
Ðåñßëçøç
Óôçí åñãáóßá áõôÞ ðáñïõóéÜæïíôáé ôá áðïôåëÝóìáôá ôçò óôáèåñï-
ðïßçóçò äéïãêïýìåíïõ áñãéëéêïý åäÜöïõò ìå õäñÜóâåóôï Þ éðôÜìåíç
ôÝöñá åðß ôçò óõìðåñéöïñÜò äéüãêùóÞò ôïõ. Ôï åäáöéêü äåßãìá
ëÞöèçêå áðü ðåñéï÷Þ åêôåëïýìåíùí Ýñãùí óõíôÞñçóçò óå ïäü ìå
âåâáñçìÝíï éóôïñéêü öèïñþí ôïõ ïäïóôñþìáôïò ëüãù öáéíïìÝíùí
äéüãêùóçò êáé óõññßêíùóçò. ×ñçóéìïðïéÞèçêáí åñãáóôçñéáêÝò
ìÝèïäïé ðñïóäéïñéóìïý ôçò óõññßêíùóçò, ôçò åëåýèåñçò äéüãêùóçò
êáé ôçò ðßåóçò äéüãêùóçò ôùí ìéãìÜôùí åäÜöïõò-ðñïóèÝôïõ. Äéá-
ðéóôþèçêå ç äõíáôüôçôá âåëôßùóçò ôùí ÷áñáêôçñéóôéêþí äéüãêùóçò
ìå ôç ÷ñÞóç ÷çìéêþí ðñïóèÝôùí. Ç õäñÜóâåóôïò êáé ç éðôÜìåíç
ôÝöñá áðïôåëïýí ðïëý êáëïýò óôáèåñïðïéçôÝò, åíåñãþíôáò åõåñãåôé-
êÜ ü÷é ìüíï åðß ôùí ÷áñáêôçñéóôéêþí áíôï÷Þò áëëÜ êáé åðß ôïõ
äõíáìéêïý äéüãêùóçò.

1. ÅÉÓÁÃÙÃÇ

Ôá äéïãêïýìåíá åäÜöç ðñïêáëïýí áóôï÷ßåò óôá ôå÷íéêÜ
Ýñãá ëüãù ôùí ìÝôñéùí ÷áñáêôçñéóôéêþí áíôï÷Þò ðïõ
ðáñïõóéÜæïõí, üðùò åðßóçò êáé åîáéôßáò ôùí ðéÝóåùí äéü-
ãêùóçò, ïé ïðïßåò áíáðôýóóïíôáé óôéò êáôáóêåõÝò. ÐïëëÜ
ãåùôå÷íéêÜ ðñïâëÞìáôá êáôÜ ôï ó÷åäéáóìü êáé ôçí êáôá-
óêåõÞ áðïäßäïíôáé êõñßùò óôç äéüãêùóç êáé äéáóôïëÞ [1, 2].
¼ôáí åîåôÜæïíôáé ïé ðáñÜãïíôåò ðïõ åðçñåÜæïõí ôç äéü-
ãêùóç, ðñÝðåé íá ãßíåôáé äéÜêñéóç áíÜìåóá óôï «äõíáìéêü
äéüãêùóçò», ôï ïðïßï åêöñÜæåé ôçí éêáíüôçôá åíüò áñãéëé-
êïý åäÜöïõò íá õößóôáôáé óçìáíôéêÞ ìåôáâïëÞ ôïõ üãêïõ
ôïõ ìåôÜ áðü êÜðïéá áëëáãÞ ôçò õãñáóßáò Þ ôïõ åîùôåñéêïý
öïñôßïõ, êáé óôï «ìÝãåèïò ôçò äéüãêùóçò», äçëáäÞ ôçí
Ýêôáóç óôçí ïðïßá èá åíåñãïðïéçèåß ôï äõíáìéêü äéüãêùóçò
ãéá ôéò åðß ôüðïõ óõíèÞêåò. ÐïéïôéêÜ, ôï äõíáìéêü äéü-
ãêùóçò èá ìðïñïýóå íá ïñéóôåß ùò ôï ðïóïóôü ìåôáâïëÞò
ôïõ üãêïõ åíüò ðëåõñéêÜ ðáñåìðïäéæïìÝíïõ äåßãìáôïò, ôï
ïðïßï õößóôáôáé êïñåóìü õðü êáôáêüñõöç ðßåóç 1 kg/cm2

ìåôÜ ôç óõìðýêíùóÞ ôïõ óå óõóêåõÞ Proctor óôç âÝëôéóôç
õãñáóßá êáé ôç ìÝãéóôç îçñÞ ðõêíüôçôá. Ïé êõñéüôåñåò áé-
ôßåò åêäÞëùóçò ôçò äéáóôïëÞò êáé äéüãêùóçò áñãéëéêþí åäá-
öþí åßíáé:

(á) ç ìç÷áíéêÞ äéáóôïëÞ áðü ðñïóñüöçóç ýäáôïò,
(â) ç ìåôáâïëÞ ôçò éêáíüôçôáò óõãêñÜôçóçò ýäáôïò óôç

äéåðéöÜíåéá ôùí áñãéëéêþí ïñõêôþí,
(ã) ç áëëáãÞ ôçò õöÞò ëüãù ðñïóñüöçóçò ýäáôïò,
(ä) ç ìåôáâïëÞ ôçò êñõóôáëëéêÞò äïìÞò ùò óõíÝðåéá ôçò

ìåôáâïëÞò ôùí ôéìþí ôçò èåñìïêñáóßáò êáé ôçò ðßåóçò, 
(å) ðëáóôéêÝò ðáñáìïñöþóåéò áðü ôåêôïíéêÝò êéíÞóåéò,
(óô) ç øýîç ôïõ ýäáôïò ôùí ðüñùí.

