
Ðåñßëçøç
Ç áîéïðéóôßá áðëïðïéçìÝíùí ðñïóïìïéùìÜôùí ãéá ìïíïêõøåëéêïýò
ðõñÞíåò êáé êõñßùò ãéá áíïéêôïýò êáé çìéáíïéêôïýò ðõñÞíåò äéáôï-
ìÞò Ð Ý÷åé áðïôåëÝóåé áíôéêåßìåíï ðïëëþí åñåõíçôéêþí åñãáóéþí
óôï ðñüóöáôï ðáñåëèüí. Áíôßèåôá, ëßãåò ìüíïí áíáöïñÝò õðÜñ÷ïõí
äéåèíþò ó÷åôéêÜ ìå ôçí áðïôåëåóìáôéêüôçôá áíôßóôïé÷ùí ðñïóïìïéþ-
óåùí ãéá ðïëõêõøåëéêïýò ðõñÞíåò ðïëõùñüöùí êôéñßùí Ï/Ó. Óôçí
ðáñïýóá åñãáóßá áîéïëïãåßôáé êáé ó÷ïëéÜæåôáé ç áîéïðéóôßá äéáöü-
ñùí áðëïðïéçìÝíùí ìïíôÝëùí ãéá ôïõò óõ÷íÜ ÷ñçóéìïðïéïýìåíïõò
óôçí ðñÜîç áíïéêôïýò äéêõøåëéêïýò ðõñÞíåò. Ðñïóïìïéþìáôá áðï-
ôåëïýìåíá á) áðü åíáëëáêôéêÝò äéáôÜîåéò éóïäýíáìùí óôýëùí, â)
áðü ìáêñïåðéöáíåéáêÜ óôïé÷åßá êáé ã) áðü ðåðåñáóìÝíá óôïé÷åßá
êåëýöïõò ìå Ýíá óôïé÷åßï áíÜ óêÝëïò êáé üñïöï óõãêñßíïíôáé ìåôá-
îý ôïõò êáé ìå ôçí ïéïíåß áêñéâÞ ëýóç. Ùò ôÝôïéá ëáìâÜíåôáé åäþ ç
ëýóç ðïõ ðñïêýðôåé áðü ôçí ðñïóïìïßùóç ôùí ðõñÞíùí ìå Ýíáí
åðáñêþò ðõêíü êÜíáâï åðéöáíåéáêþí ðåðåñáóìÝíùí óôïé÷åßùí
êåëýöïõò. Ôá óõìðåñÜóìáôá ðïõ ðñïêýðôïõí áíáöÝñïíôáé ôüóï óå
éóïäýíáìåò óôáôéêÝò üóï êáé óå äõíáìéêÝò öáóìáôéêÝò áíáëýóåéò,
åíþ ïé åðß ìÝñïõò ðáñáäï÷Ýò ôùí áñéèìçôéêþí äéåñåõíÞóåùí åßíáé
óõìâáôÝò ìå ôéò äéáôÜîåéò ôïõ éó÷ýïíôïò Åëëçíéêïý Aíôéóåéóìéêïý
Êáíïíéóìïý.

1. ÅÉÓÁÃÙÃÇ
1.1. Ðñïóïìïßùóç óõíÞèùí êôéñéáêþí êáôáóêåõþí Ï/Ó

Ç äéåßóäõóç ôçò ìåèüäïõ ôùí ðåðåñáóìÝíùí óôïé÷åßùí
óå üëá ó÷åäüí ôá åðß ìÝñïõò ðåäßá õðïëïãéóìïý ôùí êáôá-
óêåõþí äåí ìðüñåóå áêüìç íá åêôïðßóåé áðü ôçí êáèçìåñé-
íÞ ðñÜîç äéÜöïñåò áðëïðïéçìÝíåò ìåèüäïõò ðñïóïìïßùóçò
êáé áíÜëõóçò. Ïé ìÝèïäïé áõôÝò åßíáé âÝâáéá ìéêñüôåñçò
áêñßâåéáò, êáëýðôïõí üìùò êáôÜ êáíüíá ôéò áðáéôÞóåéò
áîéïðéóôßáò ãéá ìåëÝôåò óõìâáôéêþí êáôáóêåõþí áðü ïðëé-
óìÝíï óêõñüäåìá. ¢ëëùóôå, ç åöáñìïãÞ ôçò ìåèüäïõ ôùí
åðéöáíåéáêþí ðåðåñáóìÝíùí óôïé÷åßùí ìå ôç âïÞèåéá ôïõ
äéáôéèÝìåíïõ óÞìåñá åðáããåëìáôéêïý ëïãéóìéêïý äåí áðáë-
ëÜóóåé äõóôõ÷þò áêüìç ôï ìåëåôçôÞ áðü ÷ñïíïâüñåò äéáäé-
êáóßåò åéóáãùãÞò ôùí äåäïìÝíùí êáé êõñßùò ìåôåðåîåñãá-
óßáò ôùí áðïôåëåóìÜôùí, üôáí ðñüêåéôáé ãéá ìåëÝôåò åöáñ-
ìïãÞò ðïõ ðñÝðåé íá éêáíïðïéïýí ôïõò éó÷ýïíôåò êáíïíé-
óìïýò. 

ÊáôÜ ôç óõíÞèç áðëïðïéçìÝíç ðñïóïìïßùóç ôïé÷ùìÜôùí
÷ñçóéìïðïéïýíôáé êáôÜ êáíüíá ãñáììéêÜ ðñïóïìïéþìáôá

(éóïäýíáìá ðëáéóéáêÜ ìïíôÝëá) êáé ìïíôÝëá ìáêñïåðéöá-
íåéáêþí óôïé÷åßùí, êáèþò åðßóçò óå ïñéóìÝíåò ðåñéðôþóåéò
êáé ìïíôÝëá ìå Ýíá ðåðåñáóìÝíï óôïé÷åßï êåëýöïõò áíÜ
óêÝëïò ôïé÷þìáôïò êáé üñïöï. H åðéôõ÷Þò åöáñìïãÞ êõñßùò
ôïõ éóïäõíÜìïõ ðëáéóéáêïý ìïíôÝëïõ óå åðßðåäïõò ìéêôïýò
öïñåßò ðëáéóßùí-ôïé÷ßùí áðïôÝëåóå éó÷õñü êßíçôñï ãéá ôçí
åõñåßá äéÜäïóç ôçò áðëïðïéçìÝíçò áõôÞò ãñáììéêÞò ðñïóï-
ìïßùóçò [1-3]. H áðëüôçôá ôïõ ìïíôÝëïõ, ìå ôç âïÞèåéá ôïõ
ïðïßïõ ç áíÜëõóç ôïé÷ùìÜôùí ìðïñïýóå íá ãßíåé óôïí çëå-
êôñïíéêü õðïëïãéóôÞ ìå êïéíÜ ðñïãñÜììáôá åðéðÝäùí ðëáé-
óßùí, þèçóå ìå áõôïíüçôï ó÷åäüí ôñüðï óôçí åðÝêôáóç ôçò
åöáñìïãÞò ôïõ êáé óå óýíèåôá ôïé÷þìáôá ôïõ ÷þñïõ (ðõñÞ-
íåò) êáôÜ ôç ÷ùñéêÞ áíÜëõóç ðïëõùñüöùí êôéñßùí. Äåí
Üñãçóå, üìùò, êáé ç äéáðßóôùóç äéáöüñùí áäõíáìéþí ôÞò åí
ëüãù ðñïóïìïßùóçò ðõñÞíùí. Méá óåéñÜ ó÷åôéêþí äéåñåõ-
íÞóåùí Ýäåéîå üôé ç åöáñìïãÞ ôïõ ìïíôÝëïõ óå áíïéêôïýò,
çìéáíïéêôïýò êáé êëåéóôïýò ðõñÞíåò õðü Ýíôïíç óôñåðôéêÞ
êáôáðüíçóç ïäçãåß óå áíáêñéâÞ Ýùò êáé áðáñÜäåêôá áðïôå-
ëÝóìáôá [4-6], êáé üôé áêüìç êáé óå åðßðåäïõò öïñåßò ìå ìç
êáíïíéêÞò ìïñöÞò ôïé÷þìáôá [7] ôá áðïôåëÝóìáôá áðïêëß-
íïõí óçìáíôéêÜ áðü ôçí ïñèÞ ëýóç. Aò óçìåéùèåß üôé ç éóï-
äýíáìç ðëáéóéáêÞ ðñïóïìïßùóç åíüò ðõñÞíá äåí åßíáé
ìïíïóÞìáíôç êáé óå åîÜñôçóç áðü ïñéóìÝíåò áðáñáßôçôåò
ðáñáäï÷Ýò ìðïñåß íá ïäçãÞóåé óå äéáöïñåôéêÜ ðñïóïìïéþ-
ìáôá. Ïé äéáöïñÝò ôùí ðéèáíþí ðñïóïìïéùìÜôùí áöïñïýí
óôï äéáöïñåôéêü áñéèìü ôùí ÷ñçóéìïðïéïýìåíùí éóïäýíá-
ìùí óôýëùí, óôéò äéáöïñåôéêÝò èÝóåéò ôïõò óôç äéáôïìÞ ôïõ
ðõñÞíá êáé óôéò äéáöïñåôéêÝò éäéüôçôåò ôüóï ôùí éóïäýíá-
ìùí óôýëùí üóï êáé ôùí âïçèçôéêþí äïêþí (Üêáìðôùí âñá-
÷éüíùí) ðïõ ôïõò äéáóõíäÝïõí óôéò óôÜèìåò ôùí ïñüöùí. Ç
áîéïðéóôßá êáé ç áðïôåëåóìáôéêüôçôá ðïëëþí âáóéêþí éóï-
äýíáìùí ðñïóïìïéùìÜôùí ðõñÞíùí, êõñßùò ìïñöÞò Ð,
Ý÷ïõí äéåñåõíçèåß åêôåíþò óôï ðáñåëèüí [8-11].

1.2. Aíôéêåßìåíï ôçò åñãáóßáò

Óôïõò óýíèåôïõò ðõñÞíåò ìå äýï Þ êáé ðåñéóóüôåñåò
êõøÝëåò, ôï ðñüâëçìá ôçò åðéëïãÞò ìåôáîý ðåñéóóïôÝñùí
ðáñáëëáãþí ãéá ôïí êáèïñéóìü åíüò áîéüðéóôïõ éóïäýíáìïõ
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ðëáéóéáêïý ìïíôÝëïõ ãßíåôáé áêüìç ðéï Ýíôïíï êáé ðåñßðëï-
êï. Ëüãù ôçò áóáöïýò äéÜêñéóçò ìåôáîý êïñìïý êáé ðåëìÜ-
ôùí êáé ôçò äõíáôüôçôáò ðïëëþí åíáëëáêôéêþí äéáôÜîåùí
ôùí éóïäýíáìùí óôýëùí ðñïêýðôåé ìåãÜëï ðëÞèïò äõíáôþí
ðáñáëëáãþí Üãíùóôçò êáô� áñ÷Üò áîéïðéóôßáò. EðéðëÝïí,
áõîÜíåé ç ðéèáíüôçôá áäüêéìçò åðéëïãÞò ôùí ãåùìåôñéêþí
êáé åëáóôéêþí ÷áñáêôçñéóôéêþí ôùí éóïäýíáìùí óôýëùí
êáé âñá÷éüíùí ôïõ ðëáéóéáêïý ìïíôÝëïõ, ðïõ ìðïñåß íá ïäç-
ãÞóåé óå ðëÞñç áëëïßùóç ôçò ðñáãìáôéêÞò ÷ùñéêÞò óõìðå-
ñéöïñÜò ôïõ öïñÝá.

Aíôéêåßìåíï ôçò ðáñïýóáò åñãáóßáò áðïôåëåß ç óõóôç-
ìáôéêÞ äéåñåýíçóç ôçò áîéïðéóôßáò êáé áðïôåëåóìáôéêüôç-
ôáò áðëïðïéçìÝíùí ðñïóïìïéùìÜôùí ãéá ôï äéêõøåëéêü
ðõñÞíá áíïéêôÞò äéáôïìÞò, ï ïðïßïò ðïëý óõ÷íÜ ÷ñçóéìï-
ðïéåßôáé óôçí ðñÜîç ùò ðåñßâëçìá êëéìáêïóôáóßïõ êáé
áíåëêõóôÞñá. Äéåñåõíþíôáé ðñïóïìïéþìáôá áðïôåëïýìåíá:
á) áðü åíáëëáêôéêÝò äéáôÜîåéò éóïäýíáìùí óôýëùí, â) áðü
ìáêñïåðéöáíåéáêÜ óôïé÷åßá êáé ã) áðü ðåðåñáóìÝíá óôïé-
÷åßá êåëýöïõò ìå Ýíá ðëÞñåò óôïé÷åßï êåëýöïõò áíÜ óêÝëïò
êáé üñïöï. Ôá ðñïóïìïéþìáôá áõôÜ óõãêñßíïíôáé ìåôáîý
ôïõò êáé ìå ôçí ïéïíåß áêñéâÞ ëýóç. Ùò ôÝôïéá ëáìâÜíåôáé
åäþ ç ëýóç ðïõ ðñïêýðôåé áðü ôçí ðñïóïìïßùóç ôùí ðõñÞ-
íùí ìå Ýíáí åðáñêþò ðõêíü êÜíáâï êáôáëëÞëùò äéáôåôáã-
ìÝíùí åðéöáíåéáêþí ðåðåñáóìÝíùí óôïé÷åßùí êåëýöïõò. Ôá
óõìðåñÜóìáôá ðïõ ðñïêýðôïõí áíáöÝñïíôáé ôüóï óå éóïäý-
íáìåò óôáôéêÝò üóï êáé óå äõíáìéêÝò öáóìáôéêÝò áíáëýóåéò,
åíþ ïé åðß ìÝñïõò ðáñáäï÷Ýò ôùí áñéèìçôéêþí äéåñåõíÞóåùí
åßíáé óõìâáôÝò ìå ôéò äéáôÜîåéò ôïõ éó÷ýïíôïò Åëëçíéêïý
Aíôéóåéóìéêïý Káíïíéóìïý.

