
Ðåñßëçøç
Åíôïðßæåôáé ç öáéíïìåíéêÞ âÜóç ôçò óõìâáôéêÞò ôáîéíüìçóçò êáé
ôáõôïðïßçóçò ôïõ óêõñïäÝìáôïò ìå âÜóç ôç èëéðôéêÞ áíôï÷Þ ôïõ êáé
ðñïôåßíåôáé ï ëüãïò «èëéðôéêÞ áíôï÷Þ/ìÝôñï åëáóôéêüôçôáò» ùò èåìå-
ëéþäçò äåßêôçò óõìðåñéöïñÜò êáé ôáõôïðïßçóçò ôïõ óêõñïäÝìáôïò, ï
ïðïßïò åðéôñÝðåé ôçí åíïðïßçóç ôùí äéáöüñùí êáôçãïñéþí óêõñïäÝ-
ìáôïò. Ìå ôçí åíïðïßçóç áõôÞ ðåñéïñßæåôáé óçìáíôéêÜ ï üãêïò ôùí
áðáéôïýìåíùí ðåéñáìáôéêþí äåäïìÝíùí, êáèþò ôá ÷áñáêôçñéóôéêÜ
ôçò óõìðåñéöïñÜò ôùí íÝùí ôýðùí óêõñïäÝìáôïò ìðïñïýí íá ðñï-
êýøïõí áðü õðÜñ÷ïíôá ðåéñáìáôéêÜ óôïé÷åßá óõìðåñéöïñÜò ðáëéüôå-
ñùí ôýðùí óêõñïäÝìáôïò. Áíáíôéóôïé÷ßåò óõìðåñéöïñÜò ôïõ óêõñï-
äÝìáôïò óå åðßðåäï äïêéìßïõ êáé äïìéêïý óôïé÷åßïõ óõó÷åôßæïíôáé ìå
ðïëõðëïêüôçôåò êáé áäõíáìßåò ôçò óõìâáôéêÞò äïêéìáóßáò ôïõ óêõ-
ñïäÝìáôïò, êáé ðñïäéáãñÜöåôáé êáé áéôéïëïãåßôáé ôñïðïðïéçìÝíç
ìÝèïäïò äïêéìáóßáò ãéá ôçí áíáßñåóÞ ôïõò.

1. ÅÉÓÁÃÙÃÇ

Ðáñáêïëïõèþíôáò ôéò åîåëßîåéò óôçí ðåñéï÷Þ ôïõ óêõñï-
äÝìáôïò ðáñáôçñïýìå ìéá áíáêïëïõèßá. Ïé íÝåò åîåëßîåéò
óôïí ôïìÝá ôçò ôå÷íïëïãßáò ôïõ óêõñïäÝìáôïò, üðùò ôá åëá-
öñïóêõñïäÝìáôá êáé ôá óêõñïäÝìáôá õøçëÞò áíôï÷Þò, äåí
Ý÷ïõí óõíïäåõèåß áðü áíôßóôïé÷ç åîÝëéîç êáé ðñïóáñìïãÞ
ôùí äåéêôþí óõìðåñéöïñÜò ôïõ õëéêïý êáé ôçò ìåèüäïõ äïêé-
ìáóßáò ôïõ. Ùò âáóéêüò äåßêôçò óõìðåñéöïñÜò êáé ôáîéíüìç-
óçò ôïõ óêõñïäÝìáôïò åîáêïëïõèåß íá õéïèåôåßôáé ç èëéðôé-
êÞ áíôï÷Þ. Ç óõìâáôéêÞ ìÝèïäïò ìÝôñçóÞò ôçò ðáñáìÝíåé
ó÷åäüí áìåôÜâëçôç áðü ôçí áñ÷Þ ôçò õéïèÝôçóÞò ôçò: «øåõäï-
ìïíïáîïíéêÞ èëßøç» óå êõâéêÜ Þ êõëéíäñéêÜ äïêßìéá.

Óôçí áíáêïëïõèßá áõôÞ ìðïñåß íá áðïäïèïýí åí ìÝñåé:
(á) ç óõíå÷Þò äéüãêùóç ôùí ðåéñáìáôéêþí åñãáóéþí, êáèþò
ïé ßäéåò äéåñåõíÞóåéò ãßíïíôáé îå÷ùñéóôÜ ãéá óýíçèåò êáíïíé-
êü óêõñüäåìá, êáíïíéêü óêõñüäåìá õøçëÞò áíôï÷Þò, óýíç-
èåò åëáöñïóêõñüäåìá, åëáöñïóêõñüäåìá õøçëÞò áíôï÷Þò
êáé (â) ïé äéáôõðïýìåíåò åðéöõëÜîåéò ãéá ôçí áðïôåëåóìáôé-
êüôçôá ôùí ðïëõÜñéèìùí åñåõíþí êáé äçìïóéåýóåùí, êáèþò
ïé áñ÷éêÝò åããåíåßò, êáé óå ìåãÜëï âáèìü áíáãíùñéóìÝíåò,
áäõíáìßåò ôùí õéïèåôçìÝíùí äåéêôþí êáé äïêéìáóéþí ìåãå-
èýíïíôáé ìå ôïõò íÝïõò ôýðïõò óêõñïäÝìáôïò êáé áõîÜíïõí

ôçí ðïëõðëïêüôçôá ôùí áðïôåëåóìÜôùí êáé ôùí åñìçíåéþí
ôïõò. ×áñáêôçñéóôéêü åßíáé ôï Üñèñï ôïõ Adam Neville,
óõããñáöÝá äéåèíþò áíáãíùñéóìÝíïõ åã÷åéñéäßïõ ôå÷íïëï-
ãßáò óêõñïäÝìáôïò, óôï ðåñéïäéêü «Concrete International» [1]
ìå ôßôëï: «Ç ÝñåõíÜ ìáò ìïéÜæåé íá âåëôéþíåé ôï óêõñüäåìá;»

Óôçí åñãáóßá áõôÞ åíôïðßæïíôáé ÷áñáêôçñéóôéêÝò ðåñé-
ðôþóåéò ðïëõðëïêïôÞôùí ó÷åôéæüìåíùí ìå ôçí ðáñáðÜíù
áíáêïëïõèßá, áíáæçôïýíôáé ïé áéôßåò ôïõò êáé ãéá ôçí áíáß-
ñåóÞ ôïõò, ðñïôåßíïíôáé ç õéïèÝôçóç åíüò ïñèïëïãéêüôåñïõ
äåßêôç óõìðåñéöïñÜò ôïõ óêõñïäÝìáôïò êáé ìéá óõíåêôéêü-
ôåñç ìÝèïäïò äïêéìáóßáò ôïõ ìå áðëÞ ôñïðïðïßçóç ôçò óõì-
âáôéêÞò èëéðôéêÞò äïêéìÞò, ÷ùñßò áðáßôçóç ðñüóèåôïõ åîï-
ðëéóìïý.

2. Ç ÓÕÌÂÁÔÉÊÇ ÐÑÁÊÔÉÊÇ 
ÔÁÎÉÍÏÌÇÓÇÓ ÔÏÕ ÓÊÕÑÏÄÅÌÁÔÏÓ
ÂÁÓÅÉ ÔÇÓ ÈËÉÐÔÉÊÇÓ ÁÍÔÏ×ÇÓ

Óýìöùíá ìå ôçí éó÷ýïõóá ðñáêôéêÞ, ôá óêõñïäÝìáôá
ôáîéíïìïýíôáé áíÜëïãá ìå ôç óôÜèìç ôçò èëéðôéêÞò áíôï÷Þò
ôïõò óå óõìâáôéêÜ óêõñïäÝìáôá, êáíïíéêÜ óêõñïäÝìáôá
õøçëÞò áíôï÷Þò, óõíÞèç åëáöñïóêõñïäÝìáôá, åëáöñïóêõ-
ñïäÝìáôá õøçëÞò áíôï÷Þò ê.ëð. 

Áêïëïõèþíôáò ôçí åîÝëéîç ôçò ôå÷íïëïãßáò, ôï êáôþôåñï
üñéï áíôï÷Þò ãéá ôïí ïñéóìü ôùí óêõñïäåìÜôùí õøçëÞò
áíôï÷Þò ìåôáâÜëëåôáé ìå ôï ÷ñüíï óõíå÷þò áõîáíüìåíï:
áðü 30 MPa óôç äåêáåôßá ôïõ 1950 áõîÜíåôáé óôá 50 Mpa
ôï 1994 [2] êáé óôá 70 MPa ôï 1996 [3]. 

Áñêåôïß åñåõíçôÝò èÝôïõí äéêÜ ôïõò üñéá êáé ôáîéíïìÞ-
óåéò. Ãéá ðáñÜäåéãìá, óýìöùíá ìå ôïõò Floyed, Slate, Nilson
and Martinez [4] ôá óêõñïäÝìáôá ôáîéíïìïýíôáé óå ÷áìçëÞò
áíôï÷Þò, ìÝóçò áíôï÷Þò êáé õøçëÞò áíôï÷Þò. Ôá êáôþôåñá
üñéá ãéá ôá óêõñïäÝìáôá ìÝóçò êáé õøçëÞò áíôï÷Þò ïñßæï-
íôáé 33 ÌÑa êáé 53 MPa ãéá ôï êáíïíéêü óêõñüäåìá, 28
MPa êáé 40 MPa ãéá ôï åëáöñïóêõñüäåìá. 

Ãéá êÜèå êáôçãïñßá óêõñïäÝìáôïò óõíôÜóóïíôáé éäéáßôå-
ñåò ðñïäéáãñáöÝò êáé êáíïíéóôéêÝò äéáôÜîåéò [3] êáé ãßíï-
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íôáé éäéáßôåñåò âéâëéïãñáöéêÝò áíáöïñÝò, êáèþò êÜèå êáôç-
ãïñßá åñåõíÜôáé éäéáßôåñá êáé õðüêåéôáé óå éäéáßôåñåò åñìç-
íåßåò ôçò ìç÷áíéêÞò óõìðåñéöïñÜò.

Óôçí ðåñßðôùóç ôùí åëáöñïóêõñïäåìÜôùí, áíÜëïãá ìå
ôï åßäïò ôïõ ÷ñçóéìïðïéïýìåíïõ åëáöñïý áäñáíïýò, äéáêñß-
íïíôáé åðß ìÝñïõò õðïêáôçãïñßåò êáé ãßíïíôáé åðß ìÝñïõò
åñåõíçôéêÝò åñãáóßåò êáé áíáöïñÝò.

3.  Ç ÖÁÉÍÏÌÅÍÏËÏÃÉÊÇ ÂÁÓÇ 
ÔÇÓ ÓÕÌÂÁÔÉÊÇÓ ÔÁÎÉÍÏÌÇÓÇÓ

3.1. ¸íá ðáñÜäåéãìá óõìâáôéêïý åëáöñïóêõñïäÝìáôïò
ìå óõìðåñéöïñÜ óêõñïäÝìáôïò õøçëÞò áíôï÷Þò: ôï
ìéêñïêéóóçñüäåìá 

Ìßá áðü ôéò âáóéêÝò äéáöïñÝò ôùí óõìâáôéêþí óêõñïäå-
ìÜôùí êáé ôùí óêõñïäåìÜôùí õøçëÞò áíôï÷Þò áðïôåëåß ï
êáôáóôáôéêüò íüìïò ôÜóåùí-ðáñáìïñöþóåùí [4], [5].

