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The joint opening and string pot set up can be seen from the experimental section
in Figure 33. This figure shows a complete debonding of the grout and concrete on the
left side of the joint. A crack along the bond can also be seen on the right side of the joint.
The FEM results showed large tensile stresses around the joint at the top ofitime se
when the full load was applied. Figure 34 shows these FEM stresses.

Joint stresses were observed from the large-scale flexure FEM ancdweddd
be below the target 250 psi compressive stress. These compressive Steessesmin
Figure 35. The joint compressive stress in the large-scale flexure mededéo not
have much of an effect on the capacity or cracking load. This was due to the ginder b

the controlling factor in the large flexure test.

Figure 33: Large-Scale Flexure Experimental Joint Opening.
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Figure 34: Large-Scale Flexure FEM Top Stresses.
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Figure 35: Large-Scale Flexure FEM Joint Stresses.
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CHAPTER V

CONCLUSION

This research focused on the proposed curved strand connection for full depth
precast bridge deck panels. The curved strand connection was tested with thHree sma
scale flexure specimens, a shear specimen, and a large-saale fipgcimen. These
tests were performed experimentally in the laboratory and tested in thprBgram
ANSYS. The experimental and FEA tests were compared with each other and with
previous research to understand the capacity of the curved strand connection.sthese te
results show that the curved strand post-tensioning system performed well anéthe FE
matched up well with the laboratory testing.

The small-scale testing of the 72-inch curved strand connection in polskuesf
resulted in an experimental average ultimate capacity of 49 kips. Theddziled in an
ultimate capacity of 45 kips. This resulted in an 8.2% error in the ultimate capacity
between the experimental and FEM. The average cracking load of the expalim
results was 26.7 kips while the FEM produced a cracking load at 30 kips. This results in
an 11% error between the cracking loads. This shows good agreement betweevi the FE
and the experimental data. The cracking pattern in the small-scalesflserimental
specimen was also similar to the FEM. Both showed spalling of the conlomegetze
top of the joint and horizontal cracking propagating from the joint.

Unit cracking moment comparisons with previous research and a zeta factor
developed by Wells for the ultimate capacities was also observed. The exparime

small-scale flexure specimen produced a unit cracking moment of 7.13 kip-fléttivi
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FEM resulted in 7.3 kip-ft/ft. This resulted in a 2.3% error in the unit cracking mement
The ultimate zeta capacity produced a value of 1.02 for both the experimental and FEM
tests. Comparisons with previous research show that the 72-inch curved strand produced
73% more cracking moment and 7% higher ultimate zeta capacity than the pyeviousl
tested 36 inch curved bolt. The proposed 72-inch curved strand also achieved 22% more
cracking moment and the same ultimate zeta capacity as a straiglearzosted
connection. This shows that the 72-inch curved strand performed satisfactorily.

The shear test results of the curved strand connection showed an experimental
capacity of 159 kips. The FEM of the shear test resulted in a capacity of 141 kips. This
gives an error of 11.3% for the shear capacity. The FEM load vs deflectianaiso
showed a point of initial cracking at 46.5 kips where the model then loses stiffness. Thi
suggests that the model was overly stiff due to the modeled bond between the grout and
concrete. It also shows there was initial softening under the load in the expitim
specimen. The cracking of the shear test was also similar betweeqpénenental
specimen and FEM. Shear cracking was observed at an angle through the jointhe both
experimental and FEM. Horizontal cracking was also observed propagatingh&gaomnt
and moving upward to the top of the section. This caused some spalling at the top of the
section on one side of the joint.

A large-scale flexure test was performed experimentally in bwrdéory and
with a FEM. The large-scale testing produced load vs deflection curvels edriespond
well. The experimental load vs deflection curve showed an ultimate capacity at 500 kips

at 4 inches of deflection. The FEM reached an ultimate capacity of 520.8 kips at 3.86
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inches deflection. This means the FEM was within 4.2% error from the exgoegaim
ultimate capacity results. The FEM stiffness was slightly hidheer the laboratory
specimen. This was due to the tendency of FEMSs to be overly stiff. This could possibly
be fixed by analyzing the girder elements with reduced integration poiteadnsf all
eight integration points.

The cracking and joint opening were observed from the large-scale flexure
testing. The cracking loads of the experimental specimen and the FEM aihe la
flexure model were very similar. From the experimental data thsesttowed cracking
at 34 kips. FEM results showed cracking at 50.2 kips. The percent error betweergcrackin
loads is therefore 32.3%. From the laboratory specimen the joint opened about 0.83
inches at 500 kips. The FEM joint opened 0.78 inches at 539.5 kips. This shows that the
FEM had a stronger bond between the grout and concrete, but still compared well to the
experimental data. In order to allow for more separation in the FEM joint theaREN
FKT values could possibly be adjusted more for the contact and target eleftsnthe
bonding options for the contact and target elements could be manipulated to ensure a
better separation.

It is recommended for further research to change the contact and tangetel
parameters. The bonding options could be changed to allow for more separation between
the grout and concrete. Allowing more separation in the joint could possiblythkow
small flexure and shear model load vs deflection curves to correspond bettérewith t
experimental results in the elastic region. The joint separation did not havelasffeat

on the large-scale flexure model due to the girders.
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Further research could also further investigate the stiffness ofrtieggin the
FEM. Reducing the integration points in the SOLID65 elements or using a different
element could reduce the stiffness of the models. This is most importantangtestale

flexure model where the girders control the stiffness of the entir@secti
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SMALL-SCALE FLEXURE FEM CODE

finish

[clear

[title, Curved Strand
Small Specimen

/Prep7
IUnits in Kips and inches

IMaterial Variables
Es=29000
Emus=0.3
fys=200

fy=60

Ec=4250
Emuc=0.2
fc=5.6
ft=0.561

Eg=3122
fg=3
fgt=0.411

IDeck Dimensions
bd=34 !Deck Width
hd=8.75 !Deck height
Ld=48 !Deck length

IMaterial Properties
MP,EXx,1,Ec
MP,PRXY,1,Emuc
TB,Concr,1
TBData,,0.15,0.3,ft,fc

MP,Ex,2,Es
MP,PRXY,2,Emus
TB,BISO,2
TBData,,fy,2.9

MP,EX,3,Es

MP,PRXY,3,Emus
TB,BISO,3,,2
TBData,,fys,2.9

MP,Ex,4,Eg
MP,PRXY,4,Emuc
TB,Concr,4
TBData,,0.15,0.3,fgt,fg

Tb,czm,5,1,1,CBDD
Thdata,1,0.48,0.015,,,.01,

ET,1,Solid65
Keyopt,1,3,2
Keyopt,1,7,1

ET,2,Solid45
ET,3,Link8

ET,4,So0lid65
Keyopt,4,3,2
Keyopt,4,7,1

Et,5,targel70
Et,6,contal’3
Keyopt,6,10,2
Keyopt,6,2,1

Keyopt,6,12,5

Keyopt,6,9,1
Keyopt,6,5,1

IReal Constants
R,1,2,0.0119,0,0,2,0.021
RMORE,0,90

R,2

R,3,0.215,4.0E-3

R,4

R,5,,,0.01
R,6,,,0.01

K1,

K,2,,1.75
K,3,,2.5
K.4,3.5

K,5,,6
K,6,,6.75
K,7,,hd
K,8,0.5
K,9,0.5,1.75
K,10,1.25,2.5
K,11,1.25,3.5024
K,12,1.25,6
K,13,0.75,6.75
K,14,0.75,hd

K,15,4
K,16,4,1.75
K,17,4,2.5
K,18,4,3.5246
K,19,4,6
K,20,4,6.75
K,21,4,hd
K,22,8
K,23,8,3.5985
K,24,8,hd
K,25,12
K,26,12,3.7216
K,27,12,hd
K,28,16
K,29,16,3.8941
K,30,16,hd
K,31,20.1875
K,32,20.1875,4.1276
K,33,20.1875,hd
K,34,23
K,35,23,4.3149
K,36,23,hd

75



K,37,27
K,38,27,4.6235
K,39,27,hd
K,40,30.8177
K,41,30.8177,4.9644
K,42,30.8177,hd
K,43,34.817708
K,44,34.817708,5.370417
K,45,34.817708,hd
K,46,38.75
K,47,38.75,5.804546
K,48,38.75,hd
K,49,48.75
K,50,48.75,hd

IReplicate Keypoints
Allsel,all
Kgen,2,all,,,,,14.5
Ksel,s,,,51,100
Kgen,2,all,,,,,5
Ksel,s,,,1,50
Kgen,2,all,,,,,bd

Allsel,all

V,1,51,58,8,2,52,59,9
V,2,52,59,9,3,53,60,10
V,3,53,60,10,4,54,61,11
V,4,54,61,11,5,55,62,12
V,5,55,62,12,6,56,63,13
V,6,56,63,13,7,57,64,14

V,8,58,65,15,9,59,66,16
V,9,59,66,16,10,60,67,17
v,10,60,67,17,11,61,68,1
8
V,11,61,68,18,12,62,69,1
9
V,12,62,69,19,13,63,70,2
0
V,13,63,70,20,14,64,71,2
1

V,15,65,72,22,18,68,73,2
?/,18,68,73,23,21,71,74,2
6/,22,72,75,25,23,73,76,2
\6/,23,73,76,26,24,74,77,2
\7/,25,75,78,28,26,76,79,2
?/,26,76,79,29,27,77,80,3
3,28,78,81,31,29,79,82,3
\2/,29,79,82,32,30,80,83,3
?/,31,81,84,34,32,82,85,3
\5/,32,82,85,35,33,83,86,3
\6/,34,84,87,37,35,85,88,3
?/,35,85,88,38,36,86,89,3
?/,37,87,90,40,38,88,91,4
3/,38,88,91,41,39,89,92,4
\2/,40,90,93,43,41,91,94,4
6/,41,91,94,44,42,92,95,4
\5/,43,93,96,46,44,94,97,4
\7/,44,94,97,47,45,95,98,4
\:/(,)46,96,99,49,48,98,100,

V,51,101,108,58,52,102,1
09,59
V,52,102,109,59,53,103,1
10,60
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V,53,103,110,60,54,104,1
11,61
V,54,104,111,61,55,105,1
12,62
V,55,105,112,62,56,106,1
13,63
V,56,106,113,63,57,107,1
14,64

V,58,108,115,65,59,109,1
16,66
V,59,109,116,66,60,110,1
17,67
v,60,110,117,67,61,111,1
18,68
V,61,111,118,68,62,112,1
19,69
V,62,112,119,69,63,113,1
20,70
V,63,113,120,70,64,114,1
21,71

V,65,115,122,72,68,118,1
23,73
v,68,118,123,73,71,121,1
24,74
V,72,122,125,75,73,123,1
26,76
V,73,123,126,76,74,124,1
27,77
V,75,125,128,78,76,126,1
29,79
V,76,126,129,79,77,127,1
30,80
V,78,128,131,81,79,129,1
32,82
V,79,129,132,82,80,130,1
33,83
V,81,131,134,84,82,132,1
35,85
V,82,132,135,85,83,133,1
36,86
V,84,134,137,87,85,135,1
38,88



