
Ðåñßëçøç
Ç ðáñïýóá åñãáóßá Ý÷åé ùò áíôéêåßìåíï ôçí ôåêìçñéùìÝíç äéáôýðùóç
ãåíéêåõìÝíùí óõìðåñáóìÜôùí ó÷åôéêÜ ìå ôçí áîéïðéóôßá áðëïðïéç-
ìÝíùí ðñïóïìïéþóåùí ðõñÞíùí êôéñéáêþí öïñÝùí Ï/Ó ìå ìïíôÝëá
éóïäýíáìùí ðëáéóßùí êáé ìáêñïåðéöáíåéáêþí óôïé÷åßùí. Ïé áñéè-
ìçôéêÝò äéåñåõíÞóåéò êáé ôá óõìðåñÜóìáôá áöïñïýí êáé óôéò äýï
ìåèüäïõò ðïõ ðñïäéáãñÜöïõí ïé óýã÷ñïíïé áíôéóåéóìéêïß êáíïíé-
óìïß: éóïäýíáìç óôáôéêÞ êáé äõíáìéêÞ öáóìáôéêÞ ìÝèïäï áíÜëõóçò.
Ïé åðéìÝñïõò ðáñáäï÷Ýò åßíáé óýìöùíåò ìå ôéò äéáôÜîåéò ôïõ ÍÝïõ
Åëëçíéêïý Áíôéóåéóìéêïý Êáíïíéóìïý. Ùò âÜóç óýãêñéóçò èåùñåßôáé
ç åêÜóôïôå ëýóç áðü ôçí ðñïóïìïßùóç ìå åðéöáíåéáêÜ ðåðåñáóìÝíá
óôïé÷åßá êåëýöïõò.

1. ÅÉÓÁÃÙÃÇ

ÓçìáíôéêÞ ðçãÞ ðéèáíþí áâåâáéïôÞôùí êáôÜ ôçí áíÜëõ-
óç ðïëõþñïöùí êôéñßùí áðïôåëåß ï ôñüðïò ðñïóïìïßùóçò
ôùí ðõñÞíùí ôïõò, ïé ïðïßïé óõíÞèùò ðåñéâÜëëïõí ôçí
ðåñéï÷Þ ôïõ êëéìáêïóôáóßïõ Þ/êáé ôïõ áíåëêõóôÞñá êáé
åßíáé ãåíéêþò åðéèõìçôïß ùò áíôéóåéóìéêÜ äïìéêÜ óôïé÷åßá
ëüãù ôçò ìåãÜëçò äõóêáìøßáò êáé äõóôñåøßáò ðïõ óõíåé-
óöÝñïõí óôï öÝñïíôá ïñãáíéóìü ôïõ êôéñßïõ. Ïé ðõñÞíåò
áõôïß åìöáíßæïõí, ùò óýíèåôá ôïé÷þìáôá óôï ÷þñï, ðïëý
äéáöïñåôéêÞ ìç÷áíéêÞ óõìðåñéöïñÜ áðü åêåßíç ôùí óõíÞ-
èùí ãñáììéêþí äïìéêþí óôïé÷åßùí, ãé� áõôü êáé ç óõíåðÝ-
óôåñç õðïëïãéóôéêÞ ôïõò ðñïóïìïßùóç óõíßóôáôáé ãåíéêþò
óôçí, áíÜëïãá ìå ôçí ðåñßðôùóç, ëéãüôåñï Þ ðåñéóóüôåñï
ðõêíÞ äéáêñéôïðïßçóÞ ôïõò ìå åðéöáíåéáêÜ ðåðåñáóìÝíá
óôïé÷åßá êåëýöïõò äéáöüñùí ôýðùí.

Åíôïýôïéò, ç åöáñìïãÞ ôçò Ìåèüäïõ ôùí ÐåðåñáóìÝíùí
Óôïé÷åßùí óôïí õðïëïãéóìü óõíÞèùí êáôáóêåõþí ôçò êáèç-
ìåñéíÞò ðñÜîçò êñßíåôáé ìå ôá óçìåñéíÜ äåäïìÝíá ü÷é ìüíïí
ùò áíôéïéêïíïìéêÞ ëüãù ôçò ÷ñïíïâüñáò åðåîåñãáóßáò äåäï-
ìÝíùí ðïõ áðáéôåß, áëëÜ êáé ùò õðåñâïëéêÞ ëüãù ôçò áíáñ-
ìïíéêÞò áêñßâåéáò ðïõ óõíåðÜãåôáé ç ÷ñÞóç ôçò åí ìÝóù
ðëÞèïõò Üëëùí ÷ïíäñïåéäÝóôåñùí ìåèüäùí, ðáñáäï÷þí êáé

áðëïõóôåýóåùí ðïõ ãßíïíôáé áðïäåêôÝò óå óõìâáôéêÝò áíôé-
óåéóìéêÝò ìåëÝôåò. Ãéá ôïõò ëüãïõò áõôïýò, óôáèìßæïíôáò ôï
ãåíéêüôåñï åðßðåäï áêñßâåéáò, åéóÞ÷èçóáí êáé êáèéåñþèç-
êáí óôçí ðñÜîç áðëïýóôåñá êáé õðïëïãéóôéêþò ëéãüôåñï
áðáéôçôéêÜ ðñïóïìïéþìáôá ðõñÞíùí, áðü ôá ïðïßá ôá ðëÝïí
ãíùóôÜ åßíáé ôá ìïíôÝëá ìáêñïåðéöáíåéáêþí óôïé÷åßùí êáé
ôá éóïäýíáìá ðëáéóéáêÜ ìïíôÝëá. Ôá ôåëåõôáßá [1-3], ðïõ
Þäç áðü ðáëáéüôåñá åß÷áí áðïäåßîåé ôçí ðñáêôéêÞ ôïõò áîßá
åöáñìïæüìåíá åðéôõ÷þò óôçí ðñïóïìïßùóç åðßðåäùí ôïé÷ù-
ìÜôùí, åßíáé êáé åêåßíá, ôá ïðïßá ÷ñçóéìïðïéïýíôáé äéåèíþò
óõ÷íüôåñá óôçí ðñÜîç üíôáò åíóùìáôùìÝíá óå åðáããåëìá-
ôéêÜ ðñïãñÜììáôá Ç/Õ áíÜëõóçò êáôáóêåõþí.

¹äç üìùò, ëßãá Ýôç ìåôÜ ôéò ðñþôåò åöáñìïãÝò ôçò éóï-
äýíáìçò ðëáéóéáêÞò ðñïóïìïßùóçò, Üñ÷éóáí íá äéáðéóôþíï-
íôáé êáé ïé åããåíåßò áäõíáìßåò ôçò [4-6]. ÐáñÜëëçëá, äéÜöï-
ñïé åñåõíçôÝò ðñïóðÜèçóáí íá åíôïðßóïõí ôéò ðçãÝò ôùí
áäõíáìéþí áõôþí êáé íá ðñïôåßíïõí ôñüðïõò áíôéìåôþðéóÞò
ôïõò, êõñßùò ãéá åöáñìïãÝò óå ðõñÞíåò ðïëõþñïöùí êôé-
ñßùí [7-15]. Ïé åñãáóßåò áõôÝò áö� åíüò áíáöÝñïíôáí óå
êÜðïéïõò óõãêåêñéìÝíïõò ôýðïõò ðëáéóéáêþí ðñïóïìïéù-
ìÜôùí ðõñÞíùí êáé áö� åôÝñïõ áöïñïýóáí, ðëçí ïëßãùí
åîáéñÝóåùí, óôç äéåñåýíçóç ôçò áîéïðéóôßáò ôùí ìïíôÝëùí
áõôþí õðü óôáôéêÞ ìüíï öüñôéóç.

Ï óôü÷ïò ôçò ðáñïýóáò åñãáóßáò, ç ïðïßá áíáöÝñåôáé
óôçí ðëÝïí óõ÷íÜ áðáíôþìåíç ðåñßðôùóç ôïõ áíïéêôïý
ðõñÞíá äéáôïìÞò Ð, åßíáé ç ôåêìçñéùìÝíç äéáôýðùóç ãåíé-
êåõìÝíùí óõìðåñáóìÜôùí ó÷åôéêÜ ìå ôçí áîéïðéóôßá ðñï-
óïìïßùóçò ðõñÞíùí ðïëõþñïöùí êôéñßùí Ï/Ó áö� åíüò ìå
éóïäýíáìá ðëáéóéáêÜ ìïíôÝëá êáé áö� åôÝñïõ ìå ìáêñïåðé-
öáíåéáêÜ óôïé÷åßá. Ðñïò ôïýôï äéåñåõíþíôáé ìå ôç âïÞèåéá
åíüò ó÷åôéêÜ áðëïý áëëÜ ôáõôü÷ñïíá ñåáëéóôéêïý êôéñéáêïý
öïñÝá ôüóï ôá ãíùóôÜ áðü ôç âéâëéïãñáößá üóï êáé êÜðïéá
ðñüóèåôá ðëáéóéáêÜ ìïíôÝëá ðõñÞíùí äéáôïìÞò Ð. Ïé áñéè-
ìçôéêÝò äéåñåõíÞóåéò, ïé ðáñáäï÷Ýò ôùí ïðïßùí åßíáé óýì-
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öùíåò ìå ôéò äéáôÜîåéò ôïõ ÍÝïõ Åëëçíéêïý Áíôéóåéóìéêïý
Êáíïíéóìïý (ÍÅÁÊ), äéåíåñãïýíôáé ôüóï ìå ôçí éóïäýíáìç
óôáôéêÞ üóï êáé ìå ôç äõíáìéêÞ öáóìáôéêÞ ìÝèïäï. ÊáôÜ
ôçí ôåëåõôáßá, ïé óõãêñßóåéò ðåñéïñßæïíôáé åäþ óôï áðïôåëå-
óìáôéêüôåñï ôùí éóïäõíÜìùí ðëáéóéáêþí ðñïóïìïéùìÜôùí,
üðùò áõôü ðñïÝêõøå áðü ôçí ðñïçãçèåßóá áîéïëüãçóç. 

Ùò âÜóç óýãêñéóçò èåùñåßôáé ç ëýóç ðïõ ðñïêýðôåé áðü
ôçí ðñïóïìïßùóç ôùí ðõñÞíùí ìå Ýíáí åðáñêÞ áñéèìü
êáôáëëÞëùò äéáôåôáãìÝíùí åðéöáíåéáêþí ðåðåñáóìÝíùí
óôïé÷åßùí êåëýöïõò. ÅðéðëÝïí, ïé äéåñåõíÞóåéò êáé áîéïëï-
ãÞóåéò ðåñéëáìâÜíïõí êáé ôçí ðñïóïìïßùóç ôùí ðõñÞíùí
ìå ìáêñïåðéöáíåéáêÜ óôïé÷åßá, ôá ïðïßá, ëüãù ôïõ óõíäõá-
óìïý áðïôåëåóìáôéêüôçôáò êáé ïéêïíïìßáò ðïõ öáßíåôáé üôé
ðñïóöÝñïõí, áðïôåëïýí áêüìç êáé ãéá ôçí êáèçìåñéíÞ
ðñÜîç ìßá åíáëëáêôéêÞ ëýóç.

