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Accordingly, Cast3M represents a complete system, intiegranot only
the functions of calculation, but also the functions of modevelopment
(pre-processor) and result analysis (post-processort3@his a « toolbox »
program in which the user can develop functions that meeits needs.

Cast3M is more particularly used in the domain of nucleargnas a simu-
lation tool, as well as a generic plateform for the developimd specialized
program applications. In particular, Cast3M is used by tmstitut de Ra-
dioprotection et de S(reté Nucléaire" (IRSN) within theriework of safety
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ELASTICITY




_ CHAPTER 1. ELASTICITY

1.1 Testelasl (Description sheet)

Test name:elasl

Calculation type: MECHANICS ELASTICITY 2D AXI

Finite element type: COQ2

Topic: A spherical skullcap subjected to different types of loade Bpherical skullcap is subjected to
an internal pressure, to its own weight and to a radial load.sdlve this problem, we use the principle of
superposition. The equivalent loads for each load werautztked and then added before the resolution of the
system.

Goal: Find the radial displacement at a given point B (1,1).

Reference CASTEM:Test NAFEMS : ME1 : Modélisation des structures élastiquesdCASTEM 2000.

Version: 97’ customer version

Model description:

R=1m
A=(0,0)
B=(1,1)
0=(0,1)
INTERNAL 0 B
PRESSURI RADIAL —
P = 1MPa LOAD
A A
Solid Representation Plane Representation
3D 2D
E = 2110 Pa
RHO = 7.851¢ g/m®
NU = 028




1.1. TEST ELAS1 (DESCRIPTION SHEET)

Test elasl (Results)

RESULTS

U

Reference| 4.677 10°m

Castem | 4.6685 10° m

CASTEM FIGURES

A SPHERI C SKULLCAP SOUBM SSI VE TO DI FFERENT CHARGE TYPE




_ CHAPTER 1. ELASTICITY

Test elas1 (Listing CASTEM)
MESS * UR=4.677 MCRON UR =" DR 'M CRON ;

kkkkkhkhhkhkkkhkhhhhkhkhkhkhhhhhkhkhhhhhhkhkkhhhkk TENPS;

TITR ' A SPHERI C SKULLCAP SUBJECTED * Fommmeeem - GO0D WORKI NG MESSACE ---------
TO DI FFERENT TYPES OF LOADI NG ;

IEE R R RS R R EEEE SRR R EREREEEEEEEEEEEEEESE] ERR:lOO*(ABS(4 677 _DR)/4 677)’

* SI (ERR < 5);

OPTION DI ME 2 ELEM SEG2 MODE AXI'S ; ERRE 0;

OPTI ECHO 1; SINON;

* ERRE 5;

*ooo-- GEOVETRY - ----cmmmmmemaameis FINSI ;

* FI'N,

*

A=00;

B=11;

0=01;

*

L1 = CERC 100 A OB ;

*

TRACE QUAL L1 ;

*

LT BOUNDARY CONDI TI ONS - ----------

*

CL1 = BLOQ B UZ ;

L2 = BLOQ A UR ;

CL = CL1 ET CL2 ;

* DESCRI PTION OF MODEL MATERIAL ---------

*

MO = MODE L1 MECANI QUE ELASTI QUE COQ ;

MA = MATE MO YOUN 2. 1E11 NU 0.3 RHO 7. 85E4 ;
CA = CARA MO EPAI 0.02 ;

MA = MA ET CA

*

*- CALCULATION OF THE RRG DI TY MATRI X ----

*

R1=RG MM ;

R2=R1ETC;

*

L LOADS DEFI NI TION == --------n---
*

*.. A UNI MORMALY | NTERNAL PRESSURE - - - -
*

FOL = PRES COQU MO - 10000 NORM ;

*

LT T [ TS OMN VIEI GHT --------cmnn--
*

MAS = MASSE MD M

EL1 = CHANGE L1 POI 1 ;

POP = MANU CHPO EL1 1 WZ -1 ;

FC2 = MAS*POP ;

*

L A RADI AL LOAD ----nnnnnnn-
*

F=1000*2* P ;

FOB = FORCFRF B ;

*

FO = FOL + FQ2 + FQB ;

*

L CALCULATI ON AND QUTPUT ----- - - -

RE = RESORI 2 FO ;

DR = EXTR RE UR B ;

DR = 1000000*DR ;

SAUT PAGE ;

SAUT 2 LIGN ;

MESS ' RADI AL CALCULATED DI SPLACEMENT ' ;
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1.1. TEST ELAS1 (DESCRIPTION SHEET) 0%

Test elas1l (Comments)

1. Stiffness and Mass Matrix

5.

RI1 = RIGI MO MA;
RI2=RI1ETCL;
MAS = MASSE MO MA;

The operators RIGI and MASS require the mechanical modet (k&) and the material and geometrical
characteristics (here MA). For the shell elements it is ssagy to define the thickness (EPAI)

. Pressure

FO1 =PRES COQU MO -10000 NORM ;

The operator PRES(SION) calculates the nodal forces elgnivéo a pressure. The keyword COQU
indicates that the pressure is applied on shell elements.

The operator requires the model (MO) and the value of thespres The keyword NORM(AL) indicates
that the pressure is positive when it is carried by a vectgugradicular to the element, oriented positively.

. Own weight

MAS = MASSE MO MA;

EL1=CHANGE L1 POI1;

POP = MANU CHPOEL11UZ-1;

FO2 = MAS*POP ;

There are no operators to calculate the own weight. Theiealig to multiply the mass matrix (MAS)

by an object of CHPOINT type (POP). The POP object defines dhevof gravity (direction UZ and
value -1).

. Force

F=1000*2*PI,
FO3=FORCFRFB;
The operator FORCE calculates a force field which is givenlasaized force. Here the force is defined

by its component FR, its value F and the geometry on wich ipgied (point B).

Addition of the three loads
FO=FO1+ FO2 + FO3;

The three loads are objects of CHPOINT type. It is also ptessibadd them in order to get the complete
load.




_ CHAPTER 1. ELASTICITY

1.2 Testelas2 (Description sheet)

Test name:elas2

Calculation type: MECHANICS ELASTICITY 3D

Finite element type: DKT

Topic: A cylindrical solid embedded, subjected to a diametricabloThe cylindrical structure is pinched
at one end while the other one is embedded. For symmetrynmeagest 1/4 of this structure is modelled. The

boundary conditions should reproduce the symmetry. A didoa load is applied.

Goal: Find the displacement on X at the point P1 (7,0,0) and thdatisment on Z at point P3 (0,70,0)
where the diametrical force is applied.

Reference CASTEM:Test NAFEMS : ME6 : Modélisation des structures élastiquesdCASTEM 2000.
Version: 97’ customer version

Model description:

R=7m
H=70m
P.=(7,0,0)
P.=(0,0,7)
Ps=(0, 70, 0)

diametrical
load

E = 310 Pa
RHO = 7.851¢ g/m®
NU = 03




1.2. TEST ELAS2 (DESCRIPTION SHEET)

Test elas2 (Results)

RESULTS

mm
—~ 4
Dano49
N
U1__l
_

&

(@)

@]
—lclo
|5
N~

(=]
=) N
—

3N

|

()
2E
5|8
7

[

CASTEM FIGURES




CHAPTER 1. ELASTICITY

Test elas2 (Listing CASTEM)

Ik khhhhhhkhkkhhkkhhkhhkhhhkhkkkhkkk k%

* *
*TI TRE * CYLI NDER AFFECTED *
* EVBEDDED | N ONE BOARD *
* *

Kk khhkhhkkhkkhhhhkhhkhhkhhkkhkhkhhkkh k%

OPTION ECHO 1 DIME 3 ELEM TR 3 ;
TEWPS ;

SURF=LI GL TRAN 30 VECT ;
LIGL LI® LIG3 LI G4=COTE SURF ;
P3=LIG PO N FINA ;

CEIL1 = 100. 100. 100. ;

TRAC QUAL OEIL1 SURF :

* MODEL AND MATERI AL CHARACTERI STI CS

MOD1=MODE SURF MECANI QUE ELASTI QUE DKT;
MAT1=MATE MOD1  YOUN 3.E7 NU 0.3 ;

EPEE=CARA MODL EPAl 0.1 ;
NAT1=MAT1 ET EPEE;

K o o e e e e e e e e e e e e e e e e e e e e e e e, ——.—
*** RIGDITY AND MASS;

K o o e e e e e e e e e e e e e e e e e e e e e, ——.—
*

ENCI=BLOQ LIG4 UZ ;

ENC2=BLOQ LI 4 RX ;

ENC3=BLOQ LI G4 RY ;

ENCA=BLOQ LI G2 UX ;

ENC5=BLOQ LI G2 RY ;

ENC6=BLOQ LI R RZ ;

ENC7=BLOQ LI G3 UY ;

ENCB=BLOQ LI G3 RX ;

ENCO=BLOQ LI G3 RZ ;

ENC10=BLOQ LI GL DEPL ROTA ;
ENCL1=ENCL ET ENC2 ET ENC3 ET ENCA

ET ENC5 ET ENC6 ET ENC7 ET ENCS;

ET ENC9 ET ENCLO ;

F1=0 0 -2500 ;
EFOR=FORC F1 P3 ;
Rl G=RI Gl ET ENC11,
*

DE1=RESQU R & EFCR,
D1X = EXTR DE1 UX P1 ;
D3Z = EXTR DE1 UZ P3 ;

SAUT PAGE ;

MESS ' THEORETI CAL X DI SPLACEMENT ON P1 : 0.00" ;
MESS ' COVPUTED X DI SPLACEMENT ON P1 : ' DIX ;
SAUT 2 LIG\E ;

MESS ' THEORETI CAL Z DI SPLACEMENT ON P3 : -1.140" ;
MESS ' COWPUTED Z DI SPLACEMENT ON P3:' D3Z ;
TEWPS ;
* GOOD WORKI NG MESSAGE
DZREF=- 1. 14;
RESI =ABS( ( D3Z- DZREF) /| DZREF) ;
SI (RES| <EG 1E-2):
ERRE 0;
SING,
ERRE 5;
FINSI ;
FI'N,




o
1.2. TEST ELAS2 (DESCRIPTION SHEET) 0%

Test elas2 (Comments)

1. Resolution
DE1 = RESOU RIG2 EFOR;
The operator RESO(UDRE) constructs the solution of thealiystem (Ku=F) with K equal to RIG2,

EFOR equal to F and DE1 equal to u.

2. Results

DIX=EXTRDE1 UXP1;
D3Z=EXTRDE1 UZP3;
The operator EXTR(AIRE) allows to extract a value of one comgnt of an object. Here D1X contains

the value of the UX displacement at point P1 and D3Z contdiavalue of the UZ displacement at point
P3.




_ CHAPTER 1. ELASTICITY

1.3 Test elas3 (Description sheet)

Test name:elas3
Calculation type: MECHANICS ELASTICITY 3D
Finite element type: TRI3

Topic: The problem is similar to elas2, but the cylinder is free andembedded. The boundary conditions
must reproduce the symmetrical geometry. Just 1/4 of thistsire is modelled. A diametrical load is applied.

Goal: Find the bending in the direction Z at a point P3 (0,70,0), netihe diametrical load is applied.
Reference CASTEM:Test NAFEMS : ME7 : Modélisation des structures élastiquesdCASTEM 2000.
Version: 97’ customer version

Model description:

R=7m

H = 70m

P. = (4.953, 0, 0)

P, = (0, 0, 4.953)

Ps = (0, 5.175, 4.953)

P3| diametrical
load

E = 310 Pa
RHO = 7.8510¢ g/m?
NU = 03

10



1.3. TEST ELAS3 (DESCRIPTION SHEET)

Test elas3 (Results)

RESULTS

U; (Ps)

Castem | —0.45214cm

Reference| —0.452cm

CASTEM FIGURES

CYLINDER FREE PI NCHED AT BOARDD

CYLINDER FREE PI NCHED AT BOARDD

11



CHAPTER 1. ELASTICITY

Test elas3 (Listing CASTEM)

TI TR " CYLI NDER FREE PI NCHED AT BORDER ;
OPTION ECHO 1 ;

OPTION DIME 3 ELEMTRI 3 ;

DENS 0. 75 ;

P1=4.953 0 0 ; P2=0 0 4.953 ;C1=0 0 O ;
VECT=0 5.175 0 ;

LIGI=C P1 Cl P2 ; SURF=LI GL TRAN VECT;
LIGL LI& LIG LI A=COTE SURF ;

P3=LIG PO N FINA ;

*

CEIL1 = 100 100 100;

TRAC QUAL OEIL1 SURF;

K o o e e e e e e e e e e e e e e e e e e e e e e, —.—.—

* DESCRI PTI ON OF MODEL AND MATERI AL

* CHARACTERI STI CS

MODL=MODEL SURF MECANI QUE ELASTI QUE DKT;

MAT1=MATER MOD1 YOUN 10.5E6 NU 0.3125
RHO 1. EPAl 0.094 ;

* % ok ok

ENC1=BLOQ LI G4 Uz
ENC2=BLOQ LI G4 RX ;
ENC3=BLOQ LI G4 RY ;
ENCA=BLOQ LI G2 UX ;
ENC5=BLOQ LI G2 RY ;
ENC6=BLOQ LI &2
ENC7=BLOQ LI G3
ENC8=BLOQ LI G3
ENCO=BLOQ LI G3 RZ ;
ENCL0=ENCL ET ENC2 ET

ENC3 ET ENC4 ET ENCS

ET ENC6 ET ENC7 ET ENC8 ET ENCO ;

AR<R

F1=0 0 -100 ;
EFOR=FCRC F1 P3 ;
Rl G@=RI Gl ET ENC10;

DE1=RESQU RI @ EFCR,
D3Z = EXTR DE1 UZ P3;
Dz = EXCO UZ DEL;

SAUT PACE ;

SURF1 = DEFO SURF DEL;
OPTI 1 SOV LI GNE;

TRAC CEIL1 DZ SURF1 ;

*

MESS ' THEORETI CAL DI SPLACEMENT ON Z':'-0.452";
MESS ' CALCULATED DI SPLACEMENT ON Z':'D3Z'" ;
TEWPS ;

*

DZREF=- 0. 452;
RES| =ABS( ( D3Z- DZREF) / DZREF) ;
SI(RES| <EG 5E-2):
ERRE 0;
SINO
ERRE 5;
FINSI;
FIN

12



o
1.3. TEST ELAS3 (DESCRIPTION SHEET) 0%

Test elas3 (Comments)

1. Creation of a new field
DZ = EXCO UZ DE1;

The operator EXCO creates, from the field DE1 a new field of #reestype by extracting one or more
components. Here, the new field DZ is made up of the UZ comparfdDE 1.

2. Deformed object
SURF1 = DEFO SURF DEZ1;

The operator DEFO(RME) constructs an object of type DEFORME an initial geometry (SURF)
and a displacement field (DE1).

3. Isovalues

OPTIISOV LIGNE;
TRAC OEIL1 DZ SURF1;
The directive OPTI followed by ISOV LIGNE specifies that theecator TRAC will draw the isovalues

with lines. The operator TRAC represents the field DZ on thiemdeed object SURF1 using lines of
isovalues.

13



_ CHAPTER 1. ELASTICITY

1.4 Test elas4 (Description sheet)

Test name:elas4

Calculation type: MECHANICS ELASTICITY 3D

Finite element type: COQ4

Topic: A cantilever beam wich cross section is subject to a torsiogue. Consider a simple cantilever
beam with a cross section. This structure is subjected toséiototorque. The value of the torsion torque is
1200mN, obtained from two loads of 600N each. The loads aferanly applied on each side.

Goal: Find the axial stress at point A(2.5, 0, 0). The analyticdligas Smxx = -108 MPa.

Reference CASTEM:Test NAFEMS : MES8 : Modélisation des structures élastiquesd@ASTEM 2000.

\Version: 97’ customer version

Model description:

Torsion Torque
1200 mN

Pa P24

P
<+ 73 / P23

P2 P22

Wz

P21

Pi-P>o=1m
P2'P3 = 2m v
Ps-P23= 10m

E = 21010 Pa
EPAI 0.1m
NU = 03

14



1.4. TEST ELAS4 (DESCRIPTION SHEET)

Test elas4 (Results)

RESULTS

Smxx(A(2.5,0,0))

—108MPa
—11273 MPa

Reference]
Castem

CASTEM figures

TEST ELASA : MAI LLAGE

15



_ CHAPTER 1. ELASTICITY

Test elas4 (Listing CASTEM)

TI'TR " CANTI LEVER SUBJECTED TO TORSTI ON TORQUE'; *

CPTI ECHO 1; * DRAWNGS THE STRAINS AND THE REACTI ONS
CPTI DI ME 3; AWVEC = . 5E-6;

CPTI ELEM QUA4; REA1 = REAC DEP1 RIGL;

* VECT1 = VECT CHAL (AWPVEC * 20) FX FY FZ ROUGE
* * VECT2 = VECT REA1 AWPVEC FX FY FZ BLEU;

* GEOVETRY AND MESCHI NG * DEFO = DEFO 0. DEP1 SURI,
*

*

* DEF1 = DEFO 5. DEP1 SURL (VECT1 ET VECT2) VERT;
TITR' elas4 : STRAIN, LOADS, REACTIONS ;

*POl NTS TRAC CEIL SURL (DEFO ET DEF1);

* *

CEIL = 1000 -1000 1000; * *
PL=000; P21 = (PL PLUS (10 0 0)); * ONE EXTRACTI NG STRESS AND COMPARI SN *
P2 =00 1; P22 = (P2 PLUS (10 0 0)); * W TH THEORETI CAL SOLUTI ON *
P3 =021 P23 = (P3 PLUS (10 0 0)); * *
P4 =022 P24=(P4PLUS (10 0 0)); *

* CHAML = SI GM MODL1 MATRL DEPL;
PIM= 10 0 .5; P2M = 10 2 1.5; *

* CHAM2 = CALP CHAML MATRL MODLL MOYEN;

* LINES CHAMB = CHAN NOEUD CHAMR MODLL;

NL = 2; CHPCB = CHAN CHPO CHAMB MODLL;

LIGL = PL DNL P2 D NL P3 D NL P4; *

*

PA = SURL PON PRCC (2.5 0 0);

* MESH NG SMKXA2 = EXTR CHPO3 SMYY PA;

N2 = 16; SMKXA2 = SMKXA2 | 1. ES;

SURL = LIGL TRANS N2 (10 0 0); SMKXAL = - 108;

* ERGXXA = 100* ( ABS( ( SMXXA2- SMKXAL) / SMKXAL) ) ;

ELI M'SURL ET P21 ET P22 ET P23 ET
P24 ET P1IM ET P2M 0.001;

*

TITR ' TEST elas4 : MAILLAGE ';
TRAC CEI L QUAL SURL;

RESULTS *

* %k ok ok

* MESS ' RESULTS TEST el as4 ';
* * MESS ' ----iieii i "
* MODEL AND MATERI AL CHARACTERI STI CS * SAUT 2 LIGN,
* RI G DI TY AND BOUNDARY CONDI TI ONS * MESS ' VE FIND THE AXI AL STRESS ON THE MOYEN SURFACE';
* * MESS ' AT THE PO NT A’ ;
* MESS "I T I S COWPARED TO THE THEORETI CAL VALUE ';
MODL1 = MODE SURL MECANI QUE ELASTI QUE | SOTROPE COQ4; SAUT 1 LIG\;
MATRL = MATE MODL1 YOUN 210E9 NU 0.3 EPAI 0.1; MESS ' MECTHEORETI CAL AXI AL STRESS AT A :' SMXXALl 'MPa’;
RI1 = RRG MATRL MODLL; MESS ' COMPUTED AXI AL STRESS AT A :' SWXXA2 ' MPa';
CL1 = BLOQ DEPL LIGL; MESS "ERR :' ERGXXA ' %' ;
RIGL = RI1 ET CL1; SAUT 1 LIG\;
* *
* * ELSURL = NBEL SURL;
* CHARGEMENT * NOSURL = NBNO SUR1,;
* * *
* MESS ' FI NI TE ELEMENT NUVBER :' ELSURI;
F1 =00 -150E3; MESS ' NODES NUMBER :' NOSURL;
FIM= 0 0 -300E3; *
F2 =00 150E3; * *
F2M =0 0 300E3; * GO0D WORKI NG MESSAGE *
* * *
FORCL = FORC F1 P21; *
FORC2 = FORC F1 P22; SAUT 2 LIGNE;
FORCIM = FORC F1M P1M S| (ERGXXA <EG 5);
FORC3 = FORC F2 P23; ERRE 0;
FORC4 = FORC F2 P24; SINON;
FORC2M = FORC F2M P2M ERRE 5;
* FINSI;
CHA1 = FORC1 ET FORC2 ET FORC3 ET *
FORCA ET FORCIM ET FORC2M SAUT 1 LIG\;
* TI ME;
* * SAUT 1 LIG\;
* RESCLUTI ON : DI SPLACEMENT AND STRESS  * *
* * FIN
*

DEP1 = RESO RIGL CHAL;
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1.4. TEST ELAS4 (DESCRIPTION SHEET) 0%

Test elas4 (Comments)

1. Strains and reactions

AMPVEC = .5E-6;

REA1 = REAC DEP1 RIG1,;

VECT1 = VECT CHA1 (AMPVEC * 20) FX FY FZ ROUGE;
VECT2 = VECT REA1 AMPVEC FX FY FZ BLEU,

DEFO = DEFO 0. DEP1 SUR1,

DEF1 = DEFO 5. DEP1 SURL1 (VECT1 ET VECT2) VERT,
TITRelas4 : STRAIN, LOADS, REACTIONS;

TRAC OEIL SUR1 (DEFO ET DEF1);

The operator REAC(TION) constructs from the solution DERA variation of the second member of the
linear system relative to RIG1.

The operator VECT(EUR) constructs an object of VECTEUR t@¢EeCT1 and VECT?2) from the com-
ponents of a field (CHA1 and REA1). The amplication coeffitimust be given along with the names
of the components (FX, FY, FZ).

The operator DEFO can be used by associating an object of HERTtype (VECT1 ET VECT2) with
the object of DEFORME type. The result will represent thedfigfi reactions by means of vectors in blue
and the field of loads in red on the deformed shape drawingréarg.

2. Stresses

CHAML1 = SIGM MODL1 MATR1 DEP1;

CHAM2 = CALP CHAM1 MATR1 MODL1 MOYEN;
CHAM3 = CHAN NOEUD CHAM2 MODL1;
CHPO3 = CHAN CHPO CHAM3 MODL1 ;

PA = SUR1 POIN PROC (2.5 0 0);

SMXXA2 = EXTR CHPO3 SMYY PA;

The operator SIGMA calculates a stress field (CHAM1) fromspliicement field (DEP1). In the case
of thin shell elements it is a matter of generalized stresg@sh are calculated in the local basis.

The operator CALP (CALcul en Peau) calculates a stress fielerims of continuum mechanics starting
from a generalized stress field (CHAM1). In the case of sHethents the calculation is carried out at
points obtained by projecting supporting points eitheiodhe shell mid-plane (option chosen here with
keyword MOYEN) or onto the top or bottom layer.

The operator CHAN(GER) constructs from a field by elementslA®12) and from a model object
(MODL1) a new field by elements (CHAM3) of the same kind as CHAMIt born by the nodes (option
taken here with keyword NOEUD).

The operator CHAN has different functions, the keyword CHB&ds it to construct from a field by
elements and a model object a new field by points (CHPO3).

Note that the names of the components of the first stress M 1) are different from the names of
components of the other stress fields.

3. Nodes and elements number

ELSUR1 = NBEL SUR1;
NOSUR1 = NBNO SUR1,
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The operator NBEL supplies the number of elements contdaméte geometry SURL. In the same way,
the operator NBNO supplies the number of nodes containdtkigéometry SUR1.

18
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1.5. TEST ELAS7 (DESCRIPTION SHEET) O:%

1.5 Testelas7 (Description sheet)

Test name:elas7

Calculation type: MECHANICS ELASTICITY 2D AXI

Finite element type: COQ2

Topic: solid : cylinder-sphere-cylinder subjected to an inteqmassure. Consider a solid structure com-
posed by one cylinder surmonted by one sphere and surmogitedéocylinder. This structure is subjected
to an internal pressure (P = 1 MPa). On grounds of symmetgd(knd geometry), we solve this problem in
axisymmetrical model.

Goal: Find the axial stress at a point C(0.70, 1). The analytichleve&s Smzz = -319.9 MPa.

Reference CASTEM:Test NAFEMS : ME11 : Modélisation des structures élastigleess CASTEM 2000.

Version: 97’ customer releas

Model description:

Q A °
<= -
<= =)
- = ||+
2
INTERNAL
<= PRESSURE — R
P = 1MPa R = (1/2) 0.5m
___________ Hi=1m
/"’ R§\\\ H2 =2m
P X A=(R,0) c
B = (0, Cos45)
C=R,1
/, \\\ D=(0,0.5) B
Y N[
. ) Plane Representation
Solid Resplgesentatlon °D
E = 210106 Pa
EPAI = 0.01m
NU = 03
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Test elas7 (Results)

RESULTS

SmzzC(0.70,1))
Referencel —3199 MPa
Castem —31229 MPa

CASTEM figures

PD

p1D

ISUR2

PDL

PAL

ISUR3

PA

ELAS7 : MESH NG

AVPLI TUDE

0. 00E+00

VECTEURS

FR FZ
FR FZ

ELAS7 : DEFORMEE, CHARGEMENT, REACTI ONS
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1.5. TEST ELAS7 (DESCRIPTION SHEET)

Test elas7 (Listing CASTEM)

CPTI ECHO 1; CPTI DI ME 2; COPTI MODE AXI'S;
CPTI ELEM SE®;

GEOVETRY AND MESHI NG *

R

*

* PO NTS

COS75 = COS 7.5; COS375 = COS 37.5;
COS45 = COS 45; SIN75 = SIN 7.5;
SIN375 = SIN 37.5; SIN45 = SIN 45;
R=2** -5

RA=R ZA=0.; PA=RAZA
RB = 0; ZB = COS45; PB = RB ZB;
RC=R ZC=1.; PC=RC ZC
RD=R ZD=2.; PD=RD ZD;

RO =10; ZO=1 + COS45; PO=RO ZG,
PA1 = PC PLUS (0 -0.125);

PD1 = PC PLUS (0 0.125);

PB1 = PB PLUS (SIN375 (1-C0S375));

* DROTS, CERCULES AND LI NES

K=1; SI (KEGA1); TITR' LE9 : COARSE MESHI NG ;
SINON, TITR' LE9 : FINE MESH NG ; FINSI;
Nl = 4 * K AA1 = PA DRO N1 PA1;

Al1C = PA1 DRO NL PC, CD1 = PC DRO N1 PD1;
D1D = PD1 DRO N1 PD; B1C = PB1 CERC N1 PO PC;
N2 =5 * K, BBl = PB CERC N2 PO PBL;

*

SURL = BBl ET B1C, SUR2 = CD1 ET D1D,

SUR3 = AAl ET AIC, SURF1 = SURL ET SUR2 ET SUR3;
TITR "elas7 : MESH NG ; TRAC QUAL SURF1;
ELSURF1 = NBEL SURF1; NOSURF1 = NBNO SURF1,

*

* *
*  MODEL AND MATERIAL CHARACTERI STI CS *
*  RIGDITY AND BOUNDARY CONDI TI ONS *

* *
*

MODL1 = MODE SURL MECANI QUE ELASTI QUE | SOTROPE COQ2;
MODL2 = MODE SUR2 MECANI QUE ELASTI QUE | SOTROPE COQ2;
MODL3 = MODE SUR3 MECANI QUE ELASTI QUE | SOTROPE COQ2;
MATRL = MATE MODL1 YOUN 210E9 NU 0.3 EPAI 0.0L;
MATR2 = MATE MODL2 YOUN 210E9 NU 0.3 EPAI 0.01;
MATR3 = MATE MODL3 YOUN 210E9 NU 0.3 EPAI 0.0L;
RI1=RG MDLL MTRL;

RI2 = RRG MXDL2 MATRZ;
RI3 = RRG MODL3 MATR3;

*

* BOUNDARY CONDI TI ONS

*

CL1 = BLOQ ROTA DEPL PA

RIGL = RI1 ET RI2 ET RI3 ET CL1;

*

* *

* LOADI NG *

* *

*

* UNI FORM | NTERNAL PRESSURE

CH1L = PRES COQU MODL1 -1.E6 NORM
CH2 = PRES COQU MODL2 -1.E6 NORM

CHAL = CHL ET CH2;

* *

* RESCLUTION : FIELD OF DI SPLACEMENT *

% %

*

DEP1 = RESO RI GL CHAL;

*DRAW NGS THE STRAINS AND THE REACTI ONS
AWPVEC = . 4E-6;
REAL = REAC DEP1 RIGL;
VECT1 = VECT CHAl (AWPVEC * 20) FR FZ ROUGE;
VECT2 = VECT REA1 AWPVEC FR FZ BLEU,
DEFO = DEFO 0. DEP1 SURFI,
DEF1 = DEFO 40. DEP1 SURF1 (VECT1 ET VECT2) VERT;
TITR "el as7 : DEFORMEE, CHARGEMENT, REACTIONS' ;
TRAC SURF1 (DEFO ET DEF1);

ONE EXTRACTI NG STRESS AND COVPARI SON *
W TH THEORETI CAL SCLUTI ON *

R S T

DEP2 = REDU DEP1 SURZ;
CHAML = SI GM MODL2 MATR2 DEP2;
CHAMR = CALP CHAML MATR2 MODL2 | NFE;

*

*| NTERPOLATI ON OF THE STRESS AT THE MESHI NG KNOTS

CHAM3 = CHAN NOEUD MODL2 CHAMR;
CHPO3 = CHAN CHPO MODL2 CHAMB;
SMZZC = EXTR CHPG3 SMXX PC;

SMZZC = SMZZC /1. E6;

SWZZCL = -319. 9;

* CALCULATED MARGI N W TH THE REFERRI NG SOLUTI ON.
ERGZZC=100* ( ABS( ( SMZZC - SMZZCl) / SMZZCL));

RESULTS *

* %k ok ok

MESS ' RESULTS : TEST elas7 ';

MESS ' ----meeeme i "

SAUT 2 LIGN;

MESS ' THE FI NDI NG VALUE | S THE AXI AL STRESS AT C ;
MESS

" I T IS COWARED AT THE ANALYTI CAL VALUE.';

SAUT 1 LIG\;

MESS ' ANALYTI CAL AXI AL STRESS AT C.' SMZZC1' MPa’ ;
SAUT 1 LIG\;

MESS ' COMPUTED AXI AL STRESS AT C :' SMZZC MPa’ ;
SAUT 1 LIG\;

MESS ' WH CH G VES AN ERROR OF ;' ERGZZC ' % ;
SAUT 2 LIGN;

SI (K EGA 1); MESS ' COARSE MESHI NG ;

SINON, MESS ' FINE MESH NG ; FINSI;

MESS * FI NI TE ELEMENTS NUMBER :' ELSURF1;

MESS * NODES NUMBER :' NOSURFL;

MESS ' THEREFORE ' (NOSURF1 * 3) 'd.d.l.’;

*

* *
*  GOOD MESSAGE VIORKI NG *
) )
SAUT 2 LIGY

Sl (ERGZZC <EG 5); ERRE 0;

SINON, ERRE 5; FINSI;

*

* *

* RUNNI NG CALCULATI ON TI ME AND END  *
N N
SAUT 1 LIG\

TI ME;

SAUT 1 LIG\

FI'N,
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1.6 Test elas8 (Description sheet)

Test name:elas8

Calculation type: MECHANICS ELASTICITY 2D PLANE STRESS

Finite element type: QUAS

Topic: solid : ELLIPTICAL MEMBRANE SUBJECTED TO LINEAR LOAD. The mael is an elliptical
membrane, obtained by a projection of one arc of circle om® plane. This structure is subjected to linear
load in one sides. On grounds of symmetry, we solve this prabih axisymmetrical mode.

Goal: Find the stress at a point D(2, 0; 0). The analytical valueniys= 92.7 MPa.

Reference CASTEM:Test NAFEMS : ME12 : Modélisation des structures élastigleass CASTEM 2000.

\Version: 97’ customer releas

Model description:

UNIFORMILY
EXTERNAL
PRESSURE

AB =1.75m
CD =1.25m
AD =2m

AC =3.25m
A=(0,1,0
B=(0,2.75,0)
C=(3.25,0,0)
D=(2,0,0) A

E = 21010 Pa
NU = 03
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1.6. TEST ELAS8 (DESCRIPTION SHEET)

Test elas8 (Results)

RESULTS

CASTEM figures

M\ﬁ

ELAS8 : DEFORVEE, CHARGEMENT, REACTI ONS

Smyy(D(2,0,0))

Reference

92,7 MPa

Castem

93,548 MPa

AVPLI TUDE

0. 00E+00

VECTEURS
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Test elas8 (Listing CASTEM)

* CAS TEST DU 91/ 06/ 13 PROVENANCE : TEST
SAUT PAGE;

TITR " ELLI PTI CAL MEMBRANE SUBJECTED
TO LI NEAR LOAD ;

*

OPTI ECHO 1;

*

CPTI DI ME 3;
OPTI ELEM QUAS;

GEOVETRY AND MESHI NG *

PO NTS; LINES, CERCULES

E R S
*

PB=0. 2.750.;
PBL = 0. 2.75 (((3.25 ** 2)
<(2.75 ** 2)) ** 0.5):
PC=3.250. 0.;
ClL = PC CERC 6 (0. 0. 0.) PBL;
€2 = Cl PROJ CYLI (0. 0. 1)
PLAN (0 0 0) (100) (010);
PA=0. 1. 0.;
PAL = 0. 1. (((2.**2)-(1.** 2))** 0.5);
PD =2 0. 0.;
C3 = PDCERC 6 (0. 0. 0.) PAL
C4 = C3 PROJ CYLI (0. 0. 1)

PLAN (0 0 0) (100) (010);

DL = PADRO 2 (0. 1.583 0.) DRO 2 PB;
D3 = PCDRO 2 (2.417 0. 0.) DRO 2 PD;
ELIM (DL ET G2

D3 ET C4) 0.0001;
D3 C4 PLAN;

TITR "elas8 : MESHING ; TRAC (0 0 1000) QUAL SURL;
*

CPTI DI ME 2;
OPTI MODE PLAN CONT;

MODEL AND MATERI AL CHARACTERI STI CS *
RIG DI TY AND BOUNDARY CONDI TI ONS

*

I

MODL1=MODE SURL MECANI QUE ELASTI QUE | SOTROPE QUAS;
MATR1=MATE MODL1 YOUN 210E9 NU 0. 3;
RI1 = RRG MOXDL1 MATRL;

*

*BOUNDARY CONDI TI ONS
*

CL1
CL2

*

RIGL = Ri1 ET CL1 ET CL2;

) SURL 0.0001;

SYMI DEPL ROTA (0 0) (0 1
1 0) SURL 0.0001;

00
SYMT DEPL ROTA (0 0) (

LOADI NG *

O

UNI FORMLY | NTERNAL PRESSURE
CHAL = PRES MASS MODL1 -10.E6 C2;

*

*

*RESCLUTI ON @ FI ELD OF DI SPLACEMENT *

*

*

DEP1 = RESO RI Gl CHAL;

*

*

* %k ok

DRAW NGS THE STRAINS AND THE REACTI ONS

AWVEC = 1.E-7;

REA1 = REAC DEP1 RIGL;

VECT1 = VECT CHA1 AMPVEC FX FY ROUGE;

VECT2 = VECT REA1 AWPVEC FX FY BLEU,

DEFO0 = DEFO 0. DEP1 SUR1,;

DEF1 = DEFO 150. DEP1 SURL (VECT1 ET VECT2) VERT;
TITR el as8 : DEFORMVEE, CHARGEMENT, REACTIONS';
TRAC SURL (DEFO ET DEF1);

FI ELD OF STRESS *

CHAML = SI GM MODL1 MATRL DEP1;

*| NTERPOLATI ON ON THE MECHI NG KNOTS
CHAMR = CHAN NOEUD CHAML MODL1I;
CHP2 = CHAN CHPO CHAMZ MODLI;

EE

*

*

ONE EXTRACTI NG STRESS AND COVPARI SON *
W TH THEORETI CAL SOLUTI ON *

SQUGHT THE STRESS SMYY AT PO NT D.

SMYYD = EXTR CHP2 SMYY PD; SWYYD = SMWYD / 1. E6;
SWYDL = 92.7;

ERG = 100 * (ABS ((SWYYD - SWYDL) / SWYYDL));
*

MESS ' RESULTS ';

MESS ' --ce----- "

SAUT 1 LIGN,

MESS ' THEORETI CAL STRESS SMYY AT D :' SMYYDL ' MPA';
MESS *  COWPUTED STRESS SWYY AT D :' SWYYD ' MPA';
MESS VWH CH G VES AN ERROR OF :" ERG ' % ;

SAUT 1 LIGN,

*

NBNCSURL
NBELSUR1L

NBNO SURL;
NBEL SURL,;

MESS ' FI'NI TE ELEMENT NUMBER :' NBELSURL' QUA8' ;
MESS * NUMBER OF NCDES :’ NBNOSURI ;
SAUT 1 LIGY;

* ok ok ok ok

GOCD MESSAGE WORKI NG *

SI (ERG <EG 5.);

ERRE 0;

SINON;

ERRE 5;

FINSI ;

SAUT 1 LIGY;

TEMWPS,;

SAUT 1 LIGY;
*

FIN,
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1.6. TEST ELAS8 (DESCRIPTION SHEET) 0%

Test elas8 (Comments)

1. Projection
C4=C3PROJCYLI(0.0.1)PLAN(000)(100) (010);

The operator PROJ(ETER) constructs the object C4 whicHtseom the projection of the object C3
with respect of the vector (0. 0. 1.). The projection is don&a plane support defined by 3 points
(keyword PLAN followed by 3 points).

2. Boundary conditions of symmetry

CL1=SYMT DEPL ROTA (0 0) (0 1) SUR1 0.0001;
CL2 = SYMT DEPL ROTA (0 0) (1 0) SUR1 0.0001;

The operator SYMT imposes boundary conditions of symmeig bn the degrees of freedom in rotation
(keyword ROTA). The two points define the axis of symmetry,RAUs the geometry on which are
imposed the conditions and the real 0.0001 is the criterfaelection of the points.

3. Pressure
CHA1 = PRES MASS MODL1 -10.E6 C2;

The operator PRES calculates the nodal forces equivalethtetpressure applied on the model object
MODLL1. The keyword MASS indicates that the type of the elets@ne massive (QUA4).
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1.7 Testelasll (Description sheet)

Test name:elas11l
Calculation type: MECHANICS ELASTICITY 2D AXI
Finite element type: QUAS

Topic: A solid (cylinder-cone-sphere), subjected to a gradiemédr of temperature. The structure is
similar to ELAST10, but we solve this problem in plane axisgetrical mode. The field of temperature is
described by:

T(R+z2=R+z
Goal: Find the stress at a point A(1, 0). The analytical value is Sfy= 105 MPa.
Reference CASTEM:Test NAFEMS : LE11 : Modélisation des structures élastigisass CASTEM 2000.
Version: 97’ customer releas

Model description:

08030

G T: Linear Gradiant of Temperature
T(r,z)=r+z

A=(1,0)
B=(1.4,0)

E D=(1.21,0.7)
G=(1,1.39
I=(1,1.79)

H = (0.7071, 1.79)
E = (Cos30, Sin30)

E = 21010 Pa
NU = 03
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1.7. TEST ELAS11 (DESCRIPTION SHEET)

Test elas11 (Results)

RESULTS

CASTEM figures

Smyy(A(1,0))
Referencel —105MPa
Castem | —10334 MPa

AVPLI TUDE

VECTEURS
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Test elas11 (Listing CASTEM)

* CAS TEST DU 91/06/13 PROVENANCE : TEST MODE1 = MODE SURL MECANI QUE ELASTI QUE | SOTROPE QUAS;

SAUT PAGE; MATE1 = MATE MODE1 YOUN 210E9 NU 0.3 ALPH 2. 3E- 4;

* RI1=RG MDEL MATEL

* *

OPTI ECHO 0; * *

* * BOUNDARY CONDI TI ONS *

OPTI DI ME 2; * *

OPTI MODE AXI S; *

OPTI ELEM QUAS8; CL1 = BLOQ UZ AB;

* CL2 = BLOQ UZ IH

* *

* * CLI1 = CL1 ET CL2;

* GEQVETRY AND MESHI NG * RIGL = RI1 ET CLIL;

* * *

* * *

* * THERM C LOADI NG *

* POINTS * *

* *

PO=10. 0.; * CREATION OF THE FI ELD OF TEMPERATURE

P1L =0 1.; *

PA=1. 0.; CHPR = COOR 1 SUR1;

PB=1.40.; CHPZ = COOR 2 SURL,;

PE = (1. * (0OS 30)) (1. * (SIN30)); *

PD = (1.4 * (COS 30)) 0.7; CHP4 = CHPR + CHPZ;

PC = (COS 30) (SIN 30); *

PE = (COS 45) (SIN 45); LI'S10 = PROG 0. 200.:

PH = 0.7071 1.79; LI S20 = PROG 0. 200.;

Pl =1. 1.79; EVOL1 = EVOL MANU SCAL LIS10 T LI S20;

PG = 1. 1.39; CHP5 = VARl CHP4 EVOL1 T,

* *

* DROTS, CIRCLES, LINES * CREATI ON OF THE EQUI VALENT FI ELD OF STRESS

* *

* MESH NG CHAMLO = THET MODEL MATEL CHPS;

* *

K =2 * CREATI ON OF THE EQUI VALENT LOADS FI ELD

* *

NL =1*%*K CHARL = BSI G MODE1 CHAMLO;

AB = PA DRO NI PB; *

G = PGDRO N1 PI; * *

EC = PE CERC NL PO PC; * RESCLUTI ON *

IH=Pl DRO NI PH * *

* *

N =2*K DEP1 = RESO RIGL CHARL;

BD = PB CERC N2 PO PD; *

DG = PD DRO N2 PG *

CA = PC CERC N2 PO PA; AWPVEC = 1.E-8;

HE = PH DRO N2 PE; REA1 = REAC DEP1 RIGl;

* VECT1 = VECT REA1 AWMPVEC FR FZ BLEU;

* MESH NG W TH COARSE FI NI TE ELEMENT DEFO = DEFO 0. DEP1 SUR1;

* DEF1 = DEFO 100. DEP1 SUR1 VECT1 VERT,

SURL = DALL AB (BD ET DG ET G) IH (HE ET EC ET CA) PLAN TITR 'el as1l ; DEFORMVEE, REACTIONS ;

* TRAC SURL (DEFO ET DEF1);
Sl (K EGA 1); *

TITR el as1l : COARSE MESHI NG ; * *
SI NON; * ONE EXTRACTI NG STRESS AND *
TITR "elas1l : FINE MESH NG ; *  COVPARI SON W TH THE ANALYTI CAL SOLUTI ON *

FI'NSI ; * %
TRAC QUAL SURL; *

* * SOUGHT THE STRESS SI GZZ AT A

ELSURL = NBEL SURI, *

NOSUR1 = NBNO SURI; * TOTAL STRESS FI ELD CALCULATI ON

* *

* * CHAML = S| GM MODE1 MATE1 DEP1;

* * *

* MATERI AL AND CHARACTERI STICS AND RIGDITY  * * SOUGHT THE THERM CAL STRESS

* * *

N N

CHAML = CHAML - CHAMLO;
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* | NTERPOLATI ON ON THE MESHI NG KNOTS.
*

CHAMR = CHAN NCEUD MODEL CHAML;
CHPOLO = CHAN CHPO MODEL CHAMR;

*

*

SMZZA = EXTR CHPOLO SMZZ PA;
SMZZA = SMZZA | 1. ES6;

*

SMZZAL = -105;

*

* DI SCARDI NG CALCULATI ON VALUE W TH THEORETI CAL SOLUTI ON.

*

ERGZZA = 100 * (ABS ((SMZZA - SMZZAL) | SMZZAL));

*

%

RESULTS *

*

* %k ok

MESS ' RESULTS ' ;
MESS ' --ee----- "
SAUT 1 LIG\
*
MESS ' THE FI NDI NG VALUE IS AXI AL STRESS AT A’ ;
MESS
" I T 1S COWARED TO THE THEORETI CAL VALLUE. ' ;
SAUT 1 LIGY
MESS ' VERTI CAL ANALYTI CAL STRESS AT A :’ SMZZAL ' MPa’;
SAUT 1 LIGY
MESS ' VERTI CAL COWPUTED STRESS AT A :’' SMZZA ' MPa';
SAUT 1 LIGN
MESS "W TCH YIELD G VES A ERRCR ' ER&XZZA "% ;
SAUT 2 LIG\
*

Sl (K EGA 1);
VESS ’ COARSE MESHI NG ;
SI NON;
MESS * FINE MESHI NG ;
FINSI;
MESS ®  FINITE ELEMENT NUMBER :’ ELSURL;
MESS °  NUMBER OF KNOTS :’ NOSURL;
MESS '  OR :' (NOSWRL * 3) 'd.d.l.’;
* GOOD WORKI NG MESSAGE  *
*
SAUT 1 LI GNE;
S (ERGZZA <EG 5); ERRE 0;
SINON. ERRE 5;
FINSI;

*

*

RUNNI NG CALCULATI ON TI ME AND END *

*

B

SAUT 1 LIGN,
TEMWPS;

SAUT 1 LIGN,
*

FIN;
*
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Test elas11 (Comments)

1. Creation of a variable field

CHP4 = CHPR + CHPZ,
EVOL1 = EVOL MANU SCAL LIS10 T LIS20;
CHP5 =VARICHP4 EVOL1T;

The operator VARI calculates a variable field from the field”2Hand the variation law in the form of
the function described in EVOL1. T will be the name of the comgnt of the generated field CHP5.

. Thermal stresses

CHAM10 = THET MODE1 MATE1 CHP5;
CHAR1 =BSIG MODE1 CHAM10;

The operator THET calcultes the stresses associated wveittethperature field CHP5.
The operator BSIGMA calculates the nodal force field resgltirom the integration of the stress field
CHAM10. The object CHARL represent nodal forces equivaterie thermic load.
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1.8 Test elas13 (Description sheet)

Test name:elas13
Calculation type: MECHANICS ELASTICITY 3D AXI
Finite element type: POUT

Topic: BEAM ON ELASTIC GROUND WITH ARTICULATED EXTRIMITIES. The sucture is com-
posed by a simple cantilever beam transported by an elastimd. This beam is articulated in two extremities.

Goal: Find the Rotation and the Reaction at one extremity, poir2 48, 0, 0), and the deflexion at D (O,
0, 0) (center of the beam).

Reference CASTEM:Test VPCS: SSLL16/89 : Modélisation des structures élastigians CASTEM 2000.
M. Courtand P. Lebelle Formulaire du béton armé T.2 Parisligg 1976.

Version: 97’ customer releas

Model description:

— ., —
R = R

- o D = (-2.48, 0, 0)
AT ~ M i Me— g | A=(24800)

S | D pa— B=(2.48,0,0)

Y L = P*(100.5)/2

E = 2101 Pa
NU = 03
SECT = 1000m?
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Test elas13 (Results)

RESULTS
Rof(Rad) Ra(N) Uy(D)(m) || M¢(D)(N.m)
Reference] —3.045% —3 1.167E4 —4.233FE3 3.384E4
Castem | —3.1525E — 3 11559 || —4.3808%3 3.3407E4

CASTEM figures

B

BORL

PB

ELAS13 : MESH NG

L

ELAS13 : STRAIN, LOADING REACTI ONS

LU

AVPLI TUDE

0. 00E+00

COVPCSANTES
VECTEURS

FX FY FZ
FX FY FZ
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Test elas13 (Listing CASTEM)
OPTI ECHO 1; OPTI DIME 3; OPTlI ELEM SE®;

*

L L B e e

*  GEOVETRY AND MESHI NG *
B

*

L=P * (10 ** .5) | 2.;

PA=(-.5%L1)0. 0; PB=(0.5%1L)0. 0.;
SURL = PA DRO 8 PB;

PD = SURL POIN PROC (0. 0. 0.);

TITR "el as13 : MESHI NG ; TRAC (0. 0. 1000.) QUAL SURI;
o

* MATRIX OF RRG DI TY *

bt *
MODL1
MATRL

MODE SURL MECANI QUE ELASTI QUE | SOTROPE POUT;

MATE MODL1 YOUN 2. E11 NU 0.3 TORS 1000.
SECT 1000 INRY 1.E-4 INRZ 1.E-4;

RIG1 =R G MDLL MATRL;

O

* BOUNDARY CONDI TI ONS *

e

CL1 = BLOQ UX (PA ET PB); CL2 = BLOQ UY (PA ET PB);

CL3 = BLOQ UZ SURL; CL4 = BLOQ RX SUR1,

NEL1 = NBEL SURL; K = 840000;

KNCEWD = K * L/ (2. * NEL1);

| =0; CL5 = APPU DEPL 0. SURL;

REPETER BLOC2 NEL1;

I =1 +1, PO1 = SURL PON I;

POI2 = SURL POIN (I + 1);
APP1 = APPUI DEPL KNOEUD PO 1;
APP2 = APPUI DEPL KNOEUD PO 2;

CL5 = CL5 ET APP1 ET APP2; FIN BLOCZ;

RIG1 =RG1ETCL1 ET CL2 ET CL3 ET CL4 ET CL5;
I T T T O T O O T O O O T O O O O O O O O O O I 3

*  MECHANI CAL LOADI NG *

I T T T O T O O T O O T O O O O O O O O O T O I 3

CHAL = FORC (0. -10000. 0.) PD;

FTOTAL = -5000. * L; FPONT = FTOTAL / (2. * NEL1);
CHA2 = FORC FY 0. PA | = O;

REPETER BLOCL NELL; | =1 + 1;

POI1 = SURL PONI; PO2 = SURL PON (I + 1);
FORL = FORC FY FPOINT PO 1;

FOR2 = FORC FY FPOINT PO 2;

CHA2 = CHA2 ET FORL ET FOR2; FIN BLOCI;

*

CHA3 = (MOMENT MZ - 15000 PA) ET (MOVENT MZ 15000 PB);

CHARL = CHAL ET CHA2 ET CHA3;
B o
* RESCLUTION : DI SPLACEMENT FI ELD *
* STRESS FI ELD

*
* | faa *
t +++

DEPL1 = RESO RIG 1 CHARL

* DRAW NG THE STAINS

REACL = REAC RIG 1 DEPLI;

TITR "elasl13 : STRAIN, LOADI NG REACTI ONS'

VECT1 = VECT CHARL 3.E-4 FX FY FZ ROUGE,

VECT2 = VECT REACL 3.E-4 FX FY FZ BLEU;

DEFO = DEFO SURL DEPL1 0.

DEF1 = DEFO SURL DEPL1 100. (VECT1 ET VECT2) VERT
TRAC (0. 0. 1000.) SURL (DEFO ET DEF1)

*

SIGML = SI GM MODL1 MATRL DEPLI;
SI G2 = CHAN NOEUD MODL1 SI GML;
SIGVB = CHAN CHPO MODL1 SI G\e;

kg
t++++++

* ROTATI ON AT A :
RZAL = EXTR DEPL1 RZ PA; RZA2 = -3.045E- 3;
ERGL = 100 * (ABS ((RZA2 - RZAl) | RZA2));
*

* REACTI ON AT A :

VAL = EXTR REACL FY PA; VA2 = 1.1674E4;
ERG = 100 * (ABS ((VA2 - VAL) | VA2));
*

* DEFLECTION AT D :

UYDL = EXTR DEPL1 UY PD; UYD2 = -4.23326E- 3;

ERG3 = 100 * (ABS ((UYD2 - UYDL) / UYDR));

* MOMENT OF FLEXION AT D :

M1 = EXTR SI GVB MOVEZ PD;

MD2 = 3.3840E4

ERG4 = 100 * (ABS ((MDL - MD2) / MD2));
L R e

* RESULTS *

MESS ' RESULTS : TEST el as13’;
MESS ' - ccmmmmmmmmmee s "
SAUT LI GN;

MESS ' ROTATION AT A,

MESS ' ----mmmmee e i

MESS ' THEORETI CAL VALUE :' RZA2 'rad’
MESS ' COWPUTED VALUE :' RZAl 'rad’
MESS '’ ERRE ;' ERGL '%;
SAUT LI GN,

*

MESS ' REACTION AT A ’;

MESS ' =-cmememmeeennne "

MESS * THEORETI CAL VALUE :' VA2 "N ;
MESS ' COWPUTED VALUE :' VAL 'N;
MESS ’ ERRE :' ERX "% ;
SAUT LI GN,

*

MESS * DEFLETION AT D ’;

MESS ' --eeiieiiieeeeaes "

MESS *  THEORETI CAL VALUE :' UYD2 'ni;
MESS * COWPUTED VALUE :’ UYDL 'mi;

MESS ’ ERRE :' ERG "% ;
SAUT LI G\

*

MESS * MOMENT OF FLEXION AT D ';

MESS ' ---eeeie e N
MESS ' THEORETI CAL VALUE :' MD2 "'N.mi;
MESS ’ COVPUTED VALUE :* MDL "N.mi;
MESS ’ ERRE :' ERGA "% ;
SAUT LI GN,

* GOOD WORKI NG MESSAGE

* %

ERGVAX = MAXI (PROG ERGL ER® ER® ERGA);
S| (ERGVAX <EG 5.); ERRE 0; SINON, ERRE 5;
FINSI; SAUT 1 LIGN ;

TEMPS,

FI'N;
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Test elas13 (Comments)

e Linear supports

APP1 = APPUI DEPL KNOEUD POI1,;
APP2 = APPUI DEPL KNOEUD POI2;

The operator APPUI constructs the rigidity object assediavith linear support. The keyword DEPL
puts a support on every displacement components. KNOEUBReisdlue of the stiffness and POI1 or

POI2 are the points where the support is imposed.
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1.9 Test stru2 (Description sheet)

Test name:stru2
Calculation type: ELASTIC MECHANIC 2D, PLAN STRESS
Finite element type: QUA4

Topic: Embedded orthotropic square plate. The plate is embeddsteatide. A strength is applied to the
opposite side, it is parallel to the plate.

Goal: Find the horizontal and vertical displacements at the cesftéhe plate (point PE) and at the two
free angles (points PA and PD).

Reference CASTEM:Comparison with six others finite element codes.
\ersion: 97’ customer release

Model description:

YOUNG1 = 215737 18°Pa

YOUNG2 = 7.377 10 Pa
YOUNG3 = 7.377 10 Pa
NU12 = 031
NU23 = 031
NU13 = 031
G12 = 2.319 10Pa
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PB a=1m PA
v/
i
i
y P [/, F=10000N/m
.
]
PC PD

thickness : 0.01 m

Test stru2 (Results)

RESULTS

(10*m) | Displacement at PA Displacement at PD Displacement at PE
Horiz. Verti. Horiz. Verti. Horiz.  Verti.

Reference| 1.09800 -1.3090Q 1.00300 -0.7134Q 0.47680 -0.49650
Castem | 1.09961 -1.31276 0.99508 -0.7170§ 0.47668 -0.49812

CASTEM FIGURES

36



1.9. TEST STRU2 (DESCRIPTION SHEET)

e
[R—— P ———
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< fresiapay
<— .
amen c sasee s aronen ate
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Test stru2 (Listing CASTEM)

R

TITR * AN EMBEDDED ORTHOTROPI C SQUARE PLATE'

R

OPTI DI ME 2 ELEM QUA4 MODE PLAN CONT ;

OPTI  ECHO O ;

*

R GEOMETRY ------mmmimimem e oo - *
PA= 0.5 0.5; PB=-0.5 0.5;

PC=-0.5-0.5; PD= 0.5-0.5;

PE = 0. 0. ;

*

D1 = PADRO 10 PB; D2 = PB DRO 10 PC ;

D3 = PCDRO 10 PD; D4 = PD DRO 10 PA ;

SURL = DALLAGE D1 D2 D3 D4 PLAN ;
SUR = SURL ET PE ;

ELIM SUR 0. 001 ;

*

TITR " ORTHOTROPI C SQUARE PLATE'
TRAC SUR ;

*

NBNOSUR = NBNO SURL ;
NBELSUR = NBEL SURL :

*

L DESCRI PTI ON OF THE MODEL OF MATERIAL -------- *
MOD = MODE SURL MECANI QUE ELASTI QUE ORTHOTROPE QUA4 ;
*

DIRL = (C0S 30.) (SIN30.) ;

*

MAT = MATE MOD DIRE DIRL YGL 2.5737E10 YG2 7. 377E9
YG3 7.377E9 NUL2 0.31 NU23 0.31 NU13 0.31
Gl2 2. 319E9

----------------- BOUNDARY CONDI TI ONS - - - - - - - - - - == *

CL = BLOQ DEPL ROTA D2 ;

*

K LOAD DEFI NI TION <= nmmmmemeannnn *

*THE LOAD IS A 1E4 N/ m LI NEAR LOAD APPLIED ON AD.

*WTH A TH CKNESS OF 0.01 m THE FORCE BY UNIT PER
THI CKNESS 1S 1E6 N'm

FTOT = 1.E6

NBNCD4 = NBNO D4 ;

F5 = FTOT / ((2 * NBNOD4) - 2) :

F50 = F5 0. ;

| =1;

NBI = NBNOM4 - 1 ;

CHA = FORC (0. 0.) (D4 PON1) ;

REPETER BLOCL NBI ;
CHAL = FORC F50 (D4 POINI) ;
= (D4 POIN (1+1)) ;

CHA2 = FORC F50
CHA = CHA ET CHAL ET CHA? ;

=1 +1;

FIN BLOCL ;

L CALCULATI ON OF THE RIGI DI TY MATRIX --------- *
R = RIG MD MT ;

RG=R ET O ;

*

L CALCULATI ON AND QUTPUT - - - -« -<=nnmnnnn- *

DEP = RESO RIG CHA ;

*

TITR ' ORTHOTROPI C SQUARE PLATE : DEFCRMED PLATE
DEFO = DEFO SUR DEP 0. BLAN ;
DEF1 = DEFO SUR DEP 10. ROUG ;

TRAC (DEFO ET DEF1) ;

UA = EXTR DEP UX PA ; UAL = 1.098e-4 ;

ERGUA =

UD = EXTR DEP UX PD ;

ERGUD =
*

UE = EXTR DEP UX PE ;

ERGUE =
*

100 * (ABS ((UAL - UA) / UAL)) ;

UDL = 1.003e-4 ;
100 * (ABS ((UuD1 - UD) / uDL)) ;

UEL = 4. 768E-5 ;
100 * (ABS ((UEL - UE) / UE1)) ;

VA = EXTR DEP UY PA ; VAL = -1.309E-4 ;

ERGVA =
*

VD = EXTR DEP UY PD ;

ERGVD =
*

VE = EXTR DEP UY PE ;

ERGVE =
*

SAUT 2
MESS
MESS
SAUT 1
MESS

MESS
SAUT 1
MESS
MESS
MESS
SAUT 1

MESS
MESS
MESS
MESS
SAUT 1
MESS
MESS
MESS
SAUT 1

MESS
MESS
MESS
MESS
SAUT 1
MESS
MESS
MESS
SAUT 1

*SAUT 1
*MESS
*SAUT 1
CHAML
CHAMR
CHPOL
SMXXE
SMXXE

SMXXE1L

100 * (ABS ((VAL - VA) / VAL)) :

VDL = -7.134E-5 ;
100 * (ABS ((VDL - VD) / VD1)) ;

VEL = -4.965E-5 ;
100 * (ABS ((VEL - VE) / VE1)) ;

LIGN ;
Results : test stru2.dgibi’ ;

LIGN ;
Di spl acenents’ ;

Point A:' ;

Theoretical horizontal displacenment :

Cal cul ated horizontal displacenent
Error ;" ERGUA'% ;

LIGN ;

Theoretical vertical displacenent

Cal cul ated vertical displacement
Error ;" ERGVA '%;

LIGN ;

Point D:" ;

Theoretical horizontal displacement

Cal cul ated horizontal displacenent
Error :* ERGUD "% ;

LIGN ;

Theoretical vertical displacenent

Cal cul ated vertical displacement
Error :* ERGWD ' % ;

LIGN ;

Point E:" ;
Theoretical horizontal displacement
Cal cul ated horizontal displacenent
Error :" ERGUE'% ;
LIGN ;
Theoretical vertical displacenent
Cal cul ated vertical displacement

Error :" ERGVE'% ;
LIGN ;
LIGN ;
Stress at point E ;
LIGN ;

SI GM MOD MAT DEP ;
CHAN NCEUD MOD CHAML ;
CHAN CHPO MOD CHAME ;

EXTR CHPOL SMXX PE ;
SWKXE / 1.E6 ;

= 1.004 ;

"UAL' mi ;
CUA

VAL mi
VA M

uUDL mi
2 UD

VDL mi

VDmi

SUEL M

CUE M

VEL M
VVE

ERGXX = 100 * (ABS ((SMXXEL - SMXXE) /| SMXXEL)) :

SWYYE =

EXTR CHPOL SMYY PE ;
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SWYE = SWYE / 1.E6 ;
SMXYE = EXTR CHPOL SMXY PE ;
SWXYE = SMXYE / 1.E6 ;

*

*MESS ' Theoretical horizontal stress :' SMXXEl ' MPa’;
*MVESS ' Cal cul ated horizontal stress :' SMXXE 'MPa’;

*MESS ' Error ;' ERGXX "% ;

SAUT 1 LIGN;

*MESS ' Theoretical vertical stress :' SWYE ' Ma';
SAUT 1 LIGN ;

*MESS ' Cal cul ated shear stress :' SWXYE ' MPa’;
SAUT 1 LIGN;
*

MESS ' Number of nodes :" NBNOSUR ;
MESS ' Nunber of elements :' NBELSUR ;

*

AFFICHE RIG CHA SUR 1.E-6 1.E-6 ;

CHAMLO = EXCO SMXX CHAML ;
TITR " STRESS SMXX' ;
TRAC MOD CHAMLO SUR ;

CHAML1 = EXCO SMYY CHAML ;
TITR ' STRESS SMYY';
TRAC MOD CHAMLL SUR ;

CHAML2 = EXCO SMXY CHAML ;
TITR ' STRESS SMXY' ;
TRAC MOD CHAML2 SUR ;

CHAML3 = VM S MOD CHAML ;
TITR ' VON-M SES STRESS'
TRAC MOD CHAML3 SUR ;

L GOOD WORKI NG NESSAGE - - - - -« << =nnnn- *
ERGVAX = MAXI ( PROG ERGUA ERGUD ERGUE ERGVA ERGVD ERGWD );

SAUT 2 LIGN ;
Sl (ERGVAX <EG 5.) ;

ERRE O ;
SINON ;

ERRE 5 ;
FINSI
SAUT 1 LIGN ;
TEMPS ;
SAUT 1 LIGN ;

*

FIN ;
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Test stru2 (Comments)

1. Construction of a field by element

CHAM2 = CHAN NCEUD MCD CHAML ;

Depending on the data, the functions of this operator aferdiit. Here the key word '"NOEUD’ will
bring about the CHAN operator to construct from a new field leyreent CHAM1 (MCHAML type) and
from a model object MOD (MCHAML type), a field by element CHAMRthe same type as that given
on input, lying respectively on the nodes, centres of gyasiiffness integration points, mass integration
points, and element stress calculation points. For thipgae, a least squares method is used together
with the shape functions of the element.

. Deformed shape display

AFFICHE RIG CHA SUR 1.E-6 1. E-6 ;

This procedure displays, on the screen, the deformed sHapstucture subjected to a given loading.
RIG : structure stiffness matrix (RIGIDITE type)

CHA : structure loading (CHPOINT type)

SUR : structure mesh (MAILLAGE type)

1.E-6 : coefficient of amplification of the deformed shape @HTANT type) and of the vectors repre-
senting the loading (FLOTTANT type)
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1.10 Test stru4 (Description sheet)

Test name:stru4
Calculation type: ELASTIC MECHANIC, 3D
Finite element type: TUYAU

Topic: Embedded curved tube subjected to flexion. The curved tubmlgedded at one side. A strengh is
applied to the free end, it is parallel to the plan of the tube.

Goal: Find the horizontal and vertical displacement at the freg (@oint PB) and find the rotation of the
tube.

Reference CASTEM:Guide VPCS, Test SSLL 06/90
Solution analytique; JS Prezemieniecki;
Theory of matrix structural analysis
New York, MCGraw-Hill, 1968

Version: 97’ customer release

Model description:

YOUNG = 210 Pa
NU = 03
EPAISSEUR = 0.002m
RAYON = 001m
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Test stru4 (Results)

RESULTS

Horiz. displ. at PB| Vertical displ. at PB| Rotation
Reference] 0.37908 m 0.24173 m 0.16539 rad
Castem 0.37871 m 0.24174 m 0.16533 rad

CASTEM FIGURES
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AN EMBEDDED CURVED TUBE SUBJECTED TO FLEXI ON

PB
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Test stru4 (Listing CASTEM)

R R T T LR=PROGRL R2 R3 :
TITR * AN EMBEDDED CURVED TUBE SUBJECTED TO FLEXION
R R T T ERVAX = MAXI LR :

OPTI DIME 3 ELEM SE@ ;
SI ( ERVAX < 5) ;

B L LT CEOMETRY ----cmmemmimcaeeeees * ERRE O ;

PO =0. 0. 0.; PA= 0 3.0 ; SI NON

PB = 3. 0. 0. ; ERRE 5 ;

CAB = CERC 20 PA PO PB ; FINSI ;
FIN ;

CEIL = 0. 0. 1000. ;

TRAC CEIL CAB ;

BEEEE DESCRI PTI ON OF THE MODEL OF MATERIAL ------- *

MODL1 = MODE CAB MECANI QUE ELASTI QUE TUYAU ;

MAT1 = MATE MODL1 YOUN 2E11 NU 0.3 EPAI 0.002
RAYO 0. 01 VECT CEIL ;

L BOUNDARY CONDI TI ONS - - -« < < <<= n o= *

BL1 = BLOQ DEPL ROTA PA ;

R LOAD DEFINITION ------nmmmmmmmaa - *
FORL = FORC FX 10. FY 5. PB;

MOML = MOME MZ 8 PB ;

FORT = FORL ET MOML ;

Fommmmes CALCULATION OF THE RGDITY MATRI X ------- *

RGL = RIG MODL1 MATL ;
RGTOT = RGL ET BL1 ;

F i CALCULATI ON === - = =emmmmeeeoo *
RESO RGTOT FORT ;

UBX = EXTR DEP PB UX ;
UBY = EXTR DEP PB UY ;
RBZ = EXTR DEP PB RZ ;

F1 =10.; F2 =5.; M = 8.; E= 2El1 ;
| = 4.637E-9; R= 3. ;

UBXL = (R"*2)/4/ B/ 1 *((F1*PI *R) +( 2*F2*R) +(4* M) ) :

UBYL = (R*2)/4/ E/ | *((2*FL*R)+(((3*Pl)-(8.))*F2*R) +
(2*(PI1-(2.))*MD))

RBZL = R4/ E/1*((4*RFL)+(2*(Pl-(2.))*F2*R) +(2*PI *\D)) ;
A RESULTS PLACARDI NG - - --cnnnnenrn- *
MESS ° RESULTS *

MESS ' ------n-- "

SAUT 2 LIGN ;

MESS ' THEORETI CAL HORI ZONTAL DI SPLACEMENT AT PB :' UBX1 'M;
MESS ' CALCULATED HORI ZONTAL DI SPLACEMENT AT PB :' UBX 'M;
R1= 100* ( ABS( ( UBX- UBX1)/ UBX1)) ;

MESS ' ERROR: ' RL "% ;

SAUT 2 LIGN ;

MESS ' THEORETI CAL VERTI CAL DI SPLACEMENT AT PB :' UBY1 'M;
MESS ' CALCULATED VERTI CAL DI SPLACEMENT AT PB :' UBY 'M;
R2= 100* ( ABS( ( UBY- UBY1)/ UBY1)) ;

MESS ’ ERROR: ' R2 "% ;

SAUT 2 LIGN ;

MESS ' THEORETI CAL ROTATION AT PB ;' RBZ1 'rad’;

MESS ' CALCULATED ROTATION AT PB :' RBZ 'rad’;

R3= 100* ( ABS( ( RBZ- RBZ1)/ RBZ1)) ;

MESS ' ERRR: ' R3 '% ;
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Test stru4 (Comments)

1. GEOMETRICAL CHARACTERISTIC : TUYAU

MODE1 = MODE CAB MECANI QUE ELASTI QUE TUYAU ;
MAT1 = MATE MCDL1 YOUN 2E11 NU 0.3 EPAI 0.002
RAYO 0. 01 VECT CEIL ;

The TUYAU element is used in the modeling of parts of straigipte or elbow which differ only in
their radius of curvature. The pipe features are definederetement local base, in the same way as the
POUTRE element.

EPAI : thickness

RAYO : pipe external radius

VECT : key word for defining the local axis Oy. It must be folled/by a POINT type object modeling
an xOy vector.This is especially required when dealing \aitrelbow.

2. APPLICATION OF A MOMENT
MOML = MOVE MZ 8 PB ;

The MOMENT operator creates a moment field resulting fromapplication of a moment represented
either by the components of a vector, or by component values.

MZ : name of the components (MOT type)

8 :component values (FLOTTANT type) for PLAN CONT or PLAN DBF

PB : geometrical support (MAILLAGE type)

MOML1 : moment field (CHPOINT type)
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1.11 Test elas20 (Description sheet)

Test elas20 (Description sheet)
Test name:elas20
Calculation type: MECHANICS ELASTICITY 3D
Finite element type: TUYAU

Topic: Rubber-tubing subjected to gradient of pressure. Thetstreiécs composed by a one rubber-tubing
: two linear parts separated by one crank part. The solid idatiged by a TUYAU finite element.

Goal: Find the displacements at a points PB, PBP and PAP. The castaiits are compared to the
analytical results.

Reference CASTEM:Test VPCS : SSLL08/90 : Modélisation des structures élastigians CASTEM 2000.
J. S. Przemieniecki, theory of matrix structural analydisw-York : Mcgraw-Hill Book Company, 1968) pp
155.

Version: 97’ customer releas

Model description:

/ Pap R=0.61m

A

|
|
|
|
|
]
3.048 m|
|
|
|
|

Pa
oz 2
Solid representation Plane representation
3D 2D
E = 21016 Pa
NU = 03

SECT = 1.1310*n?
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Test elas20 (Results) RESULTS

Ux (PB) Uy (PB) Uy (PBP)(m) | Uy (PBP)(m) | Uy (PAP)(m)
Reference| 8.220(E —4 | 8.220(E — 4 137E—-4 8.22E -4 6.850(E — 4
Castem | 82269E —4 | 8.2269E —4 | 1.3754& —4 | 8.2269E —4 | 6.8514& -4

CASTEM figures

TUYPRES :

MESHI NG
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Test elas20 (Listing CASTEM)

khkkkhkhkkhkhhkkhkhhkhkhhkhkhhkhkhhkkhhkhkhhkkhkhhkhkhxhkhhkhkhhkkkhx k% ER@ = 100 *(’ABS’((VYBl - UYBl ) / WBl )) .
* RUBBER- TUBI NG SUBJECTED TO GRADI ENT OF PRESSURE  * VXBP1 = 0. 137E-3 ;
S SRS S SRS SRS SRS SRS S SRR SRR RS RS R R R SRR EEEEEEEEEEEES UXBPl = ’EXTR' []EPL]_ ’UX’ PBP v
OPTI ECHO 0 ; OPTI DIME 3 ELEM SER ; ER& = 100. *(' ABS' ((VXBP1 - UXBP1 ) / VXBPl)) ;
khkkkhkhkkhkhhkkhkhhkhkhhkhkhhkkhkhhkkhhkhkhhkhkhhkhkhxhkhhkxhkhhxkhxkxk WBPl = 0 822E_3 v
* GEOVETRY AND MESHI NG * UYBP1 = ' EXTR DEPL1 'UY' PBP ;
khkkkhkhkhkhkhkhhkhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhhhhhkhhkkk ER@ = 100. *(YABSY((VYBF)l - LJYBPl) / VYBPl )) ;
CEIL = 0. 0. 10. ; VYAP1 = 0. 685E-3 ;
LDROL = 3.048 ; RCOL = 0.61 ; UYAP1 = ' EXTR DEPL1 'UY' PAP ;
LTOT1 = LDROL + RCOL ; ERGS = 100. *(' ABS ((VYAPL - UYAPL1 ) / VYAPL)) ;
PA = 0. O. O. ; PAP = 0. Lm 0. ; khkkkhhkkhkhhkhhhhhdhhhhhhhhhhhhhhhhhhhhhhhhhhhhkhhkhkhkhhhxx
PBP = RCOL LTOT1 0. ; PB = LTOrI1 LTOT1 0. ; * PLACARDI NG OF THE RESULTS *
L|G1 = PA D 5 PAP ; Ll@ = PBP D 5 PB ; khkkkhhkkhkhkhhhhhhhhhhhhhhhhhhhhhhhhhkhhhhhhhhhhhkhhkhhhxx
LCOUL = CERC 10 PAP ( RCOL LDROL 0. ) PBP ; "MESS ' RESULTS : TEST TUYPRES ;
LIGNE = LIGL ET LCOUL ET LI® ; "MESS' T --eeme e o
TASS LIGNE ; ELIMLIGNE 1.E-5 ; SAUT LIGN ;
"TITRE 'TUYPRES : MESHI NG ; "MESS' ' displacenent ux (m of point PB ;
TRAC LIGNE CEIL QUAL ; PNESS' T e .
khkkkhkhkkhkhhkkhkhhkhkhhkkhkhhkkhkhhkkhhhkhkhhkkhkhhkhkhxhkhhkxhkhhkkhkx k% "\/ESS’ ! theOl’etlcal Val ue . ! VXBl ’m ’
* MECHANI CS MODEL * "MESS' ' conputed value : ' UXBlL 'm ;
khkkkhkhkkhkhhkkhkhhkhkhhkkhkhhkhhhkkhhkhkhkhhkhkhhkkhkhxhkhhkxhkhkhxkhkx k% "\/ESS’ ! dl Scardl ng Val ue . ' ERGl ’% ’
OBLI'1 =" MODL' LIGL MECANI QUE ELASTI QUE TUYAU ; SAUT LIGN ;
OBLI2 = "MODL' LIG MECANI QUE ELASTI QUE TUYAU ; "MESS' ' displacenment uy (m) of point PB ;
OBCOL = ' MODL' LOOUL MECANI QUE ELASTI QUE TUYAU ; TNESS ' e e "
OBLIGN = OBLI1 ET OBLI2 ET OBCOL ; "MESS' ' theoretical value : ' VYBL'm ;
khkkkhkhkkhkhhkkhkhhkhkhhkkhkhhkkhhhkkhhkhkhkhhkhkhhkhkhkhkhhkkhkhrxkhxkxk "\/ESS’ ! con-puted Val ue ' ' UYBl ’m ’
* VALUE OF THE PRESSURE LOAD * "MESS' ' discarding value : ' ER®R '% ;
khkkkhhkkhkhhkkhkhhkhkhhkhkhhkhkhhkhhkhkhhkhkhhkhhxhkhhkxhkhhkkhxkxk SAUT LIG\I’
PRES1 = 15.E6 ; "MESS' ' displacenent ux (m of point PBP ;
kkkkhkhhhkhhhhhhhhkhhhhhhhhhhhhhhhhhhkhhhhhkhhhhkkkkkkx YNESS’ D e e e e e e e m e m e ———— - ! ’
* MATERI AL AND CHARACTERI STI CS * "MESS' ' theoretical value : ' VXBPL 'ni ;
IR R R R S R R R R R R R R R R S R R R R R R R R R R RS R R R R R R SRR EEEEEEEEEEEES Y'\/ESSY ' COﬂpUted Val Ue - 1 UXBPl 'm ;
MATLI1 = " MATE' ( OBLI1 ET OBLI2 ) 'YOUN 2.1E11 "MESS ' discarding value : ' ER®& '% ;
"NU 0.3 ; SAUT LIGN ;

MATCOL = ' MATE' OBCOL ' YOUN 2.1E11 'NU 0.3 ; "MESS' ' displacenent uy (m of point PBP ;
NATLI GN = MATLI1 ET MATCOL ; PNESS' T s T
CARLI1 = "CARA" OBLI1 "EPAI' 26.187E-3 'RAYO 203.2E-3 "MESS' ' theoretical value : ' VYBPL 'ni ;

"VECT" ( 0. 0. -1. ) 'PRES PRESI ; "MESS' ' conputed value : ' UYBPl 'ni ;
CARLI 2 = " CARA" OBLI2 "EPAI" 26.187E-3 'RAYO 203.2E-3 "MESS' ' discarding value : ' ERGA % ;

"VECT" ( 0. 0. -1. ) 'PRES PRESI ; SAUT LIGN ;
CARCOL = ' CARA" OBCOL 'EPAI" 26.187E-3 'RAYO 203.2E-3 "MESS ' displacenent uy (m) of point PAP ;
"RACO 0.6 'VECT" ( 0. 0. -1. ) 'PRES PRESI ; TMESS' T e B
CARLI GN = CARLI1 ET CARLI2 ET CARCOL ; "MESS ' theoretical value : ' VYAPL ' ;
CARTOT = MATLI GN ET CARLIGN ; "MESS' ' conputed value : ' UYAP1 'mi ;
khkkkhkhkkhkhhkkhhhkhkhhkhkhhkhkhhkkhhhkhkhhkhkhhkhkhkhkhhkxhkhrkkhxkxk "\/ESS’ ! dl Scardl ng Val ue . ! ER% ’% ’
* BOUNDARY CONDI TI ONS * ERGVAX = ' MAXI' (' PROG ERGL ER® ER& ERA ERGS ) ;
khkkkhkhkkhkhhkkhkhhhkhhhkhkhhkhkhhkhkhhhkhkhhkhkhhkhkhxhkhhkxhkhrkhhkxkxk ’Sl’ ( ERGVAX <EG 5.) ’ ERREO v
RIGBLOQ = "BLOQ 'DEPL' 'ROTA PA ; "SINON ; ERRE 5 ; "FINSI' ;
khkkkhkhkkhkhhkkhkhhkhkhhkhkhhkhkhhkhhkkhkhhkhkhhkhkhxhkhhkxhkhkrkhkhxkxk SAUT LIG\I ’ TE'\/PS v
* MATRIX OF RIRG DI TY * FIN ;

R R ]

RIGLIGN = "RIG’ OBLIGN CARTOT ;
RIGITOT = RIGLIGN ET RIGBLOQ ;

R ]

* MECHANI CS LOADI NG *

R R R

FPRES1 = 'PRES ' TUYA" OBLIGN CARLIGN ;

R R

* RESCLUTI ON *

R

DEPL1 = 'RESO RIGIOT FPRESI ;

L

* RESULTS EXTRACTI NG *
khkkkhkhkkhkhkhkkhkhhkhhhhhkhhhhhhhhhhhhhhhkhhhhhhhhhkhhkhhkhhkkk
VXBL = 0.822E-3 ;

UXBL = 'EXTR DEPL1 ' UX PB

ERGL = 100. *(*ABS ((VXBL - UXBL ) / VXBL)) ;

VYBL = VXBL ;

UYBL = 'EXTR DEPL1 ' UY' PB
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Test elas20 (Comments)

e Internal pressure in a TUYAU element

CARLI1 ="CARA OBLI1 EPAI' 26.187E-3 'RAYO’ 203.2E-3 'VECT' (0. 0. -1. ) 'PRES’ PRES1 ;
CARLI2 ="CARA OBLI2 'EPAI' 26.187E-3 'RAYO’ 203.2E-3 'VECT' (0. 0. -1. ) 'PRES’ PRES1;
CARCO1 ='CARA OBCO1 'EPAI' 26.187E-3 'RAYO’ 203.2E-3 'RAC’ 0.6 'VECT’ (0. 0. -1. )
'PRES’ PRES1,;

The geometrical characteristics of TUYAU elements can bepeted by giving the internal pressure
(with keyword PRES) and the radius of curvature if it is aroglit{with keyword RACO).
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1.12 TesttestiCQ4 (Description sheet)

Test name:testiCQ4
Calculation type: ISOTROPIC ELASTIC MECHANIC, PLAN DEFO
Finite element type:1ICQ4

Topic: Square plate sujected to hydrostatic and deviatoric loadlsquare plate is embedded at two
adjacent sides. Deviatoric and hydrostatic loads are egpti each side.

Goal: Test the ICQ4-incompressible elements.
Reference CASTEM:Rapport DMT sur les elements ICQ4.
Version: 97’ customer release

Model description:

YOUNG = 210" Pa

NU = 0.499
COEFF. HYDROSTATIC : ALPHA=1.
COEFF. DEVIATORIC  : BETA=1E-3
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1.12. TEST TESTICQ4 (DESCRIPTION SHEET)

Test testiCQ4 (Listing CASTEM)

khkkkhhkkhkhhkkhhkkhkhhkkhkhhkhkhhkhkhhkhhhhkhhkhkhhkhhkkhkhhxhkhxkxk oo G\I Lll _____

TITR ' 1CQ4 | NCOVPRESSI BLE ELEMENTS' | PRESY1 = PRES MASS MODL (1.E5) LI1 ;
khkkkhkhkkhhhkkhhkhkhkhhkkhhhkhkhhkhkhhkhhhhkhhhhkhhhkhhkxhkhhkhkhxkxk PRESl = ALPI_'A * PRESYl ’

OPTI DIME 2 MODE PLAN DEFO ELEM QUA4 | VFORL = VECT PRES1 1.E-5 FX FY VERT ;

Fe s GEOMETRY = - - mmmrrmmcnnn * *

PL=0. 0 ; P2=100. 0. ; L ON LI2-----

P3 = 100. 100. ; P4 = 0. 100. ; PRESX2 = PRES MASS MODL (1.E5) LI2 ;

* PRES2 = ALPHA * PRESX? ;

LI1 = DRO 10 P1 P2 ; VFOR2 = VECT PRES2 FX FY 1.E-5 VERT ;
LI2 = DRO 10 P2 P3 ; *

LI3 = DRO 10 P3 P4 ; L ON LI3-----

L4 = DRO 10 P4 P1 ; PRESY3 = PRES MASS MODL (1.E5) LI3 ;

SURL = DALL LI1 LI2 LI3 L4 PLAN ; PRES3 = ALPHA * PRESY3 ;

* VFOR3 = VECT PRES3 FX FY 1.E-5 VERT ;

Fee i MECHANI C MODEL = - rrnmmmmnnn- * *

NUL = 0.499 ; L ON LI4-------

* PRESX4 = PRES MASS MODL (1.E5) Li4 ;

MODL = MODE SURL MECANI QUE ELASTI QUE | SOTROPE | CQ4 ; PRES4 = ALPHA * PRESX4 ;

MATL = MATE MODL YOUNG 2. E11 NU NUL ; VFOR4 = VECT PRESA 1.E-5 FX FY VERT ;
RG1=RG MDL MTL ; *

* LT DI SPLACEVENT CALCULATI ON === -ccnnnnnns
A BOUNDARY CONDI TI ONS - -« - - ccnnnnn- * * ANALYTI C SOLUTI ON AT P3 : UYAN.

BLL = BLOQLI1 UY ; X3 = COR 1 P3 ;

BL2 = BLOQ LI4 UY ; Y3 = COR 2 P3 ;

BL3 = BLOQ PL UX ; MJ=1.E11/ (1+nul);

* UAN= (2% X3*Y3) /[ (2* M) * 1.E5* BETA ;
K LOAD DEFI NI TION == ==-rrmmmmnnnn- * *

* COEFFI CI ENT OF LOAD CONTRI BUTI ON * CASTEM SOLUTI ON AT P3 : UYCAS.

* (ALPHA --> HYDROSTATI Q) DEPTOT = RESO (RIGl1 ET BL1 ET BL2 ET BL3)

* (BETA --> DEVIATORI Q) (CHPRES2 ET CHPRES3 ET CHPRESA4 ET CHPRESL

* ET PRES2 ET PRES3 ET PRES4 ET PRESL) ;
ALPHA = 1. ; UYCAS = EXTR DEPTOT UY P3 ;

BETA = 1.E-3 ;

* * ERROR TEST ON UY DI SPLACEMENT (<1%

Fee i DEVI ATORI C LOAD === -rrmmmmmnnn- * ERRY = ABS (( UYAN - UYCAS) / ( UYAN)) * 100 :
L ON LI1----- S| ( ERRY >EG 1. ) ;

CHPX1 = COR 1 LI1 ; ERRELR 5 ;

CHPRESY1 = PRES MASS MODL (CHPXL * (-2.)*1.E5) ; FINSI ;

CHPRES1 = BETA * CHPRESYI ; *

VECFORL = VECT CHPRESL 1.E-7 FX FY ROUG; Fee e STRESS CALCULATI ON === - ccmmmnnns
* * ANALYTI C SOLUTI ON : PRESSURE = ALPHA*1. E5.
LT ON LI2----- *

CHPY2 = COR 2 LI 2 ; * CASTEM SOLUTI ON : MAXI MUM PRESSURE = MAXPRESL.
CHPRESX2 = PRES MASS MODL (200.*1.E5) LI2 ; *

CHPRESY2 = PRES MASS MODL (CHPY2 * (-2.)*1.E5) ; SIGL = SIGVA MODL DEPTOT MATI ;

CHFORX2 = CHPRESX? ; SXX = EXCO SMKX SIGL P ;

CHFORY2 = EXCO FX CHPRESY2 FY ; SYY = EXCO SWY SIGL P ;

CHPRES2 = BETA * ( CHFORX2 ET CHFORY2 ) ; S7Z = EXCO SMeZ SIGL P ;

VECFOR2 = VECT CHPRES2 FX FY 1.E-7 ROUG; SP = (SXX + SYY + S77) | 3. ;

* MAXPRES1 = MAXI SP ;

LT ON LI3----- *

CHPX3 = COOR 1 LI3 ; * ERROR TEST ON PRESSURE (<1%

CHPRESX3 = PRES MASS MODL (-200.*1.E5) LI3 ; ERRPRESS = ABS ((MAXPRESL + (ALPHA * 1.E5))
CHPRESY3 = PRES MASS MODL (CHPX3 * (-2.)*1.E5) ; /| (ALPHA * 1.E5)) * 100.

CHFORX3 = EXCO FY CHPRESX3 FX ; S ( ERRPRESS >EG 1. ) ;

CHFORY3 = CHPRESYS3 ERRELR 5 ;

CHPRES3 = BETA * ( CHFORX3 ET CHFORY3 ) ; FINSI ;

VECFOR3 = VECT CHPRES3 FX FY 1.E-7 ROUG; *

* FIN,

L ON LI4-------

CHPY4 = COOR 2 LI4 ;
CHPRESY4 = PRES MASS MODL (CHPY4 * (-2.)*1.E5) ;

CHFORY4 = EXCO FX CHPRESY4 FY ;

CHPRES4 = BETA * CHFORY4 ;

VECFOR4 = VECT CHPRES4 1.E-7 FX FY ROUG;
*
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Test testiCQ4 (Comments)

. ICQ4 INCOMPRESSIBLE ELEMENT

OPTI DI ME 2 MODE PLAN DEFO ELEM QUA4 ;
MOD1L = MODE SURL MECANI QUE ELASTI QUE | SOTROPE | CQ¥

The incompressible quadrangle with four nodes ICQ4 is &feldment of the QUA4 geometrical support
in MECANIQUE.

. DEVIATORIC LOAD

BETA = 1.E-3 ;

CHPXL = COCR 1 LI1 ;
CHPRESY1 = PRES MASS MODL (CHPXL * (-2.)*1.E5) ;
CHPRESL = BETA * CHPRESYL :

VECFORL = VECT CHPRESL 1.E-7 FX FY ROUG;

The COOR operator enables the user to recover the Nith cuateli(here the first, then UX) of the
MAILLAGE (LT1) type object.

The PRES operator calculates the nodal forces which areaqut to a pressure applied on an object.
Here this operator is connected by key words MASS refferinté type of element on which is applied.
MODL1 is the object on which the pressure is appiled (MMODEhely The pressure (FLOTTANT type)
(-2)*1.E-5 is negative because it is carried by the negativenal to the element.

The VECT operator constructs a VECTEUR type object (VECTRDROM the components of a vector
field (CHPRESL), and 1.E-7 is the coefficient of amplificat{Bh OTTANT type). The names of the
components of the field associated with the directions Ox(M@T type) are FX and FY.

. HYDROSTATIC LOAD

ALPHA = 1.

PRESX2 = PRES MASS MOD1 (1.E5) LI2 ;
PRES2 = ALPHA * PRESX2 ,

VFOR2 = VECT PRES2 FX FY 1.E-5 VERT ;
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1.13 Test vsurl (Description sheet)

Test name:vsurl
Calculation type: ISOTROPIC ELASTIC MECHANIC
Finite element type: COQ2

Topic: VSUR operator test. A circular structure is subjected toréase vector field, a normal vector field
and a field of jacobian.

Goal: Test the VSUR operator with COQ?2 elements.
\ersion: 97’ customer release

Model description:

uz

1
BLOQ DEPL ROTA

0 UR
BLOQ UZ
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Test vsurl (Listing CASTEM)

R R T T

TITR ' VSUR OPERATOR TEST WTH COQ2’ ;
R R R T2
CPTI ECHO O ;

OPTI DIME 2 ELEM SEQ2 MODE AXIS ;

*

PO =0. 0. ; PL =10. 10. ; PC= 0. 10. ;
0BJ1 = CERC 10 PO PC P1 ;

A MECHANI C MODEL - - === s nnmmmmnn- *
MOD = MODE OBJ1 MECANI QUE ELASTI QUE | SOTROPE COQ ;

B bRt BOUNDARY CONDI TIONS -------------- *
CL1 = BLOQ DEPL ROTA P1 ;
CL2 = BLOQ UZ PO ;
* COVPARI SON W TH FI ELD | SSUED FROM VSUR
* CHE1 : SURFACE VECTCRS FI ELD
CHEL = VSUR MDD ;
* CHNL : NORMAL VECTOR FI ELD
CHNL = VSUR MOD NORM ;
* CHJ1 : FIELD OF JACOBI ANS
CHJ1 = JACO MDD ;
CNRL = EXCO VR CHE1 SCAL ;
CNZ1 = EXCO VZ CHEL SCAL ;
* FIELD OF NORM

CNNL = (CNRL*CNRL) + (CONZ1*ONZL) ;
CINL = CHI1*CHI1 ;

CZE1l = ONNL - CIML ;

* LIST CZEL ;

CPZ1 = CHAN CHPO MOD CZE1 ;
RES1 = MAXI CPZ1 ABS ;
* LIST RESL ;

= EXCO VR CHNL SCAL ;
CNZ1 = EXCO VZ CHN1 SCAL ;

CNNL = (CNRL*CNRL) + (ONZI*ONZ1) ;

* LIST CNNL ;

CPNL = CHAN CHPO MOD CANL ;

RES2 = MNI CPNL ABS ;

RES3 = MAXI CPNL ABS ;

* LIST RES? ;

* LIST RES3 ;

EC1 = RES3 - RES? ;

L GOOD WORKI NG MESSAGE - - - - - ---------- *

Sl ((RESL < 1.e-6) ET (ABS(RES2 - 1.) < 1.E-6)
ET (ECL < 1.E-6)) ;
MESS OPERATEUR <VSUR> ERR O ;
ERRE O ;
SINON ;
MESS OPERATEUR <VSUR> ERR 5 ;
ERRE 5 ;
FINSI ;
FIN ;
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Test vsurl (Comments)

1. VSUR OPERATOR

CHEL
CHNL

VSUR MOD ;
VSUR MCD NORM

The VSUR operator enables the user to calculate the surfacere associated with the integration
points of the shell elements, for the other types of elem#rdsvector field is empty. If the NORM
key-word is not specified, the norm of the vectors is equahéojacobians at the considered integration
point, otherwise the vector field is the normal vector fielthat shell elements. Here MOD is the model
object (MMODEL type) and CHE1 and CHN1 are the generatedothjgCHAML type, SCALAIRE

subtype).

2. JACOBIEN OPERATOR
CHJ1 = JACO MD ;
The JACOBIEN operator enables the user to calculate thdwbselue of Jacobians at the integration

points of the elements of the model. Here MOD is the modelal{fdMODEL type) and CHJ1 is the
generated object (MCHAML type, SCALAIRE subtype).
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BUCKLING
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2.1 Testflaml (Description sheet)

Test name:flam1
Calculation type: MECHANICS BUCKLING. 2D PLANE STRESS
Finite element type: COQ2

Topic: Eulerian buckling of a beam clamped at one end. The beamngeld at one end. A force, parallel
to the beam, is applied to the free end.

Goal: Find the strength multiplieMs.
Reference:Analytical solution.
Version: 97’ customer version

Model description:

F
P2
L
L =10mm E —2000MPa
Th =1mm v —03
F —1IN =5
P1
TS
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2.1. TEST FLAM1 (DESCRIPTION SHEET)

Test flam1 (Results)

Results

Ms
41.123

Analytic

41.123

Castem

CASTEM figures

MODE  NUMERO

1

FREQUENCE

1.021

HZ

AVPLI TUDE

1.0
0. 00E+00
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Test flam1 (Listing CASTEM)

SRS SRS SRR S SRS R SRS EREEEEEEEEEEEEEEEEEEEEES *
TITRE ' CLAVPED BEAM BUCKLING ' L RESULTS ==« semmmmmmmmeeecaees
OPTION ECHO 0 DI ME 2 ELEM SE&Q *
MODE PLAN CONT ; LAl = STAB. 1. LAMB;
SAUT PAGE ;
*
TEMWPS ; LS BUCKLI NG SHAPE DRAWNG - - - - - == -----
* *
LT VESHI NG DEFI NI TION - - == - === ML = STAB . 1 . DEPL ;
* DE = DEFO ML L1 1. ROUGE ;
DENSITE 1. ; DA = DEFO ML L1 0. BLEU ;
P1 = 50. 0. ;
P2 = 50. 10. ; TRAC ( DE ET DA ) ;
L1 =P1 DP2;
* *
TRAC L1 ; MESS ' '
* MESS ' '
AEEEE CREATION OF THE MXDEL ------------ MESS ° STRENGTH MULTIPLIER ' ;
* MESS t
MOD1 = MODEL L1 MECANI QUE ELASTI QUE COQ; MESS ’ ANALYTI CAL SOLUTION 41.123 '
* MESS COVPUTED SOLUTI ON © O LAL
LR DEFI NI TI ON OF MATERI AL *
REEEEE AND GEOVETRI C CHARACTERI STICS  ---- TEMPS ;
* R GOOD WORKI NG MESSAGE ---------------
MAT1 = MATER MOD1 YOUN 20000. NU 0.3 ; ERR=100* (ABS(41. 123 - LA1)/41.123);
CARL = CARAC MODL EPAI 1. ; Sl (ERR < 5);
MAT1=MAT1 ET CAR1; ERRE 0;
* SI NON,
LR ELEMENTARY RI G DI TI ES ERRE 5;
REEEEE AND BOUNDARY CONDI TIONS - ---------- FI'NSI ;
*
RIGL =RGd MDL MATL ; FIN ;
BL1 = BLOQUE DEPL ROTA P1 ;
RIGI1 = RIGL ET BLI,;
*
L LOAD DEFI NI TION <« - =xcmmmmemmaaes

FEl = FORCE ( 0 -1. ) P2 ;
*.. RESOLUTI ON AND STRESSES CALCULATI ON - - -

DEP1 = RESO RIGL1 FE1 ;
SIGL = SIGV MOD1 MAT1 DEP1 ;

L CALCULATI ON OF I NI TI AL
L STRESSES MATRI X -« < <nnnmmmmmmennn

KSI'1 = KSIGVA MXDL SIGL CARL ' FLAM

L I NI TI ALI SATI ON OF | NPUT TABLE
L OF FLANBAGE SUBROUTI NE ------------
*

ETAB = TABLE |

ETAB.’ CLIM = BLI ;

*ETAB.'RIG' = RIGL ;

*ETAB.' KSIG = KSI1 ;

ETAB.’ SIGL’ = SIGL;

ETAB.’ MATE = MATL;

ETAB.’ LAML' = 0.001 ;

ETAB.’ LAV = 100. ;

ETAB. NVOD =1 |

ETAB.’ GBJM = MODL;
L FLAVBAGE SUBROUTINE CALL -----------

SAUT PAGE ;
STAB = FLAMVBAGE ETAB ;
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Test flam1 (Comments)

1. Computation of initial stresses matrix
KSI1 = KSIGMA MOD1 SIG1 CAR1 'FLAM’;

It is necessary to compute the initial stresses matrix ireiotd make a buckling analysis. The operator
KSIGMA builds the geometrical rigidity matrix joined to a lifleof stress. The keyword FLAM is nec-
essary to specify that the matrix will be used for a bucklimglgsis, the created object is also a mass
matrix (without the keyword FLAM, the object would be a rigidmatrix).

2. Initialisation of input table of the 'flambage’ subroutine

ETAB = TABLE ; ETAB.CLIM' = BL1;
*ETAB.RIGI' = RIG1 ; ETAB.KSIG’ = KSI1;
ETAB.SIG1' = SIG1; ETAB'MATE’' = MAT1,
ETAB’LAM1'=0.001 ; ETAB’LAM2’ = 100. ;
ETAB'NMOD’ =1 ; ETAB.'OBJM’= MOD1,

ETAB is a table which contains the input data for the usinglambage’ subroutine. This table is defined
by different indices. The indices CLIM, LAM1, LAM2, NMOD andBJM are necessary. The both other
indices are either SIG1 and MATE or RIGI and KSIG.

- CLIM : matrix joined to the clampings

- LAM1 : minimal multiplier coefficient

- LAM2 : maximal multiplier coefficient

- NMOD : number of eigen shapes

- OBJM : model object

- SIG1: yield of stress changing with the strength multiplier
- MATE : material properties

- RIGI : rigidity matrix

- KSIG : geometrical rigidity matrix

3. 'Flambage’ subroutine

STAB = FLAMBAGE ETAB ;
LA1=STAB.1.LAMB,
MM1=STAB.1. DEPL;

STAB is a table which contains the output data given by thenlage’ subroutine. The index of STAB
square with every mode shape number so there are as many &éabt@mber of computed moden shapes.
Each table joined to a mode shape contains four objects vanemdexed by :

LAMB : strength multiplier coefficient
DEPL : deformed and normed shape
- MODN : number of Fourier harmonic
- MODM : number of azimuth mode shape
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2.2 Test fourl (Description sheet)

Test name:fourl

Calculation type: MECHANICS BUCKLING. 2D FOURIER

Finite element type: COQ2

Topic: Endless cylinder under external pressure. This test stesilan endless cylinder subjected to an
external pressure. The first natural frequency of the sirets second mode shape is determined by a Fourier
analysis. This result is used to make a buckling analysis.

Goal: Find the strength multiplierss1 andMg2.

Reference:Analytic solution.

Version: 97’ customer release

Model description:

e <l
N

/\

H
L =100mm
] R —1000mm E —20000MPa
---PO1L PA
— T Th =1mm v =0
P = 1MPa

— D
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2.2. TEST FOURL1 (DESCRIPTION SHEET)

Test fourl (Results)

Results

Mgl M2
Analytic | 6.66.10 ° 5.10°°
Castem | 6.65910 6 | 4995106

CASTEM figures

ENDLESS CYLI NDER UNDER EXTERNAL PRESSURE
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Test fourl (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

TI TRE ' ENDLESS CYLI NDER UNDER

EXTERNAL PRESSURE' ;
OPTI DI ME 2 ELEM SEG MOXDE FOUR 0;
TEWPS ;

PA = 1000. 0.; PB = 1000. 100.;
PQL= 0. 0.; PC2= 0. 100. ;
CYL=PA D 4 PB;

*

TRAC ECLA ELEM CYL;

*

MOD1= MODEL CYL MECANI QUE ELASTI QUE COQ;
*

*.. DECLARATI ON OF ' FOURI ER NOHARM -----
L FOR OBJECTS USED W TH ----------
L DI FFERENT HARVONI C NUMBERS - - - - - - -
*

CPTI MODE FOUR NOHARM

--- SYMVETRI CAL BOUNDARY CONDI TIONS ----
SYMB = SYMI' CYL DEPL ROTA PA POL 0.5;
SYMH = SYMI CYL DEPL ROTA PB PQ2 0. 5;
CDL = SYMB ET SYMH,

----------- MATERI AL AND - = =<---==c-----
----- GEOVETRI CAL CHARACTER! STI CS - - --- -

*
*
*
PP = MANUCHPO CYL 1 P 1. ;

MAT = MATER MOD1 YOUN 20000. NU O.;
CAR = CARA MODL EPAI 1.;
MAT = MAT ET CAR

*..- DECLARATI ON OF ’ FOURI ER MODE 0’ ---
LET FOR STRESS CALCULATION ---------

CPTI MODE FOUR 0;

FP = PRES COQU MOD1 1. NORM;
RIG=RG MDL NMAT;
*

RIGADD = RIG UT 1.E-4 PA;

AAA = RIG ET CDL ET RIGADD ;

U = RESOAMA FP ;

SIG = SIGVA U MDL MAT;

*

*... DECLARATI ON OF ' FOURI ER MODE 2’ ---
L FOR BUCKLI NG ANALYSI S ----------

CPTI MODE FOUR 2;
PP = MANUCHPO CYL 1 P 1. ;

KSI GVA MOD1 MAT (SIG* -1.) FLAM
RIG ML MAT ;

=)
@
non

LT DETERM NATI ON OF 1ST ---------
Feeiiiaas NATURAL FREQUENCY ----------

MODF = VI BR PROC (PROG 0. )
(RIGET CDL) MKSI;
LAVBDAL = ((TIRE MODF FREQ RANG 1)
% 6.28) ** 2;
MKP = KP PP MODL FLAM ;

MODF = VI BR PROC (PROG 0. )
(RIGET CDL) (MKSI ET MKP);
LAVBDA2 = ((TIRE MODF FREQ RANG 1)

% 6.28) ** 2;
SAUT PAGE ;
SAUT 5 LIGN ;
MESS ' K(SIG ONLY : WE HAVE TO FIND
LAVBDA= 6. 66E-6' ;

MESS CALCULATI ON Gl VES
LAVBDA=' LAVBDAL;

SAUT 2 LICN ;

*

MESS ' K(SI G +K(P) : WE HAVE TO FIND
LAVBDA=5E- 6" ;

MESS CALCULATI ON
LAVBDA=" LAVBDA2;

SAUT 2 LIGN ;

*

TENPS ;

LR GOOD WORKI NG MESSAGE - - ---------

ERRL=100* (ABS( 6. 66E-6 - LAVBDAL)/ 6. 66E- 6) ;
ERR2=100* (ABS(5E- 6 - LAMBDA2)/5E-6);
ERRVAX=MAXI (PROG ERRL ERR2);

SI (ERRVAX < 5 );

ERRE 0;

SINON

ERRE 5;

FINSI';

FIN ;
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Test fourl (Comments)

1. Drawing of meshing with dispersed elements
TRAC ECLA ELEM CYL;

The operator TRAC with keyword ECLA allows to represent thesining with dispersed elements. Each
element is represented with a homothetic rate (0.5 by dgfaillhe other keyword ELEM allows to
indicate the local number of the elementary objects.

2. Computation with FOURIER mode
OPTI MODE FOUR NOHARM,;

The computation mode is defined with the operator OPTI. Thevked NOHARM allows to create
objects which coulb be used with any number of harmonic.

