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Ðåñßëçøç
Ç ðáñïýóá åñãáóßá áíáöÝñåôáé áö� åíüò óôéò ÷áñáêôçñéóôéêÝò éäéü-
ôçôåò ôïõ Üîïíá âÝëôéóôçò óôñÝøçò êáé áö� åôÝñïõ óôïí ïñéóìü ôùí
áêôßíùí äõóôñåøßáò óôá ðïëõþñïöá ìéêôÜ óõóôÞìáôá. Ï Üîïíáò
âÝëôéóôçò óôñÝøçò èåìåëéþíåôáé ìå ôç èåùñßá ôùí óõíå÷þí óõóôç-
ìÜôùí, åíþ ôá óõìðåñÜóìáôá ðïõ ðñïêýðôïõí åðáëçèåýïíôáé êáé
áðü ôï äéáêñéôü ìïíôÝëï. Ãßíåôáé ìéá ôåêìçñéùìÝíç êáé õðïäåéãìáôé-
êÞ ðáñïõóßáóç ôçò áðëïðïéçìÝíçò ìåèüäïõ áíôéóåéóìéêïý õðïëïãé-
óìïý ìå ÷ñÞóç ôïõ Üîïíá âÝëôéóôçò óôñÝøçò êáé ôùí �éóïäýíáìùí�
óôáôéêþí åêêåíôñïôÞôùí ìÝóá áðü Ýíá áñéèìçôéêü ðáñÜäåéãìá, åíþ
ôá áðïôåëÝóìáôÜ ôçò óõãêñßíïíôáé ìå ôá áíôßóôïé÷á ôçò äõíáìéêÞò
öáóìáôéêÞò ìåèüäïõ. Ïñßæåôáé ãéá ðñþôç öïñÜ ç áêôßíá äõóôñåøßáò
óôá ðïëõþñïöá êôßñéá êáé ðáñïõóéÜæïíôáé êáôÜëëçëá êñéôÞñéá
åõóôñåøßáò ãéá ôç äéÜãíùóç ôùí åýóôñåðôùí ïñüöùí óå áõôÜ êáôÜ
ôç óôáôéêÞ êáé äõíáìéêÞ äéÝãåñóÞ ôïõò. 

1. ÅÉÓÁÃÙÃÇ

Ïé ìåôáóåéóìéêÝò ðáñáôçñÞóåéò Ý÷ïõí äåßîåé üôé Ýíá

õøçëü ðïóïóôü âëáâþí Þ êáé êáôáññåýóåùí åìöáíßæåôáé óå

êôßñéá ìå áóýììåôñç äéÜôáîç, óå êÜôïøç, ôùí êáôáêüñõöùí

óôïé÷åßùí äõóêáìøßáò. Ôï ãåãïíüò áõôü áðïäßäåôáé êõñßùò

óôéò óôñåðôïìåôáöïñéêÝò ôáëáíôþóåéò ôùí äéáöñáãìÜôùí

ôïõ êôéñßïõ, ëüãù ôùí ïðïßùí ðñïêýðôïõí ðñüóèåôåò áðáé-

ôÞóåéò ðëáóôéìüôçôáò óôá ðåñéìåôñéêÜ óôïé÷åßá, óå ó÷Ýóç ìå

åêåßíåò ôïõ áíôßóôïé÷ïõ óõììåôñéêïý óõóôÞìáôïò õðü ìåôá-

öïñéêÞ ôáëÜíôùóç. Ç áíôéìåôþðéóç ôïõ ðáñáðÜíù ðñïâëÞ-

ìáôïò, ìÝóá óôï ðëáßóéï ôùí áðëïðïéçìÝíùí ìåèüäùí áíôé-

óåéóìéêïý õðïëïãéóìïý, ãßíåôáé ìå ôç ÷ñÞóç ôùí �éóïäýíá-

ìùí� óôáôéêþí åêêåíôñïôÞôùí ãéá ôïí ïñéóìü ôïõ óçìåßïõ

åöáñìïãÞò ôùí óôáôéêþí óåéóìéêþí äõíÜìåùí åêáôÝñùèåí

ôïõ êÝíôñïõ ìÜæáò Ì ôùí ïñüöùí. Ìå ôçí Ýêêåíôñç äñÜóç

ôùí óôáôéêþí óåéóìéêþí äõíÜìåùí åðéäéþêåôáé ç êáôÜëëçëç

áýîçóç ôçò áíôï÷Þò ôùí ðåñéìåôñéêþí óôïé÷åßùí, þóôå ïé

áðáéôÞóåéò ðëáóôéìüôçôáò íá ðåñéïñéóèïýí óôá åðßðåäá ôïõ

ðáñáðÜíù áíôßóôïé÷ïõ óõììåôñéêïý óõóôÞìáôïò. Áíåëáóôé-

êïß õðïëïãéóìïß óå ÷ùñéêÜ áóýììåôñá ìïíþñïöá óõóôÞìá-

ôá åðáëÞèåõóáí ôá ðáñáðÜíù [1]. Óå åðßðåäï áíôéóåéóìéêþí

êáíïíéóìþí ÷ñçóéìïðïéåßôáé, åêôüò áðü ôéò �éóïäýíáìåò�

óôáôéêÝò åêêåíôñüôçôåò, êáé ç ôõ÷çìáôéêÞ åêêåíôñüôçôá, ç

ïðïßá ìåôáöÝñåé ôï óçìåßï åöáñìïãÞò ôùí óåéóìéêþí äõíÜ-

ìåùí áêüìá ðéï Ýêêåíôñá áðü ôï Ì. 

Ç ïñèïëïãéêÞ, üìùò, åöáñìïãÞ ôçò áðëïðïéçìÝíçò

ìåèüäïõ (éóïäýíáìçò óôáôéêÞò) óå üëá ôá êáíïíéêÜ êáè�

ýøïò ðïëõþñïöá êôßñéá ðñïûðïèÝôåé ôçí ýðáñîç êÜðïéùí

ðñïûðïèÝóåùí, ïé êõñéüôåñåò ôùí ïðïßùí óõíïøßæïíôáé óôá

åîÞò:

l Ôï óýóôçìá ðñÝðåé íá äéáèÝôåé ðñáãìáôéêü êáôáêüñõöï
åëáóôéêü Üîïíá ÉÉÉ êáèþò êáé äýï ïñéæüíôéïõò Üîïíåò
åëáóôéêüôçôáò É êáé ÉÉ. ÌåôÜ ôïí ïñéóìü ôùí õðüøç åëá-
óôéêþí áîüíùí, üðùò ãíùñßæïõìå áðü ôç ìåëÝôç ôïõ
ìïíùñüöïõ, ðñÝðåé ïé ïñéæüíôéåò óôáôéêÝò óåéóìéêÝò
äõíÜìåéò íá ðñïóáíáôïëéóôïýí êáôÜ ôç äéåýèõíóç ôùí É
êáé ÉÉ, åî ïõ êáé ç ÷ñÞóç ôçò áóýæåõêôçò ìåôáöïñéêÞò
éäéïðåñéüäïõ ãéá ôïí õðïëïãéóìü ôïõ ìåãÝèïõò ôùí óåé-
óìéêþí äõíÜìåùí. Óçìåéþíåôáé üôé, åðåéäÞ ôá ðïëõþñï-
öá óõóôÞìáôá äåí äéáèÝôïõí ãåíéêÜ åëáóôéêïýò Üîïíåò,
ïé áíôéóåéóìéêïß êáíïíéóìïß áíôéìåôùðßæïõí ôï õðüøç
ðñüâëçìá åßôå çìéåìðåéñéêÜ - äéÜóðáóç óå ìïíþñïöá
óõóôÞìáôá, ÷ñÞóç ôùí �êÝíôñùí âÜñïõò� ôùí ñïðþí
áäñáíåéþí ôùí ôïé÷ùìÜôùí, ÷ñÞóç ôùí êÝíôñùí äõóêáì-
øßáò ôùí ïñüöùí (ð.÷. EC8/98, N.B.C.Canada-95) - åßôå
ìå ðëÞñç áðïöõãÞ ôïõ õðïëïãéóìïý ôçò èÝóçò ôïõ åëá-
óôéêïý Üîïíá (ð.÷. ÍÅÁÊ-95, SEAOC) ìå üëåò ôéò óõíÝ-
ðåéåò ðïõ áõôü óõíåðÜãåôáé.

l Áðáéôåßôáé ç áõîïìåßùóç ôçò åêêåíôñüôçôáò ó÷åäéáóìïý
ìå ôç ÷ñÞóç ôùí �éóïäýíáìùí� óôáôéêþí åêêåíôñïôÞ-
ôùí, ìå ôåëéêü ðñïúüí ôçí êáôÜëëçëç áýîçóç ôçò áíôï-
÷Þò ôùí ðåñéìåôñéêþí óôïé÷åßùí, þóôå íá áíôéìåôùðé-
óèïýí ïñèïëïãéêÜ ïé äõóìåíåßò åðéðôþóåéò áðü ôéò óôñå-
ðôïìåôáöïñéêÝò ôáëáíôþóåéò ôùí ïñüöùí. ¼ìùò ïé �éóï-
äýíáìåò� óôáôéêÝò åêêåíôñüôçôåò åßíáé óõíÜñôçóç ôüóï
ôçò óôáôéêÞò åêêåíôñüôçôáò üóï êáé ôçò áêôßíáò äõóôñå-
øßáò ôïõ óõóôÞìáôïò [2], [3], [4], [5], [6], [7], [8], [9].

¢ëëá ìåãÝèç, üðùò ç óôáôéêÞ åêêåíôñüôçôá, ï ðñïóáíá-

ôïëéóìüò ôùí êýñéùí áîüíùí åëáóôéêüôçôáò êáé ïé áêôßíåò
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äõóôñåøßáò ôïõ óõóôÞìáôïò, ïñßæïíôáé ìüíï óôá ìïíþñïöá

êáé óå åéäéêÝò êáôçãïñßåò ôùí ðïëõþñïöùí êôéñßùí, ìå

óõíÝðåéá íá ìçí åßíáé äõíáôÞ ç ïñèïëïãéêÞ åöáñìïãÞ ôçò

éóïäýíáìçò óôáôéêÞò ìåèüäïõ óå êÜèå ðïëõþñïöï óýóôçìá

[10], [11], [12], [13]. Ôï 1986 ïé Cheung, W.T., Tso, W.K.

[14] êáé ôï 1987 ïé Hezal, R., Chopra, A.K. [11] ìå ÷ñÞóç

ôïõ äéáêñéôïý ìïíôÝëïõ áðÝäåéîáí üôé äåí åßíáé äõíáôü íá

ïñéóèïýí ôá êÝíôñá äõóêáìøßáò ôùí ïñüöùí ðïõ íá åîáñ-

ôþíôáé áìéãþò áðü ôá åëáóôéêÜ êáé ãåùìåôñéêÜ ÷áñáêôçñé-

óôéêÜ ôçò êáôáóêåõÞò. Áðü ôï 1985 êáé 1987 ï

Anastassiadis, K. [15], [16] ÷ñçóéìïðïéþíôáò ôç èåùñßá ôùí

óõíå÷þí óõóôçìÜôùí åîÞãçóå êáé ôïõò ëüãïõò, ãéá ôïõò

ïðïßïõò äåí åßíáé äõíáôüò ï ïñéóìüò ôïõ êáôáêüñõöïõ ðñáã-

ìáôéêïý åëáóôéêïý Üîïíá óôá ìéêôÜ ðïëõþñïöá óõóôÞìáôá. 

Áðü ôçí Üëëç ðëåõñÜ, ïé ìåôáóåéóìéêÝò åìðåéñßåò áðü

éó÷õñÝò óåéóìéêÝò äïíÞóåéò äåí ðéóôïðïéïýí äõóìåíÞ óåé-

óìéêÞ óõìðåñéöïñÜ ôùí êôéñßùí ëüãù áíõðáñîßáò ôïõ ðñáã-

ìáôéêïý åëáóôéêïý Üîïíá. ÊáôÜ óõíÝðåéá, ìðïñåß ìåí óôá

êôßñéá áõôÜ íá ìçí åßíáé äõíáôÞ ç ïñèïëïãéêÞ åöáñìïãÞ ôçò

áðëïðïéçìÝíçò ìåèüäïõ, üìùò èá åßíáé áóöáëþò äõíáôÞ ìéá

åëáóôéêüôåñç áëëÜ ôåêìçñéùìÝíç åöáñìïãÞ ôÞò õðüøç

ìåèüäïõ, ç ïðïßá êáé èá ðåñéâÜëëåé ðÜíôïôå ôç äõíáìéêÞ

áðüêñéóç ôïõ óõóôÞìáôïò. 

Ãéá ôçí ôåêìçñéùìÝíç åöáñìïãÞ ôçò áðëïðïéçìÝíçò

ìåèüäïõ áíôéóåéóìéêïý õðïëïãéóìïý ÷ñåéÜæåôáé íá ïñéóèåß ï

êáôáêüñõöïò åëáóôéêüò Üîïíáò âÝëôéóôçò óôñÝøçò ôïõ ôõ÷ü-

íôïò ðïëõþñïöïõ óõóôÞìáôïò, ãíùóôüôåñïò êáé ùò ðëáóìá-

ôéêüò åëáóôéêüò Üîïíáò [12], [13], [17]. ¼ôáí ôïðïèåôåßôáé ôï

öïñôéóôéêü åðßðåäï ôùí ïñéæïíôßùí óôáôéêþí äõíÜìåùí

ðÜíù óôïí Üîïíá âÝëôéóôçò óôñÝøçò, ôüôå ç óôñÝøç ïëï-

êëÞñïõ ôïõ óõóôÞìáôïò åëá÷éóôïðïéåßôáé, åíþ ìçäåíßæåôáé,

óôçí ïñéáêÞ ðåñßðôùóç ðïõ ï õðüøç Üîïíáò áðïôåëåß ðñáã-

ìáôéêü åëáóôéêü Üîïíá ôïõ óõóôÞìáôïò. Óôçí êáôÜóôáóç

ôçò âÝëôéóôçò óôñÝøçò ïé óôñïöÝò ôùí ïñüöùí ôïõ óõóôÞ-

ìáôïò åßíáé êáôÜ ðïëý ìéêñüôåñåò áðü ôéò áíôßóôïé÷åò ðïõ

ðñïêýðôïõí áðü Üëëåò èÝóåéò ôïõ öïñôéóôéêïý åðéðÝäïõ êáé

ãé� áõôü ìðïñïýìå íá èåùñÞóïõìå ðñïóåããéóôéêÜ üôé ôï

ðïëõþñïöï êôßñéï ìåôáöÝñåôáé ðáñÜëëçëá ðñïò ôïí åáõôüí

ôïõ ìå áìåëçôÝá óôñïöÞ. Óôç óõíÝ÷åéá, ïñßæïíôáé ïé êýñéåò

äéåõèýíóåéò ôïõ óõóôÞìáôïò êáèþò êáé ïé áêôßíåò äõóôñå-

øßáò ôïõ. ¾óôåñá áðü ôá ðáñáðÜíù èåùñïýìå üôé ï Üîïíáò

âÝëôéóôçò óôñÝøçò, ï ïðïßïò ïñßæåôáé ðÜíôïôå óå üëá ôá

ðïëõþñïöá êôßñéá ðïõ äéáèÝôïõí áðëþò ôçí áðáéôïýìåíç

áðü ôïõò êáíïíéóìïýò êáíïíéêüôçôá êáè� ýøïò, ìðïñåß íá

ðáßîåé ôïí ßäéï ñüëï ìå ôïí êáôáêüñõöï åëáóôéêü Üîïíá

óôçí åöáñìïãÞ ôùí áðëïðïéçìÝíùí ìåèüäùí áíôéóåéóìéêïý

õðïëïãéóìïý.

