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Physical principles of the model
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Physical principles of the model
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Physical principles of the model




Problems in an hydropower plant
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Problems in an hydropower plant
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Problems in an hydropower plant

Beauhamnois, Canada

Owalling distortions of the pedestral throat ring. Elevation
at the crest of about 2 mm/a.
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Leger et al, Canadian Journal of Civil Engineering, vol 22, 1995, 692-713



Problems in an hydropower plant

Mactaquac, Canada

Discharge ring ovalization and corresponding reductions
in turbine blade clearances.

Leger et al, Canadian Journal of Civil Engineering, vol 22, 1995, 692-713



Problems in an hydropower plant

Poortjieskloof, South Africa

Permanent upstream movement up to 20 mm over a period
of 15 years and upward movement of about 2 mm over a
period of 2 years.
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Leger et al, Canadian Journal of Civil Engineering, vol 22, 1995, 692-713



Problems in an hydropower plant

Kumburu spillway, Kenya

Maximum crack width: 20 mm.
Piers distorted. Maximum deviation from vertical’ 40 mm,

Leger et al, Canadian Journal of Civil Engineering, vol 22, 1995, 692-713



Problems in an hydropower plant

Val de la Mare, Jersey (United Kingdom)

Cracking and reduction in sonic velocities.

]

0.5-1 mm

Leger et al, Canadian Journal of Civil Engineering, vol 22, 1995, 692-713



Bases of the model

(some experimental evidences)

« AAR occurs If the structure Is In contact with water.
*The reaction Is thermo-activated.

*The extension of the reaction is independent on stress levels
ranging from 0 to 10 MPa..

*There is an anisotropy induced by the stress fields.

il andine & witscancadiee o o COMMUNICATIONS IN NUMERICAL METHODS IN ENGINEERING

R @amnpw- Hc"g'ﬁ” Conmmun, Numer. Meth, Engng (in press)

ESE ‘Rc Published online in Wiley InterScience {www.interscience wiley.oom)i. DOL 10.1002/cnm 788
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Modelling the structural behaviour of a dam affected

Macroscopic model of concrete subjected to alkali-aggregate reaction by alkali-silica reaction

M.CR, Farmge”, 1L.D. Abves, EMER. Faithaire

Eduarde M. R. Fairbairn®, Fernando L. B. Ribeiro, Luciana E. Lopes,

Romildo D. Toledo-Filho and Marcos M. Silvoso
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Cracking — free expansion — LCPC tests

op. n-: 19 % Destination Analyses-Uranyle-MEB
rél, : G3BHIITT Observations :ff 0.1mm

Date de coulage : 16/11/93 Béton TT, cylindre ®13x24, conservé en gonflement libre
Date de sortie :4/10/94 (11mols) en enceinle humide & 38°C

(Larive, C., Apports combinés de 1’alkali-réaction et de ses effets mécaniques,
thése de dotorat, E.N.P.C., Paris, France, 1997.}




Cracking — free expansion - LCPC tests

omp

rél. : M38HOBTT Nl :l 0 1"

Date de coulage : 14/12/93 Béton TT, cylindre ®13x24, conservé en gonflement libre
Dalte de sortie :14/6/94 (6mois) en enceinte humide & 38°C

(Larive, C., Apports combinés de 1’alkali-réaction et de ses effets mécaniques,
thése de dotorat, E.N.P.C., Paris, France, 1997.)




Cracking — free expansion




Cracking — free expansion




Cracking — free expansion




Stress induced anisotropy - Cracking — o = 5 MPa - LCPC tests

op. fv" 1 339 - z Deostination :
::L : BCOSH13TT Observations #f 0.1 4 0.2 mm

ate de coulage : 20/6/95 Béton TT, cylindre ®13x24, conservé en bati de fluage 5MPa
Dale de sortie :26/7/96 ( 13mois) en enceinte humide a 38°C

(Larive, C., Apports combinés de 1’alkali-réaction et de ses effets mécaniques,
thése de dotorat, E.N.P.C., Paris, France, 1997.)




Stress induced anisotropy - Cracking — o = 10 MPa - LCPC tests

ép.n* : 176 Destination :Compression-Analyses
rél. : BMIOH12TT Observations :f 0.1 4 0.2 mm

Date de coulage : 11/1/94 Béton TT, cylindre ®13x24, conservé en batl de fluage 10MPa
Date de sortie :29/12/94 (12mois) en enceinte humide & 38°C

(Larive, C., Apports combinés de 1’alkali-réaction et de ses effets mécaniques,
thése de dotorat, E.N.P.C., Paris, France, 1997.)




Stress induced
anisotropy

21



Stress induced anisotropy
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Stress induced anisotropy
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LCPC tests — for stresses levels untill ¢ = 10 MPa AV/V does
not change.