V,85,135,138,88,86,136,1
39,89
V,87,137,140,90,88,138,1
41,91
V,88,138,141,91,89,139,1
42,92
V,90,140,143,93,91,141,1
44,94
V,91,141,144,94,92,142,1
45,95
V,93,143,146,96,94,144,1
47,97
V,94,144,147,97,95,145,1
48,98
V,96,146,149,99,98,148,1
50,100

V,101,151,158,108,102,1
52,159,109
V,102,152,159,109,103,1
53,160,110
V,103,153,160,110,104,1
54,161,111
V,104,154,161,111,105,1
55,162,112
V,105,155,162,112,106,1
56,163,113
V,106,156,163,113,107,1
57,164,114

V,108,158,165,115,109,1
59,166,116
V,109,159,166,116,110,1
60,167,117
V,110,160,167,117,111,1
61,168,118
V,111,161,168,118,112,1
62,169,119
V,112,162,169,119,113,1
63,170,120
V,113,163,170,120,114,1
64,171,121

V,115,165,172,122,118,1
68,173,123
V,118,168,173,123,121,1
71,174,124
V,122,172,175,125,123,1
73,176,126
V,123,173,176,126,124,1
74,177,127
V,125,175,178,128,126,1
76,179,129
V,126,176,179,129,127,1
77,180,130
V,128,178,181,131,129,1
79,182,132
V,129,179,182,132,130,1
80,183,133
V,131,181,184,134,132,1
82,185,135
V,132,182,185,135,133,1
83,186,136
V,134,184,187,137,135,1
85,188,138
V,135,185,188,138,136,1
86,189,139
V,137,187,190,140,138,1
88,191,141
V,138,188,191,141,139,1
89,192,142
V,140,190,193,143,141,1
91,194,144
V,141,191,194,144,142,1
92,195,145
V,143,193,196,146,144,1
94,197,147
V,144,194,197,147,145,1
95,198,148
V,146,196,199,149,148,1
98,200,150

Allsel,all
wpoff,36.1523,4.1335,11.
875

Vsel,u,,,1,6
Vsel,u,,,32,37
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Vsel,u,,,63,68
vsbw,all
wpoff,,,10.25
vsbw,all
wpoff,,,-10.25
wprot,6.36
wpoff,6.2121
wprot,-6.36,,90
vsbw,all
wprot,,,-90
wprot,6.36,90
Vsel,s,,,29,60,31
Vsel,a,,,69,71,2
Vsel,a,,,75,138,63
vsbw,all

Allsel,all
wprot,,,20.8799
Vsel,s,,,70,72,2
Vsel,a,,,76
vsbw,all
wprot,,,-20.8799
wprot,,-90
Allsel,all
wpoff,-6.2121
wprot,,,90
Vsel,s,,,30,140,110
Vsel,a,,,61,62
Vsel,a,,,86,88,2
vsbw,all

Allsel,all
wprot,,,-90
Block,0,1,0,2.75,0,10.25
Asel,s,,,554
Asel,a,,,641,656,15
vsba,30,all
Vsel,s,,,60,92,32
Vsel,a,,, 71,72
Vsel,a,,,80,84,2
Vsel,a,,,89,90
Vsel,a,,,138
Vsel,a,,,168,169
Vdele,all,,,1
Allsel,all



wpoff,,,2.625
Vsel,s,,,61,62
vsbw,all
wpoff,,,5
Vsel,s,,, 71,72
vsbw,all
wpstyl,defa
wpstyl

Block,20.1875,21.1875,8.
75,10.75,0,bd

Allsel,all
Vsymm,Xx,all

IMove grout
Vsel,s,,,1,6
Vsel,a,,,32,37
Vsel,a,,,63,68
Vsel,a,,,72
Vsel,a,,,84,86,2
Vsel,a,,,88,90
Vsel,a,,,190,195
Vsel,a,,,221,226
Vgen,2,all,,,,10,,,,,0
Vsel,s,,,1,6
Vsel,a,,,32,37
Vsel,a,,,63,68
Vsel,a,,,72
Vsel,a,,,84,86,2
Vsel,a,,,88,90
Vsel,a,,,190,195
Vsel,a,,,221,226
Vdele,all,,,1
Vsel,s,,,317,352
Vgen,,all,,,,-10,,,,1

IGlue Grout
Vglue,all

IGlue concrete and
bearing plates
Vsel,inve

Vglue,all
Esize,2

IGlue Curved Strand
Lsel,s,,,8,213,205
Lsel,a,,,66,91,25
Lsel,a,,,106,184,13
Lsel,a,,,831
Lsel,a,,,1078
Lsel,a,,,1141,1156,15
Lsel,a,,,1165,1205,8
Lsel,a,,,1212,1279,67
Lsel,a,,,1704
Lglue,all

Latt,3,3,3

Lmesh,all

Lsel,s,,,12,258,246
Lsel,a,,,273
Lsel,a,,,282,330,8
Lsel,a,,, 705,832,127
Lsel,a,,,930,964,34
Lsel,a,,,979,1044,13
Lsel,a,,,1060
Lsel,a,,,1225,1278,53
Lsel,a,,,1756
Lglue,all

Latt,3,3,3

Lmesh,all

IMesh Grout
Esize,2
Vsel,s,,,1,6
Vsel,a,,,32,37
Vsel,a,,,63,68
Vsel,a,,,317,334
IVglue,all
Vatt,4,4,4
Vsweep,all

IMesh Steel Plates
Esize,2
Vsel,s,,,30

Vsel,a,,,60,62,2
Vsel,a,,,82,86,4
Vsel,a,,,188,191,3
Vsel,a,,,218,222,2
Vsel,a,,,239,335,96
Vsel,a,,,391,392
Vatt,2,2,2
Vsweep,all

IMesh Concrete
Vsel,s,mat,,2
Vsel,a,mat,,4
Vsel,inve
Esize,2
Vatt,1,1,1
Vsweep,all

Allsel,all
Asel,s,,,1290,1291
Asel,a,,,1296,1320,6
Asel,a,,,1297,1321,6
Asel,a,,,1327,1347,4
Asel,a,,,1352,1353
Asel,a,,,1357,1377,5
Asel,a,,,1358,1378,5
Nsla,s,1

Type,5

Mat,4

Real,5

Tshape,quad
Esurf,,top

Allsel,all
Asel,s,,,4,29,25
Asel,a,,,38,54,8
Asel,a,,,60
Asel,a,,,149,169,4
Asel,a,,,374,379,5
Asel,a,,,383,411,7
Asel,a,,,387,415,7
Asel,a,,,564
Asel,a,,,568,580,3
Nsla,s,1

Type,6
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Mat,5
Real,5
Esurf,,top

Allsel,all
Asel,s,,,1383,1384
Asel,a,,,1389,1413,6
Asel,a,,,1390,1414,6
Asel,a,,,1420,1440,4
Asel,a,,,1445,1446
Asel,a,,,1450,1470,5
Asel,a,,,1451,1471,5
Nsla,s,1

Type,5

Mat,4

Real,6

Tshape,quad
Esurf,,top

Allsel,all
Asel,s,,,554,560,6
Asel,a,,,656,665,9
Asel,a,,,671,677,6
Asel,a,,,534,561,27
Asel,a,,,657,666,9
Asel,a,,,672,678,6
Asel,a,,,809,829,4
Asel,a,,,683,708,5
Asel,a,,,925,945,4
Nsla,s,1

Type,6

Mat,5

Real,6

Esurf,,top

finish

/solu

Allsel,all
Nsel,s,loc,x,38.75
Nsel,r,loc,y,0
d,all,uy

d,all,uz
Nsel,s,loc,x,-38.75
Nsel,r,loc,y,0

d,all,ux
d,all,uy
d,all,uz

Asel,s,,,311,960,649
Nsla,s,1
*Get,Ncount,node,0,coun
t

F=55

F,all,Fy,-F/Ncount

allsel,all
cnvtol,f,,0.05,2,0.01
nsubst,100
outres,all,all
autots, 1

ncnv,2

neqit,100

pred,on

time,100

solve
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finish

[clear

[title, Curved Strand
Shear Specimen

IPrep7

IUnits in Kips and inches

IMaterial Variables
Es=29000
Emus=0.3
fys=200

fy=60

Ec=4250
Emuc=0.2
fc=5.4
ft=0.551

Eg=3122
fg=3
fgt=0.411

IDeck Dimensions
bd=34 !Deck Width
hd=8.75 !Deck height
Ld=48 !Deck length

IMaterial Properties
MP,Ex,1,Ec
MP,PRXY,1,Emuc
TB,Concr,1
TBData,,0.15,0.3,ft,fc

MP,EXx,2,Es
MP,PRXY,2,Emus
TB,BISO,2
TBData,,fy,2.9

MP,EX,3,Es

SHEAR FEM CODE

MP,PRXY,3,Emus
TB,BISO,3,,2
TBData,,fys,2.9

MP,Ex,4,Eg
MP,PRXY,4,Emuc
TB,Concr,4
TBData,,0.15,0.3,fgt,fg

Tb,czm,5,1,1,CBDD

Thdata,1,0.48,0.015,,,.01

ET,1,Solid65
Keyopt,1,3,2
Keyopt,1,7,1

ET,2,Solid45
ET,3,Link8

ET,4,Solid65
Keyopt,4,3,2
Keyopt,4,7,1

Et,5,targel70
Et,6,contal73
Keyopt,6,10,2
Keyopt,6,2,1

Keyopt,6,12,5

Keyopt,6,9,1
Keyopt,6,5,1

IReal Constants

R,1,2,0.0119,0,0,2,0.021

RMORE,0,90
R,2
R,3,0.215,4E-3
R,4
R,5,,,0.0015
R,6,,,0.0015

K1,

K,2,,1.75
K.,3,,2.5
K/4,,3.5

K,5,,6
K,6,,6.75
K,7,,hd
K,8,0.5
K,9,0.5,1.75
K,10,1.25,2.5
K,11,1.25,3.5024
K,12,1.25,6
K,13,0.75,6.75
K,14,0.75,hd

K,15,4
K,16,4,1.75
K,17,4,2.5
K,18,4,3.5246
K,19,4,6
K,20,4,6.75
K,21,4,hd
K,22,6
K,23,6,3.5554
K,24,6,hd
K,25,8
K,26,8,3.5985
K,27,8,hd
K,28,12
K,29,12,3.7216
K,30,12,hd
K,31,16
K,32,16,3.8941
K,33,16,hd
K,34,20
K,35,20,4.1160
K,36,20,hd
K,37,28.8177
K,38,28.8177,4.7802
K,39,28.8177,hd



K,40,30.8177
K,41,30.8177,4.9644
K,42,30.8177,hd
K,43,32.8177
K,44,32.8177,5.1612
K,45,32.8177,hd
K,46,40.3262
K,47,40.3262,5.9696
K,48,40.3262,hd
K,49,48.75
K,50,48.75,hd

IReplicate Keypoints
Allsel,all
Kgen,2,all,,,,,11.9
Ksel,s,,,51,100
Kgen,2,all,,,,,5
Ksel,s,,,1,50
Kgen,2,all,,,,,24.8

Allsel,all

V,1,51,58,8,2,52,59,9
V,2,52,59,9,3,53,60,10
V,3,53,60,10,4,54,61,11
V,4,54,61,11,5,55,62,12
V,5,55,62,12,6,56,63,13
V,6,56,63,13,7,57,64,14

