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OUTLINE

MODELING OF THE REINFORCED CONCRETE

MODELING OF THE PRESTRESSED CONCRETE
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OUTLINE

1. MODELING OF THE REINFORCED CONCRETE

ü IN A 3D MODEL

ü IN A 2D MODEL

ü IN A 1D MODEL

ü WITH A GLOBAL MODEL

2. MODELING OF THE TENDONS
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MODELING THE STEEL IN REINFORCED CONCRETE :

IN A 3D MODEL

Option #1 : use the BARREmodel (or if needed POU_D_T)

Mesh steels with SEG2 elements

Behavior is 1D

Steel and concrete nodes must be identical

Perfect bond between steel and concrete
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Option #2 : use the GRILLE_MEMBRANEmodel

Steel is meshed with 2D elements : QUAD4, TRIA3, QUAD8, TRIA6

Steel and concrete nodes must be identical

Perfect bond between steel and concrete

Behavior law 1D (GRILLE_ISOT_LINE, ...)

Overlay meshes for different directions of reinforcement (CREA_MAILLAGE 

or duplication in Salomé )
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MODELING THE STEEL IN REINFORCED CONCRETE :

IN A 3D MODEL
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Option #3 : use the MEMBRANEmodel

Steel is meshed with 2D elements : QUAD4, TRIA3, QUAD8, TRIA6

Steel and concrete nodes must be identical

Perfect bond between steel and concrete

Orthotropic behavior law :  ELAS only 
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MODELING THE STEEL IN REINFORCED CONCRETE : 

IN A 3D MODEL
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Option #4 : use the 3D model

Steel is meshed with 3D elements 

Perfect bond between steel and concrete if nodes are identical.

Behavior law : no restriction
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MODELING THE STEEL IN REINFORCED CONCRETE : 

IN A 3D MODEL
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Modeling the decohesion steel/concrete 

ü introduction of 3D_INTERFACEelements between concrete 3D and steel 3D or 

MEMBRANE  

ü the behavior law CZM_LAB_MIX
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MODELING THE STEEL IN REINFORCED CONCRETE : 

IN A 3D MODEL

INTERFACE

CONCRETE

STEEL

CONCRETE CONCRETE

STEEL

INTERFACE
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MODELING THE STEEL IN REINFORCED CONCRETE :

IN A 2D MODEL (PLAN OR AXIS)

Option #1 : use the 2D_BARREmodel
Á Steel meshed with SEG2 elements

Á Perfect bond between steel and concrete

Á Behavior is 1D

Option #2 : use the 2D model
Á Steel is meshed with 2D elements

Á Behavior law : no restriction

Á Perfect bond between steel and concrete 

Á (decohesion by introducing X_JOINT elements with JOINT_BA law)

Aster Génie Civil  |  24/05/2018

2D/2D
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MODELING THE STEEL IN REINFORCED CONCRETE :
WITH A SHELL MODEL (DKT)

Á Use GRILLE_EXCENTREE

Steel meshed with linear 2D elements : QUAD4 or TRIA3

Overlay meshes for different directions of reinforcement (CREA_MAILLAGE 

or duplication in Salomé )

Perfect bond between steel and concrete

Behavior law 1D (GRILLE_ISOT_LINE, ...)

CONCRETE

Acier V_2

Acier H-2

Acier V-1

Acier H -1
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SOME DETAILS FOR MEMBRANE, GRILLE_MEMBRANE, 

GRILLE_EXCENTREE: COMPARISON

MEMBRANE GRILLE_MEMBRANE GRILLE_EXCENTREE

unknowns Displacement Displacement Displacement + rotation

rigidity orthotropic 1D 1D

Behavior law ELAS GRILLE_xxxx GRILLE_xxxx

eccentricity No No yes

Property
DEFI_MATERIAU

ELAS_MEMBRANE ELAS, é ELAS, é

Property
AFFE_CARA_ELEM

MEMBRANE/

ANGL_REP or 

AXE

GRILLE/

SECTION (m 2/ml)

ANGL_REPor AXE

GRILLE/

SECTION (m 2/ml),

EXCENTREMENT,

ANGL_REPor AXE

COEF_RIGI_DRZ

Be careful : for MEMBRANEelements, RHO: r[kg/m3 ]* S[m2/ml]

ANGL_REP_1 or ANGL_REP_2 or VECT_1 or VECT_22018
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SOME DETAILS FOR MEMBRANE, GRILLE_MEMBRANE, 

GRILLE_EXCENTREE: DUPLICATION OF THE MESH

With Salomé :

Modification / 

Transformation / 

Duplicate Nodes or/and Elements

With Code_Aster :

CREA_MAILLAGE( MODELE=MO,

CREA_MAILLE=(_F(GROUP_MA = óCONCRETE',name of the existing face 

NOM = óAcierH1',name of the new group

PREF_MAILLE=óH1'))suffix used for the new mesh

_F(GROUP_MA = óCONCRETE',

NOM = óAcierV1',

PREF_MAILLE=óV1')