2. ÐÁÑÏÕÓÉÁÓÇ ÖÏÑÅÁ 
ÊÁÉ ÐÑÏÓÏÌÏÉÙÌÁÔÙÍ

2.1. Åðéëõüìåíïò öïñÝáò êáé âáóéêÝò ðáñáäï÷Ýò 
ðñïóïìïßùóçò

Áðü ôï óýíïëï ôùí öïñÝùí ðïõ äéåñåõíÞèçêáí, åðéëÝ-
÷èçêå ãéá ðáñïõóßáóç óôï ðëáßóéï ôçò ðáñïýóáò äçìïóßåõ-
óçò ôï êôßñéï ôïõ ó÷Þìáôïò 1, ôï ïðïßï ÷ùñßò íá Ý÷åé ôçí
ðïëõðëïêüôçôá ðñáãìáôéêþí êôéñßùí, ç ïðïßá åíäå÷ïìÝíùò
èá äõó÷Ýñáéíå ôçí åîáãùãÞ óáöþí óõìðåñáóìÜôùí, äéáèÝ-
ôåé åíôïýôïéò âáóéêÜ ÷áñáêôçñéóôéêÜ ôõðéêþí ðïëõþñïöùí
êáôáóêåõþí Ï/Ó. Ç èÝóç ôïõ áíïéêôïý ðõñÞíá äéáôïìÞò Ð
óôï Üíù áñéóôåñü Üêñï ôçò êÜôïøçò, ÷ùñßò ðáñÜëëçëç ðñü-
âëåøç åðáñêþí ôïé÷ùìÜôùí óôéò áðÝíáíôé ðëåõñÝò, åßíáé
âÝâáéá êÜôé ðïõ ðñÝðåé íá áðïöåýãåôáé óå ðñáãìáôéêÝò
êáôáóêåõÝò. Åäþ üìùò, ìå ôçí åóêåììÝíùò Ýêêåíôñç áõôÞ
ôïðïèÝôçóç ôïõ ðõñÞíá åðéôõã÷Üíåôáé ç ãéá ôïõò óêïðïýò
ôçò åñãáóßáò áðáñáßôçôç áóõììåôñßá, ÷ùñßò íá ðåñéðëÝêåôáé
ç ìïñöÞ ôçò êÜôïøçò. Ç áóõììåôñßá áõôÞ åßíáé åäþ åðéèõ-
ìçôÞ, ðñïêåéìÝíïõ íá õðÜñ÷åé êáé óôñïöéêÞ ðåñß êáôáêüñõ-
öï Üîïíá êáôáðüíçóç ôïõ êôéñßïõ, äåäïìÝíïõ üôé ïé ìåãÜëåò
áðïêëßóåéò ôùí ðñïóïìïéùìÜôùí ðõñÞíùí åìöáíßæïíôáé,
üôáí áõôïß êáôáðïíïýíôáé Ýíôïíá óå óôñÝøç [5-6].

Ï ðñïóäéïñéóìüò ôùí óåéóìéêþí öïñôßùí õðïëïãéóìïý
Ýãéíå ëáìâÜíïíôáò õðüøç ôï öÜóìá ó÷åäéáóìïý ôïõ ÍÅÁÊ.
Ãéá ôïí éóïäýíáìï óôáôéêü õðïëïãéóìü êáé ìå âÜóç ôç èåìå-
ëéþäç éäéïðåñßïäï ôáëÜíôùóçò Ô, ïé öáóìáôéêÝò ôéìÝò ó÷å-
äéáóìïý Rd(Ô) áíôéóôïé÷ïýí óôï óôáèåñü ïñéæüíôéï êëÜäï.
Ç êáè� ýøïò êáôáíïìÞ ôùí óôáôéêþí óåéóìéêþí öïñôßùí
Ýãéíå âÜóåé ôçò ó÷Ýóçò (3.7) ôïõ ÍÅÁÊ. ÊáôÜ ôçí ðñïóï-
ìïßùóç ôïõ êôéñßïõ: (á) áãíïÞèçêå ç ýðáñîç ïðÞò óôéò ðëÜ-
êåò, ïé ïðïßåò èåùñïýíôáé áðáñáìüñöùôåò åíôüò ôïõ åðéðÝ-
äïõ ôïõò, (â) äåí åëÞöèç õðüøç ç óõíåéóöïñÜ ôçò ðëÜêáò
óôéò äõóêáìøßåò ôùí äïêþí êáé (ã) åëÞöèçóáí õðüøç åêôüò

ôùí êáìðôéêþí êáé ïé áîïíéêÝò, äéáôìçôéêÝò êáé óôñåðôéêÝò
ðáñáìïñöþóåéò ôùí ãñáììéêþí óôïé÷åßùí. Ïé åðéëýóåéò äéå-
íåñãÞèçêáí ìå ôç âïÞèåéá ôùí ðñïãñáììÜôùí SAP90 [16]
êáé ETABS [17].

2.2. Ðñïóïìïßùóç ðõñÞíá ìå åðéöáíåéáêÜ óôïé÷åßá 
êåëýöïõò (ðñïóïìïßùìá Íï 1)

¼ðùò ðñïáíáöÝñèçêå, ëýóç áíáöïñÜò êáé âÜóç óýãêñé-
óçò áðïôÝëåóå ç ðñïóïìïßùóç ìå Ýíáí åðáñêþò ðõêíü
êÜíáâï åðéöáíåéáêþí ðåðåñáóìÝíùí óôïé÷åßùí êåëýöïõò.
Ôá ôåôñÜêïìâá óôïé÷åßá ðïõ ÷ñçóéìïðïéÞèçêáí [16] áðïôå-
ëïýí Ýíá óõíäõáóìü ìåìâñÜíçò êáé ðëÜêáò. Ç ìåìâñáíéêÞ
óõíéóôþóá âáóßæåôáé óå ìßá éóïðáñáìåôñéêÞ äéáôýðùóç
[18], ç ïðïßá åêôüò áðü ôïõò åíäïåðßðåäïõò ìåôáöïñéêïýò
ëáìâÜíåé õðüøç êáé óõóôñïöéêïýò âáèìïýò åëåõèåñßáò (äéÜ-
íõóìá óôñïöÞò êÜèåôï óôï åðßðåäï ôïõ óôïé÷åßïõ). Ç
êáìðôéêÞ óõíéóôþóá ðëÜêáò âáóßæåôáé óôçí åñãáóßá [19]
êáé äåí ðåñéëáìâÜíåé äéáôìçôéêÝò ðáñáìïñöþóåéò. Ôï êôßñéï
äéáêñéôïðïéÞèçêå ìå óôïé÷åßá äéáóôÜóåùí 0.5m x 0.5m (âë.
ó÷. 2). Ç ëåðôïìÝñåéá óôï ó÷Þìá 2 äåß÷íåé ôïí ôñüðï ìå ôïí
ïðïßïõëïðïéÞèçêåõðïëïãéóôéêÜç äéáöñáãìáôéêÞëåéôïõñãßá.

Óå êÜèå óôÜèìç ïñüöïõ ôïðïèåôÞèçêå êáôÜ ìÞêïò ôùí
óêåëþí ôïõ ðõñÞíá ìßá óåéñÜ âïçèçôéêþí óôïé÷åßùí äïêïý,
óôá ïðïßá ðñïóäüèçêáí "ðñáêôéêÜ Üðåéñç" äõóêáìøßá êáé
äõóôìçóßá åíôüò ôïõ åðéðÝäïõ x-y êáèþò êáé "ðñáêôéêÜ
Üðåéñç" äõóôÝíåéá, åíþ ïé ëïéðÝò éäéüôçôÝò ôïõò (äõóôñåøßá,
äõóêáìøßá óôá êáôáêüñõöá åðßðåäá x-z êáé y-z êáé áíôß-
óôïé÷ç äõóôìçóßá) äüèçêáí ìçäåíéêÝò (âïçèçôéêÝò äïêïß
ôýðïõ É). Ï "÷åéñùíáêôéêüò" áõôüò ôñüðïò õëïðïßçóçò ôïõ
äéáöñÜãìáôïò äßäåé Üñéóôá áðïôåëÝóìáôá, åöüóïí ùò "ðñá-
êôéêÜ Üðåéñåò" ôéìÝò äïèïýí "åðáñêþò ìåãÜëåò" ôéìÝò, ïé
ïðïßåò üìùò äåí ðñÝðåé íá äçìéïõñãïýí ðñïâëÞìáôá áñéè-
ìçôéêÞò áóôÜèåéáò. Óôï ßäéï ó÷Þìá öáßíåôáé êáé ï ôñüðïò
õëïðïßçóçò ôçò ìïíïëéèéêÞò óýíäåóçò ôùí óõíôñå÷ïõóþí
äïêþí óôïí ðõñÞíá ìå âïçèçôéêÝò äïêïýò ôýðïõ ÉÉ, ïé ïðïßåò
äéáèÝôïõí "ðñáêôéêÜ Üðåéñç" äõóêáìøßá åíôüò ôïõ åðßðåäïõ
y-z ôïõ óêÝëïõò, åíþ ïé ëïéðÝò éäéüôçôÝò ôïõò èåùñïýíôáé
ìçäåíéêÝò. Ç ôïðïèÝôçóç âïçèçôéêþí äïêþí ôýðïõ ÉÉ êñßèç-
êå áíáãêáßá, äéüôé ï óõóôñïöéêüò âáèìüò åëåõèåñßáò óôá
åðéöáíåéáêÜ ðåðåñáóìÝíá óôïé÷åßá êåëýöïõò ôïý ÷ñçóéìï-
ðïéçèÝíôïò ðñïãñÜììáôïò áíÜëõóçò [16] áðïäåß÷ôçêå åí
ìÝñåé ìüíïí åðáñêÞò ãéá ôçí õëïðïßçóç ôçò ìïíïëéèéêÞò
óýíäåóçò ôùí äïêþí óôá áíôßóôïé÷á ôïé÷þìáôá.

¼óïí áöïñÜ óôçí õðïëïãéóôéêÞ õëïðïßçóç ôçò ñçãìÜ-
ôùóçò óýìöùíá ìå ôïí ÍÅÁÊ ìÝóù áðïìåßùóçò ôçò ïíï-
ìáóôéêÞò äõóêáìøßáò ôïõ óôáäßïõ É ôïõ ôïé÷þìáôïò êáôÜ
1/3, óçìåéþíåôáé üôé óå ìïíôÝëá åðéöáíåéáêþí ðåðåñáóìÝ-
íùí óôïé÷åßùí áõôÞ ìðïñåß íá åðéôåõ÷èåß ìÝóù êáôÜëëçëçò
ìåßùóçò ôïõ ðÜ÷ïõò ôùí óôïé÷åßùí. Áõôü âÝâáéá óõíåðÜãå-
ôáé áíáãêáóôéêÜ êáé áíôßóôïé÷ç áðïìåßùóç ôçò áíôßóôáóçò
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ôïõ äéáêñéôïðïéçìÝíïõ öïñÝá óå äéÜôìçóç, äéÜôáóç êáé
óôñÝøç, ãåãïíüò ðïõ ïöåßëåé íá ëçöèåß õðüøç êáôÜ ôçí ðñï-
óïìïßùóç ìå éóïäýíáìá ðëáéóéáêÜ ìïíôÝëá, ðñïêåéìÝíïõ
ôá áðïôåëÝóìáôá íá åßíáé óõãêñßóéìá. Ðáñáôçñåßôáé åäþ üôé
ç åðéâáëëüìåíç áðü ôï ÍÅÁÊ áðïìåßùóç ôçò äõóôñåøßáò
êáôÜ St. Venant óôï 1/10 ôçò ôéìÞò ôïõ óôáäßïõ É äåí ìðïñåß
íá õëïðïéçèåß ìå áêñßâåéá óå ìïíôÝëá åðéöáíåéáêþí ðåðå-
ñáóìÝíùí óôïé÷åßùí.