Ç äéåñåýíçóç ôùí éäéïôÞôùí ôïõ êáôáêüñõöïõ Üîïíá

âÝëôéóôçò óôñÝøçò óôá ðïëõþñïöá êôßñéá, ï ïñéóìüò ôùí

áêôßíùí äõóôñåøßáò áõôþí, ç õðïäåéãìáôéêÞ ðáñïõóßáóç

âÞìá ðñïò âÞìá ôçò ðñïôåéíüìåíçò áðëïðïéçìÝíçò ìåèüäïõ

áíôéóåéóìéêïý õðïëïãéóìïý êáé ç óýãêñéóç ôùí áðïôåëå-

óìÜôùí ôçò ìå ôá áíôßóôïé÷á áðïôåëÝóìáôá ôçò éóïäýíáìçò

óôáôéêÞò ìåèüäïõ êáôÜ ÍÅÁÊ-95 ðñùôßóôùò êáé ôïõ äõíá-

ìéêïý öáóìáôéêïý áíôéóåéóìéêïý õðïëïãéóìïý äåõôåñåõü-

íôùò óå Ýíá åýóôñåðôï áóýììåôñï ðåíôáþñïöï ìéêôü

óýóôçìá áðïôåëïýí ôï óêïðü ôïõ ðáñüíôïò Üñèñïõ. Óçìåé-

þíåôáé, åðßóçò, üôé ç ðñïôåéíüìåíç ìÝèïäïò áðïôåëåß ïñèï-

ëïãéêÞ âåëôßùóç ôùí �éóïäýíáìùí� óôáôéêþí ìåèüäùí áíôé-

óåéóìéêïý õðïëïãéóìïý, ðïõ ðñïôåßíïõí ïé áíôéóåéóìéêïß

êáíïíéóìïß ãéá ôá êáíïíéêÜ êáè� ýøïò êôßñéá, áíåîáñôÞôùò

âáèìïý åõóôñåøßáò êáé ó÷åôéêïý ìå áõôÞí êñéôçñßïõ êáíïíé-

êüôçôáò, êáé ü÷é ç õðïêáôÜóôáóç ôçò äõíáìéêÞò öáóìáôéêÞò

ìåèüäïõ.

2. ÓÕÌÂÏËÉÓÌÏÉ

Ì=+1.F = äéÜíõóìá óôñåðôéêþí ôñéãùíéêÞò êáôáíïìÞò,

= ðüëïò óôñÝøçò ôïõ äéáöñÜãìáôïò ôçò

óôÜèìçò ãéá óôñåðôéêÞ öüñôé-

óç Ì ôïõ óõóôÞìáôïò,

= óõíôåôáãìÝíåò ôïõ åëáóôéêïý êÝíôñïõ 

ôïõ êôéñßïõ,

eo = óôáôéêÞ åêêåíôñüôçôá ôïõ óõóôÞìáôïò,

m = ìÜæá ïñüöïõ,

J = ìáæéêÞ ñïðÞ áäñÜíåéáò ïñüöïõ,

= áêôßíá áäñáíåßáò ôïõ äéáöñÜãìáôïò,

ñx, ñy = áêôßíåò äõóôñåøßáò ôïõ êáôÜ ôéò äéåõèýí-

óåéò x êáé y óôï Po,

ef, er = éóïäýíáìåò óôáôéêÝò åêêåíôñüôçôåò,

= ôõ÷çìáôéêÞ åêêåíôñüôçôá,

ux, uy, èz = ìåôáêéíÞóåéò ôïõ äéáöñÜãìáôïò,

= áóôñåøßåò ôïõ ìéêôïý óõóôÞìáôïò ùò ðñïò

ôïõò äýï Üîïíåò Ù2, Ù3 áíôßóôïé÷á [16],

= óõíôåëåóôÞò åê ôïõ óõíå÷ïýò ìïíôÝëïõ

ðïõ äßäåôáé áðü áñéèìçôéêïýò ðßíáêåò [16], 

= áêôßíá äõóôñåøßáò êáìðôéêïý õðïóõ-

óôÞìáôïò åêöñáóìÝíç ùò ðñïò ôï Ê,

= áêôßíá äõóôñåøßáò äéáôìçôéêïý õðï-

óõóôÞìáôïò åêöñáóìÝíç ùò ðñïò ôï S.

3. Ï ÁÎÏÍÁÓ ÂÅËÔÉÓÔÇÓ ÓÔÑÅØÇÓ 

Ï ïñéóìüò ôïõ Üîïíá âÝëôéóôçò óôñÝøçò, ãíùóôüôåñïõ

êáé ùò êáôáêüñõöïõ ðëáóìáôéêïý åëáóôéêïý Üîïíá, ìðïñåß

( )r S Ss s III II, =

( )r K Kk k III II, =

µ ξ( )

G Js⋅ ⋅2,   G Js3

e iτ

r J m=

Po( , )X YP P

z Ho =0 80.

Po



íá ãßíåé ôüóï ìå ôç ÷ñÞóç ôïõ äéáêñéôïý ìïíôÝëïõ, óôçí

ãåíéêÞ ðåñßðôùóç ôùí áóýììåôñùí ìéêôþí ðïëõþñïöùí

óõóôçìÜôùí, üóï êáé ìå ôç ÷ñÞóç ôïõ óõíå÷ïýò ìïíôÝëïõ,

óôçí ðåñßðôùóç ôùí ìïíïóõììåôñéêþí ðïëõþñïöùí ìéêôþí

óõóôçìÜôùí.

3.1. ×ñÞóç ôïõ äéáêñéôïý ìïíôÝëïõ

Åßíáé ãíùóôü üôé ïé áíôéóåéóìéêïß êáíïíéóìïß áðáéôïýí

ôÝóóåñéò äéáöïñåôéêÝò áíáëýóåéò ôïõ óõóôÞìáôïò, äýï ãéá

êÜèå êýñéá êáôåýèõíóç, êáé óôç óõíÝ÷åéá äéåíåñãïýí êáôÜë-

ëçëåò åðáëëçëßåò åðß ôùí áðïôåëåóìÜôùí ôùí ðáñáðÜíù

áíáëýóåùí. Óôéò åñãáóßåò [12], [13] ÷ñçóéìïðïéÞèçêå ôï

äéáêñéôü ìïíôÝëï ãéá ôçí åýñåóç ôïõ Üîïíá âÝëôéóôçò óôñÝ-

øçò êáé áíáðôý÷èçêå ìéá óõãêåêñéìÝíç ìåèïäïëïãßá õðïëï-

ãéóìïý, ç ïðïßá óõíßóôáôáé óå ôñåéò ðñïóùñéíÝò åðéëýóåéò

ôïõ óõóôÞìáôïò. Ïé ôñåéò áõôÝò ðñïóùñéíÝò åðéëýóåéò ìðï-

ñïýí íá åðáëëçëéóôïýí êáôÜëëçëá, þóôå, äß÷ùò íá áðáéôç-

èåß Üëëç áíÜëõóç, íá éêáíïðïéçèïýí ïé åðáëëçëßåò ó÷åäéá-

óìïý ðïõ åðéâÜëëïõí ïé óýã÷ñïíïé áíôéóåéóìéêïß êáíïíéóìïß.

ÅíáëëáêôéêÜ êáé ðñïò áðïöõãÞ êÜðïéùí åðáëëçëéþí áëëÜ

êáé ãéá ôçí åðïðôéêüôåñç áíáëõôéêÞ åýñåóç êÜðïéùí åéäéêþí

ìåãåèþí, üðùò ãéá ðáñÜäåéãìá ïé áêôßíåò äõóôñåøßáò ôïõ

óõóôÞìáôïò Þ ïé áóýæåõêôåò èåìåëéþäåéò éäéïðåñßïäïé áõôïý

êáôÜ ôùí êýñéùí äéåõèýíóåùí É êáé ÉÉ, ìðïñïýìå íá åêôåëÝ-

óïõìå ðåñéóóüôåñåò áíáëýóåéò, üðùò ëåðôïìåñåéáêÜ ðáñïõ-

óéÜæåôáé óôï áñéèìçôéêü ðáñÜäåéãìá ôçò ðáñáãñÜöïõ 6.

¼ìùò, åðåéäÞ ôï äéáêñéôü ìïíôÝëï äåí äéáèÝôåé ôçí áðáéôïý-

ìåíç åðïðôåßá ãéá ôç öõóéêÞ êáôáíüçóç ôùí éäéïôÞôùí ôïõ

Üîïíá âÝëôéóôçò óôñÝøçò, ðñïóöåýãïõìå ðñïóùñéíÜ óôç

÷ñÞóç ôïõ óõíå÷ïýò ìïíôÝëïõ. Ôï óõíå÷Ýò ìïíôÝëï ÷ñçóé-

ìïðïéåßôáé óôï ðáñüí Üñèñï ôüóï ãéá ôç ìáèçìáôéêÞ åðáëÞ-

èåõóç ôçò èÝóçò ôïõ Üîïíá âÝëôéóôçò óôñÝøçò áðü êëåéóôÞ

ëýóç üóï êáé ãéá ôç öõóéêÞ êáôáíüçóç ôùí éäéïôÞôùí ôïõ.

¼ìùò, ãéá áñéèìçôéêïýò õðïëïãéóìïýò èá åðéóôñÝøïõìå óôï

äéáêñéôü ìïíôÝëï, ôï ïðïßï êáé õðåñôåñåß. 

3.2. ×ñÞóç ôïõ óõíå÷ïýò ìïíôÝëïõ

Ç èåùñßá ôùí óõíå÷þí óõóôçìÜôùí, áí êáé õóôåñåß ùò

ðñïò ôï äéáêñéôü ìïíôÝëï óå èÝìáôá áêñßâåéáò ôùí õðïëïãé-

óìþí, õðåñôåñåß áíáìöéóâÞôçôá óå èÝìáôá ðïéïôéêÞò êáôá-

íüçóçò ôçò óõìðåñéöïñÜò ôùí ìéêôþí ðïëõþñïöùí óõóôç-

ìÜôùí õðü óôáôéêþí ïñéæïíôßùí äõíÜìåùí. Óôï ðëáßóéï ôçò

èåùñßáò áõôÞò ôï ôõ÷üí ðïëõþñïöï ÷ùñéêü ìéêôü óýóôçìá

äéáóðÜôáé óå äýï ÷ùñéêÜ õðïóõóôÞìáôá, ôï êáìðôéêü êáé ôï

äéáôìçôéêü, óõíåñãáæüìåíá ìåôáîý ôïõò. Áí èåùñÞóïõìå üôé

ôá óõóôÞìáôá áõôÜ äéáôçñïýí áìåôÜâëçôá êáè� ýøïò ôá

åëáóôéêÜ êáé ãåùìåôñéêÜ ôïõò ÷áñáêôçñéóôéêÜ, ôüôå ìðï-

ñïýìå ðÜíôïôå íá ïñßóïõìå ôá åëáóôéêÜ êÝíôñá Ê êáé S ôùí

äýï õðïóõóôçìÜôùí êáèþò êáé ôïõò êýñéïõò Üîïíåò åëáóôé-

êüôçôáò áõôþí. ¸÷åé áðïäåé÷èåß [16] üôé ôá õðüøç ìéêôÜ

ðïëõþñïöá óõóôÞìáôá äéáèÝôïõí ðÜíôïôå ôñåéò êáôáêüñõ-

öïõò Üîïíåò óôñÝøçò, ôïõò Ù1, Ù2, Ù3, ìç óõíåõèåéáêïýò,

åíþ ç ôåëéêÞ áðüêñéóç ôïõ êôéñßïõ, ëüãù ôçò óôáôéêÞò öüñ-

ôéóçò óõíå÷ïýò êáôáíïìÞò êáè� ýøïò, ðñïêýðôåé

ðÜíôïôå ùò åðáëëçëßá ôùí ôñéþí åîáíáãêáóìÝíùí ðåñéóôñï-

öþí ôïõ óõóôÞìáôïò ãýñù áðü ôïõò õðüøç Üîïíåò (ó÷. 1á).

Åðßóçò, óôçí ðåñßðôùóç ðïõ ç öüñôéóç äéÝñ÷åôáé áðü

ôïõò äýï Üîïíåò óôñÝøåùò Ù1, Ù2, ôüôå ôï ðïëõþñïöï

óýóôçìá ðåñéóôñÝöåôáé ãýñù áðü ôïí ôñßôï Üîïíá Ù3 (ó÷. 1â). 

Åðßóçò, äåß÷èçêå [16] üôé, üôáí õðÜñ÷åé êáôáêüñõöïò

åëáóôéêüò Üîïíáò óôï óýóôçìá, áõôüò ðñïêýðôåé ùò ìåñéêÞ

ðåñßðôùóç ôçò ó÷åôéêÞò èÝóçò ôùí áîüíùí óôñÝøçò Ù1, Ù2,

Ù3 êáé ôáõôßæåôáé ìå ôïí Ù3, åíþ ïé Ù1, Ù2 áðïìáêñýíïíôáé

óôï Üðåéñï. ÐñÜãìáôé, óôçí åéäéêÞ ðåñßðôùóç ôçò äéðëÞò

óõììåôñßáò ôïõ ðïëõþñïöïõ ìéêôïý óõóôÞìáôïò, ïé äýï

Üîïíåò Ù1, Ù2 áðïìáêñýíïíôáé óôï y-Üðåéñï êáé x-Üðåéñï

áíôßóôïé÷á, åíþ ï ôñßôïò Üîïíáò Ù3 óõìðßðôåé ìå ôï óçìåßï

ôïìÞò ôùí äýï áîüíùí óõììåôñßáò ôïõ óõóôÞìáôïò êáé ôüôå

áðïôåëåß ôïí ðñáãìáôéêü êáôáêüñõöï åëáóôéêü Üîïíá ôïõ

óõóôÞìáôïò (ó÷. 2á). Ôáõôü÷ñïíá, ôá äýï åëáóôéêÜ êÝíôñá Ê

êáé S ôùí äýï õðïóõóôçìÜôùí ôáõôßæïíôáé ìå ôïí Üîïíá Ù3.

Óôçí åéäéêÞ ðåñßðôùóç ôçò áðëÞò óõììåôñßáò ôïõ ðïëõþ-

ñïöïõ ìéêôïý óõóôÞìáôïò, ìå Üîïíá óõììåôñßáò ôïí x-x, ï

Üîïíáò Ù1 áðïìáêñýíåôáé óôï y-Üðåéñï, åíþ ïé Üëëïé äýï

Ù2, Ù3 âñßóêïíôáé ðÜíù óôïí x-x. Óôïí ßäéï Üîïíá óõììå-

ôñßáò âñßóêïíôáé êáé ôá äýï åëáóôéêÜ êÝíôñá Ê êáé S ôïõ

êáìðôéêïý êáé äéáôìçôéêïý õðïóõóôÞìáôïò áíôßóôïé÷á. Ïé

äýï Üîïíåò Ù2, Ù3 âñßóêïíôáé ðÜíôïôå åêôüò ôïõ äéáóôÞìá-

ôïò . Óôçí ðåñßðôùóç áõôÞ, áí ï öïñÝáò ôçò åîùôåñéêÞò

öüñôéóçò óõìðßðôåé ìå ôïí Üîïíá óõììåôñßáò x-x,

äçëáäÞ äéÝñ÷åôáé áðü ôïõò ðüëïõò Ù2, Ù3, ç ìéêôïý ôýðïõ

ðåñéóôñïöÞ ôïõ óõóôÞìáôïò ãýñù áðü ôïí, áðïìáêñõóìÝíï

óôï Üðåéñï, Üîïíá Ù1 åêöñÜæåôáé ùò êáèáñÞ ìåôáöïñÜ

áõôïý êáôÜ x-x (ó÷. 2â). 

¼ôáí óôï õðüøç ìïíïóõììåôñéêü óýóôçìá ç åîùôåñéêÞ

öüñôéóç Ý÷åé äéåýèõíóç êÜèåôç ðñïò ôïí Üîïíá óõì-

ìåôñßáò ôïõ óõóôÞìáôïò, ç óõíïëéêÞ áðüêñéóç áõôïý

åêöñÜæåôáé ùò åðáëëçëßá ôùí äýï åîáíáãêáóìÝíùí ðåñé-

óôñïöþí ìéêôïý ôýðïõ ãýñù áðü ôïõò Ù2, Ù3.

