
Ðåñßëçøç

Ç åñãáóßá áíáöÝñåôáé óôçí áîéïðïßçóç ôçò êßóóçñçò ãéá ôçí ðáñá-

ãùãÞ öÝñïíôïò åëáöñïóêõñïäÝìáôïò êáôÜëëçëïõ ãéá áíôéóåéóìéêÝò

êáôáóêåõÝò. Ìåéþíïíôáò ôïí êüêêï ôçò êßóóçñçò óôá 8 mm êáé

÷ùñßò íá áíôéêáôáóôáèåß ôï ëåðôü õëéêü ìå áóâåóôïëéèéêÞ Üììï

ðáñÞ÷èç ìéêñïêéóóçñüäåìá ìå (ìÝãéóôç) áíôï÷Þ 30-35 ÌPa, âÜñïò

1500 kg/m3, åõ÷Ýñåéá êáé ìéêñü êüóôïò ðáñáãùãÞò êáé áõîçìÝíåò

äõíáôüôçôåò ó÷åäéáóìïý. Äåêáôñßá ðåéñáìáôéêÜ óôïé÷åßá ìÞêïõò

2.200 mm áðü ìéêñïêéóóçñüäåìá ìå óõñìáôüðëåãìá (êïôôåôóüóõñ-

ìá) ãýñù áðü ôïí êëùâü ôùí óõíäåôÞñùí åðéðïíïíÞèçêáí óå åíáë-

ëáóóüìåíç åðéðüíçóç õðü óôáèåñü áîïíéêü öïñôßï êáé ç óõìðåñéöï-

ñÜ ôïõò óõãêñßèçêå ìå áõôÞí óõæõãþí óôïé÷åßùí áðü êáíïíéêü óêõ-

ñüäåìá. Áðü ôá ðåéñáìáôéêÜ áðïôåëÝóìáôá ðñïÝêõøå üôé ç óõìðåñé-

öïñÜ óôïé÷åßùí áðü óõñìáôïêéóóçñüäåìá åìöáíßæåé ðáñüìïéá ÷áñá-

êôçñéóôéêÜ ìå áõôÞí áíôßóôïé÷ùí óôïé÷åßùí áðü êáíïíéêü óêõñüäå-

ìá. ÐåéñáìáôéêÜ óôïé÷åßá ìå äéÜôáîç ôïõ êáìðôüìåíïõ ïðëéóìïý

êáè� ýøïò ôçò äéáôïìÞò åìöÜíéóáí ðáñüìïéá (Þ êáé êáëýôåñç)

óõìðåñéöïñÜ ìå óôïé÷åßá ìå óõìâáôéêÞ äéÜôáîç ôïõ ïðëéóìïý (êáôÜ

ðëÜôïò ôçò äéáôïìÞò).

1. ÅÉÓÁÃÙÃÇ

Ôá ðñáêôéêÜ áíåîÜíôëçôá áðïèÝìáôá êßóóçñçò óôçí

ÅëëÜäá, éäéáßôåñá óôá íçóéÜ Óáíôïñßíç, Ãõáëß êáé Íßóõñï,

ôï ìéêñü âÜñïò ôçò êáé ïé ìïíùôéêÝò éäéüôçôÝò ôçò áðïôÝëå-

óáí êßíçôñï ãéá óåéñÜ åñåõíþí ãéá ôçí áîéïðïßçóç ôçò êßó-

óçñçò óôçí ðáñáãùãÞ ïðëéóìÝíïõ åëáöñïóêõñïäÝìáôïò ãéá

öÝñïõóåò êáôáóêåõÝò. Ïé åðéöõëÜîåéò, ðïõ äéáôõðþíïíôáí

ðáëéüôåñá ãéá êßíäõíï äéÜâñùóçò ôïõ ïðëéóìïý óôï êéóóç-

ñüäåìá, åß÷áí áðü êáéñü áñèåß, êáèþò ç ðåñéåêôéêüôçôá óå

èåßï ôçò êßóóçñçò äåí âñÝèçêå áðáãïñåõôéêÞ êáé åê ôùí

õóôÝñùí åîÝôáóç ôïõ ïðëéóìïý óå õðÜñ÷ïí êôßñéï áðü êéó-

óçñüäåìá óôï Ãõáëß Ýäåéîå éäéáßôåñá êáëÞ áíôéäéáâñùôéêÞ

ðñïóôáóßá ôïõ ïðëéóìïý áðü ôï êéóóçñüäåìá. (ÄåäïìÝíïõ

üôé ïé åóùôåñéêïß ðüñïé ôçò êßóóçñçò åßíáé êëåéóôïß êáé ïé

áíïé÷ôïß åðéöáíåéáêïß ðüñïé êáëýðôïíôáé áðü ôï ôóéìåíôï-

êïíßáìá, ôï ìåãáëýôåñï ðïñþäåò ôïõ êéóóçñïäÝìáôïò äåí

óõíåðÜãåôáé êáé ìåãáëýôåñç äéáðåñáôüôçôá). ÐáñÜ ôçí

Üñóç ôùí åðéöõëÜîåùí áõôþí, ç áîéïðïßçóç ôçò êßóóçñçò

óôçí ðáñáãùãÞ öÝñïíôïò êéóóçñïäÝìáôïò êáèõóôåñïýóå

ãéá ôå÷íïëïãéêïýò êáé ïéêïíïìéêïýò ëüãïõò, üðùò: (á) ó÷åôé-

êÜ ìéêñÞ óôÜèìç áíôï÷Þò ôïõ êéóóçñïäÝìáôïò ãéá ó÷åôéêÜ

ìåãÜëç êáôáíÜëùóç ôóéìÝíôïõ, (â) áíôßóôñïöç áðüìéîç ôïõ

íùðïý êéóóçñïóêõñïäÝìáôïò, ëüãù ôïõ ìéêñïý âÜñïõò ôùí

áäñáíþí, êáé åí ãÝíåé êáêÞ åñãáóéìüôçôá, (ã) ðñüóèåôï

êüóôïò ãéá ðñïäéáâñï÷Þ ôùí êüêêùí ôçò êßóóçñçò êáé áðï-

ìÜêñõíóç ôïõ ëåðôïý õëéêïý, (ä) ìåãÜëåò ìáêñï÷ñüíéåò

ðáñáìïñöþóåéò (áðïôÝëåóìá ôçò áðáéôïýìåíçò ìåãÜëçò

ðïóüôçôáò ôóéìÝíôïõ) ê.ëð. 

Ãéá ôçí áýîçóç ôçò áíôï÷Þò ôïõ êéóóçñïäÝìáôïò ïé ðñï-

óðÜèåéåò ôùí ðñþôùí åñåõíçôéêþí åñãáóéþí, óå áíôéóôïé÷ßá

ìå ôá éó÷ýïíôá ãéá ôï óõìâáôéêü óêõñüäåìá êáé ôá åëáöñï-

óêõñïäÝìáôá ìå ôå÷íçôÜ áäñáíÞ, êéíÞèçêáí ðñïò ôçí

êáôåýèõíóç: (á) áýîçóçò ôçò êáôáíÜëùóçò ôïõ ôóéìÝíôïõ,

(â) ÷ñçóéìïðïßçóçò ôóéìÝíôïõ õøçëÞò áíôï÷Þò (ôá÷åßáò

áíÜðôõîçò ôçò áíôï÷Þò), (ã) áíôéêáôÜóôáóçò ôïõ ëåðôïý õëé-

êïý ôçò êßóóçñçò ìå áóâåóôïëéêÞ Üììï êáé (ä) áíôéêáôÜ-

óôáóçò ìÝñïõò ôùí ÷ïíôñþí êüêêùí ìå áóâåóôïëéèéêÜ

áäñáíÞ [1].

Óå åñåõíçôéêÞ åñãáóßá ðïõ Ýãéíå óôï ÅñãáóôÞñéï Óêõñï-

äÝìáôïò ôïõ Å.Ì.Ð. ôçí ðåñßïäï 1974-1976 (óôï ðëáßóéï

õðïôñïößáò ôïõ É.Ê.Õ. ãéá åêðüíçóç äéäáêôïñéêÞò äéáôñé-

âÞò), áêïëïõèÞèçêå äéáöïñåôéêÞ êáôåýèõíóç: ç ìåßùóç ôïõ

êüêêïõ ôçò êßóóçñçò êáé ç ìç áíôéêáôÜóôáóç ôïõ ëåðôïý

õëéêïý ôçò ìå áóâåóôïëéèéêÞ Üììï [2]. Ôï ìéêñïêéóóçñüäå-

ìá ðïõ ðñïÝêõøå áíáéñåß ôá ôå÷íïëïãéêÜ ìåéïíåêôÞìáôá ôïõ

óõìâáôéêïý êéóóçñïäÝìáôïò êáé Ý÷åé ìéêñü êüóôïò ðáñáãù-

ãÞò, êáèþò: (á) äåí áðáéôåßôáé ìåãÜëç êáôáíÜëùóç ôóéìÝ-

íôïõ êáé ðñïäéáâñï÷Þ ôùí êüêêùí. (Ç áðïññüöçóç ôùí

êüêêùí ìåéþíåôáé, üóï ìåéþíåôáé ôï ìÝãåèüò ôïõò), (â) ç êßó-

óçñç ìðïñåß íá ÷ñçóéìïðïéçèåß óå Ýíá ìüíï êëÜóìá 0-8 mm,

(ã) ìðïñïýí íá ÷ñçóéìïðïéçèïýí ïé êïéíïß áíáìéêôÞñåò ôùí

êïíéáìÜôùí êáé íá õéïèåôçèïýí ìéêñüôåñá äïêßìéá ãéá ôïí

ðïéïôéêü Ýëåã÷ï (ôï ìÝãåèïò ôïõ äïêéìßïõ åßíáé óõíÜñôçóç

ôïõ ìÝãéóôïõ êüêêïõ ôïõ áäñáíïýò) ìå ôá óõíåðáãüìåíá
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ïöÝëç, êáèþò ìðïñïýí íá ÷ñçóéìïðïéçèïýí åëáöñüôåñåò

êáé öèçíüôåñåò ìÞôñåò, ìéêñüôåñåò êáé öèçíüôåñåò ìç÷áíÝò

äïêéìáóßáò (ìðïñïýí íá õéïèåôçèïýí ïé ìÞôñåò êáé ïé ìç÷á-

íÝò èñáýóåùò ôùí êïíéáìÜôùí), áðáéôïýíôáé ìéêñüôåñïé

÷þñïé áðïèÞêåõóçò êáé óõíôÞñçóçò, ê.ëð. Ìéêñüôåñïò êüê-

êïò áäñáíïýò åðéôñÝðåé, åðßóçò, ìåãáëýôåñç åëåõèåñßá óôï

ó÷åäéáóìü ôùí óôïé÷åßùí (ð.÷. õéïèÝôçóç äéáôïìþí ìïñöÞò

Ô ãéá áýîçóç ôçò äõóêáìøßáò óôï óôÜäéï ëåéôïõñãßáò êáé

áýîçóç ôçò ðëáóôéìüôçôáò óôï óôÜäéï áóôï÷ßáò), ôçí åöáñ-

ìïãÞ ôïõ ùò ðëåïíåêôéêïý åêôïîåõüìåíïõ óêõñïäÝìáôïò (ìå

ìéêñüôåñç áíáðÞäçóç ôùí áäñáíþí), êáèþò êáé ôçí õéïèÝ-

ôçóç íÝùí ôå÷íéêþí. Óôï ðëáßóéï äéðëùìáôéêþí åñãáóéþí

ôçò ðåñéüäïõ 1981-83 ôùí öïéôçôþí ×. Áíáóôáóßïõ, Ó.

Áñãõñßïõ êáé Ì. ÊéíéêëÞ, ó÷åäéÜóôçêå äéÜôáîç óåéóìéêÞò

åðéðüíçóçò óôïé÷åßùí óå öõóéêÞ êëßìáêá êáé äéåñåõíÞèçêå

ç äõíáôüôçôá âåëôßùóçò ôçò óåéóìéêÞò óõìðåñéöïñÜò óôïé-

÷åßùí áðü ìéêñïêéóóçñüäåìá ìå ðñïóèÞêç óõñìáôïðëÝãìá-

ôïò (ìå Üíïéãìá âñï÷ßäïò 20-30 mm) ãýñù áðü ôïí êëùâü

ôùí óõíäåôÞñùí. Ôá óôïé÷åßá áðü óõñìáôïêéóóçñüäåìá åðÝ-

äåéîáí êáëýôåñç óõìðåñéöïñÜ áðü áõôÞí ôùí áíôßóôïé÷ùí

óôïé÷åßùí áðü óêÝôï ìéêñïêéóóçñüäåìá (ìÝñïò ôùí áðïôå-

ëåóìÜôùí ôçò åñãáóßáò ðáñïõóéÜæïíôáé óôçí [3]) êáé äéåîï-

äéêüôåñç äéåñåýíçóç ôçò óõìðåñéöïñÜò ôïõò (óå óõãêñéôéêÞ

âÜóç ìå ôç óõìðåñéöïñÜ áíôßóôïé÷ùí óôïé÷åßùí áðü êáíïíé-

êü óêõñüäåìá) óõíå÷ßóôçêå óôï ðëáßóéï äéðëùìáôéêþí

åñãáóéþí ôçò ðåñéüäïõ 1998-99 ôùí öïéôçôþí Ó. Íéêïëáêü-

ðïõëïõ, Á. Ðáíáãéùôáêüðïõëïõ, Ê. ÊëåÜíèïõò êáé Ä.

