
Ðåñßëçøç

Ç åîÝëéîç óôçí ôå÷íïëïãßá ôùí óõíèåôéêþí éíïðëéóìÝíùí õëéêþí Ý÷åé

äþóåé ðïéêéëßá ðñïúüíôùí ðïõ ìðïñïýí íá óõíäõáóèïýí ìå ôá óõì-

âáôéêÜ äïìéêÜ õëéêÜ óôçí êáôáóêåõÞ êáé åíßó÷õóç óôïé÷åßùí áðü

ïðëéóìÝíï óêõñüäåìá. Ç åñãáóßá áõôÞ äéáðñáãìáôåýåôáé ôï èÝìá ôïõ

ó÷åäéáóìïý óôïé÷åßùí óêõñïäÝìáôïò ìå ïðëéóìü áðü óýíèåôá õëéêÜ

ìÝóá óôï ðëáßóéï ôïõ ãåíéêþò áðïäåêôïý éêáíïôéêïý ó÷åäéáóìïý,

üðïõ ç äéáöïñïðïßçóç ôïõ ó÷åäéáóìïý ðñïêýðôåé áðü ôç ìåãÜëç

áíôï÷Þ êáé ôçí øáèõñüôçôá ôïõ óõíèåôéêïý õëéêïý óôçí ïñéáêÞ êáôÜ-

óôáóç áóôï÷ßáò. ÄéåñåõíÜôáé ç ðåñßðôùóç ôçò ïñèÞò Ýíôáóçò óôçí

ïñéáêÞ êáôÜóôáóç áóôï÷ßáò. Éåñáñ÷ïýíôáé ïé ìïñöÝò áóôï÷ßáò, ðñïó-

äéïñßæåôáé åê íÝïõ ç Ýííïéá ôçò «éóüññïðçò áóôï÷ßáò» êáé åíôïðßæï-

íôáé åíáëëáêôéêïß ìç÷áíéóìïß áíåëáóôéêÞò ðáñáìüñöùóçò óôï óõí-

èåôéêÜ ïðëéóìÝíï óôïé÷åßï áðü óêõñüäåìá. ÅîåôÜæïíôáé ïé ðåñéðôþ-

óåéò åíóùìáôùìÝíïõ óõíèåôéêïý ïðëéóìïý (íÝåò êáôáóêåõÝò) áëëÜ

êáé ç åíßó÷õóç õðáñ÷üíôùí óõìâáôéêÜ ïðëéóìÝíùí óôïé÷åßùí ìå åðé-

êÜëõøç áðü åîùôåñéêÝò óõíèåôéêÝò ôáéíßåò.

1. ÅÉÓÁÃÙÃÇ

Ôá óýíèåôá õëéêÜ, ðïõ ÷ñçóéìïðïéïýíôáé óÞìåñá ùò

ïðëéóìüò óå äïìéêÜ Ýñãá, Ý÷ïõí äïêéìáóèåß ãéá äåêáåôßåò

óôçí áåñïíáõðçãéêÞ, üðïõ óõ÷íÜ èåùñïýíôáé õëéêÜ åðéëï-

ãÞò, áöïý ÷áñáêôçñßæïíôáé áðü ìåãÜëç áíôï÷Þ êáé ðïëý

ìéêñü åéäéêü âÜñïò óå ó÷Ýóç ìå ôá ìÝôáëëá. ÄéáèÝôïõí

ðïëëÜ ðëåïíåêôÞìáôá, üðùò ãéá ðáñÜäåéãìá õøçëÞ áíôï÷Þ

óå åöåëêõóìü (ôçò ôÜîåùò 500 � 2000 MPa), éêáíïðïéçôéêÞ

äõóêáìøßá, äåí ðñïóâÜëëïíôáé áðü ôïõò óõíÞèåéò ðáñÜãï-

íôåò äéÜâñùóçò ôïõ ÷Üëõâá, åßíáé ìáãíçôéêþò áäñáíÞ êáé

äéáôßèåíôáé óå ðïéêßëá ó÷Þìáôá êáé åßäç äéáôïìþí, ôá ïðïßá

ìðïñïýí íá êáëýøïõí ìåãÜëï öÜóìá ðñáêôéêþí åöáñìï-

ãþí. Ç ìåãÜëç êáèõóôÝñçóç êáé ç äéóôáêôéêüôçôá, ìå ôçí

ïðïßá ãßíïíôáé áðïäåêôÜ óôá Ýñãá ðïëéôéêïý ìç÷áíéêïý,

ïöåßëïíôáé óôï ìÝ÷ñé ðñüôéíïò ìåãÜëï êüóôïò ôïõò áëëÜ êáé

óôçí Ýëëåéøç åíüò êáôÜëëçëïõ ðëáéóßïõ êáíïíéóìþí ãéá

ó÷åäéáóìü ìå ôá õðüøç õëéêÜ. ÓÞìåñá ôï êüóôïò ôùí õëéêþí

áõôþí ìåéþíåôáé óçìáíôéêÜ, êáèþò äéåõñýíåôáé ôï ðåäßï

åöáñìïãþí ôïõò, åíþ ðáñÜëëçëá óå ðïëëÝò áíåðôõãìÝíåò

÷þñåò Ý÷åé Þäç äçìïóéåõèåß ï ðñþôïò êýêëïò äéáôÜîåùí ó÷å-

äéáóìïý äïìéêþí Ýñãùí áðü óêõñüäåìá ìå óõíèåôéêü ïðëé-

óìü, ìå ðñùôïðüñåò ôçí Éáðùíßá (üðïõ ç áíÜðôõîç, ç ðáñá-

ãùãÞ êáé ç ÷ñÞóç ôùí óõíèåôéêþí äïìéêþí õëéêþí âñßóêï-

íôáé óå Ýîáñóç), ôçí ÁìåñéêÞ êáé ôïí ÊáíáäÜ (üðïõ óõíôå-

ëåßôáé Ýíôïíç åñåõíçôéêÞ äñáóôçñéüôçôá óôï áíôéêåßìåíï

áõôü ìå åðéëåãìÝíåò ðéëïôéêÝò åöáñìïãÝò). 

¸íá åðéðëÝïí êßíçôñï ãéá ôçí áíôéêáôÜóôáóç (ðëÞñùò Þ

ìåñéêþò) ôïõ ìåôáëëéêïý ìå ïðëéóìü áðü óýíèåôá õëéêÜ

åßíáé ç óùñåßá ôùí ðñïâëçìÜôùí ðïõ åìöáíßæïõí ôá äïìéêÜ

Ýñãá õðïäïìÞò óôéò áíåðôõãìÝíåò ÷þñåò (ãÝöõñåò, êôßñéá

óôÜèìåõóçò ï÷çìÜôùí, åãêáôáóôÜóåéò åðåîåñãáóßáò áðï-

âëÞôùí ê.Ü.) áðü ôç äéÜâñùóç ôïõ óéäçñïý ïðëéóìïý. Ôï

åôÞóéï êüóôïò åðéóêåõÞò êáé óõíôÞñçóçò ôùí Ýñãùí áõôþí

Ý÷åé ëÜâåé ôÝôïéåò áðáãïñåõôéêÝò äéáóôÜóåéò, þóôå ôï êñéôÞ-

ñéï ôçò áíèåêôéêüôçôáò, áíôß áõôïý ôçò áíôï÷Þò, íá ðñïó-

äéïñßæåé óå ðïëëÝò ðåñéðôþóåéò ôéò áíÜãêåò ôïõ ó÷åäéáóìïý. 

Ï ïðëéóìüò áðü óýíèåôá õëéêÜ åßíáé ãíùóôüò ùò FRP

(Fiber Reinforced Plastic), ãéáôß êáôáóêåõÜæåôáé áðü ßíåò

åìðïôéóìÝíåò áðü åéäéêÝò åðïîåéäéêÝò ñçôßíåò (ïé ñçôßíåò

áíáöÝñïíôáé êáé ùò ìÞôñá - matrix). Ôï õëéêü ôùí éíþí åßíáé

åßôå ãñáößôçò (carbon) åßôå áñáìßäéï (aramid) åßôå âáóÜëôçò

(basalt) åßôå áíôéáëêáëéêü ãõáëß (AR-glass), êáôÜ êáíüíá

éó÷õñüôåñï áðü áõôü ôïõ ÷Üëõâá. Ïé ìç÷áíéêÝò éäéüôçôåò ôïõ

ðñïúüíôïò, üìùò, åîáñôþíôáé óå ìåãÜëï âáèìü êáé áðü áõôÝò

ôçò ñçôßíçò. Ïé ñçôßíåò, ðïõ ÷ñçóéìïðïéïýíôáé, åßíáé åðïîåé-

äéêÝò (epoxy), ðïëõåóôåñéêÝò (polyester), âéíõëåóôåñéêÝò

(vinyl-ester) êáé ðïëõåèõëåíéêÝò (polyethylene). Ðñüêåéôáé

äçëáäÞ ãéá õëéêÜ ðïõ áðïôåëïýíôáé áðü äýï öÜóåéò, üðïõ ïé

ßíåò (1ç öÜóç) ðáñÝ÷ïõí ôçí áíôï÷Þ êáé ç ìÞôñá (2ç öÜóç)

ðáñÝ÷åé ôç óõíåêôéêüôçôá óôï óõíèåôéêü ðñïúüí. Ïé ßíåò ãõá-
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ëéïý êáé áñáìéäßïõ ðáñïõóéÜæïõí ìéêñüôåñï êüóôïõò óå

ó÷Ýóç ìå ôï ãñáößôç, áëëÜ Ý÷ïõí êáé ÷áìçëüôåñåò ìç÷áíéêÝò

éäéüôçôåò. Ãéá ôçí êáôáóêåõÞ ñÜâäùí ïðëéóìïý ôá õëéêÜ

áõôÜ óõíäõÜæïíôáé ìå êáôÜëëçëåò ìçôñéêÝò ñçôßíåò

(vinylester thermosetting) ìå áíèåêôéêüôçôá Ýíáíôé äéáâñù-

ôéêþí ÷çìéêþí ðáñáãüíôùí êáé Ýíáíôé êñïýóçò. Ç ìåèïäï-

ëïãßá ðáñáãùãÞò ôïõ ôåëéêïý ðñïúüíôïò ðïéêßëëåé áíÜëïãá

ìå ôéò ðñþôåò ýëåò, ôéò åðéèõìçôÝò éäéüôçôåò êáé ôç ìïñöÞ

ôïõ ôåëéêïý ðñïúüíôïò. ×áñáêôçñéóôéêÝò ôéìÝò ãéá ôéò éäéüôç-

ôåò ôùí éíþí äßíïíôáé óôïí ðßíáêá 1. 