Áí ç èÝóç ôçò åßíáé åêôüò ôïõ äéáóôÞìáôïò ,

ôüôå ïé õðüøç äýï ðåñéóôñïöÝò ôïõ óõóôÞìáôïò åßíáé

óõìðëçñùìáôéêÝò, áöïý Ý÷ïõí ïìüóçìç öïñÜ (ó÷. 3á). ¢ñá

Ω Ω2 3F(z)

F(z)

F(z)
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ìáôïò . Åßíáé ðñïöáíÝò üôé ïé óôÜèìåò, ðïõ åõñßóêïíôáé

øçëüôåñá áðü ôï õðüøç óçìåßï ìçäåíéóìïý, èá óôñÝöïíôáé

áíôßèåôá áðü ôéò õðüëïéðåò óôÜèìåò ôïõ óõóôÞìáôïò. Óå

ðïéá, üìùò, óôÜèìç ðñÝðåé íá ãßíåé ï ìçäåíéóìüò ôçò óôñï-

öÞò, þóôå ç óôñÝøç ïëüêëçñïõ ôïõ óõóôÞìáôïò íá åëá÷é-

óôïðïéçèåß, äçëáäÞ íá ðáñïõóéáóôåß ç êáôÜóôáóç ôçò âÝë-

ôéóôçò óôñÝøçò; Ùò êáôáëëçëüôåñï êñéôÞñéï ãéá ôçí åëá÷é-

óôïðïßçóç ôçò óôñÝøçò ôïõ óõóôÞìáôïò ç åðéóôÞìç ôùí

ìáèçìáôéêþí ðñïôåßíåé:

minimum (3.1)

üðïõ ç óõíÜñôçóç êáôáíïìÞò ôùí óôñïöþí ôïõ

óõóôÞìáôïò êáè� ýøïò êáé Ç= ôï óõíïëéêü ýøïò ôïõ óõóôÞ-

ìáôïò.

ÊáôÜ ôçí åöáñìïãÞ ôïõ äéáêñéôïý ìïíôÝëïõ óå Í-þñïöï

óýóôçìá ç ðáñáðÜíù ó÷Ýóç éóïäõíáìåß ìå ôçí áêüëïõèç

[17], [12], [13]:

(3.2)

üðïõ (èi=ç óôñïöÞ ôçò óôÜèìçò i). Ç ó÷Ýóç (3.2) éêáíïðïé-

åßôáé ðñïóåããéóôéêÜ, üôáí ï ìçäåíéóìüò ôçò óôñïöÞò ãßíåôáé

óôç óôÜèìç [17], [12], [13] (ó÷. 4).

Êáôáóôñþíïíôáò ôç óõíèÞêç ìçäåíéóìïý ôçò óôñïöÞò

ôïõ óõóôÞìáôïò óôçí õðüøç óôÜèìç, ìðïñåß íá åíôïðéóôåß

ôï óçìåßï åöáñìïãÞò, óôï ïðïßï ðñÝðåé íá ôïðïèåôçèåß ç

åîùôåñéêÞ öüñôéóç , þóôå íá ðáñïõóéáóèåß ç êáôÜóôá-

óç ôçò âÝëôéóôçò óôñÝøçò. 

Ãéá ôéò áíÜãêåò ôïõ ðáñüíôïò Üñèñïõ ëáìâÜíåôáé ôï

êÜôùèé ìïíïóõììåôñéêü ìéêôü ðïëõþñïöï óýóôçìá, óôï

ïðïßï èåùñïýíôáé ãíùóôÜ ôá äýï åëáóôéêÜ êÝíôñá Ê êáé S

ôïõ êáìðôéêïý êáé äéáôìçôéêïý õðïóõóôÞìáôïò áíôßóôïé÷á

(ó÷. 5). Èåùñþíôáò ôï óýóôçìá áíáöïñÜò Êxyz, ôïðïèå-

ôïýìå ôçí åîùôåñéêÞ öüñôéóç äõíÜìåùí óôï óçìåßï

ðïõ êáèïñßæåôáé áðü ôçí õðü ðñïóäéïñéóìü áðüóôáóç

áðü ôçí áñ÷Þ Ê. Ïé äõíÜìåéò F(z) ðñïêáëïýí ùò ðñïò

ôïõò Üîïíåò Ù2, Ù3 ôéò áíôßóôïé÷åò óôñåðôéêÝò öïñôßóåéò

, ïé ïðïßåò áêïëïõèïýí êáé áõôÝò ôçí êáè�

ýøïò êáôáíïìÞ ôùí äõíÜìåùí F(z):

(3.3)

Ïé åîùôåñéêÝò óôñåðôéêÝò öïñôßóåéò ðñï-

êáëïýí óôç âÜóç ôùí äýï áîüíùí Ù2, Ù3 ôéò äéññïðÝò

áíôßóôïé÷á. Ïé ãùíßåò óôñÝøåùò ôçòθ θξ ξ2( ) ( ),  3B2 3 B,

m z2( ),  m3(z)

( ) ( )m F e x m F e xz z x o z z x o2 2 3 3( ) ( ) ( ) ( ),= ⋅ − + = − ⋅ −  

m z2( ),  m3(z)

xo

Po

F z( )

F(z)

z H= 0 8.

( )min ...θ θ θ θ2
1
2

2
2 2= + + + N N

θ( )z =

θ2
0

( )dzz
H =∫

KS
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Ó÷Þìá 1: Ïé Üîïíåò óôñÝøçò ðïëõþñïöïõ óõóôÞìáôïò.
Figure 1: Axes of enforced torsion in a frame-wall multi-storey

system.

Ó÷Þìá 2: ¢îïíåò óôñÝøåùò óå óõììåôñéêÜ óõóôÞìáôá.
Figure 2: Axes of enforced torsion in symmetrical system.

Ó÷Þìá 3: Åðáëëçëßá äýï ðåñéóôñïöþí.
Figure 3: Superposition of two rotation about Ù1, Ù2.

ôüôå åßíáé áäýíáôïò ï ìçäåíéóìüò ôçò óôñïöÞò óå êÜðïéá

óôÜèìç. Áí, üìùò, ç èÝóç ôçò F(z) åßíáé åíôüò ôïõ äéáóôÞ-

ìáôïò , ôüôå ïé äýï ìéêôïý ôýðïõ ðåñéóôñïöÝò ôïõ

óõóôÞìáôïò åßíáé áíôáãùíéóôéêÝò, áöïý Ý÷ïõí áíôßèåôç

öïñÜ ìåôáîý ôïõò (ó÷. 3â). Ãéá íá åßíáé, üìùò, äõíáôüò ï

ìçäåíéóìüò ôçò ïëéêÞò óôñïöÞò ôïõ óõóôÞìáôïò óå êÜðïéá

óôÜèìç, ðñÝðåé ç èÝóç ôçò íá åßíáé åíôüò ôïõ äéáóôÞ-F(z)

Ω Ω2 3



óôÜèìçò ãñÜöïíôáé [16]:

(3.4á)

(3.4â)

Áðü ôç óõíèÞêç ìçäåíéóìïý ôçò ïëéêÞò ãùíßáò óôñïöÞò

ôïõ óõóôÞìáôïò óôç óõãêåêñéìÝíç óôÜèìç (î=0.80) Ý÷ïõìå:

Åðéëýïíôáò ôçí ôåëåõôáßá åîßóùóç ùò ðñïò ôçí õðü

ðñïóäéïñéóìü áðüóôáóç xo, ðñïêýðôåé ç èÝóç ôïõ óçìåßïõ

åöáñìïãÞò , óôï ïðïßï ðñÝðåé íá ôïðïèåôçèåß ç åîùôåñé-

êÞ öüñôéóç , þóôå íá ðáñïõóéáóèåß ç êáôÜóôáóç ôçò

âÝëôéóôçò óôñÝøçò, Þôïé: 

üðïõ:

Ç èÝóç áõôÞ âñßóêåôáé ðÜíôïôå ìÝóá óôï äéÜóôçìá 

ôïõ óõóôÞìáôïò. ¼óï ìéêñüôåñï åßíáé ôï äéÜóôçìá ,

ôüóï ç êáôÜóôáóç ôçò âÝëôéóôçò óôñÝøçò ðëçóéÜæåé óôçí

êáôÜóôáóç ôçò ìçäåíéêÞò óôñÝøçò, ç ïðïßá êáé åìöáíßæåôáé

åê ôáõôüôçôïò, óôçí ïñéáêÞ ðåñßðôùóç ðïõ ôï óçìåßï Ê

óõìðßðôåé ìå ôï S. ¼ôáí ç åîùôåñéêÞ öüñôéóç F(z) ôïðïèå-

ôçèåß ìÝóá óôï äéÜóôçìá , ïé óôñïöÝò ôùí ïñüöùí ôïõ

êáìðôéêïý õðïóõóôÞìáôïò ãýñù áðü ôï Ê Ý÷ïõí áíôßèåôç

öïñÜ áðü ôéò óôñïöÝò ôùí ïñüöùí ôïõ äéáôìçôéêïý õðïóõ-

óôÞìáôïò ãýñù áðü ôï S. ¸ôóé õðÜñ÷åé óôï ìÝãéóôï äõíáôü

âáèìü áíôáãùíéóôéêÞ ëåéôïõñãßá ôùí äýï õðïóõóôçìÜôùí

óôç óôñÝøç ôïõ óõóôÞìáôïò. Ç áíôáãùíéóôéêÞ áõôÞ ëåé-

ôïõñãßá óõíßóôáôáé áö� åíüò óôï äéáöïñåôéêü ôýðï óôñÝøçò

(êáìðôéêü Ýíáíôé äéáôìçôéêïý) ôùí äýï õðïóõóôçìÜôùí êáé

áö� åôÝñïõ óôéò óôñïöÝò áíôéèÝôïõ öïñÜò ôïõ åíüò ìå ôï
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Ó÷Þìá 4: Ç êáôÜóôáóç ôçò âÝëôéóôçò óôñÝøçò ùò åðáëëçëßá ôçò
óôñÝøçò ôïõ êáìðôéêïý êáé äéáôìçôéêïý õðïóõóôÞìáôïò ðåñß ôï Ê
êáé S áíôßóôïé÷á.
Figure 4: State Optimum Torsion in multi-storey frame-wall building.

Üëëï (ó÷. 4). Åðßóçò, ìå ôçí áýîçóç ôïõ áñéèìïý ôùí ïñü-

öùí ç èÝóç ôïõ Üîïíá âÝëôéóôçò óôñÝøçò ðëçóéÜæåé ðñïò ôï

åëáóôéêü êÝíôñï S ôïõ äéáôìçôéêïý õðïóõóôÞìáôïò.

Ï Üîïíáò âÝëôéóôçò óôñÝøçò, ãíùóôüôåñïò êáé ùò êáôá-

êüñõöïò ðëáóìáôéêüò Üîïíáò, éêáíïðïéåß ôéò êÜôùèé ïñéáêÝò

óõíèÞêåò [17]:

á) Ç èÝóç ôïõ óôçí êÜôïøç ïëïÝíá êáé ðëçóéÜæåé ðñïò

ôï åëáóôéêü êÝíôñï Ê ôïõ áíôßóôïé÷ïõ ùò ðñïò ôçí êÜôïøç

ìïíùñüöïõ, üôáí áðü ôï êáíïíéêü êáè� ýøïò ìéêôü ðïëõþ-

ñïöï óýóôçìá ìåéþíåôáé ðñïïäåõôéêÜ ï áñéèìüò ôùí ôõðé-

êþí ïñüöùí, åíþ óõìðßðôåé ìå ôï Ê, óôçí ïñéáêÞ ðåñßðôù-

óç ðïõ ôï ðïëõþñïöï åêöõëßæåôáé óå ìïíþñïöï.

â) Ç èÝóç ôïõ óôçí êÜôïøç ïëïÝíá êáé ðëçóéÜæåé ðñïò

ôï åëáóôéêü êÝíôñï Ê ôïõ áíôßóôïé÷ïõ êáìðôéêïý õðïóõ-

óôÞìáôïò ìå ôçí áýîçóç ôùí ôïé÷ùìÜôùí óôï ìéêôü ðïëõþ-

ñïöï óýóôçìá, åíþ óõìðßðôåé ìå ôï Ê, üôáí ôï óýóôçìá

ìåôáôñáðåß óå áìéãÝò êáìðôéêü (éóüôñïðï). 

ã) Ç èÝóç ôïõ óôçí êÜôïøç ïëïÝíá êáé ðëçóéÜæåé ðñïò ôï

åëáóôéêü êÝíôñï S ôïõ áíôßóôïé÷ïõ äéáôìçôéêïý õðïóõóôÞ-

ìáôïò ìå ôç äéáäï÷éêÞ áöáßñåóç ôùí ôïé÷ùìÜôùí áðü ôï

ìéêôü ðïëõþñïöï óýóôçìá, åíþ óõìðßðôåé ìå ôï S, üôáí ôï

êôßñéï ìåôáôñáðåß óå áìéãÝò äéáôìçôéêü (éóüôñïðï). 

ä) Ìå ôçí áýîçóç ôïõ áñéèìïý ôùí ïñüöùí, ç èÝóç ôïõ

Üîïíá âÝëôéóôçò óôñÝøçò ðëçóéÜæåé ðñïò ôï åëáóôéêü

êÝíôñï S ôïõ äéáôìçôéêïý õðïóõóôÞìáôïò, äéüôé õðåñéó÷ýåé

ïëïÝíá êáé åíôïíüôåñá ôï äéáôìçôéêü õðïóýóôçìá Ýíáíôé

ôïõ êáìðôéêïý.

4. ÁÊÔÉÍÅÓ ÄÕÓÔÑÅØÉÁÓ 

Ç Ýííïéá ôçò áêôßíáò äõóôñåøßáò ðñïêýðôåé áðü ôç

ìåëÝôç ôçò óôñåðôéêÞò óõìðåñéöïñÜò ôïõ ìïíþñïöïõ êáé

ρI



ìïíïóõììåôñéêïý óõóôÞìáôïò êáé ìåôñÜôáé åðß ôïõ Üîïíá

óõììåôñßáò ìå áñ÷Þ ôï Ê. Ç áêôßíá äõóôñåøßáò ðáñé-

óôÜíåé ôï ìï÷ëïâñá÷ßïíá, ùò ðñïò ôï Ê, ôùí åëáóôéêþí

äõíÜìåùí åðáíáöïñÜò ãéá óôñåðôéêÞ öüñôéóç ôïõ óõóôÞìá-

ôïò. ÕðÜñ÷ïõí äýï äéáöïñåôéêïß áëëÜ éóïäýíáìïé ôñüðïé

õðïëïãéóìïý ôçò áêôßíáò äõóôñåøßáò. 

ρI

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

Ó÷Þìá 5: Ç èÝóç ôïõ Üîïíá âÝëôéóôçò óôñÝøçò.
Figure 5: The position of axis optimum torsion (Po ) in the plan.

Ó÷Þìá 6: Áêôßíá äõóôñåøßáò óå ìïíþñïöï óýóôçìá. 
Figure 6: Torsional radius in single system.

Ó÷Þìá 7: Õðïëïãéóìüò ôçò áêôßíáò äõóôñåøßáò óå ìïíþñïöï óýóôçìá.
Figure 7: Computation of torsional radius in single-storey.

Á´ ôñüðïò: Ç áêôßíá äõóôñåøßáò äßäåôáé Üìåóá áðü ôç

ó÷Ýóç , üðïõ ç óôñåðôéêÞ äõóêáì-

øßá ôïõ ìïíùñüöïõ ðåñß ôïí ÉÉÉ êáé = ç ìåôáöïñéêÞ

äõóêáìøßá áõôïý êáôÜ ôïí êýñéï Üîïíá ÉÉ. ÐñÜãìáôé, ôï

ìïíþñïöï - ìïíïóõììåôñéêü óýóôçìá ìðïñåß íá õðïêáôá-

óôáèåß åßôå ìå Ýíá õðïóôýëùìá óôï åëáóôéêü êÝíôñï Ê åöï-

äéáóìÝíï ìå ìåôáöïñéêÞ äõóêáìøßá êáé äõóôñåøßá 

(ó÷. 6á) åßôå ìå äýï ôïé÷þìáôá óå áðüóôáóç åêáôÝñùèåí

ôïõ Ê ìå ìåôáöïñéêÞ äõóêáìøßá Ýêáóôï (ó÷. 6â). Ãéá

ôõ÷ïýóá óôñåðôéêÞ öüñôéóç Ì ôï äåýôåñï óýóôçìá èá

åìöáíßæåé ôçí ßäéá ãùíßá óôñïöÞò è ìå ôï ðñþôï, äéüôé äéá-

èÝôåé äõóôñåøßá ßóç ìå (äçëáäÞ ìå áõôÞí ôïõ

ðñþôïõ óõóôÞìáôïò), Þôïé:

Åðßóçò, ðáñáôçñïýìå üôé ïé åëáóôéêÝò äõíÜìåéò åðáíá-

öïñÜò ôïõ äåýôåñïõ óõóôÞìáôïò Ý÷ïõí óôáèåñü ìï÷ëïâñá-

÷ßïíá ßóï ìå .

