
Ðåñßëçøç
ÊáôáãñÜöïíôáé ïé áðáéôïýìåíåò áñ÷Ýò ëåéôïõñãéêüôçôáò ôùí éóôïñé-
êþí îýëéíùí ðáôùìÜôùí ó÷åôéêÜ ìå ôçí ôáëÜíôùóç êáé ðåñéãñÜ-
öïíôáé ïñéóìÝíåò ìÝèïäïé êáôáóêåõÞò ôïõò. ÐáñïõóéÜæïíôáé êáé
ó÷ïëéÜæïíôáé ïé ìáèçìáôéêÝò ó÷Ýóåéò ôçò öõóéêÞò óõ÷íüôçôáò äïêþí
êáé ïñèüôñïðùí ðëáêþí ìå - êáé ÷ùñßò - íåõñþóåéò åíßó÷õóçò (äï-
êïýò). Äéáôõðþíåôáé ó÷Ýóç ãéá ôçí éäéïóõ÷íüôçôá ðáôþìáôïò ðïõ
áðïôåëåßôáé áðü ïñèüôñïðç ðëÜêá óõíäåüìåíç ìå äïêïýò. Ç ó÷Ýóç
áõôÞ ðáñÝ÷åé áõîçìÝíåò éäéïóõ÷íüôçôåò ãéá ôï ðÜôùìá óå ó÷Ýóç ìå
ôéò ëýóåéò ãéá ôéò äïêïýò. Ó÷ïëéÜæåôáé ç ìáèçìáôéêÞ Ýêöñáóç ôçò
öõóéêÞò óõ÷íüôçôáò ðïõ ÷ñçóéìïðïéåß ï Åõñùêþäéêáò 5 êáé ç ïðïßá
áíáöÝñåôáé óå éóüôñïðåò äïêïýò, êáèþò êáé ôï óõíïäåõôéêü êåßìåíï
ôçò ó÷Ýóçò áõôÞò, óôï ïðïßï ïñßæåôáé ôá ðáôþìáôá íá åßíáé äéá-
ìïñöùìÝíá ùò ðåñéìåôñéêÜ áñèñùôÜ åäñáæüìåíåò ðëÜêåò. Ùóôüóï,
óôá éóôïñéêÜ êôßñéá äýóêïëá ìðïñåß íá õëïðïéçèåß ï üñïò ãéá ðåñé-
ìåôñéêÞ Ýäñáóç ãéá ôï ìïíôÝëï ôùí ðáñÜëëçëùí äïêþí. Ç åðéôáãÞ
ôïõ ÅÊ 5 íá ëáìâÜíïíôáé õðüøç ìüíïí ïé ìüíéìåò äñÜóåéò ãéá ôïí
ðñïóäéïñéóìü ôçò ìÜæáò ôáëÜíôùóçò áõîÜíåé ôçí õðïëïãéæüìåíç
éäéïóõ÷íüôçôá, ãåãïíüò ðïõ ìðïñåß íá ïäçãÞóåé óå õðïôßìçóç ôïõ
êéíäýíïõ óõíôïíéóìïý. Ðñïôåßíåôáé íá õðïëïãßæåôáé ç ôáëÜíôùóç
ôùí îýëéíùí éóôïñéêþí ðáôùìÜôùí âÜóåé ôçò áêñéâÝóôåñçò ðñïóï-
ìïßùóçò, ðïõ äéáôõðþíåôáé óôçí ðáñïýóá åñãáóßá.

1. ÅÉÓÁÃÙÃÇ

Ïé áëëáãÝò ÷ñÞóçò êáé ôñïðïðïéÞóåéò ôùí åóùôåñéêþí
÷þñùí ôùí éóôïñéêþí êôéñßùí êáèéóôïýí åðéâåâëçìÝíï ôïí
Ýëåã÷ï ôçò ôáëÜíôùóçò ôùí ðáôùìÜôùí ôïõò. ÉóôïñéêÜ êôß-
ñéá ðïõ ìåôáôñÝðïíôáé óå êôßñéá êïéíÞò ùöÝëåéáò áðáéôïýí
áêñéâÞ ðñïóïìïßùóç êáé õðïëïãéóìü, þóôå íá éêáíï-
ðïéïýíôáé ïé áðáéôÞóåéò ãéá áóöáëÞ óõìðåñéöïñÜ ôïõ êôé-
ñßïõ, áëëÜ óõã÷ñüíùò ïé åðåìâÜóåéò ðñÝðåé íá åßíáé ïé åëÜ-
÷éóôåò äõíáôÝò. 

Ï áêñéâÞò õðïëïãéóìüò ôçò ôáëÜíôùóçò ôùí îýëéíùí
ðáôùìÜôùí óôá éóôïñéêÜ êôßñéá ðñïûðïèÝôåé ìéá óýíèåôç
êáé åðßðïíç ðñïóïìïßùóç. Ãéá ôï ëüãï áõôü ôá ðáôþìáôá
óõ÷íÜ èåùñïýíôáé ùò óýóôçìá ìç óõíåñãáæüìåíùí ðáñÜë-
ëçëùí áìöéÝñåéóôùí äïêþí. ¼ìùò, áõôÞ ç ðñïóÝããéóç
ðáñÝ÷åé éäéïóõ÷íüôçôåò ìéêñüôåñåò áðü ôéò ðñáãìáôéêÜ åì-
öáíéæüìåíåò êáé Ýôóé õðåñôéìÜ ôïí êßíäõíï ôáëÜíôùóçò
ëüãù áíèñþðéíçò äñáóôçñéüôçôáò. Áõôü ôï áðïôÝëåóìá

ìðïñåß íá ïäçãÞóåé óå Üóêïðåò åíéó÷ýóåéò Þ óôçí áíôéêá-
ôÜóôáóç ôùí îýëéíùí ðáôùìÜôùí.

Ùóôüóï, ç ðñïóïìïßùóç ôùí îýëéíùí ðáôùìÜôùí ùò
éóüôñïðùí ðëáêþí ðáñÝ÷åé áðïôåëÝóìáôá, ôá ïðïßá äßäïõí
õøçëüôåñåò ôéìÝò éäéïóõ÷íïôÞôùí áðü ôçí ðñáãìáôéêüôçôá.
Áõôü óõìâáßíåé, äéüôé ç åãêÜñóéá ðñïò ôéò äïêïýò åíßó÷õóç
(óáíßäùìá ôïõ äáðÝäïõ, åãêÜñóéá äïêüò áíôéóôÞñéîçò, åí-
äéÜìåóåò äïêïß óýóöéãîçò, óýíäåóìïé äõóêáìøßáò) äç-
ìéïõñãåß êáôáóêåõáóôéêÞ áíéóüôñïðç óõìðåñéöïñÜ, ç ïðïßá
üìùò õðïëåßðåôáé áðü ôç ëåéôïõñãßá ìéáò åíéáßáò ðëÜêáò.

ÅðïìÝíùò, ç ðñïóïìïßùóç ôïõ ðáôþìáôïò áö� åíüò ùò
óõóôÞìáôïò äïêþí êáé áö� åôÝñïõ ùò åíéáßáò ïñèüôñïðçò
ðëÜêáò åêöñÜæåé äýï áêñáßåò ðåñéðôþóåéò ìåôáîý ôùí ïðïßùí
âñßóêåôáé ç ðñáãìáôéêüôçôá. 

Ó÷åôéêÜ ìå ôéò åðåìâÜóåéò óôçí õöéóôÜìåíç êáôáóêåõÞ,
ç åíßó÷õóç ôçò ëåéôïõñãéêüôçôáò ôïõ ðáôþìáôïò ãßíåôáé ìå
ôç äçìéïõñãßá åíüò ïéêïíïìéêïý öïñÝá: ïé åäñÜóåéò åßíáé
áñèñþóåéò Þ ìåñéêþò ðáêôùìÝíåò êáé áðïöåýãïíôáé ïé êõëÞ-
óåéò. Åðßóçò, ìðïñåß íá ôñïðïðïéçèåß ôï óôáôéêü óýóôçìá,
ð.÷. ìå ôç äçìéïõñãßá åíäéÜìåóùí óôçñßîåùí. 