Ìðïýôïõ. Ç ðñïóï÷Þ åóôéÜóôçêå óôçí åðéññïÞ ôùí ðáñáìÝ-

ôñùí ôïõ åãêÜñóéïõ ïðëéóìïý êáé óôç äõíáôüôçôá äéÜôáîçò

ôïõ äéáìÞêïõò (êáìðôéêïý) ïðëéóìïý êáè� ýøïò ôçò äéáôï-

ìÞò ôùí óôïé÷åßùí, ëüãù ôùí óçìáíôéêþí êáôáóêåõáóôéêþí

êáé ôå÷íïëïãéêþí ðëåïíåêôçìÜôùí ðïõ ðñïóöÝñåé óôçí

ðåñßðôùóç æõãùìÜôùí ðëáéóßùí, óôá ïðïßá, óõ÷íÜ, ïé áðáé-

ôÞóåéò ôùí óýã÷ñïíùí áíôéóåéóìéêþí êáíïíéóìþí êáôáëÞ-

ãïõí óå áðáßôçóç èëéâüìåíïõ ïðëéóìïý ßäéïõ Þ ðåñßðïõ

ßäéïõ ìå ôïí åöåëêõüìåíï. Óôçí åñãáóßá áõôÞ ðáñïõóéÜæï-

íôáé ôá áðïôåëÝóìáôá ôùí äéåñåõíÞóåùí áõôþí.

2. ÐÅÑÉÃÑÁÖÇ ÔÏÕ ÕËÉÊÏÕ

Ôï óõñìáôïêéóóçñüäåìá áðïôåëåß ìéêñïêéóóçñüäåìá ìå

óõñìáôüðëåãìá ãýñù áðü ôïí êëùâü ôùí óõíäåôÞñùí ôùí

äïìéêþí óôïé÷åßùí. Ôï ìéêñïêéóóçñüäåìá óõíôßèåôáé áðü

ôóéìÝíôï, êßóóçñç óå Ýíá êëÜóìá 0-8 mm (÷ùñßò ðñïäéá-

âñï÷Þ ôùí êüêêùí) êáé íåñü. Ôï óõñìáôüðëåãìá åßíáé åîá-

ãùíéêÞò âñï÷ßäïò áíïßãìáôïò 20 Ýùò 30 mm (ãáëâáíéóìÝíï

êïôôåôóüóõñìá). 

Ïé áíáëïãßåò áíÜìéîçò ãéá áíôï÷Þ 30 ÌPa åßíáé ôçò ôÜ-

îåùò: 400 kg ôóéìÝíôï åëëçíéêïý ôýðïõ, 940 kg êßóóçñç (ìå

ôç öõóéêÞ õãñáóßá) êáé 240 kg íåñü (ðñïóôéèÝìåíï íåñü). Ïé

áíáëïãßåò áõôÝò êõìáßíïíôáé áíÜëïãá ìå ôç öõóéêÞ õãñáóßá

ôçò êßóóçñçò êáé áíôéóôïé÷ïýí óå ìéêñÞ åñãáóéìüôçôá. Ãéá

ìåãáëýôåñç åñãáóéìüôçôá ðñïóôßèåôáé êáôÜëëçëï õðåññåõ-

óôïðïéçôéêü ðñüóèåôï. Êáëýôåñï áðïôÝëåóìá åðéôõã÷Üíåôáé

ìå õðåññåõóôïðïéçôéêÜ ó÷åäéáóìÝíá åéäéêÜ ãéá åëáöñïóêõ-

ñïäÝìáôá (ìå áåñáêôéêÞ äñÜóç).

Ôá ôå÷íïëïãéêÜ ÷áñáêôçñéóôéêÜ ôïõ õëéêïý (üðùò ðñïó-

äéïñßóôçêáí óå åñåõíçôéêÞ åñãáóßá ôïõ Åñãáóôçñßïõ Ïðëé-

óìÝíïõ ÓêõñïäÝìáôïò ôïõ Å.Ì.Ð. êáôÜ ôçí ðåñßïäï 1974-

1976, ôá áíáëõôéêÜ áðïôåëÝóìáôá ôçò ïðïßáò äßíïíôáé êáé

ó÷ïëéÜæïíôáé óôçí [2]), åßíáé: (á) ìÝãéóôç áíôï÷Þ: 30-35

Mpa, (â) âÜñïò (óêëçñõìÝíïõ): 1500 kg/m3 (ã) ôá÷ýôåñç

áíÜðôõîç áíôï÷Þò áðü ôï êáíïíéêü óêõñüäåìá, (ä) óõíôåëå-

óôÞò èåñìéêÞò áãùãéìüôçôáò: 0,50 kcal/mhco (Ýíáíôé 1,40

kcal/mhco ãéá óêõñüäåìá ìå áóâåóôïëéèéêÜ áäñáíÞ), (å)

ìÝôñï åëáóôéêüôçôáò (ôÝìíïí óôç óôÜèìç 30% ôçò áíôï÷Þò):

11.103 MPa, (óô) êáôáóôáôéêüò íüìïò ôÜóåùí-ðáñáìïñöþ-

óåùí ãñáììéêüò, æ) óõíÜöåéá ìå ôï ÷Üëõâá ðáñüìïéá êáé

åíäå÷üìåíá êáëýôåñç áðü áõôÞí ôïõ óõìâáôéêïý óêõñïäÝ-

ìáôïò êáé ç) óõíôåëåóôÞò ìáêñï÷ñüíéáò ðáñáìüñöùóçò

ðáñüìïéïò ìå áõôüí ôïõ óõìâáôéêïý óêõñïäÝìáôïò. 

Ôï ìéêñïêéóóçñüäåìá åìöáíßæåé, áðü ðëåõñÜò ìç÷áíéêÞò

óõìðåñéöïñÜò, ïìïéüôçôá ìå ôá óêõñïäÝìáôá õøçëÞò áíôï-

÷Þò. Ç ïìïéüôçôá áõôÞ åðåîçãåßôáé óôçí [4] êáé áðïôåëåß

ëïãéêÞ áðüññïéá ôùí èåùñÞóåùí ðïõ õðáãüñåõóáí ôï ó÷å-

äéáóìü ôïõ õëéêïý êáé ïé ïðïßåò äßíïíôáé ðáñáêÜôù. 

3. Ç ËÏÃÉÊÇ ÔÏÕ Ó×ÅÄÉÁÓÌÏÕ 
ÔÏÕ ÕËÉÊÏÕ

Óôü÷ïò ôïõ ó÷åäéáóìïý ôïõ õëéêïý Þôáí ç åðßôåõîç ôçò

ìåãáëýôåñçò äõíáôÞò áíôï÷Þò ôïõ êéóóçñïäÝìáôïò ìå ôï

ìéêñüôåñï äõíáôü âÜñïò êáé ôï ìéêñüôåñï êüóôïò ðáñáãù-

ãÞò, óå óõíäõáóìü ìå ôçí êáëýôåñç äõíáôÞ óõíÜöåéá êáé

ìáêñï÷ñüíéá óõìðåñéöïñÜ.

Óôçí åñãáóßá [4], óôçí ïðïßá åíôïðßæåôáé ç áíåðÜñêåéá

ôçò èëéðôéêÞò áíôï÷Þò ùò äåßêôç ôáîéíüìçóçò êáé ôáõôïðïßç-

óçò ôïõ óêõñïäÝìáôïò, èåùñþíôáò ôï óêõñüäåìá óýóôçìá

ôñéþí åðß ìÝñïõò öÜóåùí (ôùí áäñáíþí, ôïõ ôóéìåíôïðïë-

ôïý êáé ôçò åíäéÜìåóçò öÜóçò) óõìðåñáßíåôáé üôé ãéá êÜèå

áäñáíÝò õðÜñ÷åé ìéá ìåôáâáôéêÞ óôÜèìç óêõñïäÝìáôïò,

êÜôù áðü ôçí ïðïßá ç éó÷õñÞ öÜóç åßíáé ôá áäñáíÞ êáé ç

áíôï÷Þ ôïõ óêõñïäÝìáôïò åîáñôÜôáé, êõñßùò, áðü ôçí áíôï-

÷Þ ôïõ ôóéìåíôïðïëôïý êáé ðÜíù áðü ôçí ïðïßá éó÷õñÞ öÜóç

åßíáé ï ôóéìåíôïðïëôüò êáé ç áíôï÷Þ ôïõ óêõñïäÝìáôïò

åîáñôÜôáé, êõñßùò, áðü ôçí áíôï÷Þ ôïõ áäñáíïýò. Ç êßóóç-

ñç åßíáé áóèåíÝóôåñï áäñáíÝò áðü ôïí áóâåóôüëéèï (êáèþò

êáé Üëëá ôå÷íçôÜ åëáöñÜ áäñáíÞ) êáé ç ìåôáâáôéêÞ áõôÞ

óôÜèìç áíôï÷Þò åßíáé ðïëý ìéêñüôåñç óôçí ðåñßðôùóç ôïõ
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êéóóçñïäÝìáôïò áðü ü,ôé óôçí ðåñßðôùóç ôïõ áóâåóôïëéèé-

êïý óêõñïäÝìáôïò (Þ åëáöñïóêõñïäÝìáôïò ìå ôå÷íçôÜ

áäñáíÞ). Áýîçóç ôçò áíôï÷Þò ôïõ ôóéìåíôïðïëôïý (ð.÷. ìå

áýîçóç ôçò êáôáíÜëùóçò ôïõ ôóéìÝíôïõ) áõîÜíåé áéóèçôÜ

ôçí áíôï÷Þ ìÝ÷ñé ôçí áíôßóôïé÷ç ìåôáâáôéêÞ óôÜèìç. ÌåôÜ

ôç óôÜèìç áõôÞ ðåñáéôÝñù áýîçóç ôçò áíôï÷Þò ôïõ ôóéìå-

íôïðïëôïý åðéöÝñåé äõóáíÜëïãá ìéêñÞ áýîçóç ôçò áíôï÷Þò

ôïõ óêõñïäÝìáôïò (÷áñáêôçñéóôéêü ôÝôïéùí óõíèÝóåùí

åßíáé ç ðïëý ãñÞãïñç åîÝëéîç ôçò áíôï÷Þò, ð÷. ç áíôï÷Þ ôùí

åðôÜ çìåñþí åßíáé ðåñßðïõ ßäéá ìå ôçí áíôï÷Þ ôùí åßêïóé

ïêôþ çìåñþí). Ãéá ðåñáéôÝñù áýîçóç ôçò áíôï÷Þò ôïõ óêõ-

ñïäÝìáôïò áðáéôåßôáé áäñáíÝò ìå ìåãáëýôåñç áíôï÷Þ. Ïé

êüêêïé ôçò êßóóçñçò ðñïêýðôïõí áðü èñáýóç ìåãáëýôåñùí

êüêêùí óôç èÝóç ôùí ìåãÜëùí ðüñùí êáé ãé� áõôü åìöáíß-

æïõí ìåãáëýôåñç áíôï÷Þ, üóï ìåéþíåôáé ôï ìÝãåèüò ôïõò. Ìå

ôç ÷ñçóéìïðïßçóç ìéêñþí êüêêùí åðéôõã÷Üíåôáé áýîçóç ôçò

áíôï÷Þò ü÷é ìüíï ëüãù ôçò ìåãáëýôåñçò áíôï÷Þò ôïõò, áëëÜ

êáé ëüãù ôçò ìåãáëýôåñçò ïìïéïãÝíåéáò ôïõ óêõñïäÝìáôïò

ðïõ ðñïêýðôåé. 