ÔÝëïò, åðåéäÞ ôá áðïôåëÝóìáôá ãéá ôá åíôáôéêÜ ìåãÝèç
ìïíôÝëùí åðéöáíåéáêþí óôïé÷åßùí åßíáé êáô� áñ÷Üò ôÜóåéò
(óx, óy, ô), ðñÝðåé áõôÝò íá ïëïêëçñùèïýí, ðñïêåéìÝíïõ íá
êáôáóôåß äõíáôÞ ç óýãêñéóÞ ôïõò ìå ôá áðïôåëÝóìáôá ôùí
ãñáììéêþí ìïíôÝëùí (ñïðÝò, ôÝìíïõóåò, áîïíéêÝò äõíÜìåéò).

2.3. Ðñïóïìïéþóåéò ðõñÞíá ìå éóïäýíáìá ðëáßóéá 
(ðñïóïìïéþìáôá Íï2 Ýùò Íï6)

Ç âáóéêÞ éäÝá, óôçí ïðïßá óôçñßæåôáé ç ìüñöùóç éóïäý-
íáìùí ðëáéóéáêþí ðñïóïìïéùìÜôùí ãéá ôïé÷þìáôá êáé êáô'
åðÝêôáóç ãéá ðõñÞíåò ðïëõþñïöùí êôéñßùí, äåí åßíáé Üëëç
áðü ôç äéáôÞñçóç ôçò áñ÷Þò ôçò åðéðåäüôçôáò ôùí äéáôïìþí
[1, 5]. Ç ðñïóåããéóôéêÞ áõôÞ ðáñáäï÷Þ, ç ïðïßá ÷Üíåé óôá-
äéáêÜ ôçí áîéïðéóôßá ôçò ìå ôçí áýîçóç ôïõ ëüãïõ
ìÞêïò/ýøïò ôïõ ôïé÷þìáôïò [6], ïäçãåß óôïõò åîÞò âáóéêïýò
êáíüíåò ðñïóïìïßùóçò: (á) êÜèå éóïäýíáìïò óôýëïò ðñïéêß-
æåôáé ìå ôéò éäéüôçôåò äéáôïìÞò åêåßíïõ ôïõ ôìÞìáôïò (ð.÷.
óêÝëïõò ðõñÞíá), ôï ïðïßï áíôéêáèéóôÜ êáé (â) ïé éóïäýíá-
ìïé óôýëïé óõíäÝïíôáé ìåôáîý ôïõò óôéò óôÜèìåò ôùí ïñü-
öùí ìå Üêáìðôïõò (óå êáôáêüñõöá åðßðåäá) âñá÷ßïíåò. Ôï
ó÷Þìá 3 óõíïøßæåé óå êÜôïøç ôá ðÝíôå éóïäýíáìá ðëáéóéá-
êÜ ðñïóïìïéþìáôá ôïõ ðõñÞíá, ôùí ïðïßùí ç áðïôåëåóìá-
ôéêüôçôá äéåñåõíÞèçêå óôï ðëáßóéï ôçò ðáñïýóáò åñãáóßáò. 

Ôá ðñïóïìïéþìáôá áõôÜ Ý÷ïõí ðñïôáèåß êáôÜ êáéñïýò
áðü äéÜöïñïõò åñåõíçôÝò êáé ðåñéãñÜöïíôáé óôç ó÷åôéêÞ
âéâëéïãñáößá (âë. åñã. [1, 3, 6, 20]). Óôï ó÷Þìá 4 äßäåôáé Ýíá
ôñéäéÜóôáôï óêáñßöçìá ôïõ ðëáéóéáêïý ðñïóïìïéþìáôïò
Íï 3. Äéåõêñéíßæåôáé åäþ üôé ï óõíôåëåóôÞò ì óôïí ôýðï ôçò
ñïðÞò áäñÜíåéáò óå óôñÝøç JT äßäåôáé áðü ôïí ðáñáêÜôù
ðßíáêá:

åíþ ï ãåíéêüò ôýðïò ôçò ñïðÞò áäñÜíåéáò óå óôñÝøç ãéá
ëåðôüôïé÷ç äéáôïìÞ ýøïõò h êáé ðÜ÷ïõò t äßäåôáé áðü ôç

ó÷Ýóç: JT = h*t3*[1/3 - 0,21*(t/h)*{1 - (t/h)4/12}].
Ôï ìïíôÝëï Íï 2, ìå äéÜóðáóç ôïõ ðõñÞíá óôá åðéìÝ-

ñïõò óêÝëç êáé áíôéìåôþðéóç ôïõ êÜèå óêÝëïõò ùò åðßðåäïõ
ôïé÷þìáôïò, ÷ùñßò óýíäåóç ìå ôá õðüëïéðá ðáñÜ ìüíïí
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Ó÷Þìá 1: 4-þñïöï êôßñéï, óôýëïé 40/40, äïêïß 60/25.
Fig. 1: 4-storey building, columns 40/40, beams 60/25.

Ó÷Þìá 2: ÔìÞìá ôïõ äéáêñéôïðïéçìÝíïõ ìå ðåðåñáóìÝíá óôïé÷åßá
êåëýöïõò ðõñÞíá (ðñïóïìïßùìá Íï 1).

Fig. 2: Part of the core, discretized by finite shell elements (model
No 1).



ìÝóù ôïõ äéáöñÜãìáôïò, Þôáí åðéôñåðôü áðü ôïí ðñïçãïý-
ìåíï Áíôéóåéóìéêü Êáíïíéóìü êáé óõìðåñéëÞöèçêå åäþ
÷Üñéí óõãêñßóåùò ìå ôçí ðáëáéÜ ôáêôéêÞ ìåëÝôçò.

Áò óçìåéùèåß, üìùò, üôé ï ðñïçãïýìåíïò åëëçíéêüò Áíôé-
óåéóìéêüò Êáíïíéóìüò äåí åðÝâáëëå áðïìåßùóç ôùí
äõóêáìøéþí ôùí ôïé÷ùìÜôùí. Ç óýãêñéóç ôùí áðïôåëåóìÜ-
ôùí ãéá ôá åíôáôéêÜ ìåãÝèç (Ì, Q, Í) ìðïñåß íá ãßíåé åßôå
áíÜ óêÝëïò ðõñÞíá åßôå ãéá ôç óýíèåôç äéáôïìÞ Ð. Óôçí
ðñþôç ðåñßðôùóç, ãßíåôáé ìåôáöïñÜ ôùí õðïëïãéóèÝíôùí
Ì, Q, Í ôùí éóïäõíÜìùí óôýëùí ôùí ðñïóïìïéùìÜôùí 4, 5
êáé 6 óôï êÝíôñï âÜñïõò ôïõ åêÜóôïôå óêÝëïõò. Óôç äåýôå-
ñç ðåñßðôùóç, ãéá üëá ôá ðñïóïìïéþìáôá ãßíåôáé ìåôáöïñÜ
óôï êÝíôñï âÜñïõò ôçò óýíèåôçò äéáôïìÞò. H ìåôáöïñÜ ôùí
Ì, Q, Í ãßíåôáé êáôÜ ôïõò ãíùóôïýò êáíüíåò áíÜëõóçò êáé
óýíèåóçò äõíÜìåùí êáé âÜóåé ïñéóìÝíùí ðñüóèåôùí ðáñá-
äï÷þí, üðùò èá ðåñéãñáöåß óôçí ðáñÜãñáöï 3.3.2. 

2.4. Ðñïóïìïßùóç ðõñÞíá ìå ìáêñïåðéöáíåéáêÜ 
óôïé÷åßá (ðñïóïìïßùìá Íï 7)

Ôá ìáêñïåðéöáíåéáêÜ óôïé÷åßá ðïõ ÷ñçóéìïðïéÞèçêáí
[17] åßíáé ôåôñÜêïìâá ðåðåñáóìÝíá óôïé÷åßá ìåìâñÜíçò
åéäéêÞò éóïðáñáìåôñéêÞò äéáôýðùóçò, ç ïðïßá óõìðåñéëáì-
âÜíåé áö� åíüò áóýìâáôåò êáìðôéêÝò óõíáñôÞóåéò ðáñåìâï-
ëÞò ãéá áðïôåëåóìáôéêüôåñç áðüäïóç ôùí êáìðôéêþí ðáñá-
ìïñöþóåùí êáé áö� åôÝñïõ åíäïåðßðåäåò óôñïöéêÝò óõíé-
óôþóåò äõóêáìøßáò, óõóôñïöéêïýò äçëáäÞ âáèìïýò åëåõ-
èåñßáò. Ïé ôåëåõôáßïé åðéôñÝðïõí ôçí Üíåõ ðñüóèåôùí
ìÝôñùí (üðùò ð.÷. ôïðïèÝôçóç âïçèçôéêþí Üêáìðôùí âñá-
÷éüíùí) ìïíïëéèéêÞ óýíäåóç äïêþí êáé óôýëùí óôïõò êüì-
âïõò ôïõ ìáêñïåðéöáíåéáêïý óôïé÷åßïõ. ¸íá âáóéêü ðëåïíÝ-
êôçìá ôùí ìáêñïåðéöáíåéáêþí óôïé÷åßùí áöïñÜ óôçí åðé-
ôõã÷áíüìåíç ïéêïíïìßá õðïëïãéóìþí: ãéá êÜèå óêÝëïò ôïõ
ðõñÞíá áðáéôåßôáé Ýíá ìüíï óôïé÷åßï ãéá êÜèå ôìÞìá ôïõ
ôïé÷þìáôïò ìåôáîý äýï äéáäï÷éêþí ïñüöùí (ó÷. 5).

