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import math as np

L=3
h=0.25
j=0.8

D =0.016
Dp = 0.010

b = h¥;

name = 'beam_’

nbars = 3
nbarsp = 2
nstirrups = np.ceil(0.3*L/0.2)+1

As = 0.000197*nbars # np.pi*D**2/4*nbars =
Asp = np.pi*Dp**2/4*nbarsp
Ass = np.pi*8**2/4*2

us = np.pi*D*nbars
usp = np.pi*Dp*nbarsp
uss = np.pi*8*2

rho = As/(b*(h/2))

alf=6.8

d = h-0.028-D/2

dp = 0.047 # 0.028+Dp/2=0.033
A=hb/2

B = (alf-1)*Asp + alf*As

C = -((alf-1)*Asp*dp + alf*As*d)

X = (-B + np.sqrt(B**2-4*A*C))/(2*A)
Ifis = b*x**3/3 + (alf-1)*Asp*(x-dp)**2 + alf*As*(d

Mu = 550000000*As*0.9%d
Fu = Mu/(0.3*L)
Delta_max = 0.6*Fu*0.3*L*(3*(0.9*L)**2 - 4*(0.3*L)*

newProject( "Z:\Beam\Beam_L" + str(L) +"/" + name,
setModelAnalysisAspects( [ "STRUCT"])
setModelDimension( "2D" )

setDefaultMeshOrder( "LINEAR" )
setDefaultMesherType( "HEXQUAD" )

createSheet( "Concrete”, [0,0,0],[ L, 0,01,[
createSheet( "Left_support_plate", [[ 0.05*L-0.05,

],[ 0.05*L+0.05, 0, 0],[ 0.05*L-0.05, 0, 01])
createSheet( "Right_support_plate", [[ 0.95*L-0.05,
1,[ 0.95*L+0.05, 0, 0],[ 0.95*L-0.05, 0,01])
createSheet( "Left_wooden_sheet", [[ 0.35*L-0.05, h
0.35*L+0.05, h+0.01, 0 ],[ 0.35*L-0.05, h+0.01, 0]
createSheet( "Right_wooden_sheet", [[ 0.65*L-0.05,
0.65*L+0.05, h+0.01, 0 ],[ 0.65*L-0.05, h+0.01, 0]
createSheet( "Left_load_plate", [[ 0.35*L-0.05, h+0
],[ 0.35*L+0.05, h+0.03, 0 ],[ 0.35*L-0.05, h+0.03,
createSheet( "Right_load_plate", [[ 0.65*L-0.05, h+
],[ 0.65*L+0.05, h+0.03, 0 ],[ 0.65*L-0.05, h+0.03,
createLine( "Line 1", [ 0.35*L, h+0.1, 0 ], [ 0.65*
createPointBody( "point 1", [ L/2, 2*h,01])
projection( "SHAPEEDGE", "Line 1", [[ L/2, h+0.1, 0
True)

removeShape( [ "point 1"])

createPointBody( "point 2", [ 0.05*L, -0.2,01])
createPointBody( "point 3", [ 0.95*L, -0.2,01])
createPointBody( "point 4", [ 0.35*L, h*2,01])
createPointBody( "point 5", [ 0.65*L, h*2,01])
projection( "SHAPEEDGE", "Left_support_plate", [ O
[0,1,0], True)

removeShape( [ "point 2"])

projection( "SHAPEEDGE", "Right_support_plate", [[
[0,1,0], True)

removeShape( [ "point 3" 1)

projection( "SHAPEEDGE", "Left_load_plate", [[ 0.35
0,-1,0], True)

0.000201

X)**2

*2)/(24*33000000000*Ifis)

100)

L,h,0][0,h,01])
-0.02, 0],[ 0.05*L+0.05, -0.02, 0

-0.02, 0], 0.95*+0.05, -0.02, 0
,01,[0.35*L+0.05, h, 0 ],[

]h) 01,0 0.65*L+0.05, h, 0],

].81, 01,[ 0.35%L+0.05, h+0.01, 0

oll)
0.01, 01, 0.65*L+0.05, h+0.01, 0

I, ["point 1" ], [0, -1,0],

.05%L, -0.02, 0], [ "point 2" ],
0.95*L, -0.02, 0], [ "point 3"],

*L, h+0.03, 0 ], [ "point 4" ], [



removeShape( [ "point 4"])
projection( "SHAPEEDGE", "Right_load_plate", [[ 0.6
0,-1,0], True)
removeShape( [ "point 5" ])
createLine( "Bottom_reinf", [ 0.02, 0.028+D/2, 0],
createLine( "Top_reinf", [ 0.02, h-dp, 0], [ L-0.0
for i in range(1,int(nstirrups)+1):

createLine( "Stirrup_" + str(i), [ 0.05*L+0.3*L
0.05*L+0.3*L-(i-1)*0.2, h-0.02,01])

createLine( "Stirrup_" + str(2*nstirrups-(i-1))
], [ 0.95*L-0.3*L+(i-1)*0.2, h-0.02,01])

HHHHHHHHEHHEH . A SUPPOItS  HEHHEHIHHIHHEHE
addSet( "GEOMETRYSUPPORTSET", "Supports" )
createPointSupport( "Support_left", "Supports" )
setParameter( "GEOMETRYSUPPORT", "Support_left", "A
setParameter( "GEOMETRYSUPPORT", "Support_left", "T
setParameter( "GEOMETRYSUPPORT", "Support_left", "R
attach( "GEOMETRYSUPPORT", "Support_left", "Left_su
m

createPointSupport( "Support_right", "Supports" )
setParameter( "GEOMETRYSUPPORT", "Support_right", "
setParameter( "GEOMETRYSUPPORT", "Support_right", "
setParameter( "GEOMETRYSUPPORT", "Support_right", "
attach( "GEOMETRYSUPPORT", "Support_right", "Right_

m

addSet( "GEOMETRYSUPPORTSET", "Load_plate" )
createPointSupport( "Support_1", "Load_plate" )
setParameter( "GEOMETRYSUPPORT", "Support_1", "AXES
setParameter( "GEOMETRYSUPPORT", "Support_1", "TRAN

setParameter( "GEOMETRYSUPPORT", "Support_1", "ROTA

attach( "GEOMETRYSUPPORT", "Support_1", "Line 1", [

t Add tyings #HHHHHEHIHEHH
addSet( GEOMETRYTYINGSET" "Support_plates" )
createPointTying( "Left_tying", "Support_plates" )
setParameter( "GEOMETRYTYING", "Left_tying", "AXES"
setParameter( "GEOMETRYTYING", "Left_tying", "TRANS
setParameter( "GEOMETRYTYING", "Left_tying", "ROTAT
attachTo( "GEOMETRYTYING", "Left_tying", "SLAVE", "
h+0.03,0]] )

attachTo( "GEOMETRYTYING", "Left_tying", "MASTER",
createPointTying( "Right_tying", "Support_plates" )
setParameter( "GEOMETRYTYING", "Right_tying", "AXES
setParameter( "GEOMETRYTYING", "Right_tying", "TRAN
setParameter( "GEOMETRYTYING", "Right_tying", "ROTA
attachTo( "GEOMETRYTYING", "Right_tying", "SLAVE",
h+0.03,0]] )

attachTo( "GEOMETRYTYING", "Right_tying", "MASTER",

Material Definitions ######

## Concrete Material
addMaterial( "Concrete", "CONCDC", "JCSSPR", [ "JCS
setParameter( "MATERIAL", "Concrete”, "JCSSMC/JCSSG
setParameter( "MATERIAL", "Concrete", "JCSSMC/JCSS1
setParameter( "MATERIAL", "Concrete”, "JCSSMC/JCSS1
setParameter( "MATERIAL", "Concrete", "JCSSMC/POISO
setParameter( "MATERIAL", "Concrete", "JCSSMC/GF1",
setParameter( "MATERIAL", "Concrete", "JCSSMC/DENSI

setParameter( "MATERIAL", "Concrete", "JCSSRF/RFMET
setParameter( "MATERIAL", "Concrete”, "JCSSRF/COVAR
setParameter( "MATERIAL", "Concrete", "JCSSRF/COVAR
setParameter( "MATERIAL", "Concrete”, "JCSSRF/COVAR

setParameter( "MATERIAL", "Concrete”, "JCSSRF/RFMET
setParameter( "MATERIAL", "Concrete", "JCSSRF/FFOUR
setParameter( "MATERIAL", "Concrete”, "JCSSRF/FFOUR

setParameter( "MATERIAL", "Concrete", "JCSSRF/RFMET
setParameter( "MATERIAL", "Concrete", "JCSSRF/LAS/N
setParameter( "MATERIAL", "Concrete", "JCSSRF/LAS/K
setParameter( MATERIAL, "Concrete", "JCSSRF/LAS/KY"

setParameter( "MATERIAL", "Concrete”, "JCSSRF/THRES

5+, h+0.03, 0 J], [ "point 5" 1, [

[L-0.02, 0.028+D/2,01])
2,h-dp,0])  #h-0.028-Dp/2

-(i-1)*0.2,0.02, 01, [

, [ 0.95*L-0.3*L+(i-1)*0.2, 0.02, 0

HHHE

XES", [1,2])

