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PENETRON ADMIX®: προσθέτει 60 έτη στον κύκλο ζωής του σκυροδέματος  
σε διαβρωτικό περιβάλλον (μελέτη του ACI για τα πρόσμικτα με ανάπτυξη κρυστάλλων) 

DURABILITY OF CONCRETE

 Μόνιμη Στεγανοποίηση
 Αντιδιαβρωτική Προστασία
 Βελτίωση Αντοχών
 �Ανθεκτικότητα  
σε Χημική Καταπόνηση
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Ανθεκτικότητα Σκυροδέματος

(Durability of Concrete)
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ΣΚΥΡΟΔΕΜΑ

ΑΠΟΤΕΛΕΙ ΤΟ ΔΕΥΤΕΡΟ 
ΣΕ ΧΡΗΣΗ ΥΛΙΚΟ ΣΤΗ ΓΗ 
ΜΕΤΑ ΤΟ ΝΕΡΟ
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Η βιομηχανία σκυροδέματος επικεντρώνεται σε:

ΑΝΤΟΧΗ ΔΟΜΙΚΕΣ 
ΙΔΙΟΤΗΤΕΣ

ΠΛΑΣΤΙΚΕΣ 
ΙΔΙΟΤΗΤΕΣ

Ελκυστικές και σταθερές κατασκευές

Η βιομηχανία σκυροδέματος επικεντρώνεται σε:

ΑΝΤΟΧΗ ΔΟΜΙΚΕΣ 
ΙΔΙΟΤΗΤΕΣ

ΠΛΑΣΤΙΚΕΣ 
ΙΔΙΟΤΗΤΕΣ

Ελκυστικές και σταθερές κατασκευές
Η βιομηχανία σκυροδέματος επικεντρώνεται σε:

ΑΝΤΟΧΗ ΔΟΜΙΚΕΣ 
ΙΔΙΟΤΗΤΕΣ

ΠΛΑΣΤΙΚΕΣ 
ΙΔΙΟΤΗΤΕΣ

Ελκυστικές και σταθερές κατασκευές



…και κατασκευές που μπορούν να αντέξουν 
σε υψηλές υδροστατικές πιέσεις
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Ζωή 
Σχεδιασμού 

Διάρκεια 
Λειτουργίας

Ζωή σχεδιασμού vs. Διάρκεια λειτουργίας

XX χρόνια

Ζωή σχεδιασμού vs. Διάρκεια λειτουργίας
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ΕΛΛΕΙΨΗ 
ΠΡΟΜΗΘΕΙΩΝ ΚΑΙ 

ΑΥΞΗΜΕΝΟ 
ΚΟΣΤΟΣ ΥΛΙΚΩΝ

ΠΑΓΚΟΣΜΙΑ ΤΑΣΗ: 
ΑΕΙΦΟΡΙΑ ΚΑΙ 

ΕΞΥΠΝΗ ΧΡΗΣΗ 
ΤΩΝ ΠΟΡΩΝ

ΝΕΑ ΟΙΚΟΝΟΜΙΚΑ 
ΜΟΝΤΕΛΑ ΚΑΙ 
ΑΠΑΙΤΗΣΕΙΣ ΓΙΑ 

ΚΑΛΥΤΕΡΟΥΣ 
ΔΕΙΚΤΕΣ R.O.I.

ΑΠΑΙΤΗΣΕΙΣ ΓΙΑ 
ΜΕΓΑΛΥΤΕΡΗ 

ΔΙΑΡΚΕΙΑ 
ΛΕΙΤΟΥΡΓΙΑΣ 
ΚΑΤΑΣΚΕΥΗΣ

ΑΝΘΕΚΤΙΚΟΤΗΤΑ
ΤΟΥ

ΣΚΥΡΟΔΕΜΑΤΟΣ
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Τι σημαίνει ανθεκτικότητα σκυροδέματος;

“Ανθεκτικότητα του σκυροδέματος από υδραυλικό τσιμέντο ορίζεται ως η 
ικανότητά του να ανθίσταται στις καιρικές συνθήκες, στη χημική προσβολή, στην 
τριβή ή σε οποιαδήποτε άλλη μέθοδο αλλοίωσης. Το ανθεκτικό σκυρόδεμα θα 
διατηρήσει την αρχική του μορφή, την ποιότητα και την λειτουργικότητά του όταν 
βρίσκεται εκτεθειμένο στο περιβάλλον του.” (ACI 201.2R-10)

ΣΚΥΡΟΔΕΜΑ

Οι κύριοι λόγοι υποβάθμισης του σκυροδέματος

ΔΙΑΒΡΩΣΗ ΤΟΥ 
ΜΕΤΑΛΛΙΚΟΥ

ΟΠΛΙΣΜΟΥ

ΨΥΞΗ & 
ΑΠΟΨΥΞΗ

ΧΗΜΙΚΕΣ
ΑΝΤΙΔΡΑΣΕΙΣ ΜΕ

ΤΑ ΑΔΡΑΝΗ
(ASR/AAR)

ΧΗΜΙΚΗ
ΠΡΟΣΒΟΛΗ
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Το σκυροδέμα παρουσιάζει μεγάλη αντοχή θλίψης αλλά μικρή 
αντοχή εφελκυσμού, οπότε απαιτείται η χρήση μεταλλικού 
οπλισμού, ώστε να αποτρέψει την διάσπασή του υπό φορτίο.

Όμως, το νερό επιτρέπεται να διέρχεται μέσω των ρηγματώσεων, 
των κενών και των πόρων του σκυροδέματος μεταφέροντας 
διαβρωτικές χημικές ουσίες, που προσβάλλουν τον οπλισμό.

Άπαξ και αρχίσει ο μηχανισμός της διάβρωσης δεν είναι εύκολο 
να προσδιοριστεί η έκταση της ζημίας, διότι μπορεί να συμβεί 
οπουδήποτε κατά μήκος του δικτύου του οπλισμού.

ΔΙΑΒΡΩΣΗ

ΨΥΞΗ ΚΑΙ ΑΠΟΨΥΞΗ

Κάτω από συνθήκες ψύξης, το 
νερό που παγιδεύεται μέσα στο 

σκυρόδεμα μετατρέπεται σε 
πάγο και διαστέλλεται, 
δημιουργώντας ρωγμές Όταν ο πάγος τήκεται, το νερό 

ταξιδεύει ακόμη βαθύτερα στο 
σκυρόδεμα, όπου ο ίδιος 
κύκλος ψύξης/απόψυξης 

επαναλαμβάνεται

Η χρήση παγολυτικών αλάτων 
και άλλων παγολυτικών

χημικών, προκαλούν μόνο 
επιδείνωση του προβλήματος 
με την εισαγωγή επιθετικών 

χημικών στο σκυρόδεμα
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ΑΝΤΙΔΡΑΣΕΙΣ ΑΛΚΑΛΙΩΝ-ΑΔΡΑΝΩΝ
(ASR/AAR)

ΑΔΡΑΝΕΣ

GEL

ΧΗΜΙΚΗ ΠΡΟΣΒΟΛΗ

ΝΕΡΟ

ΧΛΩΡΙΟΝΤΑ ΘΕΙΪΚΑ

ΟΞΕΑ
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Η ΚΥΡΙΑ ΑΙΤΙΑ ΦΘΟΡΑΣ 
ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ

ΝΕΡΟ

ΑΥΞΗΣΗ ΤΗΣ ΑΝΘΕΚΤΙΚΟΤΗΤΑΣ 
ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ/
ΩΦΕΛΙΜΗ ΔΙΑΡΚΕΙΑ

ΛΕΙΤΟΥΡΓΙΑΣ
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ΠΑΡΑΓΟΝΤΕΣ ΠΟΥ 
ΕΠΗΡΕΑΖΟΥΝ ΤΗΝ
ΑΝΘΕΚΤΙΚΟΤΗΤΑ

ΕΣΩΤΕΡΙΚΟΙ

ΕΞΩΤΕΡΙΚΟΙ

ΘΕΙΪΚΑ

ΧΛΩΡΙΟΝΤΑ

ΚΥΚΛΟΙ 
ΨΥΞΗΣ/ΑΠΟΨΥΞΗΣ

ΥΠΟΓΕΙΑ 
ΥΔΑΤΑ/ΣΤΑΘΕΡΗ 

ΥΓΡΑΣΙΑ

ΤΟΠΟΘΕΤΗΣΗ

ΩΡΙΜΑΝΣΗ

ΑΡΜΟΙ

ΜΕΛΕΤΗ ΜΙΓΜΑΤΟΣ

ΕΠΙΜΟΛΥΝΣΕΙΣ 
ΝΕΡΟΥ ΚΑΙ 
ΑΔΡΑΝΩΝ

ΥΠΕΡΔΟΣΟΛΟΓΙΑ 
ΤΣΙΜΕΝΤΟΥ

ΠΟΡΩΔΕΣ 
ΜΙΓΜΑΤΟΣ

ΠΕΡΙΟΡΙΣΜΟΙ 
ΛΟΓΟΥ Ν/Τ

ΔΙΑΣΤΟΛΗ

ΔΙΑΒΡΩΣΗ

ΦΩΛΕΕΣ ΚΑΙ ΑΡΜΟΙ

ΡΗΓΜΑΤΩΣΕΙΣ

ΑΝΕΠΑΡΚΗΣ 
ΣΥΜΠΥΚΝΩΣΗ

ΔΙΟΓΚΩΣΗ Η’ 
ΔΙΑΒΡΩΣΗ

ΘΕΡΜΙΚΗ 
ΣΥΡΡΙΚΝΩΣΗ

ΥΠΕΡΔΟΣΟΛΟΓΙΑ 
ΤΣΙΜΕΝΤΟΥ

ΡΗΓΜΑΤΩΣΕΙΣ

ΑΠΟΜΕΙΩΣΗ 
ΟΠΛΙΣΜΟΥ

ΔΙΑΒΡΩΣΗ

ΔΙΑΒΡΩΣΗ

ΠΟΡΩΔΕΣ/
ΔΙΑΠΕΡΑΤΟΤΗΤΑ

ΔΙΑΒΡΩΣΗ

ΡΗΓΜΑΤΩΣΕΙΣ

ΔΙΑΣΤΟΛΗ

ΦΙΛΤΡΑΡΙΣΜΑ

ΡΗΓΜΑΤΩΣΕΙΣ

ΕΛΛΕΙΨΗ 
ΑΔΙΑΒΡΟΧΟΠΟΙΗΣΗ

Σ

ΡΗΓΜΑΤΩΣΕΙΣ

ΡΗΓΜΑΤΩΣΕΙΣ

ΣΥΜΠΤΩΜΑ ΑΠΟΔΟΜΗΣΗ

Κίνδυνοι της ανθεκτικότητας
(εσωτερικοί vs. εξωτερικοί)
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ΑΝΑΦΟΡΕΣ ΤΟΥ ΑΜΕΡΙΚΑΝΙΚΟΥ 
ΙΝΣΤΙΤΟΥΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ (ACI) 

ΓΙΑ ΤΑ ΠΡΟΣΜΙΚΤΑ ΜΕΙΩΣΗΣ 
ΥΔΑΤΟΠΕΡΑΤΟΤΗΤΑΣ ΣΚΥΡΟΔΕΜΑΤΟΣ

ΑΝΑΛΥΣΗ ΑΠΟ ΤΗΝ 
PENETRON® INTERNATIONAL
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“Επιπλέον, έχει αναπτυχθεί μια κατηγορία υλικών που αναφέρονται ως Πρόσμικτα
Μείωσης Διαπερατότητας (PRAs), ώστε να βελτιωθεί η ανθεκτικότητα του 
σκυροδέματος μέσω ελέγχου του νερού και της περατότητας της υγρασίας (Roy and
Northwood 1999), καθώς και με τη μείωση της εισόδου των χλωριόντων (Munn et al. 
2003) και της διαπερατότητας (Munn et al. 2003).”

PRA
(Πρόσμικτα Μείωσης 

Διαπερατότητας)

PRAN
(Πρόσμικτα Μείωσης 

Διαπερατότητας σε Μη 
Υδροστατικές Πιέσεις)

PRAH
(Πρόσμικτα Μείωσης 
Διαπερατότητας σε 

Υδροστατικές Πιέσεις)

Κολλοειδείς πυριτικές 
ενώσεις 

Υδρόφοβα σφραγιστικά 
πόρων

Μόνο τα κρυσταλλικά πρόσμικτα
μπορούν να χαρακτηρισθούν ως πραγματικά PRAH

Κρυσταλλικά 
πρόσμικτα
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Είκ. 15.5—Μείωση της 
διαπερατότητας του 
σκυροδέματος με τη χρήση 
PRAs. Πρότυπο δοκιμής BS 
EN 12390-8. Πίεση = 150 psi
(1,0 MPa). Χρόνος = 96 ώρες

Είκ. 15.5—Μείωση της 
διαπερατότητας του 
σκυροδέματος με τη χρήση 
PRAs. Πρότυπο δοκιμής BS EN 
12390-8. Πίεση = 150 psi (1,0 
MPa). Χρόνος = 96 ώρες
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Είκ. 15.5—Μείωση της 
διαπερατότητας του 
σκυροδέματος με τη χρήση 
PRAs. Πρότυπο δοκιμής BS EN 
12390-8. Πίεση = 150 psi (1,0 
MPa). Χρόνος = 96 ώρες

Report on Chemical Admixtures for Concrete (ACI 212.3R-10)

Τα κρυσταλλικά πρόσμικτα συνιστώνται για τη μείωση της 
διαπερατότητας και την αύξηση της ανθεκτικότητας του σκυροδέματος.



 
 
 
 

Αναφορά του Αμερικανικού Ινστιτούτου Σκυροδέματος ACI 212.3R-10 «Αναφορά στα 
Κρυσταλλικά Πρόσμικτα Σκυροδέματος» - Κεφάλαιο 15 «Πρόσμικτα Μείωσης Διαπερατότητας» 

 
 
 
Η «Αναφορά στα Κρυσταλλικά Πρόσμικτα Σκυροδέματος», η οποία εκδόθηκε από το Αμερικανικό 
Ινστιτούτο Σκυροδέματος (ACI 212.3R-10 / Ιανουάριος 2011) περιλαμβάνει ένα ξεχωριστό 
κεφάλαιο, που αφορά στα πρόσμικτα μείωσης της διαπερατότητας (Ρermeability-Reducing 
Admixtures – PRAs). Τα πρόσμικτα PRAs περιλαμβάνουν ένα ευρύ φάσμα προσμίκτων, για 
μείωση της διαπερατότητας του σκυροδέματος, και μπορούν να χωριστούν στις παρακάτω δύο 
κατηγορίες: 
 
 Πρόσμικτα Μείωσης της Διαπερατότητας για Μη-υδροστατικές Πιέσεις (Permeability-

Reducing Admixture for Non-hydrostatic Conditions – PRAN), τα οποία παλαιότερα 
αναφέρονταν και ως «damp proofing admixtures», όπου η αντίσταση σε νερό υπό πίεση είναι 
ελάχιστη και δεν κρίνονται κατάλληλα για εφαρμογή σε σκυρόδεμα που βρίσκεται υπό 
υδροστατική πίεση. 

 Πρόσμικτα Μείωσης της Διαπερατότητας για Υδροστατικές Πιέσεις (Permeability-
Reducing Admixture for Ηydrostatic Conditions – PRAΝ) ή αλλιώς «πρόσμικτα στεγάνωσης», 
τα οποία κρίνονται ως επαρκώς σταθερά, ώστε να αντιστέκονται σε νερό υπό πίεση και 
χρησιμοποιούνται για κατασκευή στεγανών δεξαμενών, θεμελιώσεις και κατασκευές 
αντιστήριξης, κ.λπ. 

 
Σε γενικές γραμμές, η απόδοση των προσμίκτων μείωσης διαπερατότητας εξαρτάται από το εάν 
πρόκειται για PRAN ή PRAH. 
 
Τα PRANs αποτελούνται από υδρόφοβες ή υδατο-απωθητικές χημικές ενώσεις (σάπωνες και 
παράγωγα λιπαρών οξέων μακράς αλύσου, φυτικά έλαια και παράγωγα του πετρελαίου), στερεά 
ψιλής κοκκομετρίας (τάλκης, μπετονίτης, πούδρες πυριτίου, άργιλο, ρητίνες και λιθανρακόπισσα) 
ή χημικώς δραστικά πληρωτικά υλικά (ασβέστης, και κολλοειδείς πυριτικές ενώσεις). 
Χρησιμοποιούνται ευρέως για θωράκιση του σκυροδέματος ενάντια στην υγρασία, σε μη 
υδροστατικές πιέσεις. 
 
Τα PRAHs περιλαμβάνουν λεπτόκοκκα διαμερισμένα στερεά (όπως οι κολλοειδείς πυριτικές 
ενώσεις), υδρόφοβα σφραγιστικά πόρων και κρυσταλλικά πρόσμικτα. Ωστόσο, τα λεπτόκοκκα 
διαμερισμένα στερεά (συμπεριλαμβανομένων και των κολλοειδών πυριτικών ενώσεων), 
χρησιμοποιούνται συνήθως σε εφαρμογές σε μη υδροστατικές συνθήκες και μόνο μερικά από 
αυτά τα πολυμερή υλικά μπορούν να κατηγοριοποιηθούν ως PRAHs, ενώ τα υδρόφοβα 
σφραγιστικά πόρων χρησιμοποιούνται μόνο σε εφαρμογές σε συνθήκες απουσίας υδροστατικών 
πιέσεων. Τα κρυσταλλικά υδρόφιλα πολυμερή (latex, υδατοδιαλυτά ή υγρά πολυμερή) 
χρησιμοποιούνται μόνο σε εφαρμογές υπό υδροστατική πίεση. 

