
Ðåñßëçøç
Óôçí åñãáóßá áõôÞ áíáðôýóóåôáé Ýíá õâñéäéêü Ýìðåéñï óýóôçìá
(PADEX) ãéá ôïí ðñïêáôáñêôéêü áíôéóåéóìéêü ó÷åäéáóìü ðïëõùñü-
öùí êôéñßùí, óýìöùíá ìå ôïí ÅÁÊ (1992). Ôï PADEX åßíáé Ýíá äéá-
ëïãéêü ðñüãñáììá âáóéóìÝíï óå ìéá âÜóç ãíþóçò ðïõ Ý÷åé åíóùìá-
ôùìÝíç ôçí åìðåéñßá ôïõ áíôéóåéóìéêïý ó÷åäéáóìïý, êùäéêïðïéçìÝ-
íç, þóôå íá ìðïñåß íá ãßíåôáé áíôéëçðôÞ áðü ôïí õðïëïãéóôÞ. Åßíáé
ãñáììÝíï óå Turbo Prolog. Ôï óýóôçìá áõôü êñßíåé ùò Ýíá âáèìü ôçí
åðÜñêåéá åíüò öïñÝá óýìöùíá ìå ôá êñéôÞñéá ôïõ áíôéóåéóìéêïý ó÷å-
äéáóìïý. Âñßóêåé ôá áäýíáôá óçìåßá ôïõ öÝñïíôïò ïñãáíéóìïý êáé
ðñïôåßíåé ôñüðïõò ãéá ôç âåëôßùóç ôçò áíôéóåéóìéêÞò óõìðåñéöïñÜò
ôçò êáôáóêåõÞò. Ôï PADEX Ý÷åé, åðßóçò, ôç äõíáôüôçôá ðñïóùñéíÞò
åîüäïõ óå áëãïñéèìéêü ðñüãñáììá ãéá ôç äéåíÝñãåéá õðïëïãéóìþí
êáé åðéóôñïöÞò óôï óýóôçìá ãéá áîéïëüãçóç ôùí áðïôåëåóìÜôùí.
ÔÝëïò, âáèìïëïãåß óõíïëéêÜ ôçí ðñïôåéíüìåíç ëýóç. Ç âáèìïëïãßá
áõôÞ äåí åßíáé áðüëõôç, áëëÜ äßíåé ìßá êáëÞ ðñïóÝããéóç ôçò åðÜñêåéáò
ôïõ öïñÝá áðü áíôéóåéóìéêÞ Üðïøç. Óçìåéþíåôáé ðùò ôï âÜñïò ôçò
áðïäåéêôéêÞò äéáäéêáóßáò ðáñáìÝíåé åõèýíç ôïõ ìåëåôçôÞ êáé ðùò ôï
Ýìðåéñï óýóôçìá äåí ìðïñåß íá áíôéêáôáóôÞóåé ôçí åìðåéñßá ôïõ
ìç÷áíéêïý.

1. ÅÉÓÁÃÙÃÇ

Ðáñ� üëï ðïõ ç áíÜðôõîç ôçò åðéóôÞìçò ôçò Ôå÷íçôÞò Íïç-
ìïóýíçò (Ô/Í) êáé ç ôáõôü÷ñïíç åêðüíçóç Åìðåßñùí Óõóôç-
ìÜôùí (Å/Ó) Ý÷ïõí ðëÝïí óõìðëçñþóåé åéêïóáåôßá [1, 2], ç
åöáñìïãÞ ôïõò óôï ãíùóôéêü ðåäßï ôùí êáôáóêåõþí åßíáé
÷ñïíïëïãéêÜ ðïëý ðéï ðñüóöáôç [3, 4]. ÅðéðëÝïí, ç áíÜãêç
äçìéïõñãßáò Å/Ó, ðïõ íá åðéêïõñïýí ôïí ðïëéôéêü ìç÷áíéêü
óôïí êýêëï áíÜëõóçò-ó÷åäéáóìïý ôå÷íéêþí Ýñãùí, ðáñáìÝ-
íåé åðéôáêôéêÞ [5] êáé éäéáßôåñá óå ðåñéðôþóåéò üðïõ áðáé-
ôåßôáé óçìáíôéêÞ åìðåéñßá áðü ìÝñïõò ôïõ ìåëåôçôÞ. Ìéá
ôÝôïéá êáôçãïñßá Ýñãùí åßíáé ïé áíôéóåéóìéêÝò êáôáóêåõÝò,
åßôå áõôÝò áöïñïýí óå êôéñéáêïýò öïñåßò åßôå óå öïñåßò åéäé-
êïý ôýðïõ (ãÝöõñåò, êáìéíÜäåò ê.ëð.) [6], üðïõ áö� åíüò
õðÜñ÷åé óýãêëéóç ôùí ãíùóôéêþí áíôéêåéìÝíùí ôçò Ìç÷áíé-
êÞò ôùí Êáôáóêåõþí, ôçò Ãåùôå÷íéêÞò Ìç÷áíéêÞò êáèþò
êáé ôçò Ãåùëïãßáò êáé ôçò ÓåéóìéêÞò Ìç÷áíéêÞò, êáé áö�
åôÝñïõ õðÜñ÷åé ìåãÜëç áâåâáéüôçôá óå üëá ôá âÞìáôá ðïõ
áöïñïýí óôïí áíôéóåéóìéêü ôïõò ó÷åäéáóìü (ìÝãåèïò óåé-
óìïý, åäáöéêÝò åðéôá÷ýíóåéò, åðßäñáóç ôïõ åäÜöïõò, åðéèõ-

ìçôüò óõíôåëåóôÞò áóöÜëåéáò ôçò êáôáóêåõÞò, åðéëïãÞ
äïìéêïý óõóôÞìáôïò ê.ëð.).

Ç Ô/Í åßíáé Ýíáò ôïìÝáò ôçò ÐëçñïöïñéêÞò ìå êýñéï
áíôéêåßìåíï ôçí áíÜðôõîç õðïëïãéóôéêþí óõóôçìÜôùí ðïõ
ðñïóïìïéþíïõí ôçí áíèñþðéíç íïçìïóýíç. Ôñåéò åßíáé ïé
êõñéüôåñïé êëÜäïé ôïõ ôïìÝá ôçò Ô/Í: ç åðåîåñãáóßá öõóé-
êþí ãëùóóþí, ç ñïìðïôéêÞ êáé ôá Å/Ó.

Ôá Å/Ó åßíáé ðñïãñÜììáôá ðïõ ÷ñçóéìïðïéïýí Ýíá óýíï-
ëï ãíþóåùí êáé êáíüíùí ãéá ôçí åðßëõóç ðñïâëçìÜôùí óå
Ýíá óõãêåêñéìÝíï ðåäßï ôçò áíèñþðéíçò ãíþóçò êáé êáôá-
ôÜóóïíôáé óå äýï êáôçãïñßåò, äéáãíùóôéêÜ êáé óõíèåôéêÜ.
Ôá äéáãíùóôéêïý ôýðïõ Å/Ó ÷ñçóéìïðïéïýíôáé ð.÷. óôç äéÜ-
ãíùóç ôïõ âáèìïý âëÜâçò ôùí êôéñßùí êáèþò êáé ôùí áéôßùí
ðïõ ðñïêÜëåóáí ôéò âëÜâåò. Ôá óõíèåôéêïý ôýðïõ Å/Ó ÷ñç-
óéìïðïéïýíôáé ãéá ôçí åðéëïãÞ ôçò êáôáëëçëüôåñçò ëýóçò
ìåôáîý ðåñéóóïôÝñùí ðéèáíþí ëýóåùí âÜóåé êÜðïéïõ ðñï-
äéáãñáöÝíôïò óôü÷ïõ.

¸íá Å/Ó áðïôåëåßôáé áðü ôç âÜóç ãíþóçò, áðü ôï ìç÷á-
íéóìü åîáãùãÞò óõìðåñáóìÜôùí êáé áðü ôï ðåñéâÜëëïí ÷ñÞ-
óçò, äçëáäÞ ôïí ôñüðï åðéêïéíùíßáò ìåôáîý ÷ñÞóôç êáé õðï-
ëïãéóôéêïý óõóôÞìáôïò. ¸íá Å/Ó ìðïñåß íá ðñïãñáììáôé-
óèåß óå ïðïéáäÞðïôå ãëþóóá ðñïãñáììáôéóìïý, åßíáé üìùò
ðñïôéìüôåñï íá ÷ñçóéìïðïéçèåß êÜðïéá áðü ôéò ëïãéêÝò
ãëþóóåò Ô/Í, üðùò åßíáé ç LISP êáé ç PROLOG.

1.1. Ôá Å/Ó óôïí ôïìÝá ôùí êáôáóêåõþí

Ôá ðåäßá åöáñìïãÞò Å/Ó óôçí åðéóôÞìç ôïõ ðïëéôéêïý
ìç÷áíéêïý åßíáé ðïëëÜ, áíôéêáôïðôñßæïíôáò êáôÜ êÜðïéï
ôñüðï êáé ôçí åõñýôçôá ôïõ ðåäßïõ äñÜóçò ôùí ðïëéôéêþí
ìç÷áíéêþí. ÃåíéêÜ, ôá Å/Ó åßíáé áðïôåëåóìáôéêÜ óå ðåñéï÷Ýò
üðïõ ç åìðåéñßá êáé ç êñßóç ðáßæïõí ìåãÜëï ñüëï, åíþ ôáõ-
ôü÷ñïíá ç ýðáñîç äéáöïñåôéêþí áðïäåêôþí ëýóåùí åßíáé
ðéèáíÞ.