3. ÓÕÃÊÑÉÔÉÊÇ ÁÎÉÏËÏÃÇÓÇ 
ÔÙÍ ÐÑÏÓÏÌÏÉÙÌÁÔÙÍ

3.1. ÅéóáãùãÞ

ÐñïêåéìÝíïõ íá ôåêìçñéùèïýí ôá óõìðåñÜóìáôá ðïõ èá
äéáôõðùèïýí óôéò åðüìåíåò ðáñáãñÜöïõò, ðáñáôßèåôáé åðé-
ëåêôéêÜ ôìÞìá ôùí áðïôåëåóìÜôùí ðïõ ðñïÝêõøáí áðü ôçí
éóïäýíáìç óôáôéêÞ êáé áðü ôç äõíáìéêÞ öáóìáôéêÞ áíÜëõ-
óç ôïõ ðåñéãñáöÝíôïò óôçí ðáñÜãñáöï 2.1 êôéñßïõ ìå èåþ-
ñçóç ôüóï áñçãìÜôùôùí üóï êáé ñçãìáôùìÝíùí êáôÜ ôï
ÍÅÁÊ äéáôïìþí. Ôá áðïôåëÝóìáôá áõôÜ  áöïñïýí óå óôá-
ôéêÜ êáé öáóìáôéêÜ ìåãÝèç ðáñáìüñöùóçò êáé Ýíôáóçò,
êáèþò êáé éäéïðåñéüäïõò ôáëÜíôùóçò. Ôá áðïôåëÝóìáôá ôçò
åðßëõóçò ìå åðéöáíåéáêÜ ðåðåñáóìÝíá óôïé÷åßá êåëýöïõò
(ðñïóïìïßùìá Íï 1) èåùñïýíôáé ôá ðëÝïí áîéüðéóôá êáé
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Ó÷Þìá 3: Ôá 5 äéåñåõíçèÝíôá éóïäýíáìá ðëáéóéáêÜ ðñïóïìïéþìáôá
(ðñïóïìïéþìáôá Íï 2 Ýùò Íï 6).

Fig. 3: The 5 investigated equivalent frame models (models No 2 -
No 6).

Ó÷Þìá 4: Éóïäýíáìï ðëáéóéáêü ðñïóïìïßùìá Íï 3.
Fig. 4: Equivalent frame model No 3.



áðïôåëïýí óôï ðëáßóéï ôçò ðñïêåéìÝíçò åñãáóßáò ôç "ëýóç
áíáöïñÜò", ìå âÜóç ôçí ïðïßá ãßíïíôáé ïé áîéïëïãÞóåéò ôùí
õðïëïßðùí åðéëýóåùí. ¼ëá ôá áêüëïõèá ó÷üëéá ó÷åôéêÜ ìå
ôçí áêñßâåéá êáé ôçí áîéïðéóôßá ôùí äéáöüñùí ðñïóïìïéù-
ìÜôùí áíáöÝñïíôáé óôï óõãêåêñéìÝíï êôßñéï ðïõ ðáñïõóéÜ-
æåôáé åäþ êáé åðïìÝíùò äåí èá ìðïñïýóáí íá ãåíéêåõèïýí
äß÷ùò ðåñáéôÝñù óõìðëçñùìáôéêÝò äéåñåõíÞóåéò. Åíôïýôïéò,
ïé óõããñáöåßò ôÞò áíÜ ÷åßñáò åñãáóßáò èåùñïýí ôá äéáôõ-
ðïýìåíá åäþ óõìðåñÜóìáôá ùò ãåíéêüôåñçò éó÷ýïò âáóéæü-
ìåíïé: á) óå ðáñüìïéá áðïôåëÝóìáôá áñéèìçôéêþí äéåñåõíÞ-
óåùí êáé ãéá Üëëïõò öïñåßò ðïõ, åíþ äéåíåñãÞèçêáí ãéá
ôïõò óêïðïýò ôçò ðáñïýóáò åñãáóßáò, äåí ìðïñïýí íá
ðáñïõóéáóôïýí åäþ åëëåßøåé ÷þñïõ êáé â) óå ðáñüìïéá
óõìðåñÜóìáôá ðïëëþí Üëëùí ó÷åôéêþí åñãáóéþí [5, 6, 8,
10-13, 15].

Ãéá ôç óõãêñéôéêÞ áîéïëüãçóç ôùí ðñïóïìïéùìÜôùí
÷ñçóéìïðïéïýíôáé óå ðñþôç öÜóç ôá áðïôåëÝóìáôá ôçò éóï-
äýíáìçò óôáôéêÞò áíÜëõóçò ãéá óåéóìü êáôÜ x êáé êáôÜ y
üëùí ôùí ðñïóïìïéùìÜôùí (Íï 1 Ýùò Íï 7) ôïõ êôéñßïõ
÷ùñßò ñçãìÜôùóç êáèþò êáé ôá áðïôåëÝóìáôá ãéá ôéò éäéï-
ðåñéüäïõò ôáëÜíôùóçò. ¼ðùò èá åêôåèåß óôéò åðüìåíåò
ðáñáãñÜöïõò, ç áîéïëüãçóç áõôÞ ïäçãåß óôï êáô� áñ÷Üò
óõìðÝñáóìá, üôé ôï ðñïóïìïßùìá Íï 3 åßíáé ãåíéêþò ôï
ðëÝïí éêáíïðïéçôéêü. Ãéá ôïí ðåñáéôÝñù Ýëåã÷ï ôçò áîéïðé-
óôßáò êáé áðïôåëåóìáôéêüôçôáò ôïõ "êëáóéêïý" áõôïý éóï-
äýíáìïõ ðëáéóéáêïý ðñïóïìïéþìáôïò Íï 3 èá ÷ñçóéìïðïéç-
èïýí óôç óõíÝ÷åéá êáé áðïôåëÝóìáôá äõíáìéêþí öáóìáôé-
êþí åðéëýóåùí.

3.2. Óýãêñéóç ìåãåèþí ðáñáìüñöùóçò

3.2.1. Ìåôáôïðßóåéò êÝíôñùí ìÜæáò (âÜñïõò) ïñüöùí
(ó÷. 6á, 6b)

Ôï ðñïóïìïßùìá Íï 2 ("äéÜóðáóç óêåëþí ðõñÞíá")
ðñïêýðôåé, üðùò Üëëùóôå äéáéóèçôéêþò áíáìåíüôáí, åõêá-
ìðôüôåñï ôïõ äÝïíôïò üóïí áöïñÜ óôéò ìåôáêéíÞóåéò êáôÜ
ôçí åêÜóôïôå äéåýèõíóç ôïõ óåéóìéêïý öïñôßïõ x Þ y, üðùò
öáßíåôáé áðü ôï äéÜãñáììá ôùí ìåôáêéíÞóåùí ux êáé uy ãéá
óåéóìü êáôÜ x êáé êáôÜ y áíôßóôïé÷á.

Áíôßèåôá, ïé êÜèåôåò óôç óåéóìéêÞ äéåýèõíóç ìåôáôïðß-
óåéò êáé ïé óôñïöÝò ðåñß ôïí êáôáêüñõöï Üîïíá åßíáé ìéêñü-
ôåñåò ôçò ëýóåùò áíáöïñÜò, äçëáäÞ ôùí áíôéóôïß÷ùí ìåãå-
èþí ôïõ ðñïóïìïéþìáôïò Íï 1. Ãåíéêüôåñá, ôï ðñïóïìïßù-
ìá Íï 2 åìöáíßæåé áñêåôÜ ìåãÜëåò áðïêëßóåéò. 

Ðïëý ìåãÜëåò áðïêëßóåéò ðáñïõóéÜæåé êáé ôï ðñïóïìïßù-
ìá Íï 6 ôïý åíüò éóïäõíÜìïõ óôýëïõ óôï êÝíôñï äéÜôìçóçò
ôïõ ðõñÞíá. ÁõôÝò ðñïöáíþò ðñïÝñ÷ïíôáé óå ìåãÜëï âáèìü
áðü ôçí áäõíáìßá ôïõ ìïíôÝëïõ áõôïý íá áðïäþóåé óùóôÜ
ôç óôñåâëùôéêÞ áíôßóôáóç (óôñÝøç Vlassov) ôçò óýíèåôçò
äéáôïìÞò ôïõ ðõñÞíá [5, 6], üðùò ÷áñáêôçñéóôéêÜ äåß÷íïõí

13Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, I, ôåý÷. 3    1998    Tech. Chron. Sci. J. TCG, I, No 3

Ó÷Þìá 5: ÔìÞìá äéáêñéôïðïéçìÝíïõ ðõñÞíá ìå ìáêñïåðéöáíåéáêÜ
óôïé÷åßá (ðñïóïìïßùìá Íï 7).

Fig. 5: Part of the core discretized by panel elements (model No 7).

ïé ðïëý ìåãÜëåò óôñïöÝò ö. ÁñêåôÜ êáëÜ óõìðåñéöÝñåôáé ôï
ìïíôÝëï Íï 5 ôùí ôåóóÜñùí éóïäõíÜìùí óôýëùí, ìå áðï-
êëßóåéò ðïõ äåí îåðåñíïýí ôï 6% (ð.÷. óôñïöÞ ö ôïõ ôåôÜñ-
ôïõ ïñüöïõ ãéá óåéóìü êáôÜ y). 

Ðáñüìïéáò áêñßâåéáò ìå ôï ìïíôÝëï Íï 5 åßíáé êáé ôï
ìïíôÝëï Íï 7 (ìáêñïåðéöáíåéáêÜ óôïé÷åßá). ÔÝëïò, ôá
ìïíôÝëá Íï 3 ("êëáóéêü") êáé Íï 4 (éóïäýíáìïé óôýëïé óôéò
ðñïâïëÝò ôïõ Ê.Â.) åßíáé êáôÜ ôé áêñéâÝóôåñá ôùí ðñïçãïõ-
ìÝíùí. Éäéáßôåñá ôï "êëáóéêü" ðñïóïìïßùìá Íï 3 åìöáíßæåé
ãåíéêþò ôçí êáëýôåñç ðñïóÝããéóç óôçí "áêñéâÞ" ëýóç ôùí
ðåðåñáóìÝíùí óôïé÷åßùí êåëýöïõò. 

3.2.2. ÓôñÝâëùóç ôçò äéáôïìÞò ôïõ ðõñÞíá (ó÷. 7)

Ç ðáñáðÜíù ðñþôç åéêüíá ãéá ôçí áîéïðéóôßá ôùí äéá-
öüñùí ðñïóïìïéùìÜôùí äéáôçñåßôáé êáé êáôÜ ôç óýãêñéóç
ôùí áðïôåëåóìÜôùí ðïõ áöïñïýí óôç óôñÝâëùóç ôçò óýí-
èåôçò äéáôïìÞò ôïõ ðõñÞíá: Ôá ðñïóïìïéþìáôá Íï 2 êáé Íï
6 äßäïõí ìåãÜëåò, ìç áðïäåêôÝò áðïêëßóåéò. Ôá õðüëïéðá
ðñïóïìïéþìáôá Íï 3, Íï 4, Íï 5 êáé Íï 7 ðñïóïìïéþíïõí
êáô� áñ÷Üò ðïéïôéêþò óùóôÜ ôç óôñÝâëùóç ôçò äéáôïìÞò.
Ðïóïôéêþò, üìùò, ôï ìïíôÝëï Íï 5 (ôùí 4 éóïäõíÜìùí óôý-
ëùí) êáé ôï ìïíôÝëï Íï 4 (éóïäýíáìïé óôýëïé óôéò ðñïâïëÝò
ôïõ Ê.Â.) åìöáíßæïõí ìåãÜëåò áðïêëßóåéò, åíþ ôá ìïíôÝëá
Íï 3 ("êëáóéêü") êáé Íï 7 (ìáêñïåðéöáíåéáêÜ óôïé÷åßá)
äßäïõí ðïëý êáëÝò ôéìÝò. 

