
Ðåñßëçøç
Óôçí ðáñïýóá åñãáóßá äéåñåõíÜôáé ç óõìðåñéöïñÜ ôùí ïäçãþí óôéò
åëëçíéêÝò õðåñáóôéêÝò ïäïýò äýï ëùñßäùí êõêëïöïñßáò, ìÝóù ôçò
óõó÷Ýôéóçò ôçò ôá÷ýôçôáò ðïõ áíáðôýóóïõí áõôïß ìå êõêëïöïñéáêÝò
ðáñáìÝôñïõò. Áðü ôçí áíÜëõóç ôùí ìåôñÞóåùí ðñïÝêõøå ðùò ôá
ãñáììéêÜ ìïíôÝëá ðñïâëÝðïõí éêáíïðïéçôéêÜ ôç ìÝóç ôá÷ýôçôá. Ïé
ðáñÜìåôñïé, ðïõ åìöáíßóôçêáí íá Ý÷ïõí ìåéùôéêÞ åðßäñáóç óôç ìÝóç
ôá÷ýôçôá ôùí äýï ñåõìÜôùí, åßíáé ôï ðïóïóôü ôùí âáñÝùí ï÷çìÜ-
ôùí, ï öüñôïò ôùí åëáöñþí ï÷çìÜôùí êáé ç êáôáíïìÞ ôçò êõêëïöï-
ñßáò áíÜ êáôåýèõíóç. Ç ýðáñîç êáìðýëïõ ôìÞìáôïò óôï åîåôáæüìå-
íï ïäéêü ôìÞìá áðïäåß÷èçêå óçìáíôéêÞ, áöïý äéáðéóôþèçêå óáöÞò
äéáöïñïðïßçóç ôçò óõìðåñéöïñÜò ôùí ïäçãþí óôá äýï ñåýìáôá
êõêëïöïñßáò. Óå óýãêñéóç ðïõ Ýãéíå äéáðéóôþèçêå ó÷åôéêÞ äéáöïñï-
ðïßçóç óôá üñéá êáèïñéóìïý ôïõ åðéðÝäïõ åîõðçñÝôçóçò áðü ôéò
áíôßóôïé÷åò ôéìÝò ðïõ ðñïôåßíåé ôï Åã÷åéñßäéï ÊõêëïöïñéáêÞò Éêáíü-
ôçôáò ôùí Ç.Ð.Á. (H.C.M.).

1. ÅÉÓÁÃÙÃÇ 

Ïé õðåñáóôéêÝò ïäïß äýï ëùñßäùí áðïôåëïýí Ýíá ìåãÜëï
êïììÜôé ôïõ åèíéêïý ïäéêïý äéêôýïõ êÜèå ÷þñáò, éäéáßôåñá
ôçò ÅëëÜäáò. ×ñçóéìïðïéïýíôáé åõñýôáôá ãéá ðïéêßëåò äñá-
óôçñéüôçôåò êáé åíôïðßæïíôáé óå üëåò ôéò ãåùãñáöéêÝò ðåñéï-
÷Ýò. Ç äéáôÞñçóç ôçò ðïéüôçôáò åîõðçñÝôçóçò óôéò ïäïýò
áõôÝò óå õøçëÜ åðßðåäá ìðïñåß íá ðñáãìáôïðïéçèåß áö�
åíüò ìå ôç äéáôÞñçóç ôçò ôá÷ýôçôáò ôùí ï÷çìÜôùí ðïõ
êéíïýíôáé óå áõôÝò óå åðéèõìçôÝò ôéìÝò êáé áö� åôÝñïõ ìå ôçí
åëá÷éóôïðïßçóç ôùí ëåéôïõñãéêþí êáèõóôåñÞóåùí.

Êáèïñéóôéêü, âÝâáéá, ðáñÜãïíôá ó÷åäéáóìïý áðïôåëåß
êáé ç åîáóöÜëéóç éêáíïðïéçôéêþí åðéðÝäùí áóöáëåßáò, ðïõ
åðéôõã÷Üíåôáé ìüíï ìå ôçí áíáëõôéêÞ äéåñåýíçóç ôçò óõìðå-
ñéöïñÜò ôùí ïäçãþí. Ç äéåñåýíçóç áõôÞ åßíáé äõíáôü íá
ãßíåé ìå ôçí áíÜëõóç ôçò ôá÷ýôçôáò ðïõ áíáðôýóóïõí ïé
ïäçãïß êáé, åéäéêüôåñá, ìå ôç óõó÷Ýôéóç ôçò ôá÷ýôçôáò åßôå
ìå äéÜöïñá ãåùìåôñéêÜ ÷áñáêôçñéóôéêÜ, þóôå íá ìðïñåß íá
ðñáãìáôïðïéçèåß óùóôüò ó÷åäéáóìüò ôçò ïäïý, åßôå ìå
êõêëïöïñéáêÝò ðáñáìÝôñïõò, þóôå íá åíôïðéóôïýí åêåßíïé

ïé ðáñÜãïíôåò ðïõ äõó÷åñáßíïõí ôéò óõíèÞêåò ëåéôïõñãßáò
ôçò ïäïý êáé õðïâáèìßæïõí ôï åðßðåäï åîõðçñÝôçóÞò ôçò.

Ïé ðåñéóóüôåñåò ìåëÝôåò (áìåñéêáíéêÝò - âñåôáíéêÝò)
ðñïóåããßæïõí ôç ó÷Ýóç ôá÷ýôçôáò - êõêëïöïñéáêþí ðáñáìÝ-
ôñùí ìå ôç âïÞèåéá ôå÷íéêþí ðñïóïìïßùóçò Þ ìïíôÝëùí
ðáëéíäñüìçóçò ãñáììéêÞò ìïñöÞò. Óå áõôÝò ôéò ìåëÝôåò
Ý÷ïõí åðéëåãåß ùò åîáñôçìÝíåò ìåôáâëçôÝò åßôå ç ìÝóç ôá÷ý-
ôçôá üëùí ôùí ï÷çìÜôùí êáé ôùí äýï êáôåõèýíóåùí åßôå ç
ìÝóç ôá÷ýôçôá üëùí ôùí ï÷çìÜôùí áíÜ êáôåýèõíóç. Óôçí
ôåëåõôáßá ðåñßðôùóç, åîåôÜæåôáé ç ôá÷ýôçôá ôïõ ñåýìáôïò
ìå ôï ìåãáëýôåñï ðáñáôçñïýìåíï öüñôï [9], [3], [5]. Åêôüò
áðü ôçí Üìåóç óõó÷Ýôéóç ôçò ìÝóçò ôá÷ýôçôáò ìå ôï óõíï-
ëéêü öüñôï, Ý÷åé äéåñåõíçèåß ç åðßäñáóç ôçò êÜèå êáôçãï-
ñßáò ï÷çìÜôùí îå÷ùñéóôÜ óôçí ôá÷ýôçôá êáé ç åðéññïÞ ôïõ
öüñôïõ ôïõ áíôßèåôïõ ñåýìáôïò óôéò ëåéôïõñãßåò ôïõ êõñßïõ
ñåýìáôïò.

¼ëåò ïé ìåëÝôåò óõìöùíïýí ðùò ôá âáñÝá ï÷Þìáôá (öïñ-
ôçãÜ, ï÷Þìáôá áíáøõ÷Þò êáé ëåùöïñåßá) åðçñåÜæïõí óçìá-
íôéêÝò ëåéôïõñãßåò óå ïäïýò äýï ëùñßäùí. Ïé åíÝñãåéåò ôùí
õðüëïéðùí ï÷çìÜôùí, üðùò ð.÷. ïé åëéãìïß ôïõò êáôÜ ôçí
ðñïóðÝñáóç áñãþí ï÷çìÜôùí, ìðïñïýí íá åìðïäéóôïýí áðü
ôçí ðáñïõóßá âáñÝùí ï÷çìÜôùí ðïõ êáôÜ êáíüíá êéíïýíôáé
ìå ÷áìçëÝò ôá÷ýôçôåò, ëüãù ôïõ áõîçìÝíïõ ìÞêïõò êáé
âÜñïõò ôïõò óå ó÷Ýóç ìå ôá õðüëïéðá ï÷Þìáôá. Ôï ãåãïíüò
áõôü Ý÷åé ùò áðïôÝëåóìá íá ìåéþíïõí ôá õðüëïéðá ï÷Þìáôá
ôçí ôá÷ýôçôÜ ôïõò, íá äçìéïõñãïýíôáé åðéðñüóèåôåò êáèõ-
óôåñÞóåéò êáé íá ìåéþíïíôáé ç ðïéüôçôá ñïÞò êáé ç óôÜèìç
åîõðçñÝôçóçò ôçò ïäïý [2], [4]. ÌÜëéóôá, óå ó÷åôéêÞ ìåëÝ-
ôç óôï ÏíôÜñéï Ý÷åé äéáðéóôùèåß ìå ôç ÷ñÞóç ðïëëáðëþí
ãñáììéêþí ðáëéíäñïìÞóåùí ðùò ôá öïñôçãÜ ï÷Þìáôá êáé ôá
ï÷Þìáôá áíáøõ÷Þò åßíáé 1,8 öïñÝò êáé 1,5 öïñÝò áíôßóôïé÷á
ðéï ðéèáíü íá åßíáé åðéêåöáëÞò öáëáããþí ï÷çìÜôùí
(platoon leaders) êáé ðáñÜãïõí 23% ðåñéóóüôåñá ï÷Þìáôá
óå «ïõñÜ» áðü ü,ôé ôá åðéâáôéêÜ ï÷Þìáôá [3]. Ìå äåäïìÝíï
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üôé ïé åðéêåöáëÞò öáëáããþí ï÷çìÜôùí áðïäÝ÷ïíôáé êáôÜ
52% ëéãüôåñï ôéò åõêáéñßåò ãéá ðñïóðÝñáóç áðü ôï ü÷çìá
ðïõ ôïõò áêïëïõèåß, åßíáé ðñïöáíÝò üôé ôá âáñÝá ï÷Þìáôá
ðñïîåíïýí ðñüóèåôåò êáèõóôåñÞóåéò óôá õðüëïéðá ï÷Þìáôá
[4], [8]. 

Ç åðßäñáóç ôùí âáñÝùí ï÷çìÜôùí äåí åßíáé ôüóï óçìá-
íôéêÞ ãéá åðßðåäá åäÜöç. ÌÜëéóôá, ïé Taylor, Miller êáé
Orden [3] éó÷õñßæïíôáé ðùò ôï ðïóïóôü ôùí âáñÝùí ï÷çìÜ-
ôùí óôï óõíïëéêü öüñôï äåí Ý÷åé äéáðéóôùìÝíç åðßäñáóç
óôçí ôá÷ýôçôá ãéá êëßóåéò ìéêñüôåñåò áðü 3%. 

