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Several types of concrete structures considered

EDF facilities (France only) new facilities (EPR)

> 300 dams

¢l
2 - SSCS 2012 - A new creep model for NPP containment behaviour prediction - 30 mai 2012 LaMSID 3 :eDF



Nuclear Power Plant — ageing study

Karlsruhe, PACE 1450 Exp.

Representative Structural Volume
RSV (Experiment)

Containment
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(Simulation and Experiment)
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1. Numerical study presentation: PACE 1450

s Represented physics phenomena
m Loading schedule

2. Focus on basic creep simulation: 2 tested models

s Formulation
m Restrictions
s Model parameters identification

3. PACE 1450 simulation results

m Comparison of models results to experimental data

4. Conclusion and future works
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1 - Specimen out of the cylindrical part of the cont alnment
®» Curved specimen

® Partially reinforced as in reality

containment ® Horizontal and vertical external pre-
stressing with the possibility of
adjusting the pre-stressing force
simulating the aging

v |

] specimen

® Fitting to the boundary conditions of
the laboratory

Universitat Karlsruhe (TH) | Materialprifungs- und
Forschungsuniversitat gegrindet 1825 | Forschungsanstalt
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®» Computing path : 3 successive calculations
m Hydration: estimated through an empirical relation
m no Temperature effect ~

a Drying simulation Mesh information
m Data : T°field, SECH GRANGER Concrete

m Boundary conditions : water flux :
_ _ 3D linear elements
m Results: water concentration (SECH) field 3000 HEXAS

AAAMWRWMAE.

m Mechanical simulation _/
m Data: T SECHand HYDR fields
a Behaviour:
Drying and autogenous shrinkage

2 options for basic and drying creep
. BETON_UMLV_FP (Benboudjema et al., 2002)
« BETON BURGER FP (Sellier et al., 2009; Foucault, 2011)

m Results: Stress, Strain fields

m concrete with 3D quadratic elements (2640) — T >
m vertical and horizontal reinforcements with 1D linear elements (1232) /

m 4 horizontal tendons with 1D linear elements (80)

SALOME J
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£:£e+£bc+gdc+£as+gds

® Elasticity : E; :é[(l+ I/)Jij — V0, Jkk]

® Basic creep : BETON_UM_V_FP or BETON BURGER FP

Water concentration [I/m 3] 0 51.5 57.5 69.1 105.7
Moisture h (%) 0 22.5 27 39 100

® Autogenous shrinkage : [Granger, 1996] £*=-B ENDOGE x &

® Drying shrinkage : [Torrenti et al., 1997] ¢ - _k DESSCxC

__ 1
T dc

n

® Drying creep: [Bazant and Xi, 1994] g9 ‘h‘a
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® Basic creep formulation (small strains)
m Basic creep elementary phenomena

® Strain tensor decomposition in 2 uncoupled parts

m Spherical
a deviatoric

MODELES

® Spherical part ® Deviatoric part

Recoverable strain
Dissipated strain
unlimited values

3 parameters

Recoverable strain
Dissipated strain
limited values

4 parameters

Eau interfoliaire

® Proportional strain to relative humidity

L)
8 - SSCS 2012 - A new creep model for NPP containment behaviour prediction - 30 mai 2012 LaMSID : ;'EDF



» Advantages
s Delayed strain decomposition P Monitoring data v FEM conputation
s Very high quality for 15 years = sl
m OK for 3D prediction at mid-height

e monitoring data

—— FEM computation Code_Aster

®» Drawbacks

m Basic creep rate
m Linear creep rate non-adapted
m Logarithmic creep rate (Brooks, 2005)

m Limited spherical part
s Ok but linked to deviatoric part

year

m Apparent Poisson ratio
m Uncontrolled over time

Creep strain [Le Pape, 2005]

LaMSID < seDF
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® Basic creep formulation (small strains)
a Phenomenological model based on works of [Sellier et al., 2009]

® Strain Decomposition in 2 parts coupled

Elastic part

® Spherical part ® Deviatoric part
m Burger skeleton m Burger skeleton
s Recoverable part s Recoverable part Dissipative creep ¢
m Dissipative part m Dissipative part v
a a
a a

