
Ðåñßëçøç
Óôçí åñãáóßá áõôÞ ðáñïõóéÜæåôáé ï õðïëïãéóìüò ôùí äåéêôþí öèï-
ñÜò ïäïóôñþìáôïò áíÜ ôýðï åìðïñéêïý ï÷Þìáôïò, üðùò ðñïÝêõøå
åöáñìüæïíôáò áíáëõôéêÞ ìÝèïäï õðïëïãéóìïý ÷ùñßò ôç ÷ñÞóç óõíôå-
ëåóôþí ìå åìðåéñéêÞ ðñïÝëåõóç. ÄéåñåõíÜôáé ç åðßäñáóç ôïõ åßäïõò
ôùí áîüíùí, ôïõ áñéèìïý ôùí ôñï÷þí, ôïõ öïñôßïõ ôïõ ôõðéêïý
Üîïíá êáé åîåôÜæåôáé ç óõìâïëÞ ôïõ êñéôçñßïõ áóôï÷ßáò ôïõ ïäï-
óôñþìáôïò êáé ôïõ åßäïõò ôïõ ïäïóôñþìáôïò óôçí ôéìÞ ôïõ äåßêôç
öèïñÜò. Ï õðïëïãéóìüò âáóßæåôáé óå ìåôñÞóåéò ðïõ Ýãéíáí óå äýï
èÝóåéò ôïõ åèíéêïý ïäéêïý äéêôýïõ ìå óõóôÞìáôá ìÝôñçóçò öïñôßùí
áîüíùí åí êéíÞóåé. Áðü ôá áðïôåëÝóìáôá ðñïêýðôåé üôé ïé ôéìÝò ôùí
äåéêôþí öèïñÜò åîáñôþíôáé áðü ôéò ðáñáðÜíù ðáñáìÝôñïõò, ãåãï-
íüò ðïõ äåí ëáìâÜíåôáé ðëÞñùò õðüøç, üôáí ï õðïëïãéóìüò ãßíåôáé
ìå óõíôåëåóôÝò éóïäõíáìßáò AASHTO Þ ôï íüìï ôçò 4çò äýíáìçò.

1. ÅÉÓÁÃÙÃÇ 

Ãéá ôïí õðïëïãéóìü ôïõ ðÜ÷ïõò åíüò ïäïóôñþìáôïò êáé
ãéá ôïí ïñèïëïãéêü ðñïãñáììáôéóìü ôçò óõíôÞñçóÞò ôïõ,
åßíáé áðáñáßôçôç ç ãíþóç ôïõ áñéèìïý, ôïõ ìåãÝèïõò êáé ôïõ
åßäïõò ôùí öïñôßùí ôùí áîüíùí ôùí Åìðïñéêþí Ï÷çìÜôùí
(ÅÏ) ðïõ äéÝñ÷ïíôáé áðü ôï óõãêåêñéìÝíï ïäüóôñùìá. Ùò
Åìðïñéêü ¼÷çìá (ÅÏ) óôçí ðáñïýóá åñãáóßá ïñßæåôáé êÜèå
ü÷çìá ìå ùöÝëéìï öïñôßï ðïõ äåí åßíáé ìéêñüôåñï áðü 5t. Ç
÷ñçóéìüôçôá ôùí ðáñáìÝôñùí áõôþí äåí Ý÷åé ãßíåé ðëÞñùò
êáôáíïçôÞ óôç ÷þñá ìáò ðáñ� üëï ôï åêôåíÝóôáôï ïäïðïéç-
ôéêü ðñüãñáììá ðïõ åêôåëåßôáé ôá ôåëåõôáßá ÷ñüíéá. Ãéá ôï
ëüãï áõôü ïé ó÷åôéêÝò ìåôñÞóåéò äåí åßíáé ðõêíÝò êáé ôáêôé-
êÝò, áëëÜ áíôßèåôá åßíáé ðåñéïñéóìÝíåò êáé áöïñïýí óå ïñé-
óìÝíåò åñåõíçôéêÝò ðñïóðÜèåéåò ôïõ Å.Ì.Ð. êáé ôïõ Á.Ð.È.
ðïõ ÷ñçìáôïäïôÞèçêáí áðü ôï ÔÅÏ. [1-5]. Áîßæåé íá óçìåé-
ùèåß üôé óå Üëëåò ÷þñåò äåí ðåñéïñßæïíôáé óôçí áðëÞ ìÝôñç-
óç ôïõ áñéèìïý êáé ôïõ åßäïõò ôùí ï÷çìÜôùí ðïõ êõêëïöï-
ñïýí óôï ïäéêü äßêôõï (üðùò ãßíåôáé óôç ÷þñá ìáò), áëëÜ
Ý÷ïõí åãêáôáóôÞóåé óå êáôÜëëçëåò èÝóåéò åéäéêÜ óõóôÞìáôá
ìÝôñçóçò ôïõ âÜñïõò êáé ôïõ åßäïõò ôùí áîüíùí ôùí ï÷çìÜ-
ôùí �åí êéíÞóåé�. 

Óôçí åñãáóßá áõôÞ, óå áíôßèåóç ìå ðñïçãïýìåíåò, ï õðï-
ëïãéóìüò ôùí äåéêôþí öèïñÜò ïäïóôñþìáôïò áíÜ åìðïñéêü
ü÷çìá ãßíåôáé ìå áíáëõôéêü õðïëïãéóìü, ÷ùñßò ôç ÷ñÞóç
óõíôåëåóôþí ìå åìðåéñéêÞ ðñïÝëåõóç. ÄéåñåõíÜôáé ç åðß-
äñáóç ôïõ åßäïõò ôùí áîüíùí, ôïõ áñéèìïý ôùí ôñï÷þí, ôïõ
öïñôßïõ ôïõ ôõðéêïý Üîïíá, êáé åîåôÜæåôáé ç óõìâïëÞ ôïõ
êñéôçñßïõ áóôï÷ßáò ôïõ ïäïóôñþìáôïò êáé ôïõ åßäïõò ôïõ
ïäïóôñþìáôïò óôçí ôéìÞ ôïõ äåßêôç öèïñÜò. Ï õðïëïãéóìüò
âáóßæåôáé óå ìåôñÞóåéò ðïõ Ýãéíáí áðü ôï ÅñãáóôÞñéï Ïäï-
ðïéßáò ôïõ ÔïìÝá Ìåôáöïñþí êáé ÓõãêïéíùíéáêÞò Õðïäï-
ìÞò ôïõ Å.Ì.Ð. óå äýï óçìåßá ôçò ÍÝáò ÅèíéêÞò Ïäïý
Ðáôñþí - Èåóóáëïíßêçò óôï ÄåñâÝíé êáé óôï ÌðïãéÜôé.
ÌåôñÞóåéò ôïõ âÜñïõò ôùí áîüíùí ôùí ÅÏ ãéá ôç Â. ÅëëÜ-
äá Ý÷ïõí ðáñïõóéáóôåß áðü ôï Á.Ð.È. [3-7].

