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The MULTIPHASE system

Concrete is treated as a porous solid and
porosity is denoted by U so that the volume
fraction occupied by the solid skeleton is
B=1-U.

The rest of the volume is occupied by the
liquid water (U); and the gaseous phase (19).

wAnhydrous cementCs
wAggregatesAs
wHydrates:Hs

wWater vapourWg
wDry air:Ag

1 Gaseous phase
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Mass balance equations: SOLID PHASE [ s ]
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Mass balance equations: LIQUID PHASE [ | ]
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Governing equations
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The hydration model

hydr
— My Degree of reaction
hydr hydration advancement
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with:  mg"  chemically combined water mass at time t

hyd . . .
m™  chemicalyc ombi ned water mass at tir
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Arrhenius type law with the rate of hydration is a function of:
AHydration degree ~ o
Arelative humidity ad _ a E
Aa) 0 ) EXPge
Atemperature dt i)~ ¢ RT
K

with: A, chemical affinity
by  function of relative humidity [0 T 1]
E activation energy
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Volume fractions of phases during hydration

T.C. Power modelEnhanced by Jensen and Hansen to account silica fume, 2001)

Chemical shrinkage:
Capillary water:

Gel water:

Gel solid:

Cement:

Silica fume:
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= Cement paste

A Porosity function
A Selfdesiccation

A Autogenoushrinkage
obtained fronstochiometry

w, c ands are respectively the masses of water, cement and silica fume present in a cubic

meter of concrete.
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Hydration-dependent desorption isotherm

Experimental results for w/c impact

Porosity evolution
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Visco-elastic damageable model
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Cement Paste

Hydration
shell

Capillary pore

Solid pressure
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Effective stress
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Mechanical properties vs hydration degree

De Schutter type equation*;
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The damage model

Tensile branch of the t-e relationship (J. Mazars)

N

)

4 ) /
Stress 3 D=1 %expé B(E-g) @
[MPa] 5 | Damage criterion: f =& -¢
. I with &= [la), o), ¥ (&), (&)
0 410 2-16
Strain {]
/ / o a 1 0 éN i i
Oy = [) tde= faee2 +— 9 Regularization
c2 B &m?
f
_ t
_ G, fracture energy B = X |
gft - .. G t I
|, —_finite element it oE
k characteristic length E

~




The damage model
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ConCrack Benchmark*

Cnrck.o'rg

RG8Large specimen with restrained shrinkage

DESCRIPTIGDF THE TEST

Thelongitudinal strainsof the structure are globally
restrainedby two struts.

-Duringthe first 2 daysafter the cast,the structureis
isolated

-Thenthe isolation and the formwork are removed
and the structure is conservedduring 2 months in
the environment

-Therefore after this two months, the structure is
submittedto a staticbendingtest.

*ConCrac(QOll) is an international benchmark fora€@macking in reinforced concrete struc

This benchmark is part of the national FrencB p@ffgodomportemeet Evaluation d@sivrageSpeciauxisa-vis de la
fissuratioat duretrait dedicated to the analysis of the behaviour of special construction works concerning crackir CEQﬁ.fl‘ ge.


http://www.ceosfr.org/

ConCrack Benchmark

From the left to the right: image of the structure, finite element mesh of the concrete and of the reinforcement
bars (a). Adiabaticalorimetryi S& G o000 ® 9@2f dziA2y 2 7F Aitkgbnoyudd)anddla Y i
(e) shrinkage tests. Loss of mass test (f). Loss of mass versus drying shrinkage (Q).



