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OpensSees 3810 3 cuai 0gzxi —Y-Y

download as; ;5 Gl (0,5 6L s ¢ http://OpenSees.berkeley.edu culu 4 as>! o b Lo

:oﬁdﬁ}ﬁ@6|Apu’wg)ljWjoo)fo)191)%0)5@&.,3&[945%1%[{‘%@)

OpenSees Executable Distribution

Current version is: 2.4.5

Your last download was on Mon Dec 8 22:32:45 2014,
and the version was 2.4.4.

OpenSees executables for Windows 98/2000/NT/XP/\Vista are available for download. The current version of
OpenSees has been tested and is generally stable. However, users may encounter problems when running a
new problem for the first time. For that reason we we strongly encourage you to participate in the various
message boards hosted by OpenSees. And please report any bugs you find! That, of course, is the whole
reascn we make these binaries available.

OpenSees uses Tcl/Tk, a general purpose scripting language that we have extended with commands for
OpenSees, It is necessary to download a DLL for the Tcl/Tk interpreter,

The first step is download the two files below. The first file a zip file containing the OpenSees executable, The
second file is a self-installing executable for Tcl/Tk.

OpenSees sl,>! 3L i K L1 couS oo osbils 1) abbgy 0 OpenSees g tel/tk LB e

Al oo Matlab j138ls 5 cuas Lo i a5 .net framework aol , ale .ail oo
Sl Son il aigs (605 Loty ST il so )T J5Is &l jgiws o wilises slaaseas Cllis|
S a5 0l B> daliy 5l SleaS suw asud o Cwl S b 04 OPENSEES o)l (gam dseud o

ML K\Y o».\.aw...sy L)"""‘"P ..&.\‘34‘50 QT JJU»)
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http://opensees.berkeley.edu/

PRI EVE 3 WA ) OpenSees wjgol Ay S b8 3 glaw

255 (sl (piligi VY

I, enter 5 oo g |, puts “OpenSees” gws el p ol 5L 51 e a5 Cnisl (g, (5l

OpenSees — Open System For Earthguake Engineering Simulation
Pacific Earthguake Engineering Research Center —— 2Z2.4.4 (rev 5774>

Cc? Copyright 1999-2813 The Hegents of the University of California
All Rights Reserved
(Copyright and Disclaimer @ http: /" uww_berkeley.edusOpenSees copyright _html>

Openfees > puts "opensees"
opensees
OpenSees >

o )i o ()0,5 saVe Sl am ailioe ()] 50 s5iwd (e (Ris 5 (e bl (50,8 5L oo g,
oL OpenSees LG ,ulsd lea o wl oo LB all ool (oo, 5, OpeNSees axl s 4,

""" test - Natepad = B E

File Edit Format View Help
puts "opensees’ -

test

source test.iXt oS oo i dulip )0 e

OpenSees — Open System For Earthguake Engineering Simulation
Pacific Earthguake Engineering Research Center — 2.4.4 (pev 5774)

(c?» Copyright 1999-2813 The Regents of the University of California

Rights Reserwved
(Copyright and Disclaimer @ http:./swwu_herkeley.edus/OpenSees/copyright _html)

OpenSees > source test.txt
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.(Mb;iusbrga)’ldh.&iW&Lw)o)boysbjgubuwéjloLs;x.oadag‘)w.zgm

1ol 00,5 (2 |y oo 5 g oo 0010 sl da Dlud> o astel cw 3L ddl> i b

M

B
# create spring nodes

M

B
# spring nodes created with 3 dim, 3 dof

model BasicBuilder -ndm 3 -ndf 3
# counter to determine number of embedded nodes
s=et count 0
# create spring nodes
for {set i 1} {51 == SnNodePile} {incr i} {
# z-coondinates of nodes-depend on,element length
set zCoord [expr SeleSize*(5i - 1)]
# only create spring nodes over embedded length™of=pile
if "{§zCoord <= §L2} {
node 5i 0.00 0.00 SzCoord
node [expr $i+100] 0.00 0.00 SzCoord
set count [expr Scount+l]
1
1

puts "Finished creating all spring nodes..."

e 95 HFwd ol oy melasy 1.0, 0 5 @ Slviog (Lhg slp # Cwlle uisen

Dgs g0 35l el Olosss # Cuolle b puorns o 90 jgd lesl o 1y cawlle wul ol

£

for {set i 201} {5i <= [expr 2004+5nElePile]} {incr i} {

element dispBeamColumn §i $1i [expr $i+l] §secTag3D 3 1
1

puts "Finished creating all pile elements..."

D58 o0 )18 e Lol e 0 5 s element jgiws g adls iei b laledl g ol Judo @
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S sk L OpensSees yjgol Kt B gl

set timeStep 0.5

recorder Node -file pileDisp.out -time -nodeRange 201 [expr 200+§nNodePile] -dof 1 2 3 -dT $timeStep disp
recorder Node -file reaction.ocut -time -nodeRange 1 SnNodePile -dof 1 -dT $timeStep reaction
recorder Element -file pileForce.out -time -eleRange 201 [expr 200+$nElePile] -dT §timeStep globalForce

puts "Finished creating all recorders..."

recorder display "OpenSees Real Time" 10 10 700 700 -wipe

Prp 0 100 O
vup 001

wpn o-1a0
display 1310

25l 5 (@l b lap e i az a5 5 o0 e sl sla oz S g
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b ol b oo 516 09 S Loy sl ! 5] o Lol oo aogi boledl g oo 5 ol 5

OpenSees ;s J& g —V-F
2> model builder Jo! cooud (il oo (slo )l cun 5505 piuces OPENSEES x5 ju sy e
Qs o 7y ol o Gl oyls 4 il o dOMAIN lawg Cuond wgb oo il ol 0 Jow a5 Col
Olygiws Judot Ceonnd 0)l05 3559 idas g 8 g ,ls 5g>g dOMaAIN o tHAL g T alax] o Slelb
recorder coe.d gd 1>l domain o ot Jljgiws d>  x wil o dOMaIN jgige o Judoo
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main abstractions in

OpenSEES

Holds the state of the meodel at time 1, and
(t, + dt) & is responsible for storing the
objects created by the ModelBuilder
object and for providing the Analysis and
Recorder objects access to these objects

ModelBuilder

Domain Analysis

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

Cound sJa.L?u 6‘).3 B séﬁ»ﬁ)‘sa .))‘9

Moves the model from
state at time t; to state
at time and (t; + dt)

Recorder

Monitors user-defined
parameters inthe
model during the
analysis
all this is within the
Tel interpreter & commands

Pyl s | ol SlS p (lgiee 5 0pdiee plnl Jlod Ladd g 09d e BB (63459 Slelll]

aolol Jodoo ady gogd Bl ojlw 5l Sgtw (Judos plVe asl jo Wie a5 aiiigs guS g5 o OpenSees

ool 55 Jedod 52 5l ey saly a8 Jad gloyron b odigy iy a3 (o 50 S onl S by

Sle g0l 0,5 el o
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traditional code vs. OpenSEES

Traditional Code Framework of Components
User Interface ! Model puilders
Input Language _ ! - :
Base Code t '% «+—Elements | Materials |Other
Elements ¥ % R Solution Proced: '
2 |
> Solvers
Compute Technology
Compute Technology
Databases

«—— Application Program
Interface (API)

Silvia Mazzoni
NEESgrid End-User Workshop 2005 %;,;;BQENEEgit

L f sladl b Jow -Y-F
5 Wgd oo Joe S & g0 oLl ETABS | SAP2000 wiiles (5, sl 5316 5 5o
slectl>- OpenSees ;o' Jg dagyl ouisle gl g aib oo Hledl JS 2555 — 23 o byl (> 9,5

sl 28l 0 BB 55 p5ile)] o (2> g eahabe (2> S 5 6%
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my favorite:
+ You can describe a structural/geotech.
component at a number of levels:
- element level - force-deformation model
- section level - moment-curvature model
- fiber level - material stress-strain model

element node integration painte element node
—
(&
element ¥ element
t section

Silvia Mazzoni
NEESgrid End-User Workshop 2005

S sy Iy Sl ol IS0 S5 0 pupledn 3]

L 4 ) T
(a) (b) (c) IJ d o /(&)
SEAPE. AL
e
Lase L Jhads shaio 4l o6 abaiie [YRCN P
Skl b et 8 3> Jab b
N J \ v J

5ol 5l e OpenSees o wai oo ooliiwl 35 jeie alcwuiwll ;| ETABS L SAP2000 ,o
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S92 90 @L»a.o -f-¥

W Oy, 50 99340 wlas glgl http://OpenSees.berkeley.edu/wiki/index.php colw o

il oy 70 4 aS Sl oo 03,51 OpenSees

= Steel & Reinforcing-Steel Materials

Steell1 Material
Steell2 Matenal - Giuffre-Menegotto-Pinto Model with Isotropic Strain Hardening

Steeld Material

Hysteretic Material

Heinforcing Steel Material
Dodd Restrepo
RambergOsgoodSteel Material

s Concrete Materials

Concretel1 Material - Zerc Tensile Strength

Concretel2 Material - Linear Tension Softening
Concreteld Material - Popovics Concrete Material
Concretelf Material
Concretel7 — Chang & Mander's 1594 Concrete Model
Concretel1 Material With Stuff in the Cracks

= ConfinedConcretel1 Material
= Some Standard Uniaxial Materials

= Elastic Uniaxial Material
Elastic-Perfectly Plastic Material
Elastic-Perfectly Plastic Gap Material
Elastic-Mo Tension Matenal

Parallel Material

Series Material

OIS = S loges (3990 SMOOth ,bl5-4; Steel02 51 Jgoms sla 5 ;o csl ool olUgh mllas la

- Joe sl im0, oolaxwl hysteretic ;1 ylg5 oo ool ;o (ileS 56 (gl g so oolanwl )]
D oo oolazwl reinforced steel 51 o Sl 5L o5l

oolazwl o )l Ceoglie iS jo a5 concrete0l ;1 ol oolw (g5le Jow 4 5Ls 31 b wlas o

Oz Al dlgs colaiul cunl Lol > Jaw o 5 3.80 a5 concrete07 5l v slo IS (sl 9 098 o0

2,5 eolazul olgs ce coOnfined Concrete ;| auaay 1,8 aslllas 5,50 1,  Saisjgame auplgs S
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Slagd das e Al o)ly pudlgsee a5 dlac b (oo )l oz e 4y 5l oS adsl oIS ol
a8 all glalold 2 b ozo o0 adls U gy o alold g5luJow @ 5Ls 51 gl o oolatul elastic