Áðü ôïõò ðáñáðÜíù ðáñÜãïíôåò ç ìåôáâïëÞ ôçò éêáíü-
ôçôáò óõãêñÜôçóçò ýäáôïò óôç äéåðéöÜíåéá ôùí êüêêùí ôùí
áñãéëéêþí ïñõêôþí åßíáé ç åðéêñáôÝóôåñç áéôßá íá åì-
öáíéóôåß óõìðåñéöïñÜ äéüãêùóçò [3, 4, 5]. Ôá öáéíüìåíá
äéüãêùóçò ó÷åôßæïíôáé êõñßùò ìå ôï íåñü êáé åðçñåÜæïíôáé
áðü óõíèÞêåò, üðùò:

(á) ôï åßäïò êáé ç ðïóüôçôá ôùí áñãéëéêþí ïñõêôþí,
(â) ç áñ÷éêÞ ðåñéåêôéêüôçôá ýäáôïò êáé ï âáèìüò êïñå-

óìïý,
(ã) ïé õðïðéÝóåéò ôïõ ýäáôïò ðüñùí,
(ä) ç ðïéüôçôá êáé ç ðïóüôçôá ôïõ ýäáôïò ôùí ðüñùí,
(å) ï âáèìüò óôåñåïðïßçóçò, 
(óô) ç äéÜôáîç ôùí åäáöéêþí êüêêùí êáé ç åäáöéêÞ äïìÞ,
(æ) ôï ìÝãåèïò ôçò ðßåóçò êáé ç åíôáôéêÞ êáôÜóôáóç,
(ç) ç èåñìïêñáóßá,
(è) ï áðáéôïýìåíïò ãéá ôç äéüãêùóç ÷ñüíïò,
(é) ç ðáñïõóßá ïñãáíéêþí ïõóéþí,
(éá) ôá áíôáëëÜîéìá éüíôá ðïõ õðÜñ÷ïõí óôï Ýäáöïò,
(éâ) ï ðåñéå÷üìåíïò çëåêôñïëýôçò ôçò õäáôéêÞò öÜóçò.

Óå ïäïóôñþìáôá êáôáóêåõáóìÝíá ðÜíù óå åíåñãÝò áñãß-
ëïõò åìöáíßæïíôáé óõíÞèùò öèïñÝò ìå ôéò åîÞò ìïñöÝò [6, 7]:

(á) äéáìÞêåéò ñùãìÝò ðáñÜëëçëá ðñïò ôïí êåíôñéêü Üîïíá
ôçò ïäïý Þ êïíôÜ óôá åñåßóìáôá,

(â) ôïðéêÝò ðáñáìïñöþóåéò, ð.÷. êïíôÜ óå áãùãïýò Þ óå
äåíôñïöõôåìÝíåò ðåñéï÷Ýò êïíôÜ óôï Üêñï ôïõ ïäï-
óôñþìáôïò, óõíïäåõüìåíåò áðü ðëåõñéêÞ ñçãìÜôùóç,
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(ã) ôïðéêÝò áóôï÷ßåò ôïõ ïäïóôñþìáôïò, ó÷åôéæüìåíåò ìå
ôçí áðïäéáâÜèìéóç ôçò åðéöÜíåéáò ôçò ïäïý ëüãù áíå-
ðáñêïýò öÝñïõóáò éêáíüôçôáò,

(ä) áíùìáëßåò óå óçìáíôéêü ìÞêïò ôçò åðéöÜíåéáò ôçò ïäïý
÷ùñßò åìöáíÞ öèïñÜ Þ ïðïéïõäÞðïôå ôýðïõ ñçãìÜôùóç.

Ôá ðñïâëÞìáôá, ðïõ ðñïêáëïýíôáé áðü ôéò ìåôáâïëÝò
ôïõ üãêïõ ôùí äéïãêïýìåíùí åäáöþí, åêöñÜæïíôáé ìå ôï
ìÝãåèïò ôùí ôÜóåùí êáé ìåôáôïðßóåùí åîáéôßáò ôçò óõññß-
êíùóçò êáé ôçò äéüãêùóçò. Ç åðéëïãÞ ìéáò ôå÷íéêÞò ëýóçò
åîáñôÜôáé áðü ðïëëïýò ðáñÜãïíôåò [8]. 

Ïé äéáäéêáóßåò êáôåñãáóßáò ôïõ õðåäÜöïõò êáé ó÷åäéá-
óìïý ïäïóôñþìáôïò Ý÷ïõí áñêåôÜ ôõðïðïéçèåß óôéò ìåèü-
äïõò êáôáóêåõÞò áõôïêéíçôïäñüìùí. Åêôüò áðü ôçí êëá-
óéêÞ ëýóç áðïìÜêñõíóçò ôùí ðñïâëçìáôéêþí õëéêþí êáé
ôçí áíôéêáôÜóôáóÞ ôïõò ìå ìç äéïãêþóéìá åäÜöç, ç êáôåñ-
ãáóßá ìå ðñüóèåôá Ý÷åé ðñïóåëêýóåé ôï åðéóôçìïíéêü åíäéá-
öÝñïí. Ôá äéïãêïýìåíá åäÜöç ìðïñïýí íá óôáèåñïðïéçèïýí
ìå ôçí ðñïóèÞêç ìéêñÞò ðïóüôçôáò áóâÝóôïõ, ç ïðïßá ìðï-
ñåß íá ôñïðïðïéÞóåé ôéò öõóéêÝò êáé ìç÷áíéêÝò ôïõò éäéüôçôåò
êáé íá âåëôéþóåé ôçí üëç ôå÷íéêÞ ôïõò óõìðåñéöïñÜ [9, 10].
ÃåíéêÜ, áíáëïãßåò õäñáóâÝóôïõ, ðïõ óõíéóôþíôáé ãéá íá
âåëôéùèïýí ôá öõóéêÜ ÷áñáêôçñéóôéêÜ, êõìáßíïíôáé áðü 1%
Ýùò 3%. Ìåãáëýôåñåò áíáëïãßåò áðü 3% Ýùò 8% âåëôéþ-
íïõí ôç ìç÷áíéêÞ áíôï÷Þ ôïõ åäÜöïõò [11]. ÁõôÞ ç âåëôßù-
óç ôçò áíôï÷Þò ôïõ ìßãìáôïò Ý÷åé êáô� áñ÷Þí áðïäïèåß óå
÷çìéêÝò áíôéäñÜóåéò ãýñù áðü ôï áñãéëéêü ïñõêôü. Ç ìáêñï-
ðñüèåóìç áíÜðôõîÞ ôïõò ïöåßëåôáé óå âáèìéáßá êñõóôÜëëù-
óç ôùí ðñïúüíôùí áíôßäñáóçò áíÜìåóá óôçí Üñãéëï êáé ôçí
õäñÜóâåóôï [12, 13].