Â´ ôñüðïò: Ç áêôßíá äõóôñåøßáò äßäåôáé ìå âÜóç ôï

ðçëßêï ïñéóìÝíùí ìåôáêéíÞóåùí ôïõ óõóôÞìáôïò ãéá äýï

÷ùñéóôÝò öïñôßóåéò, Þôïé, ç ðñþôç öüñôéóç ìå ôç äýíáìç

ìå óçìåßï åöáñìïãÞò ôï Ê êáé ìå äéåýèõíóç áõôÞí ôïõ

Üîïíá ÉÉ (ó÷. 7á), êáé ç äåýôåñç öüñôéóç ìå ôç ñïðÞ óôñÝ-

øçò Ì = 1.FII (ó÷. 7â). Ç ðñþôç öüñôéóç äßíåé ìåôáôüðéóç

ôïõ óçìåßïõ Ê ßóç ìå uII= FII/kII, åíþ ç äåýôåñç öüñôéóç

äßäåé ãùíßá óôñïöÞò ðåñß ôï Ê . ÅðïìÝíùò,

ç áêôßíá äõóôñåøßáò ñÉ äßäåôáé (ó÷. 7ã):

(3.5)

Ï äåýôåñïò áõôüò ôñüðïò äåí áðáéôåß ôï ñçôü õðïëïãé-

óìü ôùí äåéêôþí äõóêáìøßáò kIIÉ, kII ôïõ óõóôÞìáôïò êáé

áõôü åßíáé éäéáßôåñá óçìáíôéêü óå ðéï óýíèåôá óõóôÞìáôá

üðïõ ï õðïëïãéóìüò ôùí äåéêôþí äõóêáìøßáò åßíáé äõó÷å-

ñÞò. ÌÜëéóôá Ý÷åé äåé÷ôåß [17] ìå ôç èåùñßá ôùí óõíå÷þí

óõóôçìÜôùí üôé ï õðüøç ôñüðïò ìðïñåß íá ãåíéêåõôåß áðü

ôá ìïíïâÜèìéá óôá ðïëõâÜèìéá, áñêåß íá åßíáé äõíáôü íá

ïñéóèïýí óôï åîåôáæüìåíï óýóôçìá ï åëáóôéêüò Üîïíáò êáé

ïé êýñéåò äéåõèýíóåéò ôïõ.

Ðéï óõãêåêñéìÝíá, áí èåùñÞóïõìå ôñåéò ðåñéðôþóåéò

÷ùñéêþí ðïëõþñïöùí ìïíïóõììåôñéêþí óõóôçìÜôùí, Þôïé

áìéãÝò êáìðôéêü, áìéãÝò äéáôìçôéêü êáé ìéêôü óýóôçìá, áðï-

äåéêíýåôáé óå êÜèå ðåñßðôùóç üôé ç áêôßíá äõóôñåøßáò äßäå-

ôáé áðü ôçí áêüëïõèç ó÷Ýóç (óåë. 120-126 [17]):

(3.6)ρ
ξ

θ ξI
o P

o P

II

z

B

M

u
= ⋅

, ( )

( ),

( )
ρ

θ
θI

III

II

II

II II

IIk

k

F

F u

uz

z
= =

⋅
=

1

( )θz II IIIF k= ⋅1

FII

ρI

( ) ( )′ = ⋅ ⋅ = ⋅ =k k k k k kIII II I II III II III2 2 2ρ

kIII′kIII

kII 2

ρI

kIIIkII

kII

kIII =ρI III IIk k=

ã.



üðïõ:

ç äéññïðÞ ôçò åîùôåñéêÞò öüñôéóçò 

óôç âÜóç üðïõ óôáèåñÜ. 

ç ñïðÞ êÜìøçò ôùí åîùôåñéêþí óôáôéêþí äõíÜìåùí

óôç âÜóç .

ç ìåôáôüðéóç êáôÜ ôç äéåýèõíóç ÉÉ ôïõ ðñáãìáôéêïý

Þ ðëáóìáôéêïý åëáóôéêïý Üîïíá óôç óôÜèìç ãéá

öüñôéóç ôïõ óõóôÞìáôïò ìå ôéò äõíÜìåéò êáôÜ ÉÉ.

èz(î)=ç ãùíßá óôñïöÞò ôïõ äéáöñÜãìáôïò ãýñù áðü ôïí

ðñáãìáôéêü Þ ðëáóìáôéêü åëáóôéêü Üîïíá óôç óôÜèìç

ãéá óôñåðôéêÞ öüñôéóç ôïõ óõóôÞìáôïò ìå ôéò ñïðÝò

M(z).

Óôç ó÷Ýóç (3.6) èåùñþíôáò üôé ïé ñïðÝò éóïýíôáé

ìå , ðñïêýðôåé üôé ï ëüãïò éóïý-

ôáé ìå ôç ìïíÜäá, åíþ ôüôå ç áêôßíá äõóôñåøßáò äßäåôáé áðü: 

ðïõ áðïôåëåß ãåíßêåõóç ôçò áíôßóôïé÷çò ó÷Ýóçò ôùí ìïíù-

ñüöùí. 

Ç áðáëïéöÞ ôïõ ëüãïõ áðü ôç ó÷Ýóç (3.6)

ìðïñåß íá åðéôåõ÷èåß êáé ìå ôï äéáêñéôü ìïíôÝëï. ÐñÜãìáôé,

ðáñáôçñþíôáò ôï ó÷Þìá 8 ðñïêýðôåé: 

Óõíåðþò, ðñÝðåé ôï äéÜíõóìá Ì ôùí ïìüóçìùí óôñåðôé-

êþí ñïðþí íá ðñïêýðôåé áðü æåýãç ôùí äõíÜìåùí F ìå

ìïíáäéáßï ìï÷ëïâñá÷ßïíá .

×ñçóéìïðïéþíôáò ôç èåùñßá ôùí óõíå÷þí óõóôçìÜôùí

äéåíåñãÞèçêå åêôåôáìÝíç ðáñáìåôñéêÞ áíÜëõóç óôçí åîß-

óùóç (3.6) êáé ðñïÝêõøå üôé ãéá êÜèå óôÜèìç î ç áêôßíá

äõóôñåøßáò ôùí ìéêôþí ìïíïóõììåôñéêþí óõóôçìÜôùí

äåí åßíáé óôáèåñÞ êáôÜ ôçí Ýííïéá ôïõ ýøïõò, áëëÜ ç ôéìÞ

ôçò áêïëïõèåß ðÜíôïôå ìéá êáôáíïìÞ, ôçò ïðïßáò ç ãåíéêÞ

ìïñöÞ öáßíåôáé åíäåéêôéêÜ óôá äéáãñÜììáôá ôùí ó÷çìÜôùí

9á êáé 9â, ôá ïðïßá ðñïÝêõøáí áðü äýï óõãêåêñéìÝíá äåêá-

þñïöá ìéêôÜ ìïíïóõììåôñéêÜ óõóôÞìáôá. Óôï äéÜãñáììá

9á ç áêôßíá äõóôñåøßáò ôïõ äéáôìçôéêïý õðïóõóôÞ-

ìáôïò, åêöñáóìÝíç ùò ðñïò ôïí êáôáêüñõöï ðñáãìáôéêü Þ

ðëáóìáôéêü åëáóôéêü Üîïíá ðïõ äéÝñ÷åôáé áðü ôï óçìåßï Po,

rs Po,
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Ó÷Þìá 8: Õðïëïãéóìüò ñïðÞò êáé äéññïðÞò óôç âÜóç ôïõ åëáóôéêïý
Üîïíá. 

Figure 8: Computation of moment and bimoment at base (Po) of
axis of optimum torsion.

åßíáé ìåãáëýôåñç áðü ôçí áêôßíá äõóôñåøßáò ôïõ

êáìðôéêïý õðïóõóôÞìáôïò, åêöñáóìÝíç óôï ßäéï óçìåßï,

üðïõ:

, (3.7) 

ìå , 

Óôï äéÜãñáììá 9â ðáñïõóéÜæåôáé ç áíôßóôñïöç åéêüíá.

Áðü ôá õðüøç äéáãñÜììáôá ðáñáôçñïýìå ôá êÜôùèé:

á) Ç ôéìÞ ôçò áêôßíáò äõóôñåøßáò åßíáé ìåôáâëçôÞ

áðü üñïöï óå üñïöï êáé ãéá ôï ëüãï áõôü äåí ìðïñåß íá ïñé-

óèåß åíéáßá ôéìÞ ãéá ïëüêëçñï ôï óýóôçìá.

â) Ç ôéìÞ ôçò áêôßíáò äõóôñåøßáò óå êÜèå üñïöï

ðÜíôïôå ðåñéâÜëëåôáé áðü äýï üñéá, áõôÜ ôùí áêôßíùí

äõóôñåøßáò ôïõ êáìðôéêïý êáé ôïõ äéáôìçôéêïý õðïóõóôÞ-

ìáôïò, êáé ðëçóéÜæåé ðÜíôïôå ðïëý êïíôÜ óôçí áêôßíá

äõóôñåøßáò ôïõ äéáôìçôéêïý õðïóõóôÞìáôïò.

ã) Ç äéáóðïñÜ ôçò ôéìÞò ôçò áêôßíáò äõóôñåøßáò áðü

üñïöï óå üñïöï äåí åßíáé óçìáíôéêÞ ãéá ôç óõíôñéðôéêÞ

ðëåéïøçößá ôùí ïñüöùí, óôá êáíïíéêÜ êáè� ýøïò ðïëõþñï-

öá ìéêôÜ óõóôÞìáôá. Óõíåðþò, äõíÜìåèá - ìÝóá óôï ðëáß-

óéï ôùí óõíÞèùí ðñïóåããßóåùí ðïõ ãßíïíôáé óôéò áðëïðïéç-

ìÝíåò ìåèüäïõò áíôéóåéóìéêïý õðïëïãéóìïý - íá ëÜâïõìå

ìéá ìÝóç ôéìÞ áêôßíáò äõóôñåøßáò ïñüöïõ êáé áõôÞ íá ôç

èåùñÞóïõìå ùò åíéáßá ôéìÞ áêôßíáò äõóôñåøßáò ôïõ óõóôÞ-

ìáôïò. Ãéá ëüãïõò õðïëïãéóôéêÞò áðëüôçôáò ðñïôåßíåôáé íá

ëáìâÜíåôáé ùò ìÝóç ôéìÞ ç áêôßíá äõóôñåøßáò ôçò óôÜèìçò

, äéüôé ç óôÜèìç áõôÞ ôïõ óõóôÞìáôïò ÷ñçóéìïðïé-

åßôáé êáé ãéá ôçí åýñåóç ôïõ Üîïíá âÝëôéóôçò óôñÝøçò, üðùò

áíáðôý÷èçêå óôçí ðáñÜãñáöï 3.

ÔÝëïò, ôï ìÝãåèïò ôçò ðáñáðÜíù áêôßíáò äõóôñåøßáò ñÉ
ôïõ ðïëõþñïöïõ óõóôÞìáôïò óõãêñéíüìåíï ìå ôçí áêôßíá

z H= 0 8.

ρI

ρI

ρI

r K Kk k III II, =r S Ss s III II, =

r r xk P k k oo, ,= +2 2( )r r KS xs P s s o
o, ,= + −2 2

rk Po,



áäñÜíåéáò ôïõ äéáöñÜãìáôïò åðéôñÝðåé ôç äéÜ-

ãíùóç ôçò óôñåðôéêÞò åõáéóèçóßáò ôïõ óõóôÞìáôïò, êáôÜ ôá

ãíùóôÜ áðü ôç ìåëÝôç ôïõ ðñïâëÞìáôïò áõôïý óôá ìïíþñï-

öá óõóôÞìáôá [2]. ÄçëáäÞ, áí

åßíáé ç áêôßíá äõóôñåøßáò åêöñáóìÝíç óôï êÝíôñï ìÜæáò Ì

ôïõ óõóôÞìáôïò êáé éó÷ýåé Þ , ôï óýóôçìá

÷áñáêôçñßæåôáé ùò óôñåðôéêÜ åõáßóèçôï ãéá äõíáìéêÞ öüñ-

ôéóç. Åðßóçò, ç áêôßíá äõóôñåøßáò óôá ðïëõþñïöá

óõóôÞìáôá ÷ñçóéìïðïéåßôáé êáé óôïí õðïëïãéóìü ôùí éóï-

äýíáìùí óôáôéêþí åêêåíôñïôÞôùí ãéá ôçí åöáñìïãÞ ôùí

áðëïðïéçìÝíùí ìåèüäùí áíôéóåéóìéêïý õðïëïãéóìïý.

5. ÉÓÏÄÕÍÁÌÅÓ ÓÔÁÔÉÊÅÓ 
ÅÊÊÅÍÔÑÏÔÇÔÅÓ 

Ãéá ôïí êáèïñéóìü ôïõ óçìåßïõ åöáñìïãÞò ôùí óôáôéêþí

óåéóìéêþí äõíÜìåùí ÷ñçóéìïðïéïýíôáé ïé éóïäýíáìåò óôáôé-

êÝò åêêåíôñüôçôåò , óå óõíäõáóìü ìå ôçí ôõ÷çìáôéêÞ

. Áðü ôç ìåëÝôç ôïõ ìïíïóõììåôñéêïý ìïíþñïöïõ ïìïé-

þìáôïò ðñïÝêõøå üôé ãéá ôçí ðåñéâïëÞ ôçò äõíáìéêÞò áðü-

e iτ

eref

ρI

ρmx r≈ρmx r≤

ρ ρmx I oxe= +2 2

r J m=
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Ó÷Þìá 9: ÊáôáíïìÞ ôùí áêôßíùí äõóôñåøßáò êáè� ýøïò.
Figure 9: Distribution of torsional radius of the floors.

Ó÷Þìá 10: Éóïäýíáìåò óôáôéêÝò åêêåíôñüôçôåò.
Figure 10: Equivalent static eccentricities.

êñéóçò ãéá äéÝãåñóç êÜèåôç ðñïò ôïí Üîïíá óõììåôñßáò ôïõ

áðáéôïýíôáé äýï óôáôéêÝò åðéëýóåéò ìå äéáöïñåôéêÝò �éóïäý-

íáìåò� óôáôéêÝò åêêåíôñüôçôåò (ó÷. 10). 

Áðü áíåëáóôéêïýò õðïëïãéóìïýò äåß÷èçêå üôé êôßñéá,

ðïõ ó÷åäéÜóèçêáí ìå ôçí �éóïäýíáìç� óôáôéêÞ ìÝèïäï êáé

ìå ÷ñÞóç ôùí õðüøç åêêåíôñïôÞôùí, åìöÜíéóáí ìéêñÝò ðñü-

óèåôåò áðáéôÞóåéò ðëáóôéìüôçôáò óôá ðåñéìåôñéêÜ óôïé÷åßá

[1]. 

Ïé åêêåíôñüôçôåò êáé õðïëïãßæïíôáé âÜóåé ôùí

ðáñáêÜôù äýï êñéôçñßùí éóüôçôáò ìåôáîý ôçò óôáôéêÞò êáé

äõíáìéêÞò áðüêñéóçò ôïõ ìïíþñïöïõ ïìïéþìáôïò [2]:

l ÊñéôÞñéï ìÝãéóôçò ãùíßáò óôñïöÞò:

Ìå ôï ðñþôï áõôü êñéôÞñéï õðïëïãßæåôáé ç åêêåíôñüôç-

ôá ðïõ êáèïñßæåé ôç èÝóç ôçò äõíÜìåùò ðñïò ôçí åýêá-

ìðôç ðëåõñÜ ôïõ óõóôÞìáôïò, èåùñþíôáò ôçí éóüôçôá ôçò

óôáôéêÞò ãùíßáò óôñïöÞò èz(ef) áõôïý ìå ôçí áíôßóôïé÷ç

ìÝãéóôç äõíáìéêÞ (ó÷. 10).

l ÊñéôÞñéï ìÝãéóôçò ìåôáôüðéóçò:

Ìå ôï äåýôåñï áõôü êñéôÞñéï õðïëïãßæåôáé ç åêêåíôñü-

ôçôá er ðïõ êáèïñßæåé ôç èÝóç ôçò äõíÜìåùò ðñïò ôç äýóêá-

ìðôç ðëåõñÜ ôïõ óõóôÞìáôïò, èåùñþíôáò ôçí éóüôçôá ôçò

óôáôéêÞò ìåôáôüðéóçò ur(er) ôçò äýóêáìðôçò ðëåõñÜò ôïõ

óõóôÞìáôïò ìå ôçí áíôßóôïé÷ç ìÝãéóôç äõíáìéêÞ max ur
(ó÷. 10).

