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Á�dyZ��Ë��ZÅ���{��ËY���Ê�Ìv»d�Y�Ã|��¹Zn¿Y�¦¸fz»,½M�¶�uZ»�Ä¯�¾ÌËM�¾ËÁ|eÄ»Z¿�¦¸fz»�ÉZÅ�É�Z�Æ]�Ã�Âu��{
d�Y�Ã|��ÊuY���¾ÌÀr¼Å�Á .¾aY��¾Ì�|ÀÆ»�¾¼n¿Y�Äf�~³�µZ��Ã{��{(JSCE)�ÊuY���ÃÂv¿�Z]�Ä�]Y���{���Y�³�|Àq

ºf�Ì��ÉZÅFRP�d�Y�Ã{Y{�ÄWY�Y .¾Ì]�½Z»�Z��ZaÁ�Y��{�½Z»�¼Å��Â��Ä]¸¼·YÃ�Z��ÊZÅ�É��ÊÀf](FIB)Ä�Â¼n»�ÉY�]�ÉY
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ºf�Ì���Y�ÉZÅFRP��ÉY�]�Ì¼ e�Ã�Z��Â���®ËÃ|Ë{�c�Z�y�ÉY�,¹ÁZ¬»���,º·Z/��Â/���®Ë�É�Z���cÓZ°/�Y��/§��

ÊËY�mYÃ�Z���{��ÉZÅ�dyZ��µZu��{Ã�Z��ÉZ��Y�dyZ��¾ÌÀr¼Å�Á��|Ë|m�ÉYÊ»�d�m�Ã�Æ]�½YÂe .��Ä/]�Ã�Z��®Ë�É�Z�Æ]
dÌ·Z §�Ä�Â¼n»�Ê»�Äf¨³�ÊËZÅ�Ê»�Ã{Y{�{Â^Æ]�½M��]�{�YÁ�ÉZÅÁ�Ì¿�¶¼ve�ÉY�]�Ã�Z���Zf§��½M��{�Ä¯�{Â��{Â� .���{Â/^Æ]�¾/ËY

»��ËY�§Y��¬§�Ä�Ì¼Å�d»ÁZ¬)¹ÁZ¬»�É�Z� (Ê»�Á�Ã{Â^¿�¶°���ËY�§Y�¶»Z��|¿YÂe�����Ã�Z/��Êfz/��Z/Ë�Á�É��¿Y�[~m�,É�Ë~a
|�Z] .
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Ã�Z��ÉZ��Y��¾ÌÀr¼Å�Á�,|Ë|m�ÉY�Á�É�Z�Æ]Ã�Z��ÉZ��Y�dËÂ¬e�d�Y�Ã|��¹Zn¿Y�,{ÂmÂ»�ÉY.Ã�Z��t·Z�»�Z]�Ä�ËZ¬»��{��ÉY
ÊfÀ��,½Âr¼Å�f]�,{ÓÂ§�Á�¾FRP�Êf�Z¯�ÊËZÅ�ÄÀË�Å�¶»Z��Ä¯�{�Y{��Ì¿�������/]Y�]��{�Z/Æ¿M�¦ /��Á�,{�/e��Zf§��,ÓZ]�0Zf^�¿�É

Ê»��eM�|�Z] .É�]�Z¯��{�ÉZÅ�Á�É�Z�Æ]ÄÀË�Å�,dËÂ¬e�É�����Ä§�/��Z/]�t·Z/�»�ÉÓZ/]�ÊËÂ/m��ÉZ/Å�����Á�dyZ/��½Z/»���{��/´Ë{
Ê»�½Y�^m�Ê¿Z�¿Y�ÉÁ�Ì¿��ÅZ¯�¾ÌÀr¼Å�{�Â»��{���Zu�µZu��{�Ê·Á�{Â��Ã�Z��dyZ���|Ë|m�ÉZÅd�Ì¿�¾ÌÀq�¾ËY.