2. ÓÕÌÂÏËÉÓÌÏÉ � ÓÕÍÔÌÇÓÅÉÓ

As1, As2, AF = åìâáäüí åöåëêõüìåíïõ, èëéâüìåíïõ êáé

ïðëéóìïý áðü óýíèåôï õëéêü áíôßóôïé÷á,

b, bF = ðëÜôïò äéáôïìÞò óôïé÷åßïõ êáé óýíèåôïõ

õëéêïý,

D = äéÜìåôñïò êõêëéêïý äïìéêïý óôïé÷åßïõ,

d = óôáôéêü ýøïò äéáôïìÞò (áðüóôáóç ìåôáîý

åöåëêõüìåíïõ ïðëéóìïý êáé áêñáßáò èëéâü-

ìåíçò ßíáò óêõñïäÝìáôïò),

d1, d2 = ðÜ÷ïò åðéêÜëõøçò åöåëêõüìåíïõ êáé èëéâü-

ìåíïõ ïðëéóìïý áíôßóôïé÷á (ìÝ÷ñé ôï êÝíôñï

âÜñïõò ôùí ñÜâäùí ïðëéóìïý),

ås1, ås2 = áíçãìÝíåò ðáñáìïñöþóåéò åöåëêõüìåíïõ

êáé èëéâüìåíïõ ïðëéóìïý áíôßóôïé÷á, 

åcu= ïñéáêÞ ðáñáìüñöùóç óêõñïäÝìáôïò,

Å, ÅF = ìÝôñï åëáóôéêüôçôáò óêõñïäÝìáôïò êáé õëé-

êïý óýíèåôïõ ïðëéóìïý,

Fc = äýíáìç óôç èëéâüìåíç æþíç ôçò äéáôïìÞò,

Fs2 = äýíáìç óôï èëéâüìåíï ïðëéóìü, 

Fs1 = äýíáìç óôïí åöåëêõüìåíï ïðëéóìü,

FF = åöåëêõóôéêÞ äýíáìç ôïõ FRP,

= ìÝãéóôç ôÜóç êáé áíôßóôïé÷ç áíçãìÝíç

ðáñáìüñöùóç ôïõ ïðëéóìïý áðü óýíèåôï

õëéêü óôçí ïñéáêÞ êáôÜóôáóç áóôï÷ßáò ôïõ

äïìéêïý óôïé÷åßïõ,

G = ìÝôñï äéáôìÞóåùò,

h= óõíïëéêü ýøïò äéáôïìÞò, 

ì,í = áäéÜóôáôá (áíçãìÝíá) ìåãÝèç áîïíéêÞò

äýíáìçò êáé êáìðôéêÞò ñïðÞò,

îlim = áíçãìÝíï ýøïò èëéâüìåíçò æþíçò óôçí

éóüññïðç êáôÜóôáóç,

= äéáôìçôéêÞ áíôï÷Þ ôïõ óõíäåôéêïý õëéêïý

(êüëëáò) êáé ôïõ õðïóôñþìáôïò (óêõñüäåìá

åðéêÜëõøçò),

ôb = ôÜóç óõíÜöåéáò ìåôáîý åóùôåñéêïý ïðëé-

óìïý êáé óêõñïäÝìáôïò, 

tF = ðÜ÷ïò óýíèåôïõ óôïé÷åßïõ åîùôåñéêÞò åíß-

ó÷õóçò,

å0
ct = áñ÷éêÞ áíçãìÝíç ðáñáìüñöùóç óêõñïäÝ-

ìáôïò óôçí áêñáßá åöåëêõüìåíç ßíá,

uINT = ðåñßìåôñïò äéáôïìÞò ñÜâäïõ ïðëéóìïý áðü

óýíèåôï õëéêü,

Lanch = åíåñãü ìÞêïò áãêýñùóçò,

Md, Msd = ôéìÝò ñïðÞò ó÷åäéáóìïý ùò ðñïò ôï êÝíôñï

âÜñïõò ôçò äéáôïìÞò êáé ôïõ åöåëêõüìåíïõ

ïðëéóìïý áíôßóôïé÷á.

3. ÂÁÓÉÊÅÓ ÌÇ×ÁÍÉÊÅÓ ÉÄÉÏÔÇÔÅÓ
ÔÙÍ ÓÔÏÉ×ÅÉÙÍ ÓÕÍÈÅÔÉÊÏÕ
ÏÐËÉÓÌÏÕ

Ï ïðëéóìüò áðü óýíèåôá õëéêÜ äéáôßèåôáé ìå ôç ìïñöÞ

ñÜâäùí, ðëåãìÜôùí, åëáóìÜôùí, éíïûöáóìÜôùí êáé ôåíü-

íôùí ðñïåíôÜóåùò. Ïé êýñéåò ìç÷áíéêÝò éäéüôçôåò áõôþí ôùí

óôïé÷åßùí ðïéêßëëïõí áíÜëïãá ìå ôïí ôñüðï êáôáóêåõÞò

ôïõò êáé óõíÞèùò äßäïíôáé áðü ôïí åêÜóôïôå êáôáóêåõáóôÞ.

Ãéá ðáñÜäåéãìá, ïé óõíÞèåéò ñÜâäïé ïðëéóìïý áðü ãñáößôç

(carbon) Ý÷ïõí ÷áñáêôçñéóôéêÞ åöåëêõóôéêÞ áíôï÷Þ áðü

1300-2000 MPa êáé ìÝôñï åëáóôéêüôçôáò áðü 100 � 130 GPa

êáé ðáñáìüñöùóç èñáýóçò 1.3%. Ïé áíôßóôïé÷åò ôéìÝò ãéá

ñÜâäïõò áñáìéäßïõ (aramid) åßíáé 1300 MPa, 60 GPa êáé

2%, åíþ ãéá ñÜâäïõò áðü ßíåò áíôéáëêáëéêïý ãõáëéïý (AR-

glass) êõìáßíïíôáé áðü 400-800 MPa, 30 � 40 GPa êáé 1.3%-

2% áíôßóôïé÷á [3], [5], [7], [10].

Ç áíôï÷Þ êáé ç äõóêáìøßá ôùí óôïé÷åßùí ôïõ ïðëéóìïý

áõôïý åîáñôþíôáé áðü ôïí ôýðï êáé ôï ïãêïìåôñéêü ðïóïóôü

ôùí éíþí (óõíÞèùò ôçò ôÜîåùò ôïõ 60%), ôçí êëßóç ôùí éíþí

ùò ðñïò ôïí êýñéï åöåëêõóôéêü Üîïíá, ôï ó÷Þìá ôçò äéáôï-

ìÞò ôïõ ôåëéêïý ðñïúüíôïò êáé ôç ìÞôñá óõíï÷Þò. Ç ó÷Ýóç

åöåëêõóôéêÞò ôÜóçò-ðáñáìüñöùóçò ãéá ôá ðåñéóóüôåñá

óýíèåôá ðñïúüíôá åßíáé ãñáììéêÜ åëáóôéêÞ ìÝ÷ñé ôç èñáýóç

(ó÷Þìá 1). Ãéá ôéò ñÜâäïõò óýíèåôïõ ïðëéóìïý ôá ÷áñáêôç-

ñéóôéêÜ ôïõ äéáãñÜììáôïò óå áîïíéêÞ èëßøç åßíáé ðáñüìïéá

ìå áõôÜ óå åöåëêõóìü, ç áíôï÷Þ üìùò åßíáé ìéêñüôåñç óå

èëßøç. ÐáñïõóéÜæïõí ìéêñÞ áíôï÷Þ óå åãêÜñóéá ðßåóç

(ïñèïãþíéá ðñïò ôçí êáôåýèõíóç ôùí éíþí), ôçò ôÜîåùò ôïõ

30% ôçò êýñéáò åöåëêõóôéêÞò áíôï÷Þò. Ãéá ôï ëüãï áõôü ïé

äéáôÜîåéò ôïõ óõìâáôéêïý éêáíïôéêïý ó÷åäéáóìïý, ðïõ âáóß-

æïíôáé óôç äñÜóç âëÞôñïõ ôïõ ïðëéóìïý, ðñÝðåé íá ëçöèïýí

ìå ìåãÜëï óõíôåëåóôÞ áóöáëåßáò, üôáí ï êýñéïò ïðëéóìüò

ôïõ óôïé÷åßïõ åßíáé ìç ìåôáëëéêüò (ãéá ðáñÜäåéãìá ç óõììå-

ôï÷Þ ôïõ óêõñïäÝìáôïò, Vc, óôç äéáôìçôéêÞ áíôï÷Þ VRd3).

Ï óõíôåëåóôÞò èåñìéêÞò äéáóôïëÞò ñÜâäùí FRP êáôá ôçí

åãêÜñóéá äéåýèõíóç êáèïñßæåôáé áðü áõôüí ôçò óõíåêôéêÞò

ìÞôñáò ðïõ óõ÷íÜ åßíáé 5-8 öïñÝò ìåãáëýôåñïò áðü áõôüí

ôïõ óêõñïäÝìáôïò, åíþ êáôÜ ôç äéåýèõíóç ôùí éíþí

(ñÜâäùí) åîáñôÜôáé áðü ôïí ôýðï ôùí éíþí. ¢ñá ç áëëçëå-

ðßäñáóç ôùí õëéêþí óå óõíèÞêåò èåñìïêñáóéáêþí ìåôáâï-

uu
adh cov,ττ

eff
F

eff
Ff ε,
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ëþí ðñÝðåé íá ëáìâÜíåôáé óïâáñÜ õðüøç, åíþ óôçí ðåñß-

ðôùóç ôïõ óõìâáôéêïý ïðëéóìïý áõôÞ ç åíôáôéêÞ êáôÜóôá-

óç ãåíéêÜ áãíïåßôáé (áöïý ï ÷Üëõâáò êáé ôï óêõñüäåìá åßíáé

èåñìïêñáóéáêþò óõìâáôÜ).

Ôá åëÜóìáôá, ïé ôáéíßåò êáé ôá éíïûöÜóìáôá åßíáé äéäéÜ-

óôáôá ðñïúüíôá (Ý÷ïõí ðïëý ìéêñü ðÜ÷ïò óå ó÷Ýóç ìå ôéò

Üëëåò ôïõò äéáóôÜóåéò) êáé ç êýñéá ìç÷áíéêÞ ëåéôïõñãßá

ôïõò åßíáé óå åðßðåäç Ýíôáóç. Ôá óôïé÷åßá áõôÜ åßíáé éäéáßôå-

ñá åý÷ñçóôá, åðåéäÞ åßíáé åýêáìðôá êáé Ý÷ïõí åëÜ÷éóôï

âÜñïò, åíþ óõíäõÜæïõí ìåãÜëç ìç÷áíéêÞ áíôï÷Þ êáé

äõóêáìøßá óôï åðßðåäü ôïõò êáé ùò åê ôïýôïõ ÷ñçóéìïðïé-

ïýíôáé êõñßùò ãéá åîùôåñéêÞ åíßó÷õóç äïìéêþí óôïé÷åßùí

(ìáíäýåò). ÁíáöÝñïíôáé óôç âéâëéïãñáößá ùò ExFRPs

(Åxternally-bonded Fibre Reinforced Plastics), ãéáôß åðéêïë-

ëïýíôáé åîùôåñéêÜ óôçí åðéöÜíåéá ôùí äïìéêþí óôïé÷åßùí.

