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OUTLINE

® MODELING OF THE REINFORCED CONCRETE

® MODELING OF THE PRESTRESSED CONCRETE
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OUTLINE

1. I\/IODELING OF THE REINFORCED CONCRETE
IN A 3D MODEL

IN A 2D MODEL

INA1D MODEL

WITHA GLOBAL MODEL

{entR e e

2. MODELING OF THE TENDONS
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MODELING THE STEEL IN REINFORCED CONCRETE :
IN A3D MODEL

a Option #1 : use the BARREModel (or if needed POU D )

mMesh steels with SEG2 elements
mBehavioris 1D

a Steel and concrete nodes must be identical
mPerfect bond between steel and concrete
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MODELING THE STEEL IN REINFORCED CONCRETE :
IN A3D MODEL

a Option #2 : use the GRILLE MEMBRANBmodel

¥

a Steel is meshed with 2D elements : QUAD4, TRIA3, QUADS, TRIA6
a Steel and concrete nodes must be identical

a Perfect bond between steel and concrete

mBehavior law 1D (GRILLE ISOT_LINE, ...)

a Overlay meshes for different directions of reinforcement (CREA_MAILLAGE
or duplication in Salomé )
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MODELING THE STEEL IN REINFORCED CONCRETE :
IN A3D MODEL

a Option #3 : use the MEMBRANIBodel

a Steel is meshed with 2D elements : QUAD4, TRIA3, QUADS, TRIA6
a Steel and concrete nodes must be identical

a Perfect bond between steel and concrete

a Orthotropic behavior law : ELAS only
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MODELING THE STEEL IN REINFORCED CONCRETE :
IN A3D MODEL

a Option #4 : use the 3D model

a Steel is meshed with 3D elements
a Perfect bond between steel and concrete if nodes are identical.
a Behavior law : no restriction

3o/3D
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MODELING THE STEEL IN REINFORCED CONCRETE :
IN A3D MODEL

. Modeling the decohesion steel/concrete

i introduction of 3D INTERFACEelements between concrete 3D and steel 3D or
MEMBRANE

o the behavior law CZM_LAB_ MIX

—
=}

|

Cisaillement & Pinterface (MPa)

Saut de déplacement (Inm)
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MODELING THE STEEL IN REINFORCED CONCRETE :
IN A 2D MODEL (PLAN OR AXIS)

® Option #1 : use the 2D _BARREmModel

A Steel meshed with SEG2 elements
A Perfect bond between steel and concrete 2D/1D
A Behavior is 1D

® Option #2 : use the 2D model

A Steel is meshed with 2D elements
A Behavior law : no restriction
A Perfect bond between steel and concrete

2D/2D

A (decohesion by introducing X_JOINT elements with JOINT_BA law)
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MODELING THE STEEL IN REINFORCED CONCRETE :
WITH A SHELL MODEL (DKT)

A Use GRILLE_EXCENTREE

m Steel meshed with linear 2D elements : QUAD4 or TRIA3

m Overlay meshes for different directions of reinforcement (CREA_MAILLAGE
or duplication in Salomeé )

a Perfect bond between steel and concrete
a Behavior law 1D (GRILLE_ISOT_LINE, ...)

¥

AcierH -1
Acier V-1
Acier H-2
AcierV_2
CONCRETE
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SOME DETAILS FOR MEMBRANKSRILLE. 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 ELAS_MEMBRANE EL AS, e ELAS, e

DEFI_MATERIAU

Property MEMBRANE GRILLE/ GRILLE/

AFFE_CARA ELEM ANGL_REP or SECTION (m?2/ml) SECTION (m?/ml),
AXE ANGL_REPor AXE EXCENTREMENT,

ANGL_REPor AXE
COEF_RIGI_DRZ

ANGL_REP 1lor ANGL REP 2or VECT 1 or VECT 2

Be careful : for MEMBRANEements, RHOr [kg/m3 * S[m2/ml]
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SOME DETAILS FOR MEMBRANKSRILLE. MEMBRANE
GRILLE_EXCENTREE DUPLICATION OF THE MESH

With Salomé :
Modification /
Transformation /

Duplicate Nodes or/and Elements

With Code Aster :

[

/£
Z

Acier H1
Acier V1
Acier H2
Acier V2
Concrete

Duplication mode

( ) u
e

{ / u
e

™ Construct group with newly created elements

Duplicate elements only

Group of elements to duplicate

l Apply and Close Apply

CREA_MAILLAGE( MODELE=MO,

\ ) IE
e

|
GDAFP101

?