3.2.3. Éäéïðåñßïäïé ôáëÜíôùóçò (ðßí. 4) 

Ïé ðñïçãïýìåíåò ðáñáôçñÞóåéò åíéó÷ýïíôáé, ôÝëïò, êáé
áðü ôá áðïôåëÝóìáôá ãéá ôéò éäéïðåñéüäïõò ôáëÜíôùóçò ôïõ
êôéñßïõ. Ôá ìïíôÝëá Íï 6 (óõãêñ. ð.÷. ôçí Ô1) êáé Íï 2
(óõãêñ. ð.÷. ôçí Ô2) åìöáíßæïõí êáé åäþ ìåãÜëåò áðïêëßóåéò,
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Ó÷Þìá 6a: Ìåôáôïðßóåéò êáé óôñïöÝò óôï Ê.Ì. ôùí ïñüöùí ãéá ôá
ðñïóïìïéþìáôá Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. Óåé-
óìéêÞ äéÝãåñóç êáôÜ x - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.
Fig. 6a: Displacements and rotations at the stories�mass centers for
models No 1 - No 7, assuming uncracked sections. Seismic loading
in x direction - Equivalent static analysis.

Ó÷Þìá 6b: Ìåôáôïðßóåéò êáé óôñïöÝò óôï Ê.Ì. ôùí ïñüöùí ãéá ôá
ðñïóïìïéþìáôá Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. Óåé-
óìéêÞ äéÝãåñóç êáôÜ y - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.
Fig. 6b: Displacements and rotations at the stories�mass centers for
models No 1 - No 7, assuming uncracked sections. Seismic loading
in y direction - Equivalent static analysis.

Ó÷Þìá 7: ÓôñÝâëùóç äéáôïìÞò óôçí êïñõöÞ ôïõ ðõñÞíá ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. ÓåéóìéêÞ äéÝ-
ãåñóç êáôÜ y - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Fig. 7: Warping at the core�s top for models No 1 - No 7, assuming uncracked sections. Seismic loading in y direction - Equivalent static
analysis.



åíþ ôá õðüëïéðá ìïíôÝëá äßäïõí áðïôåëÝóìáôá ðáñüìïéáò
ìåôáîý ôïõò áîéïðéóôßáò, ìå êáëýôåñï ôï Íï 3 ðïõ äßíåé ó÷å-
äüí ìçäåíéêÞ áðüêëéóç (-0.20%) ãéá ôçí ðñþôç (èåìåëéþäç)
éäéïðåñßïäï. ÓõíïëéêÜ, áðü ôéò ðáñáðÜíù óõãêñßóåéò ðñïêý-
ðôåé üôé ôï "êëáóéêü" ðñïóïìïßùìá Íï 3 åßíáé ãéá ôïí åëåã-
÷èÝíôá öïñÝá ôï ðëÝïí éêáíïðïéçôéêü üóïí áöïñÜ óôçí
áîéüðéóôç áðüäïóç ôùí ìåãåèþí ðáñáìüñöùóçò êáé ôùí
éäéïðåñéüäùí ôáëÜíôùóçò.

3.3. Óýãêñéóç åíôáôéêþí ìåãåèþí

3.3.1. ÃåíéêÝò ðáñáôçñÞóåéò

Åðéóçìáßíåôáé êáô� áñ÷Üò üôé ãåíéêþò ïé áðïêëßóåéò ôùí
äéáöüñùí ðñïóïìïéùìÜôùí óôá ìåãÝèç Ýíôáóçò êáé ïé äéá-
êõìÜíóåéò óôéò ôéìÝò ôïõò áíáìÝíïíôáé ìåãáëýôåñåò áðü
åêåßíåò óôá ìåãÝèç ðáñáìüñöùóçò, ëüãù ôïõ üôé ðñüêåéôáé
ãéá ðáñÜãùãá ìåãÝèç. Åðßóçò, óôá ìïíôÝëá Íï 4, Íï 5 êáé
Íï 6 áðáéôïýíôáé êáé ðåñáéôÝñù áíáãùãÝò ôùí åíôáôéêþí
ìåãåèþí ôùí éóïäõíÜìùí óôýëùí ðïõ äßäåé ç åðßëõóç óôá
êáôÜëëçëá óçìåßá ôçò äéáôïìÞò ôïõ ðõñÞíá, üðùò áõôÝò
ðåñéãñÜöïíôáé óôçí åðüìåíç ðáñÜãñáöï.

3.2.2. Åýñåóç ôùí ìåãåèþí Ýíôáóçò (M, Q, N) ôùí åðé-
ìÝñïõò óêåëþí ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá
ãéá ôá ðñïóïìïéþìáôá Íï 4, Íï 5 êáé Íï 6

3.3.2.1. Ðñïóïìïßùìá Íï 4

Ôá ðñïêýðôïíôá åíôáôéêÜ ìåãÝèç ãéá êÜèå óêÝëïò (áñé-
óôåñü êáé äåîéü) ôïõ ðñïóïìïéùìÝíïõ ðõñÞíá öáßíïíôáé óôï
ðñþôï ó÷Þìá.

Ç áíáãùãÞ ôçò ñïðÞò êÜìøåùò Ì´, óôï êÝíôñï âÜñïõò
êÜèå óêÝëïõò, äßíåôáé áðü ôç ó÷Ýóç:

Ì´=Ì+Í*e üðïõ e=0.4308m êáé áðåéêïíßæåôáé óôï äåý-
ôåñï ó÷Þìá.

3.3.2.2. Ðñïóïìïßùìá Íï 5

ÊáôÜ ôçí áíáãùãÞ ôùí åíôáôéêþí ìåãåèþí óôá åðéìÝ-
ñïõò óêÝëç ôïõ ðõñÞíá, ãßíïíôáé ïé åîÞò ðáñáäï÷Ýò:

á. Áãíïåßôáé ç ýðáñîç äéññïðþí.
â. Ôá åíôáôéêÜ ìåãÝèç ôùí åðéìÝñïõò óêåëþí óôçí êÜèå-

ôç ðñïò ôçí êýñéá äéåýèõíóç ëåéôïõñãßá ôïõò åßíáé ìçäåíéêÜ.

Óôá äýï ðñþôá ó÷Þìáôá áðåéêïíßæïíôáé ôá ðñùôïãåíÞ

åíôáôéêÜ ìåãÝèç áðü ôçí åðßëõóç ôïõ ðñïóïìïéùìÝíïõ
ðõñÞíá.

Áðü ôï äéÜãñáììá ôÜóåùí ôïõ ôñßôïõ ó÷Þìáôïò ëüãù ôçò
ñïðÞò ÌÐ åßíáé: ó = ÌÐ * (1,5/Jy)

üðïõ: Jy = (h3*t)/12 +2*b*t*(h2/4) = 2,8125m4

ïðüôå: ÌÐ´ = ó*(h2*t)/6 = ó*0,375=0,2* ÌÐ

êáé ÍóêÝëïõò = ó*2*0,25 = 0,26666* ÌÐ

Ôá æçôïýìåíá åíôáôéêÜ ìåãÝèç ôùí åðéìÝñïõò óêåëþí
ôïõ ðõñÞíá åßíáé:

Áñéóôåñü óêÝëïò : Ìá´, Qá´, Íá

Äåîéü óêÝëïò : Ìä´, Qä´, Íä

ÐëÜôç : Ìð´, Qð´, Íð

Áðü ôçí áíÜëõóç, óýíèåóç êáé ìåôáöïñÜ ôùí äõíÜìåùí,
óýìöùíá ìå ôïõò êáíüíåò ôçò óôáôéêÞò, ðñïêýðôïõí ïé áêü-
ëïõèåò ó÷Ýóåéò:

Ìá´ = Ìá

Qá´ = Qá-(T/3)+(QÐ*0,8)/3
Íá = Í*(Fá/F)-MÐ*0,26666
Ìä´ = Ìä

Qä´ = Qä+(T/3)-(QÐ*0,8)/3
Íä = Í*(Fä/F)+MÐ*0,26666
ÌÐ´ = ÌÐ*0,2
QÐ´ = QÐ

ÍÐ = Í*(FÐ/F)

üðïõ: Fá, Fä êáé FÐ åßíáé áíôßóôïé÷á ôï åìâáäüí ôïõ áñéóôå-
ñïý êáé äåîéïý óêÝëïõò êáé ôçò ðëÜôçò ôïõ ðõñÞíá, F åßíáé
ôï óõíïëéêü åìâáäüí ôçò óýíèåôçò äéáôïìÞò.

3.3.2.2. Ðñïóïìïßùìá Íï 6

Ãéá ôçí áíáãùãÞ ôùí åíôáôéêþí ìåãåèþí óôá åðéìÝñïõò
óêÝëç ôïõ ðõñÞíá, ãßíïíôáé ïé ßäéåò ðáñáäï÷Ýò üðùò êáé óôï
ðñïóïìïßùìá Íï 5.

Óôá äýï ðñþôá ó÷Þìáôá áðåéêïíßæïíôáé ôá ðñùôïãåíÞ
åíôáôéêÜ ìåãÝèç áðü ôçí åðßëõóç ôïõ ðñïóïìïéùìÝíïõ
ðõñÞíá.
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Áðü ôï äéÜãñáììá ôÜóåùí ôïõ ôñßôïõ ó÷Þìáôïò ëüãù ôçò
ñïðÞò ÌX åßíáé:

ó1 = ÌX*(á2/Jx)= ÌX*(1,42857/0,76187)
ó2 = ÌX*(á1/Jx)= ÌX*(0,57143/0,76187)

üðïõ:

Jx = 2*(b3*t)/12+2*b*t*(á2-(b/2))2+h*t*á1
2=0,761 87m4

NðëÜôçò = ó2*3*0,25=0,562527*MX
NóêÝëïõò = -ÍðëÜôçò/2=0,2812635*MX
ÌðëÜôçò = 0,3393004*MX (ùò ðñïò Üîïíá ðïõ ðåñíÜ áðü

ôï Ê.Â. ôçò óýíèåôçò äéáôïìÞò)
ÌóêÝëïõò = ÌðëÜôçò+NóêÝëïõò*e (ùò ðñïò Üîïíá ðïõ ðåñíÜ

áðü ôï Ê.Â. ôïõ óêÝëïõò).
ìå e = 0,42857m, ïðüôå ÌóêÝëïõò = 0,21876*ÌX.

