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1.� 
	�� 
 

FRP(ù÷�nDH9:;69) ĮēĞ¤��ī��
��+ĮÿĩÛ����,c-�ÿĩ¤/º�,���

*Į£Á�Éė¿¯/Ć��,Éė¿¯����Ýĕ	

Ñä�-���įÏĔâ�_�	�¤Ú	Y�G(5H9
ù÷)FRP� ī�¤Ú�C(×ôù÷)FRP/õ%v.��
Éó�,Į@1CI;>FRP(HFRP)Ä	úÅ�-��,
1)į�-$��ĮøĒOðĀÞĖĒ(ÔÕ³č�ÓÌ�

��FRPÎĚÌRĜ¿����ěÝÇČ]	�x�-�
�,2)-3)įHFRP ĮÛ�üS¤�c-�GFRP�)"
CFRP�õ%v.���,�&ĮHFRP����'ğ¿	
ÿĩ�(��ęĝÿĩÛ����,Û�ÿĩ¤�c-�

�,'��¼¡�-��,įăû* Į`ĘlnďĪ¢

�HFRPÄ�k�Ø¤đÃ�)+ĮÛ�üS¤�Ď_/
��
�4)į���Į�ĥ�Û�P���,üS¤ý(Į

Ġ¼üS¤�ģ�,æĊ���� pe� ����į 
���ăû* ĮHFRP�Ġ¼�.�,Û�üS¤ý
/Ď_�,�&�Į��·ĦďĪ(´�)+'Ġ¶Ģ�

.�,`ĘlnďĪ/�³��į¾í� Į��·Ħ(

Ġ¼`Ęln¢�HFRP�¸
���)"�Ģ�0°�
���n/Ď_��öÂ/�x�,į  

  
2.� %(�! 
 
(1)� ���� �
��	�¾ďĪ�\Ý��HFRPÄĜ¿�°ħ/ê�į
Äī�250mmĮBHK8�95mmĮ23Cr�9mmĮB
HK8r�14mm�I°ħÄ��+Į�©¥ Ð�)+ć
[�-�'���,įBHK8Ĝ 5H9ù÷�×ôù

÷�),@1CI;>FRP��+Į23CĜ 5H9ù
÷�%�),GFRP�NZ¥ �-��,įF=I;6
9Ëþ� A?J49<JËþ/¬Ý���,įî�É

¥�Èà/#�	�ê�į 
 
(2)� ��%(�!�
� lnďĪ���Į`Ęüa¤ďĪ�)"��·ĦďĪ

/�³��į`Ęüa¤ďĪ ´�4)�wÊ��,	Į

¾í� �*�Ġ¼Ģln��ĮĠ¼�.�,Û�üS

¤�Ď_/äª��į 
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 a)� %XN';Ta�
�ǡƪ�ēǊǺPRǿSYatotgĄ4�ǡƪ�ē

ǊǺŉJ�Ų!(ȀũĂĈ R40W/m20!ǿũñĮǫ

Ů100%ǿ�ũñ102§ǿũñwőXgqx18§�4ƥǙ
!JǊǺĻ�P.éĩ!(ȀǊǺö4Ý� PǮE��

F(@ǿŋǷ4ǉ�ǊǺPǤÅ!(ïŗP.HFRPŀ4
eotWǥ¼8OPfǥ�D&G'GǊǺŪJ¨E¦!

(TxhtǊǺŪJǿ�ǡƪ�ēǊǺP�!(Ȁ  
TxhtǊǺŪ4ģRǿȁƉǹ�(E5őţ0!ǿ1ő
ţ�(E4ģR4�0!(Ȁ5őţ4�G1őţR©Ķ�
Ų0!ǿ&G�Û44őţJ�ǡƪ�ēǊǺP�!(Ȁ
eotWǥ4�Ǌ�R£�4GFRP�JSYatotg
4ũñǵPÇ�.Y\^!(ȀǊǺĮǫR#/PÕÉ!

(1,000Įǫǿ2,000Įǫ�C84,000ĮǫP±�.ǿ 20,000 
Įǫéĩ!(Ȁ�{ǿ�ǡƪ�ēǊǺPCE²´!(�

Ǌ�J��ǡ²´�Ǌ��0Ƹǆ#FȀ2��20,000Į
ǫ4ũñPCEǿƘÛƟƋƓũñǧR2,875MJ/m202F

�ǿ�GRôÛ(,�6)P��FƘÛƟũñǧ4éš�
46.9MJ/m2J»ƨ0!(ÖÅǿôÛįǳ61Ā§PżĊ#F
A40ƨ�DGFȀ 
 b)� 72@_Ta 
� éǰ4ŰØP��FǩĶƪ�ēJǉ�#F(@Pǿ 
œƢŽÝèÊĺ4ôÛįǳǊǺĩǇP.ǿ2008Ā10ĳ�
DôÛįǳǊǺJǪß!(ȀHFRPŀǥĹJǩ 1.5mP
¨ħ!(A4/ǿ×ƹJ!.�2�A40ǿŸƱ(N9.5)
49+ƗŇƬƖz×E×ĥJ×ƹ(¹ 25�m)!(A4
02ƉǹJ�Ǌ�0!ǿ&G'G2��ƻ!.zǆ4ĩǇ
£PǇƦ!(Ȁ�Îǿ2017Ā1ĳP8Ā3vĳįǳ!(�
Ǌ�J1�$,Î½ (�{ǿįǳ�Ǌ�)!ǿǉ�ǊǺP
�!(Ȁ 
 