ÁðïôÝëåóìá ôçò ðáñáðÜíù èåþñçóçò Þôáí ç ìåßùóç ôïõ

ìÝãéóôïõ êüêêïõ ôçò êßóóçñçò óôá 8 mm. Ìå ôçí õéïèÝôçóç

ìéêñïý êüêêïõ áßñåôáé, åðßóçò, ôï ðñüâëçìá ôçò áíôßóôñï-

öçò áðüìéîçò ôïõ óõìâáôéêïý êéóóçñïäÝìáôïò (ìå ìÝãéóôï

êüêêï 30 mm) êáé âåëôéþíåôáé ç óõíÜöåéá ìå ôïí ïðëéóìü

(áõîÜíåé ç åíåñãüò åðéöÜíåéá åðáöÞò). Ãéá ôçí áîéïðïßçóç

ôùí ðïõæïëáíéêþí éäéïôÞôùí ôïõ ëåðôïý õëéêïý ôçò êßóóç-

ñçò êáé ôçò óõíåðáãüìåíçò ìéêñüôåñçò äéáðåñáôüôçôáò êáé

ìåãáëýôåñçò ÷çìéêÞò áíèåêôéêüôçôáò ôïõ êéóóçñïäÝìáôïò,

äåí õéïèåôåßôáé ç áíôéêáôÜóôáóç ôïõ ëåðôïý õëéêïý ìå áóâå-

óôïëéèéêÞ Üììï (ç ïðïßá óõíåðÜãåôáé áýîçóç ôïõ âÜñïõò

êáé ìåßùóç ôçò èåñìïáãùãéìüôçôáò ôïõ êéóóçñïäÝìáôïò). Ç

ìåãáëýôåñç ïìïéïãÝíåéá ôïõ õëéêïý, ëüãù ôïõ ìéêñïý êüê-

êïõ ôïõ, êáé ïé óõíåðáãüìåíåò ìéêñüôåñåò åóùôåñéêÝò

ìéêñïññçãìáôþóåéò áðïôåëïýí ðñüóèåôï ðáñÜãïíôá âåë-

ôßùóçò ôçò äéáðåñáôüôçôÜò ôïõ. 

Ç ðñïóèÞêç ôïõ óõñìáôïðëÝãìáôïò ãýñù áðü ôïí

êëùâü ôùí óõíäåôÞñùí, äõíáôÞ ëüãù ôïõ ìéêñïý êüêêïõ,

õéïèåôÞèçêå ãéá âåëôßùóç ôçò óõìðåñéöïñÜò ôùí óôïé÷åßùí,

êáèþò áõîÜíïíôáò ôçí åöåëêõóôéêÞ áíôï÷Þ ôçò åðéêÜëõøçò

ôïõ ïðëéóìïý åðéôñÝðåé ìåãáëýôåñç áíÜðôõîç ñùãìþí

(ðåñéóóüôåñåò ñùãìÝò) êáé êáèõóôÝñçóç ôçò åîÝëéîÞò ôïõò.

Êáèõóôåñåß äå ôçí áðïêüëëçóç ôçò åðéêÜëõøçò ôïõ ïðëé-

óìïý êáé ôç óõíåðáãüìåíç ìåßùóç ôçò åíåñãïý äéáôïìÞò ôïõ

óôïé÷åßïõ. Åðßóçò, óõãêñáôþíôáò íá ìçí äéáóêïñðéóôåß ôï

ñçãìáôùìÝíï óêõñüäåìá åðéôñÝðåé ìáêñüôåñç åðéññïÞ ôçò

åõíïúêÞò äñÜóçò ôçò ðåñßóöéîçò ôùí óõíäåôÞñùí ðïõ åíåñ-

ãïðïéåßôáé ìåôÜ ôçí áðïêüëëçóç ôçò åðéêÜëõøçò. ÊáôÜ

êÜðïéï ôñüðï, ç åíßó÷õóç ôïõ óõñìáôïðëÝãìáôïò ðñïóäßäåé

ôïðéêÜ óôï ìéêñïêéóóçñüäåìá ìå áðëü êáé ïéêïíïìéêü ôñüðï

ôá ðëåïíåêôÞìáôá ôïõ éíùðëéóìÝíïõ óêõñïäÝìáôïò. 

4. ÐÅÉÑÁÌÁÔÉÊÏ ÐÑÏÃÑÁÌÌÁ
4.1. Óôü÷ïé êáé ëïãéêÞ ôïõ ðñïãñÜììáôïò

Ï ó÷åôéêÜ ìåãÜëïò ëüãïò áíôï÷Þò ðñïò âÜñïò ôïõ õëé-

êïý, 40% ðåñßðïõ ìåãáëýôåñïò áðü áõôüí ôïõ êáíïíéêïý

óêõñïäÝìáôïò (áíôßóôïé÷çò áíôï÷Þò), áðïôåëåß ðñþôç èåôé-

êÞ Ýíäåéîç ôçò áíôéóåéóìéêÞò áîßáò ôïõ. Ôï ìéêñü ìÝôñï åëá-

óôéêüôçôáò êáé ç ìéêñÞ äõóêáìøßá, ôçí ïðïßá õðïäçëþíåé

êáé ç ó÷åôéêÜ ìåãáëýôåñç øáèõñüôçôÜ ôïõ óå åðßðåäï äïêé-

ìßùí, èÝôåé åñùôÞìáôá ó÷åôéêÜ ìå ôï ìÝãåèïò ôùí ìåôáôïðß-

óåùí êáé ôçí ðëáóôéìüôçôá ôùí äïìéêþí óôïé÷åßùí. Ï óêï-

ðüò ôïõ ðåéñáìáôéêïý ðñïãñÜììáôïò (ôï ïðïßï õëïðïéÞèçêå

óå äýï öÜóåéò óôï ðëáßóéï äéðëùìáôéêþí åñãáóéþí ôçò

ðåñéüäïõ 1981-83 êáé ôçò ðåñéüäïõ 1998-99) Þôáí áö� åíüò

íá äéáóáöçíéóôïýí ôá ðáñáðÜíù åñùôÞìáôá ìÝóù ðåéñáìá-

ôéêÞò äéåñåýíçóçò ôçò óåéóìéêÞò óõìðåñéöïñÜò ãñáììéêþí

óôïé÷åßùí áðü óõñìáôïêéóóçñüäåìá óå óõãêñéôéêÞ âÜóç ìå

ôç óõìðåñéöïñÜ óõæõãþí óôïé÷åßùí áðü êáíïíéêü óêõñüäå-

ìá êáé áö� åôÝñïõ íá äéåñåõíçèåß ç åðéññïÞ óôç óõìðåñéöï-

ñÜ ôùí óôïé÷åßùí âáóéêþí ðáñáìÝôñùí, üðùò ôï áíçãìÝíï

ðïóïóôü ôïõ äéáìÞêïõò ïðëéóìïý, ç ðïéüôçôá êáé ç áðüóôá-

óç ôïõ åãêÜñóéïõ ïðëéóìïý êáé ç äéÜôáîç ôïõ äéáìÞêïõò

ïðëéóìïý. Ç Ýìöáóç ôïõ ðåéñáìáôéêïý ðñïãñÜììáôïò óôçí

åðéññïÞ ôùí ðáñáìÝôñùí ôïõ åãêÜñóéïõ ïðëéóìïý êáé ôïõ

ôñüðïõ äéÜôáîçò ôïõ äéáìÞêïõò ïðëéóìïý äüèçêå ãéá ôïõò

åîÞò ëüãïõò:

á) Ìïëïíüôé ï óýã÷ñïíïò êáíïíéóìüò äåí èÝôåé ðåñéïñé-

óìü ùò ðñïò ôçí ðïéüôçôá ôùí óõíäåôÞñùí, óôçí ðñÜîç ï

÷Üëõâáò S500 ôåßíåé íá åêôïðßóåé ôçí ðáëéüôåñá ãåíéêåõìÝ-

íç ÷ñÞóç ôïõ ÷Üëõâá S220. Ùò Ýíá áðü ôá ðëåïíåêôÞìáôá

ôçò áíôéêáôÜóôáóçò áõôÞò, ç ïðïßá óõíïäåýåôáé áðü óåéñÜ

ðñïâëçìÜôùí ðïõ óõíäÝïíôáé ìå ôç ìéêñüôåñç ïëêéìüôçôá

ôùí ðåñéóóüôåñùí ôýðùí ÷áëýâùí ôçò ðïéüôçôáò áõôÞò,

èåùñåßôáé ç äõíáôüôçôá áýîçóçò ôçò áðüóôáóçò ôùí óõíäå-

ôÞñùí (ãéá ßäéï ìÝãåèïò áíáëáìâáíüìåíçò ôÝìíïõóáò) êáé

ãé� áõôü åõ÷åñÝóôåñçò óêõñïäÝôçóçò êáé ìåãáëýôåñçò ïéêï-

íïìßáò. Ç áðüóôáóç êáé ç ðïéüôçôá ôùí óõíäåôÞñùí óõí-

äõÜóôçêáí, þóôå íá åëå÷èåß ìÝóù ôçò ðåéñáìáôéêÞò äéåñåý-

íçóçò ç ïñèüôçôá ôçò èåþñçóçò áõôÞò. 

(â) Óýìöùíá ìå ôéò áðáéôÞóåéò ôïõ óýã÷ñïíïõ êáíïíé-

óìïý, óôá æõãþìáôá ôùí ðëáéóßùí ðïõ ó÷åäéÜæïíôáé ãéá íá

áíôÝîïõí óåéóìéêÝò äñÜóåéò ïé èåôéêÝò êáé áñíçôéêÝò ñïðÝò

ðñïêýðôïõí óõ÷íÜ ßäéïõ Þ ðåñßðïõ ßäéïõ ìåãÝèïõò. Ç óõíÞ-

èçò äéÜôáîç åßíáé ç ôïðïèÝôçóç ôùí ñÜâäùí ôïõ ïðëéóìïý

êáôÜ ðëÜôïò óôçí áêñáßá Üíù êáé êÜôù ðåñéï÷Þ ôçò äéáôï-

ìÞò. Ç äéÜôáîç áõôÞ åìöáíßæåé óçìáíôéêÜ ìåéïíåêôÞìáôá

üðùò: (á) äõóêïëßåò êáôÜ ôç äéÜóôñùóç êáé óêõñïäÝôçóç

ôïõ óêõñïäÝìáôïò, (â) ìåéùìÝíç éêáíüôçôá áíÜëçøçò

ôÝìíïõóáò áðü ôï Üïðëï óêõñüäåìá, ëüãù ôïõ ìåéùìÝíïõ

âÜèïõò ôçò èëéâüìåíçò æþíçò (óõíÝðåéá ôïõ ìåãÜëïõ èëéâü-
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ìåíïõ ïðëéóìïý), (ã) áíÜðôõîç õøçëþí ôÜóåùí óõíÜöåéáò,

ëüãù áíÜðôõîçò ïñèþí ôÜóåùí áíôßèåôïõ ðñïóÞìïõ óôéò

ñÜâäïõò ôïõ ïðëéóìïý óôçí ðåñéï÷Þ êïíôÜ óôéò ðáñåéÝò ôïõ

êüìâïõ äïêþí êáé õðïóôõëùìÜôùí, (ä) áðáßôçóç ìåãÜëïõ

ðëÜôïõò ôçò äéáôïìÞò ôùí æõãùìÜôùí ãéá ôç äéÜôáîç ôùí

ñÜâäùí êáôÜ ðëÜôïò, ê.ëð. ÄéÜôáîç ôùí ñÜâäùí ôïõ äéáìÞ-

êïõò ïðëéóìïý êáè� ýøïò ôçò äéáôïìÞò áßñåé ôá ðáñáðÜíù

ìåéïíåêôÞìáôá êáé, åðéðëÝïí, ìÝóù ôùí åíäéÜìåóùí ñÜâäùí

åíéó÷ýåé ôç öÝñïõóá éêáíüôçôá ôïõ êüìâïõ. 

4.2. ÐåéñáìáôéêÜ óôïé÷åßá

Åßêïóé áìöéÝñåéóôá óôïé÷åßá áíïßãìáôïò 2.000 mm, äÝêá

áðü áõôÜ ìå äéáôïìÞ 150x150 mm (õðïóôõëþìáôá, óôçí

ðñþôç öÜóç), êáé äÝêá ìå äéáôïìÞ 150x300 mm (äïêïß, óôç

äåýôåñç öÜóç), åðéðïíÞèçêáí óå åãêÜñóéá åíáëëáóóüìåíç

ìåôáêßíçóç óôçí ðåñéï÷Þ ôïõ ìÝóïõ õðü óôáèåñü áîïíéêü

öïñôßï ìÝóù ôçò ðåéñáìáôéêÞò äéÜôáîçò ðïý öáßíåôáé óôï

ó÷. 1. Áðü ôá óôïé÷åßá áõôÜ ôá äåêáôñßá Þôáí áðü ìéêñïêéó-

óçñüäåìá êáé ôá åðôÜ áðü êáíïíéêü óêõñüäåìá. Ãýñù áðü

ôïí êëùâü ôïõ ïðëéóìïý ôåóóÜñùí õðïóôõëùìÜôùí êáé

üëùí ôùí äïêþí ôïðïèåôÞèçêå óõñìáôüðëåãìá, üðùò öáß-

íåôáé óôï ó÷. 2. Ôá õðïóôõëþìáôá åðéðïíÞèçêáí óå äýï

óçìåßá óôçí ðåñéï÷Þ ôïõ ìÝóïõ, üðùò öáßíåôáé óôï ó÷. 3. Ç

ðåñéï÷Þ ôïõ ìÝóïõ Þôáí åíéó÷õìÝíç ìå ðñüóèåôï ïðëéóìü

êáé ðáñáêïëïõèåßôï ç óõìðåñéöïñÜ ôùí áêñáßùí ðåñéï÷þí

ôïõ óôïé÷åßïõ ðïõ éóïäõíáìïýí ìå äýï õðïóôõëþìáôá -

ðñïâüëïõò (ìå ëüãï äéÜôìçóçò ßóï ìå 5.5) óå åíáëëáóóüìå-

íç ìåôáôüðéóç ôïõ åëåýèåñïõ Üêñïõ õðü óôáèåñü áíçãìÝíï

áîïíéêü öïñôßï. Ïé äïêïß åðéðïíÞèçêáí óå Ýíá óçìåßï óôï

ìÝóïí ôïõ áíïßãìáôïò (ìå ëüãï äéÜôìçóçò ßóï ìå 3.5). Ïé

ëåðôïìÝñåéåò üðëéóçò ôùí óôïé÷åßùí öáßíïíôáé óôï ó÷. 3. 