ÓõãêåêñéìÝíá, ÷ñçóéìïðïéïýíôáé åßôå ùò ðñüóèåôïò åöåëêõ-

óôéêüò Þ êáé äéáôìçôéêüò ïðëéóìüò (äïêïß êáé ôïé÷ïðïéßá),

åßôå ùò ïðëéóìüò ðåñßóöéãîçò óå óôïé÷åßá ìå óçìáíôéêÝò èëé-

ðôéêÝò ôÜóåéò (ìáíäýåò áíôß óðåéñïåéäþí óõíäåôÞñùí). 

ÓõíÞèùò ôá õëéêÜ áõôÜ åßíáé ïñèïôñïðéêÜ (áíÜëïãá ìå

ôïí ôñüðï êáôáóêåõÞò ôïõò), ìå ìßá êýñéá êáé ìßá äåõôåñåý-

ïõóá êáôåýèõíóç áíôï÷Þò êáé äõóêáìøßáò. Ãéá ðáñÜäåéãìá,

åßíáé óõíÞèçò ç ÷ñÞóç äéáöïñåôéêïý ôýðïõ éíþí óôçí êýñéá

áðü ôç äåõôåñåýïõóá êáôåýèõíóç äñÜóçò ôïõ óõíèåôéêïý

óôïé÷åßïõ (ð.÷. ôï E-glass TYFO-Fibrewrap óýóôçìá Ý÷åé

áíôéáëêáëéêÝò ßíåò ãõáëéïý óôçí êýñéá êáôåýèõíóç êáé ßíåò

áñáìéäßïõ óôçí ïñèïãþíéá êáôåýèõíóç [1]). Ïé ìç÷áíéêÝò

éäéüôçôåò ôïõ ìáíäýá åîáñôþíôáé óå ìåãÜëï âáèìü áðü ôç

äéáôìçôéêÞ áíôï÷Þ ôïõ õðïóôñþìáôïò, êáèþò êáé ôçí åëá-

óôéêüôçôá êáé áíôï÷Þ ôçò êüëëáò ðïõ ôïí óõãêñáôåß óôçí

åðéöÜíåéá ôïõ äïìéêïý óôïé÷åßïõ. ¸ôóé ïé ðñïäéáãñáöÝò, ðïõ

óõíÞèùò óõíïäåýïõí ôá õëéêÜ áðü ôïí êáôáóêåõáóôÞ, ìðï-

ñåß íá áöïñïýí åßôå ôéò éäéüôçôåò ôïõ óýíèåôïõ õëéêïý ùò

áðïìïíùìÝíç ìïíÜäá åßôå áõôÝò ôïõ óõóôÞìáôïò �óýíèåôï

õëéêü � êüëëá�. Óôç óõíÝ÷åéá, áíáöÝñïíôáé åíäåéêôéêÜ ïé

ìç÷áíéêÝò éäéüôçôåò ïñéóìÝíùí áðü ôá éíïûöÜóìáôá ðïõ

Ý÷ïõí ÷ñçóéìïðïéçèåß óå äçìïóéåõìÝíåò ðéëïôéêÝò åöáñìï-

ãÝò [1], [4], [5], [8], [9], [13]. Ãéá ðáñÜäåéãìá, ïé ôáéíßåò ãõá-

ëéïý (Å-glass) êáé ãñáößôç Ý÷ïõí ÷áñáêôçñéóôéêÞ åöåëêõóôé-

êÞ áíôï÷Þ (ìå 5% ðéèáíüôçôá õðïóêåëéóìïý) 1500 MPa êáé

2400-3500 MPa áíôßóôïé÷á, ìÝôñï åëáóôéêüôçôáò 69 GPa

êáé 150-370 GPa, ðáñáìüñöùóç èñáýóçò 2.1% êáé 1.5%-

0.8%, êáé ðÜ÷ïò óêëçñõìÝíçò óôñþóçò ðåñßðïõ 1mm. Ïé

áíôßóôïé÷åò éäéüôçôåò ôçò êüëëáò åßíáé 20-50 MPa, 2.5-

12 GPa êáé 2.5%. Ãéá ôï óýóôçìá TYFO fibrewrap êáé ãéá

êýñéåò ßíåò ôýðïõ E-glass ç åöåëêõóôéêÞ áíôï÷Þ åßíáé 

550 MPa, ôï ìÝôñï åëáóôéêüôçôáò 27 GPa, ç ðáñáìüñöùóç

èñáýóçò 2% êáé ôï ðÜ÷ïò ôçò óêëçñõìÝíçò óôñþóçò ðåñß-

ðïõ 1.3 mm, åíþ ãéá êýñéåò ßíåò áðü ãñáößôç ç åöåëêõóôéêÞ

áíôï÷Þ åßíáé 1000 MPa, ôï ìÝôñï åëáóôéêüôçôáò 68 GPa, ç

ðáñáìüñöùóç èñáýóçò 1.2% êáé ôï ðÜ÷ïò ôçò óêëçñõìÝíçò

óôñþóçò 1mm. Ïé áíôßóôïé÷ïé óõíôåëåóôÝò èåñìéêÞò äéáóôï-

ëÞò åßíáé 7.7×10-6/ïC ãéá ßíåò áðü ãõáëß êáé 0.43×10-6/ïC ãéá

áíôßóôïé÷åò áðü ãñáößôç.

4. ÅÖÁÑÌÏÃÅÓ ÔÙÍ FRP�S ÓÅ ÅÑÃÁ
ÐÏËÉÔÉÊÏÕ ÌÇ×ÁÍÉÊÏÕ

Áðü ôçí ðïéêéëßá ôùí ðñïúüíôùí FRP ôï ìåãáëýôåñï

åýñïò åöáñìïãÞò Ý÷ïõí ïé åýêáìðôåò ôáéíßåò êáé ôá óýíèåôá

õöÜóìáôá, ôá ïðïßá ÷ñçóéìïðïéïýíôáé êõñßùò ãéá åðéóêåõÞ

êáé âåëôßùóç óôïé÷åßùí áðü ïðëéóìÝíï óêõñüäåìá êáé ðåó-

óþí Üïðëçò ôïé÷ïðïéßáò. Ï ïðëéóìüò ôïðïèåôåßôáé Ýôóé, þóôå

ç êýñéá áíôï÷Þ ôïõ íá áíáðôýóóåôáé óôçí êáôåýèõíóç ôçò

ìÝãéóôçò åöåëêõóôéêÞò ðáñáìüñöùóçò. Ç ðëÝïí äéáäåäïìÝ-

íç åöáñìïãÞ åßíáé ç åíßó÷õóç ìÝóù ðåñßóöéãîçò (ìáíäýáò)

õðïóôõëùìÜôùí ãåöõñþí, ôá ïðïßá åßôå Ý÷ïõí õðïóôåß âëÜ-

âåò áðü óåéóìü åßôå Ý÷åé äéáãíùóèåß áíåðÜñêåéá ðëáóôéìü-

ôçôáò (ó÷Þìá 2). Óýíèåôïé ìáíäýåò Ý÷ïõí åðßóçò ÷ñçóéìï-

ðïéçèåß åðéôõ÷þò êáé ãéá ôçí åíßó÷õóç óôïé÷åßùí ðïõ Ý÷ïõí

õðïóôåß äéÜâñùóç ïðëéóìïý. Óçìåéþíåôáé åäþ üôé ç ìÝãéóôç

åãêÜñóéá ðßåóç ðåñéóößãîåùò, ólat ðïõ åðéâÜëëåé ï ìáíäýáò

óå áõôÞ ôçí ðåñßðôùóç, åßíáé (ó÷Þìá 2): 

ólat = 2 × FF
u × n/D (4.1)

üðïõ:

FF
u = ç áíôï÷Þ ìéáò óôñþóçò ôïõ óýíèåôïõ ðñïúüíôïò óôçí

êýñéá êáôåýèõíóç óå ìïíÜäåò äýíáìçò áíÜ ìïíÜäá

ðëÜôïõò ôçò óôñþóçò, 

n = ï áñéèìüò ôùí óôñþóåùí ðïõ Ý÷ïõí ÷ñçóéìïðïéçèåß, êáé 

D = ç äéÜìåôñïò ôïõ áñ÷éêïý óôïé÷åßïõ. 

Ç èëéðôéêÞ áíôï÷Þ ôïõ ðåñéóöéãìÝíïõ ðõñÞíá õðåñâáßíåé

ôçí áñ÷éêÞ, áðåñßóöéãêôç ôéìÞ êáôÜ ë×(ólat)
m (üðïõ ë =2.5-3.0

êáé m≈0.7) ìå áíôßóôïé÷ç áýîçóç ôçò éêáíüôçôáò ãéá ðáñá-

ìüñöùóç. Ìå äåäïìÝíç ôçí åõêïëßá ôïðïèÝôçóçò, ÷ùñßò

êáìßá ðáñÝìâáóç óôçí åîùôåñéêÞ ãåùìåôñßá ôïõ óôïé÷åßïõ

(ç ìåôáâïëÞ ôùí äéáóôÜóåùí åßíáé ôçò ôÜîåùò ìåñéêþí

÷éëéïóôþí), åßíáé åðüìåíï üôé ïé óýíèåôïé ìáíäýåò áðïôåëïýí

ðïëý áðïôåëåóìáôéêüôåñç ëýóç óå óýãêñéóç ìå ôïõò ðáñá-

äïóéáêïýò ìáíäýåò ãéá ôá õðïóôõëþìáôá. Ãéá ôçí åíßó÷õóç

ôïõ äéáìÞêïõò ïðëéóìïý õðïóôõëùìÜôùí åßíáé äõíáôüí íá

÷ñçóéìïðïéçèïýí åðßóçò äéáìÞêåéò ôáéíßåò FRP åóùôåñéêÜ

ôùí ìáíäõþí. ¢ëëåò ãíùóôÝò åöáñìïãÝò åíßó÷õóçò åßíáé ïé

åîÞò (ó÷Þìá 3): (á) ÷ñÞóç ôáéíéþí ExFRP óôçí åöåëêõóôéêÞ

æþíç êáìðôéêþí óôïé÷åßùí ùò ðñüóèåôïò åöåëêõóôéêüò

ïðëéóìüò, (â) ÷ñÞóç ôáéíéþí ExFRP êáè� ýøïò ôïõ êïñìïý

äïêþí ùò ðñüóèåôïò äéáôìçôéêüò ïðëéóìüò êáé (ã) åðéêüëëç-

óç ôáéíéþí óôçí åðéöÜíåéá Üïðëçò ôïé÷ïðïéßáò ãéá åíßó÷õóç

Ýíáíôé êÜìøçò êáé äéÜôìçóçò ôùí ðåóóþí (ð.÷. ãéá åðéóêåõÞ

Þ áíôéóåéóìéêÞ áíáâÜèìéóç). Ç ðñþôç ÷ñçóéìïðïéåßôáé
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óõ÷íÜ, åßôå áí ï õðÜñ÷ùí ïðëéóìüò Ý÷åé áðïìåéùèåß áðü äéÜ-