Ôá æçôïýìåíá åíôáôéêÜ ìåãÝèç ôùí åðéìÝñïõò óêåëþí
ôïõ ðõñÞíá åßíáé:

Áñéóôåñü óêÝëïò : Ìá, Qá, Íá

Äåîéü óêÝëïò : Ìä, Qä, Íä

ÐëÜôç : Ìð, Qð, Íð

Áðü ôçí áíÜëõóç, óýíèåóç êáé ìåôáöïñÜ ôùí äõíÜìåùí,
óýìöùíá ìå ôïõò êáíüíåò ôçò óôáôéêÞò, ðñïêýðôïõí ïé áêü-
ëïõèåò ó÷Ýóåéò:

Ìá = Ìä=0,21876*[ÌX+Í*(0,8+0,57143)]
ÌÐ = Ìy*0,2
Qá = (Qy/2)-(T/3)+(QX*0,8)/3
Qä = (Qy/2)+(T/3)-(QX*0,8)/3
QÐ = QX
Ná = Í*(Fá/F)-My*0,26666-0,2812635* [MX+N* (0,8+0,57143)]
Nä =Í*(Fä/F)+My*0,26666-0,2812635* [MX+N* (0,8+0,57143)]
NÐ = Í*(FÐ/F)+0,562527*[MX+N*(0,8+0,57143)]

üðïõ: Fá, Fä êáé FÐ åßíáé áíôßóôïé÷á ôï åìâáäüí ôïõ áñéóôå-
ñïý êáé äåîéïý óêÝëïõò êáé ôçò ðëÜôçò ôïõ ðõñÞíá, F åßíáé
ôï óõíïëéêü åìâáäüí ôçò óýíèåôçò äéáôïìÞò.

3.3.3. ÌåãÝèç óôç óôÜèìç èåìåëßùóçò (ðßí. 1, 2)

Óôïí ðßíáêá 1 äßíïíôáé ãéá óåéóìü êáôÜ x êáé êáôÜ y ôá
åíôáôéêÜ ìåãÝèç Ì, Q, Í óôç óôÜèìç 0.00 m ãéá ôçí ðëÜôç
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Ó÷Þìá 8: ÄéáãñÜììáôá My, Qx, N ôïõ óôýëïõ Ó3 ãéá ôá ðñïóïìïéþ-
ìáôá Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. ÓåéóìéêÞ äéÝãåñ-
óç êáôÜ x - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.
Fig. 8: My, Qx and N diagrams for column Ó3 for models No 1 - No 7,
assuming uncracked sections. Seismic loading in x direction -
Equivalent static analysis.

Ô2 êáé ôç äåîéÜ ðôÝñõãá Ô3 ôïõ ðõñÞíá. Áí êáé ç åéêüíá ãéá
ôïõò ðñïáíáöåñèÝíôåò ëüãïõò äåí åßíáé ðëÝïí ôï ßäéï êáèá-
ñÞ üðùò óôá ìåãÝèç ðáñáìüñöùóçò, åíôïýôïéò îå÷ùñßæïõí
êáé åäþ áö� åíüò ïé ìåãÜëåò áäõíáìßåò ôùí ðñïóïìïéùìÜ-
ôùí Íï 2 êáé Íï 6 êáé áö� åôÝñïõ ç óõãêñéôéêÜ êáëýôåñç
áðüäïóç ôïõ êëáóéêïý ðñïóïìïéþìáôïò Íï 3. Ç êáëÞ
óõíïëéêÞ ðñïóÝããéóç, ðïõ äßíåé ôï ðñïóïìïßùìá Íï 3, öáß-
íåôáé ðéï êáèáñÜ áðü ôïí ðßíáêá 2, ï ïðïßïò äåß÷íåé ôéò
ðïóïóôéáßåò áðïêëßóåéò õðü ìïñöÞ ïìáäïðïéçìÝíùí åõêëåß-
äåéùí norm ôùí ðñïóïìïéùìÜôùí Íï 2 Ýùò Íï 7 Ýíáíôé ôïõ
ðñïóïìïéþìáôïò Íï 1, åÜí ôéò åöáñìüóïõìå óôá óõíïëéêÜ
óõíéóôÜìåíá ìåãÝèç óôï êÝíôñï âÜñïõò ôçò óýíèåôçò äéáôï-
ìÞò ôïõ ðõñÞíá. Óôïí ßäéï ðßíáêá äßíïíôáé, åðßóçò, ôá åíôá-
ôéêÜ ìåãÝèç M, Q, N ãéá ôï óôýëï Ó1 êáé ôéò ñïðÝò ôçò äïêïý
Ä4 ôïõ 1ïõ ïñüöïõ. Ïé ôåëåõôáßåò áðïäßäïíôáé óõíïëéêÜ
êáëýôåñá áðü ôï ðñïóïìïßùìá Íï 3. ÐÜíôùò, ôá ðïóïóôÜ
áðüêëéóçò Ýíáíôé ôïõ ðñïóïìïéþìáôïò Íï 1 ìðïñïýí íá
öôÜóïõí ãéá üëá ôá ìïíôÝëá óå ðïëý õøçëÝò ôéìÝò, ôçò ôÜ-



îåùò ôïõ 300 Ýùò 400%, áí êáé áõôü ðåñéïñßæåôáé óå ïñé-

óìÝíá óôáôéêÜ ìåãÝèç ìåìïíùìÝíùí äïìéêþí óôïé÷åßùí.

3.3.4. ÄéáãñÜììáôá ìåãåèþí äéáôïìÞò Ì, Q, N óôýëïõ Ó3
(ó÷. 8)

Êáé åäþ ôá ìïíôÝëá Íï 2 êáé Íï 6 åìöáíßæïõí ôéò ìåãá-

ëýôåñåò áðïêëßóåéò (óõãêñ. ð.÷. ôÝìíïõóåò Q êáé áîïíéêÝò

äõíÜìåéò Í óôç âÜóç ôïõ óôýëïõ). 

Ôï ðñïóïìïßùìá Íï 5 (ôùí 4 éóïäõíÜìùí óôýëùí) êáé

ðåñéóóüôåñï ôï Íï 7 (ìáêñïåðéöáíåéáêÜ óôïé÷åßá) åìöáíß-

æïõí áéóèçôÝò áðïêëßóåéò ðñïò ôçí áíáóöáëÞ ðëåõñÜ

(óõãêñ. ð.÷. ñïðÝò Ì êáé áîïíéêÝò äõíÜìåéò N óôç âÜóç ôïõ

óôýëïõ). Ôá ìïíôÝëá Íï 3 ("êëáóéêü") êáé Íï 4 (éóïäýíáìïé

óôýëïé óôéò ðñïâïëÝò ôïõ Ê.Â.) äßäïõí éêáíïðïéçôéêÜ áðïôå-

ëÝóìáôá.

3.3.5. ÅíôáôéêÜ ìåãÝèç ðõñÞíá (ó÷. 9, 10 êáé ðßí. 3)

Ç óõíÞèçò óõìâáôéêÞ äéáóôáóéïëüãçóç ðõñÞíùí ãßíåôáé

áíÜ óêÝëïò (ðëÜôç, áñéóôåñÞ ðôÝñõãá, äåîéÜ ðôÝñõãá) âÜóåé

ôùí ìåãåèþí Ýíôáóçò Ì, Q, Í ðïõ ðñïÝêõøáí ãéá ôï êáèÝ-

íá ôïõò. (Óçì.: H äéáóôáóéïëüãçóç áõôÞ åßíáé óõíôçñçôéêïý

÷áñáêôÞñá, äéüôé áãíïåßôáé ç óõììåôï÷Þ ôïõ óõíåñãáæüìå-

íïõ åýñïõò ôïõ åêÜóôïôå åãêÜñóéïõ óêÝëïõò). Ãéá ôï ëüãï
áõôü ïé áêüëïõèåò óõãêñßóåéò áíáöÝñïíôáé êáô� áñ÷Üò óôá
Ì, Q, Í ôïõ êÜèå óêÝëïõò îå÷ùñéóôÜ. Ðéï êÜôù èá ãßíïõí
óõãêñßóåéò êáé ôùí óõíïëéêþí (óõíéóôáìÝíùí) ìåãåèþí ôçò
óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá. Åðéóçìáßíåôáé åäþ, åðßóçò,
üôé éäéáßôåñá óçìáíôéêÞ ãéá ôçí ðñÜîç åßíáé ç éêáíïðïéçôéêÞ
áðüäïóç ôùí Ì, Q, N óôç âÜóç ôïõ ðõñÞíá (ðüäáò êáé
êåöáëÞ éóïãåßïõ).

¼ðùò áíáìåíüôáí, ôá áðïôåëÝóìáôá ôùí äéáöüñùí ðñï-
óïìïéùìÜôùí ôïõ ðõñÞíá åìöáíßæïõí óçìáíôéêüôáôåò áðï-
êëßóåéò, ôüóï áðü ôçí "áêñéâÞ" ëýóç ôùí ðåðåñáóìÝíùí
óôïé÷åßùí êåëýöïõò üóï êáé ìåôáîý ôïõò. Åéäéêüôåñá, ôï
"äéáóðáóìÝíï" ìïíôÝëï Íï 2 êáé ôá åîåæçôçìÝíçò ðïëõðëï-
êüôçôáò Þ õðåñâïëéêÞò áðëüôçôáò ìïíôÝëá Íï 5 êáé Íï 6,
áíôßóôïé÷á, êñßíïíôáé ùò ìç éêáíïðïéçôéêÞò áîéïðéóôßáò.
ÐñïóåêôéêÞ óýãêñéóç ôçò ìïñöÞò êáé ôùí ôéìþí ôùí äéá-
ãñáììÜôùí Ì, Q, Í (ó÷. 9, 10) ïäçãåß óôï ãåíéêü óõìðÝñá-
óìá üôé ôï "êëáóéêü" ðñïóïìïßùìá Íï 3 ðëçóéÜæåé ðåñéó-
óüôåñï áðü ôá õðüëïéðá ôçí "áêñéâÞ" ëýóç êáé ùò åê ôïý-
ôïõ ìðïñåß íá èåùñçèåß ðñáêôéêÜ áðïäåêôü, äåäïìÝíçò êáé
ôçò áðëüôçôÜò ôïõ, ôüóï óôç öÜóç åéóáãùãÞò ôùí äåäïìÝ-
íùí üóï êáé óôç öÜóç ìåôåðåîåñãáóßáò ôùí áðïôåëåóìÜôùí
ðïõ äßíåé.
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Ðßí. 1: ÅíôáôéêÜ ìåãÝèç M, Q, N óôç óôÜèìç 0.00m ãéá ôçí ðëÜôç Ô2 êáé ôçí ðôÝñõãá Ô3 ôïõ ðõñÞíá, ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 7
ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Table 1: Stresses M, Q, N at level 0.00m in flanges T2 and T3 of the core, for models No 1 - No 7, assuming uncracked sections. Equivalent
static analysis.

a. ÓåéóìéêÞ äéÝãåñóç êáôÜ x
a. Seismic loading in x direction

b. ÓåéóìéêÞ äéÝãåñóç êáôÜ y
b. Seismic loading in y direction
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Ðßí. 2: ÓõíïëéêÜ åíôáôéêÜ ìåãÝèç ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá óôï Ê.Â. ôïõ êáé ôïõ óôýëïõ Ó1 óôç óôÜèìç 0.00m êáé ñïðÝò ôçò äïêïý
Ä4 ôïõ ðñþôïõ ïñüöïõ, ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Table 2: Resultant stresses in core�s section and in column Ó1 at level 0.00m and bending moments M in beam Ä4 on the 1st floor, for models
No 1 - No 7, assuming uncracked sections. Equivalent static analysis.

