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The George E. Brown, Jr. Network for Earthquake Engineering Simulation
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Element

+getesistinglorce() | Vector

ExperimentalSite
- -theSite
ExperimentalElement LocalExpSite
rupdate()
+setTrialResponse(in disp : Vector®, in vel : Vector', inaccel - Vector®, in force : Vector®, in time : double)
supdate() - int 1 +=zetTrialDisp(in disp : Vector?)
+yelResislingFurcz() . Veclol +cetTrialVellin vel : Vector) RemoteExpSite
+setinitial Stiff(in stiff : Matrix) : int +EetlnalAccel(in accel: Vectort)
+gebnitialSiff() -~ const Malrix +setTrialForce(in force : Vectort)
) +setTrialTime(in time : double) NTCPExpSite
+gEtUagRESPONSE(oUt aIsD | Yeclor™, out vel | YECIOr™ Out accel © VECIor, outTorce | Vector, out ime © doubiz)
+getDisp() - Vector
+getyel() - Vector q
+getAccel() | Vector ActorExpSite
1getForee() - Vector
+oetTime() : double ’
+.
0 -theCantrol
[ eetruss | | [EezeroLengn| | [ EEGeneric | theSetup
[EeBeamcotumn|  [EEchevronsrace |
1 0.1
ExperimentalSetup -theControl ExperimentalControl
ko————

+setTrialResponse(n disp : Vector*, n vel : Vector', inaccel : Vector*, in force - Vector*, n time : double)
+setCaqResponse(n disp - Vectar®, in vel - Vector’, in accel - Vectar®, in force © Vector®, in time - doubla)
+getTrialResponse(out disp - Vector:, out vel © Vector”, out accel - Vactor', outTorce - Vector:, out time © doubie)
+getCagResponse(out disp : Yector, out vel : Vector* out accel : Vector*, out force : Vector®, out time : doublz)
+transfTrialResponse(out disp - Vector®, out vel - Vector®, out accel © Vectar®, out force - Vector®, out time - double)
+transfDaqResponse(out disp - Vector:, outvel | Vactor®, outaccel © Vector, out farce - Vector, out ime : double)

+addFilter(in )
+..{)
#control()
#acquire()

0.1 +setlnaResponse(in disp - Vector™, in vel ; Vector™, in accel - Vector®. in force : Vector”, in ime : doutle)
+getDagResponse(our disp - Vector®, out vel - Vector’, out acce - Vector®, oul force : Vector®, cut time - double)

-0
AN

‘ ESOneActua!orl |ESThreeActuator52d | | ESAggregator |
ESNoTransf | |ESTweAc(uatcr52d| ESChevronBrace2d

| ECdSpace | | ECScramNet | |ECAggrega(or‘
ECNIESeries | | ECxPClarget | |Ecs mulation |
1.7 1.*

EquipmentSpec

ECSImUnlaxlalMaterlals

+getrullRange() - double
+getGair() :int
+..
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Finite Element Analysis

Analytical Substructure

Experimental Substructure

|

Start the Diract Integration Analysis
ana,vzelnunstens, At):

for i=0 to i<pumiters do

-

Calculate and set new Trial
Response Quantities,
Increment Loads and Time by At:
theintegrator — newitep (At);
/ Solve the current Time Step: \
L negaraly -
clysfurrentitant )
B g -\\ g B
Form Effective Tangent or Initial Calculate Tangent or | Return Initial Stiffness
Stiffness Ain A:x=b Initial Stiffness since Tangent Stiffness is
LheTulegralor —» el--|| gstrangentin €L o difficult 1o obtained
fomIsngsat( s - -H detInitialft-tr i J: b--H getInitialstiff( 1.
vy j
Farm the Unbalanced Forca b Calculate Resisting Command Actuators to
inAx=b Forces impose Trial
thelnteqrator — detResistiraforce. 1 Displacements
sorlnbalancs () ; " getTrialPesponss (w) ;
Measure Forcas at Targst
dgaethagqiesporses (0
/1[-- e
Solve A-x =b for x
theBDE - colvel )i
Update the Response at t+1t
thelntegrator » updats (u);
\ 7
Commit the Damain:
thelnzograter — commit ()
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element $eleTag $iNode $jNode $siteTag
-initStif $Kij <-iMod> <-rho $rho>

$e|eTag 1 " controlled displacements
. . d acquired forces 7 d,, g
$iNode,$jNode an / 1
siteTa # " 1
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$Kij " 3
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element
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$eleTag 1
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$Kij
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element

$eleTag
$iNode,$jNode
$siteTag

$dirs
$Kij

-iMod

$xi, Byi

i
1"
v
i

$eleTag $iNode $jNode $siteTag

-dir $dirs -initStif $Kij <-iMod>
<-orient $x1 $x2 $x3 $yl $y2 Py3>

1
controlled displacements
and acquired forces
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element $eleTag $iNode $jNode