Óôï óõìâïëéóìü ôùí óôïé÷åßùí ôá ãñÜììáôá L êáé N

õðïäçëþíïõí ôïí ôýðï ôïõ óêõñïäÝìáôïò (óõñìáôïêéóóç-

ñüäåìá êáé êáíïíéêü óêõñüäåìá, áíôßóôïé÷á), åíþ ôá ãñÜì-

ìáôá C êáé B õðïäçëþíïõí ôï åßäïò ôùí óôïé÷åßùí (õðï-

óôýëùìá êáé äïêü, áíôßóôïé÷á).
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Ç óêõñïäÝôçóç ôùí äïêþí áðü êáíïíéêü óêõñüäåìá

Ýãéíå ìå Ýôïéìï óêõñüäåìá, åíþ ôï ìéêñïêéóóçñüäåìá ãéá ôç

óêõñïäÝôçóç ôùí õðüëïéðùí äïêþí Ýãéíå åðß ôüðïõ ìå ôñï-

öïäïóßá ôçò êßóóçñçò (÷ùñßò ðñïäéáâñï÷Þ) óå Ýíá êëÜóìá

0-8 mm, ôïõ ôóéìÝíôïõ êáé ôïõ íåñïý óôç âáñÝëá ôïõ ï÷Þ-

ìáôïò ôïõ Ýôïéìïõ óêõñïäÝìáôïò ìåôÜ ôçí åêêÝíùóÞ ôïõ

áðü ôï Ýôïéìï êáíïíéêü óêõñüäåìá.

4.3. ÐáñÜìåôñïé ôïõ ðñïãñÜììáôïò

Ãéá ôá õðïóôõëþìáôá (ðñþôç öÜóç ôïõ ðñïãñÜììáôïò)

ìåôáâëçôÝò ðáñÜìåôñïé Þôáí: á) ôï ðïóïóôü ôïõ äéáìÞêïõò

ïðëéóìïý ìå ôéìÝò 0.9% êáé 2.0% êáé â) ç áíôï÷Þ ôïõ óêõ-

ñïäÝìáôïò ìå ôéìÝò 18 MÑa êáé 30 MÑa. Ïé áíôßóôïé÷åò ôéìÝò

ãéá ôï ìç÷áíéêü ðïóïóôü ôïõ ïðëéóìïý (ôï ïðïßï èåùñÞèç-

êå ùò ôï âáóéêü ìÝãåèïò åðéññïÞò) Þôáí 0.12, 0.20, 0.26 êáé

0.41. Ãéá êÜèå ðáñÜìåôñï äïêéìÜóôçêáí äýï óôïé÷åßá: Ýíá

áðü óõñìáôïêéóóçñüäåìá êáé Ýíá áðü ìéêñïêéóóçñüäåìá.

Ïé ôéìÝò ôïõ ìç÷áíéêïý áíçãìÝíïõ ðïóïóôïý ôïõ åãêÜñóéïõ

ïðëéóìïý êáé ôï áíçãìÝíï áîïíéêü öïñôßï Þôáí áíôßóôïé÷á

1.2 êáé 0.15.

Ãéá ôéò äïêïýò (äåýôåñç öÜóç ôïõ ðñïãñÜììáôïò) ïé

ìåôáâëçôÝò ðáñÜìåôñïé Þôáí: (á) ç ðïéüôçôá, áðüóôáóç êáé

äéÜôáîç ôïõ åãêÜñóéïõ ïðëéóìïý êáé (â) ç äéÜôáîç ôïõ äéá-

ìÞêïõò ïðëéóìïý. ÕéïèåôÞèçêáí äýï ðïéüôçôåò óõíäåôÞ-

ñùí: S220 êáé S500, äýï áðïóôÜóåéò óõíäåôÞñùí 100 mm

êáé 200 mm, äýï äéáôÜîåéò óõíäåôÞñùí ðïõ öáßíïíôáé óôï

ó÷. 3 êáé äýï äéáôÜîåéò ôïõ äéáìÞêïõò ïðëéóìïý: êáôáíïìÞ

ôùí ñÜâäùí êáè� ýøïò ôçò äéáôïìÞò êáé (óõìâáôéêÞ) êáôá-

íïìÞ êáôÜ ðëÜôïò ôçò äéáôïìÞò. Ïé ôéìÝò ôïõ áíçãìÝíïõ

ðïóïóôïý ôïõ äéáìÞêïõò ïðëéóìïý êáé ôïõ áíçãìÝíïõ áîï-

íéêïý öïñôßïõ Þôáí 0.30 êáé 0.08 áíôßóôïé÷á. Ãýñù áðü ôïí

êëùâü ïðëéóìïý üëùí ôùí äïêþí ôïðïèåôÞèçêå êïôôåôóü-

óõñìá.

4.4. ÐåéñáìáôéêÞ äéÜôáîç êáé ìåèïäïëïãßá äïêéìáóßáò

Ç äïêéìáóßá ôùí óôïé÷åßùí Ýãéíå óôçí ðåéñáìáôéêÞ äéÜ-

ôáîç ðïõ öáßíåôáé óôï ó÷. 1. Ãéá ôçí åðéâïëÞ ôçò åíáëëáó-

Ó÷. 1: ÐåéñáìáôéêÞ äéÜôáîç.

Fig. 1: Test set up.

Ó÷. 2: ÐëÝãìá ãýñù áðü ôïí ïðëéóìü.

Fig. 2: Wiremesh around the reinforcement.



öïõ ôùí íåõñþóåùí ôïõ ÷Üëõâá óôï óêõñüäåìá ôçò åðéêÜ-

ëõøçò.

ÌåôÜ ôçí åðéâïëÞ ôïõ áîïíéêïý öïñôßïõ ôá óôïé÷åßá

õðïâÜëëïíôï áñ÷éêÜ óå ôñåéò-ôÝóóåñéò áíáêõêëßóåéò ìéêñÞò

óôÜèìçò ãéá óôáèåñïðïßçóç ôçò ðåéñáìáôéêÞò äéÜôáîçò êáé

Ýëåã÷ï ôùí ìåôñçôéêþí ïñãÜíùí, óôç óõíÝ÷åéá óå ôñåéò-ôÝó-

óåñéò áíáêõêëßóåéò óå óôÜèìç åðéðüíçóçò áíôßóôïé÷çò óôç

äéáññïÞ ôïõ ÷Üëõâá êáé ðåñáéôÝñù óå ðÝíôå Ýùò äÝêá áíá-

êõêëßóåéò óå óôÜèìç áíôßóôïé÷ç óå ôéìÞ ôïõ äåßêôç ðëáóôé-

ìüôçôáò ßóç ìå ì=3.5. (Ï ôýðïò åðéðüíçóçò áíôéóôïé÷åß óôç

äéáäï÷Þ ìéêñÞò, ìÝôñéáò êáé éó÷õñÞò óåéóìéêÞò äñÜóçò). Ãéá

ôçí ôÞñçóç óôáèåñÞò ôçò ôá÷ýôçôáò åðéðüíçóçò êáè� üëç ôç

äéÜñêåéá ôïõ ðåéñÜìáôïò, ßóçò ìå 0.2 mm/sec, (ëüãù ôçò éäé-

áßôåñçò åðéññïÞò ôçò óôç ìåôåëáóôéêÞ ðåñéï÷Þ ôçò åðéðüíç-

óçò), ç ðáñáêïëïýèçóç ôçò åîÝëéîçò ôùí ñùãìþí ãéíüôáí

ìå äéáäï÷éêÞ öùôïãñÜöéóç óôçí ðñþôç öÜóç êáé âéíôåï-

óêüðçóç óôç äåýôåñç öÜóç. Ç ôÞñçóç ôïõ ðñïãñÜììáôïò

åðéðüíçóçò ãéíüôáí ìå ïäçãü ôï äéÜãñáììá óõìðåñéöïñÜò

(äýíáìçò-âÝëïõò) óå êáôáãñáöéêü äýï áîüíùí óõíäåäåìÝíï

ìå ôá ìåôñçôéêÜ üñãáíá. Ùò óôÜèìç äéáññïÞò ôïõ ÷Üëõâá

ïñßæåôï ç óôÜèìç áðüôïìçò êëßóçò ôïõ äéáãñÜììáôïò

óõìðåñéöïñÜò.

5. ÐÅÉÑÁÌÁÔÉÊÁ ÁÐÏÔÅËÅÓÌÁÔÁ

Ïé êáìðýëåò óõìðåñéöïñÜò äßíïíôáé óôï ó÷. 5 ãéá ôõðé-

êÜ ðåéñáìáôéêÜ óôïé÷åßá-õðïóôõëþìáôá êáé óôï ó÷. 6 ãéá ôéò

ðåéñáìáôéêÝò äïêïýò. Ç ìïñöïëïãßá ôùí ñùãìþí ìåôÜ ôï

ôÝëïò ôùí áíáêõêëßóåùí öáßíåôáé óôï ó÷. 7 ãéá Ýíá ôõðéêü

õðïóôýëùìá êáé óôï ó÷. 8 ãéá ÷áñáêôçñéóôéêÝò äïêïýò.

Ï ôýðïò áóôï÷ßáò ôùí óôïé÷åßùí Þôáí ðáñüìïéïò ãéá ôá

óôïé÷åßá áðü óõñìáôïêéóóçñüäåìá êáé êáíïíéêü óêõñüäå-

ìá. Ï ôýðïò áóôï÷ßáò üëùí ôùí óôïé÷åßùí Þôáí ðñïïäåõôé-

êüò ÷áñáêôçñéæüìåíïò áðü áðïêüëëçóç ôçò åðéêÜëõøçò êáé

ëõãéóìü ôùí äéáìÞêùí ñÜâäùí. Ç áóôï÷ßá ôùí óôïé÷åßùí

áðü óõñìáôïêéóóçñüäåìá Þôáí ðéï ðñïïäåõôéêÞ áðü áõôÞí

ôùí óôïé÷åßùí áðü ìéêñïêéóóçñüäåìá ÷ùñßò ôçí ðñïóèÞêç
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Ó÷. 4: MÝôñçóç ïëßóèçóçò ïðëéóìïý êáé óêõñïäÝìáôïò.

Fig. 4: Steel-concrete slip measurement.

Ó÷. 3: ¼ðëéóç ðåéñáìáôéêþí óôïé÷åßùí.

Fig. 3: Details of test members.

óüìåíçò ìåôáôüðéóçò ÷ñçóéìïðïéÞèçêå ãñýëïò MTS (500

kÍ), ï ïðïßïò ðáêôþèçêå óôï äÜðåäï äïêéìþí. Ôï óôáèåñü

áîïíéêü öïñôßï åðéâëÞèçêå ìÝóù õäñáõëéêïý ãñýëïõ ìå ôç

ìïñöÞ åîùôåñéêÞò ðñïÝíôáóçò åöåëêýïíôáò äýï åîùôåñéêÝò

÷áëýâäéíåò ñÜâäïõò êáé ôçñåßôï óôáèåñü ìÝóù äýï ÷áëýâäé-

íùí åëáôçñßùí, ôá ïðïßá áíáéñïýóáí ôç ìåßùóÞ ôïõ, ëüãù

ôïõ âÝëïõò ôïõ óôïé÷åßïõ.

Ìåôñïýíôï ôï âÝëïò óôï ìÝóïí ôïõ áíïßãìáôïò ôùí

óôïé÷åßùí, ç äýíáìç áðüêñéóçò êáé ç ó÷åôéêÞ ìåôáêßíçóç

÷Üëõâá êáé óêõñïäÝìáôïò ìÝóù ôçò äéÜôáîçò ðïõ öáßíåôáé

óôï ó÷. 4. Óôï ôÝëïò êÜèå äïêéìÞò ãéíüôáí ïðôéêÞ åîÝôáóç

ôçò óõíÜöåéáò ìå ðáñáôÞñçóç ôçò äéáôáñá÷Þò ôïõ áíÜãëõ-



ôïõ ðëÝãìáôïò. Ïé ðåéñáìáôéêïß äïêïß åìöÜíéóáí ðåñéóóüôå-

ñç ëïîÞ ñçãìÜôùóç (ìåôÜ ôïí ðñþôï êýêëï åðéðüíçóçò óå

óôÜèìç áíôßóôïé÷ç óå ì=3.5) áðü ü,ôé ôá õðïóôõëþìáôá. Ôá

óôïé÷åßá Â3 (ìå áðüóôáóç óõíäåôÞñùí 200 mm) åìöÜíéóáí

ðéï øáèõñÞ óõìðåñéöïñÜ ìå ðéï åêôåôáìÝíç ëïîÞ ñçãìÜôù-

óç êáé ôá÷ýôåñï ëõãéóìü ôùí äéáìÞêùí ñÜâäùí. Ï ëõãéóìüò

ôùí ñÜâäùí óôï óôïé÷åßï LB3 óõíÝâç åíùñßôåñá áðü ü,ôé

óôï óôïé÷åßï ÍÂ3. Ïé äïêïß Â5 åìöÜíéóáí óçìáíôéêÜ ìéêñü-

ôåñç ëïîÞ ñçãìÜôùóç.