é)
Aster Génie Civil  |  24/05/2018

Concrete

Acier V2

Acier H2

Acier V1

Acier H1
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SOME DETAILS FOR MEMBRANE, GRILLE_MEMBRANE, 

GRILLE_EXCENTREE : LOCAL DIRECTIONS

ÁDefinition of the local directions (X1,Y1,Z1) of the elements

in AFFE_CARA_ELEM

ÁOption 1 : ANGL_REP= (a, b) to define X1

ÁOption 2 : AXE= V (vx,vy,vz) to define Y1 
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For instance :

If X1= X : (0,0)

If X1= Y : (90,0)

For a hemisphere : 
ZZZZ189

Define X1 : ANGL_REP_1 or VECT_1

Define X2 : ANGL_REP_2 or VECT_2
2018
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SOME DETAILS FOR MEMBRANE, GRILLE_MEMBRANE, 

GRILLE_EXCENTREE: RESULTS

Comparison on a flexural test 

(perfect adhesion of the bars)

üExcellent results with the membrane model

üSatisfactory results with the grid model
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Model Displacement Discrepancy

Reference model 

(3D)

87.1 µm

Concrete only 119 µm 37 %

Concrete + Grid

model

84 µm 3.6 %

Concrete + 

Membrane model

87.3 µm 0.2 %

(900 000 dof)
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Use of multi-fiber beam POU_D_EM/POU_D_TGM

MESH 1D + Definition of the section of the beam : 
mesh/point by point (DEFI_GEOM_FIBRE)
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MODELING THE STEEL IN REINFORCED CONCRETE : 

FOR A 1D MODEL
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MODELING THE REINFORCED CONCRETE WITH A 

GLOBAL MODEL

DKTG elements and a global constitutive law

üGLRC_DM (moderate damage, symetrical reinforcements)

üDHRC (moderate damage+ cracking)

üGLRC_DAMA (damage for impact)

Advantage : more  robust (no softening) especially for dynamic 
analysis 

Typical response in tension for GLRC_DM
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OUTLINE

Modeling of the reinforced concrete

Modeling of the prestressed concrete

Principles

Modeling the grouted tendon with 
DEFI_CABLE_BP/CALC_PRECONT

Modeling the ungrouted tendon with 
DEFI_CABLE_BP/CALC_PRECONT



|  19

MODELING OF THE PRESTRESSED CONCRETE: 

PRINCIPLES

ÁPost-tensioning

ÁTension in the tendon is not a constant, neither in space nor in time :

Á in space : friction, elastic strains, slip, é

Á in time : relaxation  of steel, delayed strains in the concrete, é The behavior is

different the tendon is grouted or not : 

-> perfect bond between steel and concrete or friction model 
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1 strand = 7 wires

n strands = 1 tendon with n Í[1;55]
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MODELING OF THE PRESTRESSED CONCRETE: 

PRINCIPLES

ÁMesh of the tendon:
ÁWith 3D elements

ÁWith (GRILLE_)MEMBRANE

(2D)

ÁWith 1D element

ÁTensioning of the tendon:
ÁPRE_EPSI

ÁFictive thermal strain

ÁSophisticate tools available in 

Code_Aster !

Aster Génie Civil  |  24/05/2018
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Modeling of THE PRESTRESSED CONCRETE: 

principles

ÁIf tendons = 1D elements embedded in a 3D or DKTmesh, 

specific tools  DEFI_CABLE_BP/CALC_PRECONTenable :

- to use a steel mesh independent of the concrete mesh

- to take into account the tensionôs losses in the

tendon such as friction

- ...

ü2 types of elements are available : 

üBARREfor grouted tendons

üCABLE_GAINEfor ungrouted tendons 

Aster Génie Civil  |  24/05/2018
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OUTLINE

Modeling of the reinforced concrete

Modeling of the prestressed concrete

Principles

Modeling the grouted tendon with 
DEFI_CABLE_BP/CALC_PRECONT

Modeling the ungrouted tendon with 
DEFI_CABLE_BP/CALC_PRECONT
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MODELING OF THE GROUTED TENDON

METHODOLGY

üThe DEFI_CABLE_BPcommand creates loads 

corresponding to : 

The link (assumed perfect) between the tendon and the concrete : 

automatic definition of Lagrange multipliers

The calculation of tension in the cables as recommended by 

BPEL/ETCC 

üThe CALC_PRECONTcommand applies the tension

Aster Génie Civil  |  24/05/2018

GRI GRF
N1 N6N5N4N3N2

cable1
[U4.42.04]
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MODELING OF THE GROUTED TENDON : PRESCRIBED

FORMULA FOR  THE TENSION IN THE TENDONS

tension at any point of the cable as recommended by BPEL91

F (s)= ӉF (s)ī{x flu× F 0+ xret× F0+ r ( j )×
5

100
×ɟ1000[

ӉF (s)

Sa× f prg

īɛ0]× ӉF (s)}

F c(s)= F0exp(īf Ŭī◖s)