V,8,58,65,15,9,59,66,16
V,9,59,66,16,10,60,67,17
Vv,10,60,67,17,11,61,68,1
8
V,11,61,68,18,12,62,69,1
9
V,12,62,69,19,13,63,70,2
0
V,13,63,70,20,14,64,71,2
1

V,15,65,72,22,18,68,73,2
3
V,18,68,73,23,21,71,74,2
4

V,22,72,75,25,23,73,76,2
\6/,23,73,76,26,24,74,77,2
\7/,25,75,78,28,26,76,79,2
?/,26,76,79,29,27,77,80,3
?/,28,78,81,31,29,79,82,3
\2/,29,79,82,32,30,80,83,3
?/,31,81,84,34,32,82,85,3
\5/,32,82,85,35,33,83,86,3
\6/,34,84,87,37,35,85,88,3
3,35,85,88,38,36,86,89,3
?/,37,87,90,40,38,88,91,4
3/,38,88,91,41,39,89,92,4
\2/,40,90,93,43,41,91,94,4
6/,41,91,94,44,42,92,95,4
\5/,43,93,96,46,44,94,97,4
\7/,44,94,97,47,45,95,98,4
\:/(,)46,96,99,49,48,98,100,

V,51,101,108,58,52,102,1
09,59
V,52,102,109,59,53,103,1
10,60
V,53,103,110,60,54,104,1
11,61
V,54,104,111,61,55,105,1
12,62

81

V,55,105,112,62,56,106,1
13,63
V,56,106,113,63,57,107,1
14,64

V,58,108,115,65,59,109,1
16,66
V,59,109,116,66,60,110,1
17,67
v,60,110,117,67,61,111,1
18,68
V,61,111,118,68,62,112,1
19,69
V,62,112,119,69,63,113,1
20,70
V,63,113,120,70,64,114,1
21,71

V,65,115,122,72,68,118,1
23,73
v,68,118,123,73,71,121,1
24,74
V,72,122,125,75,73,123,1
26,76
V,73,123,126,76,74,124,1
27,77
V,75,125,128,78,76,126,1
29,79
V,76,126,129,79,77,127,1
30,80
V,78,128,131,81,79,129,1
32,82
V,79,129,132,82,80,130,1
33,83
V,81,131,134,84,82,132,1
35,85
V,82,132,135,85,83,133,1
36,86
V,84,134,137,87,85,135,1
38,88
V,85,135,138,88,86,136,1
39,89
V,87,137,140,90,88,138,1
41,91



V,88,138,141,91,89,139,1
42,92
V,90,140,143,93,91,141,1
44,94
V,91,141,144,94,92,142,1
45,95
V,93,143,146,96,94,144,1
47,97
V,94,144,147,97,95,145,1
48,98
V,96,146,149,99,98,148,1
50,100

V,101,151,158,108,102,1
52,159,109
V,102,152,159,109,103,1
53,160,110
V,103,153,160,110,104,1
54,161,111
V,104,154,161,111,105,1
55,162,112
V,105,155,162,112,106,1
56,163,113
V,106,156,163,113,107,1
57,164,114

V,108,158,165,115,109,1
59,166,116
V,109,159,166,116,110,1
60,167,117
V,110,160,167,117,111,1
61,168,118
V,111,161,168,118,112,1
62,169,119
V,112,162,169,119,113,1
63,170,120
V,113,163,170,120,114,1
64,171,121

V,115,165,172,122,118,1
68,173,123
V,118,168,173,123,121,1
71,174,124

V,122,172,175,125,123,1
73,176,126
V,123,173,176,126,124,1
74,177,127
V,125,175,178,128,126,1
76,179,129
V,126,176,179,129,127,1
77,180,130
V,128,178,181,131,129,1
79,182,132
V,129,179,182,132,130,1
80,183,133
V,131,181,184,134,132,1
82,185,135
V,132,182,185,135,133,1
83,186,136
V,134,184,187,137,135,1
85,188,138
V,135,185,188,138,136,1
86,189,139
V,137,187,190,140,138,1
88,191,141
V,138,188,191,141,139,1
89,192,142
V,140,190,193,143,141,1
91,194,144
V,141,191,194,144,142,1
92,195,145
V,143,193,196,146,144,1
94,197,147
V,144,194,197,147,145,1
95,198,148
V,146,196,199,149,148,1
98,200,150

Allsel,all
wpoff,36.1523,4.1335,9.2
750

Vsel,u,,,1,6
Vsel,u,,,32,37
Vsel,u,,,63,68

vsbwi,all

wpoff,,,10.25

vsbwi,all

82

wpoff,,,-10.25
wprot,6.36
wpoff,6.2121
wprot,-6.36,,90
vsbw,all
wprot,,,-90
wprot,6.36,90
Vsel,s,,,29,60,31
Vsel,a,,,69,71,2
Vsel,a,,,75,138,63
vsbw,all

Allsel,all
wprot,,,20.8799
Vsel,s,,,70,72,2
Vsel,a,,,76
vsbw,all
wprot,,,-20.8799
wprot,,-90
Allsel,all
wpoff,-6.2121
wprot,,,90
Vsel,s,,,30,140,110
Vsel,a,,,61,62
Vsel,a,,,86,88,2
vsbw,all

Allsel,all
wprot,,,-90
Block,0,1,0,2.75,0,10.25
Asel,s,,,554
Asel,a,,,641,656,15
vsba,30,all
Vsel,s,,,60,92,32
Vsel,a,,, 71,72
Vsel,a,,,80,84,2
Vsel,a,,,89,90
Vsel,a,,,138
Vsel,a,,,168,169
Vdele,all,,,1
Allsel,all

wpoff,,,2.625
Vsel,s,,,61,62
vsbw,all
wpoff,,,5



Vsel,s,,, 71,72
vsbw,all
wpstyl,defa
wpstyl

wpoff,,,32.8
CSWPLA,11,0
NUMOFF,KP,1000
NUMOFF,volu,1000

K1,

K,2,,1.75
K.,3,,2.5
K4,,3.5

K.5,,6
K,6,,6.75
K,7,,hd
K,8,0.5
K,9,0.5,1.75
K,10,1.25,2.5
K,11,1.25,3.5024
K,12,1.25,6
K,13,0.75,6.75
K,14,0.75,hd

K,15,4
K,16,4,1.75
K,17,4,2.5
K,18,4,3.5552
K,19,4,6
K,20,4,6.75
K,21,4,hd
K,22,6
K,23,6,3.6242
K,24,6,hd
K,25,8
K,26,8,3.7209
K,27,8,hd
K,28,12
K,29,12,3.9974
K,30,12,hd
K,31,16
K,32,16,4.3855
K,33,16,hd

K,34,20
K,35,20,4.8859
K,36,20,hd
K,37,28.8177
K,38,28.8177,6.2646
K,39,28.8177,hd
K,40,30.8177
K,41,30.8177,hd
K,42,32.8177
K,43,32.8177,hd
K,44,40.3262
K,45,40.3262,hd
K,46,48.75
K,47,48.75,hd

IReplicate Keypoints
Ksel,s,,,1,47
Kgen,2,all,,,,,7.9
Ksel,s,,, 48,94
Kgen,2,all,,,,,5
Ksel,s,,,1,47
Kgen,2,all,,,,,20.8

Allsel,all

V,1,48,55,8,2,49,56,9
V,2,49,56,9,3,50,57,10
V,3,50,57,10,4,51,58,11
V,4,51,58,11,5,52,59,12
V,5,52,59,12,6,53,60,13
V,6,53,60,13,7,54,61,14

V,8,55,62,15,9,56,63,16
V,9,56,63,16,10,57,64,17
V,10,57,64,17,11,58,65,1
8
V,11,58,65,18,12,59,66,1
9
V,12,59,66,19,13,60,67,2
0
V,13,60,67,20,14,61,68,2
1

83

V,15,62,69,22,18,65,70,2
3/,18,65,70,23,21,68,71,2
3/,22,69,72,25,23,70,73,2
?/,23,70,73,26,24,71,74,2
\7/,25,72,75,28,26,73,76,2
?/,26,73,76,29,27,74,77,3
3,28,75,78,31,29,76,79,3
\2/,29,76,79,32,30,77,80,3
3/,31,78,81,34,32,79,82,3
\5/,32,79,82,35,33,80,83,3
?/,34,81,84,37,35,82,85,3
?/,35,82,85,38,36,83,86,3
?/,37,84,87,40,39,86,88,4
3-/,40,87,89,42,41,88,90,4
?/,42,89,91,44,43,90,92,4
\5/,44,91,93,46,45,92,94,4
7

V,48,95,102,55,49,96,103
6,39,96,103,56,50,97,104
6,750,97,104,57,51,98,105
6,%1,98,105,58,52,99,106
6,952,99,106,59,53,100,10
7,60



V,53,100,107,60,54,101,1
08,61

V,55,102,109,62,56,103,1
10,63
V,56,103,110,63,57,104,1
11,64
V,57,104,111,64,58,105,1
12,65
V,58,105,112,65,59,106,1
13,66
V,59,106,113,66,60,107,1
14,67
V,60,107,114,67,61,108,1
15,68

v,62,109,116,69,65,112,1
17,70
V,65,112,117,70,68,115,1
18,71
v,69,116,119,72,70,117,1
20,73
V,70,117,120,73,71,118,1
21,74
V,72,119,122,75,73,120,1
23,76
V,73,120,123,76,74,121,1
24,77
V,75,122,125,78,76,123,1
26,79
V,76,123,126,79,77,124,1
27,80
V,78,125,128,81,79,126,1
29,82
V,79,126,129,82,80,127,1
30,83
V,81,128,131,84,82,129,1
32,85
v,82,129,132,85,83,130,1
33,86
V,84,131,134,87,86,133,1
35,88
V,87,134,136,89,88,135,1
37,90

v,89,136,138,91,90,137,1
39,92
V,91,138,140,93,92,139,1
41,94

V,95,142,149,102,96,143,
150,103
V,96,143,150,103,97,144,
151,104
V,97,144,151,104,98,145,
152,105
V,98,145,152,105,99,146,
153,106
V,99,146,153,106,100,14
7,154,107
V,100,147,154,107,101,1
48,155,108

V,102,149,156,109,103,1
50,157,110
V,103,150,157,110,104,1
51,158,111
V,104,151,158,111,105,1
52,159,112
V,105,152,159,112,106,1
53,160,113
V,106,153,160,113,107,1
54,161,114
V,107,154,161,114,108,1
55,162,115

V,109,156,163,116,112,1
59,164,117
V,112,159,164,117,115,1
62,165,118
V,116,163,166,119,117,1
64,167,120
V,117,164,167,120,118,1
65,168,121
V,119,166,169,122,120,1
67,170,123
V,120,167,170,123,121,1
68,171,124

84

V,122,169,172,125,123,1
70,173,126
V,123,170,173,126,124,1
71,174,127
V,125,172,175,128,126,1
73,176,129
V,126,173,176,129,127,1
74,177,130
V,128,175,178,131,129,1
76,179,132
V,129,176,179,132,130,1
77,180,133
V,131,178,181,134,133,1
80,182,135
V,134,181,183,136,135,1
82,184,137
V,136,183,185,138,137,1
84,186,139
V,138,185,187,140,139,1
86,188,141