Ç éðôÜìåíç ôÝöñá áðïäåäåéãìÝíá [13, 14, 15] âåëôéþíåé
ôá ÷áñáêôçñéóôéêÜ áíôï÷Þò åäáöéêþí õëéêþí ìå ìåãÜëï
äõíáìéêü ìåôáâïëÞò ôïõ üãêïõ ôïõò, äåí Ý÷åé åîåôáóôåß üìùò
åêôåôáìÝíá ç åðéññïÞ ôçò óôá ÷áñáêôçñéóôéêÜ äéüãêùóçò
êáé óõññßêíùóçò ôÝôïéùí åäáöþí.

Ç áíÜãêç áíáãíþñéóçò êáé êáôÜôáîçò ôùí äéïãêïýìåíùí
áñãéëéêþí åäáöþí ïäÞãçóå óå åêôåôáìÝíåò Ýñåõíåò ôùí éäéï-
ôÞôùí ôïõò - ìåôáîý áõôþí êáé ôùí ÷áñáêôçñéóôéêþí äéü-
ãêùóçò - äåí åßíáé üìùò åõñýôåñá ãíùóôÞ ç åðßäñáóç ôçò
÷çìéêÞò óôáèåñïðïßçóçò óôï äõíáìéêü äéüãêùóçò ôÝôïéùí
åäáöþí. ÅîåôÜóôçêå åñãáóôçñéáêÜ Ýíá åäáöéêü õëéêü áðü
ðåñéï÷Þ, üðïõ åêôåëïýíôáí Ýñãá ïäïðïéßáò, ãéá íá äéáðéóôù-
èåß ç äéïãêùóéìüôçôÜ ôïõ, êáé áíáæçôÞèçêå ç åðßäñáóç ôçò
ðñïóèÞêçò õäñáóâÝóôïõ áëëÜ êáé éðôÜìåíçò ôÝöñáò óôï
äõíáìéêü äéüãêùóçò áõôïý ôïõ åäÜöïõò. Ãéá ôï óêïðü áõôü,
åêôüò ôùí äïêéìþí êáôÜôáîçò, ðñáãìáôïðïéÞèçêå óåéñÜ
äïêéìþí äéüãêùóçò-óõññßêíùóçò. 

2. ÓÕÌÂÏËÉÓÌÏÉ

L áñ÷éêü ìÞêïò äïêéìßïõ
ÄL äéáöïñÜ ìÞêïõò
LS ãñáììéêÞ óõññßêíùóç

3. ÐÅÑÉÃÑÁÖÇ ÔÙÍ ÕËÉÊÙÍ

Ôï åäáöéêü õëéêü, ðïõ ÷ñçóéìïðïéÞèçêå ãéá ôçí åñãá-
óôçñéáêÞ Ýñåõíá, ëÞöèçêå áðü ôçí ðåñéï÷Þ ÏñåóôéÜäáò ôïõ
íïìïý ¸âñïõ. Ïé äåéãìáôïëçøßåò Ýãéíáí óå âÜèïò åíüò ìÝ-
ôñïõ. Ðñüêåéôáé ãéá óêïôåéíü÷ñùìç Üñãéëï, ç ïðïßá åìðßðôåé
óôçí ïìÜäá Á-7-5 óýìöùíá ìå ôç ìÝèïäï êáôÜôáîçò åäá-
öþí ôçò AASHTO, åíþ êáôÜ ôï åíïðïéçìÝíï óýóôçìá åäá-
öþí áíÞêåé óôçí êáôçãïñßá CH. 

Ç Üóâåóôïò, ðïõ ÷ñçóéìïðïéÞèçêå óå äéÜöïñá ðïóïóôÜ
ùò ðñüóèåôï ãéá ôç óôáèåñïðïßçóç ôùí åäáöéêþí äåéãìÜ-
ôùí, åßíáé ìéá ôõðéêÞ åìðïñéêÞ õäñÜóâåóôïò ìå õøçëÞ ðå-
ñéåêôéêüôçôá óå ïîåßäéï ôïõ áóâåóôßïõ (65,25% CaO), åíþ
ôï åíáðïìÝíïí åßíáé Ýíáò óõíäõáóìüò áëêáëéêþí ïîåéäßùí
êáé ïîåéäßùí Üëëùí ìåôÜëëùí, üðùò ï óßäçñïò, ôï ðõñßôéï
êáé ôï áñãßëéï (ðßíáêáò 1). 
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Ðßíáêáò 1: ×çìéêÞ óýóôáóç ôùí õëéêþí ðïõ ÷ñçóéìïðïéÞèçêáí óôéò äïêéìÝò. 
Table 1: Chemical composition of the materials used in the tests.



Ç éðôÜìåíç ôÝöñá ðñïÝñ÷åôáé áðü ôï óôáèìü çëåêôñïðá-
ñáãùãÞò ôçò ÐôïëåìáÀäáò. Ç ìïíÜäá áõôÞ ÷ñçóéìïðïéåß ëé-
ãíßôç ðïõ ó÷çìáôßóôçêå êáôÜ ôçí êñçôéäéêÞ ðåñßïäï êáé
åßíáé ðëïýóéïò óå áóâÝóôéï ìå ôç ìïñöÞ CaCO3. Ôï åéäéêü
âÜñïò ôçò ôÝöñáò âñÝèçêå üôé åßíáé 2,5. Áðïôåëåßôáé áðü
ðïëý ëåðôÜ óùìáôßäéá (ðåñßðïõ 79% äéÝñ÷åôáé áðü ôï
êüóêéíï Íï 200). Áîßæåé íá óçìåéùèåß üôé ç êïíéïðïéçìÝíç
éðôÜìåíç ôÝöñá åßíáé Ýíá ìç ðëáóôéêü õëéêü, ôï ïðïßï, üôáí
áíáìé÷èåß ìå ôï Ýäáöïò, ìåéþíåé ôï üñéï õäáñüôçôáò êáé ôï
äåßêôç ðëáóôéêüôçôáò [8, 15]. ¼ôáí áíáìé÷èåß ç éðôÜìåíç
ôÝöñá ìå Ýäáöïò, ìðïñåß íá áíáðôýîåé ôóéìåíôéêïýò äåóìïýò
åßôå ëüãù ôçò ðïæïëáíéêÞò åðßäñáóçò [14] Þ åîáéôßáò ìéáò
óýìöõôçò éäéüôçôáò íá áõôïóêëçñýíåôáé êÜôù áðü åõíïúêÝò
óõíèÞêåò õãñáóßáò êáé óõìðýêíùóçò.