OPTI MODE FOUR 0;

All objects which are created after this command will be usely with harmonic 0. When the compu-
tation is done with harmonic 2, the previous objects are aifaile.

3. Determination of natural frequencies

MODF = VIBR PROC (PROG 0.) (RIG ET CDL) MKSI;
LAMBDAL = ((TIRE MODF FREQ RANG 1) * 6.28) ** 2;

The natural mode shapes are calculated which frequencg valclose to zero. The type of the object
MODEF is called SOLUTION. MODF has different components amarich the frequency (component
FREQ).

In order to obtain the value of the frequency, we use the epefdRE with keyword FREQ to indicate
the type of the desired component and the keyword RANG taatdithe row of the moment. In this
case there is only one shape, so the value of the row is ondf, thetre were two shapes, the first row
would correspond to the lower frequency and the second tbitireer frequency.

4. Computation of pressure matrix

PP =MANUCHPOCYL1P1.;
MKP =KP PP MOD1 FLAM ; The operator KP creates the pressureixjatned to the work of pressure

in large displacements. With keyword FLAM, the created objs a mass matrix.
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_ CHAPTER 3. PLASTICITY

3.1 Testplasl (Description sheet)

Test name:plasl
Calculation type: MECHANICS PLASTICITY 2D PLANE STRESS
Finite element type: COQ4

Topic: A rectangular-plate subjected to simple bending. The &irads a rectangular-plate subjected to
a simple bending. This bending is obtained by the fixed digpteent (D) at the tips (see figure), wich is a
function of time (T). At the first step of time (0.02875), theagn range is elastic, at the second one (0.05),
it is plastic. At both time steps, the elastic and the platstaoretical bending moments are compared to the
CASTEM computed values. These values are computed frone#wions.

Goal: Find the computed elastic and plastic bending moment M1 a&ddTWe theoreticals values are :
M1=805kN M2=1074 kN

Reference CASTEM:Test NAFEMS : Analytical-Solution : MP1 Modélisation derustures élastiques
dans CASTEM 2000.

\Version: 97’ customer version

Model description:

Ay
b x ) D:i=E-3m
0(0,0)
A (12.5E-3, 50E-3)
o p C(0,-50E-3)
X B (12.5E-3, -50E-3)
D (0, 50E-3)
C B

D2= E-3 mé
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E
NU
SYG

2.1 101 Pa
0.28
483F6 Pa
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Test plasl (Results)

RESULTS

M1 M2
Reference| 805N 1074&KN
Castem | 81108kN | 10852kN

CASTEM FIGURES

D 113
L1
1
L2
111 2
L3
3
L4
o2 su
L5
5
L6
110 6
L7
7
L8
c 19 B

A RECTANGULAR-PLATE SUBJECTED TO SIMPLE FLEXION
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Test plasl (Listing CASTEM)

[, DEP = F(T)*D ____________________ Kk ok ok ok ok ok ok ok ok ok ok ok ok ok k)

TI TRE' RECTANGULAR- PLATE SUBJECTED TO SI MPLE FLEXION ; *
R T LIl =PROGO. 1. ; LI2 = PROGO. 1. ;
CPTION ECHO O ; EV = EVOL MANU T LI1T K(T) LI2 ;
OPTION DI ME 2 ELEM QUA4 MODE PLAN CONT ; CHAL = CHAR 'DI M DEP EV ;
TEWPS *
Fomemonn GEOVERTY AND MESHING ----------- LI S1 = PROG 0. 02875 0.05 ;
0=00; *
A = 12.5E-3 50E-3 ; B = 12.5E-3 -50E-3 ; *-- CALCULATI ON W TH THE NONLI N OPERATOR- - --- -
C=0 -50E3; D=0 50E-3 ; Fommmeeem - PROCEDURE PASAPAS ~ --------
Al = 12.5E-3 37.5E-3 ; A2 = 12.5E-3 25E-3 ; *
A3 = 12.5E-3 12.5E-3 ; A4 = 12.5E-3 0 ; TAB1 = TABLE ;
A5 = 12.5E-3 -12.5E-3; A6 = 12.5E-3 -25E-3 ; TABL. ' BLOCAGES_MECANIQUES' = CL "ET' R
A7 = 12.5E-3 -37.5E-3 ; TABL. ' MODELE' = MO
L1 =ADROT1AL; L2=A1DROTI1A2; TABL. ' CHARGEMENT' = CHAL;
L3 =A2DROT1A3; L4=A3DROT 1A ; TABL. ' CARACTERI STI QUES' = MATI;
L5 =A4DROT1A5; L6 =A5 DROT 1 A6 ; TABL.' TEMPS_CALCULES' = LI S1;
L7 =A6 DROT 1 A7 ; L8 = A7 DROT 1B ;
* PASAPAS TABL ;
L14 = L1 ET L2 ET L3 ET L4 *

ET L5 ET L6 ET L7 ET L8 ; Fovennns RESULTS AND QUTPUT----------------
* *
L9 =BDROT1C; L10=CDROT 4 O; REAL = REAC RIGL (TAB1. DEPLACEMENTS. 1) ;
L11 = ODROT 4 D; L12 = L10 ET L11 ; REA2 = REAC RI Gl (TABL. DEPLACEMENTS. 2) ;
L1I3 =DDROT 1 A; *
* R11 = EXTR REAL FX A ;
SU = L14 L9 L12 L13 DALL PLAN ; R21 = EXTR REA2 FX A ;
ELIMO0.01 SU; TRACE qual SU ; R12 = EXTR REAL FX Al ;

EXTR REA2 FX Al ;

s
o mnn

L BOUNDARY CONDI TI ONS - -« -----=--- R13 = EXTR REAL FX A2 ;
P AND FI XED DI SPLACEVENT- - =<« - - - -~ R23 = EXTR REA2 FX A2 ;
* R14 = EXTR REAL FX A3 ;
CL1 = BLOQ L12 UX ; CLIB = BLOQ O UY ; R24 = EXTR REA2 FX A3 ;
Cl2 = BLOQA UX;  CL3 = BLOQ B UX ; *
CL = CL1 ET CL1B ET CL2 ET CL3 ; L REACTI ONS = - - smmmmmmmmmaaanes
* *
DI = DEPl CL2 1E-3 ; D2 = DEPl CL3 -1E-3 ; ML = (2. E-3)*((0.050R11)+(0. 0375*R12) +
DEP = DI ET D2 ; (0.025*R13) +(0. 0125*R14)) ;
H e il = (2.E-3)*((0.050¥R21) +( 0. 0375*R22) +
* FOR EXSEMPLE : AT Al , D=7/8 DL + 1/8 D2 (0. 025*R23) +( 0. 0125*R24) ) ;
* *
* SAUT PAGE ; SAUT 2 LIGN ;
*.... THE DI SPLACEMENT AT EACH NODE --------- *
P I'S A LINEAR RELATION OF THE ~ ------ VESS ' THEORETI CAL MOMENT ~ COMPUTED MOMENT' ;
*.... DI SPLACEMENTS AT THE EXTREM TIES ------ SAUT 1 LIGN ;
* MESS ’ | NCREVENT ELASTI QUE
RL=RELA8 UXAL - 7UXA- 1 UXB; M= 805 KN M= ' ML ' KN ;
R2=RELAS UXA2 - 6 UCA- 2 UX B ; SAUT 1 LIGN ;
R3=RELA8 UXA3 - 5 UXA- 3 UXB; NVESS ' | NCREMENT PLASTI QUE
Ri = RELA8 UX A4 - 4 UCA- 4 UX B ; M= 1074 KN M= "M KN ;
R5 = RELA8 UXA5 - 3UXA- 5 UXB; *
R6 = RELA8 UX A6 - 2 UXA- 6 UX B ; TEMPS ;
R7 = RELA8 UXA7 - 1 UXA- 7 UX B ; *
R=RLETR ETR3 ET R4 ET R5 ET R6 ET R7 ; LT GOOD WORKI NG VESSAGE: - - - === ===+
* *
*. DESCRI PTI ON OF THE MODEL MATERI AL--------- MR1=805. |
*.. OPERATOR NONLIN (NON LINEAIRE) ~ ------- MR2=1074. ;
* RESI 1=ABS( ( ML- MR1) / MR1) ;
MO = MODE SU MECANI QUE ELASTI QUE RES| 2=ABS( ( M- MR2) / MR2) ;
PLASTI QUE PARFAI T QUAY; SI ((RESI 1 <EG 5E-2) ET (RESI2 <EG 5E-2));
LR MATERI AL CHARACTERI STI CS <+ - ---- ===~ ERRE 0;
L AND RIGDITY MATRIX  ---eeemmmennn- SINO
* ERRE 5
MATL = MATEPLAST.tex MO YOUN 2. 1E11 S| GY 483E6 NU 0.3 ; FINSI;
R1=RG M MTI ; FIN ;

RIGL = R1ETCLETR;

*

*- LI NEAR RELATI ON W TH DI SPLACEMENT AND TI ME-
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Test plas1l (Comments)

1. BOUNDARY CONDITIONS

CLl = BLOQ L12 UX ; CLIB=BLOQOUY; CL2 =BLOQA UX ; CL3 =BLOQB UX;
CL = CL1 ET CL1B ET CL2 ET O3 ;

The BLOQUE operator constructs the RIGIDITE stiffness, athis associated to conditions of imposed
values on the unknowns of a discretized problem. Laterdtiffness will have to be added to that of the
structure.

The non-zero values to be imposed must also be provided inRGINT type object built by means of
the DEPIMP operator. For example here :

D1 = DEPI CL2 1E-3 ; D2 = DEPI CL3 -1E-3 ; DEP = D1 ET D2 ;

Thus, The DEPI operator specifies the value of certain weiatiips. CL2 and CL3 are the RIGIDITE,
type object, of BLOCAGE subtype, defining the conditions a®gd on the degrees of freedom . Here
1E-3 and -1E-3, are the values to be imposed on certain dmplant relations.

RlL = RELA8 UXAL - 7 UXA-1UXB,; R2 = RELA8 UXA2 - 6 UXA- 2 UXB;
R3 =RELA8 UXA3 - 5 UXA- 3 UXB; R4 = RELA8 UXA4 - 4 UXA- 4 UXB,;
RS = RELA8 UXA5 - 3 UXA- 5 UXB,; R6 = RELA8 UX A6 - 2 UXA- 6 UXB;
R7 = RELA8 UXA7 - 1 UXA- 7 UXB,; R=RlL ET RR ET R3ET R4 ET RS ET R6 ET R7 ;

The RELATION operator enables the user to construct thinest associated with a linear relation be-
tween the unknowns named Ui, weighted by (possible) coefftsi for respective mesh nodes (here it is
UX A1, UXB, UX A2, UXB,....... ). The DEPIMP operator allowhé user to impose a non-zero value
on the relation. For example here at a point Al the displacemés :

D=7/8D1+1/8D2

. CALCULATION WITH THE NONLIN OPERATOR

PROCEDURE PASAPAS
TAB1 = TABLE ; TABL. ' BLOCAGES_MECANIQUES = CL "ET" R
TABL.' MCDELE = MO TABL. ' CHARGEMENT' = CHAIL,;

TABL. ' CARACTERI STI QUES' = MATL; TABL. ' TEMPS_CALCULES' = LI S1;
PASAPAS TABL ;

The (NONLIN) PASAPAS procedure enables the user to carnaauncremental non linear calculation.
The non linearity can result either from the material (past) or from the large displacements, or else
from both. Here the non linearity resut from the material.

As input, TAB1 is used to define the options and the calculatiarameters. The indices of the TAB1
object are words (written in words), their list is precedgspecified.

. RESULTS AND OUTPUT

REAL = REAC RIGL (TABL. DEPLACEMENTS. 1) ; REA2 = REAC RIGL (TABL. DEPLACEMENTS. 2) ;
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The reaction operator REAC constructs the reaction foim® fihe solution field TAB1.DEPLACEMENT.1
and TAB1.DEPLACEMENTS.2, of CHPOINT types, resulting frentinear system on the first member
of which conditions have been imposed. allowing the vetiiicaof these conditions.

Thus, for to obtain the bending moments, these reactionsiatigplyed by their lever arm :

ML = (2. E-3)*((0.050*RL1) +( 0. 0375%R12) +( 0. 025* R13) +( 0. 0125*R14)) ;
M2 = (2.E-3)*((0.050*R21) +(0. 0375*R22) +( 0. 025* R23) +( 0. 0125*R24) ) ;
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3.2 Test plas2 (Description sheet)

Test name:plas2

Calculation type: MECHANIC PLASTICITY 2D AXI

Finite element type: COQ4

Topic: A Spheric-Solid, subjected to an internal pressure. Thecttre is a Hollow-Spheric-Solid sub-
jected to an internal pressure. The geometry is axisynadtribe inner radius is R1 = 1mm and the outer
radius is R2 = 2mm. The internal pressure P varies as a fundfidime: at OsP = 100MPa and at 1000s
P =3589MPa. This non linear evolution (resulting from the material¥pends in a plastic manner up to

R = 1.5 mm. time (T).

Goal: Find the computed radial displacemebkgA);o andU; (A)t1000 The theoretical values are :
Ur (Ao = 0.4um U (A)t1000 = 2.83um

Reference CASTEM:Test NAFEMS : Analytical-Solution : MP2 Modélisation derustures élastiques
dans CASTEM 2000.

\Version: 97’ customer version

Model description:

A Y
C
R2
D R1=1mm
Cl R2 =2mm
A= (1E-3, 0)
PN R1 B = (2E-3,0)
0@@ %A 5 Xp  c- (0, 2E-3)
INTERNAL %Q% D = (0, 1E-3)
PRESSURE
P =f(T)
E = 2110" Pa
NU = 03

SYG = 300E6 Pa
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Test plas2 (Results)

RESULTS

Ur(Ato | Ur(At1o0o
Reference 0.4 um 2.83um
Castem | 0.39821pum | 10852 pm

CASTEM FIGURES
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Test plas2 (Listing CASTEM)

TITR * A SOLI D- SPHERI C SUBJECTED TO | NTERNAL PRESSURE' ;
CPTI ON ECHO 1,
OPTION DI ME 2 ELEM QUA4 MODE AXIS ;

TEMPS |

*

Fee i GEOMERTY- - -« ememmmae
*

0=00 ; A=1E30 ;

B=2630 ; C=02E3;

D=01E3; X=1.1E3 0 ;

Y=011E3;

*

Fe i MESH NG - - - = === e m e e e
*

L1=ADROT5X; L2=XDROT9B ;
IR=L1ETL2 ; CE=CERC16BOC;
[3=CDROTY9Y; L4A=YDROT5D ;
LZ=13ETL4 ; C =CERC16 DOA;

*

SU = LR CE LZ CI DALL PLAN ; TRACE QUAL SU
*

L BOUNDARY CONDI TI ONS ===« -----
*

CL1 = BLOQ LR UZ ;

CL2 = BLOQLZ WR;

CL = CL1 ET CL2 ;

*

L MATERI AL CHARACTERI STI CS <« ---------
*

MO = MODE SU MECANI QUE ELASTI QUE
PLASTI QUE PARFAI T QUA4;

*

MATL = MATE MD YOUN 2E11 SIGY 300E6 NU 0. 3;
L LOAD DEFI NI TI ON | NTERNAL PRESSURE- - - - - - - -
FO = PRES MASS MD 1E6 O ;

*AT THE STEP OF T-TIME OF THE | NTERNAL PRESSURE
* I'S F(T)*FO

LI1 = PROG 0. 1000. ;

= PROG 0. 1000. ;
= EVOL MANU T LI1 F(T) LI2 ;
CHAL = CHAR NMECA FO EV ;

**....CALCULATI ON WTH THE NONLI N OPERATOR ------
L PROCEDURE PASAPAS - ------=xnnnnnn-

PROG 100. 358.9 ;

TABLE ;

TABL. ' BLOCAGES_MECANI QUES' = CL,;
TABL. ' MODELE' = MO

TABL. ' CARACTERI STI QUES' = MAT1,
TABL. ' CHARGEMENT' = CHAL,;

TABL.' TEMPS_CALCULES = LI SI;

g

PASAPAS TABL ;

(TABL. DEPLACEMENTS. 1) ;
(TABL. DEPLACEMENTS. 2) ;

8

EXTR RE1 UR A ;
1E6*V1 ;
EXTR RE2 UR A ;

=
Inomnn

V2 = 1E6*V2 ;

*

SAUT PAGE ; SAUT 2 LIGN ;

MESS ' EN R=1MM  ANALYTI CAL VALUE COWPUTED VALUE'
SAUT 2 LIGN ;

MESS ' ELASTI C | NCREMENT UR= 0.40 M CRONS UR= "V1 "M CRON ;
SAUT 1 LIGN ;

MESS ' PLASTI C I NCREMENT UR= 2.83 M CRONS UR= 'V2 'M CRON ;
TEWPS ;

Foeao GO0D WORKI NG MESSACE --------------mmmmmos

ERR1=100* (ABS(0. 4 - V1)/0. 4);
ERR2=100* (ABS( 2. 83 - V2)/2.83);
LI ST1=PROG ERR1 ERRZ;
ERRMAX=MAXI (PROG ERR1 ERR2);
Sl (ERRMAX < 5);

ERRE 0;

SINON,

ERRE 5;

FINSI;

FIN,
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Test plas2 (Comments)

1. LOAD DEFINITION RESULTING FROM AN INTERNAL PRESSURE

FO = PRES MASS MO 1E6 O ;

The PRES operator calculates the forces which are equividempressure applied on an object. Here
this operator is connected to key word MASS, referring totytpe of solid element on which the pressure
is applied.

MO is the object on which the pressure is applied (MMODEL dyqred 1E6 is a pressure algebraic value
(FLOTTANT type). Cl is the mesh on which the pressure is &gp(MAILLAGE type).

For solid elements, such as those used in this problem, gssyre is assumed to be directed towards the
inside of the solid. In case of a depression, it is required &field of a negative pressure points have to

be supplied.
LI1 = PROG 0. 1000. ;
LI2 = PROG 0. 1000. ;

EV=EVOL MANUT LI1T FT) LIZ2;
CHAL = CHAR MECA FO EV ;

EV is time description of the loading (EVOLUTION type) fuian containing in abscissa the times (in
chronological order) and in ordinate the values F(T) of thection F for each value of the times T.
Thus, The CHAR operator constructs a CHAR1 object of CHAR@EEM type, of FORCE subtype
which contains the space and time description of the eqerivabading.
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3.3 Test plas4 (Description sheet)

Test name:plas4

Calculation type: MECHANICS PLASTICITY 3D

Finite element type: CUB8

Topic:

A Cubical solid, subjected to tensile test. The structura ¢sibical-Solid composed by two element. It is
subjected to a tensile test. For this test, The Y and Z disptant values are fixed at zero value and the X
displacement value is imposed on the tips : SU1 and SU2 |fac

Goal: Find the computed stress Smxx, Smyy and Smzz at 4 time stdpsTel T3 and T4) on the first
Gaussian point of the first cubical element. These CASTEMmgsd values are compared to the theorical

values.

Reference CASTEM:Test NAFEMS : Analytical-Solution : MP4 Modélisation desustures élastiques
dans CASTEM 2000.

Version: 97’ customer version

Model description:

= P1=(100)

3 P2= (110)

P3= (111)

P4 R3 P4= (101)

3 Q2= (0.510)
1 Q3 =(0511)
X y Su1 Q4=(0.501)
o1 | R1= (000)

R R2= (010)

R3= (011)

Q1 R4= (001)

P2

Cubic Solid subjected to Tensile Test Samples
Ux=f(t),Uy=Uz=0

E = 2510 Pa
NU = 025
SYG = 5E6Pa
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Test plas4 (Results)

RESULTS
Evolution Parametef T1 T2 T3 T4
Reference Txx=75E6 | Txx=1166E6 | Txx=4.16E6 | Txx= —3.33E6
Tyy=25E6 | Tyy=6.66E6 | Tyy=4.16E6 | Tyy= 1.66E6
Tzz=25E6 | Tzz=6.66E6 | Tzz=4.16E6 | Tzz=1.66E6
Castem Txx=75E6 | Txx=1166E6 | Txx=4.16E6 | Txx= —3.33E6
Tyy=25E6 | Tyy=6.66E6 | Tyy=4.16E6 Tyy= 1.6E6
Tzz=25E6 | Tzz=6.66E6 | Tzz=4.16E6 Tzz=1.6E6

CASTEM FIGURES

CUBE EN TRACTI ON UNI AXI ALE

\K

‘e
1

L2
11

K1

/

4
K3
R3
J3
LK4
2
J1

LK2
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Test plas4 (Listing CASTEM)

TITRE ' CUBI C- SCLI D SUPJECTED TO TENSI LE TEST' ;

*

CPTION DI ME 3 ECHO 0; TEWPS ; DENS 1;

* CGEOVETRY

K o e e e e e e e e e e e e e e e e e mm e e e e e, e, e, ., —,——.m—-——
A=1l,; Al=-1; 2=.5 B=1; C=1;
PL=A00, QL=A200; RL=00 0;

P2 =AB0, @ =AB0; R=0B0;
P3=ABC @B=A2BC RR=0BC
PA=AO0OC =A0C RA=00C

TR = A1 0 O;

OPTI ON ELEM SE@;

LI1 =PLDROT1P2; LI2=P2DROT 11 P3;
LI3 =P3DROT 1 P4; LI4 =P4DROT 1 PI;
COL = LI1 ET LI2 ET LI3 ET LI4
LJ1=QDROT1Q@; LJ2=Q@DRAT 1 QB
LJ3=@DROTI1® LI4=QUDROT11 QL
CO2 = LJ1 ET LJ2 ET LJI3 ET LJ4;

LKI = RLDROT 1 R2; LK2 = R2 DROT 1 R3;
LK3 = RBDROT 1 R4; LK4 = R4 DROT 1 RI;
C8 = LK1 ET LK2 ET LK3 ET LK4;

OPTI ON ELEM QUAG;
SUL = SURFACE COL PLANE: SW2 = SURFACE CC2 PLANE;
SU3 = SURFACE COB PLANE;, CPTI ON ELEM CUBS:

VOL1 = SUL VOLU 1 SW2; VOL2 = SU2 VOLU 1 SU3;
VOL = VOL1 ET VOL2; ELIM.001 VOL;

CEIL = (30 20 20): TRAC QUAL OEIL VOL:

CL1 = BLOQUE SU3 UX; CL2 = BLOQUE VOL UY UZ;
CL3 = BLOQUE SU2 UX; CL4 = BLOQ SUL UX;

CL = CL1 ET CL2 ET CL3 ET CL4;

*

EPSO = .25E-4; COEF1 = A * EPSO * .5;
COEF2 = A * EPSO; D1 = DEPI CL3 COEFL,
D2 = DEPI CL4 CCEF2; DEP = D1 ET D2;

* MODEL AND CHARACTER! STI CS
MO = MODL VOL MECANI QUE ELASTI QUE
PLASTI QUE PARFAI T CUBS;
MAT1 = MATR MD YOUN 2.5E11 SI GY 5.0E6 NU . 25;

= PROG 0. 1. 2.
LP2 = PROG 0. 1. 2.
EV = EVOL MANU T LP1
CHAL = CHAR DI MP DEP EV,
LISl = PROG1. 2. 3. 4
TAB1 = TABLE;

TABL. ' CARACTERI STI QUES' = MATL,
TABL. ' CHARGEMENT' = CHAL,;

TABL. ' MODELE' = MO

TABL.’ TEMPS_CALCULES = LISL;
TABL. ' BLOCAGES_MECANI QUES' = CL;
PASAPAS TABL;

SYY1l = EXTR SI1 SWY 1 1 1;

S7Z71 = EXTR SI1 SMZZ 1 1 1;

SXX2 = EXTR SI2 SMXX 1 1 1;

SYY2 = EXTR SI2 SMWYY 1 1 1;

SZz72 = EXTR SI2 Sz 1 1 1;

SXX3 = EXTR SI3 SMXX 1 1 1;

SYY3 = EXTR SI3 SMYY 1 1 1;

Szz3 = EXTR SI3 Sz 1 1 1;

SXX4 = EXTR SI4 SMXX 1 1 1;

SYY4 = EXTR SI4 SWY 1 1 1;

SZ74 = EXTR SI4 SMZZ 1 1 1;

* RESULTS PLACARDI NG

SAUT PAGE;

*[/]]] PARAMETER OF EVOLUTION T : 1 ////1";
MESS ' T=1";

MESS ' THEORETI CAL VALUE : SIGWAXX = 7.5 E 6" ;
MESS '’ SIGVAYY = 2.5 E 6 ;
MESS SIGWZZ = 2.5 E 6 ;
MESS ’ "
MESS ' COVPUTED VALUE : SIGVAXX = 'SXX1 ;

MESS '’ SI GVAYY = ' SYY1 ;

MESS SIGWAZZ = ' SZZ1 ;
SAUT 1 LIG\E ;

*[/1]] PARAMETER OF EVOLUTION T : 2 ///II1]";
MESS '’ T=2";

MESS ' THEORETI CAL VALUE : SIGWAXX = 11.66 E 6’
MESS SIGVAYY = 6.66 E 6 ;
MESS SIGWZZ = 6.66 E 6 ;
MESS '’ "
MESS ' COWPUTED VALUE : SIGVAXX = 'SXX2 ;
MESS '’ SI GVAYY = ' SYY2 ;
MESS SI GWAZZ = ' SZZ2 ;
SAUT 1 LIGNE ;

*[[11/]] PARAMETER OF EVOLUTION T : 3 //11]";
MESS T=3";

MESS ' THEORETI CAL VALUE : SIGWAXX = 4.16 E 6" ;
MESS SIGVAYY = 4.16 E 6" ;
MESS SIGWAZZ = 4.16 E 6 ;
MESS ’ "
MESS ' COVPUTED VALUE . SIGVWAXX = " SXX3 ;
MESS SI GVAYY = ' SYY3 ;
MESS SIGWAZZ = ' S77Z3 ;
SAUT 1 LIGNE ;

*[/1]] PARAMETER OF EVOLUTION T : 4 ////";
MESS T=4";

MESS ' THEORETI CAL VALUE : SIGWXX = -3.33 E 6’
MESS SIGVAYY = 1.66 E 6 ;
MESS SIGWZZ = 1.66 E 6 ;
MESS -
MESS * COVMPUTED VALUE . SIGVAXX = ' SXX4 ;
MESS '’ SI GVAYY = ' SYY4 ;
MESS ' SI GWAZzZ = ' Szz4
MESS -
TEMPS ;

* GO0D MESSAGE WORKI NG

SREF=1. 66E6; RESI =ABS( ( SYY4- SREF) / SREF) ;

* RESULTS SI (RES| <EG 5E-2);

b e e .. ERRE 0; SINO, ERRE 5;
SI1 = TABL. CONTRAI NTES. 1; SI2 = TABL. CONTRAI NTES. 2; FINSI ;

SI'3 = TABL. CONTRAI NTES. 3; SI4 = TABL. CONTRAI NTES. 4; FIN,

SXX1 = EXTR SI1 SMXX 1 1 1;
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3.4 Test plas5 (Description sheet)

Test name:plas5
Calculation type: MECHANICS PLASTICITY 2D PLANE STRESSE
Finite element type: QUA4

Topic: A solid plate, subjected to imposed displacement. The tstreds a solid plate, it is subjected to
imposed displacement from two sides and blocked from theadtivers (see figure). For this test, the goal is to
study the DRUCKER-PRAGER elastic-plastic behaviour.

Goal: Find the computed stress Smxx,and Smyy on the first Gaussian @f the first finite element.
These CASTEM computed values are compared to the theovighiss.

Reference CASTEM:Test NAFEMS : Analytical-Solution : MP4 Modélisation desustures élastiques
dans CASTEM 2000.

\Version: 97’ customer version

Model description:

u(o)

D C
—) A (00)
B (1.5 0)
C(1.515)
u() D (0 1.5)
—
N A B
NN
E = 25101 Pa
NU = 025
SYG = 5E6Pa
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Test plas5 (Results)

RESULTS
DRUCKER-PRAGER STRESSES Smxx Smyy
Reference 1.8717Pa | 1.8717Pa
Castem 1.871/Pa | 1.8717Pa

CASTEM FIGURES

L3 o}

L4 BU L2

L1

A PLATE WITH CROSS SECTIONAL SUBJECTED TO BI-TENSILE TEST
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Test plas5 (Listing CASTEM)

TI TRE ' A PLATE W TH CROSS SECTI ONAL SUBJECTED * THEORETI CAL VALUE CALCULATI ON
TO BI - TENSI LE TEST ' ; *
OPTION ECHO 0 ; VALTH = KLL / ( (2. * ETT) + MWU);
OPTION DI ME 2 ELEM QUA4 MODE PLAN CONT ; SAUT PAGE ; SAUT 2 LIGN ;
TEWPS ; *
F e MESS ' THEORETI CAL VALUE COWPUTED VALUE ' ;
* GEOVETRY AND MESHI NG SAUT 1 LIGN ;
e MESS ' SIG="' VALTH ' SMKX=" SXX ' SMYY=' syy ;
A=0 0 ; B=150 ; *
C=1515; D=0. 1.5; TEMPS ;
* * GO0D MESSAGE WORKI NG
L1 =ADROT1B ; L2=B DROT1C ; RESI 1=ABS( ( SXX- VALTH) / VALTH) ;
L13=C DROT1D ; L4=D DROT1A ; RESI 2=ABS( ( SYY- VALTH) / VALTH) ;
LL = L1 ET L2 ET L3 ET L4 ; SI((RESI 1 <EG 5E-2) ET (RESI2 <EG 5E-2));
SU = SURF LL PLAN ; ERRE O0;
TRAC QUAL SU ; SING,
F ERRE 5;
* BOUNDARY CONDI TI ONS FINSI ;
* AND | MPOSED DI SPLACEMENTS FI'N,
*
CL4 = BLOQ L4 UX ; CL2 = BLOQ L2 UX ;
CL3 = BLOQL3 UY ; CL1=BLOQLL UY ;

CL = CL1 ET CL2 ET CL3 ET CL4 ;

= DEPI CL3 1.5E-4 ;
D2 = DEPI CL2 1.5E-4 ;
DEP = D2 ET D3 ;

MO = MODE SU MECANI QUE ELASTI QUE PLASTI QUE
DRUCKER PRAGER QUA4 ;

KLL= 3.56 ;  ETT= 0.441; MU= 1.02 ;
MATL = MATE MD YOUN 40000 NU 0.21

ALFA 0.441 BETA 1.02 K 4.1 GAMM 0. 441

DELT 1.02 ETA ETT MJ MW

KL KLL H 0. ;

*

L DI SPLACENENT VALUE | MPOSED- - =< - - - ===~ --
*..AT THE T TIME THE DI SPLACEMENT IS F(T)*D-----

*

LI1 =PROGO. 1. 2. 3. 4. 5.
LI2 =PROGO. 1. 2. 3. 4. 5
EV = EVOL MANU T LI1T K(T) LI2 ;

CHAL = CHAR DIMWP DEP EV ;

TAB1 = TABLE ;

TABL. ' CARACTER! STI QUES' = MATL;
TABL. ' CHARGEMENT' = CHAL:

TABL.' MODELE' = Mg,

TABL.' TEMPS CALCULES = LI SL;
TABL.’ BLOCAGES MECANI QUES' = CL;

PASAPAS TABL;

*

* FIND THE STRESSES W TH PECHE PROCEDURE

*

SI Gl = PECHE TAB1 CONTRAINTES 1.;
SI G = PECHE TAB1 CONTRAI NTES 2.;
*

SXX = EXTR SI& ' SMXX' 1 ;

11
EXTR sig2 "SwYy 111 ;

Syy
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Test plas5 (Comments)

1. MODEL AND CHARACTERISTICS

MO = MODE SU MECANI QUE ELASTI QUE PLASTI QUE
DRUCKER PRAGER QUA4 ;

KLL= 3.56 ; ETT= 0.441, MW= 1.02 ;

MAT1 = MATE MO YOUN 40000 NU 0.21

ALFA 0.441 BETA 1.02 K 4.1 GAW 0. 441

DELT 1.02 ETA ETT MJ MU

KL KLL H 0. ;

The DRUCKER PRAGER model enables the user to perform a eionlwith non-associated yield and
with stress hardening. The equations of this model are &sfsl:

initial criterion :
ALFA%Tr(S)+BETAxSeg=K
ultime criterion :
ETA«Tr(S) + MU x Seg= KL
hardening :
dK=H=xdp (H in algebraic value)
Flow potential :
GAMM=«Tr(S)+ DELT x Seq

For this model the parameters to define are : ALFA, BETA, K, EVAJ, KL, H, GAMM, and DE.

S is stress tensor
Seq is Von Mises equivalent stress
p is cumulated equivalent plastic strain

2. FIND THE STRESSES WITH PECHE PROCEDURE

SIGL
SI&

PECHE TAB1 CONTRAINTES 1.;
PECHE TAB1 CONTRAI NTES 2.;

The PECHE procedure enables the user to retreive for a givemthe results of a calculation carried out
using the PASAPAS procedure. Contents :

TABL : table used in PASAPAS (TABLE type)

CONTRAINTES : key word (MOT type) corresponding to the resfeel stress index

1. (or 2.) : time (FLOTTANT type) for which the results (stses) are requested.

By default, the results of the last calculated time will beeived.
SIG1 (or SIG2) : generated stress field (CHPOINT type)

84



o
3.5. TEST PLAS6 (DESCRIPTION SHEET) 3%

3.5 Test plas6 (Description sheet)

Test name:plas6

Calculation type: MECHANICS ELASTIC PLASTIC - PLANE STRESS

Finite element type: QUA4

Topic: Rectangle subjected to pure bending. A rectangle is emlefidm two adjacent sides. Linear
imposed displacements are applied to one side. Calcutatiomperformed for plane stresses and with a pure
plastic model.

Goal; Calculate the pure bending moment along the side where gidadements are applied.

Reference CASTEM:R. Hill, Mathematical theory of plasticity, Oxford, Oxfofdlavendon Press, 1950.
Test V.P.C.S. numero SSNP11/89

Version: 97’ customer version

Model description:

Elastic and pure plastic material

YOUNG = 210" Pa
NU 0.3
SIGY — 483 MPa

Linear imposed displacement between A and B
(Umax = 0.5 mm)

uy
A
D A
H
4’:"
>"‘(
: UX
7 4
o
A
P
,F
C K B
Geometry of the rectangle

thickness: a = 12.5 mm
heigth: b =100.0 mm
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Test plas6 (Results)
CASTEM FIGURES

xues swoc
600 T T T T T
P PA
[l 400 L N
] 200 L 4
[l 0 L 4
T 20 L 4
s/ lox
1 a0 L 4
[l v
= 00 L L L L L
[l 500 -400 200 0 200 00 500
| xie2
1 STRESS Sx
= e
PLASS  NESH NG
xer Vatoc
250
VAL-150
6376408
<637Ew08
A-627Es0e 200 r B
508608
150 L 4
P-220E48
V-140E408
100 L 4
n L49E 108 0 r B
q 200408
W 3296408
0
2 adsEr0e
500 400 200 0 200 400 600
xe2
PRODUCT ¥+ sk
@ 627E408
PLASS: STRESS SMOX
AL TUE
i o 0.008000
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3.5. TEST PLAS6 (DESCRIPTION SHEET)

Test plas6 (Listing CASTEM)

TI TR " RECTANGLE SUBJECTED TO BENDI NG ;
OPTI ECHO 1 ;

OPTI DI ME 2 MODE PLAN CONT ELEM QUA4 ;
OPTI | SOV LI G\E ;

TEWPS ;

Kk khkkhkhkkhkhhhhkhkkhkhkhkkhhkkhkkhkkkhk k%

* GEOMETRY AND MESHI NG *
IR RS SRR R R SRR SRR R R EE SRR R R R EREEEEEEEEEEEEEE]
PA = 12.5E-3 50.E-3; PB = 12.5E-3 -50. E- 3;
PC = 0. -50.E-3; PD= 0. 50. E-3;
NBl = 32 ; NB2 =4 ; Dl = PADRO NBL PB;
D2 = PB DRO NB2 PC; D3 = PC DRO NB1 PD ;
D4 = PD DRO NB2 PA ;

SURL = DALL D1 D2 D3 D4 PLAN ;

TRAC QUAL SURL 'TITR 'plas6 : MESH NG ;
NBNOL = NBNO SURL ; NBEL1 = NBEL SURL ;

Khkkkhkkhkhkkhkkhhhkhkkhkkkhkkhhkkhkkhkkkh k& %

*  MODEL AND MATERI AL CHARACTERISTICS  *
IR RS SRR R R SRR SRR R R R RS R R R EEEEEEEEEEEEEEESSE]
MODL = MODE SURL MECANI QUE ELASTI QUE

PLASTI QUE PARFAI T QUA4 ;
NATL = MATE MODL YOUN 2. 1E11 NU 0.3

SI GY 483.E6 ;
ISR S SRS E SRS SRR SRS EREREEEEEEEEEEEEEEEEEEEES
* BOUNDARY CONDI TI ONS *
IS S S SRS E SRS SRS RS RS SRR SRR EEEEEEEEEEEEEEEES
CL1 = BLOQ UX D3 ;

CL2 = BLOQ UY (SURL POIN PROC (0. 0.)) ;
CL3 = BLOQ UX D1; CL = CL1 ET CL2 ET CL3:

* Creation of the chpoint of variable
* inmposed displacenent: inposed

* displacement with a Iinear variation
* fromu to -u, between A and B; u

* increases up to 0.5 mm

|

=0. ;
LISD1 = PROG 1. ;
REPETER BLOC10 NBIL ;

=1 +1 ;

YY =1 - (2. % (I | NBL)) ;
LISDL = LISDL ET (PROG YY) ;
FIN BLOCLO ;

LISDL = LISDL * 1.E-3 ;
CHPOL = MANU CHPO D1 1 UX LISD1 ;
CHAL = DEPI CL3 CHPQL,

Fhkkkhkhkhkkkhkhhkkkhkkhkkhhkkhkkkhkkhkkkkk %

*NON LI NEAR CALCULATI ON PASAPAS PROCEDURE*

kkkkkhkhkhkkkhhhhhhkhkhhhhhhkhkhkhhhhhhkhkhhkhhhkkkx

TAB1 = TABLE;

* Take the displacenent u as a list of

* pseudo-time

LREEL1 = PROG 0. 02875 0.05 0.1 0.15 0.2
0.30.40.51.0;

* LOAD DEFINI'TI ON
EVOL1 = EVOL MANU UA LREEL1 COEFF LREELI;
CHARL = CHAR DI MP CHAL EVOLL;

TABL. ' CARACTER! STI QUES' = MATL;
TABL. ' CHARGEMENT' = CHARIL:
TAB1.' MODELE' = MOD1;

TABL.' TEMPS_CALCULES = LREELL;
TABL.’ BLOCAGES MECANI QUES' = CL;
PASAPAS TABL;

Khkkkhkkhhkkhkkhhkkhkkhhhkhkkhhhkhkkhhkkh k%

* RESULTS *

Fhkkkhkkhkkkhkhhkkkhkkhkkkhkkhkkkhkkhkkkk k%

* SETUP

MOML = TABLE;

LISD2 = LISDL * 50.;

MOV = TABLE;

ERG = TABLE;

MOVR. 1 = 805.0; MOMR.2 = 1074.;
MOMR. 3 = 1174.; MOWR. 4 = 1193.;
MOVR. 5 = 1199.; MOMR.6 = 1204.;
MOMR. 7 = 1205.; MOWR.8 = 1206.;
MOVR. 9 = 1207.5;

* Loop for each step of load: function of UA
I =0;
REPETER BLOCL 9;

I =1 +1;

CONT1 = TABL. CONTRAI NTES. | ;

DEPL1 = TAB1. DEPLACEMENTS. | ;

CHPOL0 = CHAN CHPO MODL CONTZ,

* Drawing of the stress distribution SMXX
Sl (I EGA 9);

TITR ' pl as6: STRESS SMXX ;

BB = EXCO ' SMXX' CONT1;

TRAC MOD1 BB SURL;
FINSI;

* Drawing of the deformed (checking of |oad)
Sl (I EGA 9);

TITR ' pl as6: DEFORMED ;

DEFO = DEFO SURL DEPL1 O.;

DEF1 = DEFO SURL DEPL1 2. VERT;

TRACE SURL (DEFO ET DEF1);
FINSI ;

* Cal cul ation of the bending noment
* (stress SMXX al ong AB)
LI ST2 = PROG
J=0;
NB = NB1L + 1;
REPETER BLOC4 NB;
J=J+1
D = EXTR LI SD2 J;
PO1 = SURL PO N PROC (12.5E-3 D);
SM = EXTRA CHPOLO SMXX POl 1;
LIST2 = LIST2 ET (PROG SM;
FI'N BLOC4;

LIST3 = LIST2 * LISD2;

TITR * STRESS SMXX';

ESMXX = EVOL MANU Y LI SD2 SMXX LI ST2;
TITRPRODUCT Y * SMXX';

EYSMXX = EVOL MANU Y LI SD2 YSMXX LI ST3;

Sl (I ERA 9);
DESS ESMXX;
DESS EYSMXX;

FINSI;

MOML. | = SOWME EYSMKX;
MOML. | = EXTR MOML.| 1,
MOML. | = -1.E-3 * MOML I,
* Difference between theory and cal cul ation
ERG | = 100. * (ABS ((MOML.1 - MOWR.I)
[ MOVR.1));

FI'N BLOCL;

Kk khkhkhhkkhkkhhkkhkkhkkkhkkhhkkhkkhhk kk k%

* RESULTS PLACARDI NG *

Fhkkkhkkkhkkkhkhhkkkhkkhkkkhkkhkkkkkkhkk Kk kk %
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MESS ' RESULTS : plasé’;

MESS " ----mmmmaaean s ; MESS ' Detail on the nesh’;
SAUT LIGN, MESS " ----mmmmie - i
MESS ' Number of elenments :’ NBEL1 ' QUA4;
MESS ' Bending nonent (stress SMXX al ong AB'; MESS ’ Number de nodes ©" NBNOL ;
MESS ' mvmm e " SAUT LI GN,
SAUT Ll G\I, ISR S SRS SRS SRS RS EEEREEEEEEEEEEEEEEEEEEES
* G0OD WORKI NG MESSAGE *
NESS ' UA[THX = 0 02875 m-n” ISR S SRS SRS SRR SRS EEREEEEEEEEEEEEEEEEEEEES
MESS ' ----ieeiieeiaao i ERGVAX = MAXI (PROG ERG. 1 ERG 2 ERG 3 ERG 4 ERG 5 ERG 6
MESS ' Theoretical monent :' MOML.1 'kN.ni; ERG. 7 ERG 8 ERG 9);
MESS ' Cal culated noment :' MOMR.1 'KN.ni;
MESS ' Error " ERG1'%; S| (ERGVWAX <EG 5.);
SAUT LI G\, ERRE 0;
Sl NON;
MESS *  UAmax = 0.05 mm:’; ERRE 5;
Y S I i FINSI ;
MESS ' Theoretical monent :* MOML.2 "N.ni; SAUT LI GN;
MESS ' Calculated nonment :' MOMR.2 "N.mi;
MESS ' Error " ERG2 "% ; TEMPS;
SAUT LIGN,
FIN
MESS ' UAmax = 0.1 nm:’';
MESS ' ----eeiiao-- i
MESS ' Theoretical nmonent :' MOML.3 "'N.m;
MESS ' Calculated nonment :' MOMR.3 "N.mi;
MESS ' Error 7 ERG 3 '%;
SAUT LIGN,
MESS * UAmax = 0.15 mm:’;
MESS ' ----ieeiiieeo-- i
MESS ' Theoretical nmonent :' MOML.4 "'N.mi;
MESS ' Calculated nonment :' MOMR.4 "N.nmi;
MESS ' Error " ERG4 "% ;
SAUT LIGN,
MESS ' UAmax = 0.2 nm:';
MESS ' ----eeiiao-- i
MESS ' Theoretical nmonent :' MOML.5 "N.mi;
MESS ' Calculated nonment :' MOMR.5 "N.mi;
MESS ' Error " ERG5 "%
SAUT LIGN,
MESS © UAmax = 0.3 mm:’;
MESS ' ----eeiiio-- i
MESS ' Theoretical nmonent :' MOML.6 'N.mi;
MESS ' Calculated nonment :' MOMR.6 "N.nmi;
MESS ' Error .7 ERG6 '%;
SAUT LIGN,
MESS © UAmax = 0.4 mm:’;
MESS " ---eeieae--- "
MESS ' Theoretical nmonent :' MOML.7 "N.mi;
MESS ' Calculated nonment :' MOMR.7 "N.mi;
MESS ' Error " ERGT7 "%,
SAUT LIGN,
MESS © UAmax = 0.5 mm:’;
MESS ' ----eeeae--- "
MESS ' Theoretical nmonent :' MOML.8 "N.mi;
MESS ' Cal culated nonment :' MOMR.8 "N.mi;
MESS ' Error " ERG 8 '%;
SAUT LIGN,
MESS © UAmax = 1.0 mm:’;
MESS ' ----eeiiao-- i
MESS ' Theoretical nmonent :' MOML.9 'N.mi;
MESS ' Calculated nonment :' MOMR.9 "N.mi;
MESS ' Error 7 ERG9 "%,
SAUT LIGN,
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3.6 Test plas7 (Description sheet)

Test name:plas7

Calculation type: MECHANICS ELASTIC PLASTIC - PLANE STRAIN

Finite element type: QUA44

Topic: Rectangle subjected to pure bending. A rectangle is emlefidm two adjacent sides. Linear
imposed displacements are applied to one side. Calcutatimmade for plan strains and with a pure plastic
model.

Goal: Calculate the pure bending moment along the side where gitadements are applied.

Reference CASTEM:R. Hill, Mathematical theory of plasticity, Oxford, Oxfofdlavendon Press, 1950.
Test V.P.C.S. numero SSNP11/89

Version: 97’ customer version

Model description:

Elastic and pure plastic material

YOUNG = 210" Pa
NU 0.3
SIGY — 483 MPa

Linear imposed displacement between A and B
(Umax = 0.5 mm)

uy
A
D A
H
4’:"
>"‘(
: UX
7 4
o
A
P
,F
C K B
Geometry of the rectangle

thickness: a = 12.5 mm
heigth: b =100.0 mm
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Test plas7 (Results)

CASTEM FIGURES

P PA

= e

PLAST: STRESS SMOX

xues swoc
1000
800 L
600 L
400 L
200 L
0 L
20 L
0 L
600 L
800 L
-1000
600 400 200 0 200 200 500
xie2
SRESS SO
xer Ve
500
VAL-150
450 L
1016209
<101E409
A-og6E08 400 =
606508 350 L
300 L
Pos22E48
250 L
v-237E408
200 L
150 L
h a74Es07
n 237408 o0 r
50 L
W 5226408
0
2 70Ew08
500 400 200 0 200 400 600
xe2
PRODUCT ¥+ sk
@ 9.96€+08
AL TUE
0.008000
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3.6. TEST PLAS7 (DESCRIPTION SHEET)

Test plas7 (Listing CASTEM)

TI TR " RECTANGLE SUBJECTED TO BENDI NG ;
OPTI ECHO 1; OPTI DI ME 2;

OPTI MODE PLAN DEFQ, OPTI ELEM QUA4;
OPTI 1 SOV LI GNE;

TEMWPS;

Kk khkkhkhkkhkhhhhkhkkhkhkhkkhhkkhkkhkkkhk k%

* GEOMVERTY AND MESHI NG *
IR RS SRR R R SRR SRR R R EE SRR R R R EREEEEEEEEEEEEEE]
PA = 12.5E-3 50.E-3; PB = 12.5E-3 -50.E-3;
PC= 0. -50.E-3; PD = 0. 50. E-3;
NBL = 32; NB2 = 4;

D1 = PADRO NBl PB; D2 = PB DRO NB2 PC
D3 = PC DRO NBl PD, D4 = PD DRO NB2 PA;
SURL = DALL D1 D2 D3 D4 PLAN,

TITR 'plas7: MESH ;
TRAC QUAL SURY;
NBNOL = NBNO SUR1; NBEL1 = NBEL SURL;

Khkkkhkkkhkkkhkkhkkkhkkhkkkhkkhkkkhkkhkkkk k& &

*  MODEL AND MATERI AL CHARACTERI STICS  *
IR R R RS S R R R R R R S R R R R R R R R R R R R R EEEREEEEREEEE S
MODL = MODE SURL MECANI QUE ELASTI QUE

PLASTI QUE PARFAI T QUAZ;
MAT1 = MATE MODL YOUN 2. 1E11 NU 0.3

SI GY 483.ES;
kkkkkhkhhkkkkhhhhhhkhkhkhhhhhkhkhkhhhhhhkhkhhhhhkkkx
* BOUNDARY CONDI T ONS *
kkkkkhkhhkhkkkhkhhhhhkhkhhhhhhkhkhhhhhhhkhkhhhhhkkkx
CL1 = BLOQ UX DB;

CL2 = BLOQ UY (SURL PON PRCC (0. 0.));
CL3 = BLOQ UX DI;

CL = CL1 ET CL2 ET CL3;

* Creation of the variable inposed chpoint

* of displacenent: inposed displacenent
*with a linear variation fromu to -u,

* between A and B; u increases up to 0.5 nm
| =0.;

LISDL = PROG 1.;
REPETER BLOC10 NBI,
I =1 +1.;

YY = 1. - (2. % (I [ NBL));
LISDL = LISDL ET (PROG YY);

FI'N BLOC10;
LISDL = LISDL * 1.E-3;
CHPOL = MANU CHPO D1 1 UX LI SD1;

CHAL = DEPI CL3 CHPQL,

Kk khkhhhhkkhkhhhkkhkkhhkkhkkhhkkhkkhhkkh k%

*NON LI NEAR CALCULATI ON PASAPAS PROCEDURE*
ISR S RS SRS SRR SRS EREREEEEEEEEEEEEEEEEEEEES
TAB1 = TABLE;

* Take the displacenent u as a list of

* pseudo-time

LREEL1 = PROG 0. 029435 0.1 0.2 0.3 0.4 0.5 1.0;

* LOAD DEFINI'TI ON
EVOL1 = EVOL MANU UA LREEL1 COEFF LREELIL;
CHARL = CHAR DI MP CHA1 EVOLL;

TABL. ' CARACTERI STI QUES' = MATL,
TABL. ' CHARGEMENT' = CHARL;
TABL.’ MODELE' = MODL;

TABL.' TEMPS_CALCULES' = LREELI1;
TABL. ' BLOCAGES_MECANI QUES' = CL,;
PASAPAS TABL;

Fhkkkhkkkhkkkhkhhkkkhkkhkkkkkkhkkkhkkhkkkkk %

* RESULTS *
Fhkkkhkkkhhkkhkhhkkkkhkkhkkhhkkhkkkkkkhkkkkk %
* SETUP

MOML = TABLE;

LISD2 = LISDL * 50.;

MOMR = TABLE;

ERG = TABLE;

MOMR. 1 = 90.57, MOWR.2 = 135.2;
MOWVR. 3 = 138.4; MOMR.4 = 139.0;
MOMR.5 = 139.2; MOWR.6 = 139.3;
MOMR. 7 = 139.4; MOWR.8 = 543.4;
MOVR. 9 = 557.7,

* Loop for each step of load: function of UA
| =0;
REPETER BLOCL 7,
I =1 +1
CONT1 = TABL. CONTRAI NTES. | ;
DEPL1 = TAB1. DEPLACEMENTS. | ;
CHPOL0 = CHAN CHPO MOD1 CONT1;
* Drawing of the stress distribution SMXX
Sl (I EGA 7);
TITR ' plas7: STRESS SMXX ;
BB = EXCO ' SMXX' CONT1;
TRAC MOD1 BB SURL;
FINSI;
* Drawing of the deformed (checking of |oad)
Sl (I ERA 7);
TITR ' plas7: DEFORMED ;
DEFO = DEFO SURL DEPL1 O.;
DEF1 = DEFO SURL DEPL1 2. VERT;
TRACE SURL (DEFO ET DEF1);
FINSI';
* Cal cul ation of the bending noment
* (stress SMXX al ong AB)
LI ST2 = PROG
J=0;
NB = NBL + 1,
REPETER BLOC4 NB;
J=J+1
D = EXTR LI SD2 J;
PO 1 = SURL PON PROC (12.5E-3 D);
SM = EXTRA CHPOLO SMXX POl 1;
LI ST2 = LI ST2 ET (PROG SM;
FI'N BLOC4,
LI'ST3 = LIST2 * LISD2;
TITR ' SRESS SMXX';
ESMXX = EVOL MANU Y LI SD2 SMXX LI ST2;
TITR " PRODUCT Y * SMXX';
EYSMXX = EVOL MANU Y LI SD2 YSMXX LI ST3;
Sl (I ERA 7);
DESS ESMXX;
DESS EYSMXX;
FINSI;
MOML. | = SOMME EYSMXX;
MOML. | = EXTR MOML.| 1;
MOML. | = -1.E-4 * MOML.I|;
* Difference between theory and cal cul ation
ERG | = 100. * (ABS ((MOML.1 - NOVR.1) /
MOMR. 1))
* Extraction of the maxi numstress SMXX for
* steps 1 and 7
Sl (I EGA 1);
MOML. 8 = EXTR CHPOLO SMXX PA;
MOML. 8 = MOML. 8 / 1.E6;
ERG 8 = 100. * (ABS ((MOWL.8 - NOVR.8) /
MOMR. 8) ) ;
FINSI';
Sl (I ERA 7);
MOML. 9 = EXTR CHPOLO SMXX (D1 PON 2);
MOML. 9 = MOML.9 / 1.ES;
ERG 9 = 100. * (ABS ((MOVL.9 - NOVR.9) /
MOMR. 9) ) ;
FINSI;
FI'N BLOCI,;
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kkkkkhkhkhhhkhhhhhhhkhhhhhkkhhhhkkkhhhkkkkkk k% VMESS ' --cmmmmmmeea e V;
* RESULTS PLACARDI NG * MESS ' Theoretical monent :° MOVR.9 ' MPa’;
IR R R RS R R R SRR R SRR SRR SRR E R R R SRR EEEEEEEE SRR NESS' (:al CUI ated rmnent ' mg "\Pa"
MESS ' RESULTS : plas7'; MESS ' Error " ERG9 "%;
MESS ' ----mmmmiaaan " SAUT LI GN,
SAUT LIGN,
MESS 'Detail on the mesh’;
MESS ' Bending nonent (stress SMXX al ong AB'; MESS " ----mmmmei - "
MESS ' wmm e " MESS ' Number of elenments :' NBEL1 ' QUA4;
SAUT LIGN, MESS ' Nunber de nodes ©’ NBNOL ;
SAUT LI GN,
NESS 1 UA”HX = O 029435 nm" IR R R RS R R SRR RS SRS SRR R R R R R SRR EEEEEEEE SRR
MESS ' ----mmeee e i * GO0D WORKI NG MESSAGE *
NESS’ Theoretlcal nDnEnt ’ NUVE:L ’kva ISR S SRS E SRS SRS EEEEEREEEEEEEEEEEEEEEEEEEES
MESS ' Cal culated noment ;' MOML.1 'kN.ni; ERGVAX = MAXI (PROG ERG 1 ERG 2 ERG 3 ERG 4
MESS ' Error " ERG1'%; ERG. 5 ERG 6 ERG 7 ERG 8 ERG 9);
SAUT LIGN,
S| (ERGWAX <EG 5.);
MESS * UAmax = 0.1 mm:’; ERRE 0;
MESS " ----eieee--- " SI NON;
MESS ' Theoretical monent :' MOMR.2 '"KN. ni; ERRE 5;
MESS ' Cal cul at ed nonent " MOML.2 "KN.mi; FINSI;
MESS ' Error " ERG2 '%; SAUT LI GN;
SAUT LIGN,
TEMWPS,;
MESS * UAmax = 0.2 mm:’;
MESS ' ---------a---- " FIN,
MESS ' Theoretical nmonent :' MOMR.3 '"KkN. ni;
MESS ' Cal cul ated nonent " MOML. 3 "kN.m;
MESS ' Error " ERG.3 '%;
SAUT LIGN,
MESS * UAmax = 0.3 mm:’;
MESS ' ----eemieeae "
MESS ' Theoretical nmonent :’' MOMR.4 '"KkN. ni;
MESS ' Cal cul ated nmonent " MOML. 4 "kN.m;
MESS ' Error " ERG 4 '%;
SAUT LIGN,
MESS * UAmax = 0.4 mm:’;
MESS ' ----emeiaeae "
MESS ' Theoretical nmonent :’' MOMR2.5 '"kN. ni;
MESS ' Cal cul ated nonent " MOML.5 "kN.m;
MESS ' Error " ERG5 ' %;
SAUT LIGN,
MESS ' UAmax = 0.5 mm:';
MESS ' -----mi-eae i
MESS ' Theoretical nmonent :' MOMR.6 'kN.ni;
MESS ' Cal cul ated nonent " MOML.6 "kN. m;
MESS ' Error " ERG6 "% ;
SAUT LIGN,
MESS ' UAmax = 1.0 mm:';
MESS ' -----meaeeae "
MESS ' Theoretical nmonent :' MOMR.7 '"KkN. ni;
MESS ' Calculated noment :' MOML.7 'kN.ni;
MESS ' Error T ERGT7 %,
SAUT LIGN,
MESS ' Maxi mum stress SMXX :';
MESS " --cmmmm e "
SAUT LIGN,
MESS ' UAmax = 0.029435 nmi ;
MESS ' ----imiieaae e "
MESS ' Theoretical nmonent :’' MOMR.8 'MPa’;
MESS ' Cal cul ated noment @' MOML. 8 ' MPa’;
MESS ' Error " ERG 8 '%;
SAUT LI G\,

MESS

" UAmax = 1.0 mmi;
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3.7. TEST PLAS8 (DESCRIPTION SHEET)

3.7 Test plas8 (Description sheet)

Test name:plas8

Calculation type: MECHANICS ELASTIC PLASTIC

Finite element type: TRI3

Topic: Punctual strength as a function of the deflection. A beam isegltled at one side and at the free

side we impose a vertical displacement (e.g. a deflection).

Goal: Calculate the evolution of the reaction strength as a fonatif the deflection. According to the pure

elastoplastic law the strength should converge to an asytropialue given by the following relation:

FU = (SIGY*H2/4)/L
Where:

SIGY = stress at the yield point

H = thickness of the beam
L = length of the beam

Version: 97’ customer version

Model description:

Elastic and pure plastic material

YOUNG
NU
SIGY

Locking:
rotation: RY & RZ
displacement: UX, UY & UZ

21101 Pa
0.
100. MPa

Vertical imposed displacements

iy

S

v

uy

Geometry of the beam

length: 10
width: 1
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Test plas8 (Results)

CASTEM FIGURES

AL T 182

Bl 1

PUNCTUAL STRENGTH AS A FUNCTI ON OF DEFLECTI ON

XLE6 STRENGTH

DEFLECTI ON

.00 .50 1.00 1.50 2.00 2.50 3.00 3.50

X1E-2
PUNCTUAL STRENGTH AS A FUNCTI ON OF DEFLECTI ON
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3.7. TEST PLAS8 (DESCRIPTION SHEET)

Test plas8 (Listing CASTEM)

TI TRE ' PUNCTUAL STRENGTH AS A FUNCTI ON OF DEFLECTION ;
COWPLET = FAUX; COW * full calculation if vrai

OPTI ECHO 0;

CPTI DIME 3 ELEMTRI3 ECHOO DENS 0.5 ;

Kk khkkkhhkkhkkhhkkhkkhhkkhkkhkhkhkkhhk kh k%

* GEOVERTY AND MESHI NG *

Fhkkkhkkkhkkkhkkhkkkhkkhkkkhkkhkkkhkkhkk Kk kk %

B= 1. ; L=10. ;

Al = 0. 0. 0. ;A2=0. B 0.0;
BL= L 0.0 ;B=L BO0.0;
NEL = 20;

A2A1 =DRO 2 A2 Al ; ALB1 =DRO NEL Al Bl ;
B1B2 =DRO 2 Bl B2 ; B2A2 =DRO NEL B2 A2 ;
ST = DALL A2A1 Al1Bl B1B2 B2A2 PLAN ;

CEIL = 0 0 1000 ;

TRACE CEIL ST ;

Kk Kk khkhhkkhkkhhk ko k ko kh ko kkhkkkhkkhhk kh k%

* SETUP *
Kk khkkhkkkhkkhhkkhkkhkkhkhkhhhhkhkkhhkk Kk k%
XABS = PRCG ;

FONC1 = PROG

EP = L/10 ;

Fhkkkhkkkhkkkhkhhkkkhkkhkkkhkkhkkkkkkhkkkkk %

*  MODEL AND MATERI AL CHARACTERI STICS *
IR R R RS SRR SRR R SRR R SRR SRR E R R R SRR EEEEEEEEE SRR
MODL = MODE ST MECANI QUE ELASTI QUE PLASTI QUE
PARFAI T DKT ' INTEGRE' 7 ;
E = 2.1F11 ; SY = 100. E6;
MAT1 = MATE MODL YOUN E NU 0. SIGY SY
EPAl EP ALFA 1. ;

Khkkkhkkhkkkhkhhkkkhkhhhhkhkhhkkkhkkhkk kk k%

* BOUNDARY CONDI TI ONS AND RI G DI TY *
LE R RS S SRR R R SRR R R R R R R EEEREEEEEEEEEEEEEEEES]
RI1=RIG MDL MATL ;

CL1=BLOQ UX UY LZ RY RZ A2AL ;
CLDEP=BLOQ UZ B1B2 ;

CL = CL1 ET CLDEP;

RTL=R1ET C

Khkkkhkkkhkkkhkkhkkkhhkhkkhhkkhkkkkkkhkkkkk &

* | MPOSED DI SPLACEMENT *

Fhkkkhkkkhkkkhkhhkkkhkkhkkkkkkhkkkhkkhkkkk k%

FDEP = DEPI CLDEP 0.2;

Kk khkkkhkkkhkkhkkkhkkhhkkhkkhkkkhkkhkkkkk %

*NON LI NEAR CALCULATI ON PASAPAS PROCEDURE*

LR RS S SRR R R SRR R R R R EEEREEEEEEEEEEEEEEEEEEES]
= PROGO. 1. ;

LI2 = PROG 0. 1. ;

EV = EVOL MANU T LI1 K(T) LI2 ;

CHAL = CHAR DI MP FDEP EV ;

S| COVPLET;
LIS1 = PROG PAS 0.03333 0.1
PAS 0.02 0.3 PAS 0.01 0.4 ;

SI NON,
LISl = PROG PAS 0.03333 0.1 0.12
0.14 0.16 ;
FINSI ;
TAB1 = TABLE ;

TABL. ' CARACTER! STI QUES' = MATL;
TABL. ' CHARGEMENT' = CHAL:

TAB1.' MODELE' = MOD1;

TABL.' TEMPS CALCULES = LI SL;
TABL.’ BLOCAGES MECANI QUES' = CL;

PASAPAS TABL;
TEMPS ;

Fhkkkhkhkhhkkhkhhkkkhkhhkkkkkkhkkkkkkhkkkkk %

* RESULTS *
kkkkkhkhkkkkhhhhhkhkhkhhhhhhkhkhhhhhhhkhkhhhhhkkkx
| TER=0 ;

OPTI ECHO 1;

NB=DI ME LISL ;

XABS=I NSER XABS 1 (0.0) ;
FONCL=I NSER FONCL 1 (0. 0);
REPETE BOUCL NB :

| TER=I TER+L :

| TERL=I TER+1 ;

TT=EXTR LI S1 I TER ;

DEP=PECHE TABL ' DEPLACEMENTS TT :
FLECH=EXTR DEP UZ BL;

FF=REAC DEP RIT1 :
FFF=RESUL(REDU FF B1B2) ;
FORC=EXTR FFF ' FZ' Bl ;

XABS=| NSER XABS | TERL FLECH :
FONCL=I NSER FONCL | TERL FORC;
FIN BOUCL ;

* Drawing of curve of strength as a

* function of deflection

EV1=EVOL RCUGE MANU ' DEFLECTI ON' XABS
" STRENGTH FONCL ;

DESSIN EV1 ;

TEWPS ;

Fhkkkhkkkhkkkhkkhkkkkkkhhkkhkkhkkkhkkhkk Kk kk %

* ANALYTI C RESULT OF THE ASYMPTOTI C VALUE*
khkkkhkhkkkhhkkhhhkhkhhhkhhhkhhhkhhkhhkhhkhkhrkhhxkk
S| COVPLET;

VAL1=SY*(EP**2.) ; FU=(VAL1/ 4)/L ;
Sl NON;

FU = 1. 679E+06;

FINSI ;
Kk khkkhhkkhkhhhkkhkkhhkkhkkhkkkhkkhkk kh k%
* GOCD WORKI NG MESSAGE *

Fhkkkhkkkhkkkhkkhkkkhkkhkkkkkkhkkkkkkhkkkkk %

FC=RESUL( REDU FF B1B2) ;
FCC=EXTR FC ' FZ' Bl ;
RES| =ABS((FCC-FU)/ FU) ;
S| (RESI <EG 5E-2):
ERRE O ;
SING,
ERRE 5 ;
FINSI;
FIN
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_ CHAPTER 3. PLASTICITY

3.8 Test plas9 (Description sheet)

Test name:plas9
Calculation type: MECHANICS ELASTIC PLASTIC - DRUCKER-PRAGER’S MATERIAL
Finite element type: CUB8

Topic: Unidirectionnal tensile-test on a parallelipiped.

An isostatic embedded parallelipiped is subjected to argag displacement on one of its faces. It follows
to to Drucker-Prager model (negative strain-hardening)

Goal: Compare the curves of unidirectionnal behavior with thecegalution.
Version: 97’ customer version

Model description:

Elastoplastic Mechanic¢ Elastic mechanig

Drucker-Prager

YOUNG 40000 2.D-3
NU 0.21 0.

D2

N

A2 L

(@]
N

v

Uy

N

AN

N\

O

1

P

UX Imposed displacements: 1.5E-4 m

Geometry of the parallelipiped:
1.5%1.5*1 m™3
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3.8. TEST PLAS9 (DESCRIPTION SHEET)

Test plas9 (Results)

CASTEM FIGURES

PARALLELEPI PEDE EN TRACTI ON UNI AXI ALE
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CHAPTER 3. PLASTICITY

Test plas9 (Listing CASTEM)

TITRE ' ONE- AXI' S TENSI LE- TEST ON A PARALLELI PI PED
CPTI DIME 3 ELEM CUB8 MODE TRID ;

OPTI ECHO O ;
hhkkkhhkhkkkhkhhkkkhkkhkkhhkkhkkkhkkhkkkkk %
* GEOVERTY AND MESHI NG *
Kk Kk hkkhhkkhhhhhkkhkhhhkkhkkhhkkhkkhhk kh k%
Al= 0. 0. 0.; Bl1= 1.5 0. 0.;

Cl=1.5150.; D1=0. 1.50.;

L1 =A1DRO 1Bl ; L2=B1DRO 1Cl ;
L3 =CLDRO 1Dl ; L4=D1DRO 1ALl ;
LL = L1 ET L2 ET L3 ET L4 ;

SUl= SURF LL PLAN ;

Ml =A2DRO 1B2 ; MM=B2DRO 1C2 ;
M =CDRO 1D2 ; W=D2DRO 1A2 ;
M= M ET M ET M3 ET M ;

SU2= SURF MM PLAN ;

SU=SULVOLU 1 SW2 ;
TRAC (888 1000 2000 ) SU;

Kk Kk hkkhhkkhhhhhkkhkkhhh ko kkhkkkhkkhhk kh k%

*  MODEL AND MATERIAL CHARACTERISTICS *
LR RS S SRR R SRR R R R EEEREEEEEEEEEEEEEEEEEEES]
MOL= MODE SU MECANI QUE ELASTI QUE PLASTI QUE

DRUCKER PRAGER CONS CONSL ;
M= MODE SU MECANI QUE ELASTI QUE

CONS CONS?;
MO = MOL ET MR ;
VALK = 2. ;
VALALF =0. 441 ;
VALBE = 1.02 ;
VALH = -10000. ;
YOYO = 40000. ;
MAT1 = MATE MOL YOUN YOYO NU 0.21

ALFA VALALF BETA VALBE K VALK
GAW VALALF DELT VALBE ETA VALALF
MJ VALBE KL VALK H VALH ;

MAT2 = MATE M2 YOUN 2.D-3 NU 0. ;

MAT = MAT1 ET MAT2 ;

Fhkkkhkkkhkkkhkkhkkkhkkhkkkkkkhkkkkkkhkkkk k%

* BOUNDARY CONDI TI ONS AND RI G DI TY *
IR R R RS SRR SRR RS SRR S SRS R RS R R R SRR EEEEEEEE SRR
CL4 = (BLOQ L4 UX) ET ( BLOQ Mt UX)
CL2 = (BLOQ L2 UX) ET ( BLOQ M UX) ;

CL1 = (BLOQ L1 UY) ET (BLOQ ML UY);

CL5 = BLOQ SUL UZ ;

CL = CL1 ET CL2 ET CL4 ET CL5 ;

Kk khkkkhkkkhkkhhkkhkkhhkkhkkhkkkhkkhhk kk k%

* | MPOSED DI SPLACEMENT *

Kk khkkhkhkhhhhhkkhkkhhkkhkhhhhkhkkhhkkk k%

DEP= DEPI CL2 1.5E-4 ;

* SETUP

LI'1 = PROG 0. PAS 1. 1000. ;
L2 =11,

EV = EVOL MANU T LI1 K(T) LI2 ;

Kk khkkhkkkhkkhhkkhkkhhhkhkkhhkkhkkhhkkh k%

*NON LI NEAR CALCULATI ON PASAPAS PROCEDURE*

Fhkkkhkkkhhkkhkhhkkkhhkhkkkhkkhkkkhkkhkkkk k%

* The displacenent is F(T)*D at the T time
CHAL = CHAR DI MP DEP EV ;

LISl = PROGO. PAS 0.1 4. ;

TAB1 = TABLE ;

TABL. ' CARACTERI STI QUES' = MAT;

TABL.’ CHARGEMENT' = CHAL;

TABL.’ MODELE = MO

TABL.' TEMPS_CALCULES = LI SI;
TABL. ' BLOCAGES_MECANI QUES' = CL;
TABL. FTOL=0. 000001;

PASAPAS TABL;

Khkkkhkkhhkkhkkhhkkhkkhkkkhkkhhkkhkkhhk kh k%

* RESULTS *
IR R R RS R R R SRR RS SRR SRR SRR E R R R SRR EEEEEEEEE SRR
MJ = (((2. * ( VALALF ** 2)) +

( VALBE ** 2) ) ** 0.5) /

( VALALF + VALBE) :
VALHW = VALH * MJ ;

PGX = PROG 0. ;
PGY = PROG 0. ;
PGT = PROG 0. ;

TT = TABL . CONTRAI NTES ;

N = (DMETT) - 1 ;

S (( TABL. TEMPS . NN) < 3.99) ;
ERRE 5 ;

FINSI;

REPE BOU NN;

FF = EXTR ( TABL . CONTRAINTES . (&BOU) )
SWKX 111 :

EPS = EPSI MOl ( TAB1 . DEPLACEMENTS . (&BQU)

GG =EXTREPS EPXX 1 1 1 ;

ETH = VALK / ( ( VALALF + VALBE ) * YOYO) ;

Sl ( GG< ETH) ;

THE = YOYO * GG ;

SI NON,

THE = ( VALK + ( VALHW * GG )) /

( (VALALF + VALBE) + ( VALHW / YOYO) ) :
Sl ( THE<O. ) ; THE=0. ; FINS ;
FINSI ;

PGX = PGX ET ( PROG GG ) ;

PGY = PGY ET ( PROG FF ) ;

PGT = PGT ET ( PROG THE ) ;

FIN BQU ;

EVl= EVOL ROUG MANU ABS PGX ORD PGY ;
EV2= EVOL TURQ MANU ABS PGX ORD PGT ;
EV = EV1 ET EV2;

SI (NEG GRAPH "N );

DESS EV;

FINSI ;

TEWPS ;

Fhkkkhkkkhkkkhkkhkkkhkkhhkhkkkhkkkkkkhkkkkk %

* GO0D WORKI NG MESSAGE *
IR R R RS R E SRR RS SRR E SRS R R E R R R SRR EEEEEEEEE SRR
RESI 1=( MAXI ABS (PGY - PGT ))/ VALK ;

SI (RESI 1 <EG 5E-5);

MESS '’ ’;

MESS ' i

MESS ' i

MESS '’ ’;

MESS ' COVPARI SON BETWEEN THEORETI CAL
AND ANALYTI C RESULTS';
MESS ’ ’;
MESS ' UP TO TIME 4.: PRECISION
I NFERI OR TO 5E-5';
SI NON,
ERRE 5;
FINSI ;
FIN
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3.9. TEST PLAS10 (DESCRIPTION SHEET)

3.9 Test plas10 (Description sheet)

Test name:plas10
Calculation type: MECHANICS ELASTIC PLASTIC - CAM-CLAY'S MATERIAL
Finite element type: CUB8

Topic: Tensile-test on a parallelipiped. An isostatic embeddemligdipiped is subjected to imposed
displacement on three of its faces. It follows the Cam-Clayet.

Goal: Compare the hydrostatic compressive curve with the exdatisn.
\ersion: 97’ customer version

Model description:

YOUNG | 1000
NU 0.2

A2

AVZ Imposed displacements
D2

\/

B2

D1

\ ) —,
\Q;////////// 47;7 Imposed displacements

Imposed displacements Geometry of the cube:
UX 1*1.*1. m'3
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Test plas10 (Results)

CASTEM FIGURES

PARALLELEPI PEDE EN COVPRESS| ON' HYDROSTATI QUE

1.00 [ -
%
//
/
/
/
/
/
/
/
3.00 [ / -
4.00 [ -
5.00 [ -
6.00 [ -
6.00 5.00 4.00 -3.00 2.00 1.00 00

PARALLELEPI PEDE EN COVPRESSI ON' HYDROSTATI QUE
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3.9. TEST PLAS10 (DESCRIPTION SHEET)

Test plas10 (Listing CASTEM)

TITR ' PARALLELEPI PED | N HYDROSTATI C COVPRESSI ON'

CPTI ECHO O ;
OPTI DI ME 3 ELEM CUB8 MODE TRI D ;

hhkkkhhkhkkkhkhhkkkhkkhkkhhkkhkkkhkkhkkkkk %

* GEOVERTY AND MESHI NG *

Kk Kk hkkhhkkhhhhhkkhkhhhkkhkkhhkkhkkhhk kh k%

Al= 0. 0. 0.; Bl1=1. 0. 0.; C1=1. 1. 0.;

D1=0. 1. 0.; A2=0. 0. 1.; B2=1. 0. 1.;
=1 1 1.; D2=0. 1. 1.;

L1 =ALDRO 1Bl; L2=BLDRAO 1CL ;
L3 =CLDRO 1D1; L4 =D1LDRO 1AL ;
LL = L1 ET L2 ET L3 ET L4 ;

SUl= SURF LL PLAN ;

Ml = A2DRO 1B2 ; MM=B2DRO 1 C ;
M3 =C2DRO 1D2 ; MM=D2DRO 1A2 ;
M= M ET M ET M8 ET W ;

SU2= SURF MM PLAN ;

SU=SUlL VOLU 1 SU2 ;

TRAC (888 1000 2000 ) SU;

Khkkkhhkhhhkhkhhhkkhkkhhhkhkkhhkkhkkhhk kk k%

*  MODEL AND MATERI AL CHARACTERISTICS *
IR R R RS R R SRR RS SRR SRR SRR EEE R SRR REEEEEEEEE SRR
MO = MODE SU MECANI QUE ELASTI QUE

PLASTI QUE CAM CLAY ;

0.1; CC=0.5; XK=0.01;

2. ; PIO =5.;

XL
EE

MAT = MATE MO YCOUN 1000. NU 0.2
EO EE COHECC M1.2
PO PIO LAMD XL KAPA XK
Gl 416.666667 ;

Kk kkkkhhkkhkkhhkkhkkhkhhkhkkhkkkhkkhhk kk k%

* BOUNDARY CONDI TIONS AND RIG DI TY *

Khkkhhkhhkkhkkhhkkhhhhhkkhkkhkkkhkkhhk kk k%

BLX = BLOQ UX ( Al ET A2 ET D1 ET D2 );

BLY = BLOQ UY ( AL ET Bl ET B2 ET A2 ) ;
BLZ = BLOQ UZ SUL ;

BL = BLX ET BLY ET BLZ ;

CLX = BLOQ UX ( Bl ET B2 ET ClL ET @ );
CLY =BLOQUY ( DLETCLET @ ET D2 ) ;
CLZ = BLOQ UZ SU2 ;

CL = CLX ET CLY ET QLZ ;

ISR S SRS SRS SRS RS EEEREEEEEEEEEEEEEEEEEEES
* | MPOSED DI SPLACENENT *
khkkkhkhkkhkhhkkhkhhkhkhhhkhkhhkhhhhkhhhhkhhrhhrxhkhkkxk
VAL = -2.664328E-5 |

DEPX = DEPl CLX VAL |

DEPY = DEPl CLY VAL |

DEPZ = DEPl CLZ VAL |

LITX = PROG 0. PAS 1. 300. ;

LIX = PROGO. PAS 1. 300. ;

EVX = EVOL MANU TEMP LITX FX LIX ;

CHAL=CHAR DI MP ( DEPX ET DEPY ET DEPZ) EVX;

Khkkkhkkkhkkkhkkhkkkhkhhkkkkkkhkkkhkkhkkkkk %

*NON LI NEAR CALCULATI ON PASAPAS PROCEDURE*
kkkkkhkhhkkkkhhhhhkhkhkhkhhhhhkhkhhhhhhhkhkhhhhhkkkx
* The displacenent is F(T)*D at the T time
TAB1 = TABLE ;

LISl = PROG 0. PAS 10. 200. ;
TABL. ' MODELE' = MO,

TABL.' CARACTERI STI QUES' = MAT;

TABL.' CHARGEMENT' = CHAL;

TABL.' TEMPS_CALCULES' = LI SI;

TABL. ' BLOCAGES_MECANI QUES' = CL ET BL;

PASAPAS TABL ;

Fhkkkhkhkkhhkkhkkhkkkhkkhkkkkkkhkkkkkkhkkkkk %

* RESULTS *
IR R R RS R R R SRR RS SRR SRR SRR E R EEEEEEEEEEEEEE SRR
NT = (DI ME (TABL. DEPLACEMENTS)) - 1 ;
IT=0;
PRD = PROG 0. ;
PRF = PROG 0. ;
REPETER BOPI NT;
IT=1T+1;
DD= TABL1. DEPLACEMENTS. I T;
RR = REAC CLY DD,
RRR = RESU RR;
LEP = ( EXTR RRR MAIL NOWJ ) PON1 ;
PRD = PRD ET (PROG ( EXTR DD UY D1));
PRF = PRF ET (PROG ( EXTR RRR FY LEP) ) ;
FI'N BOPI ;
FV = EVOL ROSE MANU 'D PRD 'F PRF;
DESS FV ;
W = PECHE TAB1 VARI ABLES_| NTERNES 200. ;
SS = PECHE TABL CONTRAI NTES 200. ;
PCAL = EXTR SS SMXX 1 11 ;
PTHE= -1. * ( PIO + CC) *
(EXP ( ( -300. * VAL ) *
(1L.+EE) / X0) );
PTHE = PTHE + CC ;
EVPCAL = EXTR W TRAP 1 11 ;
EVPTHE = (300. * VAL ) * ( XL - XK ) / XL ;
SAUTER 3 LI G\E ;
MESS ' THEORETI CAL MEAN PRESSURE PTHE ’
CALCULATED  PCAL;
MESS ' THEORETI CAL PLASTI C PLOTTING '
EVPTHE ' CALCULATED ' EVPCAL,;

*

RESI1 = ABS ( (PCAL-PTHE)/PTHE );

RESI 2 = ABS ( (EVPCAL- EVPTHE)/ EVPTHE) ;
SAUTER 3 LI GNE ;

MESS ' RELATIVE ERRORS ' RESI1 RESI 2 ;

Fhkkkhkkkhkkkhkkhkkkhkkhhkkhkkhkkkkkkhkkkk k%

* GOOD WORKI NG VESSAGE *
IR R R RS S R RS R R R SRR SRR SRR R R R R EEEREEEEEEERE SRR
S (RESI1 <EG 1.E-6) :
S| (RESI2 <EG 1.E-6) :
ERRE O;
SINO
ERRE 5;
FINSI ;
SI NON;
ERRE 5;
FINSI ;
FIN,
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_ CHAPTER 3. PLASTICITY

3.10 Test plasll (Description sheet)

Test name:plas11

Calculation type: MECHANIC ELASTIC PLASTIC - GENERALISED PLANE STRAINS

Finite element type: QUA8, COQ2, POI1

Topic: Beam subjected to a rotation. A rectangular cross-sect@amis subjected to an imposed rotation
RX. The beam is modelled with a massive piece (1x1), with a @@@ment piece (length: .5 thickness: 2.)
and with a piece made of POI1 point elements (4 points, 2 impiper piece and 2 in the lower one’s).

Goal: Study the behavior of the resulting moment of this imposesation up to the yield point.

Version: 97’ customer version

Model description:

Massive piecg COQ2 elements POI1 point elements
YOUNG | 2 10" Pa 2. 10" Pa 2.10" Pa
NU 0. 0. 0.
SIGY | 4831C¢Pa 483 1CF 483 1C¢

Imposed rotation

uy

Plof POI1 point elements

P9

Massive - COQ2 element
piece P6 /
P3 P5 P2

P4 P7 P1

P8
P11}
P12

Geometry of the rectangular cross-section beam
thickness: 2.
heigth: 4.
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3.10. TEST PLAS11 (DESCRIPTION SHEET)

7
o

Test plas1l (Results)

CASTEM FIGURES

E_R—v"?

IR

PLASIZ © MESH NG

PLASLL: LOW

PLASLL : COLRBE MK EN FONCTI ON DE RX.
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CHAPTER 3. PLASTICITY

Test plas11 (Listing CASTEM)

TI TRE ' RECTANGULAR CROSS- SECTI ON OF BEAM
SUBJECTED TO AN | MPOSED ROTATI ON ;

OPTI ECHO 0;

TENMPS;

OPTI DI ME 2 ELEM QUAS;

* we define the support point of general

* plane strains

PG=10. 0.;

OPTI MODE PLAN GENE PG ;

* jnitialization of a few constants
| =1,

EVL1 = PROG 0. ; EVL2 = PROG 0. ;
EVL3 = PROG 0. ;

Kk khhkhhkkhkkhkkkhkhhhkkhkkhkkkhkkhhkkk k%

*  CONSTANTS FOR ANALYTI C CALCULATI ON *
ISR S RS S RS SRR SRS SRR SRR EEEEEEEEEEEEEEEES
H=2.; COW .5*heigth of the section;

B =1.; COW .5*width of the section;

* Young' s nodul us yield point

El = 2E11 ; SILIM= 4, 83E8;

* nonent of inertia with respect to X-axis
X = (2.#B)*((2.*H **3)/ 12.;

* maxi mum val ue of the elastic strain
EPSEL = SILIM EL;

* maxi mum val ue of the elastic noment
MOVEL = EI1*| X*EPSEL/H;

* value of the ultima plastic noment
MOLI'M = 3*MOMEL/ 2. ;

Ik Kk hkhkhkkkhkkhkkkhkkhkkkhkkhkkkkkkhkkkkk %

* GEOVERTY AND MESHI NG *

Kk khkkkhkkkhkkhkkkhkkhkkkkkkhkkkkkkhhk Kk kk %

* meshing of the massive piece

PL = 1. -1. ; P2= 1. 1,

P3 =-1. 1. ; P4=-1. -1,

N=4,;, M=1;

Dl = P1L DRO NP2 ; D2 = P2 DRO MP3 ;
D3 = P3DRO NP4 ; DA =P4 DRO MPL ;
SURF1 = DALL D1 D2 D3 D4;

* meshing of the cog2 el enents
OPTl ELEM SE® ;

P5=0. 1. ; P6=0 15;
P77 =0. -1. ; P8 =0. -1.5;
D5 =P5D2P6; D6 =P7 D2 P8

COQUL = D5 ET D6 ;
* meshing of the poil el ements
P9 = 0. 1.625 ; P10 = 0. 1.875;

P11 = 0. -1.625; P12 = 0. -1.875;
POL1 = MANU PO 1 P9;
PC12 = MANU PO 1 P10;
PO13 = MANU PO 1 P11;

PCL4 = MANU PO 1 P12;
PCL = PO11 ET POL2 ET POL3 ET POL4;

SURTOT = SURF1 ET COQUL ET PQL ;
TITR "plasl2 : MESH NG ;
TRAC QUAL SURTOT;

ELTOT = NBEL SURTOT; NOTOT = NBNO SURTCT;

Khkkkhkkkhhkkhkhhkkkhkhhhkhhkkhkkkhkkhkkkk k%

*  MODEL AND MATERIAL CHARACTERISTICS *

IR R R RS R R R SRR RS SRR E SRR R R R R EEEREEEEEEEEE SRR

* bul k piece

MOL = MODE SURF1 MECANI QUE ELASTI QUE
PLASTI QUE PARFAI T QUAS;

MAL = MATE MOL YOUN E1 NU 0. SIGY SILIM

* co0Qg2 elenents
M2 = MODE COQU1I MECANI QUE ELASTI QUE

PLASTI QUE PARFAI T COQ2;

MATE M2 YOUN E1 NU 0. SIGY SILIM
CARA M2 EPAI 2. ;

MA2 = MAT2 ET CAR2 ;

*poi 1 el enent

MXB = MODE POL MECANI QUE ELASTI QUE
PLASTI QUE PARFAIT PO 1;

MAT3 = MATE M3 YOUN E1 NU 0. SIGY SILIM

CAR3 = CARA M3 SECT .5 ;

MA3 = MAT3 ET CARS;

MOL ET M2 ET MOB;

MODE!
MATE! MAL ET MA2 ET MA3;

1
1

RI1 = RRG MODE1l MATEL;

Khkkkhhkhkkkhkkhhkkhkkhhkkhkkkhhkkhkkhhkkh k%

* BOUNDARY CONDI TI ONS AND RI G DI TY *
ISR S SRR E SRS SRR SRS EEREEEEEEEEEEEEEEEEEEEES
P15 = SURF1 POINT PROCHE (0. 0.);
P16 = SURF1 POINT PROCHE (0. 1.);

Bl = BLOQ DEPL P15;

B2 = BLOQ UX P16;

B3 = BLOQ DEPL POL ;

B4 = BLOQ UX COQUL ;

B5 = BLOQ UY (P5 ET P7) ;

B6 = BLOQ UZ RY PG

B7 = BLOQ RX PG,

BTOT = BL ET B2 ET B3 ET B4 ET B5 ET B6
ET BT7;

R = RI1 ET BTOT,

Fhkkkhkhkhhkkhkhhkkkhkhhkkkhkkhkkkhkkhkkkkk %

* DEFINITION LOAD *
kkkkkhkhhkkkkhhhhhkhkhkhhhhhhkhkhhhhhhhkhkhhhhhkkkx
TEMP1= (PROG 4. PAS 2. 30.) ET (PROG 50.);
LAML = (PROG 4. PAS 2. 30.) ET (PROG 50.);
FAT1 = .0002;

TITRE ' plasll: LOAD ;

EVl= EVOL MANU 'TIME TEMP1 'RX(T)' LAML ;
DE1= DEPI B7 FAT1 ;

CHRI X = CHAR 'DIMP DEL EVI ;

DESS EV1 ;

Ik khkhkhkkkhkhhkkkhkkhkkkhkkhkkkkkkhkkkkk %

*NON LI NEAR CALCULATI ON PASAPAS PROCEDURE*
IS SRS SRS SRS SRR SRR EREEEEEEEEEEEEEEEEEEEES
TABL = TABLE;

TABL. ' BLOCAGES MECANI QUES' = BTOT;

TABL.' MODELE' = MODEL;

TABL. ' CARACTER! STI QUES' = MATEL;
TABL. ' CHARGEMENT' = CHRI X;

TABL.' TEMPS CALCULES = TEMPL;

PASAPAS TABL ;

IR R R RS R R RS R R RS SRR S SR SRR R R R SRR EEEEEEEEE SRR
* POST- TRAI TMENT: PLOTI TNG OF A CURVE AND*
* COVPARI SON W TH THA ANALYTI C SOLUTION  *

Kk khkhhhhhkhkhhhkkhkkhhhkhkkhhkkhkkhhkkh k%

DI ML = DI MENSI ON TEMPL;

REPETER BLOCL DI ML;

TPS = EXTR TEMPL | ;

CHL = PECHE TABl1 DEPLACEMENTS TPS;
MO MP = REAC Rl CHI;

* Extraction of the MX nmonent

* corresponding to the RX rotation

MWK = EXTR MO MP MX PG
RRX = EXTR CHL RX PG

EVL1 = EVL1 ET (PROG MWX);
EVL2 = EVL2 ET (PROG RRX);
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* Theoretical solution
EPSN = 2. *RRX ;

* \Wien we are in the plastic domain:
Sl (EPSN > EPSEL) :

MOW = (1 - ((( EPSEL / EPSN) ** 2) / 3)) * MOLIM;
EVL3 = EVL3 ET (PROG MOWN);

* \Wien we are in the elastic domain:
Sl NON;

MOW = E1 * I X * RRX ;

EVL3 = EVL3 ET (PROG MOW) ;
FINSI ;

| = 1+1;
FI'N BLCCL,;

COURB = TABLE;
COURB. 1 = 'MARQ ETO NOLI'™

titre "plasll : COURBE MX EN FONCTI ON DE RX ';

EVl = EVOL MANU 'RX' EVL2 ' MX EVL1 ;

EV2 = EVOL MANU 'RX' EVL2 " MX EVL3 ;

* theoretical curve:unbroken draw ng

* calcul ated point: star points

DESS (EVL ET EV2) COURB LOGO,

* calculation of the difference with the reference solution
ERGL = 100* ( ABS( ( MOMN- MVK) / NOWN) ) ;

Kk Kk hkkhkkkhhhhhkkhkkhhhkhkkhkkkhkkhhk kk k%

* RESULTS PLACARDI NG *

ISR S RS E SRS SRS RS EEREEEEEEEEEEEEEEEEEEEES

MESS ' RESULTS : TEST plasll ';

MESS " ---mmmmmie e "

SAUT 2 LIGN,

MESS ' W search the value of the calculated ;
MESS ' noment in plastic donaine’;

MESS "It is conpared with the analytic solution’;

SAUT 1 LIGN,

MESS ' Theoretical monent:’ MOW ' MPa';
SAUT 1 LIGN

MESS ' Cal cul ated nonent:’ MWK ' MPa’;

SAUT 1 LIGN

MESS ' Relative error:’ ERGL '%;

SAUT 2 LIGN

*

MESS '’ Nunber of elenent:’ ELTOT;

MESS '’ Nunber of nodes:’ NOTOT;

MESS e.G ' (NOorOr * 3) 'd.o.f.’;
IR R RS R R R SRR R SRR SRR SRR R R R R EEEREEEEEEEEE SRR
* G00D WORKI NG MESSAGE *

Fhkkkhkhkhhkkhkhhkkkhkkhhkhhkkhkkkkkkhkkkkk %

* The maxi mum di f ference between the
* theoretical value and the calculated s
* one have to be inferior to valeur 0.5%
SI (ERGL <EG 0.5);

ERRE 0;
SI NON,

ERRE 5;
FINSI ;

TEMWPS;

FI'N,
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CHAPTER 3. PLASTICITY

3.11 Test plasl2 (Description sheet)

Test name:plas12

Calculation type: MECHANICS ELASTIC PLASTIC

Finite element type: TUYA

Topic: Pipe subjected to thermal shock. A pipe is embedded at itsetvds and subjected to a thermic
shock.

Goal: Test the PASAPAS procedure with a material depending oretin@érature. Compare the Castem’s
result for the stress with the analytical solution:

EPSILLON = Alpha * (Delta T)
SIGMA = Interpolation of the EPSILLON value on the tensilene

\Version: 97’ customer version

Model description:

Material properties
YOUNG function of the temperature
NU 0.3
Thermic expansion coefficient function of the temperature
Tensile curve function of the temperature

Y Embedding Embedding 7

!
|
|
|

| |
\ /
\ \/ /

<4—— T Thermic shock: thermic load from 0°C to 8062e————P>

Geometry of the pipe:
length: 2000 mm
external diameter: 100 mm
thickness: 10 mm
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3.11. TEST PLAS12 (DESCRIPTION SHEET)

Test plas12 (Results)
CASTEM FIGURES

T-200¢

T-s00¢

T-s00C

T-00C
Ther

mc expanision as a function  of the temperature

Tensile curve as a function of terperature

XiE2  sgmipa)

———  castemzon

0 100 200 300 400 500 600 700 800 900 10.00

Themi ¢ expansion as a function  of the temperature

Modul s of Young as a functon of the temperature

XLE-4 A

Them ¢ expannsion as a function  of the temperature
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CHAPTER 3. PLASTICITY

Test plas12 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

* PROCEDURE: CALCULATI ON OF THE YOUNG S *
* WTH THE TENSILE CURVE *
kkkkkhkhhkhkkkhhhhhkhkhkhhhhhhkhhhhhhhhkhkhhhhhkkxx
DEBP CALYO EV1*EVOLUTI ON;
X1=EXTR EV1 ABSC,
Y1=EXTR EV1 ORDO,
YOUL=(EXTR Y1 2)/ (EXTR X 2);
FINP YOUL;

Kk Kk hkkkhkkkhkkhhkkhkhhhkkhkkhkkkhkkhhk kk k%

TITR ' Enbedded pi ping subjected to
therm c shock’;

opti dime 3 elemseg2;

* Geonetrical data

1 =1000.; e = 10; r = 100.;

* Data of the material characteristics

** Tensile curve as a function of

** the tenperature

TITR 'Tensile curve as a function of

temperature’;

progx = prog 0. 0.001785 0.00386 0.00701
0.00984 0.0132 0.0167
0. 0259 0.0491 0.0994;

progy = prog 0. 350.23 470.05 553.73
610. 14 635.94 663.59 717.97
795. 39 877.42;

evl = evol manu eps progx sig (progy*1.0);
ev2 = evol manu eps progx sig (progy*0.8);
ev3 = evol manu eps progx sig (progy*0.6);
ev4 = evol manu eps progx sig (progy*0.4);
ev5 = evol manu eps progx sig (progy*0.2);
tra = nuage conp T 0. 200. 400. 600. 800.

conp TRAC evl ev2 ev3 ev4d ev5;
TAB1=TABL;

TABL.1 = ' MARQ LCSA TI TR T=800.C ;
TABL.2 = 'MARQ TRIB TI TR T=600. C ;
TABL.3 = ' MARQ CRO TITR T=400.C ;
TABL. 4 = ' MARQ TRIA TITR T=200.C ;
TAB1.5 = ' MARQ CARR TITR T=0.C;

DESS (ev5 et ev4 et ev3 et ev2 et evl)
| ege tabl;

** Young's nodul us as a function

** of the tenperature

TITR ' Mdul us of Young as a function of
the tenperature’;

yl=cal yo evl; y2=cal yo ev2;

y3=cal yo ev3; y4=cal yo ev4;

y5=cal yo ev5;

evy = evol manu T (prog 0. 200. 400. 600. 800.)

YOUN (prog y1 y2 y3 y4 y5);
DESS evy;
** A pha as a function of the tenperature
TITR ' Them ¢ expansion as a function
of the tenperature’;
eva = evol manu T (prog 0. 200. 400. 600.
ALPH ((prog 10.4 11.9 13.0 13.8
14. 25) *8E-6) ;
DESS eva,
** Cross-section of the pipe

s = pi*((rr) - ((r - e)*(r - €)));

Kk Kk hkkkhkkkhkkhkkkhkkhkkkhkkhkkkhkkhkk Kk kk %

* GEOVERTY AND MESHI NG *
kkkkkhkhhkhkkkhhhhhkhkhkhhhhhhkhkhhhhhhhkhkhhhhhkkkx
pl =000; p2=1L0O0;

dl= pl d 10 p2;

TRAC D1,

800.)

IR EEEES RS SRR ES S ESE SRR RS EEEEEEEEEEES

* TEMPARATURE OF REFERENCE *

IR R RS SRS SR SRS E RS EE R R R R EEEEEEEEEEES

TREFE = MANU CHPO d1 1 T 0. ;

Kk Kk hkkkhhkkhkkhkkkhkhhkkkhkkhhkkhkkhhkk Kk k%

*  MODEL AND MATERI AL CHARACTERI STICS *

IR R R RS R R RS R R RS SRR E SR SRR SRR SRR REEEEEEERE SRR

modt i =npde d1 mecani que el astique
plastique isotrope tuyau;

mat er=mate nmodti YOUN evy NU 0.3 ALPH eva

TRAC tra;
carac=carb nodti EPAl e RAYOr CISA 1. ;
nmc=mater et carac;

Khkkkhkkkhkkkhkhhkkkhkhhkkkkkkhkkkhkkhkkkk k%

* BOUNDARY CONDI TI ONS *

Kk Kk hkkkhkkkhkkhkkkhkhhkkkkkkhkkkkkkhkkkkk %

bl ogtot = blog depl rota (pl et p2) ;

Kk Kk hkkkhhkkhkhhkkkhkkhhkhhkhhkkkhkkkhkkkkk %

* LOAD DEFINITION *
IR R R RS R R R SRR RS SRR SR SRR R E R R R SRR R EEEEEEEEEERES
* Therm ¢ | oad

TBTEMPE = TABLE;

TBTEMPE. 0 =TREFE;

TBTEMPE. 1 =MANU CHPO d1 1 T 200.;

TBTEMPE. 2 =MANU CHPO d1 1 T 400.;

TBTEMPE. 3 =MANU CHPO d1 1 T 600.;

TBTEMPE. 4 =MANU CHPO d1 1 T 800.;

TEMP = TABLE;
TEMP.0 = 0.; TEMP.1 = 2.;
TEWP.2 = 4., TEW.3 = 6.,
TEWP. 4 = 8.,

EVT = EVOL MANU TEMPS
(prog 0. 2. 4. 6. 8.)
T(prog 0. 200. 400. 600. 800.);
CH2 = CHAR T TEMP TBTEMPE;
* Mechani c | oad
fl1 =forc (0. 0. 0.) pl;
chl = char nmeca f1 (evol manu (prog 0. 10.)
(prog 0. 0.));
chat = ch2 et chi;

Khkkkhkkkhkkkhkhhkkkhkhhkkkkkkhkkkkkkhkk Kk k k%

*NON LI NEAR CALCULATI ON PASAPAS PROCEDURE*
kkkkkhkhhkkkkhhhhhkhkhkhkhhhhhhkhhhhhhhkhkhhhhhkkkx
TAB1 = TABLE;

TABL. ' TEMPERATURE_REFERENCE' =TREFE;

TABL.' MODELE' = nodti;

TABL. ' CARACTERI STI QUES' = MC,

TABL. ' BLOCAGES_MECANI QUES' = BLOQTCT;

TABL. ' TEMPS_CALCULES =(prog 0. pas 1. 8.);
TABL. ' CHARGEMENT' = CHAT;

PASAPAS TABL;

Fhkkkhkkkhkkkhkhhkkkhkhhkkkhkkhkkkkkkhkkkkk %

* COVPARI SON *
ISR S RS S SRS SRS RS EEEEEEEEEEEEEEEEEEEEEEES
TBEVOL=TABL ; TBEVOL.1=(EV1 + EV2)/2.;
TBEVOL. 2=EV2; TBEVOL.3=(EV2 + EV3)/2.;
TBEVOL. 4=EV3; TBEVOL.5=(EV3 + EV4)/2.;
TBEVOL. 6=EV4; TBEVOL. 7=(EV4 + EV5)/2.;
TBEVOL. 8=EV5; TBCONT=TABL. CONTRAI NTES;
PCALCUL=PROG PANALYT=PROG, PEPS| =PROG,
REPETER B1 ((DIME TBCONT) - 1):
V1 = (EXTR (TBCONT. (&B1)) EFFX 1 1 1)/S;
PCALCUL=PCALCUL ET (PROG (ABS V1));
T1=1 POL( EXTR EVT ABSC) ( EXTR EVT ORDO)
(TABL. TEMPS. &B1) ;

Y1=I POL( EXTR EVY ABSC) ( EXTR EVY ORDO) TL;
Al=I POL( EXTR EVA ABSC) (EXTR EVA ORDO) TL;
PEPS| =PEPSI ET (PROG (AL*T1));
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3.11. TEST PLAS12 (DESCRIPTION SHEET)

EVC=TBEVOL. &B1,
V2=l POL( EXTR EVC ABSC) (EXTR EVC ORDO)
(A1*T1);
PANALYT=PANALYT ET (PROG V2);
FI'N B1,
ECALCUL=EVOL ROUG MANU ' Epsi |l on’ PEPS
" Si gma(Mpa)' PCALCUL;
EANALYT=EVOL TURQ MANU ' Epsillon’ PEPS|
" Sigma(Mpa)' PANALYT;
TAB1 = TABL;
TABL.1 = ' MARQ LCSA TI TR CASTEM2000’;
TABL.2 = "MARQ TRIB TITR Anal ytic ';
DESS (ECALCUL et EANALYT) |ege tabl;
ENEANA=EXTR 1 ( SOMVI EANALYT) ;
ENEK20=EXTR 1 ( SOWM ECALCUL) ;
ERR1=ABS ((ENEANA - ENEK20)/ ENEANA);
n«ESS Thkkkkhkkhkkkhkkhkhkhkhkkhkhkkkkk ok ;
mess ' Energy of cumulated strain’;
mess ' k2000, t heory, error:’ ENEK20 ENEANA ERRL;

Pkkkkkkkhk Kk kK kKKK KKK KKK -
nmess )

Khkkkhkkkhkkkhkkhkkkkkkhkkhhkkhkkkhkkhkkkkk %

* 00D WORKI NG MESSAGE *
IS S SRR S SRR S SRR EEEREEEEEEEEEEEEEEEEEEEES
si (ERRL > 5.5d-3);

erre 5;

si non;

erre 0;

finsi;

fin;
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3.12 Test plas13 (Description sheet)

Test name:plas13

Calculation type: MECHANICS ELASTIC PLASTIC

Finite element type: POUT

Topic: Material of Ambrois’s post type. A post is subjected to a 8-4mad. The material is an Ambrois’s
post type. It is a global plasticity model for reinforced coete beams which makes it possible to take into
account non linear behavior laws according to the type dfilua(axial, bending and shear).

Goal: Study an Ambroy’s material with GLOBAL OLARIU elements.

Version: 97’ customer version

Model description:

Material properties
YOUNG 35510 16
NU 0.2
RHO 2516.