RANSL", [1,1,0])
OTATI",[0,0,0])
pport_plate”, [[ 0.05*L, -0.02, 0

AXES", [1,2])

TRANSL", [0,1,0])

ROTATI*, [0,0,0])
support_plate", [[ 0.95*L, -0.02, 0

" [1,2])
sL"[0,1,0])
TI"[0,0,0])
[0.5*L, h+0.1,01]])

HH#

[1,2])

L*[0,1,0])
I,[0,0,0])
Left_load_plate", [[ 0.35*L,

"Line 1", [ 0.35*L, h+0.1,0])

" [1,2])

SL*[0,1,0])
TI*,[0,0,0])
"Right_load_plate", [[ 0.65*L,

"Line 1", [ 0.65*L, h+0.1, 0] )
R

SRF"])

1/JCSSGR", "USER")

5/BASCST", 55000000) # 71500000
5/STDDEV", 6500000 )  # 8500000
N", 0.15)

134)

T", 2400)

H", "COVARI")

I/NX", np.ceil(L/0.05) )
I/NY", np.ceil(h/0.05) )
IINZ", 1)

H", "FFOURT")
TIMX", 4)
TIMY", 0)

H", "LAS")



addGeometry( "Beam", "SHEET", "MEMBRA", [])
setParameter( "GEOMET", "Beam", "THICK", b))
setElementClassType( "SHAPE", [ "Concrete" ], "MEMB
assignMaterial( "Concrete", "SHAPE", [ "Concrete" ]
assignGeometry( "Beam", "SHAPE", [ "Concrete" ] )

## Reinforcement steel Material

addMaterial( "ReinforcementSteel”, "REINFO", "REBON
setParameter( "MATERIAL", "ReinforcementSteel”, "RE
#2e+11

setParameter( "MATERIAL", "ReinforcementSteel”, "RE
setParameter( "MATERIAL", "ReinforcementSteel”, "RE
setParameter( "MATERIAL", "ReinforcementSteel", "RE
setParameter( "MATERIAL", "ReinforcementSteel”, "RE
setParameter( "MATERIAL", "ReinforcementSteel", "RE
setParameter( "MATERIAL", "ReinforcementSteel", "RE
8000000, 1le-05, 0.001, 0.002, 0.008,0.41)

addGeometry( "Bottom_reinf", "RELINE", "REBAR", []
setParameter( "GEOMET", "Bottom_reinf", "REITYP", "
setParameter( "GEOMET", "Bottom_reinf", "REITRU/CRO
setParameter( "GEOMET", "Bottom_reinf", "REITRU/PER
addElementData( "Bottom_reinf")

setShapeType( "REINFORCEMENTSHAPE", "Bottom_reinf"
setReinforcementType( "REINFORCEMENTSHAPE", "Bottom
assignMaterial( "ReinforcementSteel”, "REINFORCEMEN
assignGeometry( "Bottom_reinf", "REINFORCEMENTSHAPE
assignElementData( "Bottom_reinf", "REINFORCEMENTSH
setParameter( "DATA", "Bottom_reinf", "INTERF", "TR

addGeometry( "Top_reinf", "RELINE", "REBAR", [])
setParameter( "GEOMET", "Top_reinf", "REITYP", "REI
setParameter( "GEOMET", "Top_reinf", "REITRU/CROSSE
setParameter( "GEOMET", "Top_reinf", "REITRU/PERIME
addElementData( "Top_reinf")

setShapeType( "REINFORCEMENTSHAPE", "Top_reinf")
setReinforcementType( "REINFORCEMENTSHAPE", "Top_re
assignMaterial( "ReinforcementSteel”, "REINFORCEMEN
assignGeometry( "Top_reinf", "REINFORCEMENTSHAPE",
assignElementData( "Top_reinf", "REINFORCEMENTSHAPE
setParameter( "DATA", "Top_reinf", "INTERF", "TRUSS

addGeometry( "Stirrups"”, "RELINE", "REBAR", [] )
setParameter( "GEOMET", "Stirrups"”, "REITYP", "REIT
setParameter( "GEOMET", "Stirrups", "REITRU/CROSSE"
setParameter( "GEOMET", "Stirrups", "REITRU/PERIME"
addElementData( "Stirrups" )

for i in range(1,int(nstirrups)*2+1):
setShapeType( "REINFORCEMENTSHAPE", "Stirrup_"
setReinforcementType( "REINFORCEMENTSHAPE", "St
)
assignMaterial( "ReinforcementSteel”, "REINFORC
D
assignGeometry( "Stirrups”, "REINFORCEMENTSHAPE
assignElementData( "Stirrups", "REINFORCEMENTSH

setParameter( "DATA", "Stirrups”, "INTERF", "TRUSS"

#i Steel plates

addMaterial( "Steel", "MCSTEL", "ISOTRO", [])
setParameter( "MATERIAL", "Steel", "LINEAR/ELASTI/Y
setParameter( "MATERIAL", "Steel", "LINEAR/ELASTI/P
setParameter( "MATERIAL", "Steel", "LINEAR/MASS/DEN
addGeometry( "Plate thickness", "SHEET", "MEMBRA",
setParameter( "GEOMET", "Plate thickness", "THICK",
setElementClassType( "SHAPE", [ "Left_load_plate",
"Right_load_plate", "Right_support_plate" ], "MEMBR
assignMaterial( "Steel", "SHAPE", [ "Left_load_plat
"Right_load_plate", "Right_support_plate"])
assignGeometry( "Plate thickness", "SHAPE", [ "Left
"Right_load_plate", "Right_support_plate"])

## Wooden sheets

addMaterial( "Wood", "MCSTEL", "ISOTRO", [])
setParameter( "MATERIAL", "Wood", "LINEAR/ELASTI/YO
setParameter( "MATERIAL", "Wood", "LINEAR/ELASTI/PO

RA")

D" 1)
BARS/ELASTI/YOUNG", 1.95e+11)

BARS/POISON/POISON", 0.3)
BARS/MASS/DENSIT", 7850 )
SLIP/DSNY", 1le+14)

SLIP/DSSX", 1le+11)
SLIP/SHFTYP", "BONDS6" )
SLIP/BONDS6/SLPVAL", [ 20000000,

)

REITRU")
SSE", As)
IME", us )

)

_reinf", "TRUSS_BOND_SLIP")
TSHAPE", [ "Bottom_reinf" ] )

", [ "Bottom_reinf"])

APE", [ "Bottom_reinf"])
uss")

TRU")
", Asp)
", usp)

inf', "TRUSS_BOND_SLIP")
TSHAPE", [ "Top_reinf"])
["Top_reinf"])

", ["Top_reinf"])

RU")
, Ass)
, uss)

+ str(i) )
irrup_" + str(i), "TRUSS_BOND_SLIP"

EMENTSHAPE", [ "Stirrup_" + str(i)

" [ "Stirrup_" + str(i) 1)
APE", [ "Stirrup_" + str(i) 1)

)

OUNG", 2e+11)
OISON", 0.3)

SIT", 7850 )

1)

b

"Left_support_plate",
A")

e", "Left_support_plate",

_load_plate", "Left_support_plate",

UNG", 2e+10)
ISON", 0.3)



setParameter( "MATERIAL", "Wood", "LINEAR/MASS/DENS
setElementClassType( "SHAPE", [ "Left_wooden_sheet"

)

assignMaterial( "Wood", "SHAPE", [ "Left_wooden_she
assignGeometry( "Plate thickness", "SHAPE", [ "Left
"Right_wooden_sheet"])

## Dummy beam

addMaterial( "Dummy Material", "MCSTEL", "ISOTRO",
setParameter( "MATERIAL", "Dummy Material", "LINEAR
setParameter( "MATERIAL", "Dummy Material", "LINEAR
setParameter( "MATERIAL", "Dummy Material", "LINEAR
addGeometry( "Dummy Geometry", "LINE", "CLS2B2", []
setParameter( "GEOMET", "Dummy Geometry", "SHAPE/RE
setElementClassType( "SHAPE", [ "Line 1" ], "CLS2B2
assignMaterial( "Dummy Material", "SHAPE", [ "Line
assignGeometry( "Dummy Geometry", "SHAPE", [ "Line

HHHHHHEH R Load Definitions  #Ht#HHHH
addSet( "GEOMETRYLOADSET", "Displacement" )
createPointLoad( "Disp", "Displacement” )
setParameter( "GEOMETRYLOAD", "Disp", "LODTYP", "DE
setParameter( "GEOMETRYLOAD", “Disp", "DEFORM/SUPP*"
setParameter( "GEOMETRYLOAD", "Disp", "DEFORM/TR/VA
setParameter( "GEOMETRYLOAD", "Disp", "DEFORM/TR/DI
attach( "GEOMETRYLOAD", "Disp", "Line 1", [ L/2, h
HHBHHTHHEHHHEHE MeShing  #EHHERHITHHTHHEHHET
elementSetString = ["Concrete”, "Top_reinf", "Left_
"Right_support_plate", "Right_load_plate", "Line 1"
"Left_wooden_sheet", "Left_load_plate"]
for i in range(1,int(nstirrups)*2+1):
elementSetString.append('Stirrup_'+str(i))
setElementSize( elementSetString, 0.01, -1, True )
setMesherType( elementSetString, "HEXQUAD" )

generateMesh( [])

