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2/26 Context

Context : CEOS.frand Mefisto French national projects
Task 2 : Concrete structure behaviour under THM loading

i
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CEOS.FR

Projet National de R&D

Previous studies and simulation R

— Need to improve the prediction wfechanical M EM
properties at veryearly age

= Need to improve the modelling bf/dro-

mechanicalbehaviour (properties atarly age
andhysteresisphenomenon) =)
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> Use ofmulti-scale approach
to predicthydro-mechanical
properties according to
hydration prediction

_ _ MEFIST g
Laurie BUFFO-LACARRIERE 29 May 2012 SSCS2012 (Aix en Provence)




| — Principal of the multi-scale approac!

Il — Prediction of elastic properties

Il — Extension to the hydrc-mechanical properties
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4126 Principal of the multi-scale approach (1/111)

Multi-scale homogenisation for the prediction of elastic propdres
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5/26 Principal of the multi-scale approach (1/111)

Extension to the prediction of shrinkage

Multiphasic C-S-H C-A-H CH
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| — Principal of the multi-scale approacl!

Il — Prediction of elastic properties

Il — Extension to the hydrc-mechanical properties
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7126 Percolation based multi-scale approach (11/11)

Paste level x

’ -l —— calul E/C=0.3

Self consistent scheme & Pz + exp E/C=0.3
=> Percolation for solid fraction > 0.5 - \,\, - T e

d . 4 o + exp E/C=0.
Overestimation of the mechanical percolat £ 1Y LT —— caleul E/C=D5
for low W/C ratios \ - T
(interface between solid phases able to tran: ?"’“’J/ exp E/C=05

hydrostatic and shear stresses)

dedree of hydration

2 approaches in literature:

- Mechanical percolation algorithiorrenti et al. 2005], [Smilauer et al. 2006])
=> Unpercolated phases neglected even under hyaitasstresses
=> |mportant computing time (incompatibility withteucture calculation’

- Shape of inclusions (C-S-Hhanahuja et al. 2007]
=> Necessity to modify the shape to fit all W/Cicatesults

Approach proposedPercolation probability to separate solid phases into
cohesive or non-cohesive according to shear solicitations
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8/26 Percolation based multi-scale approach (11/11)

Introduction of the percolation probability

Physical considerations
= Mechanical percolation if solid phases linked with hydrates

% Percolation path

(kand p#0 on
the entire REV)

Pp
paste
09 / \

a\ .

a S -
O
O

|

Q (ki and pi # 0) =» Percolation probability

| | depends on hydration degr

degree of hydration

0,6

| | 1/m

05
0 O 0,2 0,3 0,4 _ a
2 _ P=| o
O Local solid contactbut no a
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9/26 Percolation based multi-scale approach (11/11)

Introduction of the percolation probability

Physical considerations
= Mechanical percolation if solid phases linked with hydrates
= “Bridge” effect of aggregates on percolation

. % e B
0.9 /|
/% o =D

=» Percolation probability
depends also on aggregate content

0.8 17 | | e 0 1/m
Only local cohesive clusters Percolation path by P = a 1
07  without aggregates  _ « bridging » clusters P~ q 1-
’ cr (09

‘l’ ‘ without aggregate:
| |

0,6 | |
05 | Percolatior_l pathby
0 O « bridging » 0.4
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10/26 Percolation based multi-scale approach (11/11)

Prediction of paste elastic properties

Without percolation

Multiphasic hydration model =
— calul E/C=0.3
20
-S-H C-A-H ' » exp E/C=03
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11/26

Percolation based multi-scale approach

(/1)

Conclusions on the multi-scale coupled method

3 levels with interactionsof mortar and concrete levels on paste
« Original percolation function for realistic prediction of percolation development
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| — Principal of the multi-scale approacl!

Il — Prediction of elastic properties

Il — Extension to the hydrc-mechanical properties
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13/26 Extension to the hydro-mechanical properties  (lll/11l)

Multiphasic C-S-H C-A-H_CH

hydration model Anhydrous

Sanc
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14/26 Extension to the hydro-mechanical properties

(/)

Assessment of Biot coefficient

Application of multi-scale method ondrained material

— Compressibility of water taken equal to zero in the homogenisation ofa

Application of multi-scale method on solidskeleton only
— Water and pore phases not taken into account in the —

homogenisation of paste

b
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15/26 Extension to the hydro-mechanical properties  (lll/11l)

Multiphasic C-S-H C-A-H CH
hydration model | AnhydrousCo WD
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Extension to the hydro-mechanical properties  (llI/11)

Modelling of water retention curves

Adsorption in cement based materials
= ForRH<75% : water in CSH2 Van Genuchten adsorption law

Sr ¢

0,8 A

0,6 A

0,4

0,2 -
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Water content in
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17/26 Extension to the hydro-mechanical properties  (lll/11l)