Sl s Slelbl ogl oo oolaiwl Gap ;1 abl ailas 0s2g o9, S0 bl jo § Corw biwl) SO
2,5 gins Colw (o Glgs o 1y 0ole yo
TCL Olygiumws —0-¥
ol olal b ool aniigh (glaaS ples il o OpenSees L LIS 5Lo oo tCl o g anlip ol
0% dwles &l ) jeiws wiz delsl o anil b
set ,gws -\
setal eiie SG 03¢ plas! gl
oolaiwl Calaie slal> yo yxie S 5l st ST WL (el g Jlas JI5 22y 6l jws (4l
igdise Sy bz (35 E5LS ST (00,8 iy S b S
unset ,gws Y
unset a 1) 90,5 o319 eas eols Lolaslsas 5l paie 050 JB (lp
sl o B oS unset aal> slasl 51 e 1) o g g oo oolawl | paie 51 45 ladil> o Ue

Dg oolarwl o
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file mkdir jgtws -¥
file mkdir result/push algd clu gl

s lalgd s cole sloa lgs o g plail Sglaie jalgd o o o pusles ST
3,5 solatwl UL
source giws -f
Source model.tcl aaS domain o ylg 1, (6,50 LB aSol ol
03,5 lax 1) aliBes slaciond ol ooy oS (slp e oo 0L b Jow aS 0 lge san jo
o2 oo 51,8 oo LS 1 ol Ll oSG jolay] 10,5 SOUMCE b s couiS 2 31y citlisee sla b6 0 4
expr ;gwws -0
expr $a+3b L expr 3.+2. re2by Jles! all (ol
Ozt g oo Oylg (60l gl Sl ;0 45,59 il feow gllo slael slod 05 | aw dion
Jol el <51 jgws 09b oolatnl [T ST 5l jews am 5 S8 aul 958 plonil Slasloee oSl 6
ol ololas jo yuly asles el oo Oldes ol ploxl
puts ,eiws -%

Puts “Hello OpenSees oy S ke gl
class”
4ol 098 polro OPENSEES dali py doras ;o U 3gui oo oolaiwl PULS 51 &l jgiws san 5l am Ugeso

B oo oolaiwl I 5l call alolds glyls pULS v dax ST pioren ol oo Slal> po ax o
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Incr jgews -V
incr x 2 Ao oo iali8l ) e lade
Sl 0 5 ddls> )0 Ugore jgiws oy

for ,giws -A

oS b 1y g slepad b jeiws pl e sl

for start test next body
for {set x 0} {$x<10} {incr x 2} {

puts “x is $x”
}
h38 P8 5 oaSle Hlake (e 05 £9,5 (G038 Az I 45 29 oo yyai (Lol pite L

Dy oo albgs 09 plil dll> o5y 0 Wb 4 (5900 ol 3 O O R R ya
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Jal (Higel Jlo V-0
GEOMETRY, PROPERTIES
|+ | ) | _ _
| | | H Material Properties
- E = 3.600 kin?
Unit weight = 0.15 k/ft?
4
o Sechion Properties
A=144in2
4 |=1728in*
|"”-3-.h\‘.
( |
-.\H___/.'
f-'- -.x -
I ) 3
X 1

a2 055 o mplie 8 (slayz s 5 955 o0 Jelod iliis slas J3T,L b (gt 550 b
Iy oF eSS yuiored oo sl oo 0 )5 5 sl VLIRS z=lo a5 (5 0987005 (ay pai (ga 90 ) et

Sgden b S5 Ol jgws sl ansls 1) teleditor 4.l 3
255 sll JH135 (3 Sla bl b b e a0l aliil 0,5 STy (sl WipE 5
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Basic Model Builder

This command is used to construct the BasicBuilder object.

model BasicBuilder -ndm $ndm <-ndf $ndf=

$ndm dimension of problem (1,2 or 3)
$ndf number of degrees of freedom at node (optional)
(default value depends on value of ndm:
ndm=1 -> ndf=1
ndm=2 -> ndf=3
ndm=3 -> ndf=6)

Joe g oo atdl ail o olil a0 id (gamdn Jow g gol3] Az 0 dw qgom g0 Jow

$ndf slray g axiigily <> adg,S oo cond 5 (nl (sl 08 iy 5 goliTaajod | ganans

P Lulyl o g s 6 L3I <> 2 slacend OpENSEes ol jsiws )0 (piS oo 04l 1) ¥ oue
gl oo (5,135 sae

. NUMber degree of freedom aa. ndf 4 number of dimension aas. NdM ol jo

..\.wl.s‘so ).s) JS..» a L(bo; ol )93...«:-)

node Command

This command is used to construct a Node object. It assigns coordinates and me
object.

| node $nodeTag (ndm $coords) <-mass (ndf SMassValues)>

$nodeTag integer tag identifying node
$coords nodal coordinates (ndm (page 34) arguments)
$MassValues nodal mass corresponding to each DOF (ndf (page 34)

arguments) (optional)
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Slaisuw (gomgs Sl 10 1Y 9 X Slatsee ol 51w 0,5 0,leds (pmw g oo aiLisgs NODE Lo
LIy 0,5 3l 015l o 523 1y olil az s 0 sz Llsien 95800 3)ls (gom aw 2l 0 (17 5y X

S s (Tl 0,5 0l Jaw 316,500 sl 4o g8 ce 55 MASS g

1390 oolaiwl Wl 3y jeiws 5l aS 859l so attive olS ST dao )5 cay a5 5l ey

fix Command

This command is used to construct homogeneous single-point boundary constraints

fix $nodeTag (ndf $ConstrValues)

$nodeTag integer tag identifying the node to be constrained

$ConstrValues constraint type (0 or 1). ndf (page 29) values are specified,
corresponding to the ndf degrees-of-freedom.

The two constraint types are:
0 unconstrained

1 constrained

SOl3T Sl y0 s D90 3y el oFASS (g,ls a5 (glo 0 yleis b FiX jgiws 0,00 51 e
Do ALy Heiwd (0 (ol3] Gl s pled b 09l C8S et ooyl 8 e 1) 5big ) 1) oo dts

S oo L e o | Ol jgws plop)l5 55 JSKG

OpenSees Ll ,l58ls 5 yo3500 | YA

Ol golgd ol yoxxl



| EN T W 1) OpensSees v jgol g sl i glaw

AE example - TclEditor - OpenSEES pa— p— - | _
File Edit “iew Help
J b= E| & E|§ @| T T i v | B || 1 T B | M Iﬂlﬁ Line Mo. Go| Varables -
El-command + Mwipe ; # clear memory

- nDMaterial

B uniaxiaiMaterial file mkdir data ; # buidling data folder

- section

- element . L. . . . . B

& recorder model basic -ndm 2 -ndf 3 ; # 2 dimension model with 3 freedom degree

- pattern

(- analysis # define parameters

B constraints set e 3600. ; # module of elasticity : kips/in2

=1 integrator set i 1728. ; # moment of inertia : ind

(- algorithm set a 144. ; # section area : in2

- test

':'"”“Tberer node 1 0. 0. ; # nodeTag X ¥ : in

Euzrassfigmterial . node 2 0. 120.

- !

M- yieldSurface_BC node 3 96. 192

- ysEvolutionModel node 4 -48. 120

- geomTransf

- layer fix 1 11 0 ; # nodeTag-fixX fix¥ fixMoment

- patch fix 3100

... fiher

25l 9l oo gl aldgl e b8 ,0 Wb ool ailes UL jo a8 jghailen o giaS Ol jgins
aile dy las len ;o ca ailigl Ol jgiws dalol 08 oo 3810 0 a4y jaiws ol easS oolaiul 3l e
Slowsog # L Culle a0 (650w ;2 5l G 514,55 .0,.5 Jaie ail ool aliy (gow L (o 4|

b i 5, T Ll Gag a5 5 B oS iy | o el oyl oolS 4S5 5 oo S 8y 51 e
0rr Jbe oal 5o (Jo wgd el (et e qblie 3)lpe (pam o b S nd wllas sl il i

3900 Joo ) Ojgots Sesl Sl L3,
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Elastic Beam Column Element

This command is used to construct an elasticBeamColumn element object. The arguments for the
construction of an elastic beam-column element depend on the dimension of the problem, ndm
(page 29):

For a two-dimensional problem:

| element elasticBeamColumn $eleTag $iNode $jNode $A SE $lz $transfTag |

For a three-dimensional problem:

element elasticBeamColumn $eleTag $iNode $jNode $A SE $G $J $ly $lz

$transfTag
$eleTag unique element object tag
SiNode S$jNode  end nodes
SA cross-sectional area of element
SE Young's Modulus
$G Shear Modulus
$J torsional moment of inertia of cross section
$lz second moment of area about the local z-axis
Sly second moment of area about the local y-axis
StransiTag identifier for previously-defined coordinate-transformation (page

280) (CrdTransf) object
Dgd o0 Oslg (S Ay e Slaee Lo g Jol gyl lew cansill oo
il plonl BB hgy a4 IS 4 e Olaizee fious

Dgds oo 0318 hjgal Ogame >l jo a8 s bg, -

35,18 0l UK sess a5 Slalodl (sl Usens 9 conl bg, 5 3eds a5 Corotational g, -V

;)9.“)‘5;0 oolaziw!
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geomTransf transfType? arg1? ...

The type of transformation created and the additional
arguments required depends on the transfType? provided
in the command.

The following contain information about transfType? and the
args required for each of the available geometric
transformation types:

» Linear Transformation
= PDelta Transformation
» Corotational Transformation

Solite SAP s b lSie psi gl ] a5 555 o ooliinl s clo I (Sobo jblsa Jle cpl

Linear Transformation

This command is used to construct a linear coordinate transformation (LinearCrdTransf) object,
which performs a linear geometric transformation of beam stiffness and resisting force from the
basic system to the global-coordinate system.

For a two-dimensional problem:

| geomTransf Linear $transfTag <-jntOffset $dXi $dYi $dXj $d¥Yj> |

For a three-dimensional problem:

geomTransf Linear $transfTag $vecxzX $vecxzY $vecxzZ <-jntOffset $dXi $dYi
$dZi $dXj $dYj $dZj>

$transfTag unique identifier for CrdTransf object

awm Slad> (0 a5 06l 0)ly IS slo gt 4 s Ll dore (6o jgme b ((gum a Sl (6l

.)3.».0‘50 ass
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set transftag 1
geomTransf Linear $transftag ; # defining transformation teo linear

element elasticBeamColumn 1 2 1 §a $e $i Stransftag

# elementTag firstNode secondNode Area module of elasticity transformation

element elasticBeamColumn 2 2 3 $a $e $1i Stransftag
element elasticBeamColumn 3 4 2 §a $e $1i Stransftag

oS Cewly 4 o 5l e s g UL o (ol Sl e giw gl (oxw wb Ll 2 090 9 gl 05 sl
w5id 005l (cols (2oy> Ceand nl o ST 0 o i y8 adliyy (g5 daplodl i ) ey

g oo il g0l Edy S5 slaJae 4o a5 3g plomil Judos 0,bgs Wb

Node Recorder

The Node type records the displacement, velocity, acceleration and incremental displacement at
the nodes (translational & rotational)

recorder Node <-file $fileName> <-xml $fileName> <-time> <-node ($node1
$node2 ...)> <-nodeRange $startNode $endNode> <-region
$RegionTag> <-node all> -dof ($dof1 $dof2 ...) $respType

-file output recorder data to a file

-xml output recorder data + xml metadata labelling
each column of datjiSfilEland=xmiicannonbe
specified symultaneously)

sfileName file where results are stored. Each line of the file

contains the result for a committed state of the
domain (optional, default: screen output)

-time this argument will place the pseudo time of the
as the first entry in the line. (optional, default:
omitted)

$node1 $node2...  tags nodes where response is being recorded --
select nodes in domain (optional, default: all)

s> Jold had a5 e b & jgoa |y ol g5 o 09l oo i p25 UL g0 oo ST (29,5

Jelss sl time el )b sl oo 00,51 ] 50 56 Jow 5l Slelbl a8 XMl o 3 L L oyl Cowsas ol
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05,5 iy LRN | L 5T Ue iy |y g5 o] B 09 sa oy o0id iy o5 4o 0 45" el gy
LKN 5 0ol 45 sas o ol |y oy iME & le bl a3, gl o e ¥ 55 8,50 0,5 5 enitl
o )1 (8 i 358" Sl 4z 6 g 5ol bey Jelos 50 S S8 > 055 e (le ¥ b 0gd 0y
b LB oS o slp Usare a5 oS oo i yni il (b )0 o)) (29,5 malym (o0 45 piloo 5 0ol
plai Ol o0 oS 50l ym meolyS oo 95 O ln &5 Glesll azye (15l Gy 0g e wi Ll
A 000 (29,5 150 5 0pdoe (Sazy el haid ails i ST g 0,5 o0)ls 531, ol il o

el 00 03,51 ] iz Sl 55 00 4 0,5 o] S b 0,5 e yeeiS Ui qoniS o &)

$respType a string indicating response required. Response types are given in

table below.
disp displacement”
vel velocity™
accel acceleration®
incrDisp incremental displacement
"eigen i" eigenvector for mode |
reaction nodal reaction

rayleighForces damping forces
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The command to create an element recorder is:

name of file to which output is sent.

$fileName file output is either in xml format (-xml option), textual (-file option) or
binary (-binary option)

$nSD number of significant digits (optional, default is )

time (optional using this option places domain time in first entry of each

data line, default is to have time ommitted)

optional. using this option will instruct the recorder to invoke a close
on the data handler after every timestep. Ifthis is a file it will close the

-closeOnWrite file on every step and then re-open it for the next step. Note, this
greatly slows the execution time, but is useful if you need to monitor
the data during the analysis.

time interval for recording. will record when next step is $deltaT

$deltaT greater than last recorder step. (optional, default. records at every
time step)
$elel Sele2 tags of elements whose response is being recorded -- selected
= elements in domain (optional, default. omitted)
$startEle SendEle . tag for start and end elements whose response is being recorded —

range of selected elements in domain (optional, default omitted)

previously-defined tag of region of elements whose response is
being recorded - region of elements in domain (optional)

$arg1 $arg2 ... arguments which are passed to the setResponse() element method

$regTag

Wler Sladl g4 2 el by sl 29,5 o NOde recorder jgiws b jgiws cpl cwlul 3,8

Caomd (0 a5 Wihls ol 29,5 S forceBeamColumn L, zeroLength L elasticBeamColumn

S law OpenSees Wiki 5l asb g 598 0 0 )l5 $argl

recorder Node -file data/node3disp.out -time -node 3 -dof 2 disp

# node 3 displacement in ¥ diregtidn with

# scale factor that multiply to current’ léading

# column 1 : scale factor ; column 2 : displacement in Y direction in inch
recorder Node -file data/nodelreact.out -time -node 1 -deof 1 2 3 reaction

# node 1 reaction in ¥ and ¥ and Moment directions

recorder Element -file data/elementl.out -time -ele 1 globalForce

# element 1 forces in global directions (X ¥ Mz) for iNode and Jnode of element
# and scale factor

puts "model buildl"
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10k
1.8 k/ft

_A_

| oad Case 2
Global uniform distributed load on frame
element 3, plus concentrated load on joint 4
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(02,10 5 i a5 cJl> o ass OpensSees o

pattern patternType? arg1? ...

The type of pattern created and the additional arguments required depends
on the patternType? provided in the command. The following contain
information about patternType? and the additional args required for each of
the available pattern types:

Plain Pattern

Uniform Excitation Pattern
Multi-Support Excitation Pattern
DRM Load Pattern

2 M =

il o Solioos slasb gl pao Sl g oo oolaiwl o, 18 o U Sl )b sl gl cdl>
drwgl Cowd ;0 jad ol Gl g LBAST win SO U paw Sl 0 15 0 1,8 ool 550 Slxail

S o0 S Soliwl a5l g IS Ll o

plain Pattern

This command is used to construct an ordinary LoadPattern (page 294) object in the Domain
(page 30).

pattern Plain $patternTag (TimeSeriesType arguments) {
load (load-command arguments)
sp (sp-command arguments)

eleLoad (eleLoad-command arguments)

obey Jsb o QT Q“‘*"T 3)lg 0978 g oo SR (6,135 ,L cpl lp slojleds laml jews cpl jo

139 0 (GALAIWD ) O g0 Ay D95 AT Dglh o dlulgs>
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time Series seriesType? arg1? ...

The type of time series created and the additional arguments required depends on the
seriesType? provided in the command.

The following contain information about seriesType? and the args required for each of the
available time series types:

» Constant TimeSeries
» Linear TimeSeries
» Trigonometric TimeSeries

Trnangular TimeSeries

Rectangular TimeSeries
Pulse TimeSeries

Path TimeSeries
PeerMotion
PeerNGAMotion

Sgd 0 35le b S jao alazd )5 cale o 40 SO Jie CONSANt >

D oo Ols 7 i 4 )b ez e oo bl Soliul el (6l linear el

0920 Cewl p3U g Wigdd o 3)lg Bolal & ygoa il aile aS sl Sl jb (sl Usexe Path cll>
Al 38l (2l B le 5o lagT ol o s

aS Wgd oo dglils PEER culs 5l as el Sledl s waaxe PeerNGA 4 PeerMotion cJl>

Abb o Hlem> LB 50 Path cdls 5l acdl
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Dl o By y25 O god linear sl

This command is used to construct a TimeSeries object in which the load factor applied is
linearly proportional to the time in the domain, i e.

h=f)=cFactor *t

time Series Linear $tag <-factor $cFactor>

$tag unique tag among TimeSeries objects.
$cFactor the linear factor (optional, default=1.0)
factora
cFactor
1
—
time

oSy by b b cgley Jobo 5o 5Ll yad 5l e
il iy ya3 LB 5 s b 25 5k )

load $nodeTag (ndf $LoadValues)

$nodeTag tag of node to which load is-applied.
$loadvalues ndf reference load values.

wisg Cowl Jlo cul 50 KIPS axlg (sl)ls a5 (galiTiaz 10 ja )5 05l )b s 0,5 0 lects ut]
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The element loads are only applied to line elements. Continuum elements do not accept element
loads. When NDM=2, the beam column elements all accept eleLoad commands of the following
form:

eleLoad -ele $eleTag1 <$eleTag?2 ....> -type -beamUniform $Wy <$Wx>

eleLoad -range $eleTag1 $eleTag2 -type -beamPoint $Py $xL <$Px>

When NDM=3, the beam column elements all accept eleLoad commands of the following form:

eleLoad -ele $eleTag1 <$eleTag?2 ...> -type -beamUniform $Wy $Wz <§Wx>

eleLoad -range $eleTag1 $eleTag2 -type -beamPoint $Py $Pz $xL <$Px>

Kips/in Jleo oyl jo Jsazly a5 0,8 G olgi oo |y o8B Sz 10 5L o (ladl 0 las o]
45,5 9 dgu 0dulS Cely a4y o 3l Gladl g r w0)l0 Loy ledl g 4y Ll 5B L laae ]
Al o oladl Ol

pattern Plain 1 Linear { ;

elelLoad -ele 3 -type -beamUniform [expr -1.8/12.]

load 4 0. -10. 0.

}
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OpenSees Analysis

® Analysis

@ Integrator ® SystemOfEqn @ ConvergenceTest @ Algorithm @ ConstraintH andler @ Numberer

sl 0ol 3 50 plaS 0 rsgs aS

. ConstraintHandler -- determines how the constraint equations are enforced in the analysis -- how it handles the
boundary conditions/imposed displacements

. DOF_Numberer -- determines the mapping between equation numbers and degrees-of-freedom

3. Integrator -- determines the predictive step for time t+dt

. SolutionAlgorithm -- determines the sequence of steps taken to solve the non-linear equation at the current time
step

. SystemOfEqn/Solver -- within the solution algorithm, it specifies how to store and solve the system of equations
in the analysis

. Convergence Test -- determines when convergence has been achieved.
s cdb> ez wil &9l Sl s o Ll a5 .as lo 1, Constraints ass 51 ol

In This Chapter

Plain Constraints ..o e eevieessee aenans 318
Penalty Method .......ccoooiiiieieeeeee i 318
Lagrange MUtpliers ........cceeeeeeviiiiceeies st e 319
Transformation Method ... s 320
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In This Chapter

Plain Numberer ... 321
RCM NUMDEIEI ..t eeene e D22

sl g ail s Julow Slolas oz ouisS Jo> el (6l » System Command acgoxs 5
Bl oo ) Sladcgea

system systemType? arg1? ...

The type of LinearSOE created and the additional arguments required
depends on the systemType? provided in the command.

The following contain information about systemType? and the args
required for each of the available aystem types:

BandGeneral SOE
BandSPD SOE
ProfileSPD SOE
SuperLU SOE
UmfPack SOE
FullGeneral
SparseSYM SOE
Mumps

© o N0 0N =

Cusp
,S oolawl UmfPack 51 55 slaojle o 9 BandGeneral ;| lgs oo S>sS slopivns o
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test testType? arg1? ...

The type of convergence test created and the additional arguments required depends on the
testType? provided in the command.

The following contain information about testType? and the args required for each of the
available test types:

test Command Equation

Norm Unbalance Test

Norm Displacement Increment Test

Energy Increment Test

Relative Norm Unbalance Test

Relative Norm Displacement Increment Test
Total Relative Norm Displacement Increment Test
Relative Energy Increment Test

Fixed Number of lterations

e A e e

Sloz g0 B STL WS o oolal 55w 5le 5 NormUnbalanceTest « Jgl s jgivws jo
395 £975 G plS 5 39 B yme |, Kad plS Sl o byme e I oS

THEORY:

If the system of equations formed by the integrator is:
KAU' = R(UY)

This integrator is testing:

| R(UY) < tol

D9 n Ay g Dygo A Hgiwd (pl g
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Norm Displacement Increment Test

This command is used to construct a CTestMormDisplner object which tests positive force
convergence if the 2-norm of the x vector (the displacement increment) in the LinearSOE (page
323) object is less than the specified tolerance.

| test NormDispincr $tol $maxNumlter <$printFlag> |

$tol convergence tolerance

$maxMumliter maximum number of terations that will be performed before
“failure to converge” is returned

$printFlag flag used to print information on convergence (opticnal)

0 no print output (default)

1 pnnt information on each step

2  print informaticn when convergence has been achisved
4 prnt norm, dlJ and dR vectors
5

at convergence failure, carry on, print emor message,
burt do not stop analysis

Sleldos san j0 ole s axdl ol pxie Yoo B Ve 5l Ugane j)SG olass 5 1.6-8 il sl oo
s Jo 5550 a4y (S Ugano H1,S5 ladle (izmen sy Sloz 0 U Cazropgy 5 51,5 Voo
Norm ;I Ugese oS oo low J1,SO Jlade o iies & L5 Modified Newton cll> o a5 5l

@ Judoo ST Gl 550 o5l bl 5 Jg gl oo oolaul oje, sl, Displacement Increment

A4S oslatwl Energy Increment L 5,3l g, 5l ailes (oo cumn i ol Ko

el Wiy oo (2l Se joiws Gozmen oS Wil oo Al Jo lap 58l S0 e [l 5w
352 g0 (s ;o3 .ail oo Sl Pl Cn o dcgezmo p j SRSl o 05l Cowyo alinse SO oS >
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algorithm algorithmType? arg1? ...

The type of solution algonthm created and the additional arguments required depends on the
algorithmType? provided in the command.

The following contain information about algorithmType? and the args required for each of the
available algorithm types:

» Linear Algorithm

» Newton Algorithm

m Newton with Line Search Algorithm
» Modified Newton Algorithm

m Krylov-Newton Algorithm

m Secant Newton Algorithm

m BFGS Algorithm

m Broyden Algorithm

Gy a5 Cans] oS o Ll b aS (ol ST (lonss (goae Slawlre o o 1y calize slap ;o
> Al B ol e Jlos 45 Wea 1y 65le aS! sl g epeS oo ooliiul Newton | S>oS sl
aelol 4y initial- jgiws 0 5 adlal Koo aiSs oS oolazwl Krylov-Newton sl el yige ouS Judoo
LS oo onlaiwl adgl cod 5l Al Slgz 0,8 oy (gl 5l b el co o oS! g

1Dgu g0 Ayl ) O yaody NEWLON (2 ;45

algorithm Newton <-initial> <-initial ThenCurrent>

-initial optional flag to indicate to use initial stifiness iterations

optional flag to indicate to use initial stifiness on first step, then use

AnitialThenCurrent current stifiness for subsequent steps

DS osalie OpenSees Wiki colw ;o 0ilgs o 1) b oy, ady 9 ] (5,985

WS 0 adeino a5 Aib oo (655 1SN Olygiws w00 )5 o Sl 0gon 4 ylin a5 S50 gt
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The type of integrator used in the analysis is dependent on whether it is a static analysis or
transient analysis.

Static Integrators:

» Load Control

s Displacement Control

s Minimum Unbalanced Displacement Norm
s Arc-Length Control

Transient Integrators:

» Central Difference

» Newmark Method

s Hilber-Hughes-Taylor Method
s Generalized Alpha Method

» TRBDF2

&l 0gd oo sl Load Control 51« ol> Jl> o Jlie o b (L& slo )b oo olp aion

L s Seelus Jdss sl o Displacement Control i i g b as e  Sesbw] Julos

B9 oo oolaiwl Newmark Method 1 Jle; azsx |6

g oo dbgs ) O ,e0d LOad Control jsiws

This command is usedto construct a LoadControl integrator object.
integrator LoadControl $lambda <$numlter $minLambda $maxLambda>

$lambda the load factor increment .
the number of iterations the user would like to occur in the solution

Snumiter algorithm -Optional, default = 1.0.
$minLambda the min stepsize the userwill allow. optional, defualt=1%,,;, =4
$maxLambda the max stepsize the user will allow. optional, default=4%,,,,. =4

Ao Vo j0 (6 5,1 aley ST e (S co asine | 00y 4L (gui pamds lambda e

Sy gl Som a0 ST g 05 plonil al> o S5 p0 aitalys STaawes 13 Ve | ] lade b wed ploxl
Ugoro a5 0sS aseine |, maxLambda s minLambda b oS (goi puds 1) b dialige &y god
FSlas g Blas ol 5l aSot 6l jlre slas 5 (oo Sl0xS e (3L 0 lambda 1, maxLambda
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This command is used to construct the Analysis object, which defines what type of analysis is to
be performed.

char string identifying type of analysis object to be constructed.
Currently 3 valid options:

] 1. Static - for static analysis
SanalysisType 2. Transient - for transient analysis with constant ime step

3. VariableTransient - for transient analysis with variable time
step

9 gn osbii] Siliol Cls 5l Jle gl 4o a5

This command is used to perform the analysis.

$numincr number of analysis steps to perform.

$dt time-stgp increment. Required if transient or variable transient
analysis

$dtMin $dtMax minimum and maximum time steps. Required if a vanable time step

transient analysis was specified.

number of iterations user would like performed at each step. The
variable transient analysis will change current time step if last
$Jd analysis step took more or less iterations than this to converge.

Required if a variable time step transient analysis was specified.

RETURNS:
0 if successful
<0 if NOT successful

S S Y ) T 8 Ssbwl o o 3T Wk aS (o sl slows s nUMINCT loie
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Cwowd 4o lambda |, QT Slade Jad  Sobiwl oo o aolls jabay 058 ¥ s (b U 0, )05

ol Sy o5 1,5

Dl 10 (ga polie S o asuine |y bloj a8 5 wil co (Sesloo sl Judow (gl dt jlade
o |y a8 2 1SS slaws Jd g Sloj a8 iSTas 5 JBlas olae g 09, oo LIS 4, variable transient

UL
o cas 515 "cn o™ s o ol analyze Cls> 51055 a5 sl asb oy b ales oo Lot
diged 1 Dl 50 (0 a5 wyjle aiaion g it Lo jgige don y0 5 00,5 (ose |y 55 IS5l 55

w23 se 518 Ll e )

(Jsl 6,185 ,b Jo) (Sovbiwl Jodxi -Y-V
oty 50 32y CBDlgz A oS = g oS LSl Jaw ]y 5 o j5i9e ST

constraints Plain
numberer Plain
system BandGeneral
test NormDispIncr l.e-6 60 ; # telorance iz 1.2-6
# limit max step.is 60
algorithm ModifiedNewton
integrator' LoadControl 1 ; # all loads applied at once
analy=is Static
analyze 1 ; # afalyze in one step
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X Grimson Editor - [I'Telegram\OPENSEES session 511Story 1Bay Frame-gistripy. L= | (5] [
File Edit Search View Document Project Tools Macros Window Help -
| X

DeLd D@ SR8

& node3dizp.out |
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Jodie ol 0ol 3)ly ,b IS S s TECOTEr [giws 10 sowl —tiMe jlaie oles V doe

Aol o V0,8 W58 by o olbal> il 4 0.05961

I Crimson Editor - [\ Telegram\OPENSEES session 5\1Story 1Bay Frame-distribu... eSS
File Edit Search View Document Project Tools Macros Window Help | _

(4

SR I Y EIFC Y =0
& nodel react. out |

F -3.4 17,2 1.13687e-013 =

polie S o lez das g Y Cyz 0 iiSTy pgw die X Sy 40 STy pgd sae dime Jol sase
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1adliso p) ©)9ot SAP ;o a5ASS Gl iiST o T oS (e pts

= PP =
3%, Joint Displacements
X P 3 3.40
Joint Object 3 Joint Element 3
1 2 3
Trans 0.00000 0.00000 0.06296
Rotn 0.00000 1.312E-04 0.00000
4
[=
N
|
o
3.40 ¢ 1
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(sladais )OI 9 g ) pgo (5,105,L -Y-V

oS oo ookl (6,18 ,L 5l cdls ol jo

VAN

Load Case 3
Global joint force and joint moment at joint 2

1S oo Mo jdS 25 Oy aalip 5o (6 5,0

pattern Plain 2 Linear {

load 2 0 -17.2 [expr 54.4%12.]

# node 2 ha=s Point Toad in ¥ direction

}

jrl]
i

E Crimson Editar - [\ Telegramic
File Edit Search View

DL | HF &S
& node3disp.out

"1 D.0596111
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}{ Joint Displacemants

Joint Object 3

1
Trans 0.00000
Rotn 0.00000

Joint Element 3
2
0.00000
1.312E-04

0.06296
0.00000

E Crimson Editor - [I\Telegram?
File Edit Search \View

NS e| TS
& nodelreact out

1 -3.417.2 0

3 3.40

17.20
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Fiber ablic colw -F-V

Wil oo 0,5 Jow Fiber blss S oo 5L 1, o] a5 OpenSees |l58ls 5 Gluogas 51 (S

My R ) Doren )l sl
section secType? secTag? arg1? ...

The type of section created and the additional arguments required depends on the secType?
provided in the command.

NOTE:

The valid queres to any section when creating an ElementRecorder are 'force’, and
‘deformation’. Some sections have additional queries to which they will respond. These are
documented in the NOTES section for those sections.

The following contain information about secType? and the args required for each of the
available section types:

» Elastic Section

s Fiber Section

= NDFiber Section

» Wide Flange Section

s RC Section

= Parallel Section

= Section Aggregator

= Uniaxial Section

s Elastic Membrane Plate Section
m Plate Fiber Section

= Bidirectional Section

= |solator2spring Section

Olgs oo Fiber alaia 5l ool g1y el odnl p3 40 a5 5l el abolis OpenSees l33le 5

Al o ) Dl jgiws (gl ks 4 oS oolazwl Fiber section |

OpenSees L ,l58ls 5 o590l | OF
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$secTag unigue tag among sections
linear-elastic torsional stiffness assigned to
$GJ the section (optional, default = no torsional
stiffness)
fiber... command to generate a single fiber
atch command to generate a number of fibers over
P a geometric cross-section
layer command to generate a row of fibers along a

geometric-arc

Sygods Jlile s ©5d Lo Jlae haie 5 0SS o)y ST 0,8 o)y 1) (T (s e S Gl

23 o 8 ol 1y o o8t

4ol a5 patch cSeo iy po5 8 Khiw aslon |y ,b S as Fiber Jols ,uld ahaie el gloas 35

GQ.E.LAA.CMASIayer)}T)OSM| u).:).u J_vl.g 65)3“09‘51.5]41.»&“5&].&)% Q)}@c\.‘»gw| ool

sk oo Fiber

JSEH L S | ablis o ol slos )l alez 51,5 solazal fiber 51 g5 o abaio o sy
Wide flange section sb 4 S H solel ablio sax sladsens jo il oo v ablio fyuimen
L Sl udas Koo ablie gly ol Jg il sos fiber 3l oolaiul 4 g3ls ;K0 a5 oads iy ya5

5,5 solarul fiber section 3l wb slax>
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GEOMETRY, PROPERTIES AND LOADING

¢E A« 10"
i
I n
___________I ____________________ 2-511 135
! Li e o o
Vrararad Ad Y ]
Section A-A
10'=120"
Material Properties Section Properties Design Properties
E= 3600 k/in2 d = 135in o= 4'k/in’
v 02 b = 100in fy =60k/in’
G= 1500 k/in2 [ = 3413in? i

:o)b Sg>g o> RV %) Q.ﬂ G}L»J..\c 6‘)-.’
Al Jgoe g c>luwe L elasticBeamColumn L Sl cdl> -)

fiber alaas 3 Siulll oole L forceBeamColumn b Soull cdl> -Y

fiber xlaio 5 concrete0l ool L forceBeamColumn L ol e > -Y

325 Hledl SO i gl Sl pen IS 50 G905 LPee I é.’a.cu L oole Lol le.‘;‘so a !

RPN
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This command allows the user to construct a single fiber and add it to the
enclosing FiberSection or NDFiberSection.

fiber $yLoc $zLoc $A $matTag

$yLoc y cc:-ordinate of the fiber in the section (local
coordinate system)
$zLoc E;Oo;zg:tztzyﬂg;:)ﬁber in the section (local
$A area of the fiber.
material tag associated with this fiber
$matTag (UniaxialMaterial tag for a FiberSection and

NDMaterial tag for use in an
NDFiberSection).

S o0 o3liiul o abaly Sl cadade o iy e

$matTag tag of previously defined material (Uniaxiallaterial tag for a FiberSection or
NDMMaterial tag for use in an NDFiberSection)
$numsubdivy number of subdivisions (fibers) in the local y direction.
$numsubdivZ number of subdivisions (fibers) in the local z direction.
syl szl y & z-coordinates of vertex | (local coordinate system)
Syd $zJ y & z-coordinates of vertex J (local coordinate system)
;.l (%y, $2)

E)' I{$yf$2)

et

oS (o0 ool 5 jgiws I Al o e a5 sl
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The following is the command to generate a quadrilateral shaped patch (the geometry of the patch is defined

by four vertices: | J K L. The coordinates of each of the four vertices is specified in COUNTER CLOCKWISE
sequence):

$matTag tag of previously defined material (UniaxialMaterial tag for a FiberSection or
NDMaterial tag for use in an NDFiberSection)

$numSubdivilJ number of subdivisions (fibers) in the 1J direction.

SnumSubdivJK number of subdivisions (fibers) in the JK direction.

Syl szl y & z-coordinates of vertex | (local coordinate system)

SyJ SzJ y & z-coordinates of vertex J (local coordinate system)

SyK $zK y & z-coordinates of vertex K (local coordinate system)

$yL $zL y & z-coordinates of vertex L (local coordinate system)

K (dyk, $zK)

L (3vL, zL)

ERACMPARSUINUS

J($y), $2J)
7
‘ I {8y, 8213
Y

Al oolaiuwl 090 Olaises 325 (g9, laml (jgws pl b oduzn ablac cole gl 09 o0 aross

8 b Ll 4 )0 sl alulgs |y matTag Lo 5l Jgl Coond )0 050 0)ls ol Jdu e g 090
elasticBeamColumn c-be sl ) plaisSs 1) o] jexm cpe ol 00,5 iy a5 1, material al> o
aSG b 4y S (6,108 pb 1) Ldatie aleS blas A2lS (g5, (g (Al cos Material o5 4 (5500
Coamd )0 g.02lg> oy pg0 g Jol ahadi o Olaeds slass Lol 5l pgo o jo Jl> il o Scluoly
£ |y material =3g) Jas e alaie glp Olopnds slawd o) g pou alail o Olouds Slows pgu
Lol 8o 4y (S p3U olaws ol (6,50 sl s material (51 Js 098 oo pies (05 Gy yo5 o>

il oo conlio 4S5 A Ugona .ol

oS oo oolaiwl g adasly slogle 0, Kls sae d oS oo Koo o) Gy i gl
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layer straight $SmatTag $numFiber $areaFiber $y Start $zStart $yEnd $zEnd

material tag of previously created material (UniaxiallMaterial tag for 2

$matTag or NDMaterial tag for use in an NDFiberSection)
$nhumFibers number of fibers along line
SareaFiber area of each fiber
$y Start $zEnd y and z-coordinates of first fiber in line (local coordinate system)
$$yEnd $zEnd y and z-coordinates of last fiber in line (local coordinate system)
.
fnumBars=5 L (byEnd, S2End)

Wl wlss 5 Oy gods Fiber ahaie ) oS

section Fiber §sec_tag {

patch rec Smat conc 4 4 -5, [expr -16./2.] 5. [expr 16./2.]
fmaterial subDivideX subDivideY yI zl yJ zd
layer straight Smat rebar 3 0.487 -4.0 -5.5 4.0 -5.5
#material nmumFiker RArea ¥s #5 yE zE
}

OpenSees Ll ,l58ls 5 yo3501 | 04
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GEOMETRY, PROPERTIES AND LOADING

P =70 kips
P =210 kips

o

I

®
tr=1

tw=

|

=

15
17

L=15ft
h=

—

tr

oolazul patch rect 5l oo adade gly 92 S oolawl patch jgiws 51 L aw cuul Lo Lads
0l Qs> 53 Oy gods S Aol 5 S o0 oolatul patch quad ) adaie ol gl s

section Fiber §$sec_tag {

patch quad $mat steel 4 4 -4, [expr -17./2.] 4. [expr -17./2.] 4. [expr -17./2.+1] -4. [expr -17./2_+1]
patch quad $mat_steel 4 4 [expr -1./8.] [expr =17./2.+1] [expr 1./8.] [expr =17./2.+1]1\

[expr 1./8.] [expr 17./2.-1] [expr =1./8.] [expr 17./2.-1]
patch quad $mat_steel 4 4 -4. [expr 17./2.-1] 4. [expr 17./2.-1] 4. [expr 17./2.] -4. [expr 17./2.]

}

‘b)_ﬂ)o\g;ﬁllcLgoﬁ.ﬂgs‘so‘st&)ow|p5&a§j)w)wos&;|

el 00l oolaiwl UL oS )0 S dns g as bz o 1) jetws 4
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ne ad> —A

G970 b aigx S wlae -1-A
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/ Element Classes \
@ FElement @ GeometricTransformation @ Material
>—
(A) UniaxialMaterial (A) NDMaterial (A) SectionForceDeformation
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Elastic Material

-
L

stress or force

i . . o . :
This command is used to construct an elastic uniaxial material object.

uniaxialMaterial Elastic $matTag $E <$eta>

»
>
strain or defaormation

$matTag unique material object integer tag
SE tangent
Seta damping tangent (optional, default=0.0)

las damping b, as eta zol )by g 95 o0 Jlosl o5l a0 LI, jsiws L Damping Ugeso
dbos Jho (B8 Ly Beb ln

03l EPP 5l aslys oo oo souds (olais| L als 5 4 steel wlas apslys o Ui Lot >
steel02 |, steel0l Jio sUgd pgaxe mllas 5l o2 5.0,5 o 5 10 mlas )y pudus alais a5 oS
A8 sl steeld |

Elastic-Perfectly Plastic Material

.
»

stress or force

j This command is used to construct an elastic perfectly-plastic uniaxial material object.
)

uniaxialMaterial ElasticPP $matTag $E $epsyP <$epsyN $eps0>

$matTag unique material object integer tag
' SE tangent

Jepsi
]

|
$epsP  strainor deformation
iepsﬂ

_

Chapter 12 ReinforcingSteel -- Material Behavior 127

SepsyP strain or deformation at which material reaches plastic state in
tension
$SepsyN strain at which material reaches plastic state in compression

(optional, default: tension value)

$eps0 initial strain (optional, default: zero)
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uniaxialMaterial Steel01 $matTag $Fy $E0 $b <$a1 $a2 $a3 $ad>

$matTag integer tag identifying material
$Fy yield strength
$EO initial elastic tangent
$b strain-hardening ratio (ratio between post-yield tangent and initial
elastic tangent)
isotropic hardening parameter, increase of compression yield
$al envelope as proportion of yield strength after a plastic strain of $a2*
($Fy/ED). (optional)
$a2 isotropic hardening parameter (see explanation under $a1).
{optional).
isotropic hardening parameter, increase of tension yield envelope
%a3 as proportion of yield strength after a plastic strain of $a4*($Fy/ED).
{optional)
$ad isotropic hardening parameter (see explanation under $a3).
{optional)
8
S A
0
g
w
$Fyl___ $h™iED
$E0

strain ar defnrmat%n

---{-8Fy
3GED

Steel01 Material - Hysteretic Behavior of Model wio Isotropic Hardening
Sy eany shs il Pl ;0 GRS ol oz sy (o0 Sl A o ok b LBy (LS ygioes
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$matTag integer tag identifying material

$E tangent

$Fy stress or force at which material reaches plastic state
$gap initial gap (strain or deformation)

$eta hardening ratio(=Eh/E), which can be negative

an optional string to specify whether to accumulate damage or not
in the material. With the default string, "noDamage" the gap

$damage material will re-center on load reversal. If the string "damage” is
provided this recentering will not occur and gap will grow.
[ 1]
2 e
5 4 z T
= &
l"u:-i w
1 boap|(negative value)
By | H >
strain or deformation
§E
Srainor deformation 9FY (negative value)
$oap!
TENSION GAP COMPRESSION GAP
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Elastic-No Tension Material

This command is used to construct a uniaxial elastic-no tension me

\ uniaxialMaterial ENT $matTag SE

$matTag unigue material object integer tag
SE elastic model in compression

In tension, there is zero stress.
F 3

. >
strain or deformation

tE

2kl 5l lgee il ansls Golite ol )y 452 50 50 a5 losle (55,5 Joe (ol

:o; oolaziw!
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Hardening Material

This command is used to construct a uniaxial material object with combined linear kinematic and
isotropic hardening. The model includes optional visco-plasticity using a Perzyna formulation
(REF??7?)

| uniaxialMaterial Hardening $matTag $E $sigma¥ $H_iso $H_kin <$eta>

$matTag unique material object integer tag

SE tangent stiffness

$sigmay¥ yield stress or force

$H_iso isotropic hardening Modulus

$H_kin kinematic hardening Modulus

Seta visco-plastic coefficient (optional, default=0.0)
w

_ —===== TR E*($H_iso+§H_kin)
Fsigmar | ___ JE+3H_is0+BH_Kir

$E $E

-
| il
strain or deformation

A JsigrraY
SE{(FH_iso+§H_Kkin)
FE+SH_iso+$H_kin

B, seglie (ilS )0 Wiy o0 &S jghailan a5 il ooy Jow (5 colw Concrete0l oole

ol 00 28,5 Lai o Caaglie ] (gl (2S48 4SS ol conerete02 | usly
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Concrete01 Material -- Zero Tensile Strength

This command is used to construct a uniaxial Kent-Scott-Park concrete material object with
degraded linear unloading/reloading stiffness according to the work of Karsan-Jirsa and no tensile
strength. (REF: Fedeas).

\ uniaxialMaterial Concrete01 $matTag $fpc $epsc0 $fpcu $epsU

$matTag unique material object integer tag

$fpc concrete compressive strength at 28 days (compression is
negative)*

SepscO concrete strain at maximum strength*

$fpcu concrete crushing strength *

SepsU concrete strain at crushing strength®

*NOTE: Compressive concrete parameters should be input as negative values.
The initial slope for this model is (2*$fpc/SepscO)

stress
»

>
stram

Hpcu
Epc

iperfepscd
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$matTag
$s1p $elp
$s2p $e2p

$s3p $e3p

$s1n $e1n
$s2n $e2n

$s3n $e3n

$pinchx
$pinchy
$damage1
$damage2

Sbeta

integer tag identifying material

stress and strain (or force & deformation) at first point of the envelope in the positive direction
stress and strain (or force & deformation) at second point of the envelope in the positive direction
stress and strain (or force & deformation) at third point of the envelope in the positive direction
(optional)

stress and strain (or force & deformation) at first point of the envelope in the negative direction
stress and strain (or force & deformation) at second point of the envelope in the negative direction
stress and strain (or force & deformation) at third point of the envelope in the negative direction
(optional)

pinching factor for strain (or deformation) during reloading

pinching factor for stress (or force) during reloading

damage due to ductility: D1{mu-1)

damage due to energy: D2(Ei/Eult)

power used to determine the degraded unloading stiffness based on ductility, mu-beta (optional,
default=0.0)

= §
2
% ($e2p, $52p0) ($e3p, $s3p)
5
(¥elp, $s1p) U,
Kg
: >
strain or defarration
($e1n, $s1n)
(¥e3n, $s3n) (§e2n, $sin
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uniaxialMaterial Pinching4 $matTag $ePf1 $ePd1 $ePf2 $ePd2 $ePf3 $ePd3 $ePf4 $ePd4 <§eNf1 $eNd1 $eNf2 SeNd2
$eNf3 $eNd3 $eNf4 $eNd4> $rDispP $rForceP $uForceP <$rDispN $rForceN $uForceN > $gK1 $gK2 $gK3 $gK4
$gKLim $gD1 $gD2 $gD3 $gD4 $gDLim $gF1 $gF2 $gF3 $gF4 $gFLim $gE $dmgType

$matTag integer tag identifying material
$eP1 $ePf2
$ePf3 $ePf4
$ePd1 $ePd2 . : ) : . .
$ePd3 $ePd4 floating point values defining deformation points on the positive response envelope

$eNf1 $eNf2 ; ) . : )
$eNf3 SeNf4 floating point values defining force points on the negative response envelope

:::g; :::gi floating point values defining deformation points on the negative response envelope

floating point values defining force points on the positive response envelope

floating point value defining the ratio of the deformation at which reloading occurs to the maximum historic

$rDispP deformation demand

$fFoceP floating point value defining the ratio of the force at which reloading begins to force corresponding to the
maximum historic deformation demand

$uForceP floating point value defining the ratio of strength developed upon unloading from negative load to the
maximum strength developed under monotonic loading

$rDispN floating point value defining the ratio of the deformation at which reloading occurs to the minimum historic

P deformation demand

$fFoceN floating point value defining the ratio of the force at which reloading begins to force corresponding to the
minimum historic deformation demand

$uForceN floating point value defining the ratio of strength developed upon unloading from negative load to the
minimum strength developed under monotonic loading

$gK1 $gK2

$gK3 $gK4 floating point values controlling cyclic degradation model for unloading stiffness degradation

$gKLim

$gD1 $gD2

$gD3 $gD4 floating point values controlling cyclic degradation model for reloading stifness degradation

$gDLim

$gF1 $gF2

$gF3 $gF4 floating point values controlling cyclic degradation model for strength degradation

$gFLim

$gE floating point value used to define maximum energy dissipation under cyclic loading Total energy

dissipation capacity is defined as this factor multiplied by the energy dissipated under monotonic loading.

$dmgType string to indicate type of damage (option: "cycle”, "energy")

{dmalsﬂdmsln
Inad /\ (ePd,,ePf,) (ePd, ePf)

(rDispP.d__.rForceP- f(

l:*,uFomeP-ePf,I! o — =
g { o
N / é deformation 7
¥
a—— (* uForceN-eNf,)
——
lrDispN -d...rForceN-f(d..)/

|
(eNd, ,eNf,)

(ePd,ePf)

eNd, eNf,)

Y

(eMd, gNf;) (dinsF(den))
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MinMax Material

Command_Manual

This command is used to construct a MinMax material chject. This stress-strain behaviour for
certain thresheold values, the other matenal is assumed to have failed. From that peint on, va

uniaxialMaterial MinMax $matTag $otherTag <-min $minStrain> <-max $maxStrain>

$matTag integer tag identifying material

SotherTag tag of the other material

$min Strain minimum value of strain. optional default = -1.0e16.
$max Strain max value of strain. optional default = 1.0e16.

Initial Stress Material Inifial strainiaterial

Command_Manual Command_Manual

This command is used to construct an Initial Stress material object. The str 1 his command is used to construct an Initial Strain material object. The
initial stress for the material under consideration. The strian that correspone  initial strains for the material under consideration. The stress that cores

uniaxialMaterial InitStressMaterial $matTag $otherTag $initStress uniaxialMaterial InitStrainMaterial $matTag $otherTag $initStrain
$matTag integer tag identifying material $matTag integer tag identifying material
$otherTag tag cof the other material $otherTag tag of the other material

$initStress initial stress $initStrain initial strain

cSle g8, o b Sl o g o oLl jo solasul g ablis jo olge (pl (50,5 5l b aslol yo

2,5 ool o
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wipe
model basic -ndm 2 -ndf 3

PRI
## Nodal Coordinate #4#
PRI

set length b.

node 1 0 0
node 2 0 $length

#HA44 AR A AR A4
## Boundry Conditions ##
#A A4S A AR A4 R A4

fixx11 11

el oy Loy cpmo; ar 10,5 BAST L 2o O Job 4 Sgw (g 90 glalins (o

idis it i S S b S A i R R R b R
## Define Material and Element ##
it S S A S R S A S Ei S Rk R Rk
set A 28.5
=et E 2.e6
=et Iz 1540.

geomTransf Linear 1
element elasticBeamColumn 1 1 2 SA SE 5Iz 1

#HiAH A A AR E S A AR
## Define Masses ##
#H##A# SRR AR
set massx 5.e3
set massy 1l.e-0

set g 9.81

mass 2 Smassx Su 0

@ e plxl Jloj dzsy U Jdow aSl (gl g 00,5 bl ygiw (gl Sl Sladl aslsl o

S ol gead o)y oy iy QL wiilspe &5 jshailes (s oo el oy G sUL
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For a load path where the factors are specified in a tcl list with a constant time interval between points:
timeSeries Path $tag -dt $dt -values {list_of_values} <-factor $cFactor>

For a load path where the factors are specified in a file for a constant time interval between points:
time Series Path $tag -dt $dt -filePath $filePath <-factor $cFactor>

For a load path where the values are specified at non-constant time intervals:

time Series Path $tag -time {list_of_times} -values {list_of_values} <-factor $cFactor>

For a load path where both time and values are specified in a list included in the command

time Series Path $tag -file Time $file Time -filePath $filePath <-factor $cFactor>

$tag unique tag among TimeSeries objects.

$filePath file.containing the load factors values

$fileTime file containing the time values for corresponding load factors
$dT time interval between specified points.

{ list_of_times} load factor values in a tcl list

{ list_of_values} time values in a tcl list

$cFactor optional, a factor to multiply load factars by (default=1.0)

3,5 B ys Glgi oo Sl ez o
Bgd oo okilg> >l LB sl (L) Jb polie ccanl col gloj a8 pgs cl> Y
Wgdos (Brre sl b(Gld) jb g Gloj pl g > Y
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pattern UniformExcitation $patternTag $dir -accel $tsTag <-vel0 $vel0> <-fact $cFactor>

$patternTag unigue tag among load patterns

$dir direction in which ground motion acts
1 - comrresponds to global X axis
2 - corresponds to global Y axis
J - comresponds to global Z axis

$tsTag tag of the TimeSeries series defining the acceleration history.
$vell the initial velocity (optional, default=0.0)
$cFactor constant factor (optional, default=1.0)

azese )b Jodow 0led oo oS 0)ly Sl ST asiiie J8 1045 15 loj g g e 5 OLLL g
s plxil Sl

set outPile records/kobe-KIoMO00-dt (0.02) .txt
set GMfatt [expr 9.81] ; # data in input file is in g Unifts -- ACCELERATION

set dt _ground 0.02
set AccelSeries "Series —-dt $dt_ground'\
-filePath SoutFile -factor SGMfatt" ; # time series |[information

pattern UniformExecitation 2 1 -accel $AcocelSeries ; #| ocreate Unifform excitation

puts "groundmotion start! Time: [getTime]"

dxio g9, QELTIME jeiwo b 1y alil; 9,5 oloj Jl queSion 3)lg 1y 3l s oyl 5l g
0 OpenSees
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D = $alphaM * M + $betaK * Kcurrent +$betaKinit * Kinit + $betakKcomm * KlastCommit
rayleigh $alphaM $betaK $betaKinit $betaKcomm

$alphaM
$hetaK
$betaKinit

factor applied to elements or nodes mass matrix
factor applied to elements current stifiness matrix.
factor applied to elements initial stiffness matrix.

$betaKcomm factor applied to elements committed stiffness matrix.

aslgl oo yiion axdllas (gly gl o i pj JKO pzmine diiled o5l A8 393 5 e ceado I3

DAMPING RATIO

A oM + BK
Damping can be essentially
A\ constant for a range of periods
V < > |
\ —
M —1_ - $\o aM alo
S - -

Sl / BK aloi

- - b‘
T Ts PERIOI

Figure 18.2 Variation of Damping Ratio with Period for

Linear Analysis
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#iE B
333 Computed RAYLEIGH Damping 334
333 From Mode 1 & Mode 3 334
#iE B
$ mmmmmmmm—eaa define & apply damping

# RAYLEIGH damping parameters, Where to put M/K-prop damping, switches
# D=3alphaM*M + S$betaKcurr*Kcurrent + S$hetaKcomm*KlastCommit + S$beatKinit*3$Kinitial
set xDamp 0.05; # damping ratic

set MpropSwitch 1.0;

set KcurrSwitch 0.0;

set KcommSwitch 1.0;

set KinitsSwitch 0.0;

set nEigenI 1; # mode 1

set nEigenJ 3; # mode 3

set lambdaN [eigen [expxr $nEigenJ]]; # eigenvalue analysis for nEigenJd mecdes
set lambdaI [lindex $lambdaN [expr $nEigenI-1]]; # eigenvalue mode i

set lambdaJ [lindex $lambdaN [expr $nEigenJ-1]1]; # eigenvalue mode Jj

set omegal [expr pow($lambdaI,0.5)];
set omegaJ [expr pow($lambdaJg,0.5)];

set alphaM [expr $MpropSwitch*$xDamp* (2*$omegaI*$omegad)/ ($omegaI+5omegad)]; # M-prop. damping; D = alphaM*M

set betaKcurr [expr $KcurrSwitch*2.*$xDamp/ ($omegaI+$omegad)]; # current-K; +beatKcurr*KCurrent
set betaKcomm [expr $KcommSwitch*2.*$xDamp/ ($omegaI+$omegad)]; # last-committed K; +betaKcomm*KlastCommitt
set betaKinit [expr $KinitSwitch*2.*$xDamp/($omegaI+S$omegad)]; # initial-K; +beatKinit*Kini

rayleigh $alphaM $betaKcurr $betaKinit $betaKcomm; # RAYLEIGH damping

Sl a3 Judxi -Y'-Q

398 (Byro Wb Jlod j5ige aslal o

HEHHHHHHHHHHEHHA USRS
4 Define Damping #4

RRRRAHRHHARARRARHARGR AR

rayleigh 0.0 0.0 0.0 0.05

HEHHSHHAHHHSHHAHHARHESSH
## Define /Analysis #H

AARAARRARAAARRAARARARHRAEHS

test NormDispInecr 1.0e-12 10
algorithm Newton

integrator Newmark 0.5 0.25
constraints Plain

numberer RCM

system BandGeneral

analysis Transient

HEHHHHHHHHHHHHHAHE B SHHH
4 Define Recorders 4

RERRAHRHHARARRAHHAHIRAR R R B

recorder Node -time -file node.ocut -node 2 -dof 1 disp
recorder Element -file element.ocut -time -ele 1 localForce
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=et dt 0.01 ;

set Tmax 30 ; # in analysi

44l Qldlaly =41

m m

set Nsteps [expr int ($Tmax/$dt)];
set ok [analyze $Nsteps §$dt] ; # actually perform analysis
if {$ok =0} { ; # analysis was not successful

trolled analysis

=et ok 0;

set controlTime [getTime];

while {ScontrolTime < $Tmax && Sok =— 0} {

set controlTime [getTime]

set ok [analyze 1 §dt]

if {Sck !'= 0} {
puts "Trying Newton with Imitial Tangent ..."
test NormDispIncr 1.e-8 1000 1
algorithm Newton -initial
set ok [analyze 1 §dt]
test NormDispIncr 1.e-8 20 0
algorithm Newton

5 g (Al ooyly cuilS Gl Sley slapls 5l miaS) aslbi o oV Slej slapls jo Judow L] (o
Wy o Red 4 alaxd 1o 0 ST Jg e o ploil (Al 00 ly clS Clis e 5l pis) 4l Ye

Spbigen ) pSrsS sose bl Fiesl 15 g el il Clsz sl Bige Lo Ll (5145

OpenSees  Ld>s ,l58ls 5 yo3g00 | VY

Ol golgd ol yomxil




| EN T W 1) OpensSees v jgol g sl i glaw

J‘M J.J:u )0 0)49 )‘JJ.O —f—q
:09...';5‘5.4 ool P Fewd )| W 03%9 )‘d.ﬁ.n ML?:A LS‘)’

Command_Manual

This command is used to perform the analysis.

eigen <$solver> $numEigenvalues

$numEigenvalues number of eigenvalues required
optional string detailing type of solver: -
$solver genBandArpack, -symmBandLapack, -fullGenLapack

(default: -genBandArpack)
Dedise pj Dygods )y Cod et S olral> S s

node
mE

e i
o4 n
o2

o ﬂ 5 ‘ ﬂrﬂvﬂvﬂvﬁvﬂw"...‘-.- == v e e [
300 plesel ko] 3000 3300

]
—
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proc Wsection {secID matID d bf tf tw nfdw nftw nfbf nftf} {
set dw [expr S5d - 2 * Stf]

set z1 [expr -5d
set z2 [expr -S$dw
set z3 [expr Sdw
set zd [expr S§d
set yl [expr -S$bf
set y2 [expr -Stw
set y3 [expr $tw
set y4 [expr §bf

i, T, T, S, T, Tma S, w
e R e Y e I ey L6 I Uy R
el el el el el el bl —]

section fiberSec SsecID |

# nfIJ nfdK yI zI yJ Z2F-¥K. zK yL zL

patch quad $matID $nfbf $nftf $yl §z1 Syd Szl Syd $z2 Syl $=z2
patch gquad SmatID $nftw Snfdw Sy2 $z2 Sy3 §z2 Sy3 §z3 §y2 §=z3
patch gquad SmatID $nfbf Snftf Syl $z3 Syd $z23 Sy4 Sz4 Syl §5=z4

}
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[model basic -ndm 3 -ndf 6

FEEE L L L E s F T
## Nodal Coordinate ##
BEEHEHE SRS EEEEEE

set length 5

nede 1 0 0 0
node 2 0 $length 0

HEAHEE B SR HERH RS HS
## Boundry Conditions ##
HEAHEE B SR HERH RS HS

fix 1 111 111

BEEHE SRS EHEH SRS
## Define Material and Element ##
-$.3.3.3.3.3.3 353355333533 383 1358 F Tty g

set E 2e6
geomTransf Linear 111 0 0
uniaxialMaterial Elastic 1 SE

source Wsection.tcl

#secID matID d bf tf tw nfdw nftw nfbf nftfWsection
lWsection 1 1 20 10 0.85 0.56 5 55 5

element nenlinearBeamColumn 1 1 2 5 1 1

RS SRS SRS
## Define Masses ##
BEEEESEEEEHEHEREREEHERS

set massx 5Se3
set u le-9
set g 9.81

Imass 2 Smassx Su 0 000

Loy puo )13 Bl crom alg yo |y Tl BB aub (oS oolisul oo aiings 4l 5l asol (sl
P9 pegioe |, Wsection: Ll Jgl s e oS Slg31,8 1) o] ol o tCl/tk gm0 45 sOUrCe

Ll 00l 00ls IPE200 alaie olelbl bxi) [0 auisS™ oo sdlice a5 s oo )8 due by pnio s> @

a4 elastic o ahie Olg> il i Gl g JU Jsb 0 o e Sl 4z

Al awlg 5 oo 5 elasticBeamColumn
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55,550 Bl cul bl 7 les a5 ail oo 0,5 iy 10 pgw piie L8 Jow b Jow pl sl 3,8

el 00 Jows “X Y Z MX My MZ” a4 “X Yy MZ” 5l a5 el (gl o5 sol3T ol o

OpenSees Ll ,l58ls 5 yo3g00 | Ao

Ol golgd ol yomxil




S k> byl OpenSees i 3g0T iy BB gl

139 0 ABS 5 O jgody 45 Al e 00y (GO A 0 cwiis Ollbag
P 0gd oo b s aS Y Jels transformation

vecxzZ -\
vecxzY -Y

vecxzX -Y

b i g @ &S

Etabs aule wail so (i3s3 Job 10 a5 Ll X Cz el oo o (s el Z g sl po
g plsb j0 ) Ly oS

ik olodl s b gledl 658 cuz jo Wl oo wtnlod i 4 Y 9 Z Sy

b oo ol dlael G 10 Z Cge (e I8 Tasy a5 Wsection L1 o Wi

Sz 0 1) Oledl Z gz el (658 (IS K gz 0 U o )18 55k 1) (5w plse ST e
Slo pales 13 IS X

b oo LXK cpz yo Gl ez e

vecxzX=1
vecxzY=0

vecxzZ=0
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el 00l 00lo WS Allas ool 5,8 WSECHION ;o (o piS oo i ,o5 |y dlae oo
dus s elasticBeamColumn L |y zulis udlem co (92 09 oo iy o5 elastic ol > Jlo o

b e Jae 3 S 00,5 pudler duglie g oS oo x5 as g | mllas SteelOl b s oS

Lol 0als elastiC (355> a5 Cawl sas ool yLis steelO1

set E 2eb

geomTransf Linear 1 1 0 0

set Fy 2400

set b 0.01

uniaxialMaterial SteelOl 1 $Fy SE $b

source Wegection. tcl

:o.ﬂsa Cawddy 1) O ya0d 09 polie Bl Lo 5l
elasticBeamColumn L sadi Jas s jlu
30.0800000
Transient analysis completed SUCCESSFULLY
1.862400e +B04

dlalalid

30.0800000
Transient analysi
1.760745e +004
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HEHHRHAHHH B BB HEHER R HES BB EH
## Define Gravity ##
HEHHR BB HAHA BB HEHER R BB EH BB EH

set Weight 2000.; # =zuperstructure weight
set PCol §$Weight; # nodal dead-load weight per column

lpattern Plain 1 Linear {

load 2 0 -§PCol 0 0 0 O
}

set GravSteps 10.

# Gravity-analy=sis parametérs {=- load-controlled =taticgranaly=sis

gystem UmfPack ; # solution procedure, how it solves system of equations
constraints Plain ; “# how it handles boundry conditions, enforce constraints
test NormDispIncr l.e-6 10 0;

algorithm Newton

numberer RCM ; # renumber dofls to minimize band-width

integrator LoadControl [expr 1./$GravSteps]

analysis Statice

analyze $GravSteps

ruts "done grawvity"

loadConst -time 0.

G950 D30 1) Ll g 23,5 (28 50k Yoo | (5t (59, 039 i (50 &5 Hohailen
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HEHEHE S S HEH S HEHE S S HEHEH
## Define Analysis ##

HHA R HBHA R B H A H AR

set DmaxPush [expr 0.05*15]
z=et DxPush [expr 0.01*3]
s=et DminPush [expr 0.001%*3]

set PUSHOVER "DispControl"
# run displacement-controlled static pushover analysis

pattern Plain 2 Linear {
load $IDetrlNede 1. 0 O
}

integrator DisplacementControl $IDetrlMNode 1 $DxPush 10 $DminPush $DxPush
set Nsteps [expr int ($DmaxPush/S$DxPush)]

oy o0 (2 Fed 4 aS aBlas o imen g a5 2 Sl CBar olbal> ke lanl o
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p....Su.a oalazwl R )G )‘ Ja.bu r:l.’>u‘ Lg‘)"

=et ok [analyze SNsteps];
# if analysis fails, try following performance is slowed inside this leoop
if {$ck '= 0} {
set ok 0;
set maxly SDmaxPush
zet controlDisp 0.0;
test NormDispIncr l.e-7 20 0
while {ScontreclDisp < SmaxU && Sck =— 0} {
zet ok [analyze 1]
=et controlDisp [nodeDisp $IDctrlNode 1]
if {$ock "= 0} {
putz "Trying Newton with Initial Tangent .."
test NormDisplIncr l.e-7 1000 1
algorithm Newton —initial
zet ok [analyze 1]
test NormDispIncr l.e-7 20 0
algorithm Newton
}
if {50k !'= 0} {
putz "Trying Broyden .."
algorithm Broyden B
set ok [analyze 1]
algorithm Newton
}
if {Sck !'= 0} {
putz "Trying NewtonWithLineSearch .."
algorithm NewtonLineSearch .8
zet ok [analyze 1]
algorithm Newton
}
}; # end while [loop
}; # end original if pk!=0 loop
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oads 03,51 s s b duslie 10 45 0l walss ) Oygo 4 ol e Jlges dlies > 3 aa

2000000
1800000
1600000
1400000
1200000
1000000 nonlinear
800000 linear
600000
400000
200000
0
0 0.01 002 0.03 0.04 0.05 0.06
AIDA Judoxs Y1)
wipe;
## ##4
#HH# Please Enter Sa-Records #H#
#H 4
=et sal 0.1;
set NEQ 1; # HEQ = Number of EarthQuake;
set inercM 0.1; # afzayeshe zarayeb baraye GM .cheghadr bashad;
set maxGM 6.0; # tahlile JJDA ta che mazrabi az g anjameshavad;
set DtAnalysis 0.05; # time-step Dt for lateral analysis
set TmaxAnalysis 40; # maximm durationfof Grondimetion’ analysis -- should be 50%*§sec

set xDamp 0.05;
set grav 9.81

e

for {set n 1} {5n <= SNEQ} {incr n 1} {; # NEQ = Number of Earth{uake;
=et coc [set salSn]
=et =a Sco
puts ""
puts " EQ $n <-—----—- > Safn = §=a”
p'lJtS nn
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ME——G————————————————————————————
# Example 5. uake Analysis #
# Silvia Mazzoni & Frank McKemna, 2006 #
# execute this file after you have built the model, and after you apply gravity #

M———G—G—G—G—S——————————————————————————_———

for {set factor 1} {Sfactor <= [expr SmaxCGM/§incrGM]} {incr factor 1} {; #step=0.1 --> 3g
set facc [expr §factor*§incrGd];

puts " *hkdkd* Factor is Sfacc g ———> SmaxGM g *dddkdn
Puts r fl;

P'IJtS n FI;

set GMfact [expr $factor*§incr@M/$=a]; # ground-motion scaling factor

set factorl [expr 1+§factor]
set k [expr $factorl+($n*100)];
set dataDir Data (§k) ;

file mkdir IDA/SdataDir;

zet GMdir "GMfiles";

wipe;

zource nonlinearWsection.tecl;

#source mass.tcl
loadConst -time 0.0;
wipehnalysis; # Clear OpenSees Model

recorder Drift -file IDA/§dataDir/Drift.out -time -iNode 1 -jNode 2 -dof 1 -perpDirn 2;

WS 0)ls VO STactor gol> Wis oS (oo o))y 1) gl £9,8 Judow dulsiee a5 Joud Ll by jo
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### ###
A Computed RAYLEIGH Damping #H#
#i# From Mode 1 & Mode 3 #iH
### ###
rayleigh 0.0 0.0 0.0 0.05; # RAYLEIGH damping
4 ###
A4 End Assign RAYLEIGH Damping 4
#H# ###
# Uniform Earthcquake ground motion (uniform acceleration input at all support nodes)
set Mfile "sEn" # ground-motion filenames;
set  GMdirectiom "1"; # ground-motion direction;
- set up analysis parameters - ——————-————- #
source LibAnalysisDynamicParameters.tel; # constraints Handler, DOFnumberer,system-of equa
# - perform Dynamic Ground-Motien Analysis —-————————=————— #
# the following commands are unigue-tc the Uniform Earthoguake excitation
set IDloadTag 150; # formniform Suppprt«Excitation

# Uniform EXCITATION: acceleration input;
# read a PEER strong motion database file, extracts dt from the header and converts t
# to the format OpenSees/expects for Uniform/multiple-support ground motions
source ReadSMDFile.tel: # read in procedure Multipition
# Uniform EXCITATION: acceleration input;
set inFile SoMdir/SeMfile.txt

zet outFile SGMdir/ScMfile.qg3; # set wvariable helding new. filename (PEER f
ReadSMDFile §inFile SoutFile dt; # call procedure ‘to: convert the ground-moti
set GMfatt [expr §Sgrav*§cGMfact]; # data in input |file i= in g Dniftss-- ACCELERATT
=et AccelSeries "Series -dt §Sdt -filePath SoutFile -factor §SGMfatt"; # time
pattern UniformExcitation $IDloadTag §GMdirection -accel $AccelSeries; # creat
set Nsteps [expr int(§TmaxAnalysis/§DtAnalysis)];

set ok [analyze §Nsteps §DtRAnalysis]; #-actually perform analysis; returns ok=0 i
if {$ok !'= 0} {; # analysis was not successful.

s Ly gl y source ReadSMDFile coand U g 09 co w5 il Sices Ll 120 (gl ol jo
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L E—————
# change some analysis parameters to
# performance is slower inside this ]
# Time-controlled analysis
set ok 0;

set controlTime [getTime];
while {$controlTime <« $TmaxBnalysis && Sok = 0} {
zset controlTime [getTime]
==t ok [analyze 1 §DtAnalysis]
if {§ok I= 0} {
puts "Trying Newton with Initial Tangent ..."
tezt NormDispIncr $TolDynamic 1000 O
algorithm Mewton -initial
set ok [analyze 1 $DtAnalysis]
test $testTypeDynamic §TolDynamic SmaxMNumIterDynamic 0O
algorithm $algorithmTypeDynamic
}
if {§ok I= 0} {
puts "Trying Broyden ..."
algorithm Broyden 8
set ok [analyze 1 $DtAnalysis]
algorithm $algorithmTypeDynamic
}

if {$ok 1= 0} {
puts "Trying NewtonWithlLineSearch ..."
algorithm MNewtonLineSearch 0.70
==t ok [analyze 1 §DtAnalysis]
algorithm $algorithmTypeDynamic

}:

b
}: #lend if ol |10

.
r

I Ground Motion Done. End Time: [getTime]";

.
r

= Complete Analysis IDA";

e .
r
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constraints Plain;

numberer Plain;

system BandGeneral;

test NormDispIncr 1.0e-8 60 ;
algorithm Newton ;

set disploop [list 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.91.01.11.21.31.41.51.61.71.81.9 2.0]
for {set i 1} {$i<=20} {incr i 1} {

set dispincr [expr -1.0*pow((-1.0), [expr $i-1])*[lindex S$displocp [expr $i-11]/100]

integrator DisplacementControl 2 1 Sdispiner;

analysis static

analyze 100;
}

puts "Cyclic Donel™
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