ANQIYSIS HHHHHHHHHHHHHHHHHHH

n_steps = 60
addAnalysis( "Analysis1" )
addAnalysisCommand( "Analysis1", "NONLIN", "Structu

setAnalysisCommandDetail( "Analysis1", "Structural
"EXECUT(1)/LOAD/STEPS/EXPLIC/SIZES", "0.1(" + str(n
setAnalysisCommandDetail( "Analysis1", "Structural
"EXECUT(1)/ITERAT/MAXITE", 350)
addAnalysisCommandDetail( "Analysis1", "Structural
"EXECUT(1)/ITERAT/CONVER/ENERGY")
setAnalysisCommandDetail( "Analysis1", "Structural
"EXECUT(1)/ITERAT/CONVER/ENERGY", True )
setAnalysisCommandDetail( "Analysis1", "Structural
"EXECUT(1)/ITERAT/CONVER/DISPLA", True )
setAnalysisCommandDetail( "Analysis1", "Structural
"EXECUT(1)/ITERAT/CONVER/FORCE", True )

dispNode = findNearestNodes([[L/2,h-0.01,0]])

# setAnalysisCommandDetail( "Analysis1", "Structura
name +"_MaxDisp")

setAnalysisCommandDetail( "Analysis1", "Structural
"TABULA")

setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(1)/LAYOUT/LINPAG", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(1)/LAYOUT/COLLIN", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(1)/SELECT/MODSEL", "USER")
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(1)/SELECT/NODES(1)/RNGNRS", dispNode )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(1)/SELECT/ELEMEN(1)/RNGNRS", "NONE" )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(1)/SELECT/REINFO(1)/RNGNRS", "NONE" )
setAnalysisCommandDetail( "Analysis1", "Structural
"USER")

setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(1)/USER/DISPLA(1)/TOTAL/TRANSL/GLOBAL/COMP"

IT", 900)
, "Right_wooden_sheet" ], "MEMBRA"

et", "Right_wooden_sheet"])
_wooden_sheet",

1Y)

[ELASTI/YOUNG", 1e+12)
[ELASTI/POISON", 0.2)
IMASS/DENSIT", 1)

)

CTAN",[0.5,0.2])

D
1)

HEHHE
FORM")

, "Support_1")

LUE", -0.001)

RECT", 2)

+0.1,01])

gtpp R

support_plate", "Bottom_reinf",
, "Right_wooden_sheet",

B

ral nonlinear" )
nonlinear",
_steps) +")")
nonlinear",
nonlinear",
nonlinear",

nonlinear",

nonlinear",

I nonlinear", "OUTPUT(1)/FILE",
nonlinear”, "OUTPUT(1)/DEVICE",
nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear”, "OUTPUT(1)/SELTYP",

nonlinear",

YD)



renameAnalysisCommandDetail( "Analysis1", "Structur

"MaxDisp" )

nodeList =[]
foriin range(0,L*200+1):
nodeList.append([i/200,0.028,0])

NodeRange = findNearestNodes(nodeList)

# setAnalysisCommandDetail( "Analysis1", "Structura
name + "_dispXX")

setAnalysisCommandDetail( "Analysis1", "Structural
"TABULA")

setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(2)/LAYOUT/LINPAG", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(2)/LAYOUT/COLLIN", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(2)/SELECT/MODSEL", "USER")
setAnalysisCommandDetail( "Analysis1", "Structural

“OUTPUT(2)/SELECT/NODES(1)/RNGNRS", NodeRange )

setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(2)/SELECT/ELEMEN(1)/RNGNRS", "NONE")

setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(2)/SELECT/REINFO(1)/RNGNRS", "NONE" )

setAnalysisCommandDetail( "Analysis1", "Structural
"USER")
setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(2)/USER/DISPLA(1)/TOTAL/TRANSL/GLOBAL/COMP"

setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(2)/USER/DISPLA(1)/TOTAL/TRANSL/GLOBAL/COORD
renameAnalysisCommandDetail( "Analysis1", "Structur

"dispXX" )

# setAnalysisCommandDetail( "Analysis1", "Structura
name +"_Bot_reinf")

setAnalysisCommandDetail( "Analysis1", "Structural
"TABULA")

setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(3)/LAYOUT/LINPAG", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(3)/LAYOUT/COLLIN", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(3)/SELECT/MODSEL", "USER")
setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(3)/SELECT/NODES(1)/RNGNRS", "NONE" )

setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(3)/SELECT/ELEMEN(1)/RNGNRS", "NONE" )

setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(3)/SELECT/REINFO(1)/RNGNRS", "\"Bottom_rein

setAnalysisCommandDetail( "Analysis1", "Structural
"USER")
setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(3)/USER/STRAIN(1)/TOTAL/GREEN/GLOBAL/COMP",

setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(3)/USER/STRAIN(1)/TOTAL/GREEN/GLOBAL/COORDI

setAnalysisCommandDetail( "Analysis1", "Structural

"OUTPUT(3)/USER/STRAIN(1)/TOTAL/GREEN/GLOBAL/LOCATI
renameAnalysisCommandDetail( "Analysis1", "Structur

"Bot_reinf")

reacNode= findNearestNodes([[0.05*L,-0.03,0]])

# setAnalysisCommandDetail( "Analysis1", "Structura
name +"_Load")

setAnalysisCommandDetail( "Analysis1", "Structural
"TABULA")

setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(4)/LAYOUT/LINPAG", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(4)/LAYOUT/COLLIN", 1000000 )
setAnalysisCommandDetail( "Analysis1", "Structural
"OUTPUT(4)/SELECT/MODSEL", "USER")
setAnalysisCommandDetail( "Analysis1”, "Structural

"OUTPUT(4)/SELECT/NODES(1)/RNGNRS", reacNode )

al nonlinear", "OUTPUT(1)",

I nonlinear", "OUTPUT(2)/FILE",
nonlinear", "OUTPUT(2)/DEVICE",
nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear", "OUTPUT(2)/SELTYP",
nonlinear",

X))

nonlinear",

I", True)
al nonlinear", "OUTPUT(2)",

I nonlinear", "OUTPUT(3)/FILE",
nonlinear”, "OUTPUT(3)/DEVICE",
nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear",

nonlinear",

)

nonlinear", "OUTPUT(3)/SELTYP",
nonlinear",

["XX"])

nonlinear",

", True)

nonlinear",

", "CENTER")
al nonlinear", "OUTPUT(3)",

I nonlinear", "OUTPUT(4)/FILE",
nonlinear”, "OUTPUT(4)/DEVICE",
nonlinear",

nonlinear",

nonlinear",

nonlinear",



setAnalysisCommandDetail( "Analysis1", "Structural nonlinear",
"OUTPUT(4)/SELECT/ELEMEN(1)/RNGNRS", "NONE" )

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear”,
"OUTPUT(4)/SELECT/REINFO(1)/RNGNRS", "NONE" )

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear", "OUTPUT(4)/SELTYP",
"USER")

setAnalysisCommandDetail( "Analysis1", "Structural nonlinear”,
"OUTPUT(4)/USER/FORCE(5)/REACTI/TRANSL/GLOBAL/COMP" , ["Y"])
renameAnalysisCommandDetail( "Analysis1", "Structur al nonlinear", "OUTPUT(4)", "Load"
)

T Looping analysis using diffe rent material models

RFMETH = ['COVARI", "FFOURT"]

DECMTH = ['CHOLES", "EIGEN", "FENTON"]
COVTYP = ['EXPONE", "SQTYPE"]

DISTYP = ['NORMAL", "LOGNOR"]

CORLEN =[0.05, 0.5, 5]

oldname = "Analysis1"
for jin RFMETH:
if j == "COVARI":
for k in DECMTH:
for 1in COVTYP:
for m in DISTYP:
for nin CORLEN:

HHHHHHHEHHE A Mate rial Definitions
A

## Excluding high correlati on-length (CORLEN) for specific
material combinations

if k =="CHOLES"and | ==" SQTYPE" and n != 0.05:

break
## Concrete Material
setParameter( "MATERIAL", "Concrete", "JCSSRF/RFMET H"J)

setParameter( "MATERIAL", " Concrete", "JCSSRF/COVARI/DECMTH",
k)

setParameter( "MATERIAL", " Concrete", "JCSSRF/COVTYP", 1)

setParameter( "MATERIAL", " Concrete”, "JCSSRF/DISTYP", m)

setParameter( "MATERIAL", " Concrete", "JCSSRF/CORLEN", n)