Èá ðñÝðåé åäþ íá ôïíéóèåß üôé ïé äéåñåõíÞóåéò ôçò áðïôå-
ëåóìáôéêüôçôáò áðëïðïéçìÝíùí ðñïóïìïéùìÜôùí ðõñÞíùí
ãßíïíôáí óôï ðáñåëèüí, êáôÜ êáíüíá, ìå âÜóç ôç óýãêñéóç
ôùí ìåãåèþí Ýíôáóçò áíÜ óêÝëïò ôïõ ðõñÞíá. Ï óõíÞèçò
áõôüò ôñüðïò áðïôßìçóçò ôçò áîéïðéóôßáò ôùí ìïíôÝëùí
õðáãïñåõüôáí áðü ôï ãåãïíüò üôé ç äéáóôáóéïëüãçóç (õðï-
ëïãéóìüò ïðëéóìþí êáé Ýëåã÷ïé äéáôïìÞò), ðïõ áêïëïõèïýóå
ôçí áíÜëõóç, ãéíüôáí ìå ôç âïÞèåéá ðñïãñáììÜôùí ðïõ
ßó÷õáí ãéá ïñèïãùíéêÝò äéáôïìÝò. ÓÞìåñá äéáôßèåíôáé êáé
÷ñçóéìïðïéïýíôáé ðëÝïí óôçí ðñÜîç äïêéìáóìÝíá ðñïãñÜì-
ìáôá äéáóôáóéïëüãçóçò äéáôïìþí ôõ÷ïýóáò ãåùìåôñßáò.
¸ôóé, ðáýåé íá õößóôáôáé ç áíáãêáéüôçôá óõãêñßóåùí áíÜ
óêÝëïò êáé ï Ýëåã÷ïò áðïôåëåóìáôéêüôçôáò ôùí ìïíôÝëùí
ìðïñåß íá ãßíåé óõãêñßíïíôáò óõíïëéêÜ åíôáôéêÜ ìåãÝèç ôçò
óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá. Ç ìåôáöïñÜ ôùí óõãêñßóåùí
áðü ôï óêÝëïò óôç óýíèåôç äéáôïìÞ ìåéþíåé, üðùò êáé
ðáëáéüôåñá óçìåéþèçêå [12, 13], ôéò äéáðéóôïýìåíåò áðïêëß-
óåéò ôùí áðëïðïéçìÝíùí ìïíôÝëùí Ýíáíôé ôùí áêñéâþí
ëýóåùí, êÜíïíôÜò ôá Ýôóé ðåñéóóüôåñï áðïäåêôÜ óôç óõíÞ-
èç êáèçìåñéíÞ ðñÜîç.

2. ÖOPEÉÓ, ÅÉÄÏÓ ÖÏÑÔÉÓÇÓ ÊÁÉ
ÐÁÑÏÕÓÉÁÓÇ ÐÑÏÓÏÌÏÉÙÌÁÔÙÍ

2.1. ÂáóéêÝò ðáñáäï÷Ýò ðñïóïìïßùóçò åðéëåãÝíôùí
öïñÝùí

Eðéóçìáßíåôáé üôé ïé ìÝãéóôåò áðïêëßóåéò ôùí äéáöüñùí
áðëïðïéçìÝíùí ðñïóïìïéùìÜôùí ðõñÞíùí äéáðéóôþíïíôáé
êáôÜ ôç äéåñåýíçóç ìåìïíùìÝíùí ðõñÞíùí. Óôçí ðñÜîç,
üìùò, ïé ðõñÞíåò ðåñéâÜëëïíôáé êáôÜ êáíüíá áðü ôïí õðü-
ëïéðï ðëáéóéáêü óêåëåôü ôïõ êôéñßïõ, ìå ôïí ïðïßï óõíäÝï-
íôáé ìÝóù äïêþí êáé ðëáêþí. Ç óýæåõîç áõôÞ óõíåðÜãåôáé
ãåíéêÜ ìéêñüôåñåò ôåëéêÝò áðïêëßóåéò ôùí áðïôåëåóìÜôùí,
ðïõ åßíáé êáé áõôÝò ðïõ åíäéáöÝñïõí åí êáôáêëåßäé óôçí
ðñÜîç. Ðñïò óýãêñéóç ôùí ôåëéêþí áðïôåëåóìÜôùí ôùí
óõæåõãìÝíùí áðü ôïõò ìåìïíùìÝíïõò ðõñÞíåò ðáñïõóéÜæï-
íôáé áðïôåëÝóìáôá ðïõ áöïñïýí êáô� áñ÷Üò ìåìïíùìÝíïõò
ðõñÞíåò áëëÜ êáé ðõñÞíåò åíóùìáôùìÝíïõò óå êôéñéáêü
öïñÝá. 

Óôï ðëáßóéï ôçò ðáñïýóáò åñãáóßáò åðéëÝ÷èçêáí ãéá
ðáñïõóßáóç ï äéêõøåëéêüò ðõñÞíáò ôïõ ó÷Þìáôïò 1 êáé ôï
10-þñïöï êôßñéï ôïõ ó÷Þìáôïò 2. 

Ï ìåìïíùìÝíïò ðõñÞíáò åßíáé 10-þñïöïò, ðëÞñùò
ðáêôùìÝíïò óôç âÜóç ôïõ ìå ýøïò 1ïõ ïñüöïõ 5m, åíþ ïé
õðüëïéðïé üñïöïé Ý÷ïõí ýøïò 3m. KáôÜ ôç óôáôéêÞ áíÜëõ-
óç, ç åðßëõóç Ýãéíå ëáìâÜíïíôáò äýï ßóåò êáé áíôßèåôåò
äõíÜìåéò óôá Üêñá ôçò êïñõöÞò ôïõ ðõñÞíá ìå ôéìÞ êÜèå
äýíáìçò ßóçò ìå 300 KN. Ãéá ôç öáóìáôéêÞ áíÜëõóç ÷ñçóé-
ìïðïéÞèçêå ôï öÜóìá ó÷åäéáóìïý ôïõ NEAK ìå ôá åîÞò
óôïé÷åßá: Ýäáöïò A, æþíç II (A=0.16g), óõíôåëåóôÞò óðïõ-
äáéüôçôáò ã=1, óõíôåëåóôÞò èåìåëßùóçò è=1, áðüóâåóç
æ=5% êáé óõíôåëåóôÞò óåéóìéêÞò óõìðåñéöïñÜò q=3. H óåé-
óìéêÞ äéÝãåñóç èåùñÞèçêå üôé åíåñãåß êáôÜ ôç äéåýèõíóç x,
åíþ ç ìÜæá ôïõ ðõñÞíá óõãêåíôñþèçêå óôç óôÜèìç êÜèå
ïñüöïõ êáé ôïðïèåôÞèçêå óå áðüóôáóç 5m áðü ôï êÝíôñï
âÜñïõò ôùí ìïíôÝëùí ìå ôéìÞ m=100KNsec2/m. H åóêåììÝ-
íùò åäþ Ýêêåíôñç ôïðïèÝôçóç ôçò ìÜæáò ôïõ ðõñÞíá åêëÝ-
ãåôáé ãéá ìßá ñåáëéóôéêïý ýøïõò ðñïóÝããéóç ôçò óôñïöéêÞò,
ðåñß êáôáêüñõöï Üîïíá, êáôáðüíçóçò ôïõ öïñÝá.

Ôï 10-þñïöï êôßñéï äåí äéáèÝôåé ôçí ðïëõðëïêüôçôá
ðñáãìáôéêþí êôéñßùí, ç ïðïßá åíäå÷ïìÝíùò èá êáèéóôïýóå
äõó÷åñÞ ôçí åîáãùãÞ óáöþí óõìðåñáóìÜôùí, Ý÷åé üìùò
âáóéêÜ ÷áñáêôçñéóôéêÜ ôõðéêþí ðïëõþñïöùí êáôáóêåõþí
Ï/Ó. Ç Ýêêåíôñç ôïðïèÝôçóç ôïõ áíïéêôïý äéêõøåëéêïý
ðõñÞíá óôï Üíù áñéóôåñü Üêñï ôçò êÜôïøçò ðñÝðåé âÝâáéá
íá áðïöåýãåôáé óå ðñáãìáôéêÝò êáôáóêåõÝò.

Åäþ, üìùò, åðéëÝãåôáé åóêåììÝíùò ãéá ôïõò óêïðïýò ôçò
åñãáóßáò, ðñïêåéìÝíïõ íá åíôïðéóèïýí ïé ìÝãéóôåò äõíáôÝò
áðïêëßóåéò ôùí ðñïóïìïéùìÜôùí ôïõ ðõñÞíá. Äéüôé, üðùò
Ý÷åé ôåêìçñéùèåß óå ðñïãåíÝóôåñåò åñãáóßåò [9, 13], ïé áðï-
êëßóåéò ãßíïíôáé ìåãáëýôåñåò, üôáí ïé ðõñÞíåò, ëüãù ôçò
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áóõììåôñßáò ôïõ êôéñßïõ óå êÜôïøç, õößóôáíôáé Ýíôïíåò
óôñåðôéêÝò êáôáðïíÞóåéò. 

Ãéá ôçí ðñïóïìïßùóç ôïõ êôéñßïõ: (á) ïé ðëÜêåò èåùñÞ-
èçêáí ùò áðáñáìüñöùôåò åíôüò ôïõ åðéðÝäïõ ôïõò, (â) ç
óõíåéóöïñÜ ôùí ðëáêþí óôéò äõóêáìøßåò ôùí äïêþí åëÞ-
öèç õðüøç ìå óõíåñãáæüìåíá ðëÜôç 1.25m ãéá ôéò åóùôåñé-
êÝò äïêïýò êáé 0.75m ãéá ôéò ðåñéìåôñéêÝò äïêïýò, (ã) åêôüò
ôùí êáìðôéêþí åëÞöèçóáí õðüøç êáé ïé áîïíéêÝò, äéáôìçôé-
êÝò êáé óôñåðôéêÝò ðáñáìïñöþóåéò ôùí ãñáììéêþí óôïé÷åßùí,
(ä) ìéêñÝò åêêåíôñüôçôåò Ýäñáóçò ôùí äïêþí åðß ôùí óôý-
ëùí èåùñÞèçêáí áìåëçôÝåò êáé (å) ôá óåéóìéêÜ öïñôßá
åöáñìüóèçêáí óôï êÝíôñï ìÜæáò ôçò êÜôïøçò, ÷ùñßò íá
ëáìâÜíïíôáé õðüøç ïðÝò êáé ôõ÷çìáôéêÝò Þ Üëëåò åêêåíôñü-
ôçôåò.

Ôá óåéóìéêÜ öïñôßá õðïëïãéóìïý õðïëïãßóèçêáí ìå
âÜóç ôéò áóýæåõêôåò éäéïðåñéüäïõò ôïõ öïñÝá êáé óýìöùíá
ìå ôï öÜóìá ó÷åäéáóìïý ôïõ Í.Å.Á.Ê., åíþ ç êáè� ýøïò
êáôáíïìÞ ôïõò Ýãéíå âÜóåé ôçò ó÷Ýóçò (3.7) ôïõ ßäéïõ êáíï-
íéóìïý. ¼ðùò öáßíåôáé áðü ôïí ðßíáêá 1, ôá éóïäýíáìá óôá-
ôéêÜ öïñôßá äåí åßíáé áêñéâþò ôá ßäéá ãéá üëá ôá ìïíôÝëá,
áëëÜ äéáöïñïðïéïýíôáé åëáöñþò ëüãù ôçò äéáöïñåôéêÞò
èåìåëéþäïõò éäéïðåñéüäïõ êÜèå ðñïóïìïéþìáôïò.

ÊáôÜ ôçí åëáóôéêÞ áíÜëõóç, ç ðáñáäï÷Þ ôçò èåþñçóçò
÷ùñßò ìåßùóç ôùí äõóêáìøéþí ôïõ óôáäßïõ É áíôéâáßíåé ôéò
äéáôÜîåéò ôïõ Í.Å.Á.Ê. (ðáñ. 3.2.3.), êñßèçêå üìùò óêüðéìç,
äéüôé åîõðçñåôåß åí ðñïêåéìÝíù ü÷é óôç äéáóôáóéïëüãçóç
ôùí öïñÝùí áëëÜ óôç ìåëÝôç ôçò áðüêñéóçò õðü ïñéæüíôéá
óôáôéêÞ êáé äõíáìéêÞ óåéóìéêÞ öüñôéóç. 

Oé åðéëýóåéò äéåíåñãÞèçêáí ìå ôç âïÞèåéá ôùí ðñïãñáì-
ìÜôùí SAP90 [14] êáé ETABS [15].