¼óïí áöïñÜ óôïí ôïìÝá ôùí êáôáóêåõþí, ïé åöáñìïãÝò
ôùí Å/Ó âñßóêïíôáé óôéò åîÞò âáóéêÝò ðåñéï÷Ýò [4-10]:

á) Ó÷åäéáóìüò äïìéêþí Ýñãùí, üðùò ð.÷. êôéñßùí, ãåöõñþí,
èåìåëéþóåùí ê.ëð.
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â) ÓôáôéêÞ êáé äõíáìéêÞ áíÜëõóç äïìéêþí öïñÝùí.
ã) Óýíèåóç êáé ìç÷áíéêÝò éäéüôçôåò äïìéêþí õëéêþí, üðùò

ôï óêõñüäåìá, äéÜöïñá ìÝôáëëá, ôï Ýäáöïò ê.ëð.
ä) ¸ëåã÷ïò åðÜñêåéáò âÜóåé ôùí õöéóôáìÝíùí êáíïíéóìþí,

üðùò ôïõ êôéñéïäïìéêïý Þ ôïõ áíôéóåéóìéêïý êáíïíéóìïý.
å) ÈÝìáôá ðñáêôéêÞò ôå÷íéêÞò, üðùò óõíôÞñçóç êáé Ýëåã-

÷ïò êáôáóêåõþí.

Ç ÷ñçóéìüôçôÜ ôïõò áöïñÜ êõñßùò óå ðñïâëÞìáôá ðïõ
äåí åðéäÝ÷ïíôáé åðßëõóç ìå áìéãåßò áëãïñéèìéêÝò ìåèüäïõò
êáé ôùí ïðïßùí ç áíôéìåôþðéóç áðáéôåß ôçí åìðåéñßá êáé ôçí
êñßóç åíüò ðåðåéñáìÝíïõ ìç÷áíéêïý. Åêåßíåò ôéò äéáäéêáóßåò,
ðïõ óÞìåñá åêôåëåß Ýíáò ìåëåôçôÞò, ðñïóðáèåß íá õëïðïéÞ-
óåé ðñïãñáììáôéóôéêÜ Ýíá Å/Ó ó÷åäéáóìïý.

Ç åöáñìïãÞ ôçò ôå÷íïëïãßáò ôùí Å/Ó óå ðñïâëÞìáôá
áíôéóåéóìéêïý ó÷åäéáóìïý ôùí êáôáóêåõþí åßíáé ó÷åôéêÜ
ðåñéïñéóìÝíç, üðùò ðñïêýðôåé áðü ôç âéâëéïãñáöéêÞ Ýñåõíá
[5-10]. Ôï êåíü áõôü Ýñ÷åôáé íá êáëýøåé ùò Ýíá âáèìü ôï
Å/Ó PADEX ãéá ôçí áîéïëüãçóç ôïõ áíôéóåéóìéêïý ó÷åäéá-
óìïý ôùí äïìéêþí êáôáóêåõþí.

2. ÌÅÈÏÄÏËÏÃÉÁ

Ôï PADEX åßíáé Ýíá Å/Ó ðïõ êñßíåé ôçí åðÜñêåéá ôçò
ðñïôåéíüìåíçò ëýóçò óå ðñïâëÞìáôá ðïõ áíôéìåôùðßæåé ï
ìåëåôçôÞò-ìç÷áíéêüò êáôÜ ôïí áíôéóåéóìéêü ó÷åäéáóìü êáé
ôçí áíÜëõóç ôùí êáôáóêåõþí. ÔÝôïéá ðñïâëÞìáôá åßíáé ð.÷.
ç ìüñöùóç ôïõ öÝñïíôïò ïñãáíéóìïý ìéáò áíôéóåéóìéêÞò
êáôáóêåõÞò, ç ðñïóïìïßùóÞ ôïõ óå õðïëïãéóôéêü ìïíôÝëï,
ï ôñüðïò üðëéóçò åíüò äïìéêïý óôïé÷åßïõ ê.Ü.

Ôï PADEX åßíáé óå èÝóç íá åíóùìáôþíåé ìåãÜëï ìÝñïò
ôçò ãíþóçò åíüò åéäéêïý, íá äéêáéïëïãåß ôá áðïôåëÝóìáôá,
óôá ïðïßá êáôáëÞãåé ìå åõñåôéêÝò ìåèüäïõò, êáé íá åêôåëåß
áðëïýò áëëÜ ïõóéþäåéò õðïëïãéóìïýò. Ôï PADEX åêðïíÞ-
èçêå óôç ãëþóóá ðñïãñáììáôéóìïý Turbo Prolog [11, 12]
ðïõ äßíåé éêáíïðïéçôéêÞ åõåëéîßá êáé êáëýôåñï ðñïãñáììáôé-
óôéêü Ýëåã÷ï.

Ïé âáóéêÝò ãíþóåéò, ðïõ ðåñéÝ÷åé ôï PADEX, ôáõôßæïíôáé
ìå ôéò âáóéêÝò áñ÷Ýò ôïõ ÍÝïõ Áíôéóåéóìéêïý Êáíïíéóìïý
[13], áëëÜ ìðïñåß íá åíóùìáôùèåß êáé ïðïéïóäÞðïôå Üëëïò
êáíïíéóìüò (üðùò ï Åõñùêþäéêáò 8). Ôï óýóôçìá Ý÷åé ó÷å-
äéáóèåß êõñßùò ãéá ôïí Ýëåã÷ï ðïëõùñüöùí êôéñßùí áðü
ïðëéóìÝíï óêõñüäåìá. 

ÂÝâáéá, áõôü ðïõ ÷ñåéÜæåôáé ï ìåëåôçôÞò ìç÷áíéêüò óå
ôåëéêÞ áíÜëõóç åßíáé ï óõíäõáóìüò åíüò áëãïñéèìéêïý
óõóôÞìáôïò õðïëïãéóìïý ìå Ýíá Ýìðåéñï óýóôçìá ó÷åäéá-
óìïý, äçëáäÞ Ýíá ìéêôü (õâñéäéêü) ïëïêëçñùìÝíï óýóôçìá,
ðïõ íá óõíäõÜæåé áíÜëõóç êáé óýíèåóç. Áõôüò åßíáé êáé ï
áðþôåñïò óêïðüò ôçò åñåõíçôéêÞò ðñïóðÜèåéáò ðÜíù óôï
Å/Ó PADEX, üðùò öáßíåôáé óôï ó÷Þìá 1. Åðßóçò, Ýíáò

ìáêñïðñüèåóìïò óôü÷ïò ôçò áíÜðôõîçò ôïõ Å/Ó åßíáé êáé ç
áõôüìáôç áíáãíþñéóç ôçò êÜôïøçò ôïõ êôéñßïõ, þóôå íá ìçí
åðéêïõñåßôáé ç äéáäéêáóßá áõôÞ áðü ôéò áðáíôÞóåéò ôïõ ÷ñÞ-
óôç.

3. ÁÑ×ÉÔÅÊÔÏÍÉÊÇ ÔÏÕ PADEX

Ôï PADEX, üðùò êáé êÜèå Å/Ó, áðïôåëåßôáé áðü ôç âÜóç
ãíþóçò, ôïí åðáãùãéêü ìç÷áíéóìü êáé ôï ðåñéâÜëëïí åñãá-
óßáò. 