ÅîÜëëïõ, óå ïäïýò äýï ëùñßäùí ï öüñôïò ôïõ áíôßèåôïõ
ñåýìáôïò åðçñåÜæåé, üðùò åßíáé öõóéêü, óçìáíôéêÝò ëåéôïõñ-
ãßåò. Ç áðïäï÷Þ Þ ìç ìéáò åõêáéñßáò ãéá ðñïóðÝñáóç åîáñ-
ôÜôáé óå ìåãÜëï âáèìü áðü ôçí ôéìÞ ôïõ öüñôïõ ôïõ áíôßèå-
ôïõ ñåýìáôïò, áöïý ãéá ôçí ðñïóðÝñáóç áðáéôåßôáé êáé ç
÷ñÞóç ôçò ëùñßäáò ôïõ áíôßèåôïõ ñåýìáôïò. Ç ðéèáíüôçôá
ðñáãìáôïðïßçóçò ìéáò ðñïóðÝñáóçò åîáñôÜôáé ôüóï áðü
ôçí ôá÷ýôçôá ôïõ ðñïðïñåõüìåíïõ ï÷Þìáôïò üóï êáé áðü ôï
ìÞêïò ïñáôüôçôáò [2], [8]. Ôá áðïôåëÝóìáôá ôùí äéáöüñùí
ìåëåôþí ó÷åôéêÜ ìå ôçí åðßäñáóç ôïõ öüñôïõ ôïõ áíôßèåôïõ
ñåýìáôïò ðáñïõóéÜæïõí óçìáíôéêÝò äéáöïñïðïéÞóåéò ìåôá-
îý ôïõò, äßíïíôáò åðéðëÝïí åñåèßóìáôá ãéá ðëÞñç äéåñåýíç-
óç ôçò ó÷Ýóçò öüñôïõ ôïõ áíôßèåôïõ ñåýìáôïò - ôá÷ýôçôáò
áíÜ êáôåýèõíóç.

Óå Üëëç ÷áñáêôçñéóôéêÞ ìåëÝôç [4] üðïõ ÷ñçóéìïðïéÞ-
èçêáí ôå÷íéêÝò ðñïóïìïßùóçò, äéáðéóôþèçêå üôé ìåßùóç ôïõ
ìÞêïõò ïñáôüôçôáò ãéá ðñïóðÝñáóç ïäçãåß óå ìåßùóç ôçò
ôéìÞò ôçò ìÝóçò ôá÷ýôçôáò, åíþ ç óõíäõáóìÝíç åðßäñáóç
ôçò êëßóçò êáé ôçò ðáñïõóßáò âáñÝùí ï÷çìÜôùí åßíáé óçìá-
íôéêÞ óôçí ôéìÞ ôçò ìÝóçò ôá÷ýôçôáò. Ç ýðáñîç êáìðýëïõ
ôìÞìáôïò ìåãÜëçò áêôßíáò óôï åóùôåñéêü ôùí åîåôáæüìåíùí
ôìçìÜôùí, ç ðáñïõóßá âáñÝùí ï÷çìÜôùí óå ðïóïóôü ôçò
ôÜîçò ôïõ 14% êáé ç ðáñáôçñïýìåíç ðïéêéëßá óôïõò êõêëï-
öïñéáêïýò öüñôïõò äåí åß÷áí áîéüëïãç åðßäñáóç óôçí ôéìÞ
ôçò ìÝóçò ôá÷ýôçôáò, ãéá ìçäåíéêÞ êáôÜ ìÞêïò êëßóç [7].

ÅðéðëÝïí, áðü óçìáíôéêÞ Ýñåõíá ðïõ Ýãéíå óôçí Éíäïíç-
óßá [5] ðñïÝêõøå ôüóï áðü ôçí áíÜëõóç ôùí ìåôñÞóåùí óôï
ïäéêü äßêôõï ôçò ðåñéï÷Þò üóï êáé áðü ôçí åöáñìïãÞ ìïíôÝ-
ëïõ ðñïóïìïßùóçò üôé ç óõíäõáóìÝíç åðßäñáóç ôùí ãåùìå-
ôñéêþí - êõêëïöïñéáêþí ÷áñáêôçñéóôéêþí óôçí ôá÷ýôçôá
åëåýèåñçò ñïÞò Þôáí óçìáíôéêÞ. ÌÜëéóôá, áðü ôçí ðñïóï-
ìïßùóç, ðïõ ðñáãìáôïðïéÞèçêå óå åðßðåäá åäÜöç, áðïäåß-
÷èçêå üôé ç êáôáíïìÞ ôçò êõêëïöïñßáò áíÜ êáôåýèõíóç
(50/50, 60/40 ê.ô.ë.) åß÷å ìéêñÞ åðßäñáóç óôç ìÝóç ôá÷ýôçôá
ôùí åëáöñþí ï÷çìÜôùí. 

Óôçí ðáñïýóá åñãáóßá åðé÷åéñåßôáé ìéá ðñþôç ðñïóÝããé-
óç ôçò ó÷Ýóçò ìÝóçò ôá÷ýôçôáò - êõêëïöïñéáêþí ðáñáìÝ-
ôñùí ìå ôç âïÞèåéá åîéóþóåùí ðïëëáðëÞò ðáëéíäñüìçóçò
ãñáììéêÞò ìïñöÞò, þóôå íá åíôïðéóôåß ç åðéññïÞ êÜèå ìåôá-
âëçôÞò ìÝóá áðü ìáèçìáôéêÝò ó÷Ýóåéò. Ç åñãáóßá áõôÞ áðï-

ôåëåß óõíÝ÷åéá ðñïçãïýìåíçò Ýñåõíáò, óôá óôïé÷åßá ôçò
ïðïßáò óôçñßæåôáé óå ìåãÜëï âáèìü [10].

Ùò ðéèáíÝò ðáñÜìåôñïé, ðïõ åíäå÷ïìÝíùò åðçñåÜæïõí ôç
ìÝóç ôá÷ýôçôá äéáäñïìÞò, åîåôÜæïíôáé ç êÜèå êáôçãïñßá
ï÷Þìáôïò îå÷ùñéóôÜ êáé ï öüñôïò ôïõ áíôßèåôïõ ñåýìáôïò.
ÅðéðëÝïí, ãßíåôáé ìéá ðñþôç ðñïóðÜèåéá äéåñåýíçóçò ôçò
åðéññïÞò ôçò êáôáíïìÞò ôçò êõêëïöïñßáò áíÜ êáôåýèõíóç
óôç ìÝóç ôá÷ýôçôá êáé ôùí äýï ñåõìÜôùí. Áí êáé ôï Åã÷åé-
ñßäéï ÊõêëïöïñéáêÞò Éêáíüôçôáò ôùí Ç.Ð.Á. (H.C.M.) [2]
ëáìâÜíåé õðüøç ôçí åðßäñáóç ôçò ðáñáìÝôñïõ áõôÞò óôçí
êõêëïöïñéáêÞ éêáíüôçôá - ãéá êáôáíïìÞ ôçò êõêëïöïñßáò
áíÜ êáôåýèõíóç, ð.÷. 60/40, èåùñåß ìåßùóç ôçò êõêëïöïñéá-
êÞò éêáíüôçôáò êáôÜ 5,36%, åíþ ãéá 30/70 ç áíôßóôïé÷ç ìåß-
ùóç ãßíåôáé 17,86% - åíôïýôïéò, äåí õðÜñ÷åé êÜðïéá åîáêñé-
âùìÝíç åðßäñáóÞ ôçò óôç ìÝóç ôá÷ýôçôá. 

ÅðåéäÞ ôï ïäéêü ôìÞìá, ðïõ åðéëÝ÷èçêå ãéá ôç äéåîáãùãÞ
ôùí ìåôñÞóåùí, ðåñéëáìâÜíåé êáìðýëï ôìÞìá, ãßíåôáé îå÷ù-
ñéóôÞ èåþñçóç ôùí äýï ñåõìÜôùí, þóôå íá åíôïðéóôåß ðéèá-
íÞ äéáöïñïðïßçóç óôç óõìðåñéöïñÜ ôùí ïäçãþí óôá äýï
ñåýìáôá êõêëïöïñßáò.

ÅðéðëÝïí, ðñáãìáôïðïéåßôáé óýãêñéóç áíÜìåóá óôá üñéá
êáèïñéóìïý ôçò óôÜèìçò åîõðçñÝôçóçò ðïõ ðñïêýðôïõí áðü
ôçí ðáñïýóá åñãáóßá êáé óôá áíôßóôïé÷á üñéá ðïõ åéóçãåßôáé
ôï H.C.M. ãéá ïäïýò ìå ðáñüìïéá ÷áñáêôçñéóôéêÜ, þóôå íá
ãßíåé ìéá ðñþôç ðñïóáñìïãÞ ôïõò óôá åëëçíéêÜ äåäïìÝíá. 

2. ÓÕÌÂÏËÉÓÌÏÉ

Ãéá ôçí ðëÞñç êáôáíüçóç êáé åñìçíåßá ôùí áðïôåëåóìÜ-
ôùí áêïëïõèïýí ïé óõìâïëéóìïß ôùí ðáñáìÝôñùí ðïõ ÷ñç-
óéìïðïéÞèçêáí óôçí ôåëéêÞ åðåîåñãáóßá:

l VÌ (÷ëì./þñá): ç ìÝóç ôá÷ýôçôá üëùí ôùí ï÷çìÜôùí êáé
óôéò äýï êáôåõèýíóåéò.

l VÅÏ (÷ëì./þñá): ç ìÝóç ôá÷ýôçôá ôùí åëáöñþí ï÷çìÜ-
ôùí êáé óôéò äýï êáôåõèýíóåéò.

l VÅÓ (÷ëì./þñá): ç ìÝóç ôá÷ýôçôá ôïõ åóùôåñéêïý ñåý-
ìáôïò óôçí ðåñéï÷Þ ôïõ êáìðýëïõ ôìÞìáôïò.

l VÅÎ (÷ëì./þñá): ç ìÝóç ôá÷ýôçôá ôïõ åîùôåñéêïý ñåýìá-
ôïò óôçí ðåñéï÷Þ ôïõ êáìðýëïõ ôìÞìáôïò.

l QEO (ï÷./15ëåðôÜ): ï óõíïëéêüò áñéèìüò åëáöñþí ï÷ç-
ìÜôùí êáé óôéò äýï êáôåõèýíóåéò.

l %QBO: ôï óõíïëéêü ðïóïóôü ôùí âáñÝùí ï÷çìÜôùí. 
l %QÂÏ

ÅÓ: ôï ðïóïóôü ôùí âáñÝùí ï÷çìÜôùí óôï åóùôå-
ñéêü ñåýìá.