Åêôüò áðü ôçí áíáëõôéêÞ äéáôýðùóç ôùí éäéïóõ÷íïôÞ-
ôùí ìéáò äïêïý [1, 2] êáé ìéáò ïñèüôñïðçò ðëÜêáò [3], ç
ôáëÜíôùóç ìðïñåß íá õðïëïãéóôåß ìå ôç ìÝèïäï ôùí ðåðå-
ñáóìÝíùí óôïé÷åßùí Þ ðåéñáìáôéêÜ [4]. Áðü ðëåõñÜò êá-
íïíéóìþí, ï Åõñùêþäéêáò 5 (ÅÊ 5) [5] ðñïóöÝñåé åîéóþóåéò
õðïëïãéóìïý ôùí éäéïóõ÷íïôÞôùí êáé óõíïäåõôéêïýò üñïõò,
þóôå íá åîáóöáëßæåôáé éêáíïðïéçôéêÞ ëåéôïõñãéêüôçôá ôçò
êáôáóêåõÞò. Áò õðåíèõìéóôåß üôé ôüóï ï Åëëçíéêüò Êáíïíé-
óìüò Îýëéíùí Êáôáóêåõþí [6] üóï êáé ï ìüíïò îÝíïò
êáíïíéóìüò ðïõ ìåôáöñÜóôçêå óôá åëëçíéêÜ, ï DIN
1052/1969 [7], üðùò êáé ç ôñïðïðïßçóÞ ôïõ [8], äåí áíáöÝ-
ñïíôáé óôçí ôáëÜíôùóç, ôçí ïðïßá ìüíïí åììÝóùò ëáìâÜ-
íïõí õðüøç ôïõò ìÝóù ôïõ âÝëïõò âýèéóçò. ¸ôóé, ï ÅÊ 5
áðïêôÜ éäéáßôåñç óçìáóßá, éäéáßôåñá ìåôÜ ôçí Ýêäïóç ôùí
ó÷åôéêþí åãêõêëßùí ôïõ Õ.ÐÅ.×Ù.Ä.Å. [9, 10]. 

Ç ðáñïýóá åñãáóßá, áöïý ðáñïõóéÜóåé ïñéóìÝíá ðáñá-
äåßãìáôá êáôáóêåõÞò éóôïñéêþí îýëéíùí ðáôùìÜôùí, ðñï-
ôåßíåé ìéá áêñéâÝóôåñç ðñïóïìïßùóç êáé õðïëïãéóìü âá-
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óéóìÝíï óôçí áíÜëõóç ôçò ôáëÜíôùóçò ïñèüôñïðïõ äáðÝäïõ
(ðëÜêáò), ç ïðïßá åßíáé óõíäåäåìÝíç åíäïôéêÜ ìå äïêïýò. Óôç
óõíÝ÷åéá, äéåñåõíÜ ôçí åöáñìïóéìüôçôá ôïõ ÅÊ 5 óå éóôïñé-
êÜ ðáôþìáôá. Óôï êåöÜëáéï 3 ðáñïõóéÜæïíôáé óõíèÞêåò ãéá
ôçí éêáíïðïéçôéêÞ ëåéôïõñãéêüôçôá ôùí éóôïñéêþí ðáôùìÜ-
ôùí. Óôï êåöÜëáéï 4 äßäïíôáé ïé éäéïóõ÷íüôçôåò ïñèüôñïðùí
ðëáêþí. Óôï êåöÜëáéï 5 ðáñïõóéÜæåôáé êáé ó÷ïëéÜæåôáé ôï
ó÷åôéêü êåöÜëáéï ôïõ ÅÊ 5 êáé óôï êåöÜëáéï 6 ðñïôåßíïíôáé
ìáèçìáôéêÝò ó÷Ýóåéò êáé íÝåò ëýóåéò ãéá ôéò éäéïóõ÷íüôçôåò
ôùí éóôïñéêþí ðáôùìÜôùí. ÔÝëïò, óôï êåöÜëáéï 7 ðáñïõ-
óéÜæïíôáé ôá óõìðåñÜóìáôá.

2. ÓÕÌÂÏËÉÓÌÏÉ
2.1. Ëáôéíéêïß êåöáëáßïé ÷áñáêôÞñåò

A åðéöÜíåéá äéáôïìÞò
C óôáèåñÜ
D äõóêáìøßá
E ìÝôñï åëáóôéêüôçôáò
F äýíáìç äéÝãåñóçò
G ìÝôñï äéÜôìçóçò
J ñïðÞ áäñÜíåéáò åðéöÜíåéáò äïêïý
K ìÝôñï ïëßóèçóçò óõíäåôÞñá
L ôåëåóôÞò
Ì ñïðÞ
N ðëÞèïò ðáñÜëëçëùí äïêþí (=b/e-1)
R äýíáìç áíôßäñáóçò
Ô óõíÜñôçóç ìå ìåôáâëçôÞ ôï ÷ñüíï t
W óõíÜñôçóç ìå ìåôáâëçôÝò x, y

2.2. Ëáôéíéêïß ðåæïß ÷áñáêôÞñåò

a ðëÜôïò ðëÜêáò êáôÜ ôïí Üîïíá x (=ìÞêïò äïêïý l)
b ìÞêïò ðëÜêáò êáôÜ ôïí Üîïíá y
c ëüãïò ðëÜôïõò ðñïò ìÞêïò ðëÜêáò (=a/b)
d ðëÜôïò äéáôïìÞò äïêïý
e áðüóôáóç ìåôáîý ôùí íåõñþóåùí (äïêþí)
f óõ÷íüôçôá
g åðéôÜ÷õíóç âáñýôçôáò
h ðÜ÷ïò äáðÝäïõ (óáíéäþìáôïò) Þ ýøïò äïêïý 
i, j óôáèåñÝò, áêÝñáéïé áñéèìïß
k áêÝñáéïò áñéèìüò, âáèìüò ôáëÜíôùóçò
l ìÞêïò äïêïý (=a)
m ìÜæá 
q öïñôßï
s áðüóôáóç ìåôáîý ôùí Þëùí
t ÷ñüíïò
w âýèéóç êáôÜ ôïí Üîïíá z
x Üîïíáò ôïõ åðéðÝäïõ ôçò ðëÜêáò Þ Üîïíáò äïêïý
y Üîïíáò ôïõ åðéðÝäïõ ôçò ðëÜêáò
z Üîïíáò åãêÜñóéïò ðñïò ôï åðßðåäï ôçò ðëÜêáò

2.3. Åëëçíéêïß ðåæïß ÷áñáêôÞñåò

á óõíôåëåóôÞò ìåßùóçò äõóêáìøßáò 
â óõíôåëåóôÞò ìåßùóçò ôçò ñïðÞò áäñÜíåéáò Steiner
ã åéäéêü âÜñïò
æ áðüóâåóç
í ëüãïò ôïõ Poisson
ø óôáôéêÞ ñïðÞ äïêïý
ù êõêëéêÞ óõ÷íüôçôá

2.4. Äåßêôåò

// ðáñáëëÞëùò ðñïò ôéò ßíåò ôïõ îýëïõ
⊥ êáèÝôùò ðñïò ôéò ßíåò ôïõ îýëïõ
1-3 êýñéåò äéåõèýíóåéò åëáóôéêüôçôáò õëéêïý
ä äïêüò
ê êïñìüò óýíèåôçò äéáôïìÞò
ìö ìáêñü÷ñïíá öïñôßá
ð ðÜôùìá
ó óáíßäùìá / äÜðåäï
õ õðïèåôéêüò

2.5. ÅêèÝôåò

ä íåýñùóç
Ä ðåñéìåôñéêÜ áñèñùôÞ ðëÜêá 
Ã ðåñéìåôñéêÜ ðáêôùìÝíç ðëÜêá 

3. ËÅÉÔÏÕÑÃÉÊÏÔÇÔÁ - ÊÁÔÁÓÊÅÕÇ
3.1. Ëåéôïõñãéêüôçôá

Ï âçìáôéóìüò ôùí áíèñþðùí ðñïêáëåß åãêÜñóéá ôáëÜ-
íôùóç óõ÷íüôçôáò 1 Ýùò 5 Hz, åíþ ï ÷ïñüò êáé ïé ìç÷áíÝò
äçìéïõñãïýí éó÷õñÝò ôáëáíôþóåéò, áêüìç êáé óõíôïíéóìü. Ç
óõíåéäçôïðïßçóç ôçò ôáëÜíôùóçò áðü ôïí Üíèñùðï åðçñåÜ-
æåôáé áðü ôéò åîÞò ðáñáìÝôñïõò [11, 12]: 

á) ôçí åðéôÜ÷õíóç (óå óõ÷íüôçôåò ìéêñüôåñåò ôùí 8 Hz)
êáé ôçí ôá÷ýôçôá (óå óõ÷íüôçôåò ìåãáëýôåñåò ôùí 8 Hz), 

â) ôï ÷ñüíï ôáëÜíôùóçò êáé 
ã) ôçí áðüóôáóç ôçò ðçãÞò ôáëÜíôùóçò êáé ôç óùìáôéêÞ

äñáóôçñéüôçôá ôïõ áôüìïõ.

