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! Beam Volume
MAT,1
WPOFF, ,, DIS
RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90
WPOFF, , . BA+BWT/2
ASBW,ALL
WPOFF, , ,-2*BA-BWT
ASBW,ALL
A11,12,13,17
A,9,10,20,16
WPOFF, , BA+BWT/2+ATL/2
ASBW,5
WPOFF, , ,-ATL
ASBW,1
VEXT,ALL, ,,, ,BL-DIS
WPCSYS,1,0
VSEL,ALL
WPOFF,0,0,ATH
VSBW,ALL
WPOFF,0,0,WT
VSBW,ALL
WPOFF,0,0,ABH-ATH-WT
VSBW,ALL
WPOFF,0,0,-ABH+ABT+BAA
VSBW,ALL

)



VSEL,ALL
CM,BEAM,VOLU
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! Top Angle Volume
WPLANE,1,0,BH/2+ATT,ATT
BLOCK,-ATL/2,ATL/2,-ATT, ATH-ATT,-ATT,ATH-ATT
BLOCK,-ATL/2,ATL/2,0,ATH-ATT,0,ATH-ATT
AFILLT,68,71,TAA,
VSBA,14,77
VSBV,13,16
VDELE,15,,,1
VSBW,14
WPOFF, , . TAA
VSBW,15
WPOFF, , -TAA
WPRO, , -90
VSBW,ALL
WPOFF, , . TAA
VSBW,ALL
WPRO, , ,-90
VSEL,S,LOC,Y,BH/2,BH
WPOFF, , . BA+BWT/2
VSBW,ALL
WPOFF, , ,-2*BA-BWT
VSBW,ALL
VSEL,S,LOC,Y,BH/2,BH/2+ATH
CM,ANG_TOP,VOLU
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! Bottom Angle Volume
WPLANE,1,0,-BH/2-ABT,ABT

BLOCK,-ABL/2,ABL/2,-ABH+ABT,ABT,-ABT,ABH-ABT
BLOCK,-ABL/2,ABL/2,-ABH+ABT,0,0,ABH-ABT
AFILLT,292,289,BAA,
VSBA,22,302

VSBV,20,70

VDELE,68,,1

VSBW,22

WPOFF, , ,BAA
VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
VSBW,ALL

WPOFF, , ATH-BAA-ABT
VSBW,ALL

WPOFF, , WT

VSBW,ALL

WPOFF, , -ATH+ABT-WT
VSEL,ALL

WPRO, , -90

VSBW,ALL

WPOFF, , -BAA

VSBW,ALL

WPRO, , ,-90
VSEL,S,LOC,Y,-BH,-BH/2
WPOFF, , ,BW/2

VSBW,ALL

WPOFF, , \WB

q¢



VSBW,ALL

WPOFF, , ,-BW-WB

VSBW,ALL

WPOFF, , ,-WB

VSBW,ALL
VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
CM,ANG_BOTTOM,VOLU
VSEL,ALL

VATT,1,,1,0
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Jlasl o an S (A-Y) IS

lwelding
ASEL,S,LOC,Z,ATH
ASEL,R,LOC,Y,BH/2,BH/2+ATH
VEXT,ALL, , ,0,00WT
ASEL,S,LOC,Y,BH/2+ATH
VEXT,ALL, , ,0,WT,0
ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,Z,0,ABT
ASEL,U,LOC,X,-BW/2-WB,BW/2+WB
VEXT,ALL, , ,0,WB,0
ASEL,S,LOC,X,ABL/2
ASEL,R,LOC,Z,0,ABT
ASEL,R,LOC,Y,-BH/2,-ABH-BH/2
VEXT,ALL, , ,WB,0,0
ASEL,S,LOC,X,-ABL/2
ASEL,R,LOC,Z,0,ABT
ASEL,R,LOC,y,-BH/2,-ABH-BH/2
VEXT,ALL, , ,-WB,0,0

1
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ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,X,BW/2,BW/2+WB
ASEL,R,LOC,Z,DIS,ABH
VEXT,ALL, , ,0,BFT,0
ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,X,-BW/2,-BW/2-WB
ASEL,R,LOC,Z,DIS,ABH
VEXT,ALL, , ,0,BFT,0

VSEL,ALL

IWELD CUTTING
A155,153,297,301
VSEL,S,LOC,Y,BH/2+ATH,BH/2+ATH+WT
VSBA,ALL,571

VDELE,139,141, .1
A,157,158,289,293
VSEL,S,MAT,,0
VSEL,R,LOC,Y,BH/2,BH/2+ATT
VSBA,ALL,393

VDELE,139,141, /1
A,198,204,313,317
VSEL,S,MAT,,0
VSEL,R,LOC,X,ABL/2,ABL/2+WB
VSBA,ALL,352

VDELE,139,141, ,1
A197,202,321,327
VSEL,S,MAT,,0
VSEL,R,LOC,X,-ABL/2,-ABL/2-WB
VSBA,ALL,352

VDELE,139,141, /1
A,279,287,337,331
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,BW/2,BW/2+WB
VSBA,ALL,352