l %QBO
ÅÎ: ôï ðïóïóôü ôùí âáñÝùí ï÷çìÜôùí óôï åîùôå-

ñéêü ñåýìá.
l (1-QÅÓ/QÅÎ)2: ðáñÜìåôñïò ðïõ åêöñÜæåé ôçí êáôáíïìÞ

ôçò êõêëïöïñßáò áíÜ êáôåýèõíóç. Óôçí Ýêöñáóç áõôÞ
ìå QÅÓ (ï÷./15ëåðôÜ) óõìâïëßæåôáé ï öüñôïò êõêëïöï-
ñßáò ôïõ åóùôåñéêïý ñåýìáôïò êáé QÅÎ (ï÷./15ëåðôÜ) ï
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öüñôïò ôïõ åîùôåñéêïý ñåýìáôïò. Ç ìïñöÞ ôçò ðáñáìÝ-
ôñïõ åîáóöáëßæåé üôé ãéá éóïêáôáíïìÞ ôçò êõêëïöïñßáò
ç ðáñÜìåôñïò ìçäåíßæåôáé. ÂáóéêÞ ðñïûðüèåóç ôçò
åöáñìïãÞò áõôÞò ôçò Ýêöñáóçò åßíáé ï öüñôïò óôï åîù-
ôåñéêü ñåýìá íá ìçí åßíáé ìçäåíéêüò. 

l QÏË (ï÷./15ëåðôÜ): ï óõíïëéêüò öüñôïò ôùí äýï ñåõìÜ-
ôùí.

l QÏË´ (MEA/15ëåðôÜ): ï óõíïëéêüò öüñôïò åêöñáóìÝíïò
óå Ì.Å.Á.

l %QDEL: ôï óõíïëéêü ðïóïóôü ÷ñüíïõ êáèõóôÝñçóçò. 

l R2: ï óõíôåëåóôÞò óõó÷Ýôéóçò ôçò åîßóùóçò ðáëéíäñüìçóçò.

3. ÓÕËËÏÃÇ - ÁÍÁËÕÓÇ ÓÔÏÉ×ÅÉÙÍ

Ãéá íá ìåëåôçèåß ç åðßäñáóç ôùí êõêëïöïñéáêþí ðáñá-
ìÝôñùí óôéò ëåéôïõñãßåò ïäþí äýï ëùñßäùí, ðñáãìáôïðïéÞ-
èçêáí åðéëåãìÝíåò ìåôñÞóåéò óå Ýíá áíôéðñïóùðåõôéêü
ôìÞìá ïäïý äýï ëùñßäùí êõêëïöïñßáò ôïõ õðåñáóôéêïý
äéêôýïõ. 

Ôï ïäéêü ôìÞìá, ðïõ åðéëÝ÷èçêå ãéá ôç äéåîáãùãÞ ôùí
ìåôñÞóåùí, âñßóêåôáé óôï 4° ÷éëéüìåôñï ôçò ëåùöüñïõ
Ìáñêïðïýëïõ óôçí ÁíáôïëéêÞ ÁôôéêÞ êáé Ý÷åé óõíïëéêü
ìÞêïò 630 ìÝôñá. Óôçí ðåñéï÷Þ ôïõ ôìÞìáôïò ôï Ýäáöïò
åßíáé åðßðåäï, ôï ðëÜôïò ëùñßäáò êáíïíéêü, åíþ óôï ôìÞìá
ðåñéëáìâÜíåôáé êáé êáìðýëï ôìÞìá ìå áêôßíá êáìðõëüôçôáò
ôçò ôÜîçò ôùí 400 ìÝôñùí ðïõ, üðùò åêôéìÞèçêå, áðïôåëåß
ðåñßðïõ ôï 30% ôïõ óõíïëéêïý ìÞêïõò ôïõ ôìÞìáôïò. Ôüóï
óôï åóùôåñéêü üóï êáé óå óçìáíôéêü ìÞêïò åêáôÝñùèåí ôïõ
ïäéêïý ôìÞìáôïò äåí õðÜñ÷ïõí éóüðåäåò äéáóôáõñþóåéò Þ
Üëëá óôïé÷åßá ôïõ Üìåóïõ ðåñéâÜëëïíôïò ðïõ íá ðáñåìðïäß-
æïõí ôçí åëåýèåñç áíÜðôõîç ôá÷õôÞôùí. 

Ïé ìåôñÞóåéò äéåîÞ÷èçêáí óå êáëÝò êáéñéêÝò óõíèÞêåò
êáé ìå ôÝôïéï ôñüðï, þóôå ôï ôåëéêü äåßãìá íá åßíáé áìåñü-
ëçðôï êáé áíôéðñïóùðåõôéêü. Ç óõëëïãÞ ôùí óôïé÷åßùí
ðñáãìáôïðïéÞèçêå ìå ôç âïÞèåéá äýï êéíçìáôïãñáöéêþí
ìç÷áíþí, ïé ïðïßåò ôïðïèåôÞèçêáí óôá äýï Üêñá ôïõ åîåôá-
æüìåíïõ ïäéêïý ôìÞìáôïò.

Ôá âáóéêÜ óôïé÷åßá, ðïõ ìåôñÞèçêáí êáé êáôáãñÜöçêáí,
åßíáé ï öüñôïò ôùí ï÷çìÜôùí, ç ìÝóç ôá÷ýôçôá äéáäñïìÞò
êáé ï ôýðïò ôïõ êÜèå ï÷Þìáôïò. Ï õðïëïãéóìüò ôçò ìÝóçò
ôá÷ýôçôáò êÜèå ï÷Þìáôïò âáóßóôçêå óôç ìÝôñçóç ôïõ ÷ñü-
íïõ äéáäñïìÞò ôïõ, äçëáäÞ óôç ìÝôñçóç ôïõ ÷ñüíïõ ðïõ
áðáéôåßôáé ãéá íá äéáíýóåé ôï êÜèå ü÷çìá ôï ïäéêü ôìÞìá. Ï
÷ñüíïò áõôüò ðñïêýðôåé åýêïëá áðü ôç äéáöïñÜ ôùí äéáäï-
÷éêþí ÷ñüíùí äéÝëåõóçò ôïõ êÜèå ï÷Þìáôïò ìðñïóôÜ áðü
êÜèå êÜìåñá. Óôï èåùñïýìåíï ïäéêü ôìÞìá äåí õðÜñ÷åé
äõíáôüôçôá åéóüäïõ - åîüäïõ áðü áõôü. ÅðïìÝíùò, ôï óýíï-
ëï ôùí ï÷çìÜôùí, ðïõ åéóÝñ÷ïíôáé óôï ïäéêü ôìÞìá, åîÝñ÷å-
ôáé óôç óõíÝ÷åéá áðü áõôü. Ç êáôáãñáöÞ ôùí óôïé÷åßùí
Ýãéíå ìå ôç âïÞèåéá óõóêåõÞò videï ðïõ åß÷å ôç äõíáôüôçôá
ìÝôñçóçò ðñáãìáôéêïý ÷ñüíïõ ìå áêñßâåéá äåõôåñïëÝðôïõ.

´Ïëá ôá óôïé÷åßá, ðïõ ðñïÝêõøáí áðü ôéò ìåôñÞóåéò êáé
ôçí êáôáãñáöÞ ôùí óôïé÷åßùí, ïìáäïðïéÞèçêáí óå äéÜöïñá
÷ñïíéêÜ äéáóôÞìáôá, þóôå íá ðñïóäéïñéóôåß ôï ðéï êáôÜëëç-
ëï ìÝãåèïò äéáóôÞìáôïò ãéá ôçí áíÜëõóç. ÔåëéêÜ åðéëÝ÷èç-
êå ç ïìáäïðïßçóç ôùí óôïé÷åßùí íá ãßíåé óå äéáóôÞìáôá 15
ëåðôþí êáé ôá ï÷Þìáôá óõìðåñéëÞöèçêáí óå êÜèå 15ëåðôï
ìå âÜóç ôï ÷ñüíï åéóüäïõ ôïõò óôï ïäéêü ôìÞìá. 

ÊáôÜ ôçí áíÜëõóç êáé ôçí êáôáãñáöÞ ôùí óôïé÷åßùí ôá
ï÷Þìáôá ÷ùñßóôçêáí óôéò áêüëïõèåò êáôçãïñßåò: (á) åëáöñÜ
ï÷Þìáôá (åðéâáôéêÜ ï÷Þìáôá, çìéöïñôçãÜ) ìå ðïóïóôÜ ðïõ
êõìáßíïíôáé áðü 77% Ýùò 95% ôçò óõíïëéêÞò êõêëïöïñßáò
êáé ìÝóç ôéìÞ 89% ðåñßðïõ, (â) âáñÝá ï÷Þìáôá (öïñôçãÜ,
ëåùöïñåßá, ï÷Þìáôá áíáøõ÷Þò) ìå ðïóïóôÜ êõìáéíüìåíá
áðü 3% Ýùò 21% ôçò óõíïëéêÞò êõêëïöïñßáò êáé ìÝóç ôéìÞ
9% ðåñßðïõ êáé (ã) äßêõêëá ï÷Þìáôá (ìç÷áíÝò, ðïäÞëáôá) ìå
ðïóïóôÜ áðü 1% Ýùò 5% ôçò óõíïëéêÞò êõêëïöïñßáò êáé
ìÝóç ôéìÞ 3% ðåñßðïõ. Ï óõíïëéêüò öüñôïò êõìáßíåôáé áðü
680ï÷./þñá Ýùò 1220 ï÷./þñá, åßíáé äçëáäÞ óçìáíôéêÜ
ìéêñüôåñïò áðü ôçí êõêëïöïñéáêÞ éêáíüôçôá ôçò ïäïý. 

4. ÄÉÅÑÅÕÍÇÓÇ ÌÏÑÖÇÓ ÐÑÏÔÕÐÏÕ
ÐÁËÉÍÄÑÏÌÇÓÇÓ

Ìå âÜóç ôéò ïìáäïðïéÞóåéò óå öüñôïõò 15 ëåðôþí, áñ÷é-
êÜ Ýãéíå ìéá ðñþôç Üìåóç óõó÷Ýôéóç ôçò ìÝóçò ôá÷ýôçôáò
(VÌ ÷ëì./þñá) ôùí äýï êáôåõèýíóåùí ìå ôï óõíïëéêü öüñôï
(QÏË ï÷./þñá), þóôå íá áðïêôçèåß ìéá ðñþôç åéêüíá ôçò
ó÷Ýóåùò ôá÷ýôçôáò - öüñôïõ. Ç ãñáöéêÞ áðåéêüíéóç ôçò ó÷Ý-
óçò ìÝóçò ôá÷ýôçôáò - óõíïëéêïý öüñôïõ ðáñïõóéÜæåôáé óôï
äéÜãñáììá 1. Áðü ôç ìïñöÞ ôïõ äéáãñÜììáôïò ðñïêýðôåé
üôé, áí êáé ç ãåíéêÞ ìïñöÞ ôïõ óõìöùíåß ìå ôç ìïñöÞ ðïõ
ðñïôåßíïõí ðñïçãïýìåíåò ìåëÝôåò [1], [2], ç äéáóðïñÜ ôùí
óçìåßùí åßíáé ôÝôïéá, ðïõ äåí åðéôñÝðåé ôç äçìéïõñãßá áîéü-
ðéóôùí ó÷Ýóåùí ðïõ íá ôçí ðåñéãñÜöïõí. 