4. ÅÑÃÁÓÔÇÑÉÁÊÇ ÅÎÅÔÁÓÇ

ÂñÝèçêå ç öõóéêÞ õãñáóßá ôïõ åäáöéêïý äåßãìáôïò êáé
ðñïóäéïñßóôçêå ç êïêêïìåôñéêÞ ôïõ äéáâÜèìéóç ìå ôç
÷ñÞóç ðñüôõðùí êïóêßíùí ôåôñáãùíéêÞò ïðÞò êáé ãéá ôçí
êáôáíïìÞ ôùí ìåãåèþí åäáöéêþí êüêêùí áðü ôá 0,075 mm
(êüóêéíï No 200) ìÝ÷ñé ôá 0,001 mm ðåñßðïõ åöáñìüóôçêå
ç ìÝèïäïò ôïõ ðõêíïìÝôñïõ. Ç êïêêïìåôñéêÞ áíÜëõóç ôïõ
åäáöéêïý äåßãìáôïò êáé ôçò éðôÜìåíçò ôÝöñáò ðáñïõóéÜæåôáé
óôá ó÷Þìáôá 1 êáé 2 áíôßóôïé÷á. Óôç óõíÝ÷åéá, ðñïóäéïñß-
óôçêáí ôá üñéá Atterberg ôïõ åäáöéêïý õëéêïý. Óôïí ðßíáêá
2 äßäïíôáé ïé öõóéêÝò éäéüôçôåò ôïõ åäÜöïõò.

4.1. ÃñáììéêÞ óõññßêíùóç 

Ç ãñáììéêÞ óõññßêíùóç åßíáé ç áíçãìÝíç åëÜôôùóç
ìßáò áðü ôéò äéáóôÜóåéò åíüò åäáöéêïý äïêéìßïõ, üôáí ç
õãñáóßá ôïõ ìåéïýìåíç áðü ìéá óõãêåêñéìÝíç ôéìÞ öèÜóåé
óôç ìÝãéóôç ôéìÞ õãñáóßáò ôïõ åäÜöïõò, üðïõ ðåñáéôÝñù
ìåßùóÞ ôçò äåí ðñïêáëåß Üëëç ìåßùóç ôïõ üãêïõ ôïõ åäá-
öéêïý äåßãìáôïò. Ç ãñáììéêÞ óõññßêíùóç õðïëïãßóôçêå
÷ñçóéìïðïéþíôáò ìÞôñåò çìéêõêëéêÞò äéáôïìÞò, ìÞêïõò 14 cm
êáé áêôßíáò 2,5 cm, óôéò ïðïßåò ôïðïèåôÞèçêáí äåßãìáôá
åäáöéêïý õëéêïý áíáìåìéãìÝíá ìå íåñü ìÝ÷ñé ôçí ôéìÞ ôïõ
ïñßïõ õäáñüôçôÜò ôïõò, óýìöùíá ìå ôç äéáäéêáóßá ôçò ðñï-
äéáãñáöÞò BS 1377-75, êáé åêöñÜæåôáé ùò ç åðß ôïéò åêáôü
ìåôáâïëÞ ôïõ ãñáììéêïý üãêïõ ôïõ äïêéìßïõ: LS(%) =
=(ÄL/L)x100. 

Ç ìåôáâïëÞ ôçò ôéìÞò ôçò ãñáììéêÞò óõññßêíùóçò ìåôÜ
ôçí ðñïóèÞêç õäñáóâÝóôïõ Þ éðôÜìåíçò ôÝöñáò óôçí Üñãé-
ëï äåß÷íåôáé óôï ó÷Þìá 3.

4.2. Åëåýèåñç äéüãêùóç

Ðñïóäéïñßóôçêå ç åëåýèåñç äéüãêùóç óå ïãêïìåôñéêü
óùëÞíá êáé óå ïéäÞìåôñï. ×ñçóéìïðïéÞèçêå ðñïò ôïýôï ç
óõóêåõÞ ìïíïäéÜóôáôçò óôåñåïðïßçóçò Geonor h-200 êáé
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Ðßíáêáò 2: ÖõóéêÝò éäéüôçôåò ôïõ åîåôáóèÝíôïò åäáöéêïý õëéêïý.
Table 2: Natural properties of the soil tested.

åöáñìüóôçêå ç äéáäéêáóßá ôçò ðñïäéáãñáöÞò ASTM D
4546, ìÝèïäïò Á, ìå áñ÷éêÞ ôÜóç 1 kPa. 

Ïé ôéìÝò ôçò åëåýèåñçò äéüãêùóçò ðñïóäéïñßóôçêáí áðü
äéÜãñáììá ôùí åíäåßîåùí äéáöïñÜò ýøïõò (äéüãêùóçò) Ýíá-
íôé ôïõ ëïãáñßèìïõ ôïõ ÷ñüíïõ. Ôï åäáöéêü äåßãìá ðá-
ñïõóßáóå õøçëÝò ôéìÝò åëåýèåñçò äéüãêùóçò êáé åßíáé áêá-
ôÜëëçëï ãéá ÷ñÞóç óå âÜóåéò êáé õðïâÜóåéò ïäïóôñþìáôïò.

4.3. Ðßåóç äéüãêùóçò

Ïé äïêéìÝò ðßåóçò äéüãêùóçò Ýãéíáí óýìöùíá ìå ôçí
ðñïäéáãñáöÞ ASTM D 4546, ìÝèïäïò Á, óôï ïéäÞìåôñï.
ÌåôÜ ôï ðÝñáò ôïõ öáéíïìÝíïõ ôçò äéüãêùóçò áóêÞèçêå
óôáäéáêÜ ðßåóç óôï äïêßìéï ôçò ôÜîçò ôùí 5, 10, 20, 40 êáé
80 kPa, ìÝ÷ñéò üôïõ óõìðéåóôåß åê íÝïõ óôï áñ÷éêü ôïõ ýøïò
h0. Ìå ôá äåäïìÝíá áõôÜ ÷áñÜ÷èçêå êáìðýëç ðßåóçò-äéáöïñÜò
ýøïõò êáé ôï óçìåßï ôïìÞò ôçò ìå ôçí åõèåßá, ðïõ äéÝñ÷åôáé
áðü ôï óçìåßï h0 êáé åßíáé ðáñÜëëçëç óôïí Üîïíá ôçò ðßå-
óçò, ïñßóôçêå ùò ðßåóç äéüãêùóçò (ðßíáêáò 2).