& Larive

m— Adeghe

(Larive, C., Apports combinés de 1’alkali-réaction et de ses effets mécaniques,
thése de dotorat, E.N.P.C., Paris, France, 1997.)
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Model at the micro stMCtural level
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Thermo-chemo-mechanical model (1D think model)
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The model is based on Ulm and Coussy (elastic and plastic) models
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Model (thermo-hygro-chemo-mechanical) for AAR
The reaction depends on: umidity and temperature.

. Lep(tn)
l+exp(_t/z-c +TL/TC)

e (‘90 )eXdUc(]/Q—QO )]
4 (9) =T (‘90 )eXF{UI (]/‘9 — 6, )]
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Determination of parameters
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Test for the determination of Young’s modulus
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Test for the determination of fracture parameters
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Test for the determination of AAR parameters — free expansion

Uncracked specmen
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Test for the determination of AAR parameters — free expansion

Cracked specmen
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Test for the determination of AAR parameters — free expansion

. o
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Robots (RMDV1 e RMDV?2) for measuring volumetric delayed strains




Test for the determination of AAR parameters — free expansion

Laboratory dedicated to delayed strain measurements




Generalization: Classical fixed orthogonal smeared crack
model

« Decomposition of total deformation for the cracked material in a
crack deformation and in a deformation of the uncracked material
between the cracks:

Stresses equilibrium:

Constitutive relations for the gel and for the skeleton:
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Implementation: FEM 3D code

The model was implemented in a reference program developed
In FORTRAN for non-linear analysis of three dimensional
problems via Finite Element Method through four nodes
tetrahedral elements. The resulting non-linear equations system
Is solved by means of a Newton-Raphson iterative-incremental

technique. The initial stiffness matrix is used as an
approximation for the discrete Jacobian. The solution of the
linearized system employs the Pre-Conditioned Conjugated
Gradients Method, which was implemented under an Element-
By-Element technique avoiding global stiffness matrix
assembling and factorization.
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Validation: Larive’s tests (LCPC — France)

40



Validation: Larive’s tests

18144 elements

9120 elements

(FEM convergence test)

2160 elements
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Inverse analysis: amplitude

—a— k =0.196%
——k =0.180%
—6—k =0.160%
8- k=0.150%
—>— Experimental

200 300
Tempo (dias)
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Inverse analysis: kinetics

—2A— tauc = 33.4 taul = 82.9
—8— tauc = 40.0 taul = 60.0
—&— tauc = 40.0 taul = 50.0
tauc = 40.0 taul = 40.0
tauc = 40.0 taul = 30.0
tauc = 50.0 taul = 30.0
—&— Experimental

200 300
Tempo (dias)
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LCPC Larive’s tests

Numerical and experimental results
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Numerical simulation of LCPC Larive’s tests
Displaying stress-induced anisotropy
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Simulation: hypothetical discharge ring
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Simulation: hypothetical discharge ring

|t

Figura 4.13- Geometria e condicdes de contorne: a) iniciais; b) apos a abertura da juntg




Simulation: hypothetical discharge ring
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Application: Furnas - 1.2 MW hydroelectric
power plant in
Minas Gerais - Brazil
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Application —=FURNAS dam
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Application —-FURNAS dam

(upstream view)
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Application —=FURNAS dam

,- ™
- -

SO NNESSER]

(downstream view)

53



Field measurements
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FURNAS dam

Field measurements: displacements at the crest
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FURNAS dam

Field measurements: displacements at the crest: statistical modeling

" UHE FURMAS
EVOLUGCAD NO TEMPO DA COMPONENTE VERTICAL EXPANSIVA DO
CONCRETO PERIODO DA ANALISE : 1591976 A 30092002
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FURNAS dam

Displacements at the crest (m) : creep simulation

Displacement at the crest (m)
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Furnas dam: FEM modeling — 49513 thetrahedral elements
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Furnas dam: thermal fields — averaged steady state
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Furnas dam: moisture fields — averaged steady state
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Furnas dam: displacements at the crest
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Furnas dam: displacements at the crest
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Concluding remarks

Model thermo-hyqgro-chemo-mechanical with stress-induced
anisotropy:

Can simulate the evolution of the chemical reaction and of its
mechanical effects, considering temperature, moisture and cracking
effects on the evolution of swelling.

Numerical modeling (Finite Element Method):

3D operational FEM computer code allows for the execution of real
analysis on complex geometries with a large number of degree of
freedom. It is then possible to predict the evolution of the effects of
the rezaction.

Inverse analysis (experimental and numerical):

Allows for the identification of parameters — structural ol local levels.
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