## Analysis

name=j+" "+k+" "+ I+" "+m+"_"+str(n)

renameAnalysis( oldname, na me)

setAnalysisCommandDetail( n ame, "Structural nonlinear",
"OUTPUT(1)/FILE", name +"_MaxDisp" )

setAnalysisCommandDetail( n ame, "Structural nonlinear",
"OUTPUT(2)/FILE", name +"_dispXX")

setAnalysisCommandDetail( n ame, "Structural nonlinear",
"OUTPUT(3)/FILE", name + "_Bot_reinf")

setAnalysisCommandDetail( n ame, "Structural nonlinear",

"OUTPUT(4)/FILE", name +"_Load")

runSolver( [ name])
oldname = name

else:
for 1in COVTYP:
for min DISTYP:
for nin CORLEN:

HEHEHEHEHEHEHEHEHEH Material Definitions  ##t#H##H# I
## Concrete Material
setParameter( "MATERIAL", "Conc rete”, "JCSSRF/RFMETH", )
setParameter( "MATERIAL", "Conc rete”, "JCSSRF/COVTYP", |)
setParameter( "MATERIAL", "Conc rete”, "JCSSRF/DISTYP", m)
setParameter( "MATERIAL", "Conc rete”, "JCSSRF/CORLEN", n)
## Analysis
name=j+" "+|+" "+m+ " "+ str(n)
renameAnalysis( oldname, name )
setAnalysisCommandDetail( name, "Structural nonlinear",

"OUTPUT(L)/FILE", name +"_MaxDisp" )



setAnalysisCommandDetail( name, "Structural nonlinear",
"OUTPUT(2)/FILE", name + "_dispXX")

setAnalysisCommandDetail( name, "Structural nonlinear",
"OUTPUT(3)/FILE", name + "_Bot_reinf")
setAnalysisCommandDetail( name, "Structural nonlinear",

"OUTPUT(4)/FILE", name + " Load")

runSolver([ name])
oldname = name






clear all
close all

addpath( "./' )

L=3;

H =0.25;
B=0.2;

D =16/1000;

%%%%%%%%%%%% Assemble data from Diana %%%%%%%%%%%%

RFMETH = [ "COVARI",
DECMTH = [ "CHOLES",
COVTYP =[ "EXPONE",
DISTYP=[ "NORMAL",
CORLEN = [0.05, 0.5, 5;

"FFOURT"];
"EIGEN" ,

"SQTYPE"];
"LOGNORY;

"FENTON';

i=0;
for j= lilength(RFMETH)
if RFMETH()== "COVARI"
for k= 1:length(DECMTH)
for |=1:length(COVTYP)
for m = 1:length(DISTYP)

for n = 1:length(CORLEN)

if DECMTH(k) ==
~=0.05
break

end

beamNumber = RFMETH()) +
+ DISTYP(m) + "+ string(CORLEN(n));

beamNumber = char(beamNumbe
beam_case_int = a_read_tabl
beamNumber = regexprep(beam
beam_full.(beamNumber)=beam

"CHOLES" && COVTYP(l) == "SQTYPE" && CORLEN(n)

" v +DECMTH(K)+ " " +COVTYP(l)+

n;
es(beamNumber,L,H,B,D);
Number, ‘[.]' )
_case_int;

%%% Extract data to Excel

[~,ind] = min(abs(beam_case
max_defl = beam_case_int.ma
nr_cracks = beam_case_int.n
crack_width = beam_case_int

i=i+l;

filename =

sheet = 1;
xlswrite(filename,{beamNumb
xlswrite(filename,max_defl,
xIswrite(filename,nr_cracks
xlswrite(filename,crack_wid

end
end
end
end
else
for I= 1:length(COVTYP)
for m = 1:length(DISTYP)
for n = 1l:length(CORLEN)
beamNumber = RFMETH(j) +
string(CORLEN(N));
beamNumber = char(beamNumber);
beam_case_int = a_read_tables(b
beamNumber = regexprep(beamNumb
beam_full.(beamNumber)=beam_cas

_int.load-60/2));
x_deflection(ind);
umber_of_cracks_btwload(ind);
.crack_width_btwload(ind,:)*1e6;

'a_model_combination.xlIsx' ;

er},sheet,[ ‘A int2str(7+i)])
sheet,[ 'B' int2str(7+i)])
,sheet,[ 'C' int2str(7+i)])
th,sheet,[ ‘D' int2str(7+i)])
" + COVTYP(l) + " " +DISTYP(m) + "+

eamNumber,L,H,B,D);
er, ' ," )

e_int;

%%% Extract data to Excel

[~,ind] = min(abs(beam_case_int
max_defl = beam_case_int.max_de
nr_cracks = beam_case_int.numbe
crack_width = beam_case_int.cra

i=i+1;

filename =

xlswrite(filename,{beamNumber},

xIswrite(filename,max_defl,shee

xlswrite(filename,nr_cracks,she

xIswrite(filename,crack_width,s
end

.load-60/2));

flection(ind);
r_of_cracks_btwload(ind);
ck_width_btwload(ind,:)*1e6;

'a_model_combination.xIsx' ;

sheet,[ 'A" int2str(7+i)])
t,[ 'B' int2str(7+i)])
et,[ 'C' int2str(7+i)])
heet,[ 'D' int2str(7+i)])



end
end
end
end

save([ 'a_model_combination' ], 'beam_full’ );
%%%%%%%%%%%% Extract data from DIC to Excel %%%%%%%86%%%%
load( 'Z:\beam\DICbeam2.mat' );

load( 'Z:\beam\DICbeam3.mat' );

load( 'Z:\beam\DICbeam4.mat' );

%%% Find max load from 1st loading cycle

[~,ind_2] = findpeaks(beam?2.load, 'MinPeakHeight' ,55);
ind_2 =ind_2(1);
[~,ind_3] = findpeaks(beam3.load, 'MinPeakHeight' ,55);
ind_3 =ind_3(1);
[~,ind_4] = findpeaks(beam4.load, 'MinPeakHeight' ,55);
ind_4 =ind_4(1);

max_defl_2 = beam2.def(ind_2);
max_defl_3 = beam3.def(ind_3);
max_defl_4 = beam4.def(ind_4);

%%% Find nr of cracks & crack width

% THRESHOLD (0.25) IS DERIVED FROM BOND SLIP TUNING =~ -----------mmmmmmmemmeee
[~,crackpos_2] =

findpeaks(beam?2.eps,beam2.pos, ‘MinPeakHeight' ,0.25, 'MinPeakDistance' ,30);
ind_crackpos_2 = find(crackpos_2>900 & crackpos_2<1 800);

crackpos_btwload_2 = crackpos_2(ind_crackpos_2);

nr_cracks_2 = length(crackpos_btwload_2);

crack_width_2 = beam2.cracks(ind_2,ind_crackpos_2)* le3;

[~,crackpos_3] =

findpeaks(beam3.eps,beam3.pos, 'MinPeakHeight' ,0.25, 'MinPeakDistance' ,30);
ind_crackpos_3 = find(crackpos_3>900 & crackpos_3<1 800);

crackpos_btwload_3 = crackpos_3(ind_crackpos_3);

nr_cracks_3 = length(crackpos_btwload_3);

crack_width_3 = beam3.cracks(ind_3,:)*1e3; % Only 9 cracks from data while 10 from
findpeaks.

beam4.pos(1)=0; % Error in first indices

[~,crackpos_4] =

findpeaks(beam4.eps,beam4.pos, 'MinPeakHeight' ,0.25, 'MinPeakDistance' ,30);
ind_crackpos_4 = find(crackpos_4>900 & crackpos_4<1 800);

crackpos_btwload_4 = crackpos_4(ind_crackpos_4);
nr_cracks_4 = length(crackpos_btwload_4);

crack_width_4 = beam4.cracks(ind_4,ind_crackpos_4)* le3;
%%% Write to Excel

xIswrite(filename,max_defl_2,sheet, '‘B2" )
xIswrite(filename,max_defl_3,sheet, '‘B3' )
xIswrite(filename,max_defl_4,sheet, '‘B4" )
xIswrite(filename,nr_cracks_2,sheet, 'C2' )
xIswrite(filename,nr_cracks_3,sheet, 'C3')
xIswrite(filename,nr_cracks_4,sheet, 'C4' )
xlswrite(filename,crack_width_2,sheet, 'D2' )
xIswrite(filename,crack_width_3,sheet, ‘D3 )
xlswrite(filename,crack_width_4,sheet, ‘D4 )



function  [beam_case_int] = a_read_tables(beamNumber,L,H,B,D

%%% Reading bottom strains
fid=fopen([beamNumber '_Bot_reinf.tb' D;
i=0;

while ~feof(fid)

x=sscanf(fgetl(fid), '%g" );
if isempty(x)
i=0;
else
if i==0
=i+,
end
i=i+1;
barl(j,i)=x(3,1);
if j::
pos(1,i)=x(4,1)*1000;
end
end
end
[pos,ind_pos] = unique(pos);
barl = barl(:,ind_pos);
[~,crackpos] = findpeaks(barl(end-1,:),pos, '‘MinPeakDistance'

fid=fclose(fid);

