
Ðåñßëçøç

Óôçí åñãáóßá áõôÞ ìåëåôÜôáé ðåéñáìáôéêÜ ç áðïäïôéêüôçôá ìéáò ìïñ-

öÞò åðåìâÜóåùò óå êüìâïõò äïêïý-õðïóôõëþìáôïò ðïõ õðÝóôçóáí

óïâáñÝò âëÜâåò êáôÜ ôç äéÜñêåéá óåéóìéêïý ôýðïõ êáôáðüíçóçò. Ôá

äïêßìéá åðéðÝäùí åîùôåñéêþí êüìâùí ìåôÜ ôçí áñ÷éêÞ õðïâïëÞ óå

óåéóìéêÞ öüñôéóç åíéó÷ýèçêáí äéÜ êáôáóêåõÞò ôïðéêïý ôñéðëåýñïõ

ìáíäýá ïðëéóìÝíïõ óêõñïäÝìáôïò êáé åðáíõðïâëÞèçêáí óôçí ßäéá

óåéóìéêÞ êáôáðüíçóç. ÐáñáôçñÞèçêå üôé ìå ôçí áíùôÝñù ìåèïäïëï-

ãßá åðåìâÜóåùò âåëôéþíïíôáé áîéïóçìåßùôá ç áíôï÷Þ, ç áêáìøßá, ç

ðëáóôéìüôçôá êáé ç éêáíüôçôá áðïññüöçóçò åíÝñãåéáò ôùí åðéóêåõá-

óìÝíùí äïêéìßùí óõãêñéôéêÜ ìå ôéò éäéüôçôåò áõôÝò ðïõ ðáñïõóßáóáí

ôá áñ÷éêÜ äïêßìéá.

1. ÅÉÓÁÃÙÃÇ

Ç åìðåéñßá áðü ôïõò óåéóìïýò ôüóï óôïí åëëçíéêü ÷þñï

üóï êáé óôï äéåèíÞ Ýäåéîå üôé Ýíá áðü ôá ðéï êñßóéìá ðñï-

âëÞìáôá, ðïõ ó÷åôßæåôáé ìå ôçí áóöÜëåéá ôùí êáôáóêåõþí

ïðëéóìÝíïõ óêõñïäÝìáôïò óå óåéóìéêÝò êáôáðïíÞóåéò, åßíáé

ïé åìöáíéæüìåíåò áóôï÷ßåò ôùí êïéíþí ðåñéï÷þí äïêþí-õðï-

óôõëùìÜôùí.

Ïé âëÜâåò óôïõò êüìâïõò äïêþí-õðïóôõëùìÜôùí, Ýóôù

êáé óôçí ðñþôç öÜóç åêäçëþóåþò ôïõò (ðñþôåò ñçãìáôþ-

óåéò), èá ðñÝðåé íá èåùñïýíôáé éäéáßôåñá áíçóõ÷çôéêÝò ãéá

ôçí êáôáóêåõÞ êáé íá áíôéìåôùðßæïíôáé áíÜëïãá. Ç åêäÞëù-

óç âëÜâçò áõôïý ôïõ ôýðïõ õðïâáèìßæåé ôçí áêáìøßá ôïõ

öÝñïíôïò óôïé÷åßïõ êáé ïäçãåß óå ìç åëåã÷üìåíåò áíáêáôá-

íïìÝò åíôÜóåùò.

Óôç äéåèíÞ âéâëéïãñáößá áðáíôþíôáé äéÜöïñá ðáñáäåßã-

ìáôá åðéóêåõáóìÝíùí Þ êáé åíéó÷õìÝíùí êáôáóêåõþí ìå

öÝñïíôá ïñãáíéóìü áðü ïðëéóìÝíï óêõñüäåìá, ðïõ åß÷áí

õðïóôåß óçìáíôéêÝò âëÜâåò åîáéôßáò éó÷õñþí óåéóìéêþí

êáôáðïíÞóåùí, óå óåéóìïãåíåßò ðåñéï÷Ýò ôùí Âáëêáíßùí [1],

ôçò Éáðùíßáò [2], ôïõ Ìåîéêïý [3], [4], ôïõ Ðåñïý [5] ê.Ü.

Åí ôïýôïéò, åßíáé áêüìç ðïëý ðåñéïñéóìÝíåò ïé óõóôçìá-

ôéêÝò ìåëÝôåò ãéá ôçí åîáêñßâùóç ôçò óõìðåñéöïñÜò ôùí åðé-

óêåõáóìÝíùí Þ êáé åíéó÷õìÝíùí äïìéêþí óôïé÷åßùí óå íÝá

óåéóìéêÞ åðéðüíçóç. Ïé ðëçñïöïñßåò, ðïõ áöïñïýí óôç óåé-

óìéêÞ óõìðåñéöïñÜ ôùí åðéóêåõáóìÝíùí Þ êáé åíéó÷õìÝíùí

óôïé÷åßùí, åßíáé õøßóôçò óçìáóßáò, éäéáßôåñá üôáí áöïñÜ

óôçí áðüêñéóç óå Ýíá íÝï éó÷õñü óåéóìü ôùí åðéóêåõáóìÝ-

íùí êáé åíéó÷õìÝíùí êôéñßùí ìåãÜëùí áóôéêþí êÝíôñùí [2],

[6].

ÌåôÜ ôï óåéóìü ôçò Èåóóáëïíßêçò (1978), ôï óåéóìü ôùí

Áëêõïíßäùí (1981) êáé ôï óåéóìü ôçò ÊáëáìÜôáò (1986)

ðïëëÝò êáôáóêåõÝò áðü ïðëéóìÝíï óêõñüäåìá ðáñïõóßáóáí

âëÜâåò óôïõò êüìâïõò äïêïý-óôýëïõ. Ïé åðéóêåõÝò Þ êáé

åíéó÷ýóåéò ôùí äïìéêþí áõôþí óôïé÷åßùí Ýãéíáí âÜóåé ôùí

ðñïäéáãñáöþí ôïõ Õðïõñãåßïõ Äçìïóßùí ¸ñãùí [7], [8],

[9], [10], áëëÜ êáé ìå ôéò óõóôÜóåéò ãéá åðéóêåõÝò æçìéþí

áðü óåéóìü óå êôßñéá, ðïõ åîÝäùóáí ôüóï ç Ðïëõôå÷íéêÞ

Ó÷ïëÞ ôïõ Á.Ð.È.[11] üóï êáé ôï Åèíéêü Ìåôóüâéï Ðïëõôå-

÷íåßï [12].

Ïé ôå÷íéêÝò åðéóêåõÞò Þ åíßó÷õóçò êüìâùí, ðïõ åöáñìü-

æïíôáé äéåèíþò áíÜëïãá ìå ôï âáèìü âëÜâçò, åßíáé ïé åîÞò:

á. ÅðéóêåõÞ ìå ñçôéíåíÝóåéò: Ç ôå÷íéêÞ áõôÞ åöáñìüæåôáé

óå ðåñéðôþóåéò ìéêñïý åýñïõò ñçãìÜôùí ÷ùñßò áðïäéïñ-

ãÜíùóç ôïõ óêõñïäÝìáôïò êáé ëõãéóìü ôùí äéáìÞêùí

ñÜâäùí ïðëéóìïý óôýëùí êáé äïêþí [1], [6], [13], [14],

[15].

â. ÔïðéêÞ åðéóêåõÞ ìå ìåñéêÞ êáèáßñåóç êáé áðïêáôÜóôá-

óç: Åöáñìüæåôáé óå êüìâïõò ìå õøçëü âáèìü âëÜâçò,

äçëáäÞ óõíôñéâÞ ôïõ óêõñïäÝìáôïò, äéÜññçîç ôùí óõí-

äåôÞñùí êáé ëõãéóìü ôùí äéáìÞêùí ñÜâäùí. Óôçí ðåñß-

ðôùóç áõôÞ êáèáéñåßôáé ôïðéêÜ ôï áðïäéïñãáíùìÝíï

óêõñüäåìá óôïí êüìâï êáé óå ôìÞìáôá ôùí êñßóéìùí

ðåñéï÷þí ôùí óôýëùí êáé äïêþí ôïðïèåôïýíôáé ìå

óõãêüëëçóç íÝïé äéáìÞêåéò ñÜâäïé ïðëéóìïý, óå üðïéïõò

ïðëéóìïýò Ý÷åé óõìâåß ëõãéóìüò, ôïðïèåôïýíôáé ðñüóèå-

ôïé óõíäåôÞñåò êáé ôåëéêþò áðïêáèßóôáôáé ôï êáèáéñïý-

ìåíï óêõñüäåìá ìå íÝï óêõñüäåìá [8], [11], [16], [18].

Ìå ôïí ôñüðï áõôü åðéóêåõÞò äéáôçñïýíôáé êáé ìåôÜ ôçí

åðéóêåõÞ ïé äéáôïìÝò ðïõ åß÷áí áñ÷éêÜ ôá äïìéêÜ óôïé-

÷åßá.

21Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 2  2000  Tech. Chron. Sci. J. TCG, I, No 2

ÕðïâëÞèçêå: 10.12.1998 ¸ãéíå äåêôÞ: 1.4.1999

Ôïðéêüò Ôñßðëåõñïò Ìáíäýáò ãéá ôçí Åíßó÷õóç 

ôùí Åîùôåñéêþí Êüìâùí Äïêïý-Õðïóôõëþìáôïò áðü Ï/Ó

ÁËÅÎÁÍÄÑÏÓ Ã. ÔÓÙÍÏÓ

Åðßêïõñïò ÊáèçãçôÞò Á.Ð.È.

ÁÍÔÙÍÉÏÓ Ð. ÊÁËÉÔÓÇÓ

Äéðë. Ðïëéôéêüò Ìç÷áíéêüò A.Ð.È.



ã. Åíßó÷õóç ôïõ êüìâïõ ìå êáôáóêåõÞ ãåíéêïý ìáíäýá

Ï/Ó: Åöáñìüæåôáé óå ðåñéðôþóåéò ìåãÜëçò êëßìáêáò

âëÜâçò óôïí êüìâï êáé óôá óõìâÜëëïíôá óôïí êüìâï

äïìéêÜ óôïé÷åßá (äïêïýò, óôýëïõò). Ôïðïèåôïýíôáé íÝïé

äéáìÞêåéò ïðëéóìïß óôïõò óôýëïõò Þ êáé óôéò äïêïýò,

üðùò åðßóçò êáé íÝïé óõíäåôÞñåò. ÅéäéêÜ óôçí ðåñéï÷Þ

ôïõ êüìâïõ, åðåéäÞ åßíáé äýóêïëç ç ôïðïèÝôçóç íÝùí

óõíäåôÞñùí, üðùò åðßóçò êáé ãéá ìåãáëýôåñç áðïôåëå-

óìáôéêüôçôá, ãßíåôáé ÷ñÞóç åéäéêþí êïëëÜñùí, ðñïåíôå-

ôáìÝíùí Þ ü÷é. Ï ìáíäýáò åðåêôåßíåôáé óõíÞèùò óå ïëü-

êëçñï ôï ýøïò ôùí óôýëùí êáé óå ïñéóìÝíåò ðåñéðôþóåéò

êáé óå ïëüêëçñï ôï ìÞêïò ôùí äïêþí [1], [2], [4], [5],

[7], [8], [11], [12], [13], [17], [18], [19], [20], [21], [22],

[23], [25].