Modelling of water retention curves

Adsorption in cement based materials
= ForRH>95% : over-hygroscopic domainvater in large poresand cracks)

ST Water in large
pores and cracks
0,8 |- — — =
0,6 — | . e .
| | | | Limit of the hygroscopic
:  oro
0.4 i domain (RH=95%)
\ |
: . Water content in
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hydration model)

Van Ge:énuchten Iaitw
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18/26 Extension to the hydro-mechanical properties  (lll/11l)

Modelling of water retention curves

Adsorption in cement based materials
= For 75%>RH>95% : Parabolic law to fit the 2 Sr values and gradient at 75%

St Water in large
pores and cracks
0,8 | — -
Pa
0,6 | — | ; Y )
5 | 5 | Limit of the hygroscopic
: P
04 | domain (RH=95%)
| \ |
| . Water content in
0.2 1 A o Sleshsat - CSH (issued from
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Van Ge:énuchten Iaitw

0 0,2 0,4 0,6 0,8 1
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19/26 Extension to the hydro-mechanical properties  (lll/11l)

Modelling of water retention curves

Desorption in cement based materials
= Hysteresisphenomenon experimentally obsenedween 20% and 95% RH

> | I:nk-bottle Water in large
08 Parabolic law effect linked to pores and cracks
o T small pores =~
H=B. P
0,6 f— With B independant
to the formulation Limit of the hygroscopic
. om0
04 f i |domaln (RH=95%)
A .
| , | Water content in
0.2 1 5 - A """ I SrCSH sat CSH (i_s:sued from
van Ge;nuchten |6:1W : ¢ hydration model)
0 i i i —  RH 4
0 0,2 0,4 0,6 1 0,8 1

CSH saturation (RH = 75%)
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Extension to the hydro-mechanical properties

(/)

Modelling of water retention curves

Effect of hydration
Few results in literature: observation of more watentent for a same relative humidity if

hydration degree increases

= More water content at CSH saturation (higher CSahtjty from hydration mode
= No influence on the water in large pores and cracks

I

Sr E ;
08 1 —élpha = 0,6
| —alpha=0.8
0,6 ///
04 s //
)/
v =

0 0

Laurie BUFFO-LACARRIERE

2

No influence of
hydration degree

Higher quantity of CSH (issued
from hydration model)

o. CSH saturation (RH = 75%)

29 May 2012
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21/26 Extension to the hydro-mechanical properties  (lll/11l)

Modelling of water retention curves
Effect of hydration
Few results in literature: observation of more watentent for a same relative humidity if

hydration degree increase
— More water content at CSH saturation (higher CSahdjty from hydration mode

= No influence on the water in large pores and cracks
= More hysteresis (b not influenced by hydration degree)

St | |
—alpha=0,6 Higher quantity of CSH predicted
08 1+ alpha = 0.8 by hydration automatically leads to:
; e - higher water for a same

0.6 ~ 4 RH
H(a) =P . Srcsp sal @) // - higher hysteresis

0,4 /
/ // / =» Water retention model seems to
0.2 T — be adapted to different hydration
/,/ degreewithout modifying
0 RH parameters

0 0,2 0,4 0,6 0,8 1
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22/26 Extension to the hydro-mechanical properties  (lll/11l)

Modelling of water retention curves

Effect of temperature
Experimental results on the same concrete at 20, 50 and 80°C

= Less water content in hygroscopic domain
= Less hysteresif3 decrease with temperatur)

B Sr ; :
R —20T ®m Exp 50C
08 08 | —50T = Exp 80T
0.6 N =80T
0,4 \
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0,2 \
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0 \ == !
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23/26 Extension to the hydro-mechanical properties  (lll/11l)

Multiphasic C-S-H C-A-H CH
hydration model | AnhydrousC® WD
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24/26 Extension to the hydro-mechanical properties  (lll/11l)

Prediction of autogenous shrinkage
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26/26 Closure remarks

e Original 3 coupled level method

=>» Percolation probability to separate solids
Into cohesiveKi,ui) and non-cohesiveki, LLi=C yuiphasic

C-S-H C-A-H CH

hydration | Anhydrous @
model
Sand
SCS L kp + | . * *|F——> Mori Tanaka

=» Interaction between levels due to the o My
“bridging effect” of aggregates " |

Aggregates
[ ]
o0 3, ; .
o ® 4l km : Mori
o} Tanaka

s oo My .
 Extension to the hygro-mechanical properties — = . l T l
g - | Capillar ; . "_.
- Biot coefficient assessment by 2 prssre | iR e

applications of multi-scale method developed Shrinkage o CLCANIE
in Part. 1

=> Model of water retention curves based
on hydration predictionse{fect of hydration

and temperature included without re-fitti
Perspectlvesp ng

- More investigate the capability of hydro-mechahmaperties model (water retention curves)
- Investigate the evolution of concrete thermaltdiian at early age
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