��Y�Ã{Z¨f�YFRP�Ã�Z��dyZ���{����¦ /���Z/¬¿�Ä¯�{�Ì³�c�Â��ÉÂv¿�Ä]�|ËZ]�É�Z�Æ]�É�]�Z¯�|À¿Z¼Å�|Ë|m�ÉZÅ
FRP��¾Ë�f¼¯|�Z]�Äf�Y{�Y��É�Y~³�iY .cZ�uÔ»�¾ËY�Ä]�ÄmÂe�Z],�Ê»�Ã|ËY�É�Ì³�Z°]�Ä¯�d§ZË�{�½YÂe�µMFRP��dyZ���{
Ã�Z��|À»�ZÌ¿�|Ë|m�ÉZÅ�Ê»�¶Ë}�ÉZÅ�ZÌ »�LZ��Y�|�Z] :

·Ã�Æ]�Ã�Á{�ÉY�]�Äf§�³�c�Â��Ê]ZË��Y�\�u�]|�Z]�Ä§���Ä]�½Á�¬»�,É�Y{�] .
·�½Z°»Y�|u�ZeFRP�Ä¯�{Â��Ã{Z¨f�Y�Ê¬�ZÀ»��{�{�Ì³��Y�«���¯�dve.
·|�Z^¿�Ê¿Y�v]�,�eM��]Y�]��{�d»ÁZ¬»��Y�Ê§Z¯�d�§Zv»�ZË�ÁFRP�|ËM�¶¼ ]��eM��]Y�]��{.

� -Ê³�ËÁ�Á�t·Z�»Ê°Ë�Ì§�ÉZÅ�Ê°Ì¿Z°»�Á
Ã|��¶Ì°�e�Ê¯�Z¿��ZÌ�]�¥ZÌ·Y��Y�t¸�»�ÉZÅ�¼Ì¸a���Âe�Ä¯�|¿Y¾Ë��Ê»��Â�v»|¿Â� .�Àm�ÉY�Y{�¥ZÌ·Y�ÉZÅ

Äf���,ÃZeÂ¯�cZ �«�c�Â��Ä]�Á�Ã{Â]�cÁZ¨f»Äq�Za�Á��Y�{�ÉZÅÊ»�|Ì·Âe�Äf§Z]�ÉZÅÂ�¿| .¾Ë�����{FRP�d�§Zv»��¬¿�ZÅ
�ZÆ¿M�¾Ì]��Àe�µZ¬f¿Y�Á�¥ZÌ·Y��YÊ»�Z¨ËY�Y�É�]�Z]��¬¿�¥ZÌ·Y�Á�|À¯�Ê³|ÀÀ¯�dz��Á��Y{¿| .¶°����ÊaÂ°�Á�°Ì»��ZfyZ�

�t·Z�»FRP�Ê»��ËZ¼¿�Y��|Å{.

� -� :¾Ë��
Ä¿Â³¥Z� ¿Y�ÉZÅ�¼Ì¸a�¦¸fz»�ÉZÅ�dyZ��ÉY�]��f�Y�Ê¸a�Á��f�Y�¶ÀËYÁ�,Ê�¯ÂaY��Ì�¿�¹ÁZ¬»�Á��Ë~aFRP��{�Â»

Ê»��Y�«�Ã{Z¨f�Y|¿�Ì³.{YÂ»�¾ËY�»ÁZ¬»�,¾f]�t���Ä]�½|Ì^�q�dÌ¸]Z«�ÉY�Y{�|ËZ]d��,ÊËY�Z¯�,Ê�Ìv»�cY�ÌiPe��]Y�]��{
\�ZÀ»���Ì³�½Z»��Á��Êe�Y�u�É�Z³�Z��Z]À| .�Ä]�d�¸£�Ä]�ÄmÂe�Z]�ÄÀÌ»��{YÂ»¾Ë����,Ã|ÀÀ¯��Z^�Y�ÉZÅ¾Ë����ÉZÅ

­ZÀ^�q��a��Ì¼y�ÁÄ¬^��Ã|ÀÀ¯Ê»�É|À]Â�¿|.