CASTEM FIGURES

MMMMMMMMMMMMMMM

DDDDDD

xxxxx
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3.12. TEST PLAS13 (DESCRIPTION SHEET)

Test plas13 (Listing CASTEM)

TITR " AVBRO S MATERI AL POST UNDER 2 T';
CPTI ECHO 0;

OPTI DI ME 3 ELEM SEQ MOXDE TRI D,

*

SIGY = PROG -21.410E6 -25.208E6
-22.904E6  -1.4202E6 0. 1.4202E6
22.904E6  25.208E6  21.410E6 ;

EPSY = PROG -1.80E-2 -8.50E-3 -3.0E-3
-0.40E-4 0. 0.40E-4 3.0E3
8.50E-3 1.80E-2 ;

TITRE "AVBRO S MATERIAL POST UNDER 2 T'

EVT = EVOL ROUGE MANU EPS EPSY | G SIGY ;

Kk Kk hkkkhkkkhkkhkkkhkhhhkkhkkhkkkhkkhhk kk k%

* GEOVERTY AND MESHI NG *

Khkkkhkkkhhkkhkkhhkkhkkhhkkhkkkhkkkhkkhhk k Kk k%

DENS1; AO=0.0. 0. ; B0O=20 0.1.50;

Khkkkhkhkhkkkhkhhhhkhkhhhkkhkkhhkkhkkhhkk Kk k%

* MODEL AND MATERI AL CHARACTERI STICS *

LR R RS SRR R R SRR R R R R EEEREEEEEEEEEEEEEEEEEEES]

* The posts

POT = AO D1 BO ;

MOPOTA = MODE POT MECANI QUE ELASTI QUE

PLASTI QUE GLOBAL PQUTRE ;

* Prestress post under 2 tons

MOM = PROG -21. 401E3 -18. 120E3 - 0. 5961E3
0. 0.5961E3 18.120E3 21.401E3 ;

Dpl as = PROG -3. 08E-2 -2.455E-2 - 1. 764E-4
0. 1.764E-4 2.455E-2 3.08E-2 ;

TITRE ' Law of bendi ng-gl obal / 2T";

TC=TABLE;

EVE=EVOL BLAN MANU DEpl as Dpl as FLXZ MOM

TC.1 = "MARQ ETO " ;

DESS EVE CARR LEGE M MA TC;

K o o e e e e e e e e e e e e e e e e e e e e e e, —.—.— *
*  MATERIAL OF GLOBAL TYPE *
* *

MAPOTA = MATE MOPOTA ' SECT' 0. 0289
"INRY' 7.137E-5 'INRZ' 7.137E-5
'TORS' 1.178E-4 * SECY' 0. 'SECZ' O.
DY’ 0.085 'DZ° 0.085
' YOUNG 35510.E6 'NU 0.2 'RHO 2516.
FLXZ EVE ' VECT' ( 0. -1. 0. );

Kk khkkkhkhkkhkkhkkkhkkhhhkhkkhhhkkhkkhhk k Kk k%

* BOUNDARY CONDI TI ONS AND RI G DI TY *
LER SRS E R R R SRR R R R R EEEREEEEEEEEEEEEEEEEEEES]
RIG= R G MPOTA MAPOTA ;

BLL1 = BLOQ DEPL ROTA ( A0 );

BL12 = BLOQ UX UZ RY RZ ( B0 );

BLL = BL11 ET BLI12 ;

RIG/ = RIGET BLL ;
MAS = MASSE MOPOTA MAPOTA ;
MAS1 = MASSE UY 2.0E3 (BO);

MAS= MAS ET MASL;

Kk Kk hkhkhhkkhhhhhkkhkhhhhkhkkkhkkkhkkhhk kk k%

*  CALCULATI ON OF THE FI RST NCDES *
kkkkkhkhhkhkkkhhhhhhkhkhhhhhhkhkhhhhhhhkhkhhhhhkkkx

* PREMOD1=VI BRE PROC (PROG 0.) RI GV MAS TBAS;

PREMOD2 = VIBRE ' SIMULTANE 0. 2 RIGV2 MASTOT2 TBAS;
*LI ST PREMODL. MODES . 1 ;

Fhkkkhkkkhkkkhkkhkkkhkkhkkhhkkhkkkkkkhkkkkk %

* DEFINITION LOAD *
kkkkkhkhkkhkkkhhhhhhkhkhkhhhhhkhkhhhhhhhkhkhhhhhkkkx
VL=MANU CHPO POT 1 UZ -9.81 NATURE DI FFUS;
FOL = MAS * V1 ;

VALTEML = PROG 0. 1.E2;

VALPO = PROG 1. 1. ;

EVi= EVOL MANU TEMPS VALTEML POI DS VALPO ;
CHAL = CHAR MECA FOL EVI ;
kkkkkhkhkhkkkkhhhhhkhkhkhhhhhhhkhhhhhhhkhkhkhhhhkkkx
* EFFECT OF THE STATIC LOAD IN ORDER TO *
* FIND THE LAWOF COMPORTEMENT OF THE  *
* GLOBAL ELEMENT *
LER RS S SRR R RS R EEE R R EEEREREEEEEEEEEEEEEEEEEES]
V2 = FORCE FY 1. BO ;

AVPLIF1 = PROG 0. PAS 0.05 0. 1;

AVPLIF2 = PROG 0.1 PAS 0.5 1.4266;

AVPLIF = AVPLI F1 ET AVPLI F2;

AVPLIF = AWPLIF * 1.E4 ;

Q= DIME AVPLIF ;

VALTEM = PROG 1.E-2 PAS 1.E-2 (QL.E2) ;
EV2=EVOL MANU TEMPS VALTEM2 CHARGEMENT AWPLIF ;
CHA2 = CHAR MECA V2 EV2 ;

Kk khkkkhkkkhkhhkkkhkkhkkkhkkhkkkhkkhkkkk k%

* STATI C CALCULATI ON ONLY WTH VEIGTH ~ *
kkkkkhkhkhkkkhhhhhkhkhkhhhhhhkhkhkhhhhhhkhkhhhhhkkxx
TAB = TABLE ;

TAB.’ CARACTERI STI QUES' = MAPOTA;

TAB.' MODELE = MOPOTA;

TAB." BLOCAGES_MECANI QUES = BLL;

TAB." CHARGEMENT' = CHAL;

TAB." TEMPS_CALCULES' = VALTEML;

PASAPAS TAB ;

* VE ADD THE LOAD

VALPO = PROG Q * 1. ;

EV3=EVOL MANU TEMPS VALTEM2 POIDS VALPO ;
CHA3 = CHAR MECA FOL EV3 ;

CHA = CHA3 ET CHA2 ;

TAB . ' DYNAM QUE = FAUX ;

TAB. FTOL = 1.E-3;

TAB. MIQL = 1. E-3;

TAB. PRECI SI ON = 1. E-5;

TAB . 'MASSE = MAS ;

TPCAL = 1.E-2 ;

TEMPCAL = PROG 0. PAS TPCAL ((Q 1)*1.E-2);
TAB. ' CHARGEMENT' = CHA;

TAB.' TEWPS CALCULES = VALTEM;

PASAPAS TAB ;

Kk khhkhkhkhkkhhkkhkkhkkhkhkkhkkkhkkhkkkh k%

* RECOVERY OF THE RESULTS *
IR R R RS R R RS R R RS SRR E S SRR R R R SRR EEEEEEEEE SRR
tabd = TAB. DEPLACEMENTS ;

tabc = TAB. CONTRAI NTES ;
* Nunber of the step
tine = TAB.TEMPS ; ni =
RE = REAC BL1 (tabd.ni);
MOVAX = EXTR RE MX AQ;
TEXT' The reached maxi mum nonment i s’ NOVAX' N.ni ;
PRECIS = 1.E-3;

BOOL1 = (MOVAX <EG ((1 + PRECI S)*21.401E3));
BOOL2 = (((1 - PRECIS)*21.401E3) <EG MOVAX );
BOOL = BOOL1 ET BOOLZ;

ML = (MOT ' PROBLEM I N THE GLOBAL ELEMENT');

M2 = (MOT ' TEST OK');

S| (BOOL EGA FAUX ) ;

MESS ML ;

Sl NON;

MESS M2;

FINSI ;

FIN ;

(DIME time) - 1;
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3.13 Test plas14 (Description sheet)

Test name:plasl14

Calculation type: MECHANICS ELASTIC PLASTIC ACIER_UNI AND BETON_UNI
MECHANICS ELASTIC FIBRE_NL FERAILLE AND FIBRE_NL BETON

Finite element type: QUAS, TRIS

Topic: Example of a concrete section with four 20-mm steel bars. AGER_UNI (steel) model is a
modified Menegotto-Pinto uni-axial model, which accourtsthe steel buckling. The BETON_UNI (con-
crete) model is a Hognestad-like model, accounting for thhefinment. The geometry of the concrete is as
follows:

Concrete dimensions:

All section  (0.25*0.25)7
Core section  (0.20*0.2Q)7
Transversal reinforcement:
10 mmBars /7.0 cm

\Version: 97’ customer version

Model description:
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3.13. TEST PLAS14 (DESCRIPTION SHEET)

ACIER_UNI (Steel) model

Young’s modulus

Poisson’s coefficient

Yielding stress

Ultimate strain

Ultimate stress

Hardening strain

Ratio between the length of the longitudinal bars between
stirrups and its diameter

A6 factor

C factor

RO factor

Ratio between the hardening stiffness in cyclic behaviak an
the elastic one

Al factor

A2 factor

2.03 10
0.30
440.0
.090
760.0
0.030
4.375

620.0
0.5
20.0
0.010

185
0.15

BETON_UNI (concrete) model Unconfined concrete

Young’s modulus 0.30 10
Poisson’s coefficient 0.20
Maximum compression strength 30.0
Strain corresponding to 'STFC’ .002

Maximum tension strength 3.0

Confinment parameter .22687
Confinment parameter 32912
Slope of the descending part of the 100.0
compression curve

Stress defining the compression plateau .0
Factor defining the softening behaviof 3.0

of the tension curve

0.2254 18
0.25
30.0
.002
3.0

.22687
.32912
0.0

6.0
3.0

» Confined concrete
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Test plas14 (Results)

CASTEM FIGURES
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3.13. TEST PLAS14 (DESCRIPTION SHEET)

Test plas14 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

* EXAMPLE OF A CONCRETE SQUARE SECTION  *
* WTH 4 STEEL 20mm BARS *
* - CONCRETE DI MENSI ONS: *
* (0.25%0.25)n2 - ALL SECTION *
* (0.20*0.20)n2 - CORE SECTION *
* - TRANSVERSAL REI NFORCEMENT: *
* 10mm Bars / 7.0cm *
* NOVEMBER 1993 *
* *

Khkkkkhkhhkkhkkhhhkhhhhhhkhhkkhkkhkkkhk k%

opti echo 1;

LR Quadrangul ar El enents
opti dime 2 elemqua4 echo O ;
R Triangul ar El enents

* opti dime 2 elemtri3;

Fhkkkhkhkhkkkhkkhkkkhkhhkkkhkkhkkkkkkhkkkkk %

* GEOVERTY AND MESHI NG *
kkkkkhkhhkhkkkhhhhhkhkhkhkhhhhhkhkhhhhhhhkhkhhhhhkkkx
* DEFINITION OF THE STEEL GEOVETRY

psl = -9.386d-2 9.386d-2;

ps2 = -9.386d-2 7.614d-2;

ps3 = 1.772d-2 0.0 ;

carsl = psl d 1 ps2 tran 1 ps3;

cars2 = carsl plus ( 17.0e-2 0.0);
cars3 = cars2 plus ( 0.0 -17.0e-2);
cars4 = cars3 plus (-17.0e-2 0.0);

meshf = carsl et cars2 et cars3 et carsé4;
meshf = coul neshf bleu;

ISR S R RS SRR S SRS RS EREEEEEEEEEEEEEEEEEEEEES
* DEFINITION OF THE CONCRETE GEQVETRY *
* | N THE UNCONFI NED CASE *
IR R R RS R RS R R R SRR RS SR SRR EEE R SRR EEEEEEEEE SRR
* verd - vertical nunber of divisions

* hord - horizontal nunber of divisions
verd = 1;

hord = 8;
divu = 2;
pcl = -12.5d-2 12.5d-2;

pc2 = -12.5d-2 10.0d-2;

pc3 2.5d-2  0.0d-2;

carcl = pcl d (divu) pc2 tran (divu) pc3;
carc2 = carcl plus ( 22.5d-2 0.0);
carc3 = carc2 plus ( 0.0 -22.5d-2);
carc4 = carc3 plus (-22.5d-2 0.0);

pc4 = -10.0d-2 12.5d-2;

pc5 = -10.0d-2 10.0d-2;
= 20.0d-2 0.0d-2;
carc5 = pc4 d (divu) pc5 tran (verd) pcé6;

carc6é = carch plus ( 0.0 -22.5d-2);
= -12.5d-2 10.0d-2;
pc8 = -10.0d-2 10.0d-2;
= 0.0d-2 -20.0d-2;
carc7 = pc7 d (divu) pc8 tran (hord) pc9;
carc8 = carc7 plus ( 22.5d-2 0.0);
meshu = carcl et carc2 et carc3 et carc4 et

carch et carcé et carc7 et carc8;
meshu = coul meshu jaune;

Fhkkkhkkkhkkkhkkhkkkhkkhkkkhkkhkkkkkkhkkkkk %

* DEFINITION OF THE CONCRETE GEQVETRY *
* I'N THE CONFI NED CASE *

Kk Kk hkkkhkhhkhkkhhkkhkkhhhkhkkhkkkhkkhhkkk k%

pcl0 = -10.0d-2 10.0d-2;

pcll = 10.0d-2 10.0d-2;
pcl2 = 0.0d-2 -20.0d-2;
meshc = pcl0 d (verd) pcll tran (hord) pcl2;

meshc = coul neshc rouge;
elim (nmeshf et neshu et neshc) 0.001;

titr ' Section:blue=steel,yellow=unconfined
concrete, red=confined concrete’;
trac (meshf et meshu et meshc);

opti dinme 3;

pp0 = 0.0 .0 .0;
ppl = 1.0 .0 .0;
[1'b = pp0 d 1 ppl;

elim(llb et pp0 et ppl) 0.001;

Fhkkkhkkkhkkkhkkhkkkhhkhkkkhkkhkkkhkkhkkkk k%

* CARACTERI ZATI ON OF THE STEEL AND *
* CONCRETE MODELS *
IR R R RS SRR SRR R SRR RS SR SRR E R EREEEEEEEEEEEEE SRR
LR Quadrangul ar El enents

modf = nodl nmeshf mecani que el astique
PLASTI QUE ACI ER_UNI quas;

modu = nodl nmeshu mecani que el asti que
PLASTI QUE BETON_UNI quas;

modc = nodl neshc mecani que el asti que
PLASTI QUE BETON_UNI quas;

e Triangul ar El enents

* modf = nodl neshf necanique el astique

* fibre_nl ferraille tris;

* modu = nodl neshu necani que el astique

* fibre_nl beton tris;

* nmodc = nodl neshc necani que el astique

* fibre_nl beton tris;

Fommmmes St eel

matf = mate nmodf " YOUN 2.03e5 'NU  0.30

' STSY' 440.0 'EPSU .090 'STSU 760.0
"EPSH 0.030 'FALD 4.375 'AGFA" 620.0
"CFAC 0.5 'AFAC 0.008 'ROFA" 20.0

"BFAC 0.010 'AIFA" 18.5 "A2FA" 0. 15;

carf = carb nodf 'ALPY' 1. "ALPZ' 1.;
L Unconfined concrete
matu = mate nodu ' YOUN 0.30e5 'NU .20
"STFC 30.0 'EZER .002 ' STFT' 3.0
"ALF1 . 22687 ' OMEl' . 32912
'ZETA' 100.0 'ST85 .0 'TRAF 3.0;
caru = carb nodu ' ALPY' .66 "ALPZ' . 66;

e Confined concrete
* Initial concrete Young nodul us
* =2 * STIFC/ ( BETA * EZERO)

matc = mate nodc ' YOUN' 0.2254e5 'NU .25
"STFC 30.0 ’'EZER .002 'STFT' 3.0
"ALF1" . 22687 ' OMVELl' . 32912
"ZETA" 0.0 'ST85 6.0 'TRAF 3.0;
carc = carb nodc 'ALPY' .66 'ALPZ' .66;

nmodf et modu et nodc;
matf et matu et matc et carf et
caru et carc;

modq
macq

Kk khkkhhkkhkhhkkkhkkhkkkhkkhkkkhkkhkkkkk %

*USE OF MOMCUR PROCEDURE FCR THE ANALYSI S*

* OF THE PLASTI C BEHAVI CUR SECTI ON *
LR RS S SRR R R SRR R R R R R R EREEEEEEEEEEEEEEEEEEES]
* CARACTERI ZATI ON OF THE ACTION *

* (CURVATURES ALONG OY AXI'S AND CONSTANT *
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* AXI' AL FORCE) *
LER R RS SRR R R SRR R R R R R EEREREEEEEEEEEEEEEEEEEES]
eppl = 440.0/ 2. 03e5;

cy = prog 0 pas .0005 .005 pas .005 .138;
ncur = dinme cy;

cz = prog ncur * .00;

fa = prog ncur * -.25;

Fhkkkhkkkhkkkhkkhkkkkkkhkkkhkkhkkkkkkhkk Kk k k%

* RESOLUTI ON *

Kk Kk hkhkhkkkhkhhkkkhkhhhkkhkkhkkkhkkkhkkkkk %

my nz ea = nocu cy cz fa nodg macq

(1.d-6*eppl);
Kk Kk hkkhhhkhkhhhkkhkkhhhkhkkhhhkhkkhhkkk k%
* QUTPUT DI AGRAMS *

Khkkkhkkkh kR Kk hkkhkkkhkkhkkkhkkhkkkhkkhhkkkk %

¢l = evol rouge manu Curvature cy Moment
(ny*1.d3);
ISR S RS S SRS SRR SRS EEREEEEEEEEEEEEEEEEEEEES
* TRI LI NEAR CURVE FOR A TAKEDA MODEL FCR *
* THE SAME SECTI ON *
IR R R RS R R R SRR RS SRR E S S SRR E R R R SRR REEEEEEERE SRR
abstak=prog 0. 2.03791E-03 1.85207E-02
1. 38834E-01;
ordtak=prog 0. 2.05353E+01 7.10923E+01
7. 06633E+01;
al bnl =evol vert manu Curvature abstak
Monent or dt ak;

Kk khkhkkhhkkhkhhkkkhkkhkkkhkkhkkkhkkhkkkkk %

* PLOT *
kkkkkhkhhhkhkkhhhhhhkhkhhhhhhkhkrhhhhhkhkhkrrhhhkkkxx
tt = table;

tt.1 = 'MARQ CARR ;

tt. 2=

titre 'curve: nocu (rouge) and takeda (vert)';

dess (al bnl et cl) tt;

finsi;
IR R RS R R R SRR RS SRR E S S SRR EEE R SRR REEEEEEEEE SRR
* ERREUR *

Fhkkkhkkkhkkkhkhhkkkhkhhkkkhkkhkkkhkkhhkkkk %

ordt ak=i pol cy abstak ordtak;

errlis=ordtak - (my*1.d3);

errea=((Itl errlis errlis)**0.5) /
(dime ordtak);

denome((Itl ordtak ordtak)**0.5) /
(dime ordtak);

errel =erreal denom

mess 'relative erreur=" errel '(+/-3.59%";
si (errel > 4.d-2); erre 5;

si non; erre 0; finsi;

fin;
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4.1 Test norton_cisl (Description sheet)

Test name:norton_cisl
Calculation type: ISOTROPIC ELASTIC MECHANICS - 2D - PLANE STRAIN
Finite element type: QUA4

Topic: Norton creep model for shear stresses. The structure is @esquiate subjected to shear stress
(imposed load). It is embedded at each side. The plate felldarton creep model.

Goal: Test the Norton model for solid plates.
\ersion: 97’ customer version

Model description:

E = 21104
NU = 03
AF1 = 1.10%
AF2 = 5.
AF1 = 1.2

SMAX = 211¢

uy
P4 P3 F
NN NN N NN NN N NN N NN }
F UX
< P1 P2
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4.1. TEST NORTON_CIS1 (DESCRIPTION SHEET)

Test norton_cis1 (Results)

CASTEM FIGURES -
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Test norton_cisl (Listing CASTEM)

R ]

TITR ' CREEP MODEL OF NORTON

R ]

CPTI DIME 2 ELEM QUA4 ;

OPTI ECHOO ;

*

LECEEERERERREREPERS GEOMETRY === == nmsmsmenaans *
PL=0. 0. L P2=10. ;

P3 =1 L L PA=0 1 ;

LI1=DP11P2; LI2=DP21P3;
LI3=DP31P4; LI4=DP41PL;

MAIL1 = SURF ( LI1 ET LI2 ET LI3 ET LI4 ) PLAN;
*

LEREEE DESCRI PTI ON OF THE MODEL OF NATERIAL ----- *
AFl = 1.E-45 ; AF2 = 5. ; AF3 =1.2;

SMAX = 2.1E8 ; YOUNO = 2.1E11 ; NW = .3 ;

MODO = MODE MAI L1 MECANI QUE ELASTI QUE | SOTROPE
FLUAGE NORTON ;

MATO = MATE MODO YOUN YOUNO NU NUO ' AF1' AF1
"AF2'" AF2 ' AF3' AF3 ' SMAX SMAX ;

L BOUNDARY CONDI TI ONS - - - - -« - <<= - - - *
CL1 = BLOQ MAILL UY ; CL2 = BLOQ LI1 UX ;

CLO = CL1 ET QL2 ;

*

Ko LOAD DEFI NI TION <<= nmmmmmeee *
DEPMAX = 7.E7 ;

DEP1 = FORCE LI1 FX ( -1. * DEPMAX ) FY 0. ;

FORCE LI3 FX DEPMAX FY 0. ;

DEPO = DEP1 ET DEP2 ;

EVO = EVOL MANU TEMPS ( PROG 0. 1.E-4 1000. )
Y( PROGO. 1. 1. ) ;

CHAO = CHAR MECA DEPO EVO ;

DTO = . 020 ; DIl =2 *DIO;

D2 =5 * DTl ; DI3 =5 * D2 ;

TEINO = 20. ;

*

L CALCULATI ON:  PASAPAS PROCEDURE -------- *
TAL = ' TABLE ;

TA1l ." MODELE' = MODO ;
TAL .’ CARACTERI STI QUES' = MATO ;
TAL .’ CHARGEMENT' = CHAO ;
TAL .’ BLOCAGES MECAN QUES' = CLO
TAL .’ TEMPS CALCULES =
( PROGO. PAS 1.E-4 2.E-4) ET
PROG 3. E-4 PAS DTO DT0 ) ET

(
( PROG ( DTO + DTO ) PAS DTO DT1 ) ET
( PROG ( DT1 + DTO ) PAS DT1 DT2 ) ET
( PROG ( DT2 + DT1 ) PAS DT2 DT3 ) ET
( PROG ( DT3 + DT2 ) PAS DT3 TFINO ) ;

PASAPAS TAL ;

*

LT CALCULATI ON AND QUTPUT == --=nnnnnnn- *

DIM) = DIME TAL .’ TEWS' ;

EPSI0 = PROG 0. ;

SIGMI0 = PROG 0. ;

DEFI0 = PROG 0. ;

DEF_TH2 = PROG 0. ;

SIGTH2 = PROG 0. ;

ERR E2 = PROG 0. ;

ERR S2 = PROG 0. ;

TEMP2 = PROG 0. ;

RACO  =(3 ) * (.5);

HO SYONO / (2% (1 +NWO) ) ;

*

PROB0 = VRAI ;
REPETER BLOOO ( DIMD - 1) ;
I1 = &BLOD ;

*

A CALCULATED RESULTS - --cnnnnnnmrnn *
DEFO = TAL .’ DEFORMATI ONS_| NELASTI QUES .11
DEPLO = TAL .’ DEPLACEMENTS .11 :

SIGW = TAL .’ CONTRAINTES .11 :

TEMPO = TAL .’ TEMPS .11 ;

VARO = TAL .’ VAR ABLES | NTERNES .11 ;

EPSO = EPSI MODO DEPLO ;

EPSL = EXTR(EXCO EPSO GAXY SCAL )SCAL 1 1 1
SIGML = EXTR(EXCO SI GVD SMXY SCAL )SCAL 1 1 1 ;
DEFL = EXTR(EXCO DEF0 GAXY SCAL )SCAL 1 1 1
EPS10 = EPS10 ET ( PROG EPSI )

SIGMLO = SIGMIO ET ( PROG SIGML ) ;

SIGEQ = VM'S SIGVMD MODO ;

SIGEQL = EXTR SIGEQD SCAL 1 1 1 ;

DEF10 = DEF10 ET ( PROG DEF1 )

TEMP2 = TEMP2 ET ( PROG TEMPO ) ;

VARL = EXTR(EXCO VARO EPSE SCAL )SCAL 1 1 1 ;
SIG@ = CHAN CHPO EPSO MODO |

SIGX = EXCO SI G EPXX ;

SIGY = EXCO SI Q0 EPYY ;

SIGXY = EXCO S| GD GAXY ;

*TITR' STRESSES IN THE X DIRECTION
*TRACE SIGX MAILL ;

*TITR' STRESSES IN THE Y DI RECTION ;
*TRACE SI GY MAILL ;

*TITR ' SHEAR STRESSES' ;

*TRACE SI GXY MAILL ;

K ANALYTI C RESULTS - - ---nnnnnnn- *
= ( ( RACO * DEPMAX ) ** ( AF2) ) ;
Y2 = Y2 * ( TEMPO ** AF3 ) ;

X2 = Y2 * AF1 * RAQD ;

*

DEF_THL = X2

SIGTHL = HO * ( EPSL - X2 ) ;

*

DEF_TH2 = DEF TH2 ET ( PROG DEF_THL ) ;

SIGTH2 = SIGTH2 ET ( PROG SIG THL ) ;

*MESS ' CALCULATED STRESS = SIGM ;
*MESS ' THEORETI CAL STRESS =" SIGTHL ;

*MESS ' CALCULATED STRAI N = DEFI ;

*MESS ' THEORETI CAL STRAIN =" DEF_THL ;
Hoii GOOD WORKI NG VESSAGE - - - === ---=-=-- *

Sl ( DEFL > ( 1.E-1* EPSL) ) ;
ERR E1 = ( ABS ( DEF1 - DEF TH1 ) ) / DEFL ;
ERR E1 = ERR E1 * 100. ;

SINON
ERR_E1

FINSI ;

Sl (SIGML > 0. ) ;
ERR Sl = ( ABS ( SIGML - SIGTHL ) ) / SIGA ;
ERR S1 = ERR S1 * 100. ;

SINON
ERR S1

FINSI ;

Sl ( ( ERREL>.25) QU( ERRSL > .25) ) ;
PROBO = FAUX ;
MESS ' ERR E1 ERR SI' ERR El ERR SI ;

FINSI ;

0. ;

0. ;

ERR E2 = ERR E2 ET ( PROG ERR E1 ) ;
ERR S2 = ERR S2 ET ( PROG ERR S1 ) ;
MESS ' END OF CALCULATI ON OF RETURN AT TINE' TEMPO ;
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FIN BLOOD ;

*

DEFCD = DEFO MAI L1 DEPLO 0. :
DEFOL = DEFO MAIL1 DEPLO 1. ROUG :
TITR ' FINAL STRAIN ;

TRACE ( DEFQ0 ET DEFOL ) ;

*

SI ( PROBO EGA FAUX ) ;
ERRE 5 ;

SINON ;
ERRE O ;

FINSI ;

He s PLOTTING - - - - - - - - cemmmmmnmnns

EVOL = EVOL MANU EPSP DEF10  SIGM
EVQ2 = EVOL MANU EPSP DEF_TH2 SI GV

EVO3 = EVOL MANU EPSP DEF10 ' ERROR %
EVO4 = EVOL MANU EPSP DEF10 ' ERROR %

EVGs = EVOL MANU TEMPS TEMP2 EPSP
EVO6 = EVOL MANU TEMPS TEMP2 EPSP
TAB = 'TABLE ;

TAB. 1 ='MARQ CRO TI TR CALCULATI ON
TAB. 2 =’ MARQ PLUS TI TR THECRY' ;
DESS ( EVOL ET EVQ2 )

TITR ' COVPARI SON BETWEEN CALCULATI ON & THECRY

LEGE TAB ;

TAB = ' TABLE' ;

TAB. 1 = 'MARQ CRO TITR STRAIN ;
*TAB. 2 = ' MARQ PLUS TI TR STRESS ;
DESS ( EVO3 )

TITR " EVOLUTION OF ERRORS IN TERM OF %’

LEGE TAB ;
TAB = 'TABLE ;
TAB. 1 =’ MARQ CRO TI TR CALCULATI ON
TAB. 2 ="' MARQ PLUS TI TR THEQRY" ;
DESS ( EVO5 ET EVC6 )
TITR* COVPARI SON CALCULATI ON THECRY,
AND STRAIN-TIME' LEGE TAB ;

*

FIN ;
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Test norton_cis1 (Comments)

e The Norton’s creep model

MODO = MODE MAI L1 MECAN QUE ELASTI QUE | SOTRCPE
FLUAGE NORTON ;
MATO = MATE MODO YOUN YOUNO NU NUWO ' AF1' AF1

"AF2' AF2 ' AF3’ AF3 ' SMAX' SMAX ;

Several creep models are available in CASTEM2000. In eash wge have to specify the elastic be-
havio,r the equivalent creep deformation (ef), the egentstress (s) and the time (t).

The parameters to be input in Norton’s creep model are AFD, A3, as well as a SMAX stress refer-
ence (equal to Young's modulus times 1.E-3 by default).

The constitutive equation Norton creep model is:

| ef = AF1 * (s**AF2) * (t*AF3) |
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4.2. TEST CHABOCHE?2 (DESCRIPTION SHEET)

4.2 Test chaboche2 (Description sheet)

Test name:chaboche2
Calculation type: ISOTROPIC VISCOPLASTIC MECHANICS - 2D AXIS
Finite element type: COQ8

Topic: Unified viscoplastic model of Chaboche. The structure israhexlded square plate. It is subjected
to imposed displacements at the upper surface. The platsvothe Chaboche’s viscoplastic law model.

Goal: Test the Chaboche model for solid structure.
\Version: 97’ customer version

Model description:

E = 7.34109°
NU = 033
RHO = 7810

ALPHA = 1.10°
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Test chaboche2 (Results)

CASTEM FIGURES
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4.2. TEST CHABOCHE?2 (DESCRIPTION SHEET)

Test chaboche?2 (Listing CASTEM)

R ]

TI TR ’ VI SCOPLASTI C MODEL OF CHABOCHE' ;
khkkkhhkkhkhhkkhhkhkhhhkhhhkkhhhkhkhhkhhhkhhxhkhhkxhkhrkhkhkkkx
COWPLET = FAUX ; COWM * FULL CALCULATION IF VRAI ;
OPTI DIME 3 ELEM QUAS ;

OPTI ECHO O ;

CEl L= 100. 0. 0. ;

*

B LR E L GEOMETRY =--ccvcmcmcccnnnnns *
EPAI SO = . 0005 ; RAYONO = .05 ;

L10 = .1 ; N1IO =1 ;

P10 = RAYONO 0. 0. ; P20 = RAYONO L10 0. ;

P11 = RAYONO 0. L10 ; P12 = RAYONO L10 L10 ;
LI'1 = DRO P10 N10 P20 ; LI2 = DRO P20 N10 P12 ;

LI3 = DRO P12 N10 P11 ; LI4 = DRO P11 N10O P10 ;
MAILL = SURF ( LI1 ET LI2 ET LI3 ET LI4 ) PLAN ;
TITR "MESH NG
TRACE CEIL MAILL ;

LB DESCR! PTI ON OF THE MODEL OF MATERI AL ----- *
MODOO = MODE MAI L1 MECANI QUE ELASTI QUE | SOTROPE
VI SCOPLASTI QUE CHABOCHE COGB
MATOO = MATE MODOO YOUN 7. 34E10 NU 0.33
RHO 7.8E3 N 24
KK 10.E6 KO 116.E6
ALFK 1.5 ALFR 0.35 ALF 2.E6
Al 67.5E6 CL 1300 BET1 4807.E6 Rl 4
A2 80.E6 C2 45 BET2 58480.E6 R2 4 PH 1.
B 12 GAMA 2.E-7 M2
QVAX 455. E6 QSTA 200. E6 MJ 19 ETA 0.50 ;
CARDO = CARA MODOO EPAI EPAI SO ;

L BOUNDARY CONDI TI ONS ===« ---cnnnnn- *
= BLOQ MAIL1 UX ; CL20 = BLOQ LI1 UZ ;
CL30 = BLOQLI3 UZ ; CL40 = BLOQ LI4 UY ;

CLOO = CL10 ET CL20 ET CL30 ET CL40 ;

*

B LOAD DEFINITION -------nmmmnnn-- *
DEPMAX = . 0050 ;

DEP10 = DEPI CL30 DEPMAX ;

EVO0 = EVOL MANU TEMPS ( PROG 0. 1000. )

Y (PROGO. 1. ) ;
CHAOO = CHAR DI MP DEP10 EVOO ;
*

*  TIME OF CALCULATION

DT00 = 5. ;
S| COWPLET;
TFINOO = 200. ;
SI NON,
TFINOO = 25.;
FINSI ;
*
LT CALCULATI ON:  PASAPAS PROCEDURE -------- *
TA10 = ' TABLE ;

TA10 .’ MODELE = MODOO ;

TAL0 ." CARACTERI STIQUES'" = MATOO ET CAROO ;

TA10 .’ BLOCAGES_MECANI QUES' = CLOO ;

TAL10 .’ CHARGEMENT' = CHAOO ;

TA10 .’ TEMPS_CALCULES = PROG 0. PAS DT00 TFINOO ;

PASAPAS TA10 ;
L CALCULATI ON AND QUTPUT ---==----==-- *

DIMIO = DI ME TAL10 .’ TEMPS ;
DEPL120 = PROG 0. ;

REACO = TALO ."REACTIONS' . ( DIMIO - 1) ;

DEPLO = TALO .’ DEPLACEMENTS .( DIMIO - 1) ;
VEC2 = VECT REAQD 1.E-2 FX FY FZ ROUG ;
TITR® REACTIONS ' ;

TRACE CEIL VEC2 MAIL1 ;

DEFC0 = DEFO MAIL1 DEPLO 0. ;

DEFOL = DEFO MAIL1 DEPLO 1. ROUG ;

TITR' DEFORMATION ' ;

TRACE CEIL ( DEFQD ET DEFOL ) ;

REPETER BLOCO ( DIMIO - 1) ;

110 = &BLOCO ;

REACO = TA10 .’ REACTIONS . 110 ;

DEPL10 = TA10 .’ DEPLACEMENTS .110 ;

TEMP10 = TA10 .’ TEMPS' . 110 ;

DEPL11 = EXTR DEPL10 UY P11 ;

SIGW = TAL0 .’ CONTRAINTES .10 ;

SIGW = RTENS SIGW MODOO ( 0 1 0 ) CAROO ;
SIGML = CHAN CHPO SI GO MODOO ;

Sl (110 EGA ( DIMIO - 1) ) ;

TITR ' SHEAR STRESS ' ;

TRACE CEIL ( EXCO SIGML SMBT ) MAILL ;
TITR' STRESS IN THE Y DIRECTION ' ;
TRACE CEIL ( EXCO SIGML SMBS ) MAILL ;
TITR® STRESS IN THE Z DIRECTION ;

TRACE CEIL ( EXCO SIGML SMIT ) MAILL ;
FINSI ;

REACO = REDU REACO LI3 ;

REACO = EXCO REACO FZ SCAL ;

CHP1 = MANU CHPO LI3 1 SCAL 1. ;
DEPL11 = XTY REACO CHP1 ( MOTS SCAL )

( MOTS SCAL ) ;
DEPL120 = DEPL120 ET ( PROG DEPL1L ) ;
FI'N BLOCO ;

FIN;
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Test chaboche2 (Comments)

e The Chaboche’s viscoplastic model

MODOO = MODE MAI L1 MECANI QUE ELASTI QUE | SOTROPE
VI SCOPLASTI QUE CHABOCHE COGB ;
MATOO = MATE MODOO YOUN 7.34E10 NU 0. 33

RHO 7. 8E3 N 24

KK 10.E6 KO 116. E6

ALFK 1.5 ALFR 0.35 ALF 2.E6

Al 67.5E6 C1 1300 BET1 4807.E6 Rl 4

A2 80.E6 C2 45 BET2 58480.E6 R2 4 PH 1.
B 12 GAVMA 2.E-7 M2

QWAX 455. E6 QSTA 200.E6 MJ 19 ETA 0.50 ;

The equations for the Chaboche’s model are as follows:
—> Criterion: F=J2(S-X) - RR-KK:

—> Strain hardening: dXi=2/3 * Ai*Ci*dEP - Ci*Xi*p™*dp
- (J2(Xi)/BETi )**(Ri-1) * Xi * dt (i=1 or 2)
if BETi is non zero, else:
dXi =2/3 * Ai*Ci*dEP - Ci*Xi*p™dp’ (i=1 or 2)
with : p’ = PHI+(1-PHI)* e** (-B*p)
dp =< FIK >**N * e**(ALF* < F/K >**(N+1))

dR = B*(Q - R)*dp + GAMA*Sign(QR-R)¥QR-R**M *dt

—> Flow rule: dEP =3/2 *dp *< S-X >/ J2(S-X)

—> Memory of inelastic strain G =12 (EP-Y)-qg< 0
dQ = 2*MU*(QMAX-Q)* dg
dg=ETA* <n.nn>*dp
dY =(3/2**0.5) * (1-ETA) * < n.nn> * nn*dp

QR = Q- QSTA * (1 - ((QMAX-Q)/QMAX)**2)

The initial value of Q is Q0 and must be initialized: Q = Q0 = 3®&(steel 316). For this purpose, a
field of internal variables must be created, with a componanted 'QQ’, its value being QO. This field
will be passed into the table of PASAPAS.

The parameter values for steel 316L at 800are given for information only. The data to be input
are the following:

Values for Steel 316

Threshold evolution law:

‘N o viscoplasticity threshold exponent 24
‘KK’ initial value for elastic limit 10 MPa
‘KO initial factor for the threshold normalization 116 MP
'ALFK’ K isotropic evolution coefficient 15
'ALFR’ threshold isotropic evolution coefficient 0.35
'ALF’ viscosity coefficient 2.E6
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Values for Steel 316
Evolution law for the centres X1 and X2: = @———— — — — — ——

‘Al plastic strain coefficient 67.5 MPa
'Cl1° reference term coefficient 1300
'BET1 normalization factor for restoration 4807 MPa
'R1 " restoration term exponent 4

‘A2 plastic strain coefficient 80 MPa
'c2 reference term coefficient 45

'‘BET2 normalization factor for restoration 5840 MPa
'R2 " restoration term exponent 4

'PHI" reference term multiplying coefficient 1.

Evolution law for isotropic stress hardening:

B o isotropic stress hardening coefficient 12
'"GAMA' : restoration effect coefficient 2.E-7
‘™M restoration term exponent 2

Evolution law for the plastic deformation memory:

'OMAX’ :  Q maximal value 455 MPa
'QSTA Q stabilized value 200 MPa
‘MU Q evolution law coefficient 19

'ETA’ factor linking g with the plastic strain  0.06

The following parameters will have to be specified with thesét behavior.
—> Notation: S stress tensor
Xi kinematic stress hardening variables (i=1 ou 2)
EP inelastic strain tensor
p accumulated equivalent inelastic strain
g isotropic variable for the memory surface in deformation
Y kinematic variable for the memory surface in deformation
I2 tensor second invariant
J2 deviatoric tensor second invariant
n normal from F criterion
nn normal from G threshold
ttime
< a> positive part of a
X.y scalar product of x by y
X = X1 for a single centre
X1+X2 for two centres
RR=ALFR*R
K=KO0+ALFK*R
Q(0)=Q0
For further details, see D. NOUAILHAS's report:
"A viscoplastic modelling applied to stainless steel batvdly Second Inter. Conf. on Constitutive Laws
for Engineering Materials,
University of Arizona, Tucson,1987
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4.3 Test ohno2 (Description sheet)

Test name:ohno2

Calculation type: ISOTROPIC VISCOPLASTIC MECHANICS - 2D AXIS

Finite element type: QUAS

Topic: Ohno -modified Chaboche-model for viscoplastic behavidtire structure is an axisymmetrical
hollow cylinder embedded at the lower surface. It is sulg@t¢b imposed load at the upper surface: the radial
strength outwards. The cylinder follows Ohno’s viscoptakw.

Goal: Test the Ohno’s model for solid structures.

Version: 97’ customer version

Model description:

E = 7.34109°
NU = 0.33
RHO = 7.81C

ALPHA = 1.10°

00sm P1 P2 " UR
0.0005 m
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4.3. TEST OHNO2 (DESCRIPTION SHEET)

Test ohno2 (Results)

CASTEM FIGURES
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Test ohno2 (Listing CASTEM)

R ]

TI TR ’ VI SCOPLASTI C MODEL OF OHNO ; REACO = TAL .’ REACTIONS .( DIMD - 1) ;
khkkkhhkkhkhhkkhhkhkhhhkhhhkkhhhkhkhhkhhhkhhxhkhhkxhkhrkhkhkkkx EPLO =TA1 ’EPLACENENI'S’( Dlw - 1 ) ’
OPTI DI ME 2 ELEM QUAS MODE AXIS VEC2 = VECT REACO 1.E-2 FR FZ ROUG ;
OPTI ECHO O ; DEFC0 = DEFO VOL1 DEPLO 0. ROUG :
* DEFOL = DEFO VOL1 DEPLO 1. ;
Ko GEOVETRY - - -srmmmmmmmmaenes * REACL = REDU REACD PI ;
RAYONO = . 05 ; EPAI'SO = .0005 ; REAC2 = REDU REACD P2 ;
L1 = EPAISO + RAYONO ; L2 = .1 ; VECO1 = VECT REACL 1.E-2 FR FZ ROUG ;
NL =1 © N2 = 200 ; VEQD2 = VECT REAC2 1.E-2 FR FZ VERT ;
PL = RAYOND 0. D P2=L10. ; TITR'FINAL STRAIN ;
P3 = L1 L2 . P4 = RAYOND L2 ; TRAC ( DEFOO ET DEFOL ) ;
DL =DPLN P2 . D2=DP2 N2 P3;
D3 = DP3 NL P4 . D4=DP4N2PL; REPETER BLOCO ( DIMD - 1) :
VOL1 = DALL D1 D2 D3 D4 ; 10 = &BLOCO ;
TITR ' MESH NG ; REACD = TAL .’ REACTIONS .10 :
TRAC VOL1 ; DEPLO = TAL .’ DEPLACEMENTS .10 :
* SIGWD = TAL .’ CONTRAINTES .10 ;
*.... DESCRIPTI ON OF THE MODEL OF MATERIAL ------ * DEFI0 = TAL .’ VARI ABLES_ | NTERNES . 10 ;
MODO = MODE VOL1 MECANI QUE ELASTI QUE | SOTROPE TEMPO = TAL . TEWS' .10 ;
VI SCOPLASTI QUE OHNO ; DEPL1 = EXTR DEPLO UR P3 ;
MATO = MATE MODO YOUN 7.34E10 NU 0. 33 DEPL2 = DEPL2 ET ( PROG DEPLL ) :
RHO 7. 8E3 ALPHA 1.E-5 N 24 DEFI1 = MAXI ( EXCO DEFIO EPSE ) ;
KK 10. E6 KO 116. E6 DEFI 2 = DEFI2 ET ( PROG DEFI1 ) :
ALFK 1.5 ALFR 0.35 ALF 2. E6 CHARL = PRESO * TEMPO / TFINO ;
Al 67.5E6 CL 1300 BET1 4807.E6 Rl 4 CHAR2 = CHAR? ET ( PROG CHARL ) ;
A2 80.E6 C2 45 BET2 58480.E6 R2 4 PH 1. FIN BLOCO ;
B 12 GAMA 2.E-7 M2
QVAX 455. E6 QSTA 200. E6 MJ 19 ETA 0. 06 *
EXPL 2. EXP2 2. ; FIN;
*
Ko BOUNDARY CONDI TI ONS - - -« - - -nnne- *
Cll1 =BLOQDL URUZRT RZ ;
o =0at;
*
L LOAD DEFI NI TION «--c-nrmmmmnnnn- *
PRESO = 1.E4 ;
POl = ( RAYONO + ( EPAISO / 2. ) ) L2 ;
PO0 = VOL1 PO N PROC PO1 ;
DEPL = FORCE FR PRESO POO ;
EVO = EVOL MANU TEMPS ( PROG 0. 10000. )
Y ( PROGO. 1. ) :
CHAO = CHAR MECA DEP1 EVO ;
VECI = VECT DEP1 1.E-5 FR FZ ROUG ;
TI TR * APPLI ED STRENGTH
TRAC VECL VOLL ;
*TIME OF CALCULATI ON
DT0 = 20. ;
TFINO = 700. ;
*
LP RESOLUTI ON BY PASAPAS PROCEDURE -------- *
TAL = ' TABLE ;

TA1l ." MODELE' = MODO ;

TAL .’ CARACTERI STI QUES' = MATO ;

TAL .’ BLOCAGES MECAN QUES' = CLO

TAL .’ CHARGEMENT' = CHAO ;

TAL .’ TEMPS_CALCULES' = PROG 0. PAS DTO TFINO ;

PASAPAS TAL ;

*

B CALCULATI ON AND QUTPUT --------------- *
DM = DIME ( TAL .’ TEMPS ) ;

CHAR2 = PROG 0. ;

DEPL2 = PROG 0. ;

DEFI 2 = PROG 0. ;

CONT1 = PROG 0. ;
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Test ohno2 (Comments)

e The Ohno viscoplastic model

MCD0

MODE VOL1 MECANI QUE ELASTI QUE | SOTROPE

VI SCOPLASTI QUE OHNO ;
MATO = MATE MODO
YOUN 7.34E10 NU 0.33
RHO 7. 8E3 ALPHA 1.E-5

N 24 KK 10. E6 KO 116. E6
ALFK 1.5 ALFR 0. 35 ALF 2. E6
Al 67.5E6 Cl 1300 BET1 4807.E6 Rl 4
A2 80. E6 C2 45 BET2 58480.E6 R2 4
PH 1. B 12 GAMA 2.E-7 M2
QWAX 455.E6  QSTA 200.E6 MJ 19
ETA 0.06 EXPL 2. EXP2 2. ;
The Ohno model is close to the Chaboche viscoplastic oneedhations for this model are as follows:
—> Criterion: F=J2(S-X) - RR - KK:
—> Strain hardening: dXi =2/3 * Ai*Ci*dEP - Ci*Xi*p™* < dEP:Ki>*(J2(Xi)/

(J2(Xi))/BETi )**(Ri-1) * Xi * dt (i=1 or 2)
if BETi is non zero, else:
dXi =2/3 * Ai*Ci*dEP - Ci*Xi*dp’ (i=1 or 2)
with : p’ = PHI+(1-PHI)* e** (-B*p)
LIMi = Ai/p’ (i=1 ou 2)
Ki = Xi/J2(Xi)
dp =< FIK >**N * e**(ALF* < F/K >**(N+1))
dR = B*Q - R)*dp + GAMA*Sign(QR-R)¥QR-R**M *dt

—> Flow rule: dEP =3/2 *dp *< S-X >/ J2(S-X)

—> Memory of inelastic strain G =12 (EP-Y)-qg< 0

dQ = 2*MU*(QMAX-Q)* dg
dg=ETA* <n.nn>*dp
dY =(3/2**0.5) * (1-ETA) * < n.nn> * nn*dp

QR =Q-QSTA* (1 - ((QMAX-Q)/QMAX)**2)

The initial value of Q is Q0 and must be initialized: Q = Q0 = 3®&(steel 316). For this purpose, a
field of internal variables must be created, with a componanted 'QQ’, its value being QO. This field
will be passed into the table of PASAPAS.

The parameter values for the steel 316L at®D@re given for information only. The data to be in-
put are the following:

Values for Steel 316

Threshold evolution law:

‘N 7
KK
‘KO
'ALFK’
'ALFR’
'ALF’

viscoplasticity threshold exponent 24
initial value for elastic limit 10 MPa
initial factor for the threshold normalization 116 MP
K isotropic evolution coefficient 15
threshold isotropic evolution coefficient 0.35
viscosity coefficient 2.E6
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Values for Steel 316
Evolution law for the centres X1 and X2: = @— ———— — — — ——

‘Al plastic strain coefficient 67.5 MPa
'Cl1 reference term coefficient 1300
'BET1 normalization factor for restoration 4807 MPa
'R1 " restoration term exponent 4

‘A2 plastic strain coefficient 80 MPa
'cC2 reference term coefficient 45

‘BET2' normalization factor for restoration 5840 MPa
'R2 " restoration term exponent 4

‘PHI reference term multiplying coefficient 1.

Evolution law for isotropic stress hardening:

B’ o isotropic stress hardening coefficient 12
'"GAMA' : restoration effect coefficient 2.E-7
‘™M restoration term exponent 2

Evolution law for the plastic deformation memory:

'OMAX’ . Q maximal value 455 MPa
'QSTA Q stabilized value 200 MPa
‘MU " Q evolution law coefficient 19

‘ETA’ factor linking g with the plastic strain  0.06

The following parameters will have to be specified with thesét behavior.
—> Notation: S stress tensor
Xi kinematic stress hardening variables (i=1 ou 2)
EP inelastic strain tensor
p accumulated equivalent inelastic strain
g isotropic variable for the memory surface in deformation
Y kinematic variable for the memory surface in deformation
I2 tensor second invariant
J2 deviatoric tensor second invariant
n normal from F criterion
nn normal from G threshold
ttime
< a> positive part of a
X.y scalar product of x by y
X = X1 for a single centre
X1+X2 for two centres
RR=ALFR*R
K=KO0+ALFK*R
Q(0)=Q0
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4.4 Test guionnet_tra (Description sheet)

Test name:guionnet_tra

Calculation type: ISOTROPIC VISCOPLASTIC MECHANICS

Finite element type: CUB8

Topic: Guionnet model. The structure is a square plate embeddéu &dwer surface and at the upper
surface. It is subjected to imposed displacements at theriguypface: the tensile strength. The plate follows a
viscoplastic law according the Guionnet's model.

Goal: Test the Guionnet model for solid structures.

Version: 97’ customer version

Model description:

E = 192500
NU = 033
2UZ
T.F
P10 | P40
P20 P30
1m
p1l P4
Z 0.01m >UY

P2 ~ P3
im
UX
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Test guionnet_tra (Results

CASTEM FIGURES
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Test guionnet_tra (Listing CASTEM)

R ]

TITR ' VI SCOPLASTI C MODEL OF GUI ONNET' REACO
IE RS S SRS E R RS EE SRR R EEEREREEREEREREEEEREEEEEEEEEEESEESS [EPLO
OPTI DIME 3 ELEM CUBS ; TEMPO
OPTI ECHO O ; SIGWD
* EPSO
B CEOMETRY -------cmmmcmacnnnn *
EPO = .01 ; DEFQO
L1 = 1. ;L2 =1, DEFOL
PL =0. 0. 0. ; P2 =EPOO. 0. ; TITR
P3 =EPOL20. ; P4 =0. L20. ; TRACE
P10 = 0. 0. L1 ; P20 = EPO 0. L1 ;
P30 = EPO L2 L1 ; P40 = 0. L2 L1, SIGWD
TITR
LIl =DRO P1 1 P2 ;o LI2 =DRO P2 1P3 ; TRACE
LI3 =DRO P3 1 P4 ; LI4 =DRO P4 1P1 ; TITR
LI'10 = DRO P10 1 P20 ; LI20 = DRO P20 1 P30 ; TRACE
LI30 = DRO P30 1 P40 ; LI40 = DRO P40 1 P10 ; TITR
TRACE
SURL = DALL LI1 LI2 LI3 LI4 ; TITR
SUR10 = DALL LI10 LI20 LI30 LI40 ; TRACE
MAIL1 = SURL VOLU 1 SUR10 ; REACO
TITR "MESHNG ; REACO
TRACE CEIL MAILL ; CHP1
* REACL
Fouuns DESCRI PTI ON OF THE MODEL OF MATERIAL ----*
MODO = MODE MAI L1 MECANI QUE ELASTI QUE | SOTROPE
VI SCOPLASTI QUE GUI ONNET MESS
MATO = MATE MODO ' YOUN' 192500. "NU 0.3
"N 24 K" 200 K 0. *
"RO ' 25. 'Ch ' 0. M’ 0.8 FIN;
"A ' 24000. Al ' 3.3E5 'C ' 180.
"Cl ' 40. G 0. 'R "0
"NN " 0.005 'C2 ' 40. "Q ' 1.466
"Gl 0. "RL ' 0. "BETA" 1.1
"C0 ' 180. "P1IM" 0.00333 ;
*
L REEEEEE BOUNDARY CONDI TI ONS === === == ===~ *
CL1 = BLOQ SURL UZ ;
CL2 = BLOQ ( LI1 ET LI10 ) UY;
CL3 = BLOQ ( LI2 ET LI20 ) UX;
CL4 = BLOQ SURLO \Z ;
CLO = CL1 ET CL2 ET CL3 ET CL4 ;
*
LA LOAD DEFINITION - =-=-=cmcmcmnmnn *
DEPMAX = .1 ;
DEPO = DEPI CL4 DEPMAX ;
EVO = EVOL MANU TEMPS ( PROG 0. 1000. )
Y ( PROGO. 1. ) ;
CHA0 = CHAR MECA DEPO EVO ;
DTO = 10. ;
TFINO = 100. ;
PROO = PROG 0. PAS DTO TFINO ;
*
.- CALCULATI ON:  PASAPAS PROCEDURE -------- *
TA1 = 'TABLE ;
TA1 .’ MODELE' = MODO ;
TAL .’ CARACTERI STI QUES' = MATO ;
TALl .’ CHARGEMENT' = CHAO ;
TAL .’ BLOCAGES_MECANI QUES = CLO ;
TA1 . TEMPS_CALCULES' = PROO ;
PASAPAS TAl1 ;
*
LS CALCULATI ON AND QUTPUT ------nnnmnn- *

DM = "DIME TAL .’ TEMPS ;

(

[ L B | B | B

TAL .’ REACTIONS .( DIMD - 1) ;
TAL .’ DEPLACEMENTS' . ( DIMD - 1) ;
TAL .'TEMPS . ( DIMD - 1) :

TAL .’ CONTRAINTES . (DIMD - 1) ;
"EPSI’ MODO DEPLO ;

"DEFO MAIL1 DEPLO O. ;
"DEFO MAIL1 DEPLO 10.
FI NAL DEFORMATION * ;
DEFQO ET DEFQL ) ;

"ROG

CHAN CHPO SI GV MODO ;
STRESS | N THE X DI RECTION ;

EXCO SIGMD ' SMKX' ) MAILL ;

STRESS | N THE Y DIRECTION ;

EXCO SIGMD ’ SMYY' ) MAILL ;

STRESS | N THE Z DIRECTION ;

EXCO SIGMD ' SMZZ ) MAILL ;

SHEAR STRESS | N THE YZ DIRECTION ;

EXCO SIGMD ' SWZ' ) MAILL ;

REDU REACD SURLO ;

EXCO REACD FZ SCAL ;

MANU CHPO SURIO 1 SCAL 1. ;

XTY REACO CHPL ( MOTS SCAL ) ( MOTS SCAL

REACTI ON AT THE UPPER SURFACE = ' REACL ;
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Test guionnet_tra (Comments)

e The Guionnet viscoplastic model

MODO = MODE MAI L1 MECAN QUE ELASTI QUE | SOTRCPE
VI SCOPLASTI QUE GUI ONNET

MATO = MATE MODO ' YOUN 192500. "NU " 0.3
"N 24 "K' 200 'K 0.
"RO ' 25, "Ch ' 0. "M " 0.8
"A ' 24000. 'Al ' 3.3E5 'C ’ 180
"Cl ' 40. "G 0. "R " 0.
"NN 7 0.005 'C2 ' 40. "Q ’ 1.466
"Gl 0. "RL " 0. "BETA 1.1
"0 ' 180. "PIM)" 0.00333 ;

The equations for the Guionnet model are as follows:
—> Criterion: F=J2(S-X)-R-KK:

—> Stress hardening: dX = M* p1*(M-1) * [ 2/3 *(A*a2 + al* EP.n)
- (C1-C*a2)* X.n] *dEP
- (CO*< pl-P1IMO > + C*a4d )*X*dp
- G * J2(X)**R * X*dt2/3 * Ai*Ci*dEP
and yield R = RO*(1-CD) + RO*CD*a2
KK = K *(1+CK*a2)
dEP = 3/2 *< F/IKK >**N * n
if p1 > pl : da2 =da4 = NN * p1**(NN-1) * dp
if p1 < pl: da2 = C2*(Q * pI**NN -a2) *dp - G1 * a2**R1 *dt
if p1 < pl : dad4 = - BETA*a4*dp/p

The parameter values for the steel 316L at®D@re given for information only. The data to be in-
put are the following:

Values for Steel 316
Threshold evolution law:

‘N o viscoplasticity threshold exponent 20
Ko initial factor for threshold normalization 10 MPa
'CK ' : constantin K evolution law 3.87
‘RO " initial value for the elastic limit 80 MPa
'CD ' : constantin R evolution law 0.

Evolution law for the X centre:

‘AT ALPHA2 coefficient 15000 MPa
‘™M plastic strain exponent 1) 0.8

‘Al plastic strain coefficient 200000 MPa
'C o ALPHAA4 coefficient 40

'Cl’ reference term coefficient 180

'CO " tuning coefficient for ratchetting 0.

'PIMO’ : threshold for tuning

'G o restoration term exponent 1.5E-10 /se
'R restoration term exponent 4,
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Evolution law for the ALPHA2 and ALPHA4 internal variables

‘NN * :  plastic strain exponent

'C2 ' plastic strain coefficient

Q' plastic strain coefficient

‘Gl restoration terme coefficient

'R1 "’ ALPHAZ2 exponent .
'BETA : ALPHA2 coefficient 0.4

The following parameters will have to be specified with thesét behavior.

—> Notation: S stress tensor
X kinematic stress hardening variable
ai internal variables (i=2, 4)
EP inelastic strain tensor
p accumulated equivalent inelastic strain
pl dpl =dp but p1=0 at each load reversal
pl value of p1 at load reversal
J2 second invariant of deviatoric tensor
n normal from F criterion
ttime
< a> positive part of a
X.y scalar product of x by y

For further details, refer to the CEA -N-2612 note.
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4.5 Test zerill (Description sheet)

Test name:zerill

Calculation type: ISOTROPIC ELASTOPLASTIC MECHANICS

Finite element type: CUB8

Topic: Zerilli-Armstrong model. The structure is a beam embeddeti@lower and at the upper surface.
It is subjected to tensile strength (imposed displacemetthe end. The beam follows an elastoplastic law
according to the Zerilli-Armstrong’s model.

Goal: Test the Zerilli-Armstrong model for BCC structure.

Version: 97’ customer version

Model description:

E = 21101
NU = 03
RHO = 7.81C

ALPHA = 1.10°
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Test zerill (Listing CASTEM)

R ]

TITR * ELASTOPLASTI C MODEL OF ZERI LLI - ARVBTRONG

R ]

* APPLI CATI ON TO BCDY- CENTERED STRUCTURE
CPTI DI ME 3 ELEM CUBS ;

OPTI ECHO O ;

*

L R T GEOVETRY -------mmmmmmmmao
L1=.5 ; L2=.01 ; L3=.01;

NL =50 ; N2=1 P N3 =1

PL=0. 00 ;P2=110. 0 ; P3=1L11L20O0. ;
P4 =0 120 ; P5=0 0 L3 ; P6=1L10. L3;
P7 =L1Ll21L3 ; P8 =0. L2L3 ;

D1 = DRO P1 N3 P5; D2 = DRO P5 N2 P8 ;

D3 = DRO P8 N3 P4 ; D4 = DRO P4 N2 P1 ;

SURL = DALL D1 D2 D3 D4 ;

D5 = DRO P2 N3 P6 ; D6 = DRO P6 N2 P7 ;

D7 = DRO P7 N3 P3 ; D8 = DRO P3 N2 P2 ;

SUR2 = DALL D5 D6 D7 D8 ;

VOL1 = SURL VOLU N1 SUR?2 ;

TRAC VOL1 ;

*

*---- DESCRIPTION OF THE MODEL OF MATERIAL ------

MODO = MODE VOL1 MECANI QUE ELASTI QUE | SOTROPE
PLASTI QUE ZERILLI ;

MATO = MATE MODO YOUN 2. 1E11 NU 0.3
RHO 7. 8E3 ALPHA 1.E-5 DYG 46. 5E6
Cl 1033.E6 C2 890.E6 C3 (300. * 698. E-5)
C4 ( 300. * 415.E-6 ) C5 266.E6
N 0.289 K 6.957E5 L 1E-3 TYPE 1. ;

B LR BOUNDARY CONDI TIONS - -------------
CL1 = BLOQ SURL UX ;

CL2 = BLOQ SUR2 UX ;

CL3 = BLOQ PL  UX UY UZ ;

CL4 = BLOQ P5  UX UY ;

CLO = CL1 ET CL2 ET CL3 ET CL4 ;

K LOAD DEFI NI TION <<= nmmmmme e

DEP1 = DEPl CL2 .1 ;
= EVOL MANU TEMPS ( PROG 0. .01 )
Y ( PROGO. 1. ) ;
CHAO = CHAR DI MP DEP1 EVO ;

* TIME OF CALCULATI ON

DTO = . 00005 ;

TFIND = . 0005 ;

*

LR CALCULATI ON:  PASAPAS PROCEDURE --------
TAL = ' TABLE ;

TAL ." MODELE = MODO ;

TAl .’ CARACTERI STI QUES' = MATO ;

TAl .’ BLOCAGES_MECANI QUES' = CLO ;

TAL .’ CHARGEMENT' = CHAO ;

TAl .’ TEMPS_CALCULES' = PROG 0. PAS DTO TFINO ;

PASAPAS TAL ;
*

K CALCULATI ON AND QUTPUT - -----==----

DIME TAL ." TEMPS - 1 ;

YOUNRD = EXCO MATO YOUNG SCAL ;

YOUNGL = MAXI YOUNQD ;

DYG = EXCO MATO DYG SCAL ;

DYGl = MAXI DYQD ;

Cl = EXCO MATO C1 SCAL ; Cl1 = MAXI CL ;
2 = EXCO MATO C2 SCAL ; (C21 = MXI C2 ;
G = EXCO MATO C3 SCAL ; (31 = MXI C3

C4 = EXCO MATO C4 SCAL ; C41 = MXI &4
C5 = EXCO MATO C5 SCAL ; €51 = MAXI G5
XKO = EXCO MATO K SCAL ; XK1 = MAXI XKO ;
XLO = EXCO MATO L SCAL ; XL1 = MAXI XLO ;
XNO = EXCO MATO N SCAL ; XNL = MAXI XNO ;
TYPEO = EXCO MATO TYPE SCAL ;
TYPEL = MAXI TYPEO ;
EPS ELO = ( DYGL + ( XK1 * ( XL1 ** (-.5) ) ) ) /
YOUNGL ;

ERR E1 = 0. ;
ERR S1 = 0. ;
REPETER BLCCL DI MD ;

|1 = &BLQCL ;

DEPL1 = EXCO TAl .’ DEPLACEMENTS .11 UX SCAL ;

DEPLO = EXCO TAL .’ DEPLACEMENTS . (11 - 1)

UX SCAL ;

DEP1 = MAXI DEPL1 ;

EPS1 = DEP1 / L1 ;

DEPO = MAXI DEPLO ;

SIGW = TAL .’ CONTRAINTES .11 ;

DEPEQD = TAl .’ VARI ABLES I NTERNES .11 ;

DEFO = TAL .’ DEFORVATI ONS_| NELASTIQUES .11 ;

T1 =TAL ."TEMPS .11 ;

TO = TAL .’ TEMPS . (11 - 1) ;

DT0O = T1 - T0 ;

D10 = 0. ;

Sl (( ABSDTO ) < 1.E-10) ;

DEPSO = 0. ;
SINON ;
DEPSO = ( DEP1 - DEPO ) / ( DTO * L1) ;

FINSI ;

SIGX0O = MAXI ( VM'S MODO SIGW ) ;

SIGX00 = MN ( VM S MODO SIGW ) ;

DEPX0 = MAXI DEPEQ ;

DEPX00 = M NI DEPEQD ;

SI G 00 = EXCO SI G0 SMXX SCAL ;

SIG0 = MAX SIGOO ;

SIGY = MAXI ( EXCO SIGW SWYY SCAL ) ;

SIGZ = MAXI ( EXCO SIGW SWZZ SCAL ) ;

DEF_00 = EXCO DEF0 EPXX ;

DEF 0 = MAXI DEF_00 ;

* BODY- CENTERED STRUCTURE

S (T

S|

YPEL EGA 0. ) ;

( SIGX0 >EG ( DYGL + ( XK1 *

(XL ** (-.5) ) ) ) )
SI ( ( ABSDEPSO ) < 1.E-10) ;

BO = 0. ;
SINON
BO = C21 * ( EXP ( ( C41 * ( LOGDEPSO ) ) -
Q1))
FINSI
A0 = YOUNGL ;
0 = DYGL + ( XKL * ( XL1 ** (-.5) ) ) -

( YONNGL * EPSL ) ;
DELTA= ( BO* BO) - (4 * AD* Q0 ) ;
1. * B0 - ( ( DELTA) ** ( 0.5) ) ) [

XL=( -
(2. %A0);

X2 = (-1 * BO + ( ( DELTA) ** ( 0.5) ) ) /
(2. *A0);

EPSPO = X2 * X2 ;
SIG = YOUNGL * ( EPS1 - EPSPO ) ;

SINON ;

EPSPO = 0. ;
SIA = SIGO ;

FINSI ;
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ERR_EO = 0.
SI NON ; FINSI ;
ERR E0 = ERR_EO * 100.
* BODY- CENTERED STRUCTURE *
LIM = DYGL + ( XKL * ( XL1 ** (-.5) ) ) ; Fooeia - BG00D WORKI NG MESSAGE --------------- *
SI ( ( ABSDEPSO ) < 1.E-10) ; SI ( ERREO0 > 1. ) ;
LIM = LIM + 0. ; ERRE 5 ;
SINON ERR_E1 = 100.
LIMD = LIM + SINON ;
(Cl1* ( EXP( (CAL* ( LOGDEPSO ) ) - C1) ) ) ; ERR E1 = ERR E1 + 0.
FINSI ; FINSI ;
Sl ( SIGO>LIM) ; SI ( ERRSO > 1. ) ;
A0 = YOUNGL ; ERRE 5 ;
Sl ( ( ABSDEPSO ) < 1.E-10) ; ERR S1 = 100. ;
BO = 0. ; SINON
SINON ; ERR S1 = ERR S1 + 0. ;
BO = Cl1 * ( EXP ( ( C41 * ( LOG DEPSO ) ) "FINSI’
- Q1))
FINSI ; FI'N BLOCL ;
BO = BO + DYGL + ( XKL * ( XL1 ** (-.5) ) )
- ( YOUNGL * EPSL ) ; Sl (( ERREl1 <1 ) ET( ERRS1 <1 )) ;
C = C51 ; ERRE O ;
FINSI ;
X0 = 0. ;
X2 = X0 ; FIN;
Y2 = A0 * X2 ;
Y2 = Y2+ ( Q0 ((X2* XNL) ) ;
Y2 = Y2 + BO ;
X1l = EPSI ;
X2 = X1 ;
Y2 = A0 * X2 ;
Y2 =Y2+( CO* ( X2* XNL) ) ;
Y2 = Y2 + BO ;
REPETER BLOC2 ;
X2 =( X0 +X1)/ 2
Y2 = A0 * X2 ;
Y2 =Y2+( CO* ( X2** XNL) ) ;
Y2 = Y2 + BO ;

S (Y2>1.E5) ;

X1 = X2 ;
SI NON ;
Sl (Y2< -1.E5) ;
X0 = X2 ;
SINON
EPSPO = X2 ;
SIA = YOUNGL * ( EPSL - X2 ) ;
QUI TTER BLOC2 ;
FINSI
FINSI
FI'N BLOC2 ;
SINON ;
EPSPO = 0. ;
SI® =SIGO ;
FINSI ;
FINSI ;
ERR SO = ABS ( SIQ - SIGO ) ;
ERR SO = ERR S0 / SIQ0 ;
ERR_SO = ERR SO * 100.
ERR EO =

ABS ( EPSPO - DEF 0 ) ;
S| (DEF 0> ( 1.E1* EPSELO) ) ;
ERR E0 = ERR EO / DEF O ;

SINON ;
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Test zerill (Comments)

e The Zerilli-Armstrong elastoplastic model

MODO = MODE VOL1 MECANI QUE ELASTI QUE | SOTROPE
PLASTI QUE ZERI LLI ;
MATO = MATE MODO YOUN 2. 1E11 NU 0.3

RHO 7. 8E3 ALPHA 1.E-5 DYG 46.5E6
C1 1033.E6 C2 890.E6 C3 (300. * 698. E-5)
C4 ( 300. * 415.E-6 ) C5 266.E6
N 0.289 K 6.957E5 L 1E-3 TYPE 1.

The Zerilli-Armstrong model proposes a mathematical fdatian of the Von Mises’s yielding stress
based on the theory of dislocations. The constitutive égusiof this model are as follow:
-Yielding limit Y for Face Centered Cubic materials (F.O.C.

Y = DYG+C2'.sqrt(P’).exp(-c3".T+C4" . T.In(EPT))+K.L**1/2)

-Yielding limit Y for Body Centered Cubic materials (B.C)C.

Y = DYG+C1.exp(-C3".T+C4" . T.In(EPT))+C5".(P")**N+K.L**(-.5)

with:

T: temperature

P’: equivalent plastic strain: P’=sqrt(2/3.EP:EP)

EP: plastic strains

EPT: equivalent strain rate: EPT=sqrt(2/3.ET:ET)

ET: strain rate

The parameters to be input in the Zerilli-Armstrong model BiYG, Ci, N, K, L as well as TYPE:

'DYG’ : DYG term

'Cl : C1’ coefficient

'C2 : C2’ coefficient

'C3 : C3.T term (C3’ multiplicated by T) entered as an EVOIUIDN object
(the parameter is the temperature)

'C4 : C4'.T term (C4’ multiplicated by T) entered as an EVOIUIDN object
(the parameter is the temperature)

'C5’ : C5’ coefficient

‘N’ : N coefficient

'K’ . K coefficient

L . average grain diameter

'TYPE' : material structure
if the material is FCC: TYPE=0.
if the material is BCC: TYPE=1.
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4.6 Test prestonl (Description sheet)

Test name:prestonl

Calculation type: ISOTROPIC ELASTOPLASTIC MECHANICS

Finite element type: CUB8

Topic: Preston Tonks Wallace model. The structure is a beam embeatdbe lower and upper surface.
It is subjected to tensile strength (imposed displacemetthe end. The beam follows an elastoplastic law
according to the Preston-Tonks-Wallace model.

Goal: Test the Preston Tonks Wallace model for BCC 3 structure.

Version: 97’ customer release

Model description:

E = 21104
NU = 03
RHO = 7.81C
TAU = 0.025

MCDEL CF PRESTON TOWS WALLAGE
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Test prestonl (Listing CASTEM)

khkkkhhkkhkhhkhkhkhkhkhhkhkhhkhhhkhkhhkhkhhkhhxhkhhkkhkhrkhhkxkkx EPSPl = PR&; 0 y
TITR ' MODEL OF PRESTON TONKS WALLACE' ERRL = PROGO. ; ERR2 = PROGO. ;
khkkkhhkkhkhhkkhhkhkhhhkhhhkkhhhkhkhhkhhhkhhxhkhhkxhkhrkhkhkkkx SlGl = PR&; 0 y
* APPL| CATI ON TO BODY- CENTERED STRUCTURE TEW1 = PROGO.
COVPLET = FAUX ; COWM * FULL CALCULATIONIF VRAI ; EPSTI = PROG 0. ;
OPTI DI ME 3 ELEM CUBS ; DIM = DIME TAL . TEMPS - 1 ;
CPTI ECHO O ; MODO = TAL .' MODELE ;
* YOUNGD = EXCO MATO YOUNG SCAL ;
L GEOVETRY === ccmmmcmmmaeeae * YOUNGL = MAXI YOUNQD ;
L1=.5; L2=.001 ; L3=.001; XNUWO = EXCO MATO NU SCAL
NL=50 ; N2=1 N =1 XNUL = MAXI XNUO ;
PL=0.0 0. ; P2=110 0 ; P3=L1L20. ; RHOO = MAXI ( EXCO MATO RHO SCAL ) ;
P4=0. 120. ; P5=0 0. L3; P6 =L110. L3; TAU = EXCO MATO TAU SCAL ;
P7 =L11213; P8 =0. L2 L3 ; TAUL = MAXI TAW ;
DL =DRO PLN3P5; D2 =DRO P5 N2 P8 ; P1 = EXCO MATO P SCAL ;
D3 =DRO P8 N3 P4; D4 =DRO P4 N2 PI ; P11 = MAXI P1 ;
SURL = DALL DL D2 D3 D4 ; S0 = EXCO MATO SO SCAL ;
= DRO P2 N3 P6; D6 = DRO P6 N2 P7 ; s01 = MAXI SO ;
D7 = DRO P7 N3 P3; D8 = DRO P3 N2 P2 ; SINFO = EXCO MATO SINF SCAL ;
SUR2 = DALL D5 D6 D7 D8 ; SINFL = MAXI SINFO ;
VOL1 = SURL VOLU NI SUR? ; KO = EXCO MATO K SCAL ;
TRAC VOL1 ; K1 = MAXI KO ;
* @ = EXCO MATO G SCAL
L DESCRI PTI ON OF MODEL MATERI AL -------- * Gl = WX @ ;
MODO = MODE VOL1 MECANI QUE ELASTI QUE | SOTROPE Y00 = EXCO NATO YO SCAL
PLASTI QUE PRESTON ; Yo1 = MAXI YOO ;
MATO = MATE MODO YOUN 2. 1E11 NU 0.3 YINFO = EXCO MATO YINF SCAL ;
RHO 7. 8E3 TAU 0.025 YINFL = MAXI YINFO ;
P 0. SO 0.0085 SINF 0.00055 Y10 = EXCO MATO Y1 SCAL ;
K 0. G 0.00001 Y11 = MAXI Y10 ;
YO 0.0001 YINF 0.0001 Y1 0.094 Y2 0.575 Y20 = EXCO MATO Y2 SCAL ;
BETA 0.25 GP 3.00 GT 0. MJ 1.97 Y21 = MAXI Y20 ;
MO 1220. ; BETAO = EXCO MATO BETA SCAL ;
* BETAL = MAXI BETAO ;
i BOUNDARY CONDI TI ONS - - =< ---==---- * GPO = EXTR ( EXCO MATO GP SCAL ) SCAL 111 ;
CL1 = BLOQ SURL UX ; CL2 = BLOQ SUR2 X ; GT0 = EXTR ( EXCO MATO GT SCAL ) SCAL 111 ;
CL3 = BLOQPL UX UY UZ ; CL4 = BLOQ P5 UX UY ; Al =2.0% (1 o+ XNUL)
CLO = CL1 ET CL2 ET CL3 ET Cl4 ; B1 AL/ (3% (1. (20 XNUL) ) )
* REPETER BLOCL DI MD ;
L LOAD DEFI NI TION - ---==xcmmnnmmm- * I1 = &BLOCL ;
DEP1 = DEPI CL2 .1 ; DEPLO = TAL .’ DEPLACEMENTS' .11 ;
EVO = EVOL MANU TEMPS ( PROG 0. 5.E-4 ) TEMPO = TAL .’ TEMPS .11 ;
% ( PROGO. 1. ) ; TEMP1 = TEMPL ET ( PROG TEMPO ) ;
CHAO = CHAR DI MP DEP1 EVO ; DEXI = EXCO DEPLO UX SCAL
DEX0 = EXCO TAL .’ DEPLACEMENTS . ( 11 - 1)
* TIME OF CALCULATION UX SCAL ;
DT0 = 1.E-5 ; REACO = TAL .’ REACTIONS .11 ;
Sl COVPLET ; REACI = MAXI ( EXCO REACD FX SCAL ) ;
TFINO = 5.E-4 ; DEPO = MAXI DEXO ;
SINON ; DEP1 = MAXI DEXI ;
TEINO = 4.E-5 ; EPSI = EPSI MODO DEPLO ;
FINSI EPSX1 = EXCO EPS1 EPXX SCAL ;
* EPSYl = EXCO EPS1 EPYY SCAL ;
LR CALCULATI ON:  PASAPAS PROCEDURE -------- * EPSZ1 = EXCO EPS1 EPZZ SCAL ;
TAL = ' TABLE ; TREPSO = MAXI ( EPSXL + EPSY1 + EPSZ1 ) :
TAL .’ MODELE' = MODO ; EPSX10 = MAXI EPSXI ;
TAL .’ CARACTERI STI QUES' = MATO SIGW = TAL .’ CONTRAINTES' .11 ;
TAL .’ BLOCAGES_MECANI QUES = CLO ; DEPEQD = TAL .’ VARI ABLES | NTERNES' .11 ;
TAL .’ CHARGEMENT' = CHAO ; DEFO = TAL .’ DEFORMATI ONS_| NELASTI QUES .11 ;
*TAL .'PRECISION = 1.E-8 ; T = TAL .' TEWS .11 ;
TAL .’ TEWPS CALCULES = PROG 0. PAS DTO TFINO ; 0 = TAL "TEMPS . (11 - 1) ;
D0 =T1- T0;
PASAPAS TAL ; DTO =0 ;
*
L CALCULATI ON AND QUTPUT ----==------ * S (( ABSDIO) < 1.E-10) ;
SIG 3DY = PROG 0. ; SIG3DZ = PROG 0. ; DEPSO = 0. ;
SIGXI = PROGO. ; SIGX2 = PROGO. ; SINON ;
DEPXI = PROG 0. ; DEPX2 = PROG 0. ; DEPSO = ( DEPL - DEPO ) / ( DTO * L1) ;
SIG1 =PROGO. ; DEF.1 = PROGO. ; FINSI ;
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SIGX0 = MAXI ( VM'S MO0 SIGMD ) ; S (SIGO>( YLO* @0) ) :
SIGX00 = MN ( VMS MDO SIGW ) ;
DEPX0 = MAXI ( EXCO DEPEQD EPSE SCAL ) ; * BODY CENTERED MATERI AL
DEPXO0 = MN ( EXCO DEPEQD EPSE SCAL ) ; S| ( P11 EGAO. ) ;
SIG 00 = EXCO SIGWD SMXX SCAL ; X0 =0.
SIGO = MX SIGOO ; X2 = X0
EPS ELO = SIG 0 / YOUNGL ; TRL = TREPSO - ( AL * ( EPSXI0 - X2 ) /
SIGY = MAXI ( EXCO SIGMD SMYY SCAL ) ; (3 *Bl)) :
SIGZ = MAXI ( EXCO SIGW SMZZ SCAL ) ; TRL=TRL/ 3. ;
DEF 00 = EXCO DEFO EPXX ; Y2 = EXP ( -1. * TAUL* ( X2 - TRL) /
DEF 0 = MAXI DEF 00 ; (YSO - YLO) ) ;
DEFI = MAXI ( EXCO DEFO EPXX ) ; Y2 =YSO - ((YSO- YLO) *Y2) ;
DEF2 = MAXI ( EXCO DEFO EPYY ) ; Y2 = Y2 * Q0 ;
DEF3 = MAXI ( EXCO DEFO EPZZ ) ; Y2 = Y2 4+ ( YONGL * X2 ) ;
DEF4 = MAXI ( EXCO DEFO GAXY ) ; Y2 = Y2 - ( YOUNGL * EPSX10 ) ;
DEF5 = MAXI ( EXCO DEFO GAXZ ) ; XL = EPSX10 ;
DEF6 = MAXI ( EXCO DEFO GAYZ ) : X2 =Xl
DEFPL = ( DEFL * DEF1) + ( DEF2 * DEF2 ) + TRL = TREPSO - ( AL * ( EPSXI0 - X2 ) /
( DEF3 * DEF3) ; (3 *Bl)) :
DEFPL = DEFPL - ( DEF1 * DEF2 ) - TRL=TRL/ 3. ;
( DEF2 * DEF3 ) - ( DEFL * DEF3) ; Y2 = EXP( -1. * TAUL* ( X2 - TRL) /
DEFP2 = ( DEF4 * DEF4 ) + ( DEF5 * DEF5 ) + (YSO - YLO) ) :
( DEF6 * DEF6 ) ; Y2 =YSO - ((YSO- YLO) * Y2 ) ;
DEFPO = DEFPL + ( 3. * DEFP2 ) ; Y2 = Y2 * Q0 ;
DEFPO = ( DEFPO ** .5) * 2. [ 3. ; Y2 = Y2 4+ ( YONGL * X2 ) ;
SIGX1 = SIGXL ET ( PROG SIGX0 ) ; Y2 = Y2 - ( YOUNGL * EPSX10 ) ;
SIGX2 = SIGX2 ET ( PROG SIGX00 ) ;
DEPXL = DEPXL ET ( PROG DEPX0 ) ; REPETER BLOC2 ;
DEPX2 = DEPX2 ET ( PROG DEPX00 ) ; X2 = (XL+X0) [ 2 ;
SIG1=SIG1ET(PROGSIGO) ; TRL = TREPSO - ( AL * ( EPSXI0 - X2 ) /
DEF 1 = DEF 1 ET ( PROGDEF 0 ) ; (3 *Bl)) :
SIG3DY = SIG3DY ET ( PROG (SIGY / SIGO) ) ; TRL=TRL/ 3. ;
SIG3DZ = SIG3DZ ET ( PROG (SIGY / SIGO) ) ; Y2 = EXP ( -1. * TAUL* ( X2 - TRL) /
EPST1 = EPSTL ET ( PROG EPSX10 ) ; (YSO - YLO) ) ;
Y2 =YSO - ((YSO- YLO) *Y2) ;
*  DENSI TY RHOL Y2 = Y2 * Q0 ;
RHOL = RHOO / ( 1. + TREPSO ) : Y2 = Y2 4+ ( YONGL * X2 ) ;
ETA = RHOL / RHOO ; Y2 = Y2 - ( YOUNGL * EPSX10 ) ;
Sl (Y2>1.E5) ;
*  SHEAR MODULUS GO0 XL = X2 ;
G0 = YOUNGL / ( 2. * ( 1. + XNUL) ) ; SINON ;
S (Y2< -1.E5) ;
*  DEBYE' S PULSATI ON WO X0 = X2 ;
W = (G0 / RHOL) ** ( .5) : SI NON
DTETAO = ( 4. / 3.1416 ) ** ( .5) ; EPSPO = X2 ;
DTETAO = DTETAO * W / 6. ; EPSP1 = EPSPL ET ( PROG EPSPO ) ;
DTETAO = DEPSO / DTETAO ; DENO = Al * GPO * (EPSX10 - X2) / 3. ;
DENO = DENO / ( ETA** (1. / 3.) ) ;
* STRESS OF SATURATI ON SUPO = AL * ( GO0 + GTO ) *
Sl (( ABSDTO) < 1.E10) ; ( EPSX10 - X2 ) ;
YSL = SINFL : SIG = SUPO / ( 1. + DENO ) ;
SINON ; SIGL = SIGL ET ( PROGSIQ ) ;
YSL = ERF ( KL * ( LOG( GL / DTETAO ) ) ) ; QUI TTER BLOC2 ;
YSL = S01 - ( ( SOL - SINFL) * YSL) ; FINSI
FINSI
YS2 = S01 * ( ( DTETAO / GL ) ** ( BETAL) ) : FINSI ;
YSO = ( ABS ( YSL - YS2) ) + YSL + YS2 ; FIN BLOC2 ;
YSO = YSO / 2. ; SINON ;
* YIELD POl NT *  OTHERS MATERI ALS
Sl ( ( ABSDIO) < 1.E-10 ) ; X0 = 0. ;
YL = YINFL ; X2 = X0
SINON ; EX0 = P11 * ( YSO - YLO ) / ( SO1 - YLO) ;
YL1 = ERF ( KL * ( LOG( GL / DTETAO ) ) ) ; EXL = ( SO1- YLO) * ( (EXPEXO) - 1. ) :
YLL = YO1 - ( ( YOI - YINFL) * YL1) ; TRL = TREPSO - ( AL * ( EPSXI0 - X2 ) /
FINSI (3 *Bl)) ;
YL2 = Y11 * ( ( DTETAO / GL ) ** ( Y21) ) ; TRL=TRL/ 3. ;
YL3 = ( ABS ( YL2 - YS2) ) - YL2 - YS2 ; Y2 = EXP ( -1. * PL1 * TAUL *
YL3 = -1. * YL3/ 2. (X2 - TRL) /| EX1) ;
YLO = ( ABS ( YL - YL3) ) + YL1 + YL3 ; Y2 = (1. - (EXP(-1 *EX0)) ) * Y2;
YLO = YLO / 2. Y2 = LG (1. - Y2) ;
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Y2 =((SOL-YLO) * Y2/ PLl) + YSO ;
Y2 = Y2 % Q0 ;
Y2 = Y2+ ( YONGL * X2 ) :
Y2 = Y2 - ( YONGL * EPSX10 ) ;
YO = Y2 ;
X1 = EPSXI10
X2 =Xl
TRL = TREPSO - ( AL * ( EPSX10 - X2 ) /
(3 *Bl));
TRL = TRL/ 3. ;
Y2 = EXP ( -1. * P11 * TAUL *
(X2 - TRL) | EXL) ;
Y2 = (1 - (EXP(-1 *EX0))) * Y2;
Y2 =LOG( 1 - Y2) ;
Y2 = ((SOL- YLO) * Y2/ PLL) + YSO ;
Y2 = Y2 * Q0 ;
Y2 = Y2+ ( YONGL * X2 ) :
Y2 = Y2 - ( YONGL * EPSX10 ) ;
YL = Y2 ;
REPETER BLOC2

X2 = ( X0+ X1)/ 2 ;

TR1 = TREPSO - ( Al * ( EPSX10 - X2 ) /
(3 *Bl))

TRL=TRL/ 3. ;

Y2 = EXP ( -1. * P11 * TAUL *

(X2- TRL) /| EX1) ;

(1 - ( BEXP(-1. * EX0) ) ) * Y2,

LOG( 1. - Y2 ) ;

S01 - YLO) * Y2/ P11) + YSO ;

Y2 * Q00 ;

Y2 + ( YONGL * X2 ) ;

Y2 - ( YOUNGL * EPSX10 ) ;

Y2
Y2
Y2
Y2
Y2
Y2

—
—

SI (Y2 > (1.E-8 * (ABS(YL - Y0)))) ;
Xl = X2 ;
SI NON ;
Sl (Y2 < (-1.E-8 * (ABS(Y0 - Y1)))) ;
X0 = X2 ;
SINON
EPSPO = X2 ;
EPSP1 = EPSP1 ET ( PROG EPSPO ) ;
Al * GPO * (EPSX10-X2) / 3.
DENO / (ETA ** (1. / 3.)) ;
Al * ( Q00 + GIO ) *
( EPSX10 - X2 ) ;
SUPO / ( 1. + DENO ) ;
SIGL ET ( PROGSIQX ) ;

]
&

»
2]

QUI TTER BLOC2 ;
FINSI ;
FI NSI
FIN BLOC2 ;
FI NSI

SINON
EPSPO = 0. ;
EPSP1 = EPSP1 ET ( PROG EPSPO ) ;
SIA = SIGO ;
SIGL = SIGL ET ( PROGSIQ ) ;
FINSI

ERR SO = ABS ( SI® - SIGO ) :

ERR SO = ERR SO / SI @ ;

ERR SO = ERR SO * 100. ;

ERRL = ERRL ET ( PROG ERR SO0 )

ERR EO = ABS ( EPSPO - DEF 0 ) :

S| (DEFO0>( 1.E1* EPSELO) ) ;
ERR E0 = ERR EO / DEF O ;

SINON ;

ERR EO = 0.

FINS ;

ERR EO = ERR EO * 100.

S ( ERRE0>5.E2) ;
ERRE 5 ;

FINS ;
Sl ( ERRSO > 5.E2) ;
ERRE 5 ;
FINSI
ERR? = ERR2 ET ( PROG ERR EO0 )

FIN BLCCL ;

FIN ;
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Test prestonl (Comments)

e The Preston-Tonks-Wallace elastoplastic model

MODO = MODE VOL1 MECANI QUE ELASTI QUE | SOTROPE
PLASTI QUE PRESTON ;
MATO = MATE MODO YOUN 2. 1E11 NU 0.3

RHO 7. 8E3 TAU 0. 025

P 0. SO 0.0085 SINF 0.00055

K 0. G 0.00001

YO 0.0001 YINF 0.0001 Y1 0.094 Y2 0.575
BETA 0.25 GP 3.00 GI' 0. MJ 1.97

T™O 1220. ;

Preston, Tonks and Wallace propose a mathematical foriomlat the Von Mises’s yielding stress based
on the theory of the dislocations and the dimensional aiglyihe constitutive equations of the model
are:

-shear modulus G:

G = GO+GP'.P/(ETA**(1/3))+GT'.(T-300)

GO = YOUNGO/ ( 2*(1+NU0))

where: YOUNGO is the initial Young modulus

NUO is the Poisson’s ratio (stay constant)

GO is the initial shear modulus

ETA is the compression rate: ETA=RHO/RHOO0

TM =TMO * EXP (2.MUO.(1.-1./ETA))/( ETA ** (2./13.) )

and: if T>TM:

G =Y =0 (Y isthe yield limit)

then, the volumetric strain is fully elastic and the dewvigtgtrain is fully plastic
-Dimensionless terms:

Y'=YIG

T=T/TM

EPT = EPT/X

with:

Y yielding stress

G shear modulus

T temperature

TM melting temperature

X = 1/6.(4/P1)**(.5).O0MEGA

OMEGA: Debye’s pulsation OMEGA = (G/RHO)**(.5)

RHO:material’s density

EPT: equivalent total strain rate EPT=sqrt(2/3.ET:ET)

ET: total strain rate

-Dimensionless term for the saturation stress YS:

S1 = S0-(SO-SINF).erf(K".T".In(g/EPT’)

S2 =S0.(EPT'/g)**BETA

YS = max(S1,S2)

-Dimensionless term for the yielding limit YL:

L1 =YO-(YO-YINF).erf(K.T".In(g/EPT’)

L2 =Y1.(EPT/g)**Y2

YL = max(L1,min(L2,S2))

-Dimensionless term for the yielding stress for Body CesdeCubic materials (B.C.C.): P=0
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Y’ = YS-(YS-YL).exp(-TAU.EP/(YS-YL))

-Dimensionless term for the yielding stress for the othetemals: P differs from O
Coeffl = (SO-YL).(exp(P.(YS-YL)/(S0-YL))-1)

Coeff2 = 1-exp(-P.(YS-YL)/(S0-YL))

Y’ = YS+(S0-YL)/P.In(1-Coeff2.exp(-P.TAU.EP/Coeffl))

with:

EP: equivalent plastic strain
EP = sqrt(2/3.EPS:EPS)
EPS: palstic strain

The shear modulus G is expressed that way:
STRESS = HOOK.STRAIN i.e. D_STRESS = HOOK.D_STRAIN + D_HOGKRAIN

'RHO’
"TAU'
1P7
1801

'SINF’

1Y0!
"YINF’
1Y11
1Y2!
'BETA
1GP1
,GT,

"TMO’
YMUI

: initial density
: dimensionless parameter TAU used for the calculataf the hardening law
: dimensionless parameter P
-if P=0, the microstucture of the material is BCC
-else, the microstructure is NOT BCC
: dimensionless parameter SO
it gives the saturation stress at T 20
: dimensionless parameter SINF
it gives the saturation stress at’K| infinite
: dimensionless term K'.T used for the calculation of tyielding limit. It is
entered as an EVOLUTION object (the parameter is the tenyoerd)
: dimensionless parameter g used for the calculatiorhefdaturation stress
and the yielding limit
: dimensionless parameter YO
it gives the yielding limit at T = 0K
: dimensionless parameter YINF
it gives the yielding limit at T{K) infinite
: dimensionless Y1used for the calculation of the yialgl limit
: dimensionless Y2 used for the calculation of the yialgl limit
: dimensionless parameter BETA used for the caldolabf the yielding limit
and the saturation stress
: rate of the evolution of the shear modulus with the ptes (no unity): GP’
: temperature-dependant term correcting the shearutusd(homogeneus to the shear
modulus) One enters here the term: GT'.(T-300) with the dsn&EVOLUTION
object (the parameter of this EVOLUTION is the temperature)
: melting temperature for ETA=1
. coefficient MUO used for the calculation of the meltingmperature
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DAMAGE ELASTOPLASTIC MODELS
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5.1 Testendocpl (Description sheet)

Test name:endocpl
Calculation type: DAMAGE MODEL FOR ELASTOPLASTIC MATERIAL
Finite element type: QUAS

Topic: Tensile test on a damage elastoplastic material. The stauistan embedded test piece subjected to
a tensile stress (imposed displacements). The structwgsablaw according to a damage elastoplastic model.

Goal: Test the model of damage material for MODE PLAN CONT and cam@astem’s results with the
analytical solution obtained by algorithm. We also compute
The cumulated plastic strain (EPSE component in VARIABLBEH ERNES).
The damage variable D in VARIABLES_INTERNES.
SIGMAyy (in CONTRAINTES).

Reference:Analytical solution.
Tests carried out by Mr STRUB (rapport DMT/91 .558).

\Version: 97’ customer version

Model description:

E = 74020 16
NU = 03
RHO = 7800
ALPH = 0.
DC = 0.23
EPSD = 0.03
EPSR = 0.25

uy F

P4 [k P3

PLl P2 > ux

5E-3m
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7
o

Test endocpl (Results)

CASTEM FIGURES

4 EPRQL

1 11

DANMAGE ELASTOPLASTI C MODEL

X1. E8 SIG

6.00

EPS

00 .05 .10 15 .20

DANMAGE ELASTOPLASTI C MODEL
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Test endocpl (Listing CASTEM)

khkkkhhkkhkhhkhkhkhkhkhhkhkhhkhhhkhkhhkhkhhkhhxhkhhkkhkhrkhhkxkkx TAB’MLE’ = m’
TITR ' DAVAGE ELASTOPLASTI C MODEL’ ; TAB. ' CARACTERI STI QUES' = MAT ;
khkkkhhkkhkhhkkhhkhkhhhkhhhkkhhhkhkhhkhhhkhhxhkhhkxhkhrkhkhkkkx TAB’TENPS (_‘ALQJLES’ = LIS,
COVPLET = FAUX ; COW * FULL CALCULATION IF VRAl ; TAB.' CHARGEMENT' = CHA ;
GRAPH = N ; TAB.' PRECI SION' = 1E-08 ;
OPTI DI ME 2 ELEM QUA8 MODE PLAN CONT ;
CPTI ECHO O ; PASAPAS TAB ;
* *
R GEOVETRY ------mmmmmmmmameem s * L R GOOD WORKING TEST ----------mnn-- *
P1L=0 0 ;. P2 =5E-3 0 ; DPCO = EXTR TAB. VARI ABLES | NTERNES.2 EPSE 1 1 1 ;
P3 = 5E-3 30E-3 ; P4 =0 30E-3 DPCL = EXTR TAB. VARI ABLES | NTERNES. 4 EPSE 1 1 1 ;
L1 =P1LP2DRO 1 ; L2 =P2 P3DRAO 2 ; DPCOT = 5.46E-4 ; DPCLIT = 1.12694E-02 ;
L3 =P3P4ADRO 1 ; L4 =P4P1LDRO 2; S| COVPLET ;
EPROU = L1 L2 L3 L4 DALL PLAN ; DPC2 = EXTR TAB. VARI ABLES | NTERNES. 10 EPSE 1 1 1 ;
TRAC EPRQU ; DPC4 = EXTR TAB. VARI ABLES | NTERNES. 18 EPSE 1 1 1 ;
* DPC6 = EXTR TAB. VARI ABLES | NTERNES. 26 EPSE 1 1 1 ;
R R BOUNDARY CONDI TIONS -------------- * DPC75= EXTR TAB. VARI ABLES | NTERNES. 32 EPSE 1 1 1 ;
CL1 = BLOQ L1 UY ; CL2 = BLOQ L3 UY ; DPC2T = 6.03E-2 ; DPCAT = 12.65E-2 ;
CL3 = BLOQ L4 UX ; DPC6T = 19.29E-2 ; DPC75T = 24.27E-2 ;
CL = CL1 ET CL2 ET CL3 ; FINSI ;
DEP = DEPI CL2 1E-3 ; DO = EXTR TAB.VARIABLES INTERNES.2 'D ' 11 1 ;
* DI = EXTR TAB.VARIABLES INTERNES. 4 'D ' 111 ;
Foeonn DESCRI PTI ON OF THE MODEL OF MATERIAL ----- * DOT = 0. ; DIT = 0.0 ;
MO = MODE EPROU MECANI QUE ELASTI QUE PLASTI QUE S| COVPLET ;
ENDOMVAGEABLE; D2 = EXTR TAB. VARIABLES INTERNES. 10 'D " 11 1 ;
D4 = EXTR TAB.VARIABLES INTERNES.18 'D ' 111 ;
PROGEPS = PROG 0. .47285E-2 . 76066E- 2 D6 = EXTR TAB. VARI ABLES INTERNES. 26 'D ' 1 1 1 ;
.89226E-2 1.0533E-2 1.4011E-2 1.9096E-2 2. 6081E-2 D75 = EXTR TAB. VARI ABLES INTERNES. 32 'D ' 11 1 ;
3. 4654E-2 4.5828E-2 6.0813E-2 7.2835E-2 8.3328E-2 D2T = 0.0257 ; D4T = 0.0901 ;
9.5526E-2 10.691E-2 11.808E-2 12. 784E-2 13.891E-2 D6T = 0.1622 ; D75T = 0.2199 ;
14, 936E-2 15. 700E-2 16. 746E-2 17. 720E-2 18. 946E-2 FINSI ;
19. 860E-2 20. 703E-2 21.607E-2 22. 802E-2 23. 685E-2
24.919E-2 26.083E-2 ; SZZ0 = EXTR TAB. CONTRAINTES.2 SMWY 1 1 1 ;
PROGSI G = PROG 0. 350. E06 370.59E06 SZ71 = EXTR TAB. CONTRAINTES. 4 SWY 1 1 1 ;
379. 18E06 387.37E06 400.52E06 414.22E06 427.94E06 SZZ0T = 354.3E6 ; SZZIT = 4.07984E+08 ;
440. 69E06 453. 63E06 467.26E06 476. 30E06 483. 24E06 S| COVPLET ;
490. 46E06 496.56E06 502. 06E06 506. 53E06 511.28E06 SZ72 = EXTR TAB. CONTRAINTES. 10 SMYY 1 1 1 ;
515. 51E06 518. 45E06 522.29E06 525. 71E06 529. 81E06 S7Zz4 = EXTR TAB. CONTRAINTES. 18 SMYY 1 1 1 ;
532. 73E06 535. 33E06 538. 03E06 541. 47E06 543. 92E06 SZ76 = EXTR TAB. CONTRAINTES. 26 SMYY 1 1 1 ;
547. 23E06 550. 24E06 ; SZZ75 = EXTR TAB. CONTRAINTES. 32 SMYY 1 1 1 ;
SZZ2T = 459.3E6 ; SZZAT = 461.4E6 ;
CTRAC = EVOL MANU EPS PROGEPS SI G PROGSI G ; SZZ6T = 443.3E6 ; SZZT15T = 422.4E6 ;
DESS CTRAC; FINSI ;
MAT = MATE MO YOUN 74020. EO6 NU 0.3 RHO 7800. EDPCO = ABS( (DPCO-DPCOT) / DPCOT ) ;
ALPH 0. TRAC CTRAC EPSD 0. 03 EDPCL = ABS( (DPC1-DPCLT) / DPCIT ) ;
DC 0.23 EPSR 0. 25 ; S| COVPLET ;
* EDPC2 = ABS( (DPC2-DPC2T) / DPC2T ) ;
L R LOAD DEFINITION == ----cemmmammnnn * EDPC4 = ABS( (DPCA-DPCAT) / DPCAT ) ;
LI1 = PROGO. 30. ; LI2 = PROGO. 30. ; EDPC6 = ABS( (DPC6-DPC6T) / DPCBT ) ;
EV = EVOL MANU T LI1 DEP(T) LIZ2 ; EDPC75 = ABS( (DPC75-DPC75T) / DPC75T) ;
CHA = CHAR 'DIMP' DEP EV ; FINSI ;
* EDO = ABS( (DO0-DOT) / (DOT+0.001) ) ;
LR LI STING OF TIME STEPS ------------- * ED1 = ABS( (D1-DiT) / (D1T+0.001) ) ;
* 0.13 MV ELASTI C | NCREMENT S| COWPLET ;
* 0.16 MV PLASTI C | NCREMENT ED2 = ABS( (D2-D2T) / D2T) ;
S| COVPLET ; ED4 = ABS( (D4-D4AT) /| DAT) ;
LIS=PROG0.13 0.16 0.33 0.50.75 1. 1.25 1.5 ED6 = ABS( (D6-D6T) / D6T ) ;
1.75 2. 2.252.52.75 3. 3.25 3.5 ED75 = ABS( (D75-D75T) / D75T ) ;
3.75 4. 4.25 4.5 4.75 5. 5.255.5 FINSI ;
5.75 6. 6.25 6.56.75 7. 7.25 7.5 ESZZ0 = ABS( (SZz0-Szz0T) | Szz0T ) ;
7.75 8. ; ESZZ1 = ABS( (SZZ1-SZZ1T) | SZZiT ) ;
SI NON ; S| COVPLET ;
LIS=PROG 0.13 0.16 0.33 0.5 ; ESZ72 = ABS( (SZZ2-S7z2T) | SZZ2T ) ;
FINSI ;
ES7Z4 = ABS( (SZZ4-SZZAT) | SZZAT) ;
TAB = TABLE ; ESZZ6 = ABS( (SZz6-Szz6T) | SZZ6T ) ;
TAB. ' BLOCAGES_MECANI QUES' = CL ; ESZZ75 = ABS( (SZZ75-SZZ75T) | SZZ75T ) ;
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FINSI ;

S| COWPLET ;

LERR = PROG EDPCO EDPC1 EDPC2 EDPC4 EDPC6
EDPC75 EDO ED1 ED2 ED4 ED6 ED75
ESZ70 ESZZ1 ESZZ2 ESZZ4 ESZ7Z6 ESZZTS ;

Sl NON;

LERR = PROG EDPCO EDPC1 EDO ED1 ESZZ0 ESZZ1 ;

FI NSI

LI ST LERR ;

ERVAX = MAXI LERR ;

LI ST ERMAX ;

TEWPS ;

Sl ( ERMAX <EG 0.05 ) ;
ERRE O ;

SINON ;
ERRE 5 ;

FINSI ;

FIN ;
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Test endocpl (Comments)

e The damage model for elastoplastic material (LemaitrebGbhe)

MO = MODE EPROU MECANI QUE ELASTI QUE PLASTI QUE
ENDOVVAGEABLE;

MAT = MATE MO YOUN 74020. EO6 NU 0.3 RHO 7800.
ALPH 0. TRAC CTRAC EPSD 0. 03
DC 0.23 EPSR 0. 25 ;

The Lemaitre-Chaboche model assume that stress hardemingaanage are isotropic. The Von Mises’
criterion is coupled with damage. The following parameteilsbe specified BESIDES those relative to

the elastic behavior.
"TRAC’ . Key word followed by:

NOMTRAC : Tension curve consisting of an EVOLUTIO type olijadth the strains in abscissa and
the stresses in ordinate. It must contain the origin. It magitawn by means of the
DESSINE instruction.