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

¼ðùò Þäç áíáöÝñèçêå, ùò âÜóç óýãêñéóçò êáé ëýóç
áíáöïñÜò èåùñÞèçêå ç ðñïóïìïßùóç ìå Ýíáí åðáñêþò
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Ó÷Þìá 1: KÜôïøç ôïõ äéåñåõíçèÝíôïò äéêõøåëéêïý ðõñÞíá.
Figure 1: Plane view of the investigated double honeycomb core.

Ó÷Þìá 2: 10-þñïöï êôßñéï:
Óôýëïé: üñïöïé 1ïò-4ïò 60/60, 5ïò-7ïò 50/50, 8ïò-10ïò 40/40.
Äïêïß: üñïöïé 1ïò 25/80, 2ïò-4ïò 25/70, 5ïò-10ïò 25/60.
Figure 2: 10-storey building: 
Columns: storeys 1st-4th 60/60, 5th-7th 50/50, 8th-10th 40/40.
Beams: storeys 1st 25/80, 2nd-4th 25/70, 5th-10sth 25/60.

ðõêíü êÜíáâï ôåôñÜêïìâùí åðéöáíåéáêþí ðåðåñáóìÝíùí
óôïé÷åßùí êåëýöïõò [18, 20]. Áðü ðñïêáôáñêôéêÝò åðéëýóåéò
êñßèçêå åðáñêÞò Ýíáò êÜíáâïò ìå óôïé÷åßá äéáóôÜóåùí
1.0m x 1.0m ãéá ôçí ðëÜôç êáé ôá óêÝëç ôïõ ðõñÞíá. 

EðéðëÝïí, ãéá ôçí õëïðïßçóç ôçò äéáöñáãìáôéêÞò ëåé-
ôïõñãßáò óå êÜèå óôÜèìç ïñüöïõ êáôÜ ìÞêïò ôùí óêåëþí
ôïõ ðõñÞíá ÷ñçóéìïðïéÞèçêáí âïçèçôéêÝò äïêßäåò ìå �Üðåé-
ñç� äõóêáìøßá, äõóôìçóßá êáé äõóôÝíåéá åíôüò ôïõ åðéðÝ-
äïõ x-y, åíþ ïé ßäéåò éäéüôçôåò óôá åðßðåäá x-z êáé y-z äüèç-
êáí ìçäåíéêÝò. Eðéóçìáßíåôáé üôé ãéá ôá áðïôåëÝóìáôá ôùí
åíôáôéêþí ìåãåèþí ôùí ìïíôÝëùí ìå åðéöáíåéáêÜ ðåðåñá-
óìÝíá óôïé÷åßá ÷ñçóéìïðïéïýíôáé ïé éóïññïðéáêþò éóïäýíá-
ìåò êïìâéêÝò äõíÜìåéò ôùí óôïé÷åßùí, ïé ïðïßåò õðïëïãßæï-
íôáé áðü ôï ÷ñçóéìïðïéçèÝí ðñüãñáììá SAP90, þóôå íá
êáôáóôåß äõíáôÞ ç óýãêñéóÞ ôïõò ìå ôá áðïëÝóìáôá ôùí
ãñáììéêþí ìïíôÝëùí (ñïðÝò, ôÝìíïõóåò, áîïíéêÝò äõíÜìåéò).
Oé óõíéóôáìÝíåò ôùí êïìâéêþí áõôþí äõíÜìåùí óôá åêÜ-
óôïôå óçìåßá ðïõ åíäéáöÝñïõí (áíÜëïãá ìå ôéò èÝóåéò ôùí
éóïäýíáìùí óôýëùí ôïõ ðëáéóéáêïý ìïíôÝëïõ üðïõ èá ãßíåé
ç óýãêñéóç) õðïëïãßæïíôáé âÜóåé ôùí ãíùóôþí êáíüíùí
óýíèåóçò äõíÜìåùí [12, 13].

2.3. Ðñïóïìïßùóç ðõñÞíá ìå éóïäýíáìá ðëáßóéá 
(ðñïóïìïéþìáôá Nï 2 Ýùò Nï 4)

Oé âáóéêïß êáíüíåò ìüñöùóçò éóïäýíáìùí ðëáéóéáêþí
ðñïóïìïéùìÜôùí ãéá ôïé÷þìáôá êáé ðõñÞíåò ðåñéãñÜöïíôáé



÷ßïíåò áõôïß äåí èá ðñÝðåé íá ðáñáêùëýïõí ôç óôñÝâëùóç
ôçò äéáôïìÞò ôïõ ðõñÞíá [17]. Áõôü åßíáé äõíáôüí íá ñõè-
ìéóèåß ìüíï óôçí ðåñßðôùóç ôïõ êëáóéêïý ìïíôÝëïõ Íï 2,
åíþ óôá ìïíôÝëá ôïõ åíüò éóïäýíáìïõ óôýëïõ (Íï 3 êáé Íï
4) ç äéáôïìÞ ðáñáìÝíåé åðßðåäç.

H óýãêñéóç ôùí áðïôåëåóìÜôùí ôùí åíôáôéêþí ìåãåèþí
M, Q, N ãßíåôáé ãéá ôïõò ëüãïõò ðïõ áíáöÝñèçêáí óôï ôÝëïò
ôçò ðáñáãñÜöïõ 1.2, ãéá ôá óõíïëéêÜ ìåãÝèç ôçò óýíèåôçò
äéáôïìÞò. Ôá M, Q, N ôùí éóïäýíáìùí óôýëùí ìåôáöÝñï-
íôáé, üðïõ áõôü ÷ñåéÜæåôáé (ìïíôÝëá Íï 2 êáé Íï 3), óôï
Ê.Â. ôçò äéáôïìÞò ôïõ ðõñÞíá óýìöùíá ìå ôïõò ãíùóôïýò
êáíüíåò áíÜëõóçò, óýíèåóçò êáé ìåôáöïñÜò äõíÜìåùí.

2.4. Ðñïóïìïßùóç ðõñÞíá ìå ìáêñïåðéöáíåéáêÜ óôïé÷åßá
(ðñïóïìïßùìá Nï 5)

H ðåñéãñáöÞ ôùí ìáêñïåðéöáíåéáêþí óôïé÷åßùí ðïõ
÷ñçóéìïðïéÞèçêáí äßíåôáé áíáëõôéêÜ óôéò åñãáóßåò [13] êáé
[15]. EðéðëÝïí, äßíåôáé Ýìöáóç êáé óôï ãåãïíüò ôçò áíá-
ãêáéüôçôáò õðïëïãéóôéêÞò èåþñçóçò ôçò äõóôñåøßáò ôçò
äéáôïìÞò ôùí ìåìïíùìÝíùí ðõñÞíùí, ç ïðïßá ìðïñåß íá
ðñïóäïèåß óôéò éäéüôçôåò ôùí áêñáßùí (âïçèçôéêþí-ðëá-
óìáôéêþí) óôýëùí ôïõ ðñïóïìïéþìáôïò ðïõ äéáèÝôïõí
ìçäåíéêÝò, êáôÜ ôá Üëëá, éäéüôçôåò.

2.5. Ðñïóïìïßùóç ðõñÞíá ìå Ýíá óôïé÷åßï êåëýöïõò 
áíÜ óêÝëïò êáé üñïöï (ðñïóïìïßùìá Nï 6)

Mßá åíáëëáêôéêÞ ëýóç, áíÜëïãç ôùí ìáêñïåðéöáíåéá-
êþí óôïé÷åßùí, áðïôåëåß ç áíôéêáôÜóôáóç ôïõ ìáêñïåðéöá-
íåéáêïý óôïé÷åßïõ áðü Ýíá êáíïíéêü (ðëÞñåò) ðåðåñáóìÝíï
óôïé÷åßï êåëýöïõò [14, 18, 20]. Ëüãù ôïõ óõíäõáóìïý ìåì-
âñÜíçò êáé ðëÜêáò ðïõ äéáèÝôåé, ëáìâÜíåé õðüøç êáé ôïõò
ôñåéò óôñïöéêïýò âáèìïýò åëåõèåñßáò êßíçóçò óôïõò êüì-
âïõò áðïäßäïíôáò Ýôóé áðïôåëåóìáôéêüôåñá ü÷é ìüíïí ôéò
êáìðôéêÝò ðáñáìïñöþóåéò áëëÜ êáé ôéò äýï óõóôñïöéêÝò
óõíéóôþóåò äõóêáìøßáò. Ãéá ôçí åðßôåõîç ôçò äéáöñáãìáôé-
êÞò ëåéôïõñãßáò óå êÜèå óôÜèìç ïñüöïõ ÷ñçóéìïðïéïýíôáé
âïçèçôéêÝò äïêßäåò áíÜ óêÝëïò êáé áíÜ óôïé÷åßï êåëýöïõò
ìå ôéò ßäéåò éäéüôçôåò, üðùò êáé óôï ðñïóïìïßùìá Ío 1.

3. ÓÕÃÊÑÉÓÇ ÔÙÍ ÐÑÏÓÏÌÏÉÙÌÁÔÙÍ
ÊÁÉ ÅÐÉËÅÊÔÉÊÇ ÐÁÑÏÕÓÉÁÓÇ 
ÁÐÏÔÅËÅÓÌÁÔÙÍ

3.1. EéóáãùãÞ

Áêïëïýèùò, ãßíåôáé ðñþôá ìßá åðéëåêôéêÞ ðáñïõóßáóç
ôùí áðïôåëåóìÜôùí ðïõ ðñïÝêõøáí áðü ôçí éóïäýíáìç
óôáôéêÞ áíÜëõóç ôïõ åðéëåãÝíôïò ìåìïíùìÝíïõ ðõñÞíá êáé
ôïõ êôéñßïõ. Ôá áðïôåëÝóìáôá áöïñïýí óå óôáôéêÜ ìåãÝèç
ðáñáìüñöùóçò êáé Ýíôáóçò êáèþò êáé éäéïðåñéüäïõò ôáëÜ-
íôùóçò. 
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Ðßíáêáò 1: Èåìåëéþäåéò áóýæåõêôåò éäéïðåñßïäïé ôáëÜíôùóçò ôùí
ðñïóïìïéùìÜôùí Íï 1 - Íï 6 êáé ôá áíôßóôïé÷á óåéóìéêÜ öïñôßá
ôïõò ãéá óåéóìéêÞ äéÝãåñóç êáôÜ x (a) êáé êáôÜ y (b).
Table 1: Foundamental uncoupled natural periods for models 
No1 - No 6 and correspondant seismic loadings in x direction (a)
and in y direction (b).

(a)

(b)

áíáëõôéêÜ óå äéÜöïñåò ðñïãåíÝóôåñåò åñãáóßåò [âë. ð.÷. 9,

16]. Óôï ó÷Þìá 3 áðåéêïíßæïíôáé óå êÜôïøç ôá ôñßá éóïäý-

íáìá ðëáéóéáêÜ ìïíôÝëá Íï 2 Ýùò Íï 4, ôùí ïðïßùí ç áðï-

ôåëåóìáôéêüôçôá äéåñåõíÞèçêå óôï ðëáßóéï ôçò ðáñïýóáò

åñãáóßáò. Ôï ìïíôÝëï Íï 2 ìðïñåß íá ÷áñáêôçñéóèåß ùò ôï

�êëáóéêü� ìïíôÝëï, åíþ ôá Üëëá äýï åðéëÝ÷èçêáí ëüãù ôïõ

ãåãïíüôïò üôé åßíáé åíóùìáôùìÝíá óå äéÜöïñá åðáããåëìáôé-

êÜ ðñïãñÜììáôá êáé ùò åê ôïýôïõ ç áîéïðéóôßá ôïõò åíäéá-

öÝñåé Üìåóá ôïõò ìåëåôçôÝò óôçí ðñÜîç. 

Õðåíèõìßæåôáé åäþ ï óçìáíôéêüò ñüëïò ôùí Üêáìðôùí

âñá÷éüíùí, ðïõ äéáóõíäÝïõí ôïõò éóïäýíáìïõò óôýëïõò óôéò

óôÜèìåò ôùí ïñüöùí, üóïí áöïñÜ óôçí ïñèÞ áðüäïóç ôçò

óôñåðôéêÞò óõìðåñéöïñÜò ôïõ ðõñÞíá. Ðñïò ôïýôï, ïé âñá-



H óýãêñéóç êáé ç áîéïëüãçóç ôùí ðñïóïìïéùìÜôùí
ðåñéëáìâÜíïõí ôá áðïôåëÝóìáôá ôçò åí ëüãù áíÜëõóçò ãéá
Ýíôïíç óôñåðôéêÞ êáôáðüíçóç ôïõ ìåìïíùìÝíïõ ðõñÞíá
êáèþò êáé ôá áðïôåëÝóìáôá ãéá óåéóìü êáôÜ x êáé êáôÜ y ãéá
üëá ôá ðñïóïìïéþìáôá (Nï 1 Ýùò Nï 6) ôïõ êôéñßïõ. 