3.1. ÂÜóç ãíþóçò

Ç âÜóç ãíþóçò ðåñéÝ÷åé êùäéêïðïéçìÝíç ãíþóç êáé
åìðåéñßá åêöñáóìÝíç ìå ôÝôïéï ôñüðï, þóôå íá åßíáé äõíáôÞ
ç åðåîåñãáóßá ôçò áðü ôïí åðáãùãéêü ìç÷áíéóìü. Áðïôåëåß-
ôáé áðü ôá ãåãïíüôá-åñùôÞóåéò êáé ôá åðåîçãçìáôéêÜ ó÷üëéá
êáèþò êáé áðü ôïõò êáíüíåò ðïõ ðåñéÝ÷ïõí ôïí �ôñüðï óêÝ-
øçò� ôïõ Å/Ó. Ç âÜóç ãíþóçò åìðåñéÝ÷åé ïñéóìÝíåò áðü ôéò
âáóéêÝò áñ÷Ýò ôïõ óýã÷ñïíïõ áíôéóåéóìéêïý ó÷åäéáóìïý
ôùí êáôáóêåõþí, ìå áðþôåñï óôü÷ï ôç óôáäéáêÞ åíóùìÜôù-
óç üëùí ôùí äéáôÜîåùí [14-16]. Ôï �ãåãïíüò� åßíáé ôï
ìéêñüôåñï ëïãéêü óõóôáôéêü ðïõ áíôéðñïóùðåýåé ôç ãíþóç.
Óôï PADEX ôï ãåãïíüò åßíáé åêöñáóìÝíï ìå åñùôÞóåéò ðïõ
åðéäÝ÷ïíôáé áðëÝò áðáíôÞóåéò ôçò ìïñöÞò ÍÁÉ-Ï×É-ÄÅÍ
ÎÅÑÙ-ÃÉÁÔÉ. Ïé åñùôÞóåéò åßíáé äéáôõðùìÝíåò ìå óõíôïìßá
áëëÜ êáé óáöÞíåéá, þóôå íá ìç äçìéïõñãïýí áóÜöåéåò óôï
÷ñÞóôç. ÅðéðëÝïí, óôï êÜôù ìÝñïò ôçò ïèüíçò õðÜñ÷ïõí ãéá
êÜèå åñþôçóç êáé äéåõêñéíéóôéêÜ ó÷üëéá. ÊÜèå ãåãïíüò-
åñþôçóç âáèìïëïãåßôáé èåôéêÜ Þ áñíçôéêÜ, áíÜëïãá ìå ôç
èåôéêÞ Þ áñíçôéêÞ óõíåéóöïñÜ ôïý åí ëüãù êñéôçñßïõ óôçí
áíôéóåéóìéêÞ áðüêñéóç ôïõ êôéñßïõ. ÊÜèå áðÜíôçóç, ðïõ
äßíåé ï ÷ñÞóôçò, âáèìïëïãåßôáé ìå Ýíáí áñéèìü (èåôéêü Þ
áñíçôéêü), üðùò Ý÷åé ïñéóèåß óôçí âÜóç ãíþóçò, ðïõ åßíáé ôï
áëãåâñéêü Üèñïéóìá ôùí âáèìþí üëùí ôùí åðéìÝñïõò áðá-
íôÞóåùí.

ÐïëëÝò öïñÝò, üôáí ç âáèìïëïãßá åßíáé áñíçôéêÞ, ôï
PADEX êÜíåé ðåñáéôÝñù åñùôÞóåéò ðñïôåßíïíôáò óôïí ÷ñÞ-
óôç ôñüðïõò âåëôßùóçò ôçò ëýóçò ôïõ, åíþ ôáõôü÷ñïíá ìåéþ-
íåé Þ åðáõîÜíåé ôç âáèìïëïãßá. 

Ç åêëïãÞ ôçò êáôÜëëçëçò âáèìïëüãçóçò êÜèå êñéôçñßïõ
êáé ç áìïéâáßá ó÷Ýóç ôïõò åßíáé ßóùò ôï ðéï äýóêïëï Ýñãï
êáôÜ ôï ó÷åäéáóìü ôçò âÜóçò ãíþóçò.

Ï ÷ñÞóôçò ìðïñåß íá åéóÜãåé ôçí áâåâáéüôçôá äéáëÝãï-
íôáò ôçí áðÜíôçóç �äåí îÝñù�. Ç áâåâáéüôçôá åéóÜãåôáé óôï
óýóôçìá ìå ôçí ðáñÜëåéøç ôïõ ó÷åôéêïý êáíüíá ðïõ âáèìï-
ëïãåßôáé ìå ìçäÝí.

Ãéá ôçí êáëýôåñç áíôéìåôþðéóç ôïõ èÝìáôïò êáé ôïí
åíôïðéóìü ôùí ðåñéï÷þí, üðïõ ðáñïõóéÜæïíôáé ôá ìåãáëýôå-
ñá ðñïâëÞìáôá óôçí ðñïôåéíüìåíç ëýóç, Ýãéíå ï äéá÷ùñé-
óìüò ôùí åëÝã÷ùí óôéò áêüëïõèåò ïìÜäåò [13]:
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Ó÷Þìá 1: Ó÷çìáôéêÞ ðáñÜóôáóç Å/Ó.
Figure 1: Expert System flowchart.

1ç ÏìÜäá: ¸ëåã÷ïò ôçò ìïñöÞò ôïõ êôéñßïõ óå êÜôïøç

Ç ðëÜêá êÜèå ïñüöïõ ðñÝðåé íá Ý÷åé êáôÜëëçëç ìïñöÞ,
þóôå íá åîáóöáëßæåôáé ç äéáöñáãìáôéêÞ ëåéôïõñãßá. ÐñÝðåé,
ëïéðüí, íá áðïöåýãïíôáé åðéìÞêåéò êáôüøåéò, êáôüøåéò ìïñ-
öÞò �Ã, Ô, Ð� ê.ëð. Åðßóçò, ðñÝðåé íá áðïöåýãïíôáé ìåãÜëåò
åóï÷Ýò ðïõ äçìéïõñãïýí áóèåíåßò ðåñéï÷Ýò óôï äéÜöñáãìá
êáèþò êáé ìåãÜëåò ïðÝò ìÝóá óôï óþìá ôçò êÜôïøçò. 

2ç ÏìÜäá: ¸ëåã÷ïò ôçò ìïñöÞò ôïõ êôéñßïõ óå ôïìÞ

Äåí ðñÝðåé íá åìöáíßæåôáé áðüôïìç ìåôáâïëÞ ôïõ êôéñß-
ïõ êáè� ýøïò. 

3ç ÏìÜäá: ¸ëåã÷ïò ôïõ öÝñïíôïò ïñãáíéóìïý óå êÜôïøç

Åðéäéþêåôáé ç óõììåôñéêÞ äéÜôáîç ôùí ðéï äýóêáìðôùí
êáôáêïñýöùí óôïé÷åßùí êïíôÜ óôçí ðåñßìåôñï, ãéá íá åëá÷é-



óôïðïéåßôáé ç óôñåðôéêÞ ðáñáìüñöùóç ôïõ êôéñßïõ. ÐñÝðåé
íá åîáóöáëßæåôáé ç ðëáéóéáêÞ ëåéôïõñãßá õðïóôõëùìÜôùí
êáé äïêþí êáé íá äéáôÜóóïíôáé åðáñêÞ ôïé÷þìáôá êáé óôéò
äýï äéåõèýíóåéò.

4ç ÏìÜäá: ¸ëåã÷ïò öÝñïíôïò ïñãáíéóìïý óå ôïìÞ

Ç êáôáíïìÞ ôçò äõóêáìøßáò ôùí êáôáêüñõöùí óôïé÷åßùí
ìå ôï ýøïò ðñÝðåé íá åßíáé óõíå÷Þò êáé êáíïíéêÞ. ÐñÝðåé íá
áðïöåýãåôáé ç áðüôïìç ìåôáâïëÞ ôçò äõóêáìøßáò (ìáëáêïß
üñïöïé) Þ ôçò áíôï÷Þò (áóèåíåßò üñïöïé), ôá öõôåõôÜ õðï-
óôõëþìáôá, ç óýæåõîç éó÷õñþí äïêþí ìå áóèåíåßò óôýëïõò,
ïé âñá÷åßåò äïêïß, ôá êïíôÜ õðïóôõëþìáôá ê.ëð. 

5ç ÏìÜäá: ¸ëåã÷ïò êáôáíïìÞò ôùí ìáæþí

Åðéäéþêïíôáé ç ïìïéüìïñöç êáôáíïìÞ ôùí ìáæþí óå
êÜôïøç êáé ôïìÞ, êáèþò êáé ç áðïöõãÞ óõãêÝíôñùóçò ìåãÜ-
ëùí ìáæþí óôïõò áíþôåñïõò ïñüöïõò. 

6ç ÏìÜäá: ¸ëåã÷ïò ôïé÷ïðïééþí

Ðáñ� üëï ðïõ äå ëáìâÜíåôáé õðüøç ç óõììåôï÷Þ ôùí
ôïé÷ïðïééþí óôïí áíôéóåéóìéêü õðïëïãéóìü, åí ôïýôïéò åßíáé
óêüðéìï íá åëÝã÷åôáé ðïéïôéêÜ ç óõíåéóöïñÜ ôïõò óôç
óõìðåñéöïñÜ ôïõ öïñÝá, üðùò ð.÷. üôáí õðÜñ÷åé óõãêÝíôñù-
óç ôïé÷ïðïééþí óå ôìÞìá ôçò êÜôïøçò Þ áðüôïìç ìåôáâïëÞ
ôïõò áðü üñïöï óå üñïöï.

7ç ÏìÜäá: ¸ëåã÷ïò èåìåëßùóçò

ÐñÝðåé íá åðéäéþêåôáé ç ìïíïëéèéêüôçôá ôçò èåìåëßùóçò,
ìÝóù ôçò ïðïßáò åéóÜãåôáé ç óåéóìéêÞ åíÝñãåéá óôï êôßñéï.
ÅöéóôÜôáé ç ðñïóï÷Þ ôïõ ìåëåôçôÞ óôçí áëëáãÞ ôïõ åäáöé-
êïý õëéêïý, óôçí áíéóïóôáèìßá ôçò èåìåëßùóçò êáé óôçí
áíÜãêç ýðáñîçò éó÷õñþí óõíäåôçñßùí äïêþí. 