$kNode $siteTag -initStif $Kij <-iMod>
<-rhol $rhol> <-rho2 $rho2>
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Public Member Functions

N
N

Constructor and Destructor
ExperimentalElement(int tag, int classTag, Experim entalSite &heSite);
virtual ~ExperimentalElement();

Methods dealing with nodes and number of external dof .
vimjalintgeﬂ\lumgxteMNod%(void)consFO; I nt u p d ate ( )
virtual const ID &getExternalNodes(void) = G;
virtual Node *getNodePtrs(void) = 0;
virtual int getNumDOR(void) =0;

Method to obtain basic dof size; equal to the max num dof that can be controlled
virtual int getNumBasicDOF(void) = 0;

Me&ﬁ;ﬁﬁm&?ﬁ;ommitted state and update I nt Setl n Itl al Stlff( )
virtual int update(void);
virtual bool isSubdomain(void);

Methods to set and to obtain the initial stiffness matrix
virtual int setinitialStifficonst Matrix& siff) = 0
const Matrix &getiniialStiff(void);

Methods to return the damping and mass matrices

s .' const Vector
Aot &getResistingForce( )

Methods for applying loads
virtual void zeroLoad(void) =0;

virtual int addLoad(Elementall oad *thel oad, double loadFactor) =0;

virtual int addInertial oadToUnbalance(const Vector &accel)=0;

virtual int setRayleighDampingFactors(double alphaM , double betak; double betak0, double
betako);

Methods for obtaining resisting force (force includes elemental loads)
virtual const Vector &getResistingForce(void) =0;

virtual const Vector &getResistingForcelncinertia( void); .
Methods for obtaining information specific to an element

virtual Response *setResponse(const char *argy, i ntargc, Information &elelnformation);

virtual int getResponse(int responselD, Information &elelnformation);
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expSetup

$tag
$ctriTag

$dirs

#

$tag $ctriTag —dir $dirs
<-dspCtrlFact $dspCF> ...
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expSetup

$tag
$ctriTag
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#

$tag $ctriTag $dir
<-dspCtrlFact $dspCF> ...
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expSetup $tag $ctrlTag $nlGeomFlag
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expSetup $tag $ctriTag $nlGeomFlag
$La0 $Lal $La2 $LO $L1
<-dspCtrlFact $dspCF> ...

$tag 1 #
$ctriTag # "

$nlGeomFlag
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expSetup $tag SctrlTag
$nlGeomFlag $La0 $Lal $La2 $LO $L1 $L.2 $L3
$L4 <-dspCtrlFact $dspCF> ...

$tag 1 # op— 2

$Ctr|Tag # " _;H Actuator 0: Lpg

$niGeomFlag
$Lao g @
$Lal ! )
$La2

$LO " " @
$L1 ! "5
$L2

$L3 : ")
$L4 : : _
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Public Member Functions

N
Y

Constructor and Destructor
ExperimentalSetup(int tag, ExperimentalControl& th
ExperimentalSetup(const ExperimentalSetup& es);
virtual ~ExperimentalSetup();

Methods dealing with data sizes
void setElmtDataSize(int s);
int getEimtDataSize();
void setCtriDataSize(int s);
int getCtiDataSize();
void setDagDataSize(int s);
int getDagDataSize();

Methods dealing with execution and acquisition
virtual int setup() =0;
virtual int propose(const Vector& dsp, const Vecto
virtual int execute() =0;
virtual int commitState() = 0;
virtual int acquire() =0;

Methods to obtain the response
const Vector& getDisp();
const Vector& getvel();
const Vector& getAccel();
const Vector& getForce();

Methods to set the control and data acquisition factors

void setDspCiriFactor(const Vector& f);
void setVelCtriFactor(const Vector& f);
void setAccCiriFactor(const Vector& f);
void setDspDagFactor(const Vector& );
void setFrcDagFactor(const Vector&: f);

Method to get a copy
virtual ExperimentalSetup *getCopy (void) =0;

eControl);

Int propose( )
& vel, const Vector& acc) = O;

iInt acquire( )
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expControl  ScramNet $tag $numSetups ...
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$tag 1
$numSetups #
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expControl ~ NlEseries  $tag $SnumCtrl $device

N

$tag 1
$numSetups #
$device
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Public Member Functions E Ir

N

Constructor and Destructor
ExperimentalControl(int tag, int nCt, int nDag);
ExperimentalControl(const ExperimentalControl& ec)
virtual ~ExperimentalControl();

Methods dealing with data sizes

ExperimentalControl( )
e int setup()

Methods to set and obtain the responses
virtual int setup() =0;
virtual int execute(const Vector& dsp, const Vector & vel, const Vector& acc) =0;
virtual int commitState);
virtual int acquire(Vector *dspDag, Vector *frcDaq) =0

e e o et Int execute( )
S el eCopy =0 int acquire()
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