Óôç óõíÝ÷åéá, ãéá ôïí ðåñáéôÝñù Ýëåã÷ï ôçò áîéïðéóôßáò
ôïõò ÷ñçóéìïðïéïýíôáé ôá áðïôåëÝóìáôá äõíáìéêþí öáóìá-
ôéêþí áíáëýóåùí. Ïé áíáëýóåéò áõôÝò äéåíåñãÞèçêáí ãéá
Ýêêåíôñç óåéóìéêÞ äéÝãåñóç êáôÜ x ôïõ ìåìïíùìÝíïõ ðõñÞ-
íá êáé ãéá ôáõôü÷ñïíç óåéóìéêÞ äéÝãåñóç êáôÜ x êáé y ôïõ
êôéñßïõ ìå ôï ßäéï öÜóìá ó÷åäéáóìïý óýìöùíá ìå ôï
Í.Å.Á.Ê. EðéðëÝïí, ç óýãêñéóç ðåñéëáìâÜíåé êáé äýï áìé-
ãþò ãñáììéêÜ óôïé÷åßá ôïõ êôéñéáêïý öïñÝá: ôï áêñáßï êáé

äéáìåôñéêÜ áíôßèåôï ôïõ ðõñÞíá õðïóôýëùìá Ó11 êáé ôç
óõæåõãìÝíç ìå ôïí ðõñÞíá äïêü Ä1.

Oé óõãêñßóåéò ôùí äéáöüñùí ìïíôÝëùí Ýãéíáí ìå âÜóç ôá
áðïôåëÝóìáôá ðïõ ðñïÝêõøáí áðü ôçí áíÜëõóç ôùí äéåñåõ-
íçèÝíôùí öïñÝùí ìå ìïíôÝëá åðéöáíåéáêþí ðåðåñáóìÝíùí
óôïé÷åßùí êåëýöïõò ìåãÜëçò áêñßâåéáò (ðñïóïìïßùìá Nï
1). Ðáñ� üëï ðïõ óôï ðëáßóéï ôçò ðáñïýóáò åñãáóßáò ðáñá-
ôßèåíôáé áðïôåëÝóìáôá êáé óõãêñßóåéò ðïõ áíáöÝñïíôáé
ìüíï óôï 10-þñïöï êôßñéï ôïõ ó÷Þìáôïò 2, åí ôïýôïéò, ôá
óõìðåñÜóìáôá ðïõ äéáôõðþíïíôáé ìðïñïýí íá èåùñçèïýí
ùò ãåíéêüôåñçò éó÷ýïò, äéüôé áö� åíüò âáóßæïíôáé óå Ýíá
ìåãÜëï áñéèìü äéåñåõíÞóåùí êáé Üëëùí öïñÝùí êáé áö� åôÝ-
ñïõ åðéâåâáéþíïõí ðáëáéüôåñá åðß ìÝñïõò óõìðåñÜóìáôá
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Ó÷Þìá 3: Ôá 3 äéåñåõíçèÝíôá éóïäýíáìá ðëáéóéáêÜ ðñïóïìïéþìáôá (ðñïóïìïéþìáôá Íï 2 Ýùò Íï 4).
Figure 3: The 3 investigated equivalent frame models (models No 2 - No 4).

Ó÷Þìá 4: Ðïóïóôéáßåò áðïêëßóåéò ôùí ìåôáêéíÞóåùí ôïõ Ê.Ì. óôïõò ïñüöïõò ôùí áíïéêôþí ðõñÞíùí ãéá ôá ðñïóïìïéþìáôá Íï 2 Ýùò Íï 6
Ýíáíôé ôïõ ðñïóïìïéþìáôïò Íï 1 - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Figure 4: Percentage divergencies of models No 2 - No 6 from model No 1 of displacements and rotations at the storeys� mass centers of
open core - Equivalent static analysis.



ðïõ äéáôõðþèçêáí óå ðñïãåíÝóôåñåò åñãáóßåò ôùí óõããñá-
öÝùí [5, 6, 9, 10, 13, 17, 19].

3.2. Ióïäýíáìç óôáôéêÞ áíÜëõóç
3.2.1. Óýãêñéóç ìåãåèþí ðáñáìüñöùóçò 

êáé éäéïôáëÜíôùóçò ìåìïíùìÝíïõ ðõñÞíá
3.2.1.1. Måôáôïðßóåéò êÝíôñùí ìÜæáò (âÜñïõò) ïñüöùí

(ó÷. 4)

Tá ðñïóïìïéþìáôá Nï 3 êáé Nï 4 ôïõ åíüò éóïäýíáìïõ
óôýëïõ óôï êÝíôñï äéÜôìçóçò êáé ôï êÝíôñï âÜñïõò, áíôß-
óôïé÷á, ðáñïõóéÜæïõí ðïëý ìåãÜëåò áðïêëßóåéò (âë. ó÷. 4).
AõôÝò ðñïöáíþò ðñïÝñ÷ïíôáé óå ìåãÜëï âáèìü áðü ôçí
áäõíáìßá ôùí ìïíôÝëùí áõôþí íá áðïäþóïõí óùóôÜ ôç
óôñåâëùôéêÞ áíôßóôáóç (óôñÝøç Vlassov) ôçò óýíèåôçò äéá-
ôïìÞò ôïõ ðõñÞíá [9, 13].

AñêåôÜ êáëÜ óõìðåñéöÝñåôáé ôï ìïíôÝëï Nï 2 ôïõ åíüò
éóïäýíáìïõ óôýëïõ óôá êÝíôñá âÜñïõò ôùí åðß ìÝñïõò óêå-
ëþí ôïõ ðõñÞíá, åíþ ôá áðïôåëÝóìáôá ôùí ðñïóïìïéùìÜôùí
Nï 5 (ìáêñïåðéöáíåéáêü) êáé Nï 6 (ìå Ýíá ðëÞñåò óôïé÷åßï
êåëýöïõò áíÜ óêÝëïò êáé üñïöï) ðñáêôéêÜ óõìðßðôïõí ìå
ôéò áíôßóôïé÷åò ôéìÝò ôùí ìåãåèþí ôïõ ðñïóïìïéþìáôïò Nï 1.

3.2.1.2. ÓôñÝâëùóç ôçò äéáôïìÞò ôïõ ðõñÞíá (ó÷. 5)

Eðéóçìáßíåôáé üôé óôá ðñïóïìïéþìáôá Nï 3 êáé Nï 4 ç
óôñÝâëùóç óôçí êïñõöÞ ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá
äåí áðïäßäåôáé óùóôÜ. Äéüôé, ëüãù óôñÝøçò ôçò äéáôïìÞò,
÷ùñßò êÜìøç ôùí éóïäýíáìùí óôýëùí äåí õößóôáôáé óôñïöÞ
ðåñß ïñéæüíôéï Üîïíá ôùí áêÜìðôùí âñá÷éüíùí ôùí ùò Üíù
ìïíôÝëùí. ¼ðùò ðñïêýðôåé áðü ôç óôñÝâëùóç ôçò äéáôïìÞò
ôïõ ðõñÞíá (ó÷. 5), ôá ðñïóïìïéþìáôá Nï 5 êáé Nï 6 äßíïõí
ðïëý êáëÝò ôéìÝò, åíþ ðïóïôéêÜ ôï ìïíôÝëï Nï 2 åìöáíßæåé
ðïëý ìåãÜëåò áðïêëßóåéò.

3.2.1.3. Éäéïðåñßïäïé ôáëÜíôùóçò (ðßí. 2)

Oé ðñïçãïýìåíåò ðáñáôçñÞóåéò åíéó÷ýïíôáé ôÝëïò êáé áðü
ôá áðïôåëÝóìáôá ãéá ôéò éäéïðåñéüäïõò ôáëÜíôùóçò ôïõ
ðõñÞíá. Tá ðñïóïìïéþìáôá Nï 3 êáé Nï 4 åìöáíßæïõí ìåãÜ-
ëåò èåôéêÝò áðïêëßóåéò ãéá ôçí ðñþôç (èåìåëéþäç) éäéïðåñßïäï.

3.2.2. Óýãêñéóç åíôáôéêþí ìåãåèþí ìåìïíùìÝíïõ 
ðõñÞíá (ó÷. 6, 7)

H äéÜèåóç êáé ç ÷ñçóéìïðïßçóç óôçí ðñÜîç äïêéìáóìÝ-
íùí ðñïãñáììÜôùí äéáóôáóéïëüãçóçò äéáôïìþí óýíèåôçò
ãåùìåôñßáò åðéôñÝðïõí ôïí ðåñéïñéóìü ôïõ åëÝã÷ïõ áðïôå-
ëåóìáôéêüôçôáò ôùí ìïíôÝëùí óôá óõíïëéêÜ åíôáôéêÜ ìåãÝ-
èç ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá, åíþ ðáëáéüôåñá ïé
óõãêñßóåéò áöïñïýóáí óå ìåãÝèç ôùí åðß ìÝñïõò óêåëþí.
¼ðùò Þäç äéáðéóôþèçêå [13], ïé áðïêëßóåéò ôùí óõíïëéêþí
ìåãåèþí ôçò óýíèåôçò äéáôïìÞò åßíáé óáöþò ìéêñüôåñåò áðü
ôéò áðïêëßóåéò ôùí åðéìåñéóìÝíùí óôá óêÝëç ôùí ðõñÞíùí
ìåãåèþí. 

46 Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 1  2000  Tech. Chron. Sci. J. TCG, I, No 1

Ðßíáêáò 2: Iäéïðåñßïäïé ôáëÜíôùóçò ìåìïíùìÝíïõ ðõñÞíá ãéá ôá
ðñïóïìïéþìáôá Nï 1 Ýùò Nï 6.

Table 2: Natural periods of vibration of isolated core for models No 1
to No 6.

Eí ôïýôïéò, óôçí ðáñïýóá åñãáóßá üðïõ, ëüãù ôçò éóï-
óôáôéêüôçôáò ôïõ ðõñÞíá èåùñïýìåíïõ ùò ðñïâüëïõ, ôá
óõíïëéêÜ åíôáôéêÜ ìåãÝèç ôçò óýíèåôçò äéáôïìÞò ðñïêý-
ðôïõí ÷ùñßò áðïêëßóåéò áðü ôçí áêñéâÞ ôéìÞ ôïõò, ç óýãêñé-
óç ôùí åíôáôéêþí ìåãåèþí ãéá ôá äéÜöïñá ìïíôÝëá ãßíåôáé
áíÜ óêÝëïò ôïõ ðõñÞíá. H óýãêñéóç åí ðñïêåéìÝíù áöïñÜ
óå åíôáôéêÜ ìåãÝèç ôïõ áñéóôåñïý óêÝëïõò êáé ôçò ðëÜôçò
ôïõ ðõñÞíá, åíþ ôá ìåãÜëçò áðëüôçôáò ìïíôÝëá Nï 3 êáé
Nï 4 êñßíïíôáé ùò ìç éêáíïðïéçôéêÞò áîéïðéóôßáò êáé äåí
äéåñåõíþíôáé ðåñáéôÝñù. ÐñïóåêôéêÞ óýãêñéóç ôçò ìïñöÞò
êáé ôùí ôéìþí ôùí äéáãñáììÜôùí M, Q, N ôùí ìïíôÝëùí Nï
2, Nï 5 êáé Nï 6 ìå ôçí �áêñéâÞ� ëýóç (ó÷. 6, 7) ïäçãåß óôï
óõìðÝñáóìá üôé ôï ðëáéóéáêü ðñïóïìïßùìá Nï 2 ðáñïõ-
óéÜæåé óçìáíôéêÝò áðïêëßóåéò (óýãêñ. ð.÷. ôá M, Q, N óôïõò
ôåëåõôáßïõò ïñüöïõò ôïõ áñéóôåñïý óêÝëïõò êáé êáè� üëï
ôï ýøïò ôçò ðëÜôçò ôïõ ðõñÞíá). 

3.2.3. Óýãêñéóç ìåãåèþí ðáñáìüñöùóçò 
êáé éäéïôáëÜíôùóçò êôéñéáêïý öïñÝá

3.2.3.1. Ìåôáôïðßóåéò êÝíôñùí ìÜæáò (âÜñïõò) ïñüöùí
(ó÷. 8)

Tï ðñïóïìïßùìá Nï 3 (åíüò éóïäýíáìïõ óôýëïõ óôï
K.Ä.) ðñïêýðôåé åõêáìðôüôåñï, åíþ ôï Nï 4 (åíüò éóïäýíá-
ìïõ óôýëïõ óôï K.B.) äõóêáìðôüôåñï ôïõ ðñïóïìïéþìáôïò
Íï 1, üôáí ôï óåéóìéêü öïñôßï äñá êáôÜ x (ó÷. 8a). Ãéá óåé-
óìéêÞ äéÝãåñóç êáôÜ y (âë. ó÷. 8b) ç ó÷åôéêÞ áõôÞ óõìðåñé-
öïñÜ ôùí ðñïóïìïéùìÜôùí Íï 3 êáé Íï 4 áíôéóôñÝöåôáé,
üóïí áöïñÜ óôéò ìåôáêéíÞóåéò êáôÜ ôç äéåýèõíóç ôïõ óåé-
óìïý, åíþ äéáôçñåßôáé ãéá ôéò êÜèåôåò óôç óåéóìéêÞ äéÝãåñ-
óç ìåôáêéíÞóåéò. Äéáôçñåßôáé, åðßóçò, êáé ãéá ôéò óôñïöÝò
ðåñß ôïí êáôáêüñõöï Üîïíá, ðáñ� üôé êáé ôá äýï ðñïóïìïé-
þìáôá ðñïêýðôïõí ðéï äýóôñåðôá áðü ôï ðñïóïìïßùìá
áíáöïñÜò.