ÓÕÌÂÏËÉÓÌÏÉ

ÓÉ : ÓõíôåëåóôÞò Éóïäõíáìßáò.
ÓÉÄ : ÓõíïëéêÝò Éóïäýíáìåò Äéåëåýóåéò.
ÄÖåï : Äåßêôçò ÖèïñÜò åìðïñéêïý ï÷Þìáôïò.
ÌÄÖ : ÌÝóïò Äåßêôçò ÖèïñÜò.

3. ÓÕÍÔÅËÅÓÔÅÓ ÉÓÏÄÕÍÁÌÉÁÓ

ÄåäïìÝíïõ üôé ïé Üîïíåò ôùí ÅÏ ðáñïõóéÜæïõí ìåãÜëç
ðïéêéëßá ùò ðñïò ôï öïñôßï ôïõò, ôç äéÜôáîÞ ôïõò êáé ôï
åßäïò ôùí ôñï÷þí ôïõò, åßíáé ðñáêôéêÜ äýóêïëï ôá áðïôåëÝ-
óìáôá ôùí ìåôñÞóåùí íá ëçöèïýí õðüøç óôïí õðïëïãéóìü
ùò Ý÷ïõí. Ãéá ôï ëüãï áõôü ôá äéÜöïñá åßäç áîüíùí ÷ùñßæï-
íôáé óå ïìÜäåò ðïõ ðñïêáëïýí ôçí ßäéá åíôáôéêÞ êáôÜóôáóç
óôï ïäüóôñùìá êáé ïé äéåëåýóåéò ôùí ïìÜäùí áõôþí åêöñÜ-
æïíôáé óå éóïäýíáìåò äéåëåýóåéò åíüò �ôõðéêïý Üîïíá�, ïé
ïðïßåò ðñïêáëïýí ôçí ßäéá öèïñÜ ìå ôçí ðñáãìáôéêÞ êõêëï-
öïñßá. Ç ìåôáôñïðÞ áõôÞ ãßíåôáé ìå ôç âïÞèåéá ôùí Óõíôå-
ëåóôþí Éóïäõíáìßáò (ÓÉ).
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Ï õðïëïãéóìüò ôùí ÓÉ ìðïñåß íá ãßíåé ìå ôç âïÞèåéá ôùí
áëãïñßèìùí ôïõ Ïäéêïý ÐåéñÜìáôïò AASHO [8] Þ ìå ôçí
áðëïðïéçìÝíç ó÷Ýóç ðïõ åßíáé ãíùóôÞ êáé ùò �íüìïò ôçò
ôåôÜñôçò äýíáìçò�, óýìöùíá ìå ôçí ïðïßá ï ÓÉ ôïõ öïñôßïõ
Ñi ùò ðñïò ôï öïñôßï áíáöïñÜò (ôõðéêü öïñôßï) äßíåôáé áðü
ôç ó÷Ýóç: 

(3.1)

Óôçí åñãáóßá �ÊñéôéêÞ Èåþñçóç ôùí Ìåèüäùí Õðïëï-
ãéóìïý ôùí Óõíôåëåóôþí Éóïäõíáìßáò Öïñôßùí Åìðïñéêþí
Ï÷çìÜôùí� [9] ðáñïõóéÜæåôáé, åêôüò ôçò ìåèüäïõ ôïõ Ïäé-
êïý ÐåéñÜìáôïò AASHO, êáé ç ìÝèïäïò õðïëïãéóìïý ôùí
ÓÉ óýìöùíá ìå ôéò áñ÷Ýò ôïõ áíáëõôéêïý õðïëïãéóìïý ôùí
ïäïóôñùìÜôùí ðïõ âáóßæåôáé óôá ìç÷áíéêÜ ÷áñáêôçñéóôéêÜ
ôùí óôñþóåùí ôïõ ïäïóôñþìáôïò (ìÝôñá åëáóôéêüôçôáò,
áíôï÷Þ óå êüðùóç, ìüíéìç ðáñáìüñöùóç). Ïé ÓÉ áõôïß äåí
Ý÷ïõí ôïõò ðåñéïñéóìïýò ôùí ÓÉ ôïõ Ïäéêïý ÐåéñÜìáôïò
AASHO ùò ðñïò ôá ìç÷áíéêÜ ÷áñáêôçñéóôéêÜ ôùí õëéêþí
ôùí ïäïóôñùìÜôùí êáé ùò ðñïò ôá åßäç ôùí ôñï÷þí [9] êáé
÷ñçóéìïðïéïýíôáé óôçí áíÜëõóç ôùí ìåôñÞóåùí áõôÞò ôçò
åñãáóßáò. ¼ôáí ï õðïëïãéóìüò ôïõ ðÜ÷ïõò ôùí ïäïóôñùìÜ-
ôùí ãßíåôáé ìå áíáëõôéêÝò ìåèüäïõò, åßíáé èåùñçôéêÜ ïñèü-
ôåñï êáé óõíåðÝóôåñï ïé ÓÉ ðïõ ÷ñçóéìïðïéïýíôáé íá õðïëï-
ãßæïíôáé êáé áõôïß ìå áíáëõôéêÞ ìÝèïäï. Ïé åñãáóßåò, ðïõ
Ý÷ïõí ãßíåé ìÝ÷ñé óÞìåñá, âáóßæïíôáé êõñßùò óå ðñïóåããé-
óôéêÝò ó÷Ýóåéò ôçò ìïñöÞò 3.1 Þ óôïõò óõíôåëåóôÝò éóïäõ-
íáìßáò ôïõ Ïäéêïý ÐåéñÜìáôïò AASHO.

ÁíåîÜñôçôá áðü ôç ìÝèïäï õðïëïãéóìïý ôùí Óõíôåëå-
óôþí Éóïäõíáìßáò (ÓÉi), ïé �Éóïäýíáìåò Äéåëåýóåéò� (ÉÄ)
åíüò Üîïíá öïñôßïõ Ñi Þ ìéáò ïìÜäáò öïñôßùí õðïëïãßæïíôáé
ìå ðïëëáðëáóéáóìü ôùí ðñáãìáôéêþí äéåëåýóåùí ni ìå ôïí
ÓÉi, äçëáäÞ:

(3.2)

Ïé ÓõíïëéêÝò Éóïäýíáìåò Äéåëåýóåéò (ÓÉÄ) ôçò ðñáãìáôé-
êÞò êõêëïöïñßáò, ç ïðïßá óõíôßèåôáé áðü î ïìÜäåò áîüíùí,
èá äßíåôáé áðü:

(3.3)

Áíôß ôïõ áñéèìïý ôùí áîüíùí, åßíáé ðñáêôéêÜ ðéï åýêïëï
êáé áêñéâÝóôåñï íá åêôéìçèïýí ãéá ôçí ðåñßïäï õðïëïãé-
óìïý ôïõ ïäïóôñþìáôïò ïé äéåëåýóåéò ôùí åìðïñéêþí ï÷ç-
ìÜôùí áíÜ ïìÜäåò ï÷çìÜôùí Þ ùò óýíïëï.