Áðü ôç äéåñåýíçóç [2] ôùí äýï áõôþí óõíèçêþí éóüôç-

ôáò óå Ýíá ìïíïóõììåôñéêü óýóôçìá ìå Üîïíá óõììåôñßáò

ôïí x=I ðñïÝêõøáí ïé êÜôùèé áêñéâåßò ó÷Ýóåéò õðïëïãéóìïý

ôùí ef êáé er óõíáñôÞóåé ôçò áêôßíáò äõóôñåøßáò êáé ôçò

óôáôéêÞò åêêåíôñüôçôáò eo ôïõ ìïíùñüöïõ (ó÷. 10):

(5.1á)

(5.1â)

üðïõ: 
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Áí , ôüôå .

Áí , ôüôå 

, , ,

, 

, ,

n = 1 ãéá Ty < T2, n = 2/3 ãéá Ty > T2.

Åðßóçò, õðåíèõìßæåôáé üôé ãéá ôïí õðïëïãéóìü ôùí ôåëé-

êþí åêêåíôñïôÞôùí ó÷åäéáóìïý ÷ñçóéìïðïéåßôáé êáé ç ôõ÷ç-

ìáôéêÞ åêêåíôñüôçôá Þ êáôÜ

ôñüðï, þóôå íá ìåôáôïðßæåôáé ï öïñÝáò ôùí ïñéæïíôßùí óôá-

ôéêþí äõíÜìåùí áêüìá ðéï Ýêêåíôñá (ó÷. 10). ÔÝëïò, óôçí

ðåñßðôùóç ôïõ äéðëÜ áóýììåôñïõ óõóôÞìáôïò ç ðáñáðÜíù

äéáäéêáóßá åöáñìüæåôáé êáé ãéá ôïí êýñéï Üîïíá ÉÉ áõôïý.

6. ÁÑÉÈÌÇÔÉÊÏ ÐÁÑÁÄÅÉÃÌÁ 
6.1. ÄåäïìÝíá áñéèìçôéêïý ðáñáäåßãìáôïò

Ãéá ôéò áíÜãêåò ôïõ ðáñüíôïò Üñèñïõ äéåíåñãÞèçêå ìå ôï

äéáêñéôü ìïíôÝëï åêôåôáìÝíç ðáñáìåôñéêÞ áíÜëõóç óå ìéá

óåéñÜ áðü åýóôñåðôá ðïëõþñïöá êôßñéá êáé ðáñïõóéÜæåôáé

åíäåéêôéêÜ Ýíá ðåíôáþñïöï êôßñéï, ìå áóýììåôñç äéÜôáîç

ôùí óôïé÷åßùí äõóêáìøßáò, áðü ïðëéóìÝíï óêõñüäåìá (ó÷.

11). Ãéá üëåò ôéò åðéëýóåéò ÷ñçóéìïðïéÞèçêå ôï ãíùóôü ðñü-

ãñáììá Ç/Õ Super-Etabs.

ÄåäïìÝíá: 

¾øïò êôéñßïõ: Ç=5 x 3.2=16.0m

ÌÜæá ïñüöïõ: m=756.t (SI)

ÌáæéêÞ ñïðÞ áäñÜíåéáò: J=71127. tm2

Õðïóôõëþìáôá: 

Ôïé÷þìáôá óôáèåñÞò äéáôïìÞò êáè� ýøïò:

Á= 0.25x4.00, Â=0.25x1.50

Äïêïß: ÑïðÞ áäñÜíåéáò óôáäßïõ É:

ÊáôÜ ôïõò õðïëïãéóìïýò ëÞöèçêáí õðüøç ïé ìåéùìÝíåò

äõóêáìøßåò (óôáäßïõ ÉÉ) ãéá äïêïýò êáé ôïé÷þìáôá ðïõ ðñï-

âëÝðïíôáé áðü ôï ÍÅÁÊ-95.

Óêõñüäåìá: C20, E=29. GPa

Óôïé÷åßá öÜóìáôïò ó÷åäéáóìïý:

Á=0.24g, q=3.5, è=1.0, ãÉ=1.0, ç=1, 

Ýäáöïò êáôçãïñßáò Ä.

ÅðéôÜ÷õíóç ó÷åäéáóìïý:

ãéá 

6.2. ÅöáñìïãÞ ôçò áðëïðïéçìÝíçò ìåèüäïõ 
áíôéóåéóìéêïý õðïëïãéóìïý

6.2.1. Ïé áñ÷éêÝò öïñôßóåéò ��F�� êáé ��M��

Óôçí áñ÷Þ ôïõ õðïëïãéóìïý ïé êýñéåò äéåõèýíóåéò 

êáé ôïõ êôéñßïõ åßíáé Üãíùóôåò, üðùò êáé ç óõíáêü-

ëïõèç ôÝìíïõóá âÜóçò. Ãéá ôï ëüãï áõôü åêëÝãïõìå ôõ÷áßï

äåîéüóôñïöï óýóôçìá áíáöïñÜò Ï´×¾´Æ´ êáé èÝôïõìå ðñï-

óùñéíÜ ùò ôÝìíïõóá âÜóçò ìéá áõèáßñåôç ôéìÞ, ð.÷.

, êáé êáôáíÝìïõìå áõôÞ ôñéãùíéêÜ êáè�

ýøïò õðïëïãßæïíôáò ôéò äõíÜìåéò Fj ôùí ïñüöùí. Äçìéïõñ-

ãïýìå åí óõíå÷åßá ôï äéÜíõóìá Ì ôùí ïìüóçìùí óôñåðôé-

êþí æåõãþí ôùí ðáñáðÜíù äõíÜìåùí Fj ìå ìïíáäéáßï

ìï÷ëïâñá÷ßïíá .

,

Áðü ôç öüñôéóç ôïõ ÷ùñéêïý óõóôÞìáôïò ìå ôç äñÜóç Ì

ðñïêýðôïõí ïé ìåôáêéíÞóåéò ùò ðñïò ôçí áñ÷Þ ôïõ óõóôÞìá-

ôïò áíáöïñÜò Ï´×¾´Æ´ ôïõ 4ïõ ïñüöïõ (zo=0.80Ç):
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Ï Üîïíáò ìçäåíéêÞò Þ âÝëôéóôçò óôñÝøçò ôïõ êôéñßïõ,

ãíùóôüôåñïò êáé ùò êáôáêüñõöïò ðñáãìáôéêüò Þ ðëáóìáôé-

êüò åëáóôéêüò Üîïíáò áíôßóôïé÷á, ôïõ ïðïßïõ ïé éäéüôçôåò êáé

ï ïñéóìüò ôïõ äüèçêáí ôüóï óôçí åéóáãùãÞ üóï êáé ëåðôï-

ìåñÝóôåñá óôç ðáñÜãñáöï 3, äéÝñ÷åôáé áðü ôïí ðüëï óôñï-

öÞò Po(Xp, Yp), ãéá ôçí õðüøç óôñåðôéêÞ öüñôéóç, ôçò

óôÜèìçò [17], [12], [13].

Áí ôï óýóôçìá äéáèÝôåé ðñáãìáôéêü åëáóôéêü Üîïíá, ôüôå

ïé ðáñáðÜíù ó÷Ýóåéò èá äþóïõí ôç èÝóç ôïõ åëáóôéêïý

êÝíôñïõ Ê, äçëáäÞ ôá èá ðñïêýøïõí óôáèåñÜ óå

üëåò ôéò óôÜèìåò [12], [13], [17]. 

l Öüñôéóç ×-× 

Ïé äõíÜìåéò Fj ôïðïèåôïýíôáé ðÜíù óôï . 

Óôç óôÜèìç ðñïêáëïýíôáé ïé ìåôáôïðßóåéò:

l Öüñôéóç Õ-Õ 

Ïé äõíÜìåéò Fj ôïðïèåôïýíôáé ðÜíù óôï . 

Óôç óôÜèìç ðñïêáëïýíôáé ïé ìåôáôïðßóåéò:

l Êýñéåò äéåõèýíóåéò x, y êôéñßïõ 

Ï ðñïóáíáôïëéóìüò ôùí äýï ïñéæüíôéùí êýñéùí äéåõèýí-

óåùí x, y ôïõ êôéñßïõ, ðëáóìáôéêïý ÷áñáêôÞñá, áöïý ôï

óýóôçìá äåí äéáèÝôåé ðñáãìáôéêïýò êýñéïõò Üîïíåò åëáóôé-

êüôçôáò É êáé ÉÉ, ùò ðñïò ôï óýóôçìá áíáöïñÜò 

êáèïñßæåôáé áðü ôç ãùíßá á ôçò ó÷Ýóçò (ó÷. 11):

P XYo

u m mYY = = −0 0587992 0 0004859. , .      uXY

zo = 0 80H.

P X Yo P P( , )

u mXX = = −0 0545533m 0 0004859. , .      uYX

zo = 0 80H.

P X Yo P P( , )

X YP P,

Y
u

è
mp

x

z
= + = + = +4

4

0 0043071

0 0007714
558348457

.

.
.  

X
u

è
p

y
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Ó÷Þìá 11: ÊÜôïøç îõëïôýðïõ ðåíôáþñïöïõ êôéñßïõ.
Figure 11: Plan of a 5-storey building.



l ÓôáôéêÝò åêêåíôñüôçôåò êôéñßïõ

Ïé äýï óôáôéêÝò åêêåíôñüôçôåò ôïõ êôéñßïõ êáôÜ ôùí

êýñéùí äéåõèýíóåùí x, y ðñïêýðôïõí ãåùìåôñéêÜ (ó÷. 11). 

- Äéåýèõíóç x: ÓôáôéêÞ åêêåíôñüôçôá .

- Äéåýèõíóç y: ÓôáôéêÞ åêêåíôñüôçôá . 

l Áóýæåõêôåò éäéïðåñßïäïé

Ï õðïëïãéóìüò ôùí áóýæåõêôùí èåìåëéùäþí éäéïðåñéü-

äùí ôïõ óõóôÞìáôïò êáôÜ ôéò êýñéåò äéåõèýíóåéò x

êáé y ãßíåôáé ðáãéþíïíôáò üëåò ôéò åëåõèåñßåò êßíçóçò ôùí

ïñüöùí, ðëçí ôçò ìåôáöïñéêÞò, êáôÜ ôçí åîåôáæüìåíç äéåý-

èõíóç. ¸ôóé ðñïêýðôåé êáé .

Óõíåðþò, ïé ïñéóôéêÝò ôÝìíïõóåò âÜóçò êáôÜ ôéò êýñéåò äéåõ-

èýíóåéò x êáé y åßíáé ßóåò: 

ÊáôáíÝìïíôáò ôéò ôÝìíïõóåò âÜóçò ôñéãùíéêÜ ðñïêýðôåé

ôï êÜôùèé ïñéóôéêü äéÜíõóìá óôáôéêþí óåéóìéêþí äõíÜìåùí

êïéíü êáé ãéá ôéò äýï êýñéåò äéåõèýíóåéò:

6.2.2. Áêôßíåò äõóôñåøßáò ñx, ñy

Ïé äýï áêôßíåò äõóôñåøßáò ôïõ ðåíôáþñïöïõ êôéñßïõ

õðïëïãßæïíôáé êáôÜ ôéò êýñéåò äéåõèýíóåéò x êáé y (ó÷. 11):

l Öüñôéóç x-x

Ïé äõíÜìåéò ôïðïèåôïýíôáé ðÜíù óôï .

Ç óôÜèìç ìåôáôïðßæåôáé áðëÜ êáôÜ ôç äéåýèõí-

óç ôçò öüñôéóçò êáôÜ , äß÷ùò óôñïöÞ. 

l Öüñôéóç y-y

Ïé äõíÜìåéò Fy ôïðïèåôïýíôáé ðÜíù óôï . Ç

óôÜèìç ìåôáôïðßæåôáé áðëÜ êáôÜ ôç äéåýèõíóç

ôçò öüñôéóçò êáôÜ , äß÷ùò óôñïöÞ. 

l ÓôñåðôéêÝò öïñôßóåéò M,x, M,y
Äéåíåñãïýíôáé äýï åðéëýóåéò ìå ôéò äýï áíôßóôïé÷åò óôñå-

ðôéêÝò ñïðÝò , . ÅðåéäÞ, üìùò, óôï

õðüøç ðáñÜäåéãìá ïé ïñéóôéêÝò ôÝìíïõóåò ôçò âÜóçò êáôÜ

ôéò êýñéåò äéåõèýíóåéò x êáé y åßíáé ßóåò, ïé äýï õðüøç åðé-

ëýóåéò ôáõôßæïíôáé. ¸ôóé äéåíåñãåßôáé ìéá åðßëõóç ìå ôç öüñ-

ôéóç ïðüôå ç óôÜèìç ðåñéóôñÝöå-

ôáé êáôÜ .

ÊáôÜ óõíÝðåéá, ïé äýï áêôßíåò äõóôñåøßáò ôïõ

êôéñßïõ êáôÜ ôéò êýñéåò äéåõèýíóåéò x êáé y åßíáé:

Ãéá ôç äéåñåýíçóç ôçò óôñåðôéêÞò åõáéóèçóßáò ôïõ êôéñßïõ

åêöñÜæïõìå ôéò áêôßíåò äõóôñåøßáò áðü ôï åëáóôéêü êÝíôñï

óôï êÝíôñï ìÜæáò Ì ôïõ êôéñßïõ êáé ôéò

óõãêñßíïõìå ìå ôçí áêôßíá áäñÜíåéáò r ôïõ äéáöñÜãìáôïò

[2]:

Áöïý ìßá ôïõëÜ÷éóôïí áêôßíá äõóôñåøßáò åßíáé ìéêñüôå-

ñç áðü ôçí áêôßíá áäñáíåßáò ôïõ äéáöñÜãìáôïò, ôï êôßñéï

åßíáé óôñåðôéêÜ åõáßóèçôï [2], [12], [13].

6.2.3. Õðïëïãéóìüò ôùí éóïäýíáìùí óôáôéêþí 
åêêåíôñïôÞôùí

l Åêêåíôñüôçôåò óôç äéåýèõíóç y-y

Ïé éóïäýíáìåò óôáôéêÝò åêêåíôñüôçôåò êáôÜ ôçí êýñéá

äéåýèõíóç y ÷ñçóéìïðïéïýíôáé êáôÜ ôç öüñôéóç ôïõ óõóôÞ-

ìáôïò ìå ôéò óôáôéêÝò óåéóìéêÝò äõíÜìåéò Fx. Åöáñìüæïíôáò

ôéò ó÷Ýóåéò (5.1.) Ý÷ïõìå: 

Ç ôõ÷çìáôéêÞ åêêåíôñüôçôá åßíáé: 
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Ïé åêêåíôñüôçôåò ó÷åäéáóìïý ãéá ôéò åðéëýóåéò ìå ôéò óåé-

óìéêÝò äõíÜìåéò Fx ìåôñïýìåíåò áðü ôï Po åßíáé:

l Åêêåíôñüôçôåò óôç äéåýèõíóç x-x

Ïé éóïäýíáìåò óôáôéêÝò åêêåíôñüôçôåò êáôÜ ôçí êýñéá

äéåýèõíóç x ÷ñçóéìïðïéïýíôáé êáôÜ ôç öüñôéóç ôïõ óõóôÞ-

ìáôïò ìå ôéò óôáôéêÝò óåéóìéêÝò äõíÜìåéò . Åöáñìüæï-

íôáò ôéò áíáöåñüìåíåò ó÷Ýóåéò Ý÷ïõìå: 

Ç ôõ÷çìáôéêÞ åêêåíôñüôçôá åßíáé: 

Ïé åêêåíôñüôçôåò ó÷åäéáóìïý ãéá ôéò åðéëýóåéò ìå ôéò óåé-

óìéêÝò äõíÜìåéò ìåôñïýìåíåò áðü ôï åßíáé:

6.2.4. Áêñáßåò êáôáóôÜóåéò öüñôéóçò

Ìå ãíùóôÝò ðéá ôéò ôåëéêÝò åêêåíôñüôçôåò ó÷åäéáóìïý

äéåíåñãïýíôáé ïé ôÝóóåñéò ôåëéêÝò ÷ùñéóôÝò óôáôéêÝò åðéëý-

óåéò ôïõ óõóôÞìáôïò (ð.÷. ç 1ç êáé 2ç åðßëõóç êáôÜ ôïí

êýñéï Üîïíá x ìå åêêåíôñüôçôåò áíôß-

óôïé÷á êáé ç 3ç êáé 4ç åðßëõóç êáôÜ ôïí êýñéï Üîïíá y ìå

åêêåíôñüôçôåò áíôßóôïé÷á) (ó÷. 11). ÔÝëïò,

äéåíåñãåßôáé ç ÷ùñéêÞ åðáëëçëßá ôùí áðïôåëåóìÜôùí ôùí

ðáñáðÜíù åðéëýóåùí ìå ôç äçìéïõñãßá ôùí êÜôùèé ôåóóÜ-

ñùí ðåñéðôþóåùí áêñáßáò óôáôéêÞò öüñôéóçò ôïõ óõóôÞìáôïò: 

l Áêñáßá êáôÜóôáóç öüñôéóçò 1 (1ç ìå 3ç åðßëõóç).
l Áêñáßá êáôÜóôáóç öüñôéóçò 2 (1ç ìå 4ç åðßëõóç).
l Áêñáßá êáôÜóôáóç öüñôéóçò 3 (2ç ìå 3ç åðßëõóç).
l Áêñáßá êáôÜóôáóç öüñôéóçò 4 (2ç ìå 4ç åðßëõóç).