Ç äéáäéêáóßá ãéá ôçí åëåýèåñç äéüãêùóç êáé ôçí ðßåóç
äéüãêùóçò åðáíáëÞöèçêå ãéá ôá äåßãìáôá ðïõ ó÷çìáôß-
óôçêáí ìåôÜ ôçí ðñïóèÞêç óôï åäáöéêü õëéêü ôùí ÷çìéêþí
ðñïóèÝôùí óå äéÜöïñåò áíáëïãßåò. Ãéá ôçí õäñÜóâåóôï ÷ñç-
óéìïðïéÞèçêáí ðïóïóôÜ 3%, 6%, 9% êáé 12%, åíþ ãéá ôçí
éðôÜìåíç ôÝöñá 4%, 8%, 12% êáé 16% êáôÜ âÜñïò. 

Óôïí ðßíáêá 3 äåß÷íïíôáé ïé ôéìÝò åëåýèåñçò äéüãêùóçò
êáé ðßåóçò äéüãêùóçò ðïõ áðïêôÞèçêáí ìå ôçí ðñïóèÞêç
äéáöüñùí ðïóïóôþí õäñáóâÝóôïõ Þ éðôÜìåíçò ôÝöñáò. Ïé
ôéìÝò ðßåóçò äéüãêùóçò áíáöÝñïíôáé óôçí áíôßóôáóç ðïõ
ðñïâÜëëåé ôï Þäç äéïãêùìÝíï õëéêü óôçí ðñïóðÜèåéá åðá-
íáöïñÜò ôïõ óôï áñ÷éêü ôïõ ýøïò. 
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Ó÷Þìá 1: ÊïêêïìåôñéêÞ áíÜëõóç ôïõ åîåôáóèÝíôïò åäáöéêïý õëéêïý.
Figure 1: Grain size analysis of the soil tested.

Ó÷Þìá 2: ÊïêêïìåôñéêÞ áíÜëõóç ôçò éðôÜìåíçò ôÝöñáò.
Figure 2: Grain size analysis of the fly ash.
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Ó÷Þìá 3: ÌåôáâïëÞ ôçò ãñáììéêÞò óõññßêíùóçò ôïõ åäáöéêïý äåßãìáôïò ìåôÜ ôçí ðñïóèÞêç äéáöüñùí ðïóïóôþí õäñáóâÝóôïõ Þ éðôÜìåíçò
ôÝöñáò.

Figure 3: Variation of the soil�s linear shrinkage value after the addition of lime or fly ash in various percentages.

Ðßíáêáò 3: ÌåôáâïëÞ åëåýèåñçò äéüãêùóçò êáé ðßåóçò äéüãêùóçò ìå ôçí ðñïóèÞêç õäñáóâÝóôïõ Þ éðôÜìåíçò ôÝöñáò.
Table 3: Free swell and swelling pressure variation with the addition of lime or fly ash.
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Ó÷Þìá 4: ÌåôáâïëÞ ôçò åëåýèåñçò äéüãêùóçò ôïõ åäáöéêïý äåßãìáôïò ìå ôçí ðñïóèÞêç äéáöüñùí ðïóïóôþí õäñáóâÝóôïõ.
Figure 4: Free swelling variation following the addition of lime in various percentages.

Ó÷Þìá 5: ÌåôáâïëÞ ôçò åëåýèåñçò äéüãêùóçò ôïõ åäáöéêïý äåßãìáôïò ìå äéÜöïñåò áíáëïãßåò éðôÜìåíçò ôÝöñáò.
Figure 5: Free swelling variation following the addition of fly ash in various percentages.



Óôá ó÷Þìáôá 4 êáé 5 ðáñïõóéÜæïíôáé äéáãñÜììáôá ìå-
ôáâïëÞò ôçò åëåýèåñçò äéüãêùóçò ôïõ åäáöéêïý äåßãìáôïò
ìå ôï ÷ñüíï, ìåôÜ ôçí ðñïóèÞêç óå áõôü ôùí äéáöüñùí ðï-
óïóôþí õäñáóâÝóôïõ Þ éðôÜìåíçò ôÝöñáò. Åßíáé åìöáíÞò
êáé óôá äýï äéáãñÜììáôá ç åðßäñáóç ôçò óôáèåñïðïßçóçò.

5. Ó×ÏËÉÁÓÌÏÓ-ÓÕÌÐÅÑÁÓÌÁÔÁ

Ç êïêêïìåôñéêÞ äéáâÜèìéóç ôïõ åäÜöïõò Ýäåéîå üôé áõôü
óõíôßèåôáé êõñßùò áðü ëåðôüêïêêá óùìáôßäéá, áöïý ïëü-
êëçñï ôï äåßãìá äéÞëèå áðü ôï êüóêéíï No 4. Ìå ôï ÷Üñôç
ôïõ Cassagrande ôï Ýäáöïò êáôáôÜóóåôáé ùò áíüñãáíç Üñãé-
ëïò ìå õøçëÞ ðëáóôéêüôçôá. Ï õøçëüò äåßêôçò ðëáóôéêüôç-
ôáò ôïõ åäÜöïõò (PI=44), óå óõíäõáóìü ìå ôï õøçëü ðïóï-
óôü áñãßëïõ, äåß÷íåé üôé ðñüêåéôáé ãéá ðïëý äéïãêïýìåíï
Ýäáöïò áêáôÜëëçëï ãéá âÜóåéò Þ õðïâÜóåéò êáé ìå ìÝôñéá
Ýùò êáêÞ êáôáëëçëüôçôá ãéá èåìåëßùóç, ìå ôçí ðñïûðüèå-
óç üôé äåí õðüêåéôáé óå äñÜóç ðáãåôïý. Ôï Ýäáöïò áõôü óôç
öõóéêÞ ôïõ êáôÜóôáóç åßíáé ðñáêôéêÜ áäéáðÝñáóôï.

Ç ôå÷íéêÞ åëÝã÷ïõ ôùí éäéïôÞôùí äéüãêùóçò ôïõ åäÜöïõò
ìå ôçí ðñüóìéîç äéáöüñùí ðïóïóôþí éðôÜìåíçò ôÝöñáò Þ
õäñáóâÝóôïõ áðïäåß÷èçêå áðïôåëåóìáôéêÞ, áöïý ç óõìðå-
ñéöïñÜ äéüãêùóçò âåëôéþèçêå óå éêáíïðïéçôéêü âáèìü.

