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FE Model: Node & Element Numbering
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NI A—=H—

ETNEET DANCNL DD RT A —F—5RELET,

MEsR PI, EAER g0 FKREBOLEEAREL TWET,

set PI [expr 2.0 * asin(1.0)]

setg 386.4

setft 12.0

set m1 [expr 1185.0/(4*$g)]; # 4 nodes per floor #Eim 1 ->X47= 0 D&

set m2 [expr 1185.0/(4*$g)]
set m3 [expr 970.0/(4*$g)]
set wl [expr 1185.0/(90%$ft)]; #1m & 7=V DfafiE $¥(90 X 12=1080)

[
set w2 [expr 1185.0/(90*$ft)]
set w3 [expr 970.0/(90*$ft)]
5L
FT UL 16 OFfiR, 21 KOTH, 1 — R/F — (30 E, SRFRITETEE, ko
BRIIE, BEMTONTMEIOFT V27 MIb Y FHAN, KBAFHEHEEZ LET,
ZOFITIET R TOME, PDelta Z#t, B X T _XTORIL, Linear #3115,
# Units: kips, in, sec
HENLIT kips, A T, b,
# Remove existing model
#HEFOET VEHIBRT S,

wipe

# Create ModelBuilder (with two-dimensions and 3 DOF/node)
#HET N OZER % E (2 WOt OF A E B IR K 3)
model BasicBuilder -ndm 2 -ndf 3

# Create nodes & add to Domain —

#EN L B EARIE,

# command: node nodeld xCrd yCrd <-mass $massX $massY $massRz>
# F JRERE HE?

# NOTE: mass is optional

node 1 0.0 0.0

node 2 360.0 0.0

node3 720.0 0.0



node 4 1080.0 0.0

node 5 0.0 162.0 -mass $m1 $m1 0.0
node 6 360.0 162.0 -mass $m1 $m1 0.0
node 7 720.0 162.0 -mass $m1 $m1 0.0
node 8 1080.0 162.0 -mass $m1 $m1 0.0
node 9 0.0 324.0 -mass $m2 $m2 0.0
node 10 360.0 324.0 -mass $m2 $m2 0.0
node 11 720.0 324.0 -mass $m2 $m2 0.0
node 12 1080.0 324.0 -mass $m2 $m2 0.0
node 13 0.0 486.0 -mass $m3 $m3 0.0
node 14 360.0 486.0 -mass $m3 $m3 0.0
node 15 720.0 486.0 -mass $m3 $m3 0.0
node 16 1080.0 486.0 -mass $m3 $m3 0.0

# Set the boundary conditions - command: fix nodeID xResrnt? yRestrnt? rZRestrnt?
RS 1=REE 0=HHh

fix1111

fix2111

fix3111

fix4111

# Define geometric transformations for beam-column elements
HIEIE A A7 TE 25
geomTransf Linear 1; # beams ##%

geomTransf PDelta 2; # columns #f¥:

# Define elements

HEADER,

# Create elastic beam-column elements

#HF: L DB A AFRR,

# command: element elasticBeamColumn eleID nodel node2 A E Iz geomTransfTag

# element elasticBeamColumn # 7% 75 Hinds Wrimfd Yo 7% Win KE—
AU WD 2 IF A Rl =2

# Define the Columns

#HE % TE S,

element elasticBeamColumn 1 1 5 75.6 29000.0 3400.0 2; # W14X257



element elasticBeamColumn
element elasticBeamColumn
element elasticBeamColumn
element elasticBeamColumn
element elasticBeamColumn
element elasticBeamColumn
element elasticBeamColumn

element elasticBeamColumn

2 5 975.629000.0 3400.0 2; # W14X257
3 913 75.629000.0 3400.0 2; # W14X257
4 2 691.429000.0 4330.0 2; # W14X311
5 61091.4 29000.0 4330.0 2; # W14X311
6 10 14 91.4 29000.0 4330.0 2; # W14X311

7 3 791.429000.0 4330.0 2; # W14X311
8 7 1191.429000.0 4330.0 2; # W14X311
911 15 91.4 29000.0 4330.0 2; # W14X311

element elasticBeamColumn 10 4 8 75.6 29000.0 3400.0 2; # W14X257
element elasticBeamColumn 11 8 12 75.6 29000.0 3400.0 2; # W14X257
element elasticBeamColumn 12 12 16 75.6 29000.0 3400.0 2; # W14X257

