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LCERTEET,

Tel OFZRLET, B v 2% EL, £ L THEIZY DEEZRRLET,

set v 3.0

puts "v equals $v"

Expr 2~ REFEHTHZ LT, BFEEBEERTAIZENTEL LR ET,
il 213 sin(. cosO. max(). min(), absQ). 72 &ENH Y 9,
set I REMAGDLETHEI b TEFEI, Fx [ ITHAET,

WOBNL, REL-ES v OfE2 3.0,
FZOMHEIZ2.0%/E L, sum EWHIEEE L,
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wE . ROFERIL, OB EICRESINET,

set v 3.0
set sum [expr $v + 2.0]

puts "sum equals $sum"; # print the sum

MomentCurvature.tcl 27 U 7 |
Ty AR, 2 DO BB FT, BAPIOEHS T MomentCurvature & V9 ZRTD T
By =X ZER L, 2 FEOEHSS T, Wizl L. v — Y v ICHARENDTHR
ERELTHET,
A E:
1. % MomentCurvature 72 EOFHRT B — U I THIO 7 7 A L THERELET,
UMD A7 VT R THENOZEHATEL LI T L7200 T,
2. ZREDT 7 A MZIX, Ta v —V v OO LEKHATLET,
ZOFIETIE, W OERIZOW T LT

BT T OD FE 38

zero length element (322> 7 U — k & 8 DZE) 2 R 72 OIT/ER S IVE T,
UniaxialMaterial 47 v =7 FTlid, fEHEIST1-OF ABRBRERINET,

depth = 24

cover=135" "‘—"‘I |"_"' cover =15"

width = 15=

Wrig o~k EOKO X 951 depth= 24 A > F . width=15 A > F, NEVEX 1.5 A1
VT, BRENT z i,
Confined concrete & unconfined concrete (25317 %, Confined concrete & unconfined

concrete DL H T8N B 5, FHEOBESILIZRD &0 T,
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2+ FliE, MomentCurvature 7’2 3 — Y ¥ |[ZEHENTWET,
# units: kip, in
HHENT kip &1 U F
# Remove existing model
#HiE 2 I %,

wipe

# Create ModelBuilder (with two-dimensions and 3 DOF/node)
HET NV OBRERIE,

#ndm : Kot# —ndf: BHEO#HK (N, Q. M)

model BasicBuilder -ndm 2 -ndf 3

# Define materials for nonlinear columns
HIERRIE DR DM E % 7R 7E,

e
# CONCRETE tag flc ecO f'cu ecu

# CONCRETE 2 7&K KBE fce TOOT A EFEBRE feu TOUT A
# Core concrete (confined)

uniaxialMaterial Concrete01 1 -6.0 -0.004 -5.0 -0.014

# Cover concrete (unconfined)

uniaxialMaterial Concrete01 2 -5.0 -0.002 0.0 -0.006
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# STEEL

# Reinforcing steel

HERAT S 5y
set fy 60.0; # PRRIREE
set E 30000.0; # Yo UR
# tag fy EO b
uniaxialMaterial Steel01 3 $fy $E 0.01
#o 1T IRE DM X & v TR
# ..........................................

S a

5

Syl FbrEED

fED
strain ar defnrmatﬁn
i
Fh*FED

# set some paramaters
HABUE 2 BE
set colWidth 15
set colDepth 24

set cover 1.5
set As 0.60; # BRAH DM R

# some variables derived from the parameters
set y1 [expr $colDepth/2.0]

set z1 [expr $colWidth/2.0]

# Define cross-section for nonlinear columns

HIERIE OFEOWE 2 3T 5,

#NORETORS
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section Fiber 1 {

# Create the concrete core fibers

#hloar sV — NEnET 5,

patch rect 1 10 1 [expr $cover-$y1] [expr $cover-$z1] [expr $y1-$cover] [expr $z1-$cover]

# Create the concrete cover fibers (top, bottom, left, right)
#ELE D2 7 ) — N E4yE,
#patchrect % 7%% X HMOHER, Y HmoOnER, HR XY # A XY OIEICRE
T
patch rect 210 1 [expr -$y1] [expr $z1-$cover] $y1 $z1
patchrect 2101 [expr -$y1] [expr -$z1] $y1 [expr $cover-$z1]
patchrect 2 21 [expr -$yl] [expr $cover-$z1] [expr $cover-$y1] [expr $z1-$cover]
patchrect 2 21 [expr $yl1-$cover] [expr $cover-$z1] $y1 [expr $z1-$cover]