Close

Help

CREA_MAILLE=(_F(GROUP_MA= O0CONCRETE'name of the existing face

0 Ac i e mamhé of the new group
PREF _ MAI L L E = 6uHidused for the new mesh

NOM =

_F(GROUP_MA=6 CONCRETE" |,
NOM=06Aci er V1' ,
N PREF_MAI LLE=06V1")
> ~ €DF
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SOME DETAILS FOR MEMBRANKSRILLE. MEMBRANE
GRILLE_EXCENTREE : LOCAL DIRECTIONS

ADefinition of the local directions (X1,Y1,Z1) of the elements
in AFFE_CARA_ELEM -

AOption 1 : ANGL_REP= (a, b) to define X1 7 x
Y1 72 /
y kB
el "_:II‘___
X1 oy X
a \[ _"hB
z > I For instance :
z @Y1, v If X1= X : (0,0)
) If X1=Y : (90,0)
A Option 2 : AXE=V (vx,vy,vz) to define Y1 For a hemisphere :
z=n 2777189

Define X1:ANGL REP_1 or VECT 1
Define X2 :ANGL_REP 2or VECT 2
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SOME DETAILS FOR MEMBRANKSRILLE. MEMBRANE
GRILLE_EXCENTREE RESULTS

Comparison on a flexural test
(perfect adhesion of the bars)

i Excellent results with the membrane model

u Satisfactory results with the grid model

Reference model 87.1 pm
(3D)
Concrete only 119 pm 37 %
Concrete + Grid 84 um 3.6 %
-8e-5 bréggu_cﬁz%soz 265 model
608 Ao
7o ° Concrete + 87.3 um 0.2 %
(900 000 dof) Membrane model
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MODELING THE STEEL IN REINFORCED CONCRETE :
FOR A 1D MODEL

a Use of multi-fiber beam POU_D EM/POU D TGM

a MESH 1D + Definition of the section of the beam :
mesh/point by point (DEFI_ GEOM_FIBRE)

Axe Section droite

Points d’intégration Sous-poeints d'intégration

]
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Figure 1-b : Modélisation d’une poutre béton armé par une :



MODELING THE REINFORCED CONCRETE WITHA
GLOBAL MODEL

a DKTG elements and a global constitutive law
o GLRC_DMmoderate damage, symetrical reinforcements)
o DHRC(moderate damage+ cracking)
o GLRC_DAMAdamage for impact)

m 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

» =
- EDF
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MODELING OF THE PRESTRESSED CONCRETE:
PRINCIPLES

APost-tensioning
= = &
1}‘__\—‘"‘-—-—-;_——__————“"—'—;:* (a) Armature toronnée. (b) im
'ﬂw{l" 1 strand = 7 wires

n strands = 1 tendon with n i [1;55]

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

4 In space : friction, elastic strains, sl i p, &

4 In time : relaxation of steel, delayed strains in the concrete, € T tbe&havior is
different the tendon is grouted or not :
-> perfect bond between steel and concrete or friction model
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MODELING OF THE PRESTRESSED CONCRETE:
PRINCIPLES

AMesh of the tendon: ATensioning of the tendon:
A With 3D elements A PRE_EPSI
A With (GRILLE_)MEMBRANE A Fictive thermal strain
(2D)
A With 1D element A Sophisticate tools available in
Code_Aster !
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Modeling of THE PRESTRESSED CONCRETE:
principles

A If tendons = 1D elements embedded in a 3D or DKTmesh,
specifictools DEFI CABLE BRCALC PRECONénable: J—
- to use a steel mesh independent of the concrete mesh.-{_f.Qij;,;f"""."- "--
-to take into account thehe t®€nsiond
tendon such as friction o

U 2 types of elements are available:
U BARRHor grouted tendons
U CABLE GAINEor ungrouted tendons

——
—
=

| NI
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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

q
> =
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MODELING OF THE GROUTED TENDON
METHODOLGY

U The DEFI_CABLE_BPcommand creates loads
corresponding to :

a The link (assumed perfect) between the tendon and the concrete :
automatic definition of Lagrange multipliers

a The calculation of tension in the cables as recommended by

BPEL/ETCC

GRI N1 N2 N3 N4 NS N6GRF
o—e e e e o—0

/

U The CALC_PRECONdommand applies the tension

J
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cablel [U4.42.04]




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(8)= ST (XX Fot X Fot 1 () oo 41000[?‘” ]xlfks)}

Taking into account the instantaneous losses by friction and anchor recoil

F.(S)= Foexpl fUI «s)