Óôï ó÷Þìá 1 äßíïíôáé ôõðéêÜ äéáãñÜììáôá ôÜóåùí-ðáñá-
ìïñöþóåùí ãéá ôéò äýï êáôçãïñßåò óêõñïäåìÜôùí [4]. Ôá
óêõñïäÝìáôá õøçëÞò áíôï÷Þò åìöáíßæïõí ðéï åõèýãñáììï
áíåñ÷üìåíï êëÜäï êáé ðéï áðüôïìï êáôåñ÷üìåíï êëÜäï.
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Ó÷Þìá 1: ÄéaãñÜììáôá ó-å ôïõ óêõñïäÝìáôïò [4].
Figure 1: Stress-strain diagrams of concrete [4].

Ó÷Þìá 2: ÄéaãñÜììáôá ó-å ìéêñïêéóóçñïäÝìáôïò [6].
Figure 2: Stress-strain diagrams of pumice microconcrete [6].

Óôï ó÷Þìá 2 äßíåôáé ôï äéÜãñáììá ôÜóåùí-ðáñáìïñöþ-
óåùí ôïõ ìéêñïêéóóçñïäÝìáôïò áíôï÷Þò 30 Ìpa [6]. Åßíáé
åìöáíÞò ç ïìïéüôçôá ôçò ðáñáìïñöùóéáêÞò óõìðåñéöïñÜò
ôïõ ìå ôï óêõñüäåìá õøçëÞò áíôï÷Þò.

Ç ïìïéüôçôá ôùí äýï óêõñïäåìÜôùí åêôåßíåôáé êáé óå
Üëëá ÷áñáêôçñéóôéêÜ óõìðåñéöïñÜò, üðùò óôçí ôá÷ýôåñç
åîÝëéîç ôçò áíôï÷Þò ìå ôçí çëéêßá, óôç ìéêñüôåñç åñðõóôé-
êÞ ðáñáìüñöùóç ê.Ü.

3.2. Ç áíåðÜñêåéá ôçò èëéðôéêÞò áíôï÷Þò ùò äåßêôç
óõìðåñéöïñÜò ôïõ óêõñïäÝìáôïò

Ìå âÜóç ôç óôÜèìç ôçò áíôï÷Þò ôïõ, ôï ìéêñïêéóóçñü-
äåìá êáôáôÜóóåôáé óôá óõìâáôéêÜ óêõñïäÝìáôá (ìÝóçò
áíôï÷Þò). Ìå âÜóç ôç óõìðåñéöïñÜ ôïõ, áíôéóôïé÷åß óôá
óêõñïäÝìáôá õøçëÞò áíôï÷Þò. Ç èëéðôéêÞ áíôï÷Þ äåí áðï-
ôåëåß, ëïéðüí, åðáñêÞ äåßêôç ãéá ôçí ôáõôïðïßçóç ôïõ õëé-
êïý.

4.  ÄÉÅÑÅÕÍÇÓÇ ÔÙÍ ÁÉÔÉÙÍ ÔÇÓ 
ÁÍÁÍÔÉÓÔÏÉ×ÉÁÓ ÔÁÎÉÍÏÌÇÓÇÓ 
ÊÁÉ ÓÕÌÐÅÑÉÖÏÑÁÓ

4.1. Ïé äýï ìç÷áíéóìïß áíÜëçøçò öïñôßïõ

Ëüãù ôùí äéáöïñåôéêþí ÷áñáêôçñéóôéêþí ôùí ôñéþí
öÜóåùí ôïõ óêõñïäÝìáôïò: ôïõ ôóéìåíôïðïëôïý, ôùí áäñá-
íþí êáé ôçò åíäéÜìåóçò ìåôáâáôéêÞò æþíçò óôçí ðåñéï÷Þ
ìåôáîý áäñáíþí êáé ôóéìåíôïðïëôïý [7], ç åíôáôéêÞ êáôÜ-
óôáóç ôïõ óêõñïäÝìáôïò õðü ïìïéüìïñöç èëéðôéêÞ åðéðü-
íçóç äåí åßíáé ïìïéüìïñöç. Ïé áíáðôõóóüìåíåò èëéðôéêÝò
ôÜóåéò óôéò ôñåéò öÜóåéò åßíáé (áíôßóôñïöá áíÜëïãåò ôùí
äõóêáìøéþí ôïõò) äéáöïñåôéêÝò ìå óõíÝðåéá êáìðýëùóç
ôùí ôñï÷éþí ôùí èëéðôéêþí ôÜóåùí.

Ëüãù ôçò êáìðýëùóçò áõôÞò áíáðôýóóïíôáé ãéá ëüãïõò
éóïññïðßáò åãêÜñóéåò ôÜóåéò èëéðôéêÝò Þ åöåëêõóôéêÝò. Ìå
ôçí áýîçóç ôçò åðéðüíçóçò óôéò èÝóåéò ôùí åöåëêõóôéêþí
ôÜóåùí åìöáíßæïíôáé ñùãìÝò, üôáí õðåñâáßíåôáé ç áíôßóôïé-
÷ç ìÝãéóôç ôéìÞ ôïõò. 

Ëüãù ôçò äéáöïñåôéêÞò äõóêáìøßáò ôïõ ôóéìåíôïðïëôïý
êáé ôçò åíäéÜìåóçò æþíçò (ç åíäéÜìåóç öÜóç åßíáé áóèåíÝ-
óôåñç, ðéï ðïñþäçò, áðü ôç öÜóç ôïõ ôóéìåíôïðïëôïý) áíá-
ðôýóóïíôáé ìéêñïññùãìÝò óôçí ðåñéï÷Þ óõíÜöåéáò ôóéìå-
íôïðïëôïý êáé áäñáíþí, èÝóç áíÜðôõîçò ôùí åöåëêõóôéêþí
ôÜóåùí.

Ëüãù ôçò äéáöïñåôéêÞò äõóêáìøßáò ôóéìåíôïðïëôïý êáé
áäñáíþí áíáðôýóóïíôáé ñùãìÝò óôçí ðåñéï÷Þ óõíÜöåéáò,
üðùò öáßíåôáé óôï ó÷Þìá 3.1.ä (óôçí ßäéá ðåñéï÷Þ ìå ôéò
ðñïáíáöåñèåßóåò ñùãìÝò ôçò åíäéÜìåóçò æþíçò), Þ óôéò
èÝóåéò åðÜíù êáé êÜôù áðü ôá áäñáíÞ, üðùò öáßíåôáé óôï
ó÷Þìá 3.2.ä. 

Ç ðñþôç ðåñßðôùóç áíôéóôïé÷åß óå óêõñüäåìá ìå éó÷õñÞ
öÜóç ôá áäñáíÞ (âëÝðå ó÷Þìá 3.1), åíþ ç äåýôåñç áíôéóôïé-



÷åß óå óêõñüäåìá ìå éó÷õñÞ öÜóç ôïí ôóéìåíôïðïëôü (âëÝðå
ó÷Þìá 3.2). Ãéá äåäïìÝíï áäñáíÝò éó÷õñÞ öÜóç åßíáé ôá
áäñáíÞ, üôáí ç áíôï÷Þ ôïõ óêõñïäÝìáôïò åßíáé ìéêñÞ, åíþ,
üôáí ç áíôï÷Þ ôïõ óêõñïäÝìáôïò åßíáé ìåãÜëç, éó÷õñÞ öÜóç
åßíáé ï ôóéìåíôïðïëôüò. 

Êáèïñéóôéêü, ëïéðüí, ðáñÜãïíôá ãéá ôïí ìç÷áíéóìü áíÜ-
ëçøçò öïñôßïõ áðïôåëåß ï ëüãïò ôçò áíôï÷Þò ôïõ óêõñïäÝ-
ìáôïò ðñïò ôçí áíôï÷Þ ôïõ áäñáíïýò èåùñþíôáò üôé ìåãá-
ëýôåñç äõóêáìøßá áíôéóôïé÷åß óå ìåãáëýôåñç áíôï÷Þ. Ãéá
ìéêñü ëüãï éó÷õñÞ öÜóç åßíáé ôá áäñáíÞ êáé ï áíôßóôïé÷ïò
ìç÷áíéóìüò åßíáé áõôüò ôïõ ó÷Þìáôïò 3.1 ìå êñßóéìç ôçí
áíôï÷Þ óõíÜöåéáò ìåôáîý áäñáíþí êáé ôóéìåíôïðïëôïý êáé
åîáñôþìåíïò áðü ôçí ðïéüôçôá ôçò åíäéÜìåóçò öÜóçò (ïé
ñùãìÝò äéáäßäïíôáé ìÝóù ôïõ ôóéìåíôïðïëôïý). Ãéá ìåãÜëï
ëüãï éó÷õñÞ öÜóç åßíáé ï ôóéìåíôïðïëôüò êáé ï áíôßóôïé÷ïò
ìç÷áíéóìüò åßíáé áõôüò ôïõ ó÷Þìáôïò 3.2 ìå êñßóéìç ôçí
åöåëêõóôéêÞ áíôï÷Þ ôïõ ôóéìåíôïðïëôïý ìç åîáñôþìåíïò
éäéáßôåñá áðü ôçí ðïéüôçôá ôçò åíäéÜìåóçò öÜóçò (ïé ñùã-
ìÝò äéáäßäïíôáé ìÝóù ôùí áäñáíþí). 

4.2. Ïé äýï ôýðïé óõìðåñéöïñÜò

ÄåäïìÝíïõ üôé ç åöåëêõóôéêÞ áíôï÷Þ ôïõ ôóéìåíôïðïë-
ôïý åßíáé ìåãáëýôåñç áðü ôçí áíôï÷Þ óõíÜöåéáò ôóéìåíôï-
ðïëôïý êáé áäñáíþí (ç ïðïßá åßíáé åîáóèåíçìÝíç êáé ëüãù
ôïõ ðïñþäïõò ôçò åíäéÜìåóçò æþíçò), ç Ýíáñîç ôçò ìéêñïñ-
ñçãìÜôùóçò êáé ç óõíåðáãüìåíç êáìðýëùóç ôïõ äéáãñÜì-
ìáôïò ôÜóåùí ðáñáìïñöþóåùí êáèõóôåñïýí, óôçí ðåñßðôù-
óç ðïõ éó÷õñÞ öÜóç åßíáé ï ôóéìåíôïðïëôüò. Ôï äéÜãñáììá
óõìðåñéöïñÜò ôÜóåùí-ðáñáìïñöþóåùí óôçí ðåñßðôùóç
áõôÞ åßíáé ðåñßðïõ åõèýãñáììï.

Ïé äýï ìç÷áíéóìïß áíÜëçøçò öïñôßïõ áíôéóôïé÷ïýí, ëïé-
ðüí, óå äéáöïñåôéêïýò ôýðïõò óõìðåñéöïñÜò, üðùò öáßíåôáé
óôï ó÷Þìá 3.

Ïé äéáöïñïðïéÞóåéò ôùí äýï ôýðùí óõìðåñéöïñÜò áíôá-
íáêëþíôáé êáé óå Üëëá ìç÷áíéêÜ ÷áñáêôçñéóôéêÜ åêôüò áðü
ôç ìïñöÞ ôïõ äéáãñÜììáôïò ôÜóåùí-ðáñáìïñöþóåùí. Áíá-
öÝñïíôáé åíäåéêôéêÜ ç åñðõóôéêÞ ðáñáìüñöùóç êáé ç åîÝëé-
îç ôçò áíôï÷Þò ìå ôï ÷ñüíï.

Ëüãù ôçò ìéêñüôåñçò åñðõóôéêÞò ðáñáìüñöùóçò ôùí
áäñáíþí áðü áõôÞí ôïõ ôóéìåíôïðïëôïý, ìå ôçí ðÜñïäï ôïõ
÷ñüíïõ óõìâáßíåé áíáêáôáíïìÞ ôçò Ýíôáóçò: ï ôóéìåíôï-
ðïëôüò áðïöïñôßæåôáé êáé ôï áäñáíÝò åðéöïñôßæåôáé.

