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Experimental contentExperimental content
Measurements
•Adsorption isotherms

•Non-evaporable water
•Strength
•E-modulus
•Heat of hydration
•Heat of water adsorption
•Freezing dilation
•Drying shrikaage
•Termal deformation
•Permeability

(1st, 2nd, 3rd, ad- & desorption + partial)

Parameters
•w/c
•Age
•Cement type
•Curing conditions



Sorption isotherm experimentSorption isotherm experiment
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Sorption isothermSorption isotherm
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Experimental resultsExperimental results
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Phases of water in cement pastePhases of water in cement paste



Key figures in Powers’ modelKey figures in Powers’ model

Non-evaporable water
~ 0.23 g/g cement reacted

Gel water
~ 0.19 g/g cement reacted

Chemical shrinkage
~ 6.4 ml/100 g cement reacted



33--D packing of identical spheresD packing of identical spheres
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Formulas in Powers’ ModelFormulas in Powers’ Model

Vc.s = 0.2·(1-p)·α

Vc.w = p - 1.3·(1-p)·α

Vg.w = 0.6·(1-p)·α

Vg.s  = 1.5·(1-p)·α

Vc  = (1-p)·(1-α)

p = w/c + ρw/ρc

w/c ρw =1000 kg/m3 ρc =3150 kg/m3

= ρc·6.4·10-5·(1-p)·α

= p - (ρc/ρw )·(0.19+0.23)·(1-p)·α

= (ρc/ρw)·0.19·(1-p)·α

= (1-ρc·6.4·10-5+(ρc/ρw)·0.23)·(1-p)·α



Powers’ ModelPowers’ Model
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Degree of hydrationDegree of hydration
α=Σiwi·αi



Stability of reaction productsStability of reaction products
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Chemical shrinkage of componentsChemical shrinkage of components
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Water bound in cement pasteWater bound in cement paste
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The true volumesThe true volumes
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Hydration indicatorsHydration indicators
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•Non-evaporable water

•Chemical shrinkage
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Key figures in Powers’ modelKey figures in Powers’ model

Non-evaporable water
~ 0 g/g silica fume reacted

Gel water
~ 0.6 g/g silica fume reacted

Chemical shrinkage
~ 24 ml/100 g silica fume reacted
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