(3)� S$Ta?E4TaFRE�
� ôÛįǳǊǺ�DÎ½!(�Ǌ��DǿŋƔPƅ#ǉ

�ǊǺǽİ�ǊǺ0öǫ%KħǊǺǾPǤÅ!(ïŗ4

TxhtǊǺŪJǿeotWǥ¼8OPfǥ�D&G'

G¨E¦!(ȀÄǊǺŪ4¨E¦!Rǿ[Nlkt_Q

\ZxJŲ�.śő{/ƕíPƷ+(ȀÄǊǺĨŗ¼8

ǊǺŪïŗR�{40�E/�FȀ  
   

             
0	� HFRPŀǥĹ4ħǵ 

O	� ƋöŅė4ńŵ 
ǥ� Ƥƞ4ƉǹǿĨÇ«4�ƋŏŮ 

CF0� GF0/90� GF�45� CSM 
eotW 33 % 29 % 13 % 25 % 
OPf 0 % 32 % 42 % 26 % 
Ř)CF:ŦƗƤƞ,� GF:RoXƤƞ, CSM:Ut]M`mLXwX^ot_wi\  ̂

 
O	��İ�ǊǺĻ� 

 
¹

  
mm 

ǊǺ

Ū 
ǩ 

mm 

ý 
mm 

ĢŧǫǓǲ/ 
ǊǺŪ¹  

(L/h) 

ǊǺŪǩ /
ǊǺŪ¹  

(l/h) 

eotW 14 700 30 40 50 
OPf 7 250 15 20 30 

 
Ƹ-3� öǫ%KħǊǺĻ� 

 
¹

  
mm 

ǊǺ

Ū 
ǩ  
mm 

ý 
mm 

ĢŧǫǓǲ/
ǊǺŪ¹  

(L/h) 

ǊǺŪǩ /
ǊǺŪ¹  

(l/h) 

eotW 14 140 35 5 10 
OPf 9 90 45 5 10 

 
a)� HPTa 
�A1Ta�

ǊǺĨŗRJIS K 7017-1999(ISO 14125-1997)Pţě!(ǿ
3ŧİ�ǊǺPCFA4/�FȀeotWǥRǊǺŪý
30mmǿĢŧǫǓǲ(L)560mmǿOPfǥ/RǊǺŪý
15mmǿĢŧǫǓǲ(L)180mm/�FȀĢŧǫǓǲ/ǊǺŪ
¹ (L/h)BǊǺŪǩ /ǊǺŪ¹ (l/h)ƒRO	�Pƅ#Ȁ 
2�ǿǊǺRêŠ/éĩ!.�Eǿ2ĳ4éĩF+(
(@ǿ2	�6	ƈĂ/�+(Ȁ 
�8]38>Ta�

ǊǺĨŗRJIS K 7075-2000(ISO 14130-1997)Pţě!(ǿ
Vnx^cxjŗPCF3ŧİ�ǊǺ/�FȀĢŧǫǓ
ǲ/ǊǺŪ¹ ŏ(L/h)�C8ǊǺŪǩ /ǊǺƠ¹ ŏ(l/h)
JO	�Pƅ#ȀǊǺŪý(b)RǿJIS K 7057PCG6b=5h/
�F�ǿeotWǥ/Rǀç470mm(¹ 14mm)�Ğ¾
/�2�+((@ǿý35mm/éĩ!(Ȁ2�ǿOPf
ǥ/RǀçǝE45mm(¹ 9mm)/éĩ!(Ȁ 
ǊǺRǊǺǞĂJ1mm/min/éĩ!(Ȁ=(ǿöǫ%
KħĈĂRĄ(1)PCEƓ¦!(Ȁ 

 

τ =
3P
4wt

                                                                     (1) 

 
τȄöǫ%KħĈĂ (MPa) 
PȄöǫ%KħƳǦ(N) 
wȄǊǺŪý(mm) 
tȄǊǺŪ¹ (mm) 
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2�ǿöǫ%KħƳǦRƑydxT0!(Ȁ  
HFRPŀRéǰ4ǤŲĮPR×ƹ!.�Ų GF�0
�Ĕç GF(@ǿöǫ%KħǊǺŲǊǺŪP,�.Rǿ

Ũ×ƹ4�Ǌ�0�%.ŸƱ(N9,5)4e\ƗŇƬƖz×
E×ĥ/×ƹ(¹ 25�m)!(ǊǺŪAţ�!(Ȁ 
b�� 2RR4�
� ²´ǊǺƚ�č4ǊǺŪ4ÛǂēŭJǿźǁPCEǂ

î!ǆǨ!(Ȁ�

c�� WD[Ta�
� ôÛįǳǊǺ�DÎ½!(�Ǌ�4�G�TxhtǊ

ǺŪĞ¾čPŎâ!(ǥ�4OPfǥJŲ�.ǿǛőǧ

ǊǺǽ°x^ŗǾJéĩ!(ȀǊǺĨŗRJIS A 6909-7.12
Pţě!(Ȁ2�ǿǊǺģJ2�0!.éĩ!(Ȁ�
 
3.� TaLC�
�

(1) �!"�Z�
a) 2RR4�
� ôÛįǳč�C820,000Įǫ�ǡ²´č4�Ǌ�4ŭ
ĖJFK	�Pƅ#ȀFK	�(ú4Â�)4ôÛįǳč4Ũ
×ƹ�Ǌ�ReotWzǥ4zǵ/ǿŀǥĹ4�/AĲ