Ç áíáêáôáíïìÞ áõôÞ, óôçí ðåñßðôùóç ðïõ éó÷õñÞ öÜóç
åßíáé ôï áäñáíÝò (ôï ïðïßï áíáëáìâÜíåé ôï ìåãáëýôåñï âñá-
÷õ÷ñüíéï ìÝñïò ôïõ öïñôßïõ), åíéó÷ýåé ôç äéáöïñÜ ôÜóåùí
ìåôáîý ôùí äýï öÜóåùí ôïõ óêõñïäÝìáôïò êáé ãé� áõôü
áõîÜíåé ôçí Ýíôáóç ôïõ óõóôÞìáôïò. Óôçí ðåñßðôùóç ðïõ
éó÷õñÞ öÜóç åßíáé ï ôóéìåíôïðïëôüò (ï ïðïßïò áíáëáìâÜíåé
ôï ìåãáëýôåñï âñá÷õ÷ñüíéï ìÝñïò ôïõ öïñôßïõ), ç áíáêáôá-
íïìÞ áõôÞ ìåéþíåé ôçí Ýíôáóç ôïõ óõóôÞìáôïò. ÓêõñïäÝìáôá,
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Ó÷Þìá 3.1: ÅíôáôéêÞ êáôÜóôáóç ãéá óêõñüäåìá ìå éó÷õñÞ öÜóç ôá
áäñáíÞ: (á) ôñï÷éÝò èëéðôéêþí ôÜóåùí, (â) áíÜðôõîç åãêÜñóéùí
ôÜóåùí ëüãù êáìðýëùóçò ôùí èëéðôéêþí ôñï÷éþí, (ã) ðåñéï÷Ýò
åãêÜñóéùí èëéðôéêþí, c, êáé åöåëêõóôéêþí, t, ôÜóåùí, (ä) èÝóç Ýíáñ-
îçò ñçãìÜôùóçò.
Figure 3.1: Internal stress state in uniaxial compression for con-
cretes with the aggregate strength higher than the cement paste
matrix strength: (a) paths of compressive stresses, (b) development
of transverse stresses due to the deflection from linearity of the com-
pressive stress paths, (c) regions of transverse compressive, c, and
tensile, t, stresses (d) initial crack formation.

Ó÷Þìá 3.2: ÅíôáôéêÞ êáôÜóôáóç ãéá óêõñüäåìá ìå éó÷õñÞ öÜóç ôïí
ôóéìåíôïðïëôü.
Figure 3.2: Internal stress state in uniaxial compression for con-
cretes with the cement-paste matrix strength higher than the aggre-
gate strength.



ëïéðüí, ìå éó÷õñÞ öÜóç ôïí ôóéìåíôïðïëôü èá áíáðôýóóïõí
ìéêñüôåñåò ìáêñï÷ñüíéåò ðáñáìïñöþóåéò.

Áíôßóôïé÷ç äéáöïñïðïßçóç èá åìöáíßæåôáé êáé óôçí åîÝ-
ëéîç ôçò áíôï÷Þò ìå ôï ÷ñüíï. ÓêõñïäÝìáôá ìå éó÷õñÞ öÜóç
ôïí ôóéìåíôïðïëôü èá åìöáíßæïõí ôá÷ýôåñç åîÝëéîç. ´Ïðùò
áíáöÝñèçêå ðáñáðÜíù, ï ìç÷áíéóìüò áíÜðôõîçò åóùôåñé-
êþí ôÜóåùí åîáñôÜôáé áðü ôï ëüãï ôçò áíôï÷Þò ôïõ óêõñï-
äÝìáôïò ðñïò ôçí áíôï÷Þ ôïõ áäñáíïýò. Ãéá êÜèå áäñáíÝò
èá õðÜñ÷åé ìéá ìåôáâáôéêÞ óôÜèìç ôçò áíôï÷Þò ôïõ óêõñï-
äÝìáôïò. Ãéá áíôï÷Ýò ìåãáëýôåñåò áðü áõôÞí ï ìç÷áíéóìüò
ôïõ óêõñïäÝìáôïò èá áíôéóôïé÷åß óå áõôüí ìå éó÷õñÞ öÜóç
ôïí ôóéìåíôïðïëôü, êáôÜ ôïí ïðïßï ïé ñùãìÝò äéáäßäïíôáé
ìÝóù ôùí áäñáíþí êáé ãé� áõôü ç áíôï÷Þ ôïõ áäñáíïýò èá
êáèïñßæåé ôç ìÝãéóôç óôÜèìç óêõñïäÝìáôïò ðïõ ìðïñåß íá
åðéôåõ÷èåß ìå ôï óõãêåêñéìÝíï áäñáíÝò. ÁíáìÝíåôáé, ëïéðüí,
êáèõóôÝñçóç óôçí åîÝëéîç ôçò áíôï÷Þò ìåôÜ ôçí çëéêßá ôïõ
óêõñïäÝìáôïò, ãéá ôçí ïðïßá ç áíáðôõ÷èåßóá áíôï÷Þ ôïõ
óêõñïäÝìáôïò ðñïóåããßæåé ôç ìÝãéóôç áíôï÷Þ ðïõ ìðïñåß íá
åðéôåõ÷èåß ìå ôï äåäïìÝíï áäñáíÝò. ¸ôóé ç åîÝëéîç ôçò áíôï-
÷Þò óôçí ðåñßðôùóç áõôÞ èá åßíáé ôá÷ýôåñç (ãéá ðáñÜäåéã-
ìá, ç áíôï÷Þ ôùí åðôÜ çìåñþí èá åßíáé ìåãáëýôåñï ðïóïóôü
ôçò áíôï÷Þò ôùí åßêïóé ïêôþ çìåñþí).

5. ÐÑÏÔÅÉÍÏÌÅÍÏÓ ÄÅÉÊÔÇÓ 
Ï ËÏÃÏÓ ÁÍÔÏ×ÇÓ ÐÑÏÓ ÌÅÔÑÏ 
ÅËÁÓÔÉÊÏÔÇÔÁÓ ÔÏÕ ÓÊÕÑÏÄÅÌÁÔÏÓ

Óýìöùíá ìå ôéò ðáñáðÜíù èåùñÞóåéò, ï ôýðïò óõìðåñé-
öïñÜò ôïõ óêõñïäÝìáôïò åîáñôÜôáé áðü ôç ó÷Ýóç ôçò áíôï-
÷Þò ôïõ óêõñïäÝìáôïò ðñïò ôçí áíôï÷Þ ôïõ áäñáíïýò. Äåäï-
ìÝíïõ üôé ç áíôï÷Þ êáé ç äõóêáìøßá ôïõ áäñáíïýò ó÷åôßæï-
íôáé Üìåóá ìå ôï ìÝôñï åëáóôéêüôçôáò ôïõ óêõñïäÝìáôïò,
ðñïôåßíåôáé ùò äåßêôçò óõìðåñéöïñÜò ôïõ óêõñïäÝìáôïò ï
ëüãïò ôçò áíôï÷Þò ðñïò ôï ìÝôñï åëáóôéêüôçôáò ôïõ óêõñï-
äÝìáôïò.

ÓêõñïäÝìáôá ìå ôçí ßäéá ôéìÞ ôïõ ðñïôåéíüìåíïõ äåßêôç
èá áíôéóôïé÷ïýí óôïí ßäéï ôýðï óõìðåñéöïñÜò. ÓêõñïäÝìá-
ôá ìå ìéêñÞ ôéìÞ ôïõ äåßêôç èá áíôéóôïé÷ïýí óôïí ôýðï ôïõ
éó÷õñïý áäñáíïýò, óêõñïäÝìáôá ìå ìåãÜëç ôéìÞ ôïõ äåßêôç
èá áíôéóôïé÷ïýí óôïí ôýðï ôïõ éó÷õñïý ôóéìåíôïðïëôïý. 

Óôï ó÷Þìá 4 äßíïíôáé ïé êáìðýëåò óõìðåñéöïñÜò ó-å
óýìöùíá ìå ôï DIN 1045 êáé óôï ó÷Þìá 5 äßíïíôáé ïé áíôß-
óôïé÷åò êáìðýëåò ãéá óêõñïäÝìáôá ìå äéÜöïñá åßäç áäñá-
íþí, åíþ óôï ó÷Þìá 6 äßíåôáé ç óõó÷Ýôéóç áíôï÷Þò êáé
ìÝôñïõ åëáóôéêüôçôáò ôïõ óêõñïäÝìáôïò ãéá ôá óêõñïäÝìá-
ôá õøçëÞò áíôï÷Þò [8] êáé óôïí ðßíáêá 1 ç áíôßóôïé÷ç
óõó÷Ýôéóç ãéá êáíïíéêÜ óêõñïäÝìáôá [9].

¼ðùò ðñïêýðôåé áðü ôï ó÷Þìá 4, ïé ôéìÝò ôïõ ðñïôåéíü-
ìåíïõ äåßêôç ãéá ðñïïäåõôéêÞ ìåôÜâáóç áðü ôïí Ýíá ôýðï
óõìðåñéöïñÜò óôïí Üëëï åßíáé: 0,7 1,0 1,2 1,3 1,6, åíþ óôï
ó÷Þìá 6 ïé ôéìÝò ôïõ äåßêôç ãéá ôýðï óõìðåñéöïñÜò áõôüí
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Ó÷Þìá 3: ÄéaãñÜììáôá ó-å áíÜëïãá ìå ôïí ôýðï óõìðåñéöïñÜò: (á)
ôýðïò ôïõ éó÷õñïý áäñáíïýò, (b) ôýðïò ôïõ éó÷õñïý ôóéìåíôïðïëôïý.
Figure 3: Stress-strain diagrams depending on the behavior type:(a)
type of the strong aggregate, (b) type of the strong cement-paste.

Ó÷Þìá 4: ÄéaãñÜììáôá ó-å êáôÜ DIN 1045. 
Figure 4: Stress-strain diagrams according to DIN 1045.

Ó÷Þìá 5: ÄéáãñÜììáôá ó-å [6].
Figure 5: Stress-strain curves [6].



ôïõ éó÷õñïý ôóéìåíôïðïëôïý êõìáßíïíôáé áðü 2,3 Ýùò 3,0
êáé óôïí ðßíáêá 1 ïé ôéìÝò ôïõ äåßêôç ãéá ôýðï óõìðåñéöï-
ñÜò áõôüí ôïõ éó÷õñïý áäñáíïýò åßíáé: 0,6 0,7 0,8 0,9 1,0
1,2 1,3 1,4. Ãéá ôá óêõñïäÝìáôá ôïõ ó÷Þìáôïò 5 ç ôéìÞ ôïõ
äåßêôç ãéá ôïí ôýðï ôïõ éó÷õñïý ôóéìåíôïðïëôïý åßíáé 2,9
(ãéá ôï ìéêñïêéóóçñüäåìá áíôï÷Þò 30 ÌÑa), 2,5 (ãéá åëá-
öñïóêõñüäåìá ìå óðïããïêÝñáìï áíôï÷Þò 50 ÌÑa) êáé ãéá
ôïí ôýðï óõìðåñéöïñÜò áõôüí ôïõ éó÷õñïý áäñáíïýò 1,2
(ãéá áóâåóôïëéèéêÜ áäñáíÞ áíôï÷Þò 25 ÌPa).

Ç ìåôáâáôéêÞ ôéìÞ ôïõ ðáñáðÜíù äåßêôç ãéá ìåôÜâáóç
áðü ôïí Ýíá ôýðï óõìðåñéöïñÜò óôïí Üëëï, üðùò öáßíåôáé
áðü ôá ðáñáðÜíù óôïé÷åßá, ìðïñåß íá èåùñçèåß üôé êõìáßíå-
ôáé áðü 1,4 Ýùò 1,8.