âñùóç, åßôå ãéáôß áðáéôåßôáé áíáâÜèìéóç ôçò öÝñïõóáò éêá-

íüôçôáò ôïõ óôïé÷åßïõ. Óôç äåýôåñç êáé ôñßôç ðåñßðôùóç, ïé

ôáéíßåò ëåéôïõñãïýí ùò åëêõóôÞñåò ôïõ éäåáôïý äéêôõþìá-

ôïò, ìå ôï ïðïßï ðáñáëáìâÜíåôáé ç ôÝìíïõóá áðü ôï óôïé-

÷åßï (óå áíáëïãßá ìå ôï äéêôýùìá Mörsch, óýìöùíá ìå ôï

ïðïßï ôï óêõñüäåìá êáé ç ôïé÷ïðïéßá, ðïõ åßíáé áóèåíÞ óå

åöåëêõóìü, ëåéôïõñãïýí ùò èëéðôÞñåò, ïé äå äéáìÞêåéò êáé

åãêÜñóéïé ïðëéóìïß ùò åëêõóôÞñåò). Áðáñáßôçôç ðñïûðüèå-

óç ãéá ôçí åíåñãïðïßçóç ôïõ ìç÷áíéóìïý åëêõóôÞñùí ôïõ

éäåáôïý äéêôõþìáôïò áðïôåëåß ç áãêýñùóç ôùí ôáéíéþí óôç

èëéâüìåíç æþíç. 

5. ÓÕÍÅÑÃÁÓÉÁ FRP�ÓÊÕÑÏÄÅÌÁÔÏÓ

Óôçí ðåñßðôùóç ôùí óõíèÝôùí ñÜâäùí ïðëéóìïý (ðïõ

åíóùìáôþíïíôáé óôï óêõñüäåìá ùò õðïêáôÜóôáôá ôïõ óõì-

âáôéêïý ìåôáëëéêïý ïðëéóìïý) ç óõíåñãáóßá ôùí ñÜâäùí ìå

ôï ðåñéâÜëëïí óêõñüäåìá åîáñôÜôáé áðü ôçí ôñá÷ýôçôá ôçò

åðéöÜíåéáò ôçò ñÜâäïõ. Ëüãù ôçò ÷áìçëÞò äéáôìçôéêÞò

áíôï÷Þò ôùí FRP�s, ïé êáôáóêåõáóôÝò óõíèÝôùí ñÜâäùí

Ý÷ïõí õéïèåôÞóåé äéÜöïñåò ìåèüäïõò ãéá ôçí åðßôåõîç ôñá-

÷ýôçôáò Þ êáé ìç÷áíéêÞò áãêýñùóçò óôï óêõñüäåìá ìå: (á)

åðß÷ñéóç ôçò åðéöÜíåéáò ôçò ñÜâäïõ ìå ÷ïíäñüêïêêç Üììï

ãéá áýîçóç ôïõ óõíôåëåóôÞ ôñéâÞò, (â) äçìéïõñãßá íåõñþóåùí

ìå åëéêïåéäÞ ðåñéôýëéîç êáëùäßùí FRP êáôÜ ìÞêïò ôçò

ñÜâäïõ (ïé íåõñþóåéò óôçí ðåñßðôùóç áõôÞ ìðïñåß íá åßíáé

åßôå ðñïåîï÷Ýò åßôå åãêïðÝò), (ã) äçìéïõñãßá íåõñþóåùí ìå

Ýê÷õóç éíïðëéóìÝíçò ñçôßíçò (ïé íåõñþóåéò óôçí ðåñßðôùóç

áõôÞ Ý÷ïõí ôç ìïñöÞ ðñïåîï÷þí). Óçìåéþíåôáé åäþ üôé ïé

íåõñþóåéò ôýðïõ (â) åßíáé âÝëôéóôåò, üôáí Ý÷ïõí ôç ìïñöÞ

åãêïðþí, ãéáôß ìåéþíïõí ôï ìÝãåèïò ôùí ôÜóåùí äéáññÞîåùò

êáé äßíïõí åõíïúêÞ óõìðåñéöïñÜ ùò ðñïò ôçí éêáíüôçôá

ðáñáìüñöùóçò ôïõ ïðëéóìÝíïõ óôïé÷åßïõ. Áíôßèåôá, üôáí

Ý÷ïõí ôç ìïñöÞ ðñïåîï÷þí, ç áóôï÷ßá óõíÞèùò åðéêåíôñþ-

íåôáé óôï FRP ìå ôç ìïñöÞ äéáôìçôéêÞò áðïêüëëçóçò ôçò

åëéêïåéäïýò êáëùäéáêÞò íåýñùóçò [12].

Ç ó÷Ýóç ìåôáîý ôÜóåùò óõíÜöåéáò (ôb) êáé ó÷åôéêÞò ïëß-

óèçóçò (s) êáèïñßæåôáé óýìöùíá ìå ôçí åêÜóôïôå ðåñßðôù-

óç ôïõ ÷ñçóéìïðïéïýìåíïõ FRP. Ãåíéêþò áõîÜíåôáé ç áíôï-

÷Þ êáé ìåéþíåôáé ç ðëáóôéìüôçôá áðü ôçí ðåñßðôùóç (á)

ðñïò ôçí (ã), áëëÜ ôá ãåíéêÜ ÷áñáêôçñéóôéêÜ ôïõ äéáãñÜì-

ìáôïò ôb-s åßíáé ðáñüìïéá ìå áõôÜ ôïõ óõìâáôéêïý ïðëéóìïý

(äçëáäÞ áíéþí êëÜäïò ìå öèßíïõóá êëßóç) ìÝ÷ñé ôç ìÝãéóôç

áíôï÷Þ óõíÜöåéáò, áêïëïõèïýìåíïò áðü ïñéæüíôéï êëÜäï

ðïõ áíôéóôïé÷åß óå áõîáíüìåíç ïëßóèçóç õðü óôáèåñÞ áíôß-

óôáóç ôb,max, êáé ôÝëïò, öèßíùí êëÜäïò ìå ðñïúïýóá ïëß-

óèçóç [12] (ó÷Þìá 4).

Ãéá ôçí ðåñßðôùóç åëáóìÜôùí êáé ôáéíéþí áðü óýíèåôá

õëéêÜ, ç âáóéêÞ ðáñÜìåôñïò, ðïõ ðñïóäéïñßæåé ôçí ðïéüôçôá

ôçò óõíåñãáóßáò ìå ôï óêõñüäåìá, åßíáé ôï óõíäåôéêü õëéêü

(êüëëá) êáé ôá åðéöáíåéáêÜ ÷áñáêôçñéóôéêÜ ôïõ óêõñïäÝìá-

ôïò êáé ôïõ FRP. Óå áíôßèåóç ìå ôïõò óõìâáôéêïýò, åíóùìá-

ôùìÝíïõò ïðëéóìïýò, ôá åîùôåñéêÜ åëÜóìáôá êáé ïé ôáéíßåò

ðáñïõóéÜæïõí éäéáéôåñüôçôåò ùò ðñïò ôéò ìïñöÝò áóôï÷ßáò

ôçò äéåðéöÜíåéáò. Êáô� áñ÷Üò ç áðïêüëëçóÞ ôïõò óõíÞèùò

îåêéíÜ áðü ôá Üêñá (óçìåßá áðüôìçóçò), üôáí áõôÜ åõñß-

óêïíôáé óôï åóùôåñéêü ôïõ áíïßãìáôïò ëüãù óõãêÝíôñùóçò

äéáôìçôéêþí êáé ïñèþí ôÜóåùí [2], [9], [13]. Óçìåéþíåôáé

üôé ôï FRP ëåéôïõñãåß ùò åëêõóôÞñáò óå üëï ôï ìÞêïò ôïõ

êáé ãéá ôï ëüãï áõôü ÷ñåéÜæåôáé éäéáßôåñç ðñüâëåøç óôá

óçìåßá áãêýñùóçò. Ç åîáóöÜëéóç ôïõ åëÜóìáôïò / ôáéíßáò

Ýíáíôé áðïêüëëçóçò óôá Üêñá ãßíåôáé ìå ôçí åðéâïëÞ åãêÜñ-

óéáò ðßåóçò (ìÝóù åíóùìáôùìÝíùí äéáôìçôéêþí óõíäÝóìùí

Þ ìå ÷ñÞóç åîùôåñéêþí óõíäÝóìùí ó÷Þìáôïò U, ïé ïðïßïé

ìðïñåß íá åßíáé åßôå ìåôáëëéêïß åßôå áðü FRP êáé, ðñïêåéìÝ-

íïõ íá åßíáé áðïôåëåóìáôéêïß, ðñÝðåé íá åðåêôåßíïíôáé ìÝ÷ñé

ôç èëéâüìåíç æþíç ôïõ óôïé÷åßïõ, üðïõ êáé áãêõñþíïíôáé).

Ðáñüìïéá óõìðåñéöïñÜ ðáñáôçñåßôáé åêáôÝñùèåí êáìðôé-

êþí ñùãìþí ðïõ Ý÷åé üìùò óõíÝðåéåò ó÷åôéêÜ ðåñéïñéóìÝíçò

åìâÝëåéáò (åêôüò áí ðñüêåéôáé ãéá ôçí ðåñßðôùóç áíïßãìáôïò

êáìðôïäéáôìçôéêþí ñùãìþí óå ðñïçãìÝíï óôÜäéï ðáñáìïñ-

öþóåùí, ïé ïðïßåò ìðïñïýí íá ïäçãÞóïõí óå êáôáóôñïöéêÞ

áðïêüëëçóç ôïõ FRP). 