VDELE, 140,143, /1
A,248,256,347,342
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,-BW/2,-BW/2-WB
VSBA,ALL,352

Vv



VDELE,140,143, ,1
VSEL,S,MAT,,0
A,198,287,311,309
VSBA,106,352
VDELE,133,,,1
A,306,305,197,256
VSBA,95,506
VDELE,133, ,,1
VSEL,S,MAT,,0
VATT,2,,1,0
CM,WELD,VOLU
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ANSYS Main Menu > Preprocessor > Modeling > create > Key points > In Active cs
ANSYS Main Menu > Preprocessor > Modeling > create > Areas > Rectangle > By Dimensions

ANSYS Main Menu > Preprocessor > Modeling > create > Volume > Block > By Dimensions

il gl Colu
ANSYS Main Menu > Preprocessor > Modeling > create > Lines > Lines > In Active coord

100l gi bglas SS 4y mhaw L
ANSYS Main Menu > Preprocessor > Modeling > create > Areas > Arbitrary > By Lines

ANSYS Main Menu > Preprocessor > Modeling > Operate > Extrude/Sweep > Areas > By xyz off set
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ANSYS Main Menu > Preprocessor > Meshing > Mesh Tool
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Mesh : Volumes

Shape : Tet
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1000x1°
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MPTEMP.,,,,.,,,

MPTEMP,1,0
MPDATA,EX,1,,200e9
MPDATA,PRXY 1,,.3
Block,-0.005,0.005,-0.06,0.06,0,1
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DISPLACEMENT
STEP=1
SUB =1
TIME-1
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A Error

Q Unable to mesh area 1 because of shape problems. It may help ko change element size on edges of
area,
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Multiple_Entities

There are 2 Modes at thiz location.
Picked Mode iz 18

Continue picking or zelect OF, PREY ar MEXT

Ok, | Prew |

Hext I

oSS Slaiz b 0,5 90 3¢9 Hlazl (VV-Y) &

N Error

Q

P29 (0

Area 1 has already been meshed and can not be operated on by the ASBA command, The command
is ignored, Please clear the mesh and issue the command again.
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M\ Error

Q Area S is irreqular, Cannot be map meshed with quadrilaterals,
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! Everything Mesh
ALLSEL,ALL
ESIZE,BW/7,0,
MSHAPE,0,3D
MSHKEY,1
VMESH,ALL
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1 COUPLING
NSEL,S,LOC,Y,BH/2
NSEL,R,LOC,Z, ATH,ATH+WT
CPINTF,ALL
NSEL,S,LOC,X,-BW/2
NSEL,A,LOC,X,BW/2
NSEL,R,LOC,Y,-BH/2+BFT,-BH/2
NSEL,R,LOC,Z,ABT,ABH
CPINTF,ALL
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ANSYS Main Menu > Preprocessor > Loads > Apply > structural > Displacement > on Nodes
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ANSYS Main Menu > Preprocessor > Loads > Apply > structural > Force-moment > on Nodes
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! Restrain support nodes

NSEL,S,LOC,Y,BH/2+ATH,BH/2+ATH+WT
NSEL,A,LOC,X,ABL/2,ABL
NSEL,A,LOC,X,-ABL,-ABL/2
NSEL,R,LOC,Z,0

D,ALL,ALL
NSEL,S,LOC,X,-BW/2-WB,-ABL/2
NSEL,A,LOC,X,BW/2+WB,ABL/2
NSEL,R,LOC,Y,-BH/2+BFT,-BH/2
NSEL,R,LOC,Z,0

D,ALL,ALL

ALLSEL,ALL
KSEL,S,KP,,26,41,15
FK,ALL,FY,-ENDLOAD

SO HE NN i

g oebats JIUT) by e sla 4t 35 Wb (o e Jolos plovil (sl lal
ANSYS Main Menu > Solution > Analysis Type>Sol’n Control

A\ Solution Controls

1

Basic ]

Analysis Options

[Small Displacement: Static j

I Calculate prestress effects

[~ Time Control

Time at end of loadstep 0
Aukomatic time stepping Prog Chosen :1

& Mumber of substeps

7 Time increment

Mumber of substeps 0
Max no. of substeps 0
Min no. of substeps

] Sol'n Options ] Monlinear ] Advanced NL]

