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What is APDL?

- APDL stands for ANSYS Parametric Design Language: powerful
tool toenhance Ansys capabilities

- A script language for Engineers not for Developers- APDL
encompasses a wide range of other features such as repeating a

command, macros, if-then-else branching, do-loops, and scalar,
vector andmatrix operations

- All interactive ANSYS CivilFEM commands can be translated to
APDLcommands to create a log file with commands to model, load,
solve andcheck the structure

- Scripting language to automate common tasks

- Foundation for sophisticated features such as design
optimization andadaptive meshing
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Examp le to test APDL featu res

- Prestressed beam: parametric analysis

- 3D Frame, parametric analysis

- Mixed Bridge: customized checking

- Reinforced concreet tunnel: APDL to simulate excavation
steps

- Bridge cross section: APDL to input reinforcement and cracking
parameters

- Automatic output sequence

- Adaptive meshing

- Design Optimization
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Layout Design o f prestressed tendons

Disregarding short term and long term losses, it is requested we
want to Studythe hyperstatic bending moment at the middle support
for e1 = 0.40 h ande1/e2 between 0.70 and 1.00.
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Layout Design o f prestressed tendons

Several static analysis will be performed using a series of
different definition ofthe e2 (e1/0.7, e2/0.75, ecc) parameters for
the model.

For each analysis hyperstatic bending moment at the
middlesupport will be evaluated

NOTE: One of the chosen values, e2/e1 = 5/6,is the value for
which hyperstatic moment is zero


	
8/10/2019 APDL Parametric Design Language - ANsys.pdf

7/95

ANSYS/CivilFEM

7

Training Manual

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

Layout Design o f prestressed tendons

FINISH~CFACTIV,PRSC,Y~CODESEL,,EHE,EHE~UNITS,,LENG,M

~UNITS,,TIME,S~UNITS,,FORC,KN

/PREP7

! ParametersL = 10 ! Beam length (m)b = 0.4 ! Section width (m)h
= 1.0 ! Section height (m)e1 = 0.4*h ! Tendon position (m)

e2 = e1/0.7 ! Tendon position (m)Q = 0 ! External load (kN)P =
2000 ! Prestressing load (kN)
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Layout Design o f prestressed tendons

! Material
definition~CFMP,1,LIB,CONCRETE,EHE,HA-35~CFMP,1,Concr,TPEX,,2

~CFMP,2,LIB,PREST,EHE,Y1860S7~CFMP,2,Prest,A
,,0.0~CFMP,2,Prest,MU ,,0.0~CFMP,2,Prest,K ,,0.0

ANSYS/Ci ilFEM
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Layout Design o f prestressed tendons

The slopes of the tendon must be continuous -> to define the
layout of theexample, it is necessary to smooth the angles of the
tendon. The cuts and thepoints of the vertices must be duplicated.
This way it is possible to introduce asmall curve in where a jump
in the slope would have to take place.

ANSYS/Ci ilFEM
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Layout Design o f prestressed tendons

~SBBMDEF

! elev plane Tendon Geometry

~PCEPDEF,1,1,0~PCEPDEF,2,11,-e1

~PCEPDEF,3,12,-e1

~PCEPDEF,4,21,e2

~PCEPDEF,5,22,e2~PCEPDEF,6,41,-e1

~PCEPDEF,7,42,-e1

~PCEPDEF,8,61,0

! horiz plane Tendon Geometry~PCPPDEF,1,1,0,0

~PCPPDEF,2,61,0,0

ANSYS/Ci ilFEM
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Layout Design o f prestressed tendons

!tendon def

~PCTNDEF,1,2,10e-4,0.001,P,P

!tendons layout

~PCTNMDF,1,EADD,1

~PCTNMDF,1,EADD,2

~PCTNMDF,1,EADD,3~PCTNMDF,1,EADD,4

~PCTNMDF,1,EADD,5

~PCTNMDF,1,EADD,6

~PCTNMDF,1,EADD,7

~PCTNMDF,1,EADD,8~PCTNMDF,1,PADD,1

~PCTNMDF,1,PADD,2

!tendons shapes

~PCTNMDF,1,ESTRLN,1,0

~PCTNMDF,1,ESTRLN,3,0

~PCTNMDF,1,ESTRLN,5,0

~PCTNMDF,1,ESTRLN,7,0

! Losses Calculation

~PCLOSS,0,0,,0

! Apply prestressing forces

~PCPL

ANSYS/Ci ilFEM
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Layout Design o f prestressed tendons

*do,fact,0.7,1,0.5fdele,all,alle2=e1/fact! Support Beam~Sbclear
$ ~SBBMDEF

! elev plane Tendon Geometry~PCEPDEF,1,1,0.....! horiz plane
Tendon Geometry~PCPPDEF,1,1,0,0 $ ~PCPPDEF,2,61,0,0!tendon
def~PCTNDEF,1,2,10e-4,0.001,P,P!tendons
layout~PCTNMDF,1,EADD,1...!tendons
shapes~PCTNMDF,1,ESTRLN,1,0...

! Losses Calculation and Apply prestressing forces~PCLOSS,0,0,,0
$ ~PCPL! Apply loadsFCUM,ADD $ F,11,FY,-Q $ F,41,FY,-Q/2! Active
time = 28 days~ACTTIME,28 $ SOLVE

finish*enddo

ANSYS/CivilFEM
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Layout Design o f prestressed tendons

Hyperstatic moments values after calculations:

ANSYS/CivilFEM
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Chang ing parameters: t ime histo ry

The aim of this example is to evaluate the effect of variation
of a mechanicalparameter inside a model

ANSYS/CivilFEM
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Chang ing parameters: t ime histo ry

3D beam model with COMBIN14 element to simulate spring-damper
constraint

A Time history analysis usingaccelerogrammas is performed

For each dynamic analysis adifferent value of the
stiffnessspring damper coeff is used

For each analysis storeof bottom nodal disp/time

ANSYS/CivilFEM
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Chang ing parameters: t ime histo ry

An accelerogramma is used as base excitation

OBE horizontal

0.040

-0.15

-0.10

-0.05

0.00

0.05

0.10

0.15

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0
15.0

Tiempo (s)

Aceleracin(g)

ANSYS/CivilFEM
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Chang ing parameters: t ime histo ry

APDL for input Accelerogramma and double integration to get
displacementtable

*DIM,AOBEH,TABLE,1000,1,1,,, ! ACELERACION "OBE" HORIZONTAL (10
Seg)

*DIM,VOBEH,TABLE,1000,1,1,,, ! VELOCIDAD "OBE" HORIZONTAL

*DIM,DOBEH,TABLE,1000,1,1,TIME,, ! DESPLAZAMIENTO "OBE"
HORIZONTAL

*TREAD,AOBEH,OBEH,txt,,3,

*TREAD,VOBEH,OBEH,txt,,3,

*TREAD,DOBEH,OBEH,txt,,3,

*VOPER,VOBEH(1,1),AOBEH(1,1),INT1,AOBEH(1,0), , ,

*VOPER,DOBEH(1,1),VOBEH(1,1),INT1,VOBEH(1,0), , ,

ANSYS/CivilFEM
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Chang ing parameters: t ime histo ry

Structure Base displacement plotting for each analysis

ANSYS/CivilFEM
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Chang ing parameters: t ime histo ry

!impostazioni per analisi dinamica

ANTYPE,TRANS

TRNOPT,FULL


OUTRES,ALL,ALLTIMINT,OFFTIME,0.0001NSUBST,2KBC,1ACEL,,9.8,,SOLVE

TIMINT,ONDMPRAT,0.05ACEL,,0.0,,KBC,0


TIME,0.03DELTIME,0.001,0.0001,0.01nsel,s,loc,y,ydd,all,ux,%DOBEH%,,D,ALL,Uz,0,,D,ALL,Uy,0,,

ALLSELSOLVE

ANSYS/CivilFEM
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Chang ing parameters: t ime histo ry

k=1e7c=0*do,i,1,1

/prep7k=k/10r,3,k,c/solulssolve,i,i

/post26nodo=16nSOL,4,nodo,U,X,disp_xplvar,4/noerase

finish*enddofinish

ANSYS/CivilFEM


	
8/10/2019 APDL Parametric Design Language - ANsys.pdf

21/95

21

Training Manual

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

Chang ing parameters: t ime histo ry

Structure Base displacement plotting for each analysis

ANSYS/CivilFEM
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Mixed Sect ion

The aim of this example is to use APDL to create parametric
mixed concretesteel section

Use of APDL for a fast generation of parametric steel-concrete
section

Several static analysis for each step will be performed using
ACTTIMEcommand to correctly evaluate mech parameters

Phase 1 (only steel+weigth of concrete)

Phase 2 (steel + concrete with reduced concrete)Phase 3 (steel +
concrete with full concrete elastic for variable loads)

After combination User defined procedure to Get, for each
step:

Mech parametersCombined actionssigma, tau, tension at critical
points

User defined Plots of sigma, tau tensions along the model

ANSYS/CivilFEM


	
8/10/2019 APDL Parametric Design Language - ANsys.pdf

23/95

23

Training Manual

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

Mixed Sect ion

Simple Mixed Bridge with a unique steel-concrete cross
section

ANSYS/CivilFEM
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Construction process:

Day 7.1: Installation of the steel box +

weigth of concret slab

Day 35: perm loads

Day 36: variable loads

Loads:

- Self weight according to the following

densities

- Dead load- Surface load

- Vehicle

Materials:

Steel: Fe510 (Eurocode N3)Concrete: C40/50 (Eurocode N2)

L

Mixed Sect ion

ANSYS/CivilFEM
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! Title

/TITLE,Evolutive Process in a Steel-Concrete Bridge

! Setup

~UNITS,,MONE,EURO

~UNITS,,LENG,Mm

~UNITS,,TIME,S

~UNITS,,FORC,N

~UNITS,,PRES,,0 ,uuP

~UNITS,,MASS,,0 ,uuM

~CODESEL,EC3,EC2,,,EC8

/PREP7

! Materials~CFMP,1,LIB,STEEL,EC3,Fe 510,0,0,0

!Structural steel

~CFMP,2,LIB,CONCRETE,EC2,C40/50!Concrete

~CFMP,2,DATGEN,TAct,,7,0,0,0

Mixed Sect ion

ANSYS/CivilFEMT i i M l
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Mixed Sect ion

! Define Materials

~CFMP,1,LIB,STEEL,EC3,FE510

~CFMP,2,LIB,CONCRETE,EC2,C40/50

~CFMP,2,DATGEN,TAct,,7,0,0,0

~CFMP,2,USER

~CFMP,2,EC2_C ,Ecm ,,30e3,1,0,0

~CFMP,2,EC2_C ,Ecm ,,30e3,2,0,0

~CFMP,2,EC2_C ,Ecm ,,9375,3,0,0

~CFMP,3,LIB,REINF,EC2,S500,0,0,0

ANSYS/CivilFEMT i i M l


	
8/10/2019 APDL Parametric Design Language - ANsys.pdf

27/95

27

Training Manual

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

F

E

M

A

D

Mixed Sect ion

/PREP7

!origine nel punto centrale sup , asse medio

~SSECPLT,NEW,isec

!inizializzo la sezione by platesflange=1

web=2

free=0

fixed=1

~SSECPLT,plt,isec,1 ,stcode ,web,flange,fixed,free,ts ,ts/2,0
,ts/2 ,bs/2

~SSECPLT,plt,isec,2 ,stcode ,web,flange,free,fixed,ts
,ts/2,-bs/2 ,ts/2 ,0

~SSECPLT,plt,isec,3 ,stcode ,flange,web,fixed,fixed,tw ,0 ,0

,-hw-ts/2 ,0~SSECPLT,plt,isec,4 ,stcode
,web,flange,fixed,free,tbo ,-ts*0.5-hw-tbo*0.5 ,0
,-ts*0.5-hw-tbo*0.5 ,bb/2

~SSECPLT,plt,isec,5 ,stcode ,web,flange,free,fixed,tbo
,-ts*0.5-hw-tbo*0.5 ,-bb/2 ,-ts*0.5-hw-tbo*0.5 ,0

ANSYS/CivilFEMTraining Manual
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Mixed Sect ion

ANSYS/CivilFEMTraining Manual
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Mixed Sect ion

/PREP7

!def soletta

~CSECDMS,3,REC,2,hslab ,bslab ,0 ,0 ,0 ,0 ,0 ,0 ,0 ,0

~SECMDF,3,NAME,,,soletta

!export solettax=0

y=0

z=0

local,11,0,x,y,z,,,-90~SEC2DOU,3,11,0

!export trave in acciaio

x=0

y=-hslab/2-hsec-(ts)z=0

local,11,0,x,y,z,,,-90

~SEC2DOU,1,11
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/PREP7

!catturo sez finale

x=0

y=0z=0

local,11,0,x,y,z,,,-90

~CFGET, maxsec, ACTIVE, 0, CROSSEC, max

isec=maxsec+1~SEC2DIN, isec, 11

~SECMDF,isec,NAME,,,mista finale

!-----------------------------

~SECMDF,isec,STRPROP,ASEC,,8
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! Nodes

L=8000

N, 1,0,0

N,21,L,0

FILL

! Elements

MAT,1 $ TYPE,3 $ REAL,1

E,1,2

EGEN,20,1,-1,

! Boundary Conditions

D, 1,UX,0

D, 1,UY,0

D,21,UY,0
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/SOLU

! Solution

! --------------------------------------------------

! Load Step 1: self-weight of Structural steel only

!acciaio + getto soletta~ACTTIME,7.1,0 !Calculation Time

SFBEAM,ALL,2,PRES,6450/1000

SOLVE
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! perm n=22.4, perm

~ACTTIME,35,0 !Calculation Time

SFBEAM,ALL,2,PRES,3240/1000

SOLVE

! acc n=7, car mobili

~ACTTIME,36,0 !Calculation Time

SFBEAM,ALL,2,PRES,36000/1000

SOLVE
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*do,fase,1,nfasi

.~SECMDF,isec,STRPROP,ASEC,,8

!rileggo dati sezione finale mista

~CFGET, ys_mix, SECTION, isec, strprop, ycg,, 1

~CFGET, area_om, SECTION, isec, strprop, are,, 1

~CFGET, ymin, SECTION, isec, strprop, ymn,, 1

~CFGET, ymax, SECTION, isec, strprop, ymx,, 1

~CFGET, I_zz, SECTION, isec, strprop, Izz,, 1

.

ymin=-yminy_inf_acc=ymax+ymin-ys_mix

y_sup_acc=ys_mix-hslab-hsec

y_sup_arm_a=ys_mix-gc

y_sup_cls=ys_mix

..Wsolsup(fase,1) =I_zz/y_sup_cls

Wsup(fase,1) =I_zz/ys_mix

Waccsup(fase,1) =I_zz/y_sup_acc

Wgsup(fase,1) =I_zz/y_gola_sup

Wginf(fase,1) =I_zz/y_gola_infWaccinf(fase,1)
=I_zz/y_inf_acc

*enddo
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/post1

*do,fase,1,nfasi

*do,ele,1,quanti

ESEL,S, , , ele

.

~CFGET, N, ELEMENT, ele, FORCE, FX, i

~CFGET, MZ, ELEMENT, ele, FORCE, MZ, i

~CFGET, TY, ELEMENT, ele, FORCE, FY, I


F%fase%_i(ele,3)=((N+Nritiro)/A(fase,tipo)+MZ/Wsup(fase,tipo))

/coeff_omo(fase,tipo)


F%fase%_i(ele,4)=((N+Nritiro)/A(fase,tipo)+MZ/Waccsup(fase,tipo))/coeff_omo(fase,tipo)


F%fase%_i(ele,5)=(N+Nritiro)/A(fase,tipo)+MZ/Waccsup(fase,tipo)


F%fase%_i(ele,6)=sqrt(((N+Nritiro)/A(fase,tipo)+MZ/Wgsup(fase,tipo))**2+3*(Ty/AT(fase,tipo))**2)


F%fase%_i(ele,7)=sqrt(((N+Nritiro)/A(fase,tipo)+MZ/Wginf(fase,tipo))**2+3*(Ty/AT(fase,tipo))**2)


F%fase%_i(ele,8)=(N+Nritiro)/A(fase,tipo)-MZ/Waccinf(fase,tipo)

*enddo

*enddo
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Mixed Sect ion

/post1

!---------------

/post1

/title, sigma bordo sup acciaio fase 1

fase=1

ETABLE,cfetab_i,LS,3

ETABLE,cfetab_j,LS,6

*do,ele,1,quanti

detab,ele,cfetab_i,F%fase%_i(ele,5)

detab,ele,cfetab_j,F%fase%_j(ele,5)

*enddo

PLLS,CFETAB_I,CFETAB_J,1,0
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Mixed Sect ion

/post1

!somma delle tensioni delle fasi

*do,ele,1,quanti


Ftoti(ele,1)=eleFtoti(ele,2)=F1_i(ele,2)+F2_i(ele,2)+F3_i(ele,2)+F4_i(ele,2)

Ftoti(ele,3)=F1_i(ele,3)+F2_i(ele,3)+F3_i(ele,3)+F4_i(ele,3)

Ftoti(ele,4)=F1_i(ele,4)+F2_i(ele,4)+F3_i(ele,4)+F4_i(ele,4)

Ftoti(ele,5)=F1_i(ele,5)+F2_i(ele,5)+F3_i(ele,5)+F4_i(ele,5)

Ftoti(ele,6)=F1_i(ele,6)+F2_i(ele,6)+F3_i(ele,6)+F4_i(ele,6)

Ftotj(ele,1)=ele

Ftotj(ele,2)=F1_j(ele,2)+F2_j(ele,2)+F3_j(ele,2)+F4_i(ele,2)

Ftotj(ele,3)=F1_j(ele,3)+F2_j(ele,3)+F3_j(ele,3)+F4_i(ele,3)

Ftotj(ele,4)=F1_j(ele,4)+F2_j(ele,4)+F3_j(ele,4)+F4_i(ele,4)

Ftotj(ele,5)=F1_j(ele,5)+F2_j(ele,5)+F3_j(ele,5)+F4_i(ele,5)

Ftotj(ele,6)=F1_j(ele,6)+F2_j(ele,6)+F3_j(ele,6)+F4_i(ele,6)

*enddo
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Reinforced conc rete tunnel

The aim of this example is to use APDL to simulate real
construction process ofa tunnel

After model generation APDL comnand will be used to generate
excavation

sequence

Activation of NROPT in order to perform a static non linear
analysis

First loadstep solution to take into account geostatic
condition(only gravity and initial stress)

APDL commands to solve various steps + Birth/death option will
be used
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Reinforced conc rete tunnel

!CODES~CODESEL,EC3,EHE,,,EC8

!UNITS SYSTEM~UNITS,SI !mts, segs, nw, pascal,kg

/PREP7

!ELEMENT TYPEET,1,PLANE42 !elto auxiliar para extrusin(pe
mesh200)ET,2,SHELL43 !elto placa recubrimiento

ET,3,SOLID45,1,1 !elemento terreno

!MATERIALSE = 1000000000 !mdulo de elasticidadNU = 0.2
!coficiente de posionG = E/2/(1+NU) !DEN = 2200 !densidadGAM =
DEN*9.81 !peso especficoKao = 1.5 !Ko = Sx/SyK0=0.5

ALPX = -GAM/E*(NU*K0+NU-K0)ALPY = -GAM/E*(2*NU*K0-1)

ALPZ = ALPXcohe = 500000 !COHESION N/m2angroz=35 !ANGULO DE
ROZAMIENTO
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Reinforced conc rete tunnel

!CONCRETE~CFMP,2,LIB,CONCRETE,EHE,HA-35,0,0,0 !HORMIGN
RECUBRIMIENTO

!CONCRETE SHELL
THICKNESS~SHLRNF,1,0.3,2,0,0,0,0,0,0,0,0,45.00

~SHLMDF,1,NAME,,,Shell Vertex 1

!!!reinforcement

~CFMP,6,LIB,REINF,EHE,B 500
S,0,0,0~SHLRNF,1,300.000E-03,2,6,50.000E-03,0.000E+00,0.000E+00,0.000E+00,0.000E+00,0,0.000,45.00

!beam&shell
properties!REAL,2~BMSHPRO,2,SHELL,1,1,1,1,43,,,Shell 1

R,3 !CONSTANTE REAL TERRENO PARTE SUPERIOR EXCAVACINR,4
!CONSTANTE REAL TERRENO PARTE INFERIOR EXCAVACINR,5 !CONSTANTE REAL
TERRENO (BLOQUE)
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!CODES~CODESEL,EC3,EHE,,,EC8

!UNITS SYSTEM~UNITS,SI !mts, segs, nw, pascal,kg

/PREP7

!ELEMENT TYPEET,1,PLANE42 !elto auxiliar para extrusin(pe
mesh200)ET,2,SHELL43 !elto placa recubrimiento

ET,3,SOLID45,1,1 !elemento terreno

!MATERIALSE = 1000000000 !mdulo de elasticidadNU = 0.2
!coficiente de posionG = E/2/(1+NU) !DEN = 2200 !densidadGAM =
DEN*9.81 !peso especficoKao = 1.5 !Ko = Sx/SyK0=0.5

ALPX = -GAM/E*(NU*K0+NU-K0)ALPY = -GAM/E*(2*NU*K0-1)

ALPZ = ALPXcohe = 500000 !COHESION N/m2angroz=35 !ANGULO DE
ROZAMIENTO
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!TERRAIN~CFMP,3,LIB,ROCK,,Mar40cla,0,0,0~CFMP,3,ROCK,KPLA,,1
,0,0,0 !DRUCKER PRAGER~CFMP,5,LIB,ROCK,,Mar40cla,0,0,0

~CFMP,5,ROCK,KPLA,,1 ,0,0,0 !DRUCKER PRAGER
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!!!!!!!!!PROCESO CONSTRUCTIVO!!!!!!!!!!

NFASE=3 !fases completas de avance (exc+horm)NSUBFASE=3
!subfases avance superior (exc+horm)

*DO,IAV,1,NFASE*DO,ISF,1,NSUBFASE

...!FASE EXCAVACIN SUPERIORNSEL,S,LOC,Z,3*(XX-1),3*XX
!selecciono nodos entre z=3*(X-1) y z=3*XESLN,S,1 !selecciono eltos
con todos sus nodos entre los selec anteriormenteESEL,R,REAL,,3
!reselecciono elementos con cte real 3NSLE,S !selecciono los nodos
asociados a los eltos anterioresCM,E_AV_Es%XX%,ELEM !creo
componente formado por los elementos del avance
superiorCM,N_AV_Es%XX%,NODE !creo componente formado por los nodos
del avance superior

!FASE HORMIGN
SUPERIORNSEL,S,LOC,Z,3*(XX-1),3*XXNSEL,R,LOC,Y,KY(5),1000ESLN,S,1ESEL,R,REAL,,2NSLE,S

CM,E_AV_Hs%XX%,ELEMCM,N_AV_Hs%XX%,NODE

*ENDDO

!FASE EXCAVACIN INFERIOR.....

*ENDDO

ANSYS/CivilFEMTraining Manual

Reinforced conc rete tunnel


	
8/10/2019 APDL Parametric Design Language - ANsys.pdf

57/95

57

A

N

C

v

FE

M

A

D

A

N

C

v

F

E

M

A

D

A

N

C

v

FE

M

A

D

A

N

C

v

F

E

M

A

D


!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!SOLVE!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

/SOLUALLSEL

EQSLV,PCG,1E-4

NROPT,FULLTIME,1ACEL,,9.81,

!!!!!!!!!!!!!!ESTADO INICIAL!!!!!!!!!!!!

ESEL,S,REAL,,2 !SELECCIONO ELEMENTOS HORMIGNEKILL,ALL !ELIMINO
LOS ELEMENTOS HORMIGNALLSEL,ALL !SELECCIONO TODO LO
RESTANTEESEL,S,LIVE

~CFACTIV,GETC,Y~TIS,TERR,IST,-YISFILE, READ,TERR, IST,,

ALLSELL,ALLSOLVE
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!!!!!!!! FASES EXCAVACIN Y HORMIGONADO
!!!!!!!!NFASE=3NSUBFASE=3

*DO,IAV,1,NFASE*DO,ISF,1,NSUBFASE

!!!!!!!! EXCAVACIN SUPERIOR !!!!!!!!CMSEL,S,E_AV_Es%XX%
!SELECCIONO COMPONENTE ELEMENTOS A EXCAVAR

EKILL,ALL !ELIMINO LOS ELEMENTOS DE LA COMPONENTE
SELECCIONADAESEL,S,LIVE !SELECCIONO ELEMENTOS RESTANTES
(VIVOS)NSLE,S !SELECCIONO NODOS ASOCIADOSNSEL,INVE !SELECCIONO
NODOS NO ASOCIADOSD,ALL,ALL,0 !FIJO LOS NODOS NO ASOCIADOS PARA QUE
NO PARTICIPEN EN EL calc

ALLSEL,ALL !SELECCIONO TODO LO RESTANTESOLVE

!!!!!! PROYECCIN HORMIGN SUPERIOR !!!!!!!!

CMSEL,S,E_AV_Hs%XX% !SELECCIONO COMPONENTE ELEMENTOS A
HORMIGONARCMSEL,S,N_AV_Hs%XX% !SELECCIONO COMPONENTE NODOS A
HORMIGONAREALIVE,ALL !REVIVO LOS ELEMENTOS DE LA COMPONENTE
SELECCIONADAESEL,S,LIVE !SELECCIONO ELEMENTOS VIVOSNSLE,S
!SELECCIONO NODOS ASOCIADOSNSEL,INVE !SELECCIONO NODOS NO
ASOCIADOSD,ALL,ALL,0 !FIJO LOS NODOS NO ASOCIADOS PARA QUE NO
PARTICIPEN EN EL CLCULO

ALLSEL,ALL !SELECCIONO TODO LO RESTANTEESEL, ALLSOLVE

*ENDDO

!!!!!!!! EXCAVACION INFERIOR !!!!!!!!....

*ENDDO
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/POST1~cfset,,25 ! ltimo paso del proceso constructivo

~DIMCON,SHELL,CEB~PLSHCON,ASTX,0,0~PLSHCON,ASBY,0,0

!esfuerzos

~PLSHFOR,MX,0,0
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The aim of this example is to evaluate the use of APDL inside
BridgeModule to reduce input time of reinforcements and cracking
parameters

Model generation is done using Bridge Module

Cross section is a slab section

After modeling usign Bridge Module APDL is invoked to create
faces and

reinforcements in several cross sections
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Slab Cross section
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Cross section input along the bridge
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Model generation + automatic generation of cross section for
each elementend
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For each cross section we have to define:- faces-
reinforcements- parameters for checking (cracking)
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Define reinforcements
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! Cross Section reinforcement + Faces definition and
Reinforcement Groups

*DO,I,1,14! Face definition


~SECMDF,I,FACES,PT_ADD,LOC,,2,0,-4~SECMDF,I,FACES,PT_ADD,LOC,,2,0,4~SECMDF,I,FACES,PT_ADD,LOC,,1,-1.2,1.35~SECMDF,I,FACES,PT_ADD,LOC,,1,-1.2,-1.35

! Define a reinforcement group~RNFDEF,I,1,2,1,0,50.000E-03, ,
,20.00,20 , , ,4~RNFDEF,I,2,2,2,0,50.000E-03, , ,20.00,40 , ,
,4

*ENDDO
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! Cracking Properties*DO,I,1,14

~SECMDF,I,EHEPROP ,PHI ,,20 ,1~SECMDF,I,EHEPROP ,PHI ,,20
,2~SECMDF,I,EHEPROP ,C ,,5e-002,1

~SECMDF,I,EHEPROP ,C ,,5e-002,2~SECMDF,I,EHEPROP ,S
,,0.2,1~SECMDF,I,EHEPROP ,S ,,0.2,2~SECMDF,I,EHEPROP
,RHOR,,104.2,1~SECMDF,I,EHEPROP ,RHOR,,212.4,2

*ENDDO
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- Use of APDL for automatic generation of data plot (disp,
moments, etc)

- Useful for images report generation

- Comeplete manage of plot parameters
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/post1~CMBDAT,2

*do,i,1001,1004

*do,j,1,2

/SHOW,JPEG,,0JPEG,QUAL,75,

JPEG,ORIENT,HORIZ

JPEG,COLOR,0

JPEG,TMOD,1/GFILE,1200,

~CFSET,0,i,j

~PLLSFOR,M,Z,-1,*enddo

*enddo

/show,close
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- By "optimum design," we mean a design that meets all
specifiedrequirements but with a minimum expense of certain factors
such as weight,surface area, volume, stress, cost, etc. In other
words, the optimum designis usually one that is as effective as
possible.

- Virtually any aspect of your design can be optimized:
dimensions (such asthickness), shape (such as fillet radii),
placement of supports, cost offabrication, natural frequency,
material property. Any ANSYS item that canbe expressed in terms of
parameters can be subjected to designoptimization.
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- ANSYS offers two optimization methods to accommodate a wide
range ofoptimization problems. The subproblem approximation, The
first ordermethod

- ANSYS performs a series of analysis-evaluation-modification
cycles. Ananalysis of the initial design is performed, the results
are evaluated againstspecified design criteria, and the design is
modified as necessary. Thisprocess is repeated until all specified
criteria are met.

- ANSYS offers a set of strategic tools that can be used to
enhance theefficiency of the design process. For example, a number
of random designiterations can be performed. The initial data
points from the random designcalculations can serve as starting
points to feed the optimization methods

mentioned above.
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- DVs are usually geometricparameters such as length, thickness,
diameter,or model coordinates. They are restricted topositive
values.

- Use as few DVs as possible. Having too many design variables
increasesthe chance of converging to a local minimum rather than
the true globalminimum, or even diverging if your problem is highly
nonlinear.

- more DVs demand more iterations and, therefore, more computer
time.

- SVs are usually response quantities that constrain the design.
Examples ofSVs are stresses, temperatures, heat flow rates,
frequencies, deflections,absorbed energy, elapsed time, and so
on.

- Virtually any parameter can be defined as a state
variable.

- The objective function is the quantity that you are trying to
minimize ormaximize. The ANSYS program always tries to minimize the
objectivefunction. The objective function should remain positive
throughout theoptimization, because negative values may cause
numerical problems.
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- Create an analysis file to be used during looping:- Build the
model parametrically (PREP7).- Obtain the solution(s) (SOLUTION).-
Retrieve and assign to parameters the response quantities that will
be used as

state variables and objective functions (POST1/POST26).

- Establish parameters in the ANSYS database which correspond to
thoseused in the analysis fileEnter OPT and specify the analysis
file (OPT).

- Declare optimization variables (OPT).

- Choose optimization tool or method (OPT).

- Specify optimization looping controls (OPT).

- Initiate optimization analysis (OPT).

- Review the resulting design sets data (OPT) and
postprocess
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! GEOMETRY (in mm)!-----------------*afun,deg ! Degree units for
trig. functionsinrad=200*cos(30)-20 ! Inner radiust1=30 !
Thicknessfil=10 ! Fillet radius

/prep7! Create the three bounding
annulicyl4,-200,,inrad,-30,inrad+t1,30


cyl4,200*cos(60),200*sin(60),inrad,-90,inrad+t1,-150cyl4,200*cos(60),200*sin(-60),inrad,90,inrad+t1,150aplotaadd,alladele,all
! Delete area, keep linesLplot
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! Fillets on inner slotlsel,,radius,,inrad+t1 ! Select inner
arcsl1 = lsnext(0) ! Get their line numbersl2 = lsnext(l1)l3 =
lsnext(l2)lfillet,l1,l2,fil !
Filletslfillet,l2,l3,fillfillet,l3,l1,fillsel,all

Lplot
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! Keep only symmetric
portionwprot,,90lsbw,allwprot,,,60lsbw,allcsys,1lsel,u,loc,y,0,60ldele,all,,,1lsel,all

ksllksel,invekdele,all ! Delete unnecessary
keypointsksel,alllplot
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! MESHING! -------et,1,82,,,3 ! Plane stress with
thicknessr,1,10 ! Thicknessmp,ex,1,2.07e5 ! Young's modulus of
steel, MPamp,nuxy,1,0.3 ! Poisson's ratiosmrt,3amesh,alleplot

finish
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! LOADING! -------/solucsys,1lsel,u,loc,y,1,59dl,all,,symm !
Symmetry b.c.csys,0lsel,,loc,x,100sfl,all,pres,-50

lsel,alllplot
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! *********************************************************!
Second Pass: Create optimization input.!
*********************************************************

! ENTER OPT AND IDENTIFY ANALYSIS FILE/opt

opanl,hexplate !Assign oploop file

! IDENTIFY OPTIMIZATION VARIABLESopvar,t1,dv,20.5,40 ! DVs:
Thicknessopvar,fil,dv,5,15 ! Fillet radiusopvar,smax,sv,,150 ! SV:
Maximum equivalent stress

opvar,vtot,obj,,,1 ! OBJ: Total volume, tolerance = 1.0! RUN THE
OPTIMIZATIONopkeep,on ! Save best designoptype,subp ! Subproblem
approximation methodopsave,anfile,opt0 ! Save the current opt
database

opexe! REVIEW RESULTSoplist,all,,,1 ! List all design
setsplvaropt,t1,fil ! DVs t1 & fil vs. set numberplvaropt,smax
! SV smax vs. set numberplvaropt,vtot ! OBJ vtot vs. set
numberfinish
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LIST OPTIMIZATION SETS FROM SET 1 TO SET 12 AND SHOWONLY
OPTIMIZATION PARAMETERS. (A "*" SYMBOL IS USED TOINDICATE THE BEST
LISTED SET)

SET 1 SET 2 SET 3 SET 4(FEASIBLE) (FEASIBLE) (FEASIBLE)
(FEASIBLE)

SMAX (SV) 56.779 139.23 59.647 54.838

T1 (DV) 30.000 37.020 28.066 30.982FIL (DV) 10.000 9.5719 11.924
11.179VTOT (OBJ) 22967. 24640. 22503. 23377.

SET 5 SET 6 SET 7 SET 8(FEASIBLE) (INFEASIBLE) (FEASIBLE)
(INFEASIBLE)

SMAX (SV) 116.55 > 152.96 124.50 > 154.04

T1 (DV) 22.683 21.335 22.304 21.015FIL (DV) 6.4033 5.3410 6.2016
5.7831VTOT (OBJ) 19461. 18539. 19223. 18392.

SET 9 SET 10 SET 11 *SET 12*(FEASIBLE) (FEASIBLE) (FEASIBLE)
(FEASIBLE)

SMAX (SV) 127.89 141.66 149.49 150.07

T1 (DV) 21.795 20.857 20.623 20.562FIL (DV) 6.5517 6.6542 6.5439
6.5679VTOT (OBJ) 18969. 18409. 18244. 18208.
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- Specify the element type, real constants, and material
properties

- Model your system using solid modeling procedures, creating
meshableareas or volumes describing the geometry of your system (It
is not

necessary to specify element sizes, nor do you need to mesh
these areasand volumes)

- Specify analysis type, analysis options, loads, and load step
options.

- Invoke the adaptive solution
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ANTYPE,STATICET,1,PLANE42,,,3 ! DEFINE ELEMENT AS PLANE42 FOR
PLANE STRESSMP,EX,1,210E9 ! DEFINE MATERIAL
PROPERTIESMP,NUXY,1,.3R,1,0.1 ! SET THICKNESSLOCAL,11,1,,,,,,,0.5 !
DEFINE ELLIPTICAL COORD. SYSTEMK,1,2,90 ! CREATE MODEL
GEOMETRYK,2,2,0 ! DEFINE KEYPOINTSL,1,2 ! DEFINE LINE
SEGMENTSLOCAL,12,1,,,,,,,0.8461585K,3,3.25,90K,4,3.25,0.0L,3,4

CSYS,0L,2,4L,1,3

AL,2,4,1,3 ! DEFINE AREADL,4,1,SYMM ! APPLY BOUNDARY
CONDITIONSDL,3,1,SYMM

SFL,2,PRES,-10E6 ! APPLY LINE PRESSURE LOADMSHK,2 ! MAPPED AREA
MESH IF POSSIBLEMSHA,0,2D ! USING QUADSSAVE
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Example of Adapt ive Mesh ing

S lid M d l
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Solid Model
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Final Mesh
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Mult ip le Graphics - An imat ions

ESFUERZOS EN LA ESTRUCTURA

Ley de momentos flectores

Ley de esfuerzos cortantes

Ley de esfuerzos axiles

Carga: Gf= 5.75
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Cota Relleno= 596.9 m

Sobre Clave = 12.55 m

Sec 1 Arranque Boveda

Md= -94.06 Tn.m

Nd= -397.05 Tn

Vd= -42.84 Tn

Sec 9 Clave Boveda

Md= 51.53 Tn.m

Nd= -270.31 Tn

Vd= 0.68 Tn

Sec 17 Empotram Boveda

Md= -69.26 Tn.m

Nd= -389.92 Tn

Vd= -21 Tn

Sec 78 Cabeza Muro Ext

Md= -117.11 Tn.m

Nd= -400.39 Tn

Vd= 125.74 Tn

Sec 70 Base Muro Ext

Md= -66.37 Tn.m

Nd= -396.29 Tn

Vd= -109.64 Tn

M-111. Zona E. Modelo Evolutivo No Lineal

-94.06 53.61

-69.26

41.73

-58.08

69.42

-66.37

55.19

-117.11

10.07

11.45

M-111. Zona E. Modelo Evolutivo No Lineal

ANSYS 5.3

DEC 17 1996

08:43:26

PLOT NO. 1

MIN=.108E-05

MAX=.976E-04

.108E-05

.131E-04

.252E-04

.373E-04

.493E-04

.614E-04

.735E-04

.855E-04

.976E-04

Centro comercial LA SALCHICHA. Analisis de filtracion.
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This is only a part of the capabilities of APDL

APDL language training is included in any training course

proposal

Possibility to implement special APDL routines if necessary

Large library of procedures available for customers
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