6. Ç ÅÐÉÑÑÏÇ ÔÙÍ ÐÁÑÁÌÅÔÑÙÍ
6.1. Ç åðéññïÞ ôùí ðáñáìÝôñùí ôïõ åãêÜñóéïõ ïðëéóìïý

¼ðùò öáßíåôáé óôï ó÷. 6, ôá óôïé÷åßá Â1 êáé Â2 åìöÜíé-

óáí ðáñüìïéá óõìðåñéöïñÜ, ôüóï ùò ðñïò ôç öÝñïõóá éêá-

íüôçôá (ìÝãéóôç ôéìÞ ôçò äýíáìçò áðüêñéóçò), üóï êáé ùò

ðñïò ôçí Ýêôáóç ôçò ëïîÞò ñçãìÜôùóçò êáé ôïí óõíïëéêü

áñéèìü êýêëùí ðñéí ôçí ôåëéêÞ áóôï÷ßá. ÄåäïìÝíïõ üôé ôï

üñéï äéáññïÞò ôïõ åãêÜñóéïõ ïðëéóìïý óôç äïêü Â1 åßíáé

äéðëÜóéï áðü áõôü ôçò Â2, èá áíáìåíüôáí êáëýôåñç óõìðå-

ñéöïñÜ ãéá ôçí Â1 áðü ü,ôé ãéá ôç äïêü Â2. Áðü ìÝôñçóç ôïõ

áíïßãìáôïò ôùí ëïîþí ñùãìþí óôç Â2 ëßãï ðñéí ôçí ôåëéêÞ

áóôï÷ßá ðñïÝêõøå üôé ç äéáññïÞ ôïõ åãêÜñóéïõ ïðëéóìïý

óõíÝâç êáôÜ ôç óôéãìÞ ôçò ôåëéêÞò áóôï÷ßáò êáé ãé� áõôüí

ôïí ëüãï ôï ìåãáëýôåñï üñéï äéáññïÞò ôùí óõíäåôÞñùí óôç

äïêü Â1 äåí åðçñÝáóå ôç óõìðåñéöïñÜ ôçò. Áíôßèåôá, ç

äïêüò Â3 åìöÜíéóå ÷åéñüôåñç, åí ãÝíåé, óõìðåñéöïñÜ áðü 

ôç Â2. 

ÄåäïìÝíïõ üôé ïé äïêïß Â3 êáé Â2 Ý÷ïõí ôï ßäéï ìç÷áíé-

êü ðïóïóôü åãêÜñóéïõ ïðëéóìïý, èá áíáìåíüôáí ðáñüìïéá

óõìðåñéöïñÜ ôùí äýï äïêþí.
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Ó÷. 5: Êáìðýëç öïñôßïõ-âÝëïõò ãéá ôá óôïé÷åßá C.

Fig. 5: Force-deflection curve for C elements.

Ó÷. 6: Êáìðýëç öïñôßïõ-âÝëïõò ãéá ôá óôïé÷åßá LB.

Fig. 6: Force-deflection curve for LB elements.

Áðü ôá ðáñáðÜíù äéáöáßíåôáé üôé ç áðüóôáóç ôùí óõí-

äåôÞñùí áðïôåëåß ðéï áðïöáóéóôéêü ðáñÜãïíôá ãéá ôç

óõìðåñéöïñÜ ôùí óôïé÷åßùí áðü ü,ôé ôï ðïóïóôü ôïõ åãêÜñ-

óéïõ ïðëéóìïý. Ãéá ôïí ëüãï áõôü, ç óýã÷ñïíç ôÜóç ãéá

áýîçóç ôïõ ïñßïõ äéáññïÞò ôïõ åãêÜñóéïõ ïðëéóìïý ìå



óôü÷ï ôçí áýîçóç ôçò áðüóôáóçò ôùí óõíäåôÞñùí öáßíåôáé

ðñïâëçìáôéêÞ.

Ïé äïêïß Â4 åìöÜíéóáí ëéãüôåñï Ýíôïíç ëïîÞ ñçãìÜôù-

óç áðü ôéò äïêïýò Â3 (ìïëïíüôé ï åãêÜñóéïò ïðëéóìüò óôç

äéáôìçôéêÜ êñßóéìç ðåñéï÷Þ åßíáé ï ßäéïò êáé óôéò äýï

äïêïýò) êáé ðåñßðïõ 10% ìåãáëýôåñç öÝñïõóá éêáíüôçôá

áðü ôéò äïêïýò Â1. Ïé äéáöïñÝò áõôÝò ìðïñåß íá áðïäïèïýí

áö� åíüò óôçí åõíïúêÞ äñÜóç ôùí åíäéÜìåóùí óõíäåôÞñéùí

ñÜâäùí (ðïõ ÷ñçóéìïðïéÞèçêáí ãéá ôç äéáìüñöùóç ôïõ

êëùâïý ôùí óõíäåôÞñùí óôç èëéâüìåíç æþíç) êáé áö� åôÝ-

ñïõ óôçí, ëüãù ôçò ðýêíùóçò ôùí óõíäåôÞñùí óôç èëéâü-

ìåíç æþíç, êáèõóôÝñçóç ôïõ ëõãéóìïý ôùí äéáìÞêùí

ñÜâäùí ôïõ ïðëéóìïý.

6.2. Ç åðéññïÞ ôçò äéÜôáîçò ôïõ äéáìÞêïõò ïðëéóìïý

Ç õóôåñçôéêÞ óõìðåñéöïñÜ ôùí äïêþí Â5 (ìå ôçí êáôá-

êüñõöç äéÜôáîç ôïõ ïðëéóìïý) åìöáíßæåé áéóèçôÝò äéáöïñÝò

áðü áõôÞí ôùí äïêþí Â1 (ìå ôç óõìâáôéêÞ äéÜôáîç ïðëé-

óìïý). Ïé äïêïß Â5 åìöÜíéóáí 15% ðåñßðïõ áýîçóç ôçò

öÝñïõóáò éêáíüôçôÜò ôïõò, ìåßùóç ôçò óôÝíùóçò ôùí õóôå-

ñçôéêþí âñü÷ùí (pinching effect) êáèþò êáé óçìáíôéêÞ ìåß-

ùóç ôçò ëïîÞò ñçãìÜôùóçò. Ïé äéáöïñïðïéÞóåéò áõôÝò, ïé

ïðïßåò, äåäïìÝíïõ üôé ôï (óõìâáôéêÜ èåùñïýìåíï) åíåñãü

ðïóïóôü ïðëéóìïý ôùí óôïé÷åßùí áõôþí åßíáé óçìáíôéêÜ

ìéêñüôåñï áðü áõôü ôùí óôïé÷åßùí Â1, Ýñ÷ïíôáé óå áíôßèå-

óç ìå ôç óõìâáôéêÞ èåþñçóç, ìðïñïýí íá áðïäïèïýí óôá

ðáñáêÜôù: (á) ïé åíäéÜìåóåò äéáìÞêåéò ñÜâäïé ðáñÝìåíáí

óõíå÷þò õðü åöåëêõóôéêÞ Ýíôáóç, üðùò ðñïÝêõøå áðü ôçí

ðáñáêïëïýèçóç ôçò ìïñöïëïãßáò ôùí ñùãìþí ìÝóù âéíôåï-

óêüðçóçò êáé ãé� áõôü ç óõìâïëÞ ôùí åíäéÜìåóùí ñÜâäùí

äåí Þôáí áìåëçôÝá, (â) ç ðáñïõóßá ôùí åíäéÜìåóùí ñÜâäùí

êáèõóôÝñçóå ôçí åîÝëéîç ôùí ñùãìþí êáé ôç äéåßóäõóÞ ôïõò

óôç èëéâüìåíç æþíç êáé (ã) ëüãù ôïõ ìåãáëýôåñïõ âÜèïõò

ôçò èëéâüìåíçò æþíçò óôçí ðåñßðôùóç ôçò êáè� ýøïò êáôá-

íïìÞò ôïõ ïðëéóìïý, ç óõìâïëÞ ôïõ Üïðëïõ óêõñïäÝìáôïò

óôçí áíÜëçøç ôçò ôÝìíïõóáò Þôáí ìåãáëýôåñç.

Ç ðáñáðÜíù êáëýôåñç áðüêñéóç ôùí óôïé÷åßùí ìå ôç ìç

óõìâáôéêÞ êáôáíïìÞ ôïõ ïðëéóìïý êáè� ýøïò ôçò äéáôïìÞò

áðïôåëåß ðñþôç èåôéêÞ Ýíäåéîç ãéá ôçí õéïèÝôçóç ôçò äéÜôá-

îçò áõôÞò óôçí ðåñßðôùóç æõãùìÜôùí Üêáìðôùí ðëáéóßùí

ëüãù ôùí óçìáíôéêþí ðëåïíåêôçìÜôùí ðïõ åíôïðßóôçêáí

óôçí 5.1. Ç ðáñáôçñïýìåíç, üìùò, óçìáíôéêÞ ðôþóç ôïõ

ìÝãéóôïõ öïñôßïõ êáôÜ ôç ìåôÜâáóç áðü ôïí ðñþôï (ðáñèå-

íéêü) êýêëï åðéðüíçóçò óôïí äåýôåñï áðáéôåß ðåñáéôÝñù

äéåñåýíçóç.

6.3. ÅðéññïÞ ôïõ åßäïõò ôùí óôïé÷åßùí

Ç õóôåñçôéêÞ óõìðåñéöïñÜ ôùí óôïé÷åßùí C (õðïóôõëù-

ìÜôùí) åìöáíßæåôáé ÷ùñßò óçìáíôéêÞ óôÝíùóç (pinching

effect) ôùí õóôåñçôéêþí âñü÷ùí, åíþ áíôéèÝôùò ç óõìðåñé-
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Ó÷. 7: Ìïñöïëïãßá ñùãìþí ãéá ôï óôïé÷åßï C1.

Fig. 7: Crack patterns for C1 member.

Ó÷. 9: Ïëßóèçóç ïðëéóìïý ãéá ôï óôïé÷åßï Â1.

Fig. 9: Bond slip for member Â1.

Ó÷. 8: Ìïñöïëïãßá ñùãìþí ãéá ôá óôïé÷åßá B1 êáé Â2.

Fig. 8: Crack patterns for Â1 and B2 members.



öïñÜ ôùí óôïé÷åßùí Â ÷áñáêôçñßæåôáé áðü óçìáíôéêÞ óôÝ-

íùóç ôùí õóôåñçôéêþí âñü÷ùí ìåôÜ ôïí ôñßôï êýêëï öüñôé-

óçò. Ç äéáöïñïðïßçóç áõôÞ ôçò óõìðåñéöïñÜò ìåôáîý ôùí

ðåéñáìáôéêþí óôýëùí êáé äïêþí ìðïñåß íá áðïäïèåß óôïí

äéáöïñåôéêü ëüãï äéÜôìçóçò, óôï äéáöïñåôéêü áîïíéêü öïñ-

ôßï êáé ôïí äéáöïñåôéêü ëüãï ðëÜôïõò ðñïò ýøïò ôçò äéáôï-

ìÞò. Åí ôïýôïéò, ðáñÜ ôï åíôïíüôåñï öáéíüìåíï ôçò óôÝíù-

óçò ôùí âñü÷ùí, ïé ðåñéóóüôåñåò ðåéñáìáôéêïß äïêïß Üíôå-

îáí ìåãáëýôåñï áñéèìü êýêëùí åðéðüíçóçò áðü ü,ôé ôá ðåé-

ñáìáôéêÜ õðïóôõëþìáôá, áðïôÝëåóìá ôïõ ôá÷ýôåñïõ ëõãé-

óìïý ôùí ñÜâäùí óôá óôïé÷åßá áõôÜ, ëüãù, åíäå÷ïìÝíùò,

ôïõ ìéêñüôåñïõ åãêÜñóéïõ ïðëéóìïý ôïõò. Óçìåéþíåôáé, åðß-

óçò, ç ðáñáôçñïýìåíç óôï ó÷. 5 ìåßùóç ôçò äýíáìçò áðü-

êñéóçò ôùí óôïé÷åßùí áõôþí ìåôÜ ôç äéáññïÞ ôïõ ÷Üëõâá,

ëüãù ôçò ðñüóèåôçò, ëüãù âÝëïõò, ñïðÞò, ç ïðïßá åßíáé

óçìáíôéêÞ óôçí ðåñßðôùóç ôùí óôïé÷åßùí áõôþí (ëüãù ôçò

ìåãáëýôåñçò ôéìÞò ôïõ áîïíéêïý öïñôßïõ êáé ôçò ìéêñüôåñçò

äéáôïìÞò ôïõò êáé, ãé� áõôü, ìåãáëýôåñïõ âÝëïõò ôïõò).