%%% Reading Cracks

fid=fopen([beamNumber "_dispXX.tb' s
=0;
line=1;

while ~feof(fid)

x=sscanf(fgetl(fid), '%g" );
if isempty(x)
i=0;
else
if i==0
=L
end
i=i+1;

dxx(j,i)=x(2,1);
if j==
nodePos(i)=x(3,1)*1000;
end

end
end
[x,ind] = sort(nodePos);
dx = dxx(:,ind);

for w = l:length(crackpos)
[~,idx1] = min(abs(x - (crackpos(w)-20)));
[~,idx2] = min(abs(x - (crackpos(w)+20)));
cracks(:,w) = dx(:,idx2)- dx(:,idx1);

end

is_cracked = zeros(size(cracks));

for i = l:length(crackpos)
z = find(cracks(:,i)>=2.5e-5,1, first' );
cracks(1:z-1,i) = 0;
is_cracked(z:end,i) = 1;

end

fid=fclose(fid);

%%% read max disp

fid=fopen([beamNumber '_MaxDisp.tb" ]);
i=0;

while ~feof(fid)

x=sscanf(fgetl(fid), '%g' );

,20);



if isempty(x)
else
i=i+1;
max_deflection(i,1)=x(2,1)*(-1000);
end

end

fid=fclose(fid);

%%% read load

fid=fopen([beamNumber ' Load.tb' ]);
i=0;
while ~feof(fid)
x=sscanf(fgetl(fid), '%g" );
if isempty(x)
else
i=i+1;
load(i,1)=x(2,1)/1000;
end
end

fid=fclose(fid);

%%% assemble data
ind_ini = find(pos<0.05*L*1000,1, last' );
ind_fin = find(pos>0.95*L*1000,1, first' );

nsteps = size(barl,1)-1;

time = linspace(1,nsteps,nsteps);
timex20 = linspace(1,nsteps,20*nsteps);

beam_case_int.pos = repmat(pos(ind_ini:ind_fin)-pos
beam_case_int.barl = (pchip(time,(barl(1:end-1,ind_
beam_case_int.max_deflection = (pchip(time,(max_def
is_cracked_int = (pchip(time,(is_cracked(1:end-1,:)
is_cracked_int(is_cracked_int<1) = 0;
beam_case_int.is_cracked = is_cracked_int;
beam_case_int.number_of_cracks = sum(is_cracked_int
beam_case_int.crack_positions = repmat(crackpos-pos
beam_case_int.crack_width = (pchip(time,(cracks(1:e
beam_case_int.load = (pchip(time,(load(1:end-1))',t

%%% Find number of cracks between point loads
ind_btwload = find(1050<=crackpos & crackpos<=1950)
is_cracked_btwload_int = is_cracked_int(:,ind_btwlo
beam_case_int.is_cracked_btwload=is_cracked_btwload
beam_case_int.number_of_cracks_btwload = sum(is_cra
beam_case_int.crack_width_btwload = beam_case_int.c

(ind_ini),nsteps*20,1);
ini:ind_fin))',timex20))";
lection(1:end-1))',timex20))";
) timex20))";

2);
(ind_ini),nsteps*20,1);
nd-1,:))" timex20))";
imex20));

ad);

_int;

cked_btwload_int,2);
rack_width(:,ind_btwload);
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cle
clear all
close all

addpath( "./' )

L=3;

H =0.25;
B=0.2;

D = 16/1000;

%%% Assemble data from selected model combination
beamNumber =[ ‘'beam_' ];
[beam_case, beam_case_int] = read_tables(beamNumber

%%% Find maximum allowable strain in concrete
% First try Diana

f_co=715; % Basic compressive strength
alpha =0.8;
beta =0.7;

f_c = alpha*f_c0”0.96;

f_ct(1) = 0.3*f_c(2/3)*1e6;

E_c(1) = 10500*f_c™(1/3)*(1/(1+beta))*1e6;
% Second try, Diana

f c=f_co;

f_ct(2) = 0.3*f_c(2/3)*1e6;

E_c(2) = 10500*f_c™(1/3)*(1/(1+beta))*1e6;

% Eurocode f_ctk95 = 1.3*f_ct

f_ctk95 = 1.3* _ct;

% Tested strength converted in table from EN
f_ctk95(3) = 5.8e6;

E_c(3) = 40e9;

% Tested E modulus

E_c(4) = 33.3e9;

% Tensile strength in concrete

eps_ct95 =f_ct(2)/E_c(1); % Theoretical value
% From test results.

threshold_05 = 20e-4;

threshold_36 = 8e-4;

%%%%%%%%%%%%%%%% Crack detection based on data fro
loads = [45 47.5 50 52.5 60];
for i = l:length(loads)

[~,ind_load(i)] = min(abs(beam_case_int.load-lo

%%% Finding cracks calculating lateral displacement
nrCracks_disp(i) = beam_case_int.number_of_crac

%%% Finding cracks using strain profile from Diana
ind_EIBtwlI = find(900 <= beam_case_int.elpos(1,
1800);
[~,crackpos.([ 'eps36_" int2str(i)])] =
findpeaks(beam_case_int.eps_36(ind_load(i),ind_EIBt

,L,H,B,D);

m Diana %%%%%%%%%%%%%%%
ads(i)/2));

in Matlab
ks_btwload(ind_load(i));

:) & beam_case_int.elpos(1,:) <=

wl),beam_case_int.elpos(1,ind_EIBtw

1), 'MinPeakHeight' ,threshold_36, 'MinPeakDistance' ,30);

[Peaks_eps05,crackpos.([ 'eps05_" int2str(i)])] =
findpeaks(beam_case_int.eps_05(ind_load(i),ind_EIBt

wl),beam_case_int.elpos(1,ind_EIBtw

1), 'MinPeakHeight' ,threshold_05, 'MinPeakDistance' ,30);

nrCracks_eps36(i) = length(crackpos.([ 'eps36_"
nrCracks_eps05(i) = length(crackpos. ([ 'eps05_"

%%% Plotting
elpos = beam_case_int.elpos(1,:);
eps36(i,:) = beam_case_int.eps_36(ind_load(i),:

eps05(i,:) = beam_case_int.eps_05(ind_load(i),:

figure(i)

plot(elpos,eps36(i,:), 'g" ,elpos,eps05(i,:), ‘¢’
xlim([300 2400])

ylim([0 inf]);

yline(threshold_36, )

int2str(i)]));
int2str(i)]));



yline(threshold_05, )

xI = xline(900, - { 'Constant moment span’ DR
xl.LabelHorizontalAlignment = ‘center’ ;
xline(1800, )
legend( 'Strain, depth 36 mm' , ' Strain, depth 5 mm’ , 'Crack limit, depth 36 mm'
'Crack limit, depth 5 mm’
title([ 'Concrete strain profiles at two different depths ( ' char(string(loads(i)))
"kN) D)
xlabel( 'Length between supports [mm]' )
ylabel( 'Strain [\epsilon]' )
ytext = 0.85*max(Peaks_eps05);
text(2050,ytext,[ 'Calculated cracks (former method) ="
int2str(nrCracks_disp(i))])
text(2050,ytext-ytext/30,[ ‘Strain cracks, depth 36 mm ="
int2str(nrCracks_eps36(i))])
text(2050,ytext-ytext/15,[ 'Strain cracks, depth 5 mm ="
int2str(nrCracks_eps05(i))])
set(gcf, ‘WindowState' , 'maximized’ );
end
%%% Check that max deflection is similar as Diana r esutls
maxDefl_bondSlip = beam_case_int.max_deflection(ind _load(end))

maxDefl_modelComb = 6.2
nrCracks_modelComb =9

%%

close all

%%%%%%%%%%%%%%% Strain profile in concrete: Diana v s DIC %%%%%%%%% %% %% %% %
%%% Import DIC data

load( 'Z:\beam\DICbeam2.mat' );

load( 'Z:\beam\DICbeam3.mat' );

load( 'Z:\beam\DICbeam4.mat' );

x2 = beam2.pos;

x3 = beam3.pos;

x4 = beam4.pos;

y2 = beam2.eps*le-3; % CONVERTED TO PROPER UNIT (MIKROMETER)
y3 = beam3.eps*le-3;

y4 = beam4.eps*le-3;

% Data error

x4(1) = 0;

QOmmmm s e

%%% Modify eps36 to match DIC (valleys = 0)

eps36Mod = eps36(end,:)-(5.5e-4);

threshold_36Mod = threshold_36-(5.5e-4); % treshold = 2.5e-4 IS ALSO APPLIED IN
MODEL COMBINATION

QOmmmmmm s e

%%% Plot unfiltered strain profiles

figure(1);

plot(elpos,eps36(end,:), ‘9" x2,y2,x3,y3,x4,y4)

x| = xline(900, - { 'Constant moment span’ D
xl.LabelHorizontalAlignment = ‘center’ ;

xline(1800, )

xlim([800 1900]);

legend( 'Diana 36 , 'DICbeam2' , 'DICbeam3 , 'DIC beam4' )
title([ 'Unfiltered strain profiles from Diana & DIC' )
xlabel( 'Length between supports [mm]' )

ylabel(  'Strain [\epsilon]' )

set(gcf, ‘WindowState' , 'maximized' );