Ç åîáóöÜëéóç ôçò áãêýñùóçò ôïõ ExFRP Ýôóé, þóôå

áõôü íá ìðïñåß íá áíáðôýîåé Ýíá óçìáíôéêü ìÝñïò ôçò åöåë-

êõóôéêÞò ôïõ áíôï÷Þò, åßíáé êñßóéìç ãéá ôçí åðéôõ÷ßá ôçò åíß-

ó÷õóçò. ÅðåéäÞ ðëÝïí ç áãêýñùóç åßíáé ìåôáîý ôáéíßáò êáé

õðïóôñþìáôïò (óêõñïäÝìáôïò Þ ôïé÷ïðïéßáò), ï êýñéïò

ìç÷áíéóìüò áóôï÷ßáò ó÷åôßæåôáé ìå ôç äéáôìçôéêÞ áíôï÷Þ ôçò

åðéêÜëõøçò ôïõ õðïóôñþìáôïò (áóôï÷ßá áðü äéáãþíéï åöåë-

êõóìü óôç óôñþóç óêõñïäÝìáôïò ìåôáîý õðÜñ÷ïíôïò ïðëé-

óìïý êáé ðñïóôéèÝìåíïõ åîùôåñéêïý FRP) êáé äåõôåñåõü-

íôùò ìå áðïêüëëçóç ôïõ ExFRP (ó÷Þìá 5). Ïé ìç÷áíéóìïß

áõôïß áðïôåëïýí ôçí á÷ßëëåéï ðôÝñíá ôïõ üëïõ óõóôÞìáôïò

êáé åßíáé åîáéñåôéêÜ äýóêïëï íá åðéôåõ÷èåß óå åöáñìïãÝò

åíßó÷õóçò ôïõ ôýðïõ áõôïý èñáýóç ôïõ FRP áðü õðÝñâáóç

ôçò êýñéáò åöåëêõóôéêÞò ôïõ áíôï÷Þò. Ìðïñåß äçëáäÞ íá

èåùñçèåß üôé ôï FRP áíáìÝíåôáé íá áíáðôýîåé ùò ìÝãéóôç

ôÜóç êáé ìÝãéóôç ðáñáìüñöùóç áíôßóôïé÷á fF
eff = á fF

u êáé

εF
eff = á εF

u üðïõ ï óõíôåëåóôÞò á<1 åßíáé óõíÜñôçóç ôçò

áíôï÷Þò ôçò áãêýñùóçò [13]. Ç ìÝãéóôç ôÜóç ôïõ óýíèåôïõ

õëéêïý óôç öÜóç ôçò áóôï÷ßáò fF
eff ìðïñåß íá åêöñáóèåß ùò

óõíÜñôçóç ôçò åëÜ÷éóôçò ôéìÞò ôùí: 

fF
eff =min {fF

u, 1( ôu
cov , Lanch), 2(ôu

adh, Lanch)} (5.1)

üðïõ:

fF
u = ôÜóç áóôï÷ßáò ôïõ FRP,

ôu
adh.Lanch, ôu

cov Lanch = ìÝãéóôç äéáôìçôéêÞ äýíáìç (ìÝóç

ôÜóç × åíåñãü ìÞêïò áãêõñþóåùò) ôïõ óõíäåôéêïý õëéêïý
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(êüëëáò) êáé ôïõ óêõñïäÝìáôïò ôïõ õðïóôñþìáôïò (åðéêÜ-

ëõøçò).

Èá ðñÝðåé íá óçìåéùèåß üôé óõíÞèùò ç áóôï÷ßá ôïõ õðï-

óôñþìáôïò áëëÜ êáé ôïõ óõíäåôéêïý õëéêïý ðáñïõóéÜæåôáé

øáèõñÞ, ïðüôå éó÷ýïõí:

ãu
cov ≈ ãy

cov , ã
u

adh ≈ ãy
adh êáé ôu

cov ≈ ôy
cov , ôu

adh ≈ ôy
adh

(5.2)

ÓõíÞèùò ç áíôï÷Þ ôïõ óõíäåôéêïý õëéêïý åßíáé êáôÜ

ðïëý ìåãáëýôåñç áðü ôç äéáôìçôéêÞ áíôï÷Þ ôïõ õðïóôñþìá-

ôïò, ïðüôå ç áóôï÷ßá óõíÞèùò áöïñÜ ôï õðüóôñùìá êáé

óðÜíéá ôï óõíäåôéêü õëéêü. ¼ìùò, ç åêäï÷Þ ôçò áóôï÷ßáò ôïõ

óõíäåôéêïý õëéêïý óõìðåñéëáìâÜíåôáé óå áõôÞ ôçí åñãáóßá

ãéá ëüãïõò ðëçñüôçôáò. 

ÅéäéêÜ ãéá óõíèåôéêïýò ìáíäýåò áðü éíïûöÜóìáôá ç

áãêýñùóç åðéôõã÷Üíåôáé ìå õðåñêÜëõøç (åäþ ôï õðüóôñù-

ìá åßíáé åðßóçò FRP êáé óõíåðþò ç áóôï÷ßá áíáìÝíåôáé óôï

óôñþìá ôçò êüëëáò � ó÷Þìá 3). Óýìöùíá ìå ôá óôïé÷åßá ðïõ

äßíïõí ïé êáôáóêåõáóôÝò, áõôÞ êõìáßíåôáé áðü 150 Ýùò 

300 mm (ôï ìÝãåèïò áõîÜíåé óå óõíÜñôçóç ìå ôçí áîïíéêÞ

åöåëêõóôéêÞ áíôï÷Þ áõôþí ôùí õëéêþí, åöüóïí ôï ìÞêïò

ôçò õðåñêÜëõøçò ðñÝðåé íá áíáðôýîåé ôçí áíôï÷Þ ôïõ ìáí-

äýá ìÝóù ôùí äéáôìçôéêþí ôÜóåùí óôï óôñþìá ôçò êüëëáò). 

6. ÊÑIÔÇÑIÁ Ó×ÅÄIÁÓÌÏÕ - Ç ÅÍÍÏIÁ
ÔÇÓ IÅÑÁÑ×ÇÓÇÓ ÔÙÍ ÌÏÑÖÙÍ
ÁÓÔÏ×IÁÓ

Ðñùôáñ÷éêü óôü÷o óôï ðëáßóéï ôoõ éêáíoôéêoý ó÷åäéá-

óìoý (capacity design approach) áðoôåëåß ç éåñÜñ÷çóç ôùí

oñéáêþí êáôáóôÜóåùí áóôo÷ßáò Ýôóé, þóôå íá åîáóöáëßæåôáé

ðëÜóôéìç óõìðåñéöoñÜ ôoõ óôoé÷åßoõ Þ ôoõ óõíüëoõ ôçò

êáôáóêåõÞò. ÌÝ÷ñé óÞìåñá, o äoìéêüò ÷Üëõâáò (oðëéóìüò

óôoé÷åßùí áðü óêõñüäåìá) èåùñåßôo êoìâéêü óçìåßo ãéá ôçí

õëoðoßçóç ôoõ éêáíoôéêoý ó÷åäéáóìoý, åðåéäÞ äéáèÝôåé ôo

÷áñáêôçñéóôéêü ôçò óáöoýò äéáññoÞò. Ìå ôç äéáññoÞ o

÷Üëõâáò áñ÷ßæåé íá áíáðôýóóåé áíåëáóôéêÝò ðáñáìoñöþóåéò

÷ùñßò ðåñáéôÝñù áýîçóç ôçò áíáëáìâáíüìåíçò äýíáìçò,

ðñÜãìá ôo oðoßo, óå ðåñéðôþóåéò üðùò ç êÜìøç, åîáóöáëß-

æåé óôo óêõñüäåìá Ýíá Üíù üñéo ãéá ôçí áðáßôçóç óå áíôo÷Þ

ôçò èëéâüìåíçò æþíçò.

Óå óôoé÷åßá üðoõ Ý÷åé áíôéêáôáóôáèåß o ìåôáëëéêüò oðëé-

óìüò ìå áíôßóôoé÷o óýíèåôï åëáóôéêü oðëéóìü, äåí åßíáé

äõíáôÞ ç ðáñáðÜíù õëoðoßçóç ôoõ éêáíoôéêoý ó÷åäéáóìoý,

ëüãù ôçò âáóéêÞò äéáöoñÜò ôçò ìç÷áíéêÞò óõìðåñéöoñÜò

ôùí äýo áõôþí õëéêþí. Óôoí óýíèåôï oðëéóìü ç äýíáìç

áõîÜíåôáé ãñáììéêÜ ãéá üëo ôo äéÜóôçìá ôùí ðáñáìoñöþ-

óåùí (ó÷Þìá 1) êáé Üñá äåí åßíáé äõíáôÞ ç åê ôùí ðñoôÝñùí

oñéoèÝôçóç ôçò áðáßôçóçò ãéá áíôo÷Þ óôçí áíôßóôoé÷ç èëé-

âüìåíç æþíç (ó÷Þìá 6). Ç ßäéá äõóêoëßá õðÜñ÷åé êáé óå

óôoé÷åßá óêõñoäÝìáôoò ìå óõìâáôéêü ìåôáëëéêü oðëéóìü, ôá

oðoßá åíéó÷ýoíôáé åîùôåñéêÜ ìå ðñoóèÞêç óõíèÝôùí

ôáévéþv. Óôçv ðñÜîç êáé åöüóïí äåí Ý÷åé ðñïçãçèåß áóôï÷ßá

ôïõ ìç÷áíéóìïý óõíåñãáóßáò FRP óêõñïäÝìáôïò, ç óõìðå-

ñéöoñÜ óôçv oñéáêÞ êáôÜóôáóç áóôo÷ßáò áíôéóôoé÷åß óå

áõôÞ ìéáò óõìâáôéêÜ ïðëéóìÝíçò äéáôoìÞò ðÜíù áðü ôo

óçìåßo ôçò éóüññoðçò êáôÜóôáóçò (ó÷Þìá 7), áó÷Ýôùò ôïõ

åìâáäïý ôïõ óõíèåôéêïý ïðëéóìïý ðïõ ôåëéêÜ ôïðïèåôåßôáé.

Åßíáé áðáñáßôçôç ëoéðüí ç ðñüâëåøç / äçìéoõñãßá ìéáò

Üëëçò ôå÷íçôÞò �äéêëåßäáò áóöáëåßáò � fuse�, ç oðoßá èá

ðåñéoñßóåé ôçí áðáßôçóç ãéá ðåñáéôÝñù áýîçóç ôùí äõíÜìåùí/

ðáñáìoñöþóåùí óôç èëéâüìåíç æþíç ôoõ óêõñoäÝìáôoò.