 
 
 
 

 

H ΔΙΑΦΟΡΑ ΤΟΥ ΣΥΣΤΗΜΑΤΟΣ PENETRON® 

PRAN vs. PRAH 

  



 
 
 
 
 
Τα κρυσταλλικά πρόσμικτα ανθίστανται στη διείσδυση του νερού σε συνθήκες υπό υδροστατική πίεση και 
έχει αποδειχθεί πως αποτελούν τα πλέον αποτελεσματικά προϊόντα PRAH, ενώ πλεονεκτούν έναντι των 
υδρόφοβων πολυμερών που βασίζονται σε άλλους μηχανισμούς ή μεθόδους συσσωμάτωσης των 
πολυμερών, ή άλλα υλικά πληρώσεως για σφράγιση ρηγματώσεων, μακροχρόνια αποτελεσματικότητα, 
αυξημένη ανθεκτικότητα της κατασκευής σκυροδέματος, κ.λπ. Τέλος, έχουν την ικανότητα γεφύρωσης 
ρηγματώσεων που σχηματίζονται λόγω θερμικής ή μηχανικής δράσης. Επομένως, προκύπτει πως μόνο 
τα κρυσταλλικά πρόσμικτα μπορούν να κατηγοριοποιηθούν εξ’ολοκλήρου ως προϊόντα PRAHs. Όπως 
περιγράφεται και στον Πίνακα στη σελίδα 2 της Αναφοράς ACI 212.3R-10 για τα πρόσμικτα («Πρόσμικτα, 
τα χαρακτηριστικά & η χρήση τους»), μόνο τα κρυσταλλικά υδρόφιλα πολυμερή (latex, υδατοδιαλυτά ή 
υγρά πολυμερή) μπορούν να χρησιμοποιηθούν σε συνθήκες υπό υδροστατική πίεση. 
 
 
Πλεονεκτήματα των PRAH 
 
Τα δραστικά συστατικά που περιέχονται στα κρυσταλλικά πρόσμικα PRAH αντιδρούν με το νερό και τα 
σωματίδια τσιμέντου στο σκυρόδεμα, με σκοπό να αυξηθεί η πυκνότητα των σωματιδίων ένυδρου 
πυριτικού ασβεστίου (CHS) ή/και να παραχθούν τα κατάλληλα σφαγιστικά πόρων, ώστε να επικαθίσουν 
στις υφιστάμενες μικρο-ρηγματώσεις και τα τριχοειδή με σκοπό την αντίσταση στη διείσδυση του νερού. 
Οι τριχοειδείς ρωγμές συνεχίζουν να σχηματίζονται καθ’όλη τη διάρκεια ζωής του σκυροδέματος, οπότε 
και τα κρυσταλλικά πρόσμικτα συνεχίζουν να ενεργοποιούνται παρουσία υγρασίας, σφραγίζοντας τα 
επιπλέον κενά. 
 
Όπως αναφέρεται και στην Αναφορά του ACI «Η αντίσταση στην υδροστατική πίεση με τη χρήση των 
PRAH πραγματοποιείται με τη βοήθεια ενός μηχανισμού σφράγισης του πορώδους με τη βοήθεια 
ανάπτυξης κρυστάλλων, συσσωμάτωση πολυμερών, ή άλλων πληρωτικών υλικών, αν και η ικανότητα της 
αντίστασης σε υδροστατική πίεση θα εξαρτηθεί από το βαθμό πλήρωσης των πόρων και τη σταθερότητά 
τους σε υδροστατική πίεση». Η διάκριση θα πρέπει να γίνει με βάση την αποδεδειγμένη ικανότητα του 
μίγματος να μειώσει τη διείσδυση νερού υπό τις αναμενόμενες συνθήκες λειτουργίας». Ο μηχανισμός 
σφράγισης των πόρων βασίζεται στα ενεργά χημικά συστατικά που περιέχονται και έχουν αναμιχθεί με το 
μίγμα τσιμέντου/άμμου. 
 
Επειδή τα πρόσμικτα PRAHs με μηχανισμό συσσωματώματος πολυμερών ή άλλων πληρωτικών ουσιών 
(fillers) δεν είναι ικανά να ανταπεξέλθουν στις υψηλές υδροστατικές πιέσεις, δεν μπορούν να 
κατηγοριοποιηθούν ως «πραγματικά» πρόσμικτα PRAHs. Ο μηχανισμός σφράγισης των πόρων με τη 
χρήση κρυσταλλικής βάσης PRAHs, βασίζεται στα ενεργά χημικά συστατικά που περιέχονται στο μίγμα 
με το τσιμέντο και την άμμο, τα οποία ανταποκρίνονται μόνιμα και πλήρως σε υγρασία και αλλάζει ακόμη 
και όταν εκτίθεται σε υψηλή υδροστατική πίεση και σε αλλαγές, ακόμα και όταν εκτίθεται σε υψηλές 
υδροστατικές πιέσεις. 
 
Σε αντίθεση με τα υδρόφοβα υλικά – όπως τα πρόσμικτα PRAN που μελετήθηκαν ανωτέρω – τα 
κρυσταλλικά πρόσμικτα είναι υδρόφιλα και εναποτίθενται σε όλη την μάζα του σκυροδέματος, με 
αποτέλεσμα να γίνονται μόνιμο μέρος της μάζας του σκυροδέματος, όταν εκτίθενται σε νερό. Με τη βοήθεια 
των προσμίκτων PRAHs είναι περιττή η χρήση εξωτερικών στεγανωτικών μεμβρανών, ακόμα και για 
σκυρόδεμα που βρίσκεται υπό υψηλή υδροστατική πίεση. 
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Τεχνολογία PRAH της PENETRON®: Δοκιμές σε Συνθήκες Υψηλών Υδροστατικών Πιέσεων 
 
Όμοια με την γενικότερη τεχνολογία που αφορά στη δράση των πρόσμικτων PRAH, όπως περιγράφεται 
ανωτέρω, τα ενεργά συστατικά του PENETRON ADMIX®  αντιδρούν με τα παραπροϊόντα της ενυδάτωσης 
του σκυροδέματος, σε νέες κατασκευές σκυροδέματος. Βάσει αυτών των αντιδράσεων, μετά το στάδιο της 
υδρόλυσης, παράγονται μόρια ένυδρου πυριτικού ασβεστίου (CSH) και αδιάλυτοι κρύσταλλοι στη μήτρα 
του σκυροδέματος. Αυτοί οι αδιάλυτοι σχηματισμοί σφραγίζουν τους πόρους και τα τριχοειδή του 
σκυροδέματος, με σκοπό την δραματική μείωση της διαπερατότητας του σκυροδέματος. 
 
Όταν το PENETRON ADMIX® προστίθεται τη στιγμή της παρασκευής της παρτίδας του σκυροδέματος, οι 
κρυσταλλικές διατάξεις που παράγονται σφραγίζουν μόνιμα τη μάζα του σκυροδέματος και τις τριχοειδείς 
ρηγματώσεις («τριχιάσματα») που σχηματίζονται καθ’όλη τη διάρκεια του σκυροδέματος. 
 
Τα προϊόντα της PENETRON® έχουν μελετηθεί εκτενώς σε ανεξάρτητα εργαστήρια, σε συνθήκες κάτω 
από υψηλές υδροστατικές πιέσεις (συμπεριλαμβανομένων των προτύπων ASTM D5084, NBR 10.787/94, 
USAE CRD C48, BS EN 12390-8 και Υδατοπερατότητα κατά DIN 1048-5). Όπως παρατηρήθηκε σε αυτές 
τις μελέτες, οι κρυσταλλικές διατάξεις μειώνουν αποτελεσματικά τη διαπερατότητα των δειγμάτων από 
σκυρόδεμα, σε σχέση με τα «τυφλά» δείγματα, καθώς η διαρροή στα υπό μελέτη δείγματα που περιείχαν 
PENETRON ADMIX® είχε εξαλειφθεί, ακόμη και όταν αυτά εκτίθενται σε δοκιμές σε συνθήκες υψηλής 
υδροστατικής πίεσης. 
 
Τα παρακάτω παραδείγματα παρουσιάζουν τα πλεονεκτήματα και την βελτίωση του σκυροδέματος λόγω 
των αντιδράσεων των ενεργών συστατικών του PENETRON ADMIX® που οδηγούν σε μείωση της 
διαπερατότητας, υπό συνθήκες υψηλής υδροστατικής πίεσης. 
 
 
Δοκιμή Διείσδυσης Νερού Υπό Πίεση – NBR 10.787/94  
Υδροστατική Πίεση 700 kPa (101,5 psi) 
   
 
Μετά την έκθεση των 4 εβδομάδων σε υδραστατική πίεση 700 kPa (περ. 70 m ύψους στήλης νερού), οι 
κρυσταλλικοί σχηματισμοί από τις αντιδράσεις των ενεργών συστατικών του συστήματος PENETRON® 
είχαν μειώσει την διαπερατότητα του σκυροδέματος και σχεδόν εξ’ολοκλήρου εξαλείψει κάθε διαρροή.  
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Παραπάνω παρουσιάζονται δείγματα που έχουν επεξεργαστεί με το PENETRON ADMIX® (φέρουν τη 
σήμανση P) και δύο «τυφλά» δείγματα. Όλα τα δείγματα βρίσκονταν εκτεθειμένα σε υδροστατική πίεση 
500 KPa (72,5 psi) για 72 ώρες. Αυτή η φωτογραφία τραβήχτηκε αμέσως μετά τη θραύση των δειγμάτων 
στη μέση, ώστε να μετρηθεί το βάθος διείσδυσης νερού. Τα δείγματα που είχαν επεξεργαστεί με το 
PENETRON ADMIX® παρουσίασαν μείωση της διαπερατότητας της τάξης του 94,4%, σε σχέση με τα 
«τυφλά» δείγματα. 
 
 
Πρόσφατα Έργα με πρόσμικτα PRAH της PENETRON® 

 
 
Η δυνατότητα της τεχνολογίας των προϊόντων PENETRON® για αποτελεσματική μείωση της 
διαπερατότητας έχει αποδειχθεί μέσα από εφαρμογές σε απαιτητικές συνθήκες υπό υψηλές υδροστατικές 
πιέσεις, με την μεγαλύτερη δυνατή επιτυχία. Αρκετά πρόσφατα έργα που τονίζουν την αποτελεσματικότητα 
των προσμίκτων της PENETRON® για μείωση της διαπερατότητας σε συνθήκες υπό υψηλές υδροστατικές 
πιέσεις είναι: 
 
 Αγωγός ανύψωσης λυμάτων South Cobb Tunnel Lift Station κοντά στην Ατλάντα, Πολιτεία Γεωργία, ΗΠΑ 
 Tower Street Reservoir – μία δεξαμενή αποταμίευσης 8.000 γαλονιών (30 m3) στο Harrisonburg, Πολιτεία 

Βιρτζίνια, ΗΠΑ 
 Σήραγγα Εθνικού Ποδηλατόδρομου National Road Bikeway Tunnel κοντά στο St. Clairsville, Πολιτεία 

Οχάιο 
 Αεροδρόμιο Σιγκαπούρης Singapore Airport – Terminal 3, Σιγκαπούρη 
 Gardens by the Bay, Marina Bay, Σιγκαπούρη 
 Corredor Duarte, Σάντο Ντομίνγκο, Δομινικανή Δημοκρατία 
 Διεθνές Αεροδρόμιο Chennai International Airport, Ινδία 

 
 
 
 
 

 
South Cobb Tunnel Lift Station 
Η κατασκευή περιλαμβάνει έναν αγωγό 65 
m βάθος για την ανύψωση λυμάτων από 
πάνω από 32.000 LF σήραγγες στο Cobb 
County, της Πολιτείας Γεωργία, ΗΠΑ. Σε 
αυτό το αξιοσημείωτο βάθος, ο σχεδιασμός 
– «υγρός» αγωγός μέσα σε «ξηρό» αγωγό - 
απαιτεί η διαπερατότητα του σκυροδέματος 
να είναι εξαιρετικά χαμηλή για να 
εξαλειφθούν όλα τα προβλήματα διαρροής 
λυμάτων από τον «υγρό» αγωγό στο 
«ξηρό» αγωγό (που χρησιμοποιείται από το 
προσωπικό συντήρησης). Η πίεση του 
νερού του εδάφους στα 65 m βάθος, καθώς 
και τα σπασμένα και θριματισμένα τμήματα 
του βραχώδους υποστρώματος, 
αποτελούσαν τις κύριες ανησυχίες 

στεγανοποίησης. Το πρόσμικτο PENETRON ADMIX® κατηγοριοποιήθηκε ως PRAH για αυτό το έργο, 
καθώς πάνω από 15.000 m3 αντιμετωπίστηκαν και στεγανοποιήθηκαν επιτυχώς. 
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Tower Street Reservoir 
Η νέα δεξαμενή συγκράτησης νερού, 30.000 
m3 σκυροδέματος, στην πόλη Harrisonburg, 
Πολιτεία Βιρτζίνια, αντικατέστησε την 
προηγούμενη υπόγεια δεξαμενή με 
επένδυση σκυροδέματος, που παρουσίαζε 
σοβαρά προβλήματα διαρροών νερού. Η νέα 
δεξαμενή, χτισμένη από την εταιρεία Crom 
Corporation, περιέχει τα πλεονεκτήματα 
όσον αφορά στη μείωση της διαπερατότητας 
με την τεχνολογία ανάπτυξης κρυστάλλων 
του συστήματος PENETRON®, καθώς η 
κατασκευή της νέας δεξαμενής εισήγαγε και 
την εφαρμογή του συστήματος Ενισχυμένου 
Εκτοξευόμενου Σκυροδέματος με 
PENETRON ADMIX® (PENETRON ADMIX® 
Enhanced Shotcrete – PAES), για την 
προστασία του οπλισμού ενίσχυσης και για 
να εξαλείψει κάθε πιθανότητα διαρροής 
νερού από την κατασκευή, ύψους 21 m. Η 
ικανότητα του πρόσμικτου PENETRON 
ADMIX® να μειώνει την υδατοπερατότητα, 
ακόμα και κάτω από υψηλές υδροστατικές πιέσεις, βελτίωσε το σύστημα διανομής νερού της πόλης 
Harrisonburg, με την εξάλειψη των διαρροών νερού. 
 
 
 
National Road Bikeway Tunnel Rehabilitation 
Η σήραγγα του Εθνικού Ποδηλατοδρόμου, 
ηλικίας άνω των 100 ετών, μαστιζόταν από 
προβλήματα διείσδυσης υπόγειων υδάτων 
και ζημιών. Η κατασκευή χτίστηκε το 1902 
σε μία περιοχή του χαρακτηρίζεται από ένα 
λεπτό στρώμα από ελαφρώς πορώδη και 
χαμηλών αντοχών σχιστόλιθο, με 
σημαντικές εισροές υπογείων υδάτων, ενώ 
ο κύριος στόχος του έργου αποκατάστασης 
ήταν ο έλεγχος της διείσδυσης του νερού και 
της επακόλουθης συγκέντρωσης πάγου και 
δημιουργίας αστοχιών. Η ικανότητα της 
τεχνολογίας PENETRON® για μείωση της 
διαπερατότητας της νέας επένδυσης από 
εκτοξευόμενο σκυρόδεμα, ακόμη και έναντι 
υψηλής υδροστατικής πίεσης, ξεπέρασε τις 
προσδοκίες της ομάδας σχεδιασμού του 
έργου. Το πρόβλημα του πάγου και της 
διείσδυσης του νερού έχει εξαλειφθεί 
εξ’ολοκλήρου. 
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Singapore Changi Airport /Terminal 3 

Το Αεροδρόμιο Changi, πέραν της 
λειτουργίας του ως κόμβος 
αεροπορικών μεταφορών, 
αποτελεί και ένα σύμβολο εθνικής 
υπερηφάνειας και ορόσημο της 
ποιότητας παροχής υπηρεσιών. Ο 
Τερματισμός Σταθμός (Terminal) 3 
διαθέτει πρωτοποριακές 
εγκαταστάσεις για τους επιβάτες 
και μοντέρνα αρχιτεκτονική. 
Συνολικά, έγινε επεξεργασία 
140.000 m³ σκυροδέματος με το 
πρόσμικτο PENETRON ADMIX®, 
το επαλειπτικό PENETRON® και 
το επισκευαστικό κονίαμα 
PENECRETE MORTAR™. 
 

 
 
 
 
Gardens by the Bay, Marina Bay 
Οι διακριτοί αυτοί παραθαλάσσιοι κήποι 
αποτελούν ένα χώρο «εκπαίδευσης & 
ψυχαγωγίας», ανθεκτικό σε κάθε είδος 
καιρού, ένα ορόσημο αρχιτεκτονικής και 
γεωπονικής, καθώς και ένα αξιοθέατο 
βιώσιμης ανάπτυξης και ενεργειακής 
τεχνολογίας. Η κατασκευή περιλαμβάνει 
μεγάλης χωρητικότητας κλιματιζόμενους 
χώρους, με σκοπό την αναπαραγωγή 
συγκεκριμένων κλιματικών συνθηκών, 
ώστε να στεγάσει το ασυνήθιστο εύρος 
φυτών και λουλουδιών. Το έργο 
παρουσίασε σοβαρές προκλήσεις 
στεγανοποίησης, καθώς είναι χτισμένο 
εξ’ολοκλήρου σε επιχωματωμένη περιοχή 
και βρίσκεται ακριβώς δίπλα στον ωκεανό. 
Η σκυροδέτηση αφορούσε 18.300 m3 
σκυροδέματος, πλάκα βάσης και τα τοιχία, 
με το πρόσμικτο PENETRON ADMIX®. 
Επίσης, έγινε εφαρμογή του υδροδιογκούμενου κορδονιού PENEBARΤΜ SW 55 στους αρμούς διακοπής 
σκυροδέτησης και του PENESEAL PROTM RTU στα τοιχία. 
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Corredor Duarte 
Η σήραγγα Corredor Duarte 
Tunnel αποτελεί τη νεότερη 
σήραγγα της Δομινικανής 
Δημοκρατίας και συμβάλλει στην 
ταχεία σύνδεση του Σάντο 
Ντομίνγκο με την υπόλοιπη 
χώρα. Η σήραγγα έχει περίπου 
1.200 m σε μήκος και 
διαδραματίζει καίριο ρόλο στην 
ανακούφιση της χρόνιας 
κυκλοφοριακής συμφόρησης 
στην περιοχή της πρωτεύουσας. 
Αμέσως μετά από το μηχάνημα 
διάνοιξης σηράγγων, 
ακολούθησε η εφαρμογή ενός 
πολύ λεπτού στρώματος εκτοξευόμενου σκυροδέματος, δημιουργώντας ένα φυσικό δακτυλίδι ως φέροντα 
οργανισμό και ελαχιστοποιώντας την παραμόρφωση των γύρω στρωμάτων του βράχου. Το PENETRON 
ADMIX® χρησιμοποιήθηκε για μείωση της διαπερατότητας των τοιχωμάτων εκτοξευόμενου σκυροδέματος, 
ενώ τα υδροδιογκουμενα κορδόνια PENEBARΤΜ SW 55 χρησιμοποιήθηκαν για τη σφράγιση των 
κατασκευαστικών αρμών. Συνολικά, χρησιμοποιήθηκαν 45 τόνοι PENETRON ADMIX® και 2.300 m 
PENEBARΤΜ SW 55.  