ä. ÔïðéêÞ åíßó÷õóç ôïõ êüìâïõ ìå ìáíäýá Ï/Ó: Åßíáé åéäé-

êÞ ðåñßðôùóç ôçò ðñïçãïýìåíçò êáé åöáñìüæåôáé, üôáí ç

âëÜâç åßíáé åðéêåíôñùìÝíç êõñßùò óôçí ðåñéï÷Þ ôïõ

êüìâïõ. ¸ôóé, êáôáóêåõÜæåôáé ìáíäýáò ïðëéóìÝíïõ óêõ-

ñïäÝìáôïò (Ýã÷õôïõ Þ åêôïîåõüìåíïõ), ðïõ ðåñéëáìâÜíåé

ìüíïí ôïí êüìâï êáé ôìÞìáôá ôùí êñßóéìùí ðåñéï÷þí

ôùí óôýëùí Þ êáé ôùí äïêþí [1], [7], [12], [13], [23].

Áðü üóá åêôÝèçóáí áíùôÝñù, êñßíåôáé óêüðéìïò ï Ýëåã-

÷ïò ôçò áðïäïôéêüôçôáò ôùí ôýðùí åðåìâÜóåùò ðïõ ÷ñçóé-

ìïðïéïýíôáé, äéüôé áðü áõôüí ôïí Ýëåã÷ï èá åîáñôçèïýí ç

æùÞ êáé ç áêåñáéüôçôá ôùí áôüìùí ðïõ æïõí óôá åðéóêåõá-

óìÝíá êôßñéá, óå Ýíá íÝï éó÷õñü óåéóìü.

Óôç äéåèíÞ âéâëéïãñáößá áðáíôþíôáé åëÜ÷éóôåò ðåéñáìá-

ôéêÝò åñåõíçôéêÝò åñãáóßåò, óôéò ïðïßåò åîåôÜæåôáé ç óõìðå-

ñéöïñÜ óå óåéóìü åíéó÷õìÝíùí äïêéìßùí äïêïý - õðïóôõëþ-

ìáôïò ìå ÷ñÞóç ìáíäõþí ïðëéóìÝíïõ óêõñïäÝìáôïò [17],

[18], [19], [20], [21], [22], [25]. Áîßæåé íá óçìåéùèåß üôé óôéò

åñãáóßåò áõôÝò ìåëåôÜôáé ç óõìðåñéöïñÜ óå áíáêýêëéóç åíé-

ó÷õìÝíùí äïìéêþí õðïóõíüëùí äïêïý-óôýëïõ ìå êáôá-

óêåõÞ ïëüðëåõñïõ ìáíäýá ïðëéóìÝíïõ óêõñïäÝìáôïò êáé

ìÜëéóôá óå üëï ôï ýøïò ôïõ õðïóôõëþìáôïò, óõìðåñéëáì-

âáíïìÝíïõ êáé ôïõ êüìâïõ. Óôçí ðåñéï÷Þ ôïõ êüìâïõ, üðïõ

êñßíåôáé üôé åßíáé êáôáóêåõáóôéêÜ äýóêïëç ç ôïðïèÝôçóç

íÝùí óõíäåôÞñùí (ïðëéóìïý ìáíäýá), Þ äåí ôïðïèåôïýíôáé

[17] Þ ôïðïèåôïýíôáé áêñéâþò ðÜíù êáé êÜôù áðü ôïí ðõñÞ-

íá ôïõ êüìâïõ [21], [22] Þ ôïðïèåôïýíôáé åéäéêÜ ìåôáëëéêÜ

êïëëÜñá [18], [19], [20]. 

Ðñþôïé ìåëÝôçóáí ôçí áðïäïôéêüôçôá ôçò ôïðéêÞò åðé-

óêåõÞò-åíéó÷ýóåùò ãùíéáêþí êüìâùí ìåôÜ áðü óåéóìü ïé

Tassios, Plainis êáé Vassiliou ìå áíôéêáôÜóôáóç ôïõ áðï-

äéïñãáíùìÝíïõ óêõñïäÝìáôïò ôïõ êüìâïõ ìå íÝï óêõñüäå-

ìá êáé ìå ôïðïèÝôçóç óôçí ðåñéï÷Þ áõôÞ ðñïåíôåôáìÝíùí

êïëëÜñùí [16].

ÐñïóöÜôùò åìöáíßæïíôáé óôï äéåèíÞ ÷þñï ïñéóìÝíåò

ìåëÝôåò ìå áíôéêåßìåíï ôçí åîÝôáóç ôçò óåéóìéêÞò óõìðåñé-

öïñÜò ôïðéêÜ åíéó÷õìÝíùí äïêéìßùí åîùôåñéêþí êüìâùí ìå

ìáíäýåò äéáöüñùí åéäþí, üðùò óõìâáôéêïýò áðü ïðëéóìÝíï

óêõñüäåìá áëëÜ êáé ìç óõìâáôéêïýò ìå óéäçñïóùëÞíåò ðïõ

ðåñéâÜëëïõí ôïí êüìâï êáé ôéò êñßóéìåò ðåñéï÷Ýò ôùí óôý-

ëùí êáé ôùí äïêþí áöÞíïíôáò Ýíá êåíü ðïõ ãåìßæåé ìå åéäé-

êü êïíßáìá [25], [26], [27]. ¼ëïé ïé ìáíäýåò ôùí áíùôÝñù

åñãáóéþí åßíáé ïëüðëåõñïé. Óôïí äéåèíÞ ÷þñï äåí õðÜñ÷åé

åñãáóßá ðïõ íá áó÷ïëåßôáé ìå ôç óõìðåñéöïñÜ ôïðéêÜ åíé-

ó÷õìÝíùí ìå ôñßðëåõñï ìáíäýá êüìâùí äïêïý-óôýëïõ.

Áîßæåé íá óçìåéùèåß üôé ôüóï ïé óõóôÜóåéò ôçò UNIDO

[1] üóï êáé ïé óõóôÜóåéò ôïõ Õðïõñãåßïõ Äçìïóßùí ¸ñãùí,

ôçò Ðïëõôå÷íéêÞò Ó÷ïëÞò ôïõ Á.Ð.È. êáé ôïõ Åèíéêïý

Ìåôóüâéïõ Ðïëõôå÷íåßïõ ðñïôåßíïõí ôçí ôïðéêÞ åíßó÷õóç

êüìâùí, åöüóïí óôï äïìéêü áõôü óôïé÷åßï óõãêåíôñùèåß ç

âëÜâç ìåôÜ áðü óåéóìü [7], [11], [12], [13], [23]. ÁëëÜ ïé

ôïðéêÝò áõôÝò åíéó÷ýóåéò, ðïõ óõíéóôþíôáé ãéá åîùôåñéêïýò

êüìâïõò, äåí åßíáé äõíáôüí íá åßíáé ïëüðëåõñïé, üôáí åí

åðáöÞ ìå ôï õðü åíßó÷õóç êôßñéï õðÜñ÷åé Üëëï êôßñéï. ¸ôóé,

ùò åðß ôï ðëåßóôïí ïé ôïðéêïß áõôïß ìáíäýåò Ï/Ó åßíáé ôñß-

ðëåõñïé Þ áíôßóôïé÷á óôïõò ãùíéáêïýò êüìâïõò äßðëåõñïé.

Áõôü ôï êåíü ôçò äéåèíïýò âéâëéïãñáößáò êáëåßôáé íá êáëý-

øåé ç ðáñïýóá åñãáóßá.

¸ôóé óôçí åñãáóßá áõôÞ êáôáóêåõÜóôçêáí äïêßìéá åîù-

ôåñéêþí êüìâùí, ôá ïðïßá õðïâëÞèçêáí óå óåéóìéêïý ôýðïõ

êáôáðüíçóç, êáôÜ ôç äéÜñêåéá ôçò ïðïßáò õðÝóôçóáí åêôå-

ôáìÝíåò âëÜâåò óôçí ðåñéï÷Þ ôïõ êüìâïõ. áêïëïýèùò åíé-

ó÷ýèçêáí ôïðéêÜ ìå ôñßðëåõñï ìáíäýá Ï/Ó ìå ôç ìåèïäïëï-

ãßá, ðïõ áðáíôÜôáé óôéò áíùôÝñù óõóôÜóåéò áëëÜ êáé óôç

äéåèíÞ âéâëéïãñáößá [1], [7], [11], [12], [13], [23], êáé åðá-

íõðïâëÞèçêáí óôçí ßäéá óåéóìéêïý ôýðïõ êáôáðüíçóç. Áðü

ôç óõãêñéôéêÞ ìåëÝôç ôçò óõìðåñéöïñÜò ôùí áñ÷éêþí êáé

ôùí åíéó÷õìÝíùí äïêéìßùí ðáñáôçñÞèçêå üôé ôá åíéó÷õìÝíá

äïêßìéá ðáñïõóßáóáí áîéïóçìåßùôç áýîçóç ôçò áíôï÷Þò,

ôçò áêáìøßáò, ôçò ðëáóôéìüôçôáò êáé ôçò éêáíüôçôáò áðïñ-

ñüöçóçò åíÝñãåéáò óõãêñéôéêÜ ìå ôéò ìç÷áíéêÝò áíôéóåéóìé-

êÝò éäéüôçôåò ðïõ ðáñïõóßáóáí ôá äïêßìéá óôçí áñ÷éêÞ öÜóç

äïêéìáóßáò ôïõò.

2. ÓÕÌÂÏËÉÓÌÏÉ

MR = ëüãïò ïñéáêþí êáìðôéêþí áíôï÷þí õðïóôõëùìÜôùí -

äïêïý.

ô = äéáôìçôéêÝò ôÜóåéò óôïí êüìâï.

3. ÐÅÉÑÁÌÁÔÉÊÇ ÅÑÅÕÍÁ ÔÇÓ 
ÁÐÏÄÏÔÉÊÏÔÇÔÁÓ ÔÇÓ ÅÍÉÓ×ÕÓÇÓ
ÊÏÌÂÙÍ ÌÅ ÔÏÐÉÊÏÕÓ 
ÔÑÉÐËÅÕÑÏÕÓ ÌÁÍÄÕÅÓ

3.1. Ó÷åäéáóìüò äïêéìßùí

Óôçí ðåéñáìáôéêÞ áõôÞ åñåõíçôéêÞ åñãáóßá óõãêñßíåôáé

ç óåéóìéêÞ óõìðåñéöïñÜ ðáñèåíéêþí åîùôåñéêþí êüìâùí
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äïêïý-óôýëïõ ìå ôç óåéóìéêÞ áðüêñéóç ôùí êüìâùí áõôþí

ìåôÜ ôçí ôïðéêÞ åíßó÷õóÞ ôïõò ìå ôçí ôå÷íéêÞ ôùí ìáíäõþí

Ï/Ó. Ãéá ôïõò åðéðëÝïí óõíäåôÞñåò, ðïõ ÷ñåéÜóôçêáí óôçí

ðåñéï÷Þ ôïõ êüìâïõ, ÷ñçóéìïðïéÞèçêå ç ôå÷íéêÞ ðïõ óõíé-

óôÜôáé óôï Manual ôçò UNIDO [1] êáé ç ïðïßá åöáñìüæåôáé

äéåèíþò óå êôßñéá ìå âëÜâåò áðü óåéóìü óôïí êüìâï, äçëá-

äÞ ïé åðéðëÝïí óõíäåôÞñåò äéÝñ÷ïíôáé äéÜ ôçò äïêïý ìÝóù

ðñïáíïéãüìåíùí ïðþí. Ôï ôìÞìá ôïõ óõíäåôÞñá, ðïõ âñß-

óêåôáé åíôüò ôçò äïêïý, óõãêïëëÜôáé ìå ôï ðåñéâÜëëïí óêõ-

ñüäåìá ìå ôç âïÞèåéá ñçôéíüóôïêïõ.