Ç ãñáììéêÞ óõññßêíùóç ôùí äïêéìßùí, ðïõ ó÷çìáôßóôç-
êáí ìå ðñïóèÞêç õäñáóâÝóôïõ óôï åäáöéêü äåßãìá, ìåéþ-
èçêå ìå ãñÞãïñïõò ñõèìïýò, ãåãïíüò ðïõ ìðïñåß íá åñìç-
íåõèåß, åÜí èåùñçèåß üôé åðÝñ÷åôáé ìåôáâïëÞ óôçí õöÞ êáé
ôçí ðëáóôéêüôçôá ôïõ åäÜöïõò, üôáí óå áõôü áíáðôõ÷èïýí
ðïæïëáíéêÝò áíôéäñÜóåéò.

Ç ìåôáâïëÞ ôçò ãñáììéêÞò óõññßêíùóçò, üôáí ðñïóôÝ-
èçêå óôï Ýäáöïò éðôÜìåíç ôÝöñá óå äéÜöïñá ðïóïóôÜ, åðé-
ôá÷ýíèçêå, üôáí ïé áíáëïãßåò ôïõ ðñïóèÝôïõ óôï ìßãìá õðå-
ñÝâáéíáí ôï 4% êáôÜ âÜñïò. Ç ìåôáâïëÞ ìðïñåß íá áðïäï-
èåß óôéò áíôéäñÜóåéò óõóóùìÜôùóçò êáé óôï ó÷çìáôéóìü
èñüìâùí áðü ôçí áíôáëëáãÞ êáôéüíôùí, êõñßùò áóâåóôßïõ,
áðü ôï ðåñéå÷üìåíï óôçí éðôÜìåíç ôÝöñá óå áñêåôÞ ðïóüôç-
ôá (20%) åëåýèåñï CaO. 

Ç ðñïóèÞêç õäñáóâÝóôïõ åðçñÝáóå ôç äéüãêùóç ôïõ
åîåôáóèÝíôïò áñãéëéêïý åäÜöïõò. Ìå ôçí ðñïóèÞêç õäñá-
óâÝóôïõ óå ðïóïóôü 3% êáôÜ âÜñïò, ç åëåýèåñç äéüãêùóç
ìåéþèçêå êáôÜ 9% óå ó÷Ýóç ìå ôçí áíôßóôïé÷ç ôéìÞ ôïõ áêá-
ôÝñãáóôïõ åäÜöïõò. Óôï áìÝóùò åðüìåíï ðïóïóôü ðñoóèÝ-
ôïõ óôï ìßãìá (6% õäñÜóâåóôïò) ç áñ÷éêÞ åëåýèåñç äéü-
ãêùóç ìåéþèçêå êáôÜ 41%.

Áíôßóôïé÷ç Ýíôïíç åðßäñáóç óôçí åëåýèåñç äéüãêùóç
ðáñïõóéÜóôçêå ìå ôçí ðñïóèÞêç éðôÜìåíçò ôÝöñáò óôï åäá-
öéêü äåßãìá. Ìå ôçí ðñüóìéîç 4% éðôÜìåíçò ôÝöñáò, ç åëåý-
èåñç äéüãêùóç ôïõ ìßãìáôïò Þôáí êáôÜ 34% ìéêñüôåñç áðü
áõôÞí ôïõ áêáôÝñãáóôïõ åäÜöïõò. Óôï áìÝóùò åðüìåíï
ðïóïóôü ðñïóèÝôïõ óôï ìßãìá (8% éðôÜìåíç ôÝöñá) ç áñ-
÷éêÞ åëåýèåñç äéüãêùóç ìåéþèçêå êáôÜ 43%.

Ç ðñüóìéîç 6% õäñáóâÝóôïõ åßíáé óõãêñßóéìç, üóïí

áöïñÜ óôï áðïôÝëåóìá åðß ôçò äéüãêùóçò ìå ôçí ðñüóìéîç
8% éðôÜìåíçò ôÝöñáò, áöïý ôüóï ç ôéìÞ ôçò åëåýèåñçò äéü-
ãêùóçò üóï êáé áõôÞ ôçò ðßåóçò äéüãêùóçò åßíáé ðáñáðëÞ-
óéåò ãéá ôá óõãêåêñéìÝíá ðïóïóôÜ ðñïóèÝôùí.

Ìå ôçí ðñïóèÞêç õäñáóâÝóôïõ Þ éðôÜìåíçò ôÝöñáò ôá
äïêßìéá áíôéóôÝêïíôáí óôçí åðáíáöïñÜ óôï áñ÷éêü ôïõò
ýøïò. Ç áíôßóôáóç áõôÞ ìåãÜëùíå ìå ôçí áýîçóç ôïõ ðï-
óïóôïý ôïõ ðñïóèÝôïõ. ¸ôóé, ïé ôéìÝò ôçò ðßåóçò äéüãêùóçò
ìðïñïýí íá åîçãçèïýí ìå ôçí áíÜðôõîç áíôéäñÜóåùí ìåôá-
îý ôçò áñãßëïõ êáé ôçò õäñáóâÝóôïõ Þ ôïõ åëåýèåñïõ ïîåé-
äßïõ ôïõ áóâåóôßïõ óôçí éðôÜìåíç ôÝöñá, ïé ïðïßåò ëáìâÜ-
íïõí ÷þñá óå ðïëý óýíôïìï ÷ñïíéêü äéÜóôçìá áðü ôçí áíÜ-
ìéîç ôùí õëéêþí êáé ôçí ðñïóèÞêç ýäáôïò. Ç äïìÞ ôçò áñãß-
ëïõ ìåôáâÜëëåôáé ìå ôç äçìéïõñãßá óõóóùìáôùìÜôùí êáé ç
äéÜôáîç ôùí ìïñßùí ôçò ðáýåé íá åßíáé êáíïíéêÞ, üðùò óõì-
âáßíåé óôï öõóéêü õëéêü. Áêüìç, ïé ðüñïé ìéêñáßíïõí, áí êáé
ï óõíïëéêüò üãêïò ôùí êåíþí óôï ìßãìá ðáñáìÝíåé áìåôÜ-
âëçôïò. Ç áíôßóôáóç óôçí ðßåóç åðáíáöïñÜò óôï áñ÷éêü
ýøïò ìðïñåß, åðßóçò, íá áðïäïèåß óôçí áíÜðôõîç ðïæïëáíé-
êþí áíôéäñÜóåùí.