'EPSD’ : Damage threshold: it is the plastic deformationvabwhich the material gets damaged.
'DC’ : Critical value of the D variable describing damage. Bgatures the material rupture.
'EPSR’ . Plastic deformation corresponding to materiatuug.
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5.2 Test endoaxil (Description sheet)

Test name:endoaxil
Calculation type: DAMAGE MODEL FOR ELASTOPLASTIC MATERIAL
Finite element type: QUAS

Topic: Tensile test on a damage elastoplastic material. The stauistan embedded test piece subjected to
a tensile stress (imposed displacements). The structwgsablaw according to a damage elastoplastic model.

Goal: Test the model of damage material for MODE AXIS and compargté@a’s results with the analyt-
ical solution obtained by algorithm.
We also compute:
The cumulated plastic strain (EPSE component in VARIABLBE ERNES).
The damage variable D in VARIABLES INTERNES.
SIGMAZzz (in CONTRAINTES).

Reference:Analytical solution.
Tests carried out by Mr STRUB (rapport DMT/91 .558).

Version: 97’ customer version

Model description:

E = 74020 16
NU = 0.3
RHO = 780Q
ALPH = 0.
DC = 0.23
EPSD = 0.03
EPSR = 025

Uz F

P4 K% P3

P11 P2 » UR

3E-3m
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Test endoaxil (Results)

CASTEM FIGURES

L4 EPROW2

Pl 11 P2

DANMAGE ELASTOPLASTI C MODEL

X1. E8 TRAC

6.00

EPS

00 .05 .10 15 .20 .25 30

DANMAGE ELASTOPLASTI C MODEL

156



5.2. TEST ENDOAXI1 (DESCRIPTION SHEET)

Test endoaxil (Listing CASTEM)

R ]

TITR * DAMAGE ELASTCPLASTI C MODEL’

IE RS S SRS E R RS EE SRR R EEEREREEREEREREEEEREEEEEEEEEEESEESS
COWPLET = FAUX ; COW * FULL CALCULATION IF VRAI ;
GRAPH = N ;

OPTI DIME 2 ELEM QUAS MXE AXI S ;

OPTI ECHO O ;

OPTI TRAC BENS ;

*

LT GEOVETRY === snrrmmmmmaaaanns *

PL=0 0 . P2 =3E3 0 :

P3 = 3E-3 30E-3 ; P4 =0 30E-3 ;

L1=PLP2DRO 1 ; L2=P2P3DRO 3 ;

L3=P3P4DRO 1 ; L4 =P4PLDRO 3 ;

EPROU = L1 L2 L3 L4 DALL PLAN ;

TRAC EPROU ;

*

Ko BOUNDARY CONDI TI ONS ===« - === === *

Cl1 = BLOQLL UZ; CL2 = BLOQ L3 UZ ;

CL3 = BLOQ L4 UR;

CL = CL1 ET CL2 ET O3 ;

DEP = DEPI CL2 1E-3 ;

*

L DESCRI PTI ON OF THE MODEL OF MATERIAL ----- *

MD = MODE EPROU MECANI QUE ELASTI QUE PLASTI QUE
ENDOMVAGEABLE;

PROGEPS = PROG 0. .47285E-2 . 76066E- 2
.89226E-2 1. 0533E-2 1.4011E-2 1. 9096E-2 2. 6081E-2
3. 4654E-2 4.5828E-2 6. 0813E-2 7.2835E-2 8. 3328E-2
9.5526E-2 10.691E-2 11.808E-2 12. 784E-2 13. 891E-2
14.936E-2 15. 700E-2 16. 746E-2 17.720E-2 18. 946E-2
19. 860E-2 20. 703E-2 21.607E-2 22. 802E-2 23. 685E-2
24.919E-2 26.083E-2 ;

PROGSI G = PROG 0. 350. E06 370. 59E06
379. 18E06 387.37E06 400.52E06 414.22E06 427.94E06
440. 69E06 453. 63E06 467. 26E06 476. 30E06 483. 24E06
490. 46E06 496. 56E06 502. 06E06 506. 53E06 511.28E06
515. 51E06 518. 45E06 522. 29E06 525. 71E06 529. 81E06
532. 73E06 535. 33E06 538. 03E06 541. 47E06 543. 92E06
547.23E06 550. 24E06 ;

CTRAC = EVOL MANU EPS PROGEPS TRAC PROGSI G ;
DESS CTRAC ;

MAT = MATE MO YOUN 74020. EO6 NU 0.3 RHO 7800.

ALPH 0. TRAC CTRAC EPSD 0. 03

DC 0.23 EPSR 0. 25 ;
Femmmmeeeeeee LOAD DEFINITION --------mmmmmmmm- *
LI1 = PROGO. 30. ; LI2 = PROGO. 30. ;

EV = EVOL MANU T LI1 DEP(T) LIZ2 ;
= CHAR 'DIMP DEP EV ;

LI STING OF TIME STEPS -------==---- *
0.13 MV ELASTI C | NCRENENT
0.16 MV PLASTI C | NCREVENT

S| COWPLET ;
LIS=PROG0.13 0.16 0.5 1. 1.251.52. 2.5 3.
3.54. 45 5 556 6.57. 7.5 8.;
SINON ;
LIS=PROG 0.13 0.16 0.5 ;
FINSI ;

TAB = TABLE ;

TAB. ' BLOCAGES_MECANI QUES' = CL ;
TAB." MODELE' = MO ;

TAB. ' CARACTERI STI QUES' = MAT ;

TAB.' TEMPS CALCULES = LIS ;
TAB. ' CHARGEMENT' = CHA ;

TAB.' PRECI SION = 1E-08 ;

PASAPAS TAB ;

*

Fe GOOD WORKI NG TEST - ------nnnnnn--
DPC0 = EXTR TAB. VARI ABLES | NTERNES. 2 EPSE
DPCL = EXTR TAB. VARI ABLES_| NTERNES. 3 EPSE
DPQOT = 5.46E-4 ; DPCLT = 1.12694E- 02;

Sl COVPLET ;

DPC2 = EXTR TAB. VARI ABLES | NTERNES. 7 EPSE
DPCA = EXTR TAB. VARI ABLES_| NTERNES. 11 EPSE
DPC6 = EXTR TAB. VARI ABLES_| NTERNES. 15 EPSE
DPC75= EXTR TAB. VARI ABLES_| NTERNES. 18 EPSE
DPC2T = 6.03E-2 ; DPCAT = 12.65E-2
DPCGT = 19.29E-2 ; DPC75T = 24.27E-2 ;
FINSI

D0 = EXTR TAB. VAR ABLES INTERNES.2 'D
DI = EXTR TAB. VAR ABLES INTERNES.3 'D
DOT = 0. ; DIT = 0.0 ;

Sl COVPLET ;

D2 = EXTR TAB. VAR ABLES NTERNES.7 'D °
D4 = EXTR TAB. VAR ABLES | NTERNES. 11 'D
D6 = EXTR TAB. VAR ABLES | NTERNES. 15 ' D °
D75 = EXTR TAB. VAR ABLES | NTERNES. 18 ' D
D2T = 0.0257 ; D4T = 0.0901 ;

D6T = 0.1622 ; D75T = 0.2199 ;

FINSI

S770 = EXTR TAB. CONTRAINTES.2 SMZZ 1 1 1 ;
S771 = EXTR TAB. CONTRAINTES. 3 SMZZ 1 1 1 ;
SZZ0T = 354.3E6 ; SZZIT = 4.07984E+08 ;

Sl COVPLET :

S772 = EXTR TAB. CONTRAINTES.7 SMZZ 1 1 1 ;
S774 = EXTR TAB. CONTRAI NTES. 11 SMZZ 1 1 1
S776 = EXTR TAB. CONTRAI NTES. 15 SMZZ 1 1 1 ;
S7775 = EXTR TAB. CONTRAI NTES. 18 SMZZ 1 1 1
S772T = 459.3E6 ; SZZAT = 461.4E6 ;

S776T = 443.3E6 ; SZZT5T = 422. 4E6 ;

FINSI

EDPCO = ABS( (DPCO-DPCOT) / DPCOT ) ;
EDPCL = ABS( (DPCL-DPCLT) / DPCIT ) ;

Sl COVPLET :

EDPC2 = ABS( (DPC2-DPC2T) | DPC2T ) :
EDPCA = ABS( (DPC4-DPCAT) / DPCAT ) ;
EDPC6 = ABS( (DPCS-DPCST) / DPCBT ) ;
EDPC75 = ABS( (DPC75-DPC75T) / DPC75T ) ;
FINSI

EDO = ABS( (D0-DOT)
EDL = ABS( (DL-DIT

/ (DOT+0.001) ) ;
) | (DLT+0.001) ) ;

Sl COVPLET ;
ED2 = ABS( (D2-D2T) / D2T) ;

ED4 = ABS( (D4-D4T) / DAT) ;

ED6 = ABS( (D6-D6T) / D6T ) ;

ED75 = ABS( (D75-D75T) / D75T ) ;
FINSI

ESZZ0 = ABS( (SZZ0-SZZOT) | SZZ0T ) ;

= ABS( (Szz1-S7zZAT) | SZzIT ) ;

ESZZ1

Sl COWPLET ;

ESZZ2 = ABS( (SZz2-SZz2T) | SZz2T) ;
ESzZ4 = ABS((SZZ4— S774T) 1 S7Z4T) ;
ESZ76 = ABS((SZZ6- SZZ6T)/ SZZ6T) ;
ESZZ75 = ABS((SZZ75— SZZ75T) | SZZ75T) ;

FI NSI

A e

R

A e

R

A e

R
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S| COWPLET ;
LERR = PROG EDPCO EDPC1 EDPC2 EDPCA EDPCG
EDPC75 EDO ED1 ED2 ED4 ED6 ED75
ESZ70 ESZ7Z1 ESZZ2 ESZ7Z4 ESZZ6 ESZZT75
SINON ;
LERR = PROG EDPCO EDPC1 EDO ED1 ESZZ0 ESZZ1 ;
FINSI ;
LI ST LERR ;

ERVAX = MAXI LERR ;

LI ST ERMAX ;

TEWPS ;

SI ( ERVAX <EG 0.05 ) ;
ERRE O ;

SINON ;
ERRE 5 ;

FINSI ;

FIN ;
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5.3 Test endoaxi2 (Description sheet)

Test name:endoaxi2

Calculation type: DAMAGE MODEL FOR ELASTOPLASTIC MATERIAL

Finite element type: QUAS

Topic: Tensile test and thermical load on a damage elastoplastieriala The structure is an embedded
test piece subjected to a tensile stress (imposed dispéadsjnand a thermical load. The structure obeys a
law according to a damage elastoplastic model. Furtherrti@doehaviour of the material depends on the
temperarure through its tensile curve and thermical exparsoefficient.

Goal: Test the damage material model for MODE AXIS and compared®aistresults with the analytical
solution obtained by algorithm. We also compute:
The cumulated plastic strain (EPSE component in VARIABLBEH ERNES).
The damage variable D in VARIABLES_INTERNES.
SIGMAzz (in CONTRAINTES).

Reference:Analytical solution.

Version: 97’ customer version

Model description:

E = 74020 16
NU = 0.3
RHO = 7800.
ALPH = variable
DC = 0.23
EPSD = 0.
EPSR = 0.25

Uz F

P4 % P3

P11 P2 » UR

3E-3m
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Test endoaxi2 (Results)

CASTEM FIGURES

DAVAGE ELASTCPLASTI C MCDEL

DAVAGE ELASTCPLASTI C MCDEL

DAVAGE ELASTCPLASTI C MCDEL
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XL E8 sic

DAVAGE ELASTCPLASTI C MCDEL

XLE-3 ALPH

DAVAGE ELASTCPLASTI C MODEL
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Test endoaxi2 (Listing CASTEM)

R ]

TITR * DAMAGE ELASTCPLASTI C MODEL’

R ]

CPTI DI ME 2 ELEM QUA8 MODE AXIS ;

OPTI ECHO O ;

*

O R R R CGEOMETRY -------mmmmmeeea o *

PL =0 0 ; P2 = 3E-3 0 ;

P3 = 3E-3 30E-3 ; P4 = 30E-3 ;

L1 =P1LP2DRO 1 ; L2=P2P3DRO 1 ;

L3 =P3P4ADRO 1 ; L4 =P4PLDRO 1 ;

EPROU = L1 L2 L3 L4 DALL PLAN ;

TRAC EPRQOU ;

*

Foeonn DESCRI PTI ON OF THE MODEL OF MATERIAL ----*

MO = MODE EPROU MECANI QUE ELASTI QUE PLASTI QUE
ENDOMVAGEABLE ;

* Tangent nodul us equal to 783 MPa
PROGEPS1=PROG 0. (350./74020.) 0.3 0.6 ;
PROGSI GL=PROG 0. 350.E06 581.1976E06 816. 0976E06 ;
CTRAC1 = EVOL MANU EPS PROGEPS1 SI G PROGSI Gl ;
* Tangent nodul us equal to 491 MPa
PROGEPS2=PROG 0. (350./74020.) 0.3 0.6 ;
PROGSI 2=PROG 0. 350. E06 494.9783E06 642. 2783E06 ;
CTRAC2 = EVOL MANU EPS PROGEPS2 SI G PROGSI @ ;
* Tangent nodul us equal to 199 MPa
PROGEPS3=PROG 0. (350./74020.) 0.3 0.6 ;
PROGSI G3=PROG 0. 350. E06 408. 7590E06 468. 4590E06 ;
CTRAC3 = EVOL MANU EPS PROGEPS3 SI G PROGSI G3 ;
* variabl e tangent nodul us
CTRAC = NUAGE T*FLOTTANT TRAC*EVOLUTI ON
0. CTRACL 100. CTRAC2 200. CTRAC3 ;
DESS CTRACL ;
DESS CTRAC2 ;
DESS CTRAC3 ;
* variable thermc expansion coefficient
PROGTEMP = PROG 0. 100. 200. ;
PROGALFA = PROG 0. 1E-3 2E-3 ;
EVALPH = EVOL MANU T PROGTEMP ALPH PROGALFA ;
DESS EVALPH ;

MATVAR = MATE MO YOUN 74020. EO6 NU 0.3 RHO 7800.
ALPH EVALPH TRAC CTRAC EPSD 0. DC 0. 23

EPSR 0. 25 ;

*

LT BOUNDARY CONDI TI ONS - <<=~ *
CL1 = BLOQ L1 UZ ; CL2 = BLOQ L3 \Z ;

CL3 = BLOQ L4 R ;

CL = CL1 ET CL2 ET QL3 ;

DEP = DEPI CL2 1E-3 ;

*

L LOAD DEFI NI TION == === === -ommnnn- *

LI1 = PROG 0. 30. ; LI2 = PROG 0. 30. ;
EV = EVOL MANU T LI1 DEP(T) LI2 ;

CHAL = CHAR DI MP DEP EV ;

TEMPO = MANU CHPO EPRQU 1 T 0. ;
TEMP200 = MANU CHPO EPROU 1 T 200. ;
T0 = 0. ; T20 = 20. ;

TEMP = TABLE, TEMPERA = TABLE ;

TEMP.0 = TO ; TEMP.1 = T20 ;

TEMPERA. 0 = TEMPO; TEMPERA. 1 = TEMP200 ;

CHA2 = CHAR T TEMP TEMPERA ;
CHA = CHA1 ET CHA2 ;

------------ LISTING OF TINE STEPS -« --vneeeenn-¥
0.14 MM ELASTI C | NCREVENT
0.15 MM PLASTI C | NCRENENT

* % ok ok

LIS=PROG0.14 0.150.2 0.4 0.7 1
PAS .3 3.1 3.3 PAS.24.1;

TAB = TABLE :
TAB.’ PRECI SION = 1E-3

TAB. ' BLOCAGES MECANI QUES = CL ;
TAB. ' CARACTERI STI QUES' = MATVAR ;
TAB.’ CHARGEMENT' = CHA ;

TAB.’ TEMPS CALCULES = LIS ;
TAB.' MODELE' = MO ;

PASAPAS TAB ;
*

Ko GOOD WORKI NG TEST <= =nnnnnmnnn-- *
L COVPARI SON W TH THE ANALYTI C SOLUTI ON ----*

REF_D =PROG 2. 197E-2 3.417E-2 6.337E-2 8. 131E-2 ;
REF_P =PROG 3. 646E-2 5.443E-2 9.296E-2 1.143E-1 ;
REF_S =(PROG 368.9 376.0 386.4 389.2)*1E6 ;

DL = EXTR (TAB. VAR ABLES INTERNES.7) 'D ' 111 ;
D2 = EXTR (TAB. VAR ABLES INTERNES.9) 'D ' 111 ;
D3 = EXTR (TAB. VAR ABLES | NTERNES. 14) "D * 111 ;
D4 = EXTR (TAB. VARI ABLES | NTERNES. 18) 'D ' 111 ;
P1 = EXTR (TAB. VARI ABLES | NTERNES.7) 'EPSE 11 1 ;
P2 = EXTR (TAB. VARI ABLES | NTERNES. 9) 'EPSE 1 1 1 ;
P3 = EXTR (TAB. VARI ABLES | NTERNES. 14)' EPSE 1 1 1 ;
P4 = EXTR (TAB. VARI ABLES_| NTERNES. 18)' EPSE' 1 1 1 ;
S1 = EXTR (TAB. CONTRAINTES.7) 'SMZZ 111 ;

S2 = EXTR (TAB. CONTRAINTES. 9) 'SMZZ' 111 ;

S3 = EXTR (TAB. CONTRAI NTES. 14) 'SMZZ' 1 11 ;

$4 = EXTR (TAB. CONTRAINTES. 18) 'SMZZ' 11 1 ;

EF D= PROG DL D2 D3 D4 ;

EF P = PROG P1 P2 P3 P4 ;

EF S = PROG S S2 S3 &4 ;

PROG ERD = MAXI (ABS ((EF.D - REF.D) / REF D)) :
PROG ERP = MAXI (ABS ((EF_P - REF_P) /| REF P)) :
PROG ERS = MAXI (ABS ((EF. S - REF.S) / REF.S)) ;

ERR = MAXI (PROG PROG ERD PROG ERP PROG ERS)

TEWPS ;

Sl ( ERR<EG0.05) ;
ERRE O ;

SINON ;
ERRE 5 ;

FINSI ;

FIN ;
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5.4 Test endoaxi3 (Description sheet)

Test name:endoaxi3

Calculation type: DAMAGE MODEL FOR ELASTOPLASTIC MATERIAL

Finite element type: QUAS

Topic: Tensile test and thermical load on a damage elastoplastieriala The structure is an embedded
test piece subjected to a tensile stress (imposed disptatsjrand a thermical load. The structure obeys a law

according to a damage elastoplastic model. Furthermorbdhaviour of the material depends on temperarure
through its tensile curve and thermical expansion coefiicie

Reference temperature = 30°C
Reference temperature for the thermic expansion coeffgien- 10°C
Initial temperature = 50°C

Goal: Test the damage material model for MODE AXIS and comparedastresults with the analytical
solution obtained by algorithm. We also compute:
The cumulated plastic strain (EPSE component in VARIABLBS ERNES).
The damage variable D in VARIABLES INTERNES.
SIGMAZzz (in CONTRAINTES).

Reference:Analytical solution.
Version: 97’ customer version

Model description:

E = 74020 16
NU = 0.3

RHO = 7800.
ALPH = variable
DC = 0.23
EPSD = 0.
EPSR = 0.25
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Test endoaxi3 (Results)

CASTEM FIGURES

DAVAGE ELASTCPLASTI C MCDEL

DAVAGE ELASTCPLASTI C MCDEL

DAVAGE ELASTCPLASTI C MCDEL
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XL E8 sic

DAVAGE ELASTCPLASTI C

CDEL

XLE-4 ALPH

DAVAGE ELASTCPLASTI C

NCDEL

165



- CHAPTER 5. DAMAGE ELASTOPLASTIC MODELS

Test endoaxi3 (Listing CASTEM)

khkkkhhkkhkhhkhkhkhkhkhhkhkhhkhhhkhkhhkhkhhkhhxhkhhkkhkhrkhhkxkkx TE'VPERAZ = TENP200 ’
TI' TR ' DAVAGE ELASTOPLASTI C MCDEL' CHA2 = CHAR T TEMP TEMPERA ;
khkkkhhkkhkhhkkhhkhkhhhkhhhkkhhhkhkhhkhhhkhhxhkhhkxhkhrkhkhkkkx O_'A = O_'Al ET O_'AZ ’
COWPLET = FAUX ; COMM * FULL CALCULATION IF VRAI ; *
GRAPH = N ; LI LI STING OF TINE STEPS -----=---=--- *
OPTI DI ME 2 ELEM QUA8 MOXDE AXIS ; * 1.035 MM FI RST PLASTI C | NCREMENT
OPTI ECHO O ; SI COVPLET ;
* LIS=PROG1.035 1.1 PASO0.1 7 ;
B R CEOMETRY -------cmmmcmcnnnn * SINON
P1 =0 0 ; P2 =3E-30 ; LIS =PROG1.035 1.1 PAS0.1 1.6 ;
P3 = 3E-3 30E-3 ; P4 =0 30E-3 ; FINSI
L1 =PLP2DRO 1 ; L2=P2P3DRO 1 ;
L3 =P3P4ADRO 1 ; L4=P4P1LDRO 1 ; TAB = TABLE ;
EPROU = L1 L2 L3 L4 DALL PLAN ; TAB.' PRECISION' = 1E-3 ;
TRAC EPRQOU ; TAB. ' BLOCAGES_MECANI QUES' = CL ;
* TAB. ' CARACTERI STI QUES' = MATVAR ;
Fovuns DESCRI PTI ON OF THE MODEL OF MATERIAL ----- * TAB. ' CHARGEMENT' = CHA ;
MO = MODE EPROU MECANI QUE ELASTI QUE PLASTI QUE TAB.' TEMPS_CALCULES = LIS ;
ENDOVWVAGEABLE ; TAB.' MODELE' = MO ;
TAB. ' TALPHA_REFERENCE = 10. ;
* Tangent nodul us equal to 783 MPa TAB. ' TEMPERATURE_REFERENCE' = TEMPREF ;
PROGEPS1=PROG 0. (350./74020.) 0.3 0.6 ; PASAPAS TAB ;
PROGSI G1=PROG 0. 350. E06 581.1976E06 816. 0976E06 ; *
CTRACL = EVOL MANU EPS PROGEPS1 S| G PROGSI GL B R GOOD WORKI NG TEST --------------- *
REEEEE COVPARI SON W TH THE ANALYTI C SOLUTION ----*
* Tangent nodul us equal to 491 MPa S| COWPLET ;
PROGEPS2=PROG 0. (350./74020.) 0.3 0.6 ; TA=4.; TB=1T. ;
PROGSI =PROG 0. 350. E06 494.9783E06 642. 2783E06 ; REF D = PROG 7.5E-2 17.7E-2 ;
CTRAC2 = EVOL MANU EPS PROGEPS2 SI G PROGSI @ REF_P = PROG 10. 3E-2 20.9E-2 ;
REF_S = (PROG -376.9 -369.1)*1E6 ;
* Tangent nodul us equal to 199 MPa SINON ;
PROGEPS3=PROG 0. (350./74020.) 0.3 0.6 ; TA=12; TB=16;
PROGSI G3=PROG 0. 350. E06 408. 7590E06 468. 4590E06 ; REF D = PROG 3.52404E-03 1. 24384E-02 ;
CTRAC3 = EVOL MANU EPS PROGEPS3 SI G PROGSI G3 REF_P = PROG 5. 75205E- 03 1.97372E-02 ;
REF_S = PROG - 3.52473E+08 - 3.57838E+08 ;
* variabl e tangent nodul us FINSI ;
CTRAC = NUAGE T*FLOTTANT TRACEVOLUTI ON
0. CTRACL 100. CTRAC2 200. CTRACS ; D1 = EXTR (PECHE TAB VARI ABLES | NTERNES TA)
DESS CTRACL ; DESS CTRAC2 ; DESS CTRAC3 ; 'D "111;
D2 = EXTR (PECHE TAB VARI ABLES | NTERNES TB)
* variable thermc expansion coefficient 'D " 111;
PROGTEMP = PROG 0. 100. 200. ;
PROGALFA = PROG 0. .25E-3 .5E-3 ; P1 = EXTR (PECHE TAB VARI ABLES_|I NTERNES TA)
EVALPH = EVOL MANU T PROGTEMP ALPH PROGALFA ; "EPSE 111 ;
DESS EVALPH ; P2 = EXTR (PECHE TAB VARI ABLES | NTERNES TB)

"EPSE 111 ;
MATVAR = MATE MO YOUN 74020. EO6 NU 0.3 RHO 7800.

ALPH EVALPH TRAC CTRAC EPSD 0. S1 = EXTR(PECHE TAB CONTRAINTES TA)' SMZZ' 1 1 1 ;
DC 0.23 EPSR 0. 25 S2 = EXTR(PECHE TAB CONTRAINTES TB)' SMZZ' 1 1 1 ;
*
L BOUNDARY CONDI TI ONS - -« - - -cnnnnn- * EF D = PROG DL D2 ;
Cll = BLOQLL UZ; CL2 = BLOQ L3 UZ ; EF P = PROG P1 P2 ;
CL3 = BLOQ L4 UR; EF S = PROG SI S2 ;
CL = CL1 ET CL2 ET QL3 ;
DEP = DEPl CL2 -1E-3 ; PROG ERD = MAXI (ABS ((EF_D - REF.D) / REF D)) :
* PROG ERP = MAXI (ABS ((EF_P - REF.P) /| REF P)) :
e LOAD DEFI NI TION = ===xrnmmmmnnn- * PROG ERS = MAXI (ABS ((EF_S - REF.S) / REF.9)) :
LI1 = PROGO. 131. ; LI2 =PROGO. 0. 30. ; ERR = MAXI (PROG PROG ERD PROG ERP PROG ERS)
EV = EVOL MANU T LI1 DEP(T) LI2 TEMPS ;
CHAL = CHAR DI MP DEP EV ; S| ( ERR <EG0.05) ;
TEMPREF = MANU CHPO EPROU 1 T 30. | ERRE 0 ;
TEMPO = MANU CHPO EPROU 1 T 50. | SINON ;
TEMP200 = MANU CHPO EPROU 1 T 200. ; ERRE 5 ;
TO=0 ; TL=1 ; T20 = 20. ; FINS ;
TEMP = TABLE; TEMPERA = TABLE FIN;

TEMP.0 = TO ; TEMP.1 = T1 ; TEMP.2 = T20 ;

TEMPERA. 0 = TEMPREF ; TEWMPERA.1 = TEMPO ;
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Test endoaxi3 (Comments)

e The NUAGE operator

CTRAC = NUAGE T*FLOTTANT TRAC*EVOLUTI ON
0. CTRAC1 100. CTRAC2 200. CTRACS ;

The NUAGE operator is to define an object of 'NUAGE’ type (SEMere a 'NUAGE' is a set of one
couples. The unique couple is 0. CTRAC1 100. CTRAC2 200. CCRANd the two components are T
and TRAC.

To define tensile curves versus temperature, we should deéfiee EVOLUTIO objects (CTRAC1
CTRAC2 and CTRAC3) which represent a tensile curve for thdiderent temperatures 0. 100. and
300°C.
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5.5 Test ddi (Description sheet)

Test name:ddi

Calculation type: DAMAGE MODEL FOR VISCOPLASTIC MATERIAL

Finite element type: QUAS

Topic: Two inelastic strains model. Tensile test on a damage viastip material. The structure is an
embedded cylindrical test piece subjected to a tensiles{imposed displacements increasing monotonously).

The structure obeys a law according to a damage viscoplastite!.

Goal: Test the two inelastic strain model for MODE AXIS and comp@gestem’s results with the analyti-
cal solution.

\Version: 97’ customer version

Model description:

Zirconium alpha 200C

E = 82100
NU = 0.36
uz F
A
P4 P3
Z
Z
? Axisymetrical mode
Z Geometry of the cylinder : heigth : 50. E-3 m
% diameter : 10. E-3m
Z
Z
/ g
P1 7 P2 UR
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Test ddi (Results)

CASTEM FIGURES

La EPROj2

PL 11 P2

DANAGE ELASTCPLASTI C MODEL

.00 2.00 4.00 6.00 8.00 10. 00

DANAGE VI SCOPLASTI C MODEL.
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Test ddi (Listing CASTEM)

khkkkhhkkhkhhkhkhkhkhkhhkhkhhkhhhkhkhhkhkhhkhhxhkhhkkhkhrkhhkxkkx V TH = 3 14432E_03 .
TI TR ' DAMAGE VI SCOPLASTI C MODEL' ; SIG TH = 2. 19491E+08 ;
khkkkhhkkhkhhkkhhkhkhhhkhhhkkhhhkhkhhkhhhkhhxhkhhkxhkhrkhkhkkkx ERRP = 100 * (ABS((P TH_ PO)/P TI_')) ’
OPTI DI ME 2 ELEM QUAS MODE AXIS ; ERRV = 100. * (ABS((V_TH- VO)/V_TH) ;
OPTI ECHO O ; ERRSI G = 100. * (ABS((SIG.TH- SIG)/SIGTH) :
*
He GEOVETRY - === nmmmmmaaaaaann * Sl ( (ERRP > 0.1) OU (ERRV > 0.1) QU
PL=0 0 . P2 =5E30 : (ERRSIG > 0.1) ) ;
P3 = 5E-3 50E-3 ; P4=0  50E3 ; ERRE 5 ;
SINON ;
L1=PLP2DROT1; L2=P2P3DROTI; ERRE O ;
L3=P3P4DROTL; L4 =P4PLDROT L ; FINSI
EPROU = L1 L2 L3 L4 DALL PLAN ; FIN
TRAC EPROU ;
*
L BOUNDARY CONDI TI ONS == === === ===~ *
CLl = BLOQ L1 UZ ;
CL2 = BLOQ L3 UZ ;
CL3 = BLOQ L4 R ;
CL = CL1 ET CL2 ET O3 ;
*
LR DESCR! PTI ON OF THE MODEL OF MATERI AL ----- *

MO = MODE EPROU MECANI QUE ELASTI QUE | SOTROPE
VI SCOPLASTI QUE DDI
* Material: Zirconium al pha 200°C
MA = MATE MO YOUN 8.2D10 NU 0. 36
"RPO' 135.D6 ' QP -60.D6 ' BP' 120
"CP1' 34000.D6 ' DP1' 250.
' CP2' 60000.D6 ' DP2' 3000. 'KS' 960.D6 'N 3.4
"RVO’ 70.D6 'Qv -20.D6 'BV' 10.
" CV1' 24000.D6 'DV1' 300.
"Cv2' 9000.D6 'Dv2' 3000. 'CWP1' 0. 'CVP2' O0.;

* Time

EPSMAX = 0.01 ;

EPSPT = 0.001 ;

NCALC = 20 ;

TFIN = EPSMAX /| EPSPT ;

DTO = TFIN / NCALC ;

*

LA LOAD DEFINITION == -=cememmmcmenee *
DEP0 = DEPI CL2 ( EPSMAX * 0.05) ;
LI1 = PROGO. tfin ;

LI2 =PROGO. 1. ;

EV =EVOL MANU T LI1 LOAD LI2 ;

CHAR DI MP DEPO EV ;
DESS EV ;

*--- CALCULATI ON W TH THE PASAPAS PROCEDURE - --*
TAB = TABLE ;

TAB. ' BLOCAGES_MECANI QUES' = CL ;

TAB. ' CARACTERI STI QUES' = MA ;

TAB." MODELE' = MO ;

TAB.’' CHARGEMENT' = CHA ;

LIS = PROG 0. PAS DTO TFIN ;

TAB.’ TEMPS_CALCULES' = LIS ;

PASAPAS TAB ;

*

L COMPARI SON W TH REFERENCE VALUES - - - - - - *
DIM = DIME ( TAB.'TEMPS ) - 1;

VARO = TAB.’ VARI ABLES_ | NTERNES' . DI MD

SIGMD = TAB.' CONTRAI NTES' . DI MD

PO = MAXI ( EXCOVARO P) ;

VO = MAXI ( EXCOVARO V) ;

SIG = MAXI ( EXCO SIGWD SMZZ )

P_.TH = 4.17896E-03 ;
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Test ddi (Comments)

e Two inelastic strain viscoplastic model (DDI)

MO = MODE EPROU MECANI QUE ELASTI QUE | SOTROPE
VI SCOPLASTI QUE DDl

MA = MATE MO YOUN 8.

"RPO* 135.D6 ' QP

2D10 NU 0. 36
-60.06 'BP" 120

"CP1' 34000.D6 ' DP1" 250.
"CP2' 60000.D6 ' DP2'" 3000. 'KS 960.D6 'N 3.4

'R0’ 70.D6 ' QV

-20.D6 ' BV 10.

"CV1l' 24000.D6 ' Dv1' 300.
"Cv2’ 9000.D6 'DV2' 3000. 'CvP1' 0. "CWP2' 0.,

The equations for the two inelastic strain model are asvialo

—> Notation:

—> Criteria:

—> Stres shardening:

—> Flow rule:

Data to be input:

S stress tensor

EP plastic strain tensor

p accumulated equivalent plastic strain
EV creep strain tensor

v accumulated equivalent creep strain

Xpi, Xvi kinematic stress hardening variables (i=1,2)
Rp, Rv  isotropic stress hardening variables

J2 deviatoric tensor second invariant
np normal from Fp criterion

nv normal from Fv criterion

<a> positive part of a

Xp = Xp1

Xv = Xvl for a single centre

Xp = Xpl+Xp2
Xv = Xv1+Xv2 for two centres

Fp=J2(S-Xp) - Rp
Fv =J2(S-Xv) - Rv

Xpl = CP1*ALPHAp1 + CVP1*ALPHAvV1
Xp2 = CP2*ALPHAp2 + CVP2*ALPHAV2
Xvl = CV1*ALPHAvV1 + CVP1*ALPHAp1
Xv2 = CV2*ALPHAV2 + CVP2*ALPHAp2
dALPHApi = dEp - DPi*dp*np (i=1,2)
dALPHAvi = dEv - DVi*dv*nv (i=1,2)

Rp = RPO + QP*(1-exp(-BP*p))
Rv = RVO + Qv*(1-exp(-BV*V))

dp verifies dFp=0

dEp =3/2 *dp *< S-Xp >/ J2(S-Xp)
dVv = (< Fv>/KS)* n

dEv =3/2 * dv * < S-Xv > [ J2(S-XV)
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Evolution law for the centres Xpi and Xvi :
'CPYT - ALPHAp1 coefficient

'CP2’ - ALPHAPp2 coefficient

'CV1  : ALPHAV1 coefficient

'CV2'"  : ALPHAVZ2 coefficient

'CVP1' : Visco-plastic coupling coefficient
'CVP2' : Visco-plastic coupling coefficient

Evolution law for the ALPHApi et ALPHAvi internal variables
'DPL’ . ALPHAp1*dp coefficient
'DP2"  : ALPHAp2*dp coefficient
'DV1’"  : ALPHAv1*dv coefficient
'DV2’  : ALPHAv2*dv coefficient

Evolution law for isotropic stress hardening:

'‘BP’ : P coefficient

'QP’ . plastic strain isotropic hardening coefficient
'RPO’ - initial plastic threshold value

'‘BV’ . V coefficient

‘QV’ : creep strain isotropic hardening coefficient
'RVO’ . initial creep threshold value

Evolution law for the creep strain:
'KS’ : creep threshold normalization coefficient
‘N’ . creep law exponent
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FRACTURE MECHANICS
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6.1 Test ruptl (Description sheet)

Test name:ruptl
Calculation type: MECHANICS ELASTIC-PLASTIC AXI
Finite element type: QUAS

Topic: STRESSINTENSITY FACTOR IN LINEAR MECHANICS ELASTIC OF A SOD CYLINDER
WITH A CIRCUMFERENCIAL CRACK. The structure is a solid cytier with a circumferencial crack sub-
jected to tensile stress. The goal is to calculate the Crauenidg Displacement (COD) at the crack tip and the
stress factor in linear elastic mechanics of this structlitee theoreticals values are given by the relationships:
K= O't\/ﬁ
Ot = p/2TRmt Ry isthe mean radius
F=11+A(1.948a/t)°° +0.3342a/t)*?)

A= (0.125R;/t) — 0.25)%25)
For this problem the CASTEM solution for the stress factosliiven by the relation ship :
K= (y/EG/1-Vv?) G isthe energy release rate

Reference CASTEM: Test NAFEMS : Ductile Fracture Handbook, A. ZAHOOR, EPRI9Q9 ruptl
Modélisation des structures élastiques dans CASTEM 2000.

Version: 97’ customer version

Model description:

- P,DI2
t=0.1m
Ri
Tt
2h=8m| | |
2a a a
a=0.05m
< P.D/2
Solid representation Axisymmetrical representation
E = 2110"Pa
NU = 03
a = 0.05m
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o

Test ruptl (Results)

RESULTS

CASTEM FIGURES

MESH OF THE CYLI NDER

K1(MPant/?)
Reference 1.0848
Castem 1.0855

MESH OF THE CYLI NDER
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6.1. TEST RUPT1 (DESCRIPTION SHEET)

Test ruptl (Listing CASTEM)
OPTI ON ECHO 0;

Fhkkkkhkhhkkhkkkkkk kA Kk hkkh kA hhkkhkkkhkkhkkkkk %

* *

* STRESS | NTENSI TY FACTOR IN MECHANI CS LI NER
* ELASTIC OF A SCLID CYLINDER WTH A CRACK TI P

* *
IR R R RS R R RS RS R R R R R RS R R R SRR R SRR E SRR EEEEEEEREEEEE S
*

TA = 1. E6;

R=1.;

B =0.1;

A=B/ 2.

L=R* 4,

MYQU = 2. 0El1;

* kK

**%* GEOVETRY AND MESHI NG
OPTION DI ME 2 ELEM QUA8 MODE AXI S;
t =a/ 100.; densite t; pf = (a 0.);
cl = (c ( pf moin (t 0.)) pf ( pf plus (0. t)))
¢ pf ( pf plus (t 0.));
trac cl ;
sf = cout pf cl;
trac sf ;
ri=t;rrl=t;
repeter bhono 7;
ri=rl+(03*rl);
rri =rrl +ri; dens ri;
ci = (c (pf moin (rri 0.)) pf
(- pf plus (0. rri)))
c pf (pf plus (rri 0.));
sf = sf et (cout cl ci);

cl=ci ;rl=ri;rrl=rri;
fin bhono;
dens (a/ 3.);
p0 = (0. 0.) ; pl =(b0.);
p2 =p0 plus (0. a) ; p3 =pl plus (0. a);
pil =ci poinl; I1=pildpo0;
n = (nbel 1) * -1;

pi2 =ci poind; 12=pi2dn p2
pi3 =ci poin 10 ; 13 = pi3 d n p3;
pi4 =ci poin 13 ; 14 =pi4 d pl;
ci =inveci ; ligh =p2d p3;

scl =dall 11 (p0 d p2) (inve |2)

(ci conp pi2 pil);
sc2 = dall 12 ligh (inve |3)
(ci conp pi3 pi2);
sc3 = dall 13 (p3 d pl) (inve |4)
(ci conp pi4 pi3);
sc = scl et sc2 et sc3;
dens (a / 2.);
mestl = ligh tran (0. (2.*%a))
dini (40*t) dfin (50%t);
Il =nrestl cote 3;
YY1 = coor 2 (point |1 init);
2 =D3 (B (YYL+ (0.7%a)))
(0. (yyl + (0.7%a)));
S1 = COUT L1 L2;
YY1 = COOR 2 (12 point init);
mest2 =12 tran (0. (L - YY1))
dini (80*t) dfin (150*t);
sut = sf et sc et nrestl et Sl et nrest2;
ELIM 1. E-8 SUT;
DEPL PLUS SUT (R O.);
L1 = (CONT SUT) ELEM APPU
DRO (RO.) ((B+ R

(SUT POIN
0.) 1.E-8);

L2 = (CONT SUT) ELEM APPU (SUT PO N
DRO ((B+ R 0.) ((B+ R L) 1L.E8);
L3 = (CONT SUT) ELEM APPU (SUT PO N
DRO ((B+ R L) (RL) 1.E-8);
L4 = ( SUT) ELEM APPU (SUT PO N
DRO (RL) (RO.) 1.E8);
L5 = (CONT SUT) COWP Pl PF;
TITR *MESH OF THE CYLINDER ;
TRAC sut;

*kok Kk k ok

*#xxxx RESOLUTI ON IN  MECHANI CS ELASTI CI TY
*kkkkk
MOL = MODE SUT MECAN QUE ELASTI QUE
PLASTI QUE | SOTROPE;
MAL = MATE MOL YOUNG MYOU NU 0.3 TRAC COUTRAC,

R = (BLOQ UZ L5) ET (RIG MAL MOL);

AIRL = PI*(((R+ B)**2.) - (R'R);

FORL = PRES 'MASS MOL (0. - (TA/AIRL)) L3;
DEPL = RESO FORL RI;

SIGL = SIGVA MOL MAL DEPL;

TITR " deformation of the cylinder
subjected to tensile stress’;
TRAC ((DEFO SUT DEP1 10000. ROUGE)
ET (DEFO SUT DEP1 0. BLANC));

*

* Sol ution COD(mm and K (MPA M'0.5) of castem

0D CAL = (EXTR DEP1 ' UZ' P1)*2000. ;
SUPTAB = TABLE ;
SUPTAB. ' OBJECTIF* = MOT ' J’;
SUPTAB. ' LEVRE_SUPERIEURE' = |1 diff I5;;
SUPTAB. ' FRONT_FI SSURE' = PF ;
SUPTAB. ' MODELE' = MOL;
SUPTAB. ' CARACTERI STI QUES' = mal;
SUPTAB. ' SOLUTI ON_RESO = depl;
SUPTAB. ' CHARGEMENTS_MECANI QUES' = for1;
SUPTAB. ' COUCHE' = 5;
G_THETA SUPTAB;
K_CAL = (MYOU*( SUPTAB.' RESULTATS')
/(1 - (0.3**2)))**0.5;
K CAL = K_CAL*1.E-6;
* % %
*** Anal ytical Solution (Zahoor)
* % %
RAP1 = R/ B;
SI (RAP1 < 10.);
GRANDA = ((0.125*RAP1) - 0.25)**0. 25;
FINSI ;
Sl (RAP1 >EG 10.);
GRANDA = ((0.4*RAP1) - 3.00)**0. 25;
FINSI;
F = (1.9480*((A/B)**1.5)) +
(0.3342*((A/B)**4.2));
F=1.1 + (GRANDA*F);
SIGT = TA/ AR
K ZAH = SIGT*((PI*A)**0.5)*F
K ZAH = K_ZAH'1. E-6;
ERRL = abs ((K_CAL - K ZAH)/K_ZAH);
MESS ' K Factor CASTEM
= K_CAL ' (Mpa. M0.5)";
MESS ' K Factor ZAHOOR
= K_ZAH ' (Mpa. M0.5)";
MESS 'Erreur relative = ERRL;
SI (ERRL < 1.E-2); ERREO;
SINO ; ERRE 5; FINSI;
FIN
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Test ruptl (Comments)

1. GEOMETRY AND MESHING (OPERATOR COUTURE)

To account for singular displacement and stress distohbudit the crack tip the mesh must be finer at the
crack tip. Here the mesh is obtain with the COUT operator:
For example:

t =a/ 100.; densite t; pf = (a 0.);

cl =(c ( pf moin (t 0.)) pf ( pf plus (0. t)))
c pf ( pf plus (t 0.));

trac cl ;

sf = cout pf cl;

Thus, the COUT operator constructs a surface which conmeotéines or a line and point by means of
triangles. here pfis a point (POINT type) to be connectedh¢odline cl1 (line between which the surface
is generated (MAILLAGE type).

. RESOLUTION IN ELASTIC MECHANICS (G_THETA PROCEDURE)
SUPTAB = TABLE ; SUPTAB. " OBJECTIF = MOT ' J",
SUPTAB. ' LEVRE_SUPERIEURE = |1 diff I5; SUPTAB. ' FRONT_FI SSURE' = PF ;
SUPTAB. " MODELE' = ML, SUPTAB. ' CARACTERI STI QUES' = mal,
SUPTAB.* SOLUTI ON_RESO = depl; SUPTAB. ' CHARGEMENTS_MECANI QUES' = for1;
SUPTAB.’ COUCHE' = 5; G _THETA SUPTAB;

K CAL = (MYOU*(SUPTAB.’ RESULTATS )/ (1 - (0.3%*2)))**0.5;
K CAL = K CAL*1.E-6;

The G_THETA procedure has two objectives :

(a) calculate line integrals of fracture mechanics as ¥alo

¢ the Jline integral of an isotropic material, characteuzihe crack tip fields in elasto-plasticity.
In 3D massive element case, composite materials are notijfetrésed.

¢ the Jline dynamic integral of an isotropic material, chgggzing the crack tip fields for elasto-
dynamic problems. In 3D massive element case, compositeriaatare not yet authorised.

e the C* line integral of an isotropic material, charactergithe crack tip fields in the case of
secondary creep problems. Applied loadings must be mechlaanid composite materials are
not yet authorised in 2D or 3D configurations.

e the C*(h) line integral of an isotropic material, charactierg the crack tip fields in the case
of primary or tertiary creep problems. Applied loadings mlbe mechanics and composite
materials are not yet acceptable in 2D configurations, n8Dirtonfigurations.

e the derivative dJ/da (a : crack length) line integral of astrizpic homogeneous material, re-
quired in the stability analysis of a single crack or a syst#nnteracting cracks. Only the
massive elements (2D or 3D) are allowed and composite rafgeaie not yet available for
calculating this derivative integral.
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(b) separate the stress intensity factors K1, K2 (and K3 ipf8belastic problems in 2D, 3D (massive
elements only) or axisymetrical configurations. For sefiragiaa mixed mode, the current version
of G_THETA procedure allows only isotropic homogeneouseanails.

For this probleme the goal is to compute the parar@ets J in elasticity witch representsis the energy release
rate.

Therefore : Input data of the procedure is a TABLE object iypgPTAB, wich indexes are objects of MOT
type, written in capital and described as follows:

e SUPTAB.OBJECTIF' = MOT type, specifying the calculatioma equal to 'J’ for calculating the J line
integral, characteristics in elasto-plasticity.

e SUPTAB.LEVRE_SUPERIEURE'=following the definition coemtion, this object (MAILLAGE type)
gives the crack’s superior lip.

e SUPTAB.FRONT_FISSURE’ = POINT type in 2D or 3D shell elemhease, MAILLAGE type in 3D
massive element case. This object gives the tip of the crack.

e SUPTAB.’MODELE’ = modele object (type MMODEL) covering tleatire structure

e SUPTAB./CARACTERISTIQUES’ = MCHAML object of CARACTERISIQUES subtype In the case
of calculations with shell elements, this object includestenial’s properties (Young’s modulus, Pois-
son’s coefficient ...) and geometrical parameters likelgh@kness, generated by MATE or CARA
operator.

e SUPTAB.SOLUTION_RESO’=displacement solution (CHPOItype) resulting from RESO operator.

e SUPTAB'CHARGEMENTS_MECANIQUES'’ = all external mechaaidoadings (CHPOINT type) if
they exist.

e SUPTAB.COUCHE'=ENTIER type. Itis the number of layers ¢éments surrounding the crack tip in
2D (or surrounding a point on the crack front in 3D), that sopthe virtual crack extension. If COUCHE
=0, the THETA field is equal to 1 only at the crack tip (in 2D),torl for all points on the crack front
(in 3D). In general, the bigger the number of layers of eletmethe accurate more the value calculated
by the present G_THETA procedure. But the elements inclidéae number of layers should not reach
the mesh border.

The CASTEM solution for the stress factor K is geven by thatieh ship :

K=(y/EG/1-V?):

K_CAL
K_CAL

( MYOU* ( SUPTAB. ' RESULTATS' )/ (1 - (0.3%*2)))**0.5;
K_CAL*1. E-6;

179



_ CHAPTER 6. FRACTURE MECHANICS

6.2 Test rupt2 (Description sheet)

Test name:rupt2
Calculation type: ELASTIC MECHANICS
Finite element type: QUA8 PLANE STRAIN MODE

Topic: THE USE OF G-INTEGRAL IN THERMAL STRESS FOR AN EDGE CRACKED RIP. The
structure is a solid edge cracked strip which ends are ainsti. It is subject to a linear temperature gradient
through the thickness with zero temperature at mid-thiskrend temperatur® at the right edgéx = w/2).
Due to symmetry only one half of the strip is analysed. The TBB solution for the stress intensity factor K
is given by the relationship:

K= (y/EG/1-V2) G isthe energy release rate

Finally the K values for 7 differente temperatu@®1, 62,03...67) are computed and compared with the re-
sults obtained with WILSON and YU relationship:

K = (EaTo/1-V)F/(Na) F=0514

Reference CASTEM: Test NAFEMS : The use of J-integral in thermal stress cracblems Interna-
tional Journal of Fracture:
rupt2 Modélisation des structures élastiques dans CASTEN0 2

\Version: 97’ customer version

Model description:

GEOMERTY :

TTT Width of the edge : W =200 mm
Length of the edge : 2L = 800 mm

lll Length of the crack : a =100 mm

T T(x)= 2-,-07x MATERIAL CHARACTERISTICS :

w E = 20000 daN mm~(-2)
y alpha = 5.10E-6 °C"(-1)
14 nu= 0.3

2L

LOADING AND BOUNDARY CONDITIONS :
1- Linear Temperature gradient with zero temperature
at mid thickness and temperaturat The right edge
T(X) = 2TX/W [ -w/2 < x < w/2]

¢ > o= 100°C

2- The vertical displacement (Uy) of the upper and lower
extremity is blocked

v
N

Edge cracked strip subject to thermal loading

180



6.2. TEST RUPT2 (DESCRIPTION SHEET)

o
o

Test rupt2 (Results)

RESULTS

CASTEM FIGURES

LGH 3

P1

GBI FEAIT

K1(daNmm?/2)

Reference)

13015

Castem

12588

HD

scL

(=T la

GBI FEAT
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VAL - 1SO
>-2,50E+01
<8.22E+01
-24.
-19.
-14.
-9.1
-41
93
6.0
11.
16.
21,
26.
31.

36.
41.
46.
51.
56.
61.
66.
71.
76.
81.

GBI FEQT

VAL - 1SO
>-2,50E+01
<8.22E+01
-24.
-19.
-14.
-9.1
-41
93
6.0
11.
16.
21.
26.
31.

36.
41.
46.
51.
56.
61.
66.
71.
76.
81.

GBI FEQT
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Test rupt2 (Listing CASTEM)

LR RS EEEE R R R RS SRR R R E R R R R EREREEEEEEEEEEEEEEEEESE] cht = chX * (100 / a) v
* * ch0 = 0 * cht ;
* THE USE OF G I NTEGRAL | N THERVAL STRESS * sigth = thet MAT objaf cht ;
* FOR AN EDEDGE CRACKED STRI P * *
* * *- RESOLUTI ON - COVPONENT OF THE STRESS FI ELD---*
LR R RS R R R R RS SRR R R EREREEEREREEEEEEEEEEEEEEEEES] *
* U=reso (riget cdllet cdl2etcd3)
COPTI ECHO 0 ; (bsig objaf sigth) ;
OPTION DI ME 2 ELEM QUA8 MODE PLAN DEFO SIG = sigmmt objaf U ;
* SIG = SIG- sigth ;
REEEEE CEOVERTY AND MESHING ---------- * sigy = exco SIG snyy ;
a =100. ; b =200. ; h =1400. ;t =a/ 100. ; TRAC qual CCP ;
densite t ; pf = (a0.) ; TRAC SI GY OBJAF CCP ;
cl = (c ( pf moin (t 0.)) pf ( pf plus (0. t))) *
¢ pf ( pf plus (t 0.)) ; LR G THETA PROCEDURE ----------- *
sf = cout pf cl; *---- G ENERGY RELEASE RATE VALUE------- *
rl=t;rrl=t; SUPTAB = TABLE ;
repeter bhono 7; SUPTAB. ' OBJECTIF* = MOT ' J’;
ri = rl+(03*rl); SUPTAB. ' LEVRE_SUPERI EURE' = lifis;
reio=orrl +ori SUPTAB. ' FRONT_FI SSURE' = PF ;
dens ri SUPTAB. ' MDDELE' = obj af ;
ci = (c ( pf min (rri 0.)) SUPTAB. ' CARACTERI STI QUES' = mat;
pf ( pf plus (0. rri))) SUPTAB. ' SOLUTI ON_RESO = u;
c pf ( pf plus (rri 0.)) ; SUPTAB. ' TEMPERATURES' = cht;
sf =sf et ( cout clci ) ; SUPTAB. ' COUCHE' = 4;
cl=ci ;rl=ri;rrl=rri ; *
fin bhomo ; SAUT PACE ;
dens (a/ 3.) ; G THETA suptab ;
po = (0. 0.) ; pl = (b 0.) ; *
p2 = p0 plus (0. a) ; p3 =pl plus (0. a) ; *RESULTS AND COVPARAI SON W TH THEORI TECALS VALUES*
pil =ci poinl ; *
1 =pildp0 ;n=(nbel I1) * (-1) ; G = suptab. ' RESULTATS' ;
pi2 =ci poind ;12 =pi2dnp2 ; K = (20000. * G/ (1 - (0.3**2)))**0.5;
pi3 =ci poin10; I3 =pi3 dnp3 ; F=K=* (1-0.3) /( 20000 *
pid =ci poin13; 14 =pidd pl ; 5.e-6 * 100 * ((100*pi)**0.5)) ;
ci = inve ci ;ligh =p2 d p3 ; mess ' ENERGY RELEASE RATE G:' G ;
scl =dall 11 (p0 d p2) mess ' STRESS FACTOR K :' K ;
(inve 12) (ci conp pi2 pil) ; mess ' COMPUTED FORM FACTCR Fcal :" F ;
sc2 =dall 12 ligh (inve I3) mess ' ANALYTI CAL FORM FACTOR Fthe :' 0.514 ;
(ci conp pi3 pi2) ; *
sc3 =dall I3 (p3d pl) Foeoonn GOOD WORKI NG MESSAGE - --------- ;
(inve 14) (ci conp pi4 pi3) ; RESI = abs (( F- 0.514 ) / 0.514) ;
sc =scl et sc2 et sc3 ; SI (RESI < 5E-2) ;
dens (a / 2.) ; ERRE 0 ;
mest =1lightran (0.(h - a)) dini (a/ 2.) ; SINO ;
Iihaut = nrest cote 3 ; ERRE 5 ;
phd = lihaut poininit ; FI NSI ;
cep = sf et sc et nrest ; fin;
elim ccp 0.001 ;
cccp = cont ccp ;
lifis = cccp conp pf po;
libas = cccp conp pl pf;
*---- MODEL AND MATERI AL CHARACTERI STICS--------- *

obj af = node ccp mecani que el astique isotrope
*

mat = mate objaf YOUN 2.e4 NU 0.3 ALPH 5.e-6 ;

TR MATRIX OF RIG DI TY----vmmmmeaeaaas *
TR BOUNDARY CONDI TIONS = - -------nm---- *
rig =rigi objaf mat ;
cdll = blog Wy libas ;
cdl 2 = blog Uy lihaut ;
cdl 3 = blog Ux phd ;

*--DEFI NI TION OF THE LI NEAR TEMPERATURE GRADI ENT- - *
chx = coor 1 ccp ;
cha = manu chpo ccp 1 scal a ;
chx = nomc 'T (chx - cha) ;
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Test rupt2 (Comments)

1. DEFINITION OF THE LINEAR TEMPERATURE GRADIENT

chx
cha
chx
cht
ch0
si gt

= coor 1 ccp ;
= manu chpo ccp 1 scal a ;
nonc ' T (chx - cha) ;
chx * (100. / a) ;
0 * cht ;
h = thet MAT objaf cht X

COOR OPERATOR:

The COOR operator enables the user to recover the Nith awated{for this example it is the first
coordinat®&l = 1) of a POINT, MAILLAGE, CHPOINT or MCHAML object type (hereCP is a
MAILLAGE (MESH) type).

Fora CCP mesh object type, the operator supplies the catedimof the nodes supporting the mesh.

MANU OPERATOR :

The MANU operator enables the user to simply create objetseofollowing types : MAILLAGE,
CHPOINT, SOLUTION, RIGIDITE. here the MANU operator constts a field by point by means
of the key word 'CHPOQO'. :

CCP is the geometrical support (MAILLAGE type)

1 is the number of components of the field by points (ENTIER}yp

SCAL is a name of components (MOT type) not exceeding 4 chersic

a is a list of the value allocated to each node of CCP.

NOMC OPERATOR :

The NOMC operator enables the user either to change the amenpaa of a field by points or to
replace a sublist of components by a second one :

(chx - cha) is CHPOL1 field by points (CHPOINT type) and 'T’ (Tgenature) is a new name allo-
cated to the component (MOT type) . CHX is the generated b(f&#dPOINT type) .

NOTE:
The field by points CHPO1 must be composed of a single compavignoh name is arbitrary.

THET OPERATORS:
The THETA operator calculates the stresses associatecavéimperature field, i.e. :

SIGMA=HOOK«EPSTHER

in which HOOK is Hooke’s matrix and EPSTHER corresponds &dnains of thermal origin :

sigth = thet MAT objaf cht

MAT is a field of material and geometrical properties (MCHAMype, CARACTERISTIQUES
subtype)

OBJAF is a model object (MMODEL type)
CHT is a temperature field (CHPOINT type).
SIGTH is a stress field (MCHAML type, CONTRAINTES subtype).
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Note :

For the shell elements, the temperature field must have tdoreg@onents with the following names
: TINF T, and TSUP which define respectively the temperabaréhe bottom , mid-surface and top
layers. For the other elements, the temperature field mwst bae component with the following
name : T. You may recover the thermal strains from the thestmakses using the ELAS operator.

2. RESOLUTION G_THETA PROCEDURE
The CASTEM solution for the stress intensity factors K isagisby the G_ THETA PROCEDURE from
the relationship :

K= (v/EG/1-V?) G is the energy release rate
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6.3 Test rupt3 (Description sheet)

Test name:rupt3
Calculation type: MECHANICS ELASTIC
Finite element type: QUA8 PLANE STRAIN MODE

Topic: THE USE OF G-INTEGRAL IN TENSILE STRESS TEST FOR A SIMPLE PLAWITH A
CENTRAL CRACK. The structure is a solid plate containing atcal crack . This structure is subject to a uni-
form load by a simple tensile stress test. Due to symmetry d#l of the structure is analysed. The CASTEM
solution for the stress intensity factors K is given by thatienship:

K= (y/EG/1-Vv?) G isthe energy release rate
Finally this CASTEM K value for the stress intensity factisscompared with the result obtained with the

analytical formula of ROOKE and CARTWRIGHT from the relatghip:

K _ 1-0.5240.326(2)2
Ko (1-3)12

Ko=0ovTa

Reference CASTEM: Test NAFEMS : D.P.Rooke and D. J. Cartwright in Copendiumndémsity Fac-
tors HMSO (1976): rupt3 Modélisation des structures &asts dans CASTEM 2000.

Version: 97’ customer version

Model description:
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y
Sigma A
A
GEOMERTY :
2h a X
4+—r
2b
T

Sigma
Center cracked strip subject to Tensile Stress

Test rupt3 (Results)

RESULTS

Width of the edge : 2b =400 mm
Length of the edge : 2h =1200 mm
Length of the crack : 2a =200 mm

MATERIAL CHARACTERISTICS :
E = 20000 daN mm~(-2)
nu= 0.3

LOADING CONDITIONS :
1- Uniform load ( Tensile stress)

Sigma = 1 daN mm~(-2)

K1(daNmm3/2)

Reference]

20.84

Castem

21.02

CASTEM FIGURES
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GBI FEQT

GBI FEAIT
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Test rupt3 (Listing CASTEM)

IR RS RS E R R R SRS SRR R R EE SRR EEEEREREEEREEEEEEEEEEEEES] L . 'VATRIX O: RlGDl TY ____________ *
* * *-- BOUNDARY CONDI TIONS  ------------- *
* THE USE OF G I NTEGRAL I N TENSILE STRESS TEST * *
*  FOR A SIMPLE PLATE WTH A CENTRAL CRACK  * rig =rigi objaf mat
* * cdll = blog Ux licot ;
IR R RS E R R R SRS SRR R EE SRR R R R RS R EREEEREEEEEEEEEEEEEES] cd|2 = bI Oq L)y ||bas ’
COPTI ECHO 0 ; F = pres mass objaf -1. lihaut ;
OPTION DI ME 2 ELEM QUA8 MODE PLAN DEFO
Foeeeee- GEOMERTY AND MESHING ------- * *- RESOLUTI ON - COVPONENT OF THE STRESS FI ELD-*
* *. G THETA PROCEDURE ----------- *
a = 100. ; b =200. ; h = 600. *---- G ENERGY RELEASE RATE VALUE------- *
t =a/ 100. *
densite t ; pf =(a0.) ; u =reso (riget cdll et cdl2) F ;
cl = (c ( pf moin (t 0.)) pf SIG = sigmmat objaf U ;
( pf plus (0. t))) c pf ( pf plus (t 0.)); *
sf =cout pf cl; r1 =1t ; rrl =t ; *
repeter bhono 7; SUPTAB = TABLE ;
ri = rl+(03*rl1) ; SUPTAB. ' OBJECTIF = MOT ' J’;
rrio=rrl +ri ; SUPTAB. ' LEVRE_SUPERI EURE' = lifis;
dens ri ; SUPTAB. ' FRONT_FI SSURE'" = PF ;
ci =(c ( pf moin (rri 0.)) pf SUPTAB. ' MODELE' = obj af ;
( pf plus (0. rri))) SUPTAB. ' CARACTERI STI QUES' = mat;
c pf ( pf plus (rri 0.)) ; SUPTAB. ' SOLUTI ON_RESO = u;
sf = sf et ( cout clci ) ; SUPTAB. ' CHARGEMENTS_MECANI QUES' = F;
cl=ci;rl=ri;rrl=rri ; SUPTAB. ' COUCHE' = 4;
fin bhono ; *
dens (a/ 3.) ; SAUT PAGE ;
p0 =(0. 0.) ; pl =(b0.) ; G_THETA supt ab
p2 = p0 plus (0. a) ; *
p3 = pl plus (0. a) ; *RESULTS AND COVPARAI SON W TH THEORI TECALS VALUES*
pil=ci poinl ;11 =pildp0; *
n=(nbel 11) * -1; G = suptab.’ RESULTATS
pi2 =ci poind4 ;12 =pi2dnp2 ; Kth = 20. 8426 ;
pi3 =ci poin10; 13 =pi3dnp3 ; K = (20000. * G/ (1 - (0.3**2)))**0.5 ;
pi4 =ci poin13; 14 =pidd pl ; mess '’ ;
ci =inveci ;ligh=p2 d p3 ; mess '’ ;
scl =dall 11 (p0 d p2) (inve |2) mess ' ENERGY RELEASE RATE G:' G ;
(ci conp pi2 pil) ; mess ' COMPUTED SOLUTION  Kecal :' K ;
sc2 =dall 12 ligh (inve I3) mess ' ANALYTI CAL SOLUTION Kthe :’ Kth ;
(ci conp pi3 pi2) ; LI GO0D WORKI NG MESSAGE --------------
sc3 =dall 13 (p3 d pl) RESI = abs (( k - Kth ) / Kth) ;
(inve 14) (ci conp pi4d pi3) ; SI (RESI < 5E-2) ;
sc = scl et sc2 et sc3 ; ERRE 0 ;
dens (a / 2.) ; SI NO ;
mest =1lightran (0. (h- a)) ERRE 5 ;
dini (a/ 2.) ; FI NS ;
lihaut = nrest cote 3 ; fin;
phd = lihaut poin init ;
ccp = sf et sc et nrest ;

elim ccp 0.001 ;

cccp = cont ccp ;
lifis = cccp conp pf pO ;
libas = cccp conp pl pf ;
licot =ccp poindroi (0. 0.)

(0. 100.) 0.001 :
licot = cccp elemappuy stric licot ;
TRAC CCP ;

*--MODEL AND MATERI AL CHARACTERI STICS ---*

*

obj af = mode ccp mecani que el astique isotrope ;
*

mat = matr objaf YOUN 2.e4 NUO0.3 ;

*
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6.4 Test rupt4 (Description sheet)

Test name:rupt4
Calculation type: MECHANICS ELASTIC
Finite element type: QUA8 PLANE STRAIN MODE

Topic: THE USE OF G-INTEGRAL FOR A SIMPLE PLATE WITH A CENTRAL CRACK 3B-
JECTED TO INTERNAL PRESSURE. The structure is a solid plaistaining a central crack . This struc-
ture is subjected to a uniform internal pressure. Due to sgtmnonly 1/4 of the structure is analysed. The
CASTEM solution for the stress intensity factor K is giventhg relationship:

K= (y/EG/1-Vv?) G isthe energy release rate
Finally this CASTEM K value for the stress intensity fact@scompared with the result obtained from the

analytical formula defined by the relationship:

K():O'\/_T[a.

Reference CASTEM: Test NAFEMS : D.P.Rooke and D. J. Cartwright in Copendiumndémsity Fac-
tors HMSO (1976) : rupt4 Modélisation des structures éjasts dans CASTEM 2000.

Version: 97’ customer version

Model description:

GEOMERTY :
Width of the edge :2b=1200 mm
Length of the edge : 2h = 2400 mm
Length of the crack : 2a =200 mm

MATERIAL CHARACTERISTICS :
t foat E = 20000 daN mm"(-2)
| I I | X nu= 0.3

2h

LOADING CONDITIONS :
1- Uniform internal pressure
P = 1daN mm~(-2)

v

Solid-Plate with a central crack subject to uniform internal pressure
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Test rupt4 (Results)

RESULTS
K1(daNmnt3/?)
Reference] 17.725
Castem 17.616

CASTEM FIGURES

GBI FEQIT

CCOVPOSANTES
VECTEURS

FX FY

FIELD OF PRESSURE AT THE CRACK TIP
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6.4. TEST RUPT4 (DESCRIPTION SHEET)

Test rupt4 (Listing CASTEM)

Khkkkhkhkhkkkhhkhhkkhkkhkkhkkkhkkhkkkhkkhkkkk k%

R

CPTION ECHO 1 ;

OPTION DI ME 2 ELEM QUA8 MODE PLAN DEFO

*

*---GEOVERTY AND MESHING ----*

*

10
12
a
densi t
cl = (

— o
oo

sf = ¢

rl =t

repete
ri
rri
den
ci

sf

cl
fin bh
dens (

pP3=p

n

=
N
L | I 1 A 1 B Ve B TR I

sc2 =
sc3 =

sc =
dens (
lighl
nrestl

ala
al
nr est

nrest 2

|'i haut
I'i haut
|'i haut
I'i haut
ccp

0. ; b =200. ;
00. ; m= 600. ;
/100
e t; pf =¢(
c ( pf min (
pf ( pf plus
c pf ( pf plu
out pf cl;
porrl =t
r bhono 7,
= rl+(03*rl1);
=rrl +ri ;
S ri ;
=(c(pf min(rri 0.))
pf ( pf plus (0. rri)))

h—~ =

c pf ( pf plus (rri 0.)) ;

=sf et ( cout clci)
=ci ;rl=ri;rrl=rri
ono

al 3.)

(0. 0.) ; pl =(b0.)

p0 plus (0. a) ;
1 plus (0. &) ;
ci poinl
pildp0 ;

bel 11) * -1

ci poin4 ; 12
ci poin 10 ; 13
ci poin 13 ; 14
inve ci ligh
dall 11 (p0 d p2)
(inve 12) (ci conp pi2 pil)
dall 12 Iigh (inve I3)

(ci conp pi3 pi2) ;
dall 13 (p3 d pl)

(inve 14) (ci conp pi4 pi3) ;
scl et sc2 et sc3 ;
al 2.) ;

pl d p3 ;

lighl tran ((mb) 0.)
dini (al2.) ;

nrestl cote 3

nrestl cote 2 ;

ligh tran (0. (h - a))
dini (a/l 2.) ;

al  tran (0. (h- a))
dini (a/l 2.) ;

nrest cote 3 ;

nrest cote 3

nrest2 cote 3 ;

lihautl et lihaut2

sf et sc et nrest et

pi2 dn p2
pi3 dn p3
pi4d pl
p2 d p3

1

2

nrestl et nrest2

THE USE OF G I NTEGRAL FOR A SI MPLE PLATE
W TH A CENTRALE CRACK STRI P SUBJECTED
TO UNI FORM | NTERNAL PRESSURE

Kkkkhhkhhkkhhhhhhkhkkhkkkhkkhkhkkhkkhhkkhk k%

*
*
*
*
*

*

elim ccp 0.001 ;

cccp = cont ccp ;
pj = ala poin fina ;
lifis = cccp conp pf pO
libas = cccp conp pj pf
licot = ccp poin droi (0. 0.)
(0. 100.) 0.001
licot = cccp elemappuy stric licot
TRAC CCP

*

*--MODEL AND MATERI AL CHARACTERI STICS ---*

objaf = modl ccp nmecani que el astique isotrope ;

mat = matr objaf YOUN 2.e4 NUO0.3

B

(=]
e =
-
TR

MATRIX OF RIGI DI TY--==----=x-- *
BOUNDARY CONDI TI ONS

rigi objaf mat
blog Uy |ibas
blog Ux Iicot

Fp = pres mass objaf 1. lifis
vectl = VECT Fp 50. FX FY rouge ;
TRACE VECT1 CCP TI TR

" FIELD OF PRESSURE AT THE CRACK TIP';

*

*- RESOLUTI ON- COVPONENT OF THE STRESS FI E
G_THETA PROCEDURE

* ...
* .-

*

U
SIG

SUPTAB
SUPTAB
SUPTAB
SUPTAB
SUPTAB
SUPTAB
SUPTAB
SUPTAB
SUPTAB
*

SAUT PAGE
G_THETA supt ab

*RESULTS AND COVPARAI SON
*W TH THEORI TECALS VALUES *

*

Kth
K =

—~1nn

mess ’

LD-*
*

G ENERGY RELEASE RATE VALUE------- *

reso (rig et cdll et cdl2) Fp;

sigmnmat objaf U,

= TABLE ;

. OBJECTI F
." LEVRE_SUPERI EURE' = lifis;

= MOT 'Y

. FRONT_FI SSURE' = PF ;
. MODELE' = obj af ;

." CARACTERI STIQUES' = mat;
. SCLUTI ON_RESO = u;

" CHARGEMENTS_MECANI QUES = Fp;
. COUCHE' = 4

supt ab. ' RESULTATS
17.7245

20000. * G/ (1 -

mess ' ENERGY RELEASE RATE G :°’
mess ' COMPUTED SCOLUTI ON Kcal

mess ' ANALYTI CAL SOLUTION Kthe :’

* GOCD WORKI NG MESSAGE

RESI = abs (( k -

S| (RESI < 5E-2)
ERRE 0

SINO

ERRE 5

FINSI
fin;

A

Kth) / Kth)

G
K

(0.3%%2)))**0.5

Kt h

193



_ CHAPTER 6. FRACTURE MECHANICS

6.5 Test ruptS (Description sheet)

Test name:rupts
Calculation type: MECHANICS ELASTIC
Finite element type: QUA8 PLANE STRAIN MODE

Topic: THE USE OF J-INTEGRAL FOR A SIMPLE AXISYMETRICAL TUBE WITH A ENTRAL
CRACK STRIP SUBJECTED TO UNIFORM INTERNAL PRESSURE. Thausture is a solid cylinder tub
containing a central crack . This structure is subject tordaarnal pressure. Due to symmetry only 1/4 of
the structure is analysed. The CASTEM solution for the stieensity factors K is given by the relationship
(axisymetrical model):

K= (/EG/1-V?) G isthe energy release rate
Finally this CASTEM K value for the stres intensity factorcismpared with the result obtained from the ana-
lytical formula defined by the relationship:

2_[aorpn) o
vmlo a2 —r2
r
P(r)_l—g1

Reference CASTEM: Test NAFEMS : D.P.Rooke and D. J. Cartwright in Copendiumntémsity Fac-
tors HMSO (1976) : rupt5 Modélisation des structures éjasts dans CASTEM 2000.

Version: 97’ customer version

Model description:

GEOMERTY :
Width of the edge :2b =2000 mm
Length of the edge : 2h = 1000 mm
Length of the crack : 2a =200 mm

MATERIAL CHARACTERISTICS :
E = 20000 daN mm™(-2)

nu= 0.3
7 LOADING CONDITIONS :
A 1- Internal pressure
P(r) = 1-(r/a)
P(r)
P
14
n U L
f2a} |\ "
P
=} ™ »
r »
0 T »
Axisymetrical tub with a central crack a

subject to internal pressure
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6.5. TEST RUPT5 (DESCRIPTION SHEET)

Test rupt5 (Results)

RESULTS
K1(daNmnt3/?)
Reference 2.4215
CASTEM FIGURES Castem 24098

MESH OF THE CYLINDER TUB

MESH OF THE CYLINDER TUB
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Test rupt5 (Listing CASTEM)

R R libas = ccep conp p] pf

TRAC CCP TITR 'MESH OF THE TUBE'

* *
* THE USE OF G I NTEGRAL FOR SI MPLE AXI SYMETRI CAL * *
* TUB WTH A CENTRALE CRACK STRI P SUBJECTED TO * *- - MODEL AND MATERI AL CHARACTERI STICS ---*
* UNI FORM | NTERNAL PRESSURE *
* * obj af = mode ccp nmecani que el astique isotrope ;
IR RS R RS SR RS S SR SRS S SRR SRR R SRR R R R RS EEEREEEEEEEEESEES *
* mat = mate objaf YOUN 2.e4 NU 0.3 ;
OPTION ECHO O ; *
OPTION DI ME 2 ELEM QUA8 MODE AXIS ; Foeonn MATRIX OF RIGA DI TY------cmunnn *
* Foeao BOUNDARY CONDI TIONS = -------- *
*

*---CGEOVERTY AND MESHING ----*

* rig =rigi objaf mat
a = 100. ; b =200. ; h =500.; m= 1000 ; cdll = blog Uz libas
t =a/ 100; densite t ; pf =(a 0.) ; cdl2 = blog Uz lihaut ;
¢l =(c ( pf moin (t 0.)) *
pf ( pf plus (0. t))) *---MECHANI CS LOADING -----
¢ pf ( pf oplus (t 0.)) *
sf = cout pf cl; pchx = coor 1 lifis :
ri=t;rrl=t ; pcha = manu chpo lifis 1 scal a
repeter bhono 7, pchx = nont 'P' (pcha - pchx) ;
ri = rl+(03*r1); pcht = pchx * (1/a) ;
reio=orrl +ri ; pch0 = pcht *0. ;
dens ri ; Fp = pres nass objaf pcht ;
ci =(c ( pf min (rri 0.)) *
pf ( pf plus (0. rri))) *- RESCLUTI ON- COVPONENT OF THE STRESS Fl ELD-*
c pf ( pf plus (rri 0.)) * G THETA PROCEDURE --------------- *
sf = sf et ( cout clci ) ; *---- G ENERGY RELEASE RATE VALUE---------- *
cl=ci ;rl=ri;rrl=rri : *
fin bhono ; U =reso (riget cdllet cdl2) Fp;
dens (a / 3.) ; SIG = sigmmat objaf U ;
po =(0. 0.) ; pl =(b0.) ; *
p2 = p0 plus (0. a) ; SUPTAB = TABLE ;
p3 = pl plus (0. a) ; SUPTAB. ' OBJECTIF* = MOT ' J’;
pil=ci poinl ; 11 =pildp0; SUPTAB. ' LEVRE_SUPERI EURE' = lifis;
n = (nbel 11) * -1; SUPTAB. ' FRONT_FI SSURE' = PF ;
pi2 =ci poind ; 12 =pi2dnp2; SUPTAB. ' MODELE' = obj af ;
pi3 =ci poin10; 13 =pi3 dnp3; SUPTAB. ' CARACTERI STI QUES' = mat;
pi4 =ci poin13; 14 =pidd pl; SUPTAB. ' SOLUTI ON_RESO = u;
ci =inve ci ;ligh=p2 d p3; SUPTAB. ' CHARGEMENTS_MECANI QUES' = Fp;
scl =dall 11 (p0 d p2) SUPTAB. ' COUCHE' = 4;
(inve 12) (ci conp pi2 pil); *
sc2 =dall 12 ligh (inve I3) SAUT PAGE ;
(ci conp pi3 pi2) ; G THETA suptab ;
sc3 =dall 13 (p3 d pl) *
(inve 14) (ci conp pi4 pi3); *RESULTS AND COVPARAI SON  *
sc =scl et sc2 et sc3 *W TH THECRI TECALS VALUES *
dens (a / 2.) ; *
lighlt =pld p3 ; G = suptab.’ RESULTATS ;
mestl =1lighl tran ((mb) 0.) Kth = 2.4215 ;
dini (al2.) ; K =(20000. * G/ (1 - (0.3**2)))**0.5 ;
ala = nrestl cote 3 ; mess '
al = nmrestl cote 2 ; mess '
mest =1lightran (0. (h- a)) mess ' ENERGY RELEASE RATE G G
dini (a/ 2.) ; mess ' COMPUTED SCLUTI ON Kcal K
mest2 = al tran (0. (h - a)) mess ' ANALYTI CAL SOLUTI ON Kthe :' Kth ;
dini (a/ 2.) ; *
|'ihautl= nrest cote 3 ; * Q00D WORKI NG MESSAGE*
lihaut = nrest cote 3 ; *
I'ihaut2= nrest2 cote 3 ; RESI = abs (( k - Kth ) / Kth);
lihaut = lihautl et lihaut2 ; SI (RESI < 5E-2) ;
cep = sf et sc et nrest ERRE 0 ;
et nrestl et nrest2 SINO ;
elim ccp 0.001 ; ERRE 5 ;
cccp = cont ccp ; FI NSI ;
pj = ala poin fina ; fin;
lifis = cccp conp pf pO ;
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6.6 Test rupt6 (Description sheet)

Test name:rupt6

Calculation type: MECHANICS ELASTIC

Finite element type: CU20 MODE TRID

Topic: STRESS INTENSITY FACTOR FOR A CIRCULAR PLANE CRACK IN AN INNITE SOLID
CYLINDER SUBJECTED TO TENSILE STRESS. The structure is dimite solid cylinder tube enclosing a
central circular crack . This structure is subject to tensiress. Due to symmetry only 15 of half of the

cylinder is analysed. The CASTEM solution for the stresernistty factors K is given with the displacement
method by the relationship ( threedimensional analysis):

K:EZ/(\/%)V E,:\/m (planestrain [3:_%

c and d are the coefficients of the line/? = cr+d
Finally this CASTEM K value for the stress intensity factsrciompared with the result obtained with the ana-
lytical formula defined by the relationship Ko = 20/all

Reference CASTEM: Test NAFEMS : D.P.Rooke and D. J. Cartwright in Copendiumntémsity Fac-
tors HMSO (1976) : rupt6 Modélisation des structures éasts dans CASTEM 2000.

\Version: 97’ customer version

Model description:

Al

R
L GEOMERTY :

Radius of the Cylinder : R =100 mm
Height of the Cylinder : 2h =200 mm
h Radius of the Crack :a =18 mm

MATERIAL CHARACTERISTICS :
. E = 20000 daN mm~(-2)
P nu= 0.3

N\
\
QD
/
/
"<

—————

LOADING CONDITIONS :
1- Uniform load ( Tensile stress)
Sigma = 200 daN mm"(-2)

A

M

sigma

Cylinder with circumference crack
subject to Tensile Stress test
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Test rupt6 (Results)

RESULTS
K1(topnode(daNmm?/?) | K1(middelenodgdaNmnr?/?)
Reference 607.41 58048
Castem 63847 63847

CASTEM FIGURES

GBI FECIT

GBI FECIT
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6.6. TEST RUPT6 (DESCRIPTION SHEET)

Test rupt6 (Listing CASTEM)

L ]

*  STRESS I NTENSI TY FACTOR FCR A CI RCULAR
* PLANE CRACK I N AN I NFINITE SOLI D CYLI NDER

* SUBJECTED TO TENSI LE STRESS

R ]

*

option echo 1 dime 3
el em cu20 node trid

*

*----CEOMETRY AND MESHING ---*

*

dens 0.5 ;

oeilz = -500 500 -500

oeilx = -500 00 00

a0 =8 ;c0 = 16

b0 = 100. ;p0 = 0 0 O

pa =ad 0 0 ;pb = 0 a0 0

pal =(1.5%*a0) 0 0 ; pa0 = (0.5*a0)

pb0 =0 (0.5%a0) 0 ; pbl =0 (1.5%a0

* nbrz Nunber of finite el ement
*  mesh round the crack tip
nbrz = 6 ;

*.. CRACK STRIP MESHI NG'----*

*

pbz= (0. a0 (0.5*a0)) ;
pbz1=(0. (a0 *(1.- (0.5 / nbrz)))0.)
pbz2=(0. a0 (0.5%*a0/ nbrz)) ;
pbz3=(0. (a0 *(1.+ (0.5 / nbrz)))0.)
aa = a0*0.5 * (2**-0.5)

pm 1= 0. (a0 + aa) aa ;
pm 2= 0. (a0 - aa) aa

cclla =c¢ (2) pbl pb pml ;

ccllb =c¢ (2) pm1l pb pbz

ccll = cclla et ccllb

ccl2a =c¢ (2) pbz pb pni2

ccl2b =c¢ (2) pm2 pb pb0

ccl2 = ccl2a et ccl2b

ccl = ccll et ccl2

cc2l = c (4) pbzl pb pbz2

cc22 =c (4) pbz2 pb pbz3

cc2 = cc2l et cc22

ligz =d (nbrz - 1) pb0 pbzl

(
ligzl=d (nbrz - 1) pbz3 pbl
ligz2=d (nbrz - 1) pbz pbz2
scz1l = dall ccll Iigz2 cc22 ligzl
scz2 = dall ccl2 ligz cc2i(inve |igz2)

sczl=sczl et (cout cc22 pb) ;
scz2=scz2 et (cout cc2l pb)
scz =sczl et scz2

elim(sczl et scz2) 0.001

*

LI YZ SURFACE----------- *
pfinay = 0. b0 0.

pfinaz = 0. 2.5 b0

pfinayz= 0. b0 b0

pinter = 0. (2*c0) b0 ;
pp = 0. a0 a0

pz = 0. 2.5 a0

p00= 0. 2.5 0.

ppp= 0. (2*a0) 0. ;
ppyz= 0. (2*a0) a0 ;

0
)

0 ;
0;

| 0Oa=
| Ob=
10 =
1=
| 1bi
| 1bi
| 1bi
12 =
| 3a
| 3b
13 =
zaa
zab

za

g2=
93=
g4=
zb =

h1
h2
zc

scrl

*oo.

*

scrl

geol

d (1) pbl ppp ;
d (6) ppp pfinay ;
| 0a et |0b ;
d (2) pfinay pfinayz

sa = d (6) pfinayz ppyz ;
sb=d (1) ppyz pml ;
s = |1bisa et |1bisbh

d (2) pfinayz pinter ;
=d (6) pinter pp

=d (1) pp pbz ;
|3a et I3b ;

dall I1bis ccllb
(inve 13) (inve 12)
zaa et zab

d (1) pb0 p00

d (2) p00 pz

d (2) pz pp

dall (g4 et g3)g2 ccl2 I3b

d (2) pinter pfinaz
d (6) pfinaz pz
dall h2 g4 13a hl

= h2 et (inve g3)

CREATI ON OF THE VOLUME-----

dall (inve cclla) 1011 I1bis

=scrl rota 1 (15) (0. 0 -500)

(0 0 500.) coul roug

=za volu 1 'ROTA" (15)

(0. 0. -500) (0. 0. 500.) ;

geo2=(zb et zc) volu 1 'ROTA" (15)

geo3
geo4

pppp
aal=
aal=
cfis
al =
a2 =
aal=
aa2=
aall
aa2l
aal2
aa22

(0. 0. -500) (0. 0. 500.)

= scz1 volu 1 'ROTA (15)
(0. 0. -500) (0. 0. 500.)
= scz2 volu 1 'ROTA" (15)
(0. 0. -500) (0. 0. 500.)
face 3 geo3
i et (face 3 geod)

=i poincylin (0 0 -100)
elemi appu larg pppp

(0 0 100) pb

poin aa0 plan p0 (0. 100 0.) (100 0 0)

= elemaa0 appu stric aal
enve geo3
enve geo4

poin al plan p0 (0. 100 O
poin a2 plan p0 (0. 100 O

= elemal appu stric aal
= elema2 appu stric aa2
= cont aall
= cont aa2l

elim(aal2 et aa22) 0.001
cfissure = el emaal2 appu stric aa22

) (100 0 0)
) (100 0 0)

geo = geol et geo2 et geo3 et geod

elim(geo et scrl et cfissure et cfis) 0.001
*

--------- FINE MESH - -------

* NEAR THE AXIS Z

cl

pfi
clx

= cote (2) scrl

= ¢l poin final
=droi (1) pfi pO

*

199



€Sy

CHAPTER 6. FRACTURE MECHANICS

bl = droi (1) p00 pO ;
su0 = surf ( clx et ¢l et bl) plane ;
sul = su0 volu (2) tran (0. 0. a0) ;
ss = su0 plus (0. 0. b0) ;
su2= ss volu (6) tran (0. 0. (a0 - b0)) ;
su = sul et su2 coul vert

*

*THE FULL- CYLI NDER

cub = geo et su ;
elimcub 0.001 ;
cub = rege cub ;
tot = enve cub ;
trace tot ;

*surface yz ;
poyz = poin tot plan p0 (0. 100 100) (0. 0. 100);
suryz = elemtot appu stric poyz ;
*

*surface z=100 ;
poz100= poin tot plan (0. 0. 100)

(100 0. 100) (0. 100 100) ;
surzz = elemtot appu stric pozl100 ;
*

*surfac xy ;
poxy = poin tot plan p0 (0. 100 0.) (100 0 0) ;
surxy= el emtot appu stric poxy ;
az = geo2 et geod et su ;
az = enve az ;
aze= az poin plan p0 (0. 100 0.) (100 0 0) ;
aze=el em az appu stric aze :
co = cont aze;

aze = surxy incl aze;

facxy = surxy diff aze;

TRAC (geol et geo2 et geo3 et geo4 et su ) ;

B THE SYMVETRY CONDI TIONS-----------
p=((-1* b0 * (sin 15)) (b0 * (cos 15)) 0.);
condi 1 =synt depl p0 (0. 0. b0) p cub 0.01;

condi 2 =synt depl pO pfinay pfinayz suryz;
condi 3 =synt depl p0 (b0 b0 0.) (b0 0. 0.) facxy;
condit = condil et condi2 et condi3 ;

R MECHANI CS MODEL - -----mmmmmmaaans *
affel = node geol necanique el astique isotrope;
affe2 = node geo2 necanique el astique isotrope;
affe3 = node geo3 necanique el astique isotrope;
affe4 = node geo4 necanique el astique isotrope;
affe5 = node su necanique el astique isotrope;

affetot = affel et affe2 et
affe3 et affed et affeb ;

e MATERI AL CHARACTERI STI G- - - - - - === - === - - ;
matel = mte affel young 20000. nu 0.3 ;
mate2 = mte affe2 young 20000. nu 0.3 ;
mate3 = mte affe3 young 20000. nu 0.3 ;
mated4 = mte affed young 20000. nu 0.3 ;
mate5 = mate affe5 young 20000. nu 0.3 ;
matot = matel et mate2 et mate3 et nated et mateb
R RIGDI TY----mmmmmeeee e - *
rigl = (rigidite mtot affetot) et condit ;
rig2 = bloque uz surzz ;
fol = depi rig2 1. :
TR RESOLUTI ON AND STRESSES--------- *
dep =resou (rigl et rig2) fol ;
sig = sigma mtot affetot dep ;

SUPTAB = TABLE;

SUPTAB. ' MAI LLAGE' = cub;

SUPTAB. ' PSF1' = PO;

SUPTAB.’ FRTFISS' = el em aal2 appu stri aa22;

L S| F PROCEDURE - -----------=--- *
SI'F SUPTAB MATOT dep;

REEE R G _THETA PROCEDURE- - -------------- *
TABGL = TABLE;

TABGL. ' OBJECTIF = MOT ' J’;

TABGL. ' COUCHE' = 3;

TABGL. ' FRONT_FI SSURE' = cfissure;
TABGL. ' LEVRE_SUPERI EURE' = aa2l ;
TABGL. ' MDELE' = affetot;

TABGL. ' SOLUTI ON_RESO = dep;

TABGL. ' CHARGEMENTS_MECANI QUES' = fol;
TABGL. ' CARACTERI STI QUES' = nmatot;
G_THETA TABGL,

SAUT 1 LIG\E

]

sxxxxxes GOING THROUGH THE SI F- PROCEDURE  *****

kkkkhkhkkkkkhhhkkkhhhkkkhhhkkkhhhhkkkhhhkkkkhhkx k%

T = I NDEX (SUPTAB.K1);

MESS ' K1 NODE 1 FOR THE CRACK TIP (TOP NODE) : '
SUPTAB. KL. (T.1);

MESS " K1 NODE 2 FOR THE CRACK TIP (M DDEL NCDE) :

SUPTAB. KL. (T. 2);

ECL = ((SUPTAB.KL.(T.1)) - 638.47) /
(SUPTAB. K1. (T.1)) * 100;

EC2 = ((SUPTAB.KL.(T.2)) - 638.47) /
(SUPTAB. K1. (T.2)) * 100;

Sl ((ECL < 5.5) ET (EQ < 11)) ;

MESS ’ PROCEDURE <SI F> ERR 0': ERRE 0;
SI NON;

NESS * PROCEDURE <SIF> ERR 5'; ERRE 5;
FINSI ;

KhkKkhk Kk XKk XXk khkhkhkhkhkhkhkhkhkhkhkhkhkkx* %

*¥+% GONG THROUGH THE G THETA  *xsxxsxxs

IR RS S S S E SRS RS E SRR SR SRR SR SR SRR R R RS S

TBG = TABGL. ' RESULTATS' ;

IND1 = | NDE TBG
GSOM = TBG (I NDL. 1);
GML = TBG (INDL. 2);
EPRI = 20000. / 0.91;
KSOM = (GSOM * EPRI) ** 0.5;
KML = (GML * EPRI) ** 0.5;
SAUT 1 LIGNE;
MESS ' K1 NODE 1 FOR THE CRACK TI P( TOP NCDE)
o KSOM
MESS ' K1 NODE 2 FOR THE CRACK TI P(M DDELE NODE)
T KM L
e ERROR TEST----------mmmmmimeeae e o - *

ECL = ABS (((KSOM - 638.47) / KSOM * 100);
EC2 = ABS (((KML - 638.47) / KML) * 100);
Sl ((ECL < 0.9) ET (EQ < 0.8)) ;

MESS ' PROCEDURE <G THETA> ERR 0';

ERRE O0;
S| NON;

MESS ' PROCEDURE <G THETA> ERR 5';

ERRE 5;
FINSI ;
FI'N;
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Test rupt6 (Comments)

1. DESCRIPTION OF THE SIF PROCEDURE

e S| F SUPTAB MATOT DEP;

e This procedure calculates the stress intensity factor iderlo(possibly in mode II) from the dis-
placements of the sides of the crack. The calculated valaa &sverage of the three points which
are closest to the crack tip. This procedure works in two anget dimensions. IN 2D, the problem
relative to loading in mixed modes can be solved. In 3D massliements (for example: 3D massiv
elements CUB20), for each node of the crack front, the stresasity factor is calculated from the
displacements of the points located in the plane normaldathck front at the considered node.
(while generating the mesh, make sure that you will havestipdenes normal to the crack front). If
the crack is opening,the plane stress formula is applieteqbints located at the surface. In 3D
with thin shells, the membrane and bending terms of thessirgensity factor can be computed.
The bending term is deduced from the knot rotations indueisgrain at the external boundary of
the shells. Mixed mode loadings are allowed.

Input data :

SUPTAB : TABLE type object, indexed by words, used to defire dhlculation options and pa-
rameters :

MATOT : field of material properties
DEP : displacement field

SUPTAB : TABLE type object, indexed by words, used to defire ¢hlculation options and pa-
rameters :

e for this three-dimensional problem with massive elememesparameters of SUPTAB are

SUPTAB = TABLE;

SUPTAB. ' MAI LLAGE' = cub;

SUPTAB. ' PSF1’ = PO;

SUPTAB. ' FRTFI SS' = el em aal2 appu stri aa22;

'PSF1'=P0; : point of the crack surface that does not petiaihe front

'FRTFISS’= elem aal2 appu stri aa22; : line describing tbetfcrack

e Output data
GOING THROUGH THE SIF-PROCEDURE

T = I NDEX ( SUPTAB. K1)

MESS ' K1 NODE 1 FOR THE CRACK TIP (TOP NODE) : '
SUPTAB. K1. (T. 1);

MESS ' K1 NODE 2 FOR THE CRACK TIP (M DDEL NCDE) : °
SUPTAB. K1. (T. 2);
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e As output, SUTAB makes it possible to recover the values efstiness intensity factor

K1 : TABLE containing the values of K1 at each node of the figmtre at 2 nodes T.1 and T.2)
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6.7. TEST RUPT7 (DESCRIPTION SHEET) 0%

6.7 Test rupt7 (Description sheet)

Test name:rupt7
Calculation type: MECHANICS ELASTIC
Finite element type: QUA8 DIME 2

Topic: STRESS INTENSITY FACTOR FOR AN OBLIQUE EDGE CRACK IN A PLATEBJECTED
TO UNIFORM TENSILE STRESS. The structure is a finite platelesiog an oblique edge crack. This struc-
ture is subject to uniform tensile stress. The CASTEM solufor the stress intensity factors K is given with
the displacements method in 3 nodes at the crack tip (imeguthie mid-node) from the local displacements
wich are computed in the local bask'Y') for the crack by the relationship:

!’

E /2N E | 2n :
- _ _ _ 2 H
Ki= 5 ( WY Kin = 7 r_B/)u where E=./E/1-v2 (planestrain

r—p
B = —¢ cand d are the coefficients of the line” = cr+d
B’ = —2 aand b are the coefficients of the line? = ar +b

u : is the displacement following the ox axis.

v : is the displacement following the oy axis .

r: is the distance between the point, where K is computeditatbcal origin.

This CASTEM K value for the stress intensity factor is congohto the result obtained with the analytical
method.

Reference CASTEM: Test NAFEMS : D.P.Rooke and D. J. Cartwright in Copendiumndémsity Fac-
tors HMSO (1976): rupt7 Modélisation des structures &asts dans CASTEM 2000.

\Version: 97’ customer version

Model description:

GEOMETRY :

Width of the plate : b =100 mm
Length of the plate : 2.5b = 250 mm
Length of the crack :a =50 mm

gt > beta = 45°

2b MATERIAL CHARACTERISTICS :
- - E = 20000 daN mm“(-2)
nu= 0.3

] X‘
sigmedam™ y by ) sigma
N s LOADING CONDITIONS :

N

- N, - Tensile Stress :
AN beta = 45° X Sigma =10 daN mm"(-2)

0
b | 1.5b

Tension for a plate with the 45°angled kinked crack
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Test rupt7 (Results)

RESULTS
K (daNmnr3/2) | K1 (daNmnt3/?)
Reference 15037 —714
Castem 1512 —71.56
CASTEM FIGURES
\ : 2 I32 Ll &

OBLI QUE EDGE CRACK | N PLATE UNDER UNI FORM TENSI ON

LTQUE EDGE CRACK TN PLATE UNDER UNIFORM TENSI ON
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6.7. TEST RUPT7 (DESCRIPTION SHEET)

Test rupt7 (Listing CASTEM)

R R

* STRESS | NTENSI TY FACTOR FOR A OBLI QUE EDGE CRACK*
* IN A PLATE SUBJECTED TO UNI FORM TENSI LE STRESS *

P TR XY

opti dime 2 el emqua8 mode plan defo echo 0;

p0=0. 0.;pl11=100. O.;
pl2=p1l plus (0. 0.);p2=250. O0.;
p3=0. 100.;
a=50. * (cos 45);
pf=pll plus (a a);
p4=(pll plus (a 0.)) plus (0. 100.);p5=250. 100.;
i=0; pd=prog 1. 2.5 5. 9. 13. 19. 25. ;
ci ml=pf; ci m2=pf; ci nB=pf; ci m1l=pf;ci m2=pf;
pl fiml=pf;pl finR=pf; pi nR=pf;
repeter bbbb 7;
i=i + 1;v=extr pd i;
pi 1=pf moin (v 0.);pi2=pf plus (0. v);
pi 3=pf plus (v 0.);pi4=pf moin (0. v);
cid=cerc 2 pi4 pf pil;
pl fil=ci4 poin 2;plfi2=plfil plus (0. 0.);
n=2;si ((i ega 6 ) ou (i ega 7));n=4;finsi;
m=n/ 2
cil=cerc n pil pf pi2;
ci2=cerc n pi2 pf pi3;
ci3=cerc n pi3 pf pi4;
ci4l=cerc mpi4 pf plfil;
ci42=cerc mplfi2 pf pil;
sui 1=cout cinml cil;
sui 2=cout cink ci2;
sui 3=cout cinB ci3;
sui 41=cout cimil ci4l,
sui 42=cout ci mi2 ci42;
elim0.001 (sui42 et suil);
elim0.001 (suil et sui2 et sui3 et sui4l);
[fil=(cont sui4l) conp plfintl plfil,
I fi2=(cont sui42) conp plfinR2 plfi2;
[hi=pin2 d 1 pi?2;
ci ml=ci 1; ci nR=ci 2; ci nB=ci 3; ci mil=ci 41; ci mi2=ci 42,
pl fiml=plfil;plfinm=plfi2;pinm=pi?2;
sut 1=sui 42 et suil;
sut2=sui 2 et sui3 et sui4l;
si (i ega 1);
suttl=sutl;sutt2=sut2;|f1=Ifi1;1f2=1fi2;1h=lhi;
si non;
suttl=suttl et sutl;sutt2=sutt2 et sut2;
[f1=1fl et Ifil;1f2=1f2 et Ifi2;lh=lh et |hi;
finsi;

fin bbbb;
Ig=p0 d 5 p3;1d=p2 d 5 p5;
I'hc= p4 d 2 pi2;

ligl=lg et (p3 d 8 p4) et Ihc;

ligl=ligl et (inve cil) et ci42;

ligl=ligl et (plfi2 d 2 pl2 d 5 p0);

sul=surf ligl plan;objl=sul et suttl;elim0.001 obj1;
lig2=ld et (p5d 8 p4) et |hc;

lig2=lig2 et ci2 et ci3 et cidl;

lig2=lig2 et (plfild 2 pll d 8 p2);

su2=surf 1ig2 plan;obj2=su2 et sutt2;elim0.001 obj?2;
perobj1 = inve ( cont suttl);

perobj2 = inve ( cont sutt2);

[ifisl = perobj1l comp pf plfiz2;

lifis2 = perobj2 conp pf plfil;

obj =obj 1 et ohj2;
titre ' OBLI QUE EDGE CRACK IN
PLATE UNDER UNI FORM TENSI ON' ;

trace obj ;
*

*----MODEL AND MATERAI L CHARACTERI STICS------

*

obj af = mode obj MECANI QUE ELASTI QUE | SOTROPE;

mat =mat e obj af youn 20000 nu 0. 3;

rig=rigi mat objaf;
LS NECHANI CS LOADI NG - - - = - - - - - -

cdl =(blog ux uy p0) et (blog uy p2);
fl=pres mass objaf lg -10.;
f2=pres mass objaf |d -10.;

u=reso (rig et cdl) (fl1 et f2);
sig=si gm mat objaf u;

*----STRESS I NTENSI TY FACTOR ----*
REEEE PROCEDURE SIF  -------- *
SUPTAB = TABLE;

SUPTAB. ' MODM XTE' = VRAI;

SUPTAB. ' LIFISL" = 1ifis2;

SUPTAB. ' LIFIS2' = lifisl;

SUPTAB. ' FRTFI SS' = pf;

SI'F SUPTAB MAT U,

KIMOY = SUPTAB. K1,

K2MOY = SUPTAB. K2;

nESS ’***********************’;
mess '* THEORI TECALS VALUES *';
nESS ’***********************’;

*

mess ' Kith = 150.37 ';
EC1 = (KIMOY - 150.37) / KIMOY * 100;
mess ' ECART entre KIMOY et K1TH : "ECL' % ;
mess 'K2th = -71.4";
EC2 = (K2MOY + 71.4) |/ K2MOY * 100;
mess’ ECART entre K2MOY et K2TH : "EC2' % ;
*
*---G0O0D WORKI NG MESSAGE-------------- *
SI ((ECL < 0.6) ET (EC < 0.25));

MESS "ERR 0';

ERRE O0;
SINON,

MESS "ERR 5';

ERRE 5;
FINSI ;
fin;

205



_ CHAPTER 6. FRACTURE MECHANICS

6.8 Test rupt8 (Description sheet)

Test name:rupt8
Calculation type: MECHANICS ELASTICITY
Finite element type: TRI3 MODE TRID

Topic: STRESSINTENSITY FACTOR FOR A CENTRAL CRACK IN A FINITE WIDTIRLATE SUB-
JECTED TO UNIFORM TENSILE STRESS. The structure is a solatlenclosing a central crack . This
structure is subject to a uniform load by a simple tensilessitest. Due to symmerty only 1/4 the structure is
analysed. The CASTEM solution for the stress intensitydiacK is given by the relationship:

Ki = (/EG/1-V?) G isthe energy release rate
Finally this CASTEM K value for the stress intensity factercompared to the result obtained with the analyt-

ical formula of ROOKE and CARTWRIGHT using the relationship

Ki  1-052+03262)?
Ko (1-2)12

Ko=0ovTa

Reference CASTEM: Test NAFEMS : D.P.Rooke and D. J. Cartwright in Copendiumntémsity Fac-
tors HMSO (1976): rupt8 Modélisation des structures &ass dans CASTEM 2000.

Model description:

GEOMETRY :
Width ofthe plate : 2b=2m
Length of the plate : 2h =10.5m
Length of thecrack : 2a=0.6 m
Thickness of the plate : e =0.001m

23 MATERIAL CHARACTERISTICS :
X E = 20000 daN mm™(-2)
nu= 0.3

v

LOADING CONDITIONS :
Uniform tensile stress
P = 5E6N m"(-2)

2b

L B |

P
Central Crack in a finite width plate
subjected to uniform bending moment
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6.8. TEST RUPT8 (DESCRIPTION SHEET)

Test rupt8 (Results)

RESULTS

Ky (Nn3/2)

50.1E5
50.8E5

Reference)

Castem

CASTEM FIGURES

PLATE W TH CENTRAL CRACK SUBJECTED TO TENSI LE STRESS
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CHAPTER 6. FRACTURE MECHANICS

Test rupt8 (Listing CASTEM)

LR

* CENTRAL CRACK IN A FINITE W DTH PLATE *
* SUBJECTED TO UNI FORM BENDI NG MOVENT *
IR R RS R R RS R R R S R R R R R R R R R R SRR SRR R SRR SRR EEEEEEEE S
opti echo 0; OPTI DIME 3 ELEM TRI'3 DENS 1.;

N =6, N8 = 13; NI2 = (N4 + NB)*(-1);

OL =0. 0. 1000.; ADOM=10.3; BDIM=1.;
TAFIS = ADIM/ 33.; HHL = BDIM/ 2.0;

PL=0. 0. 0.; P2=BDIMO0. O.;

P3 = ADIMO. 0.;P3G = (ADIM- TAFIS) 0. 0.;

P3D = (ADIM + TAFI'S) 0. 0.;ALF1l = ATG HHL ADI M
ALF2 = ATG HHL (BDIM - ADIM;

X1 = TAFIS * (COS ALF1); Y1 = TAFIS * (SIN ALF1);
P31 = (ADIM- X1) Y1 0.;X1 = TAFIS * (COS ALF2);

Y1 = TAFIS * (SIN ALF2);P32 = (ADIM + X1) Y1 0.;

Cl = C N4 P3G P3 P31; G2 = C N8 P31 P3 P32;

C3 = CN4 P32 P3 P3D; SUL = COUT (CL ET C2 ET C3) P3;
P4 = 0. HHl 0.; P5 = BDIMHHL 0. ;

L1 = DN4 PL P4 DINI (2.0*TAFIS) DFIN (8.0%TAFIS);

L2 = D NI2 P4 P31 DINl (9.0*TAFI'S) DFIN (0.3*TAFI S);
L3 = D N12 P1 P3G DINI (3.0*TAFI'S) DFIN (1.5*TAFIS);
L4 =DN8 P4 P5;

L5 = D NI2 P5 P32 DINI (14.0*TAFI'S) DFIN (0.3*TAFI S);
L6 = DN4 P2 P5 DINI (2.0*TAFIS) DFIN (10.0%TAFIS);
L7 = D NI2 P2 P3D DINI (10.0*TAFI'S) DFIN (1.5*TAFIS);
SW2 = DALL L1 L3 CL L2;SU3 = DALL L2 L4 L5 C2;

SU4 = DALL L6 L5 C3 L7;

SUs = L4 TRAN 7 (0. (1.0*BDIM 0.);

L8 = COTE 3 SU5; Y1 = COOR 2 (POINT L8 FINA);

P6 = 0. (YL + (BDIM4.)) 0.;

P7 =BDIM (Y1 + (BDIM4.)) O.;
L9 = D N4 P7 P6; SU6 = COUT L8 LO;

SU7 = L9 TRAN 8 (0. (3.5*BDIM 0.);

L10 = COTE 3 SU7; YL = COOR 2 (POINT L10 FINA);
L11 = D1 P3 P3D,

SUT = COUL TURQ (SUL ET SW2 ET SU3

ET SU4 ET SUs ET SUs ET SU7);
ELIM1.E-8 SUT;
L1 = (CONT SUT) ELEM APPU (SUT PQOI N

DRO (0. 0. 0.) (BDIMO. 0.) 1.E-8);
L2 = (CONT SUT) ELEM APPU (SUT PQOI N

DRO (BDIMO. 0.) (BDIMYL 0.) 1.E-8);
L3 = (CONT SUT) ELEM APPU (SUT POl N

DRO (BDIMYL 0.) (0. Y1 0.) 1.E-8);
L4 = (CONT SUT) ELEM APPU (SUT POI N

DRO (0. Y1 0.) (0. 0. 0.) 1.E8);

PIN'3 = PON L3 INIT; PFIN3 = POIN L3 FINA

PM L3 = (CHAN POI 1 L3) DIFF (PINI3 ET PFIN3);
MOEXT = 1. / ((NBNOL3) - 1);

MOM L = MOEXT * (NBNO PM L3):

*

*.... RESOLUTI ON- STRESSES AND Di SPLACEMENTS - - - - *
*

EPAl T = 0.001; NB ML = 21;

EPAl_C = EPAl T * 1.E-6;

EPAl | = (EPAI T - (EPAl_C*NB_MUL))/(NB ML - 1);
ELEFI'S = ELEM 1 (SUT ELEM APPU LARG P3);

TBEPAl = TABLE, TBEXCE = TABLE

REPETER BC_MUL1 ((2*NB_MUL) - 1);
11 = (&BC_MLL - NB ML) / 2
TBEXCE. 88C MJL1 = (EPAI | + EPAI_Q)*II1I;

S| (EGA 0. ((&BC MIL1/2.) - (&BC MIL1/2)) 1.E-10);
TBEPAI . 88C MUL1 = EPAI |
SI NON;
TBEPAI . 88C MIL1 = EPAI_C
FINSI;
FI'N BC_MULL;

REPETER BC_MUL2 ((2*NB_MUL) - 1):
Sl (EGA &BC MIL2 1);
MOD MUL = MODE ELEFI' S MECANI QUE ELASTI QUE
DKT CONS (CHAI &BC MUL2);
MAT MUL = MATE MOD ML YOUN 2. E11 NU 0.3
EPA TBEPAI . 88C MJL2 EXCE TBEXCE. &BC_MUL2;
SI NON;
MOD MUL = MODE ELEFI S MECANI QUE ELASTI QUE
DKT CONS (CHAI &BC MUL2);

MAT MJUL = MATE MOD MJL YOUN 2. E11 NU 0.3
EPAI TBEPAI . 88C MUL2 EXCE TBEXCE. 8BC_MUL2;
MOD MUL = MOD_MUL ET MOD_MUL;
MAT MUL = MAT MUL ET MAT MUL;
FINSI;
FI'N BC_MUL2;

MOD_R = MODE (SUT DI FF ELEFI S) MECANI QUE ELASTI QUE DKT;
MAT_R = MATE MOD_R YOUN 2. E11 NU 0.3 EPAI EPAI _T,;
*
TRACE SUT TITRE ' PLATE W TH CENTRAL
CRACK SUBJECTED TO TENSI LE STRESS' ;

*

MOL = MOD MUL ET MOD R MAL = MAT MUL ET MAT R
*

BL1 = BLOQ UY RX (L7 ET L11);

BL2 = BLOQ UX RY L4; BL3 = BLOQ UZ RZ L3;

Rl = BL1 ET BL2 ET BL3 ET (RIG MAL MOL);

F2 = ((FORC FY MOEXT (PINI3 ET PFIN3))

ET (FORC FY MOM L PML3))*5.e3; F8 = FOP;

*

DEPTO = RESO R FO3 ; REATO = REAC DEPTO RI ;
SIGTO = SIGVA MAL MOL DEPTO ;

IR R R R S R R R R R S R R R R R R R RS R R R SRR E R SRR R EEEEEEEEEE]
SUPTAB = TABLE ;

SUPTAB. ' OBJECTIF = MOT ' J";

SUPTAB. ' LEVRE_SUPERI EURE' = conp (cont sut) p3 pl;
SUPTAB. ' FRONT_FI SSURE' = P3 ;

SUPTAB. " MODELE' = MOL;

SUPTAB. ' CARACTERI STI QUES' = MA1,

SUPTAB. " SCLUTI ON_RESO = DEPTOQ,

SUPTAB. ' CHARGEMENTS_MECANI QUES' = FQB;

SUPTAB. ' COUCHE' = 7;

G _THETA SUPTAB;

*

*RESULTS AND COMPARAI SON W TH THEORI TECAL VALUE *
*
G
Kt h
K =

SUPTAB. ' RESULTATS' . " GLOBAL’ ;
50. 1E5 ;
2.E11 * §**0.5 ;

o

mess '’ ;
mess ' ENERGY RELEASE RATE G:' G

mess ' COVPUTED VALUE Kecal @' K ;
mess ' ANALYTI CAL VALUE Kthe ;' Kth ;

RESI = abs (( k - Kth) / Kth) ;
S (RESI < 5E-2) :
ERRE 0 ;
SINO ;
ERRE 5 :
FINSI ;
FIN,

208



o
6.9. TEST RUPT9 (DESCRIPTION SHEET) 0%

6.9 Test rupt9 (Description sheet)

Test name:rupt9
Calculation type: MECHANICS ELASTICITY
Finite element type: QUA8 DIME 2

Topic: VALIDATION OF THE G_THETA AND T_PITETA PROCEDURES FOR AN OBQUE EDGE
CRACK IN A PLATE SUBJECTED TO UNIFORM TENSILE STRESS. Thewstture is a finite plate enclos-
ing an edge crack. This structure is subject to uniform terstress. The CASTEM solution for the stress
intensity factor K is given with the displacement method indgles at the crack tip (including the mid-node)
from the local displacements wich are computed in the loaaldi ') for the crack by the relationship:

_ [EG _ [EG
K| = 1-V2 and K| = 112

Finally this CASTEM K values for the stress intensity fad®compared to the results obtained with the ana-
lytical method.

Reference CASTEM: Test NAFEMS : D.P.Rooke and D. J. Cartwright in Copendiumntémsity Fac-
tors HMSO (1976): rupt7 Modélisation des structures &asts dans CASTEM 2000.

\Version: 97’ customer version

Model description:

Ay
GEOMETRY :
Width of the plate :b =100 mm
Length of the plate : 2.5b = 250 mm
Length of the crack : a =50 mm
< » beta = 45°
2b MATERIAL CHARACTERISTICS :
- - E = 20000 daN mm™(-2)
, X' nu= 0.3
sigmadam™ \y Vo ) sigma
\\ N // LOADING CONDITIONS :
- N. & - Tensile Stress :
0 N beta = 45° X Sigma =10 daN mm™(-2)
‘b—’“T’

Tension for a plate with the 45°angled kinked crack
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Test rupt9 (Results)

RESULTS

CASTEM FIGURES

K (daNmnt3/?)

K (daNmn3/?)

Reference

14977

—7156

Castem

14598

—72.28

GBI FEQIT
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6.9. TEST RUPT9 (DESCRIPTION SHEET)

Test rupt9 (Listing CASTEM)

L ]

* VALI DATION OF THE G _THETA AND T_PI TETA *

* PROCEDURES FOR A OBLI QUE EDGE CRACK IN A *

* PLATE SUBJECTED TO UNI FORM TENSI LE STRESS *

IR R R RS R R RS R RS R R R R R RS R R R SRR E SRR EEEEEEEEEEREEEEE S
opti dime 2 elemqua8 mode plan defo echo 1;

*** DD : INITIAL CRACK OPEN NG DI SPLACEMENT

DD = 0.001;

pll=(125. - (DD/2.)) 0.; pl2=(125. + (DD/2.)) O.;

p0=25. 0.; p2=275. 0.; p3=25. 100.; ppp = 125. O.;
L=50.; tetal=45; a=L*(cos tetal); b=L*(sin tetal);

pf 1=ppp plus (a b); p5=275. 100.;
tgteta = (sin tetal)/(cos tetal);
p4=((100./tgteta) + 125.) 100.;

R R

* MESH OF THE CRACK TI P *

i =0;

pd=prog 1. 2.5 5. 9. 13. 19. 25.;

ci ml1=pf 1; ci m2=pf 1; ci nB=pf 1; ci mi=pf 1; ci mL2=pf 1,
pl fiml=pf1; plfin=pfl;pi mB=pf1,

repeter bbbb (14 / 2);

i=i + 1;V=extr pd i; ddl = (v / L)*(DD*0.5);
XX1 = v*(cos tetal); YYL = v*(sin tetal);

XX2 = dd1*(sin tetal)*(sin tetal);

YY2 = dd1*(sin tetal)*(cos tetal);

pi 1=pf1 moin (XXl YY1);

pi 2=pf1 plus ((0. - XX1) YY1);

pi 3=pf1 plus (XXl YY1);

pi 4=pf1 moin ((0. - XX1) YY1);

plfil=pil min (X2 (0. - YY2)):
plfi2=pil plus (XX2 (0. - YY2));
n=2;si ((i ega 6) ou (i ega 7));

n=4; finsi;

IR R RS E R R R EEEEREEEEEEEEEEEEEEEEEEEEEEEEE]

cill=cerc n plfil pfl pi2;

ci2=cerc n pi2 pfl pi3;

ci3=cerc n pi3 pfl pi4;

cil2=cerc n pi4 pfl plfiz2;

sui 11=cout cimll ci11;

sui 12=cout ciml2 ci 12,

sui 2=cout cin® ci2; sui3=cout cinB ci3;

elim0.001 (suill et sui2);

elim0.001 (suil2 et sui3);

kkkkkhkhkkkhkhhhhhkhkhkhhhhhhkhkhhhhhhkhkhhhhhkkkx

[fil=(cont suill) conp plfiml plfil,

I fi2=(cont suil2) conp plfin2 plfi2;

[hi=pinB d 1 pi3;

ci mll=ci 11; ci nR=ci 2; ci n8=ci 3; ci ml2=ci 12;

pl fiml=plfil;plfinm2=plfi2;pinB=pi3;

sut 1=sui 11 et sui2; sut2=sui3 et suil2;

si (i ega 1);

suttl=sutl;sutt2=sut2;|f1=Ifil;

[f2=1fi2;1h=lhi;

si non;

suttl=suttl et sutl;sutt2=sutt2 et sut2;

[f1=If1 et Ifil;l1f2=1f2 et Ifi2;lh=lh et |hi;
finsi;

fin bbbb;

ligl = (cont suttl) conp pfl pinB;

lig2 = (cont sutt2) conp pfl pinB;

elim0.001 ligl lig2;

kkkkkhkkhhkhkhkhhkhhkkhkkhhkkkk %

* MESH OF THE PLATE *

Khkkhkkhkkhkhkhkhkhkhkhkhkhkhkkkk k%

Ig=p0 d 6 p3; 1d=p2 d 6 p5;

Ihc=d -5 p4 pi3 dini 65 dfin 50;

ligl=lg et (p3 d 13 p4) et Ihc;
ligl=ligl et (inve ci2) et cill;
ligl=ligl et (plfild 3 pll d 6 p0);
sul=surf ligl plan; objl=sul et suttl;
elim0.001 obj1;

lig2=ld et (p5d 3 p4) et Ihc;
lig2=lig2 et ci3 et cil2

lig2=lig2 et (plfi2 d 3 pl2d-9 p2
dini 40 dfin 50);

su2=surf 1ig2 plan; obj2=su2 et sutt2;
elim0.001 obj2;

Isuttl = (cont suttl) conp pfl pi3;
I'sutt2 = (cont sutt2) conp pi3 pfl;
eliml.e-6 Isuttl Isutt2,

perobj1 = inve (cont suttl);

perobj 2 = inve (cont sutt2);

lifisl = perobj1 conp pfl plfil;
lifis2 = perobj2 comp pfl plfi2;

obj =obj 1 et obj2; surfl=suttl et sutt2;

I's = (cont obj) conp pll pfl ;

i = (cont obj) conp pfl pl2 ;

TRACE OBJ ;

*---MODEL AND MATERI AL CHARACTERI STI CS------- *
obj af = nmode obj MECANI QUE ELASTI QUE | SOTROPE;
mat =mat e objaf youn 20000 nu 0. 3;

----------- MATRI X OF RIGI DI TY-----ommmmamao®
r|g rigi mat objaf;
-------------- BOUNDARY CONDI TI ONS- - - - - - = - === %

cdl =(blog ux uy p0 ) et (blog uy p2);

r|gtot =rig et cd ;

----------------- MECHANI CS LOADING - - - ------*
fl=pres mass objaf |lg -10.;

f2=pres mass objaf |d -10.;

fo="f1et f2;

EEEEREEEE RESOLUTI ON AND STRESSES-------- *
uO=reso rigtot f0; sig0=sigm mat objaf uo0;

IR RS SRS SRS SRS SRS R SRS R SRR R RS RS E SRR EEEEE]

* G THETA PROCEDURE AND RESULTS *
IR S S E S SRS E S S SRR SR SRS E R RS RS E R EEEE R
SUPTAB = TABLE ;

SUPTAB. ' OBJECTI F* = MOT ' DECOUPLAGE' ;

SUPTAB. ' LEVRE_SUPERI EURE' = I's;

SUPTAB. ' LEVRE_I NFERI EURE' = | i ;

SUPTAB. ' FRONT_FI SSURE' = PF1 ;

SUPTAB. ' MODELE' = obj af ;

SUPTAB. ' CARACTERI STI QUES' = mat;

SUPTAB. ' SOLUTI ON_RESO = u0;

SUPTAB. ' CHARGEMENTS_MECANI QUES' = fO0;

| =0; repeter bbbb 1; | =1 + 1;
SUPTAB. ' COUCHE' =6; G THETA SUPTAB ;
fin bbbb;

K1 = SUPTAB.’ RESULTATS .’ I’ ;
K2 = SUPTAB.'’ RESULTATS’ B
MESS "K1 ="' KL "K2 =" K2;
ERL = ABS (((K1 - 149.77) / K1) * 100);
ER2 = ABS (((K2 +71.56) | K2) * 100);
Sl ((ERL > 0.5) QU (ER2 > 2.0));

ERRE 5;
SI NO,

ERRE 0;
FINSI; FIN,
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_ CHAPTER 7. COMPOSITE

7.1 Testcompl (Description sheet)

Test name:compl

Calculation type: MECHANICS COMPOSITE 3D

Finite element type: DKT

Topic: A two layer composite cylinder subjected to internal pressuThe cylinder fibers are wound
around the Z-axis£45°). The cylinder is subjected to an internal pressure. Thplaiements of its bottom
end are constrained along the Z axis. In order to reduce tirdauof freedom degrees, one of the top nodes is
forced to move along X and Y-axis and in rotation around Zdriode PB). The pressure is perpendicular to
the internal surface of the cylinder.

Goal: Find the radial displacement of the point PA (1.05, 0, 0) bglog to the bottom of the cylinder.

Reference CASTEM:Report CEA-DMT 89/184 : Modélisation des composites de tyjpiti-couches
dans CASTEM 2000.

Version: 97’ customer version

Model description:

R*\

R =1.05m E, =1310°Pa
thot =0.1m Gy, =510

| H —1m E;, =7.10FPa

@PA P —=10CPa vip =028
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7.1. TEST COMP1 (DESCRIPTION SHEET)

Test compl (Results)

Results

Ur
Theory | 1.3776E-4 m
Castem| 1.3777E-4 m

CASTEM figures

A TWO COVPOSI TE LAYERS CYLI NDER SUBJECTED TO | NTERNAL PRESSURE

VAL - 1SO
>-1.27€-03
<165E-04

-1.26E-03
-1.19E-03
-1.12E-03
~1.06E-03
-9.80E-04
-9.22E-04
-8.55E-04
-7.87E-04
~7.20E-04
-6.53E-04
-5.86E-04
-5.19E-04

-451E-04
-3.84E-04
-3.17E-04
-2.50E-04
-1.82E-04
-1.15E-04
-4.81E-05
1.91E-05
8.64E-05

1.54E-04

AMPLITUDE
DEFORMEE

A TVD COVPOSI TE LAYERS CYLI NDER SUBJECTED TO | NTERNAL PRESSURE 165E+02
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CHAPTER 7. COMPOSITE

Test compl (Listing CASTEM)

Ikkkhkhkhkkkhkhhhhkhkhhhhkhhhhhhkhkkkhkkk *

TITRE ' A TWO COVPCSI TE LAYERS CYLI NDER
SUBJECTED TO | NTERNAL PRESSURE' ;

CPTION DIME 3 ELEM TRI3 MODE TRIDIM ;

TEWPS ;

DENS 0.1 ;

*

*  GEQVETRY

0. 0. ; @=0. 0. H;

PAD 4 PB;

CYLP = ROTA LI1 8 90 O1 @2 ;

CYL1 = ORIENTER CYLP NRL ;

CYL2 LIB = TOURNER CYL1 LI1 90 O1 @2 ;
CYL3 LIC = TOURNER CYL2 LIB 90 O1 @2 ;
CYL4 LID = TOURNER CYL3 LIC 90 O1 @2
CYL = CYL1 ET CYL2 ET CYL3 ET CYL4 ;
ELIM CYL ;

*

CElIL = 10. 10. 5. ;

TRACE CEIL CACH CYL ;

*

DESCRI PTI ON OF MODEL AND ORTHOTROPI C
MATERI AL OF LAYER 1

R

MODORT1 = MODEL CYL MECANI QUE ELASTI QUE
ORTHOTROPE DKT CONST ' COUCHE 1';
MAT1 = MATER MODORT1 DIRE @2 I NCL 45 NRL

YGL 7E6 Y& 1.3E6 NU12 0.28 Gl2 5E5 ;
CARL = CARAC MODORT1 EPAI 0.05 EXCENTR 0. 025 ;

MAT1=MAT1 ET CARL;

*

DESCRI PTI ON OF MODEL AND ORTHOTROPI C
MATERI AL OF LAYER 2

B

MODORT2 = MODEL CYL MECANI QUE ELASTI QUE
ORTHOTROPE DKT CONST ' COUCHE 2’ ;
MAT2 = MATER MODORT2 DIRE @2 INCL -45 NRL

YGL 7E6 Y& 1.3E6 NU12 0.28 Gl2 5E5 ;
CAR2 = CARAC MODORT2 EPAI 0.05 EXCENTR -0.025 ;

MAT2=MAT2 ET CARZ;

*

*
* RIG DI TY MATRI X
*

MODORT = MODORT1 ET MODORT2 ;
MATTOT = MAT1 ET MAT2 ;
RIGT = RRG MODORT MATTOT ;

*

* BOUNDARY CONDI TI ONS

*

*

OOL = COTE 2 CYLL ; O = OOTE 2 CYL2 ;
O = COTE 2 CYL3 ; CO4 = COTE 2 CYL4 ;
O0B = COL ET CC ET CO8 ET Q04 ;

CDLL = BLOQ UZ COB ;

CDL2 = BLOQ UX UY RZ PB ;

CDL = CDL1 ET CDL2 ;

*  CALCULATI ON

*

RIGTOT = RIGT ET CDL ;
FP = PRES COQUE MODORT1 100. NORM ;

DEPL = RESO RIG TOT FP ;

*

* QUTPUT

*

DEFOL=DEFO CYL DEPL;
DX=EXCO DEPL UX;

TRAC CEI'L CACH DEFQL DX;
*

D = EXTR DEPL UX PA ;

SAUT PAGE ;

MESS ' RADI AL REFERENCE DI SPLACEMENT
(NCDE PA) : 1.37762E-4 ' ;

SAUT 1 LIGN ;

MESS ' RADI AL CALCULATED DI SPLACEMENT
( NCDE PA) : ' D;

SAUT 2 LIGN ;

TEWPS ;

*

GOOD WIORKI NG MESSAGE
DEPREF=1. 37762E- 4;
RES| =ABS( ( D- DEPREF) / DEPREF) ;
S (RESI <EG 1E-2):
ERRE 0 ;
SINO,
ERRE 5 ;
FINSI ;
FIN,
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7.1. TEST COMP1 (DESCRIPTION SHEET) 0%

Test compl (Comments)

1. Description of orthotropic material
MAT1 = MATER MODORT1 DIRE O2 INCL 45 NR1 YG1 7E6 YG2 1.3E6 NU1228 G12 5E5 ;

The orthotropy is defined by the first orthotropic directidrirst, a reference vector VEC1 is defined,
thus giving the first orthotropic direction.

- Reference vector VEC1
DIRE O2 . projecting the direction O2 on the tangential plemthe shell.
- First orthotropic direction

INCL 45 NR1 : The first orthotropic direction makes an anglet6t with the reference direction
VECL1. The direction NR1 gives the direction perpendicutathte shell, orientated
outwards.

2. Definition of the offsetting with the median line
CAR1 = CARAC MODORTL1 EPAI 0.05 EXCENTR 0.025 ;

The median line of the layer 1 is 0.025 meters (=EPAI/2) awasnfthe median line of the cylinder (R =
1.05).

3. Drawing of displacements with deformed shape
TRAC OEIL CACH DEFOL1 DX;

Itis possible to plot the isodisplacements or isostraintherdeformed shape. For this, the object DEFO1
(DEFORME type) must be added in the TRAC operator.

LAYER 1 median line of layer 1
*********************************************** - | 0.05m
exc = +0.025mT ° nor
A 450
exc = -0.0ZSHQL \ medie
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 0.05m
/
LAYER 2 median line of layer 2
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_ CHAPTER 7. COMPOSITE

7.2 Testcomp?2 (Description sheet)

Test name:comp2

Calculation type: MECHANICS COMPOSITE 3D

Finite element type: DKT

Topic: A two layer composite shell subjected to a distributed press The shell fibers make an angle
of +£45° with the median line. The square shell is supported on itsiaiference (displacements and rotation
along Z-axis are constrained). The middle node only can naberg the vertical Z-axis. The pressure is
distributed on the entire shell (upper face).

Goal: Find the axial displacement of the middle point PO (0, 0, 0).

Reference CASTEM:Report CEA-DMT 89/186 :

Version: 97’ customer version

Model description:

E; =27610*MPa

A = 127mm E, =6310°MPa
Thot =5.08mm G 34108
= — 0.6894MPa 12 ==

V12 =0.25
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7.2. TEST COMP2 (DESCRIPTION SHEET)

Test comp2 (Results)

Results

U,(PO)

Reference]

23.25

Castem

23.126

CASTEM figures
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CHAPTER 7. COMPOSITE

COMPOSITE SUPPORTED SHELL - DISTRIBUTED PRESSURE

VAL - 1SO
>-5.74E-16
<2.31E+01

18

13

23

34

45

56

6.7

78

8.9

9.9

11.

12.

13.

14.

15.

16.

18.

19.

20.

21

22.

23.

AMPLITUDE
DEFORMEE

COMPOSITE SUPPORTED SHELL - DISTRIBUTED PRESSURE 11
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7.2. TEST COMP2 (DESCRIPTION SHEET)

Test comp2 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

TI TRE ' COVWPOSI TE SUPPORTED SHELL -
DI STRI BUTED PRESSURE' ;
CPTI DIME 3 ELEMTRI3 ECHO O ;

*

* GEOVETRY
*

TENPS

A=127. ; B=A; AM=-127. ; BM= AM;
H=508; ES=H4; Bl =H-4; S=H2;
P = 0.6894 ;

N=12;

PO =0. 0. 0. ;

PL = AMBMO. ; P2 = ABMO. ;

P3=ABO. : P4i=AMBO. ;

VI =0 (2*B) 0. ; V2=0. 0. 1. :
L1 = DRO NP1 P2 ;

SI1=L1 TRAN V1 N;

SI=ORIE SI1 V2;

CONE (S1 POIN PROC P1
(S1 PON PROC P2
(S1 PO N PROC P3

CONF (S1 POIN PROC P4
(S1 PON PROC PO

Pl ;
P2 ;
P3 ;
P4
PO ;

—=_— ==

TRACE S1 V2

*  MATERI AL

MODLS = MODEL S1 MECANI QUE ELASTI QUE
ORTHOTROPE DKT CONST ’ UPPER LAYER ;

MODLI = MODEL S1 MECANI QUE ELASTI QUE
ORTHOTROPE DKT CONST ’ LOWER LAYER ;

CARS = CARAC MOD1S EPAI S EXCE ES ;

CARI CARAC MOD1lI EPAI S EXCE EI ;

E11 = 276E3 ; E22 = 6.9E3 ;

N12 = 0.25 ; GX = 3.4E3 ;

MATS = MATER MOD1S DI RE V1 I NCLINE 45. V2
YGL E11 Y& E22 NU12 N12 Gl2 GX ;

MATI = MATER MOD1l DI RE V1 INCLINE -45. V2
YGL E11 Y& E22 NU12 N12 Gl2 CX ;

MATS = MATS ET CARS,

MATI = MATI ET CARI;

*

*  BOUNDARY CONDI TIONS AND RIG DI TY

*

RIS = RG MXDLS MATS ;
Rl = RRG MXD1l MATI

CL=(BLOQ UZ (CONT S1)) ET (BLOQ RZ (CONT S1))

ET (BLOQ UX UY RX RY PO);
RT=RSETRI ETC ;

*

* CALCULATI ON AND QUPUT

*

FP = PRES COQU MOD1S P V2 ;
DEP = RESORIT FP ;

FP1 = EXTR DEP UZ PO ;
SAUT PAGE ;

SU1=DEFO S1 DEP;

DZ=EXCO DEP Uz,

CEl'L= 0 1000 0;

TRAC CEIL CACH SUL Dz;

*

MESS ' THEORI CAL DEFLECTI ON 23.25

SAUT 1 LICN ;
VESS ' COVPUTED DEFLECTI ON " FPL
SAUT 2 LICN ;
TENPS ;
* GOOD WORKI NG MESSAGE
FLEREF = 23. 25;
RESI = ABS ((FPI- FLEREF)/ FLEREF);
S (RESI <EG 1E-2):
ERRE O ;
SING
ERRE 5 ;
FINSI;
FIN
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_ CHAPTER 8. CONCRETE

8.1 Test beton (Description sheet)

Test name:beton

Calculation type: ELASTIC PLASTIC MECHANICS - CONCRETE

Finite element type: CUB8

Topic: Tensile test on a cubic piece made of concrete. The struistume embedded cube subjected to a
tensile stress (imposed displacements). The structul@a®la concrete elastic-plastic model. The limite in
tension in the first direction for concrete (LRT1) is 4 MPa.

Goal: Test the model of concrete material for two new structureM(MDEL and MCHAMELEM).

Reference:NAH (93/01/19)

Version: 97’ customer version

Model description:

E = 40000 MPa

NU = 02

ALPH = 1.10°

LTR1T = 4.MPa

uzA 4F

B4 | B3
B1 B2

A A3 :Y
ALk’ A2

UX
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8.1. TEST BETON (DESCRIPTION SHEET) 0%

Test beton (Results)

CASTEM FIGURES

B1B2B3B4

383
TOTAL
jaB1 A2A3B3B2
A1A2B2B1
jnoB2
la3na
AL ALA2A3AL A3
2
CONCRETE CUBE SUBJECTED TO TENSI LE STRENGTH
STRESS

4.00

350 [ -
3.00 [ -
2550 [ -
2.00 [ -
1.50 [ -
1.00 [ -

50 [ -

DI SPLACEMENT
00
00 50 1.00 1.50 2.00 2.50

XLE-4
CONCRETE CUBE SUBJECTED TO TENSI LE STRENGTH
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_ CHAPTER 8. CONCRETE

Test beton (Listing CASTEM)

R ] *

TI TR CONCRETE CUBE SUBJECTED TO TENS| LE STRENGTH ; L SETUP OF THE PASAPAS PROCEDURE -------- *
khkkkhhkkhkhhkkhhkhkhhhkhhhkkhhhkhkhhkhhhkhhxhkhhkxhkhrkhkhkkkx LTT = PRG;O 1 2 y
OPTI DIME 3 ELEM CUB8 MODEL TRIDIM ; TABL = TABLE
OPTI ECHO O ; TABL. BLOCAGES MECANI QUES = EN ;
N=1; TABL. CARACTER! STI QUES = MA ;
* TABL. MODELE = MO ;
LT GEOVETRY === ssrrmmmmmaaanns * TABL. CHARGEMENT = CHAT ;
DENS N ; TABL. TEMPS_CALCULES = LTT ;
AL=000 ; A2=N0O; PASAPAS TABL ;
A =NNO ; M=0NO;
BL=00ON ; B2=NON; *  TREATMENT OF THE RESULTS
B3=NNN ; BA=0NN; PTT = PROG 0 ;
PSZ = PROG 0 ;
ALA2 = AL DRO N A2 ; A2A3 = A2 DROl N A3 ; IC=0;
A3A4 = A3 DRO N A4 ; AJAL = AMd DROL N AL ; REPETER MABOU 2
B1B2 = Bl DRO N B2 ; B2B3 = B2 DRO N B3 ; IC=I1C+1;
B3B4 = B3 DRO N B4 ; B4Bl = B4 DRO N BI ; DD = TABL . DEPLACEMENTS . IC;
AlBl = AL DRO N Bl ; A2B2 = A2 DROl N B2 ; PTT = PTT ET ( PROG ( EXTRDD UZ B3 ) ) ;
A3B3 = A3 DRO N B3 ; A4B4 = A4 DROl N B4 ; SS = TABI. CONTRAI NTES. I C ;
SZ = EXTR ( CHAN CHPO MD SS') SMZZ B3 ;

ALA2A3A4 = ALA2 A2A3 A3A4 A4AL DALL PLAN ; PSZ = PSZ ET ( PROG SZ ) ;
B1B2B3B4 = B1B2 B2B3 B3B4 B4BL DALL PLAN ; FI'N MABOU ;
AlA2B2B1 = ALA2 A2B2 (INVE B1B2) (INVE ALB1) EVSZ = EVOL VERT MANU DEPLACEMENT PTT

DALL PLAN ; CONTRAINTE  PSZ ;
A4A3B3B4 = (INVE A3A4) A3B3 B3B4 (INVE A4B4) DESS EVSZ ;

DALL PLAN ; *
A2A3B3B2 = A2A3 A3B3 B2B3 (I NVE A2B2) A GOOD WORKI NG MESSAGE - - - - =x+ *

DALL PLAN ; Sl ( (MBS (SZ-2))< 1LEG6 );
ALA4BABL = (I NVE A4AL) A4B4 B4BL (INVE ALBI) ERRE 0 ;

DALL PLAN ; SINO ;
TOTAL = PAVE ALA2A3A4 B1B2B3B4 ALA2B2B1 A4A3B3B4 ERRE 5 ;

A2A3B3B2 ALA4B4BL ; FINSI ;

TRAC TOTAL CACH (1000 - 2000 1000) ;
* FIN;
L DESCRI PTI ON OF THE MODEL OF MATERIAL ----- *
MO = MODE TOTAL MECANI QUE ELASTI QUE PLASTI QUE

BETON CUBS ;
MA = MATE MO YOUN 40000 NU 0.20 ALPH 1E-5 LTRL 4 ;
*
L BOUNDARY CONDI TI ONS - -« - - -cnnnnn- *
ENCL = BLOQ UX ALA4B4BL ;
ENC2 = BLOQ UY ALA2B2B1 ;
ENC3 = BLOQ UZ ALA2A3A4 ;

ENC = ENCL ET ENC2 ET ENC3 ;

* Locking for inposed displacements
*ENDL = BLOQ UX A2A3B3B2 ;

*END2 = BLOQ UY A4A3B3B4 ;

END3 = BLOQ UZ B1B2B3B4 ;

*END = END1 ET END2 ET END3 ;

END = END3 ;

EN = ENC ET END ;

* Val ues of inposed displacenents
*FEXT1 = DEPI ENDL 1E-4 ;

*FEXT2 DEPI END2 1E-4 ;

FEXT3 = DEPI END3 1E-4 ;

*FEXT = FEXT1 ET FEXT2 ET FEXT3 ;
FEXT = FEXT3 ;

*

* Strength as a function of tine

LT1 = PROG 0. 10. ;
LT2 = PROG 0. 10. ;
EV = EVOL ROUGE MANU TEMPS LT1 FORCE LT2 ;

CHAT = CHAR DI MP FEXT EV ;

226



o
8.1. TEST BETON (DESCRIPTION SHEET) 0%

Test beton (Comments)

e The BETON model in plane strain, axisymmetrical and 3D

MO = MODE TOTAL MECANI QUE ELASTI QUE PLASTI QUE
BETON CUBS ;
MA = MATE MO YOUN 40000 NU 0.20 ALPH 1E-5 LTRL 4 ;

In this model, the concrete behavior is non-linear in temsand linear everywhere else.

(CLTR1) :limitin tension in the 1st direction (YOUN*1.2E by default)

(CETRY) : failure strain in tension in the 1st direction (3FR1/YOUN by default)

(CLTT1) : transitional limitin tension in the 1st directio(0. by default)

(CETT1) :deformation corresponding to LTT1 (ETR1 by defgu

(ERS1) :residual deformation in tension in the 1st difent(0. by default)

(VF1i)  :three components of the VF1 vector specifying tieection i connected with LTR1

(CLTR2") : limitin tension in the 2nd direction (by defaultlTR1)

(CETRZ2) : failure strain in tension in the 2nd direction (SFR2/YOUN by default)

(LTT2) :transitional limit in tension in the 2nd directio(0. by default)

(CETT2) :deformation corresponding to LTT2 (ETR2 by defgu

(ERS2) :residual deformation in tension in the 2nd dirent(0. by default)

(VF2i") :three components of the VF2 vector specifying tieection i connected with LTR2

(LTR3) : limitintension in the 3rd direction (LTR1 by detdt)

(CETR3’) : failure strain in tension in the 3rd direction (BFR3/YOUN by default)

(LTT3") :transitional limit in tension in the 3rd directio (0. by default)

(CETT3) : deformation corresponding to LTT3 (ETR3 by defdu

(ERS3’) :residual deformation in tension in the 3rd diieat(ERS1 by default )

(VF3i")  :three components of the VF3 vector specifying tiieection i connected with LTR3,
required only in 3D when necessatry.

(BETR’) : residual reduction coefficient for the shear maduin case of cracking (between 0.
and 1., 0.1 by default)
Caution : The VF1, VF2 and VF3 vectors must be orthogonal.
For computation with a tension limit different from the twthers, it is required that the vector corre-
sponding to this limit VF1, VF2 or VF3 be defined.

When LTR1, LTR2 and LTR3 are given, both the VF1 and VF2 vectoe required to define the di-
rections 1, 2 and 3.

Non-zero values corresponding to initial cracks openingshie directions 1, 2 and 3 can be intro-
duced by means of the TAB1 table used in the NONLIN procedhreugh TAB1.VARI'’OUV1’,
TAB1.VARI'’OUV2’, TAB1.'VARI'’OUV3' may be input.
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8.2 Test precontl (Description sheet)

Test name:precontl
Calculation type: REINFORCED ELASTIC MECHANICS - BARR - 2D
Finite element type: QUA4

Topic: Calculation with passive reinforcement. The structure igiaforced concrete beam. The rein-
forcement is made of tendon. The beam is subjected to peessunpper surface, and embedded on its lower
side.

Goal: Test the KABL, EQUI RIGI and PROI ARMA operators with passieenforcement.

Reference:J.S. Fleuret 08/96

Version: 97’ customer version

Model description:

Concrete

E = 0.4 10"
NU = 00
Tendons

E = 20104
SECT = 0.02

A vy
Pressure

ol Y4 v v b 4 e

SR IRRLIIPIKK S K KIS
P M B S S S BB EELELILIIZZEY PN

PA|[ / 77 PB
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Test precontl (Results)

CASTEM FIGURES
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VESH NG CF THE BEAM Dot or e
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T =T
T =T
o
Dot or e

VESH NG OF THE REI NFCROEMENT AFTER KABL
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Test precontl (Listing CASTEM)

IR S S SRS E R RS SRR R R R EREERE R EEEREEREEEEREEEEEEEEEEESEESS ERRO = ABS(((ABS(UF)'O 07794)/0 07794)*100) v
TITR * CALCULATI ON W TH PASSI VE REI NFORCEMENT' MESS ERRO ;

IE RS S SRS E R RS EE SRR R EEEREREEREEREREEEEREEEEEEEEEEESEESS *_ oo G)Od V\Drkl ng ITESS&QE

OPTI DIME 2 ELEM QUA4 MODE PLAN ; Sl ( ERRO < 6.E-3 ) ;

OPTI ECHO 1 ; ERRE O ;

* S|NG\|,

e GEOMETRY -----cvvmmmmmcanaonn * ERRE 5 ;

*--- Concrete FINSI ;

PA=0.0 0.0 ; PB=10.0 0.0 ; *

PC=10.0 1.0 ; PD=0.0 1.0; *--- RESOLUTI ON W TH REI NFORCED CONCRETE UNDER
NBL =40 ; NB2 =6 ; * PRESSURE - - ---- *
Cl =PADRO NB1 PB ; C2=PBDRO NB2 PC; *--- Resolution

C3 = PCDRO NB1 PD ; C4 = PDDRO NB2 PA ; R0 RIG MODB MATL ;

SURL = DALLC1 @2 &3 ¢4 ; R1 EQU RIG MODB MOD2 M ;

RIGICL = RIO ET RIi1 ET CLTOT ;
*--- Tendons DEP1 RESO RI GLCL CHAO ;
PM=0.0 0.1; DEP1A PRO ARVA DEP1 MODB MOD2 ;
PN =10.0 0.1 ; *--- Defornmed shape
D1 = PMDRO 10 PN ; DEO = DEFORM (SURL ET D2) DEP1 0. BLAN ;
*--- Total geonetry DE1 = DEFORM SURL DEP1 2.0 ROUG ;
D5 = SURL ET D1 ; DE1A = DEFORM D2  DEP1A 2.0 ROUG ;
TITR ' MESH NG OF THE BEAM ; TITR ' Def ormed shape of reinforced concrete
TRAC ELEM D5 under pressure’ ;
* TRAC (DEO ET DE1 ET DEI1A) ;
TR DESCRI PTI ON OF THE MODEL OF MATERIAL ----- * *--- Display of the deflection values
MODB = MODE SURL MECANI QUE ELASTI QUE ; PF = SURL PO N PROC (5. 0.) ;
MODL = MODE D1 MECANI QUE ELASTI QUE ARMATURE BARR ; UF = EXTR DEP1 UY PF ;
MOD2 = KABL MODB MODL ; ERRL = ABS(((ABS(UF)-0.06695)/0.06695)*100) ;

MESS ERRIL ;
D2 = EXTR MOD2 MAIL ; *--- Good working message
D5 = SURL ET D2 ; Sl ( ERRL < 6.E-3 ) ;
TITR " MESH NG OF THE REI NFORCEMENT AFTER KABL' ; ERRE 0 ;
TRAC ELEM D2 ; SINON ;

ERRE 5 ;

MAT1 = MATE MODB YOUN 0.4E11 NU 0.0 ; FINSI
MAT2 = MATE MOD2 YOUN 2. 0E11 SECT 0.02 ;
M = MAT1 ET MAT2 ; FIN ;
*
B BOUNDARY CONDI TIONS -------------- *

CL1 = BLOQ PA UX ; CL2 = BLOQ PA UY ;
CL3 = BLOQ PB UY ;
CLTOT = CL1 ET CL2 ET CL3 ;

R R LOAD DEFI NI TION: PRESSURE ----------- *
CHAO = PRES MASS MODB C3 2. E6 ;

* Test: PREC and EQUI FORCE shoul d not stop the

* programin the case of insuffiency of values.

* \\ don’t need the prestress load in the end of

* program because of the passive reinforcenent

PRE1 = PREC MOD2 MAT2 0.4E6 PM;

CHAL = EQUI FORCES MODB MOD2 PREL ;

*--- RESOLUTI ON W TH CONCRETE UNDER PRESSURE - - - *
*.-- Resol ution

RO = R MODB MAT1 ;

RIQCL = RI0 ET CLTOT ;

DEP0O = RESO RI GOCL CHAO ;

DEPOA PRO ARVA DEPO MCDB MOD2
*--- Deforned shape

DEO = DEFO (SURL ET D2) DEPO 0. BLAN;
DE1 = DEFO SURL DEPO 2.0 ROUG ;
DEIA = DEFO D2  DEPOA 2.0 ROUG ;

TITR ' Def ormed shape of concrete under pressure’;
TRAC (DEO ET DE1 ET DE1A) ;

*--- Display of the deflection val ues

PF = SURL POIN PROC (5. 0.) ;

UF = EXTR DEPO UY PF ;

230



o
8.2. TEST PRECONT1 (DESCRIPTION SHEET) 0%8

Test precontl (Comments)

1. The ELASTIC ARMATURE material

MCD1
MAT2

MODE D1 MECANI QUE ELASTI QUE ARVATURE BARR ;
MATE MOD2 YOUN 2. 0E11 SECT 0.02 ,

This model concerns the tendons of reinforced concrete (BAR SEG2). The parameter names for an
ELASTIQUE ARMATURE material are as follow:
In the case of passive tendons, the parameters are:

"YOUN’ : Young's modulus

'SECT’ : section of the tendon
In the case of active tendons (surrounding concrete), tiiaxnal parameters to be defined are:
For the loss of prestress by friction:

'FF’ : ratio of angular friction (0.18 rd-1)

'PHIF’ : ratio of linear friction (0.002 m-1)
For the loss of prestress at the anchoring point:

'"GANC’ : sliding at the anchoring point (0.0)

For the loss of tensile stress of the tendon:
'RMUOQ’ : ratio of the loss of tensile stress of the tendon §).4

'FPRG’ : stress of warranted rupture (1700.e6 Pa)
'RH10" : loss of tensile stress after 1000 hours (2.5

2. The KABL operator

MODB = MODE SUR1 MECANI QUE ELASTI QUE ;
MOD1 = MODE D1 MECANI QUE ELASTI QUE ARVATURE BARR ;
MOD2 = KABL MODB MODL

The KABL operator calculates the intersection points betwa concrete mesh and cables and creates
new uniaxial tendon elements accordingly. The paramebergput are:

MODB : model object associated to concrete (MMODEL type)

MOD1 : model object associated to tendons (MMODEL type)

MOD2 : resulting model object (MMODEL type)

The KABL operator is usually used with the EQUI, PREC and PBR@drators.

3. The EQUI operator

R 1
CHAL

EQU RIG MXDB MOD2 M ;
EQU FORCES MODB MOD2 PREL ;

The operator EQUI calculates the stiffness of tendons edpriv to prestresses expressed at the nodes of
the concrete.

'RIGI . key word to indicate that the calculation of the temdto the stiffness is required.

'FORCES’ : key word to indicate that the calculation of theleglent forces is required.

MODB : model object associated to concrete (MMODEL type)

MOD2 : model object associated to tendons (MMODEL type)

MT . field of material properties of concrete and tendons (MKBHL type,
CARACTERISTIQUES subtype)

RI1 . stiffness matrices (RIGIDITE type , RIGIDITE subtype)

PRE1 : stress field (MCHAML type, CONTRAINTES subtype)

CHA1 . force field (CHPOINT type)
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4,

figures/The PREC operator
PREL = PREC MOD2 MAT2 0.4E6 PM ;

The PREC operator calculates the loss of prestress and tibesof a tendon on the surrounding con-

crete.
MOD2 : model object associated to the tendon (MMODEL type)

MAT2 : field of caracteristics associated to the tendon (MQHAtype, CARACTERISTIQUES

subtype)
0.4E6 : value of the prestressing force applied to the endeofendon (FLOTTANT type)
PM : anchoring node (POINT type)

PRE1 :resulting stress field (MCHAML type, CONTRAINTES syjiw)

. figures/The PROI operator

DEP1IA = PRO ARVA DEP1 MODB MOD2 ;

With the "ARMA" option, the PROI operator projects onto anfercement (model MOD?2), the displace-
ments of a concrete structure (model MOD1).
The interpolation is done using shape functions of the ainaelements.

DEP1 : displacements of the concrete structure

MODB : model of the concrete structure

MOD2 : model of the reinforcement
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8.3 Test precont2 (Description sheet)

Test name:precont2

Calculation type: REINFORCED ELASTIC MECHANICS - BARR - 2D

Finite element type: QUA4

Topic: Calculation with active reinforcement. The structure igmforced concrete beam. The reinforce-
ment is made of tendon. The beam is subjected to pressure opper surface, and embedded from its lower
side.

Goal: Test the KABL, EQUI RIGI and PROI ARMA operators with passieenforcement.

Reference:J.S. Fleuret 08/96

Version: 97’ customer version

Model description:

Concrete
E = 04101
NU = 00
Tendons
E = 20101
SECT = 0.02
FF = 018 or 0.0
PHIF = 0.0020r 0.0
GANC = 0.0
RMUO = 043
FPRG = 1700 1C¢°
RH10 = 25

A vy
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Test precont2 (Results)

CASTEM FIGURES

NESH NG F THE BEAM

VESH NG OF THE REI NFORCEMENT AFTER KABL
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Test precont2 (Listing CASTEM)

R ]

TITR * CALCULATI ON W TH ACTI VE REI NFORCEMENT' ;

R ]

CPTI DI ME 2 ELEM QUA4 MODE PLAN ;

OPTI ECHO 1 ;
K GEOVETRY === -emmmmmmcceannnn *
LONG = 10.0 ;

*.-- Concrete

PA=0.0 0.0 ; PB
PC=LONG1.0 ; PD
NB1=40 ; NB2=6 ;
ClL = PADRO NB1 PB; 2
C3 =PCDRO NB1 PD; C4
SURL = DALL C1 &2 CG3 4 ;

1 n
o
o

PB DRO NB2 PC ;
PD DRO NB2 PA ;

*--- Reinforcenent

PM=0.0 0.5; PN=LONGO.5 ;
D1 = PMDRO 10 PN ;

*--- Total geonetry

D5 = SURL ET D1 ;

TITR " MESH NG OF THE BEAM ;

TRAC ELEM D5 ;

*

L DESCRI PTI ON OF THE MODEL OF MATERIAL ----- *
MODB = MODE SURL MECANI QUE ELASTI QUE ;

MODL = MODE DI MECANI QUE ELASTI QUE ARVATURE BARR ;
MOD2 = KABL MODB MODL ;

D2 = EXTR MOD2 MAIL ;

D5= SURL ET D2 ;

TITR * MESH NG OF THE REI NFORCEMENT AFTER KABL' ;
TRAC ELEM D2 ;

MATL = MATE MODB YOUN 0. 4E11 NU 0.0 ;

*

LT BOUNDARY CONDI TI ONS - <<=~ *
CL1 = BLOQ PA UX ;

CL2 = BLOQ PA UY

CL3 = BLOQ PB UY ;

CL4 = RELA ENSE UX C2

CL5 = RELA ENSE UX C4

CLTOT = CL1 ET CL2 ET CL3 ET CL4 ET CL5 ;
*

REEEEEE CALCULATI ON OF THE PRESTRESS ------------ *
* The loss of prestress results fromrubbing
S =SO* (1 - EXP(-FF*ALPHA- PHI F*X))

--- Calculation of the loss of prestress

--- at the mddle and at the end

--- with FF = 0.18 ET PHF = 0.002

MAT2 = MATE MOD2 YOUN 2.0E11 SECT 0.02 FF 0.18
PH F 0.002 GANC 0.0 RMUO 0. 43 FPRG 1700. E9
RH10 2.5 ;

PREC MOD2 MAT2 8.0E6 PM ;

PREC101 = EXTR PREL EFFX 1 10 2 ;

PRECO51 = EXTR PRE1 EFFX 1 5 2 ;

MESS PREC101 ;

MESS PRECO51 ;

*--- Calculation of the loss of prestress

*--- at the nmddle and at the end

*--- wWith FF = 0.0 ET PHF = 0.0

MAT2 = MATE MOD2 YOUN 2.0E11 SECT 0.02 FF 0.0
PHF 0.0 GANC 0.0 RMJO 0.43 FPRG 1700. E9
RH10 2.5 ;

PRE1 = PREC MOD2 MAT2 8.0E6 PM;

PREC102 = EXTR PREL EFFX 1 10 2 ;

*
*
*
*

PRE1

PREC052 = EXTR PREL EFFX 1 5 2 ;

MESS PREC102 ;
MESS PRECO52 ;
*--- Conparison of results
*--- The loss should be inferior to 1 %for
*--- the mddle and 2 %for the end
ERR10 = ABS(((PREC101- PREC102)/PREC101)*100) ;
ERR05 = ABS( ( ( PRECO51- PREC052) / PREC051) *100) |
MESS ERR1O0 ;
MESS ERRO5 ;
*--- CGood working message
S ((ERRIO- 2< 0.1 )ET(ERRO5- 1< 0.1
ERRE O ;
SINON
ERRE 5 ;
FINSI ;

L LOAD DEFI NI TION - ---==--mmaemom- *
CHAL = EQUI FORCES MODB MOD2 PREL ;

*

*--- RESCLUTI ON W TH CONCRETE UNDER PRESTRESS - - -*

*--- Resol ution

RO = RIG MDB MAT1 ;
RIQCL = RI0 ET CLTOT ;
DEPO = RESO RI QOCL CHAL ;

DEPOA PRO ARVA DEPO MODB MOD2 ;
*--- Deforned shape

DEO = DEFO (SURL ET D2) DEPO 0. BLAN ;
DE1 = DEFO SURL DEPO 2.0 ROUG ;
DE1A = DEFO D2 DEPOA 2.0 ROUG ;

TITR ' Def ormed shape of concrete under prestress’;
TRAC (DEO ET DE1 ET DEI1A) ;
*--- Display of the conpressive val ues
PPM = SURL POIN PROC (LONG 0.5) ;
PPN = SURL PON PROC ( 0. 0.5) ;
UM EXTR DEPO UX PPM ;
UN EXTR DEPO UX PPN ;
MESS UM ;
MESS WN ;
MESS ( ABS ( UM- UN) )
ERRL = ( ( ABS(UMUN) -
MESS ERRL ' % ;
*--- CGood working message
S ( ERRL < 1.E-3 ) ;
ERRE O ;
SINON ;
ERRE 5 ;
FINSI ;

0.1) / 0.1) * 100 :

FIN;

) )
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Test precont2 (Comments)

e The RELA operator
CL4 = RELA ENSE UX 2 ;

The ENSE option of the RELA operator enables the user to narighe stiffness CL4 (RIGIDITE type)
associated with a global motion : the value on the degreesefiivm UX (MOT type) is imposed as being
identical for all the nodes of C2 (MAILLAGE type).
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8.4 Test precont3 (Description sheet)

Test name:precont3

Calculation type: REINFORCED ELASTIC MECHANICS - BARR - 2D

Finite element type: QUA4

Topic: Calculation with active reinforcement and different lo§prestress. The structure is a reinforced
concrete beam. The reinforcement is made of tendon. The xantbjected to pressure on its upper surface,
and embedded from its lower side.

Goal: Test the PREC operators with passive reinforcement.

Reference:J.S. Fleuret 07/96

\Version: 97’ customer version

Model description:

Concrete
E = 0.4 10"
NU = 00
Tendons without loss  withoutloss  with loss with loss for friction thiloss for friction
for friction and slipping slipping and relaxation

E = 21100 = 21108 = 21107 = 2110 = 21108
SECT = 0.02 = 0.02 = 0.02 = 0.02 = 0.02
FF = 00 = 00 = 0.18 = 0.18 = 0.18
PHIF = 0.0 = 0.0 = 0.002 = 0.002 = 0.002
GANC = 00 = 00 = 00 = 0.005 = 0.005
RMUO = 043 = 043 = 043 = 043 = 043
FPRG = 170010° = 170010° = 1700 10° = 1700 10° = 1700 10°
RH10 = 25 = 25 = 25 = 25 = 25

A vy

Pressure
B R
PA 7 - PB UxX
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Test precont3 (Results)

CASTEM FIGURES

MESH NG CF THE BEAM

MESH NG CF THE REI NFCROENENT AFTER KABL
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Test precont3 (Listing CASTEM)

R ]

TITR * CALCULATI ON W TH ACTI VE REl NFORCEMENT’

R ]

CPTI DI ME 2 ELEM QUA4 MODE PLAN ;

OPTI ECHO 1 ;
K GEOVETRY === -emmmmmmcceannnn
LONG = 10.0 ;

*.-- Concrete

PA=0.0 0.0 ; PB
PC=LONG1.0 ; PD
NB1=40 ; NB2=6 ;
ClL = PADRO NB1 PB; 2
C3 =PCDRO NB1 PD; C4
SURL = DALL C1 &2 CG3 4 ;

1 n
o
o

PB DRO NB2 PC ;
PD DRO NB2 PA ;

*--- Reinforcenent

PM=0.0 0.5; PN=LONGO.5 ;
D1 = PMDRO 10 PN ;

*--- Total geonetry

D5 = SURL ET D1 ;

TITR " MESH NG OF THE BEAM ;

TRAC ELEM D5 ;

*

L DESCRI PTI ON OF THE MODEL OF MATERIAL -----
MODB = MODE SURL MECANI QUE ELASTI QUE ;

MODL = MODE DI MECANI QUE ELASTI QUE ARVATURE BARR ;
MOD2 = KABL MODB MODL ;

D2 = EXTR MOD2 MAIL ;

D5 = SURL ET D2 ;

TITR * MESH NG OF THE REI NFORCEMENT AFTER KABL' ;

TRAC ELEM D2 ;
MAT1=MATE MCDB YOUN 0. 4E11 NU 0.0 ;
*

L BOUNDARY CONDI TI ONS - - - - -« - <<= - -
CL1 = BLOQPA UX ; CL2 = BLOQ PA UY ;

CL3 = BLOQ PB UY

CL4 = RELA ENSE UX C2 ; CL5 = RELA ENSE UX C4 ;

CLTOT = CL1 ET CL2 ET CL3 ET CL4 ET CL5 ;

B CALCULATI ON OF THE PRESTRESS ----

* Cal cul ation without |oss
MAT2 = MATE MOD2 YOUN 2. 1E11 SECT 0. 02

FF 0.0 PHIF 0.0 GANC 0.0 RMJ0 0.43

FPRG 1700. E9 RHL0 2.5 ;
PRE1 = PREC MOD2 MAT2 12.0E6 PM ;
PREC100 = EXTR PREL EFFX 1 10 2 :
PRECO50 = EXTR PRE1 EFFX 1 5 2 ;

MESS PRECIO0 ; MESS PRECD50 ;

ERRO = ( (ABS(PRECL00- 600. 0E6)/ 600. OE6)

+ ( ABS( PRECO50- 600. OE6)/ 600. OE6) )/2 ;

MESS ERRO ' % ;
*--- Good working message
S (ERRO< 1. ) ;
ERRE O ;
SINON ;
ERRE 5 ;
FINSI ;

* Second cal culation w thout |oss

MAT2 = MATE MOD2 YOUN 2. 1E11 SECT 0. 02
FF 0.0 PHIF 0.0 GANC 0.0 RMUWO 0. 43
FPRG 1700. E9 RH10 2.5 ;

PRE2=PREC MOD2 MAT2 12.0E6 PN PRE1 ;

PREC100 = EXTR PRE2 EFFX 1 10 2 ;

PRECO50 = EXTR PRE2 EFFX 1 5 2 ;
MESS PREC100 ; MESS PRECOS50 ;

ERRO = ( ( ABS(PRECL00- 1200. 0E6)/1200. OE6)

+ ( ABS( PRECO50- 1200. OE6)/ 1200. OE6) )/2 ;

MESS ERRO ' % ;
*--- Good working message
Sl (ERRO < 1. )
ERRE O ;
SINON ;
ERRE 5 ;
FINSI ;

* Calculation with | oss by rubbing

MAT2 = MATE MOD2 YOUN 2. 1E11 SECT 0.02
FF 0.18 PH F 0.002 GANC 0.0
RMUO 0.43 FPRG 1700. E9 RH10 2.5 ;

PRE1 = PREC MOD2 MAT2 24.0E6 PM;

PREC101 = EXTR PRE1 EFFX 1 10 2 ;

PRECO51 = EXTR PREL EFFX 1 5 2 ;

MESS PREC101 ; MESS PRECO51 ;

ERRL = ( (ABS(PREC101-1176.0E6)/1176. OES6)

+ (ABS( PRECO51- 1188. OE6)/ 1188. 0E6) )/2 ;

MESS ERRL "% ;
*--- CGood working message
S (ERRL < 1. ) ;
ERRE O ;
SINON
ERRE 5 ;
FINSI ;

* Calculation with | oss by rubbing and slipping

MAT2 = MATE MOD2 YOUN 2. 1E11 SECT 0.02
FF 0.18 PHIF 0.002 GANC 0.005
RMJO 0. 43 FPRG 1700. E9 RHI0 2.5 ;

PREL = PREC MOD2 MAT2 24.0E6 PM ;

PREC102 = EXTR PREL EFFX 1 10 2 ;

PRECV52 = EXTR PREL EFFX 1 5 2 ;

MESS PREC102 ; MESS PRECD52 ;

ERR2 = ( (ABS(PREC102- 1176. 0E6)/ 1176. OE6)

+ (ABS( PREC052- 1183. 6E6)/ 1183. 6E6) )/2 ;

MESS ERR2 ' % ;
*--- CGood working message
S (ERRR < 1. ) ;
ERRE O ;
SINON
ERRE 5 ;
FINSI ;

* Calculation with loss by rubbing, slipping

* and rel axation

MAT2 = MATE MOD2 YOUN 2. 1E11 SECT 0. 02
FF 0.18 PHIF 0.002 GANC 0. 005
RMJO 0.43 FPRG 1700.E6 RH10 2.5 ;

PRE1 = PREC MOD2 MAT2 24.0E6 PM ;

PREC103 = EXTR PRE1 EFFX 1 10 2 ;

PREC053 = EXTR PREL EFFX 1 5 2 ;

MESS PREC103 ; MESS PRECD53 ;

ERR3 = ( (ABS(PREC103-1129. 8E6)/1129. 8E6)

+ ( ABS( PRECO53- 1049. 5E6)/ 1049. 5E6) )/2 ;

MESS ERR3 ' EN % ;
*--- Good working message
S ( ERR3< 1. ) ;
ERRE O ;
SINON ;
ERRE 5 ;
FINSI ;
FIN;
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CHAPTER 9. POROSITY

9.1 Test porel (Description sheet)

Test name:porel

Calculation type: ELASTOPLASTIC MECHANICS - DRUCKER-PRAGER MODEL IN POROSIT
- MODE AXIS

Finite element type: QUAP

Topic: Porous thick cylinder. The structure is an elastoplasticktiylinder. It follows a Drucker-Prager
law with non-associated yield. We release the stress witt@role.

Goal: Calculate the convergence of the hall and the stress alengitumference
Reference:Benchmark INTERCLAY 1.1 Variante 2
Version: 97’ customer version

Model description:

E = 200.13E06 Young's modulus
NU = 0.25 Poisson’s ratio
RHO = 0. density
ALPH = 0. thermal expansion coefficient
MOB = 7500E6 Biot’s modulus
COB = 1. Biot's coefficient
PERM = 4.E-12 intrinsic permeability
VISC = 4. fluid dynamic viscosity
ALPM = 0. coefficient of the pressure-temperature coupling
AUZ
Ql ./ ) /, Q2
Foppl Z Z /IF?zsm -
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o

&

©
2]

Test porel (Results)

RESULTS

Hall convergence

Stress along
the circumference

Reference (*) -0.266 m -3.47E6 Pa
Castem -0.26586 m -3.46667E6 PA
Error 5.21515E-4 % 9.59243E-4 %

(*) The reference values are calculated with castem200@wagree with INTERCLAY's results.

CASTEM FIGURES

1 T Y Y
A TH K GYLINDER | N POROLS M O0LE

INTIAL STRESSES
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Test porel (Listing CASTEM)

R ]

TITR *A POROUS TH CK CYLINDER

R ]

CPTI DIME 2 MODE AXI' S ELEM QUAS ;

OPTI ECHO O ;

*

R GEOVETRY -----mmmmmmmmmaaee o *
DENS 0.5 ;

PL =250 ; P2 =25 0. ;

Q =2505; @ =25 0.5;

PP1 =5 0. ; QL =5 0.5;

LIl =P1LDRO P2DN 0.25DFIN 2.5 ;

LI2 =P2DRO @ ;

LI3 =INE( QLDRO @ DINl 0.25 DFIN2.5) ;
LI4 =Q DRO P1;

LI =LI1 ETLI2 ETL3 ETLA4;

CADRE = DALL LI1T LI2 LI3 LI4 PLAN;

TRAC CADRE ;

*

R R BOUNDARY CONDI TIONS --------=------ *
BL1 = BLOQ UZ LI1 ;

BL2 = BLOQ UZ LI3 ;

CL = BL1 ET BL2 ;

*

LT DESCRI PTI ON OF THE MODEL OF MATERIAL ----- *
MO=MODE CADRE POREUX ELASTI QUE PLASTI QUE

DRUCKER _PRAGER ;
MAT=MATE MO YOUNG 200. 13E6 NU 0. 25
MOB  7500E6 COB 1.
PERM 4. E- 12 VI SCO 4.
ALPH 0. KF 0. RHOF 0. ALPF 0. ALPM 0. RHO 0.
ALFA 0.1270509 BETA 0.57735027 K 0.
GAWM 0. DELT 0. 57735027
ETA 0.1270509 MJ  0.57735027 KL O. HO. ;

Heis LOAD DEFI NI TION <<= mmmmmm e *
TITR ' INITIAL STRESSES ;
ZzO = MANU CHML MO SMRZ 0.
SMRR -5.E6 SMIT -5.E6 SMZZ -5.E6 P 2.5E6
TYPE CONTRAI NTES ~ STRESSES

FF = BSI GVA MO ZQzZO,

EVT1 = EVOL MANU TEMPS (PROG 0 14 )
CHARGE (PROG1 1 ) ;

DESS EVT1 ;

CHA1 = CHAR MECA FF EVT1 ;

TITR ' PRESSURE' ;

FPI2 = PRESS MASS MD -1.E6 L4 ;
EVT2 = EVOL MANU TEMPS (PROG 0 PAS 1 14 )

CHARGE (PROG 0 PAS 0.25 3.5) ;
DESS EVT2 ;
CHA2 = CHAR NECA FPI2 EVT2 ;
CHATT = CHAL ET CHA? ;
*
L SETUP OF THE PASAPAS PROCEDURE ------ - *
TABL = TABLE ;

TABL. ' CONTRAINTES' = TABLE ;

TABL. ' DEPLACEMENTS' = TABLE ;

TABL. ' CONTRAINTES .0 = ZOZO ;

TABL. ' DEPLACEMENTS .0 = MANU CHPO CADRE 1 P 2. 5E6;
LREE = PROG 0 PAS 1 14 ;

TABL. ' CARACTERI STI QUES' = MAT ;

TABL. ' CHARGEMENT' = CHATT ;

TABL.’ MODELE' = MO ;

TABL.' TEMPS_CALCULES' = LREE ;

TABL. ' BLOCAGES_MECANI QUES' = CL ;

PASAPAS TABL ;

K RESULTS AND QUTPUT - -------c-zcnnn- *
MESS ' RESULTS OF TEST PCREL ' ;

VESS ’ =eemmmmmmcmeaaaanas '

SAUT 2 LIGN ;

MESS ' W search the convergence of the hole and’ ;
MESS 'the stress along the circunference’ ;
SAUT 1 LIGN ;

SAUT 1 LIGN ;

COWTH = -0. 266 ;

SI GITH = - 3. 47E6 ;

LEDEP = PECHE TAB1 DEPLACEMENTS 14 ;

S| GAA = PECHE TAB1 CONTRAINTES 14 ;

SI GAB = CHAN ' CHPO MO SI GAA ;

CONVXX = EXTR LEDEP UR P1 ;

SI GTXX = EXTR S| GAB SMIT P1 ;

ERGXXA = ( CONVXX - CONWTH ) / CONTH ;

ERGXXA = ABS ERGXXA
ERGXXB = ( SIGTXX - SIGITH) / SIGITH ;
ERGXXB = ABS ERGXXB ;

MESS ' Theoretical convergence:' COWTH 'ni;
MESS ’ Cal cul ated convergence:’ CONVXX 'ni;

MESS ' Error:’ ERGXXA ' % ;

SAUT 1 LIGN

MESS ' Theoretical Stress along the circunference:’
SIGITH " Pa’ ;

MESS ' Cal cul ated Stress along the circunference:’
SIGTXX "Pa’;

MESS ’ Error ' ERGXXB "%

*

ACEEREERPERE GOOD VORKI NG VESSAGE - ------------- *

SAUT 2 LIGN ;

S| (ERGXXA <EG 5) ;
S| (ERGXXB <EG 5) ;
ERRE O ;
SINON
ERRE 5 ;
FINSI
SINON ;
ERRE 5 ;
FINSI ;

FIN;
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9.1. TEST PORE1 (DESCRIPTION SHEET) 0%

Test porel (Comments)

1. Parameter name for an ELASTIQUE ISOTROPE material in #se of a POREUX formulation
The parameters which should be input in the POREUX formuiiadire as follow:

E Young's modulus

NU Poisson’s ratio

RHO  density

ALPH thermal expansion coefficient

MOB  Biot's modulus

CcOB Biot’s coefficient

PERM intrinsic permeability

VISC  fluid dynamic viscosity

ALPM coefficient of the pressure-temperature coupling

2. The Drucker-Prager's model with non-associated yieldl stress hardening

MO=MODE CADRE POREUX ELASTI QUE PLASTI QUE
DRUCKER PRAGER ;
MAT=MATE MO YOUNG 200. 13E6 NU 0. 25
MOB  7500E6 OB 1.
PERM 4. E- 12 VI SCO 4.
ALPH 0. KF 0. RHOF 0. ALPF 0. ALPM 0. RHO 0.
ALFA 0.1270509 BETA 0.57735027 K 0.
GAWM 0. DELT 0. 57735027
ETA 0.1270509 MJ 0.57735027 KL 0. HO. ;

The equations of the plastic DRUCKER-PRAGER model are daviol

—> Notations: S stress tensor

Seq Von Mises equivalent stress

p cumulated equivalent plastic strain

—> initial criterion: ALFA * Tr(S) + BETA* Seq =K

—> ultimate criterion: ETA * Tr(S) + MU * Seq = KL

—> Hardening: dK = H * dp (H in algebraic value)

—> Flow potential: GAMM * Tr(S) + DELT * Seq

The parameters to be defined are: ALFA, BETA, K, ETA, MU, KL,GAMM, DE

3. Application of the initial stresses

ZOZO = MANU CHML MO SMRZ 0.
SMWRR -5.E6 SMIT -5.E6 SMZZ -5.E6 P 2.5E6
TYPE CONTRAI NTES ~ STRESSES ;
FF = BSIGVA MD ZOZQ
EVI1 = EVOL MANU TEMPS (PROG O 14 )
CHARGE (PROG1 1 ) ;
CHAL = CHAR MECA FF EVTL ;

The MANU CHML operator creates a field by element (MCHAML typennected with the MO object
(MMODEL type). The key word 'stresses’ means that the fiel&lgment will be expressed with respect
to element stress calculation points.

The BSIGMA operator calculates the nodal force field resglfrom the stress field integration.
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CHAPTER 9. POROSITY

9.2 Test pore2 (Description sheet)

Test name:pore2

Calculation type: ELASTOPLASTIC MECHANICS - DRUCKER-PRAGER MODEL IN POROSIT
- MODE AXIS

Finite element type: QUAP

Topic: Porous thick cylinder with thermal effects. The structiwram elastoplastic thick cylinder. It follows
the Von-Mises model with associated yield. We release ttesstwithin the hole, and we set a temperature
yield.

Goal: Calculate the convergence of the hole and the stress alengjrdumference

Reference:Benchmark INTERCLAY 1.4 Basic Model

Version: 97’ customer version

Model description:

E =200.13E06 Young'’s modulus

NU =0.25 Poisson’s ratio

RHO =0. density

ALPH =(5.E-5/3)) thermal expansion coefficient
MOB  =7500E6 Biot’s modulus

CcOB =1 Biot's coefficient

PERM =4E-12 intrinsic permeability

VISC =4, fluid dynamic viscosity

ALPM = (19.E-5/3.) coefficient of the pressure-temperattoapling

uz

25m

Q1 / /. IQ2
<+— 0.5m
F p1 i’ S pR -
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9.2. TEST PORE2 (DESCRIPTION SHEET)

Test pore2 (Results)

CASTEM FIGURES
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Test pore2 (Listing CASTEM)

IR S S SRS E R RS SRR R R R EREERE R EEEREEREEEEREEEEEEEEEEESEESS TABl’O_'ARGENENI" = G_'ATT ’
TITR A POROUS THI CK CYLI NDER W TH THERM C EFFECTS ;
IE RS S SRS E R RS EE SRR R EEEREREEREEREREEEEREEEEEEEEEEESEESS PASAPAS TABl v
COVPLET = FAUX ; COW * FULL CALCULATION | F VRAI ;
OPTI DIME 2 ELEM QUA8 MODE AXIS ; * SECOND STEP: tenperature
OPTI ECHO O ; * SETUP OF THE TABLE FOR CALL TO PASAPAS
* TAB2 = TABLE ;
e R EEE TR CEOVETRY - -----mmmmmmmamea o * TAB2 . ' VARI ABLES_ | NTERNES' = TABLE ;
DENS 0.5 ; TAB2 . ' DEPLACEMENTS = TABLE ;
P1L =250. ;o P2 =250 ; TAB2 . ' CONTRAINTES' = TABLE ;
QA =2505; @ =25 0.5; SSO = PECHE TABL CONTRAINTES ;
PPL =5 0. ; Q@ =5 0.5; TAB2.' CONTRAINTES' . 0 = SSO ;
LIl =P1DRO P2 DNl 0.25 DFIN 2.5 ; TAB2.' PRECI SION =5. E-7 ;
Ll2 = P2DRO @ ; TAB2.' VARI ABLES_| NTERNES' . 0 =
LI3 =INVE( QLDRO @ DINl 0.25 DFIN2.5) ; PECHE TABL VARI ABLES | NTERNES ;
L4 =Q@ DPL; TAB2.' DEPLACEMENTS . 0 =
LI = LIl ET LI2 ETLI3 ETL4 ; PECHE TAB1 DEPLACEMENTS ;
CADRE = DALL LI1 LI2 LI3 LI4 PLAN;
TRAC CADRE ; FF = BSIGVA MO SSO ;
* EVT1= EVOL MANU TEMPS (PROG 0 100)
LI BOUNDARY CONDI TIONS - - === -x-cnnn-- * CHARGE (PROG 1 1)
BL1 =BLOQ UZ LI1; TI'TR * STRESSES'
BL2 = BLOQ UZ LI3 ; DESS EVTL ;
BL = BL1 ET BL2 ; CHAL = CHAR MECA FF EVTL ;
*
Fouuns DESCRI PTI ON OF THE MODEL OF MATERIAL ----- * LEFAC = 1. / ( LOG( 2.5/25.) ) ;
MO=MODE CADRE POREUX ELASTI QUE PLASTI QUE RAD = COOR 1 CADRE ;
DRUCKER_PRAGER ; DT = NOVC ( LEFAC *( LOG (RAD/ 25.) ) ) T;
MAT=MATE MO YOUNG 200. 13E6 NU 0.25 MOB 7500E6
COB 1. PERM 4.E-12 VI SCO 4. TABTER = TABLE ; TEMP = TABLE ;
ALPH (5.E-5/ 3. ) KF 3000E6 RHOF O. TEW . 0 =0. ;
ALPF 40E-5 ALPM (19.E-5/ 3.) RHOO. TEWP . 1 = 100. ;
ALFA 0. BETA 0.57735027 K 1. E6 TABTER . 0 = MANU CHPO CADRE 1 T 0. ;
GAW 0. DELT 0. 57735027 TABTER . 1 = (DT * 100.) ;
ETA 0. MJ  0.57735027 KL 1.E6 H 0. ; CHA2 = CHAR T TEMP TABTER ;
*
R R EEEEE LOAD DEFINITION ------cmmmmnnann * CHATT = CHAl ET CHAZ;
* FIRST STEP: nechanic | oad
* SETUP OF THE TABLE FOR CALL TO PASAPAS S COWPLET ;
TITR"INITIAL STRESSES ; TFIN = 70. ;
Z0ZO = MANU CHML MO SMRZ 0. SINON ;
SVRR -5.E6 SMIT -5.E6 SMZZ -5.E6 P 2. 5E6 TFIN = 15. ;
TYPE CONTRAINTES STRESSES ; FINSI ;
FF = BSI GVA MO zQZO ; TAB2.' TEMPS CALCULES' = PROG 0 PAS 5. TFIN;
EVT1= EVOL MANU TEMPS ( PROG 0 14 ) TAB2.' MODELE' = MO ;
CHARGE ( PROG 1 1); TAB2.' CARACTERI STI QUES' = MAT ;
DESS EVTL ; TAB2. ' BLOCAGES_MECANI QUES' = BL ;
CHA1 = CHAR MECA FF EVTL ; TAB2.' CHARGEMENT' = CHATT ;
TITR ' PRESSURE’ ; PASAPAS TAB2 ;
FPI2 = PRESS MASS MO -1.E6 LI4 ; *
EVT2= EVOL MANU TEMPS (PROG 0 PAS 1 14 ) B L LR OUTPUT === oo *
CHARGE (PROG 0 PAS 0.25 3.5) ; MESS ' RESULTS TEST PORE2 ';
DESS EVT2 ; MESS ' W search the stress and the pressure.’ ;
CHA2 = CHAR MECA FPI2 EVT2 ; MESS 'they are conpare with reference values.’ ;
CHATT = CHAL ET CHAZ ; SAUT 1 LIGN ;
* RESULTS
TAB1 = TABLE ; * DI STRIBUTI ON OF STRESSES AND PRESSURE FOR T=70.
TABL . ' CONTRAINTES = TABLE ;
TABL . ' DEPLACEMENTS = TABLE ; S COWPLET ;
TABL. ' CONTRAINTES . 0 = ZQzO; 1T = 70.;
TABL.' DEPLACEMENTS' . 0 = SINON ;
MANU CHPO CADRE 1 P 2.5E6 ; TT = 15.;
TABL.’ TEMPS_CALCULES' = PROG 0 6 10 14 ; FINSI ;
TABL. ' MODELE' = MO ;
TABL. ' CARACTERI STI QUES' = MAT ; SI GAA = PECHE TAB2 CONTRAINTES TT ;
SIGAB = CHAN 'CHPO MO SI GAA ;
SIGARR = EVOL CHPO SIGAB SMRR LI1 ;
TABL. ' BLOCAGES_MECANI QUES' = BL ; SI GATT = EVOL CHPO SIGAB SMIT LI1 ;
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9.2. TEST PORE2 (DESCRIPTION SHEET)

LAPP = EVOL CHPO SIGAB P LI1 ; 2. 50128E+06 ) |
DESS S| GARR ; DESS SI GATT ; DESS LAPP :
SINON ;
EVSI GAR = EXTR SI GARR ORDO 1 ;
EVSI GAT = EXTR SI GATT CRDO 1 ; SOLRR = PROG
EVPP = EXTR LAPP CORDO1 ; -1.56503E+06 - 1. 57213E+06 - 1. 75778E+06
* -1. TT784E+06 - 1. 94803E+06 - 1. 98244E+06
*  THEORETI CAL VALUES (1/2/93) -2. 14000E+06 - 2. 18611E+06 - 2. 33334E+06
Sl COVPLET : -2.38903E+06 - 2. 52782E+06 - 2. 59133E+06
* RADI AL STRESS -2.72321E+06 - 2. 79313E+06 - 2. 91938E+06
SOLRR = PROG -2. 99454E+06 - 3. 11618E+06 - 3. 19563E+06
-1. 59459E+06 - 1. 56051E+06 - 1. 78383E+06 -3.31352E+06 - 3. 39647E+06 - 3. 51129E+06
-1. 76850E+06 - 1. 96931E+06 - 1. 97473E+06 -3.59714E+06 - 3. 70949E+06 - 3. 79760E+06
-2, 15711E+06 -2. 17942E+06 - 2. 34668E+06 -3.90787E+06 ;
-2.38270E+06 - 2. 53753E+06 - 2. 58467E+06 SOLRR = SOLRR ET ( PROG
-2.72927E+06 - 2. 78543E+06 - 2. 92159E+06 -3.99816E+06 - 4. 12859E+06 - 4. 17682E+06
-2.98507E+06 - 3. 11427E+06 - 3. 18371E+06 - 4. 32275E+06 - 4. 37916E+06 - 4. 46316E+06
-3.30718E+06 - 3. 38150E+06 - 3. 50030E+06 - 4. 52542E+06 - 4. 59310E+06 - 4. 64335E+06
-3. 57863E+06 - 3. 69361E+06 - 3. 77540E+06 -4, 69793E+06 - 4. 73815E+06 - 4. 78194E+06
-3. 88744E+06 ; - 4. 81401E+06 - 4. 84898E+06 - 4. 87436E+06
SOLRR = SOLRR ET ( PROG -4.90211E+06 - 4. 92201E+06 - 4. 94386E+06
-3.97178E+06 - 4. 08114E+06 - 4. 16891E+06 - 4. 95928E+06 - 4. 97629E+06 - 4. 98804E+06
-4.29345E+06 - 4. 34768E+06 - 4. 48547E+06 -5. 00116E+06) ;
- 4. 54414E+06 - 4. 62704E+06 - 4. 68421E+06
- 4. TATT5E+06 - 4. T9065E+06 - 4. 83863E+06 SOLTT = PROG
- 4. 86963E+06 - 4. 90481E+06 - 4. 92612E+06 -3.56189E+06 - 3. 56846E+06 - 3. 75410E+06
- 4. 95084E+06 - 4. 96421E+06 - 4. 98036E+06 -3. T7364E+06 - 3. 94386E+06 - 3. 97775E+06
-4, 98723E+06 - 4. 99637E+06 - 4. 99792E+06 - 4. 13540E+06 - 4. 18103E+06 - 4. 32842E+06
-5. 00142E+06 ) : -4.38367E+06 - 4. 52270E+06 - 4. 58583E+06
-4.71802E+06 - 4. 78765E+06 - 4. 91426E+06
* TANGENTI AL STRESS -4, 98918E+06 - 5. 11126E+06 - 5. 19054E+06
SOLTT = PROG -5. 30890E+06 - 5. 39174E+06 - 5. 50708E+06
-3.59051E+06 - 3. 55538E+06 - 3. 77813E+06 -5.59285E+06 - 5. 70571E+06 - 5. 79390E+06
-3. 76143E+06 - 3. 96142E+06 - 3. 96508E+06 -5. 90481E+06 ;
- 4. 14632E+06 - 4. 16639E+06 - 4. 33216E+06 SOLTT = SOLTT ET ( PROG
- 4. 36546E+06 - 4. 51847E+06 - 4. 56247E+06 -5. 99480E+06 - 6. 11303E+06 - 6. 16665E+06
-4.70501E+06 - 4. 75775E+06 - 4. 89181E+06 -6. 10728E+06 - 6. 00175E+06 - 5. 91312E+06
- 4. 95180E+06 - 5. 07914E+06 - 5. 14532E+06 -5.83171E+06 - 5. 76581E+06 - 5. 69639E+06
-5. 26743E+06 - 5. 33906E+06 - 5. 45722E+06 -5. 63972E+06 - 5. 58251E+06 - 5. 53566E+06
-5.53370E+06 - 5. 64905E+06 - 5. 72971E+06 -5, 48786E+06 - 5. 44850E+06 - 5. 40854E+06
-5. 84300E+06 ; -5. 37545E+06 - 5. 34188E+06 - 5. 31389E+06
SOLTT = SOLTT ET ( PROG -5, 28556E+06 - 5. 26174E+06 - 5. 23769E+06
-5.92761E+06 - 6. 03950E+06 - 6. 12667E+06 -5.21735E+06) |
-6. 24105E+06 - 6. 30245E+06 - 6. 28413E+06
-6. 13481E+06 - 6. 01293E+06 - 5. 89978E+06 SOLPP = PROG
-5. 80418E+06 - 5. 70545E+06 - 5. 62098E+06 3.52566E+05 4. 45884E+05 5. 39202E+05
-5.53670E+06 - 5. 46384E+06 - 5. 39075E+06 6.32610E+05 7.26018E+05 8. 19101E+05
-5, 32680E+06 - 5. 26302E+06 - 5. 20651E+06 9.12184E+05 1.00502E+06 1.09786E+06
-5. 15031E+06 - 5. 09985E+06 - 5. 04987E+06 1.19042E+06 1.28298E+06 1.37529E+06
-5, 00444E+06 ) 1.46759E+06 1.55963E+06 1.65167E+06
1.74345E+06 1.83523E+06 1. 92692E+06
* PRESSURE 2.01860E+06 2. 10969E+06 2. 20078E+06
SOLPP = PROG 2.29305E+06 2.38533E+06 2. 47274E+06
1.36747E+06 1.44034E+06 1.51321E+06 2. 56016E+06 :
1.58674E+06 1.66027E+06 1. 73387E+06 SOLPP = SOLPP ET ( PROG
1.80747E+06 1.88113E+06 1. 95479E+06 2.66334E+06 2. 76651E+06 2. 80560E+06
2.02829E+06 2. 10179E+06 2. 17490E+06 2. 84469E+06 2. 82168E+06 2. 79866E+06
2.24800E+06 2. 32049E+06 2. 39297E+06 2.78895E+06 2. 77924E+06 2. 76631E+06
2. 46467E+06 2. 53636E+06 2. 60709E+06
2.67783E+06 2. TATT3E+06 2. 81762E+06 2.75339E+06 2. 74124E+06 2. 72909E+06
2.88621E+06 2. 95480E+06 3. 02386E+06 2.71676E+06 2.70442E+06 2. 69213E+06
3. 09291E+06 2.67984E+06 2. 66755E+06 2. 65525E+06
2.64295E+06 2. 63066E+06 2. 61836E+06
2. 60606E+06)
SOLPP = SOLPP ET ( PROG FINSI
3.15682E+06 3.22073E+06 3. 29927E+06 *
3.37782E+06 3.40824E+06 3. 43867E+06 Foeeeeeee GOOD WWORKI NG MESSAGE
3.36939E+06 3.30011E+06 3. 24558E+06 ERSI GAR = (MAXI ABS ( EVSIGAR - SOLRR)) /
3.19105E+06 3. 13296E+06 3. 07487E+06 (MAXI ABS SOLRR) ;
3.01765E+06 2. 96042E+06 2. 90299E+06 ERSI GAT = (MAXI ABS ( EVSIGAT - SOLTT)) /
2.84556E+06 2. 78819E+06 2. 73081E+06 (MAXI ABS SOLTT) ;
2.67343E+06 2. 61604E+06 2. 55866E+06 ERPP = (MAXI ABS (EVPP - SOLPP)) /
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CHAPTER 9. POROSITY

(MAXI ABS SOLPP) ;
SAUT 1 LIGN;
MESS ' Difference between the radial stresses:’
ERSIGAR "% ;
SAUT 1 LIGN ;
MESS ' Difference between the stresses along the
circunference:’ ERSIGAT '% ;

SAUT 1 LIGN ;
MESS ' Difference between the pressures:’
ERPP "% ;

*The maxi num di fference betwwen the theoretical
*and the cal cul ated val ues shoul d be bel ow 0.001
Sl (ERSI GAR <EG 0.001) ;
Sl (ERSI GAT <EG 0.001) ;
Sl (ERPP <EG 0.001) ;
ERRE O ;
SI NON ;
ERRE 5 ;
FI NSI
SINON ;
ERRE 5 ;
FI NSI
SINON ;
ERRE 5 ;
FINSI ;

FIN ;
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9.2. TEST PORE2 (DESCRIPTION SHEET) 0%

Test pore2 (Comments)
e The PECHE operator
SS0 = PECHE TAB1 CONTRAI NTES ;
This procedure enables the user to retreive for a given tiraadsults of a calculation carried out using

the PASAPAS procedure. CONTRAINTES is the requested rasdéx. If no time input (like here), the
requested results for the last calculated time will be hetick

251



CHAPTER 9. POROSITY

9.3 Test pore3 (Description sheet)

Test name:pore3
Calculation type: POROUS-ELASTIC MECHANIC - MODE PLAN CONT
Finite element type: QUAP

Topic: One-dimensionnal consolidation. The structure is a poedastic piece subjected to a pressure at
its upper surface.

Goal: Compare pressures and curves of the vertical displacemaifitsnalytical solution.
Reference:Problem of Terzaghi
Version: 97’ customer version

Model description:

E =7000D6 Young's modulus

NU =04 Poisson'’s ratio

RHO =0. density

ALPH =0. thermal expansion coefficient

MOB =1.D18 Biot's modulus

COB =1. Biot’s coefficient

PERM =1.D-9 intrinsic permeability

VISC =1. fluid dynamic viscosity

ALPM =0. coefficient of the pressure-temperature coupling

Uy o lPressure
P4 P3
/
v
10
1y )
P1 7 P2 voUX
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9.3. TEST PORE3 (DESCRIPTION SHEET)

Test pore3 (Results)

CASTEM FIGURES

XLE-T w
0
0 L i
200 L i
A TH K CYLINDER | N POROLS M DOLE WTH THERM C EFFECTS
w0 L i
a0 L i
xLE3 P
o0 s L i
250 i w0 L i
300 i a0 L i
250 i w0 L i
P2
¥
200 i 000 . . . .
0 2.00 200 5.00 .00 10,00 12.00
150 i
COMPAR SON BETVEEN THE PROFI LES CF VERTI CAL DI SPLACEMENTS
100 i
50 i
0 B XLET w
%
L, s e T T T T T T
-0 Y . . . .
0 L i
o0 2.0 400 5.00 8.00 10.00 12.00
20 L i
CONPAR SON BETVEEN THE PRESSURE PRCFILES
200 i
400 i
500 i
w00 L i
0 L i
w0 L
i
200 . . . . . .
00 2.00 4.00 6.00 .00 10.00 12.00 14,00
CONPAR SON BETVEEN THE PROFILES OF VERTI GAL DI SPLACEMENTS

253



CHAPTER 9. POROSITY

Test pore3 (Listing CASTEM)

R ]

TITR * POROUS ELASTI C PI ECE SUBJECTED TO PRESSURE' ;
IE RS S SRS E R RS EE SRR R EEEREREEREEREREEEEREEEEEEEEEEESEESS
COVPLET = FAUX ; COW * FULL CALCULATION I F VRAI ;
OPTI DI ME 2 ELEM QUAS MODE PLAN DEFO ;

OPTI ECHO 1 ;
MOTP = MOTS P ;

LREP = PROG 1.E6 ;

OPTI NORM MNOTP LREP ;

*

L RCLRETEEEE GEOVETRY === =smnmmnmnnnneas *
DENS 1. ; H =10, PR =H*H;
PL=0.0. ; P2=1 0. ;

P3 =1 10. ; P4 =0. 10. ;

LI1= PL DRO 1 P2 ;

Li2=P2DRO P3DIN 1. DFINO.L;
LI3= P3 DRO 1 P4 ;

Li4= P4 DRO PLDIN 0.1 DFINL. ;

LI = LI1 ET LI2 ET LI3 ET LI4 ;
CADRE = DALL LI1 LI2 LI3 LI4 PLAN ;

TRAC CADRE ;
*
L DESCRI PTI ON OF THE MODEL OF MATERIAL ----- *
MO=MCDE CADRE PCREUX :
LAM = 1.D10 ;
M/ =2.5D9 ;
PK = 1.D9 ;
MAT=MATE MD YOUNG 7000D6 NU 0.4 MOB 1.DI8
COB 1. PERM PK VISCO 1. ALPH 0. KF 1.
RHOF 0. ALPF 0. ALPMO. RHOO. ;
*
L BOUNDARY CONDI TI ONS - - - - -« - <<= - - *
BL1 = BLOQ UY LI1 ;
BL2 = BLOQ UX (LI2 ET LI4) ;
BLP = BLOQ P LI3 ;
*
Heias QONSOLI DATI ON == - - - -« <= emmmmmnne *

* inmposed pressure on the upper surface

PO = 4.D3 ;

FPP = PRESSION MASS MO PO LI3 ;

PER = PERM MO MAT;

EV = EVOL MANU T ( PROG 0 1.D-5 1000)
F(PROGO11 ) ;

CHA = CHAR MECA FPP EV ;

Sl COWPLET ;

LETEMP = PROGO PAS 1.D-2 1.D1 PAS1.D1 1.D0
PAS 5.D-1 1.D1 ;

SINON

LETEMP = PROGO PAS 1.D2 1.D1 PAS1.D15.D1 ;

FINSI ;

NBT = DI ME LETEMP ;
TFINAL = EXTR LETEMP NBT ;
*

REEEE TR SETUP OF THE PASAPAS PROCEDURE -------- *
TABl = TABLE ;

TABL.’ MODELE' = MO ;

TABL. ' CARACTERI STI QUES' = MAT ;

TABL. ' BLOCAGES_MECANI QUES' = BL1 ET BL2 ET BLP ;
TABL.’ TEMPS_CALCULES = LETEMWP ;

TABL. ' CHARGEMENT" = CHA ;

TABL. ' CONSCLI DATION = VRAI ;

TABL.’' PERVEABILITE = PER ;

PASAPAS TABL;

He i QUTPUT == mmmmmmmmmeeaaaaaas

MESS ' RESULTATS TEST PORE3 ' ;

MESS ' W search the vertical displacement and the

pressure’

MESS ’ They are conpared with reference val ues.’

TTA = INDEX ( TABL. DEPLACEMENTS) ;

NT = DIME TTA ;

LI ST NT ;

IT=0;

REPETER BOPI NT ;
IT=1T+1;
LET = TTA . IT;

DD= TABL. DEPLACEMENTS. LET ;
Sl (EAIT1) ;
PRT = PROG LET ;
PRD = PROG ( EXTR DD UY P3) ;
EV = EVOL CHPODD P LI 2 ;
SINON ;
PRT = PRT ET (PROG LET) ;
PRD = PRD ET (PROG ( EXTR DD UY P3)) ;
EV = EV ET (EVOL CHPODD P LI2) ;
FINS ;
FIN BOPI ;
FV = EVOL ROSE MANU T PRT UY PRD ;

DD = PECHE TABL DEPLACEMENTS ;

EVL = EVOL ROSE CHPO DD P LI2 :

EVDL = EVOL ROSE CHPO DD UY LI 2 ;

*

*.... DETERM NATI ON OF THE ANALYTIC SOLUTION ----*
X =COR2LI2;

XX= ( MANUCHPOLI2 1 SCAL1) - (X/ H ;

XX = NOVC XX P ;
FACT = (LAM+ ( 2. * MJ)) * ( PK/ H)
FAQU = -1. * ( (LAM+ (2. * MJ)) / (PO * H)
Pl = 3.14159265400 ;

PI2=P / 2.00;

DEGPI = 180. / PI ;

ITT =0 ;
REPE BOUT NBT ;
ITT =1TT + 1 ;
T= EXTR LETEMP ITT ;

PP = MANU CHPO LI2 1 P O. ;
W=X/ H;
U = NOV\C W P ;
TT = FACT * T ;
N= 0;

Sl COWPLET ;

NFO = 50 ;

SINON

NFO = 10 ;

FINSI ;
REPE BOU NFO
M=Pl2* ( (2 *N) +1);
M = MM ;
EX=EXP ( (-1 *M)*TT) ;
SSI = SIN( (M* DEGPI) * XX)
CCO= COS( (M* DEGPI) * XX)
PP=PP+ (( (2 / M)*EX *SSl) ;
W=w- (( (2 1 M) *EX *CCO ;
NEN + 1 ;
FIN BQU ;
PP = PP * PO ;
W = W/ FACU;

S (EGAITT1) ;

)
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PGT = PROG T ;
PGU = PROG ( EXTR WU P P3) ;
SINON ;
PGT = PGT ET (PROG T) ;
PGU = PQU ET (PROG ( EXTR W P P3)) ;
FINSI ;

Sl ( EGAITT NBT) ;
EV2 = EVOL TURQ CHPO PP P LI 2
TITRE * COVPARI SON BETVEEN THE PRESSURE
PROFI LES' ;
DESS (EV1 ET EV2 ) ;
EVD2 = EVOL TURQ CHPO UU P LI2
TITRE * COVPARI SON BETVWEEN THE PROFI LES
OF VERTI CAL DI SPLACEMENTS'
DESS (EVDL ET EVD2 ) ;
FINSI;

FIN BOUT ;
FVT= EVOL TURQ MANU ' T' PGT 'UY'  PQU ;
DESS ( FV ET FVT) ;

* Calculation of the differencies

EW1 = EXTR EV1 ORDO ;
EW2 = EXTR EV2 ORDO ;
EVDY1 = EXTR EVDL ORDO ;
EVDY2 = EXTR EVD2 ORDO ;
ERPP = ( MAXI ABS ( EWY1 - EWY2 ) ) /

( MAXI ABS EVY2 ) ;
ERDUY = ( MAXI ABS ( EVDY1 - EVDY2 ) ) /
( MAXI ABS EVDY2 ) ;
MESS ' Error on the pressure:’ ERPP "%
MESS ' Error on the profile of vertical
displacement:’ ERDUY '% ;

LR GOOD WORKI NG MESSAGE ----------=---- *
SI (ERDUY <EGO0.1) ;
Sl (ERPP <EG 0.1) ;
ERRE O ;
SI NON ;
ERRE 5 ;
FINSI ;
SINON ;
ERRE 5 ;
FINSI ;

FIN ;
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Test pore3 (Comments)

1. The POREUX formulation

MO=MODE CADRE POREUX ;

LAM = 1.D10 ;

MJ = 2.509 ;

PK =1.D9 ;

MAT=MATE MO YOUNG 7000D6 NJ 0.4 MOB 1.D18
COB 1. PERM PK VISCO 1. ALPH 0. KF 1.
RHOF 0. ALPF 0. ALPM 0. RHO 0. ;

This procedure is to create a porous model and to give therialadata.

. The MOTS operator

MOTP = MOTS P ;

The MOTS operator creates a list of 4-character words.

. The OPTI NORM operator

CPTI NORM MOTP LREP ;

The NORM option in the OPTI operator allows to normalize abkes in view of factorization. It
is required that a LISTMOT containing the initial unknowrts ie normalized be given as well as
the LISTREEL providing the standardization factor. We mégoaask for automatic standardization
(CAUTOQO’) but this may take some time.

. The INDEX operator

TTA = I NDEX ( TABL. DEPLACEMENTS) ;

The INDEX operator enables the user to get all the indicestabke. 'TAB1L.DEPLACEMENTS’ and
"TTA are respectively the table which indices are requdséemd the generated object containing the
indice (TABLE type).
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10.1 Test poudrel (Description sheet)

Test name:poudrel

Calculation type: POWDER COMPACTION - 2D MODE AXIS

Finite element type: QUAS

Topic: Viscoplastic model of Abouaf for consolidation of powdeFée structure is a cylinder consolidated
by pressure load. The initial density is assumed uniformene&s the final density is obtained with analytical
calculation. The cylinder is also subjected to a field of terapure. It follows a viscoplastic law according to
the model of Abouaf.

Goal: Test the model of Abouaf: poudre A.

\Version: 97’ customer version

Model description:

E = 11801CPa
NU = 033
Uz
Imposed load and temperature
A3 L_EXT2 A2

925

L_SYMX L EXT1
UR
A0 L_SYMZ Al
Temperature Pressure
100
0 3600 Temps 0 1200 2400 3600 Temps
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Test poudrel (Results)

RESULTS: Displacements for an isotropic densification

\ \ UR \ uz \
Analytical results| —1.2529F — 03 | —1.8822% — 03
Castem results | —1.2529ZF — 03 | —1.8822F — 03

CASTEM FIGURES

MEDEL CF ABOLAE FOR CONSCLI DATI ON GF POVDERS

EVOLUTI O GF THE PRESSURE LOWD

coupasaNTES
VECTELRS
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Test poudrel (Listing CASTEM)

Kok kkkkkkkkkkkkk ok kkkkkkkkkk ok kkk ok ok k ok ok ok ok ko k ok ok ok ok k ok ok Kk VIFO = 0.1098 ; VIF1 = 1.0168 : VIF2 = -0.2501 ;
TITR " MODEL OF ABOUAF FOR CONSOLI DATI ON OF POWDERS' ; VIF3 = 0.0 7 VIF4 = 0.0 7 VIF5 = 0.66 ;
Kok kkkkkkkkkkkkk ok kkkkkkkkkk ok kkkk ok k ok ok ko ko k ok ok ok ko k ok ok Kk V100 = 2.10851 ; VICL = 1.21767 : VIC2 = -0.43081 ;
COWPLET = FAUX ; COMM * FULL CALCULATION IF VRAI ; VIC3 = 0.0 ; VIC4A = 0.0 ; VIG5 = 50.0 ;
OPTI DIME 2 ELEM QUAS MODE AXIS ; PIMATER = MATE PLMODEL YOUNG VIYOUNG NU VINU
OPTI ECHO 0 ; ALPHA VIALPHA A VIA N VIN QSRT VIQSRT FO VIFO F1 VIFL
F e GEOVETRY === mmmmmmmeeeeeee e * F2 VIF2 F3 VIF3 F4 VIF4 F5 VIF5 0 VICD CL VICL
RAYON 1 = 10.0 ; HAUTE_1 = 15.0 ; C2 V1C2 C3 VIC3 ¢4 VICA C5 VIG5 RHOR VIRHOR ;
*
* DEFINITION OF PO NTS AND DENSI TY P2MODEL = MODE PI ECE_1 THERM QUE | SOTROPE CONS UN ;
* A0 * Al *
XA0 = 0.0 ; XAl = RAYON 1 P2MATER = MATE P2MODEL ' C 460 'K 14.6 'RHO 4.54 ;
YAO = 0.0 ; YAL=YAO ; *
DENA0=10. 0 ; DENAL = 10.0 R R BOUNDARY CONDI TIONS ---------------- *
POBLOCA = BLOQ UZ L_SYMZ ; P1BLOCA = BLOQ UR L_SYMX ;
* A2 * A3 * P_BLOCA = POBLOCA ET P1BLOCA ;
XA2 = XAl ; XA3 = 0.0 : *
YA2 = YAL + HAUTE_1 ; YA3 = YA2 ; R R LOAD DEFINITION ------mmmmammaaaa o *
DENA2 = 10.0 ; DENA3=10.0 ; TOPRES = 0.0 ;
T1PRES = 100.0 ;
DENS DENAO ; A0 = XAO0 YAO ;
DENS DENAL ; Al = XAl YAl ; LI _TPS = PROG TOTEMPS T1TEMPS T2TEMPS T3TENMPS ;
DENS DENA2 ; A2 = XA2 YA2 ; LI _PRES = PROG TOPRES T1PRES T1PRES TOPRES ;
DENS DENA3 ; A3 = XA3 YA3 ; EV_PRES = EVOL MANU TEMPS LI _TPS PRESSI ON LI _PRES ;

DESS EV_PRES TI TR ' EVOLUTI ON OF THE PRESSURE LOAD ;
* DEFINITION OF LINES

LAOAL = A0 DROl 2 Al ; LAIA2 = Al DRO 2 A2 ; P2FORCE = PRES MASS PLMODEL 1.0 L_EXTI ;
LA2A3 = A2 DROl 2 A3 ; LA3AO = A3 DRO 2 AO ; P3FORCE = PRES MASS PLMODEL 1.0 L_EXT2 ;
LA3A2 = INVE LA2A3  ; LA2AL = |NVE LAIA2 ; TITR ' APPLI ED STRENGTH ;
VEC1 = VECT (P2FORCE ET P3FORCE) 'FR 'FZ' 0.1;
* LINES FOR BOUNDARY CONDI TI ONS TRAC VECL PIECE 1 ;
L_SYMZ = LAOAL ; L_SYMX = LA3AO ;
L_EXTL = LAIA2 ; L_EXT2 = LA2A3 ; P2CHARG = CHAR P2FORCE EV_PRES ' MECA' ;
P3CHARG = CHAR P3FORCE EV_PRES ' MECA' ;
* DEFI NI TION OF SURFACE P_CHARG = P2CHARG ET P3CHARG ;
ELMATL = SURF (LAOAL ET LAIA2 ET LA2A3 ET LA3AQ) PLAN;
PIECE 1 = COUL ELMATL BLEU ; L CALCULATI ON AND OQUTPUT ---==---==cn---- *
TOT = PIECE 1 ; P_MODEL = PIMODEL ET P2MODEL ;
ELIM (TOT ET A2) 0.001 ; P_MATER = PIMATER ET P2MATER ;
TRAC TOT ;
* * SETUP OF THE TABLE FOR THE PASAPAS PROCEDURE
LT CALCULATI ON =« == s s e mmee e e o * TABL = TABLE ;
TOTEMPE = 925.0 ; TITEMPE = 925.0 ; TABL . ' CHARGEMENT' = (P_CHARG ET CH THERL) ;
TOTEMPS = 0.0  ; TLTEMPS = 1200.0 ; TABL . ’ MODELE = P_MODEL ;
T2TEMPS = 2400.0 ; T3TEMPS = 3600.0 ; TABL . ' CARACTERI STI QUES' = P_MATER ;
TABL . ' BLOCAGES MECANI QUES = P BLOCA ;
L CHAVP- PO NT OF TEMPERATURE - - - - - == <---=--- * TABL . ' BLOCAGES_THERM QUES = CLTH0001 ;
CLTHO001 = BLOQ T (L_EXTL ET L_EXT2) ;
P_BLOTHL = DEPI CLTHO001 1. ; S| COVPLET; TFIN = 2400. ;
P_TEMPSL = PROG TOTEMPS T1TEMPS T2TEMPS T3TEMPS SI NON : TFIN = 400. ;
P_THETAL = PROG TOTEMPE T1TEMPE T1TEMPE TOTEMPE FINSI ;
EV_THERL = EVOL MANU ' TEMPS' P_TEMPSL 'T' P_THETAL ; TABL . ’ TEMPS CALCULES = PROG 0.0
DESS EV_THERL ; PAS 50.0 TFIN ;
CH_THERL = CHAR TIMP P_BLOTHL EV_THERI ; TABL . ' TEMPS SAUVES = PROG TFIN ;
* TABL . ’ MAXI TERATION = 49 ;
LS DESCRI PTI ON OF THE MODEL OF MATERI AL -------- * TABL . * MAXI SOUSPAS' = 500 ;
PLMODEL = MODE Pl ECE 1 MECANI QUE ELASTI QUE TABL . 'MOVA' = 'RHOR ;
VI SCOPLASTI QUE POUDRE_A CONS DEUX ; TABL . 'PRECISION = 1.0E-4 ;
TABL . ’ TALPHA REFERENCE = 20.0 ;
VIYOUNG = 118. 0E+03 ; TABL . ’ ACCELERATION = 2 ;
VINU = 0.33 ; TABL . ' PROCEDURE_THERM QUE' = LI NEAIRE ;
VIALPHA = 10. 0E- 10 ;
VIA = 7.76E-15 ; PASAPAS TABL
VIN = 4.55 ;
*
LT T T GOOD WORKI NG TEST - ----nmmmmmmmmnnns *
VIQSRT = 0.0 ; INDL = |NDEX (TABL . 'VARIABLES_| NTERNES') ;
VIRHOR = 0. 68 ; NBL = DI ME INDL ;
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* FINAL DENSITY

VML = TABL . 'VARI ABLES_| NTERNES' . (IND1.NB1) ;
VM2 = EXCO RHOR VWML ;

VMB = REDU VM2 PIECE 1 ;

RHOF1 = MAXI VMB ;

* THECRETI CAL CALCULATI ON OF THE FI NAL DENSI TY

S| COWPLET ; RHOF2 = 0.7418622 ;
SI NON ; RHOF2 = 0. 68006 ;
FINSI ;

* DI SPLACEMENTS AT THE P2 POl NT

IND2 = |NDEX (TABL . ' DEPLACEMENTS ) ;

NB2 = DI ME IND2 ;

URL = (EXTR TABL .’ DEPLACEMENTS . (1 ND2. NB2) UR A?2) ;
Uzl = (EXTR TABL .’ DEPLACEMENTS . (1 ND2. NB2) UZ A2) ;

* ANALYTI C CALCULATI ON OF DI SPLACEMENTS
FOR AN | SOTROPI C CONSCLI DATI ON

Sl COMPLET ;
UR2 = RAYON 1 * ((VLRHOR/ RHOF1)**(1./3.) -1.) :
UZ2 = HAUTE 1 * ((VLRHOR/RHOF1)**(1./3.) -1.) :

SINON ; UR2 = -1.25297E-03 ;
UzZ2 = -1.88229E-03 ;

FINSI;

LIST UR2 ; LIST URL ;
LI ST UzZ2 ; LIST UZ1 ;

* CALCULATI ON OF ERRORS ON DI SPLACEMENTS AND DENSI TI ES
ERHOL = ABS ((RHOFL - RHOF2 )/ RHOF2);

EURL = ABS ((URL - UR2) / UR2) ;

EUZL = ABS ((UZl - UZ2) | UZ2) ;

CPTI ECHO O ;
SAUTER 3 LI GNES ;
MESS ' CALCULATI ON (| SOTROPI C CASE): ' ;

MESS ' ERROR ON THE RADI AL DI SPLACEMENT: " EURL ;
MESS ' ERROR ON THE VERTI CAL DI SPLACEMENT: ' EUZL ;
MESS ' ERROR ON THE FI NAL DENSI TY: " ERHOL
SAUT 3 LIGNES ;

*

Sl ( (EURL + EUZ1 + ERHOL ) >EG 0.05 ) ;
MESS "--------- WRONG RESULTS ------------- "
SAUT 3 LIGNES ;
ERRE 5;

SINON ;

SAUT 3 LIGNES ;
FINSI ;

FIN ;
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Test poudrel (Comments)

1. ABOUAF model for consolidation of powders: POUDRE_A

PIMODEL = MODE PIECE 1 MECANI QUE ELASTI QUE
~~~V/| SCOPLASTI QUE POUDRE_A CONS DEUX ;

PLMATER = MATE PLMODEL YOUNG VIYOUNG NU VINU ALPHA V1ALPHA
~~~A VIA N VIN QSRT VIQSRT FO VIFO F1 VIFL F2 VIF2 F3 VIF3
~~~F4 VIF4 F5 VIF5 Q0 VICD Cl VICL C2 VIC2 C3 VIC3 C4 VICA
~~~C5 V1C5 RHOR VIRHCR ;

The ABOUAF model is a viscoplastic model for consolidatidrpowders.
The constitutive equations of Abouaf model are:

Seq = (f*11**2+3/2*c*J2**2)**0.5
devp/dt = rho*A*exp(-Q/RT)*Seq**(n-1)*(f*I1*d+3/2*c*9
tr(devp/dt) = -(drho/dt)/rho

With the following notations:

S stress tensor

s  deviatorie stress tensor

d unittensor

Seq equivalent stress

11 first invariant of stress tensor

J2  second invariant of deviatoric stress tensor
rho relative density of porous material
f  function of relative density

¢ function of relative density

evp viscoplastic deformation

t time

T  temperature

We should put several data in the MATE operator:
A coefficient of creep law

N  power creep law exponent

QSRT activation energy

FO to F5 parameters defining the f function

COto C5 parameters defining the c fonction
RHOR initial relative density of the material

2. Isotropic thermal model

P2 MODEL
P2MATER

MODE Pl ECE_1 THERM QUE | SOTROPE CONS UN ;
MATE P2MCDEL ' C 460 'K 14.6 'RHO 4.54 ;

With the isotropic thermal model, we have to specify the #peheat (C), the thermal conductivity (K)
and the density (RHO). The word CONS indicate the number ofpoment. It allows to associate in the
same calculation several models to a same mesh object.
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11.1 Testjoi22 (Description sheet)

Test name:joi22
Calculation type: ISOTROPIC ELASTIC MECHANIC
Finite element type: SEG2, JOI2

Topic: Tensile test on a 2D-joint. The structure is a 2D-joint satgd to a tensile strength on its upper
surface, in the direction perpendicular to its plan. It isoeaided from its lower surface.

Goal: Test the JOI2 element.
\Version: 97’ customer version

Model description:

uy

Tensile strength

Al Bl

1AL N IB1 UXx
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Test joi22 (Results)
RESULTS Analytical solution:

From the principle of virtual work, we can show for a one-atd@ssile test that the delta displacement at each
node is equal to:

F

delta =

k*L*|

where:

F is the strength

k is the stiffness

L is the length of the joint element

| is the width of the joint element

Numerical application:
F =100000.0 N

k =4.2E10 N/m3
L=2.0m

[=1.0m

Delta = 100000 / (4.2E10 * 2.0 * 1.0)
=1.190476E-6

Castem solution:

| Point| Unknown || Point| Unknown | Point| Unknown || Point| Unknown |

5 0.00000EOQ|| 6 0.00000EQ| 7 2.50000E4| 8 2.50000E-4
9 0.000EO 10 | 2.50000E4| 11 | 2.50000E4| 12 | 2.50000E-4

[Point| UX | Uy \
1 | 0.0000E0 | 1.1904&E -6
2 | 0.0000EO0 | 1.1904& —6
3 | 0.0000EO0 | —2.1161FE —22
4 | 0.00000@E0 | —1.0573€E — 22

Strain calculation Stress calculation
First component First component
point1: 0.00CEO0 point1 : 0.00CEO0
point2 : 0.000CE0 point2 : 0.000E0
Second component Second component
pointl : —1.19CE -6 pointl : —5.00CE4
point 2 : —1.19E—-6 point 2 : —5.000E4
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Test joi22 (Listing CASTEM)

khkkkhhkkhkhhkkhhkhkhkhhkkhkhhkkhhkhkhhkkhkhhkhhkkhkhhkhkhrkhhkkkhx*x Sl ’\U\IY

TITR ' TENSI LE TEST ON A 2D-JONT' ; ERRE 5
khkkkhhkkhkhhkkhhkhkhkhhkhkhhkhkhhkhkhkhhkhkhhkhhkhhkhhkhkhrkhrkxhhx*x Fl ,\IS' ’

CPTI DI ME 2 ELEM SEG2 MODE PLAN CONT ; *

OPTI ECHO O ; A STRAI N CALCULATI ON = === ---===--- *
* EPS1 = EPS| ML RE ;

SOLANA = 1. 190476E-6 ; LI ST EPSL ;

SOLNUL = 0.0 ; *

* A STRESS CALCULATI ON - -« -- === *
A GEOVETRY === ==xmmmmcmmmmaaas * SIGL = SIGVA MODL MAL RE ;

* THE UPPER SURFACE OF THE JOINT LIST SIGL ;

Al = 0.00 0.00 ; *

BL = 2.00 0.00 ; FIN;

HL = AL DROL 1 Bl ; L1 =HIL ;

*

* THE LOWER SURFACE OF THE JOINT

IAL = 0.00 0.00 ;

IBL = 2.00 0.00

IHL = AL DROL 1 1Bl ; IL1 = IHL ;

*

* JONT CREATION @ JO 2

CPTI ELEM RAC2 ;

VOL = RACCORD 0.00001 L1 IL1 ;
*

L BOUNDARY OONDI TI ONS - - - -« - <<= =amnnv- *
CL11 = BLOQ IAL UX ; CL12 = BLOQ IAL UY ;

CL1 = CL11 ET CL12 ;

*

CL21 = BLOQ IBL UX ; CL22 = BLOQ IBL UY ;

ClL2 = CL21 ET CL22 ;

*

CL = CL1 ET CL2 ;

*

AEEEEEE DESCRI PTION OF THE MODEL OF MATERIAL ----- *
MODL = MODE VOL MECANI QUE ELASTI QUE | SOTRCPE JOI 2
MAL = MATE MOD1 KS 4. 2E08 KN 4. 2E10 ;

*

L LOAD DEFI NI TION:  TENSI LE STRENGTH - ------ *
FOL = FORCE ( 0. 100000.0 ) L1 ;

*-- CALCULATI ON OF THE HOOKE AND RIG DI TY MATRI X -*
HOOL = HOOKE MODL MAL

RI1 = RRG MXDL HOOL ;

RI2 = R1ETCL;

*

e CALCULATI ON AND QUTPUT ---=-=-nmnmn-- *
RE = RESO R 2 FQ1L ;

MESS B
MESS '’ "
MESS ' Anal ytic sol ution: T
MESS "
MESS '’ UX = SCOLN ;

MESS ' Uy = SOLANA ;

MESS '’ "
MESS B
MESS '’ "
MESS ' Cal cul ated sol ution: B
MESS '’ "
LI ST RE ;

*

LT GOOD VWORKI NG VESSAGE - - - - -« --=---- *

DEPAL = EXTR RE UY Al ;
RESI = ABS( (DEPAL-SOLANA)/SOLANA ) :

*

Sl (RESI <EG 1E-4) ;

ERRE 0 ;
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Test joi22 (Comments)
1. JOINT operator

MOD1 = MODE VOL MECANI QUE ELASTI QUE | SOTROPE JO 2 ;
MA1 = MATE MOD1 KS 4. 2E08 KN 4. 2E10 ;

The JOI2 element is used in the modelling of a 2D-joint. Thistj is an element with four nodes
associated with the geometrical support RAC2. Within theMAperator we should specify the shear
and the normal stiffnesses, respectively KS and KN.

2. RACCORD operator

OPTI ELEM RAC2 ;
VOL = RACCORD 0.00001 L1 IL1 ;

The RACCORD operator enables the user to create an ordinanyglement. It generates a line VOL
(MAILLAGE type) composed of double points that connectsdbgects L1 and IL1 (MAILLAGE type).
The objects L1 and IL1 may be segments of 2 or 3 points. An ai¢lsecreated between an element
of the L1 object and an element of the IL1 object; the distdmewveen their points is smaller than a
distance criterion (FLOTTANT type: 0.00001).

For the creation of a 2D joint element JOI2 (or JOI3) L1 and tefiresent respectivelly lines 1 and 2
of the element.These lines should be read in the same dineciihis direction is that of line 1. It is
defined by considering a vector n normal to this line. Whes d@rientated positivelly in the direction of
the opening of the joint element, n must necessarilly liehenright handside of the segment going from
node 1 to node 2 of line 1. (We define the opening of the elenetiteaseparation movement of line 1
from line 2 when line 2 is held fixed).

3. HOOKE operator
HOOL = HOOKE MOD1 MAL

The HOOKE operator constructs the field of HOOKE'’s matrixiira field of geometrical and material
properties MA1 (MCHAML type, CARACTERISTIQUES subtype).ei¢ HOOL is a field by element
of Hooke’s matrices (MCHAML type, MATRICE DE HOOKE subtype)

MAL is required only for the types of elements the geometrwizh cannot be deduced from the mesh,
for instance, beam, pipe, or shell elements.

4. EPSI and SIGMA operators
EPS1 = EPSI MODL1 RE ; SIGL = SIGVA MODL MAL RE ;

The EPSI operator enables to calculate a strain field eitber & displacement field, according to usual
expressions with or without second order terms (1-st syntaxby taking the natural logarithm of a
symmetric gradient field ( 2-nd syntax). This second pobsitis now available only for the massive
formulation.

For some elements, (beams, pipes, thin shells, with or wittransverse shear) it describes generalized
strains, i.e. membrane-type strains and curvature vansti For the joint elements, it describes relative
displacements. The strains for the solid elements are ctadpn the general basis, those for the shell,
plate, and beam elements are computed in the local axes.
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Here MOD1 is a model object (MMODEL type), GRAD1 is a symnugtigradient field (MCHAML
type, GRADIENT subtype) and EPSL1 is the generated displenefield (MCHAML type, DEFORMA-
TIONS subtype).

The SIGMA operator calculates a stress field from a displacgrfield. It is assumed that the mate-
rial has an elastic linear behaviour and that there is naalnétrain. For some elements, it describes
forces, (bars, beams, pipes), for others, it describesrghned stresses (thin shells). The stresses are
calculated in the general basis for the solid elements, rutigei local axes for the shell, plate and beam
elements. Here SIG1 is the generated stress field (MCHAME tGONTRAINTES subtype).
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11.2 Testjoi4l (Description sheet)

Test name:joi4l
Calculation type: ISOTROPIC ELASTIC MECHANICS
Finite element type: QUA4, CUB8,JOI4

Topic: Two superposed cubes with a JOI4 joint in their intersectitie study the effects of joints with the
help of two examples: cubes with joint and cubes withouttjoin

Goal: Calculate the effect of a JOI4 joint on displacements, s$raind stresses.
\ersion: 97’ customer version

Model description:

E = 2110"Pa
NU = 03
uz
element 1
_JOint UY
element 2
UX
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Test joi41 (Listing CASTEM)

R

TITR' 2 SUPERPOSED CUBES WTH A JONT IN THE M DDLE ;

R

VESS -« mmm e m e 1
MESS | CASE OF TWO SUPERPCSED CUBES W THOUT JOINT !

* THE UPPER CUBE

SA1 = 0.00 0.00 0.00 ; SB1 = 2.00 0.00 0.00 ;
SC1 = 2.00 2.00 0.00 ; SD1 = 0.00 2.00 0.00 ;
SHI = SA1 DRO 1 SBl ; SH2 = SB1 DRO 1 SCI ;
SH3 = SC1 DROI 1 SD1 ; SH4 = SD1 DRO 1 SA1 ;
SL1 = SHL ET SH2 ET SH3 ET SH4 ;

SS1 = SURF SL1 PLAN ;

* THE LOVER CUBE

A1 = 0.00 0.00 -4.00 ; IB1 =2.00 0.00 -4.00 ;
ICl =2.002.00-4.00; IDL =0.00 2.00 -4.00 ;
IHL = 1AL DRO 1 1Bl ; IH2 = IBlLDRO 1ICL ;
IH3 = ICLDRO 11ID1; IH4 = IDL DRO 1 [ALl ;
IL1 = IHL ET IH2 ET IH3 ET IH4 ;

I'S1 = SURF I L1 PLAN ;

*
*

OPTI ELEM CUBS ;

*

VOLS = SS1 VOLU 1 TRAN ( 0.00 0.00 -2.00 ) ;

FACS = FACE 2 VOLS ;
VOLI = 1S1 VOLU 1 TRAN ( 0.00 0.00 2.00 ) ;

FACI = FACE 2 VOLI ;

VT1 = VOLS ET VOUI ;

VT1 = ELIMO0.00001 VT1 ;

VTSAN = VTL ;

*

L BOUNDARY CONDI TI ONS - - - - - -« - ===~ *
CL11 = BLOQ IC1 UX ; CL12 = BLOQICL UY ;

CL13 = BLOQ ICL UZ ;

CL1 = CL11 ET CL12 ET CL13 ;

*

Cl21 = BLOQ IH2 UX ; CL22 = BLOQ IH2 WZ ;

CL2 = CL21 ET CL22 ;

*

CL31 = BLOQ IH3 UY ; CL32 = BLOQ IH3 \Z ;

CL3 = CL31 ET CL32 ;

*

Cl4 = BLOQ IAL UZ ;

*

CL = CL1 ET CL2 ET CL3 ET CL4 ;

*

L DESCRI PTI ON OF THE MODEL OF MATERIAL --------- *
MODL = MODE VT1 MECANI QUE ELASTI QUE | SOTROPE ;

MA1 = MATE MOD1 YOUN 2.1E11 NU 0.3 ;

L LOAD DEFI NI TI O\ UNI FORM PRESSURE - - - - - - - - *
CHPOL= PRES MASS MODL - 100000. 00 SSI ;

L CALCULATI ON OF THE RIG DI TY MATRI X -------- *
= RIG MDL MAL ;
R2 =R1ETC;

RE = RESORI2 CHPOL ;

*.. RESTRICTI ON OF THE DI SPLACEMENTS ---------------- *
LT ON THE DI FFERENT ELENMENTS- - - - - - - mmmmo- *
DEPS = REDU RE VOLS ;

MESS ' DI SPLACEMENTS OF THE UPPER CUBE NODES ' ;

LI ST DEPS ;

DESUSA = DEPS ;
*
DEPI = REDU RE VQLI ;

MESS * DI SPLACEMENTS OF THE LOWER CUBE NCDES'
LI ST DEPI ;

DEINSA = DEPI ;

*

Foeiiiaan CALCULATI ON OF THE DEFORMATI ONS - -~ ----- *
EPSL = EPSI MODL RE ;

*

*... RESTRICTI ON OF THE DEFORMATI ONS ------===xxc---- *
L ON THE DI FFERENT ELENENTS - ----xrcccnnn-- *

EPSS = REDU EPS1 VQOLS ;

MESS ' DEFORMATI ONS OF THE UPPER CUBE NCDES ' ;
LI ST EPSS ;

*

EPSB = REDU EPS1 VQOLI ;

MESS ' DEFORMATI ONS OF THE LOWER CUBE NCDES ' ;
LI ST EPSB ;

K CALCULATI ON OF THE STRESS ------------- *
SIGL = SIGVA MODL MAL RE ;
*

* RESTRI CTION OF THE STRESS ON THE DI FFERENT ELEMENTS*
SIGS = REDU SIGL VALS ;

MESS ' STRESS OF THE UPPER CUBE NODES ' ;

LI ST SIGS ;

SIG@ = REDU SIGL VOl

MESS ' STRESS OF THE LOAER CUBE NODES ' ;
LIST SId ;

*

SAUT PACE;

MESS ! CASE OF TWO SUPERPOSED CUBES WTH A JONT !}

* THE UPPER CUBE
SAIA = 0.00 0.00 0.00 ; SBI1A
SCIA = 2.00 2.00 0.00 ; SD1A

= 2.00 0.00 0.00 ;
=0.00 2.00 0.00 ;
SHIA = SA1A DRO 1 SB1A ; SH2A
SH3A = SCLA DRO 1 SD1A ; SHAA

SL1IA = SH1A ET SH2A ET SH3A ET SH4A ;
SSIA = SURF SL1A PLAN ;

= SBIA DRO 1 SCIA ;
= SDIA DRO 1 SAlA ;

* THE LOWER CUBE
| A1A = 0.00 0.00 -4.00 ;
IB1A = 2.00 0.00 -4.00 ;

IClIA = 2.00 2.00 -4.00 ;
ID1A = 0.00 2.00 -4.00 ;
IHIA = |AIADRO 1 1BlA; IH2A = IBIADRO 1 IClA;
IH3A = ICIADRO 1 IDIA; IHAA = IDIADRO 1 [A1A;
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MESS * DI SPLACEMENTS OF THE JO NT NCDES ’ ;

IL1A = [ HIA ET | H2A ET | H3A ET | HAA ; LI ST DEPJ ;
I'SIA = SURF | L1A PLAN ; Foeeeaaaas CALCULATI ON OF THE DEFORVATI ONS - -------- *
* EPSTA = EPSI MODTA RETA ;

* *

OPTI ELEM CUBS ; *. RESTRI CTI ON OF THE DEFORMATI ONS - -« -----nrnmmmnnn- *
* L ON THE DI FFERENT ELEMENTS - ---------cnnnnnn- *
VOLSA = SS1A VOLU 1 TRAN ( 0.00 0.00 -2.00 ) ; EPSSA = REDU EPSTA VOLSA ;

FACSA = FACE 2 VOLSA ; VESS ' DEFORMATI ONS CF THE UPPER CUBE ' ;

VOLIA = I S1A VOLU 1 TRAN ( 0.00 0.00 2.00 ) ; LI ST EPSSA ;

FACIA = FACE 2 VOLIA ; *

VT1IA = VOLSA ET VOLIA ; EPSBA = REDU EPSTA VOLIA ;

* VESS ' DEFORMATI ONS CF THE LOWER CUBE ' ;
L BOUNDARY CONDI TI ONS - - - - === === ===~ * LI ST EPSBA ;

CL11A = BLOQ I CIA UX : *

CL12A = BLOQ I CIA UY ; EPSJA = REDU EPSTA VOLJA ;

CL13A = BLOQ I CIA UZ ; MESS ' DEFORMATI ONS OF THE JONT * ;

CLIA = CL11A ET CL12A ET CLI3A ; LI ST EPSJA ;

* *

CL21A = BLOQ | H2A UX ; L CALCULATI ON OF THE STRESS - ------------ *
CL22A = BLOQ | H2A UZ ; SIGTA = SI GVA MODTA MATTA RETA ;

CL2A = CL21A ET CL22A ; *

* * RESTRI CTI ON OF THE STRESS ON THE DI FFERENT ELEMENTS*
CL31A = BLOQ | H3A LY SI GSA = REDU SI GTA VOLSA ;

CL32A = BLOQ | H3A UZ ; MESS ' STRESS OF THE UPPER CUBE ’

CL3A = CL31A ET CL32A ; LI'ST SIGSA ;

* *

CL4A = BLOQ I ALA UZ ; SIGIA = REDU SIGTA VOLIA ;

* MESS ' STRESS OF THE LOWER CUBE ' ;

CLA = CLIA ET CL2A ET CL3A ET CL4A ; LIST SIGA ;

* *

*ooes DESCRI PTI ON OF THE MODEL OF MATERIAL --------- * SIGJIA = REDU SI GTA VOLIA ;

MODIA = MODE VT1A MECANI QUE ELASTI QUE | SOTROPE ; MESS ' STRESS OF THE JONT ’ ;

MAIA = MATE MODIA YOUN 2.1E11 NU 0.3 ; LIST SIGIA ;

* *

*.. CREATION OF THE JOINT ELEMENT BETVEEN THE CUBES - * L GOOD WORKI NG VESSAGE - - - - === - -~ *
* DESUAV = DEPS ;

OPTI ELEM LI A4 ; * DI FFERENCE BETVEEN THE DI SPLACEMENTS OF

VOLJA = LI Al SON 0. 0001 FACSA FACIA ; *  THE UPPER CUBE W TH AND W THOUT JOINT ;

* DESDI F = DESUSA - DESUAV ;

VTOTAL=VT1A ET VOLJA :

* DEI NAV = DEPI ;

L DEFI NI TI ON OF THE JOINT MODEL - -------- * * DI FFERENCE BETVEEN THE DI SPLACEMENTS OF

MODJA = MODE VOLJA MECANI QUE ELASTI QUE | SOTROPE JO 4 ; *  THE LOAER CUBE W TH AND W THOUT JOINT ;

MAJA = MATE MODJA KS 4. 2E15 KN 4. 2E15 ; DEI DI F = DEINSA - DEINAV ;

* *

LB MODEL AND MATERI AL OF THE WHOLE STRUCTURE ----* MAXDI'S = MAXI DESDIF ABS ; MAXDI| = MAXI DEIDIF ABS ;
MODTA = MODIA ET MODJA ; *

MATTA = MALA ET MAJA Sl ((MAXDI'S <EG 1E-9) ET (MAXDI| <EG 1E-9));

* ERRE O ;

L LOAD DEFI NI TI ON: UNI FORM PRESSURE - - - - - - - - - - * SINON ;

CHPOLA= PRES MASS MODTA - 100000. 00 SSIA ; ERRE 5 ;

* FINSI ;

LT CALCULATI ON OF THE RIGI DITY MATRIX -------- * *

RITA = RIG MDTA MATTA ; *

RITOA = RITA ET CLA ; FIN

L CALCULATI ON AND OUTPUT = ----------=--- *

RETA = RESO RI TOA CHPOIA ;

*

*. RESTRI CTI ON OF THE DEFORMATI ONS - - - ------nnmmmmnn- *

P ON THE DI FFERENT ELEMENTS --------ccnnmmmmnn- *

DEPSA = REDU RETA VOLSA ;

MESS ' DI SPLACEMENTS OF THE UPPER CUBE NCDES ' ;
LI ST DEPSA;
*

DEPI'A = REDU RETA VOLIA ;
MESS ' DI SPLACEMENTS OF THE LOAER CUBE NODES *
LI ST DEPIA ;

*

DEPJ = REDU RETA VOLJA ;
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Test joi41 (Comments)

1. LIAISON OPERATOR: creation of linkage elements

OPTI ELEM LI A4 ;
VOLJA = LI AI'SON 0. 0001 FACSA FACIA ;

The LIAISON operator generates the set of linkage elemestisden two surfacic objects (FACSA and
FACIA: MAILLAGE type). VOLJA is the generated object (MAILAGE type), and 0.0001 is the prox-
imity criterion between the two surfacic objects.

For the creation of a joint element JOI4 (3D):

-FACSA and FACIA represent respectivelly surfaces 1 and thefelement. These surfaces should be
read in the same direction. This direction is that of the lofauy of surface 1. The numbering of the
nodes of surface 1 must be such that the axes (1,2,N) makeivgcatdhedron, with N orientated posi-
tivelly in the direction of the opening of the joint element,

We define the following quantities :

. axis 1 = vector connecting node 1 to node 2 of surface 1

. axis 2 = vector connecting node 1 to node 4 of surface 1

. axis N = vector normal to the plane defined by vectors 1 and 2

. opening of the joint element = separator movement of sarfac

from surface 2 when surface 2 is held fixed

-To take into account initial free space x in a joint elemdmaCSA and FACIA should have a dis-
tance x between them. In addition, x should be input as aialinibormal inelastic strain before the use of
the NONLIN procedure. (See report DMT/93.655)

LIA4 is a connection element with 2*4 nodes.

2. REDU OPERATOR: restriction of a field or an object
DEPS = REDU RE VOLS ; (OBJET3 = REDU OBJET1 OBJET2 ;)

The REDU operator restricts :

- a field by points to the points of a given mesh or to the now-xatues of a CHPOINT
- a field by elements to the elements of a given mesh or to trenddMODEL object

- a MMODEL object to a given mesh

- a NUAGE object to given component

We have different possible types:

OBJETL OBJET2 OBJET3
CHPOINT MAILLAGE CHPOINT
CHPOINT POINT CHPOINT

CHPOINT CHPOINT CHPOINT
MCHAML MAILLAGE MCHAML
MCHAML MMODEL MCHAML
MMODEL MAILLAGE MMODEL
NUAGE | MOT1,MOT2... | NUAGE

In case of restriction of a MCHAML or a MMODEL on a mesh :
- this mesh must be composed of elements of the same type awetiethat supports the MCHAML or
the MMODEL
- all the elements of the mesh must be included in the mesistipgiorts the MCHAML or the MMODEL
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11.3 Test joi44 (Description sheet)

Test name:joi44

Calculation type: ORTHOTROPIC ELASTIC MECHANICS

Finite element type: QUA4, JOI4

Topic: Calculation of the thermical stresses on a 3D joint. Thecstine is a parallelepipedic joint em-
bedded at the lower surface. The upper surface is free. Tiheigosubjected to a field of temperatures of
CHAMELEM type, and of subtype TEMPERATURES. The MCHAML isrfaning to a MMODEL object at
first, and to a mesh object secondly.

Goal: Calculate the field of thermial stresses induced by a fieléwiteratures.

\Version: 97’ customer version

Model description:

KS1 = 421090
KS2 = 3.010C
KN = 42100
ALPN = 25

T = 10000

uy

A ID1

7

N\

IB1 IC1

Bl

UXx
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Test joi44 (Results)
RESULTS Analytical solution:

SIGMA = K * ALPN * DELTA(T)

where

K is the stiffness in the direction perpendicular to the fglan

ALPN is the thermal expansion coefficient in the directiomperpendicular to the joint plan (ALPN is homo-
geneous to length per degrees; the length is the thickndbg @int)

DELTA(T) is the CHAMALEM of temperature

Then SIGMA =4.2E20 * 2.5 * 1000.0

=1.05E24

Castem solution:

CHAMELEM ON A MODEL OBJECT
sSsM3 SM2 SMSN
Analytical solution| 0.0000@E00 | 0.0000E00 | 1.0500E24
Castem Solution

Point 1 0.000E00 0.000E00 1.050E24
Point 2 0.000E00 0.000E00 1.050E24
Point 3 0.000E00 0.000E00 1.050E24
Point 4 0.000E00 0.000E00 1.050E24

CHAMELEM ON A MESH OBJECT

sSM4 SM2 SMSN

Analytical solution| 0.0000E00 | 0.0000(E00 | 1.0500E24
Castem Solution

Point 1 0.000E00 0.000E00 1.050E24
Point 2 0.000E00 0.000E00 1.050E24
Point 3 0.000E00 0.000E00 1.050E24
Point 4 0.000E00 0.000E00 1.050E24
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Test joi44 (Listing CASTEM)

R

TITR * CALCULATI ON OF THERVAL STRESSES ON A 3D JONT ;

R

CPTI DIME 3 ELEM QUA4 MODE TRID

*

SOLNUL = 0.0 ;

SOLANA = 1.05E24 ;

*

K GEOVETRY - === mmemmmmaaanaas *

* THE UPPER SURFACE OF THE JOI NT

Al = 0.00 0.00 0.00 ; B1 = 2.00 0.00 0.00 ;
Cl =2.00 2.00 0.00 ; DL =0.00 2.00 0.00 ;
HL = AL DRO 1Bl ; H =B1DRO 1Cl1,;

H3 =CL DRO 1D1; HA=D1LDRO 1AL;

L1 = HL ET H2 ET H3 ET H4 ;

S1 = SURF L1 PLAN ;

* THE LOWER SURFACE OF THE JOI NT

A1 = 0.00 0.00 0.00 ; IBL =2.00 0.00 0.00 ;
ICl =2.002.000.00; IDL =0.00 2.00 0.00 ;

IHL = 1TAL DRO 1 1Bl ; IH2 =1B1 DRO 11C1;
I[H3 =1C1LDRO 11Dl ; IH4 =1D1 DRO 1 1AL ;
IL1 = IHL ET IH2 ET IH3 ET IH4 ;

I'S1 = SURF I L1 PLAN ;

* JONT CREATION: JO 4
OPTlI ELEM LI A4 ;
VOL = LI AISON 0.00001 S1 181

Heaas BOUNDARY CONDI TI ONS - - - === - -« - << nnnm *
= BLOQ IAL UX ; CL12 = BLOQ AL UY ;
CL13 = BLOQ IAL Z ;

CL1 = CL11 ET CL12 ET CL13 ;

*

CL21 = BLOQ IB1 UX ; CL22 = BLOQ IB1 UY ;
CL23 = BLOQ I BL WZ ;

CL2 = CL21 ET CL22 ET CL23 ;

*

CL31 = BLOQ ICl UX ; CL32 = BLOQ ICL UY ;
CL33 = BLOQICL UZ ;

CL3 = CL31 ET CL32 ET CL33 ;

*

CL41 = BLOQ ID1 UX ; CL42 = BLOQ IDL UY ;
CL43 = BLOQ IDL WZ

CL4 = CL41 ET CL42 ET CL43 ;

*

CL = CL1 ET CL2 ET CL3 ET CL4 ;

*

LT DESCRI PTI ON OF THE MODEL OF MATERIAL --------- *

P1 = 0.707 0.707 0.707 ;

MODL = MODE VOL MECANI QUE ELASTI QUE ORTHOTROPE JOI 4 ;
MAL = MATE MODL DI RECTI ON P1 PERPENDI CULAI RE
KS1 4.2E10 KS2 3.0E5 KN 4.2E20 ALPN 2.5;
*
L. CALCULATI ON OF THE RIG DI TY MATRIX ------- *
R1=RG MDL MI ;
R2=R1ETCL;
*
A THERM C STRESSES - - - ---===x----- *

* MCHAML TYPE OBJECT PERTAINING TO A MMODEL OBJECT

MANU CHVL MOD1 T 1000. 0 TYPE TEMPERATURES ;
THET MOD1 MAL CIT ;

*
-
non

MESS ' MCHAML TYPE OBJECT PERTAINING TO A

MVODEL OBJECT ’ ;
MESS ' Analytic solution :’

MESS SMS1 =" SOLNUL
MESS SMB2 =" SOLNUL
MESS SW =" SOLANA
MESS "

MESS ' Cal cul ated solution :’
LIST SI1 ;

* MCHAML TYPE OBJECT PERTAINING TO A MESH OBJECT
*

C2T = MANU CHML VOL T 1000.0 TYPE TEMPERATURES ;

SI2 = THET MODL MAL C2T ;

MESS .
MESS ' MCHAM. TYPE OBJECT PERTAINING TO A MESH OBJECT :

MESS ' Analytic solution :’

MESS "
MESS ’ SMS1 = SOLNUL

MESS SM82 =" SOLNUL

MESS SW =" SOLANA

MESS ’ B
MESS ' Cal cul ated solution :’ :
LIST SI2 ;

R GOOD WORKI NG MESSAGE --------------
MAXCOL = MAXI SI'1 ABS ;

RESI1 = ABS( (MAXCOL- SOLANA)/ SOLANA ) ;

MAXCO2 = MAXI SI2 ABS ;

RESI 2 = ABS( (NMAXCCR- SOLANA)/SOLANA ) ;

Sl ( (RESI1 <EG 1E-4) ET (RESI2 <EG 1E-4) );
ERRE O ;

SI NON;
ERRE 5 ;

FINS ;

*

FIN;
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Test joi44 (Comments)

¢ MANU OPERATOR: creation of a MCHAML object type

CiT = MANU CHML MOD1 T 1000.0 TYPE TEMPERATURES ;
SI'1 = THET MOD1 MAL CIT;
C2T = MANU CHM. VOL T 1000.0 TYPE TEMPERATURES ;
SI2 = THET MODL MAL C2T

The MANU operator enables the user to simply create objedtsedfollowing types: MAILLAGE, CH-
POINT, SOLUTION, RIGIDITE. Here we have the creation of a MBML type object. The MANU
CHML operator creates a new field by element (MCHAML type)mected with the VOL object (MAIL-
LAGE type) or with the MOD1 object (MMODEL type). In the firsase the MCHAML type object is
pertaining to a MMODEL object whereas in the second casg,géitaining to a mesh object.

The temperature T is the name of a component (MOT type) an@.Q08 its constant value. The field
subtype (MOT type) is TEMPERATURES.

The generated field by element is always expressed at the.node
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11.4 Test joi45 (Description sheet)

Test name:joi45

Calculation type: ORTHOTROPIC ELASTIC MECHANICS

Finite element type: QUA4, JOI4

Topic: Calculation of the thermal stresses on a 3D joint. The streds a parallelepipedic joint embedded
from the lower surface. The upper surface is free. The j@irdubjected to a shear load applied on the whole

circumference of the upper surface in the direction O-P1.

Goal: Calculate the displacements in the direction of the loagldésformations, the stresses and the nodal
force field resulting from a stress field integration.

\Version: 97’ customer version

Model description:

KS1 = 42109
KS2 = 4210

KN = 42100
Angle (OX,0P1) = 55 degrees
O-P1 axis : first orthotropic direction
Uy
IA1
IB1
Bl
ID1
IC1 D1
Cil
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Test joi45 (Results)
RESULTS Analytical solution:

F

delta = ——

K*A

where

F is the total load on the upper surface in the direction OP1
K is the stiffness in the first orthotropic direction

A is the surface of the joint

Projection of the solution in the axis X and :

deltax = delta * cos(55)

deltay = delta * sin(55)

Numerical application:
F =100000
K=4.2E20

A=4.0

deltax =3.416 E-7
deltay = 4.875 E-7
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Test joi45 (Listing CASTEM)

R

TITR ' TEST OF SHEAR ON A ORTHOTROPI C 3D- JOINT'
LR R R SRR R R RS RS E R R R RS EEE R R R R EREEEEEEEEEEEES
CPTI DIME 3 ELEM QUA4 MODE TRID ;

CPTI ECHO 0 ;

*

Foon s GEOVETRY === == -enmmnnenaes *
00 = 00.00 0.00 0.00 ; ON = 00.00 0.00 1.00 ;

AN = 10.00 ;

*

* DEF. OF P1 POINT FOR THE ORTHOTRCPI C DI RECTI ONS
PL = 0.707106781 0. 707106781 0.00 ;

PL = PL TOUR AN 0D ON ;

*

* DEFINITION OF THE LOVER SURFACE OF THE JOINT

Al = 1.414213562  0.000000000 0. 00 ;

BL = 0.000000000 1.414213562  0.00 ;

ClL =-1.414213562  0.000000000 0.00 ;

DL = 0.000000000 -1.414213562 0.00 ;

*

Al = AL TOUR AN 0O ON ; Bl = BL TOUR AN QO ON ;

CL = CL TOUR AN 0O ON ; DL = DL TOUR AN 0O ON ;

*

* NESH

HL = ALDRO 1Bl; H =BLDRO 1Cl;

H3 = CLDRO 1DL; H4=DLDRO 1AL;

L1 = HL ET H2 ET H3 ET H4 ;

SL = SURF L1 PLAN ;

*

* DEFINITION OF THE UPPER SURFACE OF THE JOI NT

|AL = 1.414213562  0.000000000 0.00 ;

IBL = 0.000000000 1.414213562 0.00 ;

ICL =1.414213562  0.000000000 .00 ;

IDL = 0.000000000 -1.414213562 0.00 ;

*

IAL = AL TOUR AN OO ON; IBL = Bl TOUR AN 0O ON ;
ICL = ICL TOUR AN 0O ON; DL = I DL TOUR AN 0O ON ;
*

* NESH

IHL = IAL DRO 1 IBL; IH2 = IBLDRO 11CL ;

IH3 = ICLDRO 1 IDL; |H4=IDLDRO 1 1AL ;

ILL = |HL ET IH2 ET IH3 ET I H4 ;

ISL = SURF I L1 PLAN ;

*

* CREATION OF THE JO 4 JONT
CPTION ELEM LI A4 ;
VOL = LI AISON 0.00001 S1 181 ;

i BOUNDARY CONDI TI ONS - - =< - ====---zx- *
= BLOQ Al UX ; CL12 = BLOQ Al UY ;
CL13 = BLOQ AL UZ ;

CLl1 = CL11 ET CL12 ET CL13 ;

*

CL21 = BLOQ BL UX ; CL22 = BLOQ BL UY ;
CL23 = BLOQ BL UZ ;

CL2 = CL21 ET CL22 ET CL23 ;

*

CL31 = BLOQ CL UX ; CL32 = BLOQ CL UY ;
CL33 = BLOQ CL UZ ;

CL3 = CL31 ET CL32 ET CL33 ;

*

CL41 = BLOQ DL UX ; CL42 = BLOQ DL UY ;
CL43 = BLOQ DI UZ ;

CL4 = CLAL ET CL42 ET CL43 ;

CL = CL1 ET CL2 ET CL3 ET CL4 ;

L DESCRI PTI ON OF THE MODEL MATERIAL --------- *
MODL = MODE VOL MECANI QUE ELASTI QUE ORTHOTROPE JOI 4 ;
MAL = MATE MODL DI RECTI ON P1 PARALLELE

KS1 4.2E10 KS2 4.2E08 KN 4.2E20

R

OTHERS MODEL OF MATERI ALS
* k% FLO‘l’l = 0.0 . * %k
*** P3=3.01.010;
* k% * %k
**+ AL = MATE MODL DI RECTION P1 I NCLINE FLOTL P3  ***
KSL 4.2E10 KS2 4.2E08 KN 4.2E20 ; ***
IR RS S EEEEE RS EEE R R R SRS R R R R R R R SRR R R EEREREREEEEEEEEEEEES]
*** MAL = MATE MODL RADIAL P1
KSL 4.2E10 KS2 4.2E08 KN 4.2E20 ; ***
IR RS RS E R R RS SR SRR R EE SRR R R R R R SRR EEE SRR EEEEEEEEEEEES]
*

Feeenanes LOAD DEFINITION : TENSILE LOAD ---------- *

FOL = FORCE ( 57358.00 81915.00 0.00 ) IL1 ;

LT CALCULATI ON OF THE RIG DI TY MATRI X =------- *
R1=RG MDL MI ;

R2=R1ETC;

*

L CALCULATI ON AND OQUTPUT ---==---==zn---- *

RE = RESOR 2 FQL ;

R
P T

R

SOLAX=3. 416E-7 ;
SOLAY=4. 875E-7 ;
MESS * Analytic solution : T

MESS ' deltax =" SOLAX ;

MESS deltay =" SCLAY ;

MESS ’ T

MESS ' Cal cul ated sol ution : T

LI ST RE ;

*

LT TP GOOD VWORKI NG MESSAGE - - - - -« -=--==--- *

DEPI AX = EXTR RE UX I AL ;
RESI1 = ABS( (DEPIAX-SOLAX)/SOLAX ) ;
*

DEPI AY = EXTR RE UY I AL ;
RESI2 = ABS( (DEPIAY- SOLAY)/SOLAY ) ;

Sl ( (RESI1 <EG 1E-3 ) ET (RESI2 <EG 1E-3 ) ) ;
ERRE O ;

SINO
ERRE 5 ;

FINSI ;

*

K STRAIN CALCULATI ON - === - - - - - - =emmnan *

EPS1 = EPSI MODL MAL RE ;

LI ST EPSL ;

*

Feiis STRESS CALCULATI ON === =====-ccnnnnn- *

SIGL = SIGVA MODL MAL RE ;

LIST SIGL ;

*

L NODAL FORCE CALCULATI ON - -=====nnnn-- *

BSI1 = BSIGVA MODL SIGL ;

LIST BSI1 ;

*

FIN
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Test joi45 (Comments)
e BSIGMA OPERATOR: creation of a MCHAML object type
BSI1 = BSIGVA MODL SIGL ;

The BSIGMA operator calculates the nodal force field (BSEbuiting from a stress field (SIG1) inte-
gration.

280



Chapter 12

DYNAMICS

281



_ CHAPTER 12. DYNAMICS

12.1 Test dyna6 (Description sheet)

Test name:dyna6
Calculation type: MECHANICS DYNAMICS 3D
Finite element type: POUT
Topic: Bending mode shape of a clamped-free beam. The beam is daatmme end and free on the
other end. The problem consists in finding frequencies ofiteeand second mode shapes of the beam. The
three options of the VIBR operator are tested in this example
- within intervals (keyword INTERVALLE) : separation of medshapes by dichotomy on a given
interval
- by proximity (keyword PROCHE) : computation of mode shapésch are close to the given
values
- by Lanczos method (keyword SIMULANE) : projection on a Judose
Goal: Find the frequencies of the first and second mode shapes bétra.
Reference:Analytical solution : Timoshenko.

Version: 97’ customer version

Model description:

L =2m

L2 =0.783«L o

ly =6.2510"°n’ ' 3
L G =1102m*
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Test dyna6 (Results)

Results

Analytic | INTERVALLE | PROCHE | SIMULTANE
Freq (Hz) Shapel| 17.71 17.704 17.704 17.704
Freq (Hz) Shape2| 110.98 110.71 110.71 110.71
U,(Q2)(m) Shape2| 0.0 1.248010° | 1.248310° | 1.248310°3

CASTEM figures

BENDING OF A CLAMPED-FREE BEAM

Q1
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Test dyna6 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

TI TRE ' BENDI NG OF A CLAMPED- FREE BEAM ;
OPTIO DIME 3 ELEM SEQ MODE TRID I MPI 0;
OPTI ECHO 0;

TEWPS ;

DENSI TE 0. 1;

*

---- Q@ 1S A NCDE FOR THE SECOND SHAPE - -

= (2.%0.783) 0. 0.

REB8R
'E@u I
arve

STAN= MODEL LI G MECANI QUE POUT ;
REEEEEE MATERI AL AND CHARACTERI STICS -----

MATPL1 = MATER STAN YOUNG 2. E11 NU 0.3
RHO 7800;

CARA STAN SECT 0.01 INRY 6. 25E-6
INRZ 1. E-3 TORS 1. E-2;

MATPL1 = MATPL1 ET CARPLIL;

;

L RIG DI TY AND MASS -------------

RIGPL1 =RI G STAN MATPLI,;
MASPLA1=NMASS STAN MATPL1 ;
*

L CLAMPING ON QL ----==nvnnnmnn-

BLOQL = BLOQ DEPL ROTA Q1 ;
RIGPLAL = RIGPL1 ET BLOQL ;

FIRST OPTION (I NTERVALLE)
SEPARATI ON OF SHAPES BY DI CHOTOMY
THEN USI NG OF | NVERSE | TERATI ONS

E R S S

MODPLAL = VIBR I NTE 10. 120. RIGPLAL
MASPLAL ;

SECOND OPTI ON_( PROCHE)
USI NG OF | NVERSE | TERATI ONS FROM
FREQUENCI ES G VEN I N THE LI STREEL

E R S S

PR = PROG 17. 110.;
MODPLA2 = VI BR PROC PR RI GPLAL MASPLAL ;

THIRD CPTION (S| MULTANE)
USI NG OF LANCZOS METHOD
(PROJECTI ON ON A SUBSPACE)

* ok ok ok k k%

MODPLA3 = VIBR SIMJ 1. 2 RIGPLAL MASPLAL ;
i RESULTS - -=---nsxrmmmaann-
OPTI ECHO O;

SAUTER PAGE;

F1=TI RE MODPLAL FREQ RANG 1;

GL=TI RE MCDPLA1 FREQ RANG 2;

F2=TI RE MODPLA2 FREQ RANG 1;

&=TI RE MODPLA2 FREQ RANG 2;

F3=TI RE MODPLA3 FREQ RANG 1;

G3=TI RE MODPLA3 FREQ RANG 2;

*

MESS " *';

VESS ' ***kkkxx CHECKI NG OF FREQJENC' ES';
MESS " **;

MESS ANALYTI C * | NTERVALLE
* PROCHE * SI MULTANE' ;
MESS ' e R R
J K e e e e e e e e - - ! ’
MESS ' SHAPE 1 17.71 Rl Y R2
T " F3;
MESS ' SHAPE 2 110.98 UG Y @
. R
MESS ' '
MESS ' '
MESS ' *';
MESS '’ ****  CHECKI NG OF THE SECOND SHAPE ' ;
MESS ' *';
MESS ' '
X1=EXTR ( TI RE MODPLAl DEPL RANG 2) UZ @;
X2=EXTR (TI RE MODPLA2 DEPL RANG 2) UZ @2;
X3=EXTR ( TI RE MODPLA3 DEPL RANG 2) UZ @;
MESS '’ ANALYTI C * | NTERVALLE
* PROCHE * S| MULTANE' ;
MESS ' = eeeeeeeaaaa- K e e e e
J K e e e e e e e e e - ! ’
MESS ' SHAPE 2 0.00 XL TR X2
Y X3
TEMPS ;
* GO0D WORKI NG MESSAGE

FREF=17.71; GREF=110.98;

RESI 1=ABS( ( F1- FREF) | FREF) ;

RESI 2=ABS( ( GL- GREF) / GREF) ;

SI ((RESI1 <EG 1E-2) ET (RESI2 <EG 1E-2));
ERRE 0;

SINO,
ERRE 5;

FINSI;

FIN ;
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Test dyna6 (Comments)

1. Computation of rigidity and mass matrices

RIGPL1 = RIGI STAN MATPL1Z,
MASPLA1= MASS STAN MATPL1,;

The operators RIGI and MASS require the model (here STAN)thadnaterial and geometrical charac-
teristics (here MATPL1).

The type of these two objects is RIGIDITE. The subtype of RIGE RIGIDITE and the subtype of
MASPLA1 is MASSE.

2. Computation of eigen shapes : option INTERVALLE
MODPLA1 = VIBR INTE 10. 120. RIGPLA1 MASPLA1 ;

The operator VIBR requires the rigidity and mass matricethefsystem. VIBR with keyword INTE
computes the natural eigen shapes which frequencies araimen between 10 Hz and 120 Hz.

3. Computation of eigen shapes : option PROCHE

PR =PROG 17. 110,;
MODPLAZ = VIBR PROC PR RIGPLA1 MASPLA1;

VIBR with keyword PROC computes the natural eigen shapeswhequencies are the nearest to the
given list (here PR).

4. Computation of eigen shapes : option SIMULTANE
MODPLA3 =VIBR SIMU 1. 2 RIGPLA1 MASPLAL ;

VIBR with keyword SIMU computes the two natural eigen shawbich frequencies are the nearest to
the given real (here 1.).
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12.2 Testdyna7 (Description sheet)

Test name:dyna7

Calculation type: MECHANICS DYNAMICS 2D FOURIER

Finite element type: LQUA4, LSU2

Topic: Vibrating mode shapes of a thin fluid web. The cavity is suppdasndeformable. The gravity effect
is taken into consideration. The shaking mode shapes argutenhin an annular space with Fourier modes
number 1 and 3. The three options of the VIBR operator areddstthis example.

Goal: Find the frequencies of the first and third Fourier shape.

Reference:Analytical solution.

\ersion: 97’ customer version

Model description:

L =2m p =100kg/m? Pret = lkg/m®

L2 =1.2m S =120am/s Set =1m/s
Th =0.01m G =98Im/¢ Lear =1m

/ Free surface

A4 A3

A6 A5

L2

Al A2
—Th
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&

Test dyna7 (Results)

Results
Analytical | INTERVALLE | PROCHE| SIMULTANE

Freq (Hz) Shapel 0.489 0.4895 0.4895 0.4895

Freq (Hz) Shape3 0.863 0.8638 0.8638 0.8638
P(A1) Shapel 1. 1. 1. 1.
P(A2) Shapel 1.81 1.8108 1.8108 1.8108
P(A3) Shapel 3.76 3.763 3.763 3.763
P(A1) Shape3 1. 1. 1. 1.
P(A2) Shape3 18.31 18.375 18.375 18.375
P(A3) Shape3 201.72 202.86 202.86 202.86

CASTEM figures
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SHAKI NG SHAPES OF A THIN FLUI D WEB
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Test dyna7 (Listing CASTEM)

SRS SRS SRR S SRS R SRS EREEEEEEEEEEEEEEEEEEEEES PP = PRB PBAS’
TI TRE ' SHAKI NG SHAPES OF A THIN FLU D VEB' ; X1 = EXTR PP P A2;
OPTI DI ME 2 ELEM QUA4; Y1l = EXTR PP P A5;
OPTI ECHO 0; Z1 = EXTR PP P A3;
TEWPS ; *
*
LI MESHING -------nnmmemmn-- * FIRST SHAPE | S COVPUTED W TH ' PROCHE' OPTI ON
LR ONLY THE FLUD IS MESHED ------- * OF 'VIBR
* *
A1=0.995 0. ; A2=1.005 0. ; B
A3=1.005 2. ; A4=0.995 2. ; MOD2 = VI BR PROC (PROG 0.5) RAI MAS;
A5=1. 005 1.2; A6=0.995 1.2, F2 =TI RE MOD2 FREQ RANG 1;
L1=D 1 Al A2, PRE=TI RE MOD2 DEPL RANG 1;
L2=A2 D 24 A5 D 16 A3; PBAS=EXTR PRE P A2;
L3=D 1 A3 A4, PP=PRE/ PBAS;
L4=A4 D 16 A6 D 24 Al; X2=EXTR PP P A2; Y2=EXTR PP P A5; Z2=EXTR PP P A3;
FLU D=DALL L1 L2 L3 L4; *
* *
TRAC FLUI D ; * FIRST SHAPE | S COVPUTED W TH * SI MULTANE'
* * OPTION OF " VIBR
OPTI ELEM SE®; *
SURFA=D 1 A3 A4, *
* MOD3 = VIBR SIMJ 0.5 1 RAI MAS;
TRAC SURFA ; F3 =TI RE MOD3 FREQ RANG 1;
* PRE=TI RE MOD2 DEPL RANG 1;
MAI L=FLUI D ET SURFA; PBAS=EXTR PRE P A2;
* PP=PRE/ PBAS;
TRAC MAIL; X3=EXTR PP P A2; Y3=EXTR PP P A5; Z3=EXTR PP P A3;
* *
Fooonon DEFI NI TION OF SOVE CONSTANTS ----- *
* * SAMVE OPERATI ONS W TH FOURI ER HARMONI C 3
ROREF=1. ; CEREF=1. ; LCARA=1. ; *
R00=1000.; CS=1200. ; GRA=9.81 ; *
* OPTI MDE FOUR 3;
Foaoo- MODEL ASSIGNED TO FLUID ------------ MODLI QL=MODE FLUI D LI QUI DE LQU4;
I AND FREE SURFACE --------------- MODLI Q2=MODE SURFA LI QUI DE LSU2;
Fooeeos FOURIER HARMONIC 1 --------------- *
* MODLI Q=MODLI QL ET MODLI @2;
OPTI MODE FOUR 1; *
MODLI QL = MODE FLUID LI QUI DE LQU4; MAT=MATE MODLI Q RHO RO0 RORF ROREF CSON CS
MODLI Q2 = MODE SURFA LI QUI DE LSUZ; CREF CEREF LCAR LCARA G GRA;
MODLI Q = MODLI QL ET MODLI @2; *
* RAI=RI G MODLI Q MAT;
LA LIQUID MATERI AL =-----cmmmmmnn- MAS=MASS MODLI Q MAT;
* *
MAT=MATE MODLI Q RHO RO0 RORF ROREF CSON CS MOD1=VI BR I NTE 0. 1. RAI MAS;
CREF CEREF LCAR LCARA G GRA R R E T TP
* GL=TI RE MOD1 FREQ RANG 1;
REEEE T RIGDITY AND MASS ------------ PRE=TI RE MOD1 DEPL RANG 1;
* PBAS=EXTR PRE P A2;
RAI=RI G MODLI Q MAT; PP=PRE/ PBAS;
MAS=MASS MODLI Q MAT; T1=EXTR PP P A2; UL=EXTR PP P A5;
* V1=EXTR PP P A3,
* K o e e e e e e e e e e e e e e e e e e e e e e e e, e, e, m——————
* FIRST SHAPE | S COWUTED W TH ’ | NTERVALLE' MOD2=VI BR PROC (PROG 0.9) RAI MAS;
* YIELD OF DI SPLACEMENTS (AND OF PRESSURE) *
* |'S NORMALI ZED IN ORDER TO HAVE A UNI TARY &=TI RE MOD2 FREQ RANG 1;
* PRESSURE | N ALTI TUDE 0 PRE=TI RE MOD2 DEPL RANG 1;
PBAS=EXTR PRE P A2;
PP=PRE/ PBAS,;
* PRESSURE | S EXTRACTED IN PO NTS A2, A5 T2=EXTR PP P A2; 2=EXTR PP P A5;
* AND A3 . V2=EXTR PP P A3,
* K o e e e e e e e e e e e e e e e e e e e e e e e e, e, e, ,—,—————
MOD3=VIBR SIMJ 0.9 1 RAI MAS;
MOD1 = VIBR INTE 0. 1. RAl MAS, &3=TI RE MOD3 FREQ RANG 1;
F1 = TIRE MOD1 FREQ RANG 1, PRE=TI RE MOD3 DEPL RANG 1;
PRE = TIRE MOD1 DEPL RANG 1,
PBAS=EXTR PRE P A2;
PBAS = EXTR PRE P A2; PP=PRE/ PBAS;
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T3=EXTR PP P A2; U3=EXTR PP P AS5; SI (ERR. | <EG 5);
V3=EXTR PP P A3; SAUT 1 LIGN;
R R ERRE 0;
SAUT PAGE; SAUT 2 LIGNE ; SI NON;
MESS " *'; ERRE 5;
MESS ' ** ¥k xkxx CHECKI NG OF FREQUENCI ES' ; MESS "error of value ' | ' of table’';
MESS " *'; FINSI ;
MESS ' ' FI N BOUCL;
MESS '’ ANALYTIC * | NTERVALLE * M R *
PROCHE  * S| MULTANE' ; FI'N;
NESS’ _____________ K o o e e e e e e e e e o *
_____________ *_____________’;
MESS ' HARM 1 0. 489 L =
F2 ' * " F3
MESS ' HARM 3 0. 863 o6
@ * BN CCA
MESS ' ',
MESS " *';

MESS ' **x*kxxx CHECKI NG OF PRESSURE YI ELD
AT PO NTS AL, A5 AND A3';

MESS " *';

MESS ' '

MESS '’ ANALYTIC * | NTERVALLE *

PROCHE * SI MULTANE' ;

MESS ' e -- K2,

MESS ' HARM 1 1.00 * X1 ' *
X2'* X3

MESS ' HARM 1 1.81 S
Y2 ' * Y3,

MESS ' HARM 1 3.76 ooz
72 ' * RAC I

MESS ' HARM 3 1.00 R
T2 ' * B

MESS ' HARM 3 18. 31 R U
w'* " W3,

MESS 'HARM 3 201.72 L Vi
V2 'r V3

TEWPS ;

B GOOD WORKI NG MESSAGE --------- *

SAUT 1 PAGE;

ERR=TABLE;

ERR 1=100* (ABS( 0. 489 - F1)/0. 489);

ERR. 2=100* ( ABS( 0. 489- F2)/0. 489) ;

ERR. 3=100* (ABS( 0. 489 -F3)/0.489);

ERR. 4=100* (ABS( 0. 863 - Gl)/0. 863);

ERR. 5=100* (ABS( 0. 863 - &) /0. 863);

ERR. 6=100* (ABS( 0. 863 - G3)/0. 863);

ERR. 7=100* (ABS(1- X1)/1);

ERR. 8=100* (ABS(1- X2)/1);

ERR. 9=100* (ABS(1- X3)/1);

ERR 10=100*(ABS(1.81 -Y1)/1.81);

ERR 11=100*(ABS(1.81 -Y2)/1.81);

ERR 12=100*(ABS(1.81 -Y3)/1.81);

ERR 13=100* (ABS(3.76 -Z1)/3.76);

ERR. 14=100* (ABS(3.76 -Z2)/3.76);

ERR 15=100* (ABS(3.76 -Z3)/3.76);

ERR. 16=100* (ABS(1-T1));

ERR 17=100* (ABS(1-T2));

ERR. 18=100* (ABS(1-T3));

ERR. 19=100*( ABS(18.31 -U1)/18.31);

ERR 20=100* (ABS(18. 31 -U2)/18.31);

ERR. 21=100*( ABS(18.31 -U3)/18.31);

ERR 22=100* ( ABS(201. 72- V1) / 201. 72) ;

ERR. 23=100* ( ABS(201. 72- V2)/ 201. 72) ;

ERR. 24=100* ( ABS(201. 72- V3) / 201. 72) ;

| =0;

REPETER BOUCL 24,

| =l +1;
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Test dyna7 (Comments)

1. Liquid formulation

MODLIQ1 = MODE FLUID LIQUIDE LQUA4;
MODLIQZ2 = MODE SURFA LIQUIDE LSUZ;

The operator MODEL with keyword LIQUIDE defines a liquid foahation. The type of finite elements
depends of the type of formulation. LQU4 is a four node masgwradrangle and LSU2 is a two node
element of free surface.

2. Liquid material
MAT=MATE MODLIQ RHO ROO RORF ROREF CSON CS CREF CEREF LCAR LRA G GRA;

The material characteristics are defined with MATER operatal use the following parameters :

RHO : volumic mass

- RORF : referential volumic mass

CSON : sonic speed
- CREF : referential speed

LCAR : characteristic length

G : gravitational acceleration

3. Results extraction

PRE = TIRE MOD1 DEPL RANG 1,
PBAS = EXTR PRE P A2;

The object PRE is a ponctual field and one of its componentseiptessure P. The data PBAS is the
pressure at point A2.
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12.3 Test fsi4 (Description sheet)

Test name:fsi4

Calculation type: MECHANICS DYNAMICS 2D FOURIER, FLUID-STRUCTURE INTERACTDN

Finite element type: COQ2, LQUA4, RACO

Topic: Frequencies of concentric shells coupled by fluid. Both thiecentric shells are separated by a
volume of water. Springs are on the bottom of the shells. Tiheriradius is 0.5m and the outer radius is 1m.

Goal: Find the frequencies of the first and second mode shapes shéiis (M=1).

Reference CASTEM:Report CEA 91/479 : Validation of CASTEM 2000 for fluid strugg interaction

problems.
Version: 97’ customer version

Model description:

R; =500mm
Ro =1000mm
H =1000mm
Thsper = 5mm
Pshell = 800Ckg/m?

A

H
v -

Eshell
Vshell

pwat er

S

Ro

= 2.10°MPa

— 100kg/m®
= 143510°mny’s

G =0mnys’

Pref = 100kg/m?
Set = 143510°mnys
Lcar - 1000nm

=0

h=0, 1000

r=Ri, Ro
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o
o

Test fsi4 (Results)
Results
Theoretical freq (Hz) CASTEM freq (Hz)| Margin
Shapel 18.88 18.647 1.24%
Shape2 55.278 56.083 1.46 %
CASTEM figures

#

FSI 4 : MESHI NG

WATER
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Test fsi4 (Listing CASTEM)

IE RS S SRR R R SRR SRR R R EE R R R R R SRR R EREREREEEEEEEEEEEESSE] FRE12 = 55 278’
TEWPS; LI ST1 = PROG FREL. 1 FREL.?2
* *
OPTI DI ME 2; * *
OPTI MODE FOUR 1 ; * conputation of the frequencies *
OPTI ELEM QUAd; * and *
* * extraction of sonme results *
* * * *
* geonetry * * Use of the operator VIBR (option PROC)
* * *
* RESUL = VIBR PROC LIST1 (RESL ET R4 ) MAS4
*unit of length : mllineter *
* * *
* Points * results *
* * *
NL =1 PN =1 ; *
P5 = 500.0 1000.0 ; P6 = 500.0 0.0 ; MESS ' RESULTS '
P7 = 1000. 1000.0 ; P8 = 1000. 0.0 ; MESS ' --------- '
* SAUT 1 LIGN,
S5 =P5 DNL P6 ; S6 = P8 D NL P7 ; *
* FRE2 = TABLE, MOD = TABLE; DEF = TABLE; ERG = TABLE;
STEEL = S5 ET S6 ; *
WATER = (S5 PLUS (2.5 0.)) TRAN N2 (495.0 0. ) ; I =0
RACI = RACC 3.0 WATER STEEL ; REPETER BLOCL 2;
* I =1 +1;
TITR' FSI4 : MESH NG ; FRE2.1 = TIRE RESUL FREQ RANG I ;
TRAC QUAL (WATER ET (0 0)); ERG | = 100 * (ABS ((FREL.l - FRE2.1) / FREL. 1))
* MESS ' MODE SHAPE NUMBER | ;
* * MESS ' ---------- "
* model - material - rigidity - mass * MESS ' Theoretical frequency :' FREL.| 'Hz';
* * MESS ' Conputed frequency :' FRE2.|1 'Hz';
* MESS '’ Margin : ' ERGI| "%;
MODCOQ=MODEL STEEL MECANI QUE COQ2 ; SAUT 1 LIGN,
MODLI Q=MODEL WATER LI QUIDE LQU4; FI'N BLOCL
MODRAC=MODEL RAC1 MECANI QUE LI QUI DE RACO *
* * *
MATCOQ=MATER MODCOQ RHO 8.E-9 YOUN 2.E5 NU 0.3 ; * code validation *
MATLI Q = MATER (MODLI Q ET MODRAC) RHO 1.E-9 * *
RORF 1.E-9 CSON 1435.0E3 CREF 1435.0E3 *
LCAR 1000. G O.; ERGVAX = MAXI (PROG ERG 1 ERG 2 );
CARCOQ=CARAC MODCOQ EPAI 5.0 ; *
CARRAC=CARAC MODRAC LI QU WATER, S| (ERGWAX <EG 5.)
MATCOQ=MATCOQ ET CARCOQ ERRE 0;
MATLI Q=MATLI Q ET CARRAC, SI NON, ERRE 5;
* FINSI;
K =3. 7458E4/ 2. 0; *
PP =PROG K (-1*K) K ; SAUT 1 LIGN,
PPNEW = PROG K ( -1*K) ( -1*K) K; TEWPS;
RIGL = RIG (MODCOQ ET MODLI Q ET MODRAC) SAUT 1 LIGN,
(MATCOQ ET MATLIQ *
MASA = MASS (MODRAC ET MODLIQ (MATLIQ FIN,
*
* *
* boundary conditions *
* *
*
RES1 = BLOQ UZ RT (S5 ET S6) ;
RIG® = (APPU UR UT K P8 ) ET (APPU LR UT K P6 ) ;

RIG3=( MMNU'RG’ type '"RIGDITE (P6 D1 P8)
(MOTS UR)  PPNEW)
ET ( MANU'RIG’ type 'RIGDITE (P6 D1 P8)
(MOTS UT)  PPNEW);
RIG4=RGLETR® ETRG ;

*

X N
* theoretical value of frequency

*

FREL = TABLE ;

FRE1.1 = 18.88
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Test fsi4 (Comments)

1. Union of fluid and structure

WATER = (S5 PLUS (2.5 0.)) TRAN N2 (495.0 0. ) ;
RAC1 = RACC 3.0 WATER STEEL ;

If the distance between points of STEEL and WATER is smaliant3.0 mm, the operator RACCORD
creates a line of double points by joining the STEEL struetwith the WATER fluid. This corresponds
to the creation of union elements between STEEL and WATER.

Note that there is a clearance between WATER boundaries @aB&Smedian line, corresponding here
with the thickness of the shell.

2. Declaration of models

MODCOQ=MODEL STEEL MECANIQUE COQ2 ;
MODLIQ=MODEL WATER LIQUIDE LQUA4;
MODRAC=MODEL RAC1 MECANIQUE LIQUIDE RACO;

Fluid-structure interaction requires three different ralsd: the liquid, the solid and the model of union
elements.

3. Declaration of material and geometrical characteristics

MATLIQ = MATER (MODLIQ ET MODRAC) RHO 1.E-9
RORF 1.E-9 CSON 1435.0E3 CREF 1435.0E3
LCAR 1000. GO,

CARRAC=CARAC MODRAC LIQU WATER;

The definition of material properties is the same for theitiquodel and the union model.

The liquid model has no geometrical characteristics buptisition of the liquid has to be known : hence
the operator CARAC is used with the keyword LIQU to indicatattthe liquid concerning the union
elements of MODRAC is represented by the object WATER.

4. Modelling of springs

RIG2 = (APPU UR UT K P8 ) ET (APPUUR UTK P6) ;
RIG3 = (MANU 'RIGI' type 'RIGIDITE’ (P6 D 1 P8) (MOTS UR) PPNEWY
ET (MANU 'RIGI' type 'RIGIDITE’ (P6 D 1 P8) (MOTS UT) PPNEW );

Springs can be modelled by two methods :

- with operator APPUI if the spring is connected to a fixed poin

- with operator MANUEL RIGI if the spring joins two points ofi¢ structure. In this case, a stiffness is
added to each point.
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12.4 Test dyna5 (Description sheet)

Test name:dynab

Calculation type: MECHANICS DYNAMICS 3D, SUB-STRUCTURATION

Finite element type: POUT

Topic: Methods of sub-structuration. The problem consists ingisinb-structuration methods to find the
natural frequency of a clamped-clamped beam. The beam @wmased in two pieces of same length. The
three methods correspond to the three different ways taithesthe constraints between the two common tips

Q2and Q3: -

Goal: Find the first natural frequency of the beam.

Q2 free - Q3 free
Q2 clamped - Q3 clamped
Q2 clamped - Q3 free

Reference:Analytical solution.

Version: 97’ customer version

Model description:

Q1

Q2= Q3 Q

L=2]

o

Vo

[ =2m

A =0.1n?

ly =20810'm’
l, =23.3310°8m
lo =24110"m*

E
Y
p

= 2.101Pa

=03

= 780kg/m®
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Test dyna5 (Results)

Results

Analytic | 1st method| 2nd method| 3rd method
Freq (Hz)| 0.65 0.65072 0.65083 0.64926
CASTEM figures

DYNAS5 - METHODS OF SUB-STRUCTURATION

Q1
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Test dynab (Listing CASTEM)

R R T T

TITRE ' DYNA5 - METHODS OF SUB- STRUCTURATION
CPTIO DI ME 3 ELEM SEG2 MODE TRID I MPI 0;

SOL=TABLE;

TEMPS ;

*

*

*  FIRST METHOD FREE- FREE
*

*

Foeenns Definition of the 1st beam geonmetry -------
*

QL=0 0 0; Q=20 0;
LIGI= D12 Q1 Q;

CEIL1 =555

TRACE CEIL1 LIGL ;

*- model, material and geonetrical characteristics -
o of the 1st beam--------------------

MOL= MODEL LI Gl MECANI QUE ELASTI QUE POUT ;

MATPL1=MATER MOL YOUNG 2. E11 NU 0.3 RHO 7800;

CARPL1=CARAC MOL SECT 0.1 INRY 2.08E-7 INRZ 3.33E-8
TORS 2. 41E-7,

MATPL1=MATPL1 ET CARPLI,

Foeeas rigidity, mass, boundary conditions ------
B of the 1st beam------------------

RIGPLL =RIG MATPLL ML ;
MASPLAL=MASS NATPL1 MOL ;
BLOQL=BLOQ DEPL ROTA Q1 ;
RIGPLAL=RI GPL1 ET BLOQL ;
*

*-- Conputation of the eigen node of the 1st beam--
*

PR=PROG 0.4 ;

MODPLA1=VI BR PROC PR RI GPLA1 MASPLAL;

L Definition of the 2nd beam geonetry ------
@B =2. 0. 0.; 4=4 0. 0.;

LI@=D12 @B 4;

TRAC CEIL1 LI ;

POUTRE=LIGL ET LI® ;
TRAC CEI L1 POUTRE;

-- nmodel, material and geonetrical characteristics -
--------------- of the 2nd beam---------------o---

ERE

*

M32= MODEL LI G2 MECANI QUE ELASTI QUE PQUT ;

MATPL2=MATER M2 YOUNG 2. E11 NU 0.3 RHO 7800;

CARPL2=CARAC M2 SECT 0.1 INRY 2.08E-7 INRZ 3.33E-8
TORS 2. 41E-7;

MATPL2=MATPL2 ET CARPL2;

*

TR rigidity, mass, boundary conditions -------
B R TR of the 2nd beam------------------

RIGPL2 =RIG MATPL2 MR ;
MASPLA2=MASS MATPL2 MO ;
BLOM=BLOQ DEPL ROTA Q4;
RI GPLA2=RI GPL2 ET BLOQS ;
*

*-- Conputation of the eigen node of the 2nd beam---

*

MODPLA2=VI BR PRCC PR RI GPLA2 MASPLAZ;

————————— Creation of the sub-structures -----------
------------- related to the two beams -------------

* % %

*

SPLA1=STRU RI GPLA1 MASPLAL ;
SPLA2=STRU RI GPLA2 MASPLA2 ;
ELM2=ELST 2 SPLAL,
ELM3=ELST B SPLA2;
PR2=PROG 1. ; PR3=PROG -1. ;
*

e Description of the constraints -----------
IR between the sub-structures ------------

LI UX=RELA ELM2 UX PR2 ELMB UX PR3;

LI UY=RELA ELM2 UY PR2 ELMB UY PRS3;

LI UZ=RELA ELM2 UZ PR2 ELMB UZ PR3;

LI RXx=RELA ELM2 RX PR2 ELMB RX PRS3;

LI RY=RELA ELM2 RY PR2 ELMB RY PR3;

LI RZ=RELA ELM2 RZ PR2 ELMB RZ PRS3;

ENCL=LI UY ET LIRX ET LIRY ET LIRZ ET LI UX ET LIUZ
*

*- Creation of nodal basis related to the two beans -
*

BASE1=BASE SPLA1 MODPLA1 ENCL ;

BASE2=BASE SPLA2 MODPLA2 ENCL ;

*

AR Conpl ete nodal basis ------------------
EEEEEEE related to the reunion of the --------------
IR R two el ementary basis ------------------
*

BASET= BASE1l ET BASE2 ;

RIGMO = RIG BASET ;

MASMO = MASS BASET ;

*

LR Searching of the 1st eigen frequency ------
B LT of the conplete structure --------------
*

SOL. 1= VI BR PROC (PROG 0. 65) MASMD RI G\D ;
FREQL=TI RE SOL. 1 FREQ RANG 1;

*

SECOND METHOD CLAMPED- CLAMPED

--------------- Boundary conditions -----------------
————————————————— of the 1st beam-------------------

® ok % % %k ok ok ok

BLOQUX2=BLOQ UX Q2;
BLOQUY2=BLOQ UY Q2;
BLOQUZ2=BLOQ UZ Q2;
BLOQRX2=BLOQ RX Q2;
BLOQRY2=BLOQ RY Q;
BLOQRZ2=BLOQ RZ 2;

AEEE TR Rigidity of 1st beam-----------------

R GPLAL=RI GPL1 ET BLOQL
ET BLOQUX2 ET BLOQUY2 ET BLOQUZ2 ET BLOQRX2
ET BLOQRY2 ET BLOQRZ2:

*

*.--- Conputation of the eigen node of the 1st beam--
*

PR1=PROG 2.6 ;

MODPLA1=VI BR PROC PRl RI GPLA1 MASPLAL;
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-- @ point of 1st beamand @3 point of 2nd beam ---
-- have the sane co-ordinates -----------------------

* %k %k

BLOQUX3=BLOQ UX (B;
BLOQUY3=BLOQ UY GB;
BLOQUZ3=BLOQ UZ (B;
BLOQRX3=BLOQ RX (B;
BLOQRY3=BLOQ RY B;
BLOQRZ3=BLOQ RZ (B;

THI RD METHCD FREE- CLAVPED

R T T

of the 1st beam

RI GPLAL=RI GPL1 ET BLOQL
ET BLOQUX2 ET BLOQUY2 ET BLOQUZ2 ET BLOGRX2

————————— Rigidity and boundary conditions ---------

e R Rigidity of 2nd beam----------------

RI GPLA2=RI GPL2 ET BLOX

ET BLOQUX3 ET BLOQUY3 ET BLOQUZ3 ET BLOQRX3
ET BLOQRY3 ET BLOQRZ3;
*

*--- Conputation of the eigen node of the 2nd beam ---

*

MODPLA2=VI BR PRCC PRl RI GPLA2 MASPLAZ;

Creation of the sub-structures -----------
--- related to the two beans --------------

SPLA1=STRU RI GPLA1 MASPLAL ;
SPLA2=STRU RI GPLA2 MASPLA2 ;

CLUX2=CLST
CLUY2=CLST
CLUZ2=CLST
CLRX2=CLST
CLRY2=CLST
CLRZ2=CLST
CLUX3=CLST
CLUY3=CLST
CLUZ3=CLST
CLRX3=CLST

SPLAL
SPLAL
SPLAL
SPLAL
SPLAL
SPLAL
SPLA2
SPLA2
SPLA2
SPLA2
SPLA2
SPLA2

BLOQUX2;
BLOQUYZ;
BLOQUZ2;
BLOQRX2;
BLOQRY2;
BLOQRZ2;
BLOQUX3;
BLOQUY3;
BLOQUZS;
BLOQRX3;
BLOQRY3;
BLOQRZ3;

Description of the constraints ----------
-- between the sub-structures ------------

PR2=PROG 1. 1.;PR3=PROG 1. 1.;

LI UX=RELA CLUX2 LX PR2 CLUX3 LX PRS;

LI UY=RELA CLUY2 LX PR2 CLUY3 LX PR3;

LI UZ=RELA CLUZ2 LX PR2 CLUZ3 LX PRS;

LI RX=RELA CLRX2 LX PR2 CLRX3 LX PR3;

LI RY=RELA CLRY2 LX PR2 CLRY3 LX PRS;

LI RZ=RELA CLRZ2 LX PR2 CLRZ3 LX PR3;

ENCL=LI UY ET LIRX ET LIRY ET LIRZ ET LIUX ET LI UZ
*

*- Creation of nodal

*

basis related to the two beans -

BASE1=BASE SPLA1 MODPLA1 ENCL ;
BASE2=BASE SPLA2 MODPLA2 ENCL ;

ET BLOQRY2 ET BLOQRZ2;
*

*-- Conputation of the eigen node of the 1st beam---
*

PR1=PRCG 2. 6;
MODPLAL=VI BR PROC PR1 RI GPLAL MASPLAL,

SEEEEEEEREE Rigidity and boundary conditions --------
B e TR of the 2nd beam------------------

RI GPLA2=RI GPL2 ET BLOY;
*--- Conputation of the eigen node of the 2nd beam --

*

PR2=PROG 0. 41 ;
MODPLA2=VI BR PROCC PR2 RI GPLA2 MASPLAZ;

EEEEEEEEES Definition of sub-structures -------------

SPLA2=STRU Rl GPLA2 MASPLA2 ;
CL3=ELST SPLA2 (B;
*

R Definition of constraints -------------
e between sub-structures ---------------
*

PR=PROG 1 1;

REL1=RELA CL3 UX 1 CLUX2 LX PR ;

REL2=RELA CL3 UY 1 CLUY2 LX PR ;

REL3=RELA CL3 UZ 1 CLUZ2 LX PR ;

REL4=RELA CL3 RX 1 CLRX2 LX PR ;

REL5=RELA CL3 RY 1 CLRY2 LX PR ;

REL6=RELA CL3 RZ 1 CLRZ2 LX PR ;

ENCL=REL1 ET REL2 ET REL3 ET REL4 ET REL5 ET RELG;
*

AEEEEEEEEEE R Creation of nodal basis -------------
e related to the two beams -------------

BASE1=BASE SPLA1 MODPLA1 ENCL ;
BASE2=BASE SPLA2 MODPLA2 ENCL ;

*

HEEEEEEEEEEE Conpl ete nodal basis -------------------
e related to the reunion of the --------------
LEEEEEEEEEEE two el ementary basis -------------------
*

*

B Conpl ete nodal basis -----------------
EEEEEEEEER related to the reunion of the ------------
B two el ementary basis -----------------
*

BASET= BASE1 ET BASE2 ;
= RIG BASET ;
MASMO = MASS BASET ;

R Searching of the 1st eigen frequency
e of the conplete structure ------------

SOL. 2= VI BR PROC (PROG 0. 65) MASMO RI GO ;
FREQ2=TI RE SOL. 2 FREQ RANG 1,

BASE1 ET BASE2? ;
RI G BASET ;

Z
5

MASS BASET ;

LEEEE Searching of the 1st eigen frequency
Foeeeeeeee- of the conplete structure ---------------

SOL. 3= VI BR PROC (PROG 0. 65) MASMO RI GVD ;
FREQ=TI RE SOL. 3 FREQ RANG 1;

*  RESULTS

*

SAUT PAGE ; SAUT 4 LIGNE ;
MESS ' THEORI CAL FREQUENCY 0. 65 HZ';
SAUT 2 LIGNE ;
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MESS ' W TH 1ST METHOD : ' FREQL;
MESS ' W TH 2ND METHOD : ' FREQ?;
MESS ' W TH 3RD METHOD : ' FREQS;
TEWPS ;
* code validation
REF=0. 65;

RESI 1=ABS( ( FREQL- REF) / REF) ;
RESI 2=ABS( ( FREQ2- REF) / REF) ;
RESI 3=ABS( ( FREQ- REF) / REF) ;

SI ((RESI 1 <EG 5E-2) ET (RESI2 <EG 5E-2)
ET (RES| 3 <EG 5E-2));

ERRE 0;
SINO

ERRE 5;
FINSI ;
FIN ;
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Test dyna5 (Comments)

1. Creation of sub-structures related to the two beams

SPLA1=STRU RIGPLA1 MASPLA1,
SPLA2=STRU RIGPLA2 MASPLAZ ;
ELM2=ELST Q2 SPLA1;
ELM3=ELST Q3 SPLAZ,

CLUX2=CLST SPLA1 BLOQUX2;
CLUY2=CLST SPLA1 BLOQUY?2;
CLUZ2=CLST SPLA1 BLOQUZ2;
CLRX2=CLST SPLA1 BLOQRX2;
CLRY2=CLST SPLA1 BLOQRY?2;
CLRZ2=CLST SPLA1 BLOQRZZ2;

The operator STRU creates an object of STRUCTURE type byatidig the mass and the rigidity.

The operator ELST creates an object of ELEMSTRU type by attitig the structure and the point of the
interface. This type of object is used to describe the caimgs between sub-structures when the point of
the interface is free.

The operator CLST creates an object of BLOQSTRU type by atiig the structure and a rigidity of
fixing. This type of object is used to describe the constsadtween sub-structures when the point of
the interface is constrained.

2. Description of elementary constraints

e Interface with free points
PR2=PROG 1. ; PR3=PROG -1. ;

LIUX=RELA ELM2 UX PR2 ELM3 UX PR3;
LIUY=RELA ELM2 UY PR2 ELM3 UY PR3;
LIUZ=RELA ELM2 UZ PR2 ELM3 UZ PR3;
LIRX=RELA ELM2 RX PR2 ELM3 RX PR3;
LIRY=RELA ELM2 RY PR2 ELM3 RY PR3;
LIRZ=RELA ELM2 RZ PR2 ELM3 RZ PR3;

The operator RELA describes elementary constraints betwee sub-structures, it creates an object of
ATTACHE type.
The element of structure ELM2 (that is to say Q2 point) has#me displacements as the element ELM3

(Q3 point).

e Interface with fixed point
PR2=PROG 1. 1.;PR3=PROG 1. 1;

LIUX=RELA CLUX2 LX PR2 CLUX3 LX PR3;
LIUY=RELA CLUY2 LX PR2 CLUY3 LX PRS;
LIUZ=RELA CLUZ2 LX PR2 CLUZ3 LX PR3;
LIRX=RELA CLRX2 LX PR2 CLRX3 LX PR3;
LIRY=RELA CLRY2 LX PR2 CLRY3 LX PRS;
LIRZ=RELA CLRZ2 LX PR2 CLRZ3 LX PR3;
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The fixing of structure CLUX2 (related to Q2 X-displacemeh§)s the same component as CLUX3.

Note that 'LX’ is the compulsory component for a fixing.

e Interface with fixed and free points
CL3=ELST SPLA2 Q3;

PR=PROG 1 1;

REL1=RELA CL3UX 1 CLUX2LXPR;

REL2=RELA CL3 UY 1 CLUY2LX PR;

REL3=RELACL3UZ1CLUZ2LXPR;

REL4=RELA CL3 RX1CLRX2LXPR;

REL5=RELA CL3RY 1 CLRY2 LXPR;

REL6=RELACL3 RZ1CLRZ2LXPR;

It is possible to describe a constraint between a fixed paidtaafree point, in this case the operator

RELA is used with an element of structure (CL3) and a fixingtaicture (CLUX2, CLUY?2, ...).

. Creation of modal basis

BASE1=-BASE SPLA1 MODPLA1 ENCL;
BASE2=BASE SPLA2 MODPLA2 ENCL ;

The operator BASE creates an object of BASEMODA type. Thjeairontains :
- the structure (SPLAL),

- the mode shapes related to this structure (MODPLAL),

- the constraints (ENCL).

. Reunion of the elementary bases

BASET = BASE1 ET BASEZ2
RIGMO = RIGI BASET ;
MASMO = MASS BASET ;

The two modal bases are joined together.
The operators RIGI and MASS calculate rigidity and mass icedrby using a modal basis (BASET).
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12.5 Test vibré (Description sheet)

Test name:vibr6
Calculation type: MECHANICS DYNAMICS 3D, COMPOUND EIGEN SHAPES
Finite element type: TUYA

Topic: Compound eigen modes of a rod. The rod is subjected to amextaxial permanent flow. Both
the tips of the rod are articulated. Computations are maddifierent flow velocities (0 up to 120 m/s).

Goal: Find the real and imaginary parts of frequencies for theediffit velocities.
Reference:Model of Paidoussis & Ortoja-Starzewski.
Version: 97’ customer version

Model description:

z
% y,v
PA X PB

L =2m

R =103m o = 100kg/m®
Th =103m Vinin =0m/s

p  =400kg/m? Vimax =120m/s

E =10"a steRelc = 1m/s

v =0
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Test vibré (Results)

Results
Velocity V=0
Mode | Frequency| Damping real part | imag. part| stability
1 2.78 —79101 | 1410 17.5 STAB
2 11.11 | -7.010 1| 49101 69.8 STAB
3 24.98 10101 | —1610 1 157.0 STAB
4 44.41 3610 | —101012] 279.0 STAB
5 69.37 | —-7710" | 34101 435.8 STAB
Velocity V =120 m/s
Mode | Frequency| Damping | real part | imag. part| stability
1 2.9 -52 95.4 18.3 INST
2 2.9 5.2 —954 18.3 STAB
3 13.3 1.7 —1416 83.5 STAB
4 13.3 -17 1416 83.5 INST
5 33.2 1210 %2 | —251010 208.4 STAB
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CASTEM figures

Re(F) (He)

Frequencies (real)

xEe  m(i2mH
150

Lanbda (real)

xe  mize
150

o127 )

Lanbda (real /i mgi n)

Frequenci es

Frequenci es

Frequenci es

Frequenci es

Frequenci es

Frequenci es

Frequenci es

Frequencies

Frequenci es

Larmbda real)

Lambda real)

Lambda (rea)

Lambda rea)

Larbda (rea)

Lambda rea)

Larmbda real)

Lambda real)

Lambda (rea)

Lambda (realimagin)

Lambda realimagin)

Lambda realimagin)

Lambda realimagin)

Lambda realimagin)

Lambda (realimagin)

Lambda realimagin)

Lambda cealimagin)

Lambda realimagin)

(real)

(real)

(real)

(real)

(real)

(real)

(real)

(real)

(real)

(R ()
200

200 |

00 |

w00 |

-1000

000 |-

2500 L L L

Frequenci es (i mgi n)

xe  izmn

Lanbda (i magin.)

Frequencies (magin)

Frequencies (magin)

Frequencies (magin)

Frequencies (magin)

Frequencies (magin)

Frequencies (magin)

Frequencies (magin)

Frequencies (magin)

Frequencies (magin)

Lanbda (1 magin.)

Larbda (1 mgin.)

Lanbda (i mgin.)

Lanbda (i magin.)

Lanbda (1 mgin.)

Lanbda (1 ragin.)

Lanbda (i magin.)

Larbda (1 mgin.)

Lanbda (i mgin.)
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Test vibr6 (Listing CASTEM)

LR R RS SRR R R SRR R R R R R R EEREEEEEEEEEEEEEEEEEEES] Lpout = Lstru/’\bN’
Opti Echo 0; *
* *--- Danping due to the flow
kkkkkhkhkkhkkkhhhhkhkhkhhhhhkhkhkhhhhhhkkkhk PAfu = (Prog _.5 O. 0. (LpOUt/lO.) .5 0. 0.
*  Characteristics of the system * (-1.*Lpout/10.) );
KAk hkkkhkhkhhhhkhhhhkkhhhkkhhhkkkh kK %k PAfu = PAfu et (Prog 0. -.5 ('1*Lp0Ut/10) 0. 0. .5
*--- Material (Lpout/10.) 0.);
Rhostru = 4000. ; PAfu = PAfu et (Prog 0. (Lpout/10.) 0. 0. O.
Youstru = 1. E10; (-1.*Lpout/10.) (-1.*Lpout*Lpout/60.) 0.);
Nustru = 0.; PAfu = PAfu et (Prog (-1.*Lpout/10.) 0. 0. 0. (Lpout/10.)
*--- Length of the rod 0. 0. (-1.*Lpout*Lpout/60.));
Lstru = 2.; PAfu = PAfu et (Prog -.5 0. 0. (-1.*Lpout/10.) .5 0. 0.
*--- Radius of the rod (Lpout/10.) );
R = 10.E- 3; PAfu = PAfu et (Prog 0. -.5 (Lpout/10.) 0. 0. .5
*--- Section of the rod (-1.*Lpout/10.) 0. );
Sstru = PI*R¥R; PAfu = PAfu et (Prog 0. (-1.*Lpout/10.) (Lpout*Lpout/60.)
*--- Mass per unit length of the rod 0. 0. (Lpout/10.) 0. 0. );
Mstru = Rhostru*Sstru; PAfu = PAfu et (Prog (Lpout/10.) 0. 0. (Lpout*Lpout/60.)
*--- Density of the fluid (-1.*Lpout/10.) 0. 0. 0. );
Rhof = 1000. ; Afu = Manu Rigi type AMORTI SSEMENT L1 (MOTS UY UZ RY RZ)
*--- Added mass of the fluid (non enclosed fluid) PAf u;
Maj = Rhof *PI*R*R; *
*--- Equival ent density *--- Rigidity due to the flow
Rhoe = (Mstru+Maj)/Sstru; PKfu = (Prog (-6./(5.*Lpout)) 0. 0. -1.1
*--- Axial velocity of fluid (6./(5.*Lpout)) 0. 0. -.1);
Vmin = 0.; PKfu = PKfu et (Prog 0. (-6./(5.*Lpout)) 1.1 0. O.
Vmax = 120.; (6./(5.*Lpout)) .1 0.);
PVa = 1.; PKfu = PKfu et (Prog 0. .1 (-2.*Lpout/15.) 0. 0. -.1
* (Lpout/30.) 0. )
LVa = Prog Vmn PAS PVa Vhax; PKfu = PKfu et (Prog -.1 0. 0. (-2.*Lpout/15.) .1 0. 0.
* (Lpout/30.) );
kkkkkkhkkhkkkhhhhhkhkhkhhhhhhkhhhhhhkhkhkkhhhkk PKfu = PKfu et (Prog (6./(5.*Lp0ut)) O. O. .1
* Meshing of the system * (-6./(5.*Lpout)) 0. 0. 1.1);
kkkkkhkhkkhkhkhkhhhhhkhkhkhhhhhkhkhhhhhhhkhkkhkhhkk PKfu = PKfu et (Prog O. (6./(5.*Lp0ut)) _.1 0. 0.
* (-6./(5.*Lpout)) -1.1 0. );
NoN = 100; PKfu = PKfu et (Prog 0. .1 (Lpout/30.) 0. 0. -.1
Mess ' Number of nodes :' NbN, (-2.*Lpout/15.) 0. );
Mess ' 7 PKfu = PKfu et (Prog -.1 0. 0. (Lpout/30.) .1 0. 0.
Opti Dime 3 Elem Seg2; (-2.*Lpout/15.) );
PA = (-.5*Lstru) 0. 0.; Kfu = Manu Rigi type RIGDITE L1 (MJTS UY UZ RY RZ) PKfu;
PB = (.5*Lstru) 0. O.; *
Ll = D(OI ,\bN PA PBY Khkkhk Xk khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx* %
* * Modal anal ysi s *
'\/bdl 1 = 'Vbdel Ll MEC&I’]I que EI asthue |Sotrope Tuya’ IR RS S EEEEEEEE R R R R R EREEEEEEEEEEEEEEEEEEEE]
Matrl = Mater Mbdl1 Youn Youstru Nu Nustru Rho Rhoe *
Epai R Rayo R; PMod = Prog 2.77 11.1 24.99 44.43 69. 42;
* Basr = VIBR PROCH PMWbd Kstru Mstru TBAS;
kkkkkhkhkkhkkkhhhhhkhkhkhhhhhkhkhkhhhhhkhkhkhhhhkk nnor (Basr."\mES') (nnts 'UZ');
*  Masses, Rigidities ... of system* *
kkkkkhhkhkkkhhhhhkhkhkhhhhhkhkhhhhhhkhkhkkhhhkk Basm: Basr."\mES';
* Nbnmod = DI ME Basm 2;
*--- Mass Mess ' 7
Mstru = Masse Modl 1 Matrl; Mess ' Stopped fluid';
*--- Structural rigidity Mess Mbde Frequency ';
Kstru = Rigi Mdl1 Matr1; MeSS " --mme e i
*--- Boundary Conditions : plane problem Repet er LMbd Nonod;
d1l =Blog W L1; i =&LMod;
a2 =Blog W LI, Mess i " Basmi.' FREQUENCE ;
a3 = Blog Rx L1; Fin LMod;
d4 =Blogq Rz L1; Mess ' 7
G5 =Blog Uz (PA et PB); Mess '
* Mess ' 7
Kstru = Kstru et 01 et d2et A3 et A4 et CL5; Finsi ;
* *

hhkkkhkhhhhhkhhhhhhkhkhhhhkhkkhkkkk k%
* Added r|g|d|t|es * khkkkhkkkhhkhhhhhhhhhkhhhkkhkkhkkkkkkhkkk k%
Khkkhkkhkhkhkhkhkhkhkhkhkhkkhkhkhkkkxk % * Table Of results *

Khkkhk Xk khkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkx* %

* *
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Mod = Tabl e;
Mbd. Reel = Tabl e;
Mod. | mag = Tabl e;
Repeter Bl oc6 (2*Nonod);
i =&Bl 0c6;
Mod. Reel . i =Prog;
Mod. | mag. i =Pr og;
Fin Bl oc6;

*
kkkkkhkhhkhkkkhhhhhkhkhkhhhhhhkhkhhhhhhkhkhkhhhhkkkx
* 1 1 i *
Projecting matrices
kkkkkhkhkhkkkhhhhhkhkhkhhhhhhkhkhhhhhhkhkhhhhhhkkx

*

*--- Mass matrix

M = (PJBA MStru Basr);
*--- Danping matrices
Afp = (PJBA Afu Basr);
*--- Rigidity matrices
Ksp = (PJBA Kstru Basr);
Kfp = (PJBA Kfu Basr);

*

*--- Locating the critical velocity
VSauv = "N ;

* *
* Loop on the axial velocity *
* *

*

Repeter Bl ocl0 (DI ME LVa);
k=&Bl 0c10;
Va = Extr LVa k;
Mess 'lteration’ k;
Mess ' Axial velocity : ' Va;

Mess " 7
MBSS " - mmmmmm o
Mess ' Mbde Frequency Danpi ng
Real part I mag. part
Stabil. ;

*

IR EE SRS RS SRR ESEEEEE SRR R RS EEEEEEEEEEES
* Masses, rigidities ... *
IR EE RS ES SRR RS SR SRR R RS EEEEEEEEEEES

*

*---- Danping
At = (2*Maj*Va*Afp);
*---- Rigidity

Kt = (Ksp) et ((Maj*Va*Va)*Kfp);

*

IR EEE SRR S SRS S SRS SRR R R EEEEEEEEEEES
*  Conputation of conpound ei gen shapes *
IR EE SRS RS SRR RS SRS SRR R RS EEEEEEEEEEES

*

Basc
Basm

*

VIBC M Kt At;
Basc. ' MODES' ;

*--- Extracting frequencies
Prf = Prog;
Pif = Prog;
Repeter Bloc2 (2*Nbnod);
i =&Bl oc2;
Mbdn = Basmi;
f = Mbdn.’ FREQUENCE_REELLE ;

Prf = Prf et (Prog Mbdn.' FREQUENCE REELLE');
Pif = Pif et (Prog Mbdn.’ FREQUENCE | MAG NAIRE');
Fin bloc2;
*
*--- Sorting of frequencies (rising row)
nl = DIME Prf;
Prfc = Prog (extr Prf 1);

Pifc = Prog (extr Pif 1);
Repeter Bloc3 (nl-1);
i =&Bl 0c3+1;
f =extr Prf i;
n2 = DIME Prfc;
Pos = 1;
Repeter Bl oc4 n2;
j = &Bloc4;
f1 =extr Prfc j;
Sio(>f f1);
Pos = Pos + 1;
Fi nsi ;
Fin Bl oc4,
Prfc = INSE Prfc Pos f;
Pifc = INSE Pifc Pos (extr Pif i);
Fin Bloc3;
*--- Saving
Repeter Bloc5 ni;
i =&Bl oc5;
f = (Extr Prfci);
if = (Extr Pifci);
Msg = ' STAB.';
S ((<if -1.D-10) et (>EGf 0.));
Msg = "INST.’;
Si (EGA VSauv 'N);
Verit = Va - (Pval2.);

VSauv = 'O ;
Fi nsi;
Finsi;
S (>f 0.);
* Eigen values related to lanbda = i onega = ix2PIxf
Mess i f  (if/f) (-2*PI*if) (2*PI*f) Mbg;
Si non;
S (EAf 0.);
Mess i f ' ----- "(-2¥PI*if) (2*PI*f)
Msg;
Finsi;
Fi nsi;
Mbd. Reel .i = Mbd. Reel .i et (Prog f);
Mbd. Imag.i = Mod.Imag.i et (Prog if);
Fin Bl oc5;
MBSS " mmeim i
Mess ' 7
Fin Bl ocl0;

*
kkkkkhhkhkkkhhhhhkhkkrhhkhhhkhkrhhhkhkkkxx
* G aphes *
khkkkkhkhhkhkkkhhkhhhkhkhkhhhkhhhkhkrhhkhkhkkkxx
*
*

*

Nbcour =2* Nbnod,;
Tabl = Table;
Repeter |dentl Nocour;
k=&l dent 1;
Tabl.k = 'NOLI';
Fin ldent1;

k=1;
*--- Gaphes related to frequency
Titr 'Frequencies (real)’;
Evol 1 = Evol manu Lva (Md. Reel . k);
Titr 'Frequencies (imgin)’;
Evol 2 = Evol manu Lva (Md. | mag.k);
*--- Gaphes related to lanmbda =i 2 Pi f
Titr 'Lanbda (real)’;
Evol 3 = Evol manu Lva (-2.*Pl*(Md. I nmg.k));
Titr 'Lanbda (inmagin.)’;
Evol 4 = Evol manu Lva (2*PlI*(Md. Reel . k));
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Titr

"Lanbda (real/imagin)’;

Evol 5 = Evol manu (2.*Pl*(Md. Reel . k))

(-2.*PI*(Mod. | mag. k));

Repeter Tracl (Nocour-1);

k=

Si

Fi
Fin

&Tracl+l;
(> (DI ME Mod. Reel . k) 0);
Titr 'Frequencies (real)’;

Evol 1 = Evol 1 et (Evol manu Lva (Md. Reel . k));

Titr 'Frequencies (inmagin)’

Evol 2 = Evol 2 et (Evol manu Lva (Md.|mag.k));

Titr 'Lanmbda (real)’;

Evol 3 = Evol 3 et (Evol manu Lva (-2.*Pl*(Md.|mag.k)));

Titr 'Lanbda (inmagin.)’;

Evol 4 = Evol 4 et (Evol manu Lva (2.*Pl*(Md. Reel.k)));

Titr ' Lanmbda (real/imagin)’
Evol 5 = Evol 5 et (Evol manu

(2.*PI*(Mbd. Reel . k) (-2.*PI*(Mbd. 1 mag.k)));

nsi;
Tracl;

Dess Evol 1 XBOR 0. 150. YBOR 0. 70. Lege
Titx "Vax (m's)’
Tity "Re(F) (Hz)' Tabi;

Dess

Dess

Dess

Dess

*

Kk khkkhhhhkhhhhhhkhhhhhkkhkkkhkkkk

*

Kk khhkhhhkhhhhhhkhkhhhhkhkkkhkkkk *

*

Vth = (Pi/Lstru)*((Youstru*Pi*(R*4)/(4*nfaj))**0.5);

Evol 2 Lege

Titx "Vax (m's)’

Tity "Inm{F) (Hz)' Tabi;
Evol 3 XBOR 0. 150. YBOR -150. 150. Lege

Titx 'Vax (m's)’

Tity "Re(i2.PI.F)' Tabi;

Evol 4 XBOR 0. 150. YBOR 0. 450. Lege
Titx "Vax (m's)’

Tity " Im(i2.Pl.
Evol 5 XBOR 0. 500. YBOR - 150.
Titx *Re(i2.Pl.
Tity "In(i2.Pl.

Code validation

Si (Abs((Verit-25.)/25.) < 0.05);

Erre
Si non;

Erre
Finsi;
*

FIN ;

0;

5;

*

F)' Tabi,
150. Lege
F)’

F)' Tabil;
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Test vibré (Comments)

1. Creation of added stiffnesses

Afu = Manu Rigi type AMORTISSEMENT L1 (MOTS UY UZ RY RZ) PAfu;
Kfu = Manu Rigi type RIGIDITE L1 (MOTS UY UZ RY RZ) PKfu;

The operator MANU followed by RIGI keyword creates a RIGIEBubtype object in which all ele-
mentary stiffness matrices are similar :

- the elementary matrix is given by a list of reals (PAfu and®K

- the geometrical object is given by L1,

- the type of stiffness is specified (AMORTISSEMENT and RIGIB),

- the name of the components for each node of L1 is given by afliwords (MOTS UY UZ RY RZ).

In this case, each elementary matrix is defined by a 8X8 magix (UY UZ RY RZ).

2. Projection on modal basis

* Mass matrix

Mt = (PJBA MStru Basr);
* Damping matrices

Afp = (PJBA Afu Basr);

* Rigidity matrices

Ksp = (PJBA Kstru Basr);
Kfp = (PJBA Kfu Basr);

The PJBA operator calculates the projection of stiffnegeab (MStru, Afu, Kstru and Kfu) on an eigen
mode basis (Basr).

3. Computation of compound eigen shapes

Basc = VIBC Mt Kt At;
Basm = Basc.’"MODES’;

Modn = Basm.i;
Prf = Prf et (Prog Modn'FREQUENCE_REELLE’);
Pif = Pif et (Prog Modn."FREQUENCE_IMAGINAIRE’);

VIBC computes the complex eigen values and eigen vectotseafeneral equationMX+Cx+ Kx = 0.
The mass (Mt), stiffness (Kt) and damping (At) are given irtninas previously expressed relatively to a
real eigen mode basis. If these matrices have not their gabtyorresponding with MASSE, RIGIDITE
and AMORTISSEMENT, the input order is very important be@atlseycan’t be sorted: they then are
processed in order of their input.

The generated object is a BASE_ MODALE subtype table (Basc).

Basc’MODES’ is a BASE_DE_MODES subtype table (Basm).
Basm.iis a MODE_COMPLEXE subtype table (Modn) :
ModnFREQUENCE_REELLE’: real part of the eigen frequency

Modn.FREQUENCE_IMAGINAIRE’ : imaginary part of the eigdrequency.
Modn/NUMERO_MODE’ : number of the mode.
Modn'DEFORMEE_MODALE_REELLE’: real part of the eigen vec
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Modn/DEFORMEE_MODALE_IMAGINAIRE’ : imaginary part of th eigen vector.
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4. Options for evolution display

Dess Evoll XBOR 0. 150. YBOR 0. 70. Lege
Titx "Vax (m/s)’ Tity 'Re(F) (Hz)’ Tabl;

The XBOR and YBOR keywords impose boundaries on X-axis (irand maxi 150.) and on Y-axis
(mini 0. and maxi 70.).

The LEGE keyword imposes a caption for the different plottadses. It imposes a square frame and the
maximal number of curves is nine.

The TITX and TITY keywords allow to modify the names of abseis and ordinates.
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12.6 Test vibrl0 (Description sheet)

Test name:vibrl0

Calculation type: MECHANICS DYNAMICS, MASS UNBALANCE RESPONSE

Finite element type:

Topic: Mass unbalance response. The system is represented bytdmass M1, stiffness K1). A mass
unbalance is added in the equation under the shape of a fbineesystem to be solved igMX+Cx+ Kx=F
with F defined byF = Fs.sin(Q.t) + F..cogQ.t). The response is computed with VIBC operator and its option

BALOUR.

Goal: Find the small and big axes of the ellipse described by thesys

Reference:Analytical solution.

Version: 97’ customer version

Model description:

me

Test vibrl0 (Results)

Xtheor (M) | 9.4640210°8
Xs(m) | 9.4640210°8
Xe (m) | 9.4640210°8

M1 =40kg

K1 =4.10°N/m

md =10"*kgm

Q =19.0985ad/sec
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Test vibrl0 (Listing CASTEM)

LR R RS SRR R R SRR R R R R R R EEREEEEEEEEEEEEEEEEEEES] EO(]. = EXTR PJ F].S ”VAIL’ v

OPTI 'DIME 3 'ELEM SE® echo O ; GEx2 = GEOX1 ;

* *

*-Data XVal 1 = PROG ;

P1L = 1. 0. 0. ; XVal 2 = PROG ;

m = 40. ; REPE bbb2 (NBEL GEOx1) ;

kl = 4.e5; i2 = &bb2 ;

f1=((kl1/ ml) ** 0.5) / (2. * pi) ; XPL =0. 0. 0. ;

MESS "f1 =" f1; GEOx2 = GEOx2 ET XP1 ;

* Px1 = POON GEOx1 i2 ;

TRL = MANU 'PO 1" PI ; XVal 1 = XVal 1 ET (PROG (EXTR Pj Fls ' FALF' Px1)) ;

* XVal 2 = XVal 2 ET (PROG (EXTR Pj Flc 'FALF' Px1)) ;

*-Matrices of mass and rigidity : FI'N bbb2 ;

Mvass = MANU 'RIG" TRL (MOTS "UY' 'UZ') XVal 2 = Xval 1 ET XVal 2 ;
(PROG ml 0. 0. nt) ; *

MRigi = MANU'RIG" TRL (MOTS 'UY' "UZ') Pj FBal 1 = MANU CHPO GEOx2 1 'FALF Xval 2 ;
(PROG k1 0. 0. k1) ; *

* *-Conput ation of the response :

*-Mde shapes : RepRel Replnl = VIBC 'BALOU MvasP MRi gP TBasR

Phil = MANU'CHPO TR1 2 'UY' 1. 'UZ 0. ; Pj FBal 1 onegl ;

Phi2 = MANU 'CHPO TRL 2 "UY" 0. 'UZ 1. ; *

* *-Conputation of big and small axes of the ellipse :

*-Points identifying the nodes YRl = EXTR RepRel 'UY" P1 ;

PR1 = 0. 0. 0. ; ZR1 = EXTR RepRel 'UZ' P1 ;

PR2 = 0. 0. 0. ; MESS YRL ZRI ;

* *

*-Basis of real nodes : opti donn 5;

TBasR = TABLE ' BASE_ MODALE' ; *-Wanted results :

TBasR MODES = TABLE ' BASE_DE_MODES' ; Anl = (MD * (onegl ** 2)) / (k1 - ((onegl ** 2) * nl)) ;

TBasR MODES . ' MAILLAGE = TRI ; MESS ' Wanted results : ' Anl ;

TBasR MODES . 1 = TABLE ' MODE' ; *

TBasR MODES . 1 . 'NUMEROMDE =1 ; FIN;

TBasR MODES . 1 . 'PO NT_REPERE' = PRI ;

TBasR MODES . 1 . 'FREQUENCE = f1 ;

TBasR MODES . 1 . 'MASSE CGENERALI SEE' = nl ;

TBasR MODES . 1 . ' DEPLACEMENTS_GENERALI SES' =

ki- (2* pi * f1) ;

TBasR. MODES . 1 . ' DEFORMEE_MODALE = Phil ;

TBasR. MODES . 2 = TABLE ' MODE' ;

TBasR MODES . 2 . 'NUVMERO MODE = 2 ;

TBasR MODES . 2 . 'PONT_REPERE = PR2 ;

TBasR. MODES . 2 . 'FREQUENCE = f1 ;

TBasR MODES . 2 . 'MASSE_GENERALISEE = ni ;

TBasR MODES . 2 . ' DEPLACEMENTS_GENERALI SES' =

KL - (2% pi *f1) :
TBasR MODES . 2 . ' DEFORMEE_MODALE = Phi2 ;
*
*-\Wirl speed (rad/s)
omegl = 19.0985 ;

*-Projection of matrices on the real basis :

MvasP = PJBA TBasR MVass ;
MR gP = PJBA TBasR MRigi ;
*
*-Mass unbal ance excitation
MD = le-4 ;
Fyls = MkD * (onegl ** 2) ;
Fzls = (-1) * WD * (onmegl ** 2) ;
Fylc = MkD * (onegl ** 2) ;
Fzlc = MkD * (onegl ** 2) ;
*
Fls = MANU "CHPO P1 2 'FY' Fyls 'FZ' Fzls ;
Flc = MANU 'CHPO P1 2 'FY' Fylc 'FZ' Fzlc ;
Pj F1s = PJBA Fls TBasR ;

Pj Flc = PJBA Flc TBasR ;

*
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Test vibrl0 (Comments)

1. Mass unbalance excitation

F1s = MANU 'CHPO’' P12 'FY' Fyls 'FZ' Fzls;

Flc = MANU 'CHPO’' P12 'FY' Fylc 'FZ' Fzlc;
PjFls = PJBAFls TBasR ;

PjFlc = PJBAFlc TBasR;

GEOx1 = EXTR PjF1s 'MAIL;

GEOx2 = GEOx1 ;

*

XVall = PROG ;

XVal2 = PROG ;

REPE bbb2 (NBEL GEOx1) ;

i2 = &bbb2 ;

XP1=0.0.0.; GEOx2 =GEOx2 ET XP1;

Px1 =POIN GEOx1i2 ;

XVall = XVall ET (PROG (EXTR PjF1s 'FALF’ Px1)) ;
XVal2 = XVal2 ET (PROG (EXTR PjF1c 'FALF’ Px1));
FIN bbb2 ;

XVal2 = XVall ET XVal2 ;

*

PjFBall = MANU CHPO GEOx2 1 'FALF’ XVal2 ;

The mass unbalance force ( PjFBall) is expressed relativedyreal eigen mode basis. It is a CHAM-
POIN object with one dual component FALF.

It must be obtained by the following way :

- Both component§s andF. are separated into two CHAMPOIN objects (here F1s and F1c).

- Those two CHAMPOIN objects are projected on the n real eigede basis (here TBasR basis is com-
posed of 2 eigen modes). The projected objects are PjF1sjahd.P

- Then PjF1s and PjF1c are combined in order to obtain a 2 xtovtat is to say a CHAMPOIN object
composed by one component FALF and supported by 4 points (GEO

2. Computation of the response
RepRel Repiml = VIBC 'BALOU’ MMasP MRigP TBasR PjFBall omegl

The operator VIBC followed by BALOU keyword computes the qiex solutions in the case of an
unbalanced excitation. It creates two CHAMPOIN objectspfRel and Replm1) which contain the
displacement vectors :

- RepRel deals witBogQ.t) components, and the real components.

- Replm1 deals wittin(Q.t) components, and the imaginary components.
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12.7 Testdynal2 (Description sheet)

Test name:dynal2

Calculation type: MECHANICS DYNAMICS 3D, TRANSIENT RESPONSE

Finite element type: BARR

Topic: Transient response of a launcher. The launcher is subntétad axial load during a limited period.

Considering rigid body movements and vibration of the gtre; the displacement history is searched for the

bottom point.

Goal: Find the displacement history of the bottom point (P1).

Reference:J. S. Przemieniecki : Theory of matrix structural analysésw York : McGraw-Hill Book

Co., 1968) p340.

Version: 97’ customer version

Model description:

L =140
@ P3 A F(t)
E =110
v =03
p =01
100N —+
L B P2
0.0125
APl
F(t)
Test dynal2 (Results)
Analytic | CASTEM | Margin
UY(t=1.9125) Point P} 10.9 10.660 | -2.20%
UY(t=2.0625) Point PY 11.732 | 11.289 | -3.78%

T
1.0125 1.025
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Test dynal2 (Listing CASTEM)

R R R ]

CPTION ECHO O ;

OPTI O DI ME 3 ELEM SE@ ;

*

* NVESH NG

*

PL=0.0 0. ; P2=0. 70. 0. ; P3=0. 140. 0. ;
L1=DL1PLP2; L2=D1P2P3; LTOT = L1 ET L2 ;
*

* MODEL

*

MOD1 = MODELE LTOT MECANI QUE ELASTI QUE BARR ;

* MATERI AL AND GEOVETRI CAL CHARACTERI STI CS

*
MAT1
CARL

*

* RIGADTY MATRI X

*

RIGL = RIRG DITE MODL (MAT1 ET CAR1) ;

MATER MOD1 YOUN 1.E4 NU 0.3 RHO 0.1 ;
CARAC MOD1 SECT 1. ;

*  MASS MATRI X

*

MAS1 = MASSE MODL (MAT1 ET CARL) ;

*

* LOAD

*

LI1 = PROG 0. 0.0125 1.0125 1.025 3. ;
LI2 =PROGO. 1. 1. 0. 0. ;

F1 = FORCE (0. 100. 0.) Pl ;
EV = EVOL MANU T LI1 F(T) LI2 ;
CHAL = CHAR 'FORC F1 EV;

*

* I NPUT DATA FOR DYNAM C SUBROUTI NE

*

LISl = PROG 1.9125 2.0625 ;

TABL = TABLE ;

TABL.' DEPL' = MANU CHPO LTOT 3 UZ 0. UY 0. UX 0. ;
TABL.'VITE = MANU CHPO LTOT 3 UZ 0. UY 0. UX 0. ;
TABL.’ CHAR = CHAL ;

TABL.'RIG’ = RIGL ;

TABL. ' MASS' = MASL

TABL.' FREQ = 20. ;

TABL.’ INST' = LISL ;

TAB2 = DYNAM C TABL ;

*

* COMPARI SON W TH ANALYTI C RESULTS

*

DEPL = TAB2 . 1. DEPL ;

UL = EXTR DEPL PL UY ; ULTH = 10.89972 ;

ERRL = ((UL - ULTH) / (ABS ULTH) * 100. ;

DEP2 = TAB2 . 2 . DEPL ;

U2 = EXTR DEP2 PL Uy ; W2TH = 11.73228 ;

ERR2 = ((U2 - WTH / (ABS W2TH) * 100. ;

MESS ° VERTI CAL DI SPLACEMENT OF THE BASIS  T= 1.9125 ;
MESS * THEORY ' ULTH CASTEM 'UL 'O9WARG N 'ERRL ;

MESS ° VERTI CAL DI SPLACEMENT OF THE BASIS  T= 2.0625 ;
MESS * THEORY ' U2TH CASTEM ' W2 '9WARG N 'ERR2 ;

*

Sl ((MAXI ABS (PROG ERRL ERR2 )) < 5);
ERRE 0;

SI NON,

ERRE 5;

FINSI ;

FIN ;

316



o
12.7. TEST DYNA12 (DESCRIPTION SHEET) 0%8

Test dynal2 (Comments)

1. Load as a function of time

LI1 =PROG 0. 0.0125 1.0125 1.025 3. ;
LI2=PROGO. 1.1.0.0.;
F1=FORCE (0. 100. 0.) P1;

EV =EVOL MANU T LI1 F(T) LIZ;
CHA1=CHAR'FORC’ F1 EV,

The operator CHAR builds an object of type CHARGEMENT, whadntains spatial and temporal
descriptions of the load :

- the spatial description is given by the object F1,

- the temporal description is given by the object EV which @lexd evolution (built by the operator
EVOL, EV describes the load (object LI12) as a function of tinget (object LI1)).

2. Use of DYNAMIC subroutine
* INPUT DATA FOR DYNAMIC SUBROUTINE

*

LIS1=PROG 1.9125 2.0625 ;

TAB1 = TABLE;

TAB1’DEPL = MANU CHPO LTOT 3 UZ 0. UY 0. UXO0.
TAB1.VITE'= MANU CHPO LTOT 3UZ 0. UY 0. UXO0. ;
TAB1’CHAR’= CHAL;

TABL'RIGI' =RIG1;

TAB1’MASS’ = MAS1 ;

TAB1'FREQ' = 20. ;

TAB1’INST' = LIS1;

TAB2 = DYNAMIC TAB1 ;

The operator DYNAMIC carries out step by step dynamic corafioibs, using the Newmark centered
algorithm. All required data are given in the object TAB1 defil by the following indexes :

-'DEPL : initial displacements,

-'VITE’ : initial velocity which components are the same aswponents of initial displacements,
-'CHAR’: the load (as a function of time),

-’RIGI’ : the rigidity matrix,

-'MASS’ : the mass matrix,

-'FREQ’ : the cut off frequency which determines the timepste

-INST’ : the list of moments to save.

The value of time step will be equal to 0.25 divided by the dtifrequency (in this case 20 Hz) which
gives a step of 0.0125 sec.

3. Description of DYNAMIC result

DEP1=TAB2.1.DEPL; U1 =EXTR DEP1P1UY;
DEP2=TAB2. 2. DEPL ;U2 =EXTRDEP2 P1UY;
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The object created by DYNAMIC subroutine is a table whichteors as many tables as saved moments.
Here TAB2 is composed of two tables because the list TAB1TI&tains two moments : TAB2 . 1
and TAB2 . 2.

Each table has three indexes :

- 'TEMP’ : the value of the moment

- 'DEPL’ : the displacement

- 'VITE' : the velocity

TAB2 . 1. DEPL is a displacement field. A value can be extradigdising EXTR operator and
specifying the desired point and the required component.
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12.8 Testdynall (Description sheet)

Test name:dynall
Calculation type: MECHANICS DYNAMICS 2D
Finite element type: QUA4

Topic: Transient response of an internal pressure. A thick-wathdihder is suddenly subjected to an
internal pressure. The problem consists in finding disprer® maxima of some points.

Goal: Find displacement maxima of three points located on thexdgli half-length.

Reference: S. H.Crandall, N. C. Dahl and T. J. Lardner : An introductienthe mechanics of solids,
2nd ed. (New York : McGraw-Hill Book Company, 1972) pp. 29372

\Version: 97’ customer version

Model description:
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Test dynall (Results)

o

4e-6

Results : Ratio transient/static

Analytical | CASTEM | %Margin
M1 2 1.93 -3.46
M2 2 2.06 2.79
M3 2 2.05 2.74
CASTEM figures

204e-6

N CHAPTER 12. DYNAMICS

L =8in

R; = 6in

R, =12in

urp =R,

ur,  =9in

ur3 =11n

p  =028b/in®

1/g =1/(3864in/sed)
= 0.002588

E  =301Clb/in?

Vv =0.0

P =10b/in?
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&
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Test dynall (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

CPTION ECHO O ;
OPTIO DI ME 2 MODE AXI S ELEM QUA4 ;

*

* MESH NG

*

PL=6.0 ; P2=12 0. ; P3 =12 8 ; P4 =6 8.
LL=D6PLP2; L2=D8P2P3;L3=D6P3P4;
L4 =D8 P4 PL; LTOT = L1 ET L2 ET L3 ET L4 ;

Sl = SURF LTOT PLAN ;

*

* MODEL

*

MOD1 = MODELE S1 MECANI QUE ELASTI QUE
*

*  MATERI AL PROPERTI ES
*

RO = 0.28 * 0.002588 ;

MAT1 = MATER MOD1 YOUN 30.E6 NU 0.0 RHO RO ;
*

* BOUNDARY CONDI TI ONS

*

CLl1 = BLOQ L1 Uz ;CL2 =

*

* RIGADTY MATRI X

*

RIGL = RRGFITE MODL MATL ;
*

BLOQ L3 UZ ;

*  MASS MATRI X

*

MASL = MASSE MOD1 MATL ;

*

* LOAD
LI1 = (PROGO. 1.E-6 2.E-6 3.E-6 4.E-6) ET
(PROG 5e-6 pas le-6 204E-6 );

LI2 = (PROGO. 0. 0. 0. 0. ) ET (PROG 200 * 1.) ;

F1 = PRES MOD1 ' MASS' 10. L4 ;
EV = EVOL MANU T LI1T K(T) LI2 ;
CHAL = CHAR 'PRES' F1 EV;

*

* I NPUT DATA FOR DYNAM C SUBROUTI NE

*

LISl = PROG 0. PAS 1.E-6 200.E-6 ;
TAB2 = TABLE ;

TAB2.’ DEPL’ = MANU CHPO S1 2 UZ 0. UR 0. ;
TAB2."VITE = MANU CHPO S1 2 UZ 0. UR 0. ;
TAB2.’ CHAR = CHAL ;

TAB2.'RIG@’' = RGl ;

TAB2.’ MASS = MASI ;

TAB2.’ FREQ = 250000. ;

TAB2." INST" = LISL ;
TAB1 = DYNAM C TAB2 ;

*

*  EXTRACTI NG OF DI SPLACEMENT EVOLUTI ONS

*

LT = PROG; LURL = PROG ;

LUR2 = PROG ;

LUR3 = PROG

I =0;

ML = NOEUD 25 ; M2 = NOEUD 62 ; M3 = NOEUWD 36 ;
NBB = (DIME LISL) - 1 ;

REPETER BBl NBB ;

I =1 +1;

LT = LT ET( PROGTABL . | . 'TEMP ));

DEP1 = TABL . | "DEPL' ;

LURL = LURL ET( PROG (EXTR DEP1 UR M) );

S

LUR2 ET( PROG (EXTR DEPL LR M) ):
= LURS ET( PROG (EXTR DEPL LR M) );

EVOL MANU "TIME LT "UR' LURL ;
EVOL MANU "TIME LT "UR' LURZ ;
EVOL MANU "TIME LT "UR' LURS ;

* ---  DISPLAY OF GRAPH

TABDD =
TABDD. 1
TABDD. 2

TABLE ;
"MARQ ETOl NOLI' TITR Node25'

’NARQ CARR NOLI' TITR Node62' ;

TABDD. 3 = ' MARQ TRIA NOLI TI TR Node36’

TITR ' RADI AL DI SPLACEMENT  THI CK- V\ALLED CYLI NDER *

DESS (EV1 ET EV2 ET EV3) TABDD ' LEGE ;
*

*  COVPARI SON W TH THECRY

URL = (MAXI LURL) / 3.326E-6 ; URLTH = 2.
ERRL = ((URL - URLTH) / (ABS URLTH)) * 100.
UR2 = (MAXI LUR2) / 2.773E-6 ; UR2TH = 2.
ERR2 = ((UR2 - UR2TH) / (ABS UR2TH)) * 100.
UR3 = (MAXI LUR3) / 2.673E-6 ; URSTH = 2.

ERR3 = ((UR3 - URSTH) / (ABS URSTH)) * 100.
MESS ' RATIO TRANSIENT / STATIC o

MESS ' NCDE 25  THEORY ' URLTH ' CASTEM ' URL
" %ARG N " ERRL;

MESS " NCDE 62  THECRY ' UR2TH ' CASTEM ' UR2
" VARG N ' ERRZ;

MESS " NCDE 36 ~ THECRY ' UR3TH ' CASTEM ' UR3
" 9ARG N ' ERR3;

*

Sl ((MAXI ABS (PROG ERRL ERR2 ERR3 )) < 5);
ERRE 0;

SINON;

ERRE 5;

FINSI ;

FIN ;
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Test dynall (Comments)

1. Unit system

RO =0.28 * 0.002588 ;
MAT1 = MATER MOD1 YOUN 30.E6 NU 0.0 RHO RO ;

There is no unit system on CASTEM. Therefore data must bengiva right system according to the
basic law of mechanicsk =M.y .

It is necessary here to give the density in mass per volumehuatiis to say to divide the density (given
in Ib/in®) by the acceleration constant g (giveninisec).

2. Extracting of DYNAMIC results
LT = PROG ; LUR1 = PROG;;

1=0;
M1 =NOEUD 25;

NBB = (DIME LIS1) - 1

REPETER BB1 NBB ;

l=1+1;

LT = LT ET(PROG(TABL. | . 'TEMP"));
DEP1=TAB1. . DEPL

LUR1 = LUR1 ET( PROG (EXTR DEP1 UR M1) );

FIN BB1;
EV1=EVOL MANU TIME’ LT 'UR’ LUR1;

To get the displacement evolution as a function of time, itésessary to extract each saved instant and
store it in a list of reals (LT). In the same way, each saveddidptacement of the required point is stored
in the LUR1 list of reals. Then an object of EVOLUTION type (EMcan be obtained which represents
the UR-displacement of M1 point as a function of time.

3. Display of graph with a caption

TABDD = TABLE ;

TABDD.1 ="MARQ ETOI NOLI TITR Node25’;

TABDD.2 =’"MARQ CARR NOLI TITR Node62’ ;

TABDD.3 =’"MARQ TRIA NOLI TITR Node36’ ;

TITR'RADIAL DISPLACEMENT THICK-WALLED CYLINDER ’;
DESS (EV1ET EV2 ET EV3) TABDD 'LEGE’;

To get a caption the LEGE keyword is added to the DESS opetaibit is necessary to indicate some
specific options. These options are defined in the TABDD taBkch index of the table correspond to
one curve : TABDD.1 is related to the first curve indicatednia DESS call.

The MARQ keyword followed by ETOI indicates that a symbol tarswill be plotted as a marker at
different points of the curve (CARR correspond to squarédATcorrespond to triangles).

NOLI indicates that the segments connecting the points thmnplotted.

The TITR keyword followed by a string (maximum 20 letters amalgap between letters) defines the
caption related to the required curve.
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12.9 Testdy devo5 (Description sheet)

Test name:dy_devo5

Calculation type: MECHANICS DYNAMICS 3D, TRANSIENT RESPONSE

Finite element type: POUT

Topic: Transient response of a supported beam. The beam is simpporad by elastic supports.The
triangular distributed load has its amplitude as a functibtiime. The problem consists in finding the maximum
deflection for different moments.

Goal: Find the maximum deflection of the beam.

Reference: Walter C. Hury and Moshe F. Rubinstein : Dynamics of struesu(Englewood Cliffs :
Prentice-Hall, Inc., 1964) p.294.

Version: 97’ customer version

Model description:

2.L
P1 P2
L
Ky

L =50m F®
Ky = (9741/2)N/m
A = 1n?
ly = 10m* .
I, =10m*
G =1m
E =10°Pa
\Y =0.3
p =0 1k9/m3 0 1.% 1.025 }2 }3 t
F(xt) = /3" —(2.F(t).Sp)dx
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Test dy_devo5 (Results)

Results
Theoretical| CASTEM | %margin
w (shape 1) 7.155 rad/s| 7.1498 rad/g 0.007
w (shape 2) 28.23 rad/s| 29.679rad/d 5.13
deflectiomax(t =1.45s) | 0.23382m| 0.23361m | 0.009
deflectiomax(t =1.9s) | -0.24283 m| -0.2385m 1.78

CASTEM figures

AVPLI TUDE

1.0

@Bl FEQIT

AVPLI TUDE

@Bl FECIT
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Test dy_devo5 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

CPTION ECHO O ;

CPTION DI ME 3 ELEM SE® ;

*

* MESH NG

*

PL=0.0 0. ; P2=50 0.0 ;
L1=D4P1L P2 ;

*

* MODEL

*

MOD1 = MODELE L1 MECANI QUE ELASTI QUE POUT ;

* MATERI AL AND GEOVETRI CAL CHARACTERI STI CS

*

MAT1 = MATER MODL YOUN 1.E6 NU 0.3 RHO 0.1 ;

CARL = CARAC MODL SECT 1 INRY 10. INRZ 10. TORS 1.
VECT (0. 1. 0.) ;

*

*  BOUNDARY CONDITIONS : ELASTI C SUPPORT AND

* SYMETRI CAL CONDI TI ONS

*

K=0974.11 2 ;

CL1 = APPU UY K PL ;
CL2 = BLOQ L1 RX RY UX UZ ;
Cl3 = BLOQ P2 RZ  ;
CLTOT = CL1 ET CL2 ET CL3 ;

*

* MATRIX OF RRG DI TY

*

RIGL = RRG DITE MOD1 (MAT1 ET CARL ) ;

*  MATRI X OF MASS

*

MAS1 = MASSE MODL (MAT1 ET CARL ) ;

*  COVPUTATI ON OF MODE SHAPES
*
TABL = VIBR 'INTERVALE 0. 5.
(RIGL ET CLTOT) MASL 'TBAS
TAB2 = TABL. MODES ;
NNOR TAB2 AVEC (MOTS UY ) ;
NMOD = (DI ME TAB2) - 2 ;
IB=0;
REPETE BOUC NMOD ;
IB=I1B+1 ;
F1 = (TAB2.1B).’ FREQUENCE ;
OVEGL = (F1 * 2.) * Pl ;
SI (IB'EGAN 1) ; OVEGLTH = 7.155 ;
SINON ; OVEGLTH = 28.23 ; FINSI ;

ERRL = ((OMEGL - OVEGLTH) / (ABS OMEGLTH)) * 100.

MESS ' MODE SHAPE "I B ;

MESS ' THEORETI CAL ANGULAR FREQUENCY ' OMEGLTH

* CASTEM * OVEGL * 9%VARG N’ ERRL ;
DEPL = (TAB2. | B). DEFORVEE_MODALE ;
DEF1 = DEFORM DEP1 L1 1. ROUG ;
DEFO = DEFORM DEPL L1 0. ;

TRAC (0 0 10000) (DEFO ET DEF1) ;

FIN BOUC ;

*

TABM = TAB1

-- I NPUT DATA FOR USING OF DYNE

B

* DI STRI BUTED LOAD

FCl = COR 1 L1 ;
FC2 = (FCL / -50.) * 2. ;
FC3 = NOVC FC2 UY ;

MODB = MODEL L1 MECANI QUE ELASTI QUE BARR ;
MATB = MATER MODB SECT 1. RHO 1. ;

MASB MASSE MODB MATB
FCA = MASB * FC3 ;

FC5 = EXCO FC4 FY FY ;
L1 =

PROGO. 1. 1.025 3.0 ;
LI2=PROGO. 1. 0. 0. ;
EV = EVOL MANU T LI1 F(T) LI2 ;
CHAL = CHAR 'FORC FC5 EV ;

TABCHAR = TABLE ' CHARGEMENT' ;

*

*  PROJECTING ON THE MODAL BASI S
*

CHA2 = PJBA CHAL TABIL ;

TABCHAR ' BASE_A" = CHA2
*

*  QUTPUT TABLE

*

TABSCR = TABLE ' SORTIE'
TABVAR = TABLE ' VARI ABLE' ;
TABSCR ' VAR ABLE' = TABVAR ;
TABVAR. ' DEPLACEMENT' = VRAI ;
TABVAR 'VITESSE' = FAUX ;
TABVAR. ' ACCELERATION = FAUX ;

*  CALLI NG DYNE DE_VOGELAERE

*

TABRES = DYNE DE_VOGELAERE TABM TABCHAR
TABSOR 80 0.025 1 ;

*  RECOMBI NATI ON FOR MOMVENTS 1.45 AND 1.9
DEP1
DEP2

*

*  COVPARI SON W TH ANALYTI C RESULTS

*

RECO TABRES TABM 1.45 'DEPL’
RECO TABRES TABM 1.9 'DEPL' ;

FLECHL = EXTR DEPL P2 UY ; FLECHITH = 0.23382 ;
ERRL = (( FLECHL - FLECHITH) / (ABS FLECHITH)) * 100. ;

MESS MAXI MUM DEFLECTION T = 1.45 B
MESS ' THEORETI CAL’ FLECHLTH CASTEM ' FLECHL
"UARG N " ERRL

*

FLECH2 = EXTR DEP2 P2 UY ;FLECH2TH = -0.24283 ;
ERR? = (( FLECH2 - FLECH2TH) / (ABS FLECH2TH)) * 100. ;

MESS MAXI MUM DEFLECTION T = 1.9 -
MESS ' THEORETI CAL’ FLECH2TH CASTEM ' FLECH2
"UARG N ' ERRZ

*

Sl ((MAXI ABS (PROG ERRL ERR2)) < 5):
ERRE 0;

SI NON,

ERRE 5;

FINSI;

FIN ;
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Test dy_devo5 (Comments)

1. Norming of mode shapes
NNOR TAB2 AVEC (MOTS UY ) ;

The NNOR instruction norms the object TAB2 so that the gtatalue equal 1. The keyword AVEC
limits the research only to UY component.

2. Distributed load

FC1=COOR1L1;
FC2=(FC1/-50.) * 2. ;

FC3=NOMC FC2 UY ;

MODB = MODEL L1 MECANIQUE ELASTIQUE BARR ;
MATB = MATER MODB SECT 1. RHO 1. ;

MASB = MASSE MODB MATB ;

FC4=MASB * FC3;

The distributed load is created by the multiplication of kbad FC3 (which is a CHPOINT) by the mass
matrix MASB. This method allows to balance the load in the nireg of finite elements.

3. Projection of the load onto the modal basis

TABCHAR = TABLE 'CHARGEMENT’;
CHA2 = PJBA CHA1 TAB1,;
TABCHAR.BASE_A' = CHAZ ;

The PJBA operator projects the load CHAL onto the modal biasisl. The projected load CHAZ2 is put
in the table TABCHAR of CHARGEMENT subtype and indexed by BEA®&\. The A-basis is the modal
basis in which the equations are uncoupled.

4. Declaration of the output table
* OUTPUT TABLE

*

TABSOR = TABLE 'SORTIE’;
TABVAR = TABLE 'VARIABLE’;
TABSOR.VARIABLE'= TABVAR ;
TABVAR.DEPLACEMENT’ = VRAI;
TABVAR.VITESSE' = FAUX;
TABVAR.ACCELERATION’ = FAUX;

It is necessary to define the output table and its subtype TAIBSOR table of SORTIE subtype defines
the data to be saved during the use of DYNE operator.

TABSOR.VARIABLE is a table too, its subtype is VARIABLE.

In this example, only the displacements will be saved bexthes content of the boolean variable (TAB-
VAR.DEPLACEMENT) is true and the content of the other beah variables (TABVAR.'VITESSE’
and TABVAR’’ACCELERATION) is false.
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5. Calling of DYNE De_Vogelaere operator

TABRES = DYNE DE_VOGELAERE TABM TABCHAR TABSOR 80 0.025 1 ;

- The TABM table contains the modal basis.

- The TABCHAR table contains the evolution of applied freecés (which are projected onto the modal
base).

- The TABSOR table defines the results requested in the TABIRRES.

- The number of steps is 80, the value of time step is 0.025.

- Aresult is saved every 1 computation step.

- TABRES contains the results of the computation.

The maximum value of time step is about one tenth of the ssiglkeriod of the used mode shapes.

. Content of the result table TABRES

The TABRES subtype is RESULTAT_DYNE.

- TABRES.'TEMPS_DE_SORTIE’ contains the list of output &m

- TABRES. i is a table containing the results of ffeoutput step. The indices of TABRES. i depend
on the requested variables given previously in TABVAR. Heeewill find only the DEPLACEMENT
index.

TABRES. i .DEPLACEMENT is an object of CHPOINT type which cpament is ALFA because the
computation was done in A-basis.

. figuresRecombination of TABRES table for moments 1.45 and 1.9

DEP1 =RECO TABRES TABM 1.45 'DEPL’;
DEP2 = RECO TABRES TABM 1.9 'DEPL’;

The RECO operator recombines the modes and the static@mutbntained in a modal basis from the
modal contributions. The requested time is indicated (lie4& then 1.9) with the name of the variable
(here DEPLACEMENT). DEP1 and DEP2 are CHPOINT objects witigh be used like results of a
static computation.

328



&

12.10. TEST DY_DEVOG6 (DESCRIPTION SHEET)

12.10 Testdy devo6 (Description sheet)

Test name:dy_devo6

Calculation type: MECHANICS DYNAMICS 3D, IMPACT, LINKAGE POINT-PLANE

Topic: Impact of a great mass against a plane. A great mass with acétfai movement (composed by
two different amplitudes) impacts a plane. The computaalone with a linkage point-plane and with taking

into consideration the plastification of the impact sprilige computation restart is also checked.

Goal: Get the evolution of the impact force according to the disptaent and get the evolution of the
plastic displacement according to the time.

Reference:
\Version: 97’ customer version

Model description:

\

semi-infinite
M1 medium

E, Ke

|
AN

Gap
M1 =10000&kg
Gap =0
E = 50Pa
= Normal N1 Ke ~ =100N/m
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Test dy_devo6 (Results)

Results

Maxima of plastic displacements :

Analytic

CASTEM | Margin

1st computation

0.5m

0.4993 m| 0.14 %

2nd computation

1.5m

1.4947 m| 0.35%

CASTEM figures

-10.00

-20.00

-30.00

-40.00

-50.00

-60.00

disp_pl

00

50 1.00 150

plastic displacement - time

12.00
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Test dy_devo6 (Listing CASTEM)

Kk Kk hkhkhhk Kk hkk kA khkkhhhhhkkhhhhhkkhkkhhkkk k%

opti ec

ml
ke
sel =5
dt .0

10
10

tl =12

opti di
ppl =0
pl =0

tabl
TAB2
TABL .

TAB2 .

TAB2 .

TAB2 .

TAB2 .

TAB2 .

*

** def

wo = .1
listl
list2
lisyl
l'isy2

ho 0
IR RS S S E S SRS S SRS E SRR SRR EREEEEEEEEEEEEEEEEES
0000 ; comm ' inpacted mass’
0. ; comm "inpact stiffness’
0. ; comm'elastic limt’;
1; comm’'time step’;
; conm ' conputation duration’
IR R R RS S R R S R R R R R R SRS SRR SRR R SRR EEEEEEEEEEEEEEE]
me 3 ;
00;
00;
tabl e ' BASE_ MODALE' ;

chal =
*

** | oad
chanml =
TCHAL =
TCHAL.
TINT =

TINNT.”VITESSE = manu chpo ppl 1 alfa w0 ;

*

** definition of the Iinkage

TLIA =

TABLE ' BASE_DE_MODES'

MODES = TAB2 ;
= TABLE ' MODE'

. PONT_REPERE' = PP1 ;

. MASSE_CGENERALI SEE' = ML
." DEFORMEE_MODALE' = manu chpo pl 1 ux 1

1
1
1 . FREQUENCE =
1
1

nition of |oad
25* 2% pi

prog 0. pas dt (tl/2-dt)

prog (t1/2) pas dt t1 ;

prog sinu .125 anpl (w0**2) listl

prog sinu .125 anpl (1.5*(w0**2)) list2
evl = evol manu "tinme’ (listl et list2)

0;

“accel’ (lisyl et lisy2)
fxl = force fx (-1*nl) pl

char fx1 evl

and initial conditions in A basis

pj ba tabl chal

TABLE ' CHARGEMENT

BASE A = CHAML
TABLE "I NI TI AL’

TABLE ' LI AISON

TLB = TABLE ' LI Al SON_B

TLIA 'L

TL1 = TABLE ' LI Al SON_ELEMENTAI RE
TL1." TYPE_LIAISON = MOT ' PO NT_PLAN ;

[AISON. B = TLB ;

TL1.’ SUPPORT' = P1 ;
TL1.' NORVALE = (1 0 0);
TL1.' RAIDEUR = KE :
TLL.'JEU = O.;

t11." SEUIL_PLASTIQUE = sel ;

TL1.’ AMORTI SSEMENT' = 0.

TLB. 1
** defi
TSORT =

= TL1 ;

nition of output
TABLE ' SORTIE'

TSORL = TABLE 'LIAISON B’ ;
TSORT. " LIAISON_B" = TSORL
TSORL. TL1 = VRAI ;

*

** numb
npas =
npas
ni ns

** 1st

er of steps
(enti (t1/dt)) ;
npas / 2

1

conputation bl ock

tresl = dyne de_vogel aere tlia tabl tchal tsort
tinit npas dt nins
TTL1 = TRESL. TL1 ;
LI'S TEM = TRESL.’ TEMPS_DE_SORTIE';
[isxpl = TTL1.' WX
lisypl = ttl1 ." FORCE_DE_CHOC ;
titre "force - displacenent’
evdf1l = evol manu 'displ’ lisxpl 'force' lisypl
titre 'plastic displacenent - tine' ;
evdpl = evol manu "time’ lis_tenD "disp_pl
ttl1. depl acenent _pl astique
*
** restart of the conputation
tinit = table initial
tinit.reprise = tresl.reprise
tres2 = dyne de_vogel aere tlia tabl tchal tsort tinit
npas dt nins
TTL2 = TRES2. TL1
LIS_ TEM = TRES2.’ TEMPS_DE_SORTI E';
lisxp2 = TTL2." UX
lisyp2 = ttl2 ." FORCE_DE_CHOC ;
titre "force - displacenent’
evdf2 = evol rouge manu 'displ’ lisxp2 'force’ lisyp2
titre 'plastic displacenent - ting’
evdp2 = evol rouge manu 'tinme’ lis_ten2 'disp_pl
ttl 2. depl acenent _pl asti que
*
titre "force - displacenent’
dess (evdfl et evdf2)
titre "plastic displacenent - tine' ;
dess (evdpl et evdp2)

*

* maxi ma of theoretical plastic displacements
dil1 =.5; d22 = 1.5
mess 'max of theoretical plastic displ.’ d1l’ and’ d
dl = maxi (extr evdpl ordo)
d2 = maxi (extr evdp2 ordo)
mess ' max of CASTEM200O plastic displ. 'dl’ and’ d2
erl = abs(dl/d1l - 1); er2 = abs (d2/d22 - 1)
mess 'margin "erl’ %and 'er2' %
err = maxi (prog erl er2)
si (err > .005)
erre 5
si non
erre 0
finsi

fin

22;
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Test dy_devo6 (Comments)

1. Definition of initial conditions

TINIT = TABLE'INITIAL ;
TINIT.VITESSE’ = manu chpo ppl 1 alfawO ;

For this first block of the computation initial values mustdieen in TINIT table of INITIAL subtype.
The load is defined on A basis, then the component of the linifiues is alfa (A basis is related to
uncoupled equations).

. Definition of the linkage

TLIA = TABLE 'LIAISON’ ;

TLB = TABLE 'LIAISON B’:
TLIA’LIAISON_B'=TLB;

TL1 = TABLE 'LIAISON_ELEMENTAIRE’;
TL1.TYPE_LIAISON’ = MOT 'POINT_PLAN;
TL1 SUPPORT =P1;

TL1’NORMALE’ = (1 0 0);
TL1’RAIDEUR’ = KE ;

TL1.JEU =0.;

tI1’SEUIL_PLASTIQUE' = sel ;

TL1 AMORTISSEMENT=0. ;
TLB.1=TL1;

TLIA is a table of subtype LIAISON.

TLIA'LIAISON_B’ (or TLB) is a table which gathers all linkges on B basis. This table has as many
indexes as the number of linkages.

TLB.1 (or TL1) defines an elementary linkage. It is a table ldAISON_ELEMENTAIRE’ subtype.
The first index to be specified is the type of the linkage (hB@INT_PLAN").

The POINT-PLAN linkage allows to model the impact of a pointaa semi-infinite medium which
is delimited by a fixed plane. The linkage is given in form ofiaraginary spring which is defined by
a stiffness (TL1’RAIDEUR?), a yield limit (tILSEUIL_PRASTIQUE’) in case of plastification and a
damping (TL1’AMORTISSEMENT) in case of damping.

Other data is related to the impacting point (TL1.’SUPPORIiRe initial gap between the point and the
fixed plane (TL1.JEU’), the normal perpendicular to ther@aand oriented towards the inside of the
solid (TL1 NORMALE).

. Declaration of the output table

** definition of output

TSORT = TABLE 'SORTIE’;
TSORL = TABLE 'LIAISON_B’;
TSORT.'LIAISON_B’'=TSORL;
TSORL.TL1=VRAI;

TSORT is the table of SORTIE subtype.
TSORT.LIAISON_B’ (or TSORL) is a table of LIAISON_B subtgpand defines all linkages on B basis
to be saved.
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Every index of TSORL is the table defining the linkage to beeggfhere TL1). The value of TSORL.TL1
is VRAI (true); thus all internal data of the linkage TL1 wile saved.
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4. Output of results

TTL1=TRES1.TL1;

LIS TEMO=TRES1’'TEMPS_DE_SORTIE’;
lisxpl = TTL1.'UX;

lisypl =ttll '"FORCE_DE_CHOC’;

titre "force - displacement’;

evdfl = evol manu 'displ’ lisxpl force’ lisypl ;
titre 'plastic displacement - time’ ;

evdpl = evol manu 'time’ lis_temO 'disp_pl’
ttll.deplacement_plastique ;

TRES.TL1 (or TTL1) is a table which contains the resultsteslao the linkage defined in TL1 table.
- TTL1.'UX’ is the list of UX displacements.

- ttll 'FORCE_DE_CHOC' is the list of the force of impact.

- ttl1.deplacement_plastique is the list of the plastipldisements.

5. Restart of the computation

tinit = table initial ;
tinit.reprise = tresl.reprise ;
tres2 = dyne de_vogelaere tlia tabl tchal tsort tinit npasnst ;

For this second block of the computation initial values agéirebd in tinit.reprise. All data are given in
the table tresl.reprise.
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12.11. TEST DY_DEVOS3 (DESCRIPTION SHEET)

12.11 Testdy devo3 (Description sheet)

Test name:dy_devo3

Calculation type: MECHANICS DYNAMICS 3D, IMPACT, LINKAGE CIRCLE-PLANE-FRITION

Topic: A wheel subjected to a torsional moment. A wheel of 1 metenéiar is clamped by 2 planes. The
wheel is subjected to a torsional moment. The linkages used aircle-point with taking into consideration
the friction.

Goal: Find the rotation around Z-axis.

Reference:

Version: 97’ customer version

Model description:

N1(©;1; 0)

i
Y R =1m
I 2 T

MZ
Ke =4.10°N/m
X Kt = (10%Ke)/R?
C =0ON.s/m
Q =/ Kt *M
Coe fjiding =04
Coe tdherence = 0.4

N2 (0:-1:0)
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Test dy_devo3 (Results)

Results

Time

0.4

Rotation RZ

16.013

CASTEM figures

xLEs MAXIMUM : ~1000 xe2 MAXIMUM: 4000
MINIMUM : -1000. MINIMUM 0000E+00
o T T T T T T 450 T T T T
400
-s0 L
350 L 4
200 L 4
100
250 L 4
200 L 4
as L
150 L 4
100 L N
20 |
50 L 4
250 L L L L L L 0 L L L L
© o5 10 15 2 2 Y 3s “ ® o 10 15 2 2 2 3 @
s+ TLL- NORMAL IMPACT FORCE ~TLL- TANGENTIAL IMPACT FORCE
xiea MAXIMUM : B003E+05 MAXIMUM : 80,03
MINIMUM ;. 0000E 00 MINIMUM 000000
900 T T T T T T 000 T T T
800 L w0
700 L w00 L 4
600 L 00 L 4
s00 L s [ 4
400 L w0 L 4
a0 L w00 L 4
200 L w0 L 4
100 L 0o [ 4
0 L L L L L L 0 L L L
o 05 10 15 2 2 e as a o 05 10 15 2 2 £ 3 w
o TLL- WEAR POWER "+ e TL1- VX CONTACT POINT
xie2 MAXIMUM ;000000 MAXIMUM ;1601
MINIMUM : ~400.0 MINIMUM 000000
0 T T T T T T 800 T T T
-0 L w00 [
a0 | woo L
0 L P
200 L wo L
250 L 500 L
Y L 600 L
-as0 L 400 L
400 200 L
450 L L L L L L 0
o 05 10 15 2 2 £ as a o 05 10 15 2 2 £ s w

e - TLL- MZ POINT OF MEDIAN LINE "+ e TL1- RZ POINT OF MEDIAN LINE
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Test dy_devo3 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

OPTION ECHO O ; TL1.’ RAYON_SUPPORT' = RAY_SUP ;
TEWPS ; TL1.' COEFFI Cl ENT_GLI SSENMENT' = XN\U ;
OPTI ON ELEM SE& DI ME 3 ; TL1.’ COEFFI Cl ENT_ADHERENCE' = X\U ;
* TL1." RAI DEUR _TANGENTI ELLE = RAIDT ;
* Definition of geonetry TL1." AMORTI SSEMENT_TANGENTIEL" = AMOR.T ;
* TL1.' AMORTI SSEMENT' = 0.0 ;
TL2 = TABLE 'LIAISON ELEMENTAI RE' ;
P1 =0. 0. 0. ; TL2.' TYPE_LIAISON = MOT ' CERCLE_PLAN_FROTTEMENT' ;
* TL2." SUPPORT = P1 ;
* Modal basi s TL2." JEU = -0.00025 ;
* TL2. " NORVALE' = (0 1 0) ;
CHP_ML = MANU CHPO 6 P1 "UX 1.0 'UY 0.0 TL2.’ RAI DEUR = XRAID ;
' 0.0 'RX 0.0 'RY 0.0 'RZ 0.0 ; TL2.’ RAYON_SUPPORT’ = RAY_SUP ;
CHP_M2 = MANU CHPO 6 P1 "UX 0.0 'UY 1.0 TL2.' COEFFI Cl ENT_GLI SSEMENT' = XNU ;
' 0.0 'RX 0.0 'RY 0.0 'RZ 0.0 ; TL2.' COEFFI Cl ENT_ADHERENCE' = X\U ;
CHP_M3 = MANU CHPO 6 P1 'UX 0.0 "UY 0.0 TL2. " RAI DEUR_TANGENTI ELLE’ = RAIDT ;
' 0.0 'RX 0.0 'RY 0.0 'RZ 1.0 ; TL2.' AMORTI SSEMENT_TANGENTIEL’ = AMOR T ;
* TL2. " AMORTI SSEMENT = 0.0 ;
TBAS = TABLE ' BASE_MODALE' ; *
TBAS . ' MODES' = TABLE ' BASE_DE_MXES' ; TB1L . 1 =TL1 ;
TBAS . 'MODES . 'MAILLAGE = Pl ; TLBL . 2 =TL2 ;
TBAS . 'MODES' . 1 = TABLE ' MODE ; *
TBAS . "MODES' . 1 . ' PO NT_REPERE =(000) ; *--- Definition of output results
TBAS . 'MODES' . 1 . 'FREQUENCE = 0.0 ; *
TBAS . "MODES' . 1 . 'MASSE GENERALISEE = 1.0 ; TSORT = TABLE ' SORTIE" ;
TBAS . 'MODES' . 1 . 'DEFORMEE_MODALE = CHP.ML ; TSORL = TABLE ' SORTIE' ;
TBAS . 'MODES . 2 = TABLE ' MXDE ; TSORT . ' VARI ABLE' = TSORL ;
TBAS . "MODES' . 2 . 'PO NT_REPERE =(000) ; TSOR1 . ' DEPLACEMENT' = FAUX ;
TBAS . 'MODES' . 2 . 'FREQUENCE = 0.0 ; TSORL . ' VITESSE = FAUX ;
TBAS . 'MODES . 2 . 'MASSE GENERALISEE = 1.0 ; *
TBAS . 'MODES' . 2 . 'DEFORMEE_MODALE = CHP.M2 ; TSOR2 = TABLE ' SORTIE' ;
TBAS . 'MODES . 3 = TABLE ' MXDE ; TSORT . "LIAISON. B = TSOR2 ;
TBAS . 'MODES' . 3 . 'PO NT_REPERE =(000) ; TSOR2 . TL1 = VRAl ;
TBAS . 'MODES . 3 . 'FREQUENCE = 0.0 ; *
TBAS . 'MODES' . 3 . 'MASSE_GENERALISEE = 1.0 ; * Tine
TBAS . 'MODES' . 3 . 'DEFORMEE_MODALE = CHP_.MB ; *
* PDT = 4.0E-5 ;
* Load field NP1 = 5000 ;
* NP2 = 5000 ;
XFOR = 1000.0 ; NINS = 20 ;
CHP_F1 = MANU CHPO3 P1 "MX' 0.0 *
"W 0.0 REEEEE Cperator DYNE ------
"M XFOR ; *
EVO F1 = EVOL MANU ( PROG -1. 10. ) ( PROG 1. 1. ) ; TRESUL = DYNE ' DE_VOGELAERE' TBAS TCHARG TSORT TLI AL
CHA_F1 = CHARGE 'FORC CHP_F1 EVO F1 ; NP1 PDT NINS ;
TCHARG = TABLE ' CHARGEMENT' ; *
TCHARG . 'BASE_A'" = PJBA TBAS CHA F1 ; TINNT = TABLE "INITIAL" ;
* TINIT.” REPRISE' = TRESUL.' REPRI SE' ;
*--- Definition of |inkages TRESU2 = DYNE ' DE_VOGELAERE' TBAS TCHARG TSORT TLIAl
* TINIT NP2 PDT NINS ;
TLI Al = TABLE 'LIAISON ; *
TLBL = TABLE 'LIAISON B ; * Di splay of graph
TLIAL . "LIAISON.B" = TLB1 ; *
* LI STE1 = TRESUL.’ TEMPS_DE SORTI E' ;
*  Linkage CERCLE PLAN FROTTEMENT with danping LI STE2 = TRESU2.’ TEMPS_DE SCRTIE’ ;
* *
RAY_SWP = 1.0 ; TITRE ' ***** - TL1- NORMAL | MPACT FORCE *****' .
XNU = 0.4 ; EVO FN1 = EVOL MANU LI STE1
XRAID = 4.0E6 ; TRESUL. TL1.’ FORCE_DE_CHOC_NORMALE'
RAIDT = ( 10.0 * XRAID) / ( RAY.SUP ** 2 ) ; EVO FN2 = EVOL MANU LI STE2
AMRT = ( RADT* 1.0) ** 0.5; TRESU2. TL1. ' FORCE_DE_CHOC_NORMALE'
TL1 = TABLE ' LIAISON ELEMENTAI RE ; EVO FN = CONCAT EVO FN1 EVO FN2 ;
TL1.' TYPE_LIAISON = MOT ' CERCLE_PLAN FROTTEMENT' ; *
TL1.' SUPPORT' = P1 ;
TL1." JEU = -0.00025 ;
TL1. " NORVALE' = (0-1 0) ; TITRE "***** - TL1-  TANGENTI AL | MPACT FORCE FrRExED
TL1.' RAI DEUR = XRAID ; EVO FT1 = EVOL MANU LI STEL1

TRESUL. TL1.’ FORCE_DE_CHOC_TANGENTI ELLE" ;
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EVO FT2 = EVOL MANU LI STE2
TRESU2. TL1.’ FORCE_DE_CHOC TANGENTI ELLE
EVO FT = CONCAT EVO FT1 EVO FT2
*
TITRE *#**** . TL1- VAR POAER *****’
EVO PUL = EVOL MANU LI STEL
TRESUL. TL1.’ PUI SSANCE_USURE_| NSTANTANEE'
EVO PU2 = EVOL MANU LI STE2
TRESU2. TL1.’ PUI SSANCE_USURE_| NSTANTANEE'
EVO PU = CONCAT EVO PUL EVO PU2
*
TITRE *#**** . TL1- VX CONTACT POINT ****x' -
EVO VX1 = EVOL MANU LI STEL
TRESUL. TL1.’ VX_PO NT_CONTACT'
EVO VX2 = EVOL MANU LI STE2
TRESU2. TL1.’ VX_PO NT_CONTACT'
EVO VX = CONCAT EVO VX1 EVO VX2
*

TITRE *#***** . TL1- M POINT OF MEDIAN LINE **#**’
EVO Mz1 = EVOL MANU LI STEL

TRESUL. TL1.’ MZ_POI NT_FI BRE_NEUTRE' ;
EVO MZ2 = EVOL MANU LI STE2

TRESW2. TL1.’ MZ_POI NT_FI BRE_NEUTRE' ;
EVO MZ = CONCAT EVO Mzl EVO MZ2
*

TITRE '***** . TL1- RZ POINT OF MEDIAN LINE *****
EVO R71 = EVOL MANU LI STEL

TRESUL. TL1.’ RZ_POI NT_FI BRE_NEUTRE’ |
EVO R72 = EVOL MANU LI STE2

TRESU2. TL1.’ RZ_POI NT_FI BRE_NEUTRE' ;
EVO RZ = CONCAT EVO RZ1 EVO RZ2 ;
*

DESS EVOFN'M MA'

DESS EVO FT "M MA'

DESS EVOPU'M M

DESS EVO VX 'M MY ;

DESS EVO MZ "M MA'

DESS EVORZ "M MA'

*

LIS RZ = EXTRAIRE EVO RZ ' CRDO ;

LI STEM = EXTRAI RE EVO RZ ' ABSC ;

D = EXTRAIRE LIS RZ 501

T = EXTRAIRE LISTEM 501 ;

SAUT PAGE

MESS "Value of tinme step :" T
MESS 'val ue of rotation around Z-axis :' D
SAUT 2 LI GNES

*

TEMPS ;

*

* Code validation
DEPREF = 100. * T * T
RESI = ABS ( ( D - DEPREF ) / DEPREF )
Sl ( RESI <EG 1E-2) ;
ERRE 0
SI NON
ERRE 5
FINSI ;

FIN
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Test dy_devo3 (Comments)

1. Linkage CERCLE_PLAN_FROTTEMENT

TL1 = TABLE 'LIAISON_ELEMENTAIRE’;
TLLTYPE_LIAISON' = MOT 'CERCLE_PLAN_FROTTEMENT;
TL1’SUPPORT’ = P1;

TL1JEU =-0.00025 ;

TL1’'NORMALE' =(0-10);

TL1’RAIDEUR’ = XRAID ;

TL1’RAYON_SUPPORT' = RAY_SUP;
TL1’COEFFICIENT_GLISSEMENT' = XNU ;
TL1COEFFICIENT_ADHERENCE'= XNU ;
TL1’RAIDEUR_TANGENTIELLE'= RAID_T;
TL1’AMORTISSEMENT_TANGENTIEL = AMOR_T ;
TL1’AMORTISSEMENT = 0.0 ;

The linkage CERCLE_PLAN_FROTTEMENT is used for impacts ofrele onto a semi-infinite medium.

The circle is simply described by its center point (TL1.SRPRT") and its radius (TL1’RAYON_SUPPORT").
TL1.JEU' is the gap between a point of the circle and the meadiHere the gap is negative : it means

the medium penetrates into the circle.

The linkage takes into consideration the friction, so djp@data must be given to describe the imaginary

spring : the impact stiffness (TL1’RAIDEUR’), the tangestiffness (TL1’RAIDEUR_TANGENTIELLE’),

the sliding coefficient (TL1 COEFFICIENT_GLISSEMENTthe adherence stress coefficient (TL1.’COEFFICI
the impact damping (TL1 AMORTISSEMENT’) and the tangahtiamping (TL1 AMORTISSEMENT_TANGEN
Note that the impact damping is optional.

2. Use of 2 linkages

TL1 = TABLE 'LIAISON_ELEMENTAIRE’;
TLLTYPE_LIAISON' = MOT 'CERCLE_PLAN_FROTTEMENT;
TL1’SUPPORT’ =P1;

TL1’'NORMALE' =(0-10);

TL2 = TABLE 'LIAISON_ELEMENTAIRE’;

TL2'TYPE_LIAISON’' = MOT 'CERCLE_PLAN_FROTTEMENT;
TL2’SUPPORT’ = P1;

TL2’NORMALE'=(010);

The difference between TL1 and TL2 is only made by the definitif the normals TL1'NORMALE’
and TL2’NORMALE'.
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3. Declaration of the output table

TSORT = TABLE 'SORTIE’;

TSOR1 = TABLE 'SORTIE’;

TSORT . 'VARIABLE' = TSOR1;
TSOR1.'DEPLACEMENT’ = FAUX;
TSOR1. 'VITESSE' = FAUX,

*

TSOR2 = TABLE 'SORTIE’;

TSORT . 'LIAISON_B’'=TSOR2 ;
TSOR2. TL1=VRAI;

The output table will contain only the results related to Tinkage.

. Output of results

LISTE1 = TRESU1.' TEMPS_DE_SORTIE’;
LISTE2 = TRESU2' TEMPS_DE_SORTIE’;

TITRE ™*** - TL1- RZ POINT OF MEDIAN LINE *****

EVO_RZ1 =EVOL MANU LISTE1 TRESU1.TL1'RZ_POINT_FIBRE_NETRE’;
EVO_RZ2 = EVOL MANU LISTE2 TRESU2.TL1’RZ_POINT_FIBRE_NERE’;
EVO_RZ = CONCAT EVO_RZ1 EVO_RZ2;

LIS_RZ = EXTRAIRE EVO_RZ'ORDO’;
LISTEM = EXTRAIRE EVO_RZ'’ABSC’;
D = EXTRAIRELIS_RZ 501 ;
T = EXTRAIRE LISTEM 501 ;

The computation is done in two parts: thus the results araraép (some in TRESUL and others in
TRESU2). The CONCAT operator performs the joining up of tviajeats (of EVOLUTION type).

To obtain a specific value from the EVO_RZ obiject, it is firstessary to extract every list of reals
from the EVOLUTION object (EVO_RZ) : the EXTRAIRE operatoxteacts the lists of reals related to
the abscissas ('ABSC’) and the ordinates (ORDOQ"). Then gan extract the required value from the
obtained list of reals : 501 is the row of the required valuémlist.
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12.12 Testdy devo4 (Description sheet)

Test name:dy_devo4

Calculation type: MECHANICS DYNAMICS 3D, IMPACT, LINKAGE SECTION-SECTION-OTSIDE

Finite element type: POUT

Topic: Impact of a beam with concentrated mass against a plane. éentlated mass is fixed at the
extremity of a cantilever beam. A normal force is applied lois tips, this load gives the initial displacements
of the beam. Two different linkages are used in this examplee: PROFIL_PROFIL_SECTION linkage is
tested then compared with the POINT_PLAN linkage.

Goal: Find the impact force and displacement UX at time T =0.4 s.

Reference:

Version: 97’ customer version

Model description:

L =09m E =2.1.10'Pa
M = 2kg v =03

A =1110°n7 P = 78g/m®
ly, =8.3310 1’ F1 =1IN

|, =83310"n Ke =110°N/m
G =510"m Gap =10"3m

F1

MAIL_2 - gﬁ

(8 51 N A Y

N1

N2
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Test dy_devo4 (Results)

Results (t=0.4s)

PROFIL_PROFIL_EXTERIEUR POINT_PLAN
Impact force -29.833 N -29.833 N
Displacement UX 1.298.10° m 1.298.10° m
CASTEM figures

e
uuuuu h 500
4 LINKAGE PROFIL_PROFI L EXTERIELR *+7++ “rets LINKAGE PROFIL_PROFIL_EXTERIEUR *++7"
IWPACT FoRCE MAXIMUM ;000000 xies " avom: awe
3900
. 200
500 4
100
o
100
200
300
400
e
uuuuu h 500
e LINGGE PONT_PLAN e e LINGGE POINT LA e
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Test dy_devo4 (Listing CASTEM)

LR R RS SRR R R SRR R R R R R R EEREEEEEEEEEEEEEEEEEEES] *
OPTION ECHO O ; TLIA = TABLE 'LIAISON ;
TEWPS ; TLB = TABLE 'LIAISON B ;
* TLIA"LIAISON. B = TLB ;
NBM=3 ; NORML = 0 0 1 ;
NBF=1 ; *
R PPL = 1.E+05 ; *  Linkage PROFIL_PROFIL_EXTERI EUR
RPP = RPPL *
EXPO = 0.5 ; *  moving section
* P1. 1= -0.5 0.0 0.9;
OPTI ON ELEM SE& DI ME 3 ; P12 = 0.0 -0.5 0.9;
* P13 = 0.5 0.0 0.9;
* Definition of geonetry P1 4 = 0.0 0.5 0.9;
* MAIL_1 =P1_1DNBMP1 2 DNBMP1_3 D NBM
PL=0. 0 0 ; P14 DNBMPL 1 ;
P2 = 0. 0. 0.9 ; *
LIGL = P1 D10 P2 ; *  fixed section
* P2_1 = 0.501 1.0 0.9 ;
* Definition of material P2 2 = 0.501 -1.0 0.9 ;
* P2_3 = 0.601 -1.0 0.9 ;
MODL1 = MODEL LIGL MECANI QUE ELASTI QUE POUT; P2_4 = 0.601 1.0 0.9 ;
MAIL 2 =P21DNBFP22DNBFP23DNBF
MAL = MATER MODL1 YOUNG 2. 1E11 NU 0.3 RHO 78. ; P2_4 D NB_F P2_1 ;
CAl = CARAC MODL1 SECT 1.1E-6 |INRY 8.33E-10 *
INRZ 8.33E-10 TORS 5.0E-7 VECT (1. 0. 1. ) ; TRAC ( 0 0 1000 ) ( MAIL_1 ET MAIL_2 et P2) ;
* *
RIGlL = RRG MODL1 (MAL ET CAl) ; TL1 = TABLE ’LI Al SON_ELEMENTAI RE ;
MAST = (MASSE MODL1 (MAL ET CA1)) ET TL1.’ TYPE_LI Al SON = MOT ' PROFI L_PROFI L_EXTERI EUR ;
( MASSE DEPL 2.0 P2 ) ; TL1.' SUPPORT' = P2 ;
* TL1.’ PROFI L_FI XE' = MAIL_2
* Boundary conditions TL1.' PROFI L_MOBILE = MAIL_1
* TL1.’ NORMALE' = NORML ;
ENCL = BLOQUE DEPL ROTA P1 ; TL1.' RAI DEUR = R_PP ;
ENC2 = BLOQUE 'UY" LIGL ; TL1.’ EXPOSANT_RAI DEUR = EXPO ;
RIGT = RIGL ET ENCL ET ENC2 ; *
* TLB. 1 =TL1 ;
* Mode shapes conputation *
* *--- Definition of output
MOD1=VI BRATI ON PROCHE ( PROG 1.0 ) RIGI MAST ; *
* *
* Modal basi s TSORT = TABLE ' SORTIE' ;
* TSOR1 = TABLE ' SORTIE ;
TB1 = TRADU RE MODL ; TSORT . ' VARI ABLE = TSORL ;
TBAS = TABLE ' BASE_MODALE' ; TSOR1 . ' DEPLACEMENT' = FAUX ;
TBAS.' MODES' = TB1 ; TSORL . ' VI TESSE = FAUX ;
* *
RIG1 =Rd TBL ; TSOR2 = TABLE ' SORTIE ;
* TSORT.' LIAISON.B' = TSOR2 ;
* Danpi ng TSOR2. TL1 = VRAIl ;
* *
AMORL = AMOR TBAS ( PROG 0.0 ) ; * Time
* *
* PDT = 0.1E-3 ;
TA = TABLE ' AMORTI SSEMENT" NP1 = 5000 ;
TA.’ AVORTI SSEMENT" = AMCRL ; NINS = 5 ;
* *
* Initial displacenment LEEEEEE Qperator DYNE ------
* *
FE2 = FORCE FX 1. P2 ; TRESUL = DYNE ' DE_VOGELAERE' TBAS TA TINIT TSORT TLIA
XE2 = RESOU RIGT FE2 NP1 PDT NINS ;
XMAX = MAXI XE2 AVEC (MOTS UX ) ; *
FE1 = FE2 * (0.139E-2 / XMAX ); * Di splay of graph
FGEL = PJBA TBAS FE1 ; *
ALO = RESORIG 1 FGEL ; TITRE ****** || NKAGE PROFI L_PROFI L_EXTERI EUR *****’
* DESS (EVOL MANU ' TIME TRESUL . ' TEMPS _DE SORTIE
TINNT = TABLE "INITIAL" ; "I MPACT FORCE' TRESU1l . TL1 . 'FORCE_DE_CHOC ) "M MA';
TINI'T.” DEPLACEMENT" = ALO ;
* *
*--- Definition of |inkages DESS ( EVOL MANU ' TIME' TRESUL . ' TEMPS_DE_SORTI E'
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"UX TRESUL . TL1 . "UX ) "MM ;

D FC 1 = EXTRAIRE ( TRESUL . TL1 . ' FORCE_DE CHOC ) 801 ;
DDE 1 =EXTRAIRE ( TRESUL . TL1 . 'UX ) 801 ;

*

SAUT PAGE ;

MESS ' ----- > |inkage PROFIL_PROFIL_EXTER EUR ;

MESS val ue of inpact force :" DFC1 ;

MESS ’ val ue of displacenent :" DDE 1 ;

*  Linkage PO NT_PLAN

NORML =1 0 O ;
TL1 = TABLE ’LIAlI SON_ELEMENTAI RE ;
TL1." TYPE_LI Al SON MOT " PO NT_PLAN

TL1.’ SUPPCRT' = P2 ;
TL1." NORMVALE = NORML ;
TL1.’ RAI DEUR = R _PPL ;
TL1." JEU = 0.001 ;
*

B . 1 =TL1 ;

TSOR2. TL1 = VRAI ;

*

TRESU2 = DYNE ' DE_VOGELAERE' TBAS TA TINIT TSORT TLIA NP1 PDT NINS ;
*

* Di splay of graph
*
TITRE ' ***** LI NKAGE POINT_PLAN *****' .
DESS ( EVOL MANU ' TIME' TRESU2 . ' TEMPS_DE_SORTIE
" | MPACT FORCE TRESU2 . TL1 . 'FORCE_DE_CHOC ) "M M\ ;

DESS ( EVOL MANU ' TIME' TRESU2 . ' TEMPS_DE_SORTI E
Y% TRESU2 . TL1 . "UX ) "MM

D FC 2 = EXTRAIRE ( TRESU2 . TL1 . 'FORCE_DE CHOC ) 801 ;
DDE 2 = EXTRAIRE ( TRESU2 . TL1 . 'UX ) 801 ;
SAUT 2 LIGNES ;
MESS '----- > |inkage PO NT_PLAN ' ;
MESS '’ val ue of inpact force :” DFC2 ;
MESS val ue of displacenent :" DDE 2 ;
SAUT 3 LI GN\ES ;
*
TEMPS ;
*
* Code validation
RFC=MABS( ( DFC1-DFC2)/ DFC2) ;
RDE=ABS( ( DDE1- DDE2)/ DDE2) ;
Sl ( ( RFC<EG1E-2 ) QU ( RDE <EG 1E-2) ) ;
ERRE O ;
SINON ;
ERRE 5 ;
FINSI ;
*
FIN ;
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Test dy_devo4 (Comments)

1. Creation of the table of BASE_MODALE subtype

TB1=TRADUIRE MOD1 ;
TBAS = TABLE 'BASE_MODALE’;
TBAS'MODES'=TB1,

The DYNE operator uses a BASE_ MODALE subtype table but tr@R/bperator creates a SOLUTION
object if keyword TBAS is not specified. Also it is necessargteate a BASE_MODALE subtype table
from a SOLUTION object of MODE subtype.

First of all, the TRADUIRE operator creates a BASE_DE_MODd®type table (TB1) from a SOLU-
TION object (MOD1). After the creation of a BASE_MODALE sype table (TBAS), TB1 is given in
TBAS.'MODES'.

2. Generalized stiffnesses
RIGI1 =RIGITB1;

RIGI1 is the stiffness due to the modes contained in TB1 (BASE_MODES subtype table) .

3. Initial displacement

FGE1=PJBATBAS FE1,
ALO = RESO RIGI1 FGE1;

ALO is a CHPOINT object which has only one component (ALPHA)deed this object was created
with FGE1 load (of modal component) and RIGI1 (generalizéthsss).

4. Linkage PROFIL_PROFIL_EXTERIEUR

TL1 = TABLE 'LIAISON_ELEMENTAIRE’;
TLLTYPE_LIAISON’' = MOT 'PROFIL_PROFIL_EXTERIEUR’;
TL1’SUPPORT’' = P2;

TL1PROFIL_FIXE'= MAIL_2;

TL1’PROFIL_MOBILE'= MAIL_1 ;

TL1'NORMALE'= NORM1 ;

TL1’RAIDEUR’=R_PP;

TL1’EXPOSANT_RAIDEUR’ = EXPO;

TLB.1=TL1;

The linkage PROFIL_PROFIL_EXTERIEUR is used for impactg&ohoving section onto a fixed sec-
tion.

The moving section (TL1.’PROFIL_MOBILE’) is connected teetstructure by a point (TL1.’SUPPORT")
and is outside the fixed section (TL1.’PROFIL_FIXE’). Thetens must be oriented anti clockwise and
in rest position both the mesh sections must have any irtt#ogsepoint.

The given normal (TLL'NORMALE’, N1 in the model descriptipmust be perpendicular to the plane
composed by both sections.

The normal impact force F is given byF: = —K x AP

where K is the impact stiffness (TL1.’RAIDEUR’),
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A is the section surface which passed through fixed section,
b is the stiffness exponent (TL1'EXPOSANT_RAIDEUR’).

5. Linkage POINT_PLAN

To obtain the same configuration as the PROFIL_PROFIL_EXHEER linkage, the value of the gap
must be equal to 0.001 (the gap along X-axis between movittgpseand fixed section was of 0.001 too)
and the normal must be oriented along X-axis (N2 in the modstdption).
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12.13 Testdy devo8 (Description sheet)

Test name:dy_devo8

Calculation type: MECHANICS DYNAMICS 3D, IMPACT, LINKAGE POINT-MOVING CIRCIE,
LINKAGE LINE-LINE-FRICTION

Finite element type:

Topic: Impact of a thrust against a moving circle. A point impacts avimg circle. Two different
linkages are used and compared in this test. The POINT_CHEREIOBILE linkage gives the impact of
a point onto a mobile circle, taking into consideration thg filiction in the tangent plane of contact. The
LIGNE_LIGNE_FROTTEMENT gives the impact of a slave line egha master line.

Goal: Find displacements UX and UY of the thrust. Comparison betwsoth methods.

Reference:

\Version: 97’ customer version

Model description:

Y —

) N OB R = 0.04m

Uo =5m/s
Vo =10m/s
oc X Ke = 1.1°N/m
Kt = —lOCN/m
G = 0.0IN.s/m
Z/ Coefiiging =20
N=N1 Coetdherence = 20
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Test dy_devo8 (Results)

CASTEM figures

X1E-2 DEPL 403UX X1E-2 DEPL 403UY
500 : : : 10,00 : : : :
450 L 900 L 4
400 L 800 L 4
350 L 700 L 4
300 L 600 L 4
250 L 500 L 4
200 L 400 L 4
150 L 300 L 4
100 L 200 L 4
50 L 100 L 4
TENPS TENPS
0 . . . . o . . . .
00 50 .00 150 2.00 50 00 50 1.00 150 2.00 2.50
X1E-2 X1E-2
UX DI SPLACENENT CF OB : LI G\E_LI G\E_FROTTEMENT UY DI SPLACENENT GF OB : LI G\E_LI GNE_FROTTENENT
X1E-2 DEPL 403UX X1E-2 DEPL 403UY
600 T T T T 1000 T T T T
900 L 4
500 L
800 L 4
700 L 4
400 L
600 L 4
300 L 500 L 4
400 L 4
200 L
300 L 4
200 L 4
100 L
100 L 4
TEWS TEvS
o 1 1 1 1 o 1 1 1 1
00 50 1.00 150 2.00 50 00 50 1.00 150 2.00 2.50
X1E-2 x1E-2

UX DI SPLACENENT GF CB : POINT_CERCLE_MCBI LE

UY DI SPLACENENT OF CB : PO NT_CERCLE_MCBI LE
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12.13. TEST DY_DEVOS8 (DESCRIPTION SHEET)

Test dy_devo8 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

OPTI ON ECHO 0 ;

OPTI ON ELEM SE&Q DI ME 3 ;

IR RS SRS SRS SRR SRR SRR SRR EEEEESES

* PROBLEM *
Conparison test between

I'i nkages PO NT_CERCLE_MOBI LE

and LI GNE_LI GNE_FROTTENENT.

* %

*

I mpact of a thrust
onto a noving circle.

*
*
*
*
*
*
*
*

* %k ok

kkkkhkkkhkkhkkkhkkhkkkhkkhhkkkk %

=0. 0. 0 ;

8

0.
0.
0.

3ggRencana=o>
< L A | | R I 0

o

v

=<
o mnon

CEIL = 1. 1. 50. :

khkkkkkkhhkkhkkhkkkhkkhkkkhkkk k& %

* MODAL BASI S *

khkkkkkkhhhkhhkhkkkhkkhkkkhkkk k& %

MAI1 = (CEL ET OB) ;

CHPCE1 = MANU CHPO 6 (CEL ET OC) 'UX 1.0
U 0.0 "RX 0.0 "RY" 0.0

CHPCE2 = MANU CHPO 6 (CEL ET OC) 'UX 0.0
Uz 0.0 'RX 0.0 "RY" 0.0

CHPCE3 = MANU CHPO 6 (CEL ET OC) 'UX 0.0
U 0.0 "RX 0.0 "RY" 0.0

CHPOB1L = MANU CHPO 6 OB "UX 1.0 "UY" 0.0
"RX 0.0 "RY" 0.0

CHPOB2 = MANU CHPO 6 OB 'UX 0.0 "UYy 1.0
"RX 0.0 "RY" 0.0

CHPOC1I = MANU CHPO 6 OC'UX 1.0 'Uy" 0.0
"RX 0.0 "RY" 0.0

CHPOC2 = MANU CHPO 6 OC 'UX 0.0 "Uy" 1.0
"RX 0.0 "RY" 0.0

* PONT LI GNE_FROTTEMENT
Z=0 0 0;
TBAS1 = TABLE ' BASE_MODALE'

TBASL . 'MODES = TABLE ' BASE_DE_MODES'
TBAS1 . 'MODES' . 'MAILLAGE = (CEl ET OQ);
TBASL . "MODES . 1 = TABLE ' MODE

TBASL . "MODES . 1 . ' PO NT_REPERE =
TBASL . "MODES' . 1 . ' FREQUENCE =
TBASL . "MODES' . 1 . '"MASSE_CGENERALI SEE' =
TBAS1 . 'MODES' . 1 . ' DEFORMEE_MODALE =
TBASL . "MODES . 2 = TABLE ' MODE

TBAS1 . 'MODES' . 2 . ' PO NT_REPERE =
TBASL . "MODES . 2 . ' FREQUENCE =
TBAS1 . "MODES' . 2 . ' MASSE_GENERALI SEE' =
TBASL . "MODES . 2 . ' DEFORMEE MODALE =
TBAS1 . 'MODES' . 3 = TABLE ' MODE'

TBASL . "MODES . 3 . ' PO NT_REPERE =

RIRSRS

rPOoOoroOo

S

e
coocooococoo

OO oo oo

TBAS1 . 'MODES . 3 . ' FREQUENCE =
TBASL . "MODES . 3 . 'MASSE CGENERALI SEE' =
TBAS1 . 'MODES' . 3 . ' DEFORMEE_MODALE =
TBASL . "MODES . 3 . 'CORPS RIG DE =
TBAS1 . 'MODES' . 3 . 'CENTRE_DE GRAVITE =
TBAS2 = TABLE ' BASE_MODALE'

TBAS2 . 'MODES = TABLE ' BASE_DE_MODES'
TBAS2 . 'MODES' . 'MAILLAGE = (OB et 2);
TBAS2 . "MODES . 1 = TABLE ' MODE'

TBAS2 . "MODES . 1 . ' PO NT_REPERE =
TBAS2 . "MODES' . 1 . ' FREQUENCE =
TBAS2 . 'MODES' . 1 . ' MASSE_CENERALI SEE' =
TBAS2 . "MODES . 1 . ' DEFORMEE_MODALE =
TBAS2 . "MODES . 2 = TABLE ' MODE'

TBAS2 . "MODES . 2 . ' PO NT_REPERE =
TBAS2 . "MODES . 2 . ' FREQUENCE =
TBAS2 . 'MODES' . 2 . ' MASSE_CENERALI SEE' =
TBAS2 . "MODES . 2 . ' DEFORMEE_MODALE =

TBAST1 = TABLE ' ENSEMBLE_DE_BASES';
TBAST1. 1=TBASL,;

TBAST1. 2=TBAS2;

* POINT CERCLE_FROTTEMENT

MAI2 = CC ET OB ;
TBAS3 = TABLE ' BASE_MODALE' ;

TBAS3 . 'MODES = TABLE ' BASE_DE MODES' ;
TBAS3 . 'MODES . 'MAILLAGE = (CC et 2z);
TBAS3 . 'MODES' . 1 = TABLE ' MODE'

TBAS3 . "MODES' . 1 . 'PO NT_REPERE =
TBAS3 . "MODES . 1 . 'FREQUENCE =
TBAS3 . "MODES' . 1 . 'MASSE CGENERALI SEE' =
TBAS3 . 'MODES' . 1 . ' DEFORMEE_MODALE =
TBAS3 . 'MODES' . 2 = TABLE ' MODE'

TBAS3 . 'MODES' . 2 . ' PO NT_REPERE =
TBAS3 . 'MODES' . 2 . ' FREQUENCE =
TBAS3 . 'MODES' . 2 . ' MASSE_CGENERALI SEE' =
TBAS3 . 'MODES' . 2 . ' DEFORVEE_MODALE =
TBAST2 = TABLE ' ENSEMBLE_DE_BASES' ;

TBAST2. 1 = TBAS3;

TBAST2. 2 =TBAS2;

(RS E S SRS S E SRS SRR SRR R SRR EEEEEEEEEEEEEEES
* LmD *
(RS S SRS S E S SRS SRR R SRR EEEEEEEEEEEEEEES
IR R R RS S R R R RS SRR R R R SRR R SRR EEEREEEEEEEEEEEES
* TI ME *
(RS S SRS S E SRS SRS R R R SRR EEEEEEEEEEEEEEES
PDT = 5.E-5 ;
NPDT = 405 ;
NPDT2 = 200 ;
NINS = 1 ;
IR RS SRS SRR S S SRS RS SRR SRR EEEEESES

* I NI TI AL CONDI TI ONS *

IR R E RS SRS SRR E S SRS RS SRR SRR EEEEESES

w = 5. ;

VO = 10. ;

TINNT = TABLE "IN TIAL

TINIT.” VITESSE = (MANU CHPO PBX 1 alfa U0 ' NATURE

0.0

CHPCE3
" VRAI'

PBX

0.0

40.
CHPOB1

PBY
0.0

40.
CHPOB2

PCX
0.0

CHPCCL

PCY
0.0

CHPOC2

"DIFFUS") ET (MANU CHPO PBY 1 alfa VO ' NATURE'

"DIFFUS');

khkkkkkkhhkkhkhhhkkhkkhkkkhkkkk k& %

* DAMPI NG *
khkkkhkhkkkhhkkhhkkhkhhkkhkhhkkhkhkrkhhkkxkkx*x

AMORL = AMOR TBASTL (PROG 0. 0. 0. 0. O.
TAL = TABLE * AVORTI SSENENT’ :
TAL. ' AVORTI SSEMENT' = AMORL ;

AMOR2 = AMOR TBAST2 (PROG 0. 0. 0. 0. );
TA2 = TABLE * AVORTI SSENENT’ ;

TA2." AMORTI SSEMENT' = AMOR2 :

Khkkhkkhkkhkhkhkhkhkhkhkkhkhkkhkkhkkk k%

* LINKAGE LI GNE_LI GNE_FROTTEMENT*
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kkkkkhkhkhkkkhkhhhkhkhkhkhhhhhhkhkhkhhhkkkx PO NT CERCLE ’\ml LE‘ ’
TLI Al = TABLE ' LI Al SON ; TX1 = EXTR EV5 ' ORDO ;
TLB1 = TABLE ' LI Al SON_B’ ; TX2 = EXTR EV7 ' ORDO ;
TLIAL ."LIAISON. B = TLB1 ; TY1l = EXTR EV6 ' ORDO ;
CHRA=MANU ' CHPO 1 OB ' RAIN 100000000. ; TY2 = EXTR EV8 ' ORDO ;
CHAMEMANU " CHPO' 1 OB " AMON' 63245. 5; NFQOl S=NPDT+1;

TL1 = TABLE ' LI Al SON_ELEMENTAI RE' ; max_x = 0.;

TL1.” TYPE_LI Al SON = MOT ' LI GNE_LI GNE_FROTTEMENT" ; max_y = 0.;

TL1.' LI GNE_MAI TRE = CEl ; *

TL1.' LI GNE_ESCLAVE' = B ; * SEARCH OF MARGI N BETWEEN BOTH METHCODS
TL1.' COEFFI Cl ENT_GLI SSEMENT' =20.0 ; REPETER BLOCL NFO'S;
TL1. " COEFFI Cl ENT_ADHERENCE' =20.0 ; x1 = EXTR TX1 (&BLOCL);
TL1.' RAI DEUR_TANGENTI ELLE' = -100. ; X2 = EXTR TX2 (&BLOCL);
TL1.' RAI DEURS' = CHRA yl = EXTR TY1 (&BLOCL);
TL1.’ AMORTI SSEMENT_TANGENTIEL' = 0.01 ; y2 = EXTR TY2 (&BLOCL);
*TL1. " AMORTI SSEMENTS' =CHAM ecart_x = ABS(x1 - x2);
TL1.’ NORMALE' = Ni; ecart_y = ABS(yl - y2);
TL1.’ SYMETRIE = ' GLOBALE ; Sl (ecart_x > max_x);
TLB1.1 = TL1 ; max_x = ecart_x;
Khkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkkk k% FlNSl,

* LI NKAGE PO NT_CERCLE_MOBILE * Sl (ecart_y > max_y);
kkkkkkkkhkkkhkhhhkhkhkhkhkhhhhhkhhkhhhkkkx n’HX_y = ecart_y’

TLI A2 = TABLE ' LI Al SO\ ; FINSI ;

TLB2 = TABLE ' LI Al SON_B’ ; FI'N BLOCL,

TLIA2 ."LIAISON.B'" = TLB2 ; Sl (max_x > 0.0035);
TL2 = TABLE ' LI Al SON_ELEMENTAI RE' ERREUR 5;

TL2.' TYPE_LI Al SON = MOT ’ PO NT_CERCLE_MOBI LE'; SI NON,

TL2." PO NT’ = B ; S (max_y > 0.0025);
TL2.' CERCLE = CC ; ERREUR 5;

TL2. ' COEFFI Cl ENT_GLI SSEMENT’ =20.0 ; SINON;

TL2. " COEFFI Cl ENT_ADHERENCE' =20.0 ; ERREUR 0;

TL2. ' RAI DEUR_TANGENTI ELLE' = -100. ; FINSI ;

TL2.’ RAI DEUR = 100000000. ; FINSI ;

TL2. ' AMORTI SSEMENT_TANGENTI EL' = 0.01 ; FIN ;

*TL2. " AMORTI SSEMENT' =63245. 5 ;

TL2. ' NORVALE' = Nl ;

TL2. ' RAYON =0.04 ;

TLB2.1 = TL2 ;

Khkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkkkxx*%

* QUTPUT *

Khkkhkkhkkhkhkkhkhkhkhkhkhkhkhkhkkkx %

TSORT1 = TABLE ' SORTI E ;
TSORT2 = TABLE ' SORTI E ;
TSORL = TABLE ' SORTI E ;

TSORTL. " VAR ABLE = TSORL ;
TSORT2. ' VAR! ABLE = TSCRL ;
TSORL. ' DEPLACEMENT' = VRA
TSORL. ' VI TESSE = FAUX ;
TSOR2 = TABLE ' SORTI E :
TSORTL. ' LI Al SON_B = TSOR? ;
TSOR2. TLL = FAUX
TSOR3 = TABLE ' SORTI E :
TSORT2. ' LI Al SON_B = TSOR3 ;
TSOR3. TL2 = FAUX
kkkkhkkkkkkhhkkkkhhhkkkhhhkkkhhhkx
*  OPERATOR DYNE *

Khkkhkkhkkhkhkhkhkkhkhkhkhkhkkhkkhkkk k%

TRESU11 = DYNE ' DE_VOGELAERE' TBAST1 TAl TSORT1
TLIAL TINIT NPDT PDT NINS

TRESU2 =DYNE ' DE_VOCGELAERE TBAST2 TA2 TSCRT2
TLIA2 TINIT NPDT PDT NINS

EV5 = EVOL ' RECO TRESUL1 TBAST1 'DEPL’ OB ' UX';
EV6 = EVOL ' RECO TRESUL1l TBAST1 'DEPL’ OB ' UY';
EV7 = EVOL ' RECO TRESU2 TBAST2 'DEPL’ OB ' UX';
EV8 = EVOL ' RECO TRESU2 TBAST2 'DEPL" OB 'UY';

DESS EV5 M MA TI TRE * UX DI SPLACEMENT OF OB :
LI GNE_LI GNE_FROTTENENT’

DESS EV6 M MA TI TRE ' UY DI SPLACEMENT CF OB :
LI GNE_LI GNE_FROTTEMENT'

DESS EV7 M MA TI TRE ' UX DI SPLACEMENT CF OB :
POl NT_CERCLE_MOBI LE ;

DESS EV8 M MA TI TRE ' UY DI SPLACEMENT CF OB :
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Test dy_devo8 (Comments)

1. Linkage LIGNE_LIGNE_FROTTEMENT

TLIAL1 = TABLE 'LIAISON’ ;

TLB1 = TABLE 'LIAISON_B’;

TLIAL 'LIAISON_B’'=TLB1,;

CHRA = MANU 'CHPQO’ 1 OB 'RAIN’ 100000000.;
TL1 =TABLE 'LIAISON_ELEMENTAIRE’;
TLLTYPE_LIAISON’= MOT 'LIGNE_LIGNE_FROTTEMENT’;
TL1’LIGNE_MAITRE’= CE1,;
TL1'LIGNE_ESCLAVE' = OB ;
TL1’COEFFICIENT_GLISSEMENT'=20.0;
TL1COEFFICIENT_ADHERENCE'=20.0;
TL1’RAIDEUR_TANGENTIELLE’=-100. ;
TL1’RAIDEURS = CHRA;
TL1’AMORTISSEMENT_TANGENTIEL'=0.01 ;
TL1'NORMALE’'=N1;

TL1'SYMETRIE’ = 'GLOBALE’;

TLB1.1=TL1,;

The LIGNE_LIGNE_FROTTEMENT linkage is used for impacts alave line (TL1.’ LIGNE_ESCLAVE’)

against a master line (TL1'LIGNE_MAITRE’). The slave litan be restricted to one point like here.

The vector N1 (TLL1 NORMALE’) represents the normal perdemlar to the contact plane. The com-

putation tests the penetration of the slave nodes in theemastface (TL1’SYMETRIE’).

The linkage takes into consideration the friction, alscc#fiedata must be given : the sliding coefficient
(TLL'COEFFICIENT_GLISSEMENT), the adherence stressfticient (TL1.'COEFFICIENT_ADHERENCE"),
the tangential stiffness (TL1’RAIDEUR_TANGENTIELLE®he tangential damping (TLL AMORTISSEMENT _
The impact stiffness (TL1.’RAIDEURS’) is given in CHPOIN®rim (if the slave line is not restricted to

one point, it is necessary to define the impact stiffnessdoheslave node).

2. Linkage POINT_CERCLE_MOBILE

TLIA2 = TABLE 'LIAISON’ ;

TLB2 = TABLE 'LIAISON_B’;

TLIA2 'LIAISON_B'=TLB2;

TL2 = TABLE 'LIAISON_ELEMENTAIRE’;
TL2’TYPE_LIAISON’=MOT 'POINT_CERCLE_MOBILE’;
TL2POINT = OB ;

TL2’CERCLE’=0C;
TL2COEFFICIENT_GLISSEMENT’ = 20.0;
TL2’COEFFICIENT_ADHERENCE'=20.0;
TL2'RAIDEUR_TANGENTIELLE’=-100. ;
TL2’RAIDEUR’ = 100000000. ;

TL2’ AMORTISSEMENT_TANGENTIEL'=0.01 ;
TL2'NORMALE’'=N1;

TL2’RAYON'’ = 0.04 ;

TLB2.1=TL2;

The POINT_CERCLE_MOBILE linkage is used for impacts of ap@TL2."POINT’) against a mobile
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circle. The circle is simply described by its center (TLERCLE’) and its radius (TL2’RAYON’). The
given normal (TL2’NORMALE’) is perpendicular to the cieplane.

The linkage takes into consideration the friction. Specifita are the same as the previous linkage except
for the impact stiffness which is here a real (because itl&ded to one point).

. Loop counter

REPETER BLOC1 NFOIS;
x1 = EXTR TX1 (&BLOC1);
x2 = EXTR TX2 (&BLOC1);
yl=EXTR TY1 (&BLOC1);
y2 = EXTR TY2 (&BLOCL1);

FIN BLOC1,

&BLOCL1 is an integer which contains the number of times tleplBLOC1 has been in execution, it can
therefore be used as a loop counter.
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12.14. TEST DYNEO1 (DESCRIPTION SHEET)

12.14 Test dyneOl (Description sheet)

Test name:dyne0l

Calculation type: MECHANICS DYNAMICS 3D, POLYNOMIAL LINKAGE

Finite element type:

Topic: Using a polynomial linkage and test of restart computatibhe polynomial linkage calculates a
force applied to a mode i and composed of a set of contribsitsiamming from other modes. There is no
geometry in this test, the computation is done in a modakb#se used points are only modal points.

Goal: Comparison of displacement, velocity and acceleratiowbeh both computations.

Reference:

\Version: 97’ customer version

Model description:

Uo, Uo /

semi-infinite

/ medium

Gap / Gap =1
Ke —
/ A -
Uo =0.033

Vo, Vo

L~ Normal N1 Vo =054
U =5
VO = —09
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Test dyneO1 (Results)

CAST

covpuraT o 1

conpuraT ON 1

xie2

conpuraT ON 1

EM figures

o sPLACEENT
e
o 50 Loo 150 2.00 250 200 250
o1 SPLACENENT
VLG TY
TIvE
© s0 100 150 2.00 2.50 20 350
VeLca TY
AccELERATI N
| 4
TIvE
© s0 100 150 2.00 2.50 200 350

AocELERATI O

conpuraT on 1

conpurAn ON 2

xe2

conpurAn ON 2

o srLACENT
e
o 50 Loo 150 2.00 2.50 200 350
o sPLACRENT
VeLaa Y
TivE
o s0 Lo 150 2.00 2.50 200 350
VeLaa TY
AccELERATI O
TihE
o s0 Lo0 150 2.00 2.50 200 350
AcCELERATI N
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Test dyneO1 (Listing CASTEM)

SRS SRS SRR S SRS R SRS EREEEEEEEEEEEEEEEEEEEEES TLl = TABLE’L'A'SO\I ELENENI’A' RE’ ’
TITRE ' DYNE wi th POLYNOM ALE |inkage : test *

of conputation restart’ ; TL1." TYPE_LI AISON = MOT ' POLYNOM ALE' ;
OPTION DI ME 3 MODE TRID ECHO O ; TL1. " SUPPORT’ = PX;
* TL1.' COEFFICIENT" = .67 ;
* Creation of nodal points TL2 = TABLE ' CONTRI BUTION ;
* TL1.PY = TL2 ;
PO =0. 0. 0. ; TL2. ' EXPOSANT_DEPLACEMENT' = 1.2 ;
PX=10. 0. 0. ; TL2. " RETARD_DEPLACEMENT' =0.01 ;
PY =0. 0. 0. ; TL2. " EXPOSANT_VI TESSE' =0. ;
* TL2." RETARD_VI TESSE =0. ;
* Data TL2." JEU_DEPLACEMENT’ =0. ;
* TL2." JEU_VI TESSE =0. ;
MG = 1.25 ; TLA. 1 = TL1 ;

FR = 5.23 ; TL3 = TABLE ' LI Al SON_ELEMENTAIRE' ;
T=1 1| FR; TL3." TYPE_LIAISON' = MOT ' POLYNOM ALE' ;
DEFMX = MANU 'CHPO PO 3 UX 1. UY 0. UZ 0. ; TL3. ' SUPPORT’ = PX;

DEFMY = MANU 'CHPO PO 3 UX 0. Uy 1. Uz 0. ; TL3.' COEFFICIENT" = .67 ;
* TL4 = TABLE ' CONTRI BUTION' ;
* Table of nodal basis TL3.PY = TL4 ;
* TL4. ' EXPOSANT_DEPLACEMENT' = 1.2 ;
TAB1 = TABLE ' BASES DE MODE ; TL4. " RETARD_DEPLACEMENT' =0. ;
TABMOL = TABLE ' MCDE' TL4. " EXPOSANT_VI TESSE' =0. ;
TABMOL. ' PO NT_REPERE’ = PX ; TL4." RETARD_VI TESSE =0. ;
TABMOL. ' FREQUENCE' = FR ; TL4." JEU_DEPLACEMENT’ = EPSI1 ;
TABMOL. ' MASSE_GENERALI SEE' = MG ; TL4." JEU_VI TESSE =0. ;
TABMOL. ' DEFORMEE_MODALE' = DEFMWX ; TLA. 2 = TL3 ;
TAB1.1 = TABMOL ; *
* * Qutput table for generalized data
TABM®2 = TABLE ' MCDE' ; *
TABM®2. ' PO NT_REPERE' = PY ; TSORT = TABLE ' SORTIE' ;
TABMX®.' FREQUENCE' = FR ; TSORV = TABLE ' VAR ABLE' ;
TABMO2. ' MASSE GENERALI SEE' = MG ; TSORV. ' DEPLACENMENT' = vrai ;
TABMO2. ' DEFORMEE_MODALE' = DEFMY ; TSORV. ' VI TESSE' = vrai ;
TABL. 2 = TABM® ; TSORV. ' ACCELERATION' = vrai ;
* TSORT. ' VARI ABLE' = TSORV ;
TABL.’ MAI LLAGE' = PO ; *
TBAS = TABLE ' BASE_MODALE' ; * Qutput table for A-basis |inkage data
TBAS.” MODES' = TABL ; *
* TSORL = TABLE 'LIAISON A" ;
* Table of initial conditions TSORL. TL1 = TABLE ;
* TSORL. TL1.' FORCE_POLYNOM ALE' = vrai ;

= (MANU 'CHPO PX 1 ALFA .033) + TSORL. TL3 = TABLE ;

(NANU CHPO PY 1 ALFA .54 ) ; TSORL. TL3. ' FORCE_POLYNOM ALE' = vrai ;
CPIV = (MANU 'CHPO PX 1 ALFA 5.) + TSORT. ' LI AISON_ A" = TSORL ;
(NANU CHPO PY 1 ALFA -0.9) ; *

TINIT = TABLE "INITIAL" ; * Qutput table for B-basis |inkage data
TINIT.” DEPLACEMENT" = CPID ; *
TINIT." VI TESSE' = CPlIV; TSORB = TABLE 'LIAISON B ;
TINT2 = TINIT ; TSORB. TLB1 = TABLE ;
* TSORB. TLBL. ' FORCE_DE_CHOC = VRAl ;
* Tabl es of |inkages TSORT. ' LI AISON_ B = TSORB ;
* *
EPS1 = -1.E-9 ; * Time values : NT & DT
TLIAl = TABLE ' LIAISON ; *
TLA = TABLE 'LIAISON A" ; NT = 1200 ;
* DT = 0.0025 ;
TLB = TABLE 'LIAISON B ; TT = NT * DT ;
TLIA."LIAISON. B = TLB ; NPC = 5 ;
TLB1 = TABLE ' LI Al SON_ELEMENTAI RE' ; LST = PROG 0. PAS (DT * NPC) NPAS (NT / NPC) ;
TLB1.’ TYPE LI AISON = MOT ' PO NT_PLAN ; *
TLBL.’ SUPPORT' = PX ; LEEEEEE > calling DYNE with NT tine steps
TLB1." NORVALE' = (1.0 0.0 0.0) ; *
TLB1. RAIDEUR = 0. ; TRES1 = DYNE ' DE_VOGELAERE
TLBL."JEU = 1.0 ; TBAS TLIAI TINIT NT DT NPC TSORT ;
TLB1.’ AMORTI SSEMENT' = 0. ; *
TLB.1 = TLBL1 ;
* L > calling DYNE with NT/2 tine steps
TLIAL."LIAISONA = TLA ; * then restart with NT/2 additional steps
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* LA22 = PROG ACC22 ;
NT2 = ENTI ER(NT/2) ; SINON
TRES21 = DYNE ' DE_VOGELAERE' LD22 = LD22 ET (PROG DEP22) ;
TBAS TLIAI TINIT NT2 DT NPC TSORT ; LV22 = LV22 ET (PROG VIT22) ;
* LA22 = LA22 ET (PROG ACC22) ;
TREP = TRES21.' REPRISE' ; FINSI ;
TINIT.” REPRISE = TREP ; FI'N BOUC22 ;
* LD2 = LD21 ET LD22 ;
TRES22 = DYNE ' DE_VOGELAERE LV2 = LV21 ET LV22 ;
TBAS TLIAI TINIT NT2 DT NPC TSORT ; LA2 = LA21 et LA22 ;
* *
LIS1 = TRESL.'TEMPS DE SORTIE ; TI TRE ' COMPUTATI ON 1 : DI SPLACEMENT' ;
LI S21 = TRES21.’' TEMPS DE SORTI E' ; EVDl = EVOL MANU ' TIME' LST ' DI SPLACEMENT' LD1;
LI S22 = TRES22.' TEMPS_DE SORTI E' ; DESS EVDL ;
* TI TRE ' COMPUTATI ON 2 : DI SPLACEMENT' ;
* Displacenment / velocity / acceleration EVD2 = EVOL MANU ' TIME'® LST ' DI SPLACEMENT' LD2;
* DESS EVDL ;
| =0 ; TITRE ' COWPUTATION 1 : VELOCITY';
NF1 = ENTIER (NT / NPC) + 1 ; EW1 = EVOL MANU ' TIME' LST ' VELOCI TY' LVi;
REPETER BOUCL NF1 ; DESS EWL ;
I =1 +1; TI TRE ' COVPUTATION 2 : VELOCITY';
CHDL = TRESL.|.' DEPLACEMENT' ; EW2 = EVOL MANU ' TIME' LST ' VELOCI TY' LV2;
DEP1 = EXTR CHD1 ALFA PX ; DESS EW2 ;
CHV1 = TRESL.|.' VITESSE ; TI TRE ' COMPUTATI ON 1 : ACCELERATI ON ;
VIT1 = EXTR CHV1 ALFA PX ; EVAL = EVOL MANU ' TIME' LST ' ACCELERATI ON' LAL1,;
CHAL = TRESL.|.' ACCELERATION ; DESS EVAL ;
ACCL = EXTR CHA1 ALFA PX ; TI TRE ' COMPUTATI ON 2 : ACCELERATION ;
SI (I EAA 1) ; EVA2 = EVOL MANU ' TIME' LST ' ACCELERATION' LA2;
LDl = PROG DEPL ; DESS EVAZ2 ;
LV1 = PROGVITL ; *
LAl = PROG ACCL ; * Conparison of displacenents, velocities
SINON ; * and accelerations at last tine step
LDl = LDl ET (PROG DEP1) ; *
LV1 = LV1 ET (PROG VIT1) ; DFINL = EXTRAIRE LDl NF1 ;
LAl = LAl ET (PROG ACCL) ; DFIN2 = EXTRAIRE LD22 NF22 ;
FINSI ; ERD = ABS ( (DFINL - DFIN2) / DFINL) ;
FI'N BOUCL ; BOLD = (ERD <EG 0.001 ) ;
* *
| =0 ; VFINL = EXTRAIRE LV1 NF1 ;
NF21 = ENTIER((NT / NPC) / 2) + 1 ; VFIN2 = EXTRAI RE LV22 NF22 ;
REPETER BOUC21 NF21 ; ERV = ABS ( (VFINL - VFIN2 ) / VFINL) ;
I =1 +1; BOLV = ( ERV <EG 0.001 ) ;
CHD21 = TRES21.|.' DEPLACEMENT' ; *
DEP21 = EXTR CHD21 ALFA PX ; AFINL = EXTRAIRE LA1 NF1 ;
CHV21 = TRES21.1.'VITESSE ; AFIN2 = EXTRAI RE LA22 NF22 ;
VIT21 = EXTR CHV21 ALFA PX ; ERA = ABS ( (AFINL - AFIN2 ) / AFINL) ;
CHA21 = TRES21.I|.’ ACCELERATION ; BOLA = ( ERA <EG 0.001 ) ;
ACC21 = EXTR CHA21 ALFA PX ; *
SI (I EAA 1) ; SI ( BOLA et BOLV et BOLD ) ;
LD21 = PROG DEP21 ; ERRELR O ;
LV21 = PROG VIT21 ; SINON ;
LA21 = PROG ACC21 ; ERRELR 5 ;
SINON FINSI ;
LD21 = LD21 ET (PROG DEP21) ; *
LV21 = LV21 ET (PROG VIT21) ; FIN ;
LA21 = LA21 ET (PROG ACC21) ;
FINSI ;
FIN BOUC21 ;
| =0;

NF22 = ENTIER((NT / NPC) | 2) ;
REPETER BOUC22 NF22 ;
I =1 +1;

+

CHD22 = TRES22. 1.’ DEPLACEMENT' ;
DEP22 = EXTR CHD22 ALFA PX ;
CHV22 = TRES22.1.' VI TESSE ;
VIT22 = EXTR CHV22 ALFA PX ;
CHA22 = TRES22. 1.’ ACCELERATION ;
ACC22 = EXTR CHA22 ALFA PX ;
S (I EGA 1) ;

LD22 = PROG DEP22 ;

LV22 = PROG VI T22 ;
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Test dyne01 (Comments)

1. Linkage POLYNOMIALE

TLIAIL'LIAISON_A =TLA;

TL1 =TABLE 'LIAISON_ELEMENTAIRE’;
TL1'TYPE_LIAISON' = MOT 'POLYNOMIALE’;
TL1'SUPPORT = PX;
TL1’COEFFICIENT = .67 ;

TL2 = TABLE'CONTRIBUTION’;
TL1I.PY=TLZ;
TL2’EXPOSANT_DEPLACEMENT' =1.2;
TL2'RETARD_DEPLACEMENT =0.01;
TL2’EXPOSANT_VITESSE’' =0. ;
TL2'RETARD_VITESSE'=0. ;
TL2’JEU_DEPLACEMENT’=0. ;
TL2/JEU_VITESSE' =0. ;

TLA1=TL1,;

The polynomial linkage calculates a for§eapplied to a mode i and composed of a set of contributions
stemming from other modes j :

fi = aQ}(t— T Q5 — Ty QT QElt — T

with Qj=<dgj—Jg >

Q=<¢g—-%>
g; is the modal coefficient (TLICOEFFICIENT).