¸ôóé áíÜëïãá ìå ôç óýíèåóç êÜèå óõãêåêñéìÝíçò êõêëï-
öïñßáò, åßíáé äõíáôü íá ãßíåé êáôÜôáîç ôùí åìðïñéêþí ï÷ç-
ìÜôùí, ìå óêïðü ôçí åîáãùãÞ äåéêôþí öèïñÜò ãéá êÜèå
êáôçãïñßá. Áõôüò ï äåßêôçò öèïñÜò äåß÷íåé ôïí éóïäýíáìï

áñéèìü ôùí ôõðéêþí áîüíùí áíÜ êáôçãïñßá åìðïñéêïý ï÷Þ-
ìáôïò êáé åßíáé óçìáíôéêÞ ðáñÜìåôñïò ãéá ìåëëïíôéêÝò åêôé-
ìÞóåéò ôùí Óõíïëéêþí Éóïäýíáìùí Äéåëåýóåùí ôõðéêïý
Üîïíá. 

ÃåíéêÜ, ôá åìðïñéêÜ ï÷Þìáôá åßíáé äõíáôü íá êáôçãïñéï-
ðïéçèïýí óýìöùíá ìå ôá ðáñáêÜôù êñéôÞñéá:
1. ×ñÞóç ôïõ ï÷Þìáôïò.

l ÖïñôçãÜ ï÷Þìáôá.
l Ëåùöïñåßá.

2. Áñéèìüò ôùí áîüíùí ôïõ öïñôçãïý ï÷Þìáôïò Þ ôïõ ëåù-
öïñåßïõ.

l 2-áîïíéêü ü÷çìá.
l 3-áîïíéêü ü÷çìá.
l 4-áîïíéêü ü÷çìá.
l 5-áîïíéêü ü÷çìá.
l 6-áîïíéêü ü÷çìá êáé Üíù.

3. ÁñèñùôÜ Þ Üêáìðôá öïñôçãÜ ï÷Þìáôá.
4. ÖïñôçãÜ ï÷Þìáôá ìå Þ ÷ùñßò ñõìïõëêïýìåíï.

3.1. ÌÝóïò äåßêôçò öèïñÜò áíÜ ôýðï åìðïñéêïý ï÷Þìáôïò

¸óôù üôé óå ìéá ÷ñïíéêÞ ðåñßïäï ìåôñÞóåùí ðáñáôçñÞ-
èçêáí í äéåëåýóåéò åíüò ôýðïõ åìðïñéêþí ï÷çìÜôùí, ðïõ
áíôéóôïé÷ïýí óå ñ äéåëåýóåéò áîüíùí, êáé yi åßíáé ï óõíôåëå-
óôÞò éóïäõíáìßáò êÜèå Üîïíá. Ôüôå ï ìÝóïò äåßêôçò öèïñÜò
ôçò êáôçãïñßáò ôïõ åìðïñéêïý ï÷Þìáôïò åßíáé:

(3.4)

¸ôóé, áí ç êõêëïöïñßá ôùí åìðïñéêþí ï÷çìÜôùí Ý÷åé
÷ùñéóôåß óå �ê� ôýðïõò, ï äåßêôçò öèïñÜò ôïõ ÅÏ ôýðïõ j
åßíáé ÄÖj êáé ãéá ôçí ðåñßïäï õðïëïãéóìïý Ý÷ïõí ðñïâëå-
öèåß Êj äéåëåýóåéò, ôüôå ïé ÓõíïëéêÝò Éóïäýíáìåò Äéåëåýóåéò
ôïõ ôõðéêïý Üîïíá, ãéá ôçí ðåñßïäï õðïëïãéóìïý ôïõ ïäï-
óôñþìáôïò, åßíáé: 

(3.5)

ÁíÜëïãá ïñßæåôáé êáé ï ÌÝóïò Äåßêôçò ÖèïñÜò (ÌÄÖ)
ôïõ óõíüëïõ ôùí åìðïñéêþí ï÷çìÜôùí:

(3.6)

üðïõ ÓÊj åßíáé ï óõíïëéêüò áñéèìüò äéåëåýóåùí ÅÏ.
Óôéò äéÜöïñåò ÷þñåò åêôåëïýíôáé óå ôáêôéêÜ ÷ñïíéêÜ äéá-

óôÞìáôá ìåôñÞóåéò ôïõ âÜñïõò êáé ôïõ åßäïõò ôùí áîüíùí
ôùí ÅÏ êáé äçìïóéåýïíôáé ïé ó÷åôéêÝò áíáëýóåéò. Óôï ó÷Þìá
1 äßíåôáé ç áýîçóç ôïõ ÌÄÖ óå áõôïêéíçôüäñïìï óôçí
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Ó÷Þìá 1: Áýîçóç ôïõ ÌÝóïõ Äåßêôç ÖèïñÜò ìå ôï ÷ñüíï óôç Ì.
Âñåôáíßá (1960-1990) [10].

Figure 1: Increase in vehicle Damaging Factor with time in the
U.K. (1960-1990) [10].

Ðßíáêáò 1: ÌÄÖ ãéá ìÝóç êáé âáñéÜ êõêëïöïñßá óôç Ãáëëßá [11].
Table 1: Average vehicle Damaging Factor for medium and heavy

traffic in France [11].

Áããëßá [10] ìå ôçí ðáñÝëåõóç ôùí åôþí, ãåãïíüò ðïõ ïöåß-
ëåôáé áö�åíüò óôçí áýîçóç ôïõ ìÝóïõ ìåôáöåñüìåíïõ öïñ-
ôßïõ áíÜ ÅÏ êáé áö�åôÝñïõ óôçí áýîçóç ôïõ ìÝóïõ áñéèìïý
áîüíùí áíÜ ÅÏ (ôõðéêüò Üîïíáò 8.2 t). 

Óôïí ðßíáêá 1 äßíïíôáé ïé ÌÄÖ ðïõ óõíéóôþíôáé áðü ôéò
ãáëëéêÝò ïäçãßåò õðïëïãéóìïý ðÜ÷ïõò ïäïóôñùìÜôùí [11]
ãéá ìÝóç êáé âáñéÜ êõêëïöïñßá ãéá äéÜöïñá åßäç ïäïóôñù-
ìÜôùí. O ÌÄÖ áíáöÝñåôáé óå ôõðéêü Üîïíá 13t ìå äßäõìïõò
ôñï÷ïýò.

Ìå ôïí ôñüðï áõôü ï õðïëïãéóìüò ôçò åðßäñáóçò ôçò
êõêëïöïñßáò óôïí õðïëïãéóìü ôïõ ðÜ÷ïõò åíüò ïäïóôñþìá-
ôïò, ãéá ôï ïðïßï äåí õðÜñ÷ïõí ðñáãìáôéêÝò ìåôñÞóåéò ôïõ
âÜñïõò ôùí öïñôßùí ôùí áîüíùí ôùí ÅÏ, ìðïñåß íá ãßíåé
áðü ôéò ðñïâëåðüìåíåò óõíïëéêÝò äéåëåýóåéò ÅÏ ìå áðëü
ðïëëáðëáóéáóìü ìå ôïí ÌÄÖ, õðü ôçí ðñïûðüèåóç üôé ç
óýíèåóç ôçò êõêëïöïñßáò ôùí ÅÏ óôï äñüìï áõôü äåí åßíáé
äéáöïñåôéêÞ áðü ôç óýíèåóç ôçò êõêëïöïñßáò áðü ôçí
ïðïßá ðñïÝêõøáí ïé ÌÄÖ.