6.  O ÁÐËÏÐÏÉÇÔÉÊÏÓ ÊÁÉ 
ÅÍÏÐÏÉÇÔÉÊÏÓ ×ÁÑÁÊÔÇÑÁÓ 
ÔÏÕ ÐÑÏÔÅÉÍÏÌÅÍÏÕ ÄÅÉÊÔÇ

6.1. ¢ñóç ôçò áíáíôéóôïé÷ßáò ôáîéíüìçóçò 
êáé óõìðåñéöïñÜò

Ôï ìéêñïêéóóçñüäåìá áíôï÷Þò 25 Ýùò 30 Ìpa ìå âÜóç
ôç óôÜèìç ôçò áíôï÷Þò ôïõ êáôáôÜóóåôáé óôá óêõñïäÝìáôá
÷áìçëÞò áíôï÷Þò, åíþ, üðùò öáßíåôáé óôï ó÷Þìá 2, åìöáíß-
æåé óõìðåñéöïñÜ óêõñïäÝìáôïò õøçëÞò áíôï÷Þò.

Ôï ìéêñïêéóóçñüäåìá óõãêñéíüìåíï ìå âÜóç ôïí ðñï-
ôåéíüìåíï äåßêôç êáôáôÜóóåôáé óôïí ßäéï ôýðï óõìðåñéöï-
ñÜò ìå ôá óêõñïäÝìáôá õøçëÞò áíôï÷Þò, áöïý ç ôéìÞ ôïõ
äåßêôç ôïõ (3,0) åßíáé ðáñüìïéá ìå ôçí ôéìÞ ôùí óêõñïäåìÜ-
ôùí áõôþí.

6.2. Åíïðïßçóç ôùí óêõñïäåìÜôùí áíåîÜñôçôá áðü ôïí
ôýðï ôïõ áäñáíïýò êáé ôç óôÜèìç ôçò áíôï÷Þò

Óýìöùíá ìå ôç óõìâáôéêÞ ôáîéíüìçóç, ôá óêõñïäÝìáôá
áíÜëïãá ìå ôïí ôýðï ôïõ áäñáíïýò êáé ôç óôÜèìç ôçò áíôï-
÷Þò äéáêñßíïíôáé óå óõìâáôéêÜ êáíïíéêÜ óêõñïäÝìáôá, óå
êáíïíéêÜ óêõñïäÝìáôá õøçëÞò áíôï÷Þò, óå åëáöñïóêõñï-
äÝìáôá ÷áìçëÞò áíôï÷Þò êáé óå åëáöñïóêõñïäÝìáôá õøç-
ëÞò áíôï÷Þò. ÊÜèå ìßá áðü áõôÝò ôéò êáôçãïñßåò åñåõíÜôáé
îå÷ùñéóôÜ êáé ãßíïíôáé îå÷ùñéóôÝò áíáöïñÝò õéïèåôþíôáò
äéáöïñåôéêÝò ïðôéêÝò êáé äßíïíôáò äéáöïñåôéêÝò åñìçíåßåò,
ìå áðïôÝëåóìá ìåãÜëïò üãêïò åñãáóßáò íá åðáíáëáìâÜíå-
ôáé äýï êáé ôñåéò öïñÝò, åíþ Ýíá Üëëï ìÝñïò íá êáèõóôåñåß
áêüìç ãéá ìéá Üëëç êáôçãïñßá óêõñïäÝìáôïò (ãéá ðáñÜäåéãìá,
ãéá ôçí ðåñßðôùóç ôïõ ðéï ðñüóöáôïõ óêõñïäÝìáôïò õøç-
ëÞò áíôï÷Þò) áðü áíåðÜñêåéá óôïé÷åßùí, ìïëïíüôé ôá óôïé-
÷åßá áõôÜ åßíáé äõíáôüí íá õðÜñ÷ïõí Þäç áðü ôá áðïôåëÝ-
óìáôá ãéá ìéá Üëëç êáôçãïñßá óêõñïäÝìáôïò (ãéá ðáñÜäåéã-
ìá ôá åëáöñïóêõñïäÝìáôá).

Áö� åôÝñïõ, äåäïìÝíïõ üôé ïé ôýðïé ôùí áäñáíþí, éäéáß-
ôåñá óôçí ðåñßðôùóç ôùí åëáöñïóêõñïäåìÜôùí, ðïéêßë-
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Ó÷Þìá 6: Óõó÷Ýôéóç áíôï÷Þò êáé ìÝôñïõ åëáóôéêüôçôáò [8].
Figure 6: Correlation of strength and modulus of elasticity [8].

Ðßíáêáò 1: Óõó÷Ýôéóç áíôï÷Þò êáé ìÝôñïõ åëáóôéêüôçôáò [9].
Table 1: Correlation of strength and modulus of elasticity [9].

ëïõí ãéá óêõñïäÝìáôá ôçò ßäéáò êáôçãïñßáò, ðñïêýðôïõí
óçìáíôéêÝò áðïêëßóåéò óôá áðïôåëÝóìáôá êáé ôá óõìðåñÜ-
óìáôá (Þ êáé áíôéôéèÝìåíá áðïôåëÝóìáôá êáé óõìðåñÜóìá-
ôá), áöïý óêõñïäÝìáôá ôçò ßäéáò êáôçãïñßáò ìðïñåß íá áíôé-
óôïé÷ïýí óå äéáöïñåôéêü ôýðï óõìðåñéöïñÜò (üðùò ãéá
ðáñÜäåéãìá ôï ìéêñïêéóóçñüäåìá, ðïõ áíáöÝñèçêå ðáñá-
ðÜíù êáé ôï ïðïßï áðïêëßíåé áðü ôç óõìðåñéöïñÜ ôùí åëá-
öñïóêõñïäåìÜôùí ÷áìçëÞò áíôï÷Þò óôçí ïðïßá êáôáôÜóóå-
ôáé ìå âÜóç ôç óõìâáôéêÞ ôáîéíüìçóç). 

Ìå âÜóç ôïí ðñïôåéíüìåíï äåßêôç, ïé ðáñáðÜíù êáôçãï-
ñßåò åíïðïéïýíôáé óå ìßá ìå ðáñÜìåôñï óõìðåñéöïñÜò ôçí
ôéìÞ ôïõ ðñïôåéíüìåíïõ äåßêôç: óêõñïäÝìáôá ìå ìåãÜëç
ôéìÞ ôïõ äåßêôç (õðåñäïóïëïãçìÝíá, ìå ìåãáëýôåñç êáôá-
íÜëùóç ôóéìÝíôïõ ãéá åðßôåõîç ìåãáëýôåñçò áíôï÷Þò) èá
åìöáíßæïõí äéáöïñåôéêÞ óõìðåñéöïñÜ áðü óêõñïäÝìáôá ìå
ìéêñÞ ôéìÞ ôïõ äåßêôç (õðïäïóïëïãçìÝíá).

Ãéá ðáñÜäåéãìá, óôá ó÷Þìáôá 7 [4] êáé 8 [10], ôá ïðïßá
åìöáíßæïõí ðåéñáìáôéêÜ áðïôåëÝóìáôá ãéá óêõñïäÝìáôá
äéáöüñùí êáôçãïñéþí, åßíáé åìöáíÞò ç ôáõôüôçôá ôçò ðáñá-
ìïñöùóéáêÞò óõìðåñéöïñÜò õðü ôï ðñßóìá ôïõ ðñïôåéíüìå-
íïõ äåßêôç (êáèþò ôá åëáöñïóêõñïäÝìáôá óõó÷åôßæïíôáé ìå
êáíïíéêÜ óêõñïäÝìáôá ìå ìåãáëýôåñç áíôï÷Þ ãéá ßäéá ôéìÞ
ôïõ äåßêôç, äçëáäÞ ôïõ ëüãïõ áíôï÷Þò ðñïò ìÝôñï åëáóôé-
êüôçôáò).

¸ôóé, öáéíüìåíá, üðùò ç ôá÷ýôåñç åîÝëéîç ôçò áíôï÷Þò,
ï ìéêñüôåñïò åñðõóìüò ê.Ü., ôùí óêõñïäåìÜôùí õøçëÞò



áíôï÷Þò [5] êáé êÜðïéùí åëáöñïóêõñïäåìÜôùí [6] õðü ôï
ðñßóìá ôïõ ðñïôåéíüìåíïõ äåßêôç êáé óõó÷åôéæüìåíá ìå ôïí
ôýðï óõìðåñéöïñÜò ôùí õðåñäïóïëïãçìÝíùí óêõñïäåìÜ-
ôùí (ìå ìåãÜëç ôéìÞ ôïõ äåßêôç) ìïéÜæïõí áíáìåíüìåíá
(âëÝðå 4.2).

7.  ÁÄÕÍÁÌÉÅÓ ÔÇÓ ÓÕÌÂÁÔÉÊÇÓ 
ÌÅÈÏÄÏÕ ÄÏÊÉÌÁÓÉÁÓ 
ÔÏÕ ÓÊÕÑÏÄEMÁÔÏÓ

7.1. ¸íá ðáñÜäåéãìá: Ç áíáíôéóôïé÷ßá ôçò ðëáóôéìüôçôáò
äïêéìßùí êáé äïìéêþí óôïé÷åßùí óôçí ðåñßðôùóç
ôïõ ìéêñïêéóóçñïäÝìáôïò êáé ôïõ óêõñïäÝìáôïò
õøçëÞò áíôï÷Þò 

¼ðùò öáßíåôáé óôá ó÷Þìáôá 1 êáé 2, ìéêñïêéóóçñüäåìá
ìå áíôï÷Þ 25-30 MPa êáé êáíïíéêü óêõñüäåìá õøçëÞò
áíôï÷Þò åìöáíßæïõí, óýìöùíá ìå ôá ðåéñáìáôéêÜ áðïôåëÝ-
óìáôá, óáöþò øáèõñüôåñç óõìðåñéöïñÜ áðï áõôÞí ôïõ
óõìâáôéêïý óêõñïäÝìáôïò (ìå ðéï áðüôïìï ôïí êáôåñ÷üìå-
íï êëÜäï ôïõ äéáãñÜììáôïò). 

Åí ôïýôïéò, óýìöùíá ìå ôá áðïôåëÝóìáôá ðåéñáìáôéêïý
ðñïãñÜììáôïò [11], ç ðëáóôéìüôçôá êáôÜëëçëá ïðëéóìÝíùí
óôïé÷åßùí áðü ìéêñïêéóóçñüäåìá ðñïêýðôåé ðáñüìïéá ìå
áõôÞí ôïõ óõìâáôéêïý óêõñïäÝìáôïò. Ôï ßäéï óõìðÝñáóìá
áíáöÝñåôáé óôç âéâëéïãñáößá [12] êáé ãéá óôïé÷åßá áðü óêõ-
ñüäåìá õøçëÞò áíôï÷Þò.

7.2. Áíáæçôþíôáò ôéò áéôßåò: Ç äéáöïñåôéêÞ åðéññïÞ ôçò
ìç÷áíÞò èñáýóåùò óå óêõñïäÝìáôá ìå äéáöïñåôéêü
ìÝôñï åëáóôéêüôçôáò

¼ðùò öáßíåôáé óôï ó÷Þìá 9, ï êáôåñ÷üìåíïò êëÜäïò ôïõ
äéáãñÜììáôïò ôÜóåùí - ðáñáìïñöþóåùí åîáñôÜôáé Ýíôïíá
áðü ôçí ôá÷ýôçôá åðéðüíçóçò [8].
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Ó÷Þìá 7: ÄéáãñÜììáôá ó-å ãéá (á) êáíïíéêÜ óêõñïäÝìáôá êáé (â) ãéá
åëáöñïóêõñïäÝìáôá [4].