Chennai International Airport 
Το Διεθνές Αεροδρόμιο Chennai 
διεύρυνε και εκσυγχρόνισε το 
διεθνή τερματικό σταθμό, ώστε 
να πληροί τις νέες υψηλότερες 
απαιτήσεις και προστέθηκαν 
ένας νέος τερματικός σταθμός 
εγχώριων επιβατών, ένας πολυ-
επίπεδος χώρος στάθμευσης 
αυτοκινήτων και ένας 
παράλληλος αυτοκινητόδρομος 
ταχείας κυκλοφορίας για την 
αύξηση της ικανότητας σε 16 
εκατομμύρια επιβάτες το χρόνο. 
Όλα τα στοιχεία σκυροδέματος 
και οι αρμοί διακοπής του 
υπογείου (10 m βάθος) 
απαιτούσαν απόλυτη στεγανοποίηση, καθώς η κατασκευή του αεροδρομίου βρίσκεται δίπλα στον Κόλπο 
της Βεγγάλης και το ύψος των υπόγειων υδάτων παρουσιάζει περιοδική διακύμανση (-10 m το καλοκαίρι 
και -3 m  κατά την περίοδο των μουσώνων). Συνολικά, έγινε χρήση 125 τόνων PENETRON ADMIX® στις 
πλάκες του υπογείου και στα τοιχία αντιστήριξης, ενώ παράλληλα χρησιμοποιήθηκαν 15.000 m των 
υδροδιογκούμενων κορδονιών PENEBARΤΜ SW 45 RAPID, ώστε να αποτρέψουν τη διείσδυση του νερού, 
μέσω των αρμών διακοπής σκυροδέτησης.  
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PENETRON ADMIX®

ΤΟ ΜΟΝΟ ΚΡΥΣΤΑΛΛΙΚΟ ΠΡΟΣΜΙΚΤΟ (PRAH)
3ΗΣ ΓΕΝΙΑΣ, ΣΤΟΝ ΚΟΣΜΟ

Μίγμα δραστικών συστατικών, σε μορφή σκόνης, που προστίθεται στο 
σκυρόδεμα για να σχηματιστούν αδιάλυτες κρυσταλλικές δομές. Οι 

κρύσταλλοι σχηματίζονται βαθιά, στη μάζα του σκυροδέματος, 
σφραγίζοντας τους πόρους, τα τριχοειδή και τις ρηγματώσεις λόγω 

συρρίκνωσης, ενάντια στη διείσδυση του νερού.



PENETRON
INJECT

PENETRON
INJECT

Χρησιμοποιείται για στεγανοποίηση και χημική προστασία 
σκυροδέματος κάτω από την επιφάνεια του εδάφους. 
Εφαρμόζεται σε μορφή αραιού μίγματος

Χρησιμοποιείται για την στεγανή επισκευή και γέμισμα 
σε ρωγμές, αρμούς διακοπής σκυροδέτησης, φωλεές και 
ατέλειες του σκυροδέματος σε μορφή πάστας κονιάματος

Τσιμεντοειδές μίγμα με χαλαζιακά αδρανή που 
χρησιμοποιείται για την στεγάνωση και σκλήρυνση 
οριζόντιων επιφανειών από νωπό σκυρόδεμα που θα 
ελικοπτερωθούν ή θα επεξεργαστούν με μύστρα

Σχηματίζει ένα μίγμα ταχείας πήξης, ικανό να σταματήσει 
διαρροή νερού υπό πίεση

Ένα προηγμένης τεχνολογίας, δύο συστατικών, κρυσταλλικής βάσης, 
σφραγιστικό ένεμα, που στεγανοποιεί το σκυρόδεμα, γεμίζοντας και 
σφραγίζοντας σε βάθος εσωτερικά κενά, ρωγμές και σχισμές

Ένα πρόσμικτο σε μορφή σκόνης που αναμιγνύεται σε 
καινούργιο σκυρόδεμα την στιγμή της παραγωγής του,  
ή αφού αναμιχθεί προηγουμένως με νερό μέσα στην βαρέλα 
μεταφοράς σκυροδέματος για την πλήρη στεγάνωσή του.

 Χρήσεις:
zz Δεξαμενές πόσιμου νερού
zz Δεξαμενές επεξεργασίας νερού 
και αποβλήτων

zz Ενυδρεία
zz Σήραγγες
zz Θεμέλια

zz Φρεάτια ανελκυστήρων
zz Υπόγειοι χώροι φύλαξης
zz Βιομηχανικές εγκαταστάσεις
zz Χώροι στάθμευσης
zz Έργα οδοποιίας και γέφυρες
zz Πλάκες από σκυρόδεμα
zz Διαχωριστικοί τοίχοι

zz Υπόγεια
zz Οροφές από σκυρόδεμα
zz Μπάνια
zz Για οποιαδήποτε κατασκευή 
από σκυρόδεμα που απαιτεί 
προστασία από νερό ή χημική 
προσβολή. 

ΤΟ ΣΥΣΤΗΜΑ PENETRON
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ΠΩΣ ΔΟΥΛΕΥΕΙ ΤΟ PENETRON ADMIX® ;
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Ένα συμβατικό σκυρόδεμα 
περιέχει πλήθος μικρο-
ρωγμών, πόρους και 
τριχοειδή, μέσω των 
οποίων το νερό εισέρχεται 
στο σκυρόδεμα

Το νερό περνά μέσα από 
τις μικρο-ρωγμές 
και τα τριχοειδή αγγεία 
στο σκυρόδεμα
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Αυτοί οι πόροι έχουν 
τυπικά ένα πλάτος 
μεταξύ 0,1 - 0,4 mm

Όταν PENETRON ADMIX® 
προστίθεται στο 
σκυρόδεμα, τα 
κρυσταλλικά συστατικά 
αντιδρούν με το νερό, τα 
υδροξείδια ασβεστίου και 
αργιλίου, καθώς και 
διάφορα άλλα μεταλλικά 
οξείδια και άλατα που 
περιέχονται στο σκυρόδεμα
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Η χημική αντίδραση που ακολουθεί 
προκαλεί αυτά τα κενά και τις 
ρηγματώσεις να γεμίσουν με 
αδιάλυτους κρυστάλλους

Το νερό δεν μπορεί να περάσει μέσα 
από αυτές τις κρυσταλλικές δομές και 
ως εκ τούτου το σκυρόδεμα γίνεται 
μη διαπερατό

Σε περίπτωση που εμφανιστούν νέες 
ρωγμές σε όλη τη διάρκεια της ζωής 
του σκυροδέματος, οι κρύσταλλοι θα 
δημιουργούνται σε αυτές τις ρωγμές, 
εμποδίζοντας το νερό να βρει νέες 
διόδους για να περάσει
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Το αποτέλεσμα είναι μια εντελώς
στεγνή και ανθεκτική δομή σκυροδέματος
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Διείσδυση νερού υπό πίεση– NBR 
10.787/94 (Απρίλιος 2007)
Σκυρόδεμα: CPII-E 32
στο
IPT (Technological Research Institute 
of São Paulo State), Βραζιλία

Εφαρμοσμένη πίεση νερού:
• 1η και 2η μέρα: 0,1 MPa
• 3η μέρα: 0,3 MPa
• 4η έως 7η μέρα: 0,7 MPa

Διείσδυση νερού υπό πίεση – NBR 10.787/94 (Απρίλιος 2007)
Σκυρόδεμα: CPII-E 32

Στοιχεία Χαρακτηριστικά
Συγκέντρωση τσιμέντου CPII-E32 350 kg/m³
Θλιπτική αντοχή 20 MPa
Ψιλή άμμος 388 kg/m3

Χονδρόκοκκα αδρανή 0 421 kg/m3

Χονδρόκοκκα αδρανή 1 632 kg/m3

Νερό 192 kg/m3

Υπερρευστοποιητής 0,3% έως 0,4% / m3

Δοκιμή κάθισης 90±10 mm
Λόγος Ν/Τ 0,54
PENETRON ADMIX® 1% κατά βάρος τσιμέντου
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Διείσδυση νερού υπό πίεση – NBR 
10.787/94 (Απρίλιος 2007)
Σκυρόδεμα: CPII-E 32

Διείσδυση νερού υπό πίεση – NBR 
10.787/94 (Απρίλιος 2007)
Σκυρόδεμα: CPII-E 32

Διείσδυση νερού υπό πίεση – NBR 
10.787/94 (Απρίλιος 2007)
Σκυρόδεμα: CPII-E 32

Διείσδυση νερού υπό πίεση – NBR 
10.787/94 (Απρίλιος 2007)
Σκυρόδεμα: CPII-E 32
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ΕΠΙΛΟΓΗ PRAH

Προϊόν 3ης γενιάς που δεν έχει καμία αρνητική επίπτωση στον 
χρόνο πήξης και στην ανάπτυξη αντοχών του σκυροδέματος

Παρέχεται σε μορφή σκόνης και μπορεί να προστεθεί σε αναλογία 
0,8 - 1% κατά βάρος του τσιμέντου στο μίγμα σκυροδέματος

Δεν υπάρχουν περιορισμοί στην αναλογία Νερού / Τσιμέντου

Έχει την ικανότητα αυτο-επούλωσης ρηγματώσεων έως 0,4 mm

Έχει μακροχρόνιες και σε παγκόσμιο επίπεδο επιδόσεις και έχει 
χρησιμοποιηθεί σε μεγάλα έργα
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ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ

Μακροχρόνια μελέτη ανθεκτικότητας πάνω στην επίδραση του 
PENETRON ADMIX® σχετικά με τη διάρκεια ζωής του σκυροδέματος

Θλιπτική αντοχή Συστολή ξήρανσης

Διαπερατότητα Ικανότητα  αυτο-επούλωσης

Μικροσκοπική εξέταση Ανθεκτικό σε κύκλους 
ψύξης/απόψυξης

Ανθεκτικό σε θειϊκά Διάχυση χλωριώντων

Εκτίμηση ζωής λειτουργίας
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ΤΥΠΟΣ ΔΟΚΙΜΗΣ ΙΔΙΟΤΗΤΑ ΠΡΟΤΥΠΟ ΑΠΑΙΤΗΣΕΙΣ

ΕΚΘΕΣΗ ΣΕ ΚΥΚΛΟΥΣ
ΨΥΞΗΣ/ΑΠΟΨΥΞΗΣ

ΑΝΘΕΚΤΙΚΟ ΣΕ 
ΨΥΞΗ/ΑΠΟΨΥΞΗ

BS 5075-2 ή NCh 2185 ≤ 0,05% ΑΛΛΑΓΗ ΣΤΟ ΜΗΚΟΣ 
ΛΟΓΩ ΔΙΑΣΤΟΛΗΣ

ΕΚΘΕΣΗ ΣΕ ΠΡΟΣΒΟΛΗ 
ΘΕΙΪΚΩΝ

ΔΙΑΣΤΟΛΗ ΛΟΓΩ ΕΚΘΕΣΗΣ 
ΣΕ ΘΕΙΪΚΑ

ASTM C1012-13 και
ASTM C1157

≤ 0,05% ΑΛΛΑΓΗ ΣΤΟ ΜΗΚΟΣ
ΛΟΓΩ ΔΙΑΣΤΟΛΗΣ ΣΤΟΥΣ 6 ΜΗΝΕΣ 

ΚΑΙ < 0,10% ΣΤΟΥΣ 12 ΜΗΝΕΣ

ΕΚΘΕΣΗ ΣΕ ΠΡΟΣΒΟΛΗ 
ΧΛΩΡΙΟΝΤΩΝ ΔΙΑΧΥΣΗ ΧΛΩΡΙΟΝΤΩΝ ASTM C1556-04 

ΧΡΟΝΙΑ ΣΤΗ ΖΩΗ ΛΕΙΤΟΥΡΓΙΑΣ ΤΗΣ 
ΚΑΤΑΣΚΕΥΗΣ ΠΡΙΝ ΑΠΟ ΤΗΝ 

ΕΝΑΡΞΗ ΤΗΣ ΔΙΑΒΡΩΣΗΣ 
ΟΠΛΙΣΜΩΝ

ΜΗΧΑΝΙΚΗ ΑΝΤΙΣΤΑΣΗ ΘΛΙΠΤΙΚΗ ΑΝΤΟΧΗ NCh 1017 και NCh 1037 ˃ 30 Mpa

ΑΛΛΑΓΕΣ ΣΤΟ ΜΗΚΟΣ 
ΛΟΓΩ ΞΗΡΑΝΣΗΣ ΣΥΣΤΟΛΗ ΞΗΡΑΝΣΗΣ NCh 2221 < 0,8 mm/m ανά 1 ΕΤΟΣ

ΔΙΑΠΕΡΑΤΟΤΗΤΑ ΑΝΤΙΣΤΑΣΗ ΣΤΗ ΔΙΕΙΣΔΥΣΗ 
ΝΕΡΟΥ

DIN 1048 ≤ 20 mm ΜΕΣΗ ΔΙΕΙΣΔΥΣΗ

ΤΡΙΧΟΕΙΔΗΣ ΑΠΟΡΡΟΦΗΣΗ ΑΠΟΡΡΟΦΗΣΗ ΝΕΡΟΥ ASTM C 1585, Manual
DURAR CYTED.

ΕΠΙΚΑΛΥΨΗ 3 cm, ≤ 5·10-5 m/s1/2  

(ΕΠΙΘΕΤΙΚΟ ΠΕΡΙΒΑΛΛΟΝ)

Δοκιμές και απαιτήσεις για την απόκτηση ανθεκτικού 
σκυροδέματος υψηλής απόδοσης

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Δοκιμή ιδιοτήτων σκυροδέματος

Θλιπτική αντοχή Συστολή ξήρανσης

Διαπερατότητα Τριχοειδής απορρόφηση

Ικανότητα                       
αυτό-επούλωσης Μικροσκοπική εξέταση

Θλιπτική Αντοχή

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Συστολή Ξήρανσης

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Διαπερατότητα

DIN 1048 equivalent (MSZ EN 12390-8:2009)

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Τριχοειδής Απορρόφηση

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Ιδιότητες Αυτο-επούλωσης

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Μικροσκοπική Εξέταση

Σκυρόδεμα με PENETRON ADMIX®

Δείγμα ελέγχου

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Έκθεση σε Θειϊκά

Η έκθεση σε θειϊκά οδηγεί σε ρηγματώσεις (λόγω διαστολής) στο σκυρόδεμα χωρίς τη 
χρήση PENETRON ADMIX®. Το επεξεργασμένο σκυρόδεμα με PENETRON ADMIX® δεν 

διαστέλλεται/ρηγματώνει και ως εκ τούτου αποτρέπει την είσοδο από τα θειϊκά.