4. ÁÍÁËÕÔÉÊÏÓ ÕÐÏËÏÃÉÓÌÏÓ ÄÅÉÊÔÙÍ
ÖÈÏÑÁÓ ÔÙÍ ÅÌÐÏÑÉÊÙÍ Ï×ÇÌÁÔÙÍ
ÃÉÁ ÅÕÊÁÌÐÔÁ ÊÁÉ ÇÌÉÁÊÁÌÐÔÁ
ÏÄÏÓÔÑÙÌÁÔÁ

Óôï êåöÜëáéï áõôü ðáñïõóéÜæïíôáé ôá áðïôåëÝóìáôá
ôïõ áíáëõôéêïý õðïëïãéóìïý ôùí äåéêôþí öèïñÜò ôùí
åìðïñéêþí ï÷çìÜôùí ãéá åýêáìðôá êáé çìéÜêáìðôá ïäïóôñþ-
ìáôá, üðùò ðñïÝêõøáí áðü åðåîåñãáóßá ôùí ìåôñÞóåùí ðïõ
Ýãéíáí óå äýï èÝóåéò ôïõ åèíéêïý ïäéêïý äéêôýïõ, ìå ÓõóôÞ-
ìáôá ÌÝôñçóçò Áîïíéêþí öïñôßùí åí ÊéíÞóåé (ÓÌÁÊ). Ôá
óõóôÞìáôá áõôÜ äéáêñßíïíôáé óå �öïñçôÜ�, ôá ïðïßá ìðï-
ñïýí íá ìåôáêéíïýíôáé óå äéÜöïñåò èÝóåéò, êáé óôá �ìüíéìá�
ðïõ ôïðïèåôïýíôáé óå êáôÜëëçëá åêëåãìÝíåò èÝóåéò êáé
ìåôñïýí ôá ÷áñáêôçñéóôéêÜ ôçò êõêëïöïñßáò óå óõíå÷Þ
âÜóç. Ôá öïñçôÜ óõóôÞìáôá äåí êáëýðôïõí üëï ôï ðëÜôïò
ôïõ ïäïóôñþìáôïò, ãåãïíüò ôï ïðïßï åßíáé ìåéïíÝêôçìá ðïõ
ãßíåôáé óçìáíôéêü, üôáí ç ïäüò áðïôåëåßôáé áðü ðåñéóóüôå-
ñåò áðü ìßá ëùñßäåò êõêëïöïñßáò áíÜ êáôåýèõíóç. Óôçí
åñãáóßá áõôÞ ÷ñçóéìïðïéÞèçêáí ìåôñÞóåéò ðïõ Ýãéíáí ìå
öïñçôÜ óõóôÞìáôá, åíþ áíáöïñÜ èá ãßíåé êáé óå ìüíéìï
óýóôçìá ðïõ åãêáôáóôÜèçêå óôïí ÐÁÈÅ óôçí ðåñéï÷Þ
Ó÷çìáôáñßïõ óå üëï ôï ðëÜôïò ôùí ôåóóÜñùí ëùñßäùí
êõêëïöïñßáò.

Ôá ÓÌÁÊ êáé ïé áíôßóôïé÷åò èÝóåéò ôïõ ïäéêïý äéêôýïõ
ðïõ ôïðïèåôÞèçêáí åßíáé:

1. Ôï ÓÌÁÊ ðïõ ÷ñçóéìïðïéåß ôï ÔÅÏ: 
Ðñüêåéôáé ãéá Ýíá öïñçôü ÓÌÁÊ, ðïõ ÷ñçóéìïðïéåß

áéóèçôÞñåò õðü ìïñöÞ ôáðÞôùí (ðõêíùôÝò), óå óõíäõáóìü
ìå äýï åðáãùãéêïýò âñü÷ïõò. Ôüóï ï ôÜðçôáò üóï êáé ïé äýï
åðáãùãéêïß âñü÷ïé óôåñåþíïíôáé óôçí åðéöÜíåéá êýëéóçò
ôïõ ïäïóôñþìáôïò ìå åéäéêÝò áõôïêüëëçôåò ôáéíßåò. 

Óôç ðáñïýóá åñãáóßá ÷ñçóéìïðïéÞèçêáí ìåôñÞóåéò ôïõ
óõóôÞìáôïò ãéá ôçí ðåñßïäï áðü 14/4/92 Ýùò 20/4/92 óôï
132ï ÷ëì. ôçò ÅèíéêÞò Ïäïý ÁèÞíáò - ÐÜôñáò óôï ÄåñâÝíé
êáé ãéá ôçí ðåñßïäï áðü 18/6/93 Ýùò 25/6/93 óôï 32ï ÷ëì.
ôçò ÅèíéêÞò Ïäïý ÁèÞíáò - Ëáìßáò óôï ÌðïãéÜôé. Ïé ìåôñÞ-
óåéò Ýãéíáí óôï ðëáßóéï åñåõíçôéêïý ðñïãñÜììáôïò ôïõ
ÔÅÏ ðïõ åêðüíçóå ôï Å.Ì.Ð. 

Óôïí ðßíáêá 2 ðáñïõóéÜæïíôáé ïé ôýðïé ôùí åìðïñéêþí
ï÷çìÜôùí, óôïõò ïðïßïõò äéá÷ùñßæåé ôá ï÷Þìáôá ôï öïñçôü
ÓÌÁÊ ôïõ ÔÅÏ êáé ãéá ôïõò ïðïßïõò õðïëïãßóôçêáí ïé äåß-
êôåò öèïñÜò. 

2. Ôï ÓÌÁÊ HESTIA ðïõ åãêáôáóôÜèçêå áðü ôï Å.Ì.Ð. [12]:
Ôï ÓÌÁÊ �HESTIA� åßíáé Ýíáò ìüíéìïò óôáèìüò, ï

ïðïßïò ÷ñçóéìïðïéåß ùò áéóèçôÞñéá üñãáíá äýï ðéåæïçëå-
êôñéêÜ êáëþäéá êáé Ýíáí åðáãùãéêü âñü÷ï ãéá êÜèå ëùñßäá
êõêëïöïñßáò. 

Ï óôáèìüò �HESTIA� åãêáôáóôÜèçêå ôï 1994 óôï 62ï
÷ëì. ôçò ÅèíéêÞò Ïäïý ÁèÞíáò - Ëáìßáò óôï Ó÷çìáôÜñé êáé



óôéò 4 ëùñßäåò êõêëïöïñßáò ãéá ôïõò óêïðïýò ôïõ åñåõíçôé-
êïý ðñïãñÜììáôïò ôïõ Õ.ÐÅ.×Ù.Ä.Å., ðïõ åêðüíçóå ôï
Å.Ì.Ð. [12].