Allsel,all
wpoff,24.2276,4.1440,5.2
750

Vsel,u,,,1,6
Vsel,u,,,29,34
Vsel,u,,,57,62
vsbw,all
wpoff,,,10.25
vsbw,all
wpoff,,,-10.25
wpstyl,defa
wpoff,36.1523,4.1335
wprot,6.36
wpoff,6.2121
wprot,-6.36,,90
Vsel,s,,,28
Vsel,a,,,127,128
Vsel,a,,,56,150,94
vsbw,all
wpstyl,defa
wpoff,,,29.8
Allsel,all



wpoff,24.2276,4.1440,8.2
750

wprot,9.527283,90
Vsel,s,,,23,25,2
Vsel,a,,,51,53,2
Vsel,a,,,117,121,4
vsbw,all

wprot,,,90
Vsel,s,,,24,52,28
Vsel,a,,,56,74,18
Vsel,a,,,78,119,41
vsbw,all

wprot,,-90

wprot,-90
Block,0,1,0,2.75,0,10.25
Asel,s,,,1092
Asel,a,,,1137,1230,93
vsba,24,all
*Get,Llength,line,1582,le
ng

wpoff,Llength
*Get,Llength,line,1553,le
ng

wpoff,Llength
wprot,14.511816
wprot,,90
Vsel,s,,,26,54,28
Vsel,a,,,123

vsbw,all
Vsel,s,,,51,80,29
Vsel,a,,,74,76,2
Vsel,a,,,82,83
Vsel,a,,,117,119,2
Vsel,a,,,150,151
Vsel,a,,,127,153,26
Vdele,all,,,1

Allsel,all

wpstyl,defa
wpoff,24.2276,4.1440,40.
7

Vsel,s,,,52,56,4

vsbw,all

wpoff,,,5

Vsel,s,,,54,74,20
vsbwi,all
wpstyl,defa
wpstyl

IDuplicate sections
Vsel,s,,,1000,2000
NUMOFF,KP,1000
NUMOFF,volu,1000
Vgen,2,all,,,,,57.6
Csys,0

wpoff,,,61.6

vsbwi,all
Vsel,s,loc,z,57.6,61.6
Vdele,all,,,1
wpstyl,defa

Vsel,s,,,1000,1500
NUMOFF,KP,1000
NUMOFF,volu,1000
Vgen,2,all,,,,,57.6

Vsel,s,,,3000,4000
wpoff,, 72
CSWPLA,12,0
NUMOFF,KP,1000
NUMOFF,volu,1000
Vsymm,z,all
wpstyl,defa

wpstyl

IConnect sections
V,4151,3001,3008,4158,4
152,3002,3009,4159
V,4152,3002,3009,4159,4
153,3003,3010,4160
V,4153,3003,3010,4160,4
155,3005,3012,4162
V,4155,3005,3012,4162,4
156,3006,3013,4163
V,4156,3006,3013,4163,4
157,3007,3014,4164

85

V,4158,3008,3015,4165,4
159,3009,3016,4166
V,4159,3009,3016,4166,4
160,3010,3017,4167
V,4160,3010,3017,4167,4
162,3012,3019,4169
V,4162,3012,3019,4169,4
163,3013,3020,4170
V,4163,3013,3020,4170,4
164,3014,3021,4171
V,4165,3015,3022,4172,4
171,3021,3024,4174
V,4172,3022,3025,4175,4
174,3024,3027,4177
V,4175,3025,3028,4178,4
177,3027,3030,4180
V,4178,3028,3031,4181,4
180,3030,3033,4183
V,4181,3031,3034,4184,4
183,3033,3036,4186
V,4184,3034,3037,4187,4
186,3036,3039,4189
V,4187,3037,3040,4190,4
189,3039,3041,4192
V,4190,3040,3042,4193,4
192,3041,3043,4195
V,4193,3042,3044,4196,4
195,3043,3045,4198
V,4196,3044,3275,4297,4
198,3045,3276,4298
V,4297,3275,3046,4199,4
298,3276,3047,4200

V,3142,2343,2344,3149,3
143,2345,2346,3150
V,3143,2345,2346,3150,3
144,2347,2348,3151
V,3144,2347,2348,3151,3
146,2351,2352,3153
V,3146,2351,2352,3153,3
147,2353,2354,3154
V,3147,2353,2354,3154,3
148,2355,2356,3155



V,3149,2344,2363,3156,3
150,2346,2364,3157
V,3150,2346,2364,3157,3
151,2348,2365,3158
V,3151,2348,2365,3158,3
153,2352,2367,3160
V,3153,2352,2367,3160,3
154,2354,2368,3161
V,3154,2354,2368,3161,3
155,2356,2369,3162
V,3156,2363,2370,3163,3
162,2369,2372,3165
V,3163,2370,2373,3166,3
165,2372,2375,3168
V,3166,2373,2376,3169,3
168,2375,2378,3171
V,3169,2376,2379,3172,3
171,2378,2381,3174
V,3172,2379,2382,3175,3
174,2381,2384,3177
V,3175,2382,2385,3178,3
177,2384,2387,3180
V,3178,2385,2388,3181,3
180,2387,2390,3182
V,3181,2388,2391,3183,3
182,2390,2393,3184
V,3183,2391,2359,3185,3
184,2393,2360,3186
V,3185,2359,2357,3279,3
186,2360,2358,3280
V,3279,2357,2362,3187,3
280,2358,2361,3188

V,2185,1001,1005,2186,2
187,1007,1010,2188
V,2187,1007,1010,2188,2
189,1012,1014,2190
V,2189,1012,1014,2190,2
193,1022,1024,2194
V,2193,1022,1024,2194,2
195,1027,1030,2196
V,2195,1027,1030,2196,2
197,1032,1035,2198

V,2186,1005,1242,2311,2
188,1010,1243,2310
V,2188,1010,1243,2310,2
190,1014,1245,2312
V,2190,1014,1245,2312,2
194,1024,1249,2314
V,2194,1024,1249,2314,2
196,1030,1251,2315
V,2196,1030,1251,2315,2
198,1035,1253,2316
V,2311,1242,1256,2318,2
316,1253,1259,2319
V,2318,1256,1262,2321,2
319,1259,1265,2322
V,2321,1262,1268,2324,2
322,1265,1271,2325
V,2324,1268,1274,2327,2
325,1271,1277,2328
V,2327,1274,1279,2330,2
328,1277,1282,2331
V,2330,1279,1284,2333,2
331,1282,1288,2334
V,2333,1284,1290,2336,2
334,1288,1291,2337
V,2336,1290,1293,2339,2
337,1291,1294,2340
V,2339,1293,1202,2227,2
340,1294,1203,2226
V,2227,1202,1200,2225,2
226,1203,1201,2224
V,2225,1200,1207,2228,2
224,1201,1206,2230

V,1174,185,186,1175,117
6,187,188,1177
V,1176,187,188,1177,117
8,189,190,1179
V,1178,189,190,1179,118
2,193,194,1183
V,1182,193,194,1183,118
4,195,196,1185
V,1184,195,196,1185,118
6,197,198,1187

86

V,1175,186,311,1296,117
7,188,310,1295
V,1177,188,310,1295,117
9,190,312,1297
V,1179,190,312,1297,118
3,194,314,1299
V,1183,194,314,1299,118
5,196,315,1300
V,1185,196,315,1300,118
7,198,316,1301
V,1296,311,318,1303,130
1,316,319,1304
V,1303,318,321,1306,130
4,319,322,1307
V,1306,321,324,1309,130
7,322,325,1310
V,1309,324,327,1312,131
0,325,328,1313
V,1312,327,330,1315,131
3,328,331,1316
V,1315,330,333,1319,131
6,331,334,1321
V,1319,333,336,1324,132
1,334,337,1323
V,1324,336,339,1326,132
3,337,340,1325
V,1326,339,227,1215,132
5,340,226,1214
V,1215,227,225,1213,121
4,226,224,1212
V,1213,225,228,1216,121
2,224,230,1217

IMove grout
Vsel,s,loc,x,0,1
Vgen,2,all,,,,10,,,,,0
Vsel,s,loc,x,0,1
Vsel,r,loc,y,0,8.75
Vdele,all,,,1
Vsel,s,loc,x,0,1
Vgen,,all,,,,-10,,,,1

Allsel,all
wprot,,,90



wpoff,,,2
vsbw,all
wpstyl,defa

ICopy all volumes to
other side

Allsel,all
Vsymm,x,all

Block,-6.75,-
8.75,8.75,10.75,0,144
Block,6.75,8.75,-
2,0,0,144
Block,-48.75,-46.75,-
2,0,0,144

ICut up Bearing Plates
Vsel,s,,,1707,1709
wpoff,,,9.2750
vsbw,all
wpoff,,,2.625
vsbw,all
wpoff,,,5
vsbw,all
wpoff,,,2.625
vsbw,all
wpoff,, 5.275
vsbw,all
wpoff,,,8
vsbw,all
wpoff,,5.275
vsbw,all
wpoff,,,2.625
vsbw,all
wpoff,,,5
vsbw,all
wpoff,,,2.625
vsbw,all
wpoff,, 5.275
vsbw,all
wpoff,,,8
vsbw,all
wpoff,,,5.275
vsbw,all

wpoff,,,2.625
vsbwi,all
wpoff,,,5
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5.275
vsbwi,all
wpoff,,,8
vsbwi,all
wpoff,,,5.275
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5.275
vsbwi,all
wpoff,,,8
vsbwi,all
wpoff,,,5.275
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpstyl,defa

ICut concrete for Shear
Stud placement
CSYS,0

Allsel,all
Vsel,u,loc,x,-1,1
wpoff,,,35.4375
vsbwi,all

wpoff,,, 73.125

vsbwi,all

IGlue Grout
Vsel,s,loc,x,-1,1
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Vglue,all

IGlue concrete and
bearing plates
Vsel,inve

Vglue,all

IGlue and Mesh Curved
Strand

Lsel,s,,,831,832
Lsel,a,,,11905,11906
Lsel,a,,,9989,10134,145
Lsel,a,,,213,705,492
Lsel,a,,,106,184,13
Lsel,a,,,91,273,182
Lsel,a,,,354,377,23
Lsel,a,,,4961,5013,52
Lsel,a,,,5605,5972,367
Lsel,a,,,10143,10183,8

Lsel,a,,,10085,10190,105

Lsel,a,,,10223,10224
Lsel,a,,,282,330,8
Lsel,a,,,519,859,340
Lsel,a,,,31,38,7
Lsel,a,,,10004,10069,13

Lsel,a,,,10103,10203,100

Lsel,a,,,1588,1596,8
Lsel,a,,,971,1372,401
Lsel,a,,,4838,4883,45
Lsel,a,,,916,1083,167
Lsel,a,,,931,970,13
Lsel,a,,,8994,8995
Lsel,a,,,2028,2160,132
Lsel,a,,,7371,7396,25
Lsel,a,,,9523,9656,133
Lsel,a,,,9665,9681,8
Lsel,a,,,9690,9701,11
Lsel,a,,,9608,9616,8
Lsel,a,,,1092,1116,8
Lsel,a,,,7309,7311,2
Lsel,a,,,1662,1875,213
Lsel,a,,,9538,9564,13
Lsel,a,,,9580,9592,12