Óôçí ðáñïýóá åñãáóßá ÷ñçóéìïðïéÞèçêáí ïé óõóôÜóåéò

ôçò ÌéêôÞò ÅðéôñïðÞò ACI-ASCE 352 [24] ôüóï ãéá ôï ó÷å-

äéáóìü ôùí áñ÷éêþí äïêéìßùí üóï êáé ôùí åíéó÷õìÝíùí.

Óýìöùíá ìå ôéò óõóôÜóåéò áõôÝò, éêáíïðïéçôéêÞ óåéóìéêÞ

óõìðåñéöïñÜ óå Ýíáí åîùôåñéêü êüìâï åîáóöáëßæåôáé, üôáí

éó÷ýïõí ôá êáôùôÝñù:

á. Ï ëüãïò ïñéáêþí êáìðôéêþí áíôï÷þí õðïóôõëùìÜôùí

äïêïý ÌR èá ðñÝðåé íá Ý÷åé ôéìÞ ìåãáëýôåñç Þ ôï ðïëý ßóç

ìå 1.40.

â. Ïé äéáôìçôéêÝò ôÜóåéò óôïí êüìâï, ðïõ ëáìâÜíïíôáé

óýìöùíá ìå ôçí ÅðéôñïðÞ áðü ôçí Ýêöñáóç ô = ã , èá

ðñÝðåé íá Ý÷ïõí ÷áìçëÝò ôéìÝò. ¸ôóé, ïé äéáôìçôéêÝò ôÜóåéò

ãéá ôç ìïñöÞ ôùí êüìâùí ðïõ ìåëåôþíôáé èá ðñÝðåé íá åßíáé

÷áìçëüôåñåò ôïõ 1.0 MPa.

ã. Ï ïðëéóìüò óõíäåôÞñùí óôïí êüìâï èá ðñÝðåé íá éêá-

íïðïéåß ôéò ðáñáêÜôù óõíèÞêåò:

üðïõ:

f′c = èëéðôéêÞ áíôï÷Þ óêõñïäÝìáôïò,

sh = áðüóôáóç óõíäåôÞñùí,

h� = äéÜóôáóç ôçò ìåãáëýôåñçò ðëåõñÜò ðõñÞíïò ïñèï-

ãùíéêïý õðïóôõëþìáôïò,

Ág = åðéöÜíåéá äéáôïìÞò õðïóôõëþìáôïò,

Ac = åðéöÜíåéá äéáôïìÞò ðõñÞíïò õðïóôõëþìáôïò,

fyh = üñéï äéáññïÞò ïðëéóìïý óõíäåôÞñùí.

Ïé áíùôÝñù äýï óõíèÞêåò äßäïõí ìßá åëÜ÷éóôç áðáßôçóç

ïðëéóìïý óõíäåôÞñùí êüìâïõ ∅8/5cm ãéá ôá ÷ñçóéìïðïé-

ïýìåíá äïêßìéá óôçí åñãáóßá.

3.2. Ðñüãñáììá äïêéìþí

Ó÷åäéÜóôçêáí êáé êáôáóêåõÜóôçêáí ôñßá äïêßìéá êüì-

âùí Ï1, Ï2 êáé P1 õðü êëßìáêá 1:3. Óôï ó÷. 1 öáßíïíôáé ïé

äéáóôÜóåéò, ïé ïðëéóìïß êáé ôá ÷áñáêôçñéóôéêÜ ó÷åäéáóìïý

ôùí ðáñèåíéêþí äïêéìßùí Ï1, Ï2 êáé P1. Ïé ðáñÜìåôñïé ó÷å-

äéáóìïý ÌR êáé ã åß÷áí äõóìåíåßò ôéìÝò, óõãêñéôéêÜ ìå áõôÝò

ðïõ èåóðßæïõí ïé óõóôÜóåéò ôçò ÅðéôñïðÞò ACI-ASCE 352

[24], åðßóçò ï ïðëéóìüò óõíäåôÞñùí ôçò ðåñéï÷Þò ôïõ êüì-

âïõ Þ äåí õðÞñ÷å üðùò óôï äïêßìéï Ï1 Þ Þôáí ëéãüôåñïò ôïõ

ïñßïõ ôçò EðéôñïðÞò ∅8/7 (áíôß ∅8/5). ¸ôóé, êáé ôá ôñßá

äïêßìéá áíáìÝíåôáé íá åìöáíßóïõí ôç âëÜâç óôïí êüìâï. Ôá

äïêßìéá õðïâëÞèçêáí óå óåéóìéêïý ôýðïõ êáôáðüíçóç, ç

ïðïßá åðÝöåñå óçìáíôéêÝò âëÜâåò óôçí ðåñéï÷Þ ôïõ êüìâïõ,

üðùò áíáìåíüôáí Üëëùóôå êáé óôéò êñßóéìåò ðåñéï÷Ýò ôùí

óôýëùí. Áêïëïýèùò ôá äïêßìéá åíéó÷ýèçêáí ôïðéêÜ ìå ôç

ìÝèïäï ôùí ôñßðëåõñùí ìáíäõþí Ï/Ó. Ðñï ôçò åíéó÷ýóåùò

Ýãéíå ðñïóðÜèåéá åðáíáöïñÜò ìüíïí ôïõ äïêéìßïõ Ï1 óôç

èÝóç éóïññïðßáò ìÝóù ôçò äéÜôáîçò öïñôßóåùò.

Ìå ôçí åíßó÷õóç åëÞöèç ìÝñéìíá, þóôå ïé ÷áìçëÝò ôéìÝò

MR ôùí äïêéìßùí Ï1, Ï2 êáé P1 íá áõîçèïýí óôá åíéó÷õìÝíá

äïêßìéá RÏ1, RO2 êáé RP1 óå ôéìÝò áñêåôÜ áíþôåñåò ôïõ

1.40, ïé ôéìÝò ôïõ ã ôùí äïêéìßùí RO1, RO2 êáé RP1 íá ìåé-

ùèïýí óå ôéìÝò óçìáíôéêÜ ìéêñüôåñåò ôïõ 1.0 (þóôå ïé ôéìÝò

ôùí äéáôìçôéêþí ôÜóåùí ôùí êüìâùí ôùí åíéó÷õìÝíùí äïêé-

ìßùí íá åßíáé ìéêñüôåñåò ôïõ ïñßïõ ôçò ÅðéôñïðÞò ô = ã

MPa < 1.0 MPa, ó÷. 2), åíþ ìå ôçí ôïðïèÝôçóç ðñïóèÝ-

ôùí óõíäåôÞñùí óôçí ðåñéï÷Þ ôïõ êüìâïõ ï ïðëéóìüò Ýãéíå

∅8/5cm óôï äïêßìéï RO1 êáé ∅8/3.5cm óôá äïêßìéá RO2

êáé RP1. Óôï ó÷. 2 öáßíïíôáé ïé äéáóôÜóåéò, ïé ïðëéóìïß êáé

ôá ÷áñáêôçñéóôéêÜ ó÷åäéáóìïý ôùí åðéóêåõáóìÝíùí äïêé-

ìßùí RO1, RO2 êáé RP1. ÅëÝã÷èçóáí åðßóçò ïé äéáôÜîåéò

ó÷åäéáóìïý êüìâùí ôïõ Åõñùêþäéêá 8, ïé ïðïßåò äåí ðñïÝ-

âëåøáí åðß ðëÝïí ïðëéóìü óôçí ðåñéï÷Þ ôïõ êüìâïõ ôùí åíé-

ó÷õìÝíùí äïêéìßùí áðü áõôüí ðïõ ôïðïèåôÞèçêå ìå âÜóç

ôéò áðáéôÞóåéò ôçò áíùôÝñù ÅðéôñïðÞò. Ôá äïêßìéá RO1,

RO2 êáé RP1 õðïâëÞèçêáí óôçí ßäéïõ ôýðïõ óåéóìéêÞ êáôá-

ðüíçóç ìå ôá Ï1, Ï2 êáé P1.

3.3. Ôñüðïò åíßó÷õóçò

Ôá äïêßìéá Ï1, Ï2 êáé P1, ìåôÜ ôçí õðïâïëÞ ôïõò óå óåé-

óìéêÞ êáôáðüíçóç, ðáñïõóßáæáí ôçí åîÞò åéêüíá. Ôï óêõñü-

äåìá ôçò ðåñéï÷Þò ôïõ êüìâïõ ôïõ äïêéìßïõ Ï1 äåí õðÞñ÷å,

åíþ ïé ïðëéóìïß ôïõ óôýëïõ êáé ôçò äïêïý åß÷áí õðïóôåß

ìåãÜëåò ðáñáìïñöþóåéò, ôï óêõñüäåìá óôçí ðåñéï÷Þ ôïõ

êüìâïõ êáé ãýñù áðü ôçí ðåñéï÷Þ ôùí êñßóéìùí äéáôïìþí

ôùí äïêéìßùí Ï2 êáé P1 åß÷å áðïäéïñãáíùèåß óå ìåãÜëï

âáèìü, ï ïðëéóìüò ôùí õðïóôõëùìÜôùí åß÷å õðïóôåß åíôï-

íüôáôï ëõãéóìü óå üëç ôçí ðåñéï÷Þ ôïõ êüìâïõ êáé óôéò êñß-

óéìåò ðåñéï÷Ýò ôùí óôýëùí. ¼ðùò Þäç áíáöÝñèçêå, áðïöá-

óßóèçêáí ç åðéóêåõÞ êáé ç åíßó÷õóç ôùí äïêéìßùí ìå êáôá-

óêåõÞ ôñßðëåõñïõ ìáíäýá áðü åéäéêü ôóéìåíôïêïíßáìá õøç-

ëÞò áíôï÷Þò EMACO êáé ìå ÷ñÞóç ðñüóèåôïõ ïðëéóìïý

ìáíäýá.

Ï íÝïò ïðëéóìüò ôïõ ìáíäýá áðáñôéæüôáí áðü ôÝóóåñéò

ñÜâäïõò ∅14 S400 óôï äïêßìéï Ï1 êáé áðü ôÝóóåñéò

ñÜâäïõò ∅10 S400 óôá äïêßìéá Ï2 êáé P1, ïé ïðïßåò çëå-
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Ó÷Þìá 1: ÄéáóôÜóåéò êáé ëåðôïìÝñåéåò ïðëéóìïý äïêéìßùí Ï1, Ï2 êáé Ñ1 (äéáóôÜóåéò óå cm).

Figure 1: Dimensions and cross-sectional details of original specimens O1, O2 and P1 (dimensions in cm).

Ó÷Þìá 2(á): ÄéáóôÜóåéò êáé ëåðôïìÝñåéåò ïðëéóìïý ìáíäýá äïêéìßïõ RO1 (äéáóôÜóåéò óå cm).