ΘΕΙΪΚΑ + ΥΓΡΑΣΙΑ

ΕΣΩΤΕΡΙΚΗ 
ΔΙΑΣΤΟΛΗ 

ΣΚΥΡΟΔΕΜΑΤΟΣ

ΡΗΓΜΑΤΩΣΗ ΚΑΙ 
ΑΠΟΙΚΟΔΟΜΗΣΗ 

ΜΑΖΑΣ

ΑΠΟΜΕΙΩΣΗ 
ΙΔΙΟΤΗΤΩΝ ΔΟΜΙΚΟΥ 

ΣΤΟΙΧΕΙΟΥ

Διαδικασία υποβάθμισης που προκαλείται από προσβολή από θειϊκά

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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ΚΥΚΛΟΙ ΨΥΞΗΣ/ΑΠΟΨΥΞΗΣ + 
ΥΓΡΑΣΙΑ

ΕΣΩΤΕΡΙΚΗ ΔΙΑΣΤΟΛΗ ΛΟΓΩ 
ΑΥΞΗΣΗΣ ΤΟΥ ΟΓΚΟΥ

ΡΗΓΜΑΤΩΣΗ ΚΑΙ 
ΑΠΟΙΚΟΔΟΜΗΣΗ ΜΑΖΑΣ

ΑΠΟΜΕΙΩΣΗ ΙΔΙΟΤΗΤΩΝ 
ΔΟΜΙΚΟΥ ΣΤΟΙΧΕΙΟΥ

Διαδικασία υποβάθμισης που προκαλείται 
από προσβολή κύκλους ψύξης/απόψυξης

Έκθεση σε Κύκλους Ψύξης/Απόψυξης

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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ΧΛΩΡΙΟΝΤΑ + ΟΞΥΓΟΝΟ + ΥΓΡΑΣΙΑ

ΑΠΟΜΕΙΩΣΗ ΔΙΑΣΤΑΣΕΩΝ ΚΑΙ 
ΑΝΤΟΧΗΣ ΟΠΛΙΣΜΟΥ

ΟΞΕΙΔΙΑ, ΡΗΓΜΑΤΩΣΕΙΣ ΚΑΙ 
ΑΠΟΚΟΛΛΗΣΗ ΣΚΥΡΟΔΕΜΑΤΟΣ

ΑΠΟΜΕΙΩΣΗ ΙΔΙΟΤΗΤΩΝ 
ΔΟΜΙΚΟΥ ΣΤΟΙΧΕΙΟΥ

Διαδικασία υποβάθμισης που προκαλείται από διάχυση χλωριόντων

Διάχυση Χλωριόντων

ΣΚΥΡΟΔΕΜΑ Χρόνος
(μέρες)

Αρχική
περιεκτικότητα Cl 

Cs (%)

Επιφανειακή 
περιεκτικότητα Cl 

Cs (%)

Φαινόμενος
συντελεστής 
διάχυσης Cl 

(m2/s)

C χωρίς PA 35 0,023 1,084 7,20·10-12

C1 με PA 35 0,022 1,304 4,90·10-12

C2 με PA 35 0,008 1,481 4,66·10-12

C και C1: CEM II/B-P
C2: CEM II/B-S
PA: PENETRON ADMIX® ASTM C 1556

Φαινόμενος συντελεστής διάχυσης χλωριόντων

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Προσδιορισμός της επέκτασης της ωφέλιμης διάρκειας ζωής του σκυροδέματος

Ο 2ος Νόμος Διάχυσης του Fick

𝐶𝐶𝐶𝐶(𝑥𝑥𝑥𝑥, 𝑡𝑡𝑡𝑡) = 𝐶𝐶𝐶𝐶𝑠𝑠𝑠𝑠 �1 − 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 � 𝑥𝑥𝑥𝑥
2�𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐 ,𝑡𝑡𝑡𝑡

�       𝐷𝐷𝐷𝐷𝑐𝑐𝑐𝑐(𝑡𝑡𝑡𝑡) = 𝐷𝐷𝐷𝐷0 �
𝑡𝑡𝑡𝑡0
𝑡𝑡𝑡𝑡
�
𝑚𝑚𝑚𝑚

 
 

C(xt) Chloride ion concentration at a distance x from the surface of the concrete by an   

 exposure period t (material mass %) 

Cs Chloride ion concentration on the surface of the concrete (material mass %) 

x Coating thickness (m)     

t Exposure time to chloride ion (years)    

Dc Chloride diffusion coefficient (m2 / s)    

erf Error function     

       

Dc(t) Chloride diffusion coefficient at time t (m2 / s)   

D0 Chloride diffusion coefficient at time t0 (m2 / s)   

t0 Initial chloride diffusion time (years)    

Ιδιότητα C χωρίς PENETRON
ADMIX® C1 με PENETRON ADMIX® C2 με PENETRON ADMIX®

Επικάλυψη οπλισμού (m) 0,06 0,06 0,06

Συγκέντρωση χλωριόντων: Επιφάνεια, Cs (% 
μάζας)

1,53 1,30 1,48

Φαινόμενος Συντελεστής Διάχυσης, Da
(m2/s)

7,20E-12 4,90E-12 4,66E-12

Συντελεστής Διάχυσης, διορθωμένος με το 
συντελεστή χρόνου, D(t) (m2/s)

3,22·10-13 1,40·10-13 1,33·10-13

Σφάλμα λειτουργίας, erf 0,967 0,962 0,966

Όριο συγκέντρωσης χλωριόντων
σκυροδέματος, C(x,t) (%)

0,05 0,05 0,05

Όριο συγκέντρωσης χλωριόντων
σκυροδέματος, (% rpc)

0,32 0,32 0,32

Ωφέλιμος χρόνος ζωής κατασκευής, t (έτη) 94,8 95,3

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Προσδιορισμός της επέκτασης της ωφέλιμης διάρκειας ζωής του σκυροδέματος

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Ιδιότητα προς 
δοκιμή

Οφέλη σκυροδέματος 
επεξεργασμένο με το 

PENETRON ADMIX® έναντι 
σκυροδέματος χωρίς PA

Επιπλέον οφέλη

Συστολή ξήρανσης (μεταβολή 
του μήκος σε διάρκεια 1 έτους 

mm/m)
<24%

Μείωση 
ρηγματώσεων λόγω 

συρρίκνωσης

Aλλαγή στην ανθεκτικότητα 
σε θειϊκά (ASTM C1012-12)

Καμία 
εσωτερική 
διαστολή

Απουσία 
ρηγματώσεων κατά 

την προσβολή σε 
θειϊκά

Συντελεστής διάχυσης 
χλωριόντων (m2/s) (ASTM 

C1556-04)
<45%

Μείωση του 
συντελεστή διάχυσης 
χλωριδίων παρατείνει 
την ωφέλιμη ζωή της 

κατασκευής

Μεταβολή μήκους σε 
Κύκλους Ψύξης-Απόψυξης 

(%) (NCh 2185 Of 92)

<10,53% του 
δείγματος 
ελέγχου

Εξαλείφει την ανάγκη 
χρήσης αερακτικών

προσμίκτων

Μείωση διαπερατότητας (DIN 
1048) >91%

Η ενεργοποίηση των 
κρυστάλλων μειώνει 
την διαπερατότητα

Εύρος ρωγμής με ικανότητα 
αυτο-επούλωσης ≤0,4mm

Αυτο-επούλωση νέων 
ρηγματώσεων

Αντοχή σε θλίψη
(MPa) >13%

Αυξάνει την αντοχή 
σε θλίψη

Επέκταση της ζωής
λειτουργίας

(σε έτη) (Νόμος του Fick)

έως και 60 έτη
(σε σύγκριση με 

το δείγμα 
ελέγχου)

Εξαλείφει την ανάγκη 
χρήσης αναστολέων 

διάβρωσης

Ανασκόπηση οφελών

Έχει αποδειχθεί ότι το PENETRON ADMIX® αυξάνει σημαντικά την ανθεκτικότητα/ωφέλιμη 
διάρκεια ζωής του σκυροδέματος και ως εκ τούτου συνιστάται για ΟΛΕΣ τις συγκεκριμένες 

εφαρμογές που απαιτούν εκτεταμένη διάρκεια ζωής.

ΕΠΙΔΡΑΣΕΙΣ ΤΟΥ PENETRON ADMIX®

ΚΑΤΑ ΤΗ ΔΙΑΡΚΕΙΑ ΖΩΗΣ ΤΟΥ ΣΚΥΡΟΔΕΜΑΤΟΣ
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Kuningan City, Τζακάρτα, Ινδονησία



58

Κατοικίες Capri, Φλόριντα, ΗΠΑ

Sportshub, Σιγκαπούρη



Λιμάνι Portocel Aracruz, Βραζιλία

Νοσοκομείο Zipaquira, Κολομβία
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Συνεδριακό Κέντρο Αράχωβας, Ελλάδα

Τερματικός Σταθμός 3 Αεροδρομίου Changi, Σιγκαπούρη
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Διεθνές Αεροδρόμιο Chennai, Ινδία

Διεθνές Αεροδρόμιο Mumbai, Ινδία
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Διεθνές Αεροδρόμιο Guarulhos, Σάο Πάολο, Βραζιλία

City Park Βουδαπέστης, Ουγγαρία
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Στάδιο Talkatora, Ινδία (Αγώνες Κοινοπολιτείας 2010)

Milan Sud, Μονάδα Επεξεργασίας Λυμάτων, Ιταλία
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Στάδιο Green Point, Κέηπ Τάουν, Νότια Αφρική

Gardens by the Bay, Σιγκαπούρη
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The Troika, Μαλαισία



These results are in line with ACI report 212.R3-10, which concludes that
crystalline admixtures are the best PRAH (permeability reducing admixtures for
hydrostatic conditions) and increase durability of concrete.

Details of this durability testing are provided below. 

Jozef Van Beeck
Director International Sales & Marketing
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  PENETRON ADMIX DURABILITY RESEARCH RESULTS

In order to establish the effect of PENETRON ADMIX on the durability of
concrete, a complete research project was executed at leading independent
laboratories over a 2-year period. The testing included compressive strength,
drying shrinkage, permeability, sulphate resistance, chloride diffusion resistance,
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Add 60 years to service-life of concrete in critical
environments

Historically, the prime concern for concrete designers has been its resistance to
mechanical stress, i.e. strength. In recent years, durability has emerged as equally
important.

However, durability cannot be achieved with reducing the W/C ratio, high
compressive strength, more cement, air-entraining admixtures or corrosion
inhibitors alone.

To achieve concrete durability in critical environments, properties like low
permeability, low shrinkage, self-healing and protection against chemical attack
must be realized. PENETRON ADMIX incorporates the technology that provides
such properties and recent testing has shown it can add up to 60 years or more to
a variety of concretes, including CEM II /B-P, CEM II / B–S and CEM III/A, in
critical environments before the onset of corrosion. 
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  PENETRON ADMIX DURABILITY RESEARCH RESULTS

In order to establish the effect of PENETRON ADMIX on the durability of
concrete, a complete research project was executed at leading independent
laboratories over a 2-year period. The testing included compressive strength,
drying shrinkage, permeability, sulphate resistance, chloride diffusion resistance,
freeze-thaw cycle resistance, self-healing ability, microscopic examination of
crystalline formation and most importantly – a resulting service-life estimation of
concrete treated with PENETRON ADMIX.

The results of this testing regime are summarized in the following table.

Each test result will be expanded upon in detail in these durability updates going
forward – in this issue we will focus on the service-life estimation based on
Chloride diffusion only.

  SERVICE-LIFE ESTIMATION OF CONCRETE IN CRITICAL
ENVIRONMENTS

The mechanism of concrete deterioration by chloride diffusion looks as follows.

.



Chloride diffusion testing performed according to ASTM C1556 yielded the
following results, with and without PENETRON ADMIX.

Table 2. Apparent chloride diffusion coefficient

CONCRETE Time
(Days)

Initial
Content Cl

Ci (%)

Superficial
Content Cl

Cs(%)

Apparent
Diffusion

Coefficient
Cl(m2/s)

C WITHOUT PA 35 0,023 1,084 7,20E-12

C1 WITH PA 35 0,022 1,304 4,90E-12

C2 WITH PA 35 0,008 1,481 4,66E-12

C and C1: CEM II/B-P
C 2: CEM II / B-S
PA : PENETRON ADMIX

Using the 2nd Fick law of diffusion, we can then estimate the service-life of
concrete based on the chloride diffusion coefficient and the cover of steel,
obtaining the following results.

 Click here for equation variables
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Chloride diffusion only.
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Note: testing was done under exposure conditions conforming to ASTM C1556

This testing shows that, in an environment with chloride
concentrations 4.7 times higher than true marine environments,
PENETRON ADMIX treated concrete can add up to 60 years and
more to the service-life of a conventional concrete, before the
onset of corrosion.

A second chloride migration test in accordance with Nordtest, done on an
extremely durable concrete mix design CEM III/A, still yielded another 40 years of
service-life extension with PENETRON ADMIX.

CASE STUDY :  SINGAPORE SPORTS HUB / NEW SINGAPORE
NATIONAL STADIUM

Location: Kallang, Singapore
Date: 2014
Architect: AECOM / Arup Sport / DP Architects
Contractor: Dragages Singapore Pte. Ltd.



Singapore is now home to the world’s largest dome
structure

The Singapore Sports Hub, built on the original site of the National Stadium, has
opened its doors on June 30, 2014 and is the country’s new central sports
destination.

Works on the site began in September 2010 after the demolition of the former
Singapore National Stadium. The new facility includes a new 55’000 capacity
National Stadium, a 3’000 capacity indoor Aquatic Centre with leisure facilities, a
3’000-capacity multi-purpose Indoor Arena, 41’000 square meters of commercial
space and a Water Sports Centre on the shores of the Kallang Basin. This includes
a Sports Promenade, the Singapore Sports Museum, the Sports Hub Library as
well as the Kallang Wave Shopping Mall.

The Sports Hub’s centerpiece is the new Singapore National Stadium. This
landmark structure is currently the world’s only multi-purpose arena with
mechanized and automated retractable seating configurations on its lower tier.
Within 48 hours the stadium can be reconfigured to host different events such as
concerts, football and rugby matches, cricket and athletic events. The dome
structure features a retractable roof, making the National Stadium an all-weather
event facility.

Note: testing was done under exposure conditions conforming to ASTM C1556
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Singapore is now home to the world’s largest dome
structure

The Singapore Sports Hub, built on the original site of the National Stadium, has
opened its doors on June 30, 2014 and is the country’s new central sports
destination.

Works on the site began in September 2010 after the demolition of the former
Singapore National Stadium. The new facility includes a new 55’000 capacity
National Stadium, a 3’000 capacity indoor Aquatic Centre with leisure facilities, a
3’000-capacity multi-purpose Indoor Arena, 41’000 square meters of commercial
space and a Water Sports Centre on the shores of the Kallang Basin. This includes
a Sports Promenade, the Singapore Sports Museum, the Sports Hub Library as
well as the Kallang Wave Shopping Mall.

The Sports Hub’s centerpiece is the new Singapore National Stadium. This
landmark structure is currently the world’s only multi-purpose arena with
mechanized and automated retractable seating configurations on its lower tier.
Within 48 hours the stadium can be reconfigured to host different events such as
concerts, football and rugby matches, cricket and athletic events. The dome
structure features a retractable roof, making the National Stadium an all-weather
event facility.

Approved by the Singapore Environmental Council (SEC) with the Singapore Green
Label, the PENETRON System was chosen to ensure the concrete durability on
this iconic, green building development. PENETRON ADMIX was used on
approximately 55’000 cubic meters of base slab and retaining walls. Penebar SW
55 waterstops were installed in over 18’500 meters of construction joints. In
addition, 16’000 square meters of internal wet areas and exposed concrete
including the RC roof were treated with Peneseal Pro. 

The project is yet another milestone in PENETRON’s long-standing track record of
protecting Singapore’s infrastructure.

 

 



April 2015

Welcome to the 30th edition of the PENETRON Industry Newsletter.

In our previous concrete durability update, we highlighted how PENETRON ADMIX increases the
service life of concrete structures in critical environments by 60 years and more. This life-
extension capacity was established by means of the treated concrete's chloride diffusion
coefficient and the 2nd Fick law. (read here)

In this issue, we will expand on another aspect of concrete durability --  its ability to resist sulfate
attack. Extensive testing has shown that concrete treated with PENETRON ADMIX is virtually
resistant to sulfate attack.

Further, we discuss how concrete durability should be tested. Too often, traditional testing
methods (such as surface water absorption testing) are being used to test advanced hydrophilic
protection systems, which leads to the wrong conclusions. Permeability testing is the only way to
verify a true PRAH's (Permeabiity Reducing Admixture for Hydrostatic conditions) performance.

Last but not least, we invite you to have a look at some recent PENETRON projects in Norway,
USA, Saudi Arabia and the UAE.

Jozef Van Beeck
Director International Sales & Marketing
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  PENETRON ADMIX durability research: Resistance to sulfate attack

Sulfate attack typically occurs where water containing dissolved sulfate penetrates the concrete.
The ensuing reaction causes the composition and microstructure of the concrete to change.
These changes include extensive cracking and loss of bond between the cement paste and
aggregate, which in turn cause an internal expansive force.

Figure 14. Changes in length of concrete exposed to sulfate, according to ASTM C1012.

Extensive testing has shown that concrete treated with PENETRON ADMIX, subjected to a
solution of sodium sulfate, does not show any change in length by such expansion.  Untreated
concrete samples subjected to the same sodium sulfate solution showed significant change in
length as well as disintegration of mass.

 

  PRAN vs PRAH / absorption versus permeability



It is a common and risky misconception in many construction markets today, that capillary
absorption tests are suitable to demonstrate the performance of permeability-reducing admixtures
for hydrostatic pressure (PRAH).

Integral waterproofing admixtures are designed to reduce water ingress into concrete by reducing
the permeability of concrete. Hence, the American concrete Institute (ACI) has classified a new
category of concrete admixtures called “Permeability-Reducing Admixtures” (PRA), subdivided
into “permeability-reducing admixtures for non-hydrostatic conditions” (PRAN) and “permeability-
reducing admixtures for hydrostatic conditions” (PRAH).

The ACI 212-3R-10-N report suggests that only crystalline admixtures, like PENETRON
ADMIX, qualify as true PRAH. Crystalline admixtures are hydrophilic materials that form insoluble
crystalline structures, which seal pores, microcracks and capillaries, reducing concrete
permeability even under high hydrostatic pressure.

Hydrophobic or water repellant chemicals such as pore blockers, fall under the category of PRAN.
These materials are designed to repel water by blocking pores and capillaries with a water
repellant substance. To demonstrate the water-repellent function, manufacturers of hydrophobic
admixtures employ capillary absorption tests, such as ASTM C1585 and BS EN 1881-122. These
tests measure water absorption after immersion of the sample in water. No pressure is applied,
which is why no indication of the level of protection of hydrophobic admixtures exposed to
hydrostatic conditions can be established. Due to the uneven coating of the hydrophobic lining
and open capillary system, the protection against water under pressure is extremely limited
(usually a few centimeters of water head). This limits their use to protection against rain or
minimizing dampness.

Crystalline admixtures withstand high, hydrostatic pressure. To determine their performance, only
permeability tests such as DIN 1048 pt. 5, BS EN 12390-8 or ASTM D5084 should be used.
These tests apply water under pressure and, contrary to absorption tests, are able to give an
indication of the performance under hydrostatic conditions. Since a lot of the water
applied during this test is taken up by the crystalline reaction to form
crystals, a true performance indication can be achieved by repeating the test
cycle over several weeks (see 4 week test images below).

To read more on this subject, click here.
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  PRAN vs PRAH / absorption versus permeability



  Aker Solutions, Stavanger, Norway

Aker Solutions, a global Norwegian company that provides oilfield products and services, recently
inaugurated a new office facility in Stavanger.  This new building is the global headquarters for the
Operations division and home to 2,600 employees.  PENETRON ADMIX was used for the
extensive below-ground structures for protection from groundwater and seawater at the
construction site.

Located adjacent to the North Sea, the Stavanger headquarters features eight above-ground
office floors (43,000 m2 / 484,400 square feet) and two below-ground floors for a basement with
bicycle parking for 1,000 bicycles and a parking garage (65,000 m2 / 700,000 square feet) with
space for 500 cars. 