Áõôü ìðoñåß íá áíôéìåôùðéóèåß:

(1) Ìå ôoí êáôÜëëçëo ó÷åäéáóìü ìç÷áíéóìoý ðëÜóôéìçò

áíåëáóôéêÞò äñáóôçñéüôçôáò (controlled bond) óôç äéå-

ðéöÜíåéá ôoõ óýíèåôïõ oðëéóìoý Ýôóé, þóôå íá äçìéoõñ-

ãoýíôáé ðñáêôéêÜ óõíèÞêåò óõìðåñéöoñÜò ðáñüìoéåò ìå

áõôÝò ôçò äéáññoÞò ôïõ óõìâáôéêïý ïðëéóìïý.

(2) Ìå ôçí ðñüâëåøç ìåãßóôùí åðéôñåðoìÝíùí ôÜóåùí Þ

ðáñáìoñöþóåùí, oé oðoßåò èá áíáöÝñoíôáé óôçí oñéáêÞ

êáôÜóôáóç áóôo÷ßáò ôoõ óêõñoäÝìáôoò, ìÝèoäoò ðoõ

óôçí oõóßá èá áðoôåëoýóå õâñéäéêü óõíäõáóìü ôçò ðñü-

ôåñçò êáé ôçò éó÷ýoõóáò öéëoóoößáò ôoõ ó÷åäéáóìoý

(ìÝèoäoé åðéôñåðoìÝíùí ôÜóåùí êáé éêáíoôéêoý ó÷åäéá-

óìoý).

Ç åñãáóßá áõôÞ äéáðñáãìáôåýåôáé ôçí ðñþôç åðéëoãÞ

ðoõ èåùñåßôáé ðåñéóóüôåño óõìâáôÞ ìå ôo éó÷ýoí öéëoóoöé-

êü ðëáßóéo ó÷åäéáóìoý. Ãéá íá ðåñéoñéóèåß ôo ìÝãåèoò ôçò

äýíáìçò ðoõ åéóÜãåôáé óôoí oðëéóìü áðü óýíèåôï õëéêü Þ

ôçí áíôßóôïé÷ç ôáéíßá åíßó÷õóçò, ÷ñçóéìoðoéåßôáé ùò áóöá-

ëéóôéêÞ äéêëåßäá o ìç÷áíéóìüò óõíåñãáóßáò óêõñoäÝìáôoò �

óýíèåôïõ oðëéóìoý. ÁíÜëoãá ìå ôçí ðåñßðôùóç ç óõíåñãá-

óßá ôùí äýo õëéêþí åîáóöáëßæåôáé åßôå áðü ôéò äõíÜìåéò

óõíÜöåéáò (áí ðñüêåéôáé ãéá óýíèåôåò ñÜâäoõò oðëéóìoý,

ó÷Þìá 8) åßôå áðü ôç äéáôìçôéêÞ áíôï÷Þ ôïõ õðïóôñþìáôïò

(åðéêÜëõøçò), áí ðñüêåéôáé ãéá óýíèåôåò ôáéíßåò åíßó÷õóçò

(ó÷Þìá 9). 

7. ÏÑIÁÊÅÓ ÊÁÔÁÓÔÁÓÅIÓ ÁÓÔÏ×IÁÓ

Ïé ðéèáíÝò êáôáóôÜóåéò áóôï÷ßáò óå Ýíá óôïé÷åßï ïðëé-

óìÝíï ìå FRP åßíáé ïé ðáñáêÜôù:

1) Èñáýóç óôç èëéâüìåíç æþíç.

2) Áóôo÷ßá ôçò äéåðéöÜíåáò.

3) ÔoðéêÞ áóôo÷ßá ôïõ êïñìïý óå äéáãþíéo åöåëêõóìü.

4) Áðïêüëëçóç óôï Üêñï ôçò áãêýñùóçò ôïõ FRP.

5) Áóôo÷ßá ôoõ óýíèåôoõ õëéêoý.

6) Áóôo÷ßá áðü õðåñâoëéêü âÝëoò êÜìøçò.

Ïé äýï ðñþôåò ïñéáêÝò êáôáóôÜóåéò åîáóöáëßæïíôáé,

åöüóïí âÝâáéá äéáôßèåôáé Ýíá éêáíü (ìç ìçäåíéêü) äéÜóôçìá
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ðëáóôéêÞò óõìðåñéöïñÜò óôï ÷áñáêôçñéóôéêü äéÜãñáììá

äéáôìçôéêþí ôÜóåùí ðáñáìïñöþóåùí ôïõ õëéêïý ôçò äéåðé-

öÜíåéáò (ôìÞìá ÂÃ óôï ó÷Þìá 10). Áíåðéèýìçôåò ìïñöÝò

áóôï÷ßáò åßíáé ïé (3), (4), êáé (5) ëüãù ôïõ øáèõñïý ôïõò

÷áñáêôÞñá. Êõñßáñ÷ç ìïñöÞ áóôï÷ßáò áðü õðåñâïëéêü

âÝëïò êÜìøçò (ðåñßðôùóç 6) åßíáé áðïäåêôÞ êáé éäéáßôåñá

åðéèõìçôÞ, åöüóïí üìùò Ý÷ïõí åîáóöáëéóèåß ïé ïñéáêÝò

êáôáóôÜóåéò ëåéôïõñãéêüôçôáò. ¼ìùò, ç ðñáãìáôïðïßçóÞ

ôçò åßíáé äõíáôÞ, ìüíïí áí ôï óýóôçìá ôçò äéåðéöÜíåéáò åðé-

ôñÝðåé ìåãÜëåò ïëéóèÞóåéò ÷ùñßò óçìáíôéêÞ áðþëåéá áíôï-

÷Þò, ôï ïðïßï åßíáé ó÷åôéêÜ óðÜíéá ðåñßðôùóç, áöïý ç ïëß-

óèçóç êáô� áíÜãêç ðñïÝñ÷åôáé áðü ôïðéêÞ áóôï÷ßá åßôå ôïõ

óêõñïäÝìáôïò (åðéêÜëõøç) åßôå ôçò åðïîåéäéêÞò êüëëáò ðïõ

ðáñåìâÜëëåôáé (ãu
eff≈ãy

eff). Óçìåéþíåôáé åäþ üôé, åöüóïí ï

óýíèåôïò ïðëéóìüò äåí äéáññÝåé, åßíáé óçìáíôéêü óôï ó÷å-

äéáóìü åîùôåñéêþí åíéó÷ýóåùí íá åîåôáóèåß ç ðéèáíÞ ôñï-

ðïðïßçóç ôçò éåñÜñ÷çóçò ôùí ìïñöþí áóôï÷ßáò ðïõ åß÷å

áñ÷éêÜ õéïèåôçèåß. Ïé áíåðéèýìçôïé ìç÷áíéóìïß, ðïõ åíäÝ÷å-

ôáé íá ðñïêýøïõí, óõìðåñéëáìâÜíïõí: (á) èñáýóç ôïõ óêõ-

ñïäÝìáôïò óôç èëéâüìåíç æþíç (ãéáôß ðëÝïí ôï óôïé÷åßï

óõìðåñéöÝñåôáé ùò õðåñïðëéóìÝíï, éäéáßôåñá ãéá åðáñêþò

áãêõñùìÝíï FRP), (â) äéáôìçôéêÞ áóôï÷ßá ôïõ êïñìïý ôïõ

óôïé÷åßïõ êáé (ã) èñáýóç ôïõ FRP áðü ëåéôïõñãßá âëÞôñïõ

(áí êáôÜ ôçí åíßó÷õóç áíáâáèìéóèåß ìüíïí ç êáìðôéêÞ

áíôï÷Þ ÷ùñßò ðáñÜëëçëç áíáâÜèìéóç ôçò äéáôìçôéêÞò). 

8. ÂÁÓÉÊÅÓ Ó×ÅÓÅÉÓ Ó×ÅÄÉÁÓÌÏÕ 
ÃÉÁ ÊÁÌØÇ

8.1. Äïìéêü óôïé÷åßï ìå åóùôåñéêü ïðëéóìü áðü FRP

Ãéá ôéò ðåñéðôþóåéò äïìéêþí óôïé÷åßùí ìå åóùôåñéêü

ïðëéóìü áðü FRP, ôá ïðïßá õðüêåéíôáé óå êÜìøç, ïé âáóéêÝò

ðáñáäï÷Ýò åßíáé ïé ßäéåò ìå áõôÝò ãéá óõìâáôéêÜ ïðëéóìÝíá

óôïé÷åßá (åðéðåäüôçôá äéáôïìþí, áãíüçóç ôçò åöåëêõóôéêÞò

äýíáìçò ôïõ óêõñïäÝìáôïò). ÅðéðëÝïí, êáé óå áíáëoãßá ìå

ôo óõìâáôéêü oðëéóìü, èåùñoýìå ùò äéáññoÞ ôoõ åöåëêõü-

ìåíoõ óõóôÞìáôoò ôçí áîoíéêÞ ðáñáìüñöùóç ôoõ FRP,

, ç oðoßá áíôéóôoé÷åß óôç äéáôìçôéêÞ �äéáññoÞ� ôçò äéå-

ðéöÜíåéáò:

(8.1)

Ãéá áðëüôçôá, èåùñoýìå üôé ôo ÷áñáêôçñéóôéêü äéÜãñáì-

ìá äéáôìçôéêþí ôÜóåùí-ðáñáìoñöþóåùí åßíáé ðëÞñùò åëá-

óôoðëáóôéêü. Ðñéí ôç �äéáññoÞ�, oé oñèÝò ðáñáìoñöþóåéò

óêõñoäÝìáôoò, åc1, êáé óýíèåôïõ oðëéóìoý, åF, èåùñoýíôáé

óõìâáôÝò. ÌåôÜ ôç �äéáññïÞ�, ç åîßóùóç ôïõ óõìâéâáóôïý

óõìðåñéëáìâÜíåé êáé ôçí áíçãìÝíç ïëßóèçóç ôçò äéåðéöÜ-

íåéáò (áíÜ ìïíÜäá ìÞêïõò):

(8.2)

Ï õðüëïéðïò ó÷åäéáóìüò óå êÜìøç áêïëïõèåß ôçí ßäéá

äéáäéêáóßá ìå áõôÞ ôùí óôïé÷åßùí ìå óõìâáôéêü ïðëéóìü, ìå

ôç äéáöïñÜ üôé áíôß ãéá ôçí ôÜóç ó÷åäéáóìïý ôïõ ÷Üëõâá fyd

÷ñçóéìïðïéïýìå ôï üñéï óýìöùíá ìå ôçí

åîßóùóç 5.1 êáé èåùñþíôáò , åðåéäÞ ç áóôï÷ßá ôçò

äéåðéöÜíåéáò Þ ôïõ õðïóôñþìáôïò (óêõñüäåìá) åëÝã÷åé ôç

äýíáìç ó÷åäéáóìïý ôïõ FRP.