Figure 2(a): Jacketing of Beam-Column Connection of Subassemblage RO1 (dimensions in cm).
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Ó÷Þìá 2(b): ÄéáóôÜóåéò êáé ëåðôïìÝñåéåò ïðëéóìïý ìáíäýá äïêéìßùí RO2 êáé RP1 (äéáóôÜóåéò óå cm).

Figure 2(b): Jacketing of Beam-Column Connection of Subassemblages RO2 and RP1 (dimensions in cm).

Ó÷Þìá 2(c): ËåðôïìÝñåéåò ó÷åäéáóìïý êüìâùí åíéó÷õìÝíùí äïêéìßùí RO1, RO2 êáé RP1 (äéáóôÜóåéò óå cm).

Figure 2(c): Details of Joints of Strengthened Subassemblages RO1, RO2 and RP1 (dimensions in cm).



êôñïêïëëÞèçêáí óôéò ðáëáéÝò ñÜâäïõò ôùí õðïóôõëùìÜ-

ôùí, ìå ôç âïÞèåéá êáâéëéþí ∅16 êáé ìÞêïõò 5∅ ôïõëÜ÷é-

óôïí, áíÜ áðïóôÜóåéò 25 cm. Åðßóçò, ôïðïèåôÞèçêáí óõí-

äåôÞñåò ∅8/11 óôéò êñßóéìåò ðåñéï÷Ýò ôùí õðïóôõëùìÜôùí

(ó÷. 2). Ïé óõíäåôÞñåò áõôïß áðïôåëïýíôáí áðü äýï ôìÞìá-

ôá ìïñöÞò Ð, ôá ïðïßá çëåêôñïêïëëÞèçêáí óôéò Üêñåò ôïõò,

þóôå íá äçìéïõñãÞóïõí ôïí êëåéóôü óõíäåôÞñá.

Óôçí ðåñéï÷Þ ôïõ êüìâïõ üðïõ ç ðñïáíáöåñèåßóá ôå÷íé-

êÞ Þôáí áäýíáôï íá åöáñìïóôåß, áíïß÷ôçêáí óå êÜèå äïêü

ïðÝò äéáìÝôñïõ 10 ÷éëéïóôþí, áðü ôéò ïðïßåò äéÞëèáí êáé

óõãêïëëÞèçêáí ìå åéäéêü ñçôéíüóôïêï ôìÞìáôá ïðëéóìïý

∅8(S400), ó÷Þìá 3. Ãéá íá äéÝëèåé ï ðá÷ýññåõóôïò ñçôéíü-

óôïêïò áðü ôçí ïðÞ êáé êõñßùò ãéá íá åðáëåéöèåß åðáñêþò

óôá ôïé÷þìáôá ôçò ïðÞò, ôá ðñïò óõãêüëëçóç ôìÞìáôá ïðëé-

óìïý ∅8 áëåßöèçêáí áñêåôÝò öïñÝò ìå ñçôéíüóôïêï. ìåôÜ

åêÜóôç åðÜëåéøç âõèßæïíôáí óå üëï ôï âÜèïò ôçò ïðÞò êáé

áêïëïýèùò åîÝñ÷ïíôáí, åíþ åðáêïëïõèïýóå äåýôåñç êáé

ôñßôç åðÜëåéøç ìå ôï ßäéï õëéêü. ÔåëéêÜ, ôá ôìÞìáôá áõôÜ

ïðëéóìïý ∅8 âõèßæïíôáí ãéá ìéá ôåëåõôáßá öïñÜ óôçí ïðÞ

üðïõ êáé óõãêñáôïýíôáí óôçí åðéèõìçôÞ ãéá óõãêüëëçóç

èÝóç ìå óýñìá. ÌåôÜ ôçí ðáñÝëåõóç 48 ùñþí ðïõ áðáéôïý-

íôáí ãéá ôçí åðáñêÞ óêëÞñõíóç ôïõ ñçôéíüóôïêïõ, ïé ðñïá-

íáöåñèåßóåò ñÜâäïé ëõãßæïíôáí êáé óôç óõíÝ÷åéá çëåêôñï-

êïëëïýíôáí óôéò Üêñåò ôïõò ìå ôìÞìáôá ìïñöÞò Ð äçìéïõñ-

ãþíôáò Ýôóé êëåéóôïýò óõíäåôÞñåò. Óôï ó÷Þìá 2 öáßíïíôáé
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Ó÷Þìá 3: Ïé ðñüóèåôïé óõíäåôÞñåò ôïõ êüìâïõ äéÝñ÷ïíôáé áðü ôéò

äïêïýò ôùí åíéó÷õìÝíùí äïêéìßùí ìÝóù ðñïáíïéãïìÝíùí ïðþí êáé

óôåñåþíïíôáé óôï óêõñüäåìá ôùí äïêþí ìå ñçôéíüóôïêï.

Figure 3: The additional horizontal ties of the joint were inserted

through holes drilled in the beams of strengthened specimens and

were cemented with epoxy adhesive gel.

Ó÷Þìá 4(á): ÃåíéêÞ äéÜôáîç óõóôÞìáôïò öüñôéóçò ãéá Ýëåã÷ï óåéóìé-

êÞò óõìðåñéöïñÜò êüìâùí ôïõ Åñãáóôçñßïõ Óéäçñïðáãïýò Óêõñï-

äÝìáôïò ôïõ Á.Ð.È.

Figure 4(á): Test setup of the Laboratory of Reinforced Concrete

Structures at the School of Engineering of A.U.TH.

Ó÷Þìá 4 (b): Éóôïñßá öüñôéóçò äïêéìßùí.

Figure 4 (b): Lateral displacement history.

ïé ëåðôïìÝñåéåò ôïõ ïðëéóìïý ìáíäýá ôùí äïêéìßùí RÏ1,

RO2 êáé RP1. Ãéá ôéò ðáñïýóåò áíÜãêåò áðïöáóßóôçêå ç

÷ñçóéìïðïßçóç ôïõ EMACO S66, óôï ïðïßï ðåñéÝ÷ïíôáé êáé

áäñáíÞ ìå ìÝãéóôï êüêêï 10mm.

3.4. ÄéÜôáîç öüñôéóçò - ìåôñÞóåéò

Óôï ó÷. 4(a) öáßíåôáé ç ãåíéêÞ äéÜôáîç ôïõ óõóôÞìáôïò

öüñôéóçò. Ôçí ïñéæüíôéá ìåôáôüðéóç ôùí õðïóôõëùìÜôùí

ôùí äïêéìßùí äåóìåýïõí óõóôÞìáôá åéäéêþí äéáôÜîåùí, ôá

ïðïßá åßíáé áñèñùôÜ óõíäåäåìÝíá ìå ôï ðëáßóéï áíôßäñáóçò

êáé ðñïóáñìüæïíôáé åðßóçò áñèñùôÜ ìå ôï äïêßìéï. Ôçí

êáôáêüñõöç ìåôáôüðéóç äåóìåýåé ç äñÜóç ôçò áîïíéêÞò

öüñôéóçò. Ç ðåñéóôñïöÞ ôùí Üêñùí ôùí õðïóôõëùìÜôùí

åßíáé åëåýèåñç. Óõíåðþò, óôï Üêñï ôùí óôýëùí Ý÷ïõìå

äçìéïõñãÞóåé óõíèÞêåò Üñèñùóçò õðïêáèéóôþíôáò ôç ëåé-



ôïõñãßá óôï óçìåßï êáìðÞò ôïõ óôýëïõ. Ç åðéâïëÞ öüñôéóçò

ãßíåôáé óôï åëåýèåñï Üêñï ôùí äïêéìßùí, ó÷. 4(a). Ç áíçã-

ìÝíç áîïíéêÞ, öüñôéóç ðïõ åðéâÜëëïíôáí óôá õðïóôõëþìáôá

ôùí äïêéìßùí, Þôáí óôáèåñÞ, ôçò ôÜîåùò ôïõ 0.20 (íd ≅
0.20).

Ç öüñôéóç üëùí ôùí äïêéìßùí Ï1, Ï2, P1, RO1, RO2 êáé

RP1 Ýãéíå ìå åðéâïëÞ êýêëùí ìåôáôüðéóçò äéáäï÷éêÜ áõîá-

íïìÝíïõ åýñïõò ìå áýîçóç 5mm áíÜ êýêëï. Óôï ó÷. 4(b)

öáßíåôáé ôï ðñüãñáììá öüñôéóçò ôùí äïêéìßùí. Ç éóôïñßá

áõôÞ öüñôéóçò áðïôåëåß ôçí ôõðéêÞ éóôïñßá öüñôéóçò ðëáé-

óéáêþí õðïóõíüëùí Þ ìåìïíùìÝíùí äïêéìßùí ðïõ áíáöÝñå-

ôáé óôç âéâëéïãñáößá [26], [27].

3.5. ÐåéñáìáôéêÜ áðïôåëÝóìáôá äïêéìßùí

ÌïñöÝò áóôï÷ßáò: Ç áóôï÷ßá ôùí äïêéìßùí O1, O2 êáé P1

óõãêåíôñþèçêå óôçí ðåñéï÷Þ ôïõ êüìâïõ êáé óôéò êñßóéìåò

ðåñéï÷Ýò ôïõ óôýëïõ, åíþ ïé äïêïß ôïõò ðáñÝìåéíáí Üèéêôåò,

ó÷. 5. Áîßæåé íá ðáñáôçñçèåß óôï ó÷. 5 üôé ôï óêõñüäåìá ôçò

ðåñéï÷Þò ôïõ êüìâïõ ôïõ äïêéìßïõ Ï1 äåí õðÜñ÷åé (äéüôé

áðïäéïñãáíþèçêå ðëÞñùò) ìåôÜ ôï ðÝñáò ôçò öüñôéóçò, åíþ

ïé äéáìÞêåéò ïðëéóìïß ôïõ óôýëïõ Ý÷ïõí Ýíôïíç ìüíéìç

ðáñáìüñöùóç ðïõ ðñïêëÞèçêå áðü ôéò ìåãÜëåò äéáôìçôéêÝò

ðáñáìïñöþóåéò ôïõ êüìâïõ. Óôï óçìåßï áõôü ôïíßæåôáé üôé

ïé êüìâïé ôùí ðåñéóóïôÝñùí ðáëáéþí êáôáóêåõþí, üðùò

åßíáé ãíùóôü, äåí ðåñéÝ÷ïõí ïðëéóìü óõíäåôÞñùí, Ýôóé ç

áóôï÷ßá ôïõ ôýðïõ ôïõ äïêéìßïõ Ï1 èá Þôáí åîáéñåôéêÜ åðé-

êßíäõíç ãéá ôéò êáôáóêåõÝò áõôÝò.

Ôï óêõñüäåìá óôçí ðåñéï÷Þ ôïõ êüìâïõ êáé ôùí äïêé-

ìßùí Ï2 êáé P1 åß÷å, åðßóçò, áðïäéïñãáíùèåß Ýíôïíá, åíþ

÷áñáêôçñéóôéêüò Þôáí ï ëõãéóìüò ôùí äéáìÞêùí ñÜâäùí

ïðëéóìïý ôïõ óôýëïõ óôçí ðåñéï÷Þ ôïõ êüìâïõ.