Each modal contribution is defined in a CONTRIBUTION subtyglele (TL2) which contains :
- the displacement exponent b (TL2’EXPOSANT_DEPLACEMENT

- the displacement term of delay d (TL2’RETARD_DEPLACEMEN

- the velocity exponent ¢ (TL2’EXPOSANT_VITESSE")

- the velocity term of delay e (TL2'RETARD_VITESSE’)

- the gap connected with the displacem&n(TL2. JEU_DEPLACEMENT")

- the gap connected with the velocily (TL2."JEU_VITESSE’)

TL2is given in TL1.PY where PY is the modal origin point.
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12.15 Test vibr2 (Description sheet)

Test name:vibr2

Calculation type: MECHANICS DYNAMICS 2D AXISYMMETRICAL

Finite element type: QUAS

Topic: Uniform radial mode shapes of a thick sphere. Eigen fregesnand shapes of a thick sphere
are calculated. Only the uniform radial vibration shapes studied. Only a sector of the sphere is meshed
and computation is done with axisymmetrical mode. Boundanditions corresponding to this meshing are
obtained by using the operator RELA : nodes of similar ratliasge similar displacements.

Goal: Find the eigen frequencies of the sphere.

Reference:Test NAFEMS number fv42.

Version: 97’ customer version

Model description:

Rt =18m p =800kg/m?
R, =6.m E =210"MPa

R2

R1 P4

P3
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12.15. TEST VIBR2 (DESCRIPTION SHEET)

Test vibr2 (Results)

Results
Theoretical freq (Hz) CASTEM freq (Hz)| margin
Shape 1 369.91 368.62 0.35%
Shape 2 838.03 834.92 0.37 %
Shape 3 1451.2 1447.5 0.25 %
Shape 4 2117.0 2123.6 0.31%
Shape 5 2795.8 2841.8 1.64 %
CASTEM figures




CHAPTER 12.

DYNAMICS

Test vibr2 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

CPTI ECHO 1;
CPTI DI ME 2;
OPTI MODE AXI S;
OPTI ELEM QUAS;

ALPHA = 5.; COSALPHA = COS ALPHA,
SINALPHA = SI'N ALPHA;

*

PO = 0. 0.;

PL = 1.8 ( 1.8 * SINALPHA);
P2 = 1.8 (-1.8 * SINALPHA);
P3 = 6.0 (-6.0 * SINALPHA);
P4 = 6.0 ( 6.0 * SINALPHA);

*

D23 = P2 DRO 5 P3;

*

SURL = D23 ROTA 1 (2 * ALPHA) PO;
D41 = COTE 3 SURL;

*

ELIM (SURL ET D23 ET D41) 0.001;

*

TITR'VIBR2 : MESH NG ;
TRAC QUAL SURI;

MODL = MODEL SURL MECANI QUE QUAS:;

MAT1 = MATER MODL YOUN 2. E11 NU 0.3
RHO 8E3;
RIGL = RRG MODL MATY;
MAS1 = MASS MODL MATL,
*
K o e e e e e e e e e e e e e e e e mm e e e e e, e, e, —,—.———— *
* boundary conditions *
* *

DIRL = (-1 * SINALPHA) (-1 * COSALPHA);
= (-1 * SINALPHA) COSALPHA;

= BLOQ DEPL DI RECTION DI Rl D23;
CL2 = BLOQ DEPL DI RECTION DI R2 D41;
CLI'1 = CL1 ET CL2;

DIR3 = COSALPHA (-1 * SI NALPHA);

DI R4 = COSALPHA SI NALPHA;

*

LI ST1 = LECT 27 22 17 23 18 24 19
25 20 26 21,

LIST2 =LECT 1 6 2 7 3 8 4
9 510 11,

REPETER BLOCL 11;

I =1 +1;
J = EXTR LISTL |;
K = EXTR LI ST2 1;

CL3 = RELA 1 DEPL DI RECTION DI R4
(NOEUD J) - 1 DEPL DI RECTION
DIR3 (NCEUD K);

CLI1 = CLI1 ET CL3;

FI'N BLOCL;
*
LI ST1
LI ST2
*
| =0;
REPETER BLOC2 6;

| |+ 1;

J EXTR LI ST1 I;

K = EXTR LI ST2 |;
= RELA 1 DEPL DI RECTION DI R4
(NCEUD J) - 1 UR (NCEUWD K);
CLI1 = CLI'1 ET CL4,

LECT 27 17 18 19 20 21;
LECT 28 12 13 14 15 16;

2

FI'N BLOC2;

*

RIGL = RIGL ET CLI1;

*

K o o e e e e e e e e e e e e e e e e e e e e e, e, ——.— *
* eigen frequenci es cal cul ation *
K o o e e e e e e e e e e e e e e e e e e e e e e, ,—,——.— *
*

* Using of operator VIBR

*

FREL1 = TABLE;

FREL. 1 = 369.91;

FREL.2 = 838.03;

FREL. 3 = 1451. 2;

FREL. 4 = 2117.0;

FRE1.5 = 2795.8;

*

LI ST1 = PROG FREL.1 FREL.2 FREL.3 FREL. 4

FREL. 5;
*
RESUL = VIBR PROC LI ST1 RIGL MASI;
*
K o o e e e e e e e e e e e e e e e e e e e e e e e et m e, ——-—
* extracting results
K o o o e o o e e e e e e e e e e e e e e e e m e m e m e — -
*
MESS ' RESULTS FV42.DG Bl ;
MESS ' - B
SAUT 2 LIGN,

MESS ' SPHERE I N RADI AL VI BRATION ' ;
SAUT 2 LIGN,
*

FRE2 = TABLE;, ERG
DEP = TABLE; DEF
*

| =0;

REPETER BLOC3 5;

*

TABLE;
TABLE; EVO = TABLE;

I =1 +1
FRE2.| = TIRE RESUL FREQ RANG I;
ERG | = 100 * (ABS ((FREL | - FRE2.1)

| FREL.1));

MESS ' MOXDE ' |I;

MESS ' ---------- B

MESS ' Theorical eigen frequency :’
FREL.| "Hz';

MESS * Conputed eigen frequency :’
FRE2.1 "Hz';

MESS '’ That is to say a margin of : '
ERG | ' %;

SAUT 1 LIGN

* Ei gen shapes graphes

*

DEP.1 = TIRE RESUL DEPL RANG I;
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DEFO = DEFO SURL DEP.1 0. ROUGE;

DEF.| = DEFO SUR1 DEP.| VERT;

TITR ' Eigen shape : Radial displacenent’;
TRAC (DEFO ET DEF.1);

EVO. | = EVOL VERT CHPO DEP.| UR D23;
DESSIN EVO. | ;

*

ERGWAX = MAXI (PROG ERG. 1 ERG 2 ERG 3
ERG 4 ERG 5);
*
SAUT 2 LIGN
S| (ERGVAX <EG 5.);
ERRE 0;
SI NON,
ERRE 5;
FINSI;
SAUT 2 LIGN
TEMPS;
SAUT 2 LIGN

FIN,
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Test vibr2 (Comments)

Boundary conditions

DIR1 = (-1 * SINALPHA) (-1 * COSALPHA);
DIR2 = (-1 * SINALPHA) COSALPHA;

CL1=BLOQ DEPL DIRECTION DIR1 D23;
CL2 =BLOQ DEPL DIRECTION DIR2 D41,
CLI1=CL1ETCLZ;

Only the radial vibrations are studied, so the normal disgtaents are constrained : DIR1 is the normal
to D23 and DIR2 to D41.

Nodes of similar radius have similar radial displacemerttsis condition is given in loops BLOC1 and
BLOC2. The different lists of integers correspond to the bers of nodes (display the number of nodes
when drawing the meshing). The loop BLOC1 is relative to soole D41 and D23. The loop BLOC2 is
relative to nodes on D41 and middle nodes.

LIST1 (BLOC2)

LIST1 (BLOCL) .~/ & °

LIST2 (BLOC1)
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13.1 Testdyna nll (Description sheet)

Test name:dyna_nil
Calculation type: MECHANICS 2D, NON LINEAR GEOMETRICAL DYNAMICS
Finite element type: BARR

Topic: Free oscillations of an oscillator of Duffing type. The bacliamped at one end and prestressed.
On the free end is imposed a vertical displacement. Thenaheslveleased and has free oscillations.

Goal: Find the amplitude and period of the free oscillations oflthe
Reference:
Version: 97’ customer version

Model description:

L =1m E =10Pa
fo) =0.2m v =0.3

A =1n? P = Okg/m®
My = 250g Fore = 500N
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13.1. TEST DYNA_NL1 (DESCRIPTION SHEET)

Test dyna_nl1 (Results)

Results

Margin in amplitude : 0.007%

Margin in period :0.3%

CASTEM figures

.25

.20

.15

.05

.00

-.05

-.10

-.15

-.20

GBl FECIT

di spl

.00

.05

.10

.15

.20

.25

.30
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Test dyna_nl1 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

opti echo 0 ;

OPTI DIME 2 ELEM SE@ MODE PLAN CONT ; ;
P1 = 0. 0. P2 =1. 0.
ST=P1LD1 P2;

MO = MODE ST MECANI QUE BARR ;
MAL = MATE MO YOUN 1E7 NU 0.3 RHO 0. ;
CARL = CARA MO SECT 1. ;

MACA= MAL ET CARL;

MASS1 = MASS UY 250. P2 ;

CL1 = BLOQ UX UY PI ;
CL2 = BLOQ UX P2 ;
CL3 = BLOQ UY P2 ;

CL = CL1 ET CL2 ;

* prestress of 500 N

R1=RG MCA M;

f1 = force fx 500 p2 ;

depl =reso (ril et cllet cl3) f1;

sigl = sigmdepl np naca ;

*sigl = manu 'CHW' no ' EFFX 500. 'TYPE
* "CONTRAIN' ' STRESSES' ;

* inposed displacenent in statics

tl = 1le-10 ;

FP11 = DEPI CL3 .2,
LIXlL = PROGO. t1 100 ;
LIYl1 = PROGO. 1 1 ;

EVl = EVOL MANU T LIX1 F(T) LIYL ;

CHA1 = CHAR MECA FP11 EVI ;

tab2 = table ;

tab2.grandes_rotations = vrai ;

TAB2. ' BLOCAGES MECANIQUES' = CL et ¢l 3 ;
TAB2.' MODELE = MO,

Tab2.' K SIGW = VRAl ;

TAB2.' CARACTERI STI QUES' = MACA;

TAB2.' CHARGEMENT' = CHAL;

TAB2. ' CONTRAI NTES' = TABLE;

TAB2.' CONTRAINTES' . 0 = SIGL ;

LIS11 = PROG 0. (.33*t1) (.66*t1) t1 ;
TAB2.' TEMPS_CALCULES' = LI S11;

PASAPAS TAB? ;

* release and free oscillations in dynamcs

t2 = .27 ;
dt =.002 ;
fl=force fy 0. p2 ;

cha2 = char meca f1 evl ;

tab2. dynam que = vrai ;

tab2. masse_constante = massl ;
tab2.ftol = le-4 ;

TAB2. ' BLOCAGES_MECANI QUES' = CL ;

LIS22 = PROG (t1 + dt) pas dt (t1 +1t2) ;
TAB2.' TEWPS_CALCULES' = LI S22;
TAB2. ' CHARGEMENT' = CHA2;

PASAPAS TAB? ;

NDIM = (DI ME ( TAB2 . DEPLACEMENTS )) ;
PGY = PROG ;

REPETER TBOU2 NDI M
LEDEP = TAB2 . DEPLACEMENTS. (&TBOW - 1);
V = EXTR LEDEP UY P2 ;

PGY = PGY ET ( PROG V) ;

FIN TBOW ;

evl = evol manu 'time’ (lisll et 1is22) 'displ’ pgy ;

dess evl ;

*sear ching of anplitude and period
diml = enti ((t2 - .25)/dt) ;
maxuy = 0 ;
tt =.25;
repeter boul dint ;
tt = tt + dt ;
uyl = ipol tt (lisll et 1is22) pgy ;
si (uyl > maxuy) ;
maxuy = uyl ;
tp = tt ;
finsi ;
fin boul ;
valres = .2;

** theoretical period .264791269s
** theoretical anplitude .2 ;
errl = abs ((maxuy - valres)/valres * 100) ;
err2 = abs ((tp - .2648)/.2648 *100) ;
mess 'margin in anplitude errl %;
mess 'margin in perioderr2' % ;
si ((errl > .1) ou (err2 > .5));
erre 5 ;
sinon ;
erre 0 ;
finsi ;
fin;
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Test dyna_nl1 (Comments)

1. First step : Computation of prestress

RI1 = RIGI MACA MO ;

f1 = force fx 500 p2 ;

depl =reso (ril etcll etcl3) fl;
sigl = sigm depl mo maca ;

A horizontal force of 500 N is applied on the free end of the. bEw get a prestress we compute the
stresses related to this load. Those results will be add#teifollowing step.

2. Second step : Imposed displacement

FP11=DEPICL3 .2;

LIX1=PROG 0. t1 100 ;
LIY1=PROGO0.11;

EV1=EVOL MANU T LIX1 F(T) LIY1;
CHAl1 = CHAR MECA FP11 EV1,

The operator DEPI imposes a specific value for the degreeeetlom described in CL3. It means that
UY-displacement of point P2 (related to CL3) will be equaldt@ m. The object created by DEPI is
of CHPOINT type and must be added to the second member of tntieq. To perform a dynamic
computation the second member must be a function of timeopkeator CHAR is then used to multiply
the second member by a factor which is defined as a functiomefEVv1).

3. Second step : Computation by using PASAPAS subroutine

tab2 = table ;

tab2.grandes_rotations = vrai ;
TAB2'BLOCAGES_MECANIQUES'=CL etcl3;
TAB2'MODELE’ = MO;
Tab2.'K_SIGMA =VRAI;
TAB2'CARACTERISTIQUES’ = MACA,
TAB2'CHARGEMENT' = CHAL;
TAB2'CONTRAINTES’ = TABLE;
TAB2'CONTRAINTES'.0=SIG1;
LIS11 = PROG 0. (.33*1) (.66*t1) t1 ;
TAB2' TEMPS_CALCULES'=LIS11;
PASAPAS TAB2 ;

The non linear problem is solved by using PASAPAS subroutifibe single object necessary for the
computation is a table (TAB2). The user must create thietalilich has indexes defined by keywords :
- TAB2.grandes_rotations : boolean equal to VRAI if the sekorder terms must be taken into account
for the strain tensor (in the case of large rotations or lalg®rmations)

- TAB2.BLOCAGES_MECANIQUES : contains the boundary coiudis

- TAB2.MODELE : contains the model object

- TAB2.K_SIGMA : boolean equal to VRAI if the matrix K_SIGMAsito be added to the iteration
operator
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- TAB2.CARACTERISTIQUES : contains material and geometiricaracteristics

- TAB2.CHARGEMENT : contains the load object (defined as afiom of time)

- TAB2.CONTRAINTES : is a table : TAB2’CONTRAINTES'.0 caoains the stresses at the beginning
of first step. The given values are the previous computedmpEes.

- TAB2.TEMPS_CALCULES : the given list of reals defines thduegs of time for which results are
requested.

The subroutine is called by the following instruction : PABXS TAB2 .

. Third step : Release and free oscillations

t2=.27;

dt =.002 ;

f1 =force fy 0. p2 ;

cha2 = char mecafl evl ;
tab2.dynamique = vrai ;
tab2.masse_constante = mass1 ;
tab2.ftol = 1e-4 ;

TAB2.'BLOCAGES MECANIQUES'=CL ;
LIS22 = PROG (t1 + dt) pas dt (t1 +t2) ;
TAB2. TEMPS_CALCULES' = LIS22;
TAB2'CHARGEMENT’ = CHAZ;
PASAPAS TABZ ;

The free oscillations are simulated by a zero force.

TAB2.dynamique is a boolean. If its value is true, it mearat this a dynamic analysis.
TAB2.masse_constante defines a constant lumped mass inaass1).

TAB2.ftol indicates that the effort equilibrium will be cbleed up to about le-4.

Results extraction

NDIM = (DIME ( TAB2 . DEPLACEMENTS)) ;

PGY = PROG;;

REPETER TBOU2 NDIM;

LEDEP = TAB2 . DEPLACEMENTS. (&TBOU2 - 1);
V = EXTR LEDEP UY P2;

PGY =PGY ET (PROG V) ;

FIN TBOUZ2 ;

evl = evol manu 'time’ (lis11 et lis22) 'displ’ pgy ;
dess evl ;

The results of PASAPAS subroutine are stored in TAB2 tablaBZ.DEPLACEMENTS is a table which
has as many indexes as the number of requested saving times.
TAB2.DEPLACEMENTS.i contains the displacements comptitedhe ith step.
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13.2 Testdyna nlI3 (Description sheet)

Test name:dyna_nil

Calculation type: MECHANICS 3D, NON LINEAR DYNAMICS

Finite element type: POUT, COQ3

Topic: Follower pressure and wavering of a beam. The response t#asetl beam is studied with an axial
compression force which is a little higher than the theoegtvalue of wavering forceFcr = 20.05+ E x1/12).
The beam is clamped-free. The follower force is describediyequivalent pressure which is applied on a
small shell located on the end of the beam. The system isbeiby a small transversal displacement which
is imposed at the free end.

Goal: Find the maximum amplitude of the displacement of the fres en

Reference:

\Version: 97’ customer version

Model description:

Iz

lo

HH,

P = 1.05% [20.05% Epean* ly/L2]/(412)

A

A 2,

- aa .

L

A
=12 Apeam =0.15
=0.01 Thshen = 0.01
— 001 Epeam =21.10
— 28125104 Pbeam = 7.8.10°3
_ 28125104 Eshet =21.10%
=10"° Pshell = 7.8.10°10

\Y =03
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Test dyna_nI3 (Results)
Results

Maximum amplitude (point bb) : 0.97959
Margin : 0.04%

CASTEM figures

AMPLI TUDE
1. 00E+02
1. 00E+02
1. 00E+02
1. 00E+02
1. 00E+02
1. 00E+02
Static conputation
di spl
1.00
.80 -
.60 _
.40 -
.20 -
.00 -
-.20 _
-.40 _
-.60
.00 .50 1.00 1.50 2.00 2.50 3.00 3.50 4. 00 4.50 5. 00

Dynani ¢ conput ati on
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Test dyna_nl3 (Listing CASTEM)

conpl et = vrai
*

R R R ]

* to get a conplete conputation put the data
* conplet with vrai;

R R ]

*

option dinme 3 elemseg2 tri3 echo 0

* Definition of geonetry

* The follower force is described by an equival ent

* pressure which is applied on a small shell |ocated
* on the end of the beam

*

aa=000

bb =1200

cc =12 0.01 0.01
dd =12 0.01 -0.01
ee =12 -0.01 -0.01
ff =12 -0.01 0.01
densl = 10

ligl = aa d densl bb

lig2 =ccd2ddd2eed?2ffd2cc
surfl = surf plan lig2

geo = ligl et surfl

eliml.e-4 geo

* Definition of boundary conditions
* Basis of the beamclanped and nove in xOy plane

*

cll = blog rota depla aa
cl2 =blog uz rx ry surfl
cl3 = blog bb uy

* Definition of nodel, material and caracteristics

*

mol = node |igl necani que pout

m2 = node surfl necani que coq3

mal = mate nol youn 2.1e7 nu 0.3 rho 7.8e-3
ma2 = mate no2 youn 2.1el10 nu 0.3 rho 7.8e-10
cal = cara nol sect 0.15 inry 2.8125e-4

inrz 2.8125e-4 tors 1l.e-5
ca2 = cara no2 epai 0.01
matl = mal et cal
mat2 = ma2 et ca2
mattotal = matl et mat2
mototal = nol et no2

*

* calcul of rigidity and mass matrices

*

ril =rigi nototal mattotal
ritotal =ril et cllet cl2
masst = masse nototal mattotal

*

* Load : pressure equivalent to the critical wavering

* force and bal anced by a coefficient of 1.05 in order

* to be above the instability

*

* A small transversal displacement is inposed to disturb

* the system

*

fo2 = depi cl3 .01

fo0 = manu chpo geo 1 p (2050781.25*1.05) nature
discret ;

non linear conputation
Static conputation under the conpression force and
the disturbing transversal force

EE

dt = 0.00001

[il =prog 0. dt

li2 =prog 0. 1

ev =evol mnut (lil) f(t) (li2) ;
fcons = char dinp fo2 ev

fncons = char psui fo0 ev

fco = fncons et fcons

lisla = prog 0. pas (dt/5) dt

tab3 = table

tab3. grands_depl acements = vrai

tab3. chargement = fco

tab3. bl ocages_necaniques = cl1 et cl2 et cl3
tab3. model e = nototal

tab3. caracteristiques = mattotal
tab3.tenps_calcules = lisla

pasapas tab3

oeil =0 0 10000
dinml = dine (tab3.depl acenents)
lisx = prog ; lisy = prog
repeter boul dint
n = &oul - 1

uyl = extr tab3.deplacenents.n 'UY" bb

lisy = lisy et (prog uyl)
lisx = lisx et (prog tab3.tenps. n)
def1 = defo tab3. depl acenents.n geo 100

si (&boul ega 1) ; deft = defl ; sinon
deft = deft et defl ; finsi

fin boul
titre 'Static conputation’
evl = evol manu 'time’ lisx 'displ’ lisy

trac deft oeil cach anine

non |inear and dynam ¢ conputation

Definition of the | oad evol ution
duration of static load : dt

* %k ok ok

ev2 = evol manu (prog dt 100) (prog 1 1)

*

fncons = char psui fo0 ev2

si conpl et

lislc = prog dt pas .001 .045
si non;

lislc = prog dt pas .001 0.005
finsi

tab3. chargement = fncons

tab3. bl ocages_necaniques = cl1 et cl2
tab3. dynam que = vrai
tab3.tenps_calcules = lislc

pasapas tah3

Results : displacement of the free end of
the beam (point bb)

* % ok ok
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diml = dinme (tab3.depl acenents) ;
lisx = prog ; lisy =prog ;
repeter boul dint ;

n = &oul - 1;

uyl = extr tab3.deplacenments.n 'UY" bhb ;
lisy = lisy et (prog uyl) ;
lisx = lisx et (prog tab3.tenps. n);

fin boul ;

titre 'Dynam c conputation’ ;

evl = evol manu 'tinme’ lisx 'displ’ lisy ;
list lisy;

dess evl ;

* The reference of this test is the result of a previous C2000 version
dmax = maxi abs lisy ;
mess ' Maxi num val ue of anplitude :' dmax ;

si conplet ;
valtes = .98;
si non;

valtes = .082;
finsi;

errl = abs ((dmax - valtes)/valtes);

mess 'margin for the max anplitude :' errl ;
si (errl > .05) ; erreur 5 ;

sinon ; erre 0 ; finsi ;

fin;

fin;
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Test dyna_nlI3 (Comments)

1. First step : Static computation under the compression forceand the disturbing transversal force

fo2 = depicl3.01;
fo0 = manu chpo geo 1 p (2050781.25*1.05) nature discret ;

*

dt =0.00001 ;
lil = prog 0. dt;
li2=prog0. 1;

ev =evol manut (lil) f(t) (li2) ;
fcons = char dimp fo2 ev ;

fncons = char psui foO ev ;

fco = fncons et fcons ;

lisla = prog 0. pas (dt/5) dt ;

tab3 = table ;
tab3.grands_deplacements = vrai ;
tab3.chargement = fco ;
tab3.blocages_mecaniques =cll etcl2 etcl3 ;
tab3.modele = mototal ;
tab3.caracteristiques = mattotal ;
tab3.temps_calcules =lisla ;
pasapas tab3 ;

In the static computation the free tip of the beam has an iegbusrtical displacement (fo2). The follower
pressure is described with the fo0 object. The loads areatifis a function of time with CHAR operator
and the evolution ev.

The PASAPAS subroutine is called by using 6 computationssfdpfined with lisla).

2. Second step : Dynamic computation under the compression foe and the release of the beam
ev2 = evol manu (prog dt 100) (prog 1 1) ;
*

fncons = char psui fo0 ev2 ;

si complet;

lislc = prog dt pas .001 .045 ;

sinon;

lislc = prog dt pas .001 0.005;

finsi;

tab3.chargement = fncons ;
tab3.blocages_mecaniques =cll et cl2 ;
tab3.dynamique = vrai ;
tab3.temps_calcules =lislc;

*

pasapas tab3 ;

The beam is released : the boundary condition cI3 and impdspiacement fo2 are removed. The
applied load is the follower pressure defined as a functidinté (fncons).
The computation is a dynamic analysis so tab3.dynamiquess t
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14.1 Test ther2 (Description sheet)

Test name:ther2
Calculation type: THERMAL STEADY STATE, 2D AXISYMMETRICAL
Finite element type: QUA4

Topic: Test of the boundary conditions of temperature with an arisgetrical computation. Three differ-
ent configurations are tested on a thick-walled cylinder :
- animposed temperature and an imposed flux
- animposed temperature and a volumetric source of heat
- animposed temperature and a forced convection

Goal: Find the field of temperatures in the cylinder for each configjan.

Reference:Analytical solution (1st and 2nd parts).
Comparison with results computed by THERMX (3rd part).

Version: 97’ customer version

Model description:

1st configuration

: R =0.0515n
N A Re =0.2015m
— — H =05m
e T =057C
T ¢ =0.72W/n?
o | P " K =130W/n
e
=
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2nd configuration

_ R =6m
i —_— R. =16m
/%\f H =4m
N T =100C
@ =0W/n?
Ta . K =1w/mP
" Q =20w

Test ther2 (Results)

Results

3rd configuration

R =6m

Re =16m

H =4m

T =100C
T, =125C
K =8w/m°
He =5W/m?®

Value of the temperature at the point located on the exteattls.

Reference| Computed
Configuration 1| 0.571 0.571
Configuration 2| 1510.9 1505.3
Configuration 3| 122.68 122.68

CASTEM figures
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MESHING - 1ST PROBLEM

EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE
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Test ther2 (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

TITRE ' THER2 - BOUNDARY COND. TEMPERATURE
- AXI SYMVETRI CAL MODE'
CPTION DI ME 2 ELEM QUA4 MODE AXIS ;

OPTION ECHO 0 ;

TEWPS ;

IR R R RS RS R R R R S R R R R R R R R R R R R R R EEEREEEEREEEE S
*.-- 1st problem

IR R R RS SRR S R R R S R R R R R R R R R R R R R R R EEEREEEEREEEES]
*...  GEOMETRY:

*

P1 = 0.0515 0. ; P20 = 0.0665 0. ;

P19 = 0.0665 0.5 ; P2 = 0.0515 0.5

P18 = 0.0815 0. ; P17 = 0.0815 0.5

P16 = 0.0965 0. ; P15 = 0.0965 0.5 ;

P14 = 0.1115 0. ; P13 = 0.1115 0.5

P12 = 0.1265 0. ; P11 = 0.1265 0.5

P10 = 0.1415 0. ; P9 = 0.1415 0.5

P8 = 0.1565 0. ; P7 = 0.1565 0.5

P6 = 0.1715 0. ; P5 = 0.1715 0.5

P24 = 0.1865 0. ; P23 = 0.1865 0.5 ;
P4 =0.2015 0.5; P3 =0.2015 0. ;

SURF1 MANUEL QUA4 P1 P20 P19 P2 ;

SURF2 MANUEL QUA4 P20 P18 P17 P19 ;
SURF3 MANUEL QUA4 P18 P16 P15 P17 ;
SURF4 MANUEL QUA4 P16 P14 P13 P15 ;
SURF5 MANUEL QUA4 P14 P12 P11 P13 ;

SURF6 = MANUEL QUA4 P12 P10 P9 P11 ;

SURF7 MANUEL QUA4 P10 P8 P7 P9 ;

SURF8 MANUEL QUA4 P8 P6 P5 P7 ;

SURF9 MANUEL QUA4 P6 P24 P23 P5 ;
SURF10 = MANUEL QUA4 P24 P3 P4 P23 ;
SURF11 = SURF1 ET SURF2 ET SURF3 ET SURF4

ET SURF5 ET SURF6 ET SURF7 ET SURF8
ET SURF9 ET SURF10 ;

TRAC SURF11 TITRE ' MESH NG - 1ST PROBLEM ;

DL =DROTE L PLP2;

D3 =DRATE 1 P3 P4 ;

*

*...  DATA FOR THE THERM C PROBLEM
*

*..- MODEL:

*

MODL = MODEL SURF11 THERM QUE | SOTROPE ;
*---  MATERI AL CHARACTERI STI CS:

MAT1 = MATER MOD1 K 130. ;

*--- CONDUCTIVITY MATRI X :

CND1 = CONDUCTI VI TE MODL MATL ;

*--- | MPOSED TEMPERATURES : USI NG
* OF BLOQUE AND DEPI
*

Bl = BLOQUE T D1 ;

El = DEPI Bl 0.57 ;

*

*--- | MPOSED FLUX :

*

F1 = FLUX MOD1 0.72 D3 ;

*---  GATHERI NG OF FIRST AND SECOND MEMBERS:

*

RIGL = CNDL ET Bl ;
FF1 = E1 ET F1 ;
*

*--- RESOLUTI ON:

*

CHTERL = RESOUDRE RI Gl FF1 ;
TETAL = EXTR CHTERL T P3 ;

*

Khkkkhhkhhkkhhhhkhkhkkhhkkhkkhkhkkhkkhkkkhk k%

*--- 2nd problem
IR R RS SRR R R R R RS R R R R RS R R R EREEEEEEEEEEEEEESE]
*---  GEOMVETRY:

*

P1L=60;

P2 =16 0 ;

P3 =16 4 ;

P4 =6 4;

D1 = DROTE 8 P1 P2 ;
D2 = DROTE 6 P2 P3 ;
D3 = DROTE 9 P3 P4 ;
D4 = DROTE 4 P4 P1 ;

LIGL = D1 ET D2 ET D3 ET D4 ;
SURF1 = SURFACE LI Gl PLANE ;

*

TRAC SURFL TI TRE ' MESHI NG - 2ND PROBLEM ;

---  DATA FOR THE THERM C PROBLEM

---  MODEL:

MOD1 = MODEL SURF1 THERM QUE | SOTROPE ;
*---  MATERI AL CHARACTERI STI CS:

MAT1 = MATER MODL K 1. ;

*--- CONDUCTIVITY MATRI X:

CND1 = CONDUCTI VI TE MODL MATL ;

*--- | MPOSED TEMPERATURES : USI NG
* OF BLOQUE AND DEPI
*

Bl = BLOQUE T D4 ;

E1l = DEPI Bl 100. ;

*

*--- | MPOSED FLUX :

*

E2 = FLUX MOD1 0. D2 ;

*

*--- VOLUMETRI C SOURCE:

*

E3 = SCURCE MOD1 20. SURFL ;

*--- GATHERI NG OF FI RST AND SECOND MEMBERS:

RIGL = CNDL ET Bl ;
FF1 = E1 ET E2 ET E3 ;

*

*---  RESOLUTI ON:

*

CHTERL = RESOUDRE RI Gl FF1 ;
TETA2 = EXTR CHTERL T P3 ;

*

IR RS S S S SRS SR SRS SRR SRR SR SRR SRR R R EE S

*--- 3rd problem
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IR R R RS S R R R R RS S R R R R RS SRR R R R R R EEEREEEEREEEE S NESS' PR%LEM’\D 2 ' ’

* MESS ' TEMPERATURE FOR R = RE

*---  GEOVETRY: THEORETI CAL COWPUTED ' ;

* MESS '’

* - inner radius Rl = 6. T = 1510. 923 T =" TETA2 ;
* - outer radius RE = 16. SAUT 1 LIGN ;

* - hei ght H =4 MESS ' PROBLEM No 3’

* - inner surface : D4 MESS ' TEMPERATURE FOR R = RE

* - outer surface : D2 REFERENCE COVPUTED ' ;

* MESS '

P1=60; T = 122.68 T =" TETA3 ;
P2 =16 0 ; *

P3 =16 4 ; TEMPS ;

P4 =6 4 ; *

D1 = DROTE 8 P1 P2 ; * VALI DATI ON CODE FOR THE PROBLEM No 2
D2 = DROTE 5 P2 P3 ; *

D3 = DROTE 9 P3 P4 ; TREF=1511; RESI =ABS( ( TETA2- TREF) / TREF) ;
D4 = DROTE 6 P4 P1 ; SI (RESI <EG 5E-2);

LIGL = D1 ET D2 ET D3 ET D4 ; ERRE O;

SURF1 = SURF LIGL PLANE ; SING,

* ERRE 5;

TRAC SURF1 TITRE ' MESH NG - 3RD PROBLEM ; FINSI;

* FI'N;

*

*---  DATA FOR THE THERM C PROBLEM

*

*--- MODEL:

*

MOD1 = MODEL SURF1 THERM QUE | SOTROPE ;

MOD2 = MODEL D2 CONVECTION ;

*

*---  MATERI AL CHARACTERI STI CS:

*

MAT1 = MATER MOD1 K 8. ;

MAT2 = MATER MOD2 H 5. ;

*
*--- CONDUCTIVITY MATRI X:

CND1 = CONDUCTI VI TE MODL MATL ;
CNF1 = CONDUCTI VI TE MOD2 MATZ ;

*

*---  FLUX RELATED TO THE CONVECTI ON:

FF1 = CONVECTI ON MOD2 MAT2 T 125. ;
*
*--- | MPOSED TEMPERATURE : USING OF BLOQUE AND DEPI
*
Bl = BLOQUE T D4 ;
= DEPI Bl 100. ;

*---  GATHERI NG OF FIRST AND SECOND MEMBERS:
*

RIGL = CND1 ET CNF1 ET Bl ;

Ql = FF1 ET E1 ;

*

*--- RESCLUTI ON:

*

CHTERL = RESOUDRE RIGL Q1 ;
TETA3 = EXTR CHTERL T P3 ;
*

*... POST- PROCESSI NG
*

SAUT PAGE ;

SAUT 2 LIGN ;

MESS ' PROBLEM No 1 ' ;
MESS ' TEMPERATURE FCR R = RE

THEORETI CAL COVPUTED ' ;
MESS

T = 0.5715225 T =" TETAL ;
SAUT 1 LIGN ;
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Test ther2 (Comments)
1. First problem

e Definition of the thermic model
MOD1 = MODEL SURF11 THERMIQUE ISOTROPE ;
MAT1 = MATER MOD1 K 130. ;
CND1 = CONDUCTIVITE MOD1 MAT1 ;

The thermic model (MOD1) is defined with the formulation nahfeHERMIQUE ISOTROPE.
This model is described by the geometry SURF11, the condtyctif the model is defined with the
operator MATER.

The operator COND(UCTIVITE) builds the matrix of condudtyv(CND1).

e Definition of the thermic boundary conditions
B1=BLOQUETD1;
E1=DEPIB10.57;
F1=FLUXMOD1;
The operator BLOQUE builds the boundary condition (B1) amdlegree of freedom T of the line
D1. The operator DEPI(MPOSE) imposes a value of 0.57 on thditton B1.
The operator FLUX imposes a flux of 0.72 on the line D3 whictohgk to MOD1.

e Computation

The first and second members of the equation to be solved #rnergd and the computation is
performed with the operator RESO. The computed object CHITERy CHPOINT type and the
values of its component T can be extracted with the operaXarffAIRE).

2. Second problem
E3 =SOURCE MOD1 20. SURF1;

The model, the imposed temperature and the flux are definéé seime way as in the first configuration.
The operator SOURCE defines an imposed volumetric sourceaifdn the surface SURF1.

The computation is performed like in the first problem by gaithg first and second members of the
equation and then by solving with the RESO operator.

3. Third problem

MOD1 = MODEL SURF1 THERMIQUE ISOTROPE;
MOD2 = MODEL D2 CONVECTION;;

*

MAT1 = MATER MOD1K 8. ;

MAT2 = MATER MOD2 H 5. ;

*

CND1 = CONDUCTIVITE MOD1 MAT1 ;

CNF1 = CONDUCTIVITE MOD2 MAT2 ;

*

FF1=CONVECTION MOD2 MAT2 T 125.
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The outer surface is submitted to forced convection : as thel@m is axisymmetrical, the outer surface

is modelled by the line D2. Along this line is defined a conimtimodel (MOD2) by using the operator
MODEL followed by the formulation CONVECTION.

The operator MATER defines the convection exchange coefficie
The operator CONV(ECTION) imposes a condition of convattia the structure defined in the objects
MOD2 and MAT?2, it is necessary to indicate the value of themdl temperature (T=125).
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14.2 Testther7or (Description sheet)

Test name:ther7or
Calculation type: THERMAL STEADY STATE, 3D ORTHOTROPIC
Finite element type: COQ8 COQ6

Topic: Test of the boundary conditions of temperature with ortbyit elements. Three different configu-

rations are tested on a shell: _
- animposed temperature and a forced convection

- animposed temperature and an imposed flux
- animposed temperature and a volumetric source of heat

Goal: Find the field of temperatures in the shell for each configomaand compare it with the case of
isotropic elements.

Reference CASTEM: Dowlatyari (03/91).
Version: 97’ customer version

Model description:

Ta

L = 6m

s_coT | =3m
t =0.5m
Ky — 100N /P
K» — 1000V /mP°
Ka — 100N /P
TLinf =10C
Hs cor = 15W/n?®
Ta = 200°C

(\OS_COT =200V / m?
Qs cor = 1000V /m?
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Test ther7or (Results)
CASTEM figures

ELEMENTS COQ6, COQ8 : CONVECTI ON

ELEMENTS COQ8, COQB : | MPOSED FLUX

ELEMENTS COQ6, COQ8 : SOURCE

1st resolution :

VAL - 1SO
>1.00E+01
< 157E+02

11

18.

25.

32

39.

46.

53.

59.

66.

73.

80.

87.

94,
1.01E+02
1.08E+02
1.15E+02
1.21E+02
1.28E+02
1.35E+02
1.42E+02
1.49E+02
1.56E+02

convection

XL.E2  TENPERATURE
1.60,

. 60|

401

201

ool

. 00 1.00 2.00 3.00 4.00 5. 00 6.00 7.00

TEMPERATURE + CONVECTI ON. + :1SOTROPIC * : ORTHOT.

2nd resolution : imposed flux

VAL - 1SO
>1.00E+01
< 4.99E+01

10.

TENPERATURE
55. 00,

50. 00 4
45. 001 4
40. 001 4
35.000 4
30. 001 4
25. 001 4
20. 001 4

15. 00 4
DI STANCE

10. 00| L L L
.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

TEMPERATURE + | MPOSED FLUX. + :1SOTROPIC * : ORTHOT.

3rd resolution : volumetric source

VAL - 1SO
>1.00E+01
<1.10E+02

100,
1.05E+02
1.09E+02

XL.E2  TENPERATURE
1.20,

TEMPERATURE + SOURCE. + : 1 SOTRCPIC * : ORTHOT.
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Test ther7or

(Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

TITRE ' THER7or -

CORTHOTROPI C ELEMENTS  COQ8 , COQ6 ' ;

CPTION DI ME 3 ELEM QUAS8 ;

TEMPS ;

*..-- GEOMETRY :

[T TR TR T T TR TR
COoCLLoo o
COeLLLoo o

SconkwhrE o

ANG=20.0 ;

PO NTS SUPPCRTI NG THE ELEMENTS -----

Bl
B2
B3
B4
B5
B6
B7
N

[T TR TR T T TR TR
Moo ooooo
o

co Uk wNE
WEO\)NH
oo
Cooe o
EEPEPEe

o1 oo oo
oo

Al=A1 TOUR ANG M N ; A2=A2 TOUR ANG M N ;
A3=A3 TOUR ANG M N ;

A4=A4 TOUR ANG M N ; A5=A5 TOUR ANG M N ;
A6=A6 TOUR ANG M N ;

A7=A7 TOUR ANG M N ;B1=B1 TOUR ANG M N ;
B2=B2 TOUR ANG M N ;

B3=B3 TOUR ANG M N ; B4=B4 TOUR ANG M N ;
B5=B5 TOUR ANG M N ;

B6=B6 TOUR ANG M N ; B7=B7 TOUR ANG M N ;
AB1=AB1 TOUR ANG M N ;

AB2=AB2 TOUR ANG M N ;

AB3=AB3 TOUR ANG M N ;

AB4=AB4 TOUR ANG M N ;

AB5=AB5 TOUR ANG M N ;

e EEEEEEE GEOMETRY : SURFACES ---------nnnnnnn

*

QHO1 = MANU QUA8S Al ABL Bl B2 B3 AB2 A3 A2 ;

QH02 = MANU TRI6 A3 AB2 B3 B4 B5 AB3 ;

QHO3 = MANU TRI6 A3 AB3 B5 AB4 A5 Ad ;

QH04 = MANU QUAS A5 AB4 B5 B6 B7 AB5 A7 A6 ;

QrOT = QHO1 ET QH02 ET QHO3 ET QHO4 ;

*

CEIL = 1000. 0. 0. ;

TRAC CEI'L QrOT ;

QSOUR = QHO4

*

L_IINF = MANU SEG3 Al ABl Bl ;

*

S _COT = QHO4;

*

* WARNING : it is necessary to orientate the elenents
* (with the operator ORIENT) if it is not sure that

* they are orientated coherently

*

e DATA FOR THE THERM C PROBLEM ---------------
*

SRR TR T MODEL - - == - mmmm e e e
*

MOD1 = MODEL QTOT THERM QUE ORTHOTROPE COQ8 COQ% ;
MOD2 = MODEL S_COT CONVECTI ON SUPERI EURE COQ8 CO6 ;

*

e MATERI AL CHARACTERI STICS -------nnnmmmn--

MAT1 = MATER MOD1 ' DI RECTION' A2 * PARALLELE

'K1" 100.

"K2' 1000. 'K3' 100. EPAI 0.5 ;

MAT2 = MATER MOD2 'H 15. ;

CONDUCTI VI TY MATRI CES ----==----=zx--

CND1 = CONDUCTI VI TE MODL MATL ;

CND2 = CONDUCTI VI TE MOD2 MAT2 ;

*--- | MPOSED TEMPERATURES : USING OF BLOQUE AND DEPI --

*

BB1 = BLOQUE L_INF "TINF ;
EE1 = DEPI BBl 10. ;

BB2 = BLOQUE L_INF ' TSUP" ;
EE2 = DEPI BB2 10. ;

BB3 = BLOQUE L_LINF'T ' ;
EE3 = DEPI BB3 10. ;

BB = BBl ET BB2 ET BB3 ;

EE = EE1 ET EE2 ET EE3 ;

CNV1 = CONVECTI ON MOD2 MAT2 ' T 200. ;

Ko | MPOSED FLUX == ===nnnnnccmennnn
FLUL = FLUX MOD1 200. S COT SUPE ;
Feeaas SOURCE OF HEAT - --=nnnnmmmnenn-

S1 = SOURCE MOD1 MAT1 1000. QSOUR ;

L GATHERI NG OF CONDUCTI VI TY TERMS --------

CCCl = CND1 ET CND2 ET BB ; CCC2 = CND1 ET BB ;

BEEEE TR GATHERI NG OF EQUI VALENT FLUX TERMS

FFF1 = EE ET CNV1 ; FFF2 = EE ET FLUl ; FFF3 = EE ET S1 ;

*FFF1 = EE ET O\V1 ; FFF2 = EE ET FLUL ;

Hee 1ST RESOLUTI ON : CONVECTI ON - -------

CHTERL = RESOUDRE CCCl FFF1 ;

K 2ND RESOLUTI ON : FLUX === ----------

CHTER2 = RESOUDRE CCC2 FFF2 ;
*

L 3RD RESOLUTI ON: SOURCE - -----------

CHTER3 = RESOUDRE CCC2 FFF3 ;

*

*---- POST- TREATMENT : DRAW NG OF THE RESULT FI ELDS ---
REEEE AND EXTRACTI NG OF THE CHARACTER! STI C VALUES ----
*

*LI STE CHTERL ;

*LI STE CHTERZ ;

*LI STE CHTERS ;

*

TI TRE * ELEMENTS COQB, COQ8 : CONVECTI ON'
CHTERLI = 'EXCO CHTERL 'TINF 'NOD 'TINF
TRACER OEI L QTOT CHTERLI ;

TI TRE ' ELEMENTS COQ6, COQ8 : | MPOSED FLUX * ;
CHTER2I = 'EXCO CHTER2 'TINF 'NOD ' TINF
TRACER OEI L QTOT CHTER2I ;

TI TRE ' ELEMENTS COQ6, COQ8 : SOURCE' ;
CHTER3! = 'EXCO CHTER3 'TINF 'NOD ' TINF
TRACER OEI L QTOT CHTER3I ;

T1ABl = EXTR CHTERL TSUP ABI ;

T1AB2
T1AB3

EXTR CHTERL TSUP AB2 ;
EXTR CHTERL TSUP AB3 ;

385



€Sy

THERMAL ANALYSIS

- CHAPTER 14.
T1AB4 = EXTR CHTERL TSUP AB4 ; SINON,
T1AB5 = EXTR CHTERL TSUP AB5 ; ERRE 5;
T2AB1 = EXTR CHTER2 TSUP AB1 ; FINSI;
T2AB2 = EXTR CHTER2 TSUP AB2 ; fin,

T2AB3 = EXTR CHTER2 TSUP AB3 ;

T2AB4 = EXTR CHTER2 TSUP AB4 ;

T2AB5 = EXTR CHTER2 TSUP AB5 ;

T3AB1 = EXTR CHTER3 TSUP AB1 ;

T3AB2 = EXTR CHTER3 TSUP AB2 ;

T3AB3 = EXTR CHTER3 TSUP AB3 ;

T3AB4 = EXTR CHTER3 TSUP AB4 ;

T3AB5 = EXTR CHTER3 TSUP ABS5 ;

*

DIST =PROGO. 2. 4. 6. ;

DIST1 = PROG 0. 2. 3. 4. 6. ;

TEMPRL = PROG 10. 71.44 132.03 158. 86 ;

TEMPC1 = PROG T1ABl T1AB2 T1AB3 T1AB4 T1ABS ;

EVIR = EVOL MANU ' DI STANCE' DI ST ' TEMPERATURE' TEMPRL ;
EVIC = EVOL MANU ' DI STANCE' DI ST1 ' TEMPERATURE' TEMPCL ;
TAB = 'TABLE ;

TAB.1 = "MARQ PLUS ;

TAB.2 = "MARQ ETO " ;

TI TRE ' TEMPERATURE + CONVECTION. + :1SOTROPIC * : ORTHOT.'
DESSIN TAB (EVIR ET EVIC) ;

TEMPR2 =PROG 10. 26.58 42.878 50.984 ;

TEMPC2 = PROG T2AB1l T2AB2 T2AB3 T2AB4 T2ABS ;

EV2R = EVOL MANU ' DI STANCE' DI ST ' TEMPERATURE' TEMPR2 ;
EV2C = EVOL MANU ' DI STANCE' DI ST1 ' TEMPERATURE TEMPC2 ;
TI TRE ' TEMPERATURE + | MPOSED FLUX. + :1SOTROPIC * : ORTHOT. ' ;
DESSIN TAB (EV2R ET EV2C) ;

TEMPR3 =PROG 10. 51.43 91.75 111.75

TEMPC3 = PROG T3AB1 T3AB2 T3AB3 T3AB4 T3AB5 ;

EV3R = EVOL MANU ' DI STANCE' DI ST ' TEMPERATURE' TEMPR3 ;
EV3C = EVOL MANU ' DI STANCE' DI ST1 ' TEMPERATURE' TEMPC3 ;
TI TRE ' TEMPERATURE + SOURCE. + :1SOTROPIC * : ORTHOT. ';
DESSIN TAB (EV3R ET EV3C) ;

TEWPS ;
T1Aq = 10.; T1Bg = 71.44; t1Cq = 132.03; T1DQ = 158. 86;
T2Aq = 10.; T2Bg = 26.58; t2Cq = 42.878; T2DQ = 50. 984;

T3AQ = 10.; T3BQ = 51.43; T3CQ = 91.75 ; T3DQ = 111.75;

R T x]

kkkkkkkkkhkkhkkhkkkkk*x VALl DATl O\I m khkkkkkkkkkkhkkhkkkk k%

R XY

ERCA= ABS (( T1ABL-T1Aq)/ T1ABL);
ERCB= ABS (( T1AB2-T1Bq)/ T1AB2);
ERCC= ABS (( T1AB4- T1Cq)/ T1AB4);
ERCD= ABS (( T1AB5-T1Dy)/ TLABS);
ERFA= ABS (( T2ABL-T2Aq)/ T2ABL);
ERFB= ABS (( T2AB2-T2Bq)/ T2AB2);
ERFC= ABS (( T2ABA-T2Cq)/ T2ABA);
ERFD= ABS (( T2AB5-T2Dq)/ T2AB5);
ERSA= ABS (( T3ABL-T3Aq)/ T3ABL);
ERSB= ABS (( T3AB2- T3Bq)/ T3AB2);
ERSC= ABS (( T3ABA4- T3Cq)/ T3ABA);
ERSD= ABS (( T3ABS5- T3Dg)/ T3ABS);

ERTOT = PROG ERCA ERCB ERCC ERCD ERFA ERFB ERFC
ERFD ERSA ERSB ERSC ERSD;
ermax = maxi ertot;
t enps;
Sl ( ERMAX <EG 0.05 );
ERRE 0;

386



o
14.2. TEST THER7OR (DESCRIPTION SHEET) 0%8

Test ther7or (Comments)

1. Orthotropic definition

MOD1 = MODEL QTOT THERMIQUE ORTHOTROPE COQ8 COQ6 ;
MAT1 = MATER MOD1 'DIRECTION’ A2 'PARALLELE’
K1’ 100. '’K2’ 1000. ’K3’ 100. EPAI0.5;

The thermal model (MOD1) is defined with the formulation nanTéHERRMIQUE ORTHOTROPE.
This model is described by the geometry QTOT, the condugtvd the model is defined with the oper-
ator MATER : K1, K2 and K3 are the thermal conductivities ahe thickness is equal to 0.5 ; the first
orthotropic direction is parallel to the vector defined by. A2

2. Model of convection

MOD2 = MODEL S_COT CONVECTION SUPERIEURE COQ8 COQ6 ;
MAT2 = MATER MOD2 'H’ 15. ;

The model MOD2 defines a convection formulation. The keywSWPERIEURE indicates that the
convection is located on the upper side of the shell.

3. Degrees of freedom
BB1 =BLOQUE L_INF 'TINF’;
BB2 =BLOQUE L_INF 'TSUP’;
BB3=BLOQUEL_INF'T’;

The shells have 3 degrees of freedom : the inside temper@ture upper temperature TSUP and the
lower temperature TINF.
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14.3 Test ther-perm (Description sheet)

Test name:ther-perm

Calculation type: THERMAL STEADY STATE, 3D NON LINEAR

Finite element type: QUA4

Topic: Use of the procedure THERMIC in a non linear steady state. mdiess shell is submitted to a
volumetric source of heat and to an imposed temperature ersioie. The conductivity is a linear function of
the temperature.

Goal: Find the field of temperatures in the shell and compare it thighanalytical solution.

Reference:

e Klaus-Jurgen Bathe & Mohammad R. Khoshgoftaar, Finite el@niormulation and solution of non-
linear heat transfer, Nuclear Engineering and Design, (1979), pp. 389-401

e J. Joly, Cas tests non linéaires de validation pour DELFIN&e technique EMT.SMTS.TTMF 84/29

e V. Arpaci, Conduction Heat Transfer, Adison-Wesley, 1966, 130-132

Version: 97’ customer version

Model description:
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14.3. TEST THER-PERM (DESCRIPTION SHEET)

L =b5e—3m
t =L/10
L Tii2 =100°C
P To =100C
Q 2 lr Q = 10'wW/m?
P \ K(T) —005+T —3
To
K(T)

Test ther-perm (Results)
CASTEM figures
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14.3. TEST THER-PERM (DESCRIPTION SHEET)

Test ther-perm (Listing CASTEM)

Khkkkhkkkhhkkhkkhhkkhkhhhhkhkkhkkkhkkhhkkh k%

*** ptions ...
opti dinme 2 elemseg2 echo 1 ;

Paraneters ...
L=5#e3;
ep=L/ 10 ;
KO = 2. ;

beta = 0.025 ;
TO = 100. ;

g = 10000000. ;

Points ...
dens ep ;
pl =00 ;
p2 =0 ep ;
vechoriz =L 0 ;
Lines ...
lil=pld1p2;

Surface ...

opti elemqua4 ;

sul = lil tran vechoriz dini (L/100.) dfin (L/10.) ;
li2 = cote 3 sul ;

i3 = cote 2 sul ;

titr "Mesh of the shell’ ;

trac sul ;

Model s ...

mocnd = nodel sul thermque ;

dtl = -100. ;

T1 =T0 + dtl ;

Kl = KO * (beta*dtl + 1) ;

dt2 = 1000. ;

T2 =T0 + dt2 ;

K2 = KO * (beta*dt2 + 1) ;

titr "K(T)" ;

evk = evol manu 'T (prog T1 T2) 'K (prog K1 K2) ;
dess evk ;

macnd = mate nocnd 'K evk ;
| mposed tenperature ...

blt =blog TI1i2;

til = depi blt TO ;

Vol unetric source ...
fl'l = sour mocnd sul q ;

Input of table for THERMC ...

tabth = table THERM QUE ;
tabth . "BLOCAGE = blt ;
tabth . "IMPOSE =til;
tabth . ' FLUX =fl1l;
tabth . " INSTANT(0)' = manu chpo sul 1 T TO
nature diffus ;
tabth . 'TABCOND = table ;
tabth . ' TABCOND mocnd = evk ;
tabth . "NIVEAU =1 ;
*** Conputation ...

therm c tabth NONLI NEAIRE ;

Post-treatnent ...

tresu = tabth . TEMPERATURE ;

titr 'Profile of absolute tenperature’ ;
evt = evol chpo tresu T 1i3;

dess evt ;

titr 'Profile of relative tenperature
(anal ytic solution)’ ;

chx = coor 11i3;

evx = evol chpo chx SCAL i3 ;

lrx = extr evx ABSC ;

Irl = prog (dime Irx) * 1. ;

evl = evol manu Irx Irl ;

totol = evl - ((evx / L)*(evx / L)) ;
toto2 = (totol * (L*L*q*beta/K0)) + evl ;
kkabsc = extr toto2 ABSC ;

kkordo = extr toto2 ORDO ;

toto3 = evol manu kkabsc (kkordo ** 0.5) ;

toto4 = toto3 - evl ;

toto5 = (toto4 * (2*KO/(beta*g*L*L))) coul VERT ;
dess toto5 mm ;

titr 'Profile of relative tenperature
(Finite Element solution)’ ;

evtrel = ((evt - (TO * evl)) * (2*KO/(g*L*L)))
coul ROUG ;

dess evtrel nmim ;

Test ...

ladiff = abs (extr (evtrel - toto5) ORDO ;

valtst = maxi ladiff ;

si(valtst > 1.e-5) ;

erre 5 ;

finsi ;

Bye ...

fin;
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Test ther-perm (Comments)

1. Material characteristics

evk = evol manu 'T’ (prog T1 T2) 'K’ (prog K1 K2) ;
dess evk ;
macnd = mate mocnd 'K’ evk ;

The conductivity is a function of the temperature and is defim the evolution (evk). The declaration
of the conductivity is done with the operator mate and theeglare given in the shape of the evolution
object (evk).

. Procedure THERMIC

tabth = table THERMIQUE ;

tabth . 'BLOCAGE’ = blt ;

tabth . IMPOSE’ =il ;

tabth . 'FLUX' =fl1;

tabth . INSTANT(0)' = manu chpo sul 1 T TO nature diffus ;
tabth . " TABCOND' = table ;

tabth . 'TABCOND’. mocnd = evk ;

tabth . 'NIVEAU =1 ;

thermic tabth NONLINEAIRE ;

The procedure THERMIC enables to deal with non linear peenainonditions. It requires some input
data which are given in a table of subtype THERMIQUE. Theltesaf the procedure is a field of tem-
perature which is contained in the same table.

The table tabth has different indexes :

- 'BLOCAGE’ : contains the restraint matrix (RIGIDITE type)

-'IMPOSE’ : contains the imposed values (CHPOINT type)

- 'FLUX’ : contains the equivalent flow (CHPOINT type)

-'INSTANT(0)' : contains the initial temperature field (CKIENT type)

- 'TABCOND' : contains the tables of conductivities indexbg the model object of the different sub-
spaces (here tabth . ' TABCOND’ . mocnd contains the evatutibthe conductivity evk)

- 'NIVEAU' : indicates the level of message.

. Post-treatment

tresu = tabth . TEMPERATURE ;

titr 'Profile of absolute temperature’ ;
evt = evol chpo tresu T Ii3;

dess evt ;

The field of temperature generated by the THERMIC procedaiseritten in tabth . TEMPERATURE
(or tresu). It is an object of type CHPOINT. Here the objedtantains the evolution of the component
T of the CHPOINT tresu along the line 1i3.
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_ CHAPTER 15. THERMO-MECHANICS

15.1 Testthmel (Description sheet)

Test name:thmel
Calculation type: LINEAR THERMAL ANALYSIS AND MECHANIC
Finite element type: QUAS

Topic: Thermal diffusion in a bar. The structure is an embedded biajested to a thermal diffusion. We
study its expansion.

Goal: Use of the PASAPAS procedure
Reference:Analytical solution.
Version: 97’ customer version

Model description:

Caracteristic of the bar:

Length of the bar I = 01
Isotropic conductivity K = 146
Specific heat C = 460
Specific mass RHO = 7800
Thermal expansion coefficient ALPHA = 1.107°
Young'’s Modulus YOUNG = 2. 10%
Poisson’s Coefficient NU = 0.00001

Initial temperature : 20°C

x0=0m x0=0.1m
TO=20°C TO =500 °C
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15.1. TEST THME1 (DESCRIPTION SHEET)

Test thmel (Results)

CASTEM FIGURES

THERMO-MECHANIC CALCULATION

X1E2 TEMPERATURE

EVOLUTION OF THE TEMPERATURE AT THE POINT 8.00000E-02 M

XLES DISPLACEMENT

XLE2
EVOLUTION OF THE DISPLACEMENTAT THE POINT 8,00000E-02 M
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Test thmel (Listing CASTEM)

TI TR ' THERMO- MECHANI C CALCULATION I TE = &BQU ;
khkkkhkhkkhkhhkhkhhhhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhkkkk TE = TA TE’\PSITE .
COWPLET = FAUX ; COW * FULL CALCULATION IF VRAI ; DEP = TA. DEPLACEMENTS. | TE ;
CPTI ECHO O ; TEM = TA TEMPERATURES. | TE ;
OPTI DI ME 2 ELEM QUA8 MODE PLAN DEFO ; TEP1 = EXTR TEM T PP8 ;
R GEOVETRY ---------mmmmemmm - - * DEP1 = EXTR DEP UX PP8 ;
DENS 1 ; TPR1 = TPRL ET (PROG TEP1) ;
PA = 0. 0. ; PB=0.1 0. ; PC=0.1 0.01 ; TPR2 = TPR2 ET (PROG DEP1) ;
PD = 0. 0.01; PP8 =0.08 0. ; TPR3 = TPR3 ET (PROG TE) ;
D1 = DRO 10 PAPB; D2 =DRO 1 PBPC; Sl COWPLET ;
D3 =DRO 10 PCPD; D4 =DRO 1 PDPA; COL = ERF((O. X)/(2* ((A* TE)**0.5))) ;
L1 = D1 ET D2 ET D3 ET D4 ; C®2 = ERF(0.1 (*((A*TE)*OS))),
SUL = SURF L1 PLANE ; SOL_TE = 500. - ((500. - 20.)*COL/C®R ) ;
TRAC SU1 ; SI NON ;
PP8 = SUL PO NT PRCC PP8 ; SOL_TE = EXTR SOLTEENR | TE ;
LT DESCRI PTI ON OF THE MODEL OF MATERIAL ----- * FINSI ;
MODL = MODE SUl THERM QUE | SOTROPE CONS UN ; TEP_TH = TEP_TH ET (PROG SOL_TE) ;
MOD2 = MODE SUL MECANI QUE ELASTI QUE | SOTROPE S| COVPLET ;
CONS DEUX ; M = PROG ; M1 = PROG;

MOD = MODL ET MOD2 REPETER BOU2 21 ;
MAT1 = MATE MOD1 K 14.6 ' C 460. RHO 7800. ; ITE2 = &BOR2 - 1 ;
MAT2 = MATE MOD2 ALPHA 1E-5 YOUN 2E+11 NU 0.00001 ; TEL = X * ITE2 /| 20 ;
MAT = MAT1 ET MAT2 ; M =M ET (PROG TEL) ;
LR T BOUNDARY CONDI TIONS --------nnmn-- * Y1 = ERF((0.1-TE1)/ (2. *((A*TE)**0.5))) ;
* MECHANI C LOCKI NG M1 =M1 ET (PROG Y1) ;
CL1 = BLOQ Uy SUL ; CL2 = BLOQ UX D4 ; FIN BOU ;
CL_ME = CL1 ET CL2 ; EV5:EVO_NANUXXMYM1;
* THERM C LOCKI NG RES = EXTR (SOW EV5) 1 ;
CL3 =BLOQT D2 ; CL4 =BLOQT D4 ; SOL_DE = 1E-5*(500. - 20. )/ CO2*( ( X*C2) - RES) ;
CL_TH = CL3 ET CL4 ; SI NON ;
* | MPOSED TEMPERATURES SOL_DE = EXTR SOLDEENR | TE ;
TEML = DEPI CL3 500. ; TEMR = DEPI CL4 20. ; FINSI ;
EVl = EVOL MANU X (PROG 0. 200.) Y (PROG 1. 1.) ; DEP_TH = DEP_TH ET (PROG SOL_DF) ;
CHA = CHAR TIMP (TEML + TEMR) EVI ; SI ((FLOT ITE) > ((FLOT IDIM/2) ) ;
SRR T T T INITIAL TEMPERATURE ------------- * ERl = ERL+(ABS((SOL_TE-TEP1)/SOL_TE)*100.) ;
TEMD = MANU CHPO SUL 1 T 20.; ER2 = ER2+( ABS( ( SOL_DE- DEP1)/SOL_DE) *100.) ;
* CREATI ON OF THE TABLE FOR THE PASAPAS PROCEDURE* NB=NB+1:
TA = TABLE ; FINSI ;
TA. MODELE = MDD ; FIN BQU ;
TA. CARACTERI STI QUES = MAT ;
TA. BLOCAGES_MECANI QUES = CL_ME ; ERL = ERI/NB ; ER2 = ER2/NB ;
TA. BLOCAGES_THERM QUES = CL_TH ; MESS ' ERROR ON THE TEMPERATURE :'ERL' % ;
TA. TEMPERATURES = TABLE ; MESS ' ERROR ON THE DI SPLACEMENT :'ER2' % ;
TA. TEMPERATURES . 0 = TEM ;
TA. CHARGEMENT = CHA ; LVAR = TEXT ' EVOLUTI ON OF THE TEMPERATURE
TA. PROCEDURE_THERM QUE = LI NEAI RE ; AT THE PONT' X' M ;
TA. TEMPS_CALCULES = PROG 0. PAS 10. 150. ; TI TRE LVAR ;
PASAPAS TA ; EV_TE = EVOL MANU TI ME TPR3 TEMPERATURE TPRL ;
R RESULTS -------------------- * EV_TET = EVOL MANU TI ME TPR3 TEMPERATURE TEP_TH ;
A= (14.6 / 7800.)/460. ; DESS (EV_TE ET EV_TET) ;
X =10.08; LVAR = TEXT ' EVOLUTI ON OF THE DI SPLACEMENT AT
ERL = 0. ; ER2 = 0. ; THE PONT' X' M ;
NB =0 ; TITRE LVAR ;
TPRL = PROG ; TPR2 = PROG ; TPR3 = PROG ; EV_DE = EVOL MANU TI ME TPR3 DI SPLACEMENT TPR2 ;
TEP_TH = PROG ; EV_DET = EVOL MANU TI ME TPR3 DI SPLACEMENT DEP_TH ;
DEP_TH = PROG ; DESS (EV_DE ET EV_DET) ;
IDM= (DIME (TA TEMWPS)) - 1 ; Sl ( ERL>2 ) ;
SOLTEENR = PROG MESS ' | NCORRECT RESULT' ;

32.779 76.142 116.26 148.47 174.30 ERREUR 5 ;

195.40 212.98 227.88 240.70 251.85 FINSI ;

261.65 270.33 278.08 285.03 291.30 ; SI ( ER2 >5. ) ;
SOLDEENR = PROG MESS ' | NCORRECT RESULT' ;

4,.51064E-07 3.18778E-06 7.26909E-06 ERREUR 5 ;

1. 18402E-05 1.65525E-05 2.12583E-05 FINSI ;

2.58885E-05 3.04069E-05 3.47909E-05 FIN ;

3.90251E-05 4.30987E-05 4.70048E-05

5.07398E-05 5.43030E-05 5.76962E-05
REPETER BOU IDIM ;
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Test thmel (Comments)

e The THERMIQUE model

MCD1
MAT1

MCDE SUL THERM QUE | SOTROPE CONS UN ;
MATE MD1 K 14.6 ' C 460. RHO 7800. ;

The thermic formulation works in three cases: 'ISOTROPBIRTHOTROPE’ and 'ANISOTROPE'.
Here we study only an isotropic material.

Parameter names for a THERMIQUE ISOTROPE formulation

'K’ isotropic conductivity
'RHO’ specific mass

'C specific heat

'H’ exchange coefficient

Parameter names for a THERMIQUE ORTHOTROPE formulation
- Shells (COQ2, COQ3, COQ4, COQ6, COQ8)

'K1''K2' K3’ thermal conductivities
'RHO’ density

'C’ specific heat

'H’ exchange coefficient
- Three-dimensional solid elements
'K1''K2' K3’ thermal conductivities
'RHO’ density

'C’ specific heat

'H’ exchange coefficient
- Two-dimensional solid elements
two-dimensional and Fourier’s series
axisymmetrical

'K1'K2’ 'K1''K2' K3
'RHO’H',C’ 'RHO’H','C’

Parameter names for a THERMIQUE ANISOTROPE formulation
- Three-dimensional solid elements
'K11''K21' K22’ terms independent of the

'K31'K32''K33’ anisotropic conductivities matrix
'RHO’ density

'H’ exchange coefficient

'C specific heat

- Two-dimensional solid elements
two-dimensional and Fourier’s series

axisymmetrical

'K11''K21' K22 'K11''K21' K22
‘K33

'RHO'H','C’ 'RHOH','C’

Note: The geometrical properties must be input simultaslyowith the material properties
when carrying out a thermal analysis shells or a mechanigyais thick orthotropic shells.
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15.2 Test thpll (Description sheet)

Test name:thpll

Calculation type: KINEMATIC ELASTOPLASTIC MATERIAL

Finite element type: QUA4

Topic: A cylindrical bar subjected to a field of temperature. Theicture is a 100-mm long and 20-mm
diameter cylindrical bar. It is axially embedded at the tips tand subjected to a constant field of temperature
(500°C). We solve the problem in axisymetrical mode. We use the A4S non-linear procedure because of
the plastic material.

Goal: Calculate the axial stress and the axial plastic deformatio

Reference:Test de la Commission V.P.C.S. Groupe Thermo-plastici&taique non-lineaire
Test numero SSNA01/90

\Version: 97’ customer version

Model description:

Young’s modulus E = 200 16
Poisson’s coefficient NU =03
Elastic limit SYGY = 300
Stress hardening modulus H = 2000

Thermal expansion coefficient ALPHA= 1.2 10°°

A UZ

Axial locking
N Vany

o

Field of temperature:
500°C (constant)

S E— ;U R

< — >
SCAxiaI locking

Heigth: 100 mm
Diameter: 20 mm
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Test thpll (Results)

CASTEM FIGURES

SUR PBC

THPLL : MESH

AVPLI TUDE

0. 00E+00
10

THPL1 : DEFCRVED SHAPE
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Test thpll (Listing CASTEM)

R ]

TITR " A CYLINDRI C BAR SUBJECTED TO A FIELD COF

TEMPERATURE'
khkkkhkhkkhkhhkhhkhhhhhhhkhhhhhhhhhhhhhhhhhhhhhhhhhhhkkkk
OPTI ECHO 0;

OPTI DIME 2 MODE AXI' S ELEM QUA4;

TENPS;

*

R GEOVETRY ------mmmmmmmmameem s
* Dimensions inmllinmeters.

RA=0.0; ZA=0. ;. PA=PRAZA;

RB =10. ; ZB = 0. . PB=RBZB;
RC=10. ; zZC=100.0; PC=RCZC;
RD=0.0; ZzZD=100.0; PD=RDZD;

DAB =DRO 1 PAPB; DBC=DRO 10 PB PC;
DCD = DRO 1 PCPD; DDA = DRO 10 PD PA ;
SUR = DALL DAB DBC DCD DDA PLAN ;

ELIM SUR 0. 001 ;

TITR *THPLL : MESH ;

TRAC QUAL SUR ;

ELSUR = NBEL SUR ;

NOSUR = NBNO SUR ;

*

AR DESCRI PTI ON OF THE MODEL OF MATERIAL -----

MOD = MODE SUR MECANI QUE ELASTI QUE PLASTI QUE
Cl NEMATI QUE QUA4 ;

MAT = MATE MOD YOUN 200E3 NU 0.3 SIGY 300 H 2000
ALPH 1.2E-5 ;

*

L BOUNDARY CONDI TI ONS - - - - -« - <<= -

CL1 = BLOQUE UZ DAB ; CL2 = BLOQUE UZ DCD ;
CL = CLl ET CL2 ;

Foeeons DEFI NI TION OF FIELDS WHICH ARE ----------
LEETEEE RELATI VE TO THEPASAPAS PROCEDURE --------
* List of pseudo-tinme where results are expected

T0 =0 ; T1=1.;
LI STE = PROG TO T1 ;

* Field-point of tenperature at time T0 and T1
TEMP = TABLE; TEMPER = TABLE ;

TEMP . 0 = TO; TEMP . 1 =T1 ;

TEMPER . 0 = MANU CHPOSUR 1 T 0. ;

TEMPER . 1 = MANU CHPO SUR 1 T 500. ;

CHA2 = CHAR T TEMP TEMPER ;

* Mechani ¢ | oad: any |oad

LFORCE = PROG 0. 0. ;

FOR = FORCE FR 1000. PC ;

EVOL1 = EVOL MANU TEMPS LI STE FORCE LFORCE ;
CHA1 = CHAR MECA FOR EVOLL ;

* Initialization of the table TABIL:

* paraneters for the PASAPAS procedure
TAB1 = TABLE ;

TABL.' CHARGEMENT' = (CHAL ET CHA2) ;
TABL. ' MODELE = MDD ;

TABL. ' CARACTERI STI QUES' = MAT ;

TABL. ' BLOCAGES_MECANI QUES' = CL ;
TABL.' TEMPS_CALCULES' = LISTE ;

TABL. ' TEMPS_SAUVES' = LI STE ;

PASAPAS TABL ;

LT EE TR RESULTS -------mmmmmmmeaaeo -
* Stresses
nn=1;

CHEL1 = TAB1. ' CONTRAINTES' . nn;

CHAMR
CHPOL

CHAN NCEUD MOD CHEL1 ;
CHAN CHPO MOD CHAMR ;

* Extraction of the SMZZ stress
SMZZ1 = EXTR CHPOL SMZZ PA ;
SMZz2 = -309.0 ;

* Plastic strains

CHEL10 = TABL. ' DEFORVATI ONS_I NELASTI QUES' .nn ;

* Interpolation to the nodes of the mesh
* Utilization of the new chanel ens.
CHAM20 = CHAN NOEUD MOD CHEL10 ;

CHPOLO = CHAN CHPO MOD CHAMRO ;

* Extraction of the EPZZ plastic strain
EPZZ1 = EXTR CHPOL0 EPZZ PA;
EPZZ2 = -.4455E-2 ;

i RESULTS PLACARDI NG - == ---==------

MESS ' RESULTS ';

MESS ' 1) Stresses ' ;

MESS ' Theoretical stress snez : ' SMZZ2 ' Mpa’
MESS ' Cal cul ated stress snzz ' SMZZ1 ' Mpa'
ERGL = ( ABS ((SMmzz2 - Swgz1i) /| Smzz2 )) * 100.
MESS '’ e.g. error of ;" ERGL'% ;
MESS ' 2) Plastic strains '

MESS ' Theoretical plastic straine : ' EPZZ2 ;
MESS ' Calculated plastic strain : ' EPZZ1 ;
ER® = ( ABS ((EPZZ2 - EPZZ1) | EPZZ2 )) * 100.
MESS '’ e.g. error of ;" ER® '% ;
MESS ' Mesh ’;

MESS ' Nunber of nodes © " NOSUR ;
MESS ' Nunber of elenents (qua4) : ' ELSUR;
DEP1 = TABl. ' DEPLACEMENTS . nn ;

DEFO = DEFO SUR DEPL 0. ;
DEF1 = DEFO SUR DEP1 10. ROUG ;
TITR ' THPL1 : DEFORVED SHAPE' ;
TRAC (DEFO ET DEF1) ;

*

L GOOD WORKI NG VESSAGE - - - - - - - ---- -~

* Maxi numof the relative errors
ERGWAX = MAXI (PROG ERGL ER®) ;

S| (ERGMAX <EG 5.) ; ERRE O ;
SINON ; ERRE 5
FINSI ;

TEMWPS ;

FIN ;
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Test thpll (Comments)

e The plastic model with CINEMATIQUE LINEAIRE stress hardegi

MOD = MODE SUR MECANI QUE ELASTI QUE PLASTI QUE
CI NEMATI QUE QUAG
MAT = MATE MOD YOUN 200E3 NU 0.3 SIGY 300 H 2000

ALPH 1. 2E-5 ;

This non-linear behavior works with the Von Mises model witltear kinematic stress hardening. The
parameters to be input are the elastic limit (SIGY) and thessthardening modulus (H).
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MAGNETO-STATIC
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CHAPTER 16. MAGNETO-STATIC

16.1 Test Ac2d93 (Description sheet)

Test name:Ac2d93

Calculation type: 2D AXISYMMETRIC VECTOR POTENTIAL, Computation of magnetfield with
non linear material

Finite element type: TRI6 QUA8

Topic: A circular coil of rectangular cross section is embeded ifiram box.
Goal: Calculate vector potential and field in the cavity.
Reference:Analytical solution.

Version: 97’ customer version

Model description: Soft iron curve for B(H).

z
Soft Iron

Coil
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Test Acd2d93 (Results)

CASTEM FIGURES

zzzzz

BY COVPONENT  BEFCRE AND AFTER SNOTH NG
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Test Ac2d93 (Listing CASTEM)

R R R ]

2D  AXI SYMVETRI C MAGNETI C FI ELD COVPUTATI ON
Formul ation : VECTOR POTENTI AL

NON LI NEAR MATERI AL

E R S

L

OPTION DIME 2 ELEM TRI6 COUL VERT echo 1 ;
GRAPH =' O ;

20. ; R2= 25. ; R3= 27. ; R4=29. ; R5=39.;
130.;2z1= 2.5; Z2= 5. ; Z3= 20. ; Z4= 130.;

Z731=30.;232=50.; DI1= 1.; DI 2=5.; Dl 3=60. ;

Dl 4= 10.; NET2= 6;

DENS DI'1 ;
Qz3= 0. Z3; z2= 0. Z2;Z1= 0. Z1; (z4=0. 74,
0= 0. 0.;R0Z0=DI1 0 ;

R1z0= Rl 0. ;R2Z20= R2 0. ;R3Z0 = R3 0. ;
R4Z0 = R4 0.;
R0Z2= DI'1 Z2 ; R4Z2 = R4 72

DENS DI 2 ;

R5Z0= R5 0. ;R5Z3= R5 Z3 ;R0Z3 =DI2 Z3 ;Z3 = 0. Z3 ;
DENS DI 3 ;

R6Z0=R6 0.; R6Z4=R6 Z4 ;

DENS 10 ;

R2Z3= R2 Z3 ; R1Z3= Rl Z3; R4Z1 = R4 71,
R3z1= R3 Z1 ;
DENSI TE DI 4 ;
R0Z4 = D4 24 ; Oz4 = 0. Z4 ;
NTRA= 1;
FLANL =( D OO R0ZO D R1Z0 ) TRANDINl DI1 DFIN DI 1
( OZ1 MUNSOQO) TRANDINI DI1 DFIN DI 1

( Qz2 MO'NS Qz1) COUL VERT ;
R R R COL SURFACE ------------
BOBI =( D R1Z0 RZ0 ) TRANDINI DI1 DFIN DI 1
( OZ1 MONS 0CO) COUL BLEU ;
FLAN2 =(I NVE( BOBI COTE 3)) TRANDINI DI1 DFIN DI 1

( Oz2 MONS Oz1) COUL VERT ;

FLAN3 =( D R2Z0 R3Z0 ) TRANDINI D1 DFIN DI 1

( OZ1 MJNS Q0)
TRAN DINIl DI1 DFIN DIl ( OZ2 MO NS OZ1) COUL VERT ;
FLANA =( D R3Z0 R4Z0 ) TRAN DINI DI'1 DFIN DI

( OZ1 MJINS Q0)
TRANDINI DI1 DFIN D1 ( Qz2 MONS Qz1) COUL VERT ;

FER = (D OZ2 R0Z2 D R4Z2 D 6 R4Z0 D R5Z0 D R5Z3 D R0Z3
DOZ3 DOz2)
SURF PLANE COUL ROUG ;
R R R EXTERNAL AIR BOX --------------
FLAN5 = (D R5Z0 R5Z3 D R6Z4 D R6Z0 D R5Z0)
SURF PLANE ;
*
FLAN6 =(D R0Z3 R5Z3 D R6Z4 D R0Z4 D R0Z3)
SURF PLANE
COUL VERT ;
TUB6 = (D Oz3 R0Z3 D R0Z4 D Oz4 D Qz3)
SURF PLANE COUL vert ;
Al REXT = (FLAN6 ET TUB6 ET FLAN5 ) coul blan ;
AIRIN = (FLANL ET FLAN2 ET FLAN3 ET BOBI ET FLAMA )
coul vert ;
TOUT = AIRIN ET AIREXT ET FER ; ELIM .2 TQUT ;
*

LT BOUNDARI ES - - === -==xmmmmammmmas

ENPP = CONTOUR TQUT ;

CEXTR=ENPP POINTS DROITE  (130. 0.) (130. 100.) .1 ;

CEXTH=ENPP POINTS DROTE  ( 0. 130.) (10. 130.) .1 ;

AXE=ENPP POINTS DROTE (0. 0. ) ( 0. 100. ) .1 ;

AX1 =(AIRIN ET FER) PONT DROTE ( 0. 0.) ( 0. 100.).1 ;
)

AX2 = DIFF ( CHAN PO1 AXE) (CHAN POI1 AX1

*

*

* FORMER DESCRIPTION IN M LLI METRES
L SHIFT FOR METERS - - =---==cxmmaee--
*

depl acer tout honro .001 (0. 0.) ;

Sl (NEG GRAPH N) ;
TITRE ' MESH 2D ' ;
TRAC tout ;

FINSI ;

TABCOUR= TABLE ;
DESCOUR TABCOUR 1 BOBI ' AMP' 800. E6 ;
TABB = TABLE ;
R R AXI SYMVETRIC PROBLEM --------------
TABB." AXI' = VRAI ;

NF = FER NBEL ;

FERL = FER ELEM ( LECT 1 PAS'1 30 ) ;

FER2 = FER ELEM ( LECT 31 PAS 1 NF ) ;
B G EE LR MATERI ALS - - - -mmmmmmm e o
KEVOL = HB MO
TABVAT = TABLE ;

OBFERL = FER1 MODE THERM QUE | SOTROPE ;
OBFER2 = FER2 MODE THERM QUE | SOTROPE ;

STN = TABLE ; STN.EV1 = KEVOL ;

TABMAT. OBFERL = STN ;

STN = TABLE ; STN.EV1 = KEVOL ;

TABVAT. OBFER2 = STN ;
TABB.' TABNUSEC = TABMAT ;
TABB." MUAAIR  =MJ0 ;
* LINEAR MATERI AL CAN BE TRAI TED AS A SUPER ELEMENT
* OR NOT

isuper=1 ;
"SI’ ("EGA" isuper 1) ;
TABB. ' Al RSUP" = Al REXT ;
TABB.' MAI TRES' = ( FER CONTOUR) COWPRI'S R5Z0 OZ3 ;
TABB. ' ENCS' = CEXTR ET CEXTH ET AX2 ;
TABB.' BLOQUE = BLOQUER 'T' AX1 ;
TABB."AIR = AIRIN ;
"SINON
TABB.' AIR = (AIRIN ET AIREXT) ;
TABB.' BLOQUE' = BLOQUER ' T' (CEXTR ET CEXTH ET AXE) ;
"FINSI"
TABB. ' COUR = TABCOUR ;
*
* POTENTI AL COVPUTATI ON OR FI RST STEP I F
* NON LI NEAR PROBLEM
POT_VECT TABB 'SOLIN ;
*

SOL1 = (TABB.’ POTENTIEL' ) ENLEVER LX ;
RAY = FLANL COTE 1 ;

RAY2 = D 10 (0. .0001) ( .020 .0001) ;
o SOVE POST TRAITMENT B COVPUTATI ON ----
BB = INDUICTIO AIRIN SOL1 VRAl ;

PREF = AIRIN POINT PROCHE ( 0. 0. ) ;

BYO = EXTR BB 'BY' PREF ;

BY10 = EXTR BB 'BY' ( AIRIN PO NT PROCHE ( .010 0.)) ;
TITRE * COVPOSANTE BY AVANT ET APRES LISSAGE ' ;
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16.1. TEST AC2D93 (DESCRIPTION SHEET)

EVB1 = EVOL ROUG CHPO BB "BY  RAY
T polynomial smothing if wanted
CHLIS = PRO PCLY TOUT RAY2 SOL1 1 AXIS ;

BBY = (EXCO CHLIS 'BY' ) NOMC 'BY' ;

BYO1 = EXTR BBY 'BY' (RAY2 PONT INITIAL) ;
BAT1 = 800.e6 * 5.e-3 * 5.e-3 * MO /10.e-3 ;

option echo 0 ;

VESS %% %k ko sk ok kok ok sk k k ok ok ok Kk Kk kKK X Kk kR R Xk Rk Rk Kk kK kK Kk kT
’

MESS ' *
MESS ' *
MESS ' *
MESS ' *
MESS ' *
MESS ' *
MESS ' *
MESS ' *

CIRCULAR COL internal radius 20 mm’
total cross section 5*5 mm’
SYMMVETRY BY HORI ZONTAL PLANE

AWPERE nufer >> nuo all AMPERE* TURNS'

inthe GAP of 10 nm’ ;

J* EP ¥
WNTED: By =

HAUT = B/ MO * e
batl ' TESLAS

VESS 1 %%k ks ok ok ok ok k ok ok ok kK k kR ok Kk Kk kR Kk Rk kR kR kR ok kR kok kT
’

MESS ' NUMERI CAL DERI VATI ON BY AU CENTRE '
MESS * SMOTHED SCLUTI ON BY AU CENTRE '

VESS | %k ko kok ko ok Kk ko kK KRk kR Rk Rk kR Rk Rk Rk K kR kR kT
’

BYO

BYO1

T

RAP = ABS ((BYOl - batl) / batl );
Sl (RAP >.01) ; ERRELR5 ; FINS ;

R ]

S| (NEG GRAPH N) ;

TITRE ' POTENTI AL BEFORE AND AFTER SMOTHING ' ;
EVPOL = EVOL ROUG CHPO SOl 'T RAY
EVPQ2 = EVOL VERT CHPO CHLIS A RAY2

dess (evpol et evpo2) ;

TITRE ' BY COVPONENT BEFORE AND AFTER SMOTHING '
EVB1 EVOL ROUG CHPO BB "BY"  RAY

EVB2 EVOL VERT CHPO CHLIS 'BY RAY2 ;
dess (evbl et evh2) ;

FINSI

................. NON LI NEAR  COVPUTATI ON
* filling

TABB. SOUSTYPE=" THERM QUE' ;

TABB. CRI TERE =1.E-4 ;

TABB. N TER =1,
TABB.'OME' = .1 ;
R test shortened to 2 iterations

TABB. | TERVAX=2;
TABB. NI VEAU =1,
*

SOL2 = enlever (TABB.' POTENTIEL" ) LX ;

BB = INDUCTIO AIRIN SOL2 VRAl ;

BY02 = EXTR BB 'BY' PREF ;

CHLIS = PRO POLY TOUT RAY2 SOL2 1 AXIS ;
BBY = (EXCO CHLIS 'BY' ) NOMC 'BY ;

BYO3 = EXTR BBY 'BY' (RAY2 PO NT INITIAL) ;
BAT = 2.4106 ;

VESS | %%k kok ok ok ok ok ok ok ok Kk Rk kR Rk KRRk Rk Rk kR Xk Kk kKT
s

MESS * EXPECTED SCLUTIONS AT CENTER BY ' BAT
MESS ' NUMVERI CAL DERI VATI ON BY ' BY02
MESS ' SMOTHED SOLUTI ON BY ' BYO03
NESS’ IR RS SRR SRR R SRR SRR R SRR R R SR EREEREEEEEEEEE N
itest =1 ;
R Rt GO0D WORKI NG MESSAGE ----------=-----
SI (EGAITEST 1) ;

RAP = ABS ((BY03 - BAT ) / BAT);
S ( RAP >.01) ; ERREIR5 ; FINS ;
SINON ;

* COVPUTATI ON TI LL CONVERGENCE OR UP TO 100 MORE | TERATI ON

TABB. | TERVAX=100;
MAG NLIN TABB ;

SOL2 = enl ever (TABB.' POTENTIEL" ) LX ;

BB = INDUCTIO AIRIN SOL2 VRAl ;

BY02 = EXTR BB 'BY' PREF ;

CHLIS = PRO  POLY TOUT RAY2 SOL2 1 AXIS ;
BBY = (EXCO CHLIS "BY' ) NOMC 'BY ;

BYO3 = EXTR BBY 'BY' (RAY2 PONT INITIAL) ;
BAT = 2.3468 ;

VESS '’ *****************************************';
MESS * EXPECTED SCLUTI ON ON AXI S BY ' BAT
MESS *  NUMERI CAL DERI VATION BY AU CENTRE ' BY02
MESS ' SMOTHED SCLUTI ON BY AU CENTRE ' BY03
VESS '’ *****************************************';

*

R

RAP = ABS ((BY03 - BAT ) / BAT):
S (RAP >.01) ; ERREIR5 ; FINS ;

R R R TR

S (NEG GRAPH N) ;

TITRE * POTENTI AL~ BEFORE AND AFTER SMOTHI NG’
EVPOL = EVOL ROUG CHPO SOz 'T RAY
EVPQ2 = EVOL VERT CHPO CHLIS A RAY2

dess (evpol et evpo2) ;

TITRE * BY COMPONENT BEFORE AND AFTER SMOTHI NG ’
EVB1 = EVOL ROUG CHPO BB "BY  RAY
EVB2 = EVOL VERT CHPO CHLIS 'BY' RAY2 ;
dess (evbl et evb2) ;
FINSI ;

FINSI ;
FIN ;
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CHAPTER 16. MAGNETO-STATIC

16.2 Test Ac3d93 (Description sheet)

Test name: Ac3d93

Calculation type: 3D SCALAR POTENTIAL COMPUTATION OF MAGNETIC FIELD Non Linea
Material. 2 Scalar potentials method (see Trowbridge - $ink

Finite element type: CUB8 or CU20

Topic: A circular coil of rectangular cross section is embeded ifiram box.
Goal: Calculate scalar potential and field in the cavity.
Reference:Analytical solution.

Version: 97’ customer version

Model description: Soft iron curve for B(H).

z
Soft Iron

Coil
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CHAPTER 16. MAGNETO-STATIC

Test Ac3d93 (Listing CASTEM)

XY

*3D MAGNETI C FI ELD COVPUTATI ON 2 POTENTI ALS METHCD
*REDUCED POTENTI AL (VOLUVE CONTAI NI NG | NDUCTORS)
*TOTAL POTENTI AL (VOLUME WHI THOUT CURRENTS )

*
khkkkhkhkkhkhhkkhhkhkhkhhkkhkhhkkhhkhkhhkhkhhkhhhhkhhkhkhkrkhhkxhhx*x
option echo 1 ;
TYPEL = 2 ;
GRAPH = O ;
si ( ega typel 2) ;
OPTION DIME 2 ELEM QUA8 COUL VERT echo O ;
sinon ;
CPTION DIME 2 ELEM QUA4 COUL VERT echo O ;
finsi ;

Rl =20. ; R2= 25. ; R3= 27. ; R4= 29. ; R5=39.;
Z1= 2.5, Z2= 5. ; Z3= 20. ; Z4= 130.;Z731=30.;

Di1= 1.; DI 2=5.; DI 3=60. ;DI 4= 10.; NET2= 6;

DENS DI 1 ;

Qz3= 0. Z3; Qz2= 0. Z2;071= 0. Z1;,Qz4=0. Z4;
O0= 0. 0.;R0Z0=DI1 O ;

R1Z0= Rl 0. ;R2Z0= R2 0. ;R3Z20 = R3 0. ;
R4Z0 = R4 0.;

R0Z2= DI'1 72 ; R4Z2 = R4 72

DENS DI 2 ;

R5Z20= R5 0. ;R5Z3= R5 Z3 ;R0Z3 =DI2 Z3 ;
z3 = 0. Z3 ;
DENS DI 3 ;
R6Z0=R6 0.; R6Z4=R6 Z4 ;
DENS 10 ;
R2Z3= R2 Z3 ; R1Z3= Rl Z3; R4Z1 = R4 71,
R3Z1= R3 Z1 ;
DENSI TE DI 4 ;
R0Z4 = D4 Z4 ; Oz4 = 0. Z4 ;
NTRA= 1;
FLANL =( D OO R0Z0 D R1Z0 ) TRANDINI DI1 DFIN DI 1
( OZ1 MJINS Q0)
TRAN DINIl DI1 DFIN D1 ( OZ2 MO NS O7Z1)
COUL VERT ;
BOBI =( D R1Z0 RZ0 ) TRANDINI D1 DFIN DI 1
( OZ1 MONS OO ) COUL BLEU ;

FLAN2 =(INVE( BOBI COTE 3)) TRAN DINI DI1 DFIN DI 1
( Oz2 MO'NS Oz1) COUL VERT :

FLAN3 =( D R2ZO R3Z0 ) TRAN DINI DIl DFIN DI 1
( OZ1 MONS 00)
TRANDINI DI1 DFIN DI1 ( Q72 MOINS Cz1)
COUL VERT ;

FLANA =( D R3Z0 R4Z0 ) TRANDINI DI1 DFIN DI 1
( OZ1 MINS 00 )
TRAN DINI DIl DFINDI1 ( OZ2 MOINS QZ1)
COUL VERT

FER = (D OZ2 R0Z2 D R4Z2 D 6 R4Z0 D R5Z0 D R5Z3
D ROZ3 D (Z3
D2 )
SURF PLANE COUL ROUG ;

FLANS = ( D R5Z0 R5Z3 D R6Z4 D R6Z0 D R5Z0 )
SURF PLANE ;

*

FLAN6 =( D R0Z3 R5Z3 D R6Z4 D R0Z4 D R0Z3 )
SURF PLANE COUL VERT ;

TUB6 = (D OZ3 R0Z3 D R0Z4 D Oz4 D QZ3)
SURF PLANE COUL VERT ;

Al REXT =( FLAN6 ET TUB6 ET FLANS ) coul blan ;

*

*

AIR'N =(FLANL ET FLAN2 ET FLAN3 ET BOBI ET FLAN4)
COUL VERT

TFLAN = AIRIN ET FER ET AIREXT ;ELIM.1 TFLAN ;

PTAX = TFLAN PONT DROTE GO ( 0 1. ) .01 ;

TUL = TFLAN ELEM APPU LARG PTAX ;

TOUT = DIFF TFLAN TUL ;

Cl = (TOUT CONT ) COWPRI'S R0Z4 ROZO ;
C2 = Cl PROOETER (1 0 ) DROTE OO 0z4 ;
Qz4 = C2 PO NT PROCHE Oz4 ;
Q0 = C2 PO NT PROCHE QO ;
TUl = DALLERCL ( D1 R0Z0 0O) C2 (D (z4 ROZ4 )
PLAN ;

TUA = (COOR 2 TUL) POINT SUPER Z3 ;
TUA = (TUL ELEM APPU LARG TUA ) COUL BLAN ;
TUB = (COOR 2 TUL) POINT INFER Z2 ;
TUB= (TUL ELEM APPU LARG TUB ) COUL VERT ;
TUF = DIFF TUL ( TUA ET TUB ) COUL ROUG ;
AIRIN = (TOUT ELEM VERT ) ET TUB ;
FER = (TOUT ELEM ROUG ) ET TUF ;
Al REXT = ( TOUT ELEM BLAN) ET TUA ;

TRAC (AIRIN ET FER ET AIREXT ) FACE ;

------------------ SHFT TO 3D ---vvvvmmmnnnnnnnn-
OPTI ON ELEM CUBS ;

Sl ( EGA TYPEL 2)

OPTI ON DI ME 3 ELEM CU20 ;

FINS ;

ANG = 20. ;

DEFINITION OF THE 2 DOVAINS --------

REDUCED POTENTI AL VOLUME --------nnnnnnnn-
DPH = AIRINVOLU L ROTAANG (000 ) (01 0) ;

LT TOTAL  POTENTIAL VOLUME =-----ccmmmunn--
DPSI = (AIREXT ET FER) VOLU 1 ROTA ANG (0 0 0 )
(010);

ELIM.001 DPH ; DPHI REGE DPH ;
ELIM.001 DPSI ; DPSI REGE DPS| ;
ELIM.001 ( DPH ET DPSI) ;

------- SEPARATI ON SURFACE | DENTI FI CATI ON ===~~~ -~

---  BELONGS TO REDUCED POTENTIAL VOLUME --------

SEP_PH = INTE ( DPSI ENVEL ) ( DPH ENVEL ) ;

SPLI TTING OF THE 2 DOMAINS ---------

DPSI = DPSI PLUS ( 000 ) ;

SEP PSI = SEP_PH PLUS ( 0 0 0 ) ; ELIM.O01 DPSI
SEP_PSI ;

DFER = DPSI ELEM ROUG ;

VOL1 = DPH ET DPSI ;

DAIR = DPSI ELEM BLAN ;

AA = DPH PONT PLAN (000 ) ( 1000 ) (0 0 10)
. 00001 ;

( DPH ENVEL ) ELEM APPU STRIC AA ;

(AB ENVEL ) PONT DROTE (000) ( 10 0 0)
. 00001 ;

AA = ( (AB CONTOUR ) ELEM APPU STRIC AA );

depl acer vol 1l tourner 90 ( 000 ) ( 2100) ;

AB
AA

ORIG= SEP_PH PO NT PROCHE (29.
BANTI = SEP_PH PO NT PLAN (0. 0.
(0. 10. 0.) .1;
geomed = (dpsi et dphi ) point plan (0 00) ( 10 0)

(010) .1;

00 );
0.) (10. 0. 0.)

410
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MO =4 * Pl * 1.E4,;

RINT = 20. ; REXT =25. ; HAUT =5. ; J = 800. ;

Cl=0 0 0 ,; 2ZP1=20. 0. 0. ;ZP2 =0. 20. 0. ;

E =271* 4 ;

UINT=M ;

si (ega UNT M ;

deplacer voll homo .001 (0. 0. 0.) ;

MO =4 *P * 1ET7,;

RINT = RINT/1000; REXT = REXT/ 1000 ; HAUT = HAUT/ 1000 ;

ZP1 = ZP1/1000; ZP2 = ZP2 / 1000 ;J = J*1.E6 ;

E = E /1000 ;

finsi ;

option echo 1 ;

-- BIOT and SAVART COVPUTATION of Hs

-- ON REDUCED POTENTI AL DOVAI N

BS = BIOT SEP_PH CERC ClL ZP1 ZP2 RINT REXT HAUT
J MO ;

HS = BS/ MO ;

SI (NEG GRAPH'N) ;
CElIL = 1000 1000 500 ;
TITRE ' HS ON SEPARATI ON SURFACE ' ;
WW = VECTEUR BS 1.e-3 'BX 'BY' 'BZ ROUG;
TRAC CEIL SEP_PH WW ;
option donn 5 ;
FINSI ;
R FILLING OF A TABLE ----------------
*-in this computation there is only one isotropic
* material but it
* is shown how to coope with nulti-material
* (even orthotropic )

TABB= TABLE ;

*

FERL = DFER ELEM CU20 ;

FER2 = DFER ELEM PR15 ;

*

KEVOL1 = H B MJO :

KEVOL2 = H B M0 ;

OBFERL = FER1 MODE THERM QUE | SOTROPE ;
OBFER2 = FER2 MODE THERM QUE ORTHOTROPE
TABDEF = TABLE ;

R isotropic material -------------c---
STN = TABLE ;

STN.' EV1' = KEVOL1 ;

TABDEF. OBFERL = STN ;

R LR orthotropic material -------------c---
STN = TABLE ;

DI1=(010) ;D2=(101) ;
STN.’ EV1' = KEVOL1 ; STN. " DI R1’
STN." EV2' = KEVOL2 ; STN. " DI R2’
TABDEF. OBFER2 = STN ;

TABB. ' TABNUSEC = TABDEF;

TABB.' BI OT' =HS ;
*

"o
Q
-

TABB.' DPH ' = DPH ;
imet =0 ;
si (egainmet 1) ;
MOD1 = DPHI MODE THERM QUE | SOTRCPE ;
MAT1 = MATE MODL 'K MU ;
RI'GC1 = CONDUC MOD1 MATL ;
TABB.' RIGCON = RICCL ;
finsi ;

*

TABB.' SEPPHI' = SEP_PH ;
TABB.'ORIG = RIG |
TABB.' MJAIR = MUD;

TOTAL POTENTIAL AREA -----------

TABB.' DPSI’ = DPSI ;
TABB.’ AIRPS|" = DPSI ELEM BLAN ;

si (egainmet 1) ;
MOD2 = DAIR MODE THERM QUE | SOTROPE ;
MAT2 = MATE MOD2 'K MU ;
RI GC2 = CONDUC MOD2 MAT2 ;
TABB.' RIGCPSI" = RIGC2 ;

finsi ;

* TABB.' SEP_PSI' = SEP_PSI ;

------------------ GENERAL BOUBDARY CONDI TI ONS - - -- - -

TABB.’ BLOQUE' = BLOQUER ' T' GEOMED ;
*

------ BOUNDARY CONDI Tl ON LI NKED TO POTENTI AL JUMP - -

TABA = TABLE ;

STN = TABLE ; TABA. 1 = STN ;

STN.' LGEO = BANTI ;STN.” MIYP" = 'TBLOQ ;

TABB. ' POTSYM = TABA ;

TABB. | STEP = 1 ;

———————————————————— FI RST STEP POTENTI ALS COVPUTATI ON
"SCLIN ;

SOL1= TABB.' POTENTI EL’ ;

PREF= 0. 0. 0. ;

----------- FI ELD COMPUTATI ON (B) =-smemmmmnn-
OBJM= MODL DPHI THERM QUE | SOTROPE ;

BA= CHAN CHPO ( GRAD OBJM SOL1 ) OBIM

BA= BA * -1. * MO ;

BV EXTR BA'T,Z° QO ;

option echo 0 ;

SAUTER 5 LIGNES ;

VESS 7 % %k sk sk sk ko ook ok ok k ko kK ok kR kR K Kk kR R K kK kR R Kk kR kR kk ok ok kT
’

MESS * CIRCULAR CO L INTERNAL RADIUS'  RINT mm*
MESS ' *CROSS SECTION ' ( REXT - RINT) '*' HAUT 'm’;
MESS '’ * CURRENT DENSI TY ol A MR}

VESS 7 % % ok ok %ok ook ok ok %k ok ok K K kR R K K KRR R R K R kR R Rk R kR R R kR kR kT
s

BS = BIOT AA CERC C1 ZP1 ZP2 RINT REXT HAUT J MU ;
MESS " *INDUCTION  ON AXIS W THOUT | RON (BI OT SAVART )’ ;
BSO= EXTR BS 'BZ' QO ;

VESS 7 % % ok sk ok %ok ook ok ok %k ko ok K Kk kR KK KRR R R R KRR R Rk R kR R Rk Rk kKT

MESS '* AMPERE mufer >> muo ALL AVPERE*TURNS |N THE GAP
MESS * * GP =' E 'mm "
MESS * * J* EP* HAUT = Bl MWD * e "
NESS Thkkkkkhkkhkhkhkkhkhkkhkhkkhkhkkhkhkhkkhhkhkkhkhkkhkkhkkhkkkkkkkhkkk ko .
BTH= MO * J * (REXT - RINT) * HAUT /| E :
BCAL = BM + BSO :
NESS ’************************************************’;
MESS ' BIOT ET SAVART " BSO :
MESS' TOTAL B on AXIS ( z=0 )  EXPECTED " BTH
MESS COMPUTED " BCAL;
NESS Thkkkkkhkkhkhkhkhkkhkkhkhkkhkhkkkkhkkhkkhkkhkhkkhkkhkkhkkkkkhkkhkkk ko .
Sl (NEG GRAPH 'N ) ;
TABLEG= TABLE ; TATT = TABLE ;

TABLEG 1 = 'MARQ CRO’ ; TATT.1= 'B_COL" ;
TABLEG 2 = "MARQ PLUS ; TATT.2= ’'B_IRON ;
TABLEG 3 = ' MARQ CARR ; TATT.3= 'B TOTAL ' ;

TABLEG TI TRE = TATT ;
BRBIO = ( EXCOBS 'BZ') NOMC'SCAL ;
BVRAY = EXCO (REDU BA AA) 'T,Z';
EVBI = EVOL ROUG CHPO BRBIO ’SCAL' AA ;
EVBM = EVOL VERT CHPO BVRAY 'SCAL' AA ;
EVBT = EVOL TURQ CHPO (BRBIO + BVRAY ) ' SCAL' AA ;
TITRE * BZ(R) for =0 ' ;
DESS (EVBI ET EVBM ET EVBT ) LEGE TABLEG TITY TESLAS ;
FINSI
RAP = ABS ((BCAL - BTH) / BTH);
S (RAP >.01) ; ERRELR5 ; FINS ;
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TABB. SOUSTYPE = THERM QUE ;

TABB. CRI TERE =1.E-4 ;

TABB.NITER  =1;

TABB." OVE' = .99 ;

L 2 it\’erations only for the test --------------
TABB. | TERVAX=2;

TABB. NI VEAU =1,

SOL2 = TABB. ' POTENTI EL’ ;
BA= CHAN CHPO ( GRAD OBJM SOL2 ) CBIM
BA= BA* -1. * MO ;
BME EXTRBA 'T,Z QO ;

ITEST = 1 ;

S ( EGAITEST 1) ;

NESS R R S R R R R R R R RS R R RS R RS SRR SRR EEEREEEEEEEEEEEEEEEEES RN
MESS VERI FI CATI ON AU CENTRE ¥
MESS ° CONTRIBUTION FER ATTENDUE 1.9496 CALCULEE ° BM

L T R
s

BAT = 1.9496 ;
]
RAP = ABS ((BM- BAT ) / BAT );
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