Figure 7: Stress-strain curves for (a) normal concretes and (b) for
lightweight concretes [4].

Ó÷Þìá 9: Ç åðéññïÞ ôçò ôá÷ýôçôáò åðéðüíçóçò V [8].
Figure 9: The influence of strain or stress rate V [8].

Ó÷Þìá 8: ÄéáãñÜììáôá ó-å ãéá (á) êáíïíéêÜ óêõñïäÝìáôá êáé (â) ãéá
åëáöñïóêõñïäÝìáôá [10].

Figure 8: Stress-strain curves for (a) normal concretes and (b) for
lightweight concretes [10].



Èåùñþíôáò, áðëïðïéçôéêÜ, ôï óýóôçìá ìç÷áíÞò êáé
äïêéìßïõ ùò óýóôçìá äýï åëáôçñßùí óå óåéñÜ, üðùò öáßíå-
ôáé óôï ó÷Þìá 10, ç áíáðôõóóüìåíç ôá÷ýôçôá åðéðüíçóçò
ôïõ äïêéìßïõ Vs êáé ç åðéâáëëüìåíç ôá÷ýôçôá åðéðüíçóçò
ôïõ óõóôÞìáôïò Vt óõíäÝïíôáé ìå ôç ó÷Ýóç: 

Vs = Vt.[1/(1+Cs/Cm)]

üðïõ Cs êáé Cm åßíáé ïé óôáèåñÝò, äõóêáìøßåò, äïêéìßïõ êáé
ìç÷áíÞò.

Ìå ôçí áýîçóç ôçò åðéðüíçóçò ç Cm åßíáé óôáèåñÞ, åíþ
ç Cs ìåôáâÜëëåôáé êáé óôç óôÜèìç ôïõ ìÝãéóôïõ öïñôßïõ
ãßíåôáé áñíçôéêÞ. Óýìöùíá ìå ôïí ðáñáðÜíù ôýðï, ç áíá-
ðôõóóüìåíç ôá÷ýôçôá ôïõ äïêéìßïõ ðñéí ôï ìÝãéóôï öïñôßï
áõîÜíåé ìå ôç ìåßùóç ôçò äõóêáìøßáò ôïõ äïêéìßïõ, åíþ áðü
ôç óôÜèìç ôïõ ìÝãéóôïõ öïñôßïõ êáé ìåôÜ áõîÜíåé ìå ôçí
áýîçóç ôçò äõóêáìøßáò ôïõ (ëüãù ôçò áñíçôéêÞò ôéìÞò ôçò
äõóêáìøßáò).

Äïêßìéá áðü óõìâáôéêü óêõñüäåìá 30 MPa êáé äïêßìéá
áðü ìéêñïêéóóçñüäåìá áíôï÷Þò 30 MPa Þ áðü óõìâáôéêü
óêõñüäåìá õøçëÞò áíôï÷Þò Ý÷ïõí óçìáíôéêÜ äéáöïñåôéêÞ
äõóêáìøßá. 

Óôçí ðåñéï÷Þ ôïõ ìÝãéóôïõ öïñôßïõ ôá äïêßìéá áðü ôï
ìéêñïêéóóçñüäåìá êáé ôï óêõñüäåìá õøçëÞò áíôï÷Þò åìöá-
íßæïõí óçìáíôéêÜ ìåãáëýôåñç äõóêáìøßá (ëüãù ôïõ ìåãá-
ëýôåñïõ ìÝôñïõ åëáóôéêüôçôáò óôçí ðåñéï÷Þ áõôÞ, âë.
ó÷Þìá 1 êáé 2). Ãé� áõôü, ãéá ßäéá åðéâáëëüìåíç ôá÷ýôçôá, ç
áíáðôõóóüìåíç ôá÷ýôçôá ôïõ äïêéìßïõ åßíáé ìåãáëýôåñç ãé�
áõôÜ ôá óêõñïäÝìáôá áð� ü,ôé ãéá ôï óõìâáôéêü óêõñüäåìá.

Ìå âÜóç ôéò èåùñÞóåéò áõôÝò, óõìðåñáßíåôáé üôé ï ðéï
áðüôïìïò êáôåñ÷üìåíïò êëÜäïò ôïõ ìéêñïêéóóçñïäÝìáôïò
(ìå áíôï÷Þ 30 MÑa) êáé ôïõ óêõñïäÝìáôïò õøçëÞò áíôï÷Þò
áðü áõôüí ôïõ óõìâáôéêïý óêõñïäÝìáôïò áíôáíáêëÜ, ôïõ-
ëÜ÷éóôïí åí ìÝñåé, ôç ìåãáëýôåñç áíáðôõóóüìåíç ôá÷ýôçôá
ôïõ äïêéìßïõ ðáñÜ êÜðïéá åããåíÞ äéáöïñÜ óõìðåñéöïñÜò,
üðùò õéïèåôåßôáé ãåíéêÜ óôç âéâëéïãñáößá [14]. 

×áñáêôçñéóôéêÜ ôçò ôáõôüôçôáò ôçò óõìðåñéöïñÜò óôïí
êáôåñ÷üìåíï êëÜäï åßíáé ôá áðïôåëÝóìáôá ðïõ äßíïíôáé óôï
ó÷Þìá 8 êáé ôá ïðïßá ðñïÝêõøáí ìå ìç óõìâáôéêÞ äïêéìá-
óßá óå éäéáßôåñá äýóêáìðôç ìç÷áíÞ èñáýóåùò ìå óôáèåñÞ
ôá÷ýôçôá ðáñáìüñöùóçò ôïõ äïêéìßïõ [10].
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Ó÷Þìá 10: Óýóôçìá ìç÷áíÞò êáé äïêéìßïõ.
Figure 10: Machine and specimen system.

8. ÐÑÏÔÅÉÍÏÌÅÍÇ ÌÅÈÏÄÏÓ 
ÄÏÊÉÌÁÓÉÁÓ ÔÏÕ ÓÊÕÑÏÄÅÌÁÔÏÓ

8.1. Óôü÷ïé ó÷åäéáóìïý

Ãéá ôï ó÷åäéáóìü ôçò ðñïôåéíüìåíçò ìåèüäïõ äïêéìáóßáò
ôßèåíôáé ïé ðáñáêÜôù óôü÷ïé:

1. Íá áßñåé ôéò âáóéêÝò ðïëõðëïêüôçôåò êáé áäõíáìßåò ôçò
óõìâáôéêÞò ìåèüäïõ äïêéìáóßáò: (á) ôçí áíáíôéóôïé÷ßá
ôçò åíôáôéêÞò êáôÜóôáóçò äïêéìßïõ êáé äïìéêïý óôïé÷åßïõ
õðü èëéðôéêÞ åðéðüíçóç, (â) ôç äéáöïñåôéêÞ åðéññïÞ ôùí
÷áñáêôçñéóôéêþí ôçò ìç÷áíÞò (äõóêáìøßá, äéáóôÜóåéò
êáé ðÜ÷ïò ðëáêþí) óå äéáöïñåôéêïýò ôýðïõò óêõñïäÝìá-
ôïò êáé (ã) ôçí åîÜñôçóç ôùí ìåôñÞóåùí ôùí ðáñáìïñ-
öþóåùí (ãéá ôç ìÝôñçóç ôïõ ìÝôñïõ åëáóôéêüôçôáò) áðü
ôï ìÞêïò êáé ôïí ôñüðï ìÝôñçóçò.

2. Ïé áðáéôïýìåíïé äåßêôåò ôïõ óêõñïäÝìáôïò íá ðñïêý-
ðôïõí áðü åíéáßá êáé áðëÞ äïêéìáóßá. 

8.2. ÐåñéãñáöÞ ôçò ìåèüäïõ
8.2.1. Ôýðïò äïêéìßùí êáé äéÜôáîç äïêéìÞò

Õéïèåôïýíôáé êõâéêÜ äïêßìéá ãéá ôçí åêôßìçóç ôüóï ôçò
èëéðôéêÞò áíôï÷Þò üóï êáé ôïõ ìÝôñïõ åëáóôéêüôçôáò. ÁíÜ-
ìåóá óôéò ðëÜêåò ôçò ìç÷áíÞò êáé ôï äïêßìéï åëÝã÷ïõ ðáñåì-
âÜëëïíôáé âïçèçôéêÝò ðëÜêåò áðü óêõñüäåìá ßäéáò áíôï÷Þò
ìå ôï õðü Ýëåã÷ï äïêßìéï (Þ ìåãáëýôåñçò áíôï÷Þò áðü áõôü)
ðïõ ðñïêýðôïõí áðü äïêßìéï ßäéùí äéáóôÜóåùí ìå áõôü ÷ù-
ñßæïíôÜò ôï óôç ìÝóç (êïðÞ) êáôÜ ôç äéåýèõíóç ôçò óêõñï-
äÝôçóçò.

ÊÜèå ðëÜêá óêõñïäÝìáôïò ðåñéóößããåôáé ðåñéìåôñéêÜ ìå
ôç âïÞèåéá äýï ÷áëýâäéíùí êïëëÜñùí, üðùò öáßíåôáé óôï
ó÷Þìá 11.

8.2.2. Ôýðïò åðéðüíçóçò

ÌåôÜ áðü äýï-ôñåéò åðáíáëÞøåéò óå ÷áìçëÞ óôÜèìç
ôÜóçò, ãéá óôáèåñïðïßçóç ôçò äéÜôáîçò, ôá äïêßìéá öïñôßæï-
íôáé êáôÜ ôï óõìâáôéêü ôñüðï ìÝ÷ñé ôï ìÝãéóôï öïñôßï. Áðï-
öïñôßæïíôáé êáé åðáíáöïñôßæïíôáé ìÝ÷ñé ôï åêÜóôïôå ìÝãé-
óôï öïñôßï ôñåéò Ýùò ðÝíôå öïñÝò, âë. ó÷Þìá 12. 

8.2.3. Åîïðëéóìüò êáé ìåôñÞóåéò

Ïé äéáìÞêåéò ðáñáìïñöþóåéò ìåôñïýíôáé ìå äýï ìçêõí-
óéüìåôñá óôçñéæüìåíá óå ÷áëýâäéíåò ðñïåîï÷Ýò ðñïóáñìï-

Ó÷Þìá 11: ÄéÜôáîç äïêéìÞò.
Figure 11: Test set-up.



óìÝíåò óôá ÷áëýâäéíá êïëëÜñá ðåñßóöéîçò ôùí âïçèçôéêþí
ðëáêþí áðü óêõñüäåìá. Ìåôñïýíôáé ôï ìÝãéóôï öïñôßï êáé
ç ìÝãéóôç ðáñáìüñöùóç ãéá êÜèå êýêëï öüñôéóçò.

Äåí ôßèåíôáé éäéáßôåñåò áðáéôÞóåéò ãéá ôç ìç÷áíÞ èñáý-
óåùò. Ïé óõíÞèåéò ìç÷áíÝò ìå õäñáõëéêÞ áñ÷Þ åßíáé áðïäå-
êôÝò. Ãéá ôç ìÝôñçóç ôçò ðáñáìüñöùóçò ìðïñïýí íá õéïèå-
ôçèïýí áðëÜ ùñïëïãéáêÜ ìçêõíóéüìåôñá (äåí áðáéôåßôáé
óýóôçìá êáôáãñáöÞò).

8.2.4. Õðïëïãéæüìåíïé äåßêôåò êáé ç óçìáóßá ôïõò

Õðïëïãßæïíôáé äýï âáóéêïß äåßêôåò:

1. Ï ëüãïò «ìÝãéóôç ôÜóç/ìÝôñï åëáóôéêüôçôáò» ôçò ðñþôçò
öüñôéóçò.