Ôá åðéóêåõáóìÝíá äïêßìéá RÏ1, RO2 êáé RP1 ðáñïõóßá-

óáí åíôåëþò äéáöïñåôéêü ôýðï áóôï÷ßáò. Ðéï óõãêåêñéìÝíá:

Óôá äïêßìéá áõôÜ åìöáíßæåôáé êáôÜ ôïõò ðñþôïõò

êýêëïõò óåéóìéêÞò öüñôéóçò äéáìðåñÝò êáìðôéêü ñÞãìá óôéò

äïêïýò óôéò èÝóåéò Ýíùóçò ìå ôïí ìáíäýá óôï óôýëï. Åðßóçò,

åìöáíßæïíôáé ÷éáóôß äéáôìçôéêÜ ñÞãìáôá óôéò äïêïýò. Óôïõò

åðüìåíïõò êýêëïõò ðáñáôçñåßôáé áýîçóç ôïõ åýñïõò ôïõ

êáìðôéêïý ñÞãìáôïò óôéò äïêïýò ìå åëáöñÜ óõíôñéâÞ ôïõ

óêõñïäÝìáôïò ôùí èëéâïìÝíùí æùíþí óôéò èÝóåéò ó÷çìáôé-

óìïý ðëáóôéêÞò Üñèñùóçò êáé ìéêñÞ äéåýñõíóç ôùí äéáôìç-

ôéêþí ñùãìþí óôéò äïêïýò. Óôïõò ôåëåõôáßïõò êýêëïõò

ðáñáôçñåßôáé åíôïíüôåñç äéåýñõíóç ôùí êáìðôéêþí ñçãìÜ-

ôùí ôùí äïêþí ìå éó÷õñÞ óõíôñéâÞ ôïõ óêõñïäÝìáôïò ôùí

èëéâïìÝíùí æùíþí êáé åíôïíüôáôï ëõãéóìü ôùí äéáìÞêùí

ñÜâäùí. Åðßóçò, ðáñáôçñåßôáé äéåýñõíóç ôùí ÷éáóôß äéáôìç-

ôéêþí ñùãìþí ôùí äïêþí (ó÷. 5). Áîßæåé íá óçìåéùèåß üôé ç

ðåñéï÷Þ ôïõ êüìâïõ ðáñáìÝíåé Üèéêôç óôï ôÝëïò ôïõ ðåéñÜ-

ìáôïò (ó÷. 5).

¼ðùò åßíáé ãíùóôü, ç ðëÝïí åõáßóèçôç ðåñéï÷Þ åîùôåñé-

êþí êüìâùí åßíáé ç ðåñéï÷Þ, óôçí ïðïßá áãêõñþíïíôáé ïé

äéáìÞêåéò ñÜâäïé ïðëéóìïý ôùí äïêþí êáé áðü ôçí ïðïßá

óõã÷ñüíùò äéÝñ÷ïíôáé êáé ïé äéáìÞêåéò ñÜâäïé ïðëéóìïý ôùí

óôýëùí. Óôçí ðåñéï÷Þ áõôÞ óôá äïêßìéá Ï1, Ï2 êáé P1, áðü

ôéò ðñþôåò áíáêõêëßóåéò åìöáíßóôçêáí ñÞãìáôá äéÜóðáóçò

êáé ðáñáôçñÞèçêå áðþëåéá åðéêÜëõøçò, åíþ óôï ôÝëïò ôïõ

ðåéñÜìáôïò óçìáíôéêü ìÝñïò êáé ôïõ ðõñÞíá ôïõ êüìâïõ

åß÷å áðùëåóôåß. Âåâáéþò, �áäýíáôï� óçìåßï êáé ôçò åíßó÷õ-

óçò áðïôåëïýóå ç ðåñéï÷Þ áõôÞ ãéá ôá äïêßìéá RÏ1, RO2 êáé

RP1, äéüôé ó� áõôÞ äåí êáôáóêåõáæüôáí ìáíäýáò, åöüóïí

áíôéðñïóþðåõå ç åíßó÷õóç ôçí ðåñßðôùóç êüìâùí êôéñßùí

âëáììÝíùí áðü óåéóìü, åí åðáöÞ ìå ôá ïðïßá õðÜñ÷ïõí

Üëëá êôßñéá êáé êáô� áíÜãêçí êáôáóêåõÜæïíôáé ôñßðëåõñïé Þ

äßðëåõñïé ìáíäýåò. Åßíáé áîéïóçìåßùôï üôé ç åíßó÷õóç êáé

ôùí ôñéþí äïêéìßùí RÏ1, RO2 êáé RP1 äåí ðáñïõóßáóå

êáìßá âëÜâç óôçí ðåñéï÷Þ áõôÞ (ïýôå êáí ôñé÷ïåéäåßò ñùã-

ìÝò) ìåôÜ ôï ðÝñáò ôùí ðåéñáìÜôùí, ó÷. 5.

Õóôåñçôéêïß âñü÷ïé åðéâáëëïìÝíùí ôåìíïõóþí äïêïý

Vb-ìåôáôïðßóåùí öïñôéæïìÝíïõ Üêñïõ Ä ãéá üëá ôá äïêßìéá

ôïõ ðñïãñÜììáôïò öáßíïíôáé óôï ó÷Þìá 6. Óôï ó÷Þìá 7 öáß-

íïíôáé ïé áêáìøßåò óå êÜèå êýêëï öüñôéóçò ôïõ äïêéìßïõ

Ï1. Óôï ó÷Þìá 8 öáßíåôáé ç óýãêñéóç ôçò éêáíüôçôáò áðïñ-

ñüöçóçò åíÝñãåéáò áíÜ êýêëï öüñôéóçò ãéá ôá äïêßìéá RO1

êáé Ï1. Óôï ó÷. 9 öáßíåôáé êáôÜ ðüóï áõîçìÝíç Þôáí ç áíôï-

÷Þ óå êÜèå çìßêõêëï ôïõ äïêéìßïõ RO1 óõãêñéôéêÜ ìå áõôÞ

ôïõ áñ÷éêïý äïêéìßïõ Ï1.

3.6. Åñìçíåßá ðåéñáìáôéêþí áðïôåëåóìÜôùí

Áðü ôç óýãêñéóç ôçò óåéóìéêÞò óõìðåñéöïñÜò ôùí åíé-

ó÷õìÝíùí äïêéìßùí RÏ1, RO2 êáé RP1 ìå áõôÞ ôùí áñ÷éêþí

äïêéìßùí Ï1, O2 êáé P1 ðáñáôçñïýìå ôá åîÞò: Ôá åíéó÷õìÝ-

íá äïêßìéá RÏ1, RO2 êáé RP1 ðáñïõóéÜæïõí åîáéñåôéêÜ âåë-

ôéùìÝíåò üëåò ôéò ìç÷áíéêÝò éäéüôçôåò óõãêñéôéêÜ ìå áõôÝò

ôùí áñ÷éêþí äïêéìßùí Ï1, O2 êáé P1. Óôá ó÷Þìáôá 7, 8 êáé 9

öáßíåôáé ç óýãêñéóç áíôï÷Þò, áêáìøßáò êáé éêáíüôçôáò

áðïññüöçóçò åíÝñãåéáò ìåôáîý ôùí äïêéìßùí RÏ1, RÏ2,

RP1 êáé Ï1, Ï2, P1 áíôéóôïß÷ùò. Óôï ó÷Þìá 9(a) öáßíåôáé üôé

ç áíôï÷Þ ôïõ åíéó÷õìÝíïõ äïêéìßïõ RÏ1 Þôáí åí ãÝíåé ðÜíù

áðü äéðëÜóéá óõãêñéôéêÜ ìå ôçí áíôï÷Þ ðïõ ðáñïõóßáóå ôï

ðáñèåíéêü äïêßìéï Ï1. Ôï áõôü óõìâáßíåé êáé ìå ôçí áêáì-

øßá ôïõ RÏ1 åí ó÷Ýóåé ìå ôçí áêáìøßá ôïõ Ï1 (ó÷. 7(a)). Ç

éêáíüôçôá áðïññüöçóçò åíÝñãåéáò ôïõ RÏ1 Þôáí åëÜ÷éóôá

áõîçìÝíç, óõãêñéôéêÜ ìå ôçí éêáíüôçôá áðïññüöçóçò åíÝñ-

ãåéáò ôïõ Ï1 óôïí ðñþôï êýêëï öüñôéóçò, óôïõò äýï åðüìå-

íïõò êýêëïõò ç éêáíüôçôá ãéá áðïññüöçóç åíÝñãåéáò ôïõ

RÏ1 äéðëáóéÜæåôáé óõãêñéôéêÜ ìå áõôÞí ôïõ Ï1. Ç éêáíüôç-

ôá áðïññüöçóçò åíÝñãåéáò ôïõ RÏ1 Þôáí ðåñéóóüôåñï áðü

ôñéðëÜóéá, ðåñéóóüôåñï áðü ôåôñáðëÜóéá, ðåñéóóüôåñï áðü

ðåíôáðëÜóéá êáé ðåñéóóüôåñï áðü åîáðëÜóéá óõãêñéôéêÜ ìå

ôçí éêáíüôçôá áðïññüöçóçò åíÝñãåéáò ôïõ Ï1 óôïí 4ï, 5ï,

6ï êáé 7ï êýêëï áíôßóôïé÷á, ó÷. 8(á).
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Áîßæåé íá óçìåéùèåß üôé éäéáßôåñá âåëôéùìÝíåò Þôáí ç

áíôï÷Þ, áêáìøßá êáé éêáíüôçôá áðïññüöçóçò åíÝñãåéáò êáé

ôùí Üëëùí äýï åíéó÷õìÝíùí äïêéìßùí RO2 êáé RP1 óõãêñé-

ôéêÜ ìå áõôÝò ôùí áñ÷éêþí äïêéìßùí O2 êáé P1 áíôßóôïé÷á,

üðùò öáßíåôáé óôá ó÷Þìáôá 7(b), 7(c), 8(b), 8(c), 9(b) êáé

9(c). ÐÜíôùò, åßíáé ãåãïíüò üôé ïé âåëôéþóåéò ôùí ìç÷áíéêþí

áõôþí áíôéóåéóìéêþí éäéïôÞôùí Þôáí ðïëý ìåãáëýôåñåò óôï

åíéó÷õìÝíï äïêßìéï RO1 åí ó÷Ýóåé ìå ôá Üëëá äýï äïêßìéá

RO2 êáé RP1 (ó÷. 7, 8 êáé 9). Áõôü åîçãåßôáé ìå ôïí ðáñáêÜ-

ôù óõëëïãéóìü: Ç âåëôßùóç ôïõ ëüãïõ ÌR ôùí äïêéìßùí

áðü ôçí ðáñèåíéêÞ ìïñöÞ óôçí åíéó÷õìÝíç Þôáí ðåñßðïõ

ßäéá ãéá üëá ôá äïêßìéá áðü ÌR ≅ 1.0 óå ÌR ≅ 2.0÷2.50.

¸ôóé, ç âåëôßùóç, ðïõ ðáñáôçñÞèçêå óôéò ìç÷áíéêÝò áíôé-

óåéóìéêÝò éäéüôçôåò ôïõ RO1 óõãêñéôéêÜ ìå áõôÝò ôùí Üëëùí

åíéó÷õìÝíùí äïêéìßùí RO2 êáé RP1, ïöåßëåôáé óôç ìåßùóç

ðïõ õðÝóôçóáí ìå ôçí åíßó÷õóç ïé äéáôìçôéêÝò ôÜóåéò ôïõ

êüìâïõ ôïõ RO1 óõãêñéôéêÜ ìå ôéò ìåéþóåéò ôùí Üëëùí äýï

äïêéìßùí RO2 êáé RP1. ¸ôóé, ïé ìåéþóåéò ìåôáîý ðáñèåíé-

êÞò-åíéó÷õìÝíçò ìïñöÞò äïêéìßùí O1 - RÏ1 åßíáé ô (O1) - ô

(RO1) = 2.019-0.51 = 1.5MPa, åíþ ïé ìåéþóåéò áõôÝò óôá

Üëëá äýï äïêßìéá Þôáí óáöþò ìéêñüôåñåò: ô (O2) - ô (RO2) =

1.02-0.316 = 0.7MPa êáé ô (P1) - ô (RP1) = 1.37-0.55 =

0.82MPa.