¸íá ãåíéêü ìåéïíÝêôçìá ôùí ÓõóôçìÜôùí ÌÝôñçóçò
Áîïíéêþí öïñôßùí åí ÊéíÞóåé åßíáé ç áäõíáìßá êáôáãñáöÞò
ôïõ åßäïõò ôùí ôñï÷þí (áðëþí, äßäõìùí, ìå åõñý ðÝëìá).
ÃåíéêÜ, üìùò, åßíáé äéáðéóôùìÝíï üôé ïé äéåõèõíôÞñéïé Üîï-
íåò (áðëÜ êáé äéðëÜ óõóôÞìáôá áîüíùí) äéáèÝôïõí áðëïýò
ôñï÷ïýò, åíþ ïé õðüëïéðïé äéáèÝôïõí äßäõìïõò êáé Ýíá
ìéêñüôåñï ðïóïóôü ôñï÷ïýò �åõñÝïò ðÝëìáôïò�. (Ç ôåëåõ-
ôáßá áõôÞ ðåñßðôùóç èá ðñÝðåé íá áðïôåëÝóåé áíôéêåßìåíï
åéäéêÞò Ýñåõíáò). Ìå êáôÜëëçëç åðåîåñãáóßá ôùí äåäïìÝ-
íùí ôùí äýï ÓÌÁÊ âñÝèçêáí ïé áðëïß äéåõèõíôÞñéïé Üîï-
íåò, ôá äéðëÜ óõóôÞìáôá äéåõèõíôçñßùí, ïé áðëïß Üîïíåò
êáèþò êáé ôá äéðëÜ êáé ôñéðëÜ óõóôÞìáôá áîüíùí. ¸ôóé
èåùñÞèçêå üôé ïé äéåõèõíôÞñéïé Üîïíåò äéáèÝôïõí áðëïýò
ôñï÷ïýò, åíþ ïé õðüëïéðïé ðñïóåããéóôéêÜ äßäõìïõò, ìå
�êáíïíéêÜ� ìåãÝèç ðÝëìáôïò.
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Ó÷Þìá 2: ÄéáôïìÝò ïäïóôñùìÜôùí ðïõ ëÞöèçêáí õðüøç ãéá ôïí
õðïëïãéóìü ôùí äåéêôþí öèïñÜò.

Figure 2: Pavement structures and material properties.

Ï áíáëõôéêüò õðïëïãéóìüò ôùí äåéêôþí öèïñÜò ôùí
åìðïñéêþí ï÷çìÜôùí Ýãéíå ãéá ôéò ðñïáíáöåñèåßóåò èÝóåéò
ôïõ åèíéêïý ïäéêïý äéêôýïõ êáé ãéá ôéò áêüëïõèåò ðåñéðôþ-
óåéò: 
⇒ Ôõðéêïß Üîïíåò:

1. Áðëüò Üîïíáò ìå áðëïýò ôñï÷ïýò ìå óõíïëéêü öïñôßï 13t. 
2. Áðëüò Üîïíáò ìå áðëïýò ôñï÷ïýò ìå óõíïëéêü öïñôßï 8t.
3. Áðëüò Üîïíáò ìå äßäõìïõò ôñï÷ïýò ìå óõíïëéêü öïñôßï 13t.
4. Áðëüò Üîïíáò ìå äßäõìïõò ôñï÷ïýò ìå óõíïëéêü öïñôßï 8t.

⇒ ÊñéôÞñéá áóôï÷ßáò: 

1. Êüðùóç ôçò áóöáëôéêÞò óôñþóçò, ãéá ôï åýêáìðôï ïäü-
óôñùìá ôçò äéáôïìÞò 1 (âë. ó÷Þìá 2).

2. Áóôï÷ßá ôçò óôñþóçò Ýäñáóçò áðü ðáñáìüñöùóç ëüãù
åðáíáëáìâáíüìåíçò öüñôéóçò, ãéá ôï åýêáìðôï ïäü-
óôñùìá ôçò äéáôïìÞò 1 (âë. ó÷Þìá 2).

3 Êüðùóç ôïõ Ê.È.Á., ãéá ôï çìéÜêáìðôï ïäüóôñùìá ôçò
äéáôïìÞò 2 (âë. ó÷Þìá 2).

Óôïõò ðßíáêåò 3 êáé 4 äßíåôáé áðü Ýíá ðáñÜäåéãìá õðï-
ëïãéóìïý ôïõ äåßêôç öèïñÜò ãéá ôçí áóöáëôéêÞ óôñþóç êáé
ôç óôñþóç ôïõ Ê.È.Á. áíôßóôïé÷á, ôïõ ôýðïõ ÅÏ 6, áðü ôéò
ìåôñÞóåéò óôï ÌðïãéÜôé óôçí êáôåýèõíóç ðñïò ÁèÞíá.
¼ðùò öáßíåôáé, ïé Éóïäýíáìåò Äéåëåýóåéò êÜèå åßäïõò Üîïíá
õðïëïãßæïíôáé óýìöùíá ìå ôéò êáôÜëëçëåò áíáëõôéêÝò ó÷Ý-
óåéò ðïõ Ý÷ïõí ðáñïõóéáóôåß óå ðñïçãïýìåíç åñãáóßá [9],
áíÜëïãá ìå ôïí ôýðï ôïõ ïäïóôñþìáôïò êáé ôï êñéôÞñéï

Ðßíáêáò 2: Ôýðïé åìðïñéêþí ï÷çìÜôùí óýìöùíá ìå ôçí êáôçãïñéï-
ðïßçóç Íï 3 ôçò Golden River.

Table 2: Vehicle classification according to the Golden River
scheme 3. 



áóôï÷ßáò. Ï äåßêôçò öèïñÜò ôïõ ÅÏ ðñïêýðôåé áðü ôç äéáß-
ñåóç ôïõ óõíüëïõ ôùí ÉÄ ðñïò ôéò äéåëåýóåéò ôïõ ôýðïõ ÅÏ. 

ÁíÜëïãïé ðßíáêåò ìå ôïõò 3 êáé 4 óõíôÜ÷èçêáí ãéá üëåò
ôéò êáôçãïñßåò ôùí ÅÏ êáé ïé Äåßêôåò ÖèïñÜò áíÜ ÅÏ êáèþò
êáé ïé óõíïëéêïß ÌÝóïé Äåßêôåò ÖèïñÜò ðáñïõóéÜæïíôáé
óôïõò ðßíáêåò 5, 6 ãéá ôï ÌðïãéÜôé êáé 7, 8 ãéá ôéò ìåôñÞóåéò
óôï ÄåñâÝíé, áíÜëïãá ìå ôïí ôýðï ôïõ ïäïóôñþìáôïò, ôï
êñéôÞñéï áóôï÷ßáò, ôï öïñôßï êáé ôï åßäïò ôùí ôñï÷þí ôïõ
ôõðéêïý Üîïíá. Åðéóçìáßíåôáé üôé äåßêôåò öèïñÜò âáóßæïíôáé
óå åðåîåñãáóßá ìåôñÞóåùí áðü Ýíá ìÞíá ôïõ Ýôïõò (Áðñßëéï
Þ Éïýíéï) êáé ãéá ðåñéïñéóìÝíï ÷ñïíéêü äéÜóôçìá (åðôÜ Þ
äÝêá çìÝñåò). Ïé ôéìÝò ôùí äåéêôþí öèïñÜò èá Þôáí ðéï áîéü-
ðéóôåò êáé áíôéðñïóùðåõôéêÝò ôïõ Ýôïõò, áí ðñïÝñ÷ïíôáí
áðü áíÜëõóç ìåôñÞóåùí áñêåôþí ìçíþí êáé ãéá ìåãáëýôåñï
÷ñïíéêü äéÜóôçìá (ôïõëÜ÷éóôï äýï åâäïìÜäåò).