F.(s)x F(s)=[F ()]
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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

_ S S)
F (s)= F(s)i {XquX Fot XX Fotr(])x mxllooo ﬁ' 80]’( Fi(s)}
\ )\ y ) Ay a y )

Y

Creep of Shrinkage of Relaxation of steel
concrete  concrete (ETCC , BPEL)
_ -
—

|

Taking account of losses depending on time

~ ~ €DF Aster Génie Civil | 24/05/2018 | 25



MODELING OF THE GROUTED TENDON :
DATA SETTINGS

MBETON=DEFI_MATERIAUELAS=_F(E= 30.E9,...),

BPEL_BETON F( o6 PERT_FLUA =0, ETCC_BETON F()
6 PERT_RETR=0));

MCABLE=DEFI_MATERIAUELAS=_F(E=200.E9),

BPEL_ACIER= F( 6 FROT_COURB=3.0E - 3, ETCC_ACIER: F(6 COEF FROT
8 FROT LINE =1.5E -3, - ~ 6 PERT LIGNE
6 F_PRG =1.94E11, 6 F_PRG
6 RELAX_1000 =0, 6 RELAX 1000

6 MUO_RELAX =0))

Fo,r(j) in DEFI CABLE BP

S

a

in AFFE_CARA_ELEM

J
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND

cabl_pr  =DEFI_CABLE_BP (

MODELE = modele ,
CHAM_MATER =chmat ,
CARA_ELEM = caelem ,

GROUP_MA BETON grmabe,

q
i =2
- EDF

GRI GRF
o Nl g N2 g N3 S N4 N5 N6

cablel

Required for kinematic links
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND

cabl_pr = DEFI_CABLE _BP ( GRI i v N3 _na _ns
MODELE = modele ,

CHAM_MATER =chmat , cablel
CARA_ELEM = caelem ,

GROUP_MA BETON grmabe,

GRF
NG

wr ] vt et vk

TENSION_INIT = f0,
t RECUL_ANCRAGE = delta,
6 ADHERANT = 60UI 6 (G6NONBS)
O TYPE RELAX = 6SANSO6/O6BPELOG/BETCC_ D) RECTO/ OE
6 R_J/INBH_RELAX

Characteristics of the tendon for the tension
estimation
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND
GRI N6GRF

cabl_pr = DEFI_CABLE_BP ( NL 2 N2 2 N3 2 N4 N5

MODELE = modele ,

CHAM_MATER =chmat , cablel

CARA_ELEM = caelem ,

GROUP_MA BETON grmabe,

TENSION_INIT = fO,

RECUL_ANCRAGE = delta,

6 ADHERANT = 60UI 6 (G6NONBS)

O TYPE RELAX = O0SANSOG/ 6BPELOG6/ OG6ETCC DI RECTO6/ 0E
6 R_JINBH_RELAX

wtr vt vt vt e

t DEFI_CABLE = F(
{ GROUP_MA = cablel,
{ GROUP_NO ANCRAGEEO6 GRI 6, 8)GRF
t TYPE ANCRAGE = (6ACTI F6, {JPASSI FO)
0 TENSION_CT

Definition of the tendon(s)

]
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MODELING OF THE GROUTED TENDON
DEFI_CABLE_BPCOMMAND [U4.42.04]

cabl_pr = DEFI_CABLE _BP ( GRI. N1 g N2 o N3 N4 o N5 N6Gf|:
MODELE = modele ,
CHAM_MATER =chmat , cablel
CARA_ELEM = caelem ,
GROUP_MA BETON grmabe,
TENSION_INIT = fO,
RECUL_ANCRAGE = delta,
© ADHERANT = 60UI & (O6NONOG)
O TYPE RELAX = OSANSOG/ O6BPELOG/ OETCC_DI RECTO6/ OE
6 R_J/INBH_RELAX
t DEFI_CABLE = F(
{ GROUP_MA = cablel,
f{ GROUP_ NO_ _ANCRAGE = (6GRI &, 6GRFO) ,
t TYPE_ANCRAGE = (6ACTIF®&6, OPASSI Fd)

witr wr et et vt

G—TENSION_CT

RAYON = rayon,
LONGUEUR = long,

{ PRESENT = ('OUI''NON"Y)

6 CONE= F( ¢
: Definition of the « diffusion cone »
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MODELING OF THE GROUTED TENDON

POTENTIAL DIFFICULTIES
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MODELING OF THE GROUTED TENDON:
NDI FFUSI ON CONEO

o | | o [U4.42.04]
® 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
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