The site was reclaimed ocean frontage directly on the coastline, exposing the site to the water
table and chloride penetration from the seawater.  About 11,000m3 of concrete were treated with
PENETRON ADMIX, including the building’s foundation and basement structures.  PENETRON
ADMIX was chosen to ensure comprehensive waterproofing and to reduce permeability for
chloride ions in the concrete and optimize durability.

PENETRON ADMIX performed flawlessly and allowed construction to proceed without any
delays, delivering to the client a completely protected and durable concrete foundation.



  Kempinski Hotel Jeddah, Saudi Arabia

The Kempinski Hotel Jeddah is located on Jeddah Corniche providing magnificent views of the
Red Sea. Designed to be the first green intelligent hotel in the Kingdom of Saudi Arabia, the 260-
meter high tower will boast 321 units: 250 luxury guest rooms and suites, with the rest as serviced
apartments spread over 70 floors.



The Kempinski Hotel Jeddah will be the finest address for leisure travelers in Jeddah. The hotel
will include a full array of first class facilities including luxurious leisure suites, two restaurants
offering a range of international cuisines, a 1000 sqm ballroom, a wellness center and spa, and
swimming pool. Corporate guests can take advantage of corporate and meetings facilities,
including fully equipped modern meeting rooms, VIP rooms and business suites.

Due to its close proximity to the Red Sea it was imperative to provide a 100% solution when it
came to the protection and waterproofing of the raft foundation, retaining walls, and other water-
retaining structures such as the water tanks and swimming pools. In order to ensure total
concrete protection on this prestigious project. PENETRON ADMIX was added to approximately
30,000m3 of concrete supplied by Saudi Readymix.

  Abu Dhabi National Paper Mill (Expansion), Mussafah, UAE

Abu Dhabi National Paper Mill (ADNPM) is one of the largest and most technically advanced
producers of jumbo tissue paper rolls in the Middle East. ADNPM follows the highest quality,
environmental and health & safety standards including ISO 9001, 14001 and OHSAS 18001. The
facility includes manufacturing and storage areas, an effluent treatment plant as well as
administration offices and parking. It has a total area of 60,000 square meters and produces over
65,000 tons of tissue paper per year. The paper, produced from the highest-grade virgin pulp, is
used to make table napkins, kitchen and hand towels, and facial and toilet tissues.



In 2014 the expansion of the facility saw a new production line (PM3) added to ADNPM.

The building features a 6m deep basement, which is located one meter below the sea water level.

PENETRON ADMIX was tested and chosen as the preferred concrete protection solution and
added to the concrete mix of the slab and retaining walls of the new production line facility. All
construction joints were sealed using PENEBAR SW 45 waterstop.

PENETRON, PENECRETE MORTAR AND PENEPLUG were employed to treat leaks in the
piles.

  Manhattan District Garage 1/2/5, New York, USA

Previously located at Pier 52 on the Hudson River, the garage facility was moved to the corner of
Spring & West Streets to make waterfront land available for the recently established Hudson
River Park. The new Manhattan District 1/2/5 Garage serves the Department of Sanitation New



In 2014 the expansion of the facility saw a new production line (PM3) added to ADNPM.

The building features a 6m deep basement, which is located one meter below the sea water level.

PENETRON ADMIX was tested and chosen as the preferred concrete protection solution and
added to the concrete mix of the slab and retaining walls of the new production line facility. All
construction joints were sealed using PENEBAR SW 45 waterstop.

PENETRON, PENECRETE MORTAR AND PENEPLUG were employed to treat leaks in the
piles.

  Manhattan District Garage 1/2/5, New York, USA

Previously located at Pier 52 on the Hudson River, the garage facility was moved to the corner of
Spring & West Streets to make waterfront land available for the recently established Hudson
River Park. The new Manhattan District 1/2/5 Garage serves the Department of Sanitation New
York (DSNY) as a base of operations for three separate District Garages, as well as the UPS
Staging Lot operations for Lower Manhattan.

The Manhattan District 1/2/5 Garage accommodates over 150 sanitation vehicles, a separate
vehicle wash, personnel facilities for each district, and centralized fueling and repair facilities. A
benchmark project for NYC’s Active Design program, the garage features a green roof to protect
the building and enhance storm water retention and thermal performance. Designed by Dattner
Architects in association with WXY Architecture + Urban Design, the project is set to achieve a
LEED Gold certification.

The garage is a five-level structure with a total floor area of about 427,250 square feet
(39,700m2). The parking levels, with approximately 266 parking spaces, accommodate vehicle
parking and storage, offices, and locker facilities. The building was constructed on a concrete
slab with pilings (no cellar) using PENETRON ADMIX SB. In addition, there are two 15,000 L
(4,000 gallon) underground tanks, also treated with PENETRON ADMIX, for storage of liquid
calcium chloride, which is applied with rock salt to melt snow and ice. Overall, about 12,230m3

(16,000 cubic yards) of concrete were treated with PENETRON ADMIX for all concrete
structures.
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This document discusses commonly used chemical admixtures 
for concrete and describes the basic use of these admixtures. 
It is targeted at those in the concrete industry not involved in 
determining the specific mixture proportions of concrete or in 
measuring the properties of the concrete. Students, craftsmen, 
inspectors, and contractors may find this a valuable introduction 
to a complex topic. The document is not intended to be a state-of-
the-art report, user’s guide, or a technical discussion of past and 
present research findings. More detailed information is available 
in ACI Committee Report 212.3R, “Chemical Admixtures for 
Concrete” and 212.4R, “Guide for the Use of High-Range Water-
Reducing Admixtures (Superplasticizers) in Concrete.”
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CHAPTER 1—INTRODUCTION

1.1—History
Admixtures have long been recognized as important 

components of concrete used to improve its performance. 
The original use of admixtures in cementitious mixtures is 
not well documented. It is believed that the introduction of 
some of these materials may have been part of rituals or other 
ceremonies. It is known that cement mixed with organic 
matter was applied as a surface coat for water resistance 
or tinting purposes. Materials used in early concrete and 
masonry included milk and lard by the Romans; eggs during 
the middle ages in Europe; polished glutinous rice paste, 
lacquer, tung oil, blackstrap molasses, and extracts from elm 
soaked in water and boiled bananas by the Chinese; and in 
Mesoamerica and Peru, cactus juice and latex from rubber 
plants. The purpose of these materials is widely unknown. 
It is known that the Mayans used bark extracts and other 
substances as set retarders to keep stucco workable for a 
long period of time. More recently chemical admixtures have 
been used to help concrete producers meet sustainability 
requirements that are necessary for modern construction. For 
concrete these requirements can be related to extended life 
cycles, use of recycled materials, stormwater management, 
and reduced energy usage. Chemical admixtures are used to 
facilitate the increased use of supplementary cementitious 
materials, lower permeability, and improve the long term 
durability of concrete.

1.2—Definitions & Glossary
Concrete is composed principally of aggregates, hydraulic 

cement, and water, and may contain supplementary 
cementitious materials (SCM) and chemical admixtures. 
It will contain some amount of entrapped air and may also 
contain purposely entrained air obtained by use of a chemical 
admixture or air-entraining cement. Chemical admixtures are 
usually added to concrete as a specified volume in relation to 
the mass of portland cement or total cementitious material.

Admixtures interact with the hydrating cementitious 
system by physical and chemical actions, modifying one or 
more of the properties of concrete in the fresh or hardened 
states. According to ACI 212.3R-10, “Report on Chemical 
Admixtures for Concrete,” an admixture or combination 
of admixtures may be the only feasible way to achieve 
the desired performance from a concrete mixture in some 
cases. There are many kinds of chemical admixtures that 
can function in a variety of ways to modify the chemical 
and physical properties of concrete. This bulletin provides 
information on the types of chemical admixtures and how 
they affect the properties of concrete, mortar, and grout. 
Definitions of certain types of admixtures and other selected 
terms can be found below and are taken from ACI Concrete 
Terminology.1

Admixture—A material other than water, aggregates, 
cementitious materials, and fiber reinforcement, used as an 
ingredient of a cementitious mixture to modify its freshly 
mixed, setting, or hardened properties and that is added 
to the batch before or during its mixing. (The admixtures 

referred to in this definition are also known as Chemical 
Admixtures.)

Admixture, accelerating—An admixture that causes an 
increase in the rate of hydration of the hydraulic cement, 
and thus, shortens the time of setting, increases the rate of 
strength development, or both.

Admixture, air-entraining—An admixture that causes 
the development of a system of microscopic air bubbles in 
concrete, mortar, or cement paste during mixing, usually 
to increase its workability and resistance to freezing and 
thawing.

Admixture, permeability-reducing – An admixture used 
to reduce the ingress of water and water borne chemicals 
into concrete. Admixtures may be further sub-divided into 
permeability-reducing admixtures for non-hydrostatic 
conditions (PRAN) or hydrostatic conditions (PRAH).

Admixture, retarding—An admixture that causes a 
decrease in the rate of hydration of the hydraulic cement and 
lengthens the time of setting.

Admixture, water-reducing—An admixture that either 
increases slump of a fresh cementitious mixture without 
increasing water content or maintains slump with a reduced 
amount of water, the effect being due to factors other than 
air entrainment.

Admixture, water-reducing high-range—A water-
reducing admixture capable of producing great water 
reduction, great flowability, or both, without causing undue 
set retardation or air entrainment in cementitious paste.

Aggregate, reactive—Aggregate containing substances 
capable of reacting chemically with the products of solution 
or hydration of the portland cement in concrete or mortar 
under ordinary conditions of exposure, resulting in some 
cases in harmful expansion, cracking, or staining.

Air, entrained—Microscopic air bubbles intentionally 
incorporated in a cementitious paste during mixing, usually 
by use of a surface-active agent; typically between 0.0004 
and 0.04 in. (10 and 1000 mm) in diameter and spherical or 
nearly so.

Air, entrapped—Air voids in concrete that are not 
purposely entrained and that are larger, mainly irregular in 
shape, and less useful than those of entrained air; and 1 mm 
or larger in size.

Air content—The volume of air voids in cement paste, 
mortar, or concrete, exclusive of pore space in aggregate 
particles, usually expressed as a percentage of total volume 
of the paste, mortar, or concrete.

Alkali—Salts of alkali metals, principally sodium and 
potassium; specifically sodium and potassium occurring in 
constituents of concrete and mortar, usually expressed in 
chemical analysis as the oxides Na2O and K2O.

Alkali-aggregate reaction—Chemical reaction in either 
mortar or concrete between alkalies (sodium and potassium) 
from portland cement or other sources and certain 
constituents of some aggregates; under certain conditions, 
deleterious expansion of concrete or mortar may result.

Alkali-carbonate reaction—The reaction between 
the alkalies (sodium and potassium) in portland cement 
and certain carbonate rocks, particularly calcitic dolomite 
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and dolomitic limestones, present in some aggregates; the 
products of the reaction may cause abnormal expansion and 
cracking of concrete in service.

Alkali-silica reaction—A generally deleterious 
dissolution and swelling of siliceous aggregates in the 
presence of pore solutions comprised of alkali hydroxides; 
the reaction products may cause abnormal expansion and 
cracking of concrete.

Calcium chloride—A crystalline solid, CaCl2; in various 
technical grades, used as a drying agent, as an accelerator for 
fresh concrete, a deicing chemical, and for other purposes.

Cement, portland—A hydraulic cement produced by 
pulverizing clinker formed by heating a mixture, usually of 
limestone and clay, to 1400 to 1600°C (2550 to 2900°F). 
Calcium sulfate is usually ground with the clinker to control 
set.

Cementitious—Having cementing properties.
Sulfate attack—Either a chemical or physical reaction 

or both between sulfates usually in soil or groundwater and 
concrete or mortar; the chemical reaction is primarily with 
calcium aluminate hydrates in the cement-paste matrix, 
often causing deterioration.

Sulfate resistance—Ability of concrete or mortar to 
withstand sulfate attack.

CHAPTER 2—OVERVIEW

2.1—Function
Chemical admixtures discussed in this document are 

available in liquid and powder form. Liquid admixtures are 
dispensed through mechanical dispensers as the concrete 
is batched, but can be introduced to the concrete by other 
means, such as hand dosing or truck mounted dispensers. 
Powders are usually introduced in pre-packaged units that 
contain a prescribed amount. Most times the units consist 
of bags that can be opened and the contents added while 
mixing, or bags that are made to disintegrate and disperse 
their contents while mixing. Generally, admixtures in 
powdered form are introduced to the concrete after batching. 
A discussion of dispensing equipment for liquid admixtures 
is given in Chapter 6. The dosages used vary widely 
depending on several factors including, type of admixture, 
performance desired, environmental conditions, and many 
others. The uses of admixtures are outlined by the following 
functions that they perform:
• Increase workability without increasing water content 

or decrease the water content at the same workability;
• Retard or accelerate initial time of setting;
• Reduce or prevent shrinkage or create slight expansion;
• Modify the rate or capacity for bleeding;
• Reduce segregation;
• Improve pumpability;
• Reduce rate of slump loss;
• Retard or reduce heat evolution during early hardening;
• Accelerate the rate of strength development at early 

ages;
• Increase strength (compressive, tensile, or flexural);

• Increase durability or resistance to severe conditions 
of exposure, including application of deicing salts and 
other chemicals;

• Decrease permeability of concrete;
• Control expansion caused by the reaction of alkalis with 

reactive aggregate constituents;
• Increase bond of concrete to steel reinforcement;
• Increase bond between existing and new concrete;
• Improve impact and abrasion resistance;
• Inhibit corrosion of embedded metal;
• Produce colored concrete or mortar; and
• Aid in achieving sustainability requirements.

2.2—Effectiveness and Compatibility
The effectiveness of any admixture will vary depending 

on its concentration in the concrete and the effect of the 
various other constituents of the concrete mixture. Each 
class of admixture is defined by its primary function. It may 
have one or more secondary functions, however, and its use 
may affect, positively or negatively, concrete properties 
other than those desired. Therefore, adequate testing should 
be performed to determine the effects of an admixture on the 
plastic properties of concrete such as slump, rate of slump 
loss (that is the relationship between slump and time), air 
content, and setting time. In addition, testing should be 
performed to determine the effect of the admixture on the 
hardened properties of concrete that may be of interest, for 
example, strength development, drying shrinkage, modulus 
of elasticity, or permeability. The final decision as to the use 
of any admixture and the brand, class, or type, depends on 
its ability to meet or enhance specific concrete performance 
needs.

Many improvements can be achieved by proper selection 
and application of specific admixtures. The selection process 
should focus on the functional qualities required by structural 
demands, architectural requirements, and contractor needs.

Whatever the approach, be it a single water-reducing 
admixture or a combination approach, the use of admixtures 
can be beneficial. Admixtures provide additional means of 
controlling the quality of concrete by modifying some of 
its properties, however, they cannot correct for poor-quality 
materials, improper proportioning of the concrete, and 
inappropriate placement procedures.

It is quite common for a concrete mixture to contain more 
than one admixture. In the simplest cases, such as paving 
or residential applications, a concrete mixture may be dosed 
with only a water-reducing admixture and an air-entraining 
admixture. High-performance concrete mixtures may be 
dosed with as many as five admixtures, depending on the 
specific application. Therefore, it is imperative that the 
admixtures that are used in a given concrete mixture are 
compatible to prevent undesired effects such as rapid slump 
loss, air-entrainment difficulties, severe set retardation, or 
improper strength development.

A typical rule of thumb is for all admixtures to be added 
separately to a concrete mixture and not pre-blended 
before introduction into the mixture. In addition, admixture 
manufacturers typically provide information on potential 
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incompatibility with other admixture chemistries on 
product data sheets. However, it should be noted that 
incompatibility issues in concrete mixtures are typically due 
to undesired chemical interactions, physical interactions, 
or both between chemical admixtures and other mixture 
ingredients, in particular, the cementitious materials system. 
Sulfate imbalance in the system is typically a contributing 
factor in such cases. In addition, certain types of clay that 
may be present on aggregate surfaces can also result in 
incompatibility issues. Therefore, pre-project testing should 
be performed using materials proposed for use on a project 
to identify potential incompatibility issues prior to the start 
of a project. This testing requires knowledge of the rate of 
slump loss and the setting time under relatively hot and cold 
conditions (in addition to laboratory conditions). Concrete 
producers have used a number of means to determine the 
potential for incompatibility including calorimetry, other 
types of thermal measurements, laboratory concrete trials, 
and concrete plant trials. Test placements on-site are 
recommended to verify proper workability, finishability, and 
setting time of the proposed mixture.

2.3—References and Standards
Guide to Durable Concrete ACI 201.2R
Chemical Admixtures for Concrete ACI 212.3R
Buiding Code Requirements for
Structural Concrete ACI 318/318M
Superplasticizers in Ready Mixed Concrete NRMCA No. 

158
Air-Entraining Admixtures ASTM C260
Standard Specification for Air-Entraining
Admixtures for Concrete AASHTO M 154
Standard Specification for Air-Entraining
Admixtures for Concrete CRD-C 13
Chemical Admixtures ASTM C494/C494M
Standard Specification for Chemical
Admixtures for Concrete AASHTO M 194
Standard Specification for Water
Permeability of Concrete CRD-C 48
Standard Specification for Chemical
Admixtures for Concrete CRD-C 87
Calcium Chloride ASTM D98
Standard Specification for Calcium Chloride AASHTO M 

144
Foaming Agents ASTM C869/C869M
Admixtures for Shotcrete ASTM C1141/C1141M
Admixtures for Use in Producing
Flowing Concrete ASTM C1017/C1017M
Grout Fluidifier For Preplaced Aggregate
Concrete ASTM C937
Pigments for Integrally Colored Concrete ASTM C979/

C979M
Testing Hardened Concrete – Depth of Penetration of 

Water Under Pressure BS EN 12390-8
Testing Concrete – Method for Determination of Water 

Absorption BS EN 1881 – Part 122
Testing Hardened Concrete DIN 1048

*ASTM ASTM International 
AASHTO American Association of State Highway and Transportation Officials 
CRD Army Corps of Engineers, Chief of Research and Development 
BS EN – European Standards 
DIN – German Standards

CHAPTER 3—AIR-ENTRAINING ADMIXTURES

3.1—History
One of the most significant innovations in concrete 

technology was made during the 1930s. It was noted that 
certain concrete pavements were more able to withstand the 
detrimental effects of freezing and thawing cycles than others. 
These cycles, and the damage caused, were a major inhibitor 
to durability of concrete pavements and other exterior 
applications. Investigation showed that the more durable 
pavements were slightly less dense, and that the cement used 
had been obtained from mills using beef tallow as a grinding 
aid in the manufacturing of cement. The beef tallow acted as 
an air-entraining agent, which improved the durability of the 
pavements. Later, after rigorous investigation, air-entrained 
concrete was specified in climates where freezing-and-
thawing resistance was needed.