7. ÓÕÃÊÑÉÓÇ ÓÕÑÌÁÔÏÊÉÓÓÇÑÏÄÅÌÁÔÏÓ
ÊÁÉ ÊÁÍÏÍÉÊÏÕ ÓÊÕÑÏÄÅÌÁÔÏÓ

¼ðùò ðñïêýðôåé áðü ôá ó÷Þìáôá 5 êáé 6, ç õóôåñçôéêÞ

óõìðåñéöïñÜ ôùí óôïé÷åßùí áðü óõñìáôïêéóóçñüäåìá

åìöáíßæåé ðáñüìïéá ÷áñáêôçñéóôéêÜ ìå ôç óõìðåñéöïñÜ ôùí

óôïé÷åßùí áðü êáíïíéêü óêõñüäåìá. Ç ïìïéüôçôá áõôÞ,

óýìöùíç êáé ìå ôçí ðáñüìïéá ìïñöïëïãßá ñùãìþí óôïõò

äýï ôýðïõò ðåéñáìáôéêþí óôïé÷åßùí, ìðïñåß íá èåùñçèåß ôï

áðïôÝëåóìá ôçò ïìïéüôçôáò ôùí ÷áñáêôçñéóôéêþí óõíÜöåéáò

64 Tå÷í. ×ñïí. Åðéóô. ¸êä. ÔÅÅ, É, ôåý÷. 2  2000  Tech. Chron. Sci. J. TCG, I, No 2

Ó÷. 10: ÁðïôåëÝóìáôá óõíÜöåéáò êáôÜ RILEM [2].

Fig. 10: Bond slip according RILEM [2].

ôïõ ìéêñïêéóóçñïäÝìáôïò êáé ôïõ êáíïíéêïý óêõñïäÝìáôïò.

¼ðùò öáßíåôáé óôï ó÷. 10, ç óõíÜöåéá ôïõ ìéêñïêéóóçñïäÝ-

ìáôïò åìöáíßæåôáé ôïõëÜ÷éóôïí ôçò ßäéáò ðïéüôçôáò (áí ü÷é

áíþôåñç) ìå áõôÞí ôïõ êáíïíéêïý óêõñïäÝìáôïò. Ç âåëôéù-

ìÝíç óõíÜöåéá ôïõ ìéêñïêéóóçñïäÝìáôïò ìðïñåß íá áðïäï-

èåß: (á) óôç ìåãáëýôåñç åíåñãü äéåðéöÜíåéá åðáöÞò óêõñï-

äÝìáôïò êáé ÷Üëõâá, ëüãù ôïõ ìéêñüôåñïõ êüêêïõ ôùí

áäñáíþí, (â) óôçí ðéï áíþìáëç õöÞ ôçò åîùôåñéêÞò åðéöÜ-

íåéáò ôùí êüêêùí ôçò êßóóçñçò, (ã) óôçí áõîçìÝíç ðñüóöõ-

óç, ëüãù áðïññüöçóçò ôóéìåíôïðïëôïý áðü ôïõò åðéöáíåé-

áêïýò ðüñïõò ôùí êüêêùí ôçò êßóóçñçò. Åðßóçò, äåäïìÝíïõ

üôé ôï ëåðôü õëéêü ôçò êßóóçñçò åßíáé ÷çìéêÜ ðéï äñáóôéêü

áðü áõôü ôùí áóâåóôïëéèéêþí áäñáíþí, Ýíá ðñüóèåôï ëüãï

ãéá âåëôßùóç ôçò óõíÜöåéáò åíäÝ÷åôáé íá áðïôåëåß ç ðéèáíÞ

÷çìéêÞ áëëçëåðßäñáóç ìåôáîý õëéêïý êáé ëåðôïý õëéêïý

êßóóçñçò.

Ç ïìïéüôçôá ôçò óõìðåñéöïñÜò ôùí äýï ôýðùí óêõñïäÝ-

ìáôïò åêôåßíåôáé óå üëïõò ôïõò ôýðïõò ðåéñáìáôéêþí óôïé-

÷åßùí ðïõ äéåñåõíÞèçêáí, ìå åîáßñåóç ôá óôïé÷åßá LÂ3 êáé

NB3. Ç óõìðåñéöïñÜ ôçò äïêïý ÂL3 õóôÝñçóå áéóèçôÜ áðü

áõôÞí ôçò äïêïý ÂÍ3. Óôç äïêü ÂL3 ï ëõãéóìüò ôïõ äéáìÞ-

êïõò ïðëéóìïý óõíÝâç åíùñßôåñá áðü ü,ôé óôç äïêü ÂÍ3.

ÄåäïìÝíïõ üôé ïé äïêïß ÂL4 êáé ÂÍ4 åðÝäåéîáí ðáñüìïéá

óõìðåñéöïñÜ (ðáñ� üëï ðïõ ç áðüóôáóç ôùí óõíäåôÞñùí

óôç äéáôìçôéêÜ êñßóéìç ðåñéï÷Þ ôïõ ìÝóïõ ôçò äéáôïìÞò

åßíáé ßäéá ìå áõôÞí ôùí äïêþí ÂL3 êáé ÂÍ3, äçëáäÞ 200 mm),

ç ÷åéñüôåñç óõìðåñéöïñÜ ôçò äïêïý ÂL3 ìðïñåß íá áðïäï-

èåß óå åíäå÷üìåíç ìåãáëýôåñç åõáëùóßá ôùí óôïé÷åßùí áðü

êéóóçñüäåìá ãéá ëõãéóìü ôùí ñÜâäùí ôïõ äéáìÞêïõò ïðëé-

óìïý, ðáñÜ óôçí áíáöåñüìåíç óôçí âéâëéïãñáößá ìéêñüôå-

ñç äéáôìçôéêÞ áíôï÷Þ ôïõ åëáöñïóêõñïäÝìáôïò. Ç åõáëù-

óßá áõôÞ ôïõ ìéêñïêéóóçñïäÝìáôïò ìðïñåß íá áðïäïèåß óôç

ìéêñüôåñç åöåëêõóôéêÞ áíôï÷Þ ôïõ [2] êáé ãé� áõôü ìéêñüôå-

ñç éêáíüôçôá ôïõ óêõñïäÝìáôïò ôçò åðéêÜëõøçò íá áíôÝîåé

ôçí åãêÜñóéá äýíáìç ðïõ áíáðôýóóåôáé ëüãù ôçò êÜìøçò

ôïõ ïðëéóìïý êáôÜ ôïí ëõãéóìü ôçò ñÜâäïõ. Ãéá ôçí áíôé-

óôÜèìéóç ôïõ ìåéïíåêôÞìáôïò áõôïý óõíéóôþíôáé ç ÷ñÞóç

äéáìÞêùí ñÜâäùí ìéêñüôåñçò äéáìÝôñïõ êáé ðõêíüôåñïò

åãêÜñóéïò ïðëéóìüò ãéá ôá óôïé÷åßá áðü ìéêñïêéóóçñüäåìá.

Ëüãù ôïõ ìéêñïý êüêêïõ ôïõ ìéêñïêéóóçñïäÝìáôïò ç ðñï-

ôåéíüìåíç ðõêíüôåñç äéÜôáîç äéáìÞêïõò êáé åãêÜñóéïõ

ïðëéóìïý ìðïñåß íá õéïèåôçèåß ÷ùñßò éäéáßôåñåò äõóêïëßåò

êáôÜ ôç óêõñïäÝôçóç. Ç äéÜôáîç áõôÞ èá åðéôñÝøåé, åðéðëÝïí,

óõíïëéêÜ êáëýôåñç óõìðåñéöïñÜ ôùí óôïé÷åßùí.

ÅîÜëëïõ, üðùò öáßíåôáé áðü ôçí êëßóç ôùí äéáãñáììÜ-

ôùí óôá ó÷Þìáôá 5 êáé 6, ç äõóêáìøßá ôùí óôïé÷åßùí áðü

óõñìáôïêéóóçñüäåìá óôç óôÜèìç êïíôÜ óôï ìÝãéóôï öïñôßï

åßíáé ôçò ßäéáò ôÜîåùò ìå áõôÞ ôùí óôïé÷åßùí áðü êáíïíéêü

óêõñüäåìá, åíþ óôç óôÜèìç ëåéôïõñãßáò (ðåñßðïõ óôï 1/3

ôïõ ìÝãéóôïõ öïñôßïõ) åßíáé ôçò ôÜîåùò ôïõ 85% ôçò



äõóêáìøßáò ôùí óôïé÷åßùí áðü êáíïíéêü óêõñüäåìá. Ëáì-

âÜíïíôáò õðüøç üôé ôï ìÝôñï åëáóôéêüôçôáò ôïõ êéóóçñïäÝ-

ìáôïò åßíáé ìéêñüôåñï êáôÜ 50% ðåñßðïõ áðü áõôü ôïõ

êáíïíéêïý óêõñïäÝìáôïò, ç äõóêáìøßá ôùí óôïé÷åßùí ôïõ

ìéêñïêéóóçñïäÝìáôïò èá áíáìåíüôáí óçìáíôéêÜ ìéêñüôåñç

áðü áõôÞí ôùí óôïé÷åßùí áðü êáíïíéêü óêõñüäåìá. Ãéá ôçí

åñìçíåßá ôçò ðáñáôçñçèåßóáò óçìáíôéêÜ ìåãáëýôåñçò

äõóêáìøßáò åíôïðßæïíôáé ïé åîÞò ðáñáôçñÞóåéò: (á) ôï ìÝôñï

åëáóôéêüôçôáò ôïõ ìéêñïêéóóçñïäÝìáôïò ðáñáìÝíåé óôáèå-

ñü ìÝ÷ñé ôç óôÜèìç ôïõ ìÝãéóôïõ öïñôßïõ (ãñáììéêü äéÜ-

ãñáììá ó-å), åíþ ôï áíôßóôïé÷ï ìÝôñï åëáóôéêüôçôáò ôïõ

êáíïíéêïý óêõñïäÝìáôïò ìåéþíåôáé ìå ôçí áýîçóç ôçò óôÜè-

ìçò ôïõ öïñôßïõ (êáìðýëï äéÜãñáììá ó-å) êáé (â) ç óõìâï-

ëÞ ôïõ äéáìÞêïõò ïðëéóìïý óôç äõóêáìøßá ôïõ óôïé÷åßïõ

áõîÜíåé ìå ôçí áýîçóç ôçò óôÜèìçò ôïõ öïñôßïõ, ëüãù ìåß-

ùóçò ôçò èëéâüìåíçò æþíçò, ìå óõíÝðåéá ìåéùìÝíç óõìâïëÞ

ôïõ ìÝôñïõ åëáóôéêüôçôáò ôçò èëéâüìåíçò æþíçò óôç

äõóêáìøßá ôùí óôïé÷åßùí.

8. ÓÕÌÐÅÑÁÓÌÁÔÁ

Ìå âÜóç ôá ðåéñáìáôéêÜ áðïôåëÝóìáôá êáé ãéá ôçí

ðåñéï÷Þ ôùí ôéìþí ôùí ðáñáìÝôñùí ðïõ åîåôÜóôçêáí óôï

ðåéñáìáôéêü ðñüãñáììá ôçò åñãáóßáò áõôÞò ðñïÝêõøáí ôá

ðáñáêÜôù:

1. ÃñáììéêÜ óôïé÷åßá áðü ìéêñïêéóóçñüäåìá åíéó÷õìÝíá

ìå óõñìáôüðëåãìá ãýñù áðü ôïí êëùâü ôïõ ïðëéóìïý åðé-

ðïíïýìåíá óå åíáëëáóóüìåíç åãêÜñóéá åðéðüíçóç õðü óôá-

èåñü áîïíéêü öïñôßï ÷áìçëÞò óôÜèìçò åðÝäåéîáí ðáñüìïéá

÷áñáêôçñéóôéêÜ óõìðåñéöïñÜò ìå áõôÜ óõæõãþí óôïé÷åßùí

áðü êáíïíéêü óêõñüäåìá.

