #	 #�A ��B C�72 "� )�"	: H����� #	 $�400  .�3	 �	6��2�3 45"� �(� 41 )��6*F 

UHPFRC 85� �/0 ���: "� )� 4���<���.HI� + M1 �� �	"	�  ���� �L*� �� �/��4.6 "�� �3	 +

41 )��: "� OC 35 "��  ���� �(3	 �/�� .    )(�"	: H�(���� #	 '( 400   ��2�(3 4(5"� +�	6OC   #�(*F

�W�2 ���A"?� K(material)/ K(UHPFRC)+  [#"	53 �"	�  4(1 )��(: "� + M1  [#"	20   X��(�2 	"

)�.$F�  

  



9�.10 

E� +K�: ��	 �� ��� l �	�� ��0 #	)���: -= �/0 85� (M1    9�(. 4(� +�3	8  �"�(���    .$(�*1 ��(62

*�	 42�6 )� ��7���.  41OCS�3= 4� !��: ��1 +��B  C�72 	$��	 "� + )�"	: ��F ���� :�3	  )(�M�

)� c"^�N #	 #�A "�W� +$*F� OC )A�"�0 Z� �� � B��*� [��A "� -	$*% �%�1   -	�(*� 4(�   ��(>2	

M1 .$*1 )�2 4���  

3.3.2.2 )�"	: H����� #	 '  �	�� )���#"	 . 9�.9  ^�]� X���2 4�7Q ^�N #	 +#�A ��B C�72 [#"	

 �W�2�(��1/10
��m� ��$�� 9��<� "��     )(�"	: H�(���� ��(�� (F �	� "�/� T = 200 +300  �

400 ��2�3 45"� "� � +�	6   :(D(�	) �	(� +8(5� �/0 ���: �� 4���<� UHPFRC:(l) + M1 x) �(OC 

)�$.��. #	 #�A ��B C�72 [#"	10
��m�  4� o���"��� "���� �	�� $:"   "� ?(�M U0 �� U3�� 41)

9�((. 9 �	� -�((/2�((3	 �$((. �( )((���((. 4((1 )��((: "� +10
�#m� "��((� �	�� $((:" � ()((�= U((0) 

3 " 10
�#m�   .�3	 \I]Q	 4�" U3��� $:�	��"    �(3	 (���(3 U(0).    #	 !�(�<� ���(�� X�	?(�	 

UHPFRC (0-1.4) 4� OC (0-70) 9���� X�	?�	 "�d*� 4� +�(��1/10
��m�  �	�(� #	 �� F �	� 

)�.$.��  

  

9�.11 



 41 �3	 �$. �$F�/�UHPFRC  �	"	� 4�t�"$� ��B C�72 X�	?�	 ���� ��� X�	?�	 ���   +)(�"	: "�

)� K���	 K��3 F "� ?5 4� .��.�� = 3, 6	MPa  #	 ' 400 ��2�3 45"�)�"	: H����� �	6 +���� 

 41 +�3	 ��� "���� �	�� $: �#)��0 "���� "���" #	 -�/2 UHPFRC  #	 '  "�/�2	S�3= �3	.  

 HI� +9��<� "�M1  "���� �	�� $: �# #	 '  �L*� ���105  6��2�(3 45"� �	 "�  (�    )M�(� -$(. �(/0

 �	�� �	�� 90	� "� 	" -= q�3	 �$2�� #	 '  ���200  �300 ��2�3 45"� �	6  -�(�"�  )(�"	: )(� ��(. � +

 �	�� $: #	 ��1� U3��� "�] #	 ' 400 ��2�3 45"� �	6 -��"�)�"	: )���.   �	�(� 4(3 F #	 .  �"�(�

�� +)3"� �OC S�3= 4� 9M	$:  #	 '(  )�: :�3	 ���<� )�"	: ��F105     �	(A )�2�(3 4(5"�  (� "�

-= +-�1 �/0 �3	 ��� �	�� $: #	 ��1 -= .�3	 ��� "���� �	�� $: #	 ����q  �� (�# T = 300   4(5"�

��2�3� �	6 �� ≥ 	6	MPa   U(3��� �	�� $(: #	 ���� -= +H"�Q ��	 �e "� .)T = 400    )�2�(3 4(5"�

 � �	A�� ≥ 25	MPa �� F �	� .�3	 (M1  �OC +���:  4� ��� �	��300 ��2�3 45"� �) �	6�� ≥

	6	MPa. #�A 41 ��� 42��3= "� 41 +�3	 (   ��(. )(� m�  �(�WR� �L� -�(�5 "�  �(�) (� ���� ≥ 3 ×

10
�#� Y7: ()�.��. 