Air-entraining admixtures (AEA) are primarily used to 
stabilize tiny air bubbles in concrete that protect against 
damage from repeated freezing-and-thawing cycles. Until 
the mid-1990s, the most commonly used air-entraining 
admixture for concrete was a neutralized wood resin. 
Newer formulations may instead be formulated from 
synthetic detergents such as the salts of organic acids and 
sulfonated hydrocarbons. These modern formulations offer 
enhanced performance such as improved stability compared 
to early formulations. Today, most State Department of 
Transportation (DOT) specifications have limits that require 
the use of an air-entraining admixture in pavements.

3.2—Mechanism
The space occupied by the mixing water in fresh concrete 

rarely becomes completely filled with cementitious hydration 
products after the concrete has hardened. The remaining 
spaces are capillary pores. Under saturated conditions, 
these cavities are filled with water. If this water freezes, 
the resulting expansion of water to ice (approximately 9%) 
creates internal pressure in a confined space. This stress 
exceeds the tensile strength of concrete. The result in non 
air-entrained concrete is cracking, scaling, and spalling.

Entrained air voids make the capillaries discontinuous. 
As a result of the mixing action, air-entraining admixtures 
stabilize air bubbles in the cement paste that become a 
component of the hardened concrete. The resultant air-void 
system consists of uniformly dispersed spherical voids, 
usually between 10 and 1000 mm (0.4 to 40 mil) in diameter. 
Because the air voids are generally larger than the capillaries, 
they form tiny reservoirs that act as safety valves during 
ice expansion, accommodating the increased volume and 
preventing the build-up of internal pressure. Air entrainment 
in concrete is expressed as a percent of the overall concrete 
volume.
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Entrained air should not be confused with entrapped air. 
Entrapped air is due to normal mixing and results in large, 
non-uniform air bubbles that do not have the correct size and 
spacing required to prevent damage in concrete caused by 
freezing water. Proper air entrainment, or air void structures 
require the use of an admixture, either added to the plastic 
concrete or blended with the cement during manufacturing.

3.3—Use of air-entraining admixtures
Air-entraining admixtures should be required to conform 

to ASTM C260, “Standard Specification for Air-Entraining 
Admixtures for Concrete.” Dosage rates of air-entraining 
admixtures generally range from 15 to 130 mL per 100 kg 
(1/4 to 2 fl oz per 100 lb) of cementitious material. Higher 
dosages are sometimes required depending on the materials 
and mixture proportions. For example, concrete containing 
fly ash or other pozzolans often requires higher doses of 
air-entraining admixture to achieve the same air content 
compared to a similar concrete using only portland cement. 
Trial mixtures should be performed to ensure compatibility 
between air-entraining admixtures and other concrete 
components, including other chemical admixtures. Table 1 
summarizes some of the factors that influence the entrained 
air content of fresh concrete.

3.4—Properties of Entrained Air
Entrained air must be present in the proper amount, and 

have the proper size and spacing factor to provide protection 

from freezing and thawing. The term “spacing factor” 
represents the maximum distance that water would have to 
move before reaching an air void reservoir. For adequate 
protection in a water saturated freezing and thawing 
environment, the spacing factor should not be greater than 
0.2 mm (0.008 in.).

Another factor that must be considered is the size of the 
air voids. For a given air content, the air voids cannot be too 
large if the proper spacing factor is to be achieved without 
using an unacceptable amount of air. The term “specific 
surface” is used to indicate the average size of the air voids. 
It represents the surface area of the air voids in concrete 
per unit volume of air. For adequate resistance to repeated 
freezing and thawing in a water-saturated environment, the 
specific surface should be greater than 24 mm2/mm3 (600 
in.2/in.3).

The total volume of entrained air recommended by ACI 
Committee 201 for normal-strength concrete based on 
exposure conditions and aggregate size is listed in Table 
2. Specified air contents, such as those listed in Table 
2, are required to meet the spacing factor and specific 
surface requirements described above. Methods to analyze 
the air void system in hardened concrete are described in 
ASTM C457, “Standard Test Method for Microscopical 
Determination of Parameters of the Air-Void System in 
Hardened Concrete.”

Table 1 Factors affecting the air content of concrete at a given dosage of admixture*
Factor Effect on air content

Cement
An increase in the fineness of cement will decrease the air content.

As the alkali content of the cement increases, the air content may increase.
An increase in the amount of cementitious materials can decrease the air content.

Fine aggregate

An increase in the fine fraction passing the 150 mm (No. 100) sieve will decrease the amount of entrained air.
An increase in the middle fractions passing the 1.18 mm (No. 16) sieve, but retained on the

600 mm (No. 30) sieve and 300 mm (No. 50) sieve, will increase the air content.
Certain clays may make entraining air difficult.

Coarse aggregate
Dust on the coarse aggregate will decrease the air content.

Crushed stone concrete may result in lower air than a gravel concrete.

Water
Small quantities of household or industrial detergents contaminating the water may affect the amount of entrained air.

If hard water is used for batching, the air content may be reduced.

Pozzolans and slag cement Fly ash, silica fume, natural pozzolans, and slag cement can affect the dosage rate of air-entraining admixtures.

Admixtures Chemical admixtures generally affect the dosage rate of air-entraining admixtures.

Slump
For less than a 75 mm (3 in.) slump, additional admixture may be needed. Increase in slump to about 150 mm (6 in.) will 

increase the air content.
At slumps above 150 mm (6 in.), air may become less stable and the air content may decrease.

Temperature

An increase in concrete temperature will decrease the air content. Increase in temperature from 21 to 38 °C (70 to 100 °F) 
may reduce air contents by 25%.

Reductions from 21 to 4 °C (70 to 40 °F) may increase air contents by as much as 40%. Dosages of air-entraining 
admixtures must be adjusted when changes in concrete temperatures take place.

Concrete mixer

The amount of air entrained by any given mixer (stationary, paving, or transit) will decrease as the blades become worn or 
become coated with hardened concrete buildup.

Air contents often increase during the first 70 revolutions of mixing then will hold for a short duration before decreasing. 
Air content will increase if the mixer is loaded to less than capacity and will decrease if the mixer is overloaded. In very 

small loads in a drum mixer, however, air becomes more difficult to entrain.
* Information from Portland Cement Association document Manual on Control of Air Content in Concrete by Whiting and Nagi.
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Table 2—Total Air Content for Concrete Exposed 
to Cycles of Freezing and Thawing*

Nominal maximum 
aggregate size, in.†

Air content, %

Exposure Class F1
Exposure Classes F2 

and F3

3/8 6 7.5

1/2 5.5 7

3/4 5 6

1 4.5 6

1-1/2 4.5 5.5

2‡ 4 5

3‡ 3.5 4.5
* Information from Table 4.4.1 of ACI 318-11, “Building Code Requirements for 
Structural Concrete (ACI 318-11) and Commentary.”

† See ASTM C33 for tolerance on oversize for various nominal maximum size 
designations.

‡ Air contents apply to total mixture. When testing concretes, however, aggregate 
particles larger than 1-1/2 in. are removed by sieving and air content is measured 
on the sieved fraction (tolerance on air content as delivered applies to this value). 
Air content of total mixture is computed from value measured on the sieved fraction 
passing the 1-1/2 in. sieve in accordance with ASTM C231.

In addition to resistance to freezing and thawing, air 
entrainment can have other effects on concrete, some 
positive and some negative. Air entrainment can increase 
workability and improvement pumpability, especially for 
mixtures with low or moderate cementitious contents. 
Air-entrained concrete will also show reduced bleeding 
and segregation, however the reduced bleeding rate could 
lead to surface crusting and plastic cracking for flatwork 
placed in warm, windy conditions with low humidity. The 
compressive strength will be significantly affected by the 
air content, and typically an increase of 1% in air content 
will decrease compressive strength by about 5% for concrete 
mixtures with a compressive strength in the range of 2l to 
35 MPa (3000 to 5000 psi). Adding air entrainment can 
also improve the finish of the surface of slabs and reduce 
the occurrence of voids and sand streaking on wall surfaces. 
Air entrainment, however, is not recommended for interior 
steel troweled floors, where air contents in excess of 3% can 
lead to premature finishing that in turn causes blistering and 
delamination. Air entrainment will not affect the setting time 
of the concrete.

3.5—Handling and Testing of Air-Entrained 
Concrete

The air content of fresh concrete should be closely 
monitored. The measurement of entrained air content should 
be performed immediately before discharging the concrete 
into the forms. Samples for acceptance testing, however, 
should be taken from the middle of the batch in accordance 
with ASTM C172, “Standard Practice for Sampling Freshly 
Mixed Concrete.” Density (unit weight) must also be 
measured.

The methods and materials for performing air-content 
tests on concrete are described in ASTM C231, “Standard 
Test Method for Air Content of Freshly Mixed Concrete 
by the Pressure Method,” and ASTM C173, “Standard Test 
Method for Air Content of Freshly Mixed Concrete by the 

Volumetric Method.” The gravimetric method (ASTM 
C138, “Standard Test Method for Density (Unit Weight), 
Yield, and Air Content (Gravimetric) of Concrete,”) is not 
generally used in the field because it requires knowledge 
of the theoretical unit weight of the concrete on an air-free 
basis. Density should also be monitored in the field to 
verify uniformity between batch mixture proportions and 
air contents. Hardened cylinder weight should be recorded 
on concrete test reports adjacent to compressive strength. 
Cylinders should be weighed immediately after demolding. 
Air content should be measured each time concrete is 
sampled, and air meters should be calibrated regularly.

Many factors are involved in the delivery and placement 
of properly air-entrained concrete. Poor concrete placement, 
consolidation, and finishing techniques may decrease the 
air content. After adding an air-entraining admixture, the 
air content will increase to a maximum value, and then 
slowly decrease with continued mixing. Pumping and 
placement operations can reduce the air content, particularly 
for shotcrete, and in some cases it may be required to test 
the air content at the point of final discharge in addition 
to compliance testing at the mixing truck. Even the 
configuration of the boom on a pump may affect the air 
content, and tests have shown that there is more air loss 
when the boom is in a vertical position as opposed to a 
more horizontal position. Even for concrete with suitable 
air entrainment, proper placement, consolidation, and curing 
are critical to producing concrete with adequate durability 
to cycles of freezing and thawing. Concrete must still be 
properly proportioned using sound aggregates and must 
also be protected from freezing until the concrete reaches a 
strength of about 28 MPa (4000 psi).

CHAPTER 4—WATER-REDUCING AND SET-
CONTROLLING ADMIXTURES

4.1—Types and composition
In general, these chemicals act as dispersants for portland 

cement particles. By separating and spreading out the 
cement particles, internal friction is reduced, and slump and 
workability of the concrete is increased. Alternatively, the 
same workability can be achieved using less water, which 
lowers the water–cementitious material ratio (w/cm) for a 
given cement content.

Lowering w/cm is a key method for improving durability. 
These admixtures also provide the ability to control the time 
of setting to meet changing jobsite and climatic conditions.

The strength improvement resulting from water-reducing 
admixtures is primarily a result of reducing the w/cm and 
increasing cement efficiency. For a given air content, 
concrete strength is inversely proportional to the w/cm 
and, therefore, the reduction in water needed to achieve the 
desired slump and workability when a water-reducing agent 
is used will result in an increase in strength. The increase in 
strength using a water-reducing admixture often exceeds the 
strength from simply reducing the water content. This is due 
to the admixture’s dispersing effect on cement that results in 
increased hydration efficiency.
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Water-reducing admixtures are based on a variety of 
materials; the most common of which are:
• Lignosulfonic acids and their salts;
• Hydroxylated polymers;
• Hydroxylated carboxylic acids and their salts;
• Sulfonated melamine or naphthalene formaldehyde 

condensates; and
• Polyether-polycarboxylates.

Each material can have different properties when used as 
an admixture. In particular, the amount of water reduction 
and the degree of set retardation can vary considerably. 
Some materials will entrain air, and other may affect 
bleeding and finishing properties. A commercial formulation 
may include accelerating agents or defoamers to counteract 
these side effects. As a result, it can be difficult to predict 
an admixture’s performance based on its primary ingredient, 
even if this information is made available. ASTM C494 
“Standard Specification for Chemical Admixtures for 
Concrete,” classifies admixtures into categories based on 
performance:
• Type A Water-reducing admixtures;
• Type B Retarding admixtures;
• Type C Accelerating admixtures;
• Type D Water-reducing and retarding admixture;
• Type E Water-reducing and accelerating admixtures;
• Type F Water-reducing, high-range, admixtures;
• Type G Water-reducing, high-range, and retarding 

admixtures; and
• Type S Specific performance admixtures.

Admixtures types A through F covered by ASTM C494 
are designed to serve a specific purpose. ASTM C494 
outlines the performance requirements for an admixture 
to qualify for each category. Depending on the category, 
required properties may include the degree of water 
reduction, minimum or maximum variations in setting time, 
compressive strength, and the length change of hardened 
specimens. Some admixtures will meet the requirements 
of several categories, such as Type A and Type D. In such 
cases, the admixture will meet Type A requirements at low 
doses, and will meet Type D requirements at higher doses 
due to additional set retardation caused by higher dosages of 
those particular admixtures.

The Type S category can apply to any specialty admixture 
that does not fit into the other more common categories. The 
Type S category does not attempt to address the primary 
purpose of specialty admixtures, but instead provides 
guidelines for their effects on properties such as setting time 
and compressive strength to help users avoid unexpected 
variations in performance. Upon request, a manufacturer is 
required to provide data to substantiate the specific benefits 
of the Type S admixture.

ASTM C494 does not cover all possible concrete 
requirements, and additional properties will need to be tested 
depending on the application. Proper use of admixtures should 
begin by gathering available information and comparing the 
different types and brands that are available. Consideration 
must be given to information such as uniformity, dispensing, 
long-term performance, and available service. These are 

points that cannot be assessed by concrete tests but could 
determine successful admixture use.

The admixture manufacturer should be able to provide 
information covering typical dosage rates, times of setting, 
and strength gain for local materials and conditions. The 
evaluation of admixtures should be made with specific 
job materials (including other chemical admixtures under 
consideration) under anticipated ambient conditions. 
Laboratory tests conducted on concrete with water-reducing 
admixtures should indicate the effect on pertinent properties 
for the construction project, including: water requirement, 
air content, slump, rate of slump loss, bleeding, time 
of setting, compressive strength, flexural strength, and 
resistance to cycles of freezing and thawing. Following the 
laboratory tests, field test should be conducted to determine 
how the admixtures will perform in actual field conditions, 
considering all relevant factors such as placement equipment, 
weather and delivery distances.

4.2—Type A, water-reducing admixtures
Type A water-reducing admixtures will decrease mixing 

water content by 5 to 12%, depending on the admixture, 
dosage, and other materials and proportions. Type A water-
reducing admixtures are useful when placing concrete by 
means of a pump or tremie, and can assist with applications 
where placing concrete would otherwise be difficult. They 
also may improve the properties of concrete containing 
aggregates that are harsh, poorly graded, or both.

Dosage rates of water-reducing admixtures depend on 
the type and amount of active ingredients in the admixture. 
The dosage is based on the cementitious materials content 
of the concrete mixture and is expressed as milliliters per 
hundred kilograms (fluid ounces per hundred pounds) of 
cementitious materials. Typically, the dosage rates of Type 
A water-reducing admixtures range from 130 to 390 mL per 
100 kg (2 to 6 fl oz per 100 lb) of cementitious materials. 
Higher dosages may result in excessive retardation of 
the concrete setting time. Manufacturers recommended 
dosage rates should be followed and trial batches with local 
materials should be performed to determine the dosage rate 
for a given concrete mixture. In some occasions, dosages 
higher or lower than the manufacturer’s recommendations 
may be used, but testing is necessary to ensure the resulting 
concrete meets the requirements of the project.

The primary ingredients of water-reducing admixtures 
are organic, which tend to retard the time of setting of the 
concrete. This retardation may be offset by small additions of 
chloride or nonchloride accelerating admixtures at the batch 
plant. Typically, Type A admixtures already contain some 
accelerating admixtures that offset this natural retardation. 
Care should be taken to ensure that addition of chloride does 
not exceed the ACI 318 limits for maximum chloride-ion 
content in reinforced or prestressed concrete.

4.3—Type B, retarding, and Type D, water-
reducing and retarding admixtures

4.3.1 Conventional retarding admixtures—Two types of 
admixtures are used for the same basic purpose: to offset 

American Concrete Institute Copyrighted Material—www.concrete.org

 ACI EDUCATION BULLETIN  E4-7



unwanted effects of high temperature, such as acceleration 
of set and reduction of 28-day compressive strength, and 
to keep concrete workable during the entire placing and 
consolidation period. Figure 1 indicates the relationship 
between temperature and setting time of concrete and 
specifically indicates why retarding admixture formulations 
are needed in warmer weather.

Fig. 1 Relationship between temperature and setting time of 
concrete. (°F = °C×9/5 + 32)

The benefits derived from retarding formulations include 
the following:
• Permits greater flexibility in extending the time of set 

and the prevention of cold joints;
• Facilitates finishing in hot weather; and
• Permits full form deflection before initial set of concrete.

As with Type A admixtures, their dosage rates are based 
on the amount of cementitious materials in the concrete 
mixture. While both Type B and Type D may provide some 
water-reduction, Type D is more effective in achieving this 
goal. The amount of retardation depends upon many factors 
including: admixture concentration, dosage rate, concrete 
proportions, and ambient and concrete temperatures.