ÄéáãñÜììáôá êáé óõíáñôÞóåéò äßíïõí ôéìÝò åðéôÜ÷õíóçò
ãéá ôçí åðßôåõîç åõ÷Üñéóôçò ðáñáìïíÞò [13]: 

l Ïé âñåôáíéêïß êáíïíéóìïß [14] ó÷åôßæïõí ôçí åðéôÜ÷õíóç
d2w/dt2 ìå ôç óõ÷íüôçôá f:

d2w/dt2 = 0.5 f 0.5 óå (m/s2) (3.1)

Ãéá f=8Hz, ôéìÞ ïñéáêÞ ãéá ôïí ÅÊ 5, ç áíôßóôïé÷ç
åðéôñåðôÞ åðéôÜ÷õíóç åßíáé 1,4 m/s2. 

l Ï ãåñìáíéêüò êáíïíéóìüò DIN 4150 [15] äßäåé êáìðýëåò
ßäéïõ âáèìïý áíôßëçøçò. Ãéá f=8Hz ç áíôßóôïé÷ç åðéôÜ-
÷õíóç åßíáé 0,6m/s2. 

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



Ï ÅÊ 5 åîåôÜæåé ÷ùñéóôÜ ôçí ôáëÜíôùóç óå êôßñéá êáé óå
ãÝöõñåò [16]. 

3.2. Ôñüðïé êáôáóêåõÞò

Ôá îýëéíá ðáôþìáôá óôá éóôïñéêÜ êôßñéá óõíÞèùò Ý÷ïõí
ïñèïãùíéêÞ êÜôïøç, áðïôåëïýíôáé áðü óýóôçìá ðáñÜëëç-
ëùí äïêþí óå áðüóôáóç ðåñßðïõ 0,65m, áìöéÝñåéóôá åäñá-
óìÝíåò ùò êõëßóåéò (äçëáäÞ ìå äõíáôüôçôá ïñéæüíôéáò ìåôá-
ôüðéóçò), ìå êáñöùìÝíï óáíßäùìá ðÜ÷ïõò Üíù ôùí 24mm,
ôï ïðïßï äçìéïõñãåß áìöéÝñåéóôåò ðëÜêåò. Óõíáíôþíôáé åðß-
óçò: á) áñèñþóåéò ùò Ýäñáóç (ìåôáëëéêÝò áãêõñþóåéò óôç
ëéèïäïìÞ, óýíäåóç ìå ôéò äïêïýò ãåéôïíéêïý ÷þñïõ ê.Ü.,
âëÝðå åéêüíá 1, ó÷Þìáôá 1 êáé 2), â) åãêÜñóéåò óõíäÝóåéò
äïêþí óå üëç ôçí åðéöÜíåéá ôïõ ðáôþìáôïò (ó÷Þìáôá 3 êáé
4), ã) åãêÜñóéá äïêüò áíôéóôÞñéîçò óôï ìÝóïí ôïõ áíïßãìá-
ôïò ôùí ðáñÜëëçëùí äïêþí ðïõ ìåéþíåé ôï åëåýèåñï Üíïéã-
ìÜ ôïõò. Óôçí ðåñßðôùóç áõôÞ, ç óõíåñãáóßá ôùí ðáñÜëëç-
ëùí äïêþí ìå ôç äïêü áíôéóôÞñéîçò åîáóöáëßæåôáé, áí ç
âýèéóÞ ôïõò óôï óçìåßï åðáöÞò åßíáé ßóç [17]:

w0 + w1 = w2 (3.2)

üðïõ w0 åßíáé ç âýèéóç ôùí äïêþí ëüãù ôïõ åîùôåñéêïý
öïñôßïõ, w1 åßíáé ç âýèéóç ôùí äïêþí ëüãù ìéáò êáô´ áñ÷Þí
Üãíùóôçò äýíáìçò R(w) êáé w2 åßíáé ç âýèéóç ôçò åãêÜñ-
óéáò äïêïý áíôéóôÞñéîçò ëüãù ôçò R(w). ÁíÜëïãç óõíèÞêç
ìå ôç ó÷Ýóç (3.2) éó÷ýåé, üôáí õðÜñ÷ïõí åãêÜñóéåò äïêïß
ðåñéóóüôåñåò ôçò ìßáò. Ç óõíèÞêç áõôÞ äåí åîáóöáëßæåé ôçí
áíÜðôõîç ñïðþí êáé äéáôìçôéêþí ôÜóåùí óôï óõíïëéêü
ýøïò ôçò ðëÜêáò: áõôÝò, óôçí êáôåýèõíóç êÜèå Üîïíá,
ðáñáëáìâÜíïíôáé áðü ôéò äïêïýò ôçò áíôßóôïé÷çò êáôåýèõí-
óçò. 

Óôá óýã÷ñïíá êôßñéá êáôáóêåõÜæïíôáé ó÷Üñåò (ðëÜêåò)
áðü äïêïýò óõíåðßðåäåò Þ óå ðåñéóóüôåñá åðßðåäá, ïé ïðïßåò
åßíáé äéÝñåéóôåò, ôñéÝñåéóôåò Þ ôåôñáÝñåéóôåò. Ïé óõí-
åðßðåäåò äïêïß ðñÝðåé íá óõíäÝïíôáé óå êÜèå êüìâï ìå
ðåñéóóüôåñá ìÝóá óýíäåóçò óå êáôÜëëçëç äéÜôáîç êáé ìå
äéáôïìÞ éêáíÞ íá ðáñáëÜâåé ôéò ñïðÝò. Ç äéÜôáîç ôùí äïêþí
êáèïñßæåôáé ìå ôå÷íéêï-ïéêïíïìéêÜ êñéôÞñéá [18].

Ãéá íá áðïöåõ÷èåß óõíôïíéóìüò ôçò êáôáóêåõÞò, ç öõ-
óéêÞ óõ÷íüôçôá ôïõ ðáôþìáôïò ðñÝðåé íá äéáöÝñåé áðü ôçí
ôáëÜíôùóç, ôçí ïðïßá ðñïêáëïýí ïé êáèçìåñéíÝò äñá-
óôçñéüôçôåò (âçìáôéóìüò ê.ëð.) áëëÜ êáé ï óåéóìüò. Åðï-
ìÝíùò, êÜèå åðÝìâáóç èá ðñÝðåé íá ìåéþíåé ôïí êßíäõíï
óõíôïíéóìïý. Ìéá äéáöïñÜ 20% ìåôáîý öõóéêÞò óõ÷íüôç-
ôáò êáé óõ÷íüôçôáò äéÝãåñóçò èåùñåßôáé éêáíïðïéçôéêÞ [19].
ÊáôáóêåõáóôéêÝò ñõèìßóåéò, ðïõ ìåéþíïõí ôïí êßíäõíï
ôáëÜíôùóçò êáé óõã÷ñüíùò óõíåéóöÝñïõí óôç äéá-
öñáãìáôéêÞ ëåéôïõñãßá ôïõ ðáôþìáôïò, äßäïíôáé óôéò åéêü-
íåò 1 êáé 2 êáé óôá ó÷Þìáôá 1 Ýùò 4.
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Åéêüíá 1: Éóôïñéêü êôßñéï «ÊáðíáðïèÞêç» óôçí ÊáâÜëá, ïäüò
Öéëßððïõ 12 (áñ÷åßï 4çò ÅÍÌ). Ðïëý ðñïóåãìÝíç êáôáóêåõÞ, üðùò
óôï ó÷Þìá 2 (Üñèñùóç).
Picture 1: Historical building «Tobacco warehouse» in Kavala, 12,
Filippou str. (Archive of the 4th ENM / The Hellenic Ministry of
Culture). Very carefully constructed, see also fig. 2.

Åéêüíá 2: Éóôïñéêü êôßñéï «Êáëïãåñéêü» óôç ÈÜóï, ËéìÝíá (áñ÷åßï
4çò ÅÍÌ, öùôïãñ.: Á. ÌÝíôæá). Ðïëý ðñïóåãìÝíç êáôáóêåõÞ, (ìåñé-
êÞ) ðÜêôùóç äïêïý.
Picture 2: Historical building «Kalogeriko» in Thasos, Limenas
(Archive of the 4th ENM / The Hellenic Ministry of Culture, photo:
A. Mentza). Very carefully constructed; fixed end of the beam.

Ó÷Þìá 1: ÊáôáóêåõáóôéêÝò äéáôÜîåéò ðïõ ìåéþíïõí ôïí êßíäõíï
ôáëÜíôùóçò (üøç êáé êÜôïøç) [19].

Figure 1: Construction details minimizing the danger of vibration [19].