2. Ç äõóêáìøßá ôùí ðáñáðÜíù óôïé÷åßùí áðü óõñìáôï-

êéóóçñüäåìá ðñïÝêõøå ðáñüìïéá ìå áõôÞí ôùí óõæõãþí

óôïé÷åßùí áðü êáíïíéêü óêõñüäåìá óôç óôÜèìç ôïõ ìÝãé-

óôïõ öïñôßïõ, åíþ óôç óôÜèìç ôïõ öïñôßïõ ëåéôïõñãßáò ôçò

ôÜîåùò ôïõ 85% ôçò äõóêáìøßáò ôùí óôïé÷åßùí áðü óõìâá-

ôéêü óêõñüäåìá

3. Aýîçóç ôçò ôÜóçò äéáññïÞò ôïõ ÷Üëõâá ôïõ åãêÜñ-

óéïõ ïðëéóìïý ôùí óôïé÷åßùí äåí Ýäùóå âåëôßùóç ôçò

óõìðåñéöïñÜò ôïõò.

4. Ãéá ôá ðïóïóôÜ ôïõ åãêÜñóéïõ ïðëéóìïý ðïõ õéïèåôÞ-

èçêáí óôï ðñüãñáììá, ç áðüóôáóç ôùí óõíäåôÞñùí öÜíçêå

íá áðïôåëåß ðéï áðïöáóéóôéêü ðáñÜãïíôá áðï ü,ôé ôï (ìç÷á-

íéêü) ðïóïóôü ôïõ åãêÜñóéïõ ïðëéóìïý.

6. Óôïé÷åßá ìå äéÜôáîç ôïõ äéáìÞêïõò (êáìðôüìåíïõ)

ïðëéóìïý êáè� ýøïò ôçò äéáôïìÞò åðÝäåéîáí ðáñüìïéá (Þ êáé

ìåãáëýôåñç) öÝñïõóá éêáíüôçôá áðü áíôßóôïé÷á óôïé÷åßá ìå

óõìâáôéêÞ äéÜôáîç ôïõ ïðëéóìïý (êáôÜ ðëÜôïò).
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Abstract

The work presents results of an experimental program concerned

with the use of pumice for producing a lightweight concrete suitable

for earthquake-resistant concstruction. By reducing maximum

pumice size to 8 mm a pumice concrete was produced with a rela-

tively high strength-to-weight ratio (compressive strength 30 MPa,

(dry) unit weight 1.500 kg/m3), which overcomes the shortcomings

of the conventional pumice concrete (with maximum grain size 

30 mm). Eight test columns and five test beams made with pumice

concrete, most of them with a chickenwire mesh enveloping the rein-

forcement cage, were subjected to cyclic transverse loading com-

bined with a constant low axial load and compared with similar

control test members made with limestone concrete and tested under

the same conditions. Experimental results showed similar trends of

behaviour for both types of concrete test members. Test members

with the flexural reinforcement arranged along the section height

exhibited similar load-carrying capacity to that of members with the

conventional arrangement.

1. INTRODUCTION

The practically inexhaustible deposits of pumice in

Greece, particulary in the islands of Santorini, Nisyros and

Yiali, and the low weight and good insulation properties of

the material motivated research in Greece aiming at using

pumice for the production of structural lightweight-aggregate

concrete suitable for earthquake-resistant construction. Earlier

reservations regarding the protection offered by pumice con-

crete to steel against corrosion were withdrawn, as the sul-

phur content of pumice was found to be low. Moreover, the

inspection of a 60 years old pumice-concrete building in the

Yiali island revealed no traces of corrosion in spite of the

exposure of the building to adverse environmental condi-

tions. However, the results of early research into the

behaviour of pumice concrete as a structural material were

not encouraging and, as a result, the use of pumice concrete

was initially restricted in cases where it could be used as an

insulating material in the form of either pumice bricks or pre-

cast semi-bearing walls. The use of pumice concrete as a

structural material was delayed by a combination of techno-

logical and economical shortcomings related with low

strength (in spite of the relatively high cement content used),

segregation of the lightweight coarse grains, high cost of pro-

duction due to prewetting of aggregates and replacement of

fines with limestone sand, large long-term deformations, etc

[1]. The above shortcomings resulted from the attempt to

increase the strength of pumice concrete in the manner this is

achieved for the case of normal weight concrete, i.e. by

increasing the cement content of the mix, by using rapid-

hardening cement, by replacing pumice fines with normal

weight sand and a portion of the coarse pumice grains with

normal weight aggregates, etc. 

In a research work of the Laboratory of Reinforced Con-

crete of N.T.U.A. during 1974-76 the same objective was

achieved by merely reducing the maximum pumice-aggre-

gate size. It was found [2] that reducing the maximum

pumice-aggregate size not only leads to a significant

improvement of pumice-concrete strength, but, also, over-

comes the aforementioned shortcomings mostly related with

the process of pumice-concrete production. By reducing the

maximum grain size to 8 mm and keeping pumice fines (not

replacing them with normal-weight sand) a free of segre-

gation pumice �microconcrete� was produced with a (maxi-

mum) strength of 30-35 Mpa and a (dry) unit weight of 

1500 kg/m3. The high strength-to-weight ratio of pumice

microconcrete provides a first indication of the value of the

material for structural applications. Due to this characteristic,

the use of the material in practice may lead to a significant

improvement of structural response under earthquake action,

providing that the brittle nature and the low modulus of the

material do not affect adversely the ductility and stiffness of

the structure, respectively.

The aim of the present work was, on the one hand, to cla-

rify points such as those mentioned above by means of an

experimental investigation based on a comparative study of
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the behaviour of pumice-concrete linear members with that

of members made of conventional limestone concrete and, on

the other, to investigate the effect on structural behaviour of

basic parameters, such as longitudinal reinforcement percen-

tage, concrete strength and yield strength, spacing and arran-

gement of transverse reinforcement and, also, the possibility

the flexural reinforcement to be arranged along the height of

the section. To this end, column and beam specimens were

subjected to the combined action of a constant, relatively low,

axial load and a cyclic transverse displacement and their

response was compared with that of similar members made

with normal-weight (limestone) concrete tested under the

same conditions. 

The parameters of the transverse reinforcement were

adopted in order to clarify points relating with the increasing

tendency in current practice of using high-strength steel for

the transverse reinforcement (in spite of the observed diffi-

culties associated with the less ductility of some types of

high-strength steels) in order to satisfy the transverse rein-

forcement requirements at a larger stirrup spacing. The inve-

stigation of the possibility for a vertical arrangement of the

flexural reinforcement was adopted, because of its advan-

tages in the case of the beams of ductile moment-resisting

frames, designed to resist severe seismic action, in which the

positive and negative moment demands are, frequently,

equal, or near so. The conventional arrangement of the longi-

tudinal reinforcement as close to top and bottom of the sec-

tion, for most efficiency, has several shortcomings, such as

difficulties during construction (in the placing and vibrating

of concrete), problematic compression-shear transfer, due to

the decreased depth of the compressive zone (because of the

considerable compressive reinforcement) and deteriorations,

due to the high and reversing bond stresses on the reinforce-

ment bars passing through the joint core (because of the pre-

sence of beam moments of opposite sign on opposite sites of

the joint). By the investigated possibility for vertical arrange-

ment of the reinforcement the above mentioned shortcomings

are withdrawn and, moreover, a strengthening of the joint

core may be effected relating with the contribution of the

intermediate beam bars passing through the joint to the load-

bearing capacity of the latter.

2. MATERIAL IDENDITY

Pumice wireconcrete is composed of pumice microcon-

crete and chickenwire mesh around the reinforcement cage of

the structural members.

Pumice microconcrete is composed of cement, pumice

grains (without prewetting them) in one fraction 0-8 mm and

water. Chickenwire mesh has an opening of 30 mm. The mix

proportions of pumice microconcrete are approximately: 400 kg

cement, 940 kg pumice and 240 kg water. Mix proposions are

variable, depending upon the moisture of the pumice grains

and they correspond to low workability. For higher workabil-

ity an appropiate superplasticier may be used.

Pumice microconcrete has the following technological

characteristics: maximum level of strength: 30-35 Mpa, dry

unit weight: 1500 kg/m3, coefficient of thermal conductivity:

0.50 kcal/mhco (coefficient of normal limestone concrete

1.40 kcal/mhco), modulus of elasticity: 11.000 Mpa, linear

stress-strain relation, bond: similar to that of normal concrete,

coefficient of long-time deformations similar with that of

normal concrete.

3. CONCEPTS UNDERLYING MATERIAL
DESIGN

Adopting the two-phase model for concrete (simplified

assumption for a material with the eterogenity of concrete,

but sufficient for this scope), the following conclusions were

drawn [4[: (a) the behaviour of concrete depends upon which

phase of concrete is strong; (b) which phase is strong,

depends upon the level of concrete strength in relation to the

strength of the aggregate; (c) for each aggregate type, a tran-

sition level of concrete strength exists: below this level,

aggregate is the strong phase, above this level, cement paste

is the strong phase; (d) in the first case, concrete strength is

increased primarily by increasing the strength of the cement

paste. In the second case, concrete strength is increased pri-

marily by increasing the strength of aggregate; (e) as the tran-

sition level of pumice concrete is considerably below that of

limestone concrete, an increase in the strength of the cement

paste does not result in higher strength of concrete as in the

case of normal concrete (of moderate strength). In order that

the strength of pumice concrete exceed the level of 16 - 18 MPa

(transition level for conventional pumice concrete) the

strength of the pumice grain has to be increased.

As a result of these considerations, in order to increase the

strength of pumice grain, the reduction of grain size to 8 mm

was adopted, as smaller grains, obtained by crushing of the

coarser ones in the place of their larger voids, include smaller

voids and, therefore, have higher strength. Pumice fines were

not replaced with normal sand in order to take advantage of

the beneficial influence of the pozzolanic properties of the

former. Adopting small pumice grain and keeping pumice

fines, the production cost of pumice microconcrete is

reduced, as (a) no high cement content is needed, (b) no

prewetting of pumice coarse grains is needed, (c) aggregates

may be used in only one fraction (0-8 mm) and (d) the con-

ventional mixers for mortars may be used. As the required
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size of test specimens depends upon the maximum size of

concrete aggregates, smaller test specimens may be adopted

for pumice microconcrete with the corresponding economic

benefits for in-situ testing they entail, as lighter and cheaper

moulds and testing machines will be required (possibly

moulds and testing machines for mortars may be adequate),

smaller laboratory storing and curing space will be needed.

Small grain size permits greater freedom in the design of the

members, adoption of new technics and innovations, easier

detailing and new directions in structural design, for exam-

ple, the use of double T cross-sections in the case of high

shear ratios and especially when axial load is low. Adopting

this shape, the stiffness of uncracked sections is increased

and so drift is decreased, though ductility is increased, as the

depth of the compression zone is decreased due to its larger

width.

The addition of the chickenwire mesh was adopted

because of the binding role of the mesh, which seems to func-

tion as an efficient means for crack control and delaying

cover spalling and, hence, delaying the weakening of the

effective cross section.

4. EXPERIMENTAL PROGRAMME

Eighteen simply supported linear members with a free

span of 2000 mm, ten of them with a 150 X 150 mm cross

section (columns) and ten with a 150 X 300 mm cross section

(beams) were subjected to cyclic transverse loading (induced

by displacement control) combined with a constant low axial

load through a specially designed test set up shown in fig 1.

Of these members, thirteen were made with pumice concrete

and seven with limestone concrete. Four of the test columns

and all test beams made with pumice concrete were supplied

with a chickenwire mesh around the reinforcement cage, as

shown in fig. 2.

The columns were subjected to two-point loading with a

shear span-to-depth ratio equal to 5.5. As the region between

the two load points was strengthened by additional flexural

reinforcement, as shown in fig. 3, the flexural capacity criti-

cal sections were those including the load points. The overall

test configuration shown in fig. 5, corresponds to two can-

tilever columns subjected to cyclic loading at the free end.

On the other hand, the beams were subjected to single point-

loading at midspan with a shear span-to-depth ratio equal to 3.5.

4.1. Parameters investigated

For the columns, the parameters investigated in the pro-

gramme were the reinforcement percentage (ñ =As/Ac) and

the concrete strength (fc). The values used for these parame-

ters were 0.9% and 2.0% for ñ and 18 MPa and 30 MPa for

fc. The corresponding values for the mechanical reinforce-

ment percentage ñ. fy/fc, which was considered to be the fun-

damental behaviour index, were 0.12, 0.20, 0.26 and 0.41.

The effect produced by enveloping the reinforcement cage

with a chickenwire mesh, shown in fig. 2, was also investi-

gated; half of the members were supplied with this mesh. The

values of the normalised transverse reinforcement

(ñw.fsw/ñ.fsl) and the normalised axial load (n=N/Ac.fc) were

set equal to 1.2 and 0.15, respectively.

For the beams, the parameters investigated were the yield

stress, the spacing and the arrangement of the stirrups. The

values used for the yield stress were 240 MPa and 540 MPa

and for the spacing 100 mm and 200 mm. The stirrups of the

members with the 540 MPa yield stress and 100 mm spacing

extended throughout the cross-section depth or every second

stirrup was restricted within the compressive zone, as shown

in fig. 4. The values of the mechanical longitudinal rein-

forcement percentage and the normalised axial load were set

equal to 0.30 and 0.08, respectively. All pumice-concrete

beams were supplied with the above mentioned chickenwire

mesh.