 

3.3.2.3 � ��3��:�� �� "�/� H	��s� ��$�� 4� ��A .  H	(��s� 4� ��3��:��   9�(. "�10 U(3�� + 

�(c, ��)/K(105℃, ��)  .�3	 �$. ��	� -�/2 �	(� "�/� ��� ��$�� 9��<� "�   :(D(�	)UHPFRC +

HI� :(l) M1  (x) �OC  D(��E� ��F��� �	� +T = 200 +300  �400   ��2�(3 4(5"�  �(��: "� � +�	6

�/0 85�  :�3	 F +�� 4� �W�2 +�"�� ��	 "���  �����)� .$.���� ��*% -	�*� 4� +�3	 $�7� )���2#

#	 �i	  4���	 K��341  ���� H����� U3��l��: �$. �3	  �� � 4(�?>� 4(� 41 �"�N 4� +    �(L*� (i	 9(��

H"	: 9��� 4� K��3  ���105 ��2�3 45"��	6 )�.�#	�   

 �	�UHPFRC   4(� ��(3��: +  "�(/�   #	 '(  "�(k��200   ��2�(3 4(5"�  �(� +)(�"	: �	6 �(c, ��)/

K(105℃, ��) +�� ��"�� ���$�� "� D��E� ��F1.9-2.1  F�� �3	 ���i �W�<� 9�. 4� +10   ��(62

 .$�*1 �� �$*F� -�/2 "	$<� ��	 #	 '  "��105  �	6��2�3 45"�-�1 �/0 �  :�3	 -=;F   ��(�� ��>�	



#�A �3	-	?�� 4� 41 + 5�� 9��M)L  4��� = 30MPa ���2 ���?2+ �	� �W�2. ��	  �	� ����� 41 �3	

 �#) �%�1 w� ���� 4�W. ��Âμm1 .�3	 �$. �$F�/� ( #	 ' 300  � �	6��2�3 45"�400  45"�

��2�(((3 ��B((( C�72 +)(((�"	: �	6�$(((. K�(((�2 � K��(((3 "� #�(((A ����((( �(c, �� = 3	G��)/

K(105℃, �� = 3	MPa)  #	 '  #	 �/��105    �(� �	6��2�(3 45"�200   ��2�(3 4(5"�  H�(���� �	6

 #	 [#"	 �� +)�"	:5.7 "� T = 300 ��2�3 45"� � �	68.7 "� T = 400 �2�3��	6  .�3	#	   ^�$(k� �(�	

 ;>: ��/�� #	X�	?�	 �� #�A ���� T �3	 + 419�. #	 J�: K�: "� 8 )� �$F�/���. . ��	 ��  "� +K�(:

 4� 9��<�200  �	6��2�3 45"� -��"��"	:)�W�2 + 	�(c, ��)/K(105℃, ��) 	" 4�  X�	?(�	 �� t�"$�

[#"	 �� +K��3 ���$�� "� 3.5  ��5.7 "� T = 300  ��2�3 45"� � +�	65.9   �(�8.7 "� T = 400   4(5"�

��2�3+�	6  �	��� = 3 − 30	MPa )� XF�1.$F�  ��7� -= +H	$F�/� ��	 #	)� ��.  (/E� 4(1)  #	

���� �	� ����A )��1 �#	$2	 4� #�A ����  41 )2��#�� )� X�	?�	 .�3	 �$. ��>�	 +$��� H	$F�/�SEM 

 #	 ' 400 ��2�3 45"� �	6)� -�/2 	" )�"	: H����� 4�.	� ��5� -���� �� $*% �� 41 $F��3	1 + 4

 ���� ��7� ��	 4�5��"�]� -���� $*% -	�*� 4� �	 ����A �3	 + 9�. 4�b7   .$(�*1 ��62   4(1 �(>2= #	

  -$(. 4��� +�3	 �$. �$2�>*A ;1 ��B C�72 '���� �� "� )�"	: H����� U3�� �$. ��>�	 #�A ����

-= #	 �/�� 4*�	� �� 'W: 4� 45�� �� M1  �OC )�$.���*`�F + 9�. 4� �b10  �c  .$�*1 ��62  ��I(�

�	� +��	 � c > 200  �W�2 �	6��2�3 45"�	�(c, ��)/K(105℃, ��)   4��(/� S�. �� K�W2� 4�

 F�� �3	$F� )� c" �#	�� �	 ���. 4� #�A ���� )>�"$� -$. 4��� : .  �(�7� ��	   #	 '(  Z(�400 

��2�3 45"��$. ��>�	 )�"	: �	6 )�$.�� ���?2 41 + 4����� �� 4���	 #�� �� + "� -= 4��(/� T = 300 

��2�3 45"��	6  .�3	 �$. ��>�	#	 '  +K�: ��	 �� +�L2= H����� 400   ��2�(3 4(5"� �	6 "� H"	(: ��(F 

�$���  .$*��F 

 9�.b10  �c �W�2 �$*F� -�/2  �(c, ��)/K(105℃, ��) �	���� M1  �OC   .$*�(�F  "�]2�(�F

 �	� 41UHPFRC �	� +��  #	3  ��30  +K��3� �6���� M1 X���2�$*F�� 42��3=    ��(� ��(��200   �(�

300 ��2�3 45"��	6 �3	 ��B C�72 �W�2 -= #	 41 +�X�	?�	 )L5�� 9��M "�] 8.5 ��10.4 ) �	�T = 



300 ��2�3 45"��	6(  �� �30.5 �� 36.7 ) �	�T = 400 �	A )�2�3 45"�(  �(3	  -= 4(1 )��(: "� +  "�

 ���$��2.4 ��2.8  "� T = 200 ��2�3 45"��3	 �	6 .  �	(�OC  ��(� 42��(3= +  -�(*`�F 	" �(c, ��1/

K(105℃, ��) )� X�	?�	 )L5�� 9��M "�N 4�$F�   "� 4(2T ≥ 300   )�2�(3 4(5"� �	(A :"� T = 200 

 +�	6��2�3 45"��(c, ��)/K(105℃, ��)  ���$�� "�1.1 ��1.6    -= 4(1 )��(: "� +�3	 H��7��"� 

2.5 ��2.9  "� T = 300 ��2�3 45"� "� � �	611.1 �� 13.2   �	�T = 400 ��2�3 45"��3	 �	6.  

 

4 .��A 4>��2  

)*�� ��� )�	"�1 �� �����	 
�� ��FW�� ��" � )�>� 4���]� ��	 (UHPFRC) 	 �$. ):	N -�<� 41 �3

4��2� �	� 4�Q 4��3	 �$. ?1��� -	�� )3$*L� ���"�1 ��F . l��. #	 $�� -= �	�� )3"� �� _$F

 :��� )M�� )3"��#-$. �/0  +)f?5105 �/0 � �	6��2�3 45"� +�1200 +300  �� �400   4(5"�

��2�3 �	6 H�������#� X���#= �� ��) )M�� ;��<� � )�"	:.() UHPFRC  �� ����� �"	$2��3	 (M1) 

)����� ��� 4� � (OC) �3	 �$. 4���<� .>� "	?�	    �(�� #�(A ��B( C�72 �	�� )���#"	 �	� �� �$��1 )�

'W:D��E� ��F +MIP � SEM 	$2	 �	�F 4� D��E� "��0�3?�" H	��s� )���#"	 �	��# ��AB��*� �3	.  



 

 

  

  

� مقا�، از �ی  �ه مقا�ت ا �� ن سايت شده �� ��ه فاراي �� در  PDFكه #� فرمت  ميباشد ��

ان قرار � ايل ميتوانيد #� 6يک �� روی د3ه های ز��  گرفته است. اختيار -, عز�� از در صورت :�

اييد:سا�� مقا�ت  � استفاده :�   ن<�

  

  

  

  

  

  

  
  

  

  

ه شده از  �� � مقا�ت �� � ه فا ؛ مرجع جديد�� �� ت معت<� خار�B سايت �� �# ,Dن  

http://tarjomefa.com/
http://tarjomefa.com/%D8%AF%D8%A7%D9%86%D9%84%D9%88%D8%AF+%D9%85%D9%82%D8%A7%D9%84%D9%87+isi+%D8%A8%D8%A7+%D8%AA%D8%B1%D8%AC%D9%85%D9%87+%D8%B1%D8%A7%DB%8C%DA%AF%D8%A7%D9%86
http://tarjomefa.com/%D8%AC%D8%B3%D8%AA%D8%AC%D9%88-%D8%A8%D9%87-%D8%B1%D9%88%D8%B4-%D8%AA%D8%B1%D8%AC%D9%85%D9%87-%D9%81%D8%A7
http://isidl.com/