# Define the Beams

HRDER,

element elasticBeamColumn 13 5 6 34.7 29000.0 5900.0 1; # W33X118
element elasticBeamColumn 14 6 7 34.7 29000.0 5900.0 1; # W33X118
element elasticBeamColumn 15 7 8 34.7 29000.0 5900.0 1; # W33X118
element elasticBeamColumn 16 9 10 34.2 29000.0 4930.0 1; # W30X116
element elasticBeamColumn 17 10 11 34.2 29000.0 4930.0 1; # W30X116
element elasticBeamColumn 18 11 12 34.2 29000.0 4930.0 1; # W30X116
element elasticBeamColumn 19 13 14 20.1 29000.0 1830.0 1; # W24X68
element elasticBeamColumn 20 14 15 20.1 29000.0 1830.0 1; # W24X68
element elasticBeamColumn 21 15 16 20.1 29000.0 1830.0 1; # W24X68

# Create a Plain load pattern with a linear TimeSeries:

HTE S — 2 T AERL,

# command pattern Plain $tag $timeSeriesTag { $loads }

BRI A E CTH 2 5,
pattern Plain 1 1 {

eleLoad -ele 13 14 15 -type -beamUniform -$w1l
eleLoad -ele 16 17 18 -type -beamUniform -$w2
eleLoad -ele 19 20 21 -type -beamUniform -$w3



GbT - EFINEERE

HAOAMN ZFET T2 a~r FamRLEd, 7 /WIFHRETHIET L3 XL L,
AR ORI O 2T » FH2fEM LT, BLERAM LV ZHE L ET,

# Create the system of equation

system BandSPD

# Create the DOF numberer, the reverse Cuthill-McKee algorithm
numberer RCM

# Create the constraint handler, a Plain handler is used as homo constraints

constraints Plain

# Create the integration scheme, the LoadControl scheme using steps of 1.0

integrator LoadControl 1.0

# Create the solution algorithm, a Linear algorithm is created

algorithm Linear

# create the analysis object

analysis Static

BNHDOGHEETLET,
ETNAT V=7 MERE, o E DB ER ST 2 1T L £,

analyze 1



BRI A OICKEREEEICERNLET,

Va—X—%{FH325Z E2MA T, R, print & puts 2~ REffioTHRETE £
To T 7 AN FREE SN TORWEEIL, b0 a~y FORENEEICEKR S
#£7, nodeReaction =~ R L C, FHiAOE#BHZIKLET, tcllindex =2~
NZZNHD U A R BIEEZ RS T 272D L E T,

# invoke command to determine nodal reactions

HE R OZRBE MR T D,

reactions

set node1lRxn [nodeReaction 11];

# nodeReaction command returns nodal reactions for specified node in a list
# nodeReaction command CVU A NNIZH 2 HEE L7 fim D% E) 23K,

set node2Rxn [nodeReaction 2]

set node3Rxn [nodeReaction 3]

set node4Rxn [nodeReaction 4]

set inputedFy [expr -$Loadl-$Load2-$Load3]; # loads added negative Fy direction to
ele

set computedFx [expr [lindex $nodelRxn Ol+[lindex $node2Rxn 0]+[lindex $node3Rxn
0]+[lindex $node4Rxn 0]]

set computedFy [expr [lindex $nodelRxn 1]+[lindex $node2Rxn 1]+[lindex $node3Rxn
1]+[lindex $node4Rxn 1]]

# O™ X M, 121Y HW
# lindex (37— X &8T5 & =T H3H

puts "¥nEqilibrium Check After Gravity:"

puts "SumX: Inputed: 0.0 + Computed: $computedFx = [expr 0.0+$computedFx]"

puts "SumY: Inputed: $inputedFy + Computed: $computedFy = [expr
$inputedFy+$computedFy]"



KEHELZMZET,

BT IR PREZIMAET,

AT REERENMBEERELRET 2LERH D £7,
Thabb, TETA~OAMORE SEZLHE LRNTZDIT,
HiRIZNT D MEOR — RXZ — 2 ZERRC L £ 7,

# set gravity loads constant and time in domain to 0.0
loadConst -time 0.0

timeSeries Linear 2
pattern Plain 2 2 {
load 13 220.0 0.0 0.0
load 9180.00.00.0
load 5 90.00.00.0

ra—&—

TREOIEICHZRERT 272012, BERLa—F—zfFl L £,

recorder Element -file eleForces.out -ele 1 4 7 10 forces

KR ERTEETLET,

BTN, I EMNPERINTZOTHNEFATLET,

analyze 1

HRTD-DICHKREBEEIIRNLET,

Va—X—%fFEHT25Z L1 A T, #ERIE, print & puts 2~ REf-> TIHETX E
To 77 ANHRFREES N TORWEGESRIL, Zhb0a~y FOMBEPNEEICETR S
NET,

reactions

set node1Rxn [nodeReaction 1];