Óôï ó÷Þìá 10 öáßíåôáé ôï ìÝãéóôï öïñôßï ðïõ ðáñáëáì-

âÜíåôáé áðü ôá äïêßìéá Ï1, O2, P1, RÏ1, RO2 êáé RP1 óå äéÜ-

öïñá åðßðåäá ðëáóôéìïôÞôùí ìåôáêéíÞóåùí. Áîßæåé íá

óçìåéùèåß üôé, åíþ ôï ðáñèåíéêü äïêßìéï Ï1 Ýäåéîå ðëáóôé-

ìüôçôá ìåôáêéíÞóåùí 1.0 êáé ôá O2 êáé P1 Ýäåéîáí ðëáóôé-

ìüôçôá ìåôáêéíÞóåùí ðåñßðïõ 1.50, ôá åíéó÷õìÝíá äïêßìéá

RÏ1, RO2 êáé RP1 Ýäåéîáí áñêåôÜ ìåãáëýôåñç ðëáóôéìüôç-

ôá ðïõ Ýöôáóå êïíôÜ óôï 3.50.

Ôïíßæåôáé, åðßóçò, üôé ôá äïêßìéá RÏ1, RO2 êáé RP1 äéá-

êñßíïíôáé áðü áôñáêôïåéäåßò âñü÷ïõò ìå ðïëý ìéêñüôåñç

óôÝíùóç ãýñù áðü ôçí áñ÷Þ ôùí áîüíùí (pinching) óå áíôß-

èåóç ìå ôïõò õóôåñçôéêïýò âñü÷ïõò ôùí Ï1, O2 êáé P1 ðïõ

ðáñïõóéÜæïõí Ýíôïíç óôÝíùóç (ó÷. 6). Áõôü ïöåßëåôáé óôï

üôé ìå ôçí ðáñïýóá åðÝìâáóç óôá äïêßìéá RÏ1, RO2 êáé

RP1 ìåéþèçêáí áéóèçôÜ ïé ïëéóèÞóåéò ôùí äéáìÞêùí

ñÜâäùí ïðëéóìïý ôùí äïêþí êáé ôùí óôýëùí ðïõ ðåñíïýí

áðü ôïí êüìâï. Áéôßá ôçò óçìáíôéêÞò âåëôßùóçò, ðïõ ôõã÷Ü-

íïõí ïé ìç÷áíéêÝò áíôéóåéóìéêÝò éäéüôçôåò ôùí äïêéìßùí

RÏ1, RO2 êáé RP1 óõãêñéôéêÜ ìå áõôÝò ôùí Ï1, O2 êáé P1,

åßíáé ç åðéôõ÷Þò åöáñìïãÞ ôïõ ôýðïõ åðÝìâáóçò ðïõ ðåñé-

ãñÜöçêå óôçí §3.3 ìå ôïðéêü ôñßðëåõñï ìáíäýá óôçí ðåñéï÷Þ

ôïõ êüìâïõ êáé óå ôìÞìáôá ôùí êñßóéìùí ðåñéï÷þí ôùí óôý-

ëùí. Ç ðáñïýóá åíßó÷õóç âåëôßùóå óçìáíôéêÜ ôéò ðáñáìÝ-

ôñïõò ó÷åäéáóìïý ôùí áñ÷éêþí êüìâùí, äçëáäÞ ôï ëüãï éêá-

íïôéêïý ó÷åäéáóìïý, ôéò åðéêñáôïýóåò óôïí êüìâï äéáôìçôé-

êÝò ôÜóåéò êáé ôïí ïðëéóìü ôïõ êüìâïõ (óýãêñéóç ðáñáìÝ-

ôñùí ó÷åäéáóìïý äïêéìßùí Ï1, O2, P1 êáé RÏ1, RO2 êáé RP1

áíôéóôïß÷ùò ó÷. 1, ó÷. 2).

Ãéá ôç âåëôßùóç ôùí óõíèçêþí áãêýñùóçò ôùí äéáìÞ-

êùí ïðëéóìþí ôùí äïêþí óôá åíéó÷õìÝíá äïêßìéá RÏ1, RO2

êáé RP1 óôçí ðåñéï÷Þ ôùí áãêõñßùí ôùí ïðëéóìþí áõôþí

êáé êáèÝôùò ðñïò áõôïýò ôïðïèåôÞèçêáí êáé çëåêôñïêïëëÞ-

èçêáí ìéêñïß ñÜâäïé äéáìÝôñïõ 8mm (ìÞêïõò 15cm ðåñß-

ðïõ). ¼ðùò öáßíåôáé êáèáñÜ áðü ôçí áéóèçôÞ ìåßùóç ôçò

óôÝíùóçò ðïõ Ýäåéîáí ôá äïêßìéá RÏ1, RO2 êáé RP1 óõãêñé-

ôéêÜ ìå ôç óôÝíùóç ôùí Ï1, O2 êáé P1 áíôéóôïß÷ùò (ó÷. 6), ïé

ñÜâäïé áõôïß Þôáí áñêåôÜ áðïôåëåóìáôéêïß óôï íá âåëôéþ-

óïõí áîéïóçìåßùôá ôéò óõíèÞêåò áãêýñùóçò ôùí äéáìÞêùí

ñÜâäùí ïðëéóìïý ôùí äïêþí ôùí RÏ1, RO2 êáé RP1.

ÄåäïìÝíá çëåêôñéêþí ôáéíéþí ìçêýíóåùò (strain gages):

Ç óõìâïëÞ êáé ç áðïäïôéêüôçôá ôùí ðñüóèåôùí ïðëéóìþí

óõíäåôÞñùí ôçò ðåñéï÷Þò ôïõ êüìâïõ ôùí äïêéìßùí RÏ1,

RO2 êáé RP1 óôçí åðéôõ÷Þ åíßó÷õóÞ ôïõò öáßíïíôáé êáé áðü

ôá äéáãñÜììáôá åðéâáëëüìåíçò ôÝìíïõóáò-ðáñáìüñöùóçò

ðñüóèåôïõ óõíäåôÞñá êüìâïõ (ó÷. 11, 12). Áîßæåé íá óçìåéù-

èåß üôé áðü äåäïìÝíá çëåêôñéêþí ôáéíéþí ìçêýíóåùò ôùí

ðáñèåíéêþí äïêéìßùí öÜíçêå üôé ïé ïðëéóìïß óõíäåôÞñá

êüìâïõ äéÝññåõóáí áðü ôïí 1ï êýêëï öüñôéóçò. Áðü ôá

äåäïìÝíá çëåêôñéêþí ôáéíéþí ìçêýíóåùò ôùí ðñüóèåôùí

óõíäåôÞñùí êüìâïõ ôùí åíéó÷õìÝíùí äïêéìßùí öáßíåôáé üôé

ïé ïðëéóìïß áõôïß ïäÞãçóáí Þ óôçí áðïöõãÞ ôçò äéáññïÞò

ôçò ðåñéï÷Þò ôïõ êüìâïõ, üðùò öáßíåôáé áðü ôá äéáãñÜììá-

ôá áõôÜ óõíäåôÞñá êüìâïõ ôïõ RO2 (ó÷. 12), Þ óôç óçìá-

íôéêÞ êáèõóôÝñçóç ôçò äéáññïÞò ôïõ êüìâïõ, üðùò öáßíåôáé

áðü ôá äéáãñÜììáôá áõôÜ ôïõ äïêéìßïõ RP1 (ó÷. 11), üðïõ

öáßíåôáé üôé ç äéáññïÞ ôïõ ðñüóèåôïõ óõíäåôÞñá ãßíåôáé

ìåôÜ ôïí 5ï êýêëï öüñôéóçò, áëëÜ êáé ðÜëé ï óõíäåôÞñáò

äåí äåß÷íåé óçìáíôéêüôåñç ðáñáìüñöùóç ôïõ 2� ðïõ åßíáé

ç ðáñáìüñöùóç äéáññïÞò ôïõ.

Ðñüâëåøç óåéóìéêÞò óõìðåñéöïñÜò êáé ôýðïõ áóôï÷ßáò

åíéó÷õìÝíùí äïêéìßùí: Ãéá ôçí ðñüâëåøç ôçò óåéóìéêÞò

óõìðåñéöïñÜò êáé ôïõ ôýðïõ áóôï÷ßáò ôùí åíéó÷õìÝíùí

äïêéìßùí RÏ1, RO2 êáé RP1 ÷ñçóéìïðïéÞèçêå ç íÝá Õðïëï-

ãéóôéêÞ ÐñïóÝããéóç óôï Ó÷åäéáóìü Êüìâùí Äïêïý-Õðï-

óôõëþìáôïò áðü Ï/Ó ðïõ ðáñïõóéÜæåôáé óôç âéâëéïãñáöéêÞ

ðáñáðïìðÞ [28].

Ìå âÜóç ôçí áíùôÝñù ìåèïäïëïãßá õðïëïãßæåôáé ç äéá-

ôìçôéêÞ ôÜóç áóôï÷ßáò ôùí êüìâùí ôùí áíùôÝñù äïêéìßùí

ôult =ãult MPa êáé ïé õðïëïãéóôéêÝò ôéìÝò ôçò åðéêñáôïý-

óáò äéáôìçôéêÞò ôÜóçò ôïõ êüìâïõ ãéá äéáññïÞ ôùí äïêþí

ôcal =ãcal MPa (åöüóïí ïé ëüãïé éêáíïôéêïý ó÷åäéáóìïý

üëùí ôùí äïêéìßùí Þôáí ðïëý ìåãáëýôåñïé ôçò ìïíÜäáò

ÌR>>1, ó÷. 2).

Óýìöùíá ìå ôï ìïíôÝëï, åöüóïí ôcal < ôult , èá ðñïçãçèåß

ç äéáññïÞ ôçò äïêïý ôçò äéáññïÞò ôïõ êüìâïõ êáé óõíåðþò

ç äéáôìçôéêÞ ôÜóç óôïí êüìâï, ðïõ ðñïâëÝðåôáé íá áíáðôõ-

÷èåß óôá äïêßìéá (õðü ôçí ðñïûðüèåóç ôcal < ôult), èá åßíáé

ôpred = ãcalMPa. Óôïí ðßíáêá 1 öáßíåôáé ï óõó÷åôéóìüò ìåôá-

cf ′

cf ′
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Ó÷çìá 5: ÌïñöÝò áóôï÷ßáò ôùí äïêéìßùí O1, O2, RO1, RO2 êáé RP1 (ôï Ñ1 åìöÜíéóå ôçí ßäéá ìïñöÞ áóôï÷ßáò ìå ôï Ï2).

Figure 5: Cracking configuration of specimens O1, O2, RO1, RO2 and RP1 (cracking configuration of specimen P1 was identical with that of specimen O2).