Ç óõíïëéêÞ Ýíôáóç Þ ìåôáêßíçóç ãéá êÜèå áêñáßá öüñôé-

óç õðïëïãßæåôáé ìå ôïí êáíüíá ôçò áðëÞò ôåôñáãùíéêÞò

åðáëëçëßáò ôùí åðéìÝñïõò ìåãåèþí áðüêñéóçò ôùí óõíäõá-

æüìåíùí åðéëýóåùí. Ìå ôïí ôñüðï áõôü ðñïêýðôåé Üìåóá ç

áêñáßá ôéìÞ êÜèå ìåãÝèïõò áðüêñéóçò. ÁëëÜ ïé áêñáßåò

ôéìÝò ôùí õðüøç ìåãåèþí áðüêñéóçò äåí åßíáé êáé ìåôáîý

ôïõò ôáõôü÷ñïíåò. Åöáñìüæïíôáò, üìùò, êáôÜëëçëåò ìåèü-

äïõò åßíáé äõíáôü íá åõñåèïýí êáé ïé ðéèáíÝò ôáõôü÷ñïíåò

ôéìÝò [18], [19], [20]. 

6.2.5. ÅðáëÞèåõóç âÝëôéóôçò óôñÝøçò

¼ôáí ïé ïñéæüíôéåò óôáôéêÝò óåéóìéêÝò äõíÜìåéò âñßóêï-

íôáé óôï áõôü êáôáêüñõöï öïñôéóôéêü åðßðåäï, ôï ïðïßï

äéÝñ÷åôáé áðü ôï , ôüôå ðñáãìáôïðïéåßôáé ç êáôÜóôáóç

ôçò âÝëôéóôçò óôñÝøçò óôï Í-þñïöï êôßñéï, áöïý åëá÷é-

óôïðïéåßôáé ôï ìÝãåèïò [17], [12], [13]:

minimum

Ãéá Üëëåò èÝóåéò (i) ôïõ öïñôéóôéêïý åðéðÝäïõ ïé óôñïöÝò

ôùí ïñüöùí ìåãáëþíïõí õðåñâïëéêÜ êáé óõíáêüëïõèá ç

ôéìÞ ôïõ ìåãÝèïõò . Óôï ó÷Þìá 12 öáßíåôáé ç ìåôáâïëÞ

ôïõ óôï õðüøç êôßñéï.

Áîßæåé íá óçìåéùèåß üôé ç åëá÷éóôïðïßçóç ôïõ 

óõìâáßíåé ðñÜãìáôé óôçí åããýôåñç ðåñéï÷Þ ôïõ Ñï, åíþ,

üôáí ôï öïñôéóôéêü åðßðåäï ôïðïèåôçèåß óôï êÝíôñï ìÜæáò,

ôï 26-ðëáóéÜæåôáé. Ç ìÝãéóôç áðüêëéóç ôïõ ðáñïõ-

óéÜæåôáé ãéá ôïðïèÝôçóç ôïõ öïñôéóôéêïý åðéðÝäïõ óôçí

ðåñßìåôñï ôçò åýêáìðôçò ðëåõñÜò ôïõ êôéñßïõ, üðïõ êáé

ëáìâÜíåé ôéìÞ 2465.2 öïñÝò ìåãáëýôåñç.

6.3. ÅöáñìïãÞ äõíáìéêÞò öáóìáôéêÞò ìåèüäïõ
6.3.1. ÉäéïìïñöéêÞ áíÜëõóç. ÊÝíôñá ôáëáíôþóåùò 

ôùí ïñüöùí

Ãéá ôç äéåíÝñãåéá ôçò éäéïìïñöéêÞò áíÜëõóçò ôïõ óõóôÞ-
ìáôïò êáô� áñ÷Þí èåùñïýìå üôé ç ìÜæá ôïõ êÜèå ïñüöïõ
åßíáé óõãêåíôñùìÝíç óôï ãåùìåôñéêü êÝíôñï ôïõ êÜèå äéá-
öñÜãìáôïò. Ãéá êÜèå äéÜöñáãìá ç ìåôáöïñéêÞ ôéìÞ ôçò
ìÜæáò ãéá ôéò äýï äéåõèýíóåéò x êáé y åßíáé m=756.t , åíþ ç
ìáæéêÞ ñïðÞ áäñÜíåéáò ãýñù áðü êáôáêüñõöï Üîïíá, ðïõ
äéÝñ÷åôáé áðü ôï êÝíôñï ìÜæáò, åßíáé Jm=71127.tm2. KáôÜ
ôç äõíáìéêÞ öáóìáôéêÞ ìÝèïäï äåí Ý÷åé óçìáóßá ï ðñïóá-
íáôïëéóìüò ôçò äéÝãåñóçò [21]. ÅêëÝãïõìå, ëïéðüí, ùò
óýóôçìá ðñïóáíáôïëéóìïý ôçò äéÝãåñóçò ôï x êáé y.

Ïé ðñþôåò ôñåéò óõæåõãìÝíåò éäéïðåñßïäïé ôïõ óõóôÞìá-
ôïò îåêéíþíôáò áðü ôç èåìåëéþäç åßíáé:

Ìå ãíùóôÝò ôéò éäéïìïñöÝò áðü ôçí éäéïìïñöéêÞ áíÜëõ-

óç ìðïñïýìå íá õðïëïãßóïõìå ôéò óõíôåôáãìÝíåò (exi, eyi)
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min , , . . .e e ey r y y= − = − = −τ 0178 0 924 0 75 m
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ôùí êÝíôñùí ôáëáíôþóåùò ôùí ïñüöùí áðü ôéò ó÷Ýóåéò

[2]:

(6.1)

Ç èÝóç ôùí êÝíôñùí ôáëáíôþóåùò ôùí ïñüöùí óôçí

êÜôïøç êáôÜ ôéò äýï ðñþôåò éäéïìïñöÝò áðïôåëåß ôïí

ðëÝïí áîéüðéóôï äåßêôç åõóôñåøßáò ôïõ êôéñßïõ. ¼ôáí ôá

êÝíôñá ôáëáíôþóåùò êáôÜ ôçí ðñþôç Þ äåýôåñç éäéïìïñöÞ

ðßðôïõí åíôüò ôïõ êýêëïõ ôçò áêôßíáò áäñÜíåéáò ôïõ äéá-

öñÜãìáôïò (ó÷. 13), ôüôå áõôü óçìáßíåé üôé ôï óýóôçìá åßíáé

åýóôñåðôï, äçëáäÞ ãéá ìåôáöïñéêÞ äéÝãåñóç êõñéáñ÷ïýí ïé

óôñåðôéêÝò ôáëáíôþóåéò ôùí äéáöñáãìÜôùí Ýíáíôé ôùí

ìåôáöïñéêþí. 

Áðü ôéò äåêáðÝíôå éäéïìïñöÝò ôïõ åîåôáæüìåíïõ óõóôÞ-

ìáôïò ïé ðÝíôå åßíáé óôñåðôéêïý ÷áñáêôÞñá êáé áõôÝò óõì-

âáßíåé íá åßíáé ç 1ç èåìåëéþäçò êáèþò êáé ïé õð� áñéè. 4, 6,

8, 10. Áöïý ëïéðüí ç èåìåëéþäçò éäéïìïñöÞ åßíáé óôñåðôé-

êïý ÷áñáêôÞñá, ôï óýóôçìá åßíáé åýóôñåðôï êáé áõôü áðï-

ôåëåß åðéâåâáßùóç ôïõ áíôßóôïé÷ïõ óõìðåñÜóìáôïò ðïõ åîÞ-

÷èç ìå ÷ñÞóç ôçò áêôßíáò äõóôñåøßáò óôçí ðáñÜãñáöï

6.2.2. 

ÔÝëïò, ôá êÝíôñá ôáëáíôþóåùò ôùí õðüëïéðùí äÝêá éäéï-

ìïñöþí åìðßðôïõí åêôüò ôïõ êýêëïõ ôçò áêôßíáò áäñÜíåéáò

ôïõ äéáöñÜãìáôïò (ó÷. 13), ãåãïíüò ðïõ äçëþíåé üôé êáôÜ ôéò

õðüøç éäéïìïñöÝò êõñéáñ÷ïýí óå êÜèå üñïöï ïé ìåôáöïñé-

êÝò ôáëáíôþóåéò. 

6.3.2. ÄõíáìéêÞ öáóìáôéêÞ åðßëõóç. ×ùñéêÞ åðáëëçëßá 

Èåùñþíôáò ôéò ìÜæåò óõãêåíôñùìÝíåò óôï ãåùìåôñéêü

êÝíôñï ôïõ êÜèå äéáöñÜãìáôïò åêôåëåßôáé äõíáìéêüò öáóìá-

ôéêüò õðïëïãéóìüò ãéá ìåôáöïñéêÞ äéÝãåñóç ÷ùñéóôÜ ãéá

êÜèå äéåýèõíóç x êáé y, Þôïé äýï åðéëýóåéò. Ç åðáëëçëßá ôùí

éäéïìïñöéêþí áðïêñßóåùí ãßíåôáé ìå ôç ìÝèïäï CQC êáé

ëáìâÜíïíôáé õðüøç üëåò ïé éäéïìïñöÝò ôïõ óõóôÞìáôïò,

äçëáäÞ ôï 100% ôùí äñùóþí ìáæþí. 

ÕðÜñ÷ïõí äéÜöïñåò áðüøåéò ãéá ôï ðüóç óå ìÝãåèïò êáé

ðþò ðñÝðåé íá ëáìâÜíåôáé ç ôõ÷çìáôéêÞ åêêåíôñüôçôá êáôÜ

ôçí åöáñìïãÞ ôçò äõíáìéêÞò öáóìáôéêÞò ìåèüäïõ. Ìå ôçí

ôõ÷çìáôéêÞ åêêåíôñüôçôá åðéäéþêåôáé íá ëçöèïýí õðüøç ç

óôñåðôéêÞ äéÝãåñóç âÜóçò, ïé êáôáóêåõáóôéêÝò áôÝëåéåò êáé

ïé ôõ÷áßåò äéáóðïñÝò ìáæþí, äõóêáìøéþí, áíôï÷þí, áðïóâÝ-

óåùí. 

Ç ðñþôç Üðïøç åßíáé íá ÷ñçóéìïðïéçèåß êáôÜëëçëï

óôñåðôéêü öÜóìá åðéôá÷ýíóåùí [22], [23] äéåíåñãþíôáò

äõíáìéêü öáóìáôéêü õðïëïãéóìü ìå óôñåðôéêÞ äéÝãåñóç

âÜóçò, åíþ ìå ôçí ôõ÷çìáôéêÞ åêêåíôñüôçôá íá ëáìâÜíï-

e eyi
xi

zi
xi

yi

zi
= = −

ϕ
ϕ

ϕ

ϕ
,        

Oi
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Ó÷Þìá 12: ÊáôáíïìÞ ôïõ .

Figure 12: Distribution of .θi
2

θi
2

Ó÷Þìá 13: ÊÝíôñá ôáëáíôþóåùò ôïõ 3ïõ ïñüöïõ.
Figure 13: Center of vibration of 3rd shear.

íôáé õðüøç ïé õðüëïéðïé áâÝâáéïé ðáñÜãïíôåò. Ëüãù, üìùò,

ôçò ðïëý ðåñéïñéóìÝíçò âéâëéïãñáößáò óå óôñåðôéêÜ öÜóìáôá

åðéôá÷ýíóåùí óõíçèßæåôáé áðü ôïõò êáíïíéóìïýò ç ëÞøç

ôçò óôñåðôéêÞò äéÝãåñóçò íá ëáìâÜíåôáé Ýììåóá óôçí ôõ÷ç-

ìáôéêÞ åêêåíôñüôçôá. 

Ç äåýôåñç Üðïøç åßíáé ç ìÜæá ôïõ êÜèå ïñüöïõ íá ìåôá-

êéíåßôáé, êÜèåôá ðñïò ôç äéÝãåñóç, åêáôÝñùèåí ôçò èåùñçôé-

êÞò ôçò èÝóçò êáôÜ åêêåíôñüôçôá ßóç ìå ôçí ôõ÷çìáôéêÞ êáé

óôç óõíÝ÷åéá íá åêôåëïýíôáé äýï äõíáìéêÝò öáóìáôéêÝò åðé-

ëýóåéò ãéá êÜèå êáôåýèõíóç. ÓõíÞèùò ïé óýã÷ñïíïé áíôéóåé-

óìéêïß êáíïíéóìïß ðñïôåßíïõí êáô� áðïêïðÞ ôéìÞ ôçò ôõ÷ç-

ìáôéêÞò åêêåíôñüôçôáò Þ .

Ç ôñßôç Üðïøç, ëüãù ôçò åããåíïýò áâåâáéüôçôáò ôçò

ôéìÞò ôçò ôõ÷çìáôéêÞò åêêåíôñüôçôáò, åßíáé íá ÷ñçóéìïðïé-

ïýíôáé ïìüóçìåò óôáôéêÝò óôñåðôéêÝò ñïðÝò óå êÜèå üñïöï

ßóåò ìå Þ . Ìå ôçí

åêêåíôñüôçôá ±2 .eô èåùñåßôáé üôé ëáìâÜíïíôáé êáëýôåñá

õðüøç ïé áâÝâáéïé ðáñÜãïíôåò. Ôá áðïôåëÝóìáôá áðüêñéóçò

áðü ôçí åí ëüãù óôáôéêÞ óôñåðôéêÞ öüñôéóç åðáëëçëßæïíôáé

Mi L= ± ⋅ ⋅( . )010 FiMi L= ± ⋅ ⋅( . )0 05 Fi

e Liτ = ± ⋅010.e Liτ = ± ⋅0 05.



áñéèìçôéêÜ óôá áíôßóôïé÷á áðïôåëÝóìáôá (óõíÞèùò ôá ìÝãé-

óôá, ôá ïðïßá üìùò äåí åßíáé ôáõôü÷ñïíá) ôçò äõíáìéêÞò

öáóìáôéêÞò ìåèüäïõ ãéá ìåôáöïñéêÞ äéÝãåñóç êáé Ýôóé ðñï-

êýðôåé ç Ýíôáóç ôçò ìéáò óåéóìéêÞò óõíéóôþóáò. Ç ßäéá äéá-

äéêáóßá åðáíáëáìâÜíåôáé êáé ãéá ôç äåýôåñç óåéóìéêÞ óõíé-

óôþóá. Ç äå ÷ùñéêÞ åðáëëçëßá ôùí äýï óõíéóôùóþí ãßíåôáé

ùò ãíùóôüí åðß ôùí áðïôåëåóìÜôùí ôçò áðüêñéóçò óýìöù-

íá ìå ôïí êáíüíá:

üðïõ ïðïéïäÞðïôå ìÝãåèïò áðüêñéóçò êáôÜ x êáé y

áíôßóôïé÷á. Ïöåßëïõìå åäþ, üìùò, íá åðéóçìÜíïõìå üôé ç

ôñßôç áõôÞ Üðïøç ðáñÜ ôç öáéíïìåíéêÞ ôçò áðëüôçôá äçìé-

ïõñãåß óïâáñÜ ðñïâëÞìáôá óõíÝðåéáò, üðùò: 

á) Ç åðáëëçëßá ôùí ìåãåèþí áðüêñéóçò áðü äýï åíôåëþò

äéáöïñåôéêÝò ìåèüäïõò (äõíáìéêÞò êáé óôáôéêÞò) åßíáé åê

öýóåùò áìöéóâçôÞóéìç. 