ÐïóïóôÜ áðüêëéóçò {(ái-âi)/ái}
.100 Ýíáíôé ðñïóïìïéþìáôïò Íï 1

a. ÓåéóìéêÞ äéÝãåñóç êáôÜ x
a. Seismic loading in x direction

ÐïóïóôÜ áðüêëéóçò{(ái-âi)/ái}
.100 Ýíáíôé ðñïóïìïéþìáôïò Íï 1

b. ÓåéóìéêÞ äéÝãåñóç êáôÜ y
b. Seismic loading in y direction
Ïñéóìüò Åõêëåßäåéïõ Káíüíá (norm): 

ìå ái: ÁðïôåëÝóìáôá áðü ôçí åðßëõóç ôïõ ðñïóïìïéþìáôïò Íï 1

âi: ÁðïôåëÝóìáôá áðü ôçí åðßëõóç ôùí ðñïóïìïéùìÜôùí Íï 2 Íï 7÷
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Ó÷Þìá 9: ÄéáãñÜììáôá My, Qx, N ôçò ðëÜôçò Ô2 ôïõ ðõñÞíá ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. ÓåéóìéêÞ
äéÝãåñóç êáôÜ x - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Fig. 9: My, Qx, N diagrams for flange T2 of the core for models No 1 - No 7, assuming uncracked sections. Seismic loading in x direction -
Equivalent static analysis.

Ó÷Þìá 10: ÄéáãñÜììáôá Ìx, Qy, N ôçò äåîéÜò ðôÝñõãáò Ô3 ôïõ ðõñÞíá ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç.
ÓåéóìéêÞ äéÝãåñóç êáôÜ y - Ióïäýíáìç óôáôéêÞ ìÝèïäïò.

Fig. 10: Mx, Qy, N diagrams of core�s right flange T3 for models No 1 - No 7, assuming uncracked sections. Seismic loading in y direction -
Equivalent static analysis.



Ï ðßíáêáò 3 áíáöÝñåôáé óôá åðéìÝñïõò óõíéóôÜìåíá
ìåãÝèç Qx, Qy, N, Mx, My ôçò óýíèåôçò äéáôïìÞò, äßíïíôáò
ãéá êáèÝíá áðü áõôÜ ôï ðïóïóôü áðüêëéóÞò ôïõ áðü ôçí
áíôßóôïé÷ç ôéìÞ ôïõ ìïíôÝëïõ áíáöïñÜò Íï 1 êáé ôçí
åõêëåßäåéá norm ôïõ. Ïé ìåãáëýôåñåò åõêëåßäåéåò áðïêëßóåéò
áöïñïýí âÝâáéá êáé ðÜëé óôá óêÝëç ôïõ ðõñÞíá, üðïõ ðïëý
ìåãÜëåò áíáêñßâåéåò ðáñÜãïíôáé áðü ôá ìïíôÝëá Íï 2, Íï 5,
Íï 6 êáé Íï 7. Ïé ïìáäïðïéçìÝíåò åõêëåßäåéåò nïrm ðåñéï-
ñßæïíôáé óå ðéï áðïäåêôÜ åðßðåäá, åÜí åöáñìïóôïýí óôá
óõíïëéêÜ óõíéóôÜìåíá ìåãÝèç ôçò óýíèåôçò äéáôïìÞò ôïõ
ðõñÞíá (âë. ðñïôåëåõôáßá óåéñÜ óôïí ðßí. 3). Êáé åäþ öáß-
íåôáé ç éêáíïðïéçôéêüôåñç áðüäïóç ôïõ ìïíôÝëïõ Íï 3.

4. Ç ÁÎÉÏÐÉÓÔÉÁ ÔÏÕ "ÊËÁÓÉÊÏÕ"
ÐÑÏÓÏÌÏÉÙÌÁÔÏÓ ÓÅ 
ÄÕÍÁÌÉÊÅÓ ÁÍÁËÕÓÅÉÓ

Ïé ðñïçãçèåßóåò óõãêñéôéêÝò áîéïëïãÞóåéò ôùí äéáöü-
ñùí ðñïóïìïéùìÜôùí, ïé ïðïßåò áíáäåéêíýïõí ôï "êëáóéêü"
ðëáéóéáêü ðñïóïìïßùìá Íï 3 ãåíéêþò ùò ôï ðëÝïí éêáíï-
ðïéçôéêü, âáóßæïíôáé - ðëçí ôçò óýãêñéóçò ôùí éäéïðåñéüäùí
ôáëÜíôùóçò (ðßí. 4) - óå éóïäýíáìåò óôáôéêÝò åðéëýóåéò
÷ùñßò ôçí åðéññïÞ ôçò ñçãìÜôùóçò êáôÜ ÍÅÁÊ. Ãéá ôïí
ðåñáéôÝñù Ýëåã÷ï ôçò áîéïðéóôßáò êáé áðïôåëåóìáôéêüôçôáò
ôïõ ðñïóïìïéþìáôïò áõôïý êáôÜ ôç äõíáìéêÞ öáóìáôéêÞ
áíÜëõóç ôïõ êôéñßïõ ìðïñïýí íá ÷ñçóéìïðïéçèïýí ôá ó÷Þ-
ìáôá 11, 12 êáé ïé ðßíáêåò 5, 6, 7. ÐñÜãìáôé, áðü ôï äéÜ-
ãñáììá ôïõ ó÷Þìáôïò 11, ðïõ áöïñÜ óôç äõíáìéêÞ öáóìá-
ôéêÞ áíÜëõóç êáôÜ y, ðñïêýðôåé ç ðïëý êáëÞ óýìðôùóç ôùí
ìåôáêéíÞóåùí ux, uy êáé ö ôïõ êÝíôñïõ ìÜæáò ôùí ïñüöùí
ôïõ ìïíôÝëïõ Íï 3 ìå åêåßíåò ôïõ ðñïóïìïéþìáôïò Íï 1
ôùí ðåðåñáóìÝíùí óôïé÷åßùí. ÉêáíïðïéçôéêÞ åßíáé, åðßóçò,
ç áðüäïóç êáé ôùí éäéïðåñéüäùí ôáëÜíôùóçò, üðùò öáßíåôáé
áðü ôïí ðßíáêá 5. Ôï ãåãïíüò üôé ïé äõíáìéêÝò áõôÝò åðéëý-
óåéò Ýãéíáí ìå ñçãìáôùìÝíåò êáôÜ ÍÅÁÊ äéáôïìÝò äåí
áëëïéþíåé ôï ðáñáðÜíù óõìðÝñáóìá, äéüôé ç ñçãìÜôùóç
åëÞöèç õðüøç êáé óôá äýï ðñïóïìïéþìáôá. Åðßóçò, óôï
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Ðßí. 3: Ðïóïóôéáßåò áðïêëßóåéò õðü ìïñöÞ ïìáäáðïéçìÝíùí åõêëåßäåéùí êáíüíùí (norm) ôùí ðñïóïìïéùìÜôùí Íï 2 Ýùò Íï 7 Ýíáíôé ôïõ
ðñïóïìïéþìáôïò Íï 1 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç. ÓåéóìéêÞ äéÝãåñóç êáôÜ x - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Table 3: Percentage divergencies of models No 2 - No 7 from model No 1 in the form of grouped euclidean norms, assuming uncracked sec-
tions. Seismic loading in x direction - Equivalent static analysis.

Ó÷Þìá 11: Ìåôáôïðßóåéò êáé óôñïöÝò óôï Ê.Ì. ôùí ïñüöùí ãéá ôá
ðñïóïìïéþìáôá Íï 1 êáé Íï 3 ôïõ êôéñßïõ ìå êáé ÷ùñßò ñçãìÜôùóç.
ÓåéóìéêÞ äéÝãåñóç êáôÜ y.
Figure 11: Displacements and rotations at the stories� mass centers
for models No 1 and No 3 with/without cracked sections. Seismic
loading in y direction.

ôìÞìá ôïõ ðßíáêá 6, ðïõ áöïñÜ óôç äõíáìéêÞ öáóìáôéêÞ
áíÜëõóç êáôÜ y, öáßíåôáé ç ó÷åôéêÜ êáëÞ ðñïóÝããéóç äéá-
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Ðßí. 4: Éäéïðåñßïäïé ôáëÜíôùóçò Ôi ôùí ðñïóïìïéùìÜôùí Íï 1 Ýùò Íï 7 ôïõ êôéñßïõ ÷ùñßò ñçãìÜôùóç.
Table 4: Natural periods of vibration Ti for models No 1 - No 7, assuming uncracked sections.

Ðßí. 5: Éäéïðåñßïäïé ôáëÜíôùóçò ôùí ðñïóïìïéùìÜôùí Íï 1 êáé Íï 3 ôïõ êôéñßïõ ìå ñçãìÜôùóç.
Table 5: Natural periods of models No 1 and No 3, assuming cracked sections.

Ðßí. 6: ÅíôáôéêÜ ìåãÝèç Ì, Q, N óôç óôÜèìç 0.00m ãéá ôï óôýëï Ó1, ôçí ðëÜôç Ô2 êáé ôçí ðôÝñõãá Ô3 ôïõ ðõñÞíá, êáé ñïðÝò ãéá ôç äïêü Ä4
ôïõ 1ïõ ïñüöïõ ãéá ôá ðñïóïìïéþìáôá Íï 1 êáé Íï 3 ôïõ êôéñßïõ. ÓåéóìéêÞ äéÝãåñóç êáôÜ y.

Table 6: Stresses M, Q, N at level 0.00m in column Ó1 and flanges T2 and T3 of the core and bending moments in beam Ä4 on the 1st floor
for models No 1 and No 3. Seismic loading in y direction.



öüñùí åíôáôéêþí ìåãåèþí, åíþ óôï ó÷Þìá 12 åßíáé åìöáíÞò
ç éêáíïðïéçôéêÞ áðüäïóç ôùí öáóìáôéêþí ôéìþí ôùí
ñïðþí, ôåìíïõóþí êáé áîïíéêþí äõíÜìåùí ôïõ õðïóôõëþ-
ìáôïò Ó3 êáè� üëï ôï ýøïò ôïõ êôéñßïõ. Ôï ãåíéêþò ìéêñü
ìÝãåèïò ôùí áðïêëßóåùí ôïõ ìïíôÝëïõ Íï 3, êáé ðÜíôùò
ìéêñüôåñï óôçí ðåñßðôùóç ôçò äõíáìéêÞò áíÜëõóçò Ýíáíôé
ôçò óôáôéêÞò, ôåêìçñéþíåôáé êáé óôïí ðßíáêá 7 õðü ôç
ìïñöÞ ôùí ïìáäïðïéçìÝíùí åõêëåßäåéùí nïrm.
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Ðßí. 7: Ðïóïóôéáßåò áðïêëßóåéò õðï ìïñöÞ ïìáäïðïéçìÝíùí åõêëåßäéùí norm ôïõ ðñïóïìïéþìáôïò Íï 3 Ýíáíôé ôïõ ðñïóïìïéþìáôïò Íï 1
ôïõ êôéñßïõ ìå êáé ÷ùñßò ñçãìÜôùóç - ÓåéóìéêÞ äéÝãåñóç êáôÜ y.