4.2. Specimens details and materials

The reinforcement details of the test members are given

in fig. 3 The letters L and N in the notation of the members

designate the type of concrete, lightweight (pumice) and nor-

mal weight (limestone) concrete, respectively, while the

letters C and B correspond to the type of the test member, co-

lumn and beam, respectively.

For the beams, the concrete cube strength at the date of

testing was 25 MPa (the age of concrete at testing was 15

days), while the columns, which were tested at the age of 28

days, had a cube strength of either 18 MPa or 30 MPa. The

mix details of the concretes used are given in table 1. Port-

land cement type II was used for all types of concrete.

Pumice aggregates originated from the Greek island Yali and

limestone aggregates from the Greek region Attiki. 

4.3. Test set up and loading procedure

The overall test set up is shown in fig. 1. The specimens

were tested in horizontal position, simply supported on two

girders fixed to the columns of the test frame, as indicated in

fig. 1. A spherical seating arrangement permitted free rotation

of specimen end sections. The axial load was imposed as an

external prestress by means of two steel bars stressed by a

hydraulic jack. A spherical seating arrangement was also

used in order to apply the load concentrically. The loading

history shown in fig. 6 was induced by means of an MTS

actuator (double action 250/500 kN capacity). The axial load

was maintained constant throughout the test through the use
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of two strong steel springs in the direction of the specimen

axis as indicated in fig. 1.

An x-y plotter connected to the actuator was used to

record the load-deflection curve throughout a test. Load and

deflection were also measured by means of a load cell and an

LVDT. The slip between reinforcement and concrete was

measured externally at a cross section at a distance of 100 mm

from the critical section of the members, as shown in fig. 4. For

test columns, concrete and reinforcement strains at the criti-

cal sections were measured by means of strain gauges. For

the beams, a videocamera was used for the continous

observation of the crack patterns during testing and for

measuring crack widths.

Axial load was first applied to the specimens and

increased to a predermined value. This value was kept con-

stant throughout the test, while the specimen was subjected to

the following transverse loading history: Initially the speci-

mens were subjected to three cycles at a low level of dis-

placement corresponding to approximately 1/4 of the load

bearing capacity of the member. These were followed by

three cycles at the displacement level at which yielding of the

tensile reinforcement occurred. (This level was identified by

the abrupt shoftening of the force-deflection curve recorded

by the x-y ploter). Finally the specimens were subjected to at

least five cycles at a displacement corresponding to a ducti-

lity factor of 3.5. Such a loading history represents the effect

of low, moderate and intense earthquake action, respectively.

The displacement ductility factor is defined as the ratio of the

attained displacement-to-the displacement at yielding of the

tensile reinforcement. The rate of loading was kept constant

equal to approximately 0.2 mm/sec.

5. TEST RESULTS 

The force-displacement curves are shown in fig. 5 for

typical column specimens and in fig. 6 for the beams. The

crack patterns after the end of all loading cycles are depicted

in fig. 7 for a typical column and in fig. 8 for typical beams.

fig. 10 showes the slip between concrete and reinforcement

as a function of transverse force reservals for a typical beam.

Considering that failure occurs when the drop in peak

force between two successive cycles is dispropotionately

larger than any two of the previous successive cycles (at the

same peak displacement level), the columns sustained less

cycles than the beams exhibiting an earlier buckling of the

longitudinal reinforcement. This was particularly the case for

the C4 columns (with reinforcement percentage 2.0% and

concrete strength 18 MPa).

The mode of failure exhibited was similar for both types

of concrete specimens. All test members failed in a flexural

manner with spalling of cover and buckling of the longitudi-

nal reinforcement. Failure of the pumice-concrete columns

supplied with a chickenwire mesh was more gradual, parti-

culary after cover spalling, than that of pumice columns

without a mesh. The beams exhibited more inclined cracking

(which was observed after the first cycle at a displacement

with a ductility factor of 3.5) than the columns. The B3 mem-

bers (with the 200 mm stirrups spacing) exhibited a more

brittle behaviour with extensive inclined cracking after the

first cycle and an earlier buckling of the longitudinal rein-

forcement. The buckling of the reinforcement of the LB3

beam was earlier than that of NB3 beam. The B7 members

exhibited a considerably less inclined cracking.

6. DISCUSSION OF RESULTS
6.1. Comparison of the observed behaviour of columns

and beams

The hysteretic behaviour shown in fig. 5 for the columns

appears to be free of any significant pinching of the hysteretic

loops. Such behaviour is compatible with the lack of trans-

verse cracking extending throughout the cross-section height

and the less pronounced inclined cracking which characterises

the crack patterns.

In contrast with the column specimens, fig. 6 showes that

after the third loading cycle the hysteretic behaviour of the

beam specimens is characterised by a significant pinching

effect which is associated with the formation of transverse

cracking covering the whole cross-section height shown in

fig. 7 and is in compliance with the significant residual bond

slip shown in fig. 9. Such a difference in the behaviour may

be attributed to the smaller shear span-to-depth ratio, the

lower axial load and the smaller width-to-height ratio of the

beam-members.

It is interesting to note that, in spite of the pinching effect,

most beam specimens sustained a larger number of load

reversals than the column specimens which suffered buckling

of the longitudinal bars at an earlier cycle, probably due to

their lighter transverse reinsforcement. It is also interesting to

note in fig. 5 the decrease of the sustained transverse force

after yielding due to the higher axial load and mid-span

deflection of column-members (resulting to a higher addi-

tional moment which is equal to N.v, where N is the axial

load and v the deflection).

6.2. The influence of the chickenwire mesh and 

the longitudinal reinforcement percentage

The addition of the chickenwire mesh appeared to have a

beneficial effect on the overall behaviour of the pumice-con-

crete members, particulary after the first cycle. This effect is
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in compliance with the observed more gradual failure of the

members supplied with such a mesh and may be attributed to

the binding role of the mesh, which seems to function as an

efficient means for crack control and delaying cover spalling

and, hence, delaying the weakening of the effective cross sec-

tion.

The level of the strength and the reinforcement percen-

tage did not appear to have any noticable influence on the

behaviour of the columns. However, when these two para-

meters are combined in the form of the mechanical rein-

forcement percentage, they appeared to have a secondary

influence on the buckling of the longitudinal reinforcement.

C4 members (with a higher value of the reinforcement per-

centage and a lower value of concrete strength) suffered

buckling of the longitudinal bars at an earlier loading cycle

exhibiting a higher peak load and stiffness degradation. Such

an influence may be attributed to the higher transverse force

induced by the buckling of the longitudinal bars due to their

larger diameter and the inability of the concrete cover to

counter balance the action of this force.

6.3. The influence of the parameters of the transverse

reinforcement

As shown in fig. 6, the B2 beams exhibited similar beha-

viour in terms of load-carrying capacity, inclined cracking

and number of sustained loading cycles with the B1 beams,

in spite of the more than 200% higher stirrups yield strength

of the latter. Yielding of the transverse reinforcement of the

B2 specimens, assessed by measuring the width of the

inclined cracks, occurred just before failure and therefore the

higher yield stress of the transverse reinforcement had no

effect on specimen behaviour. The B3 beams, however,

exhibited an overall inferior behaviour than B2 beams (with

the same transverse reinforcement percentage), characterised

by extensive inclined cracking and an earlier buckling of the

longitudinal reinforcement. So, for the transverse reinforce-

ment percentages used in the programme, spacing appears to

be a more decisive factor than the transverse reinforcement

percentage. Hence, current practice of using high-strength

steel for transverse reinforcement in order to satisfy the trans-

verse reinforcement requirements at a larger stirrup spacing

may be misleading. 

Finally, B4 beams exhibited a better performance than B3

beams, as well as a higher load-carrying capacity. Such

behaviour is attributed to the reinforcement arrangement of

beams B4: The 6 mm diameter longitudinal bars used to form

the cage of the compressive zone appears to have contributed

to the beam flexural capacity, since the crack pattern indi-

cated that the bars were in tension throughout the cyclic loa-

ding history. Moreover, the transverse reinforcement of the

compressive zone delayed buckling of the compressive rein-

forcement as well as improved dowel action.

6.4. The influence of the arrangement of the flexural

reinforcement

As shown by comparing the force-deflection diagrams of

beams B5 and B1 in fig. 6, the B5 beam exhibited a 15%

higher load-bearing capacity, a less intense pitching effect

and as shown in fig. 8 is characterised by considerably less

inclined cracking. Such a result, which seems unexpectable,

as the effective, (according to the conventional view) rein-

forcement percentage of the former members is less than half

that of the latter, may be attributed to the beneficial contri-

bution of the intermediate bars which were constantly under

tension (as it was evident from the crack patterns) due to the

small depth of the compressive zone in the case of symmet-

rically reinforced members and, also, to the beneficial effect

of the dowel action of these bars. However, the observed con-

siderable decrease of the load after the first cycle arises

questions and is open for a future further investigation. 

7. COMPARISON OF PUMICE WIRE -
CONCRETE AND NORMAL CONCRETE
MEMBERS

As shown in figs 5 and 6, the trends exhibited by the

force-deflection curves established for the members made

with pumice concrete are similar with those of the members

made with limestone concrete. Such trends of behaviour are

in compliance with the observed similar crack patterns of the

two types of concrete members. This similarity in behaviour

is considered to reflect the similarity in the bond characteri-

stics of these two types of concrete. As shown in fig. 10 [2],

the bond-slip characteristics of pumice concrete are similar

to, if not better than, those of a normal concrete with a simi-

lar strength. The improved bond behaviour of pumice con-

crete may be attributed to: (a) the larger effective contact sur-

face between concrete and reinforcement (because of its

smaller aggregate grain), (b) the more irregular texture of

pumice grains, (c) the surface pores in pumice aggregates

which by absorbing cement paste increase the effective con-

tact surface, (d) the potential chemical interaction between

reinforcement and pumice fines, as pumice fines are chemi-

cally more reactive than limestone fines, and (e) the lower

bleeding in pumice microconcrete, as pumice fines absorb

the excess water leaving no transition zone between cement

paste and reinforcement interface.

This similarity is observed for all types of test elements,

excluding the LB3 and NB3 elements. As the LB4 and NB4

beams (having the same transverse reinforcement with the
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LB3 and NB3 specimens) exhibited a similar behaviour, the

inferior behaviour of LB3 beam than that of the NB3 beam

may be attributed to the observed earlier buckling of the lon-

gitudinal reinforcement. The earlier buckling may be due to

the lower splitting strength of pumice concrete (by approxi-

mately 15% [2]) which is reflected in the lower capacity of

the concrete cover to withstand the transverse force deve-

loped as a result of the buckling of the longitudinal bars. The

use of smaller diameter longitudinar bars and/or closer trans-

verse reinforcement spacing is, thus, recommended for

pumice concrete members. Because of the small grain size of

the pumice concrete, a denser arrangement of longitudinal

and transverse reinforcement may be adopted without diffi-

culties during concreting. Such a denser arrangement may,

also, result in an overall better cracking behaviour.

As shown in figs 5 and 6, the secant stiffness values are

of the same order for both types of concrete members at the

level near the peak load, whereas at a level of 30% the load-

carrying capacity of the members (service state), the stiffness

of pumice concrete members is nearly 85-95% that of lime-

stone concrete members. The significantly higher value of

the ratio of the stiffness of pumice concrete members - to -

the stiffness of limestone concrete members than the value of

the ratio of the modulus of elasticity of pumice concrete - to -

the modulus of elasticity of limestone concrete (the latter

ratio is lower than 0.5) and the increase of the former with the

level of loading, appears to be due to the following reasons:

(a) the value of the modulus of elasticity of pumice concrete

remains constant with the increase in load (linear stress-strain

diagram), while the modulus of elasticity of limestone con-

crete with the same strength decreases with loading (curved

stress-strain diagram), and (b) as load increases, the contri-

bution of the reinforcement to the member stiffness increa-

ses, while the compressive zone decreases.

8. CONCLUSIONS 

Within the limited scope of the experimental programme

presented, the following conclusions may be drawn.

1. Under the combined action of cyclic transverse loading

and a constant relatively small axial load the force-deflec-

tion characteristics of pumice-concrete structural members

are similar to those of limestone-concrete structural mem-

bers with the same reinforcement details.

2. Pumice-concrete members provided with a chickenwire

mesh around the reinforcement cage exhibited a better

overall perfomance than pumice members without the

mesh.

3. The stiffness of pumice-concrete members was found to be

similar with that of limestone-concrete members at the

level of load-carrying capacity. Under service loading con-

ditions pumice concrete members exhibited 90% the stif-

ness of their limestone-counterparts.

4. Members with a higher yield stress of the transverse rein-

forcement did not exhibit an improvement of their

behaviour. 

5. For the transverse reinforcement percentages used in the

programme, spacing appears to be a more decisive factor

than the transverse reinforcement percentage.

6. Members with the vertical arrangement of the longitudinal

reinforcement and members with the conventional distri-

bution exhibited similar load-carrying capacity.
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