Lsel,a,,,1979,1992,13
Lsel,a,,,2045,2046
Lsel,a,,,1827,1845,18
Lsel,a,,,4724,4727,3
Lsel,a,,,1731,1923,192
Lsel,a,,,1932,1972,8
Lsel,a,,,8959,8960
Lsel,a,,,3608,5102,1494
Lsel,a,,,7625,7785,160
Lsel,a,,,9005,9150,145
Lsel,a,,,9159,9199,8
Lsel,a,,,9101,9119,18
Lsel,a,,,9206,9219,13
Lsel,a,,,9239,9240
Lsel,a,,,1746,1811,13
Lsel,a,,,7717,7719,2
Lsel,a,,,5067,5070,3
Lsel,a,,,9020,9085,13

Lsel,a,,,2641,2649,8
Lsel,a,,,2770,2781,11
Lsel,a,,,2745,2761,8
Lsel,a,,,2312,2736,424
Lsel,a,,,3624,5240,1616
Lsel,a,,,4606,4651,45
Lsel,a,,,8155,8158,3
Lsel,a,,,7641,8056,415
Lsel,a,,,8539,8672,133
Lsel,a,,,8681,8697,8
Lsel,a,,,8706,8717,11
Lsel,a,,,8624,8632,8
Lsel,a,,,2625
Lsel,a,,,2522,2583,61
Lsel,a,,,2435,2466,31
Lsel,a,,,7912,7917,5
Lsel,a,,,5170,5174,4
Lsel,a,,,8554,8580,13
Lsel,a,,,8596,8608,12

Lsel,a,,,3583,3596,13
Lsel,a,,,3649,3650

Lsel,a,,,3431,3449,18
Lsel,a,,,3350,3415,13

Lsel,a,,,3536,3576,8
Lsel,a,,,3335,3527,192
Lsel,a,,,5311,5395,84
Lsel,a,,,5359,5363,4
Lsel,a,,,4307,4359,52
Lsel,a,,,2835,2888,53
Lsel,a,,,8284,8286,2
Lsel,a,,,8204,8348,144
Lsel,a,,,906,1192,286
Lsel,a,,,5506
Lsel,a,,,1675,1902,227
Lsel,a,,,2198,2297,99
Lsel,a,,,5516,5556,8
Lsel,a,,,2503,2976,473
Lsel,a,,,5629,5630
Lsel,a,,,5563,5576,13
Lsel,a,,,3288

Esize,2
Lglue,all
Latt,3,3,3
Lmesh,all

IMesh Grout
Esize,2
Vsel,s,loc,x,-1,1
Vatt,4,4,4
Vsweep,all

IMesh Steel Plates
Esize,2

Vsel,s,,,30
Vsel,a,,,60,62,2
Vsel,a,,,80,97,17
Vsel,a,,,228,230,2
Vsel,a,,,262,277,15
Vsel,a,,,671,827,156
Vsel,a,,,796,798,2
Vsel,a,,,800,802,2
Vsel,a,,,810,812,2
Vsel,a,,,827,839,12
Vsel,a,,,832,833
Vsel,a,,,856,862,6
Vsel,a,,,867,870,3
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Vsel,a,,,876,883,7
Vsel,a,,,894,1026,132
Vsel,a,,,901,904,3
Vsel,a,,,1051,1078,27
Vsel,a,,,1314,1327,13
Vsel,a,,,1348,1412,64
Vsel,a,,,1430,1432,2
Vsel,a,,,1442,1517,75
Vsel,a,,,1530,1551,21
Vsel,a,,,1615,1633,18
Vsel,a,,,1635,1647,12
Vsel,a,,,2030
Vsel,a,,,2060,2062,2
Vsel,a,,,2080,3080,1000
Vsel,a,,,2111,2113,2
Vsel,a,,,2170,2176,3
Vsel,a,,,4030,4060,30
Vsel,a,,,4062,4082,20
Vsel,a,loc,y,8.75,10.75
Vsel,a,loc,y,-2,0
Vatt,2,2,2

Vsweep,all

IMesh Concrete
Esize,2
Vsel,s,mat,,2,4,2
Vsel,inve
Vatt,1,1,1
Vsel,s,loc,x,-12,12
Vsel,u,mat,,2,4,2
Vsweep,all
Vsel,s,loc,x,-12,12
Vsel,inve
Vsel,u,mat,,2,4,2
Vsweep,all

Allsel,all

Vsel,s,mat, 4

Aslv,r
Asel,r,loc,x,0.5,1.25
Asel,u,loc,x,0.50001,0.74
999

Asel,u,loc,y,2.5
Asel,u,loc,y,3.5,3.51



Asel,u,loc,y,6
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6
Asel,u,loc,z,66.875
Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125
Asel,u,loc,z,82.4
Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,5

Mat,4

Real,5
Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,1
Vsel,r,loc,x,0,4
Aslv,r
Asel,r,loc,x,0.5,1.25
Asel,u,loc,y,0

Asel,u,loc,y,1.75
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,35.4375
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6
Asel,u,loc,z,66.875
Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125
Asel,u,loc,z,82.4
Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,108.5625
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,6

Mat,5

Real,5

Esurf,,top

Allsel,all
Vsel,s,mat,,4

Aslv,r
Asel,rloc,x,-1.25,-0.5

89

Asel,u,loc,x,-0.74999,-
0.50001
Asel,u,loc,y,2.5
Asel,u,loc,y,3.5,3.51
Asel,u,loc,y,6
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6
Asel,u,loc,z,66.875
Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125
Asel,u,loc,z,82.4
Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,5

Mat,4

Real,6

Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,1



Vsel,r,loc,x,-4,0
Aslv,r
Asel,r,loc,x,-1.25,-0.5
Asel,u,loc,y,0
Asel,u,loc,y,1.75
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,35.4375
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6
Asel,u,loc,z,66.875
Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125
Asel,u,loc,z,82.4
Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,108.5625
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,6

Mat,5

Real,6

Esurf,,top

finish

/solu

Allsel,all

wpstyl,defa
Nsel,s,loc,x,6.75,8.75
Nsel,r,loc,y,-2

d,all,uy

d,all,uz
Nsel,s,loc,x,-48.75,-46.75
Nsel,r,loc,y,-2

d,all,ux

d,all,uy

d,all,uz

Nsel,s,loc,x,-8.75,-6.75
Nsel,r,loc,y,10.75
*Get,Ncount,node,0,coun
t

F=200

F.all,Fy,-F/Ncount

allsel,all
cnvtol,f,,0.05,2,0.01
nsubst,100
outres,all,all
autots,1

ncnv,2

neqit,100

pred,on

time, 100

solve
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LARGE-SCALE FLEXURE FEM CODE

finish
[clear

[title, Curved Strand Large

Flexure Specimen
IPrep7
IUnits in Kips and inches

IMaterial Variables
Es=28500
Emus=0.3
fys=270

fy=50

Ec=4250
Emuc=0.2
fc=5.6
ft=0.561

Eg=3125
fg=3
fgt=0.411

IBeam Dimensions
tf=0.960

tw=0.600
bf=12.375
d=21.700

L=241

IDeck Dimensions
bd=144

IDeck Width
hd=8.75 IDeck
height
Ld=96.5
hg=0
gap

IDeck length
IHaunch

IMaterial Properties

MP,Ex,1,Ec
MP,PRXY,1,Emuc
TB,Concr,1
TBData,,0.2,0.3,ft,-1

MP,EXx,2,Es
MP,PRXY,2,Emus
TB,BISO,2
TBData,,fy,2.9

MP,EX,3,Es
MP,PRXY,3,Emus
TB,BISO,3,,2
TBData,,fys,2.9

MP,Ex,4,Eg
MP,PRXY,4,Emuc
TB,Concr,4
TBData,,0.2,0.3,fgt,-1

Tb,czm,5,1,1,CBDD
Tbdata,1,0.48,0.015,,,.01

ET,1,Solid65
Keyopt,1,3,2
Keyopt,1,7,1

ET,2,So0lid45
IKeyopt,2,1,0
IKeyopt,2,2,1

ET,3,Link8

ET,4,So0lid65
Keyopt,4,3,2
Keyopt,4,7,1

Et,5,targel70
Et,6,contal’3
Keyopt,6,10,2
Keyopt,6,2,1

Keyopt,6,12,5

Keyopt,6,9,1
Keyopt,6,5,1

ET,7,Combin39
Keyopt,7,3,1

IReal Constants
R,1,2,0.008381,0,0,2,0.02
1

RMORE,0,90
R,2
R,3,0.215,4E-3
R.4

R,5,,,0.01
R,6,,,0.01

R,7,0,0,0.003937,1.2365,0

.007874,1.7704

Rmore,0.025591,2.3324,0.

03937,2.5291,0.112205,3.
3722
R,8
R,9

K,1,

K,2,,1.75
K,3,,2.5
K.4,,3.5

K,5,,6
K,6,,6.75
K,7,,hd
K,8,0.5
K,9,0.5,1.75
K,10,1.25,2.5
K,11,1.25,3.5024
K,12,1.25,6
K,13,0.75,6.75
K,14,0.75,hd

K,15,4



K,16,4,1.75
K,17,4,2.5
K,18,4,3.5246
K,19,4,6

K,20,4,6.75
K,21,4,hd

K,22,6

K,23,6,3.5554
K,24,6,hd

K,25,8

K,26,8,3.5985
K,27,8,hd

K,28,12
K,29,12,3.7216
K,30,12,hd

K,31,15
K,32,15,3.8463
K,33,15,hd

K,34,20
K,35,20,4.1160
K,36,20,hd
K,37,28.8177
K,38,28.8177,4.7802
K,39,28.8177,hd
K,40,30.8177
K,41,30.8177,4.9644
K,42,30.8177,hd
K,43,32.8177
K,44,32.8177,5.1612
K,45,32.8177,hd
K,46,40.3262
K,47,40.3262,5.9696
K,48,40.3262,hd
K,49,48.5
K,50,48.5,hd

IReplicate Keypoints
Allsel,all
Kgen,2,all,,,,,11.9
Ksel,s,,,51,100
Kgen,2,all,,,,,5
Ksel,s,,,1,50
Kgen,2,all,,,,,24.8

Allsel,all

V,1,51,58,8,2,52,59,9
V,2,52,59,9,3,53,60,10
V,3,53,60,10,4,54,61,11
V,4,54,61,11,5,55,62,12
V,5,55,62,12,6,56,63,13
V,6,56,63,13,7,57,64,14

V,8,58,65,15,9,59,66,16
V,9,59,66,16,10,60,67,17
Vv,10,60,67,17,11,61,68,18
V,11,61,68,18,12,62,69,19
V,12,62,69,19,13,63,70,20
V,13,63,70,20,14,64,71,21

V,15,65,72,22,18,68,73,23
V,18,68,73,23,21,71,74,24
V,22,72,75,25,23,73,76,26
V,23,73,76,26,24,74,77,27
V,25,75,78,28,26,76,79,29
V,26,76,79,29,27,77,80,30
V,28,78,81,31,29,79,82,32
V,29,79,82,32,30,80,83,33
V,31,81,84,34,32,82,85,35
V,32,82,85,35,33,83,86,36
V,34,84,87,37,35,85,88,38
V,35,85,88,38,36,86,89,39
V,37,87,90,40,38,88,91,41
V,38,88,91,41,39,89,92,42
V,40,90,93,43,41,91,94,44
V,41,91,94,44,42,92,95,45
V,43,93,96,46,44,94,97,47
V,44,94,97,47,45,95,98,48
V,46,96,99,49,48,98,100,5
0