� -� :¥ZÌ·Y
�{�Ã{Z¨f�Y�{�Â»�¥ZÌ·YFRPÃ{Â]�|Ì»Y�M�ZË�Á�Ä�Ì��,¾]�¯��Àm��Y�0Z»Â¼��ZÅ��Ä¯ÄfyZ��\¯�»�Ã{Z»��ZÆ¿M��Y�Ã|�

�\Ìe�e�Ä]CFRP�,GFRP��ÁAFRP�Ã|��É�Y~´»Z¿|¿Y.��ÊÀ]�¯�¥ZÌ·Y�ÉÓZ]�Êfz��Á�d»ÁZ¬»�,¹YÁ{�Ä]�ÄmÂe�Z]�Ã�Á�»Y
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�Y��{�]�Z¯�¾Ë�f�Ì]�d À���{Ã{Â¼¿�Y|Ìa|¿Y .Ä�Ì��¥ZÌ·Y�Ìv»��{�ÉYËY�Z¯�®�y�ÉZÅ�¥ZÌ·Y��Y�Á�Äf�Y{�\�ZÀ»�Ê
Ê»�Ã{Z¨f�Y�Ä]���Á�É��¿Y�[~m�ÉY�]�É|Ì»Y�M{Â�.�c�Â��Ä]�¥ZÌ·Y�¾ËY�Äq�Za�ÉZÅ��¥ZÌ·Y�Z]�Äq�Za�ZË�Á�Ã|��Äf§Z]�ÉZÅ

ÃZeÂ¯dÆm��{�Ê§{Z�e�ÉZÅ|¿�Y{�½YÁY�§�Ã{Z¨f�Y .¶°���Ä¿Â¼¿�½Z¼�Ë��É�Äq�Za��Â¿�Á{�¾ËY�Á�Ê§ZÌ·Y�ÉZÅ��Y��Ê§ZÌ·Y�ÉZÅ
Ê»�½Z�¿�|Å{.
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�{�Ã{Z¨f�Y�{�Â»�ÉZÅ�¼Ì¸a��j¯YFRPÊ»��Zy�{�YÂ»��{�Ê·Á�|¿�Y|¿�d�§Zv»�Ä]��ZÌ¿�ZÅ�ZÆ¿M�Êm�Zy�t���½YÂe

��Y�É�Ì³Â¸m�ÉY�]�Y���iY{Y{���Âa�Ã�Ì£�Á�ÊËZÌ¼Ì��{YÂ»�,�ËZ��,Ä]���,�eM�Z]�ºÌ¬f�»��Z¼e�,�¨À]Y�§�Ä �Y.

� -� :Ê³�ËÁ�Ê°Ë�Ì§�ÉZÅ
�{YÂ»FRP��{Ây�¾ËY�Ä¯�d�Y�{ÓÂ§�Ê·Z´q�ºnÀa�®Ë�{Á|u�½M�Ê·Z´q�Á�Ã{Â]�®^���ZÌ�]ºÆ»�¾Ë�e�¶Ì·{�ÉY�]
�{�]�Z¯�Ê¿Z�M�{YÂ»�¾ËY�½Y�¼��Ê�|ÀÆ»��{Ê»|�Z].��µÁ|m��{��Ê¼nu�¹�m��YÂ¿YFRPd�Y�Ã|��ÄWY�Y�ZÅ .�\Ë��

�{YÂ»�Êe�Y�u��Z�^¿YFRP�ÉZf�Y��Ä]�Ê´f�]{�½M�¥ZÌ·Y{�Y�m��{�Ä¯�µÁ|���ÉZf�Y��Á{�ÉY�]��Ë{Z¬»�¾ËYÊ����Á�Ê·Â��
d�Y�Ã|��Ã{�ÁM .¾Ë���Ê¿Z��¯�\Ë���ÉÁ���]�Ê»�¿�Ä�¬¿��Y��eY�§�Z»{��ËY�§Y��Á�Äf�Y~³��iY��Y|¬»��Ã�Y|¿Y�Ä]�Y�¿M�¶]Z«

Ê»��ÅZ¯�ÊÆmÂe|Å{ .�¾Ì]�Ê§��»�ÉZÅ�¼Ì¸a��j¯Y�Ê»�¿�Ä�¬¿����Ze���Ê»�{Y�´Ìf¿Z��Äm�{|�Z] .¯�d�Y�Ê·Zu��{�¾ËY�Ä
Ê»�Y�Y{�Y��É�eÓZ]��ZÌ�]�ÉZ»{�¶¼ve�dÌ¸]Z«�¥ZÌ·Y|�Z] .Ê´f�ÂÌa�Ä¯�É{�YÂ»��{�ÄnÌf¿��{�¾Ì]FRP��¾ÌÌ e�ÊÀf]�Â���Á

�,d�Y�Ã|ÀÀ¯��{�Ã{Z¨f�YÊ¼¿�{ZÆÀ�Ìa�Ê»�¿�Ä�¬¿��Y��eÓZ]�ÉZ»{{Â�.