¸ôóé, åðé÷åéñÞèçêå óôç óõíÝ÷åéá ç óõó÷Ýôéóç ôçò ôá÷ý-
ôçôáò ìå åðéìÝñïõò êõêëïöïñéáêÝò ðáñÜìåôñïõò, üðùò ìå ôï
ðïóïóôü ôùí âáñÝùí ï÷çìÜôùí êáé ìå ôçí êáôáíïìÞ ôçò
êõêëïöïñßáò áíÜ êáôåýèõíóç. Ç óõó÷Ýôéóç ôùí åîåôáæüìå-
íùí ìåãåèþí âáóßóôçêå óôç ìÝèïäï ôçò ðáëéíäñüìçóçò. Ôï
ðñüôõðï ôçò ðñüâëåøçò, ðïõ ÷ñçóéìïðïéåßôáé ãéá ôçí ðñï-
óïìïßùóç ôçò ó÷Ýóçò ôùí äåäïìÝíùí, åßíáé ãñáììéêü, åðåé-
äÞ óå üëåò ôéò ðñïçãïýìåíåò Ýñåõíåò óôï ßäéï áíôéêåßìåíï
Ý÷åé äåé÷èåß üôé ìéá ôÝôïéá ðñïóÝããéóç ðåñéãñÜöåé éêáíïðïéç-
ôéêÜ ôç ó÷Ýóç ôá÷ýôçôáò - êõêëïöïñéáêþí ðáñáìÝôñùí.
Áõôü Ý÷åé ôç ìïñöÞ:

Y = B0 + B1 *X1 + B2 *X2 + ... + BN *XN

üðïõ: 

l Y: ç åîáñôçìÝíç ìåôáâëçôÞ. 
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ôïõ ÷ñüíïõ êáèõóôÝñçóçò (%QDEL), äçëáäÞ ôï ðïóïóôü
ôùí ï÷çìÜôùí ðïõ ìåôáêéíïýíôáé ìå ÷ñïíéêïýò äéá÷ùñé-
óìïýò ìéêñüôåñïõò áðü 5 äåõôåñüëåðôá (Ç.C.M. 1985), ìå
ôçí ðáñáäï÷Þ üôé ôá ï÷Þìáôá áõôÜ êéíïýíôáé áíáãêáóôéêÜ
ìå ìéêñü ÷ñïíéêü äéá÷ùñéóìü ðßóù áðü ôá ðñïðïñåõüìåíá
ï÷Þìáôá, åðåéäÞ äåí ìðïñïýí íá ðñïóðåñÜóïõí.

5. ÌÏÑÖÙÓÇ ÔÅËÉÊÙÍ ÅÎÉÓÙÓÅÙÍ

Ãéá ôç ìüñöùóç ôùí ôåëéêþí ó÷Ýóåùí ðáëéíäñüìçóçò
÷ñçóéìïðïéÞèçêáí ôï óôáôéóôéêü ðñüãñáììá SPSS [7] êáé ç
äéáäéêáóßá ôçò ãñáììéêÞò ðáëéíäñüìçóçò, þóôå íá åîáóöá-
ëéóôåß ç åéóáãùãÞ óôéò ôåëéêÝò åîéóþóåéò ôùí óôáôéóôéêÜ
óçìáíôéêþí ìåôáâëçôþí óýìöùíá ìå ôá êñéôÞñéá åéóáãù-
ãÞò - áðïìÜêñõíóçò ôïõ ðñïãñÜììáôïò. 

Ç åðéëïãÞ ôùí ôåëéêþí åîéóþóåùí ãéá ôçí ðåñéãñáöÞ ôçò
ó÷Ýóåùò ôá÷ýôçôáò - öüñôùí Ýãéíå Ýôóé, þóôå íá åîáóöáëß-
æïõí áõôÝò õøçëÞ ôéìÞ ôïõ óõíôåëåóôÞ óõó÷Ýôéóçò R2 êáé íá
ðáñÝ÷ïõí óõìðåñÜóìáôá ðïõ íá ìçí Ýñ÷ïíôáé óå áíôßèåóç
ìå ôéò åðéêñáôïýóåò áíôéëÞøåéò êáé ôç ëïãéêÞ. Ïé ôåëéêÝò
åîéóþóåéò, ðïõ ðñïÝêõøáí ãéá êÜèå ôýðï ôá÷ýôçôáò ðïõ åîå-
ôÜóôçêå, êáèþò êáé ïé áíôßóôïé÷ïé óõíôåëåóôÝò óõó÷Ýôéóçò
R2 äßíïíôáé óôïí ðßíáêá 1.

Áðü ôç ó÷Ýóç (5.1) äéáöáßíåôáé ðùò ç ìåôáâïëÞ ôçò
ìÝóçò ôá÷ýôçôáò üëùí ôùí ï÷çìÜôùí åîçãåßôáé êáôÜ 84%
ðåñßðïõ áðü ôï ðïóïóôü ôùí âáñÝùí ï÷çìÜôùí, ôçí êáôá-
íïìÞ áíÜ êáôåýèõíóç êáé ôï óõíïëéêü áñéèìü ôùí åëáöñþí
ï÷çìÜôùí.

Áýîçóç ð.÷. ôïõ ðïóïóôïý ôùí âáñÝùí ï÷çìÜôùí
(%QÂÏ) êáôÜ 5% óå ìßá þñá ïäçãåß óå ìåßùóç ôçò ìÝóçò
ôá÷ýôçôáò üëùí ôùí ï÷çìÜôùí êáôÜ 5,60 ÷ëì./þñá, ìåßùóç
ðïõ áíôéóôïé÷åß óå áýîçóç ôùí åëáöñþí ï÷çìÜôùí ðåñßðïõ
êáôÜ 320 ï÷./þñá ãéá óôáèåñü ðïóïóôü âáñÝùí ï÷çìÜôùí.
Áðü ôç ó÷Ýóç (5.2) ðñïêýðôåé ðùò ç ìÝóç ôá÷ýôçôá ôùí
åëáöñþí ï÷çìÜôùí åîçãåßôáé êáôÜ 82% ðåñßðïõ áðü ôéò
ßäéåò ðáñáìÝôñïõò, áðü ôéò ïðïßåò åîçãåßôáé êáé ç ìÝóç ôá÷ý-
ôçôá üëùí ôùí ï÷çìÜôùí. Óå áíôéóôïé÷ßá ìå ôç ó÷Ýóç (5.1),
ìéá áýîçóç ð.÷. ôïõ ðïóïóôïý ôùí âáñÝùí ï÷çìÜôùí
(%QÂÏ) êáôÜ 5% ìåéþíåé ôçí ôá÷ýôçôá VÅÏ êáôÜ 5,72
÷ëì./þñá.

Áðü ôéò äýï ó÷Ýóåéò ðñïêýðôåé ðùò ç åðßäñáóç ôçò êáôá-
íïìÞò ôçò êõêëïöïñßáò áíÜ êáôåýèõíóç äåí åßíáé ôüóï
óçìáíôéêÞ óôç ìÝóç ôá÷ýôçôá. Áðü ôç ó÷Ýóç (5.1) ð.÷., ãéá
éóïêáôáíïìÞ ôçò êõêëïöïñßáò äåí ðáñáôçñåßôáé ìåßùóç óôç
ìÝóç ôá÷ýôçôá, üðùò Üëëùóôå áíáìåíüôáí. Ãéá
QÅÓ/QÅÎ=40/60 (=0,67) ðáñáôçñåßôáé ìåßùóç ôçò ôá÷ýôçôáò
ìüëéò êáôÜ 0,95÷ëì./þñá, åíþ ãéá QÅÓ/QÅÎ=30/70 (=0,43) ç
ìåßùóç ãßíåôáé 2,78 ÷ëì./þñá. Óçìåéþíåôáé üôé ç åðßäñáóç
ôçò ìåôáâëçôÞò áõôÞò åßíáé ðéï óçìáíôéêÞ ãéá QÅÓ>QÅÎ.
Ãéá ðáñÜäåéãìá, ãéá QÅÓ/QÅÎ=60/40 (=1,5) ç ìåßùóç, ðïõ
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ÄéÜãñáììá 1: Ó÷Ýóç ìÝóçò ôá÷ýôçôáò - óõíïëéêïý öüñôïõ.
Figure 1: Speed - flow data and a possible curve shape.

l X1, X2, ..., XN: ïé áíåîÜñôçôåò ìåôáâëçôÝò.

l Â0, Â1, Â2, ..., ÂN: ïé ðñïóäéïñéóôÝåò ðáñÜìåôñïé ðïõ
êáëïýíôáé óõíôåëåóôÝò ìåñéêÞò ðáëéíäñüìçóçò [6].
Óôçí ðáñïýóá åñãáóßá åîåôÜæïíôáé ùò åîáñôçìÝíåò

ìåôáâëçôÝò ç ìÝóç ôá÷ýôçôá ôùí åëáöñþí ï÷çìÜôùí (VÅÏ),
ôùí âáñÝùí ï÷çìÜôùí (VÂÏ) êáé ôïõ óõíüëïõ ôùí ï÷çìÜ-
ôùí (VÏË) êáé óôéò äýï êáôåõèýíóåéò. Åðßóçò, ãßíåôáé ðñï-
óðÜèåéá äéåñåýíçóçò ôçò ó÷Ýóçò ôá÷ýôçôáò áíÜ êáôåýèõíóç
(VÅÓ - VÅÎ) - öüñôùí, þóôå íá äïèåß ìéá ïëïêëçñùìÝíç
åéêüíá ôçò åðßäñáóçò ôùí ðáñáìÝôñùí óå êÜèå Ýêöñáóç ôçò
ôá÷ýôçôáò.