Ðßóù ðëåõñÜ äïêéìßïõ Ðßóù ðëåõñÜ äïêéìßïõ
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Ó÷Þìá 6(a): Ìç÷áíéêÞ óõìðåñéöïñÜ äïêéìßùí Ï1 êáé RO1. 

Figure 6(a): Applied shear-versus-drift angle for specimens O1 and RO1.

Ó÷Þìá 6(b): Ìç÷áíéêÞ óõìðåñéöïñÜ äïêéìßùí Ï2 êáé RO2. 

Figure 6(b): Applied shear-versus-drift angle for specimens O2 and RO2.

Ó÷Þìá 6(c): Ìç÷áíéêÞ óõìðåñéöïñÜ äoêéìßùí Ñ1 êáé RP1. 

Figure 6(c): Applied shear-versus-drift angle for specimens P1 and RP1.
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Ó÷Þìá 7(á): Óýãêñéóç áêáìøßáò äïêéìßïõ RO1 ìå ôçí áêáìøßá ôïõ Ï1.

Figure 7(á): Stiffness comparison between specimens RO1 and O1.

Ó÷Þìá 7(b): Óýãêñéóç áêáìøßáò äïêéìßïõ RO2 ìå ôçí áêáìøßá ôïõ Ï2.

Figure 7(b): Stiffness comparison between specimens RO2 and O2.
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Ó÷Þìá 7(c): Óýãêñéóç áêáìøßáò äïêéìßïõ RP1 ìå ôçí áêáìøßá ôïõ P1.

Figure 7(c): Stiffness comparison between specimens RP1 and P1.

Ó÷Þìá 8(á): Óýãêñéóç éêáíüôçôáò áðïññüöçóçò åíÝñãåéáò ìåôáîý ôùí äïêéìßùí RO1 êáé O1.

Figure 8(á): Energy dissipation comparison between specimens RO1 and O1.
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Ó÷Þìá 8(b): Óýãêñéóç éêáíüôçôáò áðïññüöçóçò åíÝñãåéáò ìåôáîý ôùí äïêéìßùí RO2 êáé Ï2.

Figure 8(b): Energy dissipation comparison between specimens RO2 and O2.

Ó÷Þìá 8(c): Óýãêñéóç éêáíüôçôáò áðïññüöçóçò åíÝñãåéáò ìåôáîý ôùí äïêéìßùí RP1 êáé P1.

Figure 8(c): Energy dissipation comparison between specimens RP1 and P1.



34 Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 2  2000  Tech. Chron. Sci. J. TCG, I, No 2

Ó÷Þìá 9(á): Óýãêñéóç áíôï÷Þò äïêéìßïõ RO1 ìå ôçí áíôï÷Þ ôïõ O1.

Figure 9(á): Strength ratio of specimen RO1 to specimen O1.

Ó÷Þìá 9(b): Óýãêñéóç áíôï÷Þò äïêéìßïõ RO2 ìå ôçí áíôï÷Þ ôïõ O2.

Figure 9(b): Strength ratio of specimen RO2 to specimen O2.

Ó÷Þìá 9(c): Óýãêñéóç áíôï÷Þò äïêéìßïõ RP1 ìå ôçí áíôï÷Þ ôïõ P1.

Figure 9(c): Strength ratio of specimen RP1 to specimen P1.
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Ó÷Þìá 10: ÌÝãéóôï öïñôßï ðïõ ðáñáëáìâÜíåôáé áðü ôá äïêßìéá O1, O2, P1, RO1, RO2, êáé RP1, óå äéÜöïñá åðßðåäá ðëáóôéìïôÞôùí ìåôáêé-

íÞóåùí.

Figure 10: Maximum load carried by specimens O1, O2, P1, RO1, RO2, and RP1 at various displacement ductility levels.

îý áóêçèåßóáò áíôï÷Þò áðü ôá äïêßìéá ôexp = ãexp MPa

êáé ôçò ðñïâëåðüìåíçò áðü ôï ìïíôÝëï íá áóêçèåß áíôï÷Þò

ôpred = ãpred MPa. Áðü ôï óõó÷åôéóìü áõôü öáßíåôáé ç

éêáíïðïéçôéêÞ ðñüâëåøç áóôï÷ßáò ôùí åîåôáæïìÝíùí äïêé-

ìßùí.

Åðßóçò, Ý÷åé áðïäåé÷èåß üôé, üóï ìåéþíåôáé ï ëüãïò ãcal /

ãult, ôüóï ìåéþíïíôáé ïé âëÜâåò óôçí ðåñéï÷Þ ôïõ êüìâïõ êáé

ôüóï âåëôéþíåôáé ç óåéóìéêÞ ôïõ óõìðåñéöïñÜ. Ãéá ôçí ôéìÞ

ìÜëéóôá ôïõ ëüãïõ ãcal /ãult = 0.50 ðáñáôçñÞèçêå åîáéñåôéêÞ

óåéóìéêÞ óõìðåñéöïñÜ êüìâïõ, ï ïðïßïò ìÜëéóôá äåí ðáñïõ-

óßáóå êáìßá âëÜâç, åíþ ôï óýíïëï ôçò âëÜâçò ìåôáôïðßóôç-

êå óôç äïêü [28].

¼ðùò öáßíåôáé óôïí ðßíáêá 1, ãéá üëá ôá äïêßìéá RÏ1,

RO2 êáé RP1 ç ôéìÞ ôïõ ëüãïõ ãcal /ãult > 0.50, óõíåðþò,

üðùò ðåñéãñÜöçêå ðáñáðÜíù, äåí ðñïâëÝðåôáé êáìßá âëÜâç

óôïí êüìâï, åíþ ï ðñïâëåðüìåíïò ôýðïò áóôï÷ßáò åßíáé ç

áóôï÷ßá ôçò äïêïý, üðùò êáé óõíÝâç.

cf ′

cf ′
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Ó÷Þìá 11: ÄéÜãñáììá åðéâáëëüìåíçò ôÝìíïõóáò - ðáñáìüñöùóçò

ðñüóèåôïõ óõíäåôÞñá êüìâïõ ôïõ äïêéìßïõ RP1.

Figure 11: Applied shear-versus-strain in beam-column joint addi-

tional hoop of specimen RP1.

Ó÷Þìá 12: ÄéÜãñáììá åðéâáëëüìåíçò ôÝìíïõóáò - ðáñáìüñöùóçò

ðñüóèåôïõ óõíäåôÞñá êüìâïõ ôïõ äïêéìßïõ RO2.

Figure 12: Applied shear-versus-strain in beam-column joint addi-

tional hoop of specimen RO2.
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4. ÓÕÌÐÅÑÁÓÌÁÔÁ

Áðü ôç óýãêñéóç ôçò óåéóìéêÞò óõìðåñéöïñÜò ðáñèåíé-

êþí äïêéìßùí åîùôåñéêþí êüìâùí äïêïý-õðïóôõëþìáôïò ìå

ôç óõìðåñéöïñÜ ôùí äïêéìßùí áõôþí ìåôÜ ôçí ôïðéêÞ åíßó÷õ-

óÞ ôïõò ìå ôñßðëåõñï ìáíäýá ðáñáôçñÞèçêáí ôá åîÞò:

1. Ç óåéóìéêÞ óõìðåñéöïñÜ ôùí åðéóêåõáóìÝíùí-åíéó÷õìÝ-

íùí äïêéìßùí RÏ1, RO2 êáé RP1 åìöáíßóôçêå åîáéñåôéêÜ

âåëôéùìÝíç óõãêñéôéêÜ ìå åêåßíç ôùí áñ÷éêþí äïêéìßùí

Ï1, O2 êáé P1, áíôéóôïß÷ùò.

2. Ôá åðéóêåõáóìÝíá-åíéó÷õìÝíá äïêßìéá RÏ1, RO2 êáé RP1

êáôüñèùóáí íá ìåôáèÝóïõí ôç âëÜâç áðü ôçí ðåñéï÷Þ ôïõ

êüìâïõ êáé áðü ôéò êñßóéìåò ðåñéï÷Ýò ôùí óôýëùí óôç

äïêü, áëëÜ êáé óôçí ðåñßðôùóç áõôÞ ìåôÜ ôï ðÝñáò ôïõ

ìáíäýá.

3. ¼ëá ôá áíùôÝñù äåß÷íïõí üôé ï ôñüðïò åíßó÷õóçò, ðïõ

óõíéóôÜôáé äéåèíþò ãéá êüìâïõò äïêïý-óôýëïõ ðïõ Ý÷ïõí

õðïóôåß óçìáíôéêÝò âëÜâåò óå óåéóìü, äçëáäÞ ìå ôïðéêü

ìáíäýá áðü Ï/Ó, åßíáé éäéáßôåñá áðïôåëåóìáôéêüò.

4. Ï õðïëïãéóìüò ôçò ôïðéêÞò åíßó÷õóçò êüìâùí äïêïý-õðï-

óôõëþìáôïò áðü Ï/Ó, ðïõ ðáñïõóßáóáí âëÜâåò áðü óåéóìü,

åßíáé äõíáôüí íá ðñáãìáôïðïéçèåß óýìöùíá ìå ôéò óõóôÜóåéò

ãéá ôïí áíôéóåéóìéêü ó÷åäéáóìü êüìâùí ìïíïëéèéêþí êôé-

ñßùí áðü Ï/Ó ôçò ÌéêôÞò ÅðéôñïðÞò ACI-ASCE 352 áëëÜ

êáé ìå ôéò äéáôÜîåéò ó÷åäéáóìïý êüìâùí ôïõ Åõñùêþäéêá 8.
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Abstract

The use of local three-sided jacketing for the repair and strengthe-

ning of reinforced concrete beam-column joints damaged by severe

earthquakes was investigated experimentally. Three exterior beam-

column joint specimens were submitted to a series of cyclic lateral

loads to simulate severe earthquake damage. The specimens were

typical of existing structures built in Greece before 1984. The spe-

cimens were then repaired and strengthened by local three-sided

jacketing. The strengthened specimens were then subjected to the

same displacement history as that imposed on the original speci-

mens. The repaired and strengthened specimens exhibited signifi-

cantly higher strength, stiffness and better energy dissipation capa-

city than the original specimens.

1. INTRODUCTION

The challenge to structural engineers after an earthquake

is to recommend whether a damaged structure should be

repaired and/or strengthened or torn down. The final answer

to this question does not depend entirely on technical issues,

but also on economic, social and political factors. Recon-

struction and rehabilitation are nowadays often preferred to

demolition and redevelopment because of cost advantages.

In the past, a large number of reinforced concrete struc-

tures have been damaged by severe earthquakes, and some of

these structures have been repaired and strengthened. Seve-

ral examples of the repair and strengthening of reinforced

concrete buildings damaged by earthquakes have been

reported in earthquake-prone countries such as in the Balkan

region, Japan, Mexico and Peru.

Systematic studies to determine the behavior of the

repaired and/or strengthened members under cyclic loading

are still very limited. The importance of this information can

hardly be underrated. Because of a possible future major

earthquake affecting highly populated, industrialized centres,

basic information about the performance of repaired and/or

strengthened members will become extremely important.

Reinforced concrete beam-column joints are considered

vulnerable structural elements during earthquakes. The fai-

lure of a joint or a group of joints can result in at least partial

collapse of the structure.