�µÁ|m� :�{YÂ»�Ê¼nu�¹�mFRP���ÁcY�¸§�Êy�])g/cm3(

�µÁ|m� :��{YÂ»��Êe�Y�u��Z�^¿Y�\ËY��FRP���Á{YÂ»�Êy�])10-6 /°C×(

AFRPCFRPGFRPAluminumSteel
1.2 to 1.51.5 to 1.61.2 to 2.12.77.9

AFRPCFRPGFRPAluminumSteelConcreteDirection
-6 to -2-1 to 06 to 102311 to 1312Longitudinal, αL

60 to 8022 to 5019 to 232311 to 1312Transverse, αT

¶°�� :Ä¿Â¼¿���ÉÄq�Za�,¥ZÌ·Y�Z]�Ã|��Ã|Ì]Ze�½Z¼�Ë��¥ZÌ·Y�Z]�ÉÃZeÂ¯�Äq�Za�Á�¥ZÌ·Y�Z]�Ã|��Äf§Z]�É
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�d»ÁZ¬»��¯Ê :©�ÁÉZÅFRP���¯�É�Y~³�Z]�¹Z´ÀÅ��{Ê��ZÆ¿M�Ê´fzÌ�³�Á�|¿�Y{�½Z��¯�0Ô»Z¯�É�Zf§�

d�Y�Ê¿ZÆ³Z¿.�Àe��Y{Â¼¿�º���c�Â���{ -ÉY�]��¿�¯�¥ZÌ·Y��,ZÆ¿M��{�Äf§���Z°]�y�Â�f�Y��Ä¯�|»M�|ÅYÂy�d�|]�Ê
�ZÆ¿M�\Ì��Ê¿Z��¯�\Ë���¥ZÌ·YÊ»�|�Z].��¥ZÌ·Y��ÌyY�µZ��|Àq��{�Z»Y�Ã{Â]�{ÓÂ§��Y��f°qÂ¯�¥ZÌ·Y��j¯Y�Ê¿Z��¯�\Ë��

d�Y�Ã|��|Ì·Âe��Ì¿�{ÓÂ§��Y��f³��]�Ê¿Z��¯�\Ë���Z]�ÊÀ]�¯ .¶°����Àe��Zf§�-�Y����¯��{�¦¸fz»�¥ZÌ·Y��¿�¯
Ê»��ËZ¼¿�|Å{.

t·Z�»�d»ÁZ¬»FRP�¥ZÌ·Y�Ê¼nu�d^�¿�Ä]�Ê´f�]�{ZÆ¿M�{�Y{ .�Y���Y��eÓZ]��ZÌ�]�¥ZÌ·Y�Ê��¯�d»ÁZ¬»�Ä¯�ÊËZn¿M
d»ÁZ¬»�¥ZÌ·Y�|��{��ËY�§Y�Z]�d�Y�ZÅ�¼Ì¸a�d»ÁZ¬»�t·Z�»FRP�d�Y{�|ÅYÂy�É�Ì´¼�q��ËY�§Y .¾ÌËM�ÉZÀ^»��]��,Ä»Z¿

�t·Z�»�Ê¿Z��¯�\Ë��FRP�ÁZ¬»�¾ÌÌ e��{�Á�Ã|��¾ÌÌ e�É�eÁ�c�Â��Ä]»�d�°��µZ¼fuY��Zn»�d��/���É|��{
�­Ô»�Äf§�³��Y�«d�Y�Ã|�.ºf�Ì��ÊuY����{�Ä¯�ÊËZn¿M��Y��Z]�ÊfËÂ¬e�ÉZÅFRP�Y�mY��Y��Ìa,��0Z¬Ì«{�©�Á�d»Zz�

Ê¼¿��z�»��\�u��]�ÄËÓ�Ê��¯�dÌ§���{�YÂ»��f�Ì]��{�,d�Y�Äf�]YÁ�ÄËÓ�d»Zz���Y|¬»�Ä]�Ê��¯�d»ÁZ¬»�Á�|�Z]
Ê»��Y�«�cZ^�Zv»�­Ô»�����|uYÁ��]�Ê��¯�ÉÁ�Ì¿�{�Ì³���{�Ä¯µÁ|m���ÊËZÅ�Ä¿Â¼¿d�Y�Ã|��Ã{�ÁM�½M��Y.