V,51,101,108,58,52,102,1
09,59
V,52,102,109,59,53,103,1
10,60
V,53,103,110,60,54,104,1
11,61

92

V,54,104,111,61,55,105,1
12,62
V,55,105,112,62,56,106,1
13,63
V,56,106,113,63,57,107,1
14,64

V,58,108,115,65,59,109,1
16,66
V,59,109,116,66,60,110,1
17,67
v,60,110,117,67,61,111,1
18,68
V,61,111,118,68,62,112,1
19,69
V,62,112,119,69,63,113,1
20,70
V,63,113,120,70,64,114,1
21,71

V,65,115,122,72,68,118,1
23,73
v,68,118,123,73,71,121,1
24,74
V,72,122,125,75,73,123,1
26,76
V,73,123,126,76,74,124,1
27,77
V,75,125,128,78,76,126,1
29,79
V,76,126,129,79,77,127,1
30,80
V,78,128,131,81,79,129,1
32,82
V,79,129,132,82,80,130,1
33,83
V,81,131,134,84,82,132,1
35,85
V,82,132,135,85,83,133,1
36,86
V,84,134,137,87,85,135,1
38,88
V,85,135,138,88,86,136,1
39,89



V,87,137,140,90,88,138,1
41,91
V,88,138,141,91,89,139,1
42,92
V,90,140,143,93,91,141,1
44,94
V,91,141,144,94,92,142,1
45,95
V,93,143,146,96,94,144,1
47,97
V,94,144,147,97,95,145,1
48,98
V,96,146,149,99,98,148,1
50,100

V,101,151,158,108,102,15
2,159,109
V,102,152,159,109,103,15
3,160,110
V,103,153,160,110,104,15
4,161,111
V,104,154,161,111,105,15
5,162,112
V,105,155,162,112,106,15
6,163,113
V,106,156,163,113,107,15
7,164,114

V,108,158,165,115,109,15
9,166,116
V,109,159,166,116,110,16
0,167,117
V,110,160,167,117,111,16
1,168,118
V,111,161,168,118,112,16
2,169,119
V,112,162,169,119,113,16
3,170,120
V,113,163,170,120,114,16
4,171,121

V,115,165,172,122,118,16
8,173,123

V,118,168,173,123,121,17
1,174,124
V,122,172,175,125,123,17
3,176,126
V,123,173,176,126,124,17
4,177,127
V,125,175,178,128,126,17
6,179,129
V,126,176,179,129,127,17
7,180,130
V,128,178,181,131,129,17
9,182,132
V,129,179,182,132,130,18
0,183,133
V,131,181,184,134,132,18
2,185,135
V,132,182,185,135,133,18
3,186,136
V,134,184,187,137,135,18
5,188,138
V,135,185,188,138,136,18
6,189,139
V,137,187,190,140,138,18
8,191,141
V,138,188,191,141,139,18
9,192,142
V,140,190,193,143,141,19
1,194,144
V,141,191,194,144,142,19
2,195,145
V,143,193,196,146,144,19
4,197,147
V,144,194,197,147,145,19
5,198,148
V,146,196,199,149,148,19
8,200,150

Allsel,all
wpoff,36.1523,4.1335,9.2
750

Vsel,u,,,1,6
Vsel,u,,,32,37
Vsel,u,,,63,68

vsbw,all
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wpoff,,,10.25
vsbwi,all
wpoff,,,-10.25
wprot,6.36
wpoff,6.2121
wprot,-6.36,,90
vsbwi,all
wprot,,,-90
wprot,6.36,90
Vsel,s,,,29,60,31
Vsel,a,,,69,71,2
Vsel,a,,,75,138,63
vsbwi,all

Allsel,all
wprot,,,20.8799
Vsel,s,,,70,72,2
Vsel,a,,,76
vsbwi,all
wprot,,,-20.8799
wprot,,-90
Allsel,all
wpoff,-6.2121
wprot,,,90
Vsel,s,,,30,140,110
Vsel,a,,,61,62
Vsel,a,,,86,88,2
vsbwi,all

Allsel,all
wprot,,,-90
Block,0,1,0,2.75,0,10.25
Asel,s,,,554
Asel,a,,,641,656,15
vsba,30,all
Vsel,s,,,60,92,32
Vsel,a,,, 71,72
Vsel,a,,,80,84,2
Vsel,a,,,89,90
Vsel,a,,,138
Vsel,a,,,168,169
Vdele,all,,,1
Allsel,all

wpoff,,,2.625
Vsel,s,,,61,62



vsbw,all
wpoff,,,5
Vsel,s,,, 71,72
vsbw,all
wpstyl,defa
wpstyl

wpoff,,,32.8
CSWPLA,11,0
NUMOFF,KP,1000
NUMOFF,volu,1000

K1,

K,2,,1.75
K.,3,,2.5
K/4,,3.5

K,5,,6
K,6,,6.75
K,7,,hd
K,8,0.5
K,9,0.5,1.75
K,10,1.25,2.5
K,11,1.25,3.5024
K,12,1.25,6
K,13,0.75,6.75
K,14,0.75,hd

K,15,4
K,16,4,1.75
K,17,4,2.5
K,18,4,3.5552
K,19,4,6
K,20,4,6.75
K,21,4,hd
K,22,6
K,23,6,3.6242
K,24,6,hd
K,25,8
K,26,8,3.7209
K,27,8,hd
K,28,12
K,29,12,3.9974
K,30,12,hd
K,31,15

K,32,15,4.2779
K,33,15,hd
K,34,20
K,35,20,4.8859
K,36,20,hd
K,37,28.8177
K,38,28.8177,6.2646
K,39,28.8177,hd
K,40,30.8177
K,41,30.8177,hd
K,42,32.8177
K,43,32.8177,hd
K,44,40.3262
K,45,40.3262,hd

K,46,48.5
K,47,48.5,hd

IReplicate Keypoints
Ksel,s,,,1,47
Kgen,2,all,,,,,7.9
Ksel,s,,,48,94
Kgen,2,all,,,,,5
Ksel,s,,,1,47
Kgen,2,all,,,,,20.8

Allsel,all

V,1,48,55,8,2,49,56,9
V,2,49,56,9,3,50,57,10
v,3,50,57,10,4,51,58,11
V,4,51,58,11,5,52,59,12
V,5,52,59,12,6,53,60,13
V,6,53,60,13,7,54,61,14

V,8,55,62,15,9,56,63,16
V,9,56,63,16,10,57,64,17
V,10,57,64,17,11,58,65,18
V,11,58,65,18,12,59,66,19
V,12,59,66,19,13,60,67,20
V,13,60,67,20,14,61,68,21

V,15,62,69,22,18,65,70,23
V,18,65,70,23,21,68,71,24
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V,22,69,72,25,23,70,73,26
V,23,70,73,26,24,71,74,27
V,25,72,75,28,26,73,76,29
V,26,73,76,29,27,74,77,30
V,28,75,78,31,29,76,79,32
V,29,76,79,32,30,77,80,33
V,31,78,81,34,32,79,82,35
V,32,79,82,35,33,80,83,36
V,34,81,84,37,35,82,85,38
V,35,82,85,38,36,83,86,39
V,37,84,87,40,39,86,88,41
V,40,87,89,42,41,88,90,43
V,42,89,91,44,43,90,92,45
V,44,91,93,46,45,92,94,47

V,48,95,102,55,49,96,103,
56
V,49,96,103,56,50,97,104,
57
V,50,97,104,57,51,98,105,
58
V,51,98,105,58,52,99,106,
59
V,52,99,106,59,53,100,10
7,60
V,53,100,107,60,54,101,1
08,61

V,55,102,109,62,56,103,1
10,63
V,56,103,110,63,57,104,1
11,64
V,57,104,111,64,58,105,1
12,65
V,58,105,112,65,59,106,1
13,66
V,59,106,113,66,60,107,1
14,67
v,60,107,114,67,61,108,1
15,68

V,62,109,116,69,65,112,1
17,70



V,65,112,117,70,68,115,1
18,71
v,69,116,119,72,70,117,1
20,73
V,70,117,120,73,71,118,1
21,74
V,72,119,122,75,73,120,1
23,76
V,73,120,123,76,74,121,1
24,77
V,75,122,125,78,76,123,1
26,79
V,76,123,126,79,77,124,1
27,80
V,78,125,128,81,79,126,1
29,82
V,79,126,129,82,80,127,1
30,83
V,81,128,131,84,82,129,1
32,85
V,82,129,132,85,83,130,1
33,86
V,84,131,134,87,86,133,1
35,88
V,87,134,136,89,88,135,1
37,90
V,89,136,138,91,90,137,1
39,92
V,91,138,140,93,92,139,1
41,94

V,95,142,149,102,96,143,
150,103
V,96,143,150,103,97,144,
151,104
V,97,144,151,104,98,145,
152,105
V,98,145,152,105,99,146,
153,106
V,99,146,153,106,100,147
,154,107
V,100,147,154,107,101,14
8,155,108

V,102,149,156,109,103,15
0,157,110
V,103,150,157,110,104,15
1,158,111
V,104,151,158,111,105,15
2,159,112
V,105,152,159,112,106,15
3,160,113
V,106,153,160,113,107,15
4,161,114
V,107,154,161,114,108,15
5,162,115

V,109,156,163,116,112,15
9,164,117
V,112,159,164,117,115,16
2,165,118
V,116,163,166,119,117,16
4,167,120
V,117,164,167,120,118,16
5,168,121
V,119,166,169,122,120,16
7,170,123
V,120,167,170,123,121,16
8,171,124
V,122,169,172,125,123,17
0,173,126
V,123,170,173,126,124,17
1,174,127
V,125,172,175,128,126,17
3,176,129
V,126,173,176,129,127,17
4,177,130
V,128,175,178,131,129,17
6,179,132
V,129,176,179,132,130,17
7,180,133
V,131,178,181,134,133,18
0,182,135
V,134,181,183,136,135,18
2,184,137
V,136,183,185,138,137,18
4,186,139
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V,138,185,187,140,139,18
6,188,141

Allsel,all
wpoff,24.2276,4.1440,5.2
750

Vsel,u,,,1,6
Vsel,u,,,29,34
Vsel,u,,,57,62
vsbwi,all

wpoff,,,10.25

vsbwi,all
wpoff,,,-10.25
wpstyl,defa
wpoff,36.1523,4.1335
wprot,6.36
wpoff,6.2121
wprot,-6.36,,90
Vsel,s,,,28
Vsel,a,,,127,128
Vsel,a,,,56,150,94
vsbwi,all

wpstyl,defa
wpoff,,,29.8

Allsel,all
wpoff,24.2276,4.1440,8.2
750
wprot,9.527283,90
Vsel,s,,,23,25,2
Vsel,a,,,51,53,2
Vsel,a,,,117,121,4
vsbw,all

wprot,,,90
Vsel,s,,,24,52,28
Vsel,a,,,56,74,18
Vsel,a,,,78,119,41
vsbwi,all

wprot,,-90

wprot,-90
Block,0,1,0,2.75,0,10.25
Asel,s,,,1092
Asel,a,,,1137,1230,93
vsba,24,all