Different sources and types of cement or different lots of 
cements from the same source may require different amounts 
of the admixture to obtain the desired results because of 
variations in chemical composition, fineness, or both. The 
time at which the retarding admixture is introduced into 
the concrete may affect the results. Allowing the cement to 
become totally wet and delaying admixture addition until 
all other materials are batched and mixed may result in 
increased retardation and greater slump increase.

Increased retardation may also be obtained with a higher 
dosage of the retarding admixture. When high dosages of 
retarding admixture are used, however, rapid stiffening can 
occur with some sources of cement, resulting in severe slump 
loss and difficulties in concrete placement, consolidation, 
and finishing.

4.3.2 Extended-set admixtures - Advances in admixture 
technology have resulted in the development of highly 
potent retarding admixtures called extended-set admixtures 
or hydration-controlling admixtures. These admixtures are 
capable of stopping the hydration of cementitious systems, 
thereby providing a means to control the hydration and 
setting characteristics of concrete.

Extended-set admixtures are used in three primary 
applications: stabilization of concrete wash water, 
stabilization of returned plastic concrete, and stabilization 
of freshly batched concrete for long hauls. The use of 
extended-set admixtures in stabilization of concrete wash 
water eliminates the dumping of water that is used to wash 
out a ready-mixed concrete truck drum while keeping the 
fins and inner drum clean. The process is relatively simple 
and involves the addition of low dosages of the extended-set 
admixture to the wash water to control the hydration of 
concrete stuck to the fins and inside the drum. The stabilized 
wash water may be included in the mixing water for fresh 
concrete that is batched the next day or after a weekend. The 
setting and strength development characteristics of concrete 
are not adversely affected by the use of stabilized wash 
water.

The use of extended-set admixtures to stabilize returned 
unhardened concrete has made it possible to reuse such 
concrete during the same production day or the next day 
in lieu of disposal. The dosage of extended-set admixture 
required depends on several factors that include the ambient 
and concrete temperatures, the ingredients used in the 
manufacture of the concrete, and the age of the concrete. 
Stabilized concrete is reused by batching fresh concrete on 
top of the stabilized concrete. In overnight applications, 
an accelerating admixture may be used to reinitiate the 
hydration process before adding fresh concrete. Increasingly, 
extended-set admixtures are being used for long hauls 
and to maintain slump and concrete temperature during 
transit, especially in warm weather. For this application, the 
extended-set admixture is added during or immediately after 
batching, and the required dosage is established based on the 
amount of retardation desired.

4.4—Type C, accelerating, and Type E, water-
reducing and accelerating admixtures

Accelerating admixtures are added to concrete to 
decrease both the initial and final time of set and accelerate 
the early strength development. Figure 1, which shows 
the relationship between temperature and setting time of 
concrete, specifically indicates why accelerating admixture 
formulations are needed.

The earlier setting time and increased early strength gain 
of concrete brought about by an accelerating admixture 
will result in a number of benefits, including reduced 
bleeding, earlier finishing, improved protection against early 
exposure to freezing and thawing, earlier use of structure, 
and reduction of protection time to achieve a given quality. 
Accelerating admixtures do not normally act as anti-freeze 
agents; therefore, protection of the concrete at early ages is 
required when freezing temperatures are expected.

Although calcium chloride is the most effective and 
economical accelerator for concrete, its potential to cause 
corrosion of reinforcing steel limits its use. ACI Committee 
318 limits the water-soluble chloride-ion content based 
on the intended use of the concrete and many government 
agencies prohibit its use.
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The following guidelines should be considered before 
using calcium chloride or chloride-bearing admixture:
• It should not be used in prestressed concrete because of 

its potential for causing corrosion;
• The presence of chloride ion has been associated with 

corrosion of galvanized steel such as when this material 
is used as permanent forms for roof decks;

• Where sulfate-resisting concrete is required, calcium 
chloride should not be used;

• Calcium chloride should be avoided in reinforced 
concrete in a moist condition. In non-reinforced 
concrete, the level of calcium chloride used should not 
exceed 2% by weight of cementitious material;

• Calcium chloride should be dissolved in a portion of 
mixing water before batching because undissolved 
lumps may later disfigure concrete surfaces;

• Calcium chloride precipitates most air-entraining agents 
so it must be dispensed separately into the mixture; and

• Field experience and laboratory tests have demonstrated 
that the use of uncoated aluminum conduit in reinforced 
concrete containing 1% or more of calcium chloride 
may lead to sufficient corrosion of the aluminum to 
collapse the conduit or crack the concrete.

Non-chloride accelerating admixtures are available that 
provide the benefits of an accelerating admixture without the 
increased risk of corrosion from chloride. Formulations based 
on salts of formates, nitrates, nitrites, and thiocyanates are 
available from admixture manufacturers. These nonchloride 
accelerators are effective for set acceleration and strength 
development: however, the degree of effectiveness of some 
of these admixtures is dependent on the ambient temperature 
and concrete temperature at the time of placement.

Some formulations will give protection against freezing to 
concrete placed in sub-freezing ambient temperatures, and 
form the basis of cold weather admixture systems (Section 
5.5). These nonchloride accelerating admixtures offer year-
round versatility because they are available to be used for 
acceleration purposes in cool weather and for sub-freezing 
protection.

4.5—High-range, water-reducing admixtures
High-range, water-reducing admixtures (HRWR), 

often called superplasticizers, serve a similar function to 
conventional water-reducing admixtures, but are much more 
efficient and can allow for reduced water contents of 30% or 
more without the side effect of excessive set retardation. By 
varying the dosage rate and the amount of mixing water, an 
HRWR admixture can be used to produce:
• Concrete of normal workability at a lower w/cm;
• Highly flowable, nearly self-leveling concrete at the 

same or lower w/cm as concrete of normal workability; 
and

• A combination of the two; that is, concrete of moderately 
increased workability with a reduction in the w/cm.

When used for the purpose of producing flowing concrete, 
HRWR admixtures facilitate both concrete placement and 
consolidation.

HRWR admixtures should meet the requirements of 
ASTM C494 for classification as Type F, high-range, 
water-reducing, or Type G, high-range water-reducing 
and retarding admixtures. When used to produce flowing 
concrete, they should also meet the requirements of ASTM 
C1017, “Standard Specification for Chemical Admixtures for 
Use in Producing Flowing Concrete,” Type 1, plasticizing, 
or Type 2, plasticizing and retarding admixtures. HRWR 
admixtures are organic products that typically fall into three 
families based on ingredients:
• Sulfonated melamine-formaldehyde condensate;
• Sulfonated naphthalene-formaldehyde condensate; and
• Polyether-polycarboxylates.

HRWR admixtures act in a manner similar to conventional 
water-reducing admixtures, except they are more efficient 
at dispersing fine-grained materials such as cement, fly 
ash, slag cement, natural pozzolans, and silica fume. The 
most widely used HRWR admixtures do not entrain air but 
may alter the air-void system. Concrete containing HRWR 
admixtures, however, may have adequate resistance to 
freezing and thawing even though the spacing factors may 
be greater than 0.2 mm (0.008 in.).2

A characteristic of some older HRWR admixtures is that 
their slump-increasing effect is retained in concrete for 30 
to 60 min. The amount of time that the concrete retains the 
increased slump is dependent upon the type and quantity 
of cement, the temperature of the concrete, the type of 
HRWR admixture, the dosage rate used, the initial slump 
of the concrete, the mixing time, and the thoroughness of 
mixing. Modern HRWR admixtures based on polyether-
polycarboxylate technology are different chemically and 
more effective than older HRWR admixtures. Polyether-
polycarboxylate HRWR admixtures also retard less and 
develop strength faster compared to the other HRWR 
admixture formulations. Because of their increased efficiency, 
polyether-polycarboxylate HRWRs have gained widespread 
acceptance, particularly in precast concrete applications and 
in making self-consolidating concrete, a high-performance 
concrete with high flowability that requires minimal or no 
vibration for consolidation. With some HRWR admixtures, 
it is possible to redose the concrete to regain the increased 
workability. HRWR admixtures that offer extended slump 
life are also commercially available.

HRWR admixtures can be used with conventional water-
reducing admixtures or retarding admixtures to reduce 
slump loss and stickiness, especially in silica-fume concrete 
mixtures. These combinations of admixtures may also cause 
unanticipated or excessive set retardation, so trial batches 
should be performed.

The strength of hardened concrete containing HRWR 
admixtures is normally higher than that predicted by the 
lower w/cm alone. As with conventional admixtures, this 
is believed to be due to the dispersing effect of HRWR 
admixtures on the cement and other cementitious or 
pozzolanic materials. Because the w/cm of mixtures 
containing HRWR admixtures is typically low, shrinkage 
and permeability may also be reduced and the overall 
durability of the concrete may be increased.
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A good summary of benefits and limitations for this 
class of admixtures can be found in National Ready Mixed 
Concrete Association (NRMCA) Publication No. 158, 
“Superplasticizers in Ready Mixed Concrete.”

4.6—Mid-range, water-reducing admixtures
Water-reducing admixtures that provide moderate 

water reduction without significantly delaying the setting 
characteristics of concrete are also available. These 
admixtures provide more water reduction than most 
conventional (Type A) water-reducing admixtures but 
not enough to be classified as high-range, water-reducing 
admixtures (Type F). As a result, they are often referred to 
as mid-range, water-reducing admixtures. These admixtures 
can help reduce stickiness and improve finishability and 
pumpability of concrete including concrete containing silica 
fume, or concrete made with manufactured or harsh sand. 
Mid-range, water-reducing admixtures are typically used in 
a slump range of 125 to 200 mm (5 to 8 in.) and may entrain 
additional air. Therefore, evaluations should be performed 
to establish air-entraining admixture dosage for a desired air 
content.

4.7—Admixtures for self-consolidating concrete
Self-consolidating concrete (SCC) describes a specialized, 

high-slump concrete mixture able to flow and consolidate 
under its own weight with little or no vibration and without 
segregation or excessive bleeding. SCC is useful for placing 
concrete through heavily congested reinforcement and 
for building structures that require very smooth formed 
surfaces. The properties of SCC are made possible through 
a combination of admixture selection and an increase in 
the fines content compared to normal slump concrete. 
SCC mixtures usually contain a polyether-polycarboxylate 
HRWR admixture (Section 4.5) to provide the required 
slump and flow. Higher levels of fines are used to increase 
cohesiveness and prevent segregation and bleeding in 
the highly plasticized concrete, although alternatively a 
viscosity modifying admixture (VMA) can be used to 
increase stability (see Section 5.4). SCC may contain other 
categories of admixtures, depending on the application.

4.8—Admixtures for slump and workability 
retention

Admixtures that provide slump and workability retention 
without affecting the initial time of set of concrete or 
early-age strength development, as is the case with retarding 
admixtures, are available in the industry. On their own, 
these workability-retaining admixtures have minimal 
effect on water reduction and can be used in combination 
with normal, mid-range, or high-range, water-reducing 
admixtures to provide desired levels of workability retention 
in concrete mixtures, in particular, high-slump concretes 
or SCC mixtures. Workability-retaining admixtures should 
meet the Type S requirements in ASTM C 494.

CHAPTER 5—SPECIALTy ADMIXTURES

5.1—Corrosion-inhibiting admixtures
Reinforcing steel corrosion is a major concern with regard 

to the durability of reinforced concrete structures. Each 
year, numerous bridges, parking garages, and other concrete 
structures undergo extensive repair and rehabilitation to 
restore their structural integrity as a result of corrosion 
damage.

The high alkalinity of new concrete protects reinforcement 
from corrosion due to the formation of a corrosion resistant 
passive layer at the surface of the steel. However, this 
passive layer can be destabilized in concrete contaminated 
by chlorides, which allows corrosion to begin if there is 
sufficient moisture and oxygen present at the surface of the 
steel. Chlorides can be introduced into concrete from deicing 
salts that are used in winter months to melt snow or ice, from 
seawater, or from the concrete mixture ingredients.

There are several ways of combating chloride-induced 
corrosion, one of which is the use of corrosion-inhibiting 
admixtures. These admixtures are added to concrete during 
batching and they protect embedded reinforcement by 
delaying the onset of corrosion and also by reducing the rate 
of corrosion after initiation. There are several commercially 
available inhibitors on the market. Active ingredients include 
inorganic materials such as calcium nitrite, and organic 
materials such as amines and esters. Calcium nitrite resists 
corrosion by stabilizing the passive layer in the presence of 
chloride ions. However, the dose of calcium nitrite must be 
sufficient for the level of chloride contamination. Organic 
inhibitors function by forming a protective film at the surface 
of the steel to help resist moisture and chemical attack. As 
with all admixtures, the manufacturer’s recommendations 
should be followed with regard to dosage.

Although corrosion inhibiting admixtures can help resist 
corrosion, these admixtures are intended to compliment, 
rather than replace, proper mixture proportioning and 
good concrete practices. For example, corrosion resistance 
can also be increased by reducing the permeability of the 
concrete through the use of low w/cm (possibly with the aid 
of a HRWR admixture, Section 4.5) or with a permeability 
reducing admixture (Section 5.6). Some available corrosion 
inhibitors will accelerate the time of set in concrete and 
therefore retarding admixtures may be necessary to improve 
working time. Adjustments to batch water are usually 
necessary, depending on the dosage, to ensure that maximum 
water content for the mixture is not exceeded.

5.2—Shrinkage-reducing admixtures
The loss of moisture from concrete as it dries results 

in a volume contraction called drying shrinkage. Drying 
shrinkage tends to be undesirable when it leads to cracking 
due to either internal or external restraint, curling of floor 
slabs, and excessive loss of prestress in prestressed concrete 
applications. The magnitude of drying shrinkage can be 
reduced by minimizing the unit water content of a concrete 
mixture, using good-quality aggregates, and using the 
largest coarse aggregate size and content consistent with 
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the particular application. In addition, admixtures have been 
introduced to help further reduce drying shrinkage. These 
are based on organic materials such as propylene glycol or 
related compounds that reduce the surface tension of water 
in the capillary pores of concrete, thereby reducing the 
tension forces within the concrete matrix that lead to drying 
shrinkage. This mode of action should not be confused 
with shrinkage-compensating materials such as expansive, 
or Type K, cements. Manufacturer’s recommendations 
should be followed with regard to dosage and suitability 
of shrinkage-reducing admixtures for use in freezing-and-
thawing environments.

5.3—Admixtures for controlling alkali-silica 
reactivity

Alkali-silica reactivity (ASR) is a destructive reaction 
between soluble alkalis in concrete and reactive silica in 
certain types of aggregate. Reactive forms of silica will 
dissolve in the highly alkaline pore solution, and then react 
with sodium or potassium ions to produce a water-absorptive 
gel that expands and fractures the concrete. The reaction is 
typically slow and is dependent on the total amount of alkali 
present in the concrete, the reactivity of the aggregates, 
and the availability of moisture. ASR can be mitigated by 
using low-alkali cement, sufficient amounts of pozzolans 
or slag cement, and if economically feasible, non-reactive 
aggregates. Alternatively, ASR can be mitigated by using 
lithium-based chemical admixtures. Lithium compounds 
are effective at reducing ASR because if lithium ions are 
present in a sufficient ratio to sodium and potassium, they 
will preferentially react with silica to form non-absorptive 
lithium silicates. The required dose of lithium admixture 
is calculated based on the alkali content of the concrete to 
supply the correct ratio of lithium to other alkalis. Lithium 
admixtures can accelerate the time of set in concrete. 
Commercially available retarding admixtures are used when 
increased working time is needed.

5.4—Admixtures for underwater concrete
Placing concrete underwater can be particularly 

challenging because of the potential for washout of the cement 
and fines from the mixture, which can reduce the strength 
and integrity of the in-place concrete. Although placement 
techniques, such as tremies, have been used successfully 
to place concrete underwater, there are situations where 
enhanced cohesiveness of the concrete mixture is required, 
necessitating the use of an antiwashout or viscosity-
modifying admixture (VMA). Some of these admixtures are 
formulated from either cellulose ether or whelan gum, and 
they work simply by binding excess water in the concrete 
mixture, thereby increasing the cohesiveness and viscosity 
of the concrete. The overall benefit is a reduction in washout 
of cement and fines, resistance to dilution with water as 
the mixture is placed, and preservation of the integrity of 
the in-place concrete. Another use of VMAs is to prevent 
segregation in high-slump concrete, SCC, or mixtures 
deficient in fines. Proper placement techniques should 

be followed even with concrete treated with a VMA or 
antiwashout admixture.

5.5—Admixture for cold weather
As described in ACI 212.3R-10, cold-weather admixtures 

systems have been developed that allow concrete to be placed 
and cured in subfreezing temperatures. The requirements for 
these systems are described in ASTM C1622, “Standard 
Specification for Cold-Weather Admixture Systems.” 
Freeze-resistant admixtures suppress the freezing point of 
concrete and permit placement and curing of the concrete 
below the freezing point of water. These admixtures will 
usually contain a non-chloride accelerating admixture (Type 
C), but will use a much higher dose than what would be 
used for concrete placed at temperatures above freezing. 
Other components may include water-reducing admixtures 
(Types A, E, or F), and other materials found to depress 
the freezing point of water, including corrosion-inhibiting 
admixtures (Section 5.1) or shrinkage-reducing admixtures 
(Section 5.2). Despite the cold weather, some systems will 
use a set-retarding admixture (Type B or D) to avoid early 
stiffening of the concrete due to the high level of accelerating 
admixture. Due to the variability in systems available, 
each system should be evaluated for properties important 
to construction, such as slump, working time, stability of 
entrained air, finishing properties, setting time and strength 
gain.

5.6—Permeability-reducing admixtures
The penetration of water and water-borne chemicals is 

the root cause of most of the destructive mechanisms that 
damage concrete. Additionally, the penetration of water 
through concrete can compromise interior living spaces, 
contaminate potable water reservoirs, or allow contaminated 
water to escape into the environment. Water can enter 
concrete though the network of pores and capillaries that 
forms during cement hydration, or through cracks and 
other voids in the concrete. Therefore, almost all concrete 
structures require protection from water. Common methods 
of protection include the application of surface applied 
sealers and membranes that act as a physical barrier between 
the concrete and the source of water. Increasingly, concrete 
structures are being designed with permeability-reducing 
admixtures (PRAs) to resist water penetration, in which the 
protection becomes an integral part of the concrete itself 
rather than just a surface barrier.