%%% Filter strain curves fom Dian
eps36ModFilt = eps36Mod;
eps36ModFilt(eps36ModFilt<threshold_36Mod) = 0O;

y2Filt = y2;
y2Filt(y2Filt<threshold_36Mod) = 0;

y3Filt = y3;
y3Filt(y3Filt<threshold_36Mod) = 0O;

y4Filt = y4;
yAFilt(y4Filt<threshold_36Mod) = 0;



%%% Compare nr of cracks and peak heights between D iana and DIC

ind_EIBtwl = find(900 <= elpos & elpos <= 1800);

[Peaks_eps36Mod,~] =

findpeaks(eps36ModFilt(ind_EIBtwl),elpos(ind_EIBtwl ), 'MinPeakDistance' ,30);

ind_btwIDIC2 = find(900 <= x2 & x2 <= 1800);
[Peaks_beam2,~] =
findpeaks(y2Filt(ind_btwIDIC2),x2(ind_btwIDIC2), '‘MinPeakDistance' ,30);

ind_btwlDIC3 = find(900 <= x3 & x3 <= 1800);
[Peaks_beam3,~] =
findpeaks(y3Filt(ind_btwIDIC3),x3(ind_btwIDIC3), '‘MinPeakDistance' ,30);

ind_btwIDIC4 = find(900 <= x4 & x4 <= 1800);
[Peaks_beam4,~] =
findpeaks(y4Filt(ind_btwIDIC4),x4(ind_btwIDIC4), 'MinPeakDistance' ,30);

nrCracks_eps36Mod = length(Peaks_eps36Mod);
nrCracks_beam2 = length(Peaks_beam?2);
nrCracks_beam3 = length(Peaks_beam3);
nrCracks_beam4 = length(Peaks_beam4);
meanPeak_eps36Mod = round(mean(Peaks_eps36Mod),4);
meanPeak_beam2 = round(mean(Peaks_beam?2),4);
meanPeak_beam3 = round(mean(Peaks_beam3),4);
meanPeak_beam4 = round(mean(Peaks_beam4),4);

%%% Plot filtered strain profile

figure(2);

plot(elpos,eps36ModFilt, ‘9", x2,y2Filt,x3,y3Filt,x4,y4Filt)
xI = xline(900, - ,{ 'Constant moment span’ DR
xl.LabelHorizontalAlignment = ‘center’ ;
xline(1800, )

xlim([800 1900]);
% ylim([0 18e-3]);

legend( 'Diana, depth 36 mm' , 'DICbeam?2" , 'DICbheam3 , 'DICbheam4' )
title([ 'Filtered concrete strain profiles from Diana & DIC D

xlabel(  'Length between supports [mm]' )

ylabel(  'Strain [\epsilon]' )

% ytext = max(max(Peaks_beam3),max(eps36ModFilt));

% text(1570,ytext,['Diana: mean strain ="' num2str( meanPeak_eps36Mod)]);

% text(1570,ytext-ytext/30,['Beam2: mean strain ="' num2str(meanPeak_beam?2)]);
% text(1570,ytext-ytext/15,['Beam3: mean strain ="' numz2str(meanPeak_beam3)]);
% text(1570,ytext-ytext/10,['Beam4: mean strain ="' num2str(meanPeak_beam4)]);
set(gcf, ‘WindowState' , 'maximized' );

%%

close all

%%%%%% %% %% %% %%%%%%%%% Compare strain profile betwd2iana and DOFS at level of
reinforcement %%%%%%%%%%%%%%%%%%%%%%

%%% DIANA

nodepos = beam_case_int.pos(1,:);

epsReinf = beam_case_int.barl(ind_load(end),:);

%%% DOFS

load( 'Z:\beam\beam?2_filtered_data.mat' );
xDof2 = x;

bar3_2 = bar3_ip*1e-6;

maxValue = max(bar3_2,[], all');

[~,colind] = find(bar3_2 == maxValue);
threshold = 0.8*maxValue;
[~,IndMaxLoad2] =

findpeaks(bar3_2(:,colind), 'MinPeakHeight' ,threshold, ‘MinPeakDistance' Jlength(bar3_2(:

,1))/4);
IndMaxLoad2(2) = [];

load( 'Z:\beam\beam3_filtered_data.mat' );
xDof3 = x;

bar3_3 = bar3_ip*le-6;

maxValue = max(bar3_3,[], al );

[~,colind] = find(bar3_3 == maxValue);

threshold = 0.8*maxValue;

[~,IndMaxLoad3] =

findpeaks(bar3_3(:,colind), 'MinPeakHeight' ,threshold, 'MinPeakDistance' Jlength(bar3_3(:

)4,



IndMaxLoad3(2) = [];

load( 'Z:\beam\beam4_filtered_data.mat' );
xDof4 = x;

bar3_4 = bar3_ip*le-6;

maxValue = max(bar3_4,[], al);
[~,colind] = find(bar3_4 == maxValue);

threshold = 0.8*maxValue;

[~,IndMaxLoad4] =

findpeaks(bar3_4(:,colind), 'MinPeakHeight' ,threshold, ‘MinPeakDistance' Jlength(bar3_4(:
1))/4);

IndMaxLoad4(2) = [];

%%% Plot

figure(1);

subplot(2,2,1);

plot(elpos,eps36Mod, 'g" ,nodepos,epsReinf);

yline(threshold_36Mod, )

xI = xline(900, - ,{ 'Constant moment span’ D;
xl.LabelHorizontalAlignment = ‘center’ ;

xline(1800, )

xlim([800 1900]);

ylim([-3e-4 2e-3]);

legend( 'Diana concrete' , 'Diana reinforcement' , 'Crack limit' )

% title(['Strain profiles from Diana & DOFS at bott

xlabel( 'Length between supports [mm]' )
ylabel(  'Strain [\epsilon]'
set(gcf, ‘WindowState' , 'maximized' );

subplot(2,2,2);
plot(x2,y2,xDof2,bar3 2(IndMaxLoad2 );

y||ne(threshold 36Mod, )

= xline(900, - { 'Constant moment span’ D
xl.LabelHorizontalAIignment: ‘center’ ;
xline(1800, )
xlim([800 1900]);
ylim([-3e-4 2e-3]);
legend( 'DIC beam2' , 'DOFSbeam?2' , 'Crack limit'

% title(['Strain profiles from Diana & DOFS at bott
xlabel( 'Length between supports [mm]' )
ylabel(  'Strain [\epsilon]' )

subplot(2,2,3);
plot(x3,y3,xDof3,bar3_3(IndMaxLoad3,:));

yllne(threshold 36Mod, )

= xline(900, - ,{ 'Constant moment span’ D;
xI.LabeIHorizontalAIignment: ‘center’ ;
xline(1800, )
xlim([800 1900]);
ylim([-3e-4 2e-3]);
legend( 'DIC beam 3" , 'DOFSbeam 3 , 'Crack limit'

% title(['Strain profiles from Diana & DOFS at bott

xlabel( 'Length between supports [mm]' )

ylabel(  'Strain [\epsilon]' )

subplot(2,2,4);

plot(x4,y4,xDof4,bar3_4(IndMaxLoad4,:));
yline(threshold_36Mod, )

xI = xline(900, - ,{ 'Constant moment span’ D;
xl.LabelHorizontalAlignment = ‘center’ ;
xline(1800, - );

xlim([800 1900]);

ylim([-3e-4 2e-3]);

legend( 'DIC beam 4' , 'DOFS beam4' , 'Crack limit'

% title(['Strain profiles from Diana & DOFS at bott

xlabel( 'Length between supports [mm]' )
ylabel(  'Strain [\epsilon]'
figure(2)

plot(nodepos,epsReinf,
' xDof2,bar3_2(IndMaxLoad2,:),xDof3,bar3_3(IndMaxLoa

x| = xline(900, - { 'Constant moment span’ D
xl.LabelHorizontalAlignment = ‘center’ ;
xline(1800, )

xlim([200 2500]);
% ylim([0 18e-3]);

om reinforcent’])

)

om reinforcent’])

)

om reinforcent’])

)

om reinforcent’])

d3,:),xDof4,bar3_4(IndMaxLoad4,:))



legend( 'Diana’ , 'DOFS beam 3'
title([

xlabel(
ylabel(

set(gcf,

'DOFS beam 2' ,

‘Length between supports [mm]' )
'Strain [\epsilon]'

‘WindowState' , 'maximized );

%% Filter the strain profile in reinforcement to ma
% % Filter command

% windowSize =[5 7 9 11 13];

%a=1;

% figure(1)

% plot(nodepos,epsReinf,'LineWidth',3)

% hold on

%

% indEndPeak = find(nodepos>1560 & nodepos<1700);
% [~,posEndPeak] = findpeaks(epsReinf(indEndPeak),n
% for | = 1:length(windowSize)

b = (1/windowsSize(l))*ones(1,windowSize(l));
filt(l,:) = filter(b,a,epsReinf);

o [~ xEndPeak] = findpeaks(filt(l,indEndPeak),n
6 delta(l) = abs(xEndPeak-posEndPeak);

o plot(nodepos-delta(l),filt(l,:))