*Get,Llength,line,1582,len

g

wpoff,Llength
*Get,Llength,line,1553,len
g

wpoff,Llength
wprot,14.511816
wprot,,90
Vsel,s,,,26,54,28
Vsel,a,,,123
vsbw,all
Vsel,s,,,51,80,29
Vsel,a,,,74,76,2
Vsel,a,,,82,83
Vsel,a,,,117,119,2
Vsel,a,,,150,151
Vsel,a,,,127,153,26
Vdele,all,,,1
Allsel,all

wpstyl,defa
wpoff,24.2276,4.1440,40.
7

Vsel,s,,,52,56,4

vsbw,all

wpoff,,,5
Vsel,s,,,54,74,20
vsbw,all

wpstyl,defa

wpstyl

IDuplicate sections
Vsel,s,,,1000,2000
NUMOFF,KP,1000
NUMOFF,volu,1000
Vgen,2,all,,,,,57.6
Csys,0

wpoff,,,61.6

vsbw,all
Vsel,s,loc,z,57.6,61.6
Vdele,all,,,1
wpstyl,defa

Vsel,s,,,1000,1500
NUMOFF,KP,1000
NUMOFF,volu,1000
Vgen,2,all,,,,,57.6

Vsel,s,,,3000,4000
wpoff,, 72
CSWPLA,12,0
NUMOFF,KP,1000
NUMOFF,volu,1000
Vsymm,z,all
wpstyl,defa

wpstyl

IConnect sections
V,4151,3001,3008,4158,4
152,3002,3009,4159
V,4152,3002,3009,4159,4
153,3003,3010,4160
V,4153,3003,3010,4160,4
155,3005,3012,4162
V,4155,3005,3012,4162,4
156,3006,3013,4163
V,4156,3006,3013,4163,4
157,3007,3014,4164
V,4158,3008,3015,4165,4
159,3009,3016,4166
V,4159,3009,3016,4166,4
160,3010,3017,4167
V,4160,3010,3017,4167,4
162,3012,3019,4169
V,4162,3012,3019,4169,4
163,3013,3020,4170
V,4163,3013,3020,4170,4
164,3014,3021,4171
V,4165,3015,3022,4172,4
171,3021,3024,4174
V,4172,3022,3025,4175,4
174,3024,3027,4177
V,4175,3025,3028,4178,4
177,3027,3030,4180
V,4178,3028,3031,4181,4
180,3030,3033,4183
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V,4181,3031,3034,4184,4
183,3033,3036,4186
V,4184,3034,3037,4187,4
186,3036,3039,4189
V,4187,3037,3040,4190,4
189,3039,3041,4192
V,4190,3040,3042,4193,4
192,3041,3043,4195
V,4193,3042,3044,4196,4
195,3043,3045,4198
V,4196,3044,3275,4297,4
198,3045,3276,4298
V,4297,3275,3046,4199,4
298,3276,3047,4200

V,3142,2343,2344,3149,3
143,2345,2346,3150
V,3143,2345,2346,3150,3
144,2347,2348,3151
V,3144,2347,2348,3151,3
146,2351,2352,3153
V,3146,2351,2352,3153,3
147,2353,2354,3154
V,3147,2353,2354,3154,3
148,2355,2356,3155
V,3149,2344,2363,3156,3
150,2346,2364,3157
V,3150,2346,2364,3157,3
151,2348,2365,3158
V,3151,2348,2365,3158,3
153,2352,2367,3160
V,3153,2352,2367,3160,3
154,2354,2368,3161
V,3154,2354,2368,3161,3
155,2356,2369,3162
V,3156,2363,2370,3163,3
162,2369,2372,3165
V,3163,2370,2373,3166,3
165,2372,2375,3168
V,3166,2373,2376,3169,3
168,2375,2378,3171
V,3169,2376,2379,3172,3
171,2378,2381,3174



V,3172,2379,2382,3175,3
174,2381,2384,3177
V,3175,2382,2385,3178,3
177,2384,2387,3180
V,3178,2385,2388,3181,3
180,2387,2390,3182
V,3181,2388,2391,3183,3
182,2390,2393,3184
V,3183,2391,2359,3185,3
184,2393,2360,3186
V,3185,2359,2357,3279,3
186,2360,2358,3280
V,3279,2357,2362,3187,3
280,2358,2361,3188

V,2185,1001,1005,2186,2
187,1007,1010,2188
V,2187,1007,1010,2188,2
189,1012,1014,2190
V,2189,1012,1014,2190,2
193,1022,1024,2194
V,2193,1022,1024,2194,2
195,1027,1030,2196
V,2195,1027,1030,2196,2
197,1032,1035,2198
V,2186,1005,1242,2311,2
188,1010,1243,2310
V,2188,1010,1243,2310,2
190,1014,1245,2312
V,2190,1014,1245,2312,2
194,1024,1249,2314
V,2194,1024,1249,2314,2
196,1030,1251,2315
V,2196,1030,1251,2315,2
198,1035,1253,2316
V,2311,1242,1256,2318,2
316,1253,1259,2319
V,2318,1256,1262,2321,2
319,1259,1265,2322
V,2321,1262,1268,2324,2
322,1265,1271,2325
V,2324,1268,1274,2327,2
325,1271,1277,2328

V,2327,1274,1279,2330,2
328,1277,1282,2331
V,2330,1279,1284,2333,2
331,1282,1288,2334
V,2333,1284,1290,2336,2
334,1288,1291,2337
V,2336,1290,1293,2339,2
337,1291,1294,2340
V,2339,1293,1202,2227,2
340,1294,1203,2226
V,2227,1202,1200,2225,2
226,1203,1201,2224
V,2225,1200,1207,2228,2
224,1201,1206,2230

V,1174,185,186,1175,117
6,187,188,1177
V,1176,187,188,1177,117
8,189,190,1179
V,1178,189,190,1179,118
2,193,194,1183
V,1182,193,194,1183,118
4,195,196,1185
V,1184,195,196,1185,118
6,197,198,1187
V,1175,186,311,1296,117
7,188,310,1295
V,1177,188,310,1295,117
9,190,312,1297
V,1179,190,312,1297,118
3,194,314,1299
V,1183,194,314,1299,118
5,196,315,1300
V,1185,196,315,1300,118
7,198,316,1301
V,1296,311,318,1303,130
1,316,319,1304
V,1303,318,321,1306,130
4,319,322,1307
V,1306,321,324,1309,130
7,322,325,1310
V,1309,324,327,1312,131
0,325,328,1313
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V,1312,327,330,1315,131
3,328,331,1316
V,1315,330,333,1319,131
6,331,334,1321
V,1319,333,336,1324,132
1,334,337,1323
V,1324,336,339,1326,132
3,337,340,1325
V,1326,339,227,1215,132
5,340,226,1214
V,1215,227,225,1213,121
4,226,224,1212
V,1213,225,228,1216,121
2,224,230,1217

IExtend concrete for large
flexure specimen
Block,48.5,Ld,0,hd,0,bd
wprot,,,90
wpoff,,,52.5
vsbwi,all
wpoff,, 4
vsbwi,all
wpoff,, 4
vsbwi,all
wpoff,, 4
vsbwi,all
wpoff,, 4
vsbwi,all
wpoff,,,4
vsbwi,all
wpoff,,,4
vsbwi,all
wpoff,, 4
vsbwi,all
wpoff,,4
vsbwi,all
wpoff,, 4
vsbwi,all
wpoff,,4
vsbwi,all
wpstyl,defa

IMove grout



Vsel,s,loc,x,0,1
Vgen,2,all,,,,10,,,,,0
Vsel,s,loc,x,0,1
Vsel,r,loc,y,0,8.75
Vdele,all,,,1
Vsel,s,loc,x,0,1
Vgen,,all,,,,-10,,,,1

Allsel,all
wprot,,,90
wpoff,,,2
vsbw,all
wpstyl,defa

ICopy all volumes to other
side

Allsel,all

Vsymm,x,all

IGirders
Block,-L/2,L/2,-(tf+hg),-
hg,36-(bf/2),36+(bf/2)
Block,-L/2,L/2,-(hg+d-tf),-
(hg+tf),36-
(tw/2),36+(tw/2)
Block,-L/2,L/2,-(hg+d),-
(hg+d-tf),36-
(bf/2),36+(bf/2)
Vsel,s,loc,y,-(hg+d),-hg
Vgen,2,all,,,,, 72
Block,-0.625/2,0.625/2,-
(hg+d-tf),-(hg+tf),36-
(tw/2)-3.5,36-(tw/2)
Vsel,s,,, 1737
Vgen,2,all,,,,, 72+tw+3.5
Vsel,s,,,1737,1738
Vgen,2,all,,,-L/4
Vsel,s,,,1737,1738
Vgen,2,all,,,L/4

IBearing Plate
Block,84.5,96.5,8.75,10.7
5,36-(12/2),36+(12/2)
Vsel,s,loc,y,8.75,10.75

Vgen,2,all,,,,, 72
Vgen,2,all,,,-181

ICut concrete for Shear
Stud placement
CSYS,0

Allsel,all
Vsel,u,loc,x,-1,1
Vsel,u,loc,x,L/4
Vsel,u,loc,x,-L/4
Vsel,u,loc,y,8.75,10.75
Vsel,a,loc,y,-(hg+tf),-(hg)
wpoff,,,35.4375
vsbw,all

wpoff,,, 73.125

vsbw,all

wpstyl,defa
Vsel,s,loc,x,-96.5,-48.5
Vsel,a,loc,x,48.5,96.5
Vsel,a,loc,y,-(hg+tf),-(hg)
Vsel,u,loc,y,8.75,10.75
Vsel,u,loc,x,L/4
Vsel,u,loc,x,-L/4
wpoff,,,9.2750

vsbw,all

wpoff,,,2.625

vsbw,all

wpoff,,,5

vsbw,all

wpoff,,,2.625

vsbw,all

wpoff,,,5.275

vsbw,all

wpoff,,,8

vsbw,all

wpoff,,,5.275

vsbw,all

wpoff,,,2.625

vsbw,all

wpoff,,,5

vsbw,all

wpoff,,,2.625

vsbw,all

wpoff,,,5.275
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vsbwi,all
wpoff,,,8
vsbw,all
wpoff,,,5.275
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5
vsbw,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5.275
vsbw,all
wpoff,,,8
vsbwi,all
wpoff,,,5.275
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5.275
vsbwi,all
wpoff,,,8
vsbwi,all
wpoff,,,5.275
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpoff,,,5
vsbwi,all
wpoff,,,2.625
vsbwi,all
wpstyl,defa
Vsel,s,loc,z,32.8,38.075
Vsel,a,loc,z,105.925,111.2
Vsel,a,loc,y,-(hg+d),-hg
wprot,,,90
wpoff,,,82
vsbwi,all
wpoff,,-164
vsbwi,all



wpstyl,defa

IGlue Grout
Vsel,s,loc,x,-1,1
Vsel,u,loc,y,-(hg+d),-hg
Vglue,all

IGlue concrete and bearing

plates

Vsel,inve
Vsel,u,loc,y,-(hg+d),-hg
Vglue,all

IGlue Girders
Vsel,s,loc,y,-(hg+d),-hg
wprot,,,90
wpoff,,, 15
vsbwi,all
wpoff,,,33.5
vsbwi,all
wpstyl,defa
wprot,,,-90
wpoff,,, 15
vsbwi,all
wpoff,,,33.5
vsbwi,all
wpstyl,defa
Vglue,all