# nodeReaction command returns nodal reactions for specified node in a list
# nodeReaction command TVU A FNNIZH HH57E L 7 Him DB 20K,

set node2Rxn [nodeReaction 2]

set node3Rxn [nodeReaction 3]

set node4Rxn [nodeReaction 4]

set inputedFx [expr 220.0+180.0+90.0]
set computedFx [expr [lindex $nodelRxn 0]+[lindex $node2Rxn 0]+[lindex $node3Rxn



0]+[lindex $node4Rxn 0]]

set computedFy [expr [lindex $nodelRxn 1]+[lindex $node2Rxn 1]+[lindex $node3Rxn

1]+[lindex $node4Rxn 1]]

# lindex (ZI7— X &#5IHT 5 & TnE
# OMN X Hm., 128Y HH

puts "¥nEqilibrium Check After Lateral Loads:"

puts "SumX: Inputed: $inputedFx + Computed: $computedFx

$inputed Fx+$computedFx]"

puts "SumY: Inputed: $inputedFy + Computed: $computedFy

$inputedFy+$computedFy]"

# print ele information for columns at bottom
# NEOIEDER A 1T %,
printele 14 7 10

EEEDHE,
IKEAnf EBAENT N 5E T L7214, WEMO B 2/t L E T,

INEITOIE, EEEERG T~ MERLEST, Znblid

4. UR 25 tellindex =~ R LT, EAEZTREL.
ZEA LT, A ERE L ET,

set eigenValues [eigen 5]

puts "¥nKEigenvalues:"

set eigenValue [lindex $eigenValues 0]

puts "Tlexpr 0+1] = [expr 2*$PI/sqrt($eigenValue)]"
set eigenValue [lindex $eigenValues 1]

puts "Tlexpr 1+1] = [expr 2*$PI/sqrt($eigenValue)]"
set eigenValue [lindex $eigenValues 2]

puts "Tlexpr 2+1] = [expr 2*$PI/sqrt($eigenValue)]"
set eigenValue [lindex $eigenValues 3]

puts "Tlexpr 3+1] = [expr 2*$PI/sqrt($eigenValue)]"
set eigenValue [lindex $eigenValues 4]

puts "Tlexpr 4+1] = [expr 2*$PI/sqrt($eigenValue)]"

[expr

[expr

Lt YR MRS IVE
FLTexpr 2v R



# create a recorder to record eigenvalues at all free nodes
#HEE SN TRVWT N TOHIROE A A LT 2720 D b a—F—z{Fk

recorder Node -file eigenvector.out -nodeRange 5 16 -dof 1 2 3 eigen 0

# record the results into the file
#iERE 7 7 A NTREET D,

record

REMRER
DA VT NeFATTHE, BEBMUTOLIITHET,

Terminal — OpenSees 108x55

OpenSees —— Open System For Earthquake Engineering Simulation
Pacific Earthquake Engineering Research Center -- Z2.2.2.49

(cy Copyright 1999 ,2088 The Regents of the Uniwversity of California
ALl Rights Reserved
(Copyright and Disclaimer @ http://www.berkeley.edus/OpenSeess/copyright.html)

(OpenSees > source ElasticFrame.tcl

Eqilibrium Check After Grawvity:
SumX: Inputed: 9.9 + Computed: 9.0 = 9.8
Sum¥: Inputed: -3346.0 + Computed: 3340 0000000000005 = 4.547473508864641-13

Egilibrium Check After Lateral Loads:
Sum¥: Inputed: 498.8 + Computed: -498.8 = 8.8
Sumy: Inputed: -3348.0 + Computed: 3340.0000000000005 = 4.547473508864641e-13

ElasticBeamzd: 1
Connected Modes: 15
CoordTransf: 2
mass density: ©
End 1 Forces (P ¥ M): 481.845 £5.7665 8571.83
End 2 Forces (P ¥ M): -4p1.845 -65.7665 1683.13

ElasticBeamzd: 4
Connected Modes: 2 6
CoordTransf: 2
mass density: ©
End 1 Forces (P ¥ Mj: 1151.9% 155.983 15206.9
End 2 Forces (P ¥ M): -1151.99 -155.983 10@68.3

ElasticBeamZd: 7
Connected Modes: 3 7
CoordTransf: 2
mass density: @
End 1 Forces (P W My: 1129.67 146.725 14638.1
End 2 Forces (P ¥ M): -1129.67 -146.725 9131.38

ElasticBeamZd: 18
Connected Modes: 4 3
CoordTransf: 2
mass density: @
End 1 Forces (P V¥ M): 656.494 126.888 12620.2
End 2 Forces (P ¥ M): -656.494 -136.888 9426.82

Eigenwalues:

T1 = 1.9491120855641899
T2 = @.35264885351965591
T3 = 9.19304096242066518
T4 = 8.15628822944549754
T5 = 8.13088165778115487
OpenSees > D
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