Write Ikems to Results File

(" all solution items

" Basic quantities

" User selected

Modal DOF Salution =
Modal Reaction Loads

Element Solution

Element Modal Laads

Element Nodal Stresses j
Frequency:
IWrite last substep only ﬂ

—

oK ‘ Cancel ‘

Help

Solution Controls g (Y-Y) S
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1 SOLVE
/SOL
CNVTOL,F, ,0.01,2,1,
NSUBST,10,50,8
OUTRES,ERASE
OUTRES,ALL,ALL
LNSRCH,1
CUTCONTROL,PLSLIMIT,1
TIME,10
[STATUS,SOLU
SOLVE

,o Solution is done play L aluce > (g, 58lccen SULl g Joo poe> a3 a5 b o 5l e
Dgd oo JolS 555055 0, S
5 oualine Y-Y-¥
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ANSYS Main Menu > General Postproc > Plot Results > Deformed shape
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ANSYS Main Menu > General Postproc > Plot Results > Contour plot > Nodal Solu
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/POST1

SET,LAST

*GET,LASTSTEP,ACTIVE,0,SET,SBST
*GET,LASTTIME,ACTIVE,0,SET, TIME
*DIM,DELTAZ TABLE,LASTSTEP,2,1,COL,ROW
*DIM,DELTA,ARRAY,LASTSTEP,6,1,Z1,2J,
SET,FIRST

*DO,1,1,LASTSTEP
*GET,STEPTIME,ACTIVE,0,SET, TIME
*GET,ZI,NODE,63,U,Z

*GET,ZJ,NODE,1,U,Z

ROW=2ZI-ZJ
STEPLOAD=STEPTIME*ENDLOAD*2/LASTTIME
DELTA(1,1)=I

DELTA(1,2)=STEPTIME
DELTA(I,3)=STEPLOAD

DELTA(1,4)=ZI

DELTA(I,5)=2J

DELTA(I,6)=ROW

DELTAZ(I,1)=STEPLOAD

DELTAZ(I,2)=ROW

SET,NEXT

*ENDDO

*VPLOT, DELTAZ(1,2),DELTAZ(1,1)
Jui,copy,save,EMF,FULL,MONO,REVERSE,LANDSCAPE
VPLOT

IVIEW,1,1,1,1 I IZOMETRIC VIEW
JANG,1

JAUTO,1

IREP
Jui,copy,save,EMF,FULL,MONO,REVERSE,PORTRAIT
PLDISP,0



/ui,copy,save,EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, U,Y, 0,1
/ui,copy,save,EMF,FULL,MONO,REVERSE,LANDSCAPE
ANCNTR,10,.5

PLNSOL, U,Z,0,1.0
/ui,copy,save,EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, S,Y, 0,1.0
/ui,copy,save,EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, S,Z,0,1.0
/ui,copy,save,EMF,FULL,MONO,REVERSE,LANDSCAPE

L Jlast glo 25 5 b S0 5t 5l gl iz 9 0,99, Jloged sl slel o Vb &l jgs

Lo jlogad (9903 05,053 (sl Cunsd ol i8035 T eME o )b b ) Wl s 5 05T (o0 om0
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/axlab,x,Rotation (Rad) I x axis lable

/axlab,y,Moment (N.m) 'y axis lable

/plopts, title,off 1Dont show the title on the graph
/plopts,frame,off 1Dont show the frame around the graph
judoc,,date,off 1Dont show date and ansys logo on the plot
judoc,,type,off 1Dont show type of the graph
/color,curve,whit icolor of the curves 1,3 increment 1 is white
/grid,0 INo grid lines in x and y directions
/gthk,curve,0 Thickness of curves

/gropt,digl,4 INumber of digits used in axis is 3 multiply by 10
/gropt,axnsc,1.6 iFont size of the axis numbers is in size 2
/gropt,view,0,0,1 IMake it possible to change the graph size

/dev,font,1, Times*New*Roman,1000,0,36

judoc,,typ2,right 1Dont show legend of the graphs
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1 Web Angle

