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Main Abstractions in OpenSees

Holds the state of the model
at time t and (t + dt) '

Moves the model
from state at time t to
state at time t + dt

Constructs the objects
in the model and adds
them to the domain.

Monitors user defined
parameters in the
model during the
analysis

In this presentation we focus on the ANALYSIS




OpenSees Analysis

StaticAnalysis
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Lagrange MmDegree
Transformation
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Analysis Classes:

- to update the state of the Domain

setIntegrator() setIntegrator()
setAlgorithm() setAlgorithm()
setLinearSOE() setLinearSOE()
domainChanged() domainChanged()
analyze() ----f, analyze() ----; |
: :
for (int i=0; i<numlIncr; i++) { for (int i=0; i<numlIncr; i++) {
theIntegrator->newStep(); thelntegrator->newStep(dt);
the Algorithm->solveCurrentStep(); theAlgorithm->solveCurrentStep();
theModel->commit(); theModel->commit();
} [ } L=




Algorithm Classes:

- to specify the steps taken to solve the nonlinear equation

setLinks() setLinks() setLinks()
setTest() setTest() setTest()
solveCurrentStep()t - solveCurrentStep()- 1 solveCurrentStep() ~ ----[---- :

I 1 |

1 1

: thelntegrator->formUnbalance(); :

1 | do{ :

! thelntegrator->formTangent(); I

: theSOE->solve() :

I thelntegrator->update(theSOE->getX()); :

! thelntegrator->formUnbalance();

: } while (theTest->test() == fail) thelntegrator->formUnbalance();

I [ thelntegrator->formTangent(flag);
thelntegrator->formUnbalance(); d(ih{e SOE->solve()
thelntegrator->formTangent(); thelntegrator->update(theSOE->getX());
theSOE->solve() thelntegrator->formUnbalance();
thelntegrator->update(theSOE->getX()); } while (theTest->test() == fail)




Integrator Classes:

-determines the predictive step for time t+At
-specifies the tangent matrix and residual vector at any iteration
-determines the corrective step based on AU

*Transient Integrator for Use in Transient Analysis
Nonlinear equation of the form: .
R(U, U, U) P(t) — FI(U) Fr(U, U)

Static Integrators for Use 1in Static Analysis

Nonlinear equation of the form: StaticIntegrator

R(U.A) = AP* - FR(U) DispContol
ArcLength
=] _oad Control An = A n-1 + AA MinUnti:lDispNorm

"Displacement Control Ujn = Uj n-1 + AUj TransientIntegrator

Newmark
HHT

" Arc Length AUnAUn + (X,Z A?\,ll — AS2 CentralDifference (X3)



ConstraintHandler Classes: Ue = Cre Us

- to specify how the constraints are enf()rc:edC U=0

T Ur=[Ur Uc]?

handle() -- handle() TTTT Ty
:
forall nodes in Domain forall nodes in Domain forall nodes in Domain
if not constrained construct and add DOF_Group construct and add DOF_Group
construct and add DOF_Group forall elements in Domain forall elements in Domain
else construct and add FE_Element construct and add FE_Element
construct and add TDOF_Group forall SP_Constraints in Domain forall SP_Constraints in Domain
forall elements in Domain construct and add LagrangeSP_FE and construct and add PenaltySP_FE
if a node not constrained LagrangeDOF_Group forall MP_Constraints in Domain
construct and add FE_Element forall MP_Constraints in Domain construct and add PenaltyMP(} ﬁr
else construct and add LagrangeMP(}_FE
construct and add TFE_Element7 and a LagrangeDOF_Group

K CA[U| [R| [K+C*aC]U=[R +C Q]

a2 — R* _
K* Ur=R co |lxl=



SystemofEqn and Solver Classes:

-the SystemOfEqn classes store the matrix equations
-The Solver classes work on the SystemOfEqn classes to solve the eqn.

||

33338 aggﬁ*/{% solve() solve()
a a
ZeroA ZeroA )\ )\
zeroB zeroM | |
solve() solve()
getX() getEigenvalue()
getB() getEigenVectorti)
A A
BandG|enera1 Symm|SparseArpack
BandSPD BandArpack
ProfileSPD
SparseGeneral

SparseSymmetric



Numberer command:

- to specify how the degrees of freedom are numbered

number()-----t------- number()

for each DOF_Group
if not constrained
assign next dof numbers
else
for those dof not constrained
assign next dof numbers
for each DOF_Group
if constrained in MP_Constraint
for each dof constrained in MP find
retained dof number and assign. 7




ConvergenceTest Classes:
- to determine 1f convergence has been achieved

1
L — -

const Vector &x = theSOE->getX();
double norm = b.norm();
if (norm < tol)
return O;
if (count < maxCount) {
count++;
return —1;
} else
return —2;

const Vector &b = theSOE->getB()
double norm = b.norm();
if (norm < tol)
return 0;
if (count < maxCount) {
count++;
return —1;
} else

return —2; 7

const Vector &b = theSOE->getB();
const Vector &x = theSOE->getX()
double norm = b”x;
if (norm < tol)

return 0;
if (count < maxCount) {

count++;

return —1;
} else

return —2; 7