A²´!.�Fǥ§/�FȀƸǵ4ŇƬ�ƭƴ!ǿƤƞ

�ǳ¦#F00APǿŇƬ4ǼÚ´�ǸƵPǌ@DG(Ȁ

!�!ǿƤƞRFRPƸǵ�DƭƴR!.�2�ŭŖ/�
+(Ȁ2�ǿ�4ǥ§RHFRP4ǥ§/�F�ǿĲÛö
PRRoXƤƞ�Ų�DG.�F(@ǿGFRP4ǥ§0
Æņ4²´ŭŖ�ǌ@DG.�FȀyĨǿ×ƹ�Ǌ�

ǽ¤ž-1(ú4ú�)Ǿ/RŬPÛǂÚ´Rǌ@DG2�
+(Ȁ�ǡ²´ǊǺ20,000Įǫč4Ũ×ƹ�Ǌ�ǽ¤ž-
1(Â)ǾRǿƸǵ4Ƥƞ�ŐƧƎ+(ŭĖ/�Ƹǵ4Ň
ƬF�/2�Ƥƞ4ƭƴAǡK/�E�ôÛįǳ8Ā3v
ĳ4A40ŏ:.AƵ!�²´ŭŖ02+.�(Ȁ2�

ƸǵƤƞ4ƭƴ�ǡKF�Ǌ�P,�.RǿZ±VPC

+.ƭƴ#FƤƞJ¶§Pǯº!(čǿ°äŬēǊǺJ

éĩ!(Ȁ  
b) HPG;�
�� A1G;�

� 0	�PôÛįǳǊǺ8Ā3uĳč4İ�ǊǺ4đ°ƟÏ
Jƅ#ȀeotWǥRǿÛ�PÜ�4ŦƗƤƞ� +.

�FbNfp\_FRPö/�F(@�ǊǺĮ4ǗƳǵP
C+.ǊǺƜĽ�Ŷ2F�0��Ĕ GFȀ&4(@ǿ

1őţ�(E4��F�Ǌ�4�GǿǊǺǵ4z{JÚ�
.2ĸ$,ǊǺJéĩ!(ȀFK	�PŨ×ƹ�Ǌ�4İ
�ǊǺŻč4ŭŖJƅ#ȀRoXƤƞǵ�z�4ÖÅR

Òƣ�4GFRP/ƂÙ!(ȀyĨǿŦƗƤƞǵ�z�4
ÖÅRǿÒƣ�4RoXƤƞ0ŦƗƤƞ04Ƌö£/ǿ

ŏǖŹƶ�ö/ƂÙ!(Ȁ×ƹ4ĴŨP�D$ƂÙkx

_PûR2�ǿİ�đ°BÚ�4ēƫ�ŃƏP��A4

RƿDG2�+(ȀO	�PôÛįǳč4İ�ĈĂJƅ#Ȁ

×ƹ4ĴŨPǬID$ǿ©Ķ�0ŏǖ!.ĭƄ2ĈĂ�

{Rǌ@DG2�+(Ȁ�  
� �ǡ²´�Ǌ�4ǊǺƜĽRǿƵƩD4ĪÕ4)P.

4,000Įǫ=/4ǊǺƜĽJÕÉŞ>/�F�ǿ20,000Į
ǫč4ƜĽ0ŏǖ#F(@P�%.ƜĽJġǗ#FȀ�

ǡ²´�Ǌ�P,�.Aǿ2�$,ǊǺǵJÚ�.İ� 
 

�  
FK	��eotWǥ�Ǌ� 

(úȄôÛįǳǿÂȄ�ǡ²´20,000Įǫ) 
 

 

0	�� ôÛįǳč4eotWǥ4 
İ�ǊǺ4đ°ƟÏ(úȄŨ×ƹǿÂ×ƹĴ) 

 

�  
a)RoXƤƞǵ�z�� � � b)ŦƗƤƞǵ�z 
FK	�� ôÛįǳ8Ā3uĳč(Ũ×ƹ)4İ�ǊǺ 

 
O	� ôÛįǳǊǺč4eotWǥ4İ�ĈĂ 

 (̧ �ȄMPa)�    

 RoXƤƞǵ�z ŦƗƤƞǵ�z 
 
 � ÿÓ � 
 ÿÓ 

0 h 614 621 618 443 407 425 
ôÛįǳ 
(×ƹŨ) 

601 619 610 429 570 500 

ôÛįǳ 
(×ƹĴ) 

658 643 651 551 494 523 
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ǊǺJéĩ!(Ȁ2�ǿİ�ǊǺPRŨ×ƹ4A44>

ǊǺP�!(Ȁ 
� 20,000Įǫ�ǡ²´�Ǌ�4İ�ǊǺ4đ°ƟÏJ0	
�Pƅ#Ȁİ�đ°�C8Ú�4ēƫ�ŃƏP��ǊǺ

ŪRƿDG$ǿŏǖŹ6D,�Ró2�A40ªħ!(Ȁ

=(ǿİ�đ°4ƜĽPÔ-�ǿİ�ĉēŮJƓ¦!(

0�HǿôÛįǳč4×ƹĴ!(�Ǌ�/31.6GPa/�
Eǿ�ǡ²´20,000Įǫč/32.5GPa/�+(Ȁ²´ǊǺ
4£ëP��ID$ǿǩĶǫ4²´PCFİ�ĉēŮ4

ǣ�Rǌ@DG2�+(Ȁ 
� FK	�Pİ�ǊǺŻč4�Ǌ�4ņáJƅ#ȀRoX

ƤƞǵJzP!(ÖÅǿÒƣ�4GFRP�/ƂÙ!.�
(ȀyĨǿŦƗƤƞǵJzP!(ÖÅPRǿÒƣ�4

GFRP4Ƹö/4ƂÙ00APǿąć�4GFRP4ƂÙ�
Ƅǌ G(Ȁ 
�ǡ²´ǊǺč4İ�ĈĂ4ƜĽJO		Pƅ#Ȁ=(ǿ

eotWǥ4İ�ĈĂ4ƛĮÚ´J0	�Pƅ#Ȁ2�ǿ

0�D4,000Įǫ=/4ƜĽP,�.ǿĪÕ4)/RǊǺǵ0

İ�ĈĂ�ǚP2+.�F�ǿƵƩD4ǆǗ4ǍE/�

EǿĸƊ/ƅ!.�FǝE4ĈĂ0ǊǺǵ4Ǭ��Ō!