8ç ÏìÜäá: ¸ëåã÷ïò ëïéðþí ÷áñáêôçñéóôéêþí

ÅëÝã÷åôáé ç ýðáñîç áñìïý, üôáí õðÜñ÷ïõí ãåéôïíéêÜ êôß-
ñéá, ëüãù ôçò ðéèáíüôçôáò åìâïëéóìïý õðïóôõëùìÜôùí ôïõ
åíüò êôéñßïõ áðü ðëÜêåò ôïõ Üëëïõ êáé áíôéóôñüöùò.

9ç ÏìÜäá: Ðñïêáôáñêôéêüò Ýëåã÷ïò

ÐåñéÝ÷åé åñùôÞóåéò ãåíéêÞò óçìáóßáò ãéá ôçí áíôéóåéóìé-
êÞ áóöÜëåéá ôçò êáôáóêåõÞò. Ï ÷ñÞóôçò ðáñïôñýíåôáé íá
åðéëÝãåé áõôüí ôïí Ýëåã÷ï, ðñéí áñ÷ßóåé ïðïéáäÞðïôå Üëëç
åðéìÝñïõò åíÝñãåéá.

3.2. Åðáãùãéêüò ìç÷áíéóìüò

Ìå áõôüí åðéôõã÷Üíïíôáé üëåò ïé �óêÝøåéò� ðïõ èÝëïõìå
íá êÜíåé ôï óýóôçìá. Åäþ âñßóêåôáé ç �ãñáììáôéêÞ� ôïõ
Å/Ó êáé åßíáé ôï ðéï ðåñßðëïêï êáé ðéï äýóêïëï áðü ðëåõñÜò
ðñïãñáììáôéóìïý ôìÞìá ôïõ óõóôÞìáôïò. ¼ëç ç âÜóç ãíþ-
óçò ðñÝðåé íá õðáêïýåé óôïõò êáíüíåò ôçò �ãñáììáôéêÞò�

áõôÞò. Ôï óýíïëï ôùí áíáðôõ÷èåéóþí åõñåôéêþí êáé áëãï-
ñéèìéêþí ñïõôéíþí äéáóõíäÝïíôáé ìåôáîý ôïõò óå ðëÞñç ëåé-
ôïõñãéêÞ óýíèåóç, þóôå íá åðéôåõ÷èåß ç äéá÷åßñéóç ôçò åîåé-
äéêåõìÝíçò ãíþóçò ðïõ õðÜñ÷åé óôç âÜóç ãíþóçò. Ç ðáñá-
ãùãÞ óõëëïãéóìþí ãßíåôáé óýìöùíá ìå ôç ìáèçìáôéêÞ ëïãé-
êÞ. Ìéá ðñüôáóç ìðïñåß íá åßíáé áëçèÞò Þ øåõäÞò. ¸íáò
êáíüíáò óôï PADEX åßíáé ìéá ëïãéêÞ óõíÜñôçóç ðïõ áðï-
ôåëåßôáé áðü Ýíáí áñéèìü ãåãïíüôùí Þ õðïêáíüíùí. Ïé ëïãé-
êïß ôåëåóôÝò åßíáé: AND, OR, NOT, E_AND. Ï ëïãéêüò
ôåëåóôÞò E_AND óõíäÝåé äýï ãåãïíüôá. Ôá äýï áõôÜ ãåãï-
íüôá åßíáé ðÜíôá åñùôÞóåéò êáé ôï áðïôÝëåóìá ôçò óýæåõîçò
áõôÞò ðñÝðåé íá åßíáé ðÜíôá TRUE (áëçèÝò), ãéá íá ìðïñÝ-
óåé íá ðñï÷ùñÞóåé ôï ðñüãñáììá [11].

Åêôüò, üìùò, áðü ôïõò áðëïýò êáíüíåò ðïõ óõíäõÜæïíôáé
ìåôáîý ôïõò ãéá íá ó÷çìáôßóïõí ðéï óýíèåôïõò êáíüíåò,
õðÜñ÷åé ìéá åéäéêÞ êáôçãïñßá êáíüíùí ðïõ ëÝãïíôáé state
rules.

Ïé êáíüíåò áõôïß åßíáé ßäéáò áêñéâþò äïìÞò ìå ôïõò êïé-
íïýò êáíüíåò, ìå ìüíç äéáöïñÜ åßíáé üôé åëÝã÷ïíôáé åóùôå-
ñéêÜ, êÜèå öïñÜ ðïõ ï ÷ñÞóôçò äßíåé íÝåò ðëçñïöïñßåò óôï
óýóôçìá (ð.÷. áðÜíôçóç óå ìéá åñþôçóç) [12].

3.3. Ìç÷áíéóìüò åðéêïéíùíßáò

Ï ìç÷áíéóìüò åðéêïéíùíßáò ôïõ ÷ñÞóôç ìå ôï óýóôçìá
ðåñéëáìâÜíåé ðáñÜèõñá, óõñüìåíá ìåíïý åðéëïãÞò ê.ëð. Ï
åðáãùãéêüò ìç÷áíéóìüò êáé ï ìç÷áíéóìüò åðéêïéíùíßáò (ôï
ðåñéâÜëëïí åñãáóßáò) åíåñãïðïéïýíôáé ôáõôü÷ñïíá, äéÝðï-
íôáé áðü ôéò ßäéåò áñ÷Ýò, óõíåñãÜæïíôáé ìåôáîý ôïõò êáé áðï-
ôåëïýí ôï êÝëõöïò ôïõ óõóôÞìáôïò. Ôï PADEX åßíáé Ýíá
äéáëïãéêü ðñüãñáììá ìå åðéöÜíåéá ÷ñÞóçò éäéáßôåñá åý÷ñç-
óôç êáé êáôáíïçôÞ.

3.4. ÌåñéêÜ ÷áñáêôçñéóôéêÜ ôïõ PADEX

Ôï PADEX äéáèÝôåé ìç÷áíéóìü åðåîçãÞóåùí. ¼ôáí ï
÷ñÞóôçò åðéëÝîåé ôç ëÝîç �ÃÉÁÔÉ�, ôüôå ôï ðñüãñáììá èá
åìöáíßóåé ôï ëüãï, ãéá ôïí ïðïßï Ýêáíå ôçí åñþôçóç, êáé ôïí
êáíüíá, ôïí ïðïßï åëÝã÷åé ìÝóù áõôÞò. Áõôü âïçèÜ ôï ÷ñÞ-
óôç íá êáôáíïÞóåé ôïí ôñüðï ëåéôïõñãßáò ôïõ óõóôÞìáôïò
êáé ôç óçìáóßá ôïõ óõãêåêñéìÝíïõ êñéôçñßïõ óôçí áíôéóåé-
óìéêÞ óõìðåñéöïñÜ ôïõ öïñÝá ðïõ Ý÷åé ó÷åäéÜóåé. Áêüìç,
åßíáé äõíáôÞ ç ðñïóùñéíÞ Ýîïäïò áðü ôï êÝëõöïò ãéá ôç äéå-
íÝñãåéá õðïëïãéóìþí, ÷ñçóéìïðïéþíôáò Ýíá åîùôåñéêü ðñü-
ãñáììá ãñáììÝíï óå êÜðïéá óõìâáôéêÞ ãëþóóá ðñïãñáì-
ìáôéóìïý [16]. ¸ôóé ìðïñåß íá ôñÝîåé, ð.÷. ìßá ñïõôßíá, ãéá
íá õðïëïãßóåé ôï óõíôåëåóôÞ äõóêáìøßáò, ÷ùñßò íá äéáêïðåß
ç äéáäéêáóßá åëÝã÷ïõ ìéáò êáôáóêåõÞò.

Ï äéÜëïãïò ôïõ ÷ñÞóôç ìå ôï PADEX ãßíåôáé, ãéá íá
åëåã÷èåß ç áíôéóåéóìéêÞ óõìðåñéöïñÜ åíüò óõãêåêñéìÝíïõ
êÜèå öïñÜ êôéñßïõ. Åäþ ðñÝðåé íá óçìåéùèåß üôé êáôÜ ôç
äéÜñêåéá ôïõ äéáëüãïõ, ôï PADEX äåí îå÷íÜ ôéò áðáíôÞóåéò
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ðïõ äüèçêáí óôéò ðñïçãïýìåíåò åñùôÞóåéò. Áí Ýíá êïììÜôé
åíüò êáíüíá åßíáé ìéá åñþôçóç ðïõ Ý÷åé Þäç áðáíôçèåß, ôüôå
ç ðñïçãïýìåíç áðÜíôçóç ÷ñçóéìïðïéåßôáé áðü ôï óýóôçìá
áõôïìÜôùò. Ï ìéêñüò óå ìÝãåèïò ðõñÞíáò ôïõ PADEX
(óõìðåñéëáìâáíïìÝíçò ôçò ìç÷áíÞò åîáãùãÞò óõìðåñáóìÜ-
ôùí) Ý÷åé ó÷åäéáóèåß íá ðáßñíåé üëá ôá áðáñáßôçôá óôïé÷åßá
áðü ôç ëåðôïìåñåéáêÞ âÜóç ãíþóçò. Ôï PADEX ìðïñåß íá
åíóùìáôþóåé ðïéêßëåò åîùôåñéêÝò åíôïëÝò êáé äéåñãáóßåò óå
êÜèå êýñéï ìåíïý ôïõ. Ïé äéåñãáóßåò ìðïñïýí íá õëïðïéç-
èïýí óå ïðïéáäÞðïôå ãëþóóá ðñïãñáììáôéóìïý Þ ìå ïðïéï-
äÞðïôå åñãáëåßï ðïõ õðïóôçñßæåôáé áðü ôï ðñùôüêïëëï ôïõ
PADEX ãéá ôçí åßóïäï êáé Ýîïäï ôùí äåäïìÝíùí. Ïé ñïõôß-
íåò, ðïõ åêôåëïýí õðïëïãéóìïýò Ýîù áðü ôï ðåñéâÜëëïí ôïõ
PADEX, ìðïñïýí íá ó÷åäéáóèïýí åßôå ùò äéáëïãéêÝò ñïõôß-
íåò, ðïõ ÷ñåéÜæïíôáé ôçí áðüêñéóç ôïõ ÷ñÞóôç, åßôå ùò áäéá-
öáíåßò äéåñãáóßåò.