# Create the reinforcing fibers (left, middle, right)
HERH OACE, WriEfg e & 2 5% e,
# layer straight & 7%, A%, Wrmfg, HA0 X, Y, #Eo X, Y DIRICERET 5,
layer straight 3 3 $As [expr $yl-$cover] [expr $z1-$cover] [expr $y1-$cover] [expr
$cover-$z1]
layer straight 3 2 $As 0.0 [expr $z1-$cover] 0.0 [expr $cover-$z1]
layer straight 3 3 $As [expr $cover-$y1] [expr $z1-$cover] [expr $cover-$y1l [expr

$cover-$z1]

# Estimate yield curvature

#TRERER R

# (Assuming no axial load and only top and bottom steel)

set d [expr $colDepth-$cover] #HIEAGM Dfx D B 51 RM OER T O F0 F T OBk
set epsy [expr $fy/$E] HEFIRTREERF D O A2

set Ky [expr $epsy/(0.7%$d)] #

# Print estimate to standard output
#alER R T2,
puts "Estimated yield curvature: $Ky"



# Set axial load #ifili /7

set P -180
set mu 15; # AT O O BEEN:
set numIncr 100; #H05>

# Call the section analysis procedure
#UWr T DO FEMT FIE & Be A Te
MomentCurvature 1 $P [expr $Ky*$mul $numIncr

Moment Curvature Procedure

T A MR 2 FAT T 2I1TIE, Tel ey — P X I ET,
Ta—Ux L AT HO, Wimo X 7, ), RO, kKO KEE,

AL 2 SO A, BERSAE, ZeroLengthSection EH THER SN DT LV E/ER L £7°,
ML, BHON—VORIR L Th D, TORIOLEMIZIE, BEROmEOREEZFEL TV
Do FRIOS MM B —T1 /v z iz R L CWE S, Jim 1 OAMIIHIR 2 12T X TsiET 5,
oo J) PIIWrEC, B— A v N ERSRRAT A S E T

BT NVEAER LIZZIT, TR FEITSNE T, B—0RMAT v 7Ol HAIFEIT L.
VAT A AT T =2 = PHROEMEWmHICERE ey T D
DisplacementControl [ZZAHE I ET, 1.0 OMEEHE, FEFERIRYI CERSINET,
Z O MBS TlE, DisplacementControl 1 > 7 7' L —4 —RD LN TWBHENIZT D
OB EHEERELET, /— N a2—4%— momentcurvature %, f&F 4 iedkd
HIZOICERSNET, MEMRKITET—A 2~ HAOREIEAR 0 OBEHEO#E,

proc MomentCurvature {secTag axialLoad maxK {numIncr 100} } {
# Define two nodes at (0,0)
HE LD PEET:

node 1 0.0 0.0

node 2 0.0 0.0

# Fix all degrees of freedom except axial and bending
#EL AT

fix1111

fix2010



# Define element
# tag ndI ndJ secTag
element zeroLengthSection 1 1 2 $secTag

# Create recorder
#lL a— X —&=EKT 5,

recorder Node -file section$secTag.out -time -node 2 -dof 3 disp

# Define constant axial load
#Hilh ) & EFRT Do
pattern Plain 1 "Constant" {
load 2 $axialLoad 0.0 0.0

# Define analysis parameters
AT 715 DRE
integrator LoadControl 0.0
system SparseGeneral -piv; # Overkill, but may need the pivoting!
test NormUnbalance 1.0e-9 10
numberer Plain
constraints Plain
algorithm Newton

analysis Static

# Do one analysis for constant axial load
# 1 [l O fFAT

analyze 1

# Define reference moment
#HE— AL NEEFRT D,
pattern Plain 2 "Linear" {

load 2 0.0 0.0 1.0

# Compute curvature increment

#ith =R DO &



set dK [expr $maxK/$numlIncr]

# Use displacement control at node 2 for section analysis

HE . 2 DAL 2 R E

# integrator DisplacementControl i fi& 5 ZNLfEEH HMNE
integrator DisplacementControl 2 3 $dK

AN ORH(L, AKE 2, FEE 3., [[lEEA)

# Do the section analysis

HWTIRIIRNT &2 FATT 5,

analyze $numlncr

H

E R

ORI VT NEFATTLH L ERPEmICETNINET,
® 00 Terminal — OpenSees — 83x15

fmk :~} OpenSees

Opensees -- Open System For Earthquake Engineering Simulation
Pacific Earthquake Engineering Research Center -- 2.3.8.alpha
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OpenSees > source MomentCurvature.tcl
Estimated yield curvature: 8.0001209841269841:7

@
Opensees = I

ERR RN
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