�ȀŦƗƤƞǵJzP!(ÖÅ/Rǿ©Ķ��D20,000
Įǫ=/İ�ĈĂ4�{Rǌ@DG2�+(Ȁ�ǡ²´

20,000Įǫ/R�įǳǊǺč4�Ǌ�/Rǌ@DG2�
+(ąć�4GFRP4Ƃħ�ǌ@DG(Ȁ=(ǿįǳǊ
Ǻč4İ�ĈĂ�ǿ�ǡ²´ǊǺCEABBǻ�4Rǿ

ąć�GFRP��FƈĂì}!.�FÀƫē�ƨ�DG
FȀyĨǿRoXƤƞǵJzP!(ÖÅRǿ©Ķ��D

Ď�PĈĂ��{!(Ȁ�4�0�DǿRoXƤƞǵ4 
 

 
0	�� eotWǥ4İ�ǊǺ4đ°ƟÏ 

�  

�  
a)RoXƤƞǵ�z� � � � b)ŦƗƤƞǵ�z 
FK	�� �ǡ²´20,000Įǫč4İ�ǊǺ 

ÒƣĈĂ�Ć�2+(�0�ƅÍ GFǿ2�ǿ20,000
Įǫ=/²´!(ÖÅǿǊǺǵPCD$~ƩRÆƈĂ4

ĈĂ02+(Ȁ 
 

0� 8]38>G;�

� 0		P�ǡǊǺč4öǫ%KħǊǺ4ƳǦ-Ú�ÏJ
ƅ#Ȁ2�ǿöǫ%KħǊǺP��.ReotWǥ4£

�ǿ#2IGRoXƤƞǵJ{�P?�.ǊǺJéĩ!

(Ȁ�ǡ²´�Ǌ�/ǿ×ƹ!(A44�G4ȁ,(Ï
�ǿFRT-W XK-2)RǊǺ4ǜ�/ÐçŔ¢CEƭƴ!(
A4/�F�ǿƳǦPƲþǣ�R�F�ǿ4�4�Ǌ�
46D,�Rò �A40ªħ!(ȀÆņPǿôÛįǳ

č4ƳǦ-Ú�ÏJ0	
Pƅ#Ȁ�GA�Ǌ�ǫ46D
,�Rò �+(Ȁ 
� öǫ%Kħč4�Ǌ�4ŭŖJFK	�Pƅ#Ȁ�ǡ²

´�Ǌ�RǿƳǦPCFƂÙ�öǫ/ƸG.�Eǿ×ƹ

!(ÖÅPR&4ņá�ǸƵPƄǌ G(Ȁ¤ž4C�

PǿĭƄPöǫ/Ƃħ!.�FA44�PǿƋö�/Ƃ

ħ�ű"(C�2ǔJƄǌ#F�0�/�(ȀyĨǿ×

ƹJ!.�2��Ǌ�P,�.Rǿ×ƹ!(A44C�

PĭƄPöǫ%KħǔJƄǌ#F�0R/�$ǿƸǵP

İ�+(ǔ�ƿDG(Ȁ&4(@ǿöǫ/4ƂħF�/

2�ǿİ�PCFƂÙ4Àƫē�ƅÍ G(Ȁ 
 
O		��ǡƪ�ēǊǺ4eotWǥ4İ�ĈĂ 

 (̧ �ȄMPa)    

 

 

0	��eotWǥ4İ�ĈĂ4ƛĮÚ´�

 RoXƤƞǵ�z ŦƗƤƞǵ�z 
ǊǺ 
Įǫ 


 � 
ÿÓ

� 
� 
 

ÿÓ

� 
0 h 614 621 618 443 407 425 

1,000 h 600 636 618 407 414 411 
2,000 h 650 564 607 421 429 425 
4,000 h 586 571 579 414 493 454 
20,000 h 427 464 446 418 441 430 
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0		 �ǡ²´ǊǺ(20,000Įǫ)č4eotWǥ4 
öǫ%KħǊǺ4ƳǦ-Ú�Ï 

(úȄ×ƹŨǿÂȄ×ƹĴ) 
 

 

0	
 ôÛįǳč4eotWǥ4 
öǫ%KħǊǺ4ƳǦ-Ú�Ï 

 

 

 

FK	� öǫ%KħǊǺč4eotWǥ4�Ǌ� 
(zȄ×ƹĴǿ{Ȅ×ƹŨ) 

 

 
0	� �ǡ²´ǊǺč4eotWǥ4öǫ%KħĈĂ 

�

0	�P�ǡ²´�Ǌ�/eotWǥ4öǫ%KħĈĂ

4ƛĮÚ´Jƅ#Ȁ×ƹJ!.�2�ÖÅǿƛĮÚ´P

��öǫ%KħĈĂR�{!ǿ20,000Įǫ/©Ķ�4
77.3%02+(ȀyĨǿ×ƹ!(�Ǌ�/Aǿ20,000Įǫ
�ǡ²´č4ĈĂR©Ķ�CE�{!.�FA44ǿ�

{ŮR91.1%0ŏǖŹò �ǿ2,000Įǫ�ǭP,�.R�
łçǽt-łçȅĴĕőţ5%Ǿ4ƜĽǿĴĕûRǌ@DG
$ǿ²´ǡƷ�ę­ G.�F0ƨ�DG(Ȁ�GD4

�0�Dǿöǫ%KħĈĂP,�.ǿ×ƹ4�Ǒ³Ľ�

�FƈĂǌ@DG(0ƨ�DGFȀ 
� O	
PôÛįǳǊǺč4öǫ%KħĈĂJƅ#Ȁŏǖ

4(@ǿ©Ķ��C820,000Įǫ�ǡ²´č4öǫ%K
ħĈĂA�%.Ƹǆ!(ȀôÛįǳč4öǫ%KħĈĂ

Rǿ20,000Įǫ�ǡ²´0ŏǖ!.ǿĈĂ�{4ƈĂR
ó2�+(Ȁ=(ǿôÛįǳ�Ǌ�P,�.Aǿ×ƹP

CF�Ǒ³Ľ�ǌ@DG(Ȁ 
�

(2) 9� Z�
a) HPG;�
�� A1G;�

� 0	) P�ǡ²´č4OPfǥ4İ�đ°ƟÏJƅ#Ȁ

OPfǥRúÂðƇ/�F(@ǿǊǺ4ƥǙ!ĸģJ 4
0!(Ȁ2�ǿĸǊǺ/RũñǵJİ�ǊǺǵ{�ǿ,

=Eąć�0!(Ȁİ�đ°PƲþ4ǣ���FA44ǿ

İ�đ°ǿÚ�PŃƏP��A4R2�ǿǊǺ46D,

�R2�A40ªħ!(Ȁ 
� O	� P�ǡƪ�ēǊǺč4OPfǥ4İ�ĈĂJƅ

#Ȁ©Ķ��D 4,000 Įǫ=/4�RĪÕ 4)4ǝE/�

FȀƛĮÚ´JĭƄP#F(@Pǿİ�ĈĂ4ƛĮÚ´

J0	
Pƅ#Ȁ©Ķ�0 1,000Įǫ4İ�ĈĂPRłç
4ƜĽǿĴĕû�ǌ@DG(Ȁ=(ǿ1,000 Įǫ�ǭ4
İ�ĈĂRyĬ 4,000 Įǫ/�{#F�ǿ20,000 Įǫ4 
ĈĂ 
O	
  ôÛįǳč4eotWǥ4öǫ%KħĈĂ 

 (̧ �ȄMPa)               

 

 
0	) � �ǡ²´ǊǺč4OPfǥ4İ�đ°ƟÏ 

²´Ļ� ×ƹŨ ×ƹĴ 

�ǡ²  ́ 0 h 33.1 32.6 
20,000 h 25.6 29.7 

ôÛįǳ8Ā3Qĳ 29.9 31.2 *B(�
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O	�� �ǡƪ�ēǊǺč4OPfǥ4İ�ĈĂ 

(̧ �ȄMPa)      

 

0	
 � OPfǥ4İ�ĈĂ4ƛĮÚ  ́
 

ĈĂR 1,000 Įǫ0ÆƈĂ/�+(Ȁ#2IGǿRoX
ƤƞǵRǩĶŹ2²´PCFÒƣ�C8ąćĈĂPÚ´

R2�ǿ�Ǌ�¡�0!.4İ�ĈĂR 1,000 Įǫ/©
Ķ�4 2/3 ƈĂP�{#F�&G�ǭ/İ�ĈĂ4�{
�ǡƷ!2��0�ƅÍ G(Ȁ 
� 0	��PôÛįǳǊǺč4İ�đ°ƟÏJƅ#Ȁ×ƹ

4ĴŨPǬID$ǿİ�đ°PƲþ4ǣ���FA44ǿ

İ�đ°ǿÚ�PŃƏP��A4R2�ǿǊǺ46D,

�R2�A40ªħ!(ȀOPfǥ4İ�ĉēŮRǿ

20,000Įǫ�ǡ²´č/16.0GPa/�EǿôÛįǳǊǺč
/×ƹ!(A4/R16.7/�+(ȀeotWǥ0ŏ:F
0ĉēŮRò ��ǿOPfǥ/A²´ǊǺĻ�PCD

$ǿİ�ĉēŮPǣ�Rǌ@DG2�+(Ȁ 
� O	)PôÛįǳǊǺč4İ�ĈĂJƅ#Ȁ×ƹ!(�

Ǌ�4İ�ĈĂ4Ĩ�ǻ�+(ȀŨ×ƹ4�Ǌ�4İ�

ĈĂR©Ķ�CEABB���ǿ×ƹ!(�Ǌ�4İ�

ĈĂR©Ķ�CE10%ƈĂǻ�ĈĂ02+(Ȁ�GRį
ǳĶǫ�PŇƬ4ƃ´4ǡõ21�ČǶ!.�F0ƨ�

DGFȀ�GD4ƜĽCE×ƹPCFĈĂ�{Pð#F

�Ǒ³Ľ�ǌ@DG(A40ªħ/�FȀ 
� �

0� 8]38>G;�

öǫ%KħǊǺč4�Ǌ�4ņáJFK		Pƅ#Ȁ¡

.4×ƹ!(�Ǌ�RǿeotWǥ4C�PĭƄ2öǫ

%Kħ�ǌ@DG$ǿƸǵ0öǫP78� +.�FA

4�ƿ¿�DG(ȀŨ×ƹ4�Ǌ�Aöǫ/4ƂÙRĭ

Ƅ/R2�+(Ȁ�GD4�0�DǿOPfǥP,�. 