3.5. Êëåßóéìï ôùí åñãáóéþí 

Ïé åñãáóßåò (ïé áðáíôÞóåéò ðïõ Ý÷åé ùò ôþñá äþóåé ï
÷ñÞóôçò) ìðïñïýí íá áðïèçêåõèïýí óå Ýíá áñ÷åßï ãéá ìåë-
ëïíôéêÞ áíÜêôçóç. 

4. ËÅÉÔÏÕÑÃÉÁ 

Ï ôñüðïò, ìå ôïí ïðïßï ëåéôïõñãåß ôï PADEX, åßíáé ï
åîÞò: Ï ÷ñÞóôçò åðéëÝãåé íá áñ÷ßóåé Ýíá äéÜëïãï ãéá Ýíá
óõãêåêñéìÝíï êôßñéï êÜèå öïñÜ. Áðü ôï êåíôñéêü ìåíïý
óõíåðþò åðéëÝãåé �ÍÝï êôßñéï�. Åìöáíßæåôáé ôüôå ôï ìåíïý
åðéëïãÞò êáôçãïñßáò åëÝã÷ïõ. Ï ÷ñÞóôçò ìðïñåß íá åðéëÝîåé
íá êÜíåé ðñïêáôáñêôéêü Ýëåã÷ï ôïõ êôéñßïõ, ãåíéêü Ýëåã÷ï Þ
êáé åðéìÝñïõò åëÝã÷ïõò êáôÜ ôçí ðñïóùðéêÞ ôïõ êñßóç. Ïé
åðéìÝñïõò êáôçãïñßåò åßíáé áõôÝò ðïõ áíáöÝñèçêáí ðáñáðÜ-
íù, ð.÷. Ýëåã÷ïò ìïñöÞò óå êÜôïøç, Ýëåã÷ïò èåìåëßùóçò
ê.ëð. Ï ÷ñÞóôçò åéóÜãåé ðëçñïöïñßåò ãéá ôï êôßñéï ìå ôç
ìïñöÞ áðáíôÞóåùí óôéò ó÷åôéêÝò åñùôÞóåéò ðïõ èÝôåé ôï
ðñüãñáììá. 

Áöïý åðéëåãåß ç åðéèõìçôÞ êáôçãïñßá åëÝã÷ïõ, ôï Å/Ó
áñ÷ßæåé íá èÝôåé åñùôÞìáôá ó÷åôéêÜ ìå ôá äåäïìÝíá ôïõ êôé-
ñßïõ ðïõ åßíáé óçìáíôéêÜ ãéá ôçí áíôéóåéóìéêÞ óõìðåñéöïñÜ
ôïõ.

Ôï Å/Ó ñùôÜ ìå óêïðü íá ðÜñåé áðáíôÞóåéò ðñïò áîéïëü-
ãçóç âÜóåé ôùí êáíüíùí ôçò âÜóçò ãíþóçò ôïõ. Ïé êáíüíåò
áõôïß åßíáé öôéáãìÝíïé, þóôå ï êáèÝíáò íá Ý÷åé ôï äéêü ôïõ
åéäéêü âÜñïò. Ôï åéäéêü áõôü âÜñïò åßíáé Ýíáò áêÝñáéïò áñéè-
ìüò ðïõ áíôáíáêëÜ ôç óçìáóßá ôïõ óõãêåêñéìÝíïõ êáíüíá
óôçí áíôéóåéóìéêÞ óõìðåñéöïñÜ ôïõ êôéñßïõ. ¸ôóé äßíåôáé
ìåãáëýôåñç âáñýôçôá óôïõò êáíüíåò åêåßíïõò ðïõ èåùñïý-
íôáé üôé Ý÷ïõí ìåãáëýôåñç óçìáóßá ãéá ôïí áíôéóåéóìéêü
ó÷åäéáóìü ôïõ êôéñßïõ. Ïé åðéìÝñïõò âáèìïß ìðïñåß íá åßíáé
êáé áñíçôéêïß, åÜí áðü ôïí óõãêåêñéìÝíï êáíüíá ãíþóçò
ðñïêýðôåé üôé ï öïñÝáò Ý÷åé êÜðïéï óïâáñü åëÜôôùìá. 

Óôï ôÝëïò ôïõ åëÝã÷ïõ êÜèå êáôçãïñßáò, ôï óýóôçìá
äßíåé ìéá âáèìïëïãßá ôïõ êôéñßïõ ãéá ôçí êáôçãïñßá ðïõ
åëÝã÷åôáé. Ç âáèìïëïãßá áõôÞ åßíáé ôï Üèñïéóìá ôùí åðéìÝ-
ñïõò âáñþí ôùí êáíüíùí ôçò êáôçãïñßáò ðïõ åîåôÜæåôáé. Áí
Ý÷åé åðéëåãåß ï ãåíéêüò Ýëåã÷ïò ôïõ êôéñßïõ, ôüôå ï äéÜëïãïò
óõíå÷ßæåôáé ãéá üëåò ôéò êáôçãïñßåò ôùí åðéìÝñïõò ÷áñáêôç-
ñéóôéêþí êáé ç âáèìïëïãßá áíáöÝñåôáé óõíïëéêÜ óôï êôßñéï.
Ç ôåëéêÞ âáèìïëïãßá ðñïêýðôåé ùò óôáèìéóìÝíï óýíïëï ôùí
âáèìþí ðïõ Ýäùóå ôï Å/Ó óå êÜèå åðéìÝñïõò åñþôçóç óå
áðüëõôï áñéèìü êáé ùò ðïóïóôü (%) ôçò ìÝãéóôçò âáèìïëï-
ãßáò. Ç óõíïëéêÞ âáèìïëïãßá ôïõ êôéñßïõ, ðáñ� üôé äåí åßíáé
áðüëõôç, äßíåé ùóôüóï ìßá êáëÞ åéêüíá ãéá ôï ðüóï óùóôÜ
áðü áíôéóåéóìéêÞ Üðïøç ó÷åäéÜóèçêå ôï êôßñéï ðïõ ìåëåôÜôáé.

Ôï Å/Ó åßíáé Ýôóé äéáñèñùìÝíï, þóôå íá åðéôñÝðåé ôçí
åéóáãùãÞ ôçò áâåâáéüôçôáò óôéò áðáíôÞóåéò ôïõ ÷ñÞóôç. 

¸ôóé, üôáí ï ÷ñÞóôçò áðáíôÜ óå êÜðïéá åñþôçóç �äåí
îÝñù�, ôüôå ôï âÜñïò áõôïý ôïõ êáíüíá èåùñåßôáé ìçäÝí, äåí
ëáìâÜíåôáé äçëáäÞ õðüøç óôçí ôåëéêÞ âáèìïëïãßá. Ðáñïõ-
óéÜæåôáé, üìùò, ùò ðïóïóôü ôùí êáíüíùí ðïõ åëÝã÷èçêáí.

Ðáñáäåßãìáôá êáíüíùí, ãåãïíüôùí êáé êåéìÝíùí áîéï-
ëüãçóçò äßíïíôáé óôïí ðßíáêá 1. Óôï ôÝëïò ôïõ åëÝã÷ïõ êÜèå
êáôçãïñßáò, ï ÷ñÞóôçò åñùôÜôáé áí åðéèõìåß íá äåé ðþò
Ýöèáóå ôï ðñüãñáììá óôçí ôåëéêÞ âáèìïëïãßá. Áí åðéëÝîåé
�íáé�, ôüôå ðáñïõóéÜæåôáé ôï ôìÞìá ôçò âÜóçò ãíþóçò áõôÞò
ôçò êáôçãïñßáò óå öõóéêÞ ãëþóóá, þóôå íá ãßíåé êáôáíïç-
ôüò ï ôñüðïò êáôÜ ôïí ïðïßï ëåéôïýñãçóå ï åðáãùãéêüò
ìç÷áíéóìüò. Ôá ôñßá ãåãïíüôá, ðïõ ðáßñíïõí ôç ÷áìçëüôåñç
âáèìïëïãßá, åìöáíßæïíôáé óôï ôÝëïò åíüò êáíüíá áîéïëüãç-
óçò ùò ïäçãïß ãéá ðéèáíÝò âåëôéþóåéò ôïõ áñ÷éêïý ó÷åäéá-
óìïý áðü ôï ÷ñÞóôç.Ôï ðñüãñáììá PADEX åðéôñÝðåé ôçí
Ýîïäï óå áëãïñéèìéêïý ôýðïõ ðñïãñÜììáôá (åßôå åéäéêåõìÝ-
íá óå óõãêåêñéìÝíïõò õðïëïãéóìïýò åßôå ãåíéêïý ôýðïõ,
üðùò ôï ETABS [17]. Ç äõíáôüôçôá áõôÞ âñßóêåôáé õðü
óõíå÷Þ äéåýñõíóç êáé åîÝëéîç. 