2. Ï ëüãïò «äéáöïñÜ ìÝãéóôçò ôÜóçò/äéáöïñÜ ìÝãéóôùí
ðáñáìïñöþóåùí» äéáäï÷éêþí êýêëùí öüñôéóçò.

Ï ðñþôïò äåßêôçò êáèïñßæåé ôïí ôýðï ôçò óõìðåñéöïñÜò
ôïõ óêõñïäÝìáôïò. Ï äåýôåñïò äåßêôçò, äßíïíôáò ôçí êëßóç
ôïõ êáôåñ÷üìåíïõ êëÜäïõ ôïõ äéáãñÜììáôïò ôÜóåùí-ðáñá-
ìïñöþóåùí (âë. 8.3), êáèïñßæåé ôçí ðëáóôéìüôçôá ôïõ óêõ-
ñïäÝìáôïò. ¼óï ðéï ìéêñüò åßíáé ï äåßêôçò, ôüóï ìåãáëýôå-
ñç ç ðëáóôéìüôçôá.

8.3. Óêåðôéêü ãéá ôï ó÷åäéáóìü ôçò ìåèüäïõ
8.3.1. Ôýðïò äïêéìßùí êáé äéÜôáîç äïêéìÞò

Ôá êõâéêÜ äïêßìéá, üðùò ÷ñçóéìïðïéïýíôáé óôç óõìâáôé-
êÞ ìÝèïäï äïêéìáóßáò, åðçñåÜæïíôáé áðü ôá ðáñáìïñöù-
óéáêÜ ÷áñáêôçñéóôéêÜ êáé ôéò äéáóôÜóåéò ôùí ðëáêþí ôçò
ìç÷áíÞò êáé ãé� áõôü ç åíôáôéêÞ êáôÜóôáóç ôïõ äïêéìßïõ äåí
áíôéóôïé÷åß óå áõôÞí ôïõ äïìéêïý óôïé÷åßïõ õðü èëéðôéêÞ
åðéðüíçóç. Áñêåôïß åñåõíçôÝò Ý÷ïõí êáôÜ êáéñïýò õéïèåôÞ-
óåé äéÜöïñåò äéáññõèìßóåéò ãéá ôçí õðåñíßêçóç ôùí ôñéâþí
ìåôáîý äïêéìßïõ êáé ðëáêþí ôçò ìç÷áíÞò. Ïé äéáññõèìßóåéò,
üìùò, áõôÝò ðñïóáíáôïëéæüìåíåò óå åñåõíçôéêïýò, êõñßùò,
óôü÷ïõò äåí ðñïóöÝñïíôáé ãéá ôõðïðïéçìÝíåò åñãáóôçñéá-
êÝò äïêéìÝò.

Ìå ôçí ðñïôåéíüìåíç ôñïðïðïßçóç, ôï äïêßìéï åðéðïíåß-
ôáé óå ìïíïáîïíéêÞ èëßøç, êáèþò ïé ðáñåìâáëëüìåíåò âïç-
èçôéêÝò ðëÜêåò áðü óêõñüäåìá Ý÷ïõí ôá ßäéá ðáñáìïñöù-
óéáêÜ ÷áñáêôçñéóôéêÜ ìå áõôü. Ïé ðëÜêåò ôïõ óêõñïäÝìá-
ôïò, ÷Üñç óôçí ðåñßóöéîç áðü ôéò ÷áëýâäéíåò ðëÜêåò ôçò
ìç÷áíÞò êáé ôá ÷áëýâäéíá êïëëÜñá, ðáñáìÝíïõí áññçãìÜ-
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Ó÷Þìá 12: Åðéðüíçóç. 
Figure 12: Loading.

ôùôåò êáé ìðïñïýí íá åðáíá÷ñçóéìïðïéçèïýí ãéá ôï åðüìå-
íï äïêßìéï.

8.3.2. Ôýðïò åðéðüíçóçò

¼ðùò áíáëýèçêå óôçí 6.2, ç åðéññïÞ ôçò äõóêáìøßáò ôçò
ìç÷áíÞò èñáýóåùò (ôçò óõíÞèïõò åñãáóôçñéáêÞò ìç÷áíÞò
ìå õäñáõëéêÞ áñ÷Þ, ÷ùñßò óåñâïìç÷áíéóìü) óôá áðïôåëÝ-
óìáôá ôçò äïêéìÞò åßíáé óçìáíôéêÞ êáé áíåîÝëåãêôç ãéá ôçí
ðåñéï÷Þ ôùí ìåôñÞóåùí ìåôÜ ôç ìÝãéóôç ôÜóç (êáôåñ÷üìåíï
êëÜäï ôïõ äéáãñÜììáôïò ôÜóåùí - ðáñáìïñöþóåùí) êáé äåí
äßíåé óõãêñßóéìá áðïôåëÝóìáôá ãéá äïêßìéá ìå äéáöïñåôéêÞ
äõóêáìøßá (äéáöïñåôéêü ìÝôñï åëáóôéêüôçôáò Þ äéáöïñåôé-
êÝò äéáóôÜóåéò). ÊáôÜ êáéñïýò Ý÷ïõí ðñïôáèåß äéÜöïñåò
äéáññõèìßóåéò ãéá ôçí õðåñíßêçóç áõôÞò ôçò áäõíáìßáò. Ïé
ðåñéóóüôåñåò áðï áõôÝò ôéò äéáññõèìßóåéò åßíáé éäéáßôåñá
ðïëýðëïêåò Þ èÝôïõí éäéáßôåñåò áðáéôÞóåéò ãéá ôç ìç÷áíÞ
èñáýóåùò êáé äåí ðñïóöÝñïíôáé ãéá ôõðïðïéçìÝíåò åñãá-
óôçñéáêÝò äïêéìÝò.

Ìå ôïí ðñïôåéíüìåíï ôýðï åðéðüíçóçò, ï êáôåñ÷üìåíïò
êëÜäïò ôïõ äéáãñÜììáôïò ôÜóåùí - ðáñáìïñöþóåùí ëáì-
âÜíåôáé ùò ç ðåñéâÜëëïõóá ôùí êýêëùí ôçò åðáíáëáìâáíü-
ìåíçò åðéðüíçóçò. Êáèþò ç ìç÷áíÞ óôáìáôÜ áõôüìáôá óôï
ìÝãéóôï öïñôßï, ç åðéññïÞ ôçò äõóêáìøßáò ôçò ìç÷áíÞò äåí
åßíáé óçìáíôéêÞ êáé ôá áðïôåëÝóìáôá äïêéìßùí ìå äéáöïñå-
ôéêÞ äõóêáìøßá åßíáé óõãêñßóéìá.

8.3.3. Åîïðëéóìüò êáé ìåôñÞóåéò

Óýìöùíá ìå ôç óõìâáôéêÞ ìÝèïäï, ôï ìÝôñï åëáóôéêüôç-
ôáò ìåôñåßôáé óå êõëéíäñéêÜ äïêßìéá. Ôá áðïôåëÝóìáôá ôùí
ìåôñÞóåùí, åêôüò áðü ôéò áíáêñßâåéåò ðïõ ó÷åôßæïíôáé ìå ôç
äéáöïñÜ ó÷Þìáôïò äïêéìßïõ êáé äïìéêïý óôïé÷åßïõ, åîáñôþ-
íôáé óå óçìáíôéêü âáèìü áðü ôï ìÞêïò ìÝôñçóçò êáé ôç äéÜ-
ôáîç ìÝôñçóçò, êáèþò ç åíôáôéêÞ êáôÜóôáóç äåí åßíáé ßäéá
êáè� ýøïò ôïõ äïêéìßïõ. ÅðéðëÝïí, ôá áðïôåëÝóìáôá ôùí
ìåôñÞóåùí õðüêåéíôáé óå ìåãÜëç äéáóðïñÜ, ëüãù ôçò ôõ÷áß-
áò èÝóçò åìöÜíéóçò ôùí ñùãìþí ôïõ äïêéìßïõ, ìå ôï ïðïßï
Ýñ÷ïíôáé óå åðáöÞ, Üìåóá Þ Ýììåóá, ïé ìåôñçôÝò ôùí ðáñá-
ìïñöþóåùí.

8.3.4. Õðïëïãéæüìåíïé äåßêôåò êáé ç óçìáóßá ôïõò

Ïé èåùñÞóåéò, ðïõ ïäÞãçóáí óôçí õéïèÝôçóç ôùí ðñïôåé-
íüìåíùí äåéêôþí, äßíïíôáé óôéò § 4 êáé 5.2.

ÓÕÌÐÅÑÁÓÌÁÔÁ 

1. Ç èëéðôéêÞ áíôï÷Þ ôïõ óêõñïäÝìáôïò äåí áðïôåëåß èåìå-
ëéþäç âÜóç ãéá ôçí ôáîéíüìçóç êáé ôáõôïðïßçóç ôùí
óêõñïäåìÜôùí.

2. Ï ôýðïò ôçò óõìðåñéöïñÜò ôïõ óêõñïäÝìáôïò åîáñôÜôáé
áðü ôç ó÷Ýóç ôùí áíôï÷þí óêõñïäÝìáôïò êáé áäñáíïýò.



3. Áíôß ôçò èëéðôéêÞò áíôï÷Þò ðñïôåßíåôáé ï ëüãïò ôçò áíôï-
÷Þò ðñïò ôï ìÝôñï åëáóôéêüôçôáò ôïõ óêõñïäÝìáôïò ùò
ðéï áíôéðñïóùðåõôéêüò äåßêôçò ãéá ôçí ôáîéíüìçóç êáé
ôáõôïðïßçóç ôùí óêõñïäåìÜôùí.

4. Ìå ôïí ðñïôåéíüìåíï äåßêôç åßíáé äõíáôÞ ç åíïðïßçóç
ôùí óêõñïäåìÜôùí ôùí äéáöüñùí êáôçãïñéþí, êáèþò
áßñåôáé ç äéÜêñéóç ôùí óêõñïäåìÜôùí, áðü ðëåõñÜò
ìç÷áíéêÞò óõìðåñéöïñÜò, óå êáíïíéêÜ óêõñïäÝìáôá êáé
åëáöñïóêõñïäÝìáôá, áíÜëïãá ìå ôï åßäïò ôïõ ÷ñçóéìï-
ðïéïýìåíïõ áäñáíïýò, êáé óå ìéêñÞò êáé õøçëÞò áíôï-
÷Þò, áíÜëïãá ìå ôç óôÜèìç ôçò áíôï÷Þò.

5. Ìå ôçí ùò Üíù åíïðïßçóç ìðïñåß íá ðåñéïñéóôåß óçìá-
íôéêÜ ï áðáéôïýìåíïò üãêïò ðåéñáìáôéêþí äåäïìÝíùí,
êáèþò ôá ÷áñáêôçñéóôéêÜ óõìðåñéöïñÜò ôþí íÝùí ôýðùí
óêõñïäÝìáôïò ìðïñïýí íá ðñïêýøïõí áðü ôá õðÜñ÷ïíôá
óôïé÷åßá óõìðåñéöïñÜò ðáëéüôåñùí ôýðùí óêõñïäÝìá-
ôïò.

6. Áíáíôéóôïé÷ßåò óôç óõìðåñéöïñÜ ôïõ óêõñïäÝìáôïò óå
åðßðåäï õëéêïý êáé äïìéêïý óôïé÷åßïõ ó÷åôßæïíôáé ìå
ðïëõðëïêüôçôåò ôçò óõìâáôéêÞò ìåèüäïõ äïêéìáóßáò ôïõ
óêõñïäÝìáôïò.