Ôï ìåãáëýôåñï ìÝñïò ôçò ìåôáâïëÞò ôïõ ðïóïóôïý äéü-
ãêùóçò óôá äïêßìéá ìå ôçí õäñÜóâåóôï ëáìâÜíåé ÷þñá óôá
ðñþôá äÝêá ðåñßðïõ ëåðôÜ ôçò þñáò áðü ôçí Ýíáñîç ôçò
äïêéìÞò. Ï ÷ñüíïò áõôüò Þôáí ìéêñüôåñïò ãéá ôá ìåãáëýôå-
ñá ðïóïóôÜ õäñáóâÝóôïõ, éäéáßôåñá äå ãéá ôï ðïóïóôü 12%
êáôÜ âÜñïò.

Ãéá Ýíá ÷ñïíéêü äéÜóôçìá áðü ôçí Ýíáñîç ôçò äïêéìÞò,
ìå åîáßñåóç ôï ìßãìá åäÜöïõò +12% õäñáóâÝóôïõ, ôá ðïóï-
óôÜ äéüãêùóçò ôùí ìéãìÜôùí Þôáí ìåãáëýôåñá áðü áõôÜ ôïõ
öõóéêïý åäÜöïõò, äåß÷íïíôáò üôé ï ñõèìüò ìåôáâïëÞò ôçò
äéüãêùóçò ìå ôçí ðñïóèÞêç õäñáóâÝóôïõ ðïéêßëëåé.

Óôï ðñþôï äåêÜëåðôï áðü ôçí Ýíáñîç ôçò äïêéìÞò, ôï
ìßãìá åäÜöïõò +6% õäñáóâÝóôïõ åìöÜíéóå ðïóïóôÜ äéü-
ãêùóçò ìéêñüôåñá áðü åêåßíá ôïõ ìßãìáôïò åäÜöïõò +9%
õäñáóâÝóôïõ êáé êáôüðéí ïñéáêÜ ìåãáëýôåñá. Áõôü äåß÷íåé
üôé õðÜñ÷åé Ýíá êñßóéìï ðïóïóôü õäñáóâÝóôïõ óôçí ðåñéï÷Þ
ôïõ 6% êáôÜ âÜñïò, ôï ïðïßï ìðïñåß íá ÷ñçóéìïðïéçèåß ãéá
ôçí åõíïúêÞ ôñïðïðïßçóç ôïõ åäáöéêïý õëéêïý, üóïí áöïñÜ
óôç óõìðåñéöïñÜ äéüãêùóçò. Áíôßóôïé÷ï êñßóéìï ðïóïóôü
ãéá ôç ÷ñçóéìïðïéçèåßóá éðôÜìåíç ôÝöñá âñßóêåôáé óôçí
ðåñéï÷Þ ôïõ 8%-10% êáôÜ âÜñïò.

Ãéá ôá äéÜöïñá ðïóïóôÜ éðôÜìåíçò ôÝöñáò, ôï äéÜóôçìá
ìåôáâïëÞò ôïõ ðïóïóôïý äéüãêùóçò ìåôÜ áðü ôñåéò çìÝñåò
(áðü 18,44% Ýùò 13,14%) åßíáé ìéêñüôåñï áðü ôï áíôßóôïé÷ï
äéÜóôçìá ãéá ôá ìßãìáôá ìå äéÜöïñá ðïóïóôÜ õäñáóâÝóôïõ
(áðü 25,63% Ýùò 10,47%).

Ôï ìåãáëýôåñï ìÝñïò ôçò ìåôáâïëÞò ôïõ ðïóïóôïý äéü-
ãêùóçò ôùí ìéãìÜôùí åäÜöïõò-éðôÜìåíçò ôÝöñáò ðñáãìá-
ôïðïéÞèçêå óôçí ðñþôç ìßá ðåñßðïõ þñá áðü ôçí Ýíáñîç ôçò
äïêéìÞò. Óå áõôü ôï äéÜóôçìá ï ñõèìüò ìåôáâïëÞò ôïõ
ðïóïóôïý äéüãêùóçò äåí Þôáí óôáèåñüò.
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Abstract
The effects of the lime and fly ash soil-stabilisation process on the
swelling behaviour of a clayey soil are presented. The soil sample
was taken from a region where roadwork maintenance had been in
progress. The pavement had experienced heavy damage because of
swell and shrinkage phenomena. Laboratory methods were used for
the determination of shrinkage, free swell and swelling pressure
values of soil-additive mixtures. Strong evidence exists that it is pos-
sible to improve the swelling characteristics through the use of
chemical additives. Lime and fly ash proved to be good stabilisers
acting beneficially not only on the strength characteristics of a soil,
but on its swelling potential as well.

1. INTRODUCTION

The major causes of structural failures due to swelling
and expansion of soils are presented, with emphasis on the
variation of water content and its capability to be retained on
the clay mineral�s interface. The phenomena related to the
swelling behaviour are affected by various conditions such as
the kind and quantity of the clay mineral, the water content,
the soil structure and the pressures activated by the structure.

Damage caused to pavements built on active clays is
characterised by four major forms, namely the appearance of
longitudinal cracking, parallel to the road centreline or close
to the shoulders, localised deformations generally accompa-
nied by lateral cracking, localised failures of the pavement
associated with disintegration of the road surface, due to
insufficient bearing capacity and unevenness along a signifi-
cant length of the road surface without any cracking or visi-
ble damage.

Small quantities of lime could stabilise expansive soils,
altering the physical properties and the technical behaviour of
these soils. In general, chemical reactions taking place
around the clay mineral improve the strength characteristics
of soil-lime mixtures. Fly ash has also been proved a good
stabilising agent for problematic soils under road infra-

structures. However, the effect of these additives on the
swelling characteristics of soils has not yet been studied. 

A soil material from a road-project site was tested in the
laboratory in order to investigate its expandability. A search
followed, dealing with the impact of the addition of lime and
fly ash on the swelling characteristics of these soils. 