Aíôßèåôá, ôï �êëáóéêü� ðñïóïìïßùìá Nï 2, åíþ ðñïêý-
ðôåé êáôÜ ôé äõóêáìðôüôåñï êáé êáôÜ ôéò äýï óåéóìéêÝò äéåõ-
èýíóåéò x êáé y, åí ôïýôïéò åßíáé áêñéâÝóôåñï ôùí ðñïçãïõ-
ìÝíùí åìöáíßæïíôáò ãåíéêþò ôçí êáëýôåñç óõìðåñéöïñÜ
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Ó÷Þìá 5: ÓôñÝâëùóç äéáôïìÞò ôçò êïñõöÞò ôïõ áíïéêôïý ðõñÞíá ãéá ôá ðñïóïìïéþìáôá Íï 1, Íï 2, Íï 5 êáé Íï 6 - Éóïäýíáìç óôáôéêÞ 
ìÝèïäïò. (Ïé êáôáêüñõöåò ìåôáôïðßóåéò äßäïíôáé óå [m]).

Figure 5: Warping at the open core�s top for models No 1, No 2, No 5, and No 6 - Equivalent static analysis. (The vertical displacements
are given in [m]).

Ó÷Þìá 6: ÄéáãñÜììáôá M, Q, N ôïõ áñéóôåñïý óêÝëïõò ôïõ áíïéêôïý
ðõñÞíá ãéá ôá ðñïóïìïéþìáôá Íï 1, Íï 2, Íï 5 êáé Íï 6 - Éóïäý-
íáìç óôáôéêÞ ìÝèïäïò.
Figure 6: M, Q, N diagrams for the left flange of open core for mo-
dels No 1, No 2, No 5 and Nï 6 - Equivalent static method.

Ó÷Þìá 7: ÄéáãñÜììáôá M, Q, N ôçò ðëÜôçò ôïõ áíïéêôïý ðõñÞíá ãéá
ôá ðñïóïìïéþìáôá Íï 1, Íï 2, Íï 5 êáé Íï 6 - Éóïäýíáìç óôáôéêÞ
ìÝèïäïò.
Figure 7: M, Q, N diagrams for the web of open core for models No 1,
No 2, No 5 and No 6 - Equivalent static method.

áðü ôá Üëëá äýï éóïäýíáìá ðëáéóéáêÜ ìïíôÝëá. ÐÜíôùò, ôá
ðñïóïìïéþìáôá ôùí ìáêñïåðéöáíåéáêþí óôïé÷åßùí êáé ôïõ
åíüò óôïé÷åßïõ êåëýöïõò áíÜ óêÝëïò êáé üñïöï (Nï 5 êáé Nï
6 áíôßóôïé÷á) åìöáíßæïõí êáé áõôÜ ãåíéêþò êáëÞ óõìðåñéöï-
ñÜ, ìå ôéìÝò ìåôáêéíÞóåùí ðïõ ðñáêôéêÜ óõìðßðôïõí ìå ôéò
áíôßóôïé÷åò ôéìÝò ôùí ìåãåèþí ôïõ ðñïóïìïéþìáôïò Nï 1.

3.2.3.2. ÓôñÝâëùóç ôçò äéáôïìÞò ôïõ ðõñÞíá (ó÷. 9)

Ç ðñïçãïýìåíç ðñþôç åéêüíá áîéïëüãçóçò ôùí äéáöü-
ñùí ðñïóïìïéùìÜôùí åíéó÷ýåôáé áðü ôá áðïôåëÝóìáôá ðïõ
áöïñïýí óôç óôñÝâëùóç ôçò äéáôïìÞò ôïõ ðõñÞíá: Ôï ðñï-
óïìïßùìá Nï 3 äßíåé ìåãÜëåò, ìç áðïäåêôÝò áðïêëßóåéò. Tï
ìïíôÝëï Nï 2 ðñïóïìïéþíåé ôç óôñÝâëùóç ôçò äéáôïìÞò

ðïóïôéêþò êáëýôåñá áðü ôï ìïíôÝëï Nï 4, åíþ ôá ìïíôÝëá

Nï 5 êáé Nï 6 äßíïõí, åðßóçò, ðïëý êáëÝò ôéìÝò.

3.2.3.3. Iäéïðåñßïäïé ôáëÜíôùóçò (ðßí. 3)

Tá áðïôåëÝóìáôá ãéá ôéò (óõæåõãìÝíåò) éäéïðåñéüäïõò

ôáëÜíôùóçò ôïõ êôéñßïõ åðéâåâáéþíïõí êáé áõôÜ ôéò ðñïç-

ãïýìåíåò ðáñáôçñÞóåéò ãéá ôç óõìðåñéöïñÜ ôùí ìïíôÝëùí:

Tá ðñïóïìïéþìáôá Nï 2, Nï 5 êáé Nï 6 äßíïõí áðïôåëÝ-

óìáôá ðáñüìïéáò áîéïðéóôßáò, ìå êáëýôåñï ôï Nï 2 ðïõ äßíåé

ó÷åäüí ìçäåíéêÞ áðüêëéóç ãéá ôçí ðñþôç (èåìåëéþäç) éäéï-

ðåñßïäï. Aíôßèåôá, ôá ìïíôÝëá Nï 3 (óýãêñ. ð.÷. ôçí T2) êáé

Nï 4 (óýãêñ. ð.÷. ôçí T1) åìöáíßæïõí áéóèçôÝò áðïêëßóåéò.



3.2.4. Óýãêñéóç åíôáôéêþí ìåãåèþí ôïõ êôéñéáêïý öïñÝá
3.2.4.1. ÃåíéêÝò ðáñáôçñÞóåéò

Eðéóçìáßíåôáé, üðùò Þäç áíáöÝñèçêå óôï ôÝëïò ôùí
ðáñáãñÜöùí 1.2 êáé 2.3, üôé ôá åíôáôéêÜ ìåãÝèç M, Q, N
äßíïíôáé ùò óõíïëéêÜ (óõíéóôÜìåíá) ìåãÝèç óôï êÝíôñï
âÜñïõò ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá, ï ïðïßïò åßíáé
åêåßíïò ï äïìéêüò õðïöïñÝáò ðïõ äçìéïõñãåß ôá ðñïâëÞìá-
ôá ðñïóïìïßùóçò.

Åêôüò ôùí ëüãùí ðïõ áíáöÝñïíôáé åêåß, ï õðïëïãéóìüò
ôùí ïðëéóìþí ôçò óýíèåôçò äéáôïìÞò ìå âÜóç ôá óõíïëéêÜ
åíôáôéêÜ ìåãÝèç åßíáé ïðùóäÞðïôå ïñèüôåñïò ôïõ óõìâáôé-
êïý (ðïõ ãßíåôáé óõíÞèùò áíÜ óêÝëïò ôïõ ðõñÞíá), äéüôé
ëáìâÜíåé õðüøç êáé ôç óõììåôï÷Þ ôïõ óõíåñãáæüìåíïõ
åýñïõò ôïõ åêÜóôïôå åãêÜñóéïõ óêÝëïõò.

Ãéá ôá ðñïóïìïéþìáôá Nï 4 êáé Nï 5 ôá óõíïëéêÜ ìåãÝ-
èç M, Q, N óôï êÝíôñï âÜñïõò ôçò óýíèåôçò äéáôïìÞò ôïõ
ðõñÞíá õðïëïãßæïíôáé áðåõèåßáò áðü ôá ÷ñçóéìïðïéïýìåíá
åäþ ðñïãñÜììáôá åðßëõóçò, åíþ ãéá ôá õðüëïéðá ðñïóïìïéþ-

ìáôá ç ìåôáöïñÜ ôùí M, Q, N óôï êÝíôñï âÜñïõò ôçò óýí-
èåôçò äéáôïìÞò ãßíåôáé êáôÜ ôïõò ãíùóôïýò êáíüíåò áíÜëõ-
óçò, óýíèåóçò êáé ìåôáöïñÜò äõíÜìåùí [12, 13].

3.2.4.2. ÄéáãñÜììáôá ìåãåèþí äéáôïìÞò M, Q, N 
ôïõ óôýëïõ Ó11 (ó÷. 10)

Óôï ó÷Þìá 10 äßíïíôáé ãéá óåéóìü êáôÜ x ôá åíôáôéêÜ
ìåãÝèç My, Qx, N ôïõ óôýëïõ Ó11. Tá ìïíôÝëá Íï 4, Nï 5
êáé Nï 6 åìöáíßæïõí áðïêëßóåéò ðñïò ôçí áíáóöáëÞ ðëåõñÜ
(óýãêñ. ð.÷. ñïðÝò M êáé ôÝìíïõóåò Q óôç âÜóç ôïõ óôý-
ëïõ), åíþ ôï ìïíôÝëï Nï 3 ðñïêýðôåé ãåíéêþò óõíôçñçôéêü-
ôåñï åìöáíßæïíôáò, üìùò, Ýíôïíåò äéáêõìÜíóåéò. Aíôßèåôá,
ôï ìïíôÝëï Nï 2 (�êëáóéêü�) äßíåé ãåíéêþò ôá ðëÝïí éêáíï-
ðïéçôéêÜ áðïôåëÝóìáôá.

3.2.4.3. PïðÝò M êáé ôÝìíïõóåò Q ôçò äïêïý Ä1 (ó÷. 11)

Káé åäþ îå÷ùñßæïõí ôï ìïíôÝëï Nï 2 êáèþò êáé ôá ðñï-
óïìïéþìáôá Nï 5 êáé Nï 6 (óýãêñ. ð.÷. ñïðÝò M êáé ôÝìíïõ-
óåò Q ôïõ 1ïõ ïñüöïõ). 
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Ó÷Þìá 8a: Ðïóïóôéáßåò áðïêëßóåéò ôùí ìåôáôïðßóåùí ôïõ Ê.Ì. óôïõò ïñüöïõò ôùí ðñïóïìïéùìÜôùí Íï 2 Ýùò Íï 6 Ýíáíôé ôïõ ðñïóïìïéþ-
ìáôïò Íï 1. ÓåéóìéêÞ äéÝãåñóç êáôÜ x - Éóïäýíáìç óôáôéêÞ áíÜëõóç.

Figure 8a: Percentage divergencies of models No 2 - No 6 from model No 1 of displacements and rotations at the storeys� mass centers.
Seismic loading in x direction - Equivalent static analysis.

Ó÷Þìá 8b: Ðïóïóôéáßåò áðïêëßóåéò ôùí ìåôáôïðßóåùí ôïõ Ê.Ì. óôïõò ïñüöïõò ôùí ðñïóïìïéùìÜôùí Íï 2 Ýùò Íï 6 Ýíáíôé ôïõ ðñïóïìïéþ-
ìáôïò Íï 1. ÓåéóìéêÞ äéÝãåñóç êáôÜ y - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Figure 8b: Percentage divergencies of models Nï 2 - No 6 from model No 1 of displacements and rotations at the storeys� mass centers.
Seismic loading in y direction - Equivalent static analysis.



Aíôßèåôá, ôá éóïäýíáìá ðëáéóéáêÜ ìïíôÝëá Nï 3 êáé 
Nï 4, áí êáé äåí ðáñïõóéÜæïõí ìåãÜëåò áðïêëßóåéò áðü ôï
ðñïóïìïßùìá áíáöïñÜò (Nï 1), õóôåñïýí åí ôïýôïéò óáöþò
Ýíáíôé ôùí Üëëùí.

3.2.4.4. EíôáôéêÜ ìåãÝèç ðõñÞíá

¸÷åé ôåêìçñéùèåß óå ðñïçãïýìåíåò åñãáóßåò ôùí óõã-
ãñáöÝùí [5, 6, 9, 12, 13] üôé ìå ôç óõíÞèç óõìâáôéêÞ äéá-
óôáóéïëüãçóç ðõñÞíùí áíÜ óêÝëïò âÜóåé ôùí ìåãåèþí
Ýíôáóçò M, Q, N, ðïõ ðñïêýðôïõí ãéá ôï êáèÝíá ôïõò, ôá
áðïôåëÝóìáôá ôùí ðñïóïìïéùìÜôùí �åîåæçôçìÝíçò ðïëõ-
ðëïêüôçôáò Þ õðåñâïëéêÞò áðëüôçôáò� åìöáíßæïõí óçìáíôé-
êüôáôåò áðïêëßóåéò ôüóï áðü ôçí �áêñéâÞ� ëýóç ôùí ðåðå-
ñáóìÝíùí óôïé÷åßùí êåëýöïõò üóï êáé ìåôáîý ôïõò.

ÐñïóåêôéêÞ óýãêñéóç ôçò ìïñöÞò êáé ôùí ôéìþí ôùí
äéáãñáììÜôùí My, Qx, N ôüóï ôïõ ðõñÞíá ðïõ ðáñïõóéÜæå-
ôáé óôçí ðáñïýóá åñãáóßá (ó÷.12á, b) üóï êáé óåéñÜò Üëëùí
ðõñÞíùí êáé öïñÝùí ïäçãåß óôï ãåíéêü óõìðÝñáóìá üôé ïé
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Ó÷Þìá 9: ÓôñÝâëùóç äéáôïìÞò ôçò êïñõöÞò ôïõ ðõñÞíá ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 6. ÓåéóìéêÞ äéÝãåñóç êáôÜ x (a) êáé êáôÜ y (b) -
Éóïäýíáìç óôáôéêÞ ìÝèïäïò. (Ïé êáôáêüñõöåò ìåôáôïðßóåéò äßíïíôáé óå [m]).

Figure 9: Warping at the core�s top for models No 1 - No 6. Seismic loading in x direction (a) and in y direction (b) - Equivalent static 
analysis. (The vertical displacements are given in [m]).