 

 
0	�� � ôÛįǳč4OPfǥ4 

İ�ǊǺ4đ°ƟÏ(úȄŨ×ƹǿÂ×ƹĴ) 
 

O	)� ôÛįǳǊǺč4OPfǥ4İ�ĈĂ 
ǊǺ 
Įǫ 


 � � 
 ÿÓ� 

0 h 344 311 311 356 331 
ôÛįǳ 
(×ƹŨ) 

270 268 291 282 280 

ôÛįǳ 
(×ƹĴ) 385 338 390 341 366 

(̧ �bMPa) 

 

 

a) ×ƹĴ
 

 
b) ×ƹĴ� 

�  

c) ×ƹŨ 
FK		� öǫ%KħǊǺč4OPfǥ�Ǌ�4Ûǂ 
 
Röǫ%KħĈĂ�Ǥ¨PŒ@DG.�2�Àƫē��

F�ǿ��/Rǿöǫ%KħĈĂ�ďDG.�F0�ç

!.łǅJǡ@FȀ 
0	���C80	��P�ǡƪ�ēǊǺč�C8ôÛįǳ

č4OPfǥ4ƳǦ-Ú�ÏJƅ#Ȁ�Ǌ�ǫ46D,
��ò ��0JƄǌ!(Ȁ=(ǿ0	��POPfǥ4

öǫ%KħĈĂ4ƛĮÚ´Jƅ#ȀŨ×ƹ4�Ǌ�Rǿ

Ď�PĈĂ��{!ǿ20,000Įǫ/Ēť2ĈĂ�{�ƿ
DG(ȀyĨǿ×ƹJ!(ÖÅ/AÆņ4�Ç�ǌ@D

G(�ǿŨ×ƹ4A40ŏ:F0ĈĂ�{�ơB�/�

ǊǺ 
Įǫ 


 � � 
 ÿÓ� 

0 h 344 311 311 356 331 
1,000 h 207 229 200 229 216 
2,000 h 200 207 236 221 216 
4,000 h 200 193 179 171 186 
20,000 h 199 206 223 219 212 
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Eǿ20,000Įǫč4ĈĂRŨ×ƹ4A4CEǻ�+(Ȁ 
O	
PôÛįǳč4OPfǥ4öǫ%KħĈĂJƅ#Ȁ

Ũ×ƹ4ÖÅPRǿ20,000Įǫ�ǡ²´čCEAĈĂ�
�(G.�(�ǿ×ƹ!(ÖÅA;<ÆƈĂ4ĈĂ02

Eǿ×ƹPCF�Ǒ³ĽRǿ�4Ļ�/Rǌ@DG2�

+(Ȁ 
 

b) WD;�
� O	��PǿǊǺǪß�D7īč=/Ǜőǧ4ƜĽJƅ#Ȁ
ÈőǊǺRǊǺģ2�0!.éĩ!ǿƸPRÿÓ�Jƅ
#Ȁ(F!ǿôÛįǳč4�Ǌ�/×ƹ!(A4P,�

.Rǿ70,Rğſ|ưPCEőŤG!((@ǿǊǺģ

10!.ƜĽJƅ#Ȁ 
� įǳ®4�Ǌ�Pŏ:.�įǳčPRǿŨ×ƹ�Ǌ�

/�C&ȁŀǿ×ƹ�Ǌ�/R&4·§ƈĂ4Ǜőǧ�

Ƅǌ G(Ȁ(F!ǿǛőǧ4ƈĂRǿ�ǑĹJ×ü!

(UtTpx^�Ǌ�424Įǫ4ǛőǧƈĂ/�E7)ǿ7
īč4Ǜőǧ/1mLPAŢ(2�ĸǊǺ4ǛőǧRǿÝ
�2A4/R2�0ªħ/�FȀ� ��

� įǳ®č4Ǜőǧ4Ú´�DǿŨ×ƹ�C8×ƹ�Ǌ

�0APǿ²´PCEƸǵ�D£ǥP��.�D�4Ņ

ǟÚ´�ű".�FÀƫē�ƅÍ G(Ȁ®Ɣ4öǫ%

KħǊǺč4�Ǌ�4ƸǵPR78¯G�ŷű!.�Eǿ

öǫ�Û/4ƂÙ�²´P��Ƹǵ4Ú´0Ǭ�!.�

FA40Ġî GFȀ(F!ǿ�GDP,�.Rǿ�č

CEǋƙ2łǅ�Đƾ/�FȀ 
�

4.� M4�
�

(1) O`6,.H<4:96J^�
� 20,000Įǫ�ǡ²´č4Ũ×ƹ�Ǌ�4ÛǂRǿǥ�
PǬID$ǿôÛįǳ�Ǌ�CEAƸǵƤƞ4ŭĖBƤ

ƞ4ƭƴƒǿ²´�ǡƷ!.�(Ȁ20,000Įǫ4�ǡ²
´RǿƘÛƟƋƓǧ/RôÛ(,�6)įǳ61Ā§PżĊ
#F(@ǿ8Ā3vĳǫ§4ôÛįǳ�Ǌ�CEA²´�
Ƶ!�0ƨ�DGFȀ&4(@ǿ�ǡ²´čCEAôÛ