4. ÁÍÁËÕÓÇ ÖÕÓÉÊÙÍ ÓÕ×ÍÏÔÇÔÙÍ 
4.1. Éóüôñïðç äïêüò

Ç éäéïóõ÷íüôçôá ðñïêýðôåé áðü ôçí áíÜëõóç ôçò äéáöï-
ñéêÞò ó÷Ýóçò éóüôñïðçò äïêïý ìÞêïõò l (0≤x≤l) [1]:

E//ä Jä d4w/dx4 + mäd2w/dt2 +æ dw/dt = F(x,t) (4.1)

ç ïðïßá ãéá áðüóâåóç æ=0 êáé äéÝãåñóç F(x,t)=0 áíÜãåôáé
óôçí:

E//ä Jä d4w/dx4 + mäd2w/dt2 = 0 (4.2)

Ëýóç ôçò ó÷. (4.2) áðïôåëåß ç åîßóùóç: 

w(x,t) = W(x) T(t) (4.3)

ìå W(x)=(C1cosX+C2sinX+C3coshX+C4sinhX),
T(t)=(C5cosùt+C6sinùt), X=x(kð/l)0,25=x(mäù2/E//ä Jä)0,25

êáé ù åßíáé ç êõêëéêÞ óõ÷íüôçôá (ù=2ðf). 
Ïé óôáèåñÝò ïëïêëÞñùóçò Cj (j=1 Ýùò 6) ïñßæïíôáé áðü

ôéò áñ÷éêÝò êáé óõíïñéáêÝò óõíèÞêåò. Ç åîßóùóç ôçò óõ÷íü-
ôçôáò ôçò äïêïý ãéá ôéò âáóéêüôåñåò ðåñéðôþóåéò ÝäñáóÞò
ôçò ðñïêýðôåé ùò åîÞò [1]: 

l ðÜêôùóç-åëåýèåñï Üêñï: 1+cos(k1,j=ð)cosh(k1,jð)=0
(ëýóç: k1, j=1 =0.597) (4.4á)

l Üñèñùóç-Üñèñùóç: sin(k2,j ð)=0 
(ëýóç: k2, j=1=1, k2, j=2=2, k2, j=3=3, �) (4.4â)

l ðÜêôùóç-Üñèñùóç: tan(k3,j ð)-tanh(k3,j ð)=0 
(ëýóç: k3, j=1=1.25, k3, j=2=2.50, k3, j=3=3.25, ..)(4.4ã)

l ðÜêôùóç-ðÜêôùóç: 1-cos(k4,j ð) cosh(k4,j ð)=0 
(ëýóç: k4, j=1=1.506, k4, j=2=2.50, k4, j=3=3.50, ..) (4.4ä)

üðïõ j óçìáßíåé ôï âáèìü ôçò éäéïóõ÷íüôçôáò. H éäéïóõ÷íü-
ôçôåò äßäïíôáé áðü ôç ó÷Ýóç:

fäi,j =ùi,j/2ð =(ð/2)(kij/l)
2 (Å//ä Jä/mä)0,5 (4.5á)

Ãéá áìöéáñèñùôÞ äïêü ç âáóéêÞ éäéïóõ÷íüôçôá åßíáé:

fä2,1 = ð/(2l2) (Å//ä Jä/mä)0,5 (4.5â)

Ç ôáëÜíôùóç ìéáò äïêïý âñßóêåôáé ðñïóåããéóôéêÜ, áí
èåùñçèåß ç ìÜæá mä ôïõ óõóôÞìáôïò ùò óõãêåíôñùìÝíç óôï
óçìåßï åðéâïëÞò åíüò õðïèåôéêïý öïñôßïõ Fõ. Ç éäéïóõ÷íü-
ôçôá ðñïêýðôåé ôüôå ùò:

fä2,1 = [C/(4ð2mä]0,5 (4.6)

üðïõ C åßíáé ç óôáèåñÜ ôïõ éóïäýíáìïõ åëáôçñßïõ-äïêïý
êáé ôï öïñôßï Fõ ðñïêáëåß âÝëïò âýèéóçò wõ (C= Fõ/wõ). 

Ãéá õøßêïñìåò äïêïýò ìéêñïý ìÞêïõò êáé äïêïýò óýí-
èåôçò äéáôïìÞò ìïñöÞò Ô Þ Ç, ç âýèéóç åðçñåÜæåôáé áðü ôéò
äéáôìçôéêÝò ôÜóåéò óýìöùíá ìå ôç ó÷Ýóç [8]:

wmax = ql4/ (8 G//⊥ Aê) (4.7)

üðïõ q åßíáé Ýíá ïìïéüìïñöá êáôáíåìçìÝíï öïñôßï, Aê åßíáé
ç äéáôïìÞ ôïõ êïñìïý êáé G//⊥ åßíáé ôï ìÝôñï äéÜôìçóçò
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Ó÷Þìá 2: ÊáôáóêåõáóôéêÝò äéáôÜîåéò ðïõ ðåñéïñßæïõí ôçí ôáëÜ-
íôùóç [20] (ðáñÜâáëå åéêüíá 1).

Figure 2: Construction details minimizing the vibration [20] (to
compare with picture 1).

Ó÷Þìá 3: ÊáôáóêåõáóôéêÝò äéáôÜîåéò ðïõ ðåñéïñßæïõí ôçí ôáëÜíôùóç
êáé óõíåéóöÝñïõí óôç äéáöñáãìáôéêÞ ëåéôïõñãßá [19].

Figure 3: Constructions minimizing the danger of vibration and
enforcing the diaphragmatic behaviour of the floor [19].

Ó÷Þìá 4: ÊáôáóêåõáóôéêÝò äéáôÜîåéò ðïõ ìåéþíïõí ôçí ôáëÜíôùóç [19].
Figure 4: Constructions minimizing the danger of vibration [19].



(ðáñÜëëçëá ðñïò ôéò ßíåò ôïõ îýëïõ) ðïõ åêöñÜæåé ôçí áëëá-
ãÞ ôùí ãùíéþí ìåôáîý ôùí êõñßùí äéåõèýíóåùí x êáé z
(G//⊥=G12=ôxz/ãxz). 

Ãéá ïìïéüìïñöá êáôáíåìçìÝíï öïñôßï óå äïêü ïñèïãù-
íéêÞò äéáôïìÞò dhä ðñïêáëåßôáé ìÝãéóôç âýèéóç [3]:

wmax=5ql4/(24E//Jä)+qd2l2*[-3(í//⊥/E//)+4G//⊥]/(80Jä) (4.8)

Ï ëüãïò ôùí âõèßóåùí ëüãù äéÜôìçóçò êáé êÜìøçò åßíáé
[21]:

wô / wó = 0,96 (E///G//⊥) (hä/l)2 (4.9)

Ãéá ôçí áìöéáñèñùôÞ éóüôñïðç äïêü ìå ìÜæá óõãêå-
íôñùìÝíç óôï ìÝóï ôïõ áíïßãìáôïò éó÷ýåé [1]: 

C =48EJä/l3 (4.10)

Áíôßóôïé÷åò åßíáé ïé ôéìÝò ãéá Üëëåò ïñéáêÝò óõíèÞêåò
óôçí éóüôñïðç äïêü. Ç ìÝèïäïò ôçò éóïäýíáìçò óôáèåñÜò
äïêïý-åëáôçñßïõ åêöñÜæåé ôçí åðßäñáóç ôùí äéáôìçôéêþí
ôÜóåùí óôç äéáìüñöùóç ôçò éäéïóõ÷íüôçôáò. 

Ç ó÷. (4.5á) åöáñìüæåôáé óå îýëéíá ðáôþìáôá, üôáí áõôÜ
áðïôåëïýíôáé áðü óýóôçìá ðáñÜëëçëùí äïêþí óõíäåäåìÝ-
íùí ìåôáîý ôïõò ìå óáíßäùìá (äÜðåäï). ¼ôáí ðñïâëÝðïíôáé
êáôáóêåõáóôéêÝò åíéó÷ýóåéò (åãêÜñóéåò äåõôåñåýïõóåò
äïêïß, êáëÜ êáñöùìÝíåò óáíßäåò äáðÝäïõ) Ýôóé, þóôå ôï
ðÜôùìá íá ìðïñåß íá èåùñçèåß ùò ðëÜêá, ç äéäéÜóôáôç
äõíáìéêÞ áíÜëõóç äßäåé áêñéâÝóôåñá áðïôåëÝóìáôá (õøç-
ëüôåñåò éäéïóõ÷íüôçôåò). 