%

% end

% xI = xline(900,"--" {'Constant moment span'});

% xl.LabelHorizontalAlignment = 'center’;

% xline(1800,'--");

% xIim([800 1900]);

% % ylim([0 18e-3]);

% legend(‘'epsReinf', '1', '2', '3', '4', '5")

% title([Comparing and finding suitable DOFS strai
% xlabel('Length between supports [mm]’)

% ylabel('Strain [\epsilon]’)

% set(gcf, 'WindowState', 'maximized’);

% hold off

S

S

%% Sgolayfilt

close all

% Run SGolay with different variables to find simil
deg=[23456];

fl =[11 15 21 25 31];

i=1;
for j=1l:length(deg)
for k= 1:length(fl)
sgolay = sgolayfilt(epsReinf,deg(j),fl(K));

sg.(char([ "deg" + string(deg(j)) + " fI" + string(fl(k))])) = sgolay;

TitleName = char([ "Degree ="  + string(deg(j)) + ", Framelength =" +
string(fl(k))]);

figure(i)

i=i+l;

plot(nodepos,sgolay)

hold on

plot(nodepos,epsReinf, r--' , 'LineWidth" ,0.2)
plot(xDof2,bar3_2(IndMaxLoad?2,:), 'k" ,xDof3,bar3_3(IndMaxLoad3,:), 'k' , 'LineWidth'

xI = xline(900, - { 'Constant moment span’ i

xl.LabelHorizontalAlignment = ‘center’ :

xline(1800, )

xlim([800 1900]);

legendName = char([ "Deg ="  + string(deg(j)) + "Fr =" + string(fl(k))]);

legend(legendName, ‘epsReinf , 'DOFS2' , 'DOFS3')

title([ '‘Comparing and finding suitable DOFS strain curve' ]

xlabel( 'Length between supports [mm]' )

ylabel( 'Strain [\epsilon]' )

set(gcf, 'WindowState' , ‘'maximized’ );

hold off

end

end

'Strain profiles in bottom reinforcement from Diana

, 'DOFS beam4' )
& DOFS' )

tch DOFS

odepos(indEndPeak));

odepos(indEndPeak));

n curve'])

ar DOFS curve shapes

1),



%% Analyse selected (SGolay) strain profiles and DO
close all

%%% Selected curves from SGolay filter that match D
% sg.deg2_fl11

% sg.deg3_fl11

% sg.deg6_fl25

% sg.deg4_fl15
% sg.deg5_fl15
% sg.deg6_fl21

% sg.deg4_fl11
% sg.deg5_fl11
% sg.deg6_fl15

%%% Selected curves can be grouped by shape in 3 ca
figure(1)

% Curve 1,2 &9

plot(nodepos,sg.deg2_fl11, 'c" ,nodepos,sg.deg3_fl11,
hold on

% Curve 4,6 & 8

FS curves

OFS:

tegories

‘¢’ ,nodepos,sg.deg6_fI25,

plot(nodepos,sg.deg4_fl15, T ,nodepos,sg.deg5_fl15, ' ,nodepos,sg.deg6_fl21,
% Curve 3,5&7

plot(nodepos,sg.deg4_fl11, 'k" ,nodepos,sg.deg5_fl11, 'k' ,nodepos,sg.deg6_fl15,
plot(xDof2,bar3_2(IndMaxLoad2,:), 'g--' ,xDof3,bar3_3(IndMaxLoad3,:), 'g--

', 'LineWidth' ,0.5);

x| = xline(900, ' { 'Constant moment span' b

xl.LabelHorizontalAlignment = ‘center’ ;

xline(1800, )

xlim([800 1900]);
% ylim([0 18e-3]);

title([ 'Filtered strain profiles from Diana' N
legend( '2nd degr, frlength 11’ , '3rd degr, frlength 11
'4th degr, frlength 15' , 'bth degr, frlength 15'

'4th degr, frlength 11' , '5th degr, frlength 11'
'DOFS2' , 'DOFS3")

xlabel( 'Length between supports [mm]' )

ylabel(  'Strain [\epsilon]' )

set(gcf, ‘WindowState' , 'maximized’ );

hold off

%%% Compare properties with DOFS

figure(2)

subplot(3,2,1)

findpeaks(sg.deg2_fl11,nodepos, '‘Annotate’ , 'extents’

xlim([200 2500]);
% ylim([7e-4 12e-4));
% legend('1','2','3",'4','5''DOFS beam 2', 'DOFS b

title(  '2nd degree, framelength 11' )
xlabel( 'Length between supports [mm]' )
ylabel(  'Strain [\epsilon]' )

set(gcf, ‘WindowState' , 'maximized' );

subplot(3,2,3)

findpeaks(sg.deg4_fl15,nodepos, 'Annotate’ , 'extents
xlim([200 2500]);

% ylim([7e-4 12e-4]);

% legend('1','2','3','4",'5','DOFS beam 2', 'DOFS b

title(  '4th degree, framelength 15' )

xlabel( ‘Length between supports [mm]' )

ylabel(  'Strain [\epsilon]'

subplot(3,2,5)

findpeaks(sg.deg4_fl11,nodepos, '‘Annotate’ , 'extents’
xlim([200 2500]);

% ylim([7e-4 12e-4]);

% legend('1','2','3",'4','5''DOFS beam 2', 'DOFS b

title(  '4th degree, framelength 11' )

xlabel( 'Length between supports [mm]' )

ylabel(  'Strain [\epsilon]'

subplot(3,2,2)
findpeaks(bar3_2(IndMaxLoad2,:),xDof2, 'Annotate’

, '6th degr, frlength 25'
, '6th degr, frlength 21
, '6th degr, frlength 15'

eam 3)

eam 3)

eam 3)

, 'extents’ )

e



xlim([200 2500]);

% ylim([7e-4 12e-4));

% legend('1','2','3",'4",'5','DOFS beam 2', 'DOFS b
title(  'DOFS from beam 2" )

xlabel( 'Length between supports [mm]' )
ylabel(  'Strain [\epsilon]' )

set(gcf, ‘WindowState' , 'maximized' );

subplot(3,2,4)

findpeaks(bar3_3(IndMaxLoad3,:),xDof3, 'Annotate’
xlim([200 2500]);

% ylim([7e-4 12e-4));

% legend('1','2','3','4','5''DOFS beam 2', 'DOFS b

title(  'DOFS from beam 3' )

xlabel( 'Length between supports [mm]' )
ylabel(  'Strain [\epsilon]'
set(gcf, ‘WindowState' , 'maximized’ );

ind_nodeBtwl = find(900 <= beam_case_int.pos(1,:) &
[pks2_11,locs2_11,w2_11,p2_11] =
findpeaks(sg.deg2_fl11(ind_nodeBtwl),nodepos(ind_no
[pks4_15,locs4_15,w4_15,p4 15] =
findpeaks(sg.deg4_fl15(ind_nodeBtwl),nodepos(ind_no
[pks4_11,locs4_11,w4_11,p4 11]=
findpeaks(sg.deg4_fl11(ind_nodeBtwl),nodepos(ind_no

pks2_11=pks2_11*10000;
pks4_11=pks4_11*10000;
p2_11=p2_11*10000;
p4_11=p4_11*10000;
p2_11_mean=mean(p2_11);
p4_11_mean=mean(p4_11);
w2_11_mean=mean(w2_11);
w4_11_mean=mean(w4_11);

ind_btwIDof2 = find(900 <= xDof2 & xDof2 <= 1800);
ind_btwIDof3 = find(900 <= xDof3 & xDof3 <= 1800);

[pks_Dof2,locs_Dof2,w_Dof2,p_Dof2] =
findpeaks(bar3_2(IndMaxLoad2,ind_btwlDof2),xDof2(in
[pks_Dof3,locs_Dof3,w_Dof3,p_Dof3] =
findpeaks(bar3_3(IndMaxLoad3,ind_btwlDof3),xDof3(in

p_Dof2=p_Dof2*10000;
p_Dof3=p_Dof3*10000;
p_Dof2_mean=mean(p_Dof2);
p_Dof3_mean=mean(p_Dof3);
w_Dof2_mean=mean(w_Dof2);
w_Dof3_mean=mean(w_Dof3);

%% Final plot

close all

subplot(3,1,1)
plot(nodepos,sg.deg2_fl11,xDof2,bar3_2(IndMaxLoad2,

xI = xline(900, --'{ 'Constant moment span’ D
xl.LabelHorizontalAlignment = ‘center’ ;
xline(1800, )

xlim([800 1900]);
% ylim([0 18e-3]);

legend( 'Diana’ , 'DOFS beam2' , 'DOFSbeam3' ,
title([ 'Strain profiles in bottom reinforcement from Diana
xlabel( 'Length between supports [mm]' )

ylabel(  'Strain [\epsilon]' )

set(gcf, ‘WindowState' , 'maximized' );

subplot(3,1,2)
plot(nodepos,sg.deg4_fl15,xDof2,bar3_2(IndMaxLoad2,

xI = xline(900, - { 'Constant moment span’ D;
xl.LabelHorizontalAlignment = ‘center’ ;
xline(1800, )

xlim([800 1900]);
% ylim([0 18e-3]);

legend( 'Diana’ , 'DOFSbeam2' , 'DOFSbeam3' ,
title([ 'Strain profiles in bottom reinforcement from Diana
xlabel( 'Length between supports [mm]' )

ylabel(  'Strain [\epsilon]' )

eam 3)