Ðßíáêáò 3: Éäéïðåñßïäïé ôáëÜíôùóçò Ôi (i=1-10) ôùí ðñïóïìïéù-
ìÜôùí Íï 1 Ýùò Íï 6.

Table 3: Natural periods of vibration Ti (i=1-10) for models No 1 -
No 6.



áðïêëßóåéò ôùí ìïíôÝëùí ðåñéïñßæïíôáé óå ðéï áðïäåêôÜ
åðßðåäá, åÜí ôá óõíïëéêÜ óõíéóôÜìåíá ìåãÝèç õðïëïãéóôïýí
óôï êÝíôñï âÜñïõò ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá. 

Eí ôïýôïéò, êáôÜ ôç óýãêñéóç ôùí M, Q, Í óôç âÜóç ôïõ
ðõñÞíá (ðßí. 4), üðïõ ìßá êáôÜ ôï äõíáôüí êáëÞ ðñïóÝããéóç
ôùí åíôáôéêþí ìåãåèþí êñßíåôáé ùò éäéáéôÝñùò óçìáíôéêÞ
ãéá ôçí ðñÜîç, åìöáíßæïíôáé ìåãÜëåò áðïêëßóåéò ìåôáîý ôùí
ìïíôÝëùí. Eéäéêüôåñá, ôï ìïíôÝëï Nï 3 (ôïõ åíüò éóïäýíá-
ìïõ óôýëïõ óôï K.Ä.) êñßíåôáé ùò ìç éêáíïðïéçôéêÞò áîéï-
ðéóôßáò. Aíôßèåôá, ôï ìïíôÝëï Nï 4 êáé ðåñéóóüôåñï ôá
ìïíôÝëá Nï 2 (�êëáóéêü�), Nï 5 êáé Nï 6 öáßíåôáé íá áðï-
äßäïõí éêáíïðïéçôéêÜ ôá ìåãÝèç Ýíôáóçò.

3.3. ÄõíáìéêÞ öáóìáôéêÞ áíÜëõóç
3.3.1. ÃåíéêÝò ðáñáôçñÞóåéò

Õðåíèõìßæåôáé üôé ïé óõãêñßóåéò ôùí ìåôáêéíÞóåùí êáé
ôùí åíôáôéêþí ìåãåèþí ôïõ ìåìïíùìÝíïõ ðõñÞíá ðñïÝêõ-
øáí áðü Ýêêåíôñç óåéóìéêÞ äéÝãåñóç êáôÜ x.
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Ó÷Þìá 10: ÄéáãñÜììáôá Ìy, Qx, N ôïõ óôýëïõ Ó11 ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 6. ÓåéóìéêÞ äéÝãåñóç êáôÜ x - Éóïäýíáìç óôáôéêÞ
ìÝèïäïò.

Figure 10: My, Qx, N diagrams of column Ó1 for models No 1 - No 6. Seismic loading in x direction � Equivalent static analysis.

Ó÷Þìá 11: ÄéáãñÜììáôá Ì, Q ôçò äïêïý Ä1 óôïí ðñþôï üñïöï ãéá
ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 6. ÓåéóìéêÞ äéÝãåñóç êáôÜ x - Éóï-
äýíáìç óôáôéêÞ ìÝèïäïò.
Figure 11: M, Q diagrams of beam Ä1 for models No 1 - No 6 of the
1st storey of the building. Seismic loading in x direction - Equiva-
lent static analysis.

Ðßíáêáò 4: ÓõíïëéêÜ åíôáôéêÜ ìåãÝèç ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞ-
íá óôï Ê.Â. ôïõ óôç óôÜèìç 0.00m ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï
6. ÓåéóìéêÞ äéÝãåñóç êáôÜ x (a) êáé y (b) - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.
Table 4: Resultant stresses in cores� section at 0.00m for models No
1 - No 6. Seismic loading in x direction (a) and in y direction (b) -
Equivalent static analysis.

Áðüëõôá ìåãÝèç

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

(a)
Áðüëõôá ìåãÝèç

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

(b)
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Ó÷Þìá 12a: ÄéáãñÜììáôá My, Qx, N ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá óôï Ê.Â. ôïõ ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 6. ÓåéóìéêÞ äéÝãåñ-
óç êáôÜ x � Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Figure 12a: My, Qx, N diagrams in core�s section for models No 1 - No 6. Seismic loading in x direction - Equivalent static analysis.

Ó÷Þìá 12b: ÄéáãñÜììáôá Mx, Qy, N ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá óôï Ê.Â. ôïõ ãéá ôá ðñïóïìïéþìáôá Íï 1 - Íï 6. ÓåéóìéêÞ äéÝãåñóç
êáôÜ y - Éóïäýíáìç óôáôéêÞ ìÝèïäïò.

Figure 12b: Mx, Qy, N diagrams in core�s section for models No 1 - No 6. Seismic loading in y direction - Equivalent static analysis.

Áíôßèåôá, ïé óõãêñßóåéò ôùí ìåôáêéíÞóåùí êáé ôùí åíôá-
ôéêþí ìåãåèþí ôïõ êôéñßïõ ðñïÝêõøáí áðü ôáõôü÷ñïíç èåþ-
ñçóç äýï êÜèåôùí ìåôáîý ôïõò óåéóìéêþí äéåãÝñóåùí ìå ôï
ßäéï öÜóìá ó÷åäéáóìïý. Óçìåéþíåôáé, åðßóçò, üôé ôï ìÝóï
åðßðåäï áðïêëßóåùí ôùí äõíáìéêþí áíáëýóåùí åßíáé ãåíé-

êþò ÷áìçëüôåñï áðü ôï åðßðåäï áðïêëßóåùí óå áìéãþò óôá-
ôéêÝò áíáëýóåéò. To ãåãïíüò áõôü, ðïõ äéáðéóôþèçêå êáé
áíáöÝñèçêå êáé óå ðñïãåíÝóôåñåò åñãáóßåò, áðïäßäåôáé óôç
ìåãáëýôåñç ãåíéêþò áêñßâåéá ðïõ Ý÷åé ç áäñáíåéáêÞ ðñïóï-
ìïßùóç êáé äéáêñéôïðïßçóç ôùí ìáæþí Ýíáíôé ôçò åëáóôéêÞò



ðñïóïìïßùóçò êáé äéáêñéôïðïßçóçò ôùí ðõñÞíùí.
Eðéóçìáßíåôáé áêüìç ç óçìáóßá ôçò ÷ñçóéìïðïéïýìåíçò

ìåèüäïõ åðáëëçëßáò ôùí éäéïìïñöéêþí áðïêëßóåùí áíÜ
äéåýèõíóç óåéóìéêÞò äéÝãåñóçò (êáíüíáò SRSS Þ CQC) ãéá
ôïí åðéôõã÷áíüìåíï âáèìü ðñïóÝããéóçò ôùí äéáöüñùí ðñï-
óïìïéùìÜôùí. ¼ôáí ï ëüãïò Ti + 1/ Ti äýï äéáäï÷éêþí éäéï-
ðåñéüäùí ôáëÜíôùóçò ðëçóéÜæåé ôç ìïíÜäá {N.E.A.K.: üôáí
Ti+1/Ti> 10/ (10+æ) =10/(10+5) = 0,667 ãéá Ï/Ó}, óõíßóôáôáé
ç åöáñìïãÞ ôïõ êáíüíá CQC, o oðïßïò ëáìâÜíåé áêñéâÝóôåñá
ôïõ SRSS õðüøç ôï óõã÷ñïíéóìü ôùí éäéïìïñöéêþí áðïêñß-
óåùí. Óôï 10-þñïöï õðü åîÝôáóç êôßñéï ï ðñþôïò ëüãïò
T2/T1 êáé üëïé ó÷åäüí ïé õðüëïéðïé åßíáé ìåãáëýôåñïé ôïõ
0,667 (åîáßñåóç áðïôåëåß ï T3/T2). Tï ãåãïíüò áõôü äçìé-
ïõñãåß óôçí ðåñßðôùóç ÷ñÞóçò ôïõ êáíüíá SRSS êÜðïéåò
ðñüóèåôåò áðïêëßóåéò, êõñßùò ãéá ôá ìåãÝèç óôçí êÜèåôç
ðñïò ôï óåéóìü äéåýèõíóç.

AíáöÝñåôáé, ôÝëïò, ç áäõíáìßá óýãêñéóçò ôùí åíôáôéêþí
ìåãåèþí óôçí ðåñßðôùóç äõíáìéêÞò öáóìáôéêÞò áíÜëõóçò
ôüóï ôïõ ìåìïíùìÝíïõ ðõñÞíá üóï êáé ôïõ ðõñÞíá ôïõ êôé-
ñßïõ. Äéüôé, ãéá íá ãßíåé ç óýãêñéóç, áðáéôåßôáé ðñïçãïõìÝ-
íùò ï õðïëïãéóìüò ôùí óõíéóôáìÝíùí ìåãåèþí äéáôïìÞò ôïõ
ðõñÞíá (Þ ôùí åðß ìÝñïõò óêåëþí ôïõ) áðü ôéò ôÜóåéò ôùí
ðåðåñáóìÝíùí óôïé÷åßùí ôïõ ðñïóïìïéþìáôïò Nï 1. AõôÝò,
üìùò, åßíáé öáóìáôéêÝò êáé Üñá ìç ôáõôü÷ñïíåò ôÜóåéò, êáé
äåí ìðïñïýí íá óõíôåèïýí ãéá íá äþóïõí óõíéóôÜìåíåò
ñïðÝò, ôÝìíïõóåò êáé áîïíéêÝò äõíÜìåéò äéáôïìÞò. H óýãêñé-
óç ôùí ìåãåèþí áðüêñéóçò ôïõ ìåìïíùìÝíïõ ðõñÞíá åßíáé,
üìùò, äõíáôÞ ìåôáîý ôïõ ìïíôÝëïõ Nï 2 êáé ôïõ ìïíôÝëïõ
Nï 5 ôùí ìáêñïåðéöáíåéáêþí óôïé÷åßùí, ç ïðïßá ëáìâÜíå-
ôáé åí ðñïêåéìÝíù ùò ç �ëýóç áíáöïñÜò�. Ãéá ôïí êôéñéáêü
öïñÝá ç óýãêñéóç ðåñéïñßóôçêå óôá ðñïóïìïéþìáôá Nï 4
êáé Nï 5, ôùí ïðïßùí ôá óõíéóôÜìåíá öáóìáôéêÜ ìåãÝèç
(ñïðÝò, ôÝìíïõóåò, áîïíéêÝò äõíÜìåéò) õðïëïãßæïíôáé áðü ôï

ðñüãñáììá áíÜëõóçò áðåõèåßáò óôï êÝíôñï âÜñïõò ôçò äéá-
ôïìÞò ôïõ ðõñÞíá. 

3.3.2. ÌåôáêéíÞóåéò êÝíôñùí ìÜæáò ïñüöùí 
ìåìïíùìÝíïõ ðõñÞíá (ó÷. 13)

Aðü ôá äéáãñÜììáôá ôùí öáóìáôéêþí ìåôáêéíÞóåùí ux,
uy êáé ö óôï êÝíôñï ìÜæáò (ó÷. 13) ðñïêýðôåé ç êáëÞ åí ãÝíåé
áðüäïóç ôùí ðñïóïìïéùìÜôùí Nï 5 êáé Nï 6. 

Aðïêëßóåéò ìÝ÷ñé êáé 30% (óýãêñ. ð.÷. ôçí ux êáé ö ôïõ
ôåëåõôáßïõ ïñüöïõ) åìöáíßæåé ôï ðëáéóéáêü ìïíôÝëï Nï 2,
åíþ ôá ðñïóïìïéþìáôá Nï 3 êáé Nï 4 ðáñïõóéÜæïõí ìåãÜ-
ëåò áðïêëßóåéò êáé ðñÝðåé íá èåùñçèïýí ùò ðëÞñùò áóôï-
÷ïýíôá.

3.3.3. ÅíôáôéêÜ ìåãÝèç ìåìïíùìÝíïõ ðõñÞíá (ó÷. 14, 15)

KáôÜ ôç óýãêñéóç ôùí öáóìáôéêþí åíôáôéêþí ìåãåèþí
M, Q, N ôïõ áñéóôåñïý óêÝëïõò ôùí ðõñÞíùí (ó÷. 14), ôï
ìïíôÝëï Nï 2 åìöáíßæåé óçìáíôéêÝò áðïêëßóåéò êáé áóôï÷åß
Ýíáíôé ôïõ ðñïóïìïéþìáôïò Nï 5. Oé áðïêëßóåéò áõôÝò ãéá
üëá ôá ìåãÝèç ðñïóåããßæïõí ôï 50%, åíþ ãéá ôçí ðëÜôç ôïõ
ðõñÞíá (ó÷. 15) äåí îåðåñíïýí ôï 20% (óýãêñ. ð.÷. ôç ñïðÞ
êÜìøåùò óôçí êåöáëÞ êáé óôïí ðüäá). 