BLOCK,BWT/2,BWT/2+AH,-AL/2,AL/2,0,AH
BLOCK,BWT/2+AT,BWT/2+AH,-AL/2,AL/2, AT,AH

AFILLT,96,183,AA,
VSBA,21,186
VSBV,19,43
VDELE,39,,,1

BLOCK,-BWT/2,-BWT/2-AH,-AL/2,AL/2,0,AH
BLOCK,-BWT/2-AT,-BWT/2-AH,-AL/2,AL/2, AT,AH

AFILLT,192,183,AA,
VSBA,39,195
VSBV,19,44
VDELE43,,,1
VSEL,ALL
CMSEL,U,BEAM
WPOFF,, AT,
VSBW,ALL



WPOFF,, AA,
VSBW,ALL

WPOFF,, DIS-AT-AA,
VSBW,ALL
WPROTA,,,90
WPOFF,, AT+BWT/2,
VSBW,ALL
WPOFF,, AA,
VSBW,ALL
WPOFF,,,-2*AT-BWT-AA,
VSBW,ALL
WPOFF,,,-AA,
VSBW,ALL
CM,ANGLE,VOLU
VSEL,ALL
VATT,1,1,0
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ASEL,S,LOC,X,AH+BWT/2
ASEL,R,LOC,Y,-AL/2,AL/2

VEXT,ALL,, WC,,

ASEL,S,LOC,X,-AH-BWT/2
ASEL,R,LOC,Y,-AL/2,AL/2

VEXT,ALL,,,-WC,,
ASEL,S,LOC,Z,AH
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ASEL,R,LOC,Y,-AL/2,AL/2
ASEL,U,LOC,X,-BWT/2,BWT

VEXT,ALL,,,,,WB

ASEL,S,LOC,Y,AL/2

ASEL,R,LOC,Z,DIS,AH
ASEL,U,LOC,X,-BWT/2,BWT

VEXT,ALL,,, WB,

ASEL,S,LOC,Y,-AL/2

ASEL,R,LOC,Z,DIS,AH
ASEL,U,LOC,X,-BWT/2,BWT

VEXT,ALL,,,,-WB,

VSEL,S,MAT,,0
A171,123,124,169
VSBA,54,281
VDELE,63,,,1
A132,131,173,175
VSBA,55,240
VDELE,63,,,1
A,180,177,125,128
VSBA,56,245
VDELE,63,,,1
A,183,181,136,137
VSBA,57,249
VDELE,63,,,1
A,186,185,128,148
VSBA,58,252
VDELE,63,,.1
A189,191,152,137
VSBA,59,256
VDELE,63,,,1
A147,194,193,125
VSBA,60,260
VDELE,63,,.1
A,136,151,198,197
VSBA,61,264
VDELE,63,,.1
VSEL,S,MAT,,0
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VATT,2,,1,0
CM,WELD,VOLU
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NSEL,S,LOC,X,BWT/2
NSEL,A,LOC,X,-BWT/2
NSEL,R,LOC,Z,AH,AH+WB
NSEL,R,LOC,Y,-AL/2,AL/2
CPINTF,ALL
NSEL,S,LOC,X,BWT/2
NSEL,A,LOC,X,-BWT/2
NSEL,R,LOC,Z,DIS,AH
NSEL,U,LOC,Z,AH
NSEL,R,LOC,Y,-AL/2-WB,-AL/2
CPINTF,ALL
NSEL,S,LOC,X,BWT/2
NSEL,A,LOC,X,-BWT/2
NSEL,R,LOC,Z,DIS,AH
NSEL,U,LOC,Z,AH
NSEL,R,LOC,Y,AL/2, AL/2+WB
CPINTF,ALL
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! Restrain support nodes

NSEL,S,LOC,X,-AH-BWT/2-WC,-AH-BWT/2
NSEL,A,LOC,X,AH+BWT/2,AH+BWT/2+WC

NSEL,R,LOC,Z,0
D,ALL,ALL



KSEL,S,KP,,26,39,13
FK,ALL,FY,-ENDLOAD
ALLSEL,ALL
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! Top Plate

WPCSYS, 1,0
BLOCK,-B1/2,B1/2,BH/2,BH/2+T1,0,L1
VSEL,S,LOC,Y,BH/2,BH

WPOFF,, D1

VSBW,ALL



WPOFF,,,0.04-D1
VSBW,ALL
WPOFF,,,0.01
VSBW,ALL
WPRO,,,-90
WPOFF,,,BW/2-0.01
VSBW,ALL
WPOFF,,,-BW+0.02
VSBW,ALL
A,159,182,181,158
VSBA,30,199
A160,172,171,157
VSBA,67,209
VDELE,26,46,20,1
VDELE,30,31,,1
WPOFF,, BW/2-0.01+BA+BWT/2
VSBW,ALL
WPOFF,,,-2*BA-BWT
VSBW,ALL
WPRO,,-90,0
WPOFF,,,BH/2+D1
VSBW,ALL
VSEL,U,LOC,Z,0,D1
CM,TOP_PLATE,VOLU
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1 BOTTOM PLATE
WPCSYS, 1,0
BLOCK,-B2/2,B2/2,-BH/2,-BH/2-T2,0,L2
VSEL,S,LOC,Y,-BH/2,-BH
WPOFF,,,D2
VSