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as Frank mentioned yesterday... f

* In OpenSees you are:

RUNNING a program: a series of
commands!

OpenSees Interpreters

»  The OpenSees il
hav

constraints
X ant to menitor
»  Being inf 3, this means that the iles vou create ¥,
and submi OpenSees interpreters are not input
files. ¥ ou are creating and snbmitting PROGRAMS. \

ters are fel interpreters which
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Ex9e.build.RCSection.Rect2D.tcl

& Crimson Editar - [C:\Document:

ind SetingslsilvialL ocal Settings\Temporary Inernet Fles\Content.IES\EZ6MENSS\ExDe.
b

[E] cle €6t Sowch Yow Conment Eromet Tods s -~ 5 x
DELE B0 SR F2@ - - DAAL W DEFWYE enr 76 D@L B SR 42@ - - DMK DEF»YE DEX-)
5 ExlbPots Patii_© e b ACSecin Reci2. €l 5 ExlbPotsm Patiie_© B b ACSecin Reci2. ¢l |
| [# section GEOMETRY =
% buiid o section it HSec [expr 5§ ], # Column Depth
[#  Silvia Mozzoni & Frank McKenna, 2006 lsct BSec foxpr 3.°$f1];  # Column Width
2 fsct coverH [expr 5.7$in];  # Colunn cover fo reinforcing steel NA, parallel fo H
Jsct coverB [expr 35°in):  # Column cover fo reinforcing steel NA. parcllel fo 8
o ST UP st numBarsTop 16: 7 number of longitudinal-reinforcement bars in steel layer. - fop
3 clear memory of all past model definitions ot numBarsBot 16: 3 number of longitudinal-reinforcement bars in steel layer. -- bot

“ndn 2 -ndlf 3: # Define the model builder. ndm=#dimension, ndf=##dofs
3 set up name of dota direct mple
# create dota directory
# define units

et dataDir Data:
file mkdir $dotaDir:
source LibUnits el

J# MATERTAL parameters
Core 1. # material ID fog -~ confined core concrete

# moterial IO fog

st IOreinf 3; # material ID tag - reinforcement

## nominl concrete compressive strength

fsct fe  [expr -4.0"$ksi]:  # CONCRETE Compressive Strength, ksi

et B¢ [expr 57" $hsi"sqrt(-$fe/$psi]: ¥ Concrete Elastic Modulus

# confined conerete

et Kfe 13 3 ratio of confined fo uncenfined concrete strength

lsct fcIC  fexpr $Kfc"$fc): % CONFINED concrete (mander model). moximum stress

lsct eps1C [expr 2 $fe1C/$Ec): % strain of moximum stress

et fc2C  fexpr 0.2°$felC]

lsct eps2C  fexpr 5"$epsiC]:

% unconfined concrefe

ot felU $fc; % UNCONFINED concrefe (fodeschini parabolic model), maximun

et epsiU 0003; # strain of maximum strength of unconfined concrefe

[expr 0:27$c1U];

et eps2U 001

unconfined cover concrete

(Tension, ~Compression)

# ultimate stress
# strain of ultimate stress

# ultimate stress
# strain ot ulfimate stress

# ratio betueen unloading slope ot $eps2 and initial slope $Ec
 tensile-strength properties
et £1C [oxpr -0.14°$fc1C]:
et £1U [expr -0.14"$fe1U]:
et Ets fexpr $1U/0.002]:
- ,

# tensile strength stension
# tensile strength stension
# tension softening stiffness

lsct Fy  [expr 66.8"$ksi]:  # STEEL yield stress
lsct Es  [expr 29000 "$ksil:  # modulus of stecl

et Bs 001 # strain-hardening ratio

et RO 18 # control the tronsition from elastic fo plastic branches

et cR10.925; # control the transition from elastic fo plastic branches
et cR20.15; # control the transition from elastic fo plastic branches

il Concrete02 $IDconcCore $fciC $epsiC $7c2C $eps2C $lanbda $1C $Ets # build core concr
iol Concrete02 $TDconcCover $fe1U $epsiU $fc2U $eps2U $lambda $f1U $Ets:  # build cover cc
Steel02 $1breinf $Fy $€s $8s $RO $cR1$cR2: # build reinforcement maferial

L[ 15 [ Asmi005 ReasRECE /)

- fotal intermediate ski

: # number of longitudinl-reinforcement bars in steel lay
l<ct bar AreaTop [expr 2.25"$in2]; # area of longitudinal-reinforcement bars -- fop
aBot [expr 2.25°$in2]; # area of longitudinal-reinforcement bars -- bot
et bar AreaIint [expr 2.25$in2]: # area of longitudinal-reinforcement bars
st SecTag 1. # set tag for symmetric section

et bar Al

intermediate skin reinf

% FIBER SECTION proper

coverH

Bsec

LR A A AR AR A AR AR A A AAA A AR AR AR H AR

Lo [ 15 [ Asmio0s ResfRECE /)
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Ex9e.build.RCSection

R

ect2D.tcl

Notes

% The core cancrete ends af the NA of the reinforcament
#  The center of the section is at (0,0) in the local axis system

sct cover [expr $HSec/2.0];
et coverZ [expr $BSec/2.0]:
sct coreY [expr $overY-$eoverH]:
et coreZ [expr $coverZ-$eovers]:
sct nfY 16
et nfZ 4: # number of fibers for conerete in z-direction

sct numBarsInt [expr $numBarsIntTot/2]; # number of intermediate bars per side
ection fiberSee $SecTag  (: # Define the fiber section

# number of fibers for cancrete in y-direction

patch quadr $IDconcCover $nfZ 1-Geovery $eoverZ $eovery -$eoverZ -$eore¥

[}; # end of fibersection definition

# The distance from the section z-axis to the edge of the cover conerete -- outer edge of cover cancrete
# The distance from the section y-axis to the edge of the cover concrate -- outer edge of cover concrate
# The distance from the section z-axis fo the edge of the core concrete -- edge of the core concrete/inner edge of cover concrete
# The distance from the section y-axis 1o the edge of the core concrete -+ edge of the core concrete/inner edge of cover concrete:

patch quadr $IDconcCore $nfZ $nfY -$eore¥ $eoreZ -$eore -$eoreZ $eoreY -$eoreZ $eorey $eoreZ: # Define the core patch
patch quadr $IDeoncCover 1 $nfY -$eovery $eoverZ -$eoreY $eoreZ $eore $eoreZ $eovery eoverZ:
patch quadr $IDconcCover 1$nfY -$eoreY -$eoreZ -$eovery -$eoverZ $eovery -$eoverZ $eore -$eoreZ
“$eoreZ -eoreY GeoreZ
patch quadr $IDconcCover $nfZ 1$corey $eoreZ $eorey -$eoreZ $eovery ~$eoverZ $eovery $eoverZ
layer straight $IDreinf $rumBarsInt $barArcalnt -$eoreY $eoreZ $eorey $eoreZ; # intermediate skin reinf. +z
layer straight $IDreinf $numBarsInt $barArealnt -$eoreY -$coreZ $eorey -$eoreZ: # intermediate skin reinf. -z
layer straight $IDreinf $rumBarsTop $barAreaTop $eore $eoreZ $eorey -$eoreZ; # top layer reinfocement

layer straight $IDreinf $numBarsBot $barAreaBot -$corey $carzz -$core¥ -$coreZ: # bottom layer reinforcement

k3

N

y=¢

{

z = coverZ|
z = coreZ Z=-co
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| I = -cover‘Z

Define the four cover patches

HSec
BSec

y = coverY

oreY

y = -coreY
y = -coverY

@:}j33§NEE§it

proc MomentCurvature2D

roc MomentCurvature2D ( secTag axiolLoad maxK {numIncr 100} } {

# Define reference moment

# A procedure for performing section analysis (only docs

# moment-curvature, but can be casily modified to do any made

# of section reponse))

# MHS

# October 2000

# modified to 2D and to improve convergence by Silvia Mazzoni, 2006
#

}

# Arguments
# secTag -~ tag identifying section to be analyzed

pattern Plain 3002 "Linear" {
load 10020000 1.0

# Compute curvature increment
set dK [expr $maxk /$numIncr]
# Use displacement control at node 1002 for section analysis, dof 3
integrator DisplacementControl 1002 3 $dk 1 $dK $dlk

# Do the section analysis
set ok [analyze $numTncr]
#

# axiclLoad -- axial load applied to section (negative is compression)
# maxK -- maximum curvat

ched during anolysis

# numIner -~ number of increments used to reach maxk (default 100)
#

# Sets up a recorder which writes moment -curvature results fo file
# section$secTag.out ... the moment is in column 1, and curvature in column 2
# Define two nodes at (0.0)

node 1001 0.0 0.0

node 1002 0.0 0.0

# Fix all degrees of freedom except axial and bending
fix 1001111

fix 1002010

# Define element

— 00

tog ndI nd secTag
element zeroLengthSection 2001 1001 1002 $secTag
# Create recorder
recorder Node -file data/Mphi out ~time -node 1002 -dof 3 disp:  # output moment (col 1) & cur|
# Define constont axiol load
pattern Plain 3001 "Constant" {
load 1002 $axialLocd 0.0 0.0
}
# Define analysis parameters
integrator LoadControl 010 0
system SparseGeneral -piv:  # Overkill, but may need the pivoting!
test EnergyIner 10e-9 10
numberer Ploin
constraints Ploin
algorithm Newton
analysis Static
# Do one analysis for constant axial load
analyze 1
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set IDctrlNode 1002

set IDetrlDOF 3

set Dmax $maxk

set Diner $dK

set TolStatic 1e-9:

set testTypeStatic EnergyIner

set maxNumIterStatic 6

set algorithmTypeStatic Newton

if ($ok 1= 0) {

7 if analysis fails, we try some other stuff, performance is slower inside this loop

set Dstep 00;

set ok O

while ($Dstep <= 10 8& $ok ==
set controlDisp [nodeDisp $IDctrINode $IDctrIDOF ]
set Dstep [expr $eontrolDisp/$Dmax]

set ok [analyze 1];
if {$ok 120} ¢
set Nk 4;

# reduce step size if still fails to converge
# reduce step size
set DinerReduced fexpr §Dincr /$Nk]

# this will return zero if no convergence problems were encountered

integrator
for (set ik 1} ($ik <$Nk) (...c
set ok [analyze 1];
if (ok 120}
# if analysis fails, we tr
# performance is slower

puts “Trying Newton with Initial Tangent .
$TolStatic

test NormDispIner
olgorithm Newton -initial
set ok [enalyze 1]

test $testTypeStatic $TolStatic
algorithm $algorithmTypeStatic

}
|

$IDctrIDOF $
i
# this will return zero if no convergence problems were encounterec

y some other stuff

inside this loop global maxhumIterStatic:  # max no. of iterations per

2000 0

$moxNumIterStatic

P INEES e

[




proc MomentCurvature2D f

if {$ok =0} { 5|
puts “Trying Broyden .
algorithm Broyden 8
set ok [analyze 1]
algorithm $algorithmTypeStatic

}
if ($ok 12 0} {
puts “Trying NewtonWithLineSearch ."
algorithm NewtonLineSearch 0.8
set ok [analyze 1]
algorithm $algorithmTypeStatic

}
if ($ok =0} {: # stop if still fails to converge
puts [format $fmt1 "PROBLEM" $IDctrINode $IDctrIDOF [nodeDisp $IDctrINode $IDctrIDOF] $Lunit TXT]
return -1
Y #endif
) # end for
integrator DisplacementControl $IDctrINode $IDctrIDOF $Dincr;  # bring back to original increment
Y #endif

}: # end while loop
Y. #endifokl0
#
global LunitTXT: # load time-unit text
if { [info exists Lunit TXT] 1= 1) (set LunitTXT "Length"}:  # set blank if it hos not been defined previously.

st fintl “%s Pushover analysis: CtriNode %.3i, dof %.1i, Curv=% 4f /%s"; # format for screen/file output of DONE/PROBLE,
if ok 120} (

puts [formot $fmt1 "PROBLEM" $IDctrINode $IDctrIDOF [odeDisp $IDctrINode $IDetrIDOF] $Lunit TXT]
Yelse {

puts [formot $fmt1 "DONE" $IDctrINode $IDetrIDOF [nodeDisp $IDetriNode $IDCtrIDOF] $LunitTXT]
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Ex9.analyze MomentCurvature2D.tcl  §
£ B

# Moment-Curvature onalysis of section
#  Silvia Mazzoni & Frank McKenna, 2006
=3

# define procedure
source MomentCurvature2D.tcl

& set AXIAL LOAD L
set P [expr -1800*$kipl: # + Tension, - Compression

# set maximum Curvature:

set Ku [expr 0.01/$in]:

set numIner 100 # Number of analysis increments to maximum curvature (defoult=100)
# Call the section analysis procedure

MomentCurvature2D $SecTag $P $Ku $numIner
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foreach Tcl command !

* Implements a loop where the loop
variable(s) take on values from one or
more lists

et C:AWINDOWS\system32\cmd.exe - opensees.
Pacific Earthquake Engineering Research Center — 2.8.8
{c> Copyright 1999.2000 The Regents of the University of California
All Ri

ights Reserve
(Copyright and Disclaimer B http:/ uwu.berkeley.edusOpenSees copyright.htnl)

> set al

set LabelList "a h"

o
OpenSees > set UalueList "$a $h"
H 2

[OpenSees > foreach Label $Labellist Value $UalueList {
puts {5Label = 5Ualuel
puts "¢Label = $Ualue"

FLabel = $Ualue
la = 1

ELabel = $Ualue
L = 2

OpenSees >

ol .
Silvia Mazzoni, OpenSees Modeling Workshop, 2008 MBIJSEQ:‘}NEE.S.W

Tcl list i

« Similar to a vector
« Itisa'list" of elements

+ Can manage with commands such as /append,
lindex, linsert, llength, Irange, Irepeat, Ireplace,
[search, Iset, Isort

* Very flexible size management (can have lists
within lists)

« INDICE NUMBERING STARTS AT ZERO!

-« Example:
set mylList “iteml itemZ2 item3 item4”
set myList " iteml {itemZa item2b} item3”

»” -
Silvia Mazzoni, OpenSees Modeling Workshop, 2008 ma’!ls’:‘aijNEE§'t




Tel ™ vs. {} f

wn

- Variables within *" are evaluated
- Variables within {} are NOT evaluated

S\system3Z\cmd.exe - opensees

OpenSees —— Open System For Earthquake Engineering Slmulatlnn
Pacific Emthquake Engineering Research Center —— 2.8.08

<c?> Copyright 1999. ZB“B?ITae Regeatv of the University of California
i

{Copyright and Disclaimer B http:i// -ber eley edus/OpenSees/copyright .html)

a3

h 4

listOne “%a

listTwo {$a
lindex $listOne
lindex $listTwo

Silvia Mazzoni, OpenSees Modeling Workshop, 2008 mBIJSE‘:’iNEE.S.it

Parameter Studies
using OpenSees




application I:

parametric study of bridge-bent model

N[

Silvia Mazzoni, OpenSees Modeling Workshop, 2008

0

Y. 5 YNEES !

parameterList.tcl

set iBaseCase

sef iWeight

sef iGMfact

{"PinBase" "FixBase" }

sef iXframe ! 2%

sef iHcol "fexpr 5*$Ft] [expr 6*$1t]";
sef iL.col "fexpr 32*$ft] [expr 36*$11]"
sef iHbeam "fexpr 6.*$ 1] [expr 8.*$1t]";
sef iLbeam "fexpr 36.*$ft] [expr 42.%$1]"
set iGrhoCol "0.0125 0.0175";

"fexpr 1500.*$kip]  [expr 3000.*$kip]"

"1.01520%

<:< boundary conditions |

frame
param’s

ground-motion
scaling

Silvia Mazzoni, OpenSees Modeling Workshop, 2008
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RUN.tcl (type 1)

1. [source Units.tcl; # define units

2. |source parameterList.tcl; # load up parameter values

3. |source GMFiles.tcl: # load up ground-motion filenames
4. foreach BaseCase $iBaseCase {

foreach Xframe $iXframe Hcol $iHcol Lcol $iLcol Lbeam $iLbeam GrhoCol $iGrhoCol
Weight $iWeight GMfact $iGMfact Hbeam $iHbeam Bbeam $iBbeam {| FRAME

set ANALYSIS "Static"; |__STATIC
source Analysis.tcl
set ANALYSIS "Dynamic™; [__DYNAMIC

foreach GroundFile $iGroundFile
source Analysis.tcl

| GROUND MOTION |

s
1
}
L
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Y. 5 YNEES !

RUN.tcl (type 2)

source Units.tcl; source ParamList.tcl; source GMFiles.tcl;

BaseCase $iBaseCase {

set Xframe [expr $Xframe+1];

set ANALYSIS "Static";
source singleAnalysis.tcl

set ANALYSIS “D n:mi:u.

foreach GroundFile $iGroundFile
source singleAnalysis.tcl

EEEYE YRR
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singleAnalysis.tcl

1. | model basic -ndm 3 -ndf 6

create model builder

2. | source units.tcl:
set up parameters and variables
3. | source parameters.tcl: 1
4. | source nodalmesh.tcl; |
5. | source materials.tcl; set up structural model
6. | source elements.tcl; |
7. | source output.tcl; specify data output
8. | source gravity.tcl: T !
a oadin
9. | source lateral.tcl; i/ 2

10} wipeanalysis

clear memory

Silvia Mazzoni, OpenSees Modeling Workshop, 2008
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ters.tcl

parameters.Tc ARG TR f
J

1. | set Reol [expr $Hcol/2]; # COLUMN radius column

2. | set Acol [expr $PI*pow($Rcol,2)]: # column cross-sectional area

3. | set cover [expr $Hcol/15]; # column cover width

4. | set IgCol [expr $PI*pow($Rcol,4)/4]; # column gross moment of inertia, uncracked

5. | set IyCol $IgCol; # elastic-column properties

6. | set IzCol $IgCol: # elastic-column properties

7. | set IzBeam [expr $GIbIc*$IgCol]: # BEAM gross moment of inertia - beam

8. | set Hbeam [expr 8*$ft]; # beam depth, not really used

9. | set Bbeam [expr $IzBeam*12/pow($Hbeam,3)];# beam width not used

10| set IyBeam [expr $Hbeam*pow($Bbeam,3)/12]; # beam gross moment of inertia--vert ¥

11| set Abeam [expr $Hbeam*$Bbeam*10000]: # beam cross-sectional area

12| set 6LblLc [expr $Lbeam/$Lcol]: # beam-to-column length ratio

Silvia Mazzoni, OpenSees Modeling Workshop, 2008
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output.tcl f

# Record nodal displacements -NODAL DISPLACEMENTS

set filenameO "data/$BaseCase/" ——— director
set filenamel DStatFramefexpr $Xframe] <:=y frame ID
set filename2 GM$6GroundFile grouﬂa’ motior

set iNode "3 4";

foreach xNode $iNode {
set filename3 Node$xNode ———— node no.
set filename $filenameO$filename3$filenamel $filename2

recorder Node $filename.out disp -node $xNode -dof 1 2 6,
» # end of xNode

example filename: data/Pinbase/Node3DStatFramelE/Centro.out ‘

Silvia Mazzoni, OpenSees Modeling Workshop, 2008 @arJSaagNEEgit

generating matlab input f

set datadir "Data/"
# Open output file for writing
set outFileID [open Data/DataFrame$ Xframe.m wj

puts $outFileID "Xframe($Xframe) = $Xframe:"; # frame ID

puts $outFileID "Hcol($Xframe) = $Hcol:" # column diameter

puts $outFileID "Lcol($Xframe) = $Lcol:" ; # column length

puts $outFileID "Lbeam($Xframe) = $Lbeam;";  # beam length

puts $outFileID "Hbeam($Xframe) = $Hbeam:"; # beam depth

puts $outFileID "Bbeam($Xframe) = $Bbeam;";  # beam width

puts $outFileID "GrhoCol($Xframe) = $6rhoCol;"; # column long.-steel ratio

puts $outFileID "GPcol($Xframe) = $GPcol:"; # Col.axial load:strength
puts $outFileID "GMfact($Xframe) = $6Mfact;"; # ground-mot. scaling fact
puts $outFileID "Acol($Xframe) = $Acol:"; # column cross-sect. area

puts $outFileID "Weight($Xframe) = $Weight.": # superstructure weight

Silvia Mazzoni, OpenSees Modeling Workshop, 2008 %‘;JS’;‘%NEE§R
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dataframe3.m f

+ Xframe(3) = 3;

* Hcol(3)=78.0;

* Lcol(3) = 432.0;

* Lbeam(3) = 432.0;

+ Hbeam(3) = 96.0;

+ Bbeam(3) = 78.0;

+ GrhoCol(3) = 0.0125;

+ GPcol(3) = 0.0570754682058;
+ GMfact(3) = 1.5;

« Acol(3) = 4778.36242611;
+ Weight(3) = 3000.0;

Silvia Mazzoni, OpenSees Modeling Workshop, 2008

analyses running /

E:\Users\AASilvia\aaPro

ts\PortalFrameanalysis\E xamples\SamplesiopenS ees exe

OpenSees _-- Open System For Earthquake Engineering Simulation
Pachlc Earthquake Engineering Research Center

(c) Copyright 1599 The Regents of the University of California
All Eights Reserve:

0 anees > source runFRAME tcl

FRAME1.......... FRAMEL.......... FRAME1

Use natural column ordering.
Use natural column ordering.
DYNAMIC ANALYSIS

se natural column orderlng.

Use natural column ordering.
GroundMot i onQKP@8S

Ose natural column ordering.

Use natural column ordering.
GroundMot i onE©2140

Ose natural column ordering.

Use natural column_ordering.
GroundMot i onHOL 360

Use natural column ordering.

Use natural column ordering.
GroundMot ionELC18@

Use natural column ordering.

Use natural column ordering.
GroundMot i onRO300A

Use natural column ordering.

Use natural column ordering.

__GroundMot ionCASQGR

USe natural column ordering.

Use natural column_grdering.

__GroundMot ionARL 360

Ose natural column ordering.

Use natural column ordering.

i#Start| BJ Exploring - Samples icrosoft PawerPain.. | [£] Lateral -Notepad | [#funtited - Paint | Shere- Compostion |[HEEUserssaasitv... | | LRGP BH 1258 PM

Silvia Mazzoni, OpenSees Modeling Workshop, 2008 @11599; NEES;t




application TT.:
3D model of bridge frame

Cypress-Street Viaduct Replacement Structure

Baeck
Leap

e N

bent detail

1 il il |
| 1 . I
frame detail , .
Silvia Mazzoni, OpenSees Modeling Workshop, 2008 %‘IJSQBENEEgit

nodalmesh.Tcl - a humber of bents f

set iNodeO "100 200 300"
set iZbent "[expr O*$ft] [expr 200*$ft] [expr 400*$1t]”

e I
foreach NodeO $iNodeO Zoffset $/Zbem‘11 | define nodes of each bent

# Define nodes ------ frame is in X-Y plane (X-horizontal, ¥-vertical)

# tag X y Z  <-mass MX MY MZRX RY RZ> (nodal masses)

node |[expr $Node0 + 1] [expr -$Lbeam/2.]  [expr -$Lcoll ] | $Zoffset

node |[expr $Node0 + 2] [expr $Lbeam/2.]  [expr -$LcolR]| $Zoffset

node |[expr $Node0 + 3] [expr -$Lbeam/2.] O $Zoffset | -mass $Mnode 0.0 0.0 0.0 0.0 0.0
node |[expr $NodeO + 4] [expr $Lbeam/2] O $Zoffset | -mass $Mnode 0.0 0.0 0.0 0.0 0.0

node |[expr $Node0 + 5] [expr -$Lbeam/2.- $Lcant] 0 $Zoffset;| #overhang
node |[expr $Node0 + 6] [expr $Lbeam/2.+$Lcant] 0 $Zoffset;

node |[expr $Node0 + 13] [expr -$Lbeam/2.] O $Zoffset:

node |[expr $Node0 + 14] [expr $Lbeam/2] O $Zoffset

node |[expr $Node0 + 23] [expr -$Lbeam/2.] O $Zoffset:

node |[expr $NodeO + 24] [expr $Lbeam/2] O $Zoffset

# Rounda ition #node DX DY DZRXRYRZ  #1: fixed, O: released

fi 111010 # pin support

# 5. 4. 3. 3. /’l 5 _____ 6

# / /

# / /

# --1-- --2-- ~y

# / / /

# / / /

# 1 2 s X
} o
Silvia Mazzoni, OpenSees Modeling Workshop, 2008 %;,39%NEE§¢
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elements.tcl f

setiNode0 “100 200 300
setiElem0 “100 200 300“

elem. # ‘ node i node j |
foreach Node0 $iNode0 Elem0 $iElem0 {

J_‘ define elements of each bent |_
# Define

element nonlinearBeamColumn |[expr $Elem0 + 1] | |[expr $Node0 + 1] [expr $Node0 +3] | $np $IDcolSec $ZZ;
element nonlinearBeamColumn |[expr $Elem0 + 2] | |[expr $Node0 + 2] [expr $Node0 +4] | $np $IDcolSec $ZZ;

#IDphtMat has been defined in p s.tcl and materials.tcl -- TOP PLASTIC HINGE, connects column to joint
rotSpringDOF6 |[expr $Elem0 + 11] [expr $Node0 +3] [expr $Node0 +13] $IDphtMat  [expr $Node0 +3];
rotSpringDOF6 |[expr $Elem0 + 12] [expr $Node0 +4] [expr $Node0 +14] $IDphtMat  [expr $Node0 +4]

#IDjointMat has been defined in parameters.tcl and materials.tcl -- JOINT, co hinge to beam

rotSpringDOF6 |[expr $Elem0 + 21] [expr $Node0 +13] [expr $Node0 +23] $IDjointMat [expr $Node0 +3];
rotSpringDOF6 |[expr $Elem0 + 22] [expr $Node0 +14] [expr $Node0 +24] $IDjointMat [expr $Node0 +4]
# Define BEAM
element elasticBeamColumn [expr $Elem0 + 3] |[expr $Node0 +23] [expr $Node0 +24] $pbeam $Ec $GJ 1.0 $lyBeam $izBeam $ZZ

element elasticBeamColumn [expr $Elem0 + 4] |[expr $Node0 +5] [expr $Node0 +23] $pbeam $Ec $GJ 1.0 $lyBeam $izBeam $2Z
element elasticBeamColumn [expr $Elem0 + 5] |[expr $Node0 +24] [expr $Node0 +6] $pbeam $Ec $GJ 1.0 $lyBeam $izBeam $2Z

# end foreach node and element in a bent

)

| connect bents

Column 501 [expr $NodeOBent1 +3] [expr $NodeOBent2 +3] $Abeam $Ec $GJ 1.0 $U $U $YY
Column 502 [expr $NodeOBent2 +3] [expr $NodeOBent3 +3] $Abeam $Ec $GJ 1.0 $U $U $YY
Column 503 [expr $NodeOBent1 +4] [expr $NodeOBent2 +4] $Abeam $Ec $GJ 1.0 $U $U $YY
Column 504 [expr $NodeOBent2 +4] [expr $NodeOBent3 +4] $Abeam $Ec $GJ 1.0 $U $U $YY

D I I O
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Build Frame 2D

Silvia Mazzoni, OpenSees Modeling Workshop, 2008

# buildFrame2D.tcl: generates frame nodes/materials /sections/elements

# by Silvia Mazzoni, 2005

=

# 41 (241) 42 (242) 43 (243) 44 (244) 45

e BS4 | BS4 | BS4 | BS4 |

# ](141) 1(142) 1(143) 1(144) 1(145) LColTop
= | Cse |cs4 |cs4 |cs4 | cse |
# 31 (231 32 (232) 33 (233) 34 (234) 35 B
# BS3 | BS3 | BS3 | BS3 | |
# (131 1(132) 1(133) 1(134) 1(135) LColTop
= | Cse |cs4 |cs4 |cs4 | cse |
# 21 (221 22 (222) 23 (223) 24 (224) 25 B
# BS2 | BS2 | BS2 | BS2 | |
#1121 1122) 1(123) 1(124) |(125) LColTop
# |Cs5 | cs3 1cs3 |cs3 | cs5 |
# 1 (1) 12 (212) 13 (213) 14 (214) 15

# BS1 | BSL | BS1 | BS1 | |
# | | | | | |
#1110 1(112) 1(113) 1(114) |(115) LColBot
# |cs1 | cs2 |cs2 | cs2 | ¢s1 |
# | | | | | |
# === 1 === 2 === 3 === 4 ===5 -
#

R LBeam------ | LBeam | LBeam | LBeam |

#

=

L]

=

%j’:j;gNEEgi:

Define Geometr

[nodel BasicBuilder -ndm 2 ndf 3
variable problemSize Large:  # option, Large or Small (less then 10 nodes) -~ used #
ource Libraries.tel: # set up all variables, procs and utilities libraries

# define frame geometry
iset LColBot [expr 14*$1]:

set LCol Top [expr 13*$t];

lset LBeam [expr 30*$t];

Iset typical StoryHeight $LColTop:

set DincrStatic [expr 0.2*$in];  # displacement increment for static pushover /cycli
set DincrStatic [expr 0.17$in]:  # displacement increment for static pushover /cycli
set DincrStatic [expr 005%$in];  # displacement increment for static pushover /cy|
set DincrStatic [expr 001*$in):  # displacement increment for static pushover /eyl

set iLCol "$LColBot $LColTop $LCoITop $LCoITop "
et iLBeam "$LBeam $LBeam $LBeam $LBeam"

Iset Nstory [llength $iLCol]:

iset Nbay [llength $iLBeam];

set Npier [expr $Nbay+1];

et iVlevel "
lset Ylevel 0.0
for set j 1} ($j = $Nstory} (iner j 1 {

set Ylevel [expr $Vlevel + [lindex $iLCol fexpr $j-111):

lappend i¥level $Ylevel: # height of level i from ground

# Define nodes
st iSupNode " # define support nodes for multiple-support excitation or reactions
for (set i 1} ($i <= [expr $Nbay+1]} finer i 1} {
set Xcoord [expr ($i-1)*$LBeam]
node $i $Xeoord 0.
lappend iSupNode $i:
for (set j 1} (] <= $Nstory} fincr j 1) {
set jeount [expr $j-1]
set Ylevel [lindex $iVlevel $jcount]
node [expr $i+10°$j]  $Xcoord $Vlevel
}

B

jset iIDpushNode "":

for {set | 1} (§j <= $Nstory} (iner j 1} {

set nodeID [expr 1+10*4]
lappend iIDpushNode $nodeID
i

# define nodes where to apply lateral load for static pushover inf 7

set IDbaseNode 1:  # define displacement base node

sct IDctriNode [Irange $iTDpushMode end end]:
# for displacement-control static pushover analy:

lset Ldrift [Irange $iYlevel end end]:
set IDetrIDOF 10 # lateral dof

% Single point constraints -~ Boundary Conditions
for {set i 1} ($i <= [expr $Nbay+1]} finer i 1} {

fix $i 111
i

[# REINFORCED-C ONCRETE material properties

lsource $LibDir/LibMaterialsRC tel:

lsource $LibDir/LibMaterialsRCVariations fel;

# baseline RC materials

1# Select material types for parameter study

set IbconcCore [string map $keyIDconcCore $ConcType 1:
set IDconcCover [string map $keyIDconcCover $ConcType 1
sct IDreinf [string map $keyIbreinf $Steel Typel:

[ REINFORCED-CONCRETE section properties

[# numbers of fiber

set nfCoreY 16;  # number of fibers in the core patch in the y direction

lset nfCoreZ 2:
iset nfCoverY 16:

jset nfCoverZ 2:

[

]
Ivia Mazzoni, OpenSees Modeling Workshop, 2008

# number of fibers in the core patch in the z direction
# number of fibers in the cover patches with long sides in the y dire
# number of fibers in the cover patches with long sices in the z dire \

0p S

# define control node for pushover an

# variations on the baseline RC materials

/)

N
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=

[# columns: CS1,C52,€53.£54,CS5,CS6

et IDCol SecO 100: # starting ID number for column sections

set €51 [set icount [expr $IDColSecO +11]:

et €S2 [incr icount 1]

et €53 [incr icount 1]

et €54 [incr icount 1]

et €55 [incr icount 1]

lset €56 [incr icount 1]

et coverCol [expr 2.6*$in]: # cover from face to centroid of longitudinal reinforcement.

ot iTDsecCol " $C51$C52 $C53 $C54 $C55 $C56"

et iHCol "[expr 30*$in] [expr 40 $in] fexpr 33 $in] [expr 34 $in] [expr 30*$in] [expr 287$in] "
ot iBCol "[expr 30*$in] [expr 307$in] [expr 30*$in] [expr 30*$in] [expr 30*$in] [expr 247$in]
st ikBarCol  "#9 #10 #10 #9 #9 #8 " # bar size

et iNbarBotCol "6 65555 ";  # number of bottom longitudinal reinforcing bars in section

et iNbarTopCol "6 65555

: # number of top longitudinal reinforcing bars in section
et iNbarIntCol " 6 6 6 6 6 6 ";  # number of intermediate-reinforcing bars in section (2 bars per layer) -- different from Curt in specification
set iDbCol "
Iset iAbCol
foreach kBarCol $ikBarCol {
lappend iDbCol [procGetDb $kBarCol]
lappend iAbCol [procGetAb $kBarCol]
)
et iTzCol "
set iPo "
foreach HCol $iHCol BCol $iBCol AbCol $iAbCol NbarBotCol $iNbarBotCol NbarTopCol $ilbarTopCol NbarIntCol $ilbarIntCol IDsecCol $iTbsecCol {
set AgCol [expr $HCol*$BCol]:
set AsBotCol [expr $NbarBotCol *$ AbCol]:
set AsTopCol [expr $NbarTopCol*$AbCol]:
set TzCol [expr 1./12*$BCol “pow($HCol 3) + $Es/$Ec™($ AsBotCol+$ AsTopCol)*pow(($HCol /2-$coverCol) 2)]:
set PoCol [expr -$AgCol “$fc]:

Define Column Sections Q

lappend iTzCol $zCol

lappend iPoCol $PoCol

procRCrectSection $IDsecCol $HCol $BCol $eoverCol $eoverCol $IDeoncCore $IDconcCover $IDreinf $NbarBotCol $AbCol $NbarTopCol $AbCol \
$NbarIntCol $AbCol $nfCoreY $nfCoreZ $nfCovery $nfCoverZ

i

et columnSets "$C51$CS2 $C52 $C52 $CS1

$C55 $C53 $C53 $C53 $C55

$C56 $C54 $C54 $C54$CS6

$056 $C54 $C54 $CSA$CS6"  # where cach column goes in the frame

Silvia Mazzoni, OpenSees Modeling Workshop, 2008 @—)}J’%%NEE§“

Define Beam Sections f

# beams: BS1, BS2, BS3, BS4

iset IDBeamSecO 200: # starting ID number for beam sections

sct BS1 [set icount [expr $IDBeamSec0+1] ]:

et BS2 [incr icount 1]

et BS3 [incr icount 1]

et BS4 [incr icount 1]

Iset coverBeam [expr 2.6*$in]: # cover from face to centroid of longitudinal reinforcement.
set iIDsecBeam " $BS1$BS2 $853 $854"

et iHBeam "[expr 427$in] [expr 36"$in] [expr 327$in] [expr 32*$in]"

et iBBeam "[expr 24$in] [expr 247$in] [expr 247$in] [expr 24*$in]"

iset ikBarLongBeam "#9 #9 #9 #9 .  # bar size for longitudinal reinforcement

Iset ikBarIntBeam "#4 #4 #4 #4 . # bar size for intermediate layers

Iset iNbarBotBeam " 8 6 54 "; # number of bottom longitudinal reinforcing bars in section
<ct iNbarTopBeam " 10 8 7 6 " # number of top longitudinal reinforcing bars in section

sct iNbarIntBeam " 4422 " # numbc
<ct iDbLongB

of intermediate-1
set iAbL B¢ " set il
foreach kBorLongBeam $ikBorLongBeam kBarIntBeom $ikBorIntBeam {
loppend iDbLongBeam [proc6etDb $kBarLongBeom]

loppend i AbLongBeam [proc6et Ab $kBarLongBeom]

loppend iDbIntBeam [procGetDb $kBarIntBeom]

loppend iAbIntBeam [procGet Ab $kBarIntBeom]

inforcing bars in section (2 bars per layer) -- 2x Curt
ot iAbTntBeom "

o these volues, as we append after

et iTzBeam "

et iPoBeam "

foreach HBeam $iHBeom BBeam $iBBeam AbLongBeam $iAbLongBeam AbIntBeam $i AbIntBeom NbarBotBeam $ilbarBotBeam \

NbarTopBeam $illbar TopBeam NbarIntBeam $ilbarIntBeom IDsecBeam $ilDsecBeam

set AgBeam [expr $HBeam*$BBeam]:

set AsBotBeam [expr $NbarBotBeam*$AbLongBeam]:

set AsTopBeam [expr $NbarTopBeam™$ AbLongBeam]:

set TzBeam [expr 1./12"$BBeam* pow($HBeam 3) + $Es/$Ec($ AsBotBeam+$ AsTopBeam)*pow((HBeam/2-$coverBeam) 2)]:

set PoBeam [expr -$AgBeam*$fc];

lappend iTzBeom $1zBeom

lappend iPoBeam $PoBeam

procRCrectSection $IDsecBeam $HBeam $BBeam $eoverBeam $eoverBeam $IDconcCore $IDeoncCover $IDreinf $NbarBotBeam \
$AbLongBeom $NbarTopBeom $ AbLongBeom $NbarIntBeam $AbIntBeom $nfCoreY $nfCoreZ $nfCovery $nfCoverZ

i

et BeamSets "$BS1$BS1$BS1 $BS1

$B52 $BS2 $852 $BS2

853 $BS3 $B53 $B53

$B54 $BS4 $B54 $BSA ", # where cach beam goes in the frame, each level and bay

Silvia Mazzoni, OpenSees Modeling Workshop, 2008 @7}133 NEEGt




Define Elements

1# Define ELEMENTS

et np 5 # number of integration points for nonlincarBeamColumn clement

lset IDcolTrans [set icount 1]: # associate a tag to column transformation

st IDbeamTrans [incr icount 1] # associate a tag to beam transformation

geomTransf $6transf $IDcolTrans :  # COLUMNI transformation

lgeomTransf Linear $IDbeamTrans :  # BEAMI Linear transformation: no second-order effects

set IDColEIt0 100;
lset IDBeamEIt0 200

# columns
Iset ColElemType $ElemType:
for set j 1} (] = $Nstory} finer j 1} {
for (set i 1} (i <= [expr $Npier]} {iner i 1} {

set elID [expr $TDCIEIO+$i+($))710]:

set nodel [expr $i+($j-1)*10]:

sct noded [expr $i+$*10]:

set NN [expr $Npier]

set secIDindex [expr ($j-1)*$NN+$i]:

set secID [Jindex $columnSets [expr $secIDindex-1]):

element nonlincarBeamColumn $elID $nodeT $noded $np $secId $IDcol Trans : # actually build element
}: # end for iz row of columns
b: # end for j= column of columns

[# build beams
for {set j 1} {$j <= $Nstory} {incr j 1}
for (set i 1) ($i <= $Nbay} fincr i 1} {

set elID [expr $TDBeamEl10+$ish;*10]:

set node [expr $i+$j*10]:

set noded [expr $i+$j*10+1];

set NN $Nbay:

set keyB 9 Jumn $ nonlinear! lumn $ 9 }
set BeamArguments [string map $keyBeamArgs $BeamElemType]

element nonlinearBeamColumn $eIID $nodeT $noded $np $secID $IDbeamTrans : # actually build element
}: # end for iz row of beams
b: # end for j= column of beams

Silvia Mazzoni, OpenSees Modeling Workshop, 2008

and so on.....

pE) jég%NEEgit

conclusions

- advantages of Tcl scripting language:

simplify error check

simplify parameter studies

generate a new input file while using

components of a previously-generated

and tested input file
improve collaboration

Silvia Mazzoni, OpenSees Modeling Workshop, 2008
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