3.3.4. Óýãêñéóç ìåôáêéíÞóåùí êôéñéáêïý öïñÝá

Aðü ôï äéÜãñáììá ôïõ ó÷Þìáôïò 16, ðïõ áöïñÜ óôç
äõíáìéêÞ öáóìáôéêÞ áíÜëõóç êáôÜ x êáé y, ðñïêýðôåé ç
ðïëý êáëÞ óýìðôùóç ôùí ìåôáêéíÞóåùí ux, uy êáé ö ôïõ
êÝíôñïõ ìÜæáò ôùí ïñüöùí ôïõ ìïíôÝëïõ Nï 2 (�êëáóéêïý�)
ìå åêåßíåò ôïõ ðñïóïìïéþìáôïò Nï 1 ôùí ðåðåñáóìÝíùí
óôïé÷åßùí. IêáíïðïéçôéêÞ åßíáé, åðßóçò, ç áðüäïóç ôùí ðñï-
óïìïéùìÜôùí Nï 5 êáé Nï 6. Aíôßèåôá, ôá ðëáéóéáêÜ ìïíôÝ-
ëá Nï 3 êáé Nï 4, ÷ùñßò íá ðáñïõóéÜæïõí ìåãÜëåò áðïêëß-
óåéò, öáßíåôáé íá õóôåñïýí Ýíáíôé ôùí õðïëïßðùí (óýãêñ.
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Ó÷Þìá 13: Ðïóïóôéáßåò áðïêëßóåéò ôùí ìåôáêéíÞóåùí ôïõ Ê.Ì. óôïõò ïñüöïõò ôùí áíïéêôþí ðõñÞíùí ãéá ôá ðñïóïìïéþìáôá Íï 2 Ýùò Íï 6
Ýíáíôé ôïõ ðñïóïìïéþìáôïò Íï 1 - ÄõíáìéêÞ öáóìáôéêÞ ìÝèïäïò.

Figure 13: Percentage divergencies of models No 2 - No 6 from model No 1 of displacements and rotations at the storeys� mass center of
open core - Response spectrum method.



ð.÷. ôç ìåôáêßíçóç uy êáé ôç óôñïöÞ ôïõ ôåëåõôáßïõ ïñüöïõ
ôùí ìïíôÝëùí áíôßóôïé÷á Nï 3 êáé Nï 4).

3.3.5. Óýãêñéóç åíôáôéêþí ìåãåèþí êôéñéáêïý öïñÝá

Aðü ôï ó÷Þìá 17 ãéá ôá åíôáôéêÜ ìåãÝèç My, Qx, N ôïõ
óôýëïõ Ó11 ðñïêýðôåé üôé ôï ìïíôÝëï No 2 óõìðåñéöÝñåôáé
ðïëý éêáíïðïéçôéêÜ, ìå ôéìÝò ðñïò ôçí áóöáëÞ ðëåõñÜ Ýíá-
íôé ôïõ ðñïóïìïéþìáôïò Nï 1.

Tá äýï ìáêñïåðéöáíåéêÜ ìïíôÝëá Nï 5 êáé Nï 6 äßíïõí
ôéìÝò ðñïò ôçí áíáóöáëÞ ðëåõñÜ, åíþ ôá ðëáéóéáêÜ ðñïóï-
ìïéþìáôá Nï 3 êáé Nï 4 äéáöÝñïõí óå ïñéóìÝíá ìüíï ìåãÝ-
èç Ýíôáóçò (ð.÷. áîïíéêÞ äýíáìç N óôç âÜóç ôïõ óôýëïõ ãéá
ôï ìïíôÝëï Nï 3, êáìðôéêÞ ñïðÞ My óôç âÜóç ôïõ óôýëïõ
ãéá ôï ìïíôÝëï Nï 4).

H ßäéá ðåñßðïõ åéêüíá ðáñáôçñåßôáé ãéá ôá äéáãñÜììáôá
ôçò äïêïý Ä1 (ó÷Þìá 18). Tá ðñïóïìïéþìáôá Nï 2, Nï 5
êáé Nï 6 áðïäßäïõí ìå éêáíïðïéçôéêÞ áêñßâåéá ôéò ôéìÝò
óõãêñéíüìåíá ìå ôï ðñïóïìïßùìá Nï 1, åíþ ðñïâëÞìáôá
åìöáíßæïõí ôá äýï ðëáéóéáêÜ ìïíôÝëá Nï 3 êáé Nï 4
(óýãêñ. ð.÷. ôéò ñïðÝò êáé ôéò ôÝìíïõóåò ôïõ ôåëåõôáßïõ ïñü-
öïõ).

TÝëïò, ãéá ôá åíôáôéêÜ ìåãÝèç ôïõ ðõñÞíá (ó÷Þìá 19) ç
óýãêñéóç ðåñéïñßæåôáé óôá ðñïóïìïéþìáôá Nï 5 (ìáêñïåðé-
öáíåéáêÜ óôïé÷åßá) êáé Nï 4 (ìå Ýíáí éóïäýíáìï óôýëï óôï
K.B.). 

Oé áðïêëßóåéò ôïõ äåýôåñïõ áðü ôï ðñþôï åßíáé ôçò
ôÜîçò ôïõ 11% Ýùò 22% (óýãêñ. ð.÷. ôç Mx óôç âÜóç ôïõ
ðõñÞíá êáé ôç Qx óôïí ôåëåõôáßï üñïöï).

4. ÓÕÌÐÅÑÁÓÌÁÔÁ

¼ðùò óçìåéþèçêå óôçí áñ÷Þ, ç äéåñåýíçóç áöïñÜ êáô�
áñ÷Üò óå ìåìïíùìÝíïõò ðõñÞíåò ìå óôü÷ï ôç äéáðßóôùóç
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Ó÷Þìá 14: ÄéáãñÜììáôá M, Q, N ôïõ áñéóôåñïý óêÝëïõò ôïõ áíïé-
êôïý ðõñÞíá ãéá ôá ðñïóïìïéþìáôá Nï 2 êáé Nï 5 - ÄõíáìéêÞ
öáóìáôéêÞ ìÝèïäïò.
Figure 14: M, Q, N diagrams for the left flange of open core for
models No 2 and No 5 - Response spectrum method.

Ó÷Þìá 16: Ðïóïóôéáßåò áðïêëßóåéò ôùí ìåôáôïðßóåùí ôïõ Ê.Ì. óôïõò ïñüöïõò ôùí ðñïóïìïéùìÜôùí Íï 2 Ýùò Íï 6 Ýíáíôé ôïõ ðñïóïìïéþ-
ìáôïò Íï 1 - ÄõíáìéêÞ öáóìáôéêÞ áíÜëõóç.

Figure 16: Percentage divergencies of models No 2 - No 6 from model No 1 of the displacements and rotations of storeys� mass centers -
Response spectrum analysis.

Ó÷Þìá 15: ÄéáãñÜììáôá M, Q, N ôçò ðëÜôçò ôïõ áíïéêôïý ðõñÞíá ãéá
ôá ðñïóïìïéþìáôá Nï 2 êáé Nï 5 - ÄõíáìéêÞ öáóìáôéêÞ ìÝèïäïò.
Figure 15: M, Q, N diagrams for the web of open core for models
No 2 and No 5 - Response spectrum method.



ôùí ìåãßóôùí áðïêëßóåùí ôùí äéáöüñùí áðëïðïéçìÝíùí
ðñïóïìïéùìÜôùí ôïõò. Äéüôé ç óõíÞèùò êáôÜ ôçí ðñÜîç
ðåñéâÜëëïõóá ôïí ðõñÞíá ðëáéóéùôÞ êáôáóêåõÞ ìåéþíåé
ãåíéêÜ ôéò áðïêëßóåéò, üðùò ðñïêýðôåé êáé áðü ôá áðïôåëÝ-
óìáôá ôçò áíÜëõóçò ôïõ åîåôáóèÝíôïò åäþ êôéñéáêïý öïñÝá.
EðéðëÝïí, ôá áðïôåëÝóìáôá, ðïõ ðáñïõóéÜæïíôáé óôçí
ðáñïýóá åñãáóßá, áíáöÝñïíôáé óôïõò óõãêåêñéìÝíïõò åäþ
åðéëåãÝíôåò ðõñÞíåò êáé äåí ìðïñïýí íá ãåíéêåõèïýí äß÷ùò
ðåñáéôÝñù óõìðëçñùìáôéêÝò äéåñåõíÞóåéò ãéá Üëëçò ìïñ-
öÞò äéêõøåëéêïýò Þ ðïëõðëïêüôåñçò äéáôïìÞò ðõñÞíåò.

Óõíïøßæïíôáò ôéò ðáñáðÜíù óõãêñéôéêÝò ðáñáôçñÞóåéò,
ìðïñåß íá åéðùèåß üôé ôüóï óôï ðëáßóéï ôçò éóïäýíáìçò óôá-
ôéêÞò üóï êáé ôçò äõíáìéêÞò öáóìáôéêÞò ìåèüäïõ áíÜëõóçò:
á) Ãéá ôïõò ìåìïíùìÝíïõò ðõñÞíåò ôá ìåãÜëçò áðëïýóôåõ-
óçò ìïíôÝëá Nï 3 êáé Nï 4 áäõíáôïýí íá ðñïóïìïéþóïõí
ôç ìç÷áíéêÞ óõìðåñéöïñÜ ôïõ ðõñÞíá. Ðñïò ôïýôï áëëÜ êáé
ëüãù ôùí ìåãÜëùí áðïêëßóåùí ðïõ åìöáíßæïõí ôüóï óôá
ìåãÝèç ðáñáìüñöùóçò üóï êáé óôéò éäéïðåñéüäïõò ôáëÜíôù-
óçò, êñßíïíôáé ùò ìåéùìÝíçò áîéïðéóôßáò. Aíôßèåôá, ôï
ìïíôÝëï Nï 2 óõìðåñéöÝñåôáé áñêåôÜ êáëÜ ìå áðïäåêôÝò
ðáñáìïñöþóåéò êáé éäéïðåñéüäïõò ôáëÜíôùóçò. Eí ôïýôïéò,
êáôÜ ôç óýãêñéóç ôùí åíôáôéêþí ìåãåèþí ôïõ ðáñáôçñïý-
íôáé óçìáíôéêÝò áðïêëßóåéò ðïõ åí ðïëëïßò ìðïñåß íá ïöåß-
ëïíôáé êáé óôï ãåãïíüò üôé ðñüêåéôáé ãéá ðáñÜãùãá ìåãÝèç
(ðñþôá õðïëïãßæïíôáé ïé ìåôáêéíÞóåéò êáé åí óõíå÷åßá áðü
áõôÝò ïé åíôÜóåéò). TÝëïò, ôá ðñïóïìïéþìáôá Nï 5 êáé Nï 6,
ôüóï ùò ðñïò ôá ìåãÝèç ðáñáìüñöùóçò êáé ôéò éäéïðåñéü-
äïõò ôáëÜíôùóçò üóï êáé ùò ðñïò ôá åíôáôéêÜ ôïõò ìåãÝèç,
äåí äéáöÝñïõí óçìáíôéêÜ áðü ôç �ëýóç áíáöïñÜò�. â) Ãéá
ôïí êôéñéáêü öïñÝá ôï êëáóéêü ðñïóïìïßùìá Íï 2 åìöáíß-
æåé ôéò ìéêñüôåñåò áðïêëßóåéò êáé ãåíéêþò ôçí ðëçóéÝóôåñç
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Ó÷Þìá 17: ÄéáãñÜììáôá Ìy, Qx, N óôýëïõ Ó11 ãéá ôá ðñïóïìïéþìáôá Íï 1 - Íï 6 - ÄõíáìéêÞ öáóìáôéêÞ áíÜëõóç.
Figure 17: My, Qx, N diagrams of column Ó11 for models No 1 - No 6 - Response spectrum analysis.

Ó÷Þìá 18: ÄéáãñÜììáôá Ì, Q ôçò äïêïý Ä1 óôïí ôåëåõôáßï üñïöï
ãéá ôá ðñïóïìïéþìáôá Íï 1 Ýùò Íï 6 - ÄõíáìéêÞ öáóìáôéêÞ áíÜ-
ëõóç.
Figure 18: M, Q diagrams of beam Ä1 for models No 1 to No 6 of
the 10th storey of the building - Response spectrum analysis.

Ó÷Þìá 19: ÄéáãñÜììáôá Ìx, Qx, N ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá
ãéá ôá ðñïóïìïéþìáôá Íï 4 êáé Íï 5 - ÄõíáìéêÞ öáóìáôéêÞ áíÜëõóç.
Figure 19: Mx, Qx, N diagrams in cores� section for models No 4
and No 5 - Response spectrum analysis.



ðñïò ôï «áêñéâÝò» ðñïóïìïßùìá Íï 1 ìç÷áíéêÞ óõìðåñéöï-
ñÜ. Ó÷åäüí åîßóïõ éêáíïðïéçôéêÜ áðïôåëÝóìáôá ãéá ìåôáêé-
íÞóåéò, éäéïðåñéüäïõò ôáëÜíôùóçò êáé óõíïëéêÜ åíôáôéêÜ
ìåãÝèç ôçò óýíèåôçò äéáôïìÞò ôïõ ðõñÞíá äßíïõí ôá ðñïóï-
ìïéþìáôá Íï 5 (ìáêñïåðéöáíåéáêÜ óôïé÷åßá) êáé Íï 6 (Ýíá
óôïé÷åßï êåëýöïõò áíÜ óêÝëïò êáé üñïöï). Ëéãüôåñï áðïôå-
ëåóìáôéêü áëëÜ ïñéáêÜ áðïäåêôü áðïäåéêíýåôáé ôï ðñïóï-
ìïßùìá Íï 4 ôïõ åíüò éóïäýíáìïõ óôýëïõ óôï êÝíôñï
âÜñïõò ôïõ ðõñÞíá, åíþ ôåëåßùò áíåðáñêÝò êáé Üñá áðïññé-
ðôÝï ðñÝðåé íá èåùñçèåß ôï ðñïóïìïßùìá Íï 3 ôïõ åíüò éóï-
äýíáìïõ óôýëïõ óôï êÝíôñï äéÜôìçóçò ôïõ ðõñÞíá.