įǳ�Ǌ�4Ĩ�ǿİ�ĈĂBöǫ%KħĈĂ�ǻ��

0�Ü�ǿƸǵ4²´ŭĖ0ĈĂPżǬ��F�0�ƅ

Í G(Ȁ 
� ǛőǧǊǺRǿǴƂÙ/Ƹǵ4²´ŭĖJǉ�/�F

Àƫē�ƅ G(Ȁ�4ĨŗRǿůÖ/4éĩ�Àƫ/

�F(@ǿFRP�Ǌ�Pð#FǤŲē�ƄƎ#G6ǿů
Ö/4²´ǈħPŚŲ/�FÀƫē��FȀ 
 
(2) ���-6\BN#;�
� ²´ǊǺč4�Ǌ�4ÛǂǂîB°äŬēǿǛőē4

ƜĽPÔ-�ǿGFRPǽOPfǥǾ0ŏǖ!2�DHFRP
ǽeotWǥǾ4ǩĶƪ�ēP,�.ƨî#FȀ 

 

 
0	�� �ǡƪ�ēǊǺč4OPfǥ4 
öǫ%KħǊǺ4ƳǦ-Ú�Ï 
 (úȄ×ƹŨ!ǿÂȄ×ƹĴE) 

 

 

0	�� ôÛįǳč4OPfǥ4 
öǫ%KħǊǺ4ƳǦ-Ú�Ï 
 (úȄ×ƹŨ!ǿÂȄ×ƹĴE) 

 

 

0	��� OPfǥ4öǫ%KħĈĂ 
 

O	
 OPfǥ4öǫ%KħĈĂ 

� � � � � � � � � � � � � � � � � � � � � (̧ �ȄMPa)                    
 

O	��� OPfǥ4Ǜőǧ 

²´Ļ� ×ƹŨ ×ƹĴ 

�ǡ²  ́ 0 h 34.9 34.6 
20,000 h 19.6 29.0 

ôÛįǳ8Ā3uĳ 24.4 23.7 

 įǳ® 
įǳč 

×ƹŨ ×ƹĴ 
Èőǧ(mL) 0.07 0.64 0.32 

*B(�
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� 0	���C80	�	Pİ�ĈĂ�C8öǫ%KħĈĂ4

ƛĮÚ´Jƅ#Ȁ2�ǿeotWǥ4İ�ǊǺ4ƜĽRǿ

ǊǺǵPǬID#ǊǺģ4ĸ§4ÿÓ�JƸ!.�FȀ 
� İ�ĈĂ/Aöǫ%KħĈĂ/AǿĈĂŏ4ƛĮÚ´

P,�.�(�Ç�ďDG(ȀOPfǥ0ŏǖ!.ǿe

otWǥ4Ĩ�20,000Įǫ4�ǡ²´č/Aǿ8¯ƈĂ�
&G�z4ĈĂJ�Ĝ!.�F�0�ĭD�02+(Ȁ

0	�/ƅ!(ǝEǿeotWǥRRoXƤƞǵJǊǺǵ

zP!(ĮRİ�ĈĂ��{!(�ǿǊǺǵPCD$�

Ǌ�¡�4İ�ĈĂ0!.ĝ�F0ǿƵ!�ĈĂ�{R

ǌ@G2�+(Ȁ20,000Įǫ�ǡ²´č4�Ǌ�4İ�
ĈĂRǊǺǵPCD$ÆƈĂ02+(�ǿOPfǥCE

AĈĂ�ĜŮ�ǻ�+(Ȁ=(�öǫ%KħĈĂ/AO

PfǥCEAeotWǥ4Ĩ�ǻ�ĈĂ�ĜŮ�ďDG

(Ȁïŗƒ4ǣ��DǿĈĂJŻğŏǖ#F�0R/�

2��ǿHFRPRCFRP�Ƌö G(�0/ǿGFRP¸�
CEAǩĶ�Ųč4ĈĂ��(G.�F�0�ƅÍ G

(ȀéǺP��Fİ�ǊǺč4ŭĖ�DǿCFRPƯ�4
ƂÙR�=EƿDG$ǿCFRP0GFRP4Ƌöǫ4Ƃħǿ
�F�RHFRP�4GFRP4ÒƣĈĂ4�{BƂÙ�
HFRP4ĈĂPČǶJ¼<#�0�ƅÍ G.�FȀ&
4(@ǿHFRPRǿ²´P��GFRP4ĈĂ�{PŘĕ!
.�Ų#F4�ư�0ƨ�DGFȀ 
�  

� � �  

0	��� ©Ķ�Pð#Fİ�ĈĂ4ŏ 
 

 
0	�	� ©Ķ�Pð#Föǫ%KħĈĂ4ŏ 

(3) ���-56271P6&V-C�
� �G=/4Ɓƌ/ǿGFRP/R×ƮPCF�Ǒ³Ľ�
�F5)�ǿCFRP/RĭƄ/R2�6)0ÕÉ G.�FȀ 
�GDJ�%Ĝ,HFRPPð#F×ƹ4�Ǒ³ĽJ°ä
ŬēBǛőē�Dƨî#FȀ 
� 0	�	�DǿOPfǥ(GFRP)RŨ×ƹ4ÖÅ/6¯ƈĂ
=/ĈĂ��{#F�ǿ×ƹ#F�0/ĈĂ�{�ę­