Ãéá ëüãïõò óýãêñéóçò óôï 32ï ÷ëì. ôçò ÅèíéêÞò Ïäïý
ÁèÞíáò - Ëáìßáò, Ýãéíå åðßóçò õðïëïãéóìüò ôùí äåéêôþí
öèïñÜò ãéá ôõðéêü Üîïíá 13t ìå äßäõìïõò ôñï÷ïýò, õðïèÝôï-
íôáò üôé ôï öïñôßï ôùí áîüíùí äåí õðåñâáßíåé ôïõò 13t,
äçëáäÞ ôá öïñôßá, ðïõ õðåñÝâáéíáí ôïõò 13t, èåùñÞèçêáí
ßóá ìå 13t (âë. ðßíáêá 9 êáé ó÷Þìá 3). Õðåíèõìßæåôáé üôé ôï
íïìïèåôçìÝíï üñéï ãéá ôïõò áðëïýò Üîïíåò åßíáé 13t êáé ãéá
ôá ðïëëáðëÜ óõóôÞìáôá áîüíùí 10t áíÜ Üîïíá [13]. Ï
áðëïðïéçôéêüò áõôüò õðïëïãéóìüò Ýãéíå ãéá íá ðáñïõóéáóèåß
ðáñáóôáôéêüôåñá ç åðéññïÞ ôùí öïñôßùí ðïõ õðåñâáßíïõí
ôá íïìïèåôçìÝíá üñéá óôç öèïñÜ ôùí ïäïóôñùìÜôùí.

5. ÓÕÌÐÅÑÁÓÌÁÔÁ - ÐÑÏÔÁÓÅÉÓ 

l Óõãêñßíïíôáò ôïõò äåßêôåò öèïñÜò ôùí Eìðïñéêþí Ï÷ç-
ìÜôùí (ÅÏ) - åßôå ìÝóïõò åßôå áíÜ ôýðï ï÷Þìáôïò - ðïõ
õðïëïãßóôçêáí áðü ôéò ìåôñÞóåéò óôï ÌðïãéÜôé (ðßíáêåò
5 êáé 6), ìå áõôïýò ðïõ õðïëïãßóôçêáí áðü ôéò ìåôñÞóåéò
óôï ÄåñâÝíé (ðßíáêåò 7 êáé 8), ðñïêýðôåé üôé ç äéáöïñÜ
ôïõò äåí åßíáé óçìáíôéêÞ. Áõôü ïöåßëåôáé óôï üôé ðáñÜ
ôï äéáöïñåôéêü öüñôï ôùí ÅÏ (ðåñßðïõ 2000 ÅÏ/çìÝñá
óôï ÌðïãéÜôé êáé 600 ÅÏ/çìÝñá óôï ÄåñâÝíé) ç óýíèåóç
ôçò êõêëïöïñßáò, óå ðïóïóôü ôýðùí ï÷çìÜôùí êáé öïñ-
ôßùí áîüíùí, åßíáé ðáñüìïéá (âë. ðßíáêåò 5 Ýùò 8). Áõôü
Ý÷åé éäéáßôåñç óçìáóßá, áí äå åðéâåâáéùèåß êáé ìå ìåôñÞ-
óåéò óå Üëëåò èÝóåéò ôïõ ÍÝïõ Åèíéêïý Ïäéêïý Äéêôýïõ,
ôüôå èá åßíáé äõíáôüí íá êáôáñôéóôïýí ðßíáêåò ÄÖ áíÜ
ôýðï ïäïóôñþìáôïò, áíÜ êáôçãïñßá ïäïý êáé ðéèáíüí
áíÜ ãåùãñáöéêÞ èÝóç, üðùò ï ðßíáêáò 1 [11], ðïõ èá
äéåõêïëýíïõí óçìáíôéêÜ ôïí õðïëïãéóìü íÝùí êáé ôç
óõíôÞñçóç ðáëáéþí ïäïóôñùìÜôùí.

l EîåôÜæïíôáò ôï ßäéï ïäüóôñùìá ìå ôï ßäéï êñéôÞñéï áóôï-
÷ßáò, oé äåßêôåò öèïñÜò ôùí åìðïñéêþí ï÷çìÜôùí, åîáñ-
ôþíôáé óå óçìáíôéêü âáèìü ü÷é ìüíï áðü ôï öïñôßï ôïõ
ôõðéêïý Üîïíá, áëëÜ êáé áðü ôï åßäïò ôùí ôñï÷þí ôïõ

(âë. ðßíáêåò 5, 6, 7, 8). Ãéá ðáñÜäåéãìá, ï ìÝóïò äåßêôçò
öèïñÜò ôçò áóöáëôéêÞò óôñþóçò ôçò äéáôïìÞò 1 (âë.
ðßíáêá 5), ðïõ ðñïêýðôåé ãéá ôõðéêü Üîïíá 13t ìå äßäõ-
ìïõò ôñï÷ïýò, åßíáé 1.24, åíþ ãéá ôõðéêü Üîïíá 13t ìå
áðëïýò ôñï÷ïýò åßíáé 0.26. Áõôü óçìáßíåé üôé 1.24 äéå-
ëåýóåéò Üîïíá 13t ìå äßäõìïõò ôñï÷ïýò ðñïêáëïýí ôçí
ßäéá öèïñÜ ìå 0.24 äéåëåýóåéò Üîïíá 13t ìå áðëïýò ôñï-
÷ïýò. ÅðïìÝíùò, ìßá äéÝëåõóç Üîïíá 13t ìå áðëïýò ôñï-
÷ïýò ðñïêáëåß óôçí áóöáëôéêÞ óôñþóç ðåñßðïõ 5 öïñÝò
(1.24/0.26) ìåãáëýôåñç öèïñÜ áðü ìßá äéÝëåõóç Üîïíá
13t ìå äßäõìïõò ôñï÷ïýò.