Ùò ðáñÜäåéãìá áíáöÝñåôáé åäþ ç äõíáôüôçôá äçìéïõñ-
ãßáò óõíèåôéêþí åðéôá÷õíóéïãñáöçìÜôùí ìå äåäïìÝíá ãåíé-
êÜ óôïé÷åßá ðïõ áöïñïýí óå óåéóìïýò ôïõ åëëáäéêïý ÷þñïõ. 

Ïé âáóéêÝò ðëçñïöïñßåò áíôëïýíôáé áðü ôïí ÍÅÁÊ [13],
ç äå ìåèïäïëïãßá, ðïõ äéÝðåé ôá ôå÷íçôÜ åðéôá÷õíóéïãñáöÞ-
ìáôá, ìðïñåß íá âñåèåß óôçí åõñýôåñç âéâëéïãñáößá, üðùò
ð.÷. [18].

Ôá ôå÷íçôÜ åðéôá÷õíóéïãñáöÞìáôá ìðïñïýí íá ÷ñçóéìï-
ðïéçèïýí óå ðñïãñÜììáôá äõíáìéêÞò áíÜëõóçò ãéá ôïí õðï-
ëïãéóìü ôçò óåéóìéêÞò óõìðåñéöïñÜò ôïõ êôéñßïõ ðïõ Þäç
áíáëýåôáé áðü ôï PADEX.

Óôï ó÷Þìá 2 öáßíåôáé Ýíá ôÝôïéï ôå÷íçôü åðéôá÷õíóéï-
ãñÜöçìá ìå ôá åîÞò óåéóìïëïãéêÜ äåäïìÝíá: 

Ç äéÜñêåéá ôïõ ôå÷íçôïý åðéôá÷õíóéïãñáöÞìáôïò åßíáé 12
sec ìå ÷ñïíéêü âÞìá 0.1 sec. Ôï öÜóìá ó÷åäéáóìïý, áðü ôï
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Ðßíáêáò 1: Ðáñáäåßãìáôá áðü ôïí êþäéêá ôïõ PADEX.
Table 1: Examples from PADEX.

ïðïßï ðñïÝñ÷åôáé ôï åðéôá÷õíóéïãñÜöçìá, Ý÷åé êáôþôåñï êáé

áíþôåñï üñéï óõ÷íüôçôáò 0.20 Hz êáé 25 Hz, áíôéóôïß÷ùò.

Ïé óõíôåëåóôÝò áðüóâåóçò ôïõ åäÜöïõò (ãéá ôï äéðëü ößëôñï

Kanai - Tajimi) åßíáé æg=0.59 êáé æf=1.0, ç äå éäéïóõ÷íüôçôá

ôïõ åäáöéêïý óôñþìáôïò åßíáé ùg=3.47 Hz êáé ôçò âÜóçò

ôïõ åßíáé ùf=0.5 Hz. ÅðéðëÝïí, ç ðõêíüôçôá öáóìáôéêÞò

éó÷ýïò ãéá ëåõêü èüñõâï åßíáé S0=70 cm2/sec3 êáèþò êáé

t1=1.8 sec, t2=8.4 sec åßíáé ïé ÷ñüíïé áíüäïõ êáé êáèüäïõ,

êáé â=0.167 åßíáé ï óõíôåëåóôÞò ðåñéâÜëëïõóáò ôçò ÷ñïíé-

êÞò ìåôáâïëÞò ôïõ ðáñáðÜíù öÜóìáôïò. ÁõôÝò ïé ôéìÝò õðï-

ëïãßæïíôáé êáôÜ ôç äéÜñêåéá ôïõ ó÷åôéêïý åëÝã÷ïõ óôï

PADEX.



4. ÐÁÑÁÄÅÉÃÌÁ ÊÔÉÑÉÏÕ 
ÐÏÕ ÅËÅÃ×ÈÇÊÅ ÁÐÏ ÔÏ PADEX

Ôï ó÷Þìá 3 áðåéêïíßæåé ôçí êÜôïøç åíüò êôéñßïõ, ðïõ
åëÝã÷èçêå áðü ôï PADEX, ãéá íá ðñïóäéïñéóèåß ç åðÜñêåéÜ

ôïõ óå óåéóìéêÜ öïñôßá.

Ó÷Þìá 3: ÊÜôïøç êôéñßïõ ðïõ åëÝã÷åôáé áðü ôï PADEX.
Figure 3: Building plan view checked by PADEX.

Óôï ó÷Þìá 4 öáßíåôáé ìßá âåëôéùìÝíç åêäï÷Þ ôÞò õðü
ìåëÝôç êÜôïøçò, üðùò ðñïÝêõøå áðü Ýíáí ðñþôï äéÜëïãï ìå

ôï Å/Ó.
Óôï ó÷Þìá 5(á) öáßíïíôáé ç âáèìïëïãßá ôçò êÜôïøçò ðïõ

åëÝã÷èçêå, ôï ðïóïóôü ôùí êáíüíùí ðïõ ÷ñçóéìïðïéÞèçêáí

êáèþò êáé ïé ÷åéñüôåñïé âáèìïß. Áõôïß ìðïñåß íá áðïôåëÝ-
óïõí ïäçãïýò ãéá ôç âåëôßùóç ôïõ áñ÷éêïý ó÷åäßïõ. ÅÜí

åíåñãïðïéçèåß ç åðéëïãÞ �ãéáôß�, ôüôå ïé åîçãÞóåéò, ðïõ
ðáñÝ÷åé ôï óýóôçìá, öáßíïíôáé óôï ó÷Þìá 5(â), åíþ óôï
ó÷Þìá 5(ã) öáßíåôáé ç âáèìïëïãßá ðïõ äßíåé ôï PADEX ãéá
ôç âåëôéùìÝíç êÜôïøç.

Ó÷Þìá 4: ÂåëôéùìÝíç êÜôïøç.
Figure 4: Improved plan view.

6. ÓÕÌÐÅÑÁÓÌÁÔÁ

Ç ðáñïýóá åñãáóßá äßíåé ìéá ïëïêëçñùìÝíç ðñïóÝããéóç
óôçí áîéïëüãçóç ôïõ ðñïêáôáñôéêïý ó÷åäéáóìïý åíüò ðïëõ-
ùñüöïõ êôéñßïõ ìå âÜóç ôá êñéôÞñéá áðïäåêôÞò áíôéóåéóìé-
êÞò óõìðåñéöïñÜò.

Óôç óçìåñéíÞ öÜóç, ôï Å/Ó PADEX ëåéôïõñãåß áö� åíüò
ùò Ýíá ëïãéêü åñãáëåßï êáé áö� åôÝñïõ ùò äéá÷åéñéóôÞò ôüóï
áñéèìçôéêþí üóï êáé ëïãéêþí (ìç áñéèìçôéêþí) äåäïìÝíùí.
Ôï Å/Ó ÷ñçóéìåýåé ùò âïçèçôéêü ìÝóï ó÷åäéáóìïý, åðéôñÝ-
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Ó÷Þìá 2: Ôå÷íçôü åðéôá÷õíóéïãñÜöçìá.
Figure 2: Artificial accelerogram.
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Ó÷Þìá 5: á) Áîéïëüãçóç ôçò ðñïôåéíüìåíçò ëýóçò áðü ôï PADEX. â) Ïèüíç ìå åíåñãïðïéçìÝíç ôçí åðéëïãÞ "ãéáôß" êáé ã) Áîéïëüãçóç ôçò âåë-
ôéùìÝíçò êÜôïøçò áðü ôï PADEX.

Figure 5: a) Evaluation of proposed solution by PADEX. b) Screen with "why" command activated and c) Evaluation of improved plan view
by PADEX.