Ãéá ôçí éóüññïðç êáôÜóôáóç (áóôï÷ßá óêõñïäÝìáôïò êáé

�äéáññïÞ� åöåëêõüìåíïõ FRP) éó÷ýïõí: 

l ÁíçãìÝíï ýøïò ôçò èëéâüìåíçò æþíçò îlim

(8.3)

l Åîßóùóç éóïññïðßáò äõíÜìåùí

(8.4)

l Éóïäýíáìï áíçãìÝíï åìâáäüí ôïõ óýíèåôïõ ïðëéóìïý ñbal 

(8.5)

Ïðüôå ç áíôéóôïé÷ïýóá óôçí éóüññïðç êáôÜóôáóç áíçã-

ìÝíç ôéìÞ ñïðÞò ãéá ìïíü ïðëéóìü ðñïêýðôåé áðü ôç ó÷Ýóç:

(8.6)

üðïõ ôï ìbal åßíáé óõíÜñôçóç ôçò áíôï÷Þò ü÷é ìüíï ôïõ FRP

áëëÜ êáé ôçò äéáôìçôéêÞò áíôï÷Þò ôçò äéåðéöÜíåéáò (ó÷Þìá 2).

8.2. Åíßó÷õóç ìå åðéêüëëçóç FRP åîùôåñéêÜ ôïõ óôïé÷åßïõ

Óå óôïé÷åßá ìå óõìâáôéêü (åóùôåñéêü) ïðëéóìü êáé åíß-

ó÷õóç ìå åðéêüëëçóç ExFRP, åêôüò áðü ôéò ðñïçãïýìåíåò

ðáñáäï÷Ýò, ãßíïíôáé åðéðëÝïí êáé ïé åîÞò:

l Ç ôáéíßá Ý÷åé åîáóöáëéóèåß óôá Üêñá Ýíáíôé áðïêüëëç-

óçò, þóôå íá õðÜñ÷åé ç áðáéôïýìåíç áãêýñùóç ðïõ èá

åðéôñÝðåé óôï óýóôçìá äïêüò � FRP íá ëåéôïõñãÞóåé óå

êÜìøç óôçí ïñéáêÞ êáôÜóôáóç áóôï÷ßáò. 

l Ôï ðÜ÷ïò ôïõ óôïé÷åßïõ åíßó÷õóçò åßíáé óçìáíôéêÜ

ìéêñüôåñï ôïõ ýøïõò ôçò äéáôïìÞò ôïõ óôïé÷åßïõ áðü

óêõñüäåìá (tF<<h).

Ç äéáöïñÜ ìåôáîý áíçãìÝíçò ðáñáìüñöùóçò áêñáßáò

åöåëêõüìåíçò ßíáò óêõñïäÝìáôïò êáé FRP (å0
ct) ïöåßëå-
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ôáé óå áñ÷éêÞ ðáñáìüñöùóç ôïõ óêõñïäÝìáôïò ðñéí ôçí

åðéêüëëçóç ôïõ FRP. 

l Ôï áíçãìÝíï ýøïò ôçò èëéâüìåíçò æþíçò î ðñÝðåé íá âñß-

óêåôáé áíÜìåóá óôá üñéá:

Ôï êÜôù üñéï ôçò áíéóüôçôáò åîáóöáëßæåé Ýíáíôé ôçò

ðñþéìçò áóôï÷ßáò ôïõ óõóôÞìáôïò FRP � êüëëáò � åðé-

êÜëõøçò (âëÝðå åîßóùóç 5.1). Ôï áíôßóôïé÷ï Üíù üñéï

åîáóöáëßæåé ôç äéáññïÞ ôïõ åöåëêõüìåíïõ ÷Üëõâá.

(Èåùñåßôáé ùò ðñïûðüèåóç ãéá ôçí åíßó÷õóç üôé Ý÷åé

åîáíôëçèåß ç öÝñïõóá éêáíüôçôá ôïõ åöåëêõüìåíïõ óõì-

âáôéêïý ïðëéóìïý).

Áðü ôçí åîßóùóç ôçò éóïññïðßáò äõíÜìåùí óôç äéáôïìÞ

(ó÷Þìá 11) éó÷ýåé:

(8.7)

üðïõ:

Fc = äýíáìç óôç èëéâüìåíç æþíç ôçò äéáôïìÞò, 

Fs2 = äýíáìç óôï èëéâüìåíï ïðëéóìü, 

Fs1 = ç äýíáìç ôïõ åöåëêõüìåíïõ ïðëéóìïý,

FF = åöåëêõóôéêÞ äýíáìç FRP.

Ãéá ôçí éóüññïðç êáôÜóôáóç ïé üñïé ôçò åîßóùóçò 10

äéáìïñöþíïíôáé ùò åîÞò:

l Fc = á.â.fcd.îlim.b.d =0.80×0.85 fcd.îlim.b.d (8.8)

l Fs2 = As2.fyd (8.9á) (ãéá äéáññïÞ ôïõ èëéâüìåíïõ ïðëé-

óìïý) åßôå

l (8.9â) (ðñéí ôç äéáññïÞ ôïõ èëéâüìåíïõ

ïðëéóìïý)

l Fs1 = As1.fy (8.10) 

l , üðïõ (8.11)

(8.12)

(8.13)

üðïõ åcu =0.0035

Ç åîßóùóç ôçò éóïññïðßáò ôùí ñïðþí ëáìâÜíåôáé ùò

ðñïò ôï êÝíôñï âÜñïõò ôïõ åöåëêõüìåíïõ ïðëéóìïý. Ïðüôå

áðü ôç ìåôáöïñÜ ôùí äõíÜìåùí ôïõ FRP óôç èÝóç ôïõ óõì-

âáôéêïý ïðëéóìïý ðñïêýðôåé üôé ç ñïðÞ ó÷åäéáóìïý Msd

éóïýôáé ìå:

(8.14)

üðïõ Ìd ç ñïðÞ ó÷åäéáóìïý ùò ðñïò ôï êÝíôñï âÜñïõò ôçò

äéáôïìÞò. Ç ñïðÞ ó÷åäéáóìïý ôçò äéáôïìÞò ìåôÜ ôçí åíßó÷õ-

óç Msd éêáíïðïéåß ôçí áíßóùóç:

Þ
(8.15)

Óôçí åîßóùóç (8.15) ïé üñïé , åêöñÜæïõí

ôç ñïðÞ áíôï÷Þò ôçò áñ÷éêÞò äéáôïìÞò êáé ôçí áýîçóÞ ôçò

ëüãù ôçò ðñïóèÞêçò ôïõ FRP áíôßóôïé÷á. Ìå áíôéêáôÜóôá-

óç ôùí ó÷åôéêþí üñùí óôçí åîßóùóç (8.7) êáé áíáãùãÞ ùò

ðñïò b.d.fcd ðñïêýðôåé:

(8.16)

ïðüôå óôçí éóüññïðç êáôÜóôáóç, ç åîßóùóç ôçò áíçãìÝíçò

ñïðÞò ùò ðñïò ôïí åöåëêõüìåíï ÷Üëõâá Ý÷åé ôç ìïñöÞ:

(8.17)

9. ÐÁÑÁÄÅÉÃÌÁ ÅÖÁÑÌÏÃÇÓ 

Ç áìöéÝñåéóôç äïêüò ìå ôç äéáôïìÞ ôïõ ó÷Þìáôïò 11 êáé

Üíïéãìá 7.0m Ý÷åé áíôï÷Þ ó÷åäéáóìïý 370 KNm (C25/30,

S400). Ëüãù áíáâÜèìéóçò ôùí öïñôßùí ó÷åäéáóìïý ç ñïðÞ

ó÷åäéáóìïý ãéá ôï åí ëüãù óôïé÷åßï Ý÷åé áõîçèåß óå 

540 KNm. Ç áýîçóç ôçò áíôï÷Þò ðñáãìáôïðïéåßôáé ìå åðé-

êüëëçóç ôáéíßáò åíßó÷õóçò óôç åöåëêõüìåíç æþíç, ç ïðïßá

åêôåßíåôáé ìÝ÷ñé ôéò ðáñåéÝò ôùí óôçñßîåùí. Ãéá ôïí õðïëïãé-

óìü ôïõ áðáéôïýìåíïõ åìâáäïý ôáéíßáò áêïëïõèåßôáé ç åîÞò

åðáíáëçðôéêÞ äéáäéêáóßá, ìÝ÷ñé íá åðéôåõ÷èåß óýãêëéóç: 

(1) ÐñïóåããéóôéêÞ åêôßìçóç ôïõ ìåãÝèïõò ôçò áðáéôïýìåíçò

äýíáìçò ôçò åíéó÷õôéêÞò ôáéíßáò: FF =(540-370)×103/0.9h =

=270 kN.

(2) Ç åíßó÷õóç åßíáé äõíáôÞ, åöüóïí î<0.64, ôï ïðïßï åßíáé

éóïäýíáìï ìå ôïí Ýëåã÷ï: FF + Fs1 < Fc + Fs2 (üðïõ ïé

üñïé Fs1, Fc, êáé Fs2 õðïëïãßæïíôáé ãéá î = 0.64), óõíå-

ðþò 270 kN <( 0.8× 0.85× 0.64× 650× 25× 300/1.5 + 2×
314×400/1.15� 6×314× 400/1.15)Í =1000 kN (éó÷ýåé). 

(3) ¸óôù bF =b =300 mm. ÈÝôïíôáò ôy
coí = 1.8 ÌPa, EF =70

GPa, ðñïêýðôåé üôé =0.026×10-3 × Lanch/tF. Ãéá tF=

=1.5 mm, êáé åíåñãü ìÞêïò áãêõñþóåùò Lanch = 350 mm,

ç äýíáìç, ðïõ ìðïñåß íá áíáðôõ÷èåß ìÝóù äéáôìçôéêÞò

äñÜóçò ôçò åðéêÜëõøçò, åßíáé FF = (0.026 × 10-3 × ( 350/

eff
Fε

( ) ( )

)1(

40.01

22

lim
21

,

d

d

f

f

fcd

f

f

f

cd

yd

eff
FF

cd

yd
bals

−−

−









−

−
=

ρ

ξρρρ
µ

( ) 0
1

80,085,0 1122lim =−−+× eff
FFss

cd

f
f

ρσρσρξ

F
RdM∆0

RdM

F
RdRdsd

F
RdRdsd MMM

µµµ ∆+≤

∆+≤
0

0






 ++=Μ

2
. 1

F
Fdsd

t
dFM

0lim

2
ct

eff
Fcu

cu

Fth

x

εεε
εξ

++
=

+
=

(
..