â) Áðü ôçí õðüøç åðáëëçëßá ÷Üíåôáé ç Ýííïéá ôùí ôáõ-

ôü÷ñïíùí ìåãåèþí áðüêñéóçò åê ôçò äõíáìéêÞò öáóìáôéêÞò

ìåèüäïõ. 

Óôï ðáñüí Üñèñï ãéá ôç ëÞøç ôçò ôõ÷çìáôéêÞò åêêåíôñü-

ôçôáò, êáé ðáñÜ ôéò ðéï ðÜíù áíôéññÞóåéò, åðéëÝ÷èçêå ç ðñü-

óèåôç óôáôéêÞ öüñôéóç ïìüóçìùí óôñåðôéêþí ñïðþí äéå-

íåñãþíôáò Ýôóé äýï ÷ùñéóôÝò åðéëýóåéò ìå ôéò åîÞò óôáôéêÝò

óôñåðôéêÝò öïñôßóåéò óå êÜèå üñïöï:

(6.2)

(6.3)

Ôá áðïôåëÝóìáôá áðü ôçí êÜèå ìßá åðßëõóç åðáëëçëß-

óôçêáí áëãåâñéêÜ ìå ôá áíôßóôïé÷á ìÝãéóôá (áëëÜ ü÷é êáé

ôáõôü÷ñïíá) áðïôåëÝóìáôá áðüêñéóçò ãéá áíåîÜñôçôç ìåôá-

öïñéêÞ äéÝãåñóç. ÄçëáäÞ ç ìåôáöïñéêÞ äéÝãåñóç êáôÜ x

óõíäõÜóôçêå ìå ôç öüñôéóç ôçò ó÷Ýóçò (6.2) êáé ðñïÝêõøå

ç áðüêñéóç , åíþ ç ìåôáöïñéêÞ äéÝãåñóç êáôÜ y óõíäõÜ-

óôçêå ìå ôç öüñôéóç ôçò ó÷Ýóçò (6.3) êáé ðñïÝêõøå ç áðü-

êñéóç Ey êáé áêïëïýèçóå ï êáíüíáò ôçò áðëÞò ôåôñáãùíé-

êÞò åðáëëçëßáò ìåôáîý ôùí Ex, Ey.

6.4. ÅöáñìïãÞ éóïäýíáìçò óôáôéêÞò ìåèüäïõ 
êáôÜ ôï ÍÅÁÊ-95

Ôï õðüøç åýóôñåðôï êôßñéï ìåëåôÞèçêå êáé ìå ôçí éóï-

äýíáìç óôáôéêÞ ìÝèïäï ðïõ ðñïâëÝðåé ï ÍÅÁÊ-95. ÅêëÝ-

÷èçêå, áõèáßñåôá, ï ðñïóáíáôïëéóìüò ôùí äýï ïñéæüíôéùí

óåéóìéêþí óõíéóôùóþí Ýôóé, þóôå íá óõìðßðôåé ìå ôïõò ãåù-

ìåôñéêïýò Üîïíåò × êáé Õ. Ôïíßæåôáé üôé óå óõíèåôüôåñá

÷ùñéêÜ óõóôÞìáôá, óôá ïðïßá ç äéÜôáîç ôùí êáôáêüñõöùí

óôïé÷åßùí äåí åßíáé ïñèïãùíéêÞ, äåí åßíáé ðñïöáíÞò ï ðñï-

óáíáôïëéóìüò ôùí êýñéùí äéåõèýíóåùí x, y ôïõ óõóôÞìá-

ôïò. ¸ôóé ç ìüíç ìÝèïäïò ðñïóäéïñéóìïý ôùí x êáé y åßíáé

ôá áíáðôõóóüìåíá óôçí ðáñÜãñáöï 6.2 ôïõ ðáñüíôïò. ÊáôÜ

ôá ëïéðÜ, äéåíåñãÞèçêáí ôÝóóåñéò áíáëýóåéò ôïõ óõóôÞìá-

ôïò, äýï áíÜ êáôåýèõíóç, ìå ÷ñÞóç ôçò ôõ÷çìáôéêÞò åêêå-

íôñüôçôáò , üðïõ L= ç êÜèåôç äéÜóôáóç ôçò êáôá-

óêåõÞò ùò ðñïò ôçí åîåôáæüìåíç äéåýèõíóç. Õðïëïãßóèçêáí

ïé óõíôåëåóôÝò üëùí ôùí ïñüöùí, ãéá êÜèå ìßá áíÜëõóç

÷ùñéóôÜ, ïé ïðïßïé êáé ðñïÝêõøáí óôï óýíïëü ôïõò ìéêñüôå-

ñïé ôïõ äýï. ÄçëáäÞ, êáôÜ ôï ÍÅÁÊ-95, ïé üñïöïé ôïõ êôé-

ñßïõ ÷áñáêôçñßæïíôáé ùò äýóôñåðôïé. ÌÜëéóôá áðü ôçí 2ç

áíÜëõóç, öüñôéóç êáôÜ X ôïðïèåôçìÝíç êÜôù áðü ôï êÝíôñï

ìÜæáò (ó÷. 11), ïé óõíôåëåóôÝò âñÝèçêáí ìéêñüôåñïé êáé

ôçò ìïíÜäáò ãéá üëïõò ôïõò ïñüöïõò, áöïý êõìÜíèçêáí

ìåôáîý 0.838 êáé 0.968, êáé óõíåðþò äåí áðáéôÞèçêå åðáíá-

ëçðôéêÞ åðßëõóç ìå äéáöïñåôéêÞ åêêåíôñüôçôá ó÷åäéáóìïý.

Ïé óõíôåëåóôÝò áðü ôéò Üëëåò ôñåéò áíáëýóåéò, êáé ãéá

üëïõò ôïõò ïñüöïõò, êõìÜíèçêáí ìåôáîý 0.7264 Ýùò 1.6346

êáé ðÜíôïôå ìéêñüôåñïé ôïõ äýï. Óõíåðþò, ôï êôßñéï èåùñåß-

ôáé êáíïíéêü ìå âÜóç üëá ôá ó÷åôéêÜ êñéôÞñéá ôïõ êáíïíé-

óìïý. Ç êáè� ýøïò êáôáíïìÞ ôùí óôáôéêþí óåéóìéêþí äõíÜ-

ìåùí ëÞöèçêå ôñéãùíéêÞ. Ïé ôñåéò õðüøç áíáëýóåéò åðáíá-

ëÞöèçêáí, ìå äéáöïñåôéêÞ üìùò åêêåíôñüôçôá ó÷åäéáóìïý,

áöïý ç ôõ÷çìáôéêÞ åêêåíôñüôçôá ðïëëáðëáóéÜóèçêå ìå

. ¸ôóé óõíïëéêÜ äéåíåñãÞèçêáí åðôÜ áíáëýóåéò óôï

õðüøç êôßñéï. Áêïëïýèçóå ç ÷ùñéêÞ åðáëëçëßá åðß ôùí áðï-

ôåëåóìÜôùí ôùí áíáëýóåùí ìå ôïí êáíüíá ôçò áðëÞò ôåôñá-

ãùíéêÞò åðáëëçëßáò. 

6.5. Óýãêñéóç áðïôåëåóìÜôùí

ÐáñáêÜôù äßäïíôáé ôá ôåëéêÜ äéáãñÜììáôá ÷ùñéêÞò

åðáëëçëßáò ôùí ñïðþí êÜìøçò 

áðü ôçí áðëïðïéçìÝíç ìÝèïäï áíôéóåéóìéêïý õðïëïãéóìïý

óôïõò óôýëïõò 1 (ó÷. 14) êáé 30 (ó÷. 15), ïé ïðïßïé âñßóêï-

íôáé óôç ãùíßá ôçò äýóêáìðôçò êáé åýêáìðôçò ðëåõñÜò ôïõ

êôéñßïõ áíôßóôïé÷á. Åðßóçò, äßäåôáé êáé ôï äéÜãñáììá ñïðþí

êÜìøçò óôï ôïß÷ùìá 24 (ó÷. 16).

ÌÝóá óå ðáñÝíèåóç äßäïíôáé ïé áíôßóôïé÷åò ôéìÝò åê ôçò

äõíáìéêÞò öáóìáôéêÞò ìåèüäïõ, üðùò áõôÞ åöáñìüóèçêå

óôçí ðáñÜãñáöï 6.3.2., åíþ ìÝóá óå áãêýëåò äßäïíôáé ïé

áíôßóôïé÷åò ôéìÝò åê ôçò éóïäýíáìçò óôáôéêÞò ìåèüäïõ êáôÜ

ÍÅÁÊ-95, üðùò áõôÞ åöáñìüóèçêå óôçí ðáñÜãñáöï 6.4.

Ðáñáôçñïýìå üôé ç ïñèïëïãéêÞ êáé ôåêìçñéùìÝíç åöáñìï-

ãÞ ôçò ðñïôåéíüìåíçò áðëïðïéçìÝíçò ìåèüäïõ ðåñéâÜëëåé ôá

( )Mξ η, M  

15. ⋅ ξ i

ξ i

ξ i

ξ i

0 05. ⋅ L

Ex

± ⋅ ⋅ = ± ⋅ ⋅ ⋅ = ± ⋅2 e Fyτx Fyi Fyi2 0 05 24 65 2 465( . . ) .

± ⋅ ⋅ = ± ⋅ ⋅ ⋅ = ± ⋅2 e Fxτy Fxi Fxi2 0 0518 48 1848( . . ) .

E Ex y,

E E Ex y= +2 2
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áíôßóôïé÷á ìåãÝèç áðüêñéóçò ôçò äõíáìéêÞò öáóìáôéêÞò

ìåèüäïõ. Áíôßèåôá, ç éóïäýíáìç óôáôéêÞ ìÝèïäïò, êáôÜ

ÍÅÁÊ-95, óôï óôýëï 1 (ó÷. 14) ôçò äýóêáìôçò ðëåõñÜò äåí

ðåñéâÜëëåé ôç äõíáìéêÞ öáóìáôéêÞ ìÝèïäï. Åðßóçò, ðáñá-

ôçñïýìå üôé óôï óôýëï 30 (ó÷. 15), ðïõ âñßóêåôáé óôçí åýêá-

ìðôç ðëåõñÜ ôïõ êôéñßïõ, ç áðëïðïéçìÝíç ìÝèïäïò äßíåé

óõíôçñçôéêÜ áðïôåëÝóìáôá. Áõôü, üìùò, åßíáé áíáìåíüìåíï

êáé óõìâáßíåé áíáðüöåõêôá, áëëÜ êáé ðñÝðåé íá óõìâáßíåé,

êáôÜ ôç ãíþìç ìáò, ãéá ôïõò êÜôùèé ëüãïõò:

l Ìå ôçí ðñïôåéíüìåíç áðëïðïéçìÝíç ìÝèïäï åðéôõã÷Üíå-
ôáé ðÜíôïôå, óå üëá ôá åýóôñåðôá óõóôÞìáôá ðïõ äéáèÝ-
ôïõí åëáóôéêü Üîïíá, ç ðåñéâïëÞ ôüóï ôùí åíôáôéêþí
ìåãåèþí óôá óôïé÷åßá ôçò äýóêáìðôçò ðëåõñÜò üóï êáé
ôùí ãùíéþí óôñïöÞò ôùí ïñüöùí, üðùò áíáëõôéêÜ ðåñé-
ãñÜöçêå óôçí ðáñÜãñáöï 5 ôïõ ðáñüíôïò, êáé ãéá ôï
ëüãï áõôü ðáñïõóéÜæåôáé áíáðüöåõêôá ç õðåñäéáóôá-
óéïëüãçóç óôá óôïé÷åßá ôçò åýêáìðôçò ðëåõñÜò. 

l - Ç õðåñäéáóôáóéïëüãçóç áõôÞ åßíáé éäéáéôÝñùò ÷ñÞóéìç
óôçí áíåëáóôéêÞ áðüêñéóç ôïõ óõóôÞìáôïò. ÐñÜãìáôé,
óõóôçìáôéêÝò Ýñåõíåò ôçò áíåëáóôéêÞò áðüêñéóçò ôïõ
ìïíþñïöïõ ìïíïóõììåôñéêïý óõóôÞìáôïò Ý÷ïõí äåßîåé
üôé ìå ôçí åéóáãùãÞ ôùí �éóïäýíáìùí� óôáôéêþí åêêå-
íôñïôÞôùí ef, er åðéôõã÷Üíåôáé óçìáíôéêÞ âåëôßùóç ü÷é
ìüíï ôçò åëáóôéêÞò áëëÜ êáé ôçò ìåôåëáóôéêÞò áðüêñé-
óÞò ôïõ. Åðßóçò, åéäéêüôåñåò óõóôçìáôéêÝò Ýñåõíåò áîéï-
ëüãçóçò ôùí óôñåðôéêþí äéáôÜîåùí ôùí êáíïíéóìþí
êáôÝëçîáí óôï óõìðÝñáóìá üôé ìå ôç ÷ñÞóç ôçò er ðñï-
êýðôåé ðåñéâïëÞ ôçò Ýíôáóçò óôá óôïé÷åßá ôçò äýóêáìôçò
ðëåõñÜò ìå ôáõôü÷ñïíç åëá÷éóôïðïßçóç ôùí ðñüóèåôùí
áðáéôÞóåùí ðëáóôéìüôçôáò óå áõôÜ. Ïé áðáéôÞóåéò ðëá-
óôéìüôçôáò ôçò õðüøç ðëåõñÜò ðåñéïñßæïíôáé óå áõôÝò
ôïõ áíôßóôïé÷ïõ óõììåôñéêïý óõóôÞìáôïò õðü ìåôáöïñé-
êÞ äéÝãåñóç. Ãéá ôï ëüãï áõôü èåóðßóèçêå ôï Üíù üñéï
0.5.eo óôç ó÷Ýóç 5.1â. Ìå ôç ÷ñÞóç ôçò ef , êáé ôç óõíá-
êüëïõèç õðåñäéáóôáóéïëüãçóç ôçò åýêáìðôçò ðëåõñÜò,
ðáñïõóéÜæåôáé ç ïñéáêÞ ðåñéâïëÞ ôùí áíåëáóôéêþí
ìåôáêéíÞóåùí ôçò åýêáìðôçò ðëåõñÜò, åíþ ôáõôü÷ñïíá
ïé áðáéôÞóåéò ðëáóôéìüôçôáò ðåñéïñßæïíôáé óå áõôÝò ôïõ
áíôßóôïé÷ïõ óõììåôñéêïý óõóôÞìáôïò õðü ìåôáöïñéêÞ
äéÝãåñóç. Ãéá ôï ëüãï áõôü, Üëëùóôå, ôßèåôáé ùò êÜôù
üñéï ôçò ef ç ôéìÞ ôçò eo óôç ó÷Ýóç 5.1á. Óôçí åñãáóßá
[2] áíáöÝñïíôáé óõãêåíôñùôéêÜ 18 ðñüóöáôåò ðåéñáìá-
ôéêÝò åñãáóßåò ðïõ ôåêìçñéþíïõí ôá ðáñáðÜíù. Ôïíßæå-
ôáé, ôÝëïò, üôé áêüìá êáé ç åöáñìïãÞ ôçò äõíáìéêÞò
öáóìáôéêÞò ìåèüäïõ ùò åðéëå÷èåßóáò ìåèüäïõ åëáóôé-
êïý õðïëïãéóìïý äåí åðáñêåß ãéá ôçí ïëïêëÞñùóç ôçò
ìåëÝôçò, áöïý ðñÝðåé íá óõìðëçñþíåôáé áðáñáéôÞôùò ìå
ôçí åîáóöÜëéóç êáé õøçëïý âáèìïý ðëáóôéìüôçôáò óôá
óôïé÷åßá ôçò åýêáìðôçò ðëåõñÜò. 
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Ó÷Þìá 14: ÄéáãñÜììáôá ñïðþí ôïõ óôýëïõ 1.
Figure 14: Diagrams of moment of column 1.

Ó÷Þìá 15: ÄéáãñÜììáôá ñïðþí ôïõ óôýëïõ 30.
Figure 15: Diagrams of moment of column 30.

Ó÷Þìá 16: ÄéÜãñáììá ñïðþí ôïõ ôïé÷þìáôïò 24.
Figure 16: Diagrams of moment of wall 24.



