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Overview presentation

* Introduction
e Concrete
» Concrete microscopy
» Cracks In concrete

» Cases of cracking and damage

» Healing of cracks in concrete
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Introduction Concrete

3 Cracking and healing in concrete 16 October 2009



Portland cement
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Isle of Portland: our reference
Naturally occurring limestone
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The Isle of Portland

-

6 Cracking and healing in concrete 16 October 2009




Clinker:
Si-source (e.g., clay) + CaCO5; => reactive Ca,Si product (hydraulic binder)

ENCI oven
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Introduction Concrete Microscopy
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Concrete microscopy:
polarisation and fluorescence microscopy (PFM)

* Kind of components / materials present
« Kind of cement or binder
« Kind of aggregate

* Mutual relationships: texture & structure
« Distribution
* Denstiy
» Air voids & open spaces
* Mutual interfaces & grain boundaries

« Changes in the material
« Cracking
 Dissolution & precipiration processes
* New formed minerals (gypsum, ettringite, carbonation, etc.)
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Sample preparation for PFM

« Drying and impregnate with fluorescent resin
¢ Saw/grind sections
* Polish thin section
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Concrete components in PFM

Coarse aggregate

Sand
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Type of cement (CEM I)

Cement

matrix —
< — Aggregate

Micro- ‘ \
cracks :

C,S

C,S — partially hydrated
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Type of cement (CEM IlI)

I~ Blast furnace slag
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Water/Cement ratio

CEM I 42.5: 1 month

w/c = 0.45 w/c = 0.50

Referentieplaatjes met verschillende wcf
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Introduction Cracks in Concrete
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Plastic settlement, bleeding
Plastic shrinkage

Drying shrinkage

Shrinkage
Carbonation shrinkage
Heat of hydration
Fire Shrinkable aggregates
\ Cracking
Structural \ | Surfac§ cracks. over an expanding core
loading Expansion  Corrosion of reinforcement

Freezel/thaw attack
Salt crystallization

Thermal gradients
Alkali-aggregate reaction

Formation of secondary phases
such as ettringite
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Structural loading
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Structural loading

Maastricht 2003
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Fire
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Fire Sound wall - Dordrecht
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Fire
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Fire: use of pp-fibres

Channels created by melted pp-fibers enhance escape of built-up vapour,
thus reducing vapour pressure in concrete and the risk of explosive spalling
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Fire: iIsotherms
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70- 80C
120-163TC
300-350C

450-500C

verdwijnen van ettringiet
verdwijnen van gips

oxidatie van Fe in toeslag en cementsteen t ot
hematiet -> roze-rood kleuring van beton

verdwijnen van portlandiet, Ca(OH)2

573 T laag- naar hoogkwarts overgang

> 800 € desintegratie van carbonaten, wittig-grijze

verkleuring van het beton

16 October 2009



Shrinkage
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Shrinkage —— omm

—T— 5mm

—— 10 mm

26 Cracking and healing in concrete 16 October 2009



Expansion: corrosion of reinforcement
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Expansion: corrosion of reinforcement
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Expansion: thermal gradients
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Expansion: thermal gradients
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Expansion: thermal gradients
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Expansion: alkali-silicate reaction (ASR)
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Expansion: alkali-silicate reaction (ASR)
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Expansion: alkali-silicate reaction (ASR)
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Expansion: alkali-silicate reaction (ASR)

What is needed for the reaction to occur?

« Sand/gravel with reactive components

 Alkalis
* Cement
« Sand / gravel
+ Additives, mixing water

* Water
« Without water no expansion

* Free Ca?*
» Na-gel is fluid, Ca?* causes hardening
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Expansion: alkali-silicate reaction
(ASR)
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Expansion: alkali-silicate reaction (ASR)

Type of aggregate:
Grains with quartz having a less well ordened crystal structure :

* Porous chert

» Chalcedone/Opaline glass

« Silicious limestone

* Mica-rich sandstone, siltstone
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Expansion: alkali-silicate reaction (ASR)
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Expansion: alkali-silicate reaction (ASR)

Difference in crystallinity (XRD)

Zandsteen, Lydiet,
Maas Maas

Idem(212) Idem(212)
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Expansion: alkali-silicate reaction (ASR)

Porous chert

Non-porous chert
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Expansion: Delayed ettringite formation (DEF)
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Delayed ettringite formation

Calcium Aluminate + Sulfate => Ettringite
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Deleterious ettringite in road bases
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Deleterious ettringite in road bases
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Deleterious ettringite in road bases
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Granulated blast furnace slag
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Self healing of cracks in concrete
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