Ãéá ôï ëüãï áõôü ï õðïëïãéóìüò ôçò éóïäýíáìçò êõêëï-
öïñßáò ìå åöáñìïãÞ ôçò ó÷Ýóçò ôçò ôÝôáñôçò äýíáìçò (ó÷.
3.1) ðñÝðåé íá ãßíåôáé ìå ðñïóï÷Þ, äåäïìÝíïõ üôé äåí ãßíåôáé
äéÜêñéóç ìåôáîý áðëþí êáé äßäõìùí ôñï÷þí êáé åðïìÝíùò ïé
óõíïëéêÝò ÉÄ èá ðñïêýðôïõí ïé ßäéåò êáé ãéá äßäõìïõò êáé ãéá
áðëoýò. Áí, üìùò, ôï ðñáãìáôéêü ðïóïóôü ôùí áðëþí ôñï-
÷þí åßíáé óçìáíôéêü, ôüôå ïé �ïñèÜ� õðïëïãéóìÝíåò ÉÄ èá
åßíáé ðåñéóóüôåñåò áðü åêåßíåò ðïõ ðñïêýðôïõí áðü ôçí
åöáñìïãÞ ôçò ó÷. 3.1 ãéá äßäõìïõò ôñï÷ïýò, äåäïìÝíïõ üôé ï
áðëüò ôñï÷üò åßíáé äõóìåíÝóôåñïò êáé åðïìÝíùò åðéöÝñåé
ìåãáëýôåñç öèïñÜ áðü ôïí áíôßóôïé÷ï äßäõìï ôñï÷ü (ìå ßäéï
óõíïëéêü öïñôßï êáôáíåìçìÝíï óå äýï ôñï÷ïýò). Ãéá ôï ëüãï
áõôü, óå ðåñßðôùóç ðïõ ïé ÓÉÄ Ý÷ïõí õðïëïãéóôåß ìå ôç
ó÷Ýóç ôçò ôÝôáñôçò äýíáìçò (ó÷. 3.1), óõíéóôÜôáé ï êáèïñé-
óìüò ôùí åðéôñåðüìåíùí äéåëåýóåùí íá ãßíåôáé ìå ôïí õðï-
ëïãéóìü ôùí ðáñáìïñöùóéáêþí ìåãåèþí ðïõ áíáðôýóóï-
íôáé óôï óõãêåêñéìÝíï ïäüóôñùìá ìå ÷ñÞóç åðß ôï äõóìåíÝ-
óôåñïí áðëïý ôñï÷ïý áíôß äßäõìïõ.

Èá ðñÝðåé, åðßóçò, íá ëçöèåß õðüøç êáé ôï ãåãïíüò ôçò
áëìáôþäïõò áíôéêáôÜóôáóçò ôùí äßäõìùí ôñï÷þí ìå ôñï-
÷ïýò ìå åõñý ðÝëìá, ïé ïðïßïé, ðáñÜ ôç ìåãáëýôåñç åðéöÜ-
íåéá åðáöÞò ðïõ äéáèÝôïõí, ðñïêáëïýí êáôáðüíçóç óôï
ïäüóôñùìá ðïõ ðëçóéÜæåé åêåßíç ôùí óõíÞèùí áðëþí ôñï-
÷þí êáé åðïìÝíùò áðáéôåßôáé ðåñáéôÝñù äéåñåýíçóç.

l Áðü ôïí õðïëïãéóìü ôùí õðïèåôéêþí äåéêôþí öèïñÜò
÷ùñßò õðÝñâáóç ôïõ íüìéìïõ öïñôßïõ ðñïÝêõøå üôé: Áí
ïé Üîïíåò ôùí åìðïñéêþí ï÷çìÜôùí åß÷áí üñéï öïñôßïõ
ôïýò 13t, èá ðñïêáëïýóáí óôç äéáôïìÞ 1 ôïõ åýêáìðôïõ
ïäïóôñþìáôïò (1.24-0.95)/1.24=23% ìéêñüôåñç öèïñÜ,
åíþ óôç äéáôïìÞ 2 ôïõ çìéÜêáìðôïõ ïäïóôñþìáôïò
(8.04-0.97)/8.04=88% (âë. ðßíáêá 9 êáé ó÷Þìá 3). 

l Ïé ÌÝóïé Äåßêôåò ÖèïñÜò, ðïõ ðñïêýðôïõí áðü ôïõò
áíáëõôéêïýò õðïëïãéóìïýò ãéá ôá åýêáìðôá ïäïóôñþìá-
ôá (âë. ðßíáêåò 5, 6, 7, 8), åßíáé ëßãï õøçëüôåñïé áðü
áõôïýò ðïõ óõíéóôþíôáé áðü ôéò ãáëëéêÝò ïäçãßåò õðïëï-
ãéóìïý ðÜ÷ïõò ïäïóôñùìÜôùí (âë. ðßíáêá 1), ãéá ôõðéêü
Üîïíá 13t ìå äßäõìïõò ôñï÷ïýò. ÕðÜñ÷åé, üìùò, óçìáíôé-
êÞ äéáöïñÜ óõãêñßíïíôáò ôïõò ÌÄÖ ôùí çìéÜêáìðôùí
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ïäïóôñùìÜôùí. Ïé äéáöïñÝò áõôÝò áðïäßäïíôáé êáôÜ
êýñéï ëüãï óôïõò õðÝñâáñïõò Üîïíåò, üðùò öáßíåôáé êáé
áðü ôïí ðßíáêá 9. Ãéá ðáñÜäåéãìá, ãéá ôïí ôýðï ÅÏ 6 ôï
48% ôùí äéðëþí áîüíùí ìå äßäõìïõò ôñï÷ïýò õðåñâáßíåé
ôï íïìïèåôçìÝíï üñéï ôùí 10t/Üîïíá, åíþ ôï 11% ôùí
áðëþí áîüíùí ìå äßäõìïõò ôñï÷ïýò õðåñâáßíåé ôï üñéï
ôùí 13t. Ãéá ôïí ôýðï ÅÏ 8, ïé õðåñâÜóåéò åßíáé 42% êáé
33% áíôßóôïé÷á.

Ãßíåôáé Ýôóé áíôéëçðôü üôé óôá çìéÜêáìðôá ïäïóôñþìáôá
ôá áîïíéêÜ öïñôßá, ðïõ åßíáé ðÝñáí ôïõ åðéôñåðüìåíïõ
ïñßïõ, óõìâÜëëïõí óå ìåãÜëï âáèìü óôç öèïñÜ ôïõ ïäï-
óôñþìáôïò. Ç êáôÜóôáóç áõôÞ åãêõìïíåß óïâáñïýò êéíäý-
íïõò ðñüùñçò êáôáóôñïöÞò ôùí ïäïóôñùìÜôùí êáé äåí ðñÝ-
ðåé íá áöåèåß ÷ùñßò Üìåóåò åíÝñãåéåò. Ôá ÓÌÁÊ åßíáé äõíá-
ôü íá óõìâÜëïõí óå ôÝôïéåò åíÝñãåéåò, üðùò óôïí åíôïðéóìü
ôùí ï÷çìÜôùí ðïõ öÝñïõí õðÝñâáñïõò Üîïíåò ìå ôáõôü÷ñï-
íç åðéâïëÞ ðñïóôßìïõ êáé óôçí áíÜðôõîç êáôÜëëçëïõ ôéìï-
ëïãéáêïý óõóôÞìáôïò äéïäßùí óôï ïäéêü äßêôõï, áíÜëïãá ìå
ôç öèïñÜ ðïõ ôá åìðïñéêÜ ï÷Þìáôá ðñïêáëïýí. 