4.2. ËåðôÝò ðëÜêåò

ÅîåôÜæåôáé ìéá ïñèüôñïðç ðëÜêá ïñèïãùíéêÞò êÜôïøçò
ab (a≤b, a=l) óå Ýíá êáñôåóéáíü óýóôçìá óõíôåôáãìÝíùí, x,
y, z (0≤x≤a, 0≤y≤b, -h/2≤z≤h/2) ìå áíôßóôïé÷åò ìåôáôïðßóåéò:
u, v, w. Ïé Üîïíåò óõìðßðôïõí ìå ôéò êýñéåò äéåõèýíóåéò (1, 2,
3) ôçò åëáóôéêüôçôáò. Ãéá åîùôåñéêü öïñôßï q(x,y)=0 êÜèåôï
óôï åðßðåäï x-y ôçò ðëÜêáò, ç óõíÜñôçóç ôçò êßíçóçò äßäåé
[3]: 

m ∂2w/∂t2 + Lw = 0 (4.11)

L= D1 ∂4/∂x4 + 2D3 ∂4/∂x2∂y2 +D2 ∂4/∂y4

üðïõ w =w(x,y,z=0,t) åßíáé ç âýèéóç, m=hã/g åßíáé ç ìÜæá
ôçò ðëÜêáò êáé

D1=E1h3/[12(1-í12í21)]   D2=E2h3/[12(1-í12í21)]

D3=D1í21+G12h3/6 (4.12)

ìå Å1=Å⊥ êáé Å2=Å// êáé G12=G⊥//=G13 (G12=ôxy/ãxy). Ï ëü-
ãïò ôïõ Poisson íij (i, j=1,2,3) åêöñÜæåé ôçí åãêÜñóéá óõ-
óôïëÞ óôç äéåýèõíóç j, üôáí åöáñìüæåôáé åöåëêõóìüò óôç
äéåýèõíóç i. Ëüãù óõììåôñßáò ôïõ ìçôñþïõ ôïõ ãåíéêåõ-
ìÝíïõ íüìïõ ôïõ Hooke (å=Có), éó÷ýåé:

Å1í21 = Å2í12, Å2í32 = Å3í23, Å3í13 = Å1í31

Óå áíáëïãßá ðñïò ôéò éóüôñïðåò ðëÜêåò ìå éóüôñïðåò íåõ-
ñþóåéò [3], åßíáé äõíáôüí íá äéáôõðùèåß ùò åîÞò ç äõóêáì-
øßá D1 óôéò ïñèüôñïðåò ðëÜêåò ìå éóüôñïðåò äïêïýò
(ðáñÜëëçëåò ðñïò ôïí Üîïíá x):

D1´´= E2óhó
3/[12(1-í12í21)]+ÅäJä/e (4.13)

üðïõ Åä=Å// åßíáé ôï ìÝôñï åëáóôéêüôçôáò ôùí íåõñþóåùí
(äïêþí), Jä åßíáé ç ñïðÞ áäñÜíåéáò ôçò íåýñùóçò, e åßíáé ç
áðüóôáóç ìåôáîý ôùí íåõñþóåùí êáé ôá ìåãÝèç E2ó êáé hó
áíáöÝñïíôáé óôï óáíßäùìá. Ãéá áìåëçôÝá óõíåéóöïñÜ ôïõ
óáíéäþìáôïò (hó«hä, h≈hä) ðñïêýðôåé:

D1´´= ÅäJä/e (4.14)

ïðüôå ç ó÷. (4.11) ðáßñíåé ôç ìïñöÞ:

m ∂2w/∂t2 + (ÅäJä/e) ∂4w /∂x4 = 0 (4.15)

Ãéá m=mä ç ó÷. (4.15) ôáõôßæåôáé ìå ôç óõíÜñôçóç êßíç-
óçò ôçò äïêïý (ó÷. (4.2)). 

Ç ãåíéêÞ ëýóç ôùí Daniel-Bernoulli ôçò ó÷. (4.11) åßíáé
[3]: 

w= (C1 cosùt + C2 sin ùt) W(x,y) (4.16)

êáé ç ó÷. (4.11) ãñÜöåôáé: 

LW - f2 m W = 0 (4.17)

Ãéá ìçäåíéêÞ ïñßæïõóá õðÜñ÷åé ëýóç äéÜöïñç ôïõ ìçäåíüò. 
Ãéá åäñÜóåéò äéáìïñöùìÝíåò ùò áñèñþóåéò, ïé ïñéáêÝò

êáôáóôÜóåéò åßíáé [3]:

ãéá x=0, x=a: W=0 ⇒ Ìx= -D1(∂2W/∂x2 +í21∂W2/∂y2) = 0

ãéá y=0, y=b: W=0 ⇒ Ìy= -D2(∂2W/∂y2 +í12∂W2/∂x2) = 0

(4.18) 
Ôéò óõíèÞêåò áõôÝò éêáíïðïéåß ç ó÷Ýóç (ëýóç) [3]:

Wij = sin (iðx/a) sin (jðy/b) (4.19)

üðïõ i, j åßíáé áêÝñáéïé áñéèìïß. Åíóùìáôþíïíôáò ôç ó÷.
(4.19) óôç ó÷. (4.17), ðñïêýðôåé [3]:

(ið/a)4 D1+ 2 (ij/ab)2 D3+ (jð/b)4 D2- ùij
2m= 0 (4.20)

Áðü ôç ó÷. (4.20) ðñïêýðôåé ç èåìåëéáêÞ éäéïóõ÷íüôçôá
f11

Ä êáé ïé óõ÷íüôçôåò õøçëüôåñùí áñìïíéêþí fij
Ä [3]:

f11
Ä =ð/(2a2) (D0 /m)0,5 D0=D1+2c2 D3+c4 D2 (4.21á)

fij
Ä =ð/(2b2)(D0,ij/m)0.5 D0,ij =(i/c)4D1+2 j2(i/c)2D3+l4D2

c=a/b (4.21â)

üðïõ ï äåßêôçò i áíáöÝñåôáé óôï âáèìü ôçò éäéïóõ÷íüôçôáò
óôç äéåýèõíóç x, ï äåßêôçò j óôç äéåýèõíóç y êáé ï åêèÝôçò
Ä óçìáßíåé ôçí ðåñéìåôñéêÞ Üñèñùóç ôçò ðëÜêáò. 
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Ìå ôçí ðñïóåããéóôéêÞ ìÝèïäï Rayleigh-Ritz õðïëïãßæå-
ôáé ç éäéïóõ÷íüôçôá ôùí ïñèïãùíéêþí ðåñéìåôñéêÜ ðáêôù-
ìÝíùí ðëáêþí [3]. ×ñçóéìïðïéþíôáò ôç ó÷Ýóç:

Wi,j =(x2-a2/4)2(y2-b2/4)2 xiyj, -a≤2x≤a, -b≤2y≤b (4.22)

ðñïêýðôåé ùò âáóéêÞ öõóéêÞ óõ÷íüôçôá:

f11
Ã = 3,58/a2 (D1+0,571D3c2+D2c4)0.5 m-0.5 (4.23)

üðïõ ï åêèÝôçò Ã óçìáßíåé ðåñéìåôñéêÞ ðÜêôùóç.
Óõãêñßíïíôáò ôéò ó÷. (4.21) êáé (4.23) ðñïêýðôåé üôé:

á) ç óõ÷íüôçôá ôçò ðåñéìåôñéêÜ ðáêôùìÝíçò ðëÜêáò åßíáé
ó÷åäüí äéðëÜóéá áðü áõôÞí ôçò ðåñéìåôñéêÜ áñèñùôÞò
êáé 

â) ôï ìÝôñï äéÜôìçóçò óõíåéóöÝñåé ëéãüôåñï óôçí ôéìÞ ôçò
éäéïóõ÷íüôçôáò ôçò ðåñéìåôñéêÜ ðáêôùìÝíçò ðëÜêáò áðü
ü,ôé óôçí éäéïóõ÷íüôçôá ôçò ðåñéìåôñéêÜ áñèñùôÞò. 

¼ôáí äñá Ýíá öïñôßï q(x,y,t) êÜèåôï óôï åðßðåäï x-y ôçò
ðëÜêáò, ôüôå ç ó÷. (4.11) áðïêôÜ ôç ìïñöÞ [3]:

∂2w/∂t2 + 1/m Lw = q(x,y,t) g/(hã) (4.24)

ç ïðïßá èá ðñÝðåé íá éêáíïðïéåß ôéò áñ÷éêÝò êáé ïñéáêÝò óõí-
èÞêåò. ¸óôù üôé q=q0(x,y) cos Ùt. ¼ôáí ç óõ÷íüôçôá Ù áðï-
êôÞóåé ôç óõ÷íüôçôá ìßáò áðü ôéò éäéïóõ÷íüôçôåò ôçò ðëÜ-
êáò, ôüôå èá äçìéïõñãçèåß óõíôïíéóìüò. 