Table 7: Percentage divergencies of model No 3 from model No 1 in the form of grouped euclidean norms with/without cracked sections.
Seismic loading in y direction.

Ó÷Þìá 12: ÄéáãñÜììáôá Mx, Qy, N ôïõ óôýëïõ Ó3 ãéá ôá ðñïóïìïéþ-
ìáôá Íï 1 êáé Íï 3 ôïõ êôéñßïõ ìå êáé ÷ùñßò ñçãìÜôùóç. ÓåéóìéêÞ
äéÝãåñóç êáôÜ y.
Figure 12: Mx, Qy, N diagrams for column Ó3 for models No 1 and
No 3, assuming cracked and uncracked sections. Seismic loading in
y direction.

Óôï óçìåßï áõôü ðñÝðåé íá óçìåéùèåß ç áäõíáìßá
óýãêñéóçò ôùí åíôáôéêþí ìåãåèþí ôïõ ðõñÞíá óôçí ðåñß-
ðôùóç äõíáìéêÞò öáóìáôéêÞò áíÜëõóçò. Äéüôé, ãéá íá ãßíåé
óýãêñéóç, áðáéôåßôáé ðñïçãïõìÝíùò ï õðïëïãéóìüò ôùí
óõíéóôáìÝíùí ìåãåèþí äéáôïìÞò ôïõ ðõñÞíá (Þ ôùí åðéìÝ-
ñïõò óêåëþí ôïõ) áðü ôéò ôÜóåéò ôùí ðåðåñáóìÝíùí óôïé÷åß-
ùí. ÁõôÝò åßíáé, üìùò, öáóìáôéêÝò, ìç ôáõôü÷ñïíåò ôÜóåéò
êáé äåí ìðïñïýí íá óõíôåèïýí ãéá íá äþóïõí óõíéóôÜìåíåò
ñïðÝò, ôÝìíïõóåò êáé áîïíéêÝò äõíÜìåéò äéáôïìÞò.

Óçìåéþíåôáé åäþ üôé, üðùò Ý÷åé äéáðéóôùèåß êáé óå ðñïç-
ãïýìåíåò ìåëÝôåò [11-13], óôéò äõíáìéêÝò öáóìáôéêÝò áíá-
ëýóåéò ôï ìÝóï åðßðåäï áðïêëßóåùí ôùí áðïôåëåóìÜôùí
áíáìÝíåôáé êáôÜ êáíüíá, ü÷é üìùò êáé óå êÜèå ðåñßðôùóç,
÷áìçëüôåñï áðü åêåßíï ôùí êáèáñÜ óôáôéêþí áíáëýóåùí.
Áõôü áðïäßäåôáé êáôÜ êýñéï ëüãï óôï ãåãïíüò üôé ç ìáæéêÞ
(áäñáíåéáêÞ) ðñïóïìïßùóç (äéáêñéôïðïßçóç) êôéñéáêþí
öïñÝùí åßíáé êáôÜ êáíüíá áêñéâÝóôåñç ôçò åëáóôéêÞò, ìåé-
þíïíôáò Ýôóé ôï ìÝóï üñï ôùí åìöáíéæüìåíùí áðïêëßóåùí.

5. ÓÕÌÐÅÑÁÓÌÁÔÁ

Áðü ôç óõãêñéôéêÞ áîéïëüãçóç ôùí äéáöüñùí ðñïóïìïéù-
ìÜôùí, üôáí áõôÜ ÷ñçóéìïðïéïýíôáé óå éóïäýíáìåò óôáôéêÝò
áíáëýóåéò, ðñïÝêõøå üôé ôï "êëáóéêü" ãñáììéêü éóïäýíáìï
ðëáéóéáêü ðñïóïìïßùìá Íï 3 åßíáé ãåíéêþò ôï ðëÝïí éêáíï-
ðïéçôéêü üóïí áöïñÜ óôçí áîéüðéóôç áðüäïóç ôüóï ôùí
ìåãåèþí ðáñáìüñöùóçò êáé ôùí éäéïðåñéüäùí ôáëÜíôùóçò
üóï êáé ôùí åíôáôéêþí ìåãåèþí äïêþí, óôýëùí áëëÜ êáé ôïõ
ðõñÞíá.

Ó÷åôéêÜ ìå ôçí áðïôåëåóìáôéêüôçôá ôïõ êëáóéêïý
ìïíôÝëïõ Íï 3, üôáí áõôü ÷ñçóéìïðïéåßôáé óå äõíáìéêÝò
öáóìáôéêÝò áíáëýóåéò Ýíáíôé ôïõ åðéöáíåéáêïý ìïíôÝëïõ
Íï 1 ôùí ðåðåñáóìÝíùí óôïé÷åßùí, ìðïñåß íá åéðùèåß üôé ôï
ìïíôÝëï Íï 3 áðïäßäåé ìå ðáñüìïéá Þ êáé êáëýôåñç (áðü ü,ôé
óôéò óôáôéêÝò áíáëýóåéò) ðñïóÝããéóç ôéò ìåôáêéíÞóåéò ôùí
ïñüöùí êáèþò êáé ôá åíôáôéêÜ ìåãÝèç äïêþí êáé óôýëùí
ôïõ öïñÝá, åíþ ãéá ôïí ðõñÞíá ç áîéïëüãçóç ôçò áîéïðé-
óôßáò ôïõ ðñïóêñïýåé óå åããåíåßò äõóêïëßåò êáé ðáñáìÝíåé
ðñïò ôï ðáñüí áðñïóäéüñéóôç. 



Óå êÜèå ðåñßðôùóç ðÜíôùò, ç óõãêñéôéêÜ ìåãáëýôåñç
êáôÜ êáíüíá áîéïðéóôßá ôïõ "êëáóéêïý" éóïäýíáìïõ ðëáé-
óéáêïý ðñïóïìïéþìáôïò Íï 3 äåí ðñÝðåé íá áìâëýíåé ôçí
ðñïóï÷Þ ôïõ ìåëåôçôÞ, äåäïìÝíïõ üôé ãéá ìåìïíùìÝíá ìåãÝ-
èç áðüêñéóçò åðéìÝñïõò äïìéêþí óôïé÷åßùí ïé áðïêëßóåéò
åíäÝ÷åôáé íá îåðåñÜóïõí êÜèå áíåêôü üñéï. 
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Abstract
This paper aims to provide a well founded presentation of genera-
lized conclusions concerning the reliability and accuracy of simpli-
fied models of R/C building cores when using equivalent frame and
panel element modeling techniques. The numerical analyses and
conclusions are based on the two main methods dictated by modern
seismic design codes: the equivalent static method and the response
spectrum method. All assumptions utilized throughout the paper are
in complete agreement with the provisions of the new Greek seismic
code. The corresponding finite shell element solutions serve as the
basis for comparison.

1. INTRODUCTION

An important source of potential uncertainties in the
analysis of multistorey buildings is the way R/C building
cores modeled. In practice, R/C building cores usually sur-
round and/or elevators and are in general desirable as 
earthquake-resistant structural elements due to their signifi-
cant contribution of flexural and torsional stiffness to the load
bearing system as a whole. The most reliable computational
modeling technique of R/C cores consists in their dense discre-
tization with finite shell elements including all six degrees of
freedom at each node. The level of discretization depends on
the particular case and on the accuracy needed. However, the
use of the Finite Element Method in the analysis of the con-
ventional structures in everyday practice is not only uneco-
nomical, but also leads to unharmonic accuracy due to
numerous other simplifying gross assumptions. For these
reasons, simplified models, such as panel elements and
equivalent frame models, were introduced and have become
widely accepted analytical tools [1-3]. In particular, the
equivalent frame models are used extensively, mainly
because they are integrated in various professional structural
analysis computer programs used by the industry and by indi-
vidual engineers worldwide.

However, a few years after the first applications of the
equivalent frame models, it was realized that there were

intrinsic defisiencies related to the particular modeling techni-
que [4-6]. In several papers a series of sources of deficiencies
related to the use of the particular models were identified and
ways of addressing these deficiencies were also presented 
[7-15]. Most of these publications dealt with spesific types of
equivalent frame models and referred mainly to cases with
static loading only.

The present paper deals with the widely used open U-section
core. The paper�s objective is to present well documented
generalized conclusions concerning the reliability and
accuracy of several simplified equivalent frame models, as
well as of panel element models, of R/C cores of multistorey
buildings within the framework of both static and dynamic
analysis. For this purpose, a simple yet realistic structural
system is used. The comparisons include already known
models, as well as some additional, newly developed frame
models for the open U-section core. The numerical analyses
employed make use of both methods required by the new
Greek seismic code, the equivalent static method and the
response spectrum method. All the assumptions deemed neces-
sary in the modeling process are in complete agreement with
the provisions of the new Greek seismic code.

2. STRUCTURAL SYSTEMS AND MODELING

A number of structural systems were analysed. Figure 1
shows the one which was chosen to be presented within the
framework of the present paper. In the models used the slab
contribution to the beam bending stiffness as well as the exi-
stence of the opening in the area of the R/C core are ignored.
The slabs were taken as in-plane rigid (diaphragm action).
For the frame elements (beams/columns) not only flexural
deformations were taken into account, but also axial, shear,
and torsional ones. The computer programs SAP90 [16] and
ETABS [17] were used for the analysis purposes. Finite shell
element models [18-19], with adequate dence discretization
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(fig. 2), served as a solution of reference and basis of com-
parison.

There were two fundamental rules employed in the mode-
ling of the equivalent frame models: a) each equivalent co-
lumn was given the section properties of the section that it is
intended to replace (e.g. core flange), and b) the connection
among the equivalent columns is modeled at the slab levels
with beams rigid in flexure but not in torsion. Figure 3 shows
in plan view the main characteristics of the five different
equivalent frame models of the R/C core, the effectiveness of
which has been addressed in the present paper.

Finally, figure 5 shows the discretized core model using
panel elements, the main advantage of which is that only one
element is required for any individual flange of the wall
between two successive stories.

3. CONCLUSIONS

The results of a comparative study of the various models,
when these were analysed with the equivalent static method,
indicated that the classical linear equivalent frame model
(model No 3) is in general the most effective one in provi
ding reliable results relating to stresses, deformations, and

natural periods of vibration, for both the line structural ele-
ments (columns and beams) and the R/C cores.

In point of the effectiveness of this classical frame model
compared to the finite element solution when the response
spectrum method is employed, it can be stated that model No 3
results in a similar or even better approximation (compared to
solutions when only static loading is applied) of the storey
displacements and the beam and column stresses. However,
the results of this model concerning stresses and defor-
mations of the R/C core itself exhibit intrinsic deficiencies
and for the time being its reliability remains uncertain, exept
in cases of low torsional stretching of the core.

In general, however, it is important to point out that the
fact of the comparatively better performance of the classical
equivalent frame model should not blunt the engineer�s atten-
tion, because for single response quantities of certain struc-
tural elements in a given building structure the model�s defi-
ciencies can possibly exceed any acceptable limit.
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