Ç åîÝôáóç ôçò ìÝóçò ôá÷ýôçôáò êáé ãéá ôéò äýï êáôåõ-
èýíóåéò ìáæß Ýãéíå, þóôå áñ÷éêÜ íá äéåñåõíçèåß ç ó÷Ýóç ôçò
ìå ôï óõíïëéêü öüñôï êáé óôç óõíÝ÷åéá íá ðñïóäéïñéóôåß
ìÝóá áðü åîéóþóåéò ç åðéññïÞ óå áõôÞ ôùí åîåôáæüìåíùí
êõêëïöïñéáêþí ðáñáìÝôñùí. Ç ôá÷ýôçôá áíÜ êáôåýèõíóç
åðéëÝ÷èçêå ãéá íá ìåëåôçèåß êõñßùò ç ó÷Ýóç ôçò ìå ôïí
öüñôï ôçò ßäéáò áëëÜ êáé ôçò áíôßèåôçò êáôåýèõíóçò. Ç åîÝ-
ôáóç ôçò ìÝóçò ôá÷ýôçôáò äéáäñïìÞò êáé ôùí äýï ñåõìÜôùí
êõêëïöïñßáò êáé ü÷é ìüíï ôçò êýñéáò êáôåýèõíóçò Ýãéíå,
þóôå íá åíôïðéóôåß ðéèáíÞ äéáöïñïðïßçóç óôç óõìðåñéöïñÜ
ôùí ïäçãþí óôï åóùôåñéêü êáé ôï åîùôåñéêü ñåýìá ôïõ
êáìðýëïõ ôìÞìáôïò ðïõ ðåñéëáìâÜíåôáé óôï èåùñïýìåíï
ïäéêü ôìÞìá.

Åêôüò áðü ôç äéåñåýíçóç ôçò ó÷Ýóåùò ìÝóçò ôá÷ýôçôáò-
öüñôïõ, ðñáãìáôïðïéÞèçêå áíÜëõóç ôçò êáèõóôÝñçóçò ôùí
ï÷çìÜôùí ðïõ ðñïêáëåßôáé óôï èåùñïýìåíï ïäéêü ôìÞìá.
Õðåíèõìßæåôáé üôé ôá ï÷Þìáôá èåùñïýíôáé ðùò êáèõóôå-
ñïýí, üôáí êéíïýíôáé ðßóù áðü ôïí åðéêåöáëÞò �öÜëáããáò�
ï÷çìÜôùí ìå ôá÷ýôçôåò ìéêñüôåñåò áðü ôéò åðéèõìçôÝò ôïõò
êáé ìå ÷ñïíéêïýò äéá÷ùñéóìïýò ìéêñüôåñïõò áðü Ýíá êáèï-
ñéóìÝíï üñéï. Ùò ìÝôñï õðïëïãéóìïý ôçò ðñïêáëïýìåíçò
êáèõóôÝñçóçò ôùí ï÷çìÜôùí ÷ñçóéìïðïéÞèçêå ôï ðïóïóôü



áíôéóôïé÷åß, åßíáé 2,13 ÷ëì./þñá. Ç äéáöïñåôéêÞ áõôÞ åðß-
äñáóç ßóùò ïöåßëåôáé óôçí Ýëëåéøç ïñáôüôçôáò óôçí ðåñéï-
÷Þ ôïõ êáìðýëïõ ôìÞìáôïò, ç ïðïßá äõó÷åñáßíåé ðåñéóóüôå-
ñï ôéò ëåéôïõñãßåò ôïõ åóùôåñéêïý ñåýìáôïò.

Ïé ó÷Ýóåéò (5.3) êáé (5.4) áíáöÝñïíôáé óôç ìåôáâïëÞ ôçò
ôá÷ýôçôáò ôïõ åóùôåñéêïý êáé åîùôåñéêïý ñåýìáôïò áíôß-
óôïé÷á óå ó÷Ýóç ìå êõêëïöïñéáêÝò ðáñáìÝôñïõò. Áðü ôç
ó÷Ýóç (5.3) ðñïêýðôåé üôé ç ìåôáâïëÞ ôçò ôá÷ýôçôáò óôï
åóùôåñéêü ñåýìá åîçãåßôáé êáôÜ 57% ðåñßðïõ áðü ôï ôåôñÜ-
ãùíï ôïõ óõíïëéêïý áñéèìïý ôùí ï÷çìÜôùí ôïõ åóùôåñéêïý
ñåýìáôïò (QÅÓ

2 ) êáé áðü ôï áíôßóôïé÷ï ðïóïóôü ôùí âáñÝùí
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ÅÎÉÓÙÓÇ ÐÁËÉÍÄÑÏÌÇÓÇÓ ÓÕÍÔÅËÅÓÔÇÓ R2

VM=100,394 - 8,516(1-QEÓ/QEÎ)2 - 1,121(%QÂÏ) - 0,068QÅÏ R2=0,844 (5.1)

VÅÏ=102,457 - 8,509(1-QÅÓ/QÅÎ)2 - 1,144(%QÂÏ) - 0,072QÅÏ R2=0,818 (5.2)

VÅÓ=100,341 - 0,002QÅÓ
2 - 0,437(%QÂÏ

ÅÓ) R2=0,571 (5.3)

VÅÎ=97,393 - 0,088QÅÎ - 1,297(%QÂÏ
ÅÎ) R2=0,588 (5.4)

%QDEL=0,393 + 4,015QÏË R2=0,703 (5.5)

%QDEL=0,685 + 3,429QÏË´ R2=0,641 (5.6)

Ðßíáêáò 1: Åîéóþóåéò ðïëëáðëÞò ðáëéíäñüìçóçò ãñáììéêÞò ìïñöÞò.
Table 1: Multiple linear regression equations.

ÄéÜãñáììá 2: Ó÷Ýóç ôá÷ýôçôáò - öüñôïõ (áíÜ êáôåýèõíóç). %QÂÏ=0.
Figure 2: Speed - flow curve for each direction. %QÂÏ=0.

ÄéÜãñáììá 3: Ó÷Ýóç ôá÷ýôçôáò - öüñôïõ (áíÜ êáôåýèõíóç). %QÂÏ=10.
Figure 3: Speed - flow curve for each direction. %QÂÏ=10.

ÄéÜãñáììá 4: Ó÷Ýóç ôá÷ýôçôáò - öüñôïõ (áíÜ êáôåýèõíóç). %QÂÏ=20.
Figure 4: Speed - flow curve for each direction. %QÂÏ=20.

ï÷çìÜôùí (%QÂÏ
ÅÓ). Áðü ôç ó÷Ýóç (5.4) ðñïêýðôåé üôé ç

ìåôáâïëÞ ôçò ôá÷ýôçôáò ôïõ åîùôåñéêïý ñåýìáôïò (êýñéá
êáôåýèõíóç) åîçãåßôáé êáôÜ 59% ðåñßðïõ áðü ôéò ßäéåò
ðáñáìÝôñïõò ðïõ áíáöÝñïíôáé óôï áíôßèåôï ñåýìá êáé åîç-
ãåßôáé ó÷åäüí ãéá ôï ßäéï ðïóïóôü. ¼ðùò ðáñáôçñåßôáé áðü
ôéò ó÷Ýóåéò (5.3) - (5.4), ç ìÝóç ôá÷ýôçôá ôïõ êÜèå ñåýìáôïò
åîçãåßôáé ìüíï áðü ðáñáìÝôñïõò ôïõ åîåôáæüìåíïõ ñåýìá-
ôïò êßíçóçò ôùí ï÷çìÜôùí êáé ü÷é ôïõ áíôßèåôïõ. Ç ìüíç
äéáöïñÜ åíôïðßæåôáé óôï ãåãïíüò üôé óôï åîùôåñéêü ñåýìá ç
ó÷Ýóç åßíáé ãñáììéêÞ.

Ãéá ôçí êáëýôåñç óýãêñéóç ôçò ôá÷ýôçôáò ôùí äýï ñåõ-
ìÜôùí ðáñïõóéÜæïíôáé ôá óõãêñéôéêÜ äéáãñÜììáôá 2, 3 êáé
4. ¼ðùò ðáñáôçñåßôáé áðü áõôÜ, áí êáé ôá õðüëïéðá ãåùìå-
ôñéêÜ ÷áñáêôçñéóôéêÜ (üðùò ôï ðëÜôïò ôçò ëùñßäáò êáé ôï
ðëÜôïò ôïõ åñåßóìáôïò) Ý÷ïõí ôçí ßäéá ôéìÞ êáé ãéá ôá äýï
ñåýìáôá, ç ýðáñîç êáìðýëïõ ôìÞìáôïò åîçãåß ôç äéáöïñåôé-
êÞ óõìðåñéöïñÜ ôùí ïäçãþí óôá äýï ñåýìáôá, üðùò áõôÞ
åêöñÜæåôáé ìå ôç ìÝóç ôïõò ôá÷ýôçôá. Óôï åóùôåñéêü ñåýìá
êõêëïöïñßáò, ëüãù ôçò ìåéùìÝíçò ïñáôüôçôáò ðïõ áðü ôç
÷Üñáîç Ý÷ïõí ôá ï÷Þìáôá ðïõ êéíïýíôáé óå áõôü óå ó÷Ýóç
ìå ôï åîùôåñéêü, ç ìÝóç ôá÷ýôçôá ðáñïõóéÜæåôáé ðéï �åõáß-
óèçôç� óôéò ìåôáâïëÝò ôïõ öüñôïõ. Áðü ôç óýãêñéóç, åîÜë-
ëïõ, ôùí äýï êáìðõëþí (VÅÓ - VÅÎ) êáé ôùí óôáèåñþí
óõíôåëåóôþí ôùí åîéóþóåùí ðáëéíäñüìçóçò ðñïêýðôåé üôé



ãéá ÷áìçëïýò öüñôïõò óôï åóùôåñéêü ñåýìá õðÜñ÷åé ç äõíá-
ôüôçôá áíÜðôõîçò ìåãáëýôåñùí ôá÷õôÞôùí. 

ÅðéðëÝïí, åýêïëá ðñïêýðôåé ðùò ç åðßäñáóç ôùí âá-
ñÝùí ï÷çìÜôùí åßíáé êáèïñéóôéêÞ ü÷é ìüíï ãéá ôçí ôéìÞ ôçò
ôá÷ýôçôáò ôïõ êÜèå ñåýìáôïò, áëëÜ êáé ãéá ôç ó÷Ýóç ôùí
ôá÷õôÞôùí ôùí äýï ñåõìÜôùí. Åéäéêüôåñá, áýîçóç ôïõ
ðïóïóôïý ôùí âáñÝùí ï÷çìÜôùí ïäçãåß óå ìåôáôüðéóç ôïõ
�óçìåßïõ ôïìÞò� ôùí äýï êáìðõëþí ðïõ åêöñÜæïõí ôçí
ôá÷ýôçôá ôùí äýï ñåõìÜôùí. ÐñÜãìáôé, áðü ôá ôñßá áõôÜ
äéáãñÜììáôá ðñïêýðôåé ðùò ç áõîçìÝíç ðáñïõóßá ôùí
âáñÝùí ï÷çìÜôùí óôçí êõêëïöïñßá ïäçãåß óå ìåãáëýôåñç
ìåßùóç ôçò ôéìÞò ôçò ôá÷ýôçôáò ôïõ åîùôåñéêïý ñåýìáôïò
áðü áõôÞ ôïõ åóùôåñéêïý.