> ÕðÜñ÷ïõí ôïé÷ßá êáôÜ ìÞêïò ôçò ðåñéìÝôñïõ ôçò êÜôïøçò Þ êïíôÜ ó�áõôÞí êáôÜ × êáé êáôÜ Õ; ¼÷é 
> Ç äéÜôáîç ôùí ôïé÷ùìÜôùí ðñïóäßäåé åðáñêÞ äõóôñåøßá óôï êôÞñéï; ¼÷é
> Ôá öÝñïíôá óôïé÷åßá åßíáé ôïðïèåôçìÝíá ó÷åäüí óõììåôñéêÜ óôçí êÜôïøç; Íáé
> ÕðÜñ÷ïõí âñá÷åßåò äïêïß; ¼÷é

Ç âáèìïëïãßá ôçò êáôçãïñßáò 
ÅËÅÃ×ÏÓ Ö.Ï. ÓÅ ÊÁÔÏØÇ åßíáé -9 (Ðåäßï ôéìþí: [-19, 19]) (26%)

×ñçóçìïðïéÞèçêå ôï 100% ôùí ó÷åôéêþí ìå ôï áíôéêåßìåíï êáíüíùí

×åéñüôåñïé Âáèìïß 
Âáèìüò -6 ÕðÜñ÷ïõí åðáñêÞ ôïé÷ßá êáôÜ × êáé êáôÜ Õ
Âáèìüò -3 ÕðÜñ÷ïõí ôïé÷ßá êáôÜ ìÞêïò ôçò ðåñéìÝôñïõ ôçò êÜôïøçò Þ êïíôÜ ó� áõôÞí êáôÜ × êáé êáôÜ Õ
Âáèìüò -5 Ç äéÜôáîç ôùí ôïé÷ùìÜôùí ðñïóäßäåé åðáñêÞ äõóôñåøßá óôï êôÞñéï

ÈÝëåéò íá äåéò ôé åîÝôáóá ãéá íá âãÜëù ôç âáèìïëïãßá;

Óçìåßùóç: Âñá÷åßåò äïêïß èåùñïýíôáé åêåßíåò ìå ìÞêïò ìéêñüôåñï áðü ôï 3-ðëÜóéï ôïõ ýøïõò ôùí êáé åßíáé åðéññåðåßò óå
øáèõñÞ èñáýóç.

1. Íáé 2. ¼÷é Esc

Äþóå ôçí êáôçãïñßá ðïõ óå åíäéáöÝñåé ÅËÅÃ×ÏÓ Ö.Ï. ÓÅ ÊÁÔÏØÇ

> ÕðÜñ÷ïõí åðáñêÞ ôïé÷ßá êáôÜ × êáé êáôÜ Õ; Íáé
> ÕðÜñ÷ïõí ôïé÷ßá êáôÜ ìÞêïò ôçò ðåñéìÝôñïõ ôçò êÜôïøçò Þ êïíôÜ ó� áõôÞí êáôÜ × êáé êáôÜ Õ; Íáé 
> Ç äéÜôáîç ôùí ôïé÷ùìÜôùí ðñïóäßäåé åðáñêÞ äõóôñåøßá óôï êôÞñéï; Íáé 
> Ôá öÝñïíôá óôïé÷åßá åßíáé ôïðïèåôçìÝíá ó÷åäüí óõììåôñéêÜ óôçí êÜôïøç; Íáé
> ÕðÜñ÷ïõí âñá÷åßåò äïêïß; ¼÷é

Ç âáèìïëïãßá ôçò êáôçãïñßáò
ÅËÅÃ×ÏÓ Ö. Ï. ÓÅ ÊÁÔÏØÇ åßíáé 19 (Ðåäßï ôéìþí: [Ð-19, 19]) (100%)

×ñçóçìïðïéÞèçêå ôï 100% ôùí ó÷åôéêþí ìå ôï áíôéêåßìåíï êáíüíùí 
×åéñüôåñïé Âáèìïß

ÈÝëåéò íá äåéò ôé åîÝôáóá ãéá íá âãÜëù ôç âáèìïëïãßá;

Óçìåßùóç: Âñá÷åßåò äïêïß èåùñïýíôáé åêåßíåò ìå ìÞêïò ìéêñüôåñï áðü ôï 3-ðëÜóéï ôïõ ýøïõò ôùí êáé åßíáé åðéññåðåßò óå
øáèõñÞ èñáýóç.

1. Íáé 2. ¼÷é Esc

> ÕðÜñ÷ïõí ôïé÷ßá êáôÜ ìÞêïò ôçò ðåñéìÝôñïõ ôçò êÜôïøçò Þ êïíôÜ ó� áõôÞí êáôÜ × êáé êáôÜ Õ; ¼÷é 

ÈÝëåéò íá äåéò ôé åîÝôáóá ãéá íá âãÜëù ôç âáèìïëïãßá;

Óçìåßùóç: Âñá÷åßåò äïêïß èåùñïýíôáé åêåßíåò ìå ìÞêïò ìéêñüôåñï áðü ôï 3-ðëÜóéï ôïõ ýøïõò ôùí êáé åßíáé åðéññåðåßò óå
øáèõñÞ èñáýóç.

1. Íáé 2. ¼÷é Esc

ÅîÝôáóá ôçí êáôçãïñßá ÅËÅÃ×ÏÓ Ö.Ï. ÓÅ ÊÁÔÏØÇ ìå ôçí ïìÜäá åëÝã÷ùí (3) 

ÏÌÁÄÁ (3): ÅËÅÃ×ÏÓ Ö.Ï. ÓÅ ÊÁÔÏØÇ

- ÕðÜñ÷ïõí åðáñêÞ ôïé÷ßá êáôÜ × êáé êáôÜ Õ;
- ÕðÜñ÷ïõí ôïé÷ßá êáôÜ ìÞêïò ôçò ðåñéìÝôñïõ ôçò êÜôïøçò Þ êïíôÜ ó� áõôÞí êáôÜ × êáé êáôÜ Õ;
- Ç äéÜôáîç ôùí ôïé÷ùìÜôùí ðñïóäßäåé åðáñêÞ äõóôñåøßá óôï êôÞñéï;
- Ôá öÝñïíôá óôïé÷åßá åßíáé ôïðïèåôçìÝíá ó÷åäüí óõììåôñéêÜ óôçí êÜôïøç; 

Ï×É -- >
- Ôá öÝñïíôá óôïé÷åßá ðáñïõóéÜæïõí Ýíôïíç áóõììåôñßá óôçí êÜôïøç;
- ÕðÜñ÷ïõí âñá÷åßåò äïêïß;

ÍÁÉ -- >
- ¸ùò 2 áíÜ üñïöï;
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ðïíôáò óôï ìç÷áíéêü íá âñßóêåé ôï âáèìü åðÜñêåéáò ôïõ
ðñïêáôáñêôéêïý áíôéóåéóìéêïý ó÷åäéáóìïý åíüò öïñÝá êáé
íá ðëçñïöïñåßôáé ôñüðïõò, ìå ôïõò ïðïßïõò ìðïñåß íá âåë-
ôéþóåé ôï öïñÝá ðïõ Ý÷åé ó÷åäéÜóåé. 

¼ðùò Ý÷åé Þäç áíáöåñèåß, ç åõèýíç ôçò ôåëéêÞò, óùóôÞò
áíôéóåéóìéêÞò ìåëÝôçò âáñýíåé ôïí ßäéï ôï ìåëåôçôÞ, äéüôé ôï
Å/Ó äåí ìðïñåß íá áíôéêáôáóôÞóåé ôçí åìðåéñßá êáé ôç ãíþóç
ôïõ ìç÷áíéêïý.

Ôï PADEX åßíáé Ýíá áíïéêôü óýóôçìá êáé ðåñáéôÝñù âåë-
ôéþóåéò ôïõ ìðïñåß íá ãßíïõí óå ðïëëïýò ôïìåßò. Éäéáßôåñá
óçìáíôéêÞ åßíáé ç äéåýñõíóç ôùí äõíáôïôÞôùí óõíåñãáóßáò
ôïõ Å/Ó ìå Ýíá ãåíéêü ðñüãñáììá óôáôéêÞò/äõíáìéêÞò áíÜ-
ëõóçò Ýôóé, þóôå ôá äåäïìÝíá íá ëáìâÜíïíôáé ìå áêñßâåéá
áðü ôï áëãïñéèìéêü ëïãéóìéêü êáé íá åëÝã÷ïíôáé óôç óõíÝ-
÷åéá áðü ôï Å/Ó. Óôï óôÜäéï õëïðïßçóçò âñßóêåôáé ç óýíäå-
óç ôïõ PADEX ìå ôï ðñüãñáììá ëïãéóìéêïý ETABS [17],
ðïõ âáóßæåôáé óôç ìÝèïäï ôùí ðåðåñáóìÝíùí óôïé÷åßùí.
Åðßóçò, õðÜñ÷åé Þäç óõíåñãáóßá ìå åéäéêÜ ðáêÝôá ëïãéóìé-
êïý ãéá äéÜöïñïõò åðéìÝñïõò õðïëïãéóìïýò (ôå÷íçôÜ åðéôá-
÷õíóéïãñáöÞìáôá, öÜóìáôá, äõóêáìøßåò äïìéêþí óôïé÷åßùí
ê.ëð.). Ìå ôïí ôñüðï áõôüí áìâëýíåôáé ï âáèìüò õðïêåéìå-
íéêÞò åêôßìçóçò ôïõ ÷ñÞóôç ðïõ åíõðÜñ÷åé ôþñá óå ïñéóìÝ-
íåò áðáíôÞóåéò ôïõ.

ÔÝëïò, âåëôéþóåéò ìðïñïýí íá ãßíïõí êáé óôï èÝìá ôçò
áõôüìáôçò áíáãíþñéóçò ó÷åäßùí áðü ôï Å/Ó, þóôå ç äéáäé-
êáóßá, êáôÜ ôçí ïðïßá äßäïíôáé ó÷åôéêÜ óôïé÷åßá áðü ôï ÷ñÞ-
óôç, íá óõíôïìåõôåß óôï åëÜ÷éóôï äõíáôü.

Ç âÜóç ãíþóçò ìðïñåß íá åðåêôáèåß åýêïëá êáé óå Üëëåò
êáôçãïñßåò åëÝã÷ùí, üðùò Ýëåã÷ïò åðáñêïýò äéáèÝóéìçò
ðëáóôéìüôçôáò óå óõãêåêñéìÝíá äïìéêÜ óôïé÷åßá. Ìðïñåß,
åðßóçò, íá ãßíåé ìåãáëýôåñç åîåéäßêåõóç óôéò Þäç õðÜñ÷ïõ-
óåò êáôçãïñßåò åëÝã÷ïõ.

Óôï ðáñüí óôÜäéï áíÜðôõîçò üðïõ âñßóêåôáé ôï PADEX,
äåí ìðïñåß íá èåùñçèåß ùò ðñïúüí åìðïñéêÞò ÷ñÞóçò áëëÜ
ùò óõìâïõëåõôéêü âïÞèçìá.

ÊáôÜ êýñéï ëüãï, ôï PADEX åîõðçñåôåß äéäáêôéêïýò óêï-
ðïýò êáé Ý÷åé Þäç áñ÷ßóåé íá ÷ñçóéìïðïéåßôáé ìå åðéôõ÷ßá ìÝóá
óôï ðëáßóéï ìáèÞìáôïò ìåôáðôõ÷éáêïý êýêëïõ óðïõäþí.
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Abstract
This work presents a new and rational approach to the evaluation of
the preliminary design of a multi-storey building in terms of accepta-
ble earthquake-resistant behavior. This has been achieved by inte-
grating conventional design code provisions with an expert system
to serve as a design aid that allows an engineer to investigate the
adequacy of his preliminary design under earthquake-induced loads
and to be informed of ways for improving it. In its present role, the
PADEX expert system acts as a reasoning tool on one hand and as
a manipulator of both numerical and non-numerical data on the
other hand. In addition, PADEX has been linked with special pur-
pose computer programs so that it is possible to obtain quantitative
information regarding the building�s dynamic response. Finally,
PADEX is an open system and further improvements can be realized
through verification studies for establishing confidence levels in the
entire methodology. 

1. INTRODUCTION

Although the development of artificial intelligence and
expert systems is well into its second decade [1-10], appli-
cations to structural engineering, and more precisely, to the
analysis-design cycle, are rather recent. Furthermore, the
earthquake-resistant design of buildings and other types of
structures stands to gain from the use of expert systems
because of the uncertainty associated with ground motions
and their effects on a structure, the various choices available
for forming the load-bearing part of the structure, the combi-
nations associated with non-symmetric buildings and diffi-
culties inherent in a realistic dynamic analysis.

Currently used design methods require a complete,
certain and well structured knowledge of the problem. In
reality, however, some of the knowledge about the design
problem is uncertain, fuzzy, or unknown. Material properties,
construction quality, loading conditions, and site conditions
are a few such examples. Design codes assume worst-case
scenarios and cover the uncertain and unknown conditions by
assigning a factor of safety. Expert system technology has the
capability of using ill-structured, incomplete, uncertain,

fuzzy, or unknown data and generating satisfactory solutions.
Furthermore, expert systems can capture expert designers�
experience, include knowledge of the domain from the lite-
rature, and represent all the qualitative information in modu-
lar format that is easy to modify. This ability has the poten-
tial of including the experience-based judgment of construc-
tion and maintenance professionals into the design. The user
can interact with the expert system and verify the accuracy of
the encoding of this knowledge into the system. A system
user can inquire about the answers the expert system gives
and see the reasoning behind those answers.

A successful earthquake-resistant design presupposes a
correct arrangement of the load bearing elements within the
building. This fact has been borne to a large extent by post-
reconnaissance field work following major earthquakes. A
poor structural design (irregular floor plans with wings
and/or openings, lack of cores or inappropriate arrangement
of shear walls, soft stories, short columns, etc.) leads to a pro-
nounced building response during an earthquake that is diffi-
cult or impossible to correct. A rational design cannot be
accomplished through purely algorithmic approaches and
requires an additional feeling of how a building behaves that
is based on practical experience and on an in-depth under-
standing of how a structure responds to both gravity and
dynamic loads. An expert system incorporating experience-
based knowledge and aided by numerical methodologies for
a quantitative description of the structural response under
earthquakes is a valuable design tool for both novices and
mature engineers.

In what follows, the methodology behind the prototype
expert system, PADEX, for the preliminary antiseismic
design of multi-storey buildings is developed. The use of
PADEX is illustrated by including the results of a typical user
session. Finally, since PADEX is an open-ended system
under continuous development, the paper concludes by out-
lining plans for future expansion.

18 Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 1-2  1999  Tech. Chron. Sci. J. TCG, I, No 1-2

Extended summary

A Hybrid Expert System for Preliminary Antiseismic Design

G.D. Manolis
Professor A.U.TH.

I.E. Avramidis
Professor A.U.TH.

A.S. Panagiotou
Mathematician

Submitted: May 27, 1997 Accepted: May 12, 1999



2. METHODOLOGY

The methodology behind PADEX can be broken down
into three basic parts, namely the selection of key elements
governing earthquake resistant design, the development of
the expert system component, plus the establishment of links
with conventional numerical analysis programs.

The point of reference in PADEX is the Greek Antiseismic
Code (NEAK 1992), although any similar code (such as
Eurocode 8) can be used. We focus on reinforced concrete
buildings higher than three stories whose adequacy is
checked against rules formulated in the following basic areas:

1. Building shape in plan (horizontal) views.
2. Building shape along vertical cross-sections.
3. Load-bearing frame plan view.
4. Load-bearing frame cross-section.
5. Building mass distribution.
6. Masonry wall topology.
7. Building foundation and ground properties.
8. Other features of the building.

As far as building shapes are concerned we distinguish
two basic ones, namely simple and composite shapes.
Architectural considerations invariably lead to composite
shapes that are difficult to analyze in terms of their structural
(both static and dynamic) behavior. Irregularities in the plan
view violate two basic assumptions inherent in earthquake-
resistant design, namely:

1. The in-plane rigid-body behavior of each storey floor,
which can be described by two translational degrees and one
rotational degree of freedom. 

2. The lack of any stress concentration effects along the
smooth contour of the floor. 

If these assumptions can no longer be preserved, then
recourse must be made to a very detailed (and difficult to set
up) model of the structure with a corresponding increase in
computational cost. 

The configuration of the building along its height is also
a crucial item. For instance, if the ratio of height to base h/b
exceeds four, second order phenomena (such as P-D effects)
occur that lead to additional vibrations in the moments at the
joints. Optimal vertical configurations that may not always
be realized in practice due to various constraints are ones
with a gentle tapering of ratio h/b with increasing height.

The load-bearing part of a conventional building consists
of columns, beams, plates and shear walls. The optimal
arrangement of these stiffness-providing elements, and espe-
cially of the shear walls, is probably the only means available
to the engineer for overcoming shortcomings caused by com-
plicated architectural design. The basic philosophy behind an

optimal stiffness distribution is that there should be a sym-
metrical arrangement of columns and shear walls in a plan
and no discontinuities along the height.

Other building features that must be considered are:

1. The smooth distribution of mass along the height and
across the floors, since abrupt mass concentrations cause
an undesirable shock-like dynamic response. 

2. The use of masonry infill walls or panels, which add to the
building frame�s stiffness and thus influence the building
behavior.

3. Abrupt changes in story heights must be avoided, since
this results in the formation of soft stories and/or short
columns.

Finally, it is desirable to use raft foundations, or to use
connector beams in the case of spread footings, so as to force
a diaphragm-type behavior for the foundation. Pile foun-
dations are necessary in the case of soft, saturate soils. Also,
it is desirable for the soil subgrade to be as uniform as possi-
ble and to avoid designing variable-level foundations. The
above considerations help in minimizing relative motions of
the foundations and non-uniform earthquake-induced ground
motions.

The above key considerations that appear in all seismic
design codes are formulated in terms of rules and form the
kernel of the knowledge base of PADEX. The classification
of a building as adequate or inadequate is based on quantifi-
cation of the degree to which the building�s design satisfies
these rules.

3. EXAMPLE CONSULTATION SESSION

The design depicted in fig. 3 was checked using PADEX
so as to determine its adequacy in sustaining earthquake-
induced loads. A possible improved design can be seen in fig. 4.
Computer generated screens by PADEX regarding the vari-
ous subsessions are given in fig.5.

Finally, PADEX can exit into algorithmic-type programs,
perform numerical computations and re-enter into the E/S
domain, as shown in fig. 1. An example of this capability is
the synthetic accelerogram given in fig. 2, where all ne-
cessary data have been drawn from the earthquake design
code. 

4. CONCLUSIONS

This work presents a new and more rational approach for
evaluating the preliminary design of a multistorey building in
terms of acceptable earthquake-resistant behavior. This has
been achieved by integrating conventional design code pro-
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visions with an expert system to serve as a design aid that
allows an engineer to investigate the adequacy of his preli-
minary design to earthquake-induced loads and to be
informed of ways for improving it.

The PADEX expert system is under continuous develop-
ment through incorporation of more rules from the Greek
Antiseismic Code and new outlets to numerical programs are
also being established.
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