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Stuttgart Pavilion Stuttgart Pavilion 

Fiber reinforced concrete
Span: 31 m

Shell Thickness: 15 mm
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AutogenousAutogenous conditions conditions -- DefinitionDefinition

• Sealed

• Constant temperature

• Unrestrained



Terminology Terminology -- confusionconfusion
Autogenous deformation

Autogenous shrinkage
Autogenous volume change
Autogenous length change

Indigenous shrinkage
Endogenous shrinkage

Hydration shrinkage
Self-desiccation shrinkage
Chemical shrinkage
Bulk chemical shrinkage
External chemical shrinkage



TerminologyTerminology

Autogenous deformation

Autogenous RH-change

Self-desiccation
shrinkage

Expansion due
to salts

RH-change due
to dissolved
salts

Self-desiccation

Deformation due to
external loads

Thermal deformation

Carbonation shrinkage



Powers’ ModelPowers’ Model

pores

capillary water

gel water

gel solid

cement

w/c > 0.42

V
ol

um
e

Degree of Hydration
0

1

0 1

Sealed system

cement

capillary water
gel water

gel solid

pores

w/c < 0.42

0 1
Degree of Hydration

V
ol

um
e

αmax
0

1
Sealed system



Sorption isotherms Sorption isotherms -- schematicschematic
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SchematicSchematic
crosscross--sectionsection
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Volume reduction during hydrationVolume reduction during hydration

Chemical shrinkage

Volume reduction

Autogenous deformation
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The Kelvin equationThe Kelvin equation
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A shrinkage mechanismA shrinkage mechanism
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AutogenousAutogenous strain strain –– linear techniquelinear technique

Corrugated moulds Corrugated moulds 



AutogenousAutogenous strainstrain
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InternalInternal microcrackingmicrocracking

5 mm

(Dela & Stang 2001)



AutogenousAutogenous deformationdeformation
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Measurement techniques of ASMeasurement techniques of AS

• Volumetric measurements

• Linear measurements



Volumetric measurementsVolumetric measurements
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(Justnes et al. 1996)



Volumetric vs. Linear Volumetric vs. Linear -- resultsresults

(Barcelo et al. 1999)



Volumetric vs. Linear measurementVolumetric vs. Linear measurement

• Measured volumetric strain much greater 
- 70 years of disagreement!

• Few comparisons on same materials 

• Many artifacts



Absorption from water bath (1)Absorption from water bath (1)
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Paste B: w/c 0.3 + 20%SF + 0.6%SAP 

Paste C: w/c 0.35

Permeable membranes!Permeable membranes!



Absorption from water bath (2)Absorption from water bath (2)
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AutogenousAutogenous relative humidityrelative humidity

(Jensen & Hansen 1988)

RotronicRotronic
HygroscopHygroscop DT DT 



AutogenousAutogenous relative humidityrelative humidity
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Nature ofNature of autogenousautogenous RHRH
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Long termLong term autogenousautogenous RHRH
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Clinker mineral hydration at reduced Clinker mineral hydration at reduced RHsRHs
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AutogenousAutogenous relative humidityrelative humidity
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Silica fumeSilica fume

Almost pure, amorphous SiO2
Typical particle size: 0.1 µm



Chemical shrinkage of componentsChemical shrinkage of components
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Effect of silica fumeEffect of silica fume



Approximate reaction equationsApproximate reaction equations

• Alite:
C3S + 3H ￫ 0.5C3S2H3 + 1.5CH

• Belite:
C2S + 2H ￫ 0.5C3S2H3 + 0.5CH

• Aluminate phase:
C3A + 6H ￫ C3AH6

• Ferrite phase:
C4AF + 2CH + 10H ￫ C3AH6 + C3FH6

• Silica fume:
S + 1.5CH ￫ 0.5C3S2H3



Long term component reactionLong term component reaction
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