Ïé åîéóþóåéò (5.5) êáé (5.6) áíáöÝñïíôáé óôç ó÷Ýóç
ìåôáîý ôïõ ðïóïóôïý ÷ñüíïõ êáèõóôÝñçóçò êáé ôïõ óõíïëé-
êïý öüñôïõ ôùí äýï ñåõìÜôùí. Ðáñáôçñåßôáé áðü ôç ó÷Ýóç
(5.5) üôé ôï ðïóïóôü ÷ñüíïõ êáèõóôÝñçóçò åîçãåßôáé êáôÜ
70% ðåñßðïõ áðü ôï óõíïëéêü öüñôï êáé ôùí äýï êáôåõèýí-
óåùí (óå ï÷./15ëåðôï), êÜôé ðïõ õðïäçëþíåé ôçí éó÷õñÞ
åîÜñôçóÞ ôïõ ìå áõôüí. Ãéá ôçí áêñéâÞ óýãêñéóç ìå ôéò
ôéìÝò, ðïõ åéóçãåßôáé ôï H.C.M., Ýãéíå ìåôáôñïðÞ ôùí öüñ-
ôùí áðü ï÷Þìáôá/þñá óå Ì.Å.Á./þñá, ìå âÜóç ôïõò áíôß-
óôïé÷ïõò óõíôåëåóôÝò éóïäõíáìßáò ðïõ ðñïôåßíåé ôï H.C.M.
Ç áíôßóôïé÷ç åîßóùóç ðïõ ðñïÝêõøå åßíáé ç (5.6). 

Ç áêñéâÞò ìïñöÞ ôçò ó÷Ýóçò ðïóïóôïý ÷ñüíïõ êáèõ-
óôÝñçóçò - óõíïëéêïý öüñôïõ ðáñïõóéÜæåôáé óôï äéÜãñáììá
5 óå óýãêñéóç ìå ôï áíôßóôïé÷ï äéÜãñáììá ðïõ ðñïôåßíåôáé
ãéá éäáíéêÝò óõíèÞêåò áðü ôï H.C.M. [2]. Áðü ôç óýãêñéóç
ôùí äýï äéáãñáììÜôùí ðñïêýðôåé üôé óôï ïäéêü ôìÞìá ðïõ
åîåôÜæåôáé ç ðñïêáëïýìåíç êáèõóôÝñçóç åßíáé ìåãáëýôåñç,
êÜôé ðïõ åßíáé áðüëõôá ëïãéêü, áöïý ôï ôìÞìá áõôü Ý÷åé
÷áñáêôçñéóôéêÜ ðïõ áðïêëßíïõí áðü áõôÜ ðïõ áðáéôïýíôáé
ãéá éäáíéêÝò óõíèÞêåò. Óçìåéþíåôáé üôé óôï äéÜãñáììá
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ÄéÜãñáììá 5: Ó÷Ýóç ðïóïóôïý ÷ñüíïõ êáèõóôÝñçóçò - óõíïëéêïý
öüñôïõ. 

Figure 5: Percent time delay - two way volume curve.

Ðßíáêáò 2: Óýãêñéóç ïñßùí ãéá ôïí êáèïñéóìü ôçò óôÜèìçò åîõðç-
ñÝôçóçò ìåôáîý ðáñïýóáò åñãáóßáò - H.C.M.

Table 2: Comparison of LOS Criteria between H.C.M. - traffic data.

ðáñáôçñåßôáé ìåãáëýôåñç áðüêëéóç ôùí äýï êáìðõëþí óôçí
ðåñéï÷Þ ÷áìçëþí öüñôùí, êáèþò åðßóçò êáé óôçí ðåñéï÷Þ
ìå öüñôïõò ðÜíù áðü 2.000 Ì.Å.Á./þñá.

Ôï ðåäßï ôéìþí ôïõ óõíïëéêïý öüñôïõ ðïõ åîåôÜóôçêå
åßíáé (752 ~ 1284) Ì.Å.Á./þñá. ÅðïìÝíùò, óôéò ðåñéï÷Ýò
åêôüò ôïõ ðåäßïõ ôéìþí ïé ìåãáëýôåñåò áðïêëßóåéò ðïõ
ðáñïõóéÜóôçêáí äåí ðñïÝêõøáí áðü äåäïìÝíåò ìåôñçèåßóåò
ôéìÝò ôïõ öüñôïõ, áëëÜ áðü åðÝêôáóç ôçò êáìðýëçò óå üñéá
åêôüò ôïõ ðåäßïõ ôéìþí, üðïõ ç êáìðýëç ðñÝðåé íá ÷ñçóéìï-
ðïéåßôáé ìå åðéöýëáîç.

ÅðåéäÞ ôï åîåôáæüìåíï ïäéêü ôìÞìá Ý÷åé ìÞêïò 630
ìÝôñá (<800 ìÝôñá) êáé êáôÜ ìÞêïò êëßóç 0% (<3%), êáôá-
ôÜóóåôáé óôçí êáôçãïñßá ôùí ãåíéêåõìÝíùí ôìçìÜôùí. Åðï-
ìÝíùò, ôï ðïóïóôü ÷ñüíïõ êáèõóôÝñçóçò áðïôåëåß ôçí
êýñéá ðáñÜìåôñï êáèïñéóìïý ôçò óôÜèìçò åîõðçñÝôçóçò
(Ó.Å.) [1], [2]. Ï ñõèìüò ñïÞò åîõðçñÝôçóçò Sfi
(Ì.Å.Á./þñá) óå Ó.Å. i ãéá ãåíéêåõìÝíá ôìÞìáôá õðåñáóôé-
êþí ïäþí äýï ëùñßäùí äßíåôáé áðü ôç ó÷Ýóç [1]: 

Sfi = 2800*(v/c)i*fd*fw (5.7)

Éóïäýíáìá, ç ðáñáðÜíù ó÷Ýóç ãñÜöåôáé:

Vi=[2800*(v/c)i*fd*fw]*Ó.Ù.Á. (5.8)

üðïõ: Vi (Ì.Å.Á./þñá) ï ìÝãéóôïò öüñôïò ãéá Ó.Å. i, (v/c)i ï
ëüãïò ôïõ ñõèìïý ñïÞò ðñïò ôçí êõêëïöïñéáêÞ éêáíüôçôá
ãéá Ó.Å. i, fd óõíôåëåóôÞò ðñïóáñìïãÞò ãéá ôçí êáôáíïìÞ
ôçò êõêëïöïñßáò áíÜ êáôåýèõíóç êáé fw óõíôåëåóôÞò åîáñ-
ôþìåíïò áðü ôï ðëÜôïò ôçò ëùñßäáò êáé ôï ðëÜôïò ôïõ åñåß-
óìáôïò.

Åöáñìüæïíôáò ôéò ôéìÝò ôùí óõíôåëåóôþí ðïõ ðñïêý-
ðôïõí áðü ôïõò áíôßóôïé÷ïõò ðßíáêåò ôïõ H.C.M., õðïëïãß-
óôçêáí áðü ôçí åîßóùóç (5.8) ïé ìÝãéóôïé öüñôïé Vi (óå
Ì.Å.Á./þñá) ðïõ ìðïñïýí íá åîõðçñåôçèïýí óôï óõãêåêñé-
ìÝíï ïäéêü ôìÞìá ãéá êÜèå óôÜèìç åîõðçñÝôçóçò. Ïé ôéìÝò
áõôÝò äßíïíôáé óôïí ðßíáêá 2. Aðü ôï äéÜãñáììá 5, ãéá ôéò
äåäïìÝíåò ôéìÝò ôùí öüñôùí Vi (M.E.A./ þñá) õðïëïãßæåôáé
ôï üñéï, ðÜíù áðü ôï ïðïßï áëëÜæåé ç óôÜèìç åîõðçñÝôçóçò.
Ôá áíôßóôïé÷á üñéá ôïõ ðïóïóôïý ÷ñüíïõ êáèõóôÝñçóçò
ðáñïõóéÜæïíôáé óôïí ðßíáêá 2 ìáæß ìå ôá üñéá ðïõ åéóçãåß-



ôáé ôï H.C.M., þóôå íá ãßíåé äõíáôÞ ç ìåôáîý ôïõò óýãêñé-
óç.

Áðü ôïí ðßíáêá 2 ðñïêýðôåé üôé ïé ôéìÝò ôçò ðáñïýóáò
åñãáóßáò åßíáé ìéêñüôåñåò áðü ôéò áíôßóôïé÷åò ôéìÝò ðïõ ðñï-
ôåßíåé ôï Ç.C.M., ìå äéáöïñÜ ôïõëÜ÷éóôïí 10% óå êÜèå Ó.Å.
Åíþ ð.÷. ç ôéìÞ %QDEL = 53 êáôÜ ôï H.C.M. áíôéóôïé÷åß óå
Ó.Å. C, óýìöùíá ìå ôá äåäïìÝíá ôçò ðáñïýóáò åñãáóßáò ôï
ðïóïóôü áõôü áíôéóôïé÷åß óå Ó.Å. D, äçëáäÞ óå äõóìåíÝóôå-
ñåò óõíèÞêåò.

6. ÓÕÌÐÅÑÁÓÌÁÔÁ

Áíôéêåßìåíï ôçò ðáñïýóáò åñãáóßáò Þôáí ç äéåñåýíçóç
ôçò óõìðåñéöïñÜò ôùí ïäçãþí óôéò åëëçíéêÝò õðåñáóôéêÝò
ïäïýò äýï ëùñßäùí êõêëïöïñßáò óõíïëéêÜ. Ãéá ôï óêïðü
áõôü åðéëÝ÷èçêå Ýíá áíôéðñïóùðåõôéêü ôìÞìá ïäïý äýï
ëùñßäùí, óôï ïðïßï ìåôñÞèçêáí ï êõêëïöïñéáêüò öüñôïò
êáé ç ôá÷ýôçôá äéáäñïìÞò ãéá êÜèå ðåñßïäï ìÝôñçóçò. 

