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problem statement /

- Reinforced-Concrete Portal Frame

- start with ALL elastic elements (At a more
advanced level, these elements can be replaced by
more refined element models)

» use kip, inch and sec as basic units
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..... remember what I told you

about Tcl?

* Tcl is a string based scripting language

*| enables variables and variable substitution
(use variables to define unitslll)

‘| Expression evaluation
* Array management

* Basic control structures (if , while, for,
foreach)

* Procedures
* File manipulation
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Ex4.Portal2D.build.InelasticFiberSection.tcl

@

PNz Silvia Mazzoni & Frank McKenna, 2006
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model BasicBuilder -ndm 2 -ndf 3:
&) set databir Data;

w2 file mkdir $databir;

“llset GMdir "GMfiles";

“[Ysource LibUnits.tel:

5
ce
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# clear memory of all past model definitions

& Define the model builder, nam=#Fdimension, ndf=#dofs
# set up name of data directory

# create data directory

# ground-motion file directory

|
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# define basic and system units

LibUnits.tcl

‘Elset £t [expr 12.7$in];

:Udset ksi [expr $kip/pow($in,2)];
‘Llset psi [expr $ksi/1000.];

[ Aset Ibf [expr $psi*$in*$in]:
‘Wllset pef [expr $1bF/pow($ft.3)]:
[lset pef [expr $16f/pow($F+.3)]:
‘st in2 [expr $in*$in];

“lilset in4 [expr $in*$in*$in*$in:
“illset em [expr $in/2.54]:

rellset PT [expr 2*asin(1.0)]:
cElcet g [expr 32.2%5ft/pow($sec,2)]:
e Jset Ubig 1.e10:

cslcet Usmall [expr 1/$Ubigl:
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# define basic units -- output units
# define basic units -- output units
# define basic units == output units
# define basic-unit fext for output
# define basic-unit fext for ocutput
# define basic-unit fext for output
# define engineering units

# pounds force

# poundss per cubic foof

# poundss per square feof

# inch "2

# inch "4

# centimeter

# define constants

# gravitational acceleration
# a really large number

# a really small number
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Geometry, Weight, Mass

L) % define GEOMETRY

“Lolset LCol [expr 367 §ft]; # column length
clolsct LBeam [expr 427§ ft]: # beam fength
kil & define section geometry

“dset HCal [expr B.*$f+]; # Column Depth
cElset BCol [expr B.*$f+]: # Column Width
L0 et HBeam [expr 8. $f+]: # Beam Depth
ci:lset BBeam [expr 5.*$ft]: # Beam Width
ELY 7 superstructure weight

“¥flset Weight [expr 2000.*$kip]:

k) # calculated parameters
“l)set PCol [expr $Weight/2];
L lset Mass [expr $PCol/$g]:

LX) # calculated geometry parameters

_llset ACol [expr $BCol*$HCol]:

“Lisct ABeam [expr $BBeam*$HBeam]:

= Aset IzCol [expr 1./12.*$BCol*pow($HCol 3)];
C¥fsct IzBeam [expr 1./12.*$BBeam*pow($HBeam,3)];
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Crdset MCol [expr 1./12.*($Weight/ $LBeam)"pow($LBeam 2)];

# rodal mass

# cross-sectional area

# Column moment of inertia

# Beam moment of inertia

# nodal dead-load weight per column
# beam-end moment due fo distributed load.

T]IT=y

Nodes: Coords, BC, Mass

L) % nodal coordinates:

elnode 10 0; & node® X Y
Lillnode 2 $LBeam O

“inode 3 0 $LCol

Elnode 4 $LBeam $LCol

LY 7 Single point constraints -- Boundary Condifions
Llfix1110; # node DX DY RZ
Sfix2110; # node DX DY RZ
YAfix3000

1 fix4000

10 # nodal masses:

lmass 4 $Mass Q. 0.

elmass 3 $Mass 0. 0. # node#, Mx My Mz, Mass=Weight/g, neglect rotational inertia at nodes

node 3q element 3 o node 4
- N
€ €
£ £
3y 3
node j\ X node 2
S

e
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Concrete Material: Concrete02 |

Concrete02 Material -- Linear Tension Softening

This command is used fo construct a uniaxial concrete material object with tensile strength and linear tension softening. *

uniaxialMaterial Conerete02 $matTag $fpe $epsc0 $fpcu $epsU $lambda $F+ $E+=

$matTag unique material object integer tag 4
o
$fpe compressive strength® B /,."
e/ st
$epsc0 strain at compressive strength® slambdiﬁ“ o N SEs
$fpeu crusghing strength® strain
v strain at crushing strength® -
$eps rain at crushing strengt! opeti)
$lambda ratio between unleading slope at $epscu and initial sl
St tensile strength i
(Hepscd,$e)
$Ets tension softening stiffness (absolute value) (slope of 1 /| EF2$tpciSepscd
wEE smc.mnm@ bianch] Concrete02 Material -- Mafer‘i;:! parameters
*NOTE: Compressive concrete parameters should be input as negative values.
The initial slope for this medel is (2*$fpe/$ep=c0)
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Steel Material: Steel02 f

Steel02 Material -- Giuffré-Menegotto-Pinto Model with Isotropic Strain Hardening

This command is used to construct a uniaxial Giuffre-Menegotto-Pinto steel material object with isotropic strain hardening.

uniaxialMaterial Steel02 $matTag $Fy $E $b $RO $cR1 $eR2 <$al $a2 $a3 $ad $=igInit>

$matTag unique material object integer tag

$Fy yield strength

$E initial elastic tangent

$b strain-hardening ratio (ratic between post-yield tangent and initial

elastic tangent)

$RO, $eR1, $eR2 control the transition from elastic to plastic branches.
Recommended values:

$RO=between 10 and 20, $eR1:=0.925, $eR2=0.15

$al, $a2, $a3, $a4  isotropic hardening parameters: (optional, default: no isotropic
hardening)

\
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Materials !

CUY 22 MATERIAL parametfers
“Llset IDconeU 1; # material ID tag -- unconfined
“[“Jset IDreinf 2; # material ID tag -- reinforcem
Y8 # nominal concrete compressive strength

lilset fo [expr -4.0*$ksil: # CONCRETE Compressive Stre SlambiaE[
[ Elset Ec [expr 57*$ksi*sqri(-$fc/$psi)]: # Concrete Elastic Modulus g7 JEt g
VL) # unconfined concrete strak
Vil set felU $fc; # UNCONFINED concrefe (tod: e
v set epsilU -0.003; # strain at maximum strength of  gensy) gie0)
vfi|set fe2U [expr 0.2%$Fe1U]: # ultimare stress

7L set eps2U -0.05: # strain at ultimate stress

rfelcet lambda 0.1: # ratie between unloading slope .

V(A7 tensile-strength properties (3epsc0,$ic) /
ifset F1U [expr -0.147$fc1U]: # tensile strength +tension A EF2"8teiSepscd
vf:Yset Ets [expr $f1U/0.002]; # tension softening stiffness  Concrete02 Material - Material parameters

stress

“lo)set Fy [expr 66.8™$ksil: # STEEL yield stress

:Flset Es [expr 29000.%$ksi]; # modulus of steel

Fllset Bs 0.01; # strain-hardening ratio

CEflset RO 18; # control the fransition from elastic to plastic branches
Llset cR10.925; # control the fransition from elastic to plastic branches
Llset cR2 0.15; # control the fransition from elastic to plastic branches

VluniaxialMaterial Concrete02 $IDconcl $fell $epsilU $fc2U $eps2U $lambda $F+U $Ets; # build cover concrete

liluniaxialMaterial Steel02 $IDreinf $Fy $Es $Bs $RO $cR1 $cR2; # build reinforcement material
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Section Command f

section Command

This command is used to construct a SectionForceDeformation object, hereto referred to as Section, which represents force-de

CIWhat iz a saction?
+ A section defines the stress resultant force-deformation response at a cross section of a beam-column or plate element
+ Types of sections:

* Elastic - defined by material and geometric constants
* Resultant - general nonlinear description of force-deformation response, e.g. moment-curvature

* Fiber - section is discretized into smaller regions for which the material stress-strain response. is integrated to give resultant b

The valid queries to any section when creating an ElementRecorder are 'force' and ‘deformation.’

integration poirts

element nmmem node:

[ - Y [ 3 :

Elastic Section
element Uniaxial Section

Fiber Section

Section Aggregator

Elastic Membrane Plate Section

Plate Fiber Section

forse-deformation
(stress-strain)

Bidirectional Section

Isolator2spring Section: Model to include buckling behavior
of an elastomeric bearing
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Beam Section: Elastic f

Elastic Section

This command is used to construct an ElasticSection object.

section Elastic $secTag $E $A $Iz «$Iy $6 $T>

$secTag
$E

$A

$Iz

$Iy

s
$T
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unique section object tag

Young's Modulus

cross-sectional area of section

second moment of area about the local z-axis

second moment of area about the local y-axis (optional, used for 3D
analysis)

Shear Modulus (optional, used for 3D analysis)

torsional moment of inertia of section (optional, used for 3D analysis)

Column Section: Fiber Section

Fiber Section

The FiberSection object is composed of Fiber objects.

A fiber section has a general geometric configuration formed by subregions of simpler, regular shapes (e.g. guc
patch and layer (Circular Layer Command, Straight Layer Command) are used to define the discretization of the

associated with uniaxialMaterial ob jects, which enforce Bernoulli beam assumptions.

The geometric parameters are defined with respect to a planar local coordinate system (y,z). See figures,

section Fiber $secTag {

fiber <fiber arguments>

concrete >

patch <patch argl it

®
[ ]

layer <layer arguments>

zTEet

o / z HSec

I,

material stress-strain
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Patch Command: Concrete f

Quadrilateral Patch Command

This command is used to construct a Patch object with a quadrilateral shape. The geometry of the pai
the four vertices is specified in sequence -- counter-clockwise.

patch quad $matTag $numSubdiviT $numSubdivIK $yI $zI $yJT $zT $yK $zK Syl $=zL

$matTag material integer tag of the previously-defined UniaxialMaterial
object used to represent the stress-stre

K (§yK, 52K
$numSubdivIiT number of subdivisions (fibers) in the T
@
$numSubdivIK number of subdivisions (fibers) in the J %
oW
$yI $z1 y & z-coordinates of vertex I (local cool Looye, w0} %
L
$yJT $=7 y & z-coordinates of vertex J (local coo ®
$yK $zK y & z-coordinates of vertex K (local coo P
$yL Szl y & z-ccordinates of vertex L (local cool z
1 ($yl, $21)
Y
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Layer Command: Steel f

Straight Layer Command

This command is used to construct a straight layer of reinforcing bars.

layer straight $matTag $numBars $areaBar $yStart $zStart $yEnd $zEnd

$matTag material integer tag of the previously-defined UniaxialMaterial
object used to represent the stress-strain for the area of the fiber

$numBars number of reinforcing bars along layer

$areaBar area of individual reinforcing bar

$yStart $zStart y and z-coerdinates of starting point of reinforeing layer (local
coordinate system)

$yEnd $zEnd y and z-coerdinates of ending p

-“®yEnd, REng)
coordinate system) .

$numBars=5
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Column & Beam Sections f

lod & Define ELEMENTS & SECTIONS
L symmetric section cOve,-c°|I I
Flset ColSecTag 10 # assign a fag number to the cc
“Elset BeamSecTag 2: # assign a fag number to the b
L) # define section geometfry

lset coverCol [expr 6.7$in]: # Column cover fo reinforcing.
[N set numBarsCol 10: # number of longitudinal-reinf V4 HCol
Exflsct barAreaCol [expr 2.25%$in2]; # area of longitudinal-reinfore
L) & RC section:

set coverY [expr $HCol/2.0]: # The distance from the section =
set coverZ [expr $BCol/2.0]; # The distance from the section y
set coreY [expr $coverY-$coverCol]

[ ]
[ ]
®

set coreZ [expr $coverZ-$coverCol] COVe"c°|I I |
set nfY 16; # number of fibers for concrete in y-direct.
set nfZ 4; # number of fibers for concrete in z-direction BCol ul

section fiberSec $ColSecTag {i  # Define the fiber section
patch quadr $IDconclU $nfZ $nfY -$covery $coverZ -$covery -$coverZ $covery -$coverZ $covery $coverZ:
layer straight $IDreinf $numBarsCal $barAreaCol -$eoreY $coreZ -$corey -$eoreZ:  # fop layer reinfocement
layer straight $IDreinf $numBarsCol $barAreaCol $coreY $coreZ $coreY -$coreZ: # botfom layer reinforcement
Y #end of fibersection definition

sbbN 2 BEAM section:
fiEdsection Elastic $BeamSecTag $Ec $ABeam $IzBeam;  # elastic beam section
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Transformations and Elements

I8EA # define geometric transformation: performs a linear geometric fransformation of

bedz  beam stiffness and resisting force from the basic system to the global-coordinate system

i set ColTransfTag 10 # associate a tag to column transformation

‘i riset BeamTransf Tag 2: # associate a fag to beam transformation (good practice to keep col and beam separate)
:i:icet ColTransfType Linear # options, Linear FDelta Corotational

i EhgeomTransf $Col Transf Type $ColTransfTag :  # only columns can have PDelta effects (gravity effects)
:FlolgeomTransf Linear $BeamTransfTag ;

121

bt 7 clement connectivity:

sl set numIntgrPts 5; # number of integration points for force-based element

sk delement nonlinearBeamColumn 11 3 $numIntgrPte $ColSecTag $Col TransfTag: # se/f-explanatory when using variables
ilislelement nonlinearBeamColumn 2 2 4 $numIntgrPts $ColSecTag $Col Transf Tag:

iFiJelement nonlinearBeamColumn 3 3 4 $numIntgrPts $BeamSecTag $BeamTransfTag:

node 3q element 3 o node 4

element 1
element 2

Y
node i X node 2
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Recorders

=

e & Define RECORDERS

1IEE recorder Node -file $databir/DFree.out -time -node 3 4 -dof 1 2 3 disp: # displacements of free nodk
iElelrecorder Node -file $databir/DBase.out -time -node 1 2 -dof 12 3 disp: # displacements of support noa
:Eil recorder Node -file $databir/RBase.out -time -node 1 2 -dof 1 2 3 reaction; # support reaction
1EFrecorder Drift -file $databir/Drift.out -fime -iNode 1 2 -jNode 3 4 -dof 1 -perpDirn 2 ; # lateral drift
1EE} recorder Element -file $dataDir/FCol.out -time -ele 1 2 globalForce: # element forces -- column

1EZ 8 recorder Element -file $dataDir/FBeam.out -time -ele 3 globalForee; # element forces -- beam
ikl{recorder Element -file $databir/ForceCol Secl.out -time -ele 1 2 section 1 force; # Column section forces, ¢
iklZ|recorder Element -file $databDir/DefoCelSecl.out -time -ele 1 2 section 1 deformation; # section deform
iE¥f recorder Element -file $dataDir/ForceColSec$numIntgrPts.out -time -ele 1 2 section $numIntgrPts force: # s
ikl:irecorder Element -file $databir/DefoCol Sec$numIntgrPts.out -time -ele 1 2 section $numIntgrPts deformation;
Ikl recorder Element -file $databir/ForceBeamSecl.out -time -ele 3 section 1 force: # Beam section forces,
iIEelrecorder Element -file $databir/DefoBeamSecl.out -time -ele 3 section 1 deformation; # section deformd
i recorder Element -file $databir/ForceBeamSec$numIntgrPts.out -time -ele 3 section $numIntgrPts force; # s
IE¥recorder Element -file $databir/DefoBeamSec$numIntgrPts.out -time -ele 3 section $numIntgrPts deformation; 2
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Gravity Load

bEEN 2 define GRAVITY
(Ll set WzBeam [expr $Weight/ $LBeam]:

‘L -Ipattern Plain 1 Linear {

eleLoad -ele 3 -type -beamUniform -$WzBeam : # distributed superstructure-weight on beam

PEVTRELLL

node Jq element 3 o node 4

element 1
element 2

Y
node‘!i X node 2
o

o
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Gravity Analysis f

bEE) = Sravity-analysis parameters -- load-controlled static analysis

‘Llelset Tol 1.0e-8; # convergence tolerance for fest

‘i1l constraints Plain; # how It handlles boundary conditions

‘Lt numberer Plain; # renumber dof's fo minimize band-width (eptimization), if you want to
:LoElsystem BandGeneral; # how to store and solve the system of eguations in the analysis

s dtest NormDispIner $Tel 6 ; # determine if convergence has been achieved af the end of an rferation step
‘lsllalgorithm Newton: # use Newton's solution algorithm: updates tangent stiffness af every iferation
il Nset NstepGravity 10: # apply gravity in 10 steps

slovdset DGravity [expr 1./$NstepGravity]: # first load increment:

sl dintegrator LoadControl $DGravity:  # defermine the next time step for an analysis

el lanalysis Static: # define fype of analysis static or fransient

[ lelanalyze $NstepGravity: # apply gravity

161 L maintain constant gravity loads and reset time to zero
‘[¥llloadConst -time 0.0

X 3puts "Model Built"
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Run OpenSees f

source Ex4.Portal2D.build.InelasticSection.tcl
opensees IHH
B

OpenSees — Open System For Earthquake Engineering Slmulatlnn
Pacific Earthgquake Engineering Research Genter —— 2.8.8

€<c? Copyright 199?.2888 The Regents of the University of California
A1l Righ Ri rued
{Copyright and Disclaimer B http:/ berkeley.edusOpen8ees/copyright .html)

tic section
6

source Ex4.Portal2D.build.InelasticSection.tcl
t

B vipe: # clear memory of all past model definitions
B nodel BasicBuilder ndm 2 -ndf 3. # Define the model builder. nam=#dlmension. ndf=#dofs
EE]<ct databir Date: # st up name of data directory

21 ile mkdir $datadir. # create data directory

Pl sct 6Mair "GM files # ground-motion file directory

P8 ource LibUnits.fel # define basic and system units

BLy  define seomeTRY
B8 ect Leol [expr 367871 # column length

Elll<ct LBeam [expr 427$#1] % beam length

Efloct Weight [expr 40007$kip]:  # superstructure weight
7 cefine section geoerry
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