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Background

Where is the studied concrete?
e Structures;

e Seal material;

e Stock cell of nulear waste B.

Representation of closed tunnel [ANDRA]

Which is the concrete subjected?
« Thermal load,;

 Mechanical evolution;

e Chimical degradation.

Representation of stock cell of nuclear
waste B [ANDRA]
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Mechanical model
1) Plastic damage modeling

e Plastic characterization

Criteron of Drucker-Prager
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Mechanical model
1) Plastic damage modeling

o Associated plasticity
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« Damage characterization
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Mechanical model
1) Plastic damage modeling

» Plane stress module for plastic damage modeling
subdomain settings



Mechanical model
1) Plastic damage modeling

» Plane stress module for plastic damage damage
scalar expressions



Mechanical model
1) Plastic damage simulation

Simulation of uniaxial compression and tension
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Mechanical model
1) Plastic damage simulation

Evolution of plastic hardening and softening function
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Mechanical model
2) Creep characterization

e Creep strain
IN compression

£ = Ao (A Mt + A, )0, 0< m <1

7 N\
First creep Second creep
In tension

£ = A (AM" 4 A, )o,0<m <1

 Total strain
Elastic + Plastic + Creep

— ot P cp



Mechanical model
2) Creep characterization

» PDE module for creep



Leaching model
1) Leaching characterization

* Mass balance equation

solid 2+
oot ST [ D (Ca2+ ) VCazq

oCa®t ot
Hydric source Diffusion coefficient
of calcium ion of calcium ion

e Diffusion coefficient with ammonium nitrate

D(Ca(NO;), ) =D, (Ca?" | vZCa’*
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Acceleration parameter D'ﬁU_S'OH_ coefficient of
calcium ion




Leaching model
1) Leaching characterization

» Diffusion module for leaching
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Leaching model
2) Leaching-plastic damage coupling

)

 Chemical damage-mechanical
parameters

 Chemical damage

de =, oy {1— exp(Ca2+ ~Ca*"

(E=Eq(1-d,)
R. =Ry (1-d;)
Ry =Ryo(1-d)
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Leaching model
2) Leaching-plastic damage simulation
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Leaching model
2) Leaching-plastic damage simulation
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Coupling Model
1) Leaching-creep coupling characterization

 Variation of diffusion coefficient with plastic damage

D(dy, )=AD, (1+0pdy)
e Variation of creep strain rate with chemical damage

e = A, (Almtm‘1 + Az)(1+ ag.de )o, compressive stress

£Pl = A, (Almtm‘1 - Az)(1+ ag.dc)o,  tensive stress



Coupling Model
1) Leaching-creep coupling characterization

> Plane stress module



Coupling Model
1) Leaching-creep coupling characterization
» PDE module for creep



Coupling Model
1) Leaching-creep coupling characterization

» Diffusion module for leaching



Coupling Model
2) Leaching-creep simulation
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Coupling Model
2) Leaching-creep simulation
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Coupling Model
2) Leaching-creep simulation

0.08 flexility (mm)

0.07 with leaching ¢
0.06
0.05
0.04
0.03
0.02

0 :
0.01 leaching surface time (days)
0 ! ! ! ! !

0 100 200 300 400 500 600 700

Creep flexion test with degradation
(data after Camps 2008)



Conclusions and perspectives

Conclusions

e Elastoplastic damage model and creep model can
describe the mechanical behavior of concrete iIn
short and long term.

e The coupling of mechanical and Ileaching can
describe the mechanical behavior subjected to
chimic degadation in long term .

Perspectives
« Temperature-leaching-mechanical coupling



Thank you for your attention!
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