Áðü ôçí áíÜëõóç ôùí óôïé÷åßùí áñ÷éêÜ åðé÷åéñÞèçêå
äéåñåýíçóç ôçò ó÷Ýóçò ìÝóçò ôá÷ýôçôáò ôùí äýï ñåõìÜôùí
êáé ôïõ óõíïëéêïý öüñôïõ. Ëüãù ôçò äéáóðïñÜò ôùí óçìåßùí,
ðïõ ðñïÝêõøáí áðü ôçí áíÜëõóç ôùí ìåôñÞóåùí, äåí âñÝ-
èçêå éêáíïðïéçôéêÞ åîßóùóç ðïõ íá ðåñéãñÜöåé ó÷Ýóç áðï-
êëåéóôéêÜ ìåôáîý ôçò ìÝóçò ôá÷ýôçôáò êáé ôïõ óõíïëéêïý
öüñôïõ, ãåãïíüò ðïõ öáíåñþíåé ðùò ç ôá÷ýôçôá åðçñåÜæåôáé
êáé áðü Üëëïõò ðáñÜãïíôåò. Ç êáôáíïìÞ, ùóôüóï, ôùí
óçìåßùí ïäçãåß óôï óõìðÝñáóìá ðùò áêüìá êáé óôéò ðåñéï-
÷Ýò ÷áìçëþí öüñôùí, üðùò óôçí ðáñïýóá åñãáóßá, ðáñáôç-
ñåßôáé ìåßùóç ôçò ìÝóçò ôá÷ýôçôáò ãéá áýîçóç ôçò ôéìÞò ôïõ
óõíïëéêïý öüñôïõ êáé ç ãåíéêÞ ìïñöÞ ôïõ äéáãñÜììáôïò
ìÝóçò ôá÷ýôçôáò - óõíïëéêïý öüñôïõ óõìöùíåß ìå áõôÞ ðïõ
åéóçãïýíôáé Üëëåò ìåëÝôåò [1], [2].

Ç áäõíáìßá åýñåóçò ìéáò åîßóùóçò, ðïõ íá ðåñéãñÜöåé
ìå áîéïðéóôßá ôç ó÷Ýóç ìÝóçò ôá÷ýôçôáò - óõíïëéêïý öüñ-
ôïõ, äçìéïýñãçóå ôçí áíÜãêç óõó÷Ýôéóçò ôçò ôá÷ýôçôáò ìå
Üëëåò ðáñáìÝôñïõò. Áðü ôá ðñüôõðá, ðïõ ó÷çìáôßóôçêáí ìå
ôç ÷ñçóéìïðïßçóç ôïõ óôáôéóôéêïý ðñïãñÜììáôïò SPSS,
ðñïêýðôåé ôï óõìðÝñáóìá üôé ôá ìïíôÝëá ãñáììéêÞò ðáëéí-
äñüìçóçò åßíáé éêáíÜ íá ðåñéãñÜøïõí ìå éêáíïðïéçôéêü
ôñüðï ôç ó÷Ýóç ôá÷ýôçôáò ìå ôéò êõêëïöïñéáêÝò ðáñáìÝ-
ôñïõò óå ïäïýò äýï ëùñßäùí.

Ùò óçìáíôéêüôåñåò ðáñÜìåôñïé áðü åêåßíåò, ðïõ åéóÞ-
÷èçêáí óôéò åîéóþóåéò êáôÜ ôçí áíÜëõóç ôçò ìÝóçò ôá÷ýôç-
ôáò ôüóï ôïõ óõíüëïõ ôùí ï÷çìÜôùí üóï êáé ìüíï ôùí åëá-
öñþí ï÷çìÜôùí óôéò äýï êáôåõèýíóåéò, áðïäåß÷èçêáí ôï
ðïóïóôü ôùí âáñÝùí ï÷çìÜôùí, ï öüñôïò ôùí åëáöñþí ï÷ç-
ìÜôùí êáé ç êáôáíïìÞ ôçò êõêëïöïñßáò áíÜ êáôåýèõíóç. Ç
ìÝóç ôá÷ýôçôá üëùí êáé åêåßíç ôùí åëáöñþí ï÷çìÜôùí åîç-
ãïýíôáé áíôßóôïé÷á êáôÜ 84% êáé 82% ðåñßðïõ áðü ôéò ðáñá-
ðÜíù ðáñáìÝôñïõò.

ÌÜëéóôá, ç åðéññïÞ ôùí âáñÝùí ï÷çìÜôùí, üðùò áõôÞ
åêöñÜóôçêå áðü ôéò ôåëéêÝò åîéóþóåéò, áðïäåß÷èçêå ðïëý
óçìáíôéêÞ êáé ôï ðïóïóôü ôùí âáñÝùí ï÷çìÜôùí ùò ìåôá-
âëçôÞ óõìðåñéåëÞöèçêå óå üëåò ôéò åîéóþóåéò ðïõ ðñïÝêõ-
øáí. Ç åðßäñáóç ôùí âáñÝùí ï÷çìÜôùí óôç óõìðåñéöïñÜ
ôùí ïäçãþí èåùñåßôáé éäéáßôåñá óçìáíôéêÞ, áí ëçöèåß
õðüøç üôé ôï ôìÞìá ðïõ åðéëÝ÷èçêå Ý÷åé ìçäåíéêÞ êáôÜ
ìÞêïò êëßóç êáé ðïëëÝò ìåëÝôåò [3] åéóçãïýíôáé üôé ãéá
ìçäåíéêÝò êáôÜ ìÞêïò êëßóåéò ç åðßäñáóÞ ôïõò óôçí êõêëï-
öïñßá äåí åßíáé óçìáíôéêÞ. 

Áíôßèåôá, ç áíéóïêáôáíïìÞ ôçò êõêëïöïñßáò óôéò äýï
êáôåõèýíóåéò åß÷å ìåí ìåéùôéêÞ åðßäñáóç óôç ìÝóç ôá÷ýôç-
ôá, ç åðßäñáóç äå áõôÞ äåí ðáñïõóéÜóôçêå óçìáíôéêÞ, ßóùò
åðåéäÞ ç ìåßùóç, ðïõ ðáñáôçñåßôáé óôçí ôá÷ýôçôá ôïõ ñåý-
ìáôïò üðïõ áõîÜíåôáé ï öüñôïò, åîéóïññïðåßôáé ðåñßðïõ áðü
ôçí áýîçóç ôçò ôá÷ýôçôáò óôï ñåýìá üðïõ ìåéþíåôáé ï öüñ-
ôïò, ãéá óôáèåñÞ ôéìÞ ôïõ óõíïëéêïý öüñôïõ óôéò äýï êáôåõ-
èýíóåéò.

Ç áðïõóßá ìåôáâëçôÞò, ðïõ íá áíôéðñïóùðåýåé ôá äßêõ-
êëá ï÷Þìáôá óôéò ôåëéêÝò åîéóþóåéò, äåß÷íåé ðùò ôá ï÷Þìáôá
áõôÜ äåí åðçñåÜæïõí ôç óõìðåñéöïñÜ ôùí ïäçãþí óôéò
ïäïýò áõôÞò ôçò êáôçãïñßáò, ãåãïíüò ðïõ åðéâåâáéþíåé ôá
óõìðåñÜóìáôá Üëëùí åñåõíþí [2], [3]. 

¸íá áðü ôá óçìáíôéêüôåñá óõìðåñÜóìáôá, ðïõ ðñïÝêõ-
øáí áðü áõôÞ ôçí Ýñåõíá êáé åßíáé öáíåñü óôéò ó÷Ýóåéò êáé
ôá äéáãñÜììáôá ðïõ ðñïçãÞèçêáí, åßíáé üôé ç óõìðåñéöïñÜ
ôùí ïäçãþí åêöñáóìÝíç áðü ôç ìÝóç ôïõò ôá÷ýôçôá ðñïÝ-
êõøå äéáöïñåôéêÞ ãéá êÜèå ñåýìá êáé åîáñôÜôáé óçìáíôéêÜ
áðü ôï áí ôï ôìÞìá ôçò êáìðýëçò, óôï ïðïßï êéíïýíôáé, åßíáé
åóùôåñéêü Þ åîùôåñéêü. Ç ýðáñîç êáìðýëïõ ôìÞìáôïò áðï-
äåß÷èçêå óçìáíôéêÞ, áöïý, üðùò äéáðéóôþèçêå, ç ôá÷ýôçôá
ôùí äýï ñåõìÜôùí äåí åðçñåÜæåôáé áêñéâþò áðü ôéò ßäéåò
ðáñáìÝôñïõò.

Ç äéáöïñÜ áõôÞ ôçò óõìðåñéöïñÜò åêäçëþíåôáé ìå ôç
äéáöïñÜ ôùí ìÝóùí ôá÷õôÞôùí ðïõ áíáðôýóóïíôáé óôï åóù-
ôåñéêü êáé óôï åîùôåñéêü êáìðýëï ôìÞìá. Óôï åóùôåñéêü
ôìÞìá, áí êáé ïé ïäçãïß êéíïýíôáé óå ôñï÷éÜ ìå ìéêñüôåñç
áêôßíá, öÜíçêå üôé õðÜñ÷åé ç äõíáôüôçôá áíÜðôõîçò ìåãá-
ëýôåñùí ôá÷õôÞôùí áðü ôï åîùôåñéêü, éäéáßôåñá óôçí ðåñéï-
÷Þ ÷áìçëþí öüñôùí. Ç äéáðßóôùóç áõôÞ ìðïñåß íá åñìç-
íåõèåß áðü ôï ãåãïíüò üôé ïé ïäçãïß, ðïõ êéíïýíôáé óôï åóù-
ôåñéêü ôìÞìá, óå ðåñßðôùóç ðïõ ÷ñåéÜæïíôáé åðéðëÝïí åëéã-
ìïýò, Ý÷ïõí ôç äõíáôüôçôá íá ÷ñçóéìïðïéÞóïõí êáé ôçí áðÝ-
íáíôé ëùñßäá êõêëïöïñßáò, þóôå íá êéíçèïýí óå ôñï÷éÝò ìå
ìåãáëýôåñç áêôßíá. Áíôßèåôá, ïé ïäçãïß ôïõ åîùôåñéêïý ñåý-
ìáôïò, áíáðôýóóïíôáò ôá÷ýôçôá, ùèïýíôáé ðñïò ôï åîùôåñé-
êü ìÝñïò ôçò ïäïý, þóôå íá ìåéþóïõí ôç öõãüêåíôñç äýíá-
ìç ðïõ äÝ÷ïíôáé êáé ç ðéèáíüôçôá åêôñïðÞò ôùí ï÷çìÜôùí
áõôþí áðü ôï ïäüóôñùìá åßíáé ìåãáëýôåñç. Ôï ãåãïíüò áõôü
ùèåß ôïõ ïäçãïýò íá ïäçãïýí ðéï óõíôçñçôéêÜ êáé, åðïìÝ-
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íùò, íá åðéëÝãïõí ìéêñüôåñåò ôá÷ýôçôåò ãéá ôéò ßäéåò óôñï-
öÝò. Ç äéáðßóôùóç áõôÞ åßíáé éäéáßôåñá óçìáíôéêÞ ãéá ôïí
êáëýôåñï ó÷åäéáóìü ôùí êáìðýëùí ôìçìÜôùí. 