Three reinforced concrete exterior beam-column subas-

semblages were constructed with non-optimal design param-

eters, flexural strength ratio, joint shear stress, without joint

transverse reinforcement or having joint transverse reinforce-

ment less than that required by the modern Codes, represen-

ting the common construction practice of joints before 1984

and encompassing the vast majority of beam-column connec-

tions which were subjected to the above earthquakes in

Greece. It is worth mentioning that in 1984 there was a major

revision of the Greek Earthquake Resistant Code of 1959.

The subassemblages were subjected to cyclic lateral load

histories so as to provide the equivalent of severe earthquake

damage. The damaged specimens were then repaired and

strengthened. These upgraded specimens were again sub-

jected to the same cyclic lateral load history. The measured

response histories of the original and strengthened specimens

were subsequently compared and evaluated.

2. DESCRIPTION OF THE SPECIMENS
2.1. Original Test Specimens O1, O2 and P1

Three test specimens O1, O2 and P2 were constructed

using normal weight concrete and deformed reinforcement.

All specimens were typical of existing structures in Greece

built before 1984. ACI-ASCE Committee �Recommen-

dations for Design of Beam-Column Joints in Monolithic

Reinforced Concrete Structures (ACI 352R-85)� specifies

the maximum allowable joint shear stresses in the form of

ã MPa, where joint shear stress factor ã is a function of

the joint type (i.e., interior, exterior, etc.) and of the severity

of the loading, and f ć is the concrete compressive strength.

Lower limits of the flexural strength ratio MR and joint trans-

verse reinforcement are also defined by this Committee.

Thus, for the beam-column connections examined in this

investigation, the lower limits of MR and ã are 1.40 and 12

respectively.

cf ′
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The specimen O1 had no joint transverse reinforcement

(often ties in the joint region were simply omitted in the con-

struction process, in the past, because of the extreme diffi-

culty they created in the placing of reinforcement). As seen

in fig. 1, the joint transverse reinforcement of the specimens

O2 and P1 did not satisfy the requirements of the Committee

sh = 7cm > 20cm / 4 = 5cm (Ash ≅ Ash(required) =0.90cm2)

whereas the values of flexural strength ratio were less than

1.40 and those of the joint shear stress were greater than

1.0 MPa for all the specimens O1, O2 and P1, see fig. 1.

Thus the beam-column connections of the original specimens

can be expected to fail in shear. The dimensions of the test

specimens were primarily dictated by the availability of

formwork and laboratory testing capacities, resulting in a

beam-to-column joint model of approximately one-third

scale. The concrete compressive strengths of specimens O1,

O2 and P1 were 16MPa, 22MPa, 33MPa.

2.2. Strengthened Specimens RO1, RO2 and RP1

Strengthening involved encasing the original beam-

column joint and the critical regions of the columns of the

specimens with a three-sided cement grout jacket reinforced

with additional ties in the joint region and the columns (fig.

2). To support the transverse steel, additional longitudinal

reinforcement was placed at each corner of the jacket which

was then welded to the existing column reinforcement. To

improve the bond between the old and new concrete and for

the welding of the new reinforcement to the existing rein-

forcing bars, the concrete cover of the original specimens

was chipped away and their surface was roughened by light

sandblasting.

EMACO was used for the construction of the cement

grout jacket.

As shown in fig. 2, all specimens RO1, RO2 and RP1 had

the same three-sided cement grout jacket, plus ∅14 longitu-

dinal bars for specimen RO1 and plus ∅10 longitudinal bars

for specimens RO2 and RP1 at each corner of the column,

connected by ∅8 supplementary ties at 7 cm. All longitudi-

nal bars in the jackets extended into the beam-column region

of the subassemblages. The beam to the column joint is

undoubtedly the most difficult to strengthen because of the

great number of elements assembled at this place.

2.3. Additional joint transverse reinforcement

For those joints with additional ties, (joints of strengthe-

ned specimens) the technique proposed by the UNIDO Ma-

nual was used. The same technique was also applied in the

repaired and strengthened buildings in Mexico City follo-

wing the 1985 earthquake.

Four horizontal ties were placed in the joint region of

specimen RO1 in order to provide enough confinement and

shear capacity to the joint. Two additional horizontal ties

were placed in the joint region of specimens RO2 and RP1 in

order to increase their shear strength. This was achieved by

threading the new horizontal ties through holes drilled in the

beam webs as follows: each additional horizontal tie consi-

sted of two ] shape parts connected by welds. Holes were

drilled through the beams, and the first part of the tie was

inserted and cemented with epoxy adhesive gel. The two

ends of this part were bent and then along with the ends of the

second ] shape part, were brought together and finally wel-

ded to each other at their ends.

The provision of transverse reinforcement made of short

bars placed and tightly connected under the bends of a group

of rebars was made to ensure the anchorage of the beam bars

in the joint region.

The values of the flexural strength ratio were higher than

1.40 and those of the joint shear stress were lower than 1.0 

MPa for all the specimens RO1, RO2 and RP1. The additio-

nal joint transverse reinforcement of specimen RO1 was ∅8

at 5cm. This reinforcement satisfied the requirements of the

Committee sh = 5 = 20cm / 4, Ash = Ash(required) = 0.90cm2.

The joint transverse reinforcement of specimens RO2 and

RP1 with the two additional ties was ∅8 at 3.50cm. It is

obvious that the joint reinforcement of RO2 and RP1 also sat-

isfied the requirement of the Committee.

The strengthened subassemblages could therefore be ex-

pected to fail in flexure and, more specifically, to develop

flexural hinges in the beams without severe damage concen-

tration in the joint regions.

3. TEST SETUP - LOADING SEQUENCE

A testing frame in the Laboratory of Reinforced Concrete

Structures at the Aristotle University of Thessaloniki was

used to apply cyclic displacements to the beams of specimens

while maintaining a constant axial load in their columns (fig.

4(a)). All specimens were loaded transversely according to

the load history shown in fig. 4(b).

4. COMPARISON OF TEST RESULTS
4.1. Failure modes

Specimens O1, O2 and P1: the connections of all these

subassemblages, as expected, exhibited explosive shear fai-

lure during the early stages of seismic loading. Damage

occurred both in the joint area and in the columns� critical

regions. Of course a more rapid deterioration was observed in

specimen O1 (without joint shear reinforcement); the extreme

joint shear deformations are obvious in this specimen, see fig.

5. It is worth mentioning that the column longitudinal rein-

cf ′
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forcement of specimen O1 consisting of ∅14 bars was bent

into permanent waves in the joint region (fig. 5), while the

column longitudinal reinforcement of specimens P2 and P3

consisting of ∅10 bars was buckled into permanent waves in

this region.

The beams in all specimens O1, O2 and P1 remained

intact at the conclusion of the tests (fig. 5).

Specimens RO1, RO2 and RP1: failure mode of specimens

RO1, RO2 and RP1, as expected, involved the formation of a

plastic hinge in the beam near the column junction and da-

mage concentration in this region only. It is worth noting that

the flexural hinges occurred just outside the retrofit area, see

fig. 5. The formation of plastic hinges caused severe cracking

of the concrete near the fixed end of the beam.

In particular, during the final cycles of loading when large

displacements were imposed, the damaged concrete cover

could not provide adequate support for the beam longitudinal

reinforcement. As a result, buckling of the beam reinforce-

ment in specimens RO1, RO2 and RP1 occurred after the se-

venth, ninth, eighth and seventh cycles of loading, respectively.

The three-sided jacketing of beam-column joints is more

critical than four-sided jacketing, especially in the rear face

of the joint along the column, where the hooked ends of the

beam longitudinal reinforcement move outward to split the

cover. The rear faces of all the strengthened specimens were

intact at the conclusion of the tests.

In summary, the strengthened subassemblages RO1, RO2

and RP1 exhibited cracking patterns dominated by flexure. In

contrast, the original subassemblages O1, O2 and P1 exhi-

bited cracking patterns dominated by shear (fig. 5).

4.2. Load - drift angle curves

The performance of the test specimens is presented herein

and discussed in terms of applied shear-versus-drift angle

relations. Drift angle R, which is plotted in figures which fol-

low, is defined as the beam tip displacement Ä divided by the

beam half span L and expressed as a percentage (see the inset

on fig. 6). Plots of applied shear-versus-drift angle for all the

specimens O1, RO1, O2, RO2, P1 and RO1 are shown in fig. 6.

The original beam-column specimens O1, O2 and P1

showed stable hysteretic behavior up to drift angle R ratios of

2.0 percent, 3.0 percent and 2.5 percent respectively. They

showed a considerable loss of strength, stiffness and unstable

degrading hysteresis beyond drift angle R ratios of 2.0 per-

cent, 3.5 percent and 3.0 percent respectively (fig. 6).

Strengthened specimens RO1, RO2 and RP1 exhibited sta-

ble hysteresis up to the 8th cycle of drift angle R, of 5.0 per-

cent, after which a significant loss of strength began, due to

the noticeable buckling of the beam reinforcement (fig. 6).

4.3. Comparison of strength, stiffness and energy 

dissipation capacity between the original and

strengthened subassemblages

For a further evaluation of the effectiveness of the

UNIDO strengthening technique in restoring and increasing

strength, stiffness and energy dissipation capacity of the da-

maged subassemblies, it is interesting to compare the peak-

to-peak stiffness, the energy dissipated and the peak strength

observed for every load cycle of the original specimen O1

with those of the strengthened specimen RO1. The beam co-

lumn connection of specimen O1 represents the oldest buil-

ding beam-column connections in Greece which have low

joint shear strength g = 2, 02 >> 1.00 and which have no joint

transverse reinforcement.

The peak-to-peak stiffness and energy dissipated for

every load cycle of each specimen O1, O2, P1, RO1, RO2 and

RP1 are illustrated in fig. 7 and fig. 8, respectively. Fig. 9

compares the peak strength observed throughout the tests.

The comparison is made by observing the ratio of the peak

strengths of the strengthened subassemblages RO1, RO2 and

RP1 to that of the original subassemblage O1, O2 and P1

respectively. From these diagrams, it is clearly seen that the

strengthened specimens RO1, RO2 and RP1 achieved signifi-

cantly increased strength, stiffness and energy dissipating

capacities as compared with those of the original specimens

O1, O2 and P1 respectively even in the large displacements

with amplitude cycles of drift angle R between 3 percent and

4.5 percent.

5. CONCLUSIONS

An effective retrofit method has been studied for da-

maged beam-column joints in reinforced concrete frames.

Based on the test results described in this paper, the fol-

lowing conclusions can be drawn.

1. Specimens O1, O2 and P1, representing an existing beam-

column subassemblage, performed poorly under reversed

cyclic lateral deformations. The connections of these

subassemblages exhibited explosive shear failure during

the early stage of seismic loading, and damage to all

subassemblages was concentrated in the joint region.

2. The local strengthening of reinforced concrete beam-co-

lumn joints by three-sided jacketing has proven to be an

effective method to repair severe earthquake damage of

this structural element. Strengthened spe imens RO1, RO2

and RP1 exhibited significantly increased strength, stiff-

ness and energy dissipation capacities as compared with

those of original specimens O1, O2 and P1 respectively.
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3. The strengthened specimens failed in flexure and showed

high strength, without any appreciable deterioration, after

reaching their maximum capacity. Also, spindle-shaped

hysteresis loops were observed with large energy dissi-

pation capacity.

4. In general, the ACI-ASCE Recommendations can be used

for designing a jacketing scheme in the joint regions.
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