IGlue and Mesh Curved
Strand

Lsel,s,,,831,832
Lsel,a,,,15613,15614
Lsel,a,,,10189,10334,145
Lsel,a,,,213,705,492
Lsel,a,,,106,184,13
Lsel,a,,,91,273,182
Lsel,a,,,354,377,23
Lsel,a,,,5705,6072,367
Lsel,a,,,5061,5113,52
Lsel,a,,,10343,10383,8
Lsel,a,,,10285,10390,105
Lsel,a,,,10423,10424
Lsel,a,,,282,330,8

Lsel,a,,,519,859,340
Lsel,a,,,31,38,7
Lsel,a,,,10204,10269,13
Lsel,a,,,10303,10403,100

Lsel,a,,,1588,1596,8
Lsel,a,,,971,1372,401
Lsel,a,,,4938,4983,45
Lsel,a,,,916,1083,167
Lsel,a,,,931,970,13
Lsel,a,,,15599,15600
Lsel,a,,,2028,2160,132
Lsel,a,,,7571,7596,25
Lsel,a,,,9723,9856,133
Lsel,a,,,9865,9881,8
Lsel,a,,,9890,9901,11
Lsel,a,,,9808,9816,8
Lsel,a,,,1092,1116,8
Lsel,a,,,7509,7511,2
Lsel,a,,,1662,1875,213
Lsel,a,,,9738,9764,13
Lsel,a,,,9780,9792,12

Lsel,a,,,1979,1992,13
Lsel,a,,,2045,2046
Lsel,a,,,1827,1845,18
Lsel,a,,,4824,4827,3
Lsel,a,,,1731,1923,192
Lsel,a,,,1932,1972,8
Lsel,a,,,15585,15586
Lsel,a,,,3608,5202,1594
Lsel,a,,,7825,7985,160
Lsel,a,,,9205,9350,145
Lsel,a,,,9359,9399,8
Lsel,a,,,9301,9319,18
Lsel,a,,,9406,9419,13
Lsel,a,,,9439,9440
Lsel,a,,,1746,1811,13
Lsel,a,,,7917,7919,2
Lsel,a,,,5167,5170,3
Lsel,a,,,9220,9285,13

Lsel,a,,,2641,2649,8
Lsel,a,,,2770,2781,11
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Lsel,a,,,2745,2761,8
Lsel,a,,,2312,2736,424
Lsel,a,,,3624,5340,1716
Lsel,a,,,4706,4751,45
Lsel,a,,,15571,15572
Lsel,a,,,7841,8256,415
Lsel,a,,,8739,8872,133
Lsel,a,,,8881,8897,8
Lsel,a,,,8906,8917,11
Lsel,a,,,8824,8832,8
Lsel,a,,,2625
Lsel,a,,,2522,2583,61
Lsel,a,,,2435,2466,31
Lsel,a,,,8112,8117,5
Lsel,a,,,5270,5274,4
Lsel,a,,,8754,8780,13
Lsel,a,,,8796,8808,12

Lsel,a,,,3583,3596,13
Lsel,a,,,3649,3650
Lsel,a,,,3431,3449,18
Lsel,a,,,3350,3415,13
Lsel,a,,,3536,3576,8
Lsel,a,,,3335,3527,192
Lsel,a,,,5411,5495,84
Lsel,a,,,5459,5463,4
Lsel,a,,,4407,4459,52
Lsel,a,,,12470,12471
Lsel,a,,,8484,8486,2
Lsel,a,,,8404,8548,144
Lsel,a,,,906,1192,286
Lsel,a,,,5606
Lsel,a,,,1675,1902,227
Lsel,a,,,2198,2297,99
Lsel,a,,,5616,5656,8
Lsel,a,,,2503,2976,473
Lsel,a,,,5729,5730
Lsel,a,,,5663,5676,13
Lsel,a,,,3288

Esize,2
Lglue,all
Latt,3,3,3
Lmesh,all



IMesh Grout

Esize,2
Vsel,s,loc,x,-1,1
Vsel,u,loc,y,-(hg+d),-hg
Vatt,4,4,4

Vsweep,all

IMesh Steel Plates
Esize,2

Vsel,s,,,30
Vsel,a,,,60,62,2
Vsel,a,,,80,97,17
Vsel,a,,,228,230,2
Vsel,a,,,284,683,399
Vsel,a,,,827
Vsel,a,,,834,839,5
Vsel,a,,,856,859,3
Vsel,a,,,860,868,8
Vsel,a,,,900
Vsel,a,,,903,904
Vsel,a,,,912,917,5
Vsel,a,,,1026
Vsel,a,,,1051,1078,27
Vsel,a,,,1338,1351,13
Vsel,a,,,1372,1436,64
Vsel,a,,,1454,1456,2
Vsel,a,,,1466,1541,75
Vsel,a,,,1554,1575,21
Vsel,a,,,1639,1657,18
Vsel,a,,,1659,1671,12
Vsel,a,,,2030
Vsel,a,,,2060,2062,2
Vsel,a,,,2080,3080,1000
Vsel,a,,,2873
Vsel,a,,,2875,2876
Vsel,a,,,2889,2912,23
Vsel,a,,,2914,2916
Vsel,a,,,2923,2924
Vsel,a,,,2937,2944,7
Vsel,a,,,2955
Vsel,a,,,4030,4060,30
Vsel,a,,,4062,4082,20
Vsel,a,loc,y,8.75,10.75

Vatt,2,2,2
Vsel,u,loc,y,8.75,10.75
Vsweep,all

IMesh Concrete and Load
Bearing Plates

Esize,2
Vsel,s,mat,,2,4,2
Vsel,inve
Vsel,u,loc,y,-(hg+d),-hg
Vatt,1,1,1
Vsel,r,loc,x,-12,12
Vsweep,all
Vsel,s,loc,x,-48.5,48.5
Vsel,u,loc,x,-12,12
Vsel,u,mat,,2,4,2
Vsel,u,loc,y,-(hg+d),-hg
Vsweep,all

Allsel,all
Vsel,u,loc,x,-48.5,48.5
Vsel,u,loc,y,-(hg+d),-hg
Vsweep,all

IMesh Girders
Esize,0.6
Vsel,s,loc,y,-(hg+d),-hg
Vatt,2,2,2

Vsweep,all

IPlace Shear Studs
Allsel,all

Ksel,s,loc,y
IKsel,a,loc,y,-hg
Ksel,u,loc,x,-121,-82.01
Ksel,u,loc,x,-81.99,-48.51
Ksel,u,loc,x,-48.49,-15.01
Ksel,u,loc,x,-14.99,14.99
Ksel,u,loc,x,15.01,48.49
Ksel,u,loc,x,48.51,81.99
Ksel,u,loc,x,82.01,121
Ksel,u,loc,z,0,32.79
Ksel,u,loc,z,32.81,35.4374
Ksel,u,loc,z,35.4376,38.07
49
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Ksel,u,loc,z,38.0751,105.9
249
Ksel,u,loc,z,105.9251,108.
56249
Ksel,u,loc,z,108.56251,11
1.19
Ksel,u,loc,z,111.21,144
Nslk,s

Type,7

Real,7

Esys,0

SECNUM,,

TSHAP,LINE
EINTF,0.0001,,LOW,0,0,0
,0,0

IContact Target Elements
Allsel,all
Vsel,s,mat,,4

Aslv,r
Asel,r,loc,x,0.5,1.25
Asel,u,loc,x,0.50001,0.749
99

Asel,u,loc,y,2.5
Asel,u,loc,y,3.5,3.51
Asel,u,loc,y,6
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6
Asel,u,loc,z,66.875
Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125
Asel,u,loc,z,82.4



Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,5

Mat,4

Real,5

Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,1
Vsel,r,loc,x,0,4
Aslv,r
Asel,r,loc,x,0.5,1.25
Asel,u,loc,y,0
Asel,u,loc,y,1.75
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,35.4375
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6
Asel,u,loc,z,66.875
Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125

Asel,u,loc,z,82.4
Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,108.5625
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,6

Mat,5

Real,5

Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,4

Aslv,r
Asel,r,loc,x,-1.25,-0.5
Asel,u,loc,x,-0.74999,-
0.50001
Asel,u,loc,y,2.5
Asel,u,loc,y,3.5,3.51
Asel,u,loc,y,6
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6
Asel,u,loc,z,66.875
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Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125
Asel,u,loc,z,82.4
Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,5

Mat,4

Real,6

Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,1
Vsel,r,loc,x,-4,0
Aslv,r
Asel,r,loc,x,-1.25,-0.5
Asel,u,loc,y,0
Asel,u,loc,y,1.75
Asel,u,loc,z,0
Asel,u,loc,z,9.2750
Asel,u,loc,z,11.9
Asel,u,loc,z,16.9
Asel,u,loc,z,19.525
Asel,u,loc,z,24.8
Asel,u,loc,z,32.8
Asel,u,loc,z,35.4375
Asel,u,loc,z,38.075
Asel,u,loc,z,40.7
Asel,u,loc,z,45.7
Asel,u,loc,z,48.325
Asel,u,loc,z,53.6
Asel,u,loc,z,61.6



Asel,u,loc,z,66.875
Asel,u,loc,z,69.5
Asel,u,loc,z,74.5
Asel,u,loc,z,77.125
Asel,u,loc,z,82.4
Asel,u,loc,z,90.4
Asel,u,loc,z,95.675
Asel,u,loc,z,98.3
Asel,u,loc,z,103.3
Asel,u,loc,z,105.925
Asel,u,loc,z,108.5625
Asel,u,loc,z,111.2
Asel,u,loc,z,119.2
Asel,u,loc,z,124.475
Asel,u,loc,z,127.1
Asel,u,loc,z,132.1
Asel,u,loc,z,134.725
Asel,u,loc,z,144
Nsla,s,1

Type,6

Mat,5

Real,6

Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,2
Aslv,r
Asel,r,loc,y,-hg
Asel,u,loc,z,72,144
Nsla,s,1
Type,5

Mat,2

Real,8
Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,1,4,3
Aslv,r

Asel,r,loc,y,0
Asel,u,loc,z,0,24.8
Asel,u,loc,z,45.7,144
Nsla,s,1

Type,6

Mat,5

Real,8
Tshape,quad
Esurf,,bottom

Allsel,all
Vsel,s,mat,,2
Aslv,r
Asel,r,loc,y,-hg
Asel,u,loc,z,0,72
Nsla,s,1
Type,5

Mat,2

Real,9
Tshape,quad
Esurf,,top

Allsel,all
Vsel,s,mat,,1,4,3
Aslv,r
Asel,r,loc,y,0
Asel,u,loc,z,0,98.3
Asel,u,loc,z,119.2,144
Nsla,s,1

Type,6

Mat,5

Real,9
Tshape,quad
Esurf,,bottom

finish

/solu

Allsel,all
wpstyl,defa
Nsel,s,loc,x,-7,7
Nsel,r,loc,y,-(hg+d)
d,all,uy

d,all,uz
Nsel,s,loc,y,10.75
Nsel,u,loc,x,0,L/2
d,all,ux

d,all,uy

d,all,uz
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Nsel,s,loc,y,10.75
Nsel,u,loc,x,-L/2,0
*Get,Ncount,node,0,count
F=550

F,all,Fy,-F/Ncount

allsel,all
cnvtol,f,,0.05,2,0.01
nsubst,100
outres,all,all
autots,1

ncnv,2

neqit,200

pred,on

time,100

solve