7. ÓÕÌÐÅÑÁÓÌÁÔÁ

Óôï Üñèñï áõôü Ýãéíå ç äéåñåýíçóç/ðáñïõóßáóç ôùí

éäéïôÞôùí ôïõ Üîïíá âÝëôéóôçò óôñÝøçò, ãíùóôüôåñïõ êáé

ùò êáôáêüñõöïõ ðëáóìáôéêïý Üîïíá, ôùí ìéêôþí ðïëõþñï-

öùí óõóôçìÜôùí ÷ñçóéìïðïéþíôáò ôç èåùñßá ôùí óõíå÷þí

óõóôçìÜôùí. Ç êáôÜóôáóç âÝëôéóôçò óôñÝøçò åßíáé ðÜíôïôå

åöéêôÞ óå üëá ôá ìéêôÜ ðïëõþñïöá óõóôÞìáôá êáé ãéá ôï

ëüãï áõôü ï õðüøç Üîïíáò ìðïñåß íá õðïêáôáóôÞóåé ôïí

åëáóôéêü Üîïíá ðáßæïíôáò ôïí ßäéï ñüëï ìå ôïí ôåëåõôáßï.

Äüèçêå ï ïñéóìüò ôçò áêôßíáò äõóôñåøßáò óôá ðïëõþñïöá

ìéêôÜ óõóôÞìáôá. 

Áðü åêôåôáìÝíç ðáñáìåôñéêÞ áíÜëõóç ìéáò óåéñÜò áðü

åýóôñåðôá ðïëõþñïöá êôßñéá, ðáñïõóéÜóèçêå Ýíá áíôéðñï-

óùðåõôéêü ðáñÜäåéãìá. Åöáñìüóèçêå õðïäåéãìáôéêÜ óå

áõôü ç ðñïôåéíüìåíç áðëïðïéçìÝíç ìÝèïäïò áíôéóåéóìéêïý

õðïëïãéóìïý, ç ïðïßá êáé áðïôåëåß âåëôßùóç ôçò éóïäýíá-

ìçò óôáôéêÞò ìåèüäïõ ðïõ ðñïâëÝðåôáé áðü ôïí ÍÅÁÊ-95.

×ñçóéìïðïéÞèçêáí ï Üîïíáò âÝëôéóôçò óôñÝøçò ôïõ êôéñßïõ,

ïé êýñéåò äéåõèýíóåéò áõôïý, ç óôáôéêÞ åêêåíôñüôçôá, ïé

áêôßíåò äõóôñåøßáò êáé ïé éóïäýíáìåò óôáôéêÝò åêêåíôñüôç-

ôåò. Ôá áðïôåëÝóìáôá ðïõ ðñïÝêõøáí óõãêñßèçêáí ìå ôá

áíôßóôïé÷á ôçò éóïäýíáìçò óôáôéêÞò ìåèüäïõ êáèþò êáé ôçò

äõíáìéêÞò öáóìáôéêÞò. Äåß÷èçêå üôé åßíáé äõíáôÞ ç åðÝêôá-

óç ôçò éóïäýíáìçò óôáôéêÞò ìåèüäïõ áêüìá êáé óå Ýíôïíá

åýóôñåðôá êôßñéá ðïõ äéáèÝôïõí áðëþò ôçí áðáéôïýìåíç áðü

ôïõò êáíïíéóìïýò êáíïíéêüôçôá êáè� ýøïò. ÔÝëïò, ðáñïõ-

óéÜóèçêáí óõãêåêñéìÝíá êñéôÞñéá åõóôñåøßáò (âëÝðå §4,

§6.2.2, §6.3.1) ìå óõãêåêñéìÝíç äéáäéêáóßá õðïëïãéóìïý.
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Abstract
The present paper refers on the one hand to the characteristic quali-
ties of the optimum torsion axis and on the other hand to the defini-
tion of the torsional radii of gyration in multi-storey frame-wall
systems. The optimum torsion axis is consolidated by using a con-
tinuous model of the structure, while the conclusions that arise are
verified by using the F.E.M. A substantiating and illustrative pre-
sentation is made regarding the equivalent static method with the
use of the optimum torsion axis and equivalent static eccentricities
through an arithmetical example, while the results of this method
are compared with the corresponding results of the dynamic spec-
tral method. Also presented are appropriate criteria for torsionally
flexible multi-storey buildings as far as their static and dynamic
loading are concerned. 

1. INTRODUCTION

The strict application of the equivalent static method to

all multi-storey buildings which are regular in elevation

requires the existence of certain presuppositions, the most

crucial of which are summed up in the observance of the fol-

lowing:

l The lateral static forces, according to the equivalent sta-
tic method, must have the direction of the principal
elasticity axes I, II of the system.

l The position of the lateral static forces in the plan, must
be determined by using equivalent static eccentricities so
that results of the dynamic response are enveloped. The
relevant eccentricities are a function of the static eccen-
tricity and the torsional radius of gyration of the system
[2], [3], [4], [5], [6], [7], [8], [9].

But the static eccentricity, the direction of the principal

elasticity axes and the torsional radii of gyration of the

system are not generally defined in multi-storey systems,

which consequently does not make the strict application of

the equivalent static method to them possible [10], [11], [12],

[13], [14], [15], [16]. 

For the substantiating application - of the equivalent sta-

tic method, the vertical elastic optimum torsion axis of a

multi-storey system need to be defined. When the level of late-

ral static seismic forces is placed upon the optimum torsion

axis of the system then the twist of the whole system is mini-

malised [12], [13], [17] while the twist is marked with zero in

the boundary case that the relevant axis is a real elastic axis

of the system. With the help of the optimum torsion axis, the

principal directions of the system as well as its torsional radii

of gyration are later defined. 

Research into the qualities of the vertical optimum torsion

axis of multi-storey frame-wall systems, the definition of the

torsional radii of gyration of these systems, the step by step

presentation of the suggested equivalent static method of

anti-seismic calculation and the comparison of its results with

the corresponding results of the dynamic spectral response in

a torsional flexible asymmetric five-storey building, are the

purpose of this paper. 

2. THE OPTIMUM TORSION AXIS 

By using a continuous model of the structure, a multi-

storey spatial frame-wall system splits into two spatial sub-

systems, the bending one and the shear one, which are

coupled. If we consider that these systems maintain invari-

able in elevation the elastic and geometric characteristics

then we can always define the elastic centres K and S of the

two subsystems as well as their principal elasticity axes I, II. 

It has been proved [16] that the relevant frame-wall multi-

storey systems always posses three vertical torsion axes, the
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, which are not upon the same line, while the

final response of the system, due to the lateral static loading

F(z) continuous distribution in elevation, always results as

superposition of the three enforced rotations of the system

around the relevant axes (fig. 1a).

It has been proved [16] that when there is a vertical real

elastic axis in the system, this results in a partial case of the

relative position of the torsion axes Ù1, Ù2, Ù3 and is iden-

tified with the Ù3 while the Ù1, Ù2 axes move to infinity

(fig. 2a). 

In the special case of the monosymmetric multi-storey

frame-wall system, having as a symmetrical axis the x-x, the

axis Ù1 moves to the y-infinity while the other two axes Ù2,

Ù3 are upon the x-x. On the same symmetrical axis there are

both the elastic centres K and S of the bending and the shear

subsystem correspondingly. The two axes Ù2, Ù3 are always

outside of the space.

When in the relevant monosymmetric system the lateral

static loading F(z) has a direction perpendicular to the sym-

metric axis of the system, its total response is expressed as

superposition of the two enforced rotations of the system

around the Ù2, Ù3 axes.

When the position of the F(z) is inside the space

then the two rotations of the system are competitive since

they have opposite direction (fig. 3b). Relation 3.1 expresses

the criterion of the minimum of the torsion of the whole

system.

The relation 3.1 is satisfied approximately when the nul-

lification of the floors� rotation angle takes place at the level

[17], [12], [13], (fig. 4).

Writing the equation nullification of the floors� rotation

angle at the relevant level, we can define the point of on

which the lateral static loading must be placed so that

the condition of optimum torsion appears. That is exactly

what happened to the monosymmetric frame-wall multi-

storey system in figure 5. Therefore, the position of the appli-

cation point resulted from this study.

The vertical axis that goes through point Po is called Opti-

mum Torsion Axis and satisfies the following boundary con-

ditions [17].

a) Its position in the plan coincides with point K, called

the elastic/stiffness centre, in the boundary case where the

multi-storey system reduces to the single-storey system. 

b) Its position in the plan coincides with point K when the

system transforms into a purely bending one.

c) Finally, its position in the plan coincides with point S

when the building transforms into purely shear one.

3. TORSIONAL RADII OF GYRATION 

The torsional radius of gyration represents the lever

arm, according to K, of the elastic forses of restoration during

the torsional loading of the single-storey/monosymmetric

system. There are two different but equivalent ways to cal-

culate the torsional radius of gyration.

A´: The torsional radius of gyration arises directly from

the relation , where the torsional

stiffness of the single-storey system about the axis III, and

= the translational stiffness of it according to prinsipal

axis II.

B´: The torsional radius of gyration (fig. 7ã) arises based

on the ratio of special displacements (translational and twist

angle) of the system from relation 3.5 where 

the displacement for static load force FII at the point K (fig.

7a) and the twist angle about K for tor-

sional loading of the system (fig. 7â).

In the case of the multi-storey and monosymmetric

system it has been proved [17] that the torsional radius of

gyration arises from relation 3.6. When the vector Ì of the

positive torsional moments arises from then the

elimination of the ratio may be achieved by

relation 3.6.

From an extended parametric analysis of equation (3.6) it

arises that for every level î the torsional radius of gyration

of the frame-wall monosymmetric systems is not con-

stant, but its value follows the distribution which is shown in

the diagrams of figures 9a and 9â. We suggest that the tor-

sional radius of gyration of the level is approxi-

mately equal to the torsional radius of gyration of the whole

system. 

Finally, it is noted that, if is the tor-

sional radius of gyration expressed at the center of mass M of

the system and it is true that or 

then the system is characterised as torsionally flexible for

dynamic translational excitation at base. 

4. EQUIVALENT STATIC ECCENTRICITIES

For the location of the point of application of the lateral

static seismic forces, the equivalent static eccentricities ef, er
are used, by use of the exact relations 5.1, by function of 

and eo [2]. To the ef, er we add the accidental eccentricity eôi.

In the case of the double asymmetric system this procedure is

applied for two its principal axes I, II. 

ρI

ρmx r≈ρmx r J m≤ =

ρ ρmx I oxe= +2 2

z H= 0 8.

ρI

B Mo P o P, ,

M F= ⋅1

M FII= ⋅1

( )θz II IIIF k= ⋅1

u F kII II II=

kII

kIII =ρI III IIk k=

ρI

Po

F(z)

z H= 0 8.

Ω Ω2 3
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Ω Ω Ω1, ,  2 3
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5. ARITHMETIC EXAMPLE 
5.1. Facts of the arithmetic example

In this paper we examined, using the F.E.M., the five-

storey building of figure 11, which is made from reinforced

concrete, with the asymmetric arrangement of the stiffness

elements (fig. 11). 

5.2. Application of the equivalent static method

From the analysis of the spatial system with the vector

torsional moments loading, the position of the opti-

mum torsion axis is defined Po(XP, Yp) = (+10.036,+5.583).

The principal directions x and y of the building are defined

by the angle á=+6.44589ï. The static eccentricities come up

as and . The uncoupled funda-

mental periods Tx, Ty of the system according to the direc-

tions x and y are and . Conse-

quently the final base shear according to the principal direc-

tions x and y are equal to:

The two torsional radii of gyration of the five-

storey building are calculated according to the principal

directions x and y (fig. 11) and are , .

For the investigation of the torsional flexibility of the

building we express the torsional radii of gyration by the

real/fictitious elastic centre to the center of

mass M of the building and we compare them with the radius

of inertia r of the diaphragm [2], that is ,

.

Since one at least torsional radius of gyration is smaller

than the radius of inertia of the diaphragm, the building is

torsionally flexible for dynamic loading [2], [12], [13].

The design eccentricities for the final solutions with the

lateral static seismic forces measured by are:

The design eccentricities for the final solutions with the

lateral static seismic forces measured by are:

Having known the final design eccentricities, the four

final separate static solutions of the system are taking place

(fig. 11). Finally the spatial superposition of the results of the

previous solutions takes place with the creation of the fol-

lowing four states of extreme static loading of the system:

l Extreme Loading States 1 (1st with 3rd solution).
l Extreme Loading States 2 (1st with 4th solution).
l Extreme Loading States 3 (2nd with 3rd solution).
l Extreme Loading States 4 (2nd with 4th solution).

The total stress or displacement for each extreme loading

is calculated with the rule of the quadratic superposition of

the partial stresses or displacements of the combined

solutions.

5.3. Application of the Dynamic Spectral Method

For the action of the modal analysis of the system firstly

we consider that the mass of each floor is concen-

trated at the geometric centre of each diaphragm. The mass

moment of inertia of the diaphragm around the vertical axis

that goes through the center of the mass is . 

From the modal shape vectors (i) we can calculate the

coordinates of the centers of vibration of the

floors from the relations 6.1. When the vibration centres

according to the first or second modal shape fall into the cir-

cle of the radius of inertia of the diaphragm (fig. 13) then this

means that the system is torsionally flexible that is, for the

pure translational excitation the torsional vibrations of the

diaphragm dominate the translational vibration. This is exac-

tly what happens in the example which we examine.

5.3.2. Dynamic spectral solution. Spatial superposition

By considering the masses concentrated - at the geomet-

rical centre of each diaphragm we can make a dynamic spec-

tral calculation for pure translational excitation for each

direction x and y separately. The superposition of the modal

responses is done using the CQC method, by taking into

account all the modal shapes of the system, that is the 100%

of the effective masses.

In this paper, for the reception of the accidental eccen-

tricity, the additional static loading of positive torsional

moments is chosen, acting this way separately from the sta-

tic torsional loadings of relations 6.2 on each floor. 

5.4. Comparison of Results

In figures 13, 14 and 15 one can see the final diagrams of

the spatial superposition of the moments of bend

from the equivalent static method of the anti-seismic analysis

on the columns 1 and 30 which are found on the corner of the

stiff and flexible side of the building accordingly. 

( )Mξ η, M  

Oi( , )e exi yi

J tmm =71127 2.

m t=756.

min , , . . .e e ex r x x= − = − − = −τ 1065 1233 2 298 m

max , , . . .e e ex f x x= + = + =τ 5 40 1233 6 633 m

PoFy

min , , . . .e e ey r y y= − = − = −τ 0178 0 924 0 75 m

max , , . . .e e ey f y y= + = + =τ 5 636 0 924 6 56 m

PoFx

ρmy r= < =8 70 9 70. .

ρmx r= < =8 90 9 70. .

P X Yo P P( , )

ρy m=8 41.ρx m=8 73.

ρ ρx ,   y

V m R Tox d x= ⋅ =ολ ( ) .64638 kN=Voy

Ty = 0 797. secTx = 0 773. sec

e moy = 2 237.e mox = 1725.

M F= ⋅1
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In parentheses one can see the relevant values according

to the Dynamic Spectral Method as was applied in 6.3.2. The

diagram of moments of bend is also given on the wall 24. We

observe that despite the fact that the examining building is

highly torsionally flexible, the substantiate application of the

equivalent static method by use of the optimum torsion axis

and of the equivalent static eccentricities envelopes the cor-

responding response of the dynamic spectral method.

6. CONCLUSIONS

In this paper there was an investigation/presentation of

the qualities of the optimum torsion axis of the frame-wall

multi-storey buildings using the continuous model of the

structure. The optimum torsion condition is always possible

in all frame-wall multi-storey systems and for this reason the

relevant axis can substitute for the vertical elastic axis, ha-

ving the same role as the latter. The definition of the torsion-

al radius of gyration in multi-storey frame-wall systems was

given.

The substantiated equivalent static method was applied in

an illustrative way to a torsionally flexible five-storey asym-

metric building based on the recent relevant research studies

[12], [13], [2]. The optimum torsion axis of the building was

used, its principal directions, the static eccentricity, the tor-

sional radii of gyration and the equivalent static eccentrici-

ties. The results that arose were compared with those of the

dynamic spectral method. The theoretical analysis [12], [13],

[17], [2] was also confirmed arithmetically in the example

which was examined, since it was shown that the extension

of the equivalent static method is possible even to highly tor-

sionally flexible buildings. 

Finally specific criteria of torsional flexibility were pre-

sented (see §4, §6.2.2 and §6.3.1) with a specific procedure

of calculation accordingly.
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