, 'extents’ )

eam 3)

beam_case_int.pos(1,:) <= 1800);
deBtwl));
deBtwl));

deBtwl));

d_btwlDof2));

d_btwlIDof3));

:),xDof3,bar3_3(IndMaxLoad3,:));

'DOFS beam 4' )

& DOFS' J)

:),xDof3,bar3_3(IndMaxLoad3,:));

'DOFS beam 4' )

& DOFS' J)



set(gcf, ‘WindowState' , 'maximized’ );

subplot(3,1,3)

plot(nodepos,sg.deg4_fl11,xDof2,bar3_2(IndMaxLoad2, :),xDof3,bar3_3(IndMaxLoad3,:));
x| = xline(900, ' { 'Constant moment span' b

xl.LabelHorizontalAlignment = ‘center’ ;

xline(1800, )

xlim([800 1900]);

% ylim([0 18e-3]);

legend( 'Diana’ , 'DOFSbeam?2' , 'DOFSbeam3 , 'DOFSbeam4' )
title([ 'Strain profiles in bottom reinforcement from Diana & DOFS' ])
xlabel(  'Length between supports [mm]’' )

ylabel(  'Strain [\epsilon]'
set(gcf, ‘WindowState' , 'maximized' );



function  [beam_case, beam_case_int] = read_tables(beamNumbe

%%% Reading concrete strain at reinforcement barl
fid=fopen([beamNumber "_epsXX_reinf.tb' D;
i=0;

while ~feof(fid)

x=sscanf(fgetl(fid), '%g" );
if isempty(x)
i=0;
else
if i==0
=i+,
end
i=i+1;
eps_36(j,i)=x(2,1);
if j::
elpos(1,i)=x(3,1)*1000;
end
end
end
[elpos,el_ind_pos] = unique(elpos);
eps_36 = eps_36(:,el_ind_pos);

fid=fclose(fid);

%%% Reading concrete strain at bottom edge of beam
fid=fopen([beamNumber '_epsXX_bot.th' N
i=0;

while ~feof(fid)

x=sscanf(fgetl(fid), '%Q" );
if isempty(x)
i=0;
else
if i==0
=L
end
i=i+1;
eps_05(j,i)=x(2,1);
if j::
el_pos_05(1,i)=x(3,1)*1000;
end
end
end
[el_pos_05,el_ind_pos_05] = unique(el_pos_05);
eps_05 = eps_05(:,el_ind_pos_05);

fid=fclose(fid);

%%% Reading bottom strains
fid=fopen([beamNumber '_Bot_reinf.tb’' D
i=0;

while ~feof(fid)

x=sscanf(fgetl(fid), '%Q" );
if isempty(x)
i=0;
else
if i==0
=it
end
i=i+1;
barl(j,i)=x(3,1);
if j::
pos(1,i)=x(4,1)*1000;
end
end
end
[pos,ind_pos] = unique(pos);
barl = barl(:,ind_pos);

[~,crackpos] = findpeaks(barl(end-1,:),pos, '‘MinPeakDistance'

fid=fclose(fid);

1C

r,L,H,B,D)

,30);



%%% Reading Cracks

fid=fopen([beamNumber "_dispXX.tb' D;
=0;
line=1;

while  ~feof(fid)

x=sscanf(fgetl(fid), '%g" );
if isempty(x)
i=0;
else
if i==0
=i+,
end
i=i+1;

dxx(j,i)=x(2,1);
if J ==
nodePos(i)=x(3,1)*1000;
end

end
end
[x,ind] = sort(nodePos);
dx = dxx(:,ind);

for w = l:length(crackpos)
[~,idx1] = min(abs(x - (crackpos(w)-20)));
[~,idx2] = min(abs(x - (crackpos(w)+20)));
cracks(:,w) = dx(:,idx2)- dx(:,idx1);

end

is_cracked = zeros(size(cracks));

for i = l:length(crackpos)

z = find(cracks(:,i)>=2.5e-5,1, first' ); % f/IE= 4/32 twice as mutch as crack
strain

cracks(1:z-1,i) = 0;

is_cracked(z:end,i) = 1;
end

fid=fclose(fid);

%%% read max disp

fid=fopen([beamNumber '_MaxDisp.tb' D;
i=0;

while ~feof(fid)

x=sscanf(fgetl(fid), '%g" );

if isempty(x)
else
i=i+1;
max_deflection(i,1)=x(2,1)*(-1000);
end

end

fid=fclose(fid);

%%% read displacement
fid=fopen([beamNumber ' Disp.tb' D
i=0;

while ~feof(fid)

x=sscanf(fgetl(fid), '%g" );
if isempty(x)
i=0;
else
if i==
=it
end
i=i+1;
deflection(j,i)=x(2,1)*(-1000);
if j::
pos_defl(1,i)=x(3,1)*1000;
end
end



end

[pos_defl,ind_pos_defl] = unique(pos_defl);
deflection = deflection(:,ind_pos_defl);

fid=fclose(fid);

%%% read load

fid=fopen([beamNumber ' Load.tb' ]);
i=0;
while ~feof(fid)
x=sscanf(fgetl(fid), '%g" );
if isempty(x)
else
i=i+1;
load(i,1)=x(2,1)/1000;
end
end

fid=fclose(fid);

%%% assemble data

ind_ini = find(pos<0.05*L*1000,1, last' ),

ind_fin = find(pos>0.95*L*1000,1, first' );
ind_el_ini = find(elpos<0.05*L*1000,1, last" );
ind_el_fin = find(elpos>0.95*L*1000,1, first' );

nsteps = size(barl,1)-1;

time = linspace(1,nsteps,nsteps);
timex20 = linspace(1,nsteps,20*nsteps);

beam_case.pos = repmat(pos(ind_ini:ind_fin)-pos(ind _ini),nsteps,1);
beam_case.elpos = repmat(elpos(ind_el_ini:ind_el_fi n)-elpos(ind_el_ini),nsteps,1);

beam_case.barl = barl(1:end-1,ind_ini:ind_fin);
beam_case.eps_36 = eps_36(1:end-1,ind_el_ini:ind_el _fin);
beam_case.eps_05 = eps_05(1:end-1,ind_el_ini:ind_el _fin);

beam_case.max_deflection = max_deflection(1:end-1);

beam_case.number_of_cracks = sum(is_cracked(1:end-1 :),2);
beam_case.is_cracked = is_cracked(1:end-1,:);
beam_case.crack_positions = repmat(crackpos-pos(ind _ini),nsteps,1);

beam_case.crack_width = cracks(1:end-1,:);
beam_case.load = load;

beam_case_int.pos = repmat(pos(ind_ini:ind_fin)-pos (ind_ini),nsteps*20,1);
beam_case_int.elpos = repmat(elpos(ind_el_ini:ind_e I_fin)-
elpos(ind_el_ini),nsteps*20,1);

beam_case_int.barl = (pchip(time,(barl(1:end-1,ind_ ini:ind_fin))',timex20))";
beam_case_int.eps_36 = (pchip(time,(eps_36(1:end-

1,ind_el_ini:ind_el_fin))',timex20))’;

beam_case_int.eps_05 = (pchip(time,(eps_05(1:end-

1,ind_el_ini:ind_el_fin))',timex20))’;

beam_case_int.max_deflection = (pchip(time,(max_def lection(1:end-1))',timex20))’;
is_cracked_int = (pchip(time,(is_cracked(1:end-1,:) ),timex20))’;
is_cracked_int(is_cracked_int<1) = 0;

beam_case_int.is_cracked = is_cracked_int;

beam_case_int.number_of_cracks = sum(is_cracked_int ,2);
beam_case_int.crack_positions = repmat(crackpos-pos (ind_ini),nsteps*20,1);
beam_case_int.crack_width = (pchip(time,(cracks(1:e nd-1,:))' ,timex20))";
beam_case_int.pos_defl = repmat(pos_defl(ind_ini:in d_fin)-
pos_defl(ind_ini),nsteps*20,1);

beam_case_int.deflection = (pchip(time,(deflection( 1:end-
1,ind_ini:ind_fin))',timex20))";

beam_case_int.load = (pchip(time,(load(1:end-1))',t imex20))";

%%% Find number of cracks between point loads
ind_btwload = find(1050<=crackpos & crackpos<=1950) ;
is_cracked_btwload_int = is_cracked_int(:,ind_btwlo ad);

beam_case_int.is_cracked_btwload=is_cracked_btwload _int;
beam_case_int.number_of_cracks_btwload = sum(is_cra cked_btwload_int,2);
beam_case_int.crack_width_btwload = beam_case_int.c rack_width(:,ind_btwload);
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