2. DESCRIPTION OF MATERIALS

The soil material used was sampled from the Orestiada
area in Evros county. The sampling was made at a depth of
one meter. The soil is a dark-coloured clay which is classified
in group A-7-5 according to the AASHTO classification
method, while in the Unified Soil Classification System it is
characterised as CH. 

The lime used in different ratios for the preparation of
soil-additive specimens was a typical commercial lime with
high calcium oxide content, while the rest is a combination of
alkali and other metal oxides.

The fly ash added to soil samples was taken from the
power plant in Ptolemaida, which uses lignite rich in calcium
in the form of CaCO3. Its specific weight was 2.5, while
about 80% of the material passed the No 200 sieve. It is
worth noting that fly ash is a non-plastic material, which in
admixture with the soil reduces its liquid limit and plasticity
index. When the fly ash is added to a clayey soil, cement
bonds could be developed either due to the pozzolanic effect
or because of an inherent self-hardening property under
favourable moisture and compaction conditions.

3. LABORATORY TESTING

The natural moisture of the soil sample was found. The
grain size analysis of the clay was performed using standard
sieves and the pycnometer (Stokes method). The Atterberg
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limits of the soil were determined and the evaluation of the
swelling characteristics was made through linear shrinkage,
free swell and swelling pressure tests.

3.1. Linear shrinkage

Linear shrinkage is the reduction in dimension of a soil
sample, occurring when the moisture reaches the highest soil
moisture whereby no volume reduction exists, i.e. the shrinkage
limit. The linear shrinkage is calculated using semicircular
molds 14 cm in length and 2.5 cm in diameter. Soil samples
with moisture content equal to the liquid limit were tested
according to BS 1377-75. The linear shrinkage is expressed
as the percent change of the sample�s linear volume,
LS(%)=(ÄL/L)x100.

3.2. Free swell

The free swell of the soil sample was determined in volu-
metric tube and in oedemeter. The one dimensional device
Geonor h-200 was used and the procedure described in
ASTM D 4546-85, method Á, with initial stress of 1 kPa, was
applied.

The free swell values were determined from the swell
(difference in height readings) versus log time diagram. The
soil sample presented high free swell values. This charac-
teristic makes these soils improper for pavement bases or
sub-bases.

3.3. Swelling pressure

The swelling pressure tests were performed according to
the ASTM D 4546, method Á, in the oedometer. After the
swell phenomenon had ended, pressures of 5, 10, 20, 40 and
80 kPa were applied to the sample until it was compressed to
its initial height h0. Using these data, a pressure-height dif-
ference curve was drawn. The intersection point of this curve
with the straight line passing through h0 and parallel to the
pressure axis, is defined as swelling pressure.

The procedure for the free swell and the swelling pressure
was repeated for the samples formed with the soil material
and lime or fly ash as additives. Percentages of 3%, 6%, 9%
and 12% were used for lime, while for the fly ash the per-
centages added were 4%, 8%, 12% and 16% by weight. The
swelling pressure values refer to the resistance presented by
the swelled material to the effort for the restoration of its ini-
tial height.

4. COMMENTS-CONCLUSIONS

The soil�s grain-size distribution showed that it mainly
consists of fine-grained particles, since the whole sample
passed through the No 4 sieve. Using Cassagrande�s chart the

soil is classified as an inorganic clay with high plasticity. The
soil�s high plasticity index and its high clay percentage show
that it is a very expandable soil inappropriate for use in road
bases or subbases and with moderate to poor suitability as a
subgrade material. The soil in its natural state is practically
impermeable.

The technique for the control of the swelling properties
through the admixture of lime or fly ash in various percenta-
ges proved to be effective, since the swelling behaviour of the
soil was satisfactorily improved.

The linear shrinkage of specimens formed with the addi-
tion of lime to the soil sample was reduced at fast rates. This
could be explained if one considers that a change in plasti-
city and texture of the soil is brought about when pozzolanic
reactions are developed in the soil.

The variation of linear shrinkage in soil-fly ash mixtures
was accelerated when the additive�s ratios were in excess of
4% by weight. This variation could be attributed to floccu-
lation reactions and to formation of aggregates caused by the
cation exchange, mainly calcium, whose content is relatively
high in the fly ash.

The addition of lime affected the swelling of the clayey
soil. When 3% lime was added the free swell reduced by 9%
compared to that of the untreated soil. When the next amount
of lime was added the initial free swell was reduced by 41%.
A similar effect on the free swell was evident when fly ash
was added to the soil sample. The percentages of free swell�s
reduction were 34% and 43% for the mixtures with 4% and
8% fly ash respectively.

In respect of the swelling, the addition of 6% lime is com-
parable to the addition of 8% fly ash, since both the free swell
and the swell pressure values were very similar for these
admixtures.

When lime or fly ash was added to the soil, the specimens
resisted the restoration of their original height. This
resistance increased with higher percentages of additive.
Thus, the values of swell pressure could be explained in
terms of the development of reactions between the clay and
the lime or the free calcium oxide encountered in the fly ash.
These reactions take place in a very short time interval after
the mixing of the materials and the addition of water to the
mix. The clay�s structure alters with the production of aggre-
gates and the arrangement of its molecules ceases to be regu-
lar as in the natural material. Furthermore, the pores decrease
in size, though the total void-volume remains the same. The
resistance to the pressure for the restoration of the original
height, could also be attributed to the development of
pozzolanic reactions.

The greater part of the swell percentage variation in soil-
lime specimens was developed during the first ten minutes
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after the test had started. This time was less for the greater
percentages, especially for the 12% lime by weight ratio.

For some time after the test was started, with the excep-
tion of the soil +12% lime mixture, the swell percentages
exhibited by the mixtures were higher than those of the natu-
ral soil, showing that the swell�s variation rate varies when
lime is added to the soil. 

During the first ten minutes after the beginning of testing,
the mixture �soil +6% lime� presented swell percentages
lower than those presented by the �soil +9% lime� mixture
and later on slightly higher. It can be concluded that a critical
percentage of lime in the region of 6% exists which could be

used for the favourable alteration of the soil�s swelling
behaviour. A respectively critical percentage for the fly ash
used in the laboratory experiments lies in the region of 8% to
10% by weight.

After three days of testing, the range of variation in swell
percentage was smaller for the different fly ash percentages
in the specimens in comparison with the same range for the
different lime percentages. 

The greater part of the swell percentage variation in soil-
fly ash specimens was developed during the first hour after
the test had started. During that time the swell�s percentage
variation rate varied.
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