Ultimate Capacity
(kN/mm)

Fabric Weight
(g/m3)

FRP System Description
(Fiber Type/Saturating Resin/Fabric Type)

500200General Purpose Carbon/Resin/Unidirectional Sheet
620400
320230High Strength Carbon/Resin/Unidirectional Sheet
700300
960620
600300High Modulus Carbon/Resin/Unidirectional Sheet
180300General Purpose Carbon/Resin/Balanced Sheet
720900E-Glass/Resin/Unidirectional Sheet
230350
120300E-Glass/Resin/Balanced Sheet
700420Aramid/Resin/Unidirectional Sheet

33002380High Strength Carbon/Resin/Pre-cured Unidirectional Sheet
15801700E-glass/Vinyl ester/Pre-cured Unidirectional Sheet

�¶°�� :�Àe��Zf§�-��¯��{�¦¸fz»�¥ZÌ·Y��¿�¯

�µÁ|m� :©�Á��Êy�]�ÊËZÆ¿�Ê��¯�dÌ§����ÉZÅFRP�{ÂmÂ»�É�Zne



�d»ÁZ¬»�Z�§É :©�ÁFRP�Ê»�Ã|¿Z^�q�ÊÀf]�sÂ���Ä]�k�Zy��Y�Ä¯{Â�,�{�Y|¿�Y��É�Z�§�ÉÁ�Ì¿�¶¼ve�dÌ¸]Z«.�
�ËZ»�M��{�½Y�´�ÅÁ�aÃ{Y{�½Z�¿�{| f»�ÉZÅ�É�Z�§�dÌ§���Ä¯�|¿YFRPÄ�Ì��,ÊÀ]�¯�ÉZÅ��{�\Ìe�e�Ä]�É|Ì»Y�M�Á�ÉY

�{Á|u���,����Á���d�ZÆ¿M�Ê��¯�dÌ§���|��{ .]�dÌ§����ÅZ¯�¾ËY¶yY{��{�¥ZÌ·Y�Ê �Â»��¿Z¼¯�¶Ì·{�ÄFRP�
d�Y .�t·Z�»�Ê¿Z��¯�\Ë��FRP��¾Ì]��Z�§��{����Ze����Ê»���¯��{�t·Z�»�|��{|�Z].

½Z»���]Ze��Zf§�:]Ze�ºÆ»�Ê³�ËÁ�Á{�Ê´f�y�Á���y��t·Z�»�½Z»��|Àf�Å�Ê»�Ä¯�Äf§�³���¿��{�ÊuY����{�d�ËZ]
|¿Â� .Z]�Ä]�d^�¿�Y��dÌ�Z�u�¾Ë�f¼¯�ÊÀ]�¯�¥ZÌ·YÊ»�½Z�¿�Ê¼WY{�ÉZÅ�|ÀÅ{ .�¾ËY�¶]Z¬»��{�|Ì»Y�M�Á�Ä�Ì��¥ZÌ·Y�Z»Y

É�Y~³�Z]�Ä¿Â³Ê»�¶¼��¦Ì ��0Zf^�¿�ZÅ|ÀÀ¯ .�½M��Y�Ê�Z¿�Ê�ZaÁ�§�Á�Ê´f�y�{�Â»��{FRP��ZÌ�]�{�°¸¼��ÊÀ]�¯�ÉZÅ
�Ä°Ì·Zu��{�Äf�Y{�Ê^�ZÀ»FRPÄ�Ì��ÉZÅÊ»�½Z�¿�É�f�Ì]�dÌ�Z�u�ÊÀ]�¯�Á�ÉY|ÀÅ{.�¯�d�Y��¯}�Ä]�¹�Ó��{��¼Ì¸a�Ä
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