7. Ç óõìâáôéêÞ äïêéìáóßá ôïõ óêõñïäÝìáôïò óå èëéðôéêÞ
åðéðüíçóç äåí äßíåé óõãêñßóéìá áðïôåëÝóìáôá óôçí
ðåñßðôùóç äïêéìßùí ìå äéáöïñåôéêÞ äõóêáìøßá (ìå äéá-
öïñåôéêÜ ìÝôñá åëáóôéêüôçôáò Þ äéáöïñåôéêÝò äéáóôÜ-
óåéò).

8. Ç áðïäéäüìåíç ìåãáëýôåñç øáèõñüôçôá ôùí åëáöñï-
óêõñïäåìÜôùí êáé ôùí óêõñïäåìÜôùí õøçëÞò áíôï÷Þò
ìðïñåß íá áðïäïèåß, ôïõëÜ÷éóôïí åí ìÝñåé, óôç äéáöïñå-
ôéêÞ, áð� ü,ôé óôï óõìâáôéêü êáíïíéêü óêõñüäåìá, åðéñ-
ñïÞ ôçò ìç÷áíÞò èñáýóåùò óôá óêõñïäÝìáôá áõôÜ.

9. Ãéá ôçí áíáßñåóç ôùí ðáñáðÜíù ðïëõðëïêïôÞôùí áðáé-
ôåßôáé áíáèåþñçóç ôçò óõìâáôéêÞò ìåèüäïõ äïêéìáóßáò
ôïõ óêõñïäÝìáôïò.

10. ÐñïäéáãñÜöåôáé ìéá áðëÞ ôñïðïðïßçóç ôçò óõìâáôéêÞò
ìåèüäïõ ÷ùñßò áðáßôçóç ðñüóèåôïõ åîïðëéóìïý.
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Abstract
The phenomenological basis for the conventional classification of
concrete according to its compressive strength is identified and the
ratio �Compressive Strength/ Modulus of Elasticity� is proposed as
a more fundamental index of concrete behaviour. On the basis of the
proposed index a unification of the various types of concrete
becomes possible and, therefore, the amount of experimental data
required to study concrete behaviour may be considerably reduced,
as the behaviour of concretes for which experimental information is
lacking may be defined by existing data obtained from tests carried
out on other types of concrete. Non correspondences of concrete
behaviour on the specimen and structural element level and the di-
stinction of behaviour between lightweights and normal concretes
are related with the complications of the conventional concrete
testing: a modified test method is proposed for their elimination.

1. INTRODUCTION

Regarding concrete developments an inconsistency is
noticed. The new developments in the domain of concrete
technology, such as lightweight concretes have not been
accompanied by a corresponding development and adjust-
ment of identification indices and testing methods. Compres-
sive strength continues to be regarded as the basic perfor-
mance indice. Its testing remains approximately the same
since its first adoption; �pseudo-uniaxial compression� on
cube or cylinder specimens. 

This inconsistency may be seen to be at least partially,
responsible for: (a) the expansion of experimental research,
as the same investigations are made specifically for conven-
tional normal concrete, high-strength normal concrete, con-
ventional lightweight concrete, high-strength lightweight
concrete, etc. and (b) the questions which arise as to the effi-
ciency of thousands upon thousands of research programmes
and published papers, as the initial inherent incompleteness
of the adopted indice and of the test method is enlarged in the
new types of concrete and increase the complications of
results and their interpretation. It comes as no surprise, there-
fore, the question �Is our Research Likely to Improve Con-
crete?� [1] posed by Adam Neville in a recent article.

In this paper the concepts underlying a different criterion
for the classification of concretes are presented. The pro-
posed classification criterion may be a suitable basis for
reanalysing publised data in a manner that would lead to a
better understanding of the causes of the observed concrete
behavior.

2.  THE INSUFFICIENCY OF COMPRESSIVE
STRENGTH AS AN INDEX OF 
CONCRETE PERFORMANCE

2.1. The current practice of classification of concretes
according to the level of strength

According to current practice, concretes are classified on
the basis of their level of compressive strength as: conven-
tional normal concrete, high-strength normal concrete, con-
ventional light-weight concrete and high-strength lightweight
concrete. The lower limit of strength for the definition of
high-strength concrete, following the development of concrete
technology, has changed over time: from 30 MPa (4350 psi) in
the 1950s it has increased to 50 MPa (7250 psi) according to
Australian Standard for concrete structures AS 3600, 1994
[2] and to 70 MPa (10.000 psi) according to ACI 441R-1996
[3]. Several researchers define their own limit in their
research reports. According to Floyed, Slate, Nilson and Mar-
tinez [4] concretes are classified as: low-strength, medium-
strength and high-strength. The lower limits for medium and
high strength concrete are defined as 5000 psi and 8000 psi
for normal concrete, 4000 psi and 6000 psi for lightweight
concrete. Separate recommendations and research programs
are developed for each class of concrete, 1 as the research
reports conclude different behaviour for each concrete class. 

2.2. The phenomenological basis of the current classification

One of the basic differences between conventional con-
crete and high-strength concrete is the stress-strain relation.
In fig. 1 stress-strain curves for conventional and high
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strength concretes are shown [5]. High-strength concrete
compared with conventional concrete exhibits a more linear
ascending branch and a more abrupt descending branch. In
fig. 2 the stress-strain diagram of pumice microconcrete [6]
is shown. The deformational behaviour seems similar for
both types of concrete: high-strength and pumice microcon-
crete (with strength 25-30 MPa). Such similarities are also
identified in several other aspects [7]. According to the level
of its strength, pumice microconcrete corresponds to conven-
tional lightweight concretes. However, according to its defor-
mational behaviour it corresponds to high-strength concretes.
So, the classification of concrete according to the level of its
strength alone, does not seem sufficient.

3. SEEKING THE REASONS FOR THE
NON-CORRESPONDENCE OF 
CLASSIFICATION AND BEHAVIOUR 

3.1. The two types of load-carrying mechanism and the
corresponding two types of behavior

Theinternal stress state of the concrete under a uniform
compressive stress depends upon the deformational charac-
teristics of its constituent phases: aggregates, cement-paste
matrix and the transition phase between them. As the defor-
mational characteristics of these phases are different, their
internal stresses are different, with the stiffer phase carrying
the higher stress, and, hence, the compressive paths deflect
from linearity. This deviation from linearity leads to the
development of transverse compressive or tensile stresses for
equilibrium purposes. With increasing load, crack formation
begins (or, more pricesily, the pre-existing microcracks pro-
pagate) at the locations of high tensile-stress concentrations,
once the local tensile strength is exceeded.

Due to the different stiffness of the cement-paste matrix
and the transition zone, (the transition zone is more weak
with a higher porosity), cracking initiates at the transition
zone which is the location of high tensile-stress concen-
trations.

Due to the different stiffness of the transition phase and
aggregates cracking develops either at the transition zone, as
shown in fig. 3.1d [7], for the case of a stiffer aggregate phase
(cracks propagate through the cement paste), or at the top and
bottom of the coarse aggregate grains, as shown in fig. 3.2 d,
for the case of a stiffer cement-paste matrix (cracks propagate
through the aggregates). 

Hence, the decisive factor for the overall concrete
behavior will be the strength of the bond between cement-
paste matrix and aggregate (depending strongly upon the
quality of the transition zone) in the first case, or the cement-

paste tensile strength and the aggregate stiffness (as cracks
propagate through the aggregates) in the second case.

As it is well established that the cause of non-linearity of
the stress-strain curve is crack initiation and subsequent crack
extension, it would appear from the above that the start of
nonlinear behavior occurs when the strength of the bond
between the two constituent phases, for the case of a stiffer
aggregate phase, or the tensile strength of the cement-paste
matrix, for the case of a stiffer matrix, is exceeded. Moreover,
it is considered that it is because bond strength is smaller than
matrix strength, that the start of pronounced material non-
linearity occurs at a much higher load level for the case with
concretes characterised by a stiffer cement-paste matrix. For
the latter case the stress-strain curve is approximately linear
up to a load level very close to the peak level. Hence, the two
types of load-carrying mechanism correspond to two diffe-
rent types of concrete behavior depicted by the different
stress-strain curves shown in fig. 3.

The differences between the two types of behavior extend
also in several other mechanical characteristics, such as the
rate of strength gain with age, the long-term deformation factor,
etc. Concretes characterised by a stiffer cement-paste matrix
(over-dosed concretes, i.e. concretes with a high cement
quantity) exhibit earlier gain in strength and lower lower
long-term deformation factor.

3.2. The ratio fc/Ec as a concrete criterion

For a given aggregate type, concrete is characterised by a
stiffer aggregate phase when its strength is low (under-dosed
concrete, concrete with relatively low cement quantity),
whereas for a higher level of strength (over-dosed concrete)
it is characterised by a stiffer cement-paste phase. So, the
decisive factor for the type of behavior is the ratio of concrete
strength-to-aggregate stiffness. For a small value of this ratio
the stiffer phase is the aggregate phase and the corresponding
mechanism and behavior are those of figs 3.1 and 3(a),
respectively, whereas for a high value of this ratio the stiffer
phase is the cement paste and the corresponding mechanism
and type of behavior are those of figs 3.2 and 3(b). As the
stiffness of the aggregate content (which keeps much more
volume than the other constituent phases) is the more pro-
nounced factor of the modulus of elasticity of concrete, con-
crete behaviour may be considered to be dictated by the ratio
of concrete strength-to-concrete modulus of elasticity, which
is proposed as a more fundamental concrete index.

Concretes with the same value of the proposed index
exhibit similar behavior, characterising a particular type of
concrete. For small values of the above index concrete
behavior is that characterising the stiffer aggregate type,
whereas forlarge values of the index it corresponds to that of
the stiffer cement paste type.
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4. THE UNIFYING POTENTIAL 
OF THE PROPOSED CRITERION

As discussed above, for each aggregate typethere is a cri-
tical value of concrete strength marking the transition from
the one type of behavior to the other, below this value con-
crete exhibits the stiffer aggregate type of behavior. For
values of concrete strength higher than this critical value con-
crete exhibits the stiffer cement-paste type of behavior. This
critical value is different for each type of aggregate depen-
ding upon the aggregate stiffness (it increases with increasing
aggregate stiffness). On the basis of the proposed index,
therefore, the transition from the one type of behavior to the
other is described in a similar manner for all types of aggre-
gates independently of the value of their stiffness. Hence, a
unification of all types of concrete is achieved. The current
distinction of concretes, according to the type of the aggre-
gate and the level of strength, in conventional normal weight
concrete, high-strength normal weight concrete, conventional
lightweight concrete and high-strength lightweight concrete
is not needed. Moreover, it is misleading, especially in the
case of lightweight concretes due to the broader range of
lightweight aggregates used. Lightweight concretes with the
same strength - and, hence, classified in the same group (for
example, as conventional lightweight concretes) - may be
characterised by a different type of behavior due to their dif-
ferent values of concrete strength-to-aggregate stiffness,
which, as discussed above, is the decisive factor for the type
of concrete behaviour. 

According to the proposed index, concrete exhibits either
the stiffer aggregate type or the stiffer cement-paste type of
behavior depending upon the value of the ratio of concrete
strength-to-modulus of elasticity. On the basis of existing
experimental data the critical value of this ratio for the transi-
tion from the one type of behavior to the other seems to vary
between 1.4 and 1.8 (with a coefficient of 10-3).

For example, according to fig. 4, which shows the stress-
strain curves and the corresponding values of the modulus of
elasticity for normal concrete, the values of the proposed
index for the progressive transition from the one type of
behavior to the other (depicted by the degree of the non-
linearity of the ascending branch of the curve) are: 0.7, 1.0,
1.2, 1.3 and 1.6, while in fig. 6 [8], which shows the relation
between concrete strength and modulus of elasticity for high-
strength concrete, the values of the index for the stiffer
cement-paste type vary from 2.3 to 3.0.