Åßíáé áðïëýôùò áðáñáßôçôï íá åãêáôáóôáèïýí óå óôñá-
ôçãéêÜ óçìåßá ôùí íÝùí åèíéêþí ïäþí (ÐÁÈÅ, ÅÃÍÁÔÉÁ)
áëëÜ êáé ôïõ Üëëïõ åèíéêïý äéêôýïõ óôáèìïß ìÝôñçóçò ôïõ
âÜñïõò ôùí áîüíùí ôùí ï÷çìÜôùí Ýôóé, þóôå ï õðïëïãéóìüò
ôùí íÝùí ïäïóôñùìÜôùí êáé ç åêôßìçóç ôùí áíáãêþí óå
óõíôÞñçóç ôùí åí ëåéôïõñãßá ïäïóôñùìÜôùí íá ãßíïíôáé ìå
âÜóç áîéüðéóôá óôïé÷åßá öüñôéóçò.
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Table 5: Vehicle Damaging Factors calculated for 4 different standard axles.
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Table 6: Vehicle Damaging Factors calculated for 4 different standard axles.
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Table 7: Vehicle Damaging Factors calculated for 4 different standard axles.
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Table 8: Vehicle Damaging Factors calculated for 4 different standard axles.
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Ðßíáêáò 9: Óýêãñéóç ìåôáîý ðñáãìáôéêþí êáé õðïèåôéêþí �íüìéìùí�* Äåéêôþí ÖèïñÜò.
Table 9: Comparison between real and hypothetical "legal" Damaging Factors.

Ó÷Þìá 4: Óýãêñéóç ìåôáîý ðñáãìáôéêþí êáé õðïèåôéêþí �íüìéìùí�* Äåéêôþí ÖèïñÜò.
Figure 4: Comparison between real and hypothetical "legal" Damaging Factors.
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Abstract
In this work the vehicle damaging factors calculated from weigh-in-
motion axle load measurements on two places of the national road
network are presented and discussed. The calculation was based on
analytical/mechanistic pavement design principles. Damaging fac-
tors were calculated for different types of standard axles in terms of
load magnitude (130, 80 kN), tyre configuration (single, dual tyres),
and pavement type (One �typical� highway flexible pavement and
one �typical� semi-rigid highway pavement). From the values pre-
sented it can be seen that the damaging factors are strongly influ-
enced by the above parameters.

In this work the results of weigh-in-motion axle load
measurements in two locations of the national network were
analysed in order to calculate the vehicle damaging factors.
The calculation of the damaging factors was based on ana-
lytical/mechanistic design methods, as presented in a pre-
vious work [9]. The analytical/ mechanistic design principles
allow, apart from the load magnitude, the tyre type, the axle
configuration, the pavement type and the thickness of the
pavement layers to be taken into consideration in the cal-
culation of the relevant equivalent axle load factors and finally
in the calculation of the damaging factors.

This method was applied for the calculation of the dama-
ging factors in two locations on the national road (132 km
Patras - Athens near Derveni and 32 km Athens - Lamia near
Bogiati). 

Two pavement types, one flexible and one semi-rigid, of
thicknesses which could be considered as typical for highway
pavements in our country were used for the calculation of the
damaging factors (see figure 2). Two types of pavement fai-
lures were considered in the case of flexible pavement
(fatigue of asphalt layer and deformation of subgrade). For
the semi-rigid pavement one type of failure was considered,
this of the fatigue failure of the cemented layers. The influ-
ence of the standard axle in terms of magnitude of load

(80kN, 130kN) and of the tyre configuration (single, dual)
was also examined. 

The weigh-in-motion equipment which was used for the
measurements registered the vehicle types in 13 categories as
shown in table 2. The damaging factor for each vehicle cate-
gory had first to be calculated for each location, on the basis
of the axle load measured and the relevant number of passes.
Load equivalent factors calculated in a previous work [9] for
each pavement type and load configuration were used to find
the total equivalent number of passes and the average dama-
ging factor. An example of such a calculation is given in table
3 for vehicle category 6 (see table 2), for the failure of the
asphalt layer of a flexible pavement (figure 2), and in table 4
for a cemented layer (cement bound granular material) of a
semi-rigid pavement (figure 2). 

The damaging factors for each vehicle category are
shown in tables 5 to 8 for each location and each traffic direc-
tion. The calculation was made for the flexible and semi-rigid
pavement shown in figure 2. As standard axle load a 80kN or
130kN axle load was considered on single or on dual tyres
configuration. In the last row of the tables 5 to 8 the total
average damaging factor is calculated based on the number of
passes of each vehicle type.

It should be stressed out that the values reported are based
on measurements made for one period of the year (April or
June) and for a limited time only (one week or ten days) and
therefore serious reservations should be expressed as to the
accuracy of the figures reported. The measurements should
be extended for several periods of the year for at least two
weeks in order to ensure that the sample of the commercial
vehicles measured was representative of the annual traffic.
However, with these reservations in mind, the following
points could be made:

The damaging factors are in agreement with those
reported in France (see table 1). France has a maximum legal
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axle load for single axle with dual tires of 130 kN, as in our
country, and the comparison is straightforward. However, the
level of industrialisation in France is different to that of
Greece and from that point of view the values for Greece
seem rather high.

These high values could be attributed to the relatively
large number of overloaded axles recorded in the measure-
ments. For instance, for commercial vehicle class 6, 48% of
the dual-tire tandem axles had a load exceeding the legal
limit of 100kN per axle and 11% of the dual-tire single axles
had a load exceeding the legal limit of 130kN. Although it is
not shown in this paper, the axle load measurements for the
other classes of commercial vehicles showed the same or
even higher percentages of loads exceeding the legal limit
(for commercial vehicle class 8, 33% of the single axles and
42% of the tandem axles exceed the corresponding legal
limit).

In order to further illustrate the highly increased dama-
ging effect of overloaded axles table 9 and figure 4 are pre-
sented, in which two types of calculations of the damaging
factors were performed. 

The first took into consideration the real axle load values
as measured. The second was performed with the same num-
ber of vehicle passes, but the load of each axle was consi-
dered as though it did not exceed the legal limit. It can be

seen that, for the case of flexible pavements, the damaging
effect of overloaded axles is equivalent to that if the traffic
were approximately 1.3 times greater, and for the case of
semi-rigid pavements 8 times greater. The need for urgent
measures to be taken, especially for the case of semi-rigid
pavements, in order to reduce the number of overloaded vehi-
cles is emphasised

By comparing tables 5 and 6 with tables 7 and 8 concerning
measurements, the first two in Bogiati, 32 km north of
Athens in the main route connecting Athens to northern
Greece, and the second two in Derveni, 132 km south-east of
Athens in the Patras Korinth national road , it can be seen that
there is no significant difference in the value of the damage
factor. This means that, in spite of the fact that the number of
commercial vehicles is significantly different (about 2000
cvs/day in Bogiati as opposed to about 600 cvs/day in Der-
veni), the composition of the cv traffic is the same, leading to
almost the same value of damaging factor. Systematic
measurements should be carried out in various parts of the
highway system and of the primary and secondary road
system in order to establish reliable damaging factors for
pavement design and pavement maintenance purposes.

In the places of measurement the damage factor was the
same in both directions ( towards Athens, or from Athens).
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