ÂÉÂËÉÏÃÑÁÖÉÁ
1. Mac - Leod, I.A. (1973): “Analysis of Shear Wall Buildings by the

Frame Method”. Proc. Instn. Civ. Engrs 55, pp. 593-603.
2. Stafford-Smith, B., Abate, A. (1981): “Analysis of Non-Planar Shear

Wall Assemblies by Analogous Frame”. Proc. Instn Civ. Engrs 71, Part 2,
pp. 395-406.

3. Áíáãíùóôüðïõëïò, Ó., Ëåêßäçò, Â. (1986): “Áíôéóåéóìéêüò Ó÷åäéá-
óìüò ìå âÜóç ôéò íÝåò äéáôÜîåéò ôïõ Áíôéóåéóìéêïý Êáíïíéóìïý”. ÅéäéêÞ
Ýêäïóç ÉÔÓÁÊ - ÔÅÅ (ÔìÞìá ÊåíôñéêÞò Ìáêåäïíßáò), Èåóóáëïíßêç.

4. Stafford-Smith, B., Girgis, A.M. (1986): “Deficiencies in the Wide
Column Analogy for Shear Wall Core Analysis”. Concrete International,
pp. 58-61.

5. Áâñáìßäçò, É.Å., Îåíßäçò, ×. (1991): “ÓõóôçìáôéêÞ äéåñåýíçóç ôùí
áíåðáñêåéþí ôïõ ìïíôÝëïõ ôïõ éóïäõíÜìïõ ðëáéóßïõ êáôÜ ôçí ðñïóïìïßù-
óç áíïéêôþí ðõñÞíùí Ï/Ó”. ÐñáêôéêÜ 10ïõ Åëëçíéêïý Óõíåäñßïõ Óêõ-
ñïäÝìáôïò, Ñüäïò, ôüì. É, 179-186.

6. Îåíßäçò, ×., Áâñáìßäçò, É.Å. (1992): “Ôåêìçñßùóç âáóéêþí áíåðáñ-
êåéþí ôçò ðëáéóéáêÞò ðñïóïìïßùóçò çìéáíïéêôþí êáé êëåéóôþí ðõñÞíùí
Ï/Ó”. ÐñáêôéêÜ 1ïõ Åëëçíéêïý Óõíåäñßïõ ÁíôéóåéóìéêÞò Ìç÷áíéêÞò êáé
Ôå÷íéêÞò Óåéóìïëïãßáò, ÁèÞíá, 96-105.

7. Îåíßäçò, ×., Áèáíáôïðïýëïõ, Á., Áâñáìßäçò, É.Å. (1994): “Éóïäýíá-
ìç ðëáéóéáêÞ ðñïóïìïßùóç âáèìéäùôþí ôïé÷ùìÜôùí Ï/Ó õðü óôáôéêÞ êáé
óåéóìéêÞ öüñôéóç”. ÐñáêôéêÜ 11ïõ Åëëçíéêïý Óõíåäñßïõ ÓêõñïäÝìáôïò,
ÊÝñêõñá, 399-410.

8. Girgis, A.M., Stafford-Smith, B. (1979): “Torsion Analysis of Buil-
ding Cores Partially Closed by Beams”. Proc. Symp. on Behaviour of
Building Systems and Components, Vanderbilt, Tenn.

9. Avramidis, I.E. (1991): “Zur Kritik des äquivalenten Rahmenmodells
für Wandscheiben und Hochhoauskerne”. Bautechnik 68, H.8, S. 275-285.

10. Xenidis, H., Athanatopoulou, A., Avramidis, I.E. (1993): “Modelling
of Shear Wall Cores under Earthquake Loading using Equivalent Frames”.
EURODYN �93, 2nd European Conference on Structural Dynamics,
Trondheim, Norway, 901-910.

11. Äïõäïýìçò, É.Í., Ìçôóïðïýëïõ, Å.Í. (1994): “ÓõãêñéôéêÞ ðñïóï-
ìïßùóç ôùí ðõñÞíùí ôùí ìéêôþí êôéñéáêþí öïñÝùí ìå áðëïðïéçìÝíá
ìïíôÝëá ðåðåñáóìÝíùí óôïé÷åßùí”. ÐñáêôéêÜ 11ïõ Åëëçíéêïý Óõíåäñßïõ
ÓêõñïäÝìáôïò, ÊÝñêõñá, 369-378.

12. Áâñáìßäçò, É.Å., Âá÷ëéþôçò, ×ñ., ÌáëáêÜôáò, Í., ê.Ü. (1994):
“Ôñüðïé ðñïóïìïßùóçò êáé õðïëïãéóìïý åíôáôéêþí ìåãåèþí ôïé÷ùìÜôùí
êáé ðõñÞíùí áðü óêõñüäåìá”. ¸êèåóç ïìÜäáò åñãáóßáò Ô.Å.Å., ÁèÞíá.

13. Îåíßäçò, ×., Áâñáìßäçò, É.Å., ÔñéáìáôÜêç, Ì. (1998): “ÓõãêñéôéêÞ
Áîéïëüãçóç ÁðëïðïéçìÝíùí ÐñïóïìïéùìÜôùí ãéá ÐõñÞíåò Êôéñßùí Ï/Ó
õðü ÓôáôéêÞ êáé ÄõíáìéêÞ öüñôéóç”. Ôå÷íéêÜ ×ñïíéêÜ, ÅðéóôçìïíéêÞ
¸êäïóç Ô.Å.Å., ÓåéñÜ É, 1998, ô. 18, ôåý÷. 3, óåë. 9-25.

14. Wilson, E.L., Habibullah, A. (1992): “SAP90, A series of Computer
Programs for the Finite Element Analysis of Structures”. User Manual,
Revised May 1992, Computers and Structures Inc. Berkeley, California,
U.S.A.

15. Wilson, E.L., Habibullah, A. (1992): “ETABS, The Three Dimen-
sional Analysis of Building Systems”. Version 5.4., Revised August 1992,
California, Berkeley, USA.

16. Mac-Leod, I.A. et al. (1977): “Frame Analysis of Shear Wall Cores”.
ASCE J. Str. Div. 103, No ST10, pp. 2037-2047.

17. Áâñáìßäçò, É.Å. (1993) : “ÊñéôéêÞ ôïõ ìïíôÝëïõ ôïõ éóïäõíÜìïõ
ðëáéóßïõ ãéá ôïé÷ßá êáé ðõñÞíåò ðïëõùñüöùí êôéñßùí Ï/Ó”. Ôå÷íéêÜ ×ñï-
íéêÜ, ÅðéóôçìïíéêÞ ¸êäïóç Ô.Å.Å., ÅðéóôçìïíéêÞ Ðåñéï÷Þ Á, ô. 13,
ôåý÷. 3, 135-170.

18. Taylor, R.L., Simo, J.C. (1985): “Bending and Membrane Elements
for Analysis of Thick and Thin Shells”. Proc. of the NUMETA 1985 Conf.,
Swansea (Jan. 7-11).

19. Áâñáìßäçò, É.Å., ÔñéáìáôÜêç, Ì., Îåíßäçò, ×. (1996) : “ÓôáôéêÞ êáé
äõíáìéêÞ áíÜëõóç ðïëõùñüöùí êôéñßùí Ï/Ó ìå åðéöáíåéáêÞ êáé ãñáììéêÞ
ðñïóïìïßùóç ôùí ðõñÞíùí ôïõò êáé ñçãìÜôùóç êáôÜ ÍÅÁÊ”. ÐñáêôéêÜ
12ïõ Åëëçíéêïý Óõíåäñßïõ ÓêõñïäÝìáôïò, Ëåìåóóüò, Êýðñïò, ôüìïò ÉÉÉ,
145-156.

20. Batoz, J.L., Tahar, M.B. (1982): “Evaluation of a New Quadrilateral
Thin plate Bending Element”. Int. J. for Num. Meth. in Eng., 18, 1655- 1667.

55Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 1  2000  Tech. Chron. Sci. J. TCG, I, No 1

×áñßôùí Îåíßäçò,
Äñ ðïëéôéêüò ìç÷áíéêüò, ëÝêôïñáò, ÅñãáóôÞñéï ÅöáñìïóìÝíçò ÓôáôéêÞò, ÔìÞìá Ðïëéôéêþí Ìç÷áíéêþí Á.Ð.È., 540 06 Èåóóáëïíßêç, 
ôçë. 031-995838. 
Êùí/íïò Ìïñößäçò,
Äéðë. ðïëéôéêüò ìç÷áíéêüò, ìåôáðôõ÷éáêüò öïéôçôÞò, ÅñãáóôÞñéï ÅöáñìïóìÝíçò ÓôáôéêÞò, ÔìÞìá Ðïëéôéêþí Ìç÷áíéêþí Á.Ð.È., 546 32
Èåóóáëïíßêç, ôçë. 031-617373.
ÉùÜííçò Å. Áâñáìßäçò,
Äñ ðïëéôéêüò ìç÷áíéêüò, êáèçãçôÞò, ÅñãáóôÞñéï ÅöáñìïóìÝíçò ÓôáôéêÞò, ÔìÞìá Ðïëéôéêþí Ìç÷áíéêþí Á.Ð.È., 540 06 Èåóóáëïíßêç,
ôçë. 031-995623.



Abstract
The reliability and accuracy of simplified models such as panel ele-
ments and equivalent frame models used for open and semi-open U-
section R/C building cores, have been the subject of many publi-
cations until recently. In contrast, there is relatively little work in
relation to the modelling effectiveness of R/C multi honeycomb
building cores. This paper aims to provide a well founded presen-
tation of generalized conclusions concerning the reliability and
accuracy of simplified models of R/C double honeycomb building
cores when using equivalent frame, panel elements and one shell
element for each flange and storey modelling techniques. The
numerical analyses and conclusions are based on the two main
methods dictated by modern seismic design codes: the equivalent
static and the responce spectrum methods. All the assumptions
deemed necessary in the modelling process are in complete agree-
ment with the provisions of the new Greek seismic code. The corre-
sponding finite shell element solutions serve as the basis of com-
parison.

1. INTRODUCTION

R/C double honeycomb building cores usually surround
staircases and elevators and are generally desirable as earth-
quake-resistant structural elements due to their significant
contribution to the flexural and torsional stiffness of the load
bearing system as whole.

The most reliable computional modelling technique of
R/C cores consists in their dense discretization with finite
shell elements including all six degrees of freedom at each
node.

However, the use of the Finite Element Method in the
analysis of conventional structures leads to uneconomical
solution. For this reason, simplified models such as equiva-
lent frame models, panel elements and models with one shell
element for each flange and storey, were introduced. In par-
ticular, the equivalent frame models are used extensively,
mainly because they can be integrated in various professional
structural analysis computer programs [1, 2, 3].

A few years after the first application of the equivalent
frame models, it was realised that there were intrinsic deficien-
cies related to their particular modelling technique [4, 5, 6].

The present paper intends to provide an in-depth presen-
tation to generalized conclusions conserning the reliability of
simplified models, of R/C open double honeycomb building
cores which are widely accepted in every-day engineering
practice. For this reason, equivalent frame models, panel ele-
ments and models with one shell element for each individual
flange of the core were used. The comparisons between the
various models were made on the basis of the results obtained
for analysis of the structures using highly accurate finite shell
elements [18, 20]. The numerical analyses and conclusions
are carried out using both methods required by modern seis-
mic design codes, namely the equivalent static and response
spectrum methods. All assumptions made throughout the
paper are in complete agreement with the provisions of the
new Greek seismic code.

2. STRUCTURAL SYSTEMS 
AND MODELLING

A number of structural systems were analysed. Figures 1
and 2 show in plan view the two which were chosen to be
presented in the present paper. The discretized core using
panel elements and models with one shell element have the
main advantage that only a single element is required for any
individual flange of the wall between two succesive storeys
and for this reason are an attractive solution.

Finally, figure 3 shows the main characteristics of the
three different frame models of the R/C core, the effective-
ness of which has been addressed in the present paper.

In models used, the slabs were considered as in-plane
rigid (diaphragm action) while the existence of the openings
in the area of R/C core was ignored.
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For the frame elements (beams/columns) not only
flexural deformations were taken into account, but also axial,
shear and torsional ones. Computer programs SAP90 [14]
and ETABS [15] were used for the analysis.

3. CONCLUSIONS

In relation to the effectiveness of the various models ana-
lysed by both equivalent static and response spectrum me-
thods:

a. The results of a comparative study of the isolated core
indicated that the classical linear equivalent frame
model (model No 2) is in general the most effective one
in providing reliable results relating to deformations
and natural periods of vibrations, while the stresses
exhibit intrinsic deficiencies with respect to the refe-
rence solution. Models No 5 and No 6 yielded results
of similar accuracy concerning deformations, natural
periods of vibrations and stresses, while models No 3
and No 4 are rejected.

b. For the 10-storey building core it can be stated that the
classical equivalent frame model yielded the most
effective mechanical behaviour in comparison with the
finite shell elements solution. Models No 5 and No 6
also yielded results of similar accuracy concerning
deformations, natural periods of vibration and stresses
in the cores� section. Within acceptable limits is model
No 4 which possess one equivalent column in the mass
center of the core. Finally, model No 3, with the
equivalent column in the shear center of the core, is
considered completely insufficient and was rejected for
this reason.
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