F c(s)× ӉF (s)= [F c(d )]
2

Taking into account the instantaneous losses by friction and anchor recoil
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MODELING OF THE GROUTED TENDON : PRESCRIBED

FORMULA FOR  THE TENSION IN THE TENDONS

tension at any point of the cable as recommended by BPEL91

F (s)= ӉF (s)ī{x flu× F 0+ xret× F0+ r ( j )×
5

100
×ɟ1000[

ӉF (s)

Sa×ůy

īɛ0]× ӉF (s)}

Taking account of losses depending on time

Creep of 
concrete

Relaxation of steel
(ETCC B̧PEL)

Shrinkage of 
concrete
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MODELING OF THE GROUTED TENDON :

DATA SETTINGS
MBETON=DEFI_MATERIAU(ELAS=_F(E= 30.E9,...),

BPEL_BETON= _F( öPERT_FLUA = 0,

öPERT_RETR = 0),);

MCABLE=DEFI_MATERIAU(ELAS=_F(E=200.E9 ), 

BPEL_ACIER=_F( öFROT_COURB =3.0E - 3,

öFROT_LINE  =1.5E - 3,

öF_PRG =1.94E11,

öRELAX_1000 = 0,

öMU0_RELAX = 0),)

in  DEFI_CABLE_BP

in AFFE_CARA_ELEM

ETCC_BETON=_F()

ETCC_ACIER=_F(ö COEF_FROT

öPERT_LIGNE

öF_PRG                  

öRELAX_1000

Aster Génie Civil  |  24/05/2018

F0,ȹ,r ( j )

Sa
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GRI GRF
N1 N6N5N4N3N2

cable1
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND

cabl_pr = DEFI_CABLE_BP (

ᶵ MODELE = modele , 

ᶵ CHAM_MATER = chmat , 

ᶵ CARA_ELEM = caelem ,

ᶵ GROUP_MA_BETON = grmabe , Required for kinematic links  
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND

cabl_pr = DEFI_CABLE_BP (

ᶵ MODELE = modele , 

ᶵ CHAM_MATER = chmat , 

ᶵ CARA_ELEM = caelem ,

ᶵ GROUP_MA_BETON = grmabe , 

ᶵ TENSION_INIT = f0, 

ᶵ RECUL_ANCRAGE = delta,

öADHERANT = óOUIô (óNONô) 

öTYPE_RELAX = óSANSô/ôBPELô/ôETCC_DIRECTô/ôETCC_REPRISEô

öR_J/NBH_RELAX

Characteristics of the tendon for the tension 
estimation

GRI GRF
N1 N6N5N4N3N2

cable1
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND

cabl_pr = DEFI_CABLE_BP (

ᶵ MODELE = modele , 

ᶵ CHAM_MATER = chmat , 

ᶵ CARA_ELEM = caelem ,

ᶵ GROUP_MA_BETON = grmabe , 

ᶵ TENSION_INIT = f0, 

ᶵ RECUL_ANCRAGE = delta,

öADHERANT = óOUIô (óNONô) 

öTYPE_RELAX = óSANSô/ôBPELô/ôETCC_DIRECTô/ôETCC_REPRISEô

öR_J/NBH_RELAX

ᶵ DEFI_CABLE = _F ( 

ᶵ GROUP_MA = cable1, 

ᶵ GROUP_NO_ANCRAGE = (óGRIô,ôGRFô),)

ᶵ TYPE_ANCRAGE = (óACTIFô, óPASSIFô),

öTENSION_CT

Definition of the tendon(s)

GRI GRF
N1 N6N5N4N3N2

cable1
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND

cabl_pr = DEFI_CABLE_BP (

ᶵ MODELE = modele , 

ᶵ CHAM_MATER = chmat , 

ᶵ CARA_ELEM = caelem ,

ᶵ GROUP_MA_BETON = grmabe , 

ᶵ TENSION_INIT = f0, 

ᶵ RECUL_ANCRAGE = delta,

öADHERANT = óOUIô (óNONô) 

öTYPE_RELAX = óSANSô/ôBPELô/ôETCC_DIRECTô/ôETCC_REPRISEô

öR_J/NBH_RELAX

ᶵ DEFI_CABLE = _F ( 

ᶵ GROUP_MA = cable1, 

ᶵ GROUP_NO_ANCRAGE = (óGRIô,ôGRFô),

ᶵ TYPE_ANCRAGE = (óACTIFô, óPASSIFô),

öTENSION_CT

öCONE = _F ( ᶵ RAYON = rayon, 

ᶵ LONGUEUR = long, 

ᶵ PRESENT = ('OUI','NON'))

]

Definition of the « diffusion cone »

GRI GRF
N1 N6N5N4N3N2

cable1

[U4.42.04]
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MODELING OF THE GROUTED TENDON: 

POTENTIAL DIFFICULTIES
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MODELING OF THE GROUTED TENDON: 

ñDIFFUSION CONEò

Possibility of introducing a diffusion cone

Real situation Without modelling the shaft With modeling of the 

effect of shaft vanishing

mesh size required

management of redundant boundary conditions

[U4.42.04]