Recoverable creep €

|
A

Unlimited strain Unlimited strain
3 parameters 3 parameters

+1 parameter

. . . o n d =,7|d B gl - gl
» Proportional strain to relative humidity {niszng©/'c_ex{ P J
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» Homogeneity of rheological chains
m Apparent Poisson ratio control

IS
To _n" _k® _k®_ 2Al+v) _ | Few parameters for the

nd prdopd e 31-2v) model

» Burger model well adapted to

m Instantaneous behaviour — elastic body
a Short-term behaviour — Kelvin-Voigt stage — recoverable creep
m mid-term behaviour — nonlinear viscosity — dissipative creep

®» Non-linear viscosity

a logarithmic evolution of basic creep rate
m Link to dissipative creep
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Apparent Poisson ratio of creep
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Axial creep [mdm]

Basic creep

x 10

T T r T T | T

==@==Fp (Granger, 1996 | i
— ——BETON-UMLY-FP
— BETON-BURGER-FF - v=0.1

BETOMN-BURGER-FP - v=02 | ... .. _
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BETOMN-BURGER-FP - v=0.35
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0.5

Apparent Poisson ratio evolution

V1
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1 - Loading schedule

RUN | real age experimental pressure temp. prestressing
(years) age (days) (bar ) (°C) (%)
0) 0 60 1.43 20 25%
1 0 90 5.30 20 100%
2 10 120 5.30 20 80%
3 35 150 5.30 20 60%
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®» Pace Simulations

a Good correlation between experimental and numerical evolution
a Except for the 15t month (Temperature effect ?)

s Underestimate creep values for the pre-stress phase o
a 3D effects
s BETON_UMLV_FP
negative values for apparent Poisson ratio

Inverse evolution for “r” and “z” directions
a BETON BURGER FP

positive values for the apparent Poisson ratio
Coherent evolution but creep rates too high

» Future works
s BETON BURGER FP
s Hydration sensitivity of mechanical parameters
s Pace model
s Improvement of the hydration and thermal simulations

a Other structures — models comparisons on long behavior terms

m 3D 9°Sector of NPP
s VERCORS mock-up (E.Galenne’s presentation)

LaMSID < seDF
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Thanks for your attention

QUESTIONS ?

7
==y
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NPP containment - Ageing mechanisms

0 5 15 60
| | EPREUVES | "
=
@)
construction (~3 ans) =
A Qo-
=
>
Pre-stress (~2 ans) VC in service VDX
P m . —

Drying = shrinkage and creestart
- permeability A

Pre-stress —>](+) cracks closing
> (-) cracksjopening in singularity areas
endogenéjus and thermal shrinkpge - if restrained - cracks opening (fob/shaf) - leak rate A

Drying sk;rinkage —> surface cragking - permeability A

creep > loss of pre-sffess - cracks re-opening-> leak rate A
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Mechanical setup

cover

hydraulic jacks
load cells .

abutment

lateral GEWI bars B
= o
pressure chamber :
prestressing anchorage |
steel ear
o
1)
(e8]
—— — =~
!
| -=a—
B
¥
B-B internal pressure
cover \
\ pressure
load cells \ \ chamber

foundation
for specimen

foundation
for abutment

steel cushions
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Test program

17/07/2007

14/03/2008
Casting
6 0 120 150 180 210 24
Drying, hydration
Runl Run2 Run3
P (MPal|
Pressure loads used for 1 Pvert
simulation
0.43 /\ — Pint
1 T()
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®» Water content Variation between
m C=128.8 L/m3 (in core)
m C=72.2 L/m3(surface)

» Constant Temperature (23<C)

s No thermal dilation

Water content (I/m3]
H——_‘____g___‘w

WaII thickneés [m]
SALOME
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£:£e+£bc+gdc+£as+gds

® Elasticity : E; :é[(l+ I/)Jij — V0, Jkk]

® Basic creep : BETON_UM_V_FP or BETON BURGER FP

Water concentration [I/m 3] 0 51.5 57.5 69.1 105.7
Moisture h (%) 0 22.5 27 39 100

® Autogenous shrinkage : [Granger, 1996] £*=-B ENDOGE x &

® Drying shrinkage : [Torrenti et al., 1997] ¢ - _k DESSCxC

__ 1
T dc

n

® Drying creep: [Bazant and Xi, 1994] g9 ‘h‘a
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