..
,

.

.
,min cov









=

==

btE

bL

tE

L

E

f

E

f

FF

Fanch

y

FF

anch

y

adh

F

u

F

F

eff

Feff

F

ττ

ε

F
eff

F
eff

dF ff γ/, =
F

eff
dFF AfF .,=

222 ssss EAF ε=

∑ =−−+= 0FFF FF Fs1s2c

64.0
002.00035.0

0035.0
, =

+
<<ξξ balFRP

81Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 3  2000  Tech. Chron. Sci. J. TCG, I, No 3



1.5) × [70 × 103 × 1.5 × 300] = 189 kN < 270 kN ìå áíçã-

ìÝíç åöåëêõóôéêÞ ðáñáìüñöùóç 0.006. Ãéá íá áõîçèåß

ôï ìÝãåèïò ôçò äýíáìçò ðïõ ìðïñåß íá áíáðôýîåé ç åíé-

ó÷õôéêÞ ôáéíßá, áðáéôåßôáé åðéðëÝïí óôñþóç (ðÜëé ðÜ÷ïõò

1.5 mm), ç ïðïßá üìùò èá áãêõñùèåß ðÝñáí ôïõ åíåñãïý

ìÞêïõò áãêõñþóåùò ôçò ðñþôçò óôñþóçò (ó÷Þìá 12).

Ãéá íá áõîçèåß ôï ìÝãåèïò ôçò áíçãìÝíçò åöåëêõóôéêÞò

ðáñáìüñöùóçò ôçò åíéó÷õôéêÞò ôáéíßáò (åî. 8.12), áðáé-

ôåßôáé ìåßùóç ôïõ ðÜ÷ïõò tF. ÔÝëïò, ãéá åíßó÷õóç ôçò

áãêýñùóçò áðáéôåßôáé ìç÷áíéóìüò äéáôìçôéêÞò áíôßóôá-

óçò ôçò åðéêÜëõøçò. Áõôü èá åðéôåõ÷èåß ìå ôçí ðñïóèÞ-

êç åîùôåñéêþí äéáôìçôéêþí óõíäÝóìùí ó÷Þìáôïò U, ïé

ïðïßïé èá áãêõñùèïýí óôç èëéâüìåíç æþíç ôïõ óôïé÷åß-

ïõ (ó÷Þìá 3â). 

Õðïëïãéóìüò áíôï÷Þò åíéó÷õìÝíçò äéáôïìÞò: 

Ëýíïõìå ùò ðñïò î (Ýóôù üôé äéáññÝåé ï èëéâüìåíïò ïðëé-

óìüò): Áðü éóïññïðßá äõíÜìåùí ãéá åc =0.0035 ðñïêýðôåé

üôé: î = 0.38, åF =0.0064 > 0.006, ås2 =0.0028 (äéáññïÞ èëé-

âüìåíïõ ïðëéóìïý), ås1 =0.0057 (äéáññïÞ åöåëêõüìåíïõ

ïðëéóìïý) êáé ÌRd = 614 kN-m > 540 kN-m.
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Abstract 

Advances in the technology of fiber reinforced synthetic materials

has led to the development of various new products which, when

combined with conventional structural materials offer novel alter-

natives for both new construction and repair of existing structures.

This paper explores the design issues for concrete members either

reinforced or strengthening for flexure with FRPs within the current

framework of capacity design. Deviation in design from conventio-

nal practice is dictated by the high strength lack of distinct yielding

and brittle failure of FRPs. A desirable hierarchy of failure modes

is established for flexural design, whereas the �balanced failure�

condition is redefined. Alternative sources of inelastic activity are

explored. Both new and existing construction is considered; in the

former case, the FRPs are in the form of embedded reinforcing bars,

whereas in the latter (case of external strengthening), the FRPs are

in the form of sheets or tapes externally bonded on strategic areas

of the structural member. 

1. BACKGROUND

Composite Reinforcement products are available in a

variety of shapes and forms, such as reinforcing bars, grids,

plates/strips, wraps/fabrics, and prestressing tendons. Their

mechanical properties vary depending on the manufacturing

process used during production, but also on the properties of

the fibers and resin matrix. (For example, usual values for the

tensile strength, the modulus of elasticity and the defor-

mation at rupture of CFRP Bars are of the order of 1300-2000

MPa, 100-130 GPa, and 1.3% respectively). FRP plates and

wraps are orthotropic materials functioning primarily under

plane stress. These are especially convenient as jacketing

devices. They are referred to in the literature as ExFRPs

(Externally Bonded Fiber Reinforced Polymers) because

they are usually attached on the surface of existing members

(through proper adhesives) as tension reinforcement. Known

applications of ExFRPs are: (1) Use of strips as reinforce-

ment on the tension face of beams or masonry piers. (2) Use

of strips orthogonal to the flexural axis as web (shear) rein-

forcement for both R.C. beams and masonry piers, (3) con-

fining jackets on R.C. columns requiring strengthening or

repair due to prior damage. 

2. BOND AND ANCHORAGE OF FRPS

As in the case of conventionally reinforced concrete, the

efficiency of the FRP reinforcement depends entirely on the

adequacy of the stress-transfer mechanism (bond). In the case

of externally bonded plates, the anchorage occurs along the

interface between the bonded plate and the substrate (i.e. con-

crete or masonry); because the glue is several times stronger

in tension than concrete, the primary mechanism of ancho-

rage failure is through shear cracking in the substrate mate-

rial (cover). Debonding usually begins at the ends of the plate

(cut-off points) when these occur within the loaded span,

because of stress concentrations at those points. Note that the

bonded straps work as tension ties in the idealized truss

model that we use to represent the workings of the strengthe-

ned member. At the end nodes of the truss, the force of the tie

is transferred back into the beam web and must be anchored

into the compression zone, thereby requiring particular atten-

tion in these regions through clamping of the plate ends. 

The anchorage mechanisms of the FRP represent weak

links in the strengthened / reinforced element, limiting the

upper bound in force and deformation capacities that can be

realized by the FRP to a fraction only of the actual material

strengths (fFRP
eff = α⋅fFRP

u, εFRP
eff = α⋅εFRP

u, where α<1).

(Eqn. 5.1 where fFRP
u the rupture strength of the FRP, and

τu
cov⋅Lanch, τu

adh⋅Lanch = the maximum shear force that can

be sustained in the interface region over the anchorage

length, either in the layer of the substrate on within the adhe-

sive less likely whichever is less). 

Within the capacity design framework a primary objec-

tive is to prioritize the hierarchy of failure so as to ensure

ductile response of the structural element. With conventional
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reinforcement this objective is achieved through yielding in

the tension zone under flexure. This secures a fuse of

inelastic activity for the element but also limits the force that

is carried by the compression zone of the member�s cross

section. By replacing the steel reinforcement with equivalent

FRP reinforcement it is no longer possible to ensure inelasti-

city through action in the reinforcement itself (the common-

ly available FRP materials do not exhibit yielding, and fail in

a rather brittle mode). Theoretically, FRP reinforced sections

would behave as if over-reinforced, even for small amounts

of longitudinal reinforcement. In reality, the only way to limit

the force magnitude induced in the compression zone of the

section (to be carried by concrete) is to ensure that the inter-

face would serve as the fuse, provided it could be possible to

arrange for a non-brittle failure in that region. 

2. POSSIBLE MODES OF FAILURE FOR
FRP-REINFORCED CONCRETE 

The likely modes of failure to be considered in the design

of FRP-reinforced concrete members are: (1) Compression

crushing, (2) Interface failure, (3) Diagonal tension failure in

the web, (4) Debonding at the cut-off points of the FRP strip,

(5) Rupture of the FRP, and (6) Excessive deflections. Of

these, particularly undesirable are modes (3), (4) and (5)

because of their brittle nature. Mode (6) is only acceptable if

adequate stiffness exists under serviceability conditions.

Mode (2) could be considered as a reference condition if it

could be secured that the interface may sustain its strength

upon attainment, for a non-negligible deformation increment.

3. DESIGN EQUATIONS FOR 
R. C. MEMBERS IN PURE FLEXURE

3.1. Members reinforced with embedded FRPs

When designing prismatic R.C. members with embedded

FRP bars for flexural behavior the main assumptions are the

same as those used for conventionally reinforced members

(plane sections, compatibility of strains between concrete and

FRP bar, neglecting the tensile contribution of concrete).

Here, the mechanism of pullout-sliding of the FRP is used in

lieu of yielding in the conventional design. This point is iden-

tified as the condition at the interface when the anchorage is

loaded past the pullout strength limit, and is quantified by the

effective axial strain capacity of the FRP as prescribed by

Eqn. (8.1). (Note that it is necessary to provide confinement

along the anchorage in this application to preclude cover-

splitting from controlling the response). The FRP design

strength is obtained from the effective value through a mate-

rial strength factor, γFRP, equal to that of concrete, i.e.

γFRP=γc. This is because failure of the interfacial concrete

zone occurs by diagonal tension failure, thereby determining

the effective strength of the FRP. Equation 8.3 gives the

depth of compression zone normalized with respect to the

static depth d for a section under pure flexure in at the �ba-

lanced� condition. (Note that �balanced� is now defined as

the strain state in which the extreme compression fiber is at a

strain of 0.0035, whereas the tension FRP reinforcement

reaches εeff
FRP). 

Through sectional equilibrium (Eqn. 7), the correspon-

ding tension reinforcement ρbal is resolved (Eqn. 8.5). The

flexural strength of singly-reinforced cross sections with ρ <

ρbal is given by Eqn. 8.6 normalized with respect the product

bd2fcd.

(2) Strengthening with ExFRPs as tension reinforcement

For members reinforced with embedded conventional

reinforcement and strengthened externally with ExFRP

strips, additional assumptions are as follows: 

(1) The strip is secured at the ends against debonding so

that the FRP will be able to function as a tension tie at the

ultimate limit state. 

(2) The thickness of the FRP strip is negligible compared

to the other cross-sectional dimensions. 

(3) The normalized depth of the compression zone, ξ
should exceed the ξFRP,bal value but should be less than 0.64

(the upper bound ensures yielding of the embedded rein-

forcement, whereas the lower bound is intended to preclude

premature failure of the ExFRP through shearing of the cover

concrete).

The flexural resistance of the strengthened section is

given in Equation 8.15 in terms of the flexural capacity of the

unstrengthened section and the increase in resistance due to

the addition of the FRP. Normalized design strength,

expressed with respect to the center of the embedded tension

reinforcement, is given by Eqn. 8.16 for the balance point

(FRP reaching its effective strength, Eqn. 2).
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