In table 1 [9], which shows the relation between concrete
strength and modulus of elasticity for conventional normal
weight concrete, the values of the index for the stiffer aggre-
gate type are: 0.6, 0.7, 0.8, 0.9, 1.0, 1.2, 1.3 and 1.4. 

According to fig. 5 [6], which shows the stress-strain
curves for normal weight and lightweight concretes with dif-
ferent levels of strength, the value of the proposed index for
the stiffer cement-paste type is 2.9 (for pumice microconcrete
with 30 MPa strength and 11.10-3 MPa modulus of elasticity)
and 2.5 (for expanded clay lightweight concrete with 50 Mpa
strength and 20.10-3 MPa modulus of elasticity), while for
the stiffer aggregate type 1.2 (for limestone concrete with 
25 MPa strength and 23.10-3 MPa modulus of elasticity). 

More systematic experimental data are needed for a more
precise estimation of the critical value of the proposed index
for the transition from the one behavior type to the other.

5. REANALYSING EXISTING DATA

Fig. 7 extracted from ref. [4] shows the stress-strain
curves for lightweight and normal weight concrete. Compa-
ring the two types of concrete on the basis of the same level
of strength lightweight concretes exhibit a significantly more
pronounced linearity of the ascending branch and a more
abrupt descending branch. On the other hand, a comparison
based on the proposed index indicates that both types exhibit
the same behavior, as the lightweight concretes are compared
with the normal weight concretes with a higher level of
strength. In fact, the similarity also extends to the descending
branch ofthe stress-strain curves as indicated in fig. 8 [10].

Also in reference [4] it is interesting to note the following
conclusion: �At early ages, high-strength lightweight con-
crete exhibits a rate of strength gain higher than that of low-
strength and medium-strength lightweight concrete, possibly
the result of the high internal curing temperature developed
during hydration. The high heat of hydration is associated
with the high cement content in high-strength mixes. Diffe-
rence in rate of strength gain becomes negligible at later ages�.

On the basis of the proposed criterion it is considered rea-
listic to expect the above mentioned early gain of strength.
As discussed above, concrete strength is primary influenced
by the strength of the cement paste when the aggregate con-
stituent is the stiffer phase of concrete. Hence, a delay in
strength gain is expected after the age at which the strength
of concrete has reached its critical value (the value at which
aggregates change from the strong phase to the weak one).
This delay is not expected for low-strength and medium-
strength lightweight concretes as the final strength of such
concretes is below the above mentioned critical value. 

In ref. [6] an earlier gain of strength is also observed for
pumice microconcrete with strength 25-30 MPa and modulus
of elasticity 11000 MPa. This seems to contradict the above
mentioned conclusion of ref. [4], as pumice microconcrete
according to its level of strength is classified as a low-
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strength lightweight concrete. On the basis of the proposed
index such a contraction does not exist, as pumice microcon-
crete according to its concrete strength-to-modulus of elasti-
city ratio, which is higher than 2.0, is characterised by the
same type of behavior as the high-strength concretes in ref.
[4] (i.e. the concretes with the stiffer cement-paste type).

On the same basis, an earlier gain of strength is also
expected for high-strength normal weight concretes (com-
pared with the conventional normal weight concretes).
Another observed differencein behavior between these two
types of concrete is the lower long-term deformation factor of
the former [5].

On the basis of the proposed criterion this difference in
behavior is also expected as a result of the more favourable
effect of the redistribution of internal stresses with time. As
aggregate creep is insignificant in comparison with that of
cement paste, a redistribution of stresses occurs with time
from the cement paste to the aggregates. For the case of con-
cretes with the cement paste being the stiffer phase (which is
the case with the high-strength concretes), this redistribution
reduces the internal stresses of the more stressed phase (the
cement paste), whereas for the case of concretes with the
aggregates being the stiffer phase (which is the case of con-
ventional concretes) such a redistribution further increases
the stresses of the more stressed phase (i.e. the aggregates).

6. COMPLICATIONSOF THE CURRENT
TEST METHOD - AN EXAMPLE

6.1. The non-correspondence of ductility on material and
structural element level

As shown in fig. 1 and fig. 2, high-strength concrete, as
well as pumice microconcrete, exhibits a highly less ductile
behaviour than that of conventional normal concrete. However,
according to an experimental programme on the seismic
behaviour of pumice microconcrete linear members [11], the
ductility of appropriately reinforced pumice microconcrete
members is approximately the same as that of conventional
concrete ones. The same conclusions also apply to high-
strength concrete members [12].

6.2. Seeking the Reasons: The Different Influence of the
Test Machine on Concretes with Different Moduli of
Elasticity

As shown in fig. 9, the descending branch of the concrete
stress-strain curve depends strongly upon loading rate [10],
being steeper with an increasing loading rate.

Considering the �test machine - specimen� system as a
simple system of two springs, as shown in fig. 5, specimen
loading rate Vs and total system loading rate Vt are correlated
through the formula:

Vs = Vt.[1/(1+Cs/Cm)] 
where Cs, Cm are specimen and test machine stiffness. 

During loading, Cm remains constant, though Cs varies
and at maximum load takes negative value. So, for a given
hydraulic (load controlled) test machine, loading rate at low
levels of stress increases with the decrease of Cs, though near
maximum stress increases with the increase of Cs. The two
types of concrete, conventional concrete and high-strength
concrete, or pumice microconcrete (30 Mpa), exhibit signifi-
cantly different values of Cs. Near maximum stress, high-
strength concrete and pumice microconcrete exhibit a much
higher value than that of the conventional concrete (see figs
1 and 2). So, for the same imposed systemrate Vt, specimen
rate Vs is higher for these concretes than for conventional
concrete.

According to these considerations we may conclude that
the more abrupt descending branch of high-strength concrete
and pumice microconcrete may, probably, reflect, at least
partially, their higher loading rate and not an inherent
behaviour difference between the two types of concrete, as is
generally accepted in the literature [4]. The even steeper
descending branch in the case of pumice microconcrete (as
also of other lightweight concretes) may be seen as a result of
the pre-existing higher loading rate even at the lower load
levels, as at these levels Cs is considerably lower.

7.  A PROPOSAL FOR A REVISED 
TESTING METHOD

7.1. Objectives

The main objectives of the specific features of the pro-
posed test method were:

1. To overcome the basic complications of the conventional
testing, namely: (a) the non-correspondence of specimen
stress state with that of the structural element under com-
pression, (b) the different influence of test machine cha-
racteristics (stiffness, dimensions and rigidity of plates,
etc.) on different types of concrete and (c) the dependence
of the strain measurements upon the gage length and
measurement device.

2. The required indices to be obtained by a single and sim-
ple test.

7.2. Features of the proposed method
7.2.1. Type of specimen and test arrangement

Cube specimens are adopted for the estimation of both,
compressive strength and modulus of elasticity. One of the
cubes under testing is cut in two halves. Each cube half is
restrained by means of a steel collar, as shown in fig. [6], and
is inserted between machine plate and each test specimen. 
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7.2.2. Type of loading

After two or three load repetitions at low stress level, for
the stabilisation of the arrangement, specimens are loaded as
usual until maximum stress. Then, they are unloaded and
undergo in five cycles of repeating loading at the level of
maximum stress, as shown in fig. 12.

7.2.3. Instrumentation and measurements

No special features are required for the test machine; the
conventional test machines of hydraulic principle are appro-
priate.

Longitudinal strain is measured by two displacement
transducers fixed between two steel clips attached atthe steel
collars as shown in fig. 7. Maximum load and maximum dis-
placement are measured for each loading cycle.

7.2.4. Computed indices and their significance

Two main indices are computed:

1. The �maximum stress / modulus of elasticity� for the first
cycle.

2. The �maximum stress variation / maximum strain varia-
tion� ratio for the successive loading cycles.

The first index indicates the type of concrete perfor-
mance: the strong aggregate type, or the strong cement paste
type, the strong aggregate type corresponding to low values
of the index.

The second index, defining the inclination of the descen-
ding branch of the stress-strain curve (see 5.3), indicates con-
crete ductility, the more ductile behaviour corresponding to
low values of the index.

7.3. Concepts underlying the proposed test method
7.3.1. Type of specimen and test arrangement

Cube specimens, as used in the conventional method, are
influenced by the different deformational characteristics of
machine plates and their dimensions, and, therefore, speci-
men stress state does not correspond to that of the structural
element under compression. Several researchers have pro-
posed various modifications to overcome these disadvan-
tages trying to eliminate the friction between machine plates
and specimen. However, the proposed modifications do not
seem appropriate forserial testing. 

By the modification proposed in this paper, the test spe-
cimen is subjected to uniaxial compression, as the interposed
concrete plates (the cube halves) have the same deformational
characteristics as the test specimens. Concrete plates remain
uncracked (and can be used again for the next test specimen),
due to the restraint offered by the machine steel plates and the
steel collars.

7.3.2. Type of loading

As discussed in 4.2, the stiffness of the test machine influ-
ences test results by changing the imposed load rate; this
influence is significant after peak stress. Several researchers
have proposed various modifications to overcome this short-
coming. However, most of them are too complicated or
demand special features for the test machine and do not seem
applicable for serial testing.

By the proposed type of loading, the descent branch of the
stress-stain curve is obtained as an envelope of the repeated
loading cycles. As the test machine stops automatically at
maximum load, the influence of test machine stiffness
involved is not significant. So, test results of specimens with
different stiffness (different modulus of elasticity, or different
size) may be considered as comparable.

7.3.3. Measurement arrangement

Modulus of elasticity and maximum strain, according to
the conventional method, are measured on cylinder speci-
mens and beyond the inaccuracies related to the difference
between the shape of the test specimen and that of the actual
structural element (usually prismatic), they are significantly
dependent upon gauge length and measurement arrangement,
as stress state is not uniform over all the specimen height
(due to the restriction of the machine plates). In addition to
this, test results are subjected to large scatter, as measurement
gauges are usually attached at the specimen surface and are
subjected to surface crack deterioration.

By the measurement arrangement proposed in this paper,
these shortcomings are overcomet, as: (a) specimen shape
corresponds to structural element shape, (b) the same stess
state prevails along all the specimen height and (c) measure-
ment gauges are not attached at the specimen surface.

7.3.4. Computed indices

Concepts underlying the proposed indices are discussed
in  § 3 and 4.2.

8. CONCLUSIONS

The current classification of concretes according to the
level of concrete strength may lead to confusing results as
concretes classified to the same type may exhibit different
behavior.

The behavior of concrete depends upon which is the stif-
fer constituent of the material (cement-paste matrix or aggre-
gates). Two types of behavior are distinguished: that dictated
by the stiffer aggregate type and that dictated by the stiffer
cement paste type. Each behavior type corresponds to a dif-
ferent type of the load-carrying mechanism.
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The decisive factor dictating the type of concrete
behavior is the ratio of concrete strength-to-modulus of
elasticity and this is proposed as an index for the classifi-
cation and identification of concrete behavior.

Concretes with a low value of the proposed index corre-
spond to the stiffer aggregate type of behavior. Concretes
with a high value of the index correspond to the stiffer
cement-paste type. The critical value of the index for the transi-
tion from the one type to the other seems, according to exi-
sting experimental data, to vary between 1.4 and 1.8.

On the basis of the proposed index a unification of the va-
rious types of concrete becomes possible, as the classification
of concretes to lightweight and normal weight concretes
(regarding their mechanical behavior) is not any more needed
and the classification of concretes into conventional and
high-strength ones may be misleading.

By unifying concrete as described above, the amount of
experimental information required to study concrete behavior
may be considerably reduced, as the behavior of concretes
for which experimental information is lacking may be
defined by existing data obtained from tests carried out on
other types of concrete.
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