 G.�F�0�ĭD�/�FȀ=(ǿǛőǊǺ4ƜĽ

�D×Ʈ��FĨ�Ǜőǧ�ó2�+(�0�DǿƸǵ

²´�ę­ G.�(A40ƨ�DGFȀeotWǥ

(HFRP)/RŨ×ƹ/�+.A8¯ƈĂĈĂ��(G.�
F�ǿ×ƹJĩ#�0/ DPĈĂ�{�ę­ G.�

(ȀôÛįǳč4ÖÅ/Aǿ×ƹJ!(A44;��e

otWǥ4İ�ĈĂ�C8öǫ%KħĈĂRǻ�+(Ȁ

2�ǿOPfǥ4ôÛįǳč4�Ǌ�/ǿöǫ%KħĈ

Ă/RŨ×ƹ4Ĩ�ƲþĈĂ�ǻ�+(�ǿ×ƹ!(�

Ǌ�4öǫ%KħĈĂ0ĴĕûRǌ@DG2+(Ȁ�z

4ƜĽ�DǿHFRP4ǩĶƪ�ēPð!.ǿ×ƹ4�Ǒ
³ĽR�F0ǃ�FȀ 
 
5.� LU�
� ĸƁƌ/RHFRP4ǩĶƪ�ēJǉ�#F(@�8Ā3
vĳǫ4ôÛįǳB�ǡ²´ǊǺč4°äŬē4Ú´J

İ�ǊǺ¼8öǫ%KħǊǺPCEǎ:(�ôÛįǳč

4HFRPP,�.ǿĭƄ2ĈĂ�{Rǌ@D2�+(Ȁ
=(ǿô£4�ǡ²´ǊǺ/AGFRP;14ĈĂ�{R
2�ǿHFRPPǩĶƪ�ē�F�0�ĭD�02+(Ȁ
=(ǿHFRPPA×ƹPCF�Ǒ³Ľ��F�0�ĭD
�02+(Ȁ 
 
QYbĪÕ4)4�O	� �ǡƪ�ēǊǺč4eotWǥİ
�ĈĂ��C8�O	�� ő�ŝ%�ǊǺč4eotWǥ

İ�ĈĂ�P��Fǿ“eotWÛǵ�z�”�C8ǿ
“eotW£ǵ�z�”Rǿ&G'G“eotW£ǵ�z
�”�C8ǿ“eotWÛǵ�z�”�Ō!�4/��P
ǄŌ#FȀ&G'G®ƩRĸǏĤ�4“RoXƤƞǵ�
z”ǿčƩRĸǏĤ�4“ŦƗƤƞǵ�z”PżĊ#FȀ
ĪÕ4)4Ō!�O	��C8O	�Jǿ�{Pƅ#Ȁ 
 
O	��  �ǡƪ�ēǊǺč4eotWǥİ�ĈĂ 

ǊǺĮǫ 
eotW£ǵ(RoX
Ƥƞǵ)�z� 

eotWÛǵ(ŦƗƤ
ƞ4Ü��)�z� 

ÿÓ� 

©Ķ� 614 621 443 407 521 
1000h 
2000h 
4000h 

600 
650 
586 

636 
564 
571 

407 
421 
414 

414 
429 
493 

514 
516 
516 

ǽ¸�ȄMPaǾ 
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� O	��  ő�ŝ%�ǊǺč4eotWǥİ�ĈĂ 

ǊǺĮǫ 
eotW£ǵ(RoX
Ƥƞǵ)�z� 

eotWÛǵ(ŦƗƤ
ƞ4Ü��)�z� 

ÿÓ� 

©Ķ� 614 621 443 407 521 
3�ĳ 
6�ĳ 
12�ĳ 

621 
600 
629 

593 
600 
593 

450 
479 
464 

443 
557 
421 

527 
559 
527 

ǽ¸�ȄMPaǾ 

 
/M=I�
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ÛŰØP��F²´0Ƹǵ�Ǒ×ƮPCF²´ę­

³ĽPǬ#FƁƌǿÑķä�ǏĤǱ A1ǿvol.71ǿ
No.5ǿpp.II-13-21ǿ2015. 

6) ¥÷Ɔ�ǿƽø¬ȄUtTpx^ƺĈŲǠƝƤƞV
x^(CFRP)4ǩĶƪ�ēǉ�ǿƑ 9 ÎƼÅwÅėŅ
ǟ4ŚŲPǬ#FVthWOjǿpp.290-295ǿ2011. 

7) ÑķƁƌĘǒĥȄUtTpx^Ƹǵ�Ǒù4ĩùŰ
Ø0ƪ�ēPǬ#FƁƌǿÑķƁƌĘǒĥƑ 4186 Ãǿ
2011. 
 

 
LONG-TERM DURABILITY OF  

HYBRID FIBER RAINFORCED POLYMER GIRDER 
 

Yoko KAWASHIMA, Itaru NISHIZAKI and Takumi SHIMOMURA 
 

In the hybrid FRP (HFRP), carbon fiber is laminated on the flange portion contributing to bending ri-
gidity of the girder portion and the other portion is made of GFRP. In this study, we investigated the 
change of mechanical properties of HFRP after exposure test for 8years and 3 months and accelerated de-
terioration test as long-term durability evaluation by bending test and interlaminar shear test. After the 
exposure test, both initial bending and interlaminar shear strength of the flange part did not show a clear 
decrease. Although a slight decrease in strength was observed after the accelerated deterioration test, it 
was confirmed that the coating on the HFRP has protective effect. On the other hand, a significant de-
crease in strength was observed in the web part. It was occurred due to the breakdown occurring in other 
than the interlayer.  
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