There is a wide variety of PRAs available, and it is 
important to match the properties of an admixture to the 
actual service conditions. For this reason, ACI 212 divides 
PRAs into two categories: permeability-reducing admixture 
for hydrostatic conditions (PRAH), and permeability-
reducing admixture for non-hydrostatic conditions (PRAN).

PRAHs are primarily intended for use in concrete that 
is exposed to water under pressure and are sometimes 
called waterproofing admixtures. They provide the highest 
level of water resistance and are suitable for permanently 
damp or submerged environments. Typical applications 
include concrete installed underground, pools, tunnels, and 
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water reservoirs. To resist water under pressure, PRAHs 
use a pore blocking mechanism that is stable even under 
high hydrostatic pressure. Materials include hydrophilic 
crystalline chemicals that react with cement and water 
to grow pore blocking deposits or polymer globules that 
pack into pores under pressure. In the case of crystalline 
admixtures, the admixture can reactivate in the presence of 
incoming water (such as though a crack) and generate new 
deposits that increase the self-sealing capacity of cracked, 
leaking concrete. It is important to test PRAHs using 
methods that apply direct water pressure to the concrete. 
Suitable methods include the US Army Corps of Engineers 
CRD-C48, “Standard Test Method for Water Permeability 
of Concrete,” or the European test methods BS EN 12390-8, 
“Testing Hardened Concrete. Depth of Penetration of Water 
Under Pressure,” and DIN 1048-2, “Testing Concrete: 
Testing of Hardened Concrete Components.”

PRANs are intended for applications that are not 
subject to hydrostatic pressure, and are sometimes called 
dampproofing admixtures. Most PRANs contain water 
repellent chemicals that shed water and reduce water 
absorption into the concrete. Water repellent ingredients 
can include various soaps, oils, and long chain fatty acid 
derivatives. Other PRANs are based on finely divided solids 
such as talc, bentonite, colloidal silica, and silicates. These 
fillers reduce water migration through pores, although not 
to the same degree as a PRAH, and are sometimes called 
densifiers. PRANs can be tested using non-hydrostatic 
absorption test methods such as ASTM C1585, “Standard 
Test Method for Measurement of Rate of Absorption of 
Water by Hydraulic-Cement Concretes,” and BS EN 1881-
122, “Testing Concrete Part 122: Method for Determination 
of Water Absorption.” Note that these absorption tests are 
not reliable for evaluating PRAHs because they do not apply 
water under pressure.

The use of a PRA will not compensate for poor concrete 
practices. The concrete must be fully consolidated and 
properly cured. The PRA manufacturer should be consulted 
regarding proper selection and use.

CHAPTER 6—ADMIXTURE DISPENSERS

6.1—Industry requirements and dispensing 
methods

The subject of liquid admixture dispensers covers the 
entire process from storage at the producer’s plant to 
introduction into the concrete batch before discharge. Their 
operation may be separated into four functions:

1. The dispenser transports the admixture from storage to 
the batch;

2. The dispenser measures the quantity of admixture 
required;

3. The dispenser provides verification of the volume 
dispensed; and

4. The dispenser injects the admixture into or onto the 
batch.

These are the basic functions. In practice, some of the 
functions may be combined, for example, measurement and 
verification. For reliability, the functions may be interlocked 
to prevent false or inaccurate batching of the admixture and 
to dispense the admixture in the optimal sequence in the 
concrete production process.

6.2—Accuracy requirements
Standards of operation for admixture dispensers are 

specified by scientific groups, concrete producers’ trade 
organizations, and government agencies with authority over 
concrete production contracts.

The NRMCA and ASTM C94, “Standard Specification 
for Ready-Mixed Concrete,” specify a batching tolerance of 
3% of the required volume or the minimum recommended 
dosage rate per unit of cement, whichever is greater.

6.3—Application considerations and compatibility
Admixture dispensing systems are complex, using parts 

made of different materials. Therefore, the admixture 
dispensed through this system should be chemically and 
operationally compatible with these materials.

The basic rules of application and injection are that the 
admixtures should not be mixed together. Table 3 contains 
some suggested practices for admixture sequencing. Other 
sequencing practices may be used if test data supports the 
practice.

6.4—Field and truck mounted dispensers
For a number of reasons, some admixtures are dosed at 

the jobsite. This could be because the mixture contains a 
high dosage of accelerator or the placing contractor has an 
admixture not supplied by the concrete producer. In these 
cases, the use of a truck-mounted dispenser in the form of 
a calibrated storage tank can be used. The tank is usually 
charged with the admixture at the same time the concrete 
is loaded. The contractor can request an increase in slump 
by injection of a HRWR admixture, and the driver will 
dispense the required amount into the turning drum. The 
volume dispensed will be recorded on the delivery ticket. 
The injection should be performed under pressure through 
a spray nozzle to thoroughly disperse the admixture into 
the drum. Field dispensers, consisting of a measuring unit, 
pump, and dosing wand can also be used at the job site.

Table 3—Suggested Admixture Sequencing 
Practices

ADMIXTURES INJECTION SEQUENCE

Air-entraining admixture With early water or on sand

Water-reducing admixtures Follow air-entraining solution

Accelerating admixtures
With water, do not mix with 
air-entraining
admixture

High-range, water-reducing
admixtures

With the last portion of the water at the
batch plant

Polycarboxylate high-range,
water-reducing admixtures

With early water or with the last 
portion of the water at the batch plant

Other admixtures types Consult manufacturer
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6.5—Dispenser maintenance
It is incumbent on the concrete producer to take as great 

an interest in the admixture dispensing equipment as in the 
rest of the batch plant. Operating personnel should be trained 
in the proper operation, winterization, maintenance, and 
calibration of admixture dispensers. Spare parts should be 
retained as needed for immediate repairs. Regular cleaning 
and calibration of the systems should be performed by 
qualified internal personnel or by the admixture supplier’s 
service representative. Admixtures have too powerful an 
influence on the quality of the concrete produced for their 
dispensing to be given cursory attention.

CHAPTER 7—CONCLUSION
Chemical admixtures have become a very useful 

and integral component of modern concrete practices. 
Admixtures are not a panacea for every ill the concrete 
producer, architect, engineer, owner, or contractor faces 
when dealing with the many variables of concrete, but 
they do offer significant improvements in both the plastic 
and hardened state to all concrete. Continued research and 
development will provide additional reliability, economy, 
and performance for creating sustainable concrete.

CHAPTER 8— REFERENCES

8.1—Cited references
1. ACI, “ACI Concrete Terminology,” American Concrete 

Institute, Farmington Hills, MI, http://terminology.concrete.
org.

2. Ramachandran, V. S., “Concrete Admixtures Handbook: 
Properties, Science, and Technology,” 2nd Edition, 1995, 
pp. 472-474. [AU1:  ]

8.2—List of relevant ASTM standards
C94 Standard Specification for Ready-Mixed Concrete
C138 Standard Test Method for Density (Unit Weight), 

Yield, and Air Content (Gravimetric) of Concrete
C143 Standard Test Method for Slump of Hydraulic-

Cement Concrete
C150 Standard Specification for Portland Cement
C173 Standard Test Method for Air Content of Freshly 

Mixed Concrete by the Volumetric Method
C231 Standard Test Method for Air Content of Freshly 

Mixed Concrete by the Pressure Method
C260 Standard Specification for Air-Entraining 

Admixtures for Concrete
C494 Standard Specification for Chemical Admixtures for 

Concrete
C869 Standard Specification for Foaming Agents Used in 

Making Preformed Foam for Cellular Concrete
C937 Standard Specification for Grout Fluidifier for 

Preplaced-Aggregate Concrete
C979 Standard Specification for Pigments for Integrally 

Colored Concrete
C1012 Standard Test Method for Length Change of 

Hydraulic-Cement Mortars Exposed to a Sulfate Solution
C1017 Standard Specification for Chemical Admixtures 

for Use in Producing Flowing Concrete
C1141 Standard Specification for Admixtures for 

Shotcrete
C1157 Standard Performance Specification for Hydraulic 

Cement
D98 Standard Specification for Calcium Chloride
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As ACI begins its second century of advancing concrete knowledge, its original chartered purpose  
remains “to provide a comradeship in finding the best ways to do concrete work of all kinds and in  
spreading knowledge.” In keeping with this purpose, ACI supports the following activities:

· Technical committees that produce consensus reports, guides, specifications, and codes.

· Spring and fall conventions to facilitate the work of its committees.

· Educational seminars that disseminate reliable information on concrete.

· Certification programs for personnel employed within the concrete industry.

· Student programs such as scholarships, internships, and competitions.

· Sponsoring and co-sponsoring international conferences and symposia.

· Formal coordination with several international concrete related societies.

· Periodicals: the ACI Structural Journal and the ACI Materials Journal, and Concrete International.

Benefits of membership include a subscription to Concrete International and to an ACI Journal. ACI  
members receive discounts of up to 40% on all ACI products and services, including documents, seminars  
and convention registration fees.

As a member of ACI, you join thousands of practitioners and professionals worldwide who share a  
commitment to maintain the highest industry standards for concrete technology, construction, and  
practices. In addition, ACI chapters provide opportunities for interaction of professionals and practitioners 
at a local level.

American Concrete Institute
38800 Country Club Drive
Farmington Hills, MI 48331
U.S.A.
Phone: 248-848-3700
Fax: 248-848-3701

www.concrete.org

American Concrete Institute®

Advancing concrete knowledge
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Η Ιστορία…

Η PENETRON INTERNATIONAL αναγνωρίζεται ως παγκόσμιος ηγέτης των τεχνολογιών ανάπτυξης 
κρυστάλλων στο σκυρόδεμα, με εφαρμογές στον τομέα της στεγανοποίησης, προστασίας & επισκευ-
ής, αλλά και της ανθεκτικότητας του σκυροδέματος.
Με έδρα το Long Island της Νέας Υόρκης (άποψη των κεντρικών γραφείων-1η αριστερά φωτογρα-
φία), η εταιρεία ιδρύθηκε το 1979 και, επί τέσσερις δεκαετίες, τα προϊόντα της οικογένειας Penetron 
έχουν καθιερώσει την παγκόσμια φήμη τους, καλύπτοντας και τις πιο απαιτητικές προδιαγραφές 
έργων ανά τον κόσμο, σε πάνω από 60 χώρες. Στα πλαίσια της παγκόσμιας ανάπτυξης, από τον 
Νοέμβριο του 2006, δημιουργήθηκε στην Αθήνα η PENETRON HELLAS, θυγατρική της PENETRON 
INTERNATIONAL (στην 2η αριστερά φωτογραφία διακρίνονται τα γραφεία στις Αχαρνές Αττικής). Η 
νέα αυτή θυγατρική εταιρεία, καλύπτει την ευρύτερη περιοχή της Νοτιοανατολικής Ευρώπης, τόσο 
σε θέματα διανομής των προϊόντων Penetron, όσο και στην ανάπτυξη και τεχνική υποστήριξη των 
τεχνολογιών της εταιρείας. Τον Μάιο του 2016, η PENETRON HELLAS επεκτείνεται πλησίον και 
σε δεύτερη εγκατάσταση, που περιλαμβάνει το νέο Κέντρο Διακίνησης Νοτιοανατολικής Ευρώπης, 
αλλά και την καινοτόμο Ακαδημία Εκπαίδευσης, με το Κέντρο Τεχνικής Υποστήριξης (3η φωτογραφία 
αριστερά).

Πιστοποιήσεις

H PENETRON HELLAS από τον Ιανουάριο του 2012 φέρει πιστοποίηση Ολικής Ποιότητας (TotalQuality): 
ISO 9001, ISO 14001 και ELOT 18001 (OHSAS). 
Στο επίπεδο της παραγωγής, οι υψηλές απαιτήσεις ποιοτικού ελέγχου στις υπερσύγχρονες εγκατα-
στάσεις της PENETRON INTERNATIONAL έχουν κερδίσει την πιστοποίηση ISO 9001 και ISO 14001.

10 χρόνια στην Ελλάδα
και 4 δεκαετίες στον διεθνή τομέα 
των χημικών για δομικές κατασκευές

Εξελιγμένα 
Συστήματα 
Στεγάνωσης  
& Προστασίας

PENETRON HELLAS Ε.Π.Ε.
Θρακομακεδόνων 50-52
136 79 Αχαρνές 
Τηλ: 210 2448250
Fax: 210 2476803
info@penetron.gr 
www.penetron.gr
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Ο βασικός στόχος της εταιρείας μας, τα 10 αυτά 
χρόνια που πέρασαν, παραμένει ακριβώς ο ίδιος! 
Ακολουθώντας την λαμπρή παγκόσμια πορεία της 
μητρικής PENETRON INTERNATIONAL, θέλουμε 
και η PENETRON HELLAS, να διαδραματίσει, στην 
ευρύτερη περιοχή της Νοτιοανατολικής Ευρώπης, 
σημαντικό ρόλο, στον τομέα των χημικών τεχνο-
λογιών για τις κατασκευές, όπως με τα 3ης γενιάς 
προϊόντα ανάπτυξης κρυστάλλων σε σκυρόδεμα. 
Στόχος μας τώρα είναι η περαιτέρω ενδυνάμωση, 
του υφιστάμενου δικτύου συνεργατών διανομής & 
τεχνικής υποστήριξης, σε όλη την Νοτιοανατολική 
Ευρώπη, με παράλληλη ανάπτυξη της γκάμας των 
συστημάτων, για την καλύτερη κάλυψη των εφαρ-
μογών και των απαιτήσεων της αγοράς.

Όλα αυτά, σε ένα περιβάλλον, που η εταιρεία μας 
προσπαθεί να προστατεύσει, ακολουθώντας «πρά-
σινες» τεχνολογίες, ανακύκλωση, ασφάλεια εργασί-
ας, πρότυπα και πιστοποιημένες διαδικασίες, που 
εγγυώνται την διατήρηση του οικοσυστήματος, 
την ασφάλεια των εργαζομένων και τη διασφάλιση 
συστημάτων φιλικών προς τον τελικό χρήστη. Ση-
μαντικό ρόλο στο έργο μας και στην επιτυχία του 
παίζουν τα στελέχη και όλοι οι συνεργάτες μας. Η 
εταιρεία μας θέλει να δημιουργήσει, για όλους αυ-
τούς, νέες θέσεις απασχόλησης, ένα ασφαλές και 
δημιουργικό περιβάλλον εργασίας, ευκαιρίες καριέ-
ρας, αλλά και ανθρώπινες καθημερινές σχέσεις. Οι 
νέες μας επιπρόσθετες εγκαταστάσεις, στις Αχαρ-
νές, που περιλαμβάνουν, το νέο Κέντρο Διακίνησης 
Νοτιοανατολικής Ευρώπης, αλλά και την πρότυπη 
Ακαδημία Εκπαίδευσης με το Κέντρο Τεχνικής Υπο-
στήριξης, θα ενδυναμώσουν το έργο μας και θα ανε-
βάσουν ψηλά το επίπεδο παροχής υπηρεσιών της 
εταιρείας μας.

Είμαι προσωπικά υπερήφανος για τα αποτελέσμα-
τα της δεκαετίας που πέρασε και που, παρά τις 
αντίξοες οικονομικές συνθήκες και την συνεχιζό-
μενη κρίση, η εταιρεία μας συνεχίζει, δημιουργικά 
και ανερχόμενα το έργο και τα επιτεύγματά της!

«Αποδεχόμαστε τις προκλήσεις, μας τρέφει η ευ-
γενής άμιλλα και δυναμώνουμε από τις δυσκολίες 
και τις υψηλές απαιτήσεις των στόχων μας»

Θοδωρής Μεντζικοφάκης
Γενικός Διευθυντής/Διαχειριστής
Μέτοχος Επένδυσης
PENETRON HELLAS

Πορεία

Από την συνάντηση του CEO και προέδρου της PENETRON INTERNATIONAL,  
κ. Robert Revera, με τον κ. Θοδωρή Μεντζικοφάκη (έμπειρου στελέχους τότε, στην αγο-
ρά των Χημικών για Κατασκευές), στην Διεθνή Έκθεση Δόμησης SAIE 2006, στην Ιτα-
λία, (1η άνω φωτογραφία), όπου συμφώνησαν την ίδρυση της PENETRON HELLAS, μέχρι 
και φέτος, στον εορτασμό των 10 χρόνων της εταιρείας (2η άνω φωτογραφία), πολλά 
έχουν επιτευχθεί και μας προετοιμάζουν για ακόμη περισσότερα, όπως δήλωσε ο πρό-
εδρος του ομίλου.

Ο κ. Jozef Van Beeck, Διευθυντής διεθνών πωλήσεων και marketing του ομίλου και μέ-
λος της διοικητικής ομάδας της PENETRON INTERNATIONAL (3η άνω φωτογραφία), 
δήλωσε και αυτός, πως οι επιτυχίες της PENETRON HELLAS, σε ένα τόσο δύσκολο πα-
γκόσμιο, αλλά και τοπικό επιχειρησιακό περιβάλλον, αναδεικνύουν την αποτελεσματι-
κότητα της Ελληνικής ομάδας, αλλά και την δυναμική που αναπτύσσει η εταιρεία σε πα-
γκόσμιο επίπεδο, τα τελευταία χρόνια.

Η ανάπτυξη της εταιρείας, με την θέσπιση συνεργατών, εκτός του διευρυμένου δικτύ-
ου της Ελλάδος, σε Κύπρο και σε όλες τις Βαλκανικές χώρες, ολοκληρώνει τον κύκλο 
του δικτύου διανομής και της τεχνικής υποστήριξης στην ευρύτερη περιοχή.

Προϊόντα & Τεχνολογίες

PENETRON HELLAS

2006-2016

10 YE
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