Áðü ôá äéáãñÜììáôá áëëÜ êáé áðü ôéò ôåëéêÝò åîéóþóåéò
ðïõ ðñïÝêõøáí ãßíåôáé áíôéëçðôü üôé ï ñõèìüò ìåôáâïëÞò
ôçò ôá÷ýôçôáò ãéá áýîçóç ôïõ öüñôïõ óôç ëùñßäá êßíçóçò
ôùí ï÷çìÜôùí ðáñïõóéÜæåôáé ìåãáëýôåñïò óôçí åóùôåñéêÞ
ëùñßäá áðü ôçí åîùôåñéêÞ. Áõôü öáßíåôáé íá ïöåßëåôáé óôï
ãåãïíüò üôé ãéá ôçí åîåôáóèåßóá ðåñßðôùóç ôï ìÞêïò ïñáôü-
ôçôáò óôçí åóùôåñéêÞ ëùñßäá ãéá ôçí ðåñéï÷Þ ôïõ êáìðýëïõ
ôìÞìáôïò åßíáé ãåíéêÜ ìéêñüôåñï áðü åêåßíï óôçí åîùôåñéêÞ.
ÅðïìÝíùò, âáóéêÝò ëåéôïõñãßåò ôùí ï÷çìÜôùí ôçò åóùôåñé-
êÞò ëùñßäáò åìðïäßæïíôáé ðåñéóóüôåñï áðü áõôÝò ôçò åîùôå-
ñéêÞò. 

Ç áíÜëõóç ôçò ôá÷ýôçôáò ôçò êÜèå êáôåýèõíóçò îå÷ùñé-
óôÜ Ýäåéîå ðùò ç óõìðåñéöïñÜ ôùí ïäçãþí ôïõ êÜèå ñåýìá-
ôïò äåí åðçñåÜæåôáé éäéáßôåñá áðü ôéò ëåéôïõñãßåò ôïõ áíôß-
èåôïõ ñåýìáôïò. Ç ðñïóðÜèåéá åéóáãùãÞò ìåôáâëçôþí óôéò
ôåëéêÝò åîéóþóåéò, ðïõ áíáöÝñïíôáé óôï áíôßèåôï ñåýìá
êßíçóçò ôùí ï÷çìÜôùí, äåí ïäÞãçóå óôçí åîáãùãÞ ëïãéêþí
óõìðåñáóìÜôùí. Ôï ðáñáðÜíù öáßíåôáé íá åîçãåßôáé áðü ôï
ãåãïíüò üôé ôá óôïé÷åßá ôùí ìåôñÞóåùí áíáöÝñïíôáé óå öüñ-
ôïõò ìáêñéÜ áðü ôçí ðåñéï÷Þ ôçò êõêëïöïñéáêÞò éêáíüôçôáò
ôçò ïäïý. ÅðïìÝíùò, ç æÞôçóç ãéá ðñïóðÝñáóç äåí åßíáé
ìåãÜëç, þóôå ï áíôßèåôïò öüñôïò íá åìðïäßæåé áõôÝò ôéò ëåé-
ôïõñãßåò. ÅðéðëÝïí, ôï ãåíéêÜ ðåñéïñéóìÝíï ëüãù ÷Üñáîçò
ìÞêïò ïñáôüôçôáò óôï ïäéêü ôìÞìá ðïõ åîåôÜóôçêå äõó÷å-
ñáßíåé ðåñéóóüôåñï ôéò ëåéôïõñãßåò ôùí ï÷çìÜôùí, þóôå ïé
ðñïóðÜèåéåò ãéá ðñïóðÝñáóç íá ðåñéïñßæïíôáé óçìáíôéêÜ,
áíåîÜñôçôá áðü ôçí ðáñïõóßá Þ ìç ï÷çìÜôùí ôïõ áíôßèåôïõ
ñåýìáôïò. 

Óå óýãêñéóç, ðïõ ðñáãìáôïðïéÞèçêå ìå ôï H.C.M., ðñï-
Ýêõøå ôï óõìðÝñáóìá üôé ç ó÷Ýóç ðáñáôçñïýìåíçò êáèõ-
óôÝñçóçò êáé êõêëïöïñéáêïý öüñôïõ óõìöùíåß ãåíéêÜ ìå
üóá ðñïôåßíïíôáé óôï H.C.M., áëëÜ ç ôéìÞ ôçò ìÝóçò êáèõ-
óôÝñçóçò ðïõ ðñïôåßíåôáé åêåß åßíáé óçìáíôéêÜ ìåãáëýôåñç
áðü åêåßíç ðïõ âñÝèçêå óôçí ðáñïýóá åñãáóßá.
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Abstract
In this paper a correlation between travel speed and specific traffic
parameters was performed, in order to spot possible factors which
affect the Greek driver�s behavior and the operating conditions of
two-way, two-lane rural highways. The analysis of the data
suggests that linear regression models are suitable for predicting
the average speed. The factors that appeared to have a significant
affect on the average speed were the proportion of heavy vehicles in
the traffic mix and the flow of the light vehicles. The influence of the
directional split in traffic operations seems to be of less importance.
The presence of a horizontal curve, which is part of the selected test-
section, proved to be very important, because there was a remar-
kable difference between the drivers� behavior in each direction. In
addition, the LOS criteria for general terrain segments evaluated in
this work are compared with those of other studies. There seems to
be a small differentiation between the percent time delay (PTD)
boundary values used in 1985 HCM and those estimated in this
paper.

Traffic operations on two - lane, two - way highways are
unique. Lane - changing and passing are possible only in the
absence of oncoming traffic in the opposing lane. Passing
demand increases rapidly as traffic volume increases, while
passing capacity in the opposing lane declines. Moreover, as
volume increases and geometric conditions deteriorate, the
ability to pass decreases, resulting in the formation of
platoons in the traffic stream. Motorists in these platoons are
subject to delay because of the inability to overtake.

The purpose of this study was to analyse the relationship
between average travel speed and traffic volume on two - lane,
two - way highways. In addition, a correlation of the travel
speed and specific traffic parameters was performed, based
on a multiple linear regression model. In this way, it is possi-
ble to find traffic parameters (such as the proportion of each
type of vehicle in the traffic mix) which have an effect on the

quality of service on two lane highways and, on the other
hand, to determine the influence of each parameter on traffic
perfomance and on traffic operation.

Therefore, a representative, 630 meters long, test - section
of the national road network was defined and traffic data
were collected. This test - section is part of Marcopoulou
Avenue in the Eastern area of Attica. In this link the terrain is
level and it is free of the influence of any intersection.

All days on which measurements were carried out had
similar weather conditions, so that the measurements could
be comparable. More specifically, all measurements were
carried out during sunny days and the roadway was in rela-
tively good condition. 

The measurements were carried out using two video ca-
meras that were positioned at the entry and the exit of the 
test - section. The appropriate data were recorded using a
suitable video machine. Using this equipment it was easy to
estimate the category to which each vehicle belonged, its
individual travel speed - calculated from its individual travel
time - as well as the direction that each vehicle was traveling.

The measurement period was divided into 15 - min inter-
vals and the whole analysis was based on this time division.
Flows and speeds were analysed seperately for each direction
and for both directions in total.

The vehicle flow was calculated seperately for each vehi-
cle category, i.e. for light vehicles (passenger cars, jeeps);
heavy vehicles (trucks, buses, recreational vehicles) and two
- wheel vehicles (bicycles, motorcycles).

In order to evaluate the effect of each parameter on ave-
rage travel speed, regression analysis was performed using of
the program SPSS, applying the following regression
equation:

Y = BO+B1*X1+B2*X2+�BN*XN
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where:

l X1, X2,�XN: the selected independent variables.
l Y: the dependent variable.
l BO, B1,�,BN: the regression coefficients.

The dependent variables considered included the average
travel speed of all vehicles, average travel speed of light
vehicles and the percent time delay value (PTD). In this way,
it was possible to examine numerous parameters (such as
each vehicle category, directional distribution and opposing
flow) that might have a significant effect on every expression
of average travel speed and, at the same time, it was possible
to make a comparison of the boundary values of LOS criteria
that are commonly used in other countries with the prevailing
ones in Greek two - lane highways with similar characteri-
stics.

The test - section included a horizontal curve (that con-
stituted about 30% of the whole section) causing visibility
problems in this area (there is a no passing zone along about
40% of the whole section). With a view to estimating the pos-
sible effects of those restrictions on driving behaviour, it was
decided to consider each direction seperately and not to
examine only the speed in the main direction.

The final equations presented in table 1 and the represen-
tative diagrams that were made, lead to some important con-
clutions, such as:

The average travel speed is not related to the total vo-
lume, although there is a remarkable speed reduction with
increasing flow, which is shown in figure 1. In contrast, the
average travel speed of all vehicles and of light vehicles is
strongly related to other specific traffic parameters (equations
5.1, 5.2 - R2=84,4 and R2=81,8 respectively), such as the pro-
portion of heavy vehicles in the traffic mix, the light vehicle
flow and the directional split. Moreover, different directional
splits seem to have very little impact on average speed,
maybe because the speed decrease in the direction with more
traffic is compensated for by a speed increase in the other
direction.

It is very interesting to notice that the speed reduction
caused by the presence of heavy vehicles in the traffic stream
seems to be remarkable. This fact does not seem to agree with
other studies which suggest that the proportion of heavy vehi-

cles in the total flow does not significantly affect speeds for
gradients below 3 percent.

In contrast, two - wheel vehicles do not seem to cause any
speed reduction at all.

The analysis of the speed in each direction showed that
the drivers� behaviour is not affected by the opposing flow
and, consequently, opposing traffic interaction has only a
minor effect on average speed of the other stream. Because
the collected data refer to low or moderate flows and there is
an extended no passing zone inside the test - section, passing
demand is low and, therefore, the opposing stream does not
significantly affect the other stream�s operations. 

Perhaps the most important finding of this study is the
fact that the drivers� behaviour proved to be different for each
direction seperately and depended on the lane that vehicles
were moving in. More specifically, the influence of the hor-
izontal curve was obvious in the speed of each direction
seperately. Moreover, cars moving in the internal lane (in the
area of the horizontal curve) seem to have the ability to
develop higher speeds than the others in the external lane,
especially at low to moderate flows (figures 2, 3, 4). This
conclusion can be supported by the fact that if drivers in the
internal lane need more maneuvers they can use the opposing
stream to correct possible driving errors. In contrast, cars
moving in the external lane are forced off of the road as their
individual speed increases.

In the comparison that was made with H.C.M. it was
found that the delay caused inside the test - section, estimated
using the PTD value, agrees with the delay suggested by
H.C.M. for two - way, two - lane highways with similar cha-
racteristics (figure 5). The percent time delay value for both
directions is in strong relation to the total traffic volume
(equation 5.5). In addition, as it is presented in table 2, the
values for PTD at the LOS boundaries estimated in this study
seem to be higher than those the 1985 H.C.M. suggests for
general terrain segments with similar traffic and roadway
conditions. 
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