Áðü ôéò ó÷. (4.21) êáé (4.23) ðñïêýðôåé üôé ç éäéïóõ÷íü-
ôçôá ðáôþìáôïò ÷ùñßò óáíßäùìá (hó=0) åßíáé ìéêñüôåñç áðü
ôçí éäéïóõ÷íüôçôá ìéáò ðëÜêáò ìå óáíßäùìá (hó≠0):

f (hó=0) < f (hó≠0) (4.25)

5. Ç ÔÁËÁÍÔÙÓÇ ÊÁÔÁ ÔÏÍ ÅÕÑÙÊÙÄÉÊÁ 5

Ï ÅÊ 5 [5] åîåôÜæåé ôçí êáôçãïñßá Á (ðßíáêáò 6.1) ôïõ
ÅÊ 1 [22], ç ïðïßá áöïñÜ óå ÷þñïõò êôéñßùí äéáìïíÞò /
êáôïéêßåò, ÷þñïõò / èáëÜìïõò íïóïêïìåßùí, õðíïäùìÜôéá
îåíïäï÷åßùí, êïõæßíåò / ôïõáëÝôåò. Ãéá äéåãÝñóåéò ëüãù
óõíçèéóìÝíùí áíèñþðéíùí äñáóôçñéïôÞôùí, ç âáóéêÞ éäéï-
óõ÷íüôçôá ãéá ìéá îýëéíç ïñèïãùíéêÞ ðëÜêá ðåñéìåôñéêÜ
åäñáóìÝíç ìå áñèñþóåéò åßíáé:

f1 = ð/(2a2) [(EI)a/m]0,5 (5.1)

üðïõ m åßíáé ç ìÜæá áíÜ ìïíÜäá åðéöÜíåéáò (kg/m2), a åßíáé
ôï ìÞêïò ôçò ðëÜêáò óå (m) êáé (EI)a åßíáé ç éóïäýíáìç
äõóêáìøßá ôçò ðëÜêáò óå (Ím2/m) ùò ðñïò Ýíáí Üîïíá
êÜèåôï óôçí êáôåýèõíóç ôùí äïêþí.

Ç ó÷. (5.1) ôáõôßæåôáé ìå ôç ó÷. (4.5â) êáé ðñïêýðôåé áðü
ôçí Ýêöñáóç ôçò k-ïóôÞò öõóéêÞò óõ÷íüôçôáò [11]:

fn = f1[1+k4(a/b)4(EI)b/(EI)a]
0,5 (5.2)

Åðßóçò, ðáñÝ÷ïíôáé ó÷Ýóåéò õðïëïãéóìïý ôçò ôá÷ýôçôáò
dw/dt (ôçò ìÝãéóôçò áñ÷éêÞò ôéìÞò ôçò åãêÜñóéáò ôáëÜ-

íôùóçò ôçò ðëÜêáò óå m/s ðïõ ðñïêáëåßôáé áðü ìéá éäåáôÞ
êñïýóç 1 Ís êáé åöáñìïæüìåíç óôï óçìåßï ðïõ èá äþóåé ôç
ìÝãéóôç áðüêñéóç), êáèþò êáé ðåñéïñéóìïß ãéá ôçí ôéìÞ ôçò
ôá÷ýôçôáò dw/dt êáé ôçò âýèéóçò (âÝëïò) w:

dw/dt =4(0,4+0,6 k40)/(mba+200) (m/Ns2) (5.3)

üðïõ k40 åßíáé ôï ðëÞèïò ôùí éäéïìïñöþí ìå éäéïóõ÷íüôçôá
ìéêñüôåñç áðü 40 Hz êáé b åßíáé ôï ðëÜôïò ôçò ðëÜêáò óå
(m). Ç ôéìÞ ôïõ k40 äßäåôáé áðü ôç ó÷Ýóç:

k40={[40/f1)2 -1](b/a)4 (EI)a/(EI)b}0,25 (EI)b<(EI)a (5.4)

üðïõ (EI)b åßíáé ç éóïäýíáìç äõóêáìøßá ôçò ðëÜêáò óå
(Ím2/m) ùò ðñïò Ýíáí Üîïíá ðáñÜëëçëï ðñïò ôçí êáôåý-
èõíóç ôùí äïêþí. Óå éóôïñéêÜ êôßñéá ÷ùñßò åãêÜñóéåò
äïêïýò, ç ñïðÞ áäñÜíåéáò Éb áíôéóôïé÷åß óôï óáíßäùìá, åßíáé
áìåëçôÝá êáé åðïìÝíùò ðñïêýðôåé áäõíáìßá õðïëïãéóìïý
ôùí ó÷. (5.2) êáé (5.4). Ãéá öõóéêÝò óõ÷íüôçôåò ÷þñùí ðáñá-
ìïíÞò áíèñþðùí, ïé ïðïßåò åßíáé ìåãáëýôåñåò ôùí 8 Hz, èá
ðñÝðåé íá éêáíïðïéïýíôáé ïé óõíèÞêåò: 

w/F ≤ 1,5 [mm/kN] dw/dt ≤ 100 (f1 æ-1) [m/(Ns2)] (5.5)

üðïõ F åßíáé ôï óçìåéáêü óôáôéêü öïñôßï ðïõ ðñïîåíåß âýèé-
óç w. Ôï ðïóïóôü êñßóéìçò áðüóâåóçò êáôÜ ôïí ÅÁÊ 2000
[25] Ý÷åé ãéá çëùôÝò êáôáóêåõÝò ôçí ôéìÞ æ=5%. (Ï ÅÊ5
äÝ÷åôáé æ=1% [5, 23, 24]). 

Óõ÷íüôçôåò f>40 Hz ìðïñïýí íá áãíïçèïýí. 
Ìå ðñüãñáììá çëåêôñïíéêïý õðïëïãéóôÞ [26] ìðïñåß íá

åëåã÷èïýí óõã÷ñüíùò ç ôáëÜíôùóç êáé ôï åðéôñåðüìåíï
âÝëïò êÜìøçò, óýìöùíá ìå ôïí ÅÊ 5.

Ç ó÷. (5.1) (ó÷. 4.4.3c óôïí ÅÊ 5) áðïôåëåß ôç âáóéêÞ
öõóéêÞ óõ÷íüôçôá äïêïý, ç ïðïßá öïñôßæåôáé ìå ãñáììéêü
öïñôßï. Ç âýèéóç áìöéáñèñùôÞò äïêïý ãéá óôáôéêÞ öüñôéóç
äßäåôáé, ùò ãíùóôüí, áðü ôç ó÷Ýóç:

w =(5/384) mg l4/(EI) (5.6)

üðïõ mg=q, ôï óôáôéêü ãñáììéêü öïñôßï. Åíóùìáôþíïíôáò
ôç ó÷. (5.6) óôç ó÷. (5.1) ðñïêýðôåé:

f1 = 0,56 w-0,5 (5.7)

Ç âáóéêÞ öõóéêÞ óõ÷íüôçôá ðñïêýðôåé êáé ùò Ýêöñáóç
ôïõ öïñôßïõ. ÊáôÜ ôïí ÅÊ 5 (§ 4.4.3 (3) ôïõ êåéìÝíïõ ôïõ)
ïé éäéïóõ÷íüôçôåò õðïëïãßæïíôáé âÜóåé ìüíïí ôùí ìüíéìùí
äñÜóåùí (ßäéï âÜñïò, äéÜñêåéá äñÜóçò >10 åôþí). 

Ðáñáôçñåßôáé üôé óå áíôßèåóç ìå áõôü ðïõ ñõèìßæåé ï ÅÊ 5
(§ 4.4.3 (4) ôïõ êåéìÝíïõ ôïõ), ç ó÷. (5.1) (ó÷. 4.4.3c ôïõ êåé-
ìÝíïõ ôïõ) áíáöÝñåôáé óå äïêü êáé ü÷é óå ðëÜêá åäñáæüìå-
íç ðåñéìåôñéêÜ ìå áñèñþóåéò. 

Ï ÅÊ 5 äåí áíáöÝñåôáé óå éäéáßôåñåò áíèñþðéíåò äñá-
óôçñéüôçôåò (÷ïñü, ãõìíáóôéêÞ), åíþ ãéá ìç÷áíéêÝò äéåãÝñ-
óåéò ãßíåôáé ðáñáðïìðÞ óôïí ISO 2631-2 (1989).
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6. ÐÑÏÓÏÌÏÉÙÓÇ ÉÓÔÏÑÉÊÙÍ 
ÐÁÔÙÌÁÔÙÍ

ÅîåôÜæåôáé ðÜôùìá áðïôåëïýìåíï áðü Í1 ðëÞèïò êý-
ñéùí äïêþí óôç äéåýèõíóç x, ïé ïðïßåò åäñÜæïíôáé óôá Üêñá
ôïõò áñèñùôÜ, áðü óáíßäùìá êáé áðü Í2 ðëÞèïò åíäéÜìåóåò
äïêïýò óýóöéãîçò óôç äéåýèõíóç y. Ç Þëùóç ôïõ óáíéäþìá-
ôïò åðß ôùí äïêþí äçìéïõñãåß ìéá óýíèåôç ðëÜêá ÷ùñßò ïñé-
æüíôéï Üîïíá óõììåôñßáò. Óå áíáëïãßá ìå ôéò óýíèåôåò
äïêïýò ïé éäéïóõ÷íüôçôåò ôïõ ðáôþìáôïò äßäïíôáé áðü ôç
ó÷Ýóç (4.21) êáé ïé äñþóåò äõóêáìøßåò åßíáé: 

D1´=á1bD1+Í1ÅäJä+â1Å2óÁóbh1ó
2+Í1Áä h1ä

2

D2´=á2aD2+á3N2ÅäJä+â2Å1óÁóah2ó
2+Í2Aä h2ä

2

D3´=bD3 D0=D1´+2c2 D3´+c4 D2´

â1=1/[1+ð2Å2ó (Áób/N1)s1/(Ka2)] Í1=b/e1-1

â2=1/[1+ð2Å1ó (Aóa/N2)s2/(Kb2)] Í2=a/e2-1

h1ó=(hó+hä)/2- h1ä h2ó=(hó+hä)/2- h2ä

h1ä=â1Å2ó(Áób /N1)[(hó+hä)/2]/[â1Å2ó(Áób/N1)+Å1äAä]

h2ä=â2Å1ó(Áóa/N1)[(hó+hä)/2]/[â2Å1ó(Áóa/N2)+Å1äAä]

Aä=dhä Áóa=ahó Áób=bhó s2=b/N1 (6.1)

üðïõ s1,2 åßíáé ç áðüóôáóç ìåôáîý ôùí Þëùí ðïõ åíþíïõí ôï
óáíßäùìá ìå ôç äïêü óôç äéåýèõíóç x êáé y, Ê åßíáé ôï
ìÝôñï ïëßóèçóçò ôïõ Þëïõ (Ê=600N/mm [7, 8]). Ïé óõíôå-
ëåóôÝò á1,2 (0≤á1,2≤1) ìåéþíïõí ôç äõóêáìøßá ôïõ óáíéäþ-
ìáôïò, áí áõôü áðïôåëåßôáé áðü ðëÞèïò óáíßäùí (áí ìðïñåß
íá èåùñçèåß ùò åíéáßï, ôüôå á1,2=1). Ï óõíôåëåóôÞò á3
(0≤á3≤1) ìåéþíåé ôç äõóêáìøßá ôçò åíäéÜìåóçò äïêïý, åðåé-
äÞ áõôÞ äåí åßíáé åíéáßá.

Ç ìÜæá ôïõ ðáôþìáôïò ðïõ ôáëáíôþíåôáé åßíáé:

mð = Ímä + mó+mìö (6.2)

Ï ðßíáêáò 1 äßäåé ãéá mìö=0 êáé ìïíü óáíßäùìá
(hó=2.5cm, á1=á2=á3=0.5) êáé ãéá åíéó÷õìÝíï óáíßäùìá
(hó=2×2.5cm, á1=á2=1, á3=0.5) ôçí éäéïóõ÷íüôçôá f11

Ä êïé-
íþí ðáôùìÜôùí (d=7cm, hä=2d, e1=e2/2≈55cm, C24-11E)
óå ðïóïóôÜ ôçò ôéìÞò f1 ðïõ ðñïêýðôåé áðü ôïí ÅÊ 5. 

Ç ðáñïýóá ìÝèïäïò áðïäßäåé áêñéâÝóôåñá ôçí ðñáãìá-
ôéêüôçôá êáé ðáñÝ÷åé õøçëüôåñåò éäéïóõ÷íüôçôåò éäßùò óå
ðåñéðôþóåéò ýðáñîçò: á) åíäéÜìåóùí äïêþí óýóöéîçò, ïé
ïðïßåò áõîÜíïõí ôç äõóêáìøßá ôïõ ðáôþìáôïò ùò ðñïò ôïí
Üîïíá x êáé â) áõîçìÝíçò ìÜæáò äáðÝäïõ (ð.÷. ìå åíßó÷õóç
áðü óêõñüäåìá, ôï ïðïßï êáôáóêåõÜæåôáé åíßïôå ðÜíù áðü
õöéóôÜìåíá îýëéíá ðáôþìáôá óå õãñÞ ÷ñÞóç).

7. ÓÕÌÐÅÑÁÓÌÁÔÁ

á) Åßíáé äõíáôüò Ýíáò áêñéâÞò õðïëïãéóìüò ôùí
éäéïóõ÷íïôÞôùí éóôïñéêþí îýëéíùí ðáôùìÜôùí, åÜí ëçöèåß
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õðüøç ç óõíåéóöïñÜ ôùí äïêþí êáé ôçò åðéêÜëõøçò (óáíé-
äþìáôïò / äáðÝäïõ). Ç ìáèçìáôéêÞ Ýêöñáóç ôùí éäéïóõ÷íï-
ôÞôùí åßíáé åöáñìüóéìç ãéá áñèñùôÞ êáé ðáêôùìÝíç ðåñé-
ìåôñéêÞ Ýäñáóç ôïõ ðáôþìáôïò, ðñïóöÝñåé äå ìéá óçìáíôé-
êÞ áýîçóç ôçò âáóéêÞò éäéïóõ÷íüôçôáò.

â) Ï õðïëïãéóìüò ôùí éäéïóõ÷íïôÞôùí ôïõ ðáôþìáôïò
óýìöùíá ìå ôïí ÅÊ 5 (§ 4.4.3.(3) ôïõ ÅÊ 5) ãßíåôáé óôç
âÜóç ôùí ìüíéìùí äñÜóåùí. Áõôü ïäçãåß óå õðïëïãéóôéêÜ
áðïôåëÝóìáôá ðïõ ðáñÝ÷ïõí éäéïóõ÷íüôçôåò ìå ìåãáëýôåñç
ôéìÞ áðü áõôÞí ðïõ ðñïêýðôåé, åÜí õðÜñîïõí äñÜóåéò ìá-
êñï÷ñüíéåò Þ ìåóï÷ñüíéåò. ÅðïìÝíùò, ôá õðïëïãéóôéêÜ áðï-
ôåëÝóìáôá óýìöùíá ìå ôïí ÅÊ 5 åßíáé õøçëüôåñá (åõ-
ìåíÝóôåñá) ôçò ðñáãìáôéêüôçôáò.

ã) Ç ìáèçìáôéêÞ ó÷Ýóç ôïõ ÅÊ 5 ãéá ôéò éäéïóõ÷íüôçôåò
(ó÷. 4.4.3c ôïõ ÅÊ 5) áíáöÝñåôáé óå áìöéáñèñùôÞ äïêü.
Ùóôüóï, ç äéáôýðùóç (§ 4.4.3 (4) ôïõ ÅÊ 5) üôé ç ó÷. (5.1)
áíáöÝñåôáé óå ðåñéìåôñéêÜ áñèñùôü ïñèïãþíéï ðÜôùìá åß-
íáé äõíáôüí íá ðñïêáëÝóåé ðáñáíïÞóåéò ùò ðñïò ôç öýóç
ôïõ öïñÝá, äçëáäÞ üôé ðñüêåéôáé ãéá ðëÜêá êáé ü÷é ãéá óý-
óôçìá áõôïôåëþí äïêþí. Ïé éäéïóõ÷íüôçôåò ôùí ðëáêþí
åßíáé õøçëüôåñåò áðü áõôÝò ôùí äïêþí áíôßóôïé÷ùí ðáôù-
ìÜôùí êáé åðïìÝíùò ï õðïëïãéóìüò óýìöùíá ìå ôïí ÅÊ 5
äßäåé ìåéùìÝíåò (äõóìåíÝóôåñåò) ôéìÝò. 

ä) Óõ÷íÜ ôá ðáôþìáôá óôá éóôïñéêÜ êôßñéá äåí åßíáé
äõíáôüí íá ëåéôïõñãÞóïõí ùò ðëÜêåò ÷ùñßò êáôáóêåõáóôé-
êÝò åðåìâÜóåéò, åíþ ç äéáóöÜëéóç ðåñéìåôñéêÞò áñèñùôÞò
Ýäñáóçò åßíáé äýóêïëç. ÅðïìÝíùò, ãéá íá åöáñìïóôåß ï 
ÅÊ 5, èá ðñÝðåé íá ðñáãìáôïðïéçèïýí ôñïðïðïéÞóåéò óôçí
êáôáóêåõÞ, ïé ïðïßåò äåí ðñïêýðôïõí áðü ôç âáóéêÞ ó÷Ýóç
(5.1). 

å) Ç ó÷Ýóç ôïõ ÅÊ 5 ãéá ôéò éäéïóõ÷íüôçôåò åßíáé ÷ñÞóé-
ìç ëüãù ôçò áðëüôçôÜò ôçò. ¼ìùò, ï êþäéêáò áõôüò ðñïôåß-
íåé áíôáãùíéóôéêÝò áðëïõóôåõôéêÝò ðñïóïìïéþóåéò: õðïôß-
ìçóç ôçò êáôáóêåõÞò ëüãù èåþñçóçò ôïõ ðáôþìáôïò ùò
óõóôÞìáôïò äïêþí, óõã÷ñüíùò õðåñåêôßìçóç ôçò êáôá-
óêåõÞò áöïý ëáìâÜíåé õðüøç ìüíïí ôéò ìüíéìåò äñÜóåéò.
¸ôóé åßíáé äýóêïëï íá äéáöáíåß ï âáèìüò áíï÷þí ðïõ
äéáóöáëßæåôáé. Ïé åðéðñïóèÝôùò ðáñå÷üìåíåò óõíèÞêåò áðü
ôïí ÅÊ 5 äåí åßíáé äõíáôüí ðÜíôá íá ÷ñçóéìïðïéçèïýí óôá
éóôïñéêÜ ðáôþìáôá.

Ðñïôåßíåôáé, ëïéðüí, ï Ýëåã÷ïò ôçò ôáëÜíôùóçò ôùí
éóôïñéêþí ðáôùìÜôùí íá äéåîÜãåôáé ìå ôï ðáñüí ðéï ñåá-

Ðßíáêáò 1: Ç âáóéêÞ éäéïóõ÷íüôçôá óõíÞèïõò ðáôþìáôïò f11
Ä

åêöñáóìÝíç óå ðïóïóôÜ ôçò ôéìÞò f1 ðïõ ðñïêýðôåé êáôÜ ôïí ÅÊ 5. 
Table 1: The basic physical frequency f11

Ä of a typical floor
expressed in percentage of the value f1 obtained according to EC 5.



ëéóôéêü ìïíôÝëï ôùí äïêþí ðïõ óõíåñãÜæïíôáé ìå ôï óáíß-
äùìá. Áõôü ôï ìïíôÝëï ðáñÝ÷åé ôéìÝò éäéïóõ÷íïôÞôùí ðïõ
âñßóêïíôáé ðéï êïíôÜ óôçí ðñáãìáôéêüôçôá, åíþ ï ÅÊ 5 ðñï-
óöÝñåé Ýíá êáôþôáôï óõíôçñçôéêü üñéï.
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Abstract
The required serviceability principles for timber floors in respect to
their vibration are described. The mathematical relations for the
natural frequencies of beams and orthotropic plates with or without
ribs/beams are discussed. In the following, the expression used by
Eurocode 5 for the physical frequencies of floors as well as its
accompanying text, are discussed. The mentioned text refers to an
isotropic beam, but it also assumes the existence of a plate simply
supported at its perimeter. Often, in historical floors a simply sup-
ported periphery cannot be achieved without constructive interven-
tions. Eurocode also describes that frequency only for the perma-
nent actions has to be calculated, and thus for the natural frequen-
cies higher values are obtained than the ones appearing in reality.
This is an underestimate of the resonance danger. A new mathema-
tical solution for the natural frequency for a floor consisting of
beams co-operating with the plank covering is presented. This
solution provides higher natural frequencies than the ones obtained
by the beam analysis. It is proposed that historical timber floors
should be examined with the more realistic method presented here.

1. INTRODUCTION

For historical timber floors, a system of parallel beams,
simply supported at their ends, is usually used as a model.
Additionally to this simplification, only permanent actions
have to be considered according to Eurocode 5 (EC 5). These
two approaches under- and overestimate, respectively, the
value of natural frequencies (NF) occurring in reality. So, it
happens that historical floors are not reinforced, although this
should be done, or they are extensively repaired with super-
fluous reinforcement.

The plank covering, the supporting cross beams or the
short beams and stiffening connectors between the main
beams build a reinforcement of the floor. They cause con-
structive anisotropic behaviour for the floor, which is lacking
in its ability to develop moments, in comparison with an
untied plate. The observation of the timber floors as isotropic
plates, with or without ribs, yields for the NF values, which
are overestimated.

The present work proposes an analytical co-calculation of
beams and planks covering influence. The floor is considered
as a plate. EC 5 is discussed and some of regulations are
judged to be inapplicable to historical floors. Chapter 3
reports the serviceability of some historical floor types.
Chapter 4 presents a mathematical analysis for beam and
plate vibration. In Chapter 5, EC 5 with regard to vibrations
is discussed and Chapter 6 proposes a new solution for
historical floors. Chapter 7 gives the conclusions.

2. SYMBOLS (see Greek text)

3. SERVICEABILITY AND LABOURING
3.1. Serviceability

Walking of people causes a vertical vibration of 1 to 5 Hz.
The lowest allowed value for frequencies according to EC 5
is 8 Hz, which corresponds to an acceleration of 0.6 m/s2

according to DIN 4150 [15]. Diagrams and relations propose
accelerations for a pleasant residence [13-15].

3.2. Labouring

Pictures 1 and 2 and figures 1 to 4 show some possibili-
ties of how historical floor constructions look.

4. PHYSICAL FREQUENCY ANALYSIS
4.1. Beam

For an isotropic beam of length l (0≤x≤l), the NF results
from the relation given by eq. (4.1), where E//ä = E1. In the
case of nonentity absorption and stimulation, it takes the
form of eq. (4.2). The solution of eq. (4.2) is expressed by eq.
(4.3). Using the initial and boundary conditions, the integral
constants Cj (j=1-6) can be calculated. For the main cases of
beam supporting (ends: fixed / free; ends: simply supported /
simply supported; ends: fixed / simply supported; ends: fixed /
fixed), the relation and solution for the NF of an isotropic
beam is given in [1] by the eqs (4.4á-ä) respectively.
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Eqs (4.5á-â) give the NF, eq. (4.6) gives approximate
solutions.

4.2. Thin Plates

The basic NF for simply supported plates is given in eqs
(4.21á-â) and for fixed ends in eq. (4.23) [3]. The plank cove-
ring causes an increase in the NF, eq. (4.25).

5. VIBRATION ACCORDING TO EUROCODE 5

The basic NF is given by eq. (5.1), the higher NFs by eq.
(5.2). Both equations present a beam analysis. The basic NF
can also be expressed as a function of the deformation (eq.
(5.7)). The additional condition given by eq. (5.4) does not
apply to historical timber floors without intermediary stiffe-
ning beams because of the small value of (EI)b. Vibrations
are calculated for permanent loads only. 

Vibration and the deformation can be checked simultane-
ously by a computer program [26].

6. APPROACH OF HISTORICAL FLOOR
VIBRATION

The plank covering in historical timber floors is modeled
as a plate, and eqs (4.21á-â) are valid. The effective bending
stiffness of the plate is given by eq. (6.1). The vibrating mass
consists of the permanent and the long-term loads (eq. 6.2).
For a typical floor (class C24-11E, d=7cm=hä/2, hó=2.5cm,
e1=60cm, and intermediary stiffening short beams with
e2=2e1) the obtained value for the fundamental NF is given
in table 1 in percentage of the value calculated according to
EC 5.

7. CONCLUSIONS

a) It is possible to calculate accurately the NF of a histo-
rical timber floor by considering the beams and the plank
covering. The method presented here is based on an analysis
of an orthotropic plate reinforced by nailed beams.

b) The NF according to EC 5 is calculated using the per-
manent actions. This could lead to higher values of NF than
the ones obtained also using actions of long-term. The
obtained values are favourable compared to the ones appea-
ring in reality.

c) The frequencies in EC 5 emanate from an analysis of a
simply supported beam. But the phrasing of § 4.4.3 (4) in EC
5 speaks of a simply supported plate at its periphery. So, EC
5 provides decreased values, which are unfavourable.

d) For many floors laboured with parallel beams in one
direction it is not possible to achieve the action of a four-end-
supported plate without substantial interventions. The labour
of simple support at the plate periphery is not always secured
and does not result from the basic beam equation.

e) The solution for the NF according to EC 5 serves
because of its simplicity, but it proposes competitive simpli-
fications: floor underestimation as result of using a beam
model and not considering the plank covering influence;
overestimation of the construction because of using only the
permanent actions. Therefore, the tolerance of the construc-
tion is difficult to derive. The additional conditions in EC 5
cannot always be applied. 

Thus, the calculation according to the more realistic
method presented here is proposed and provides more reali-
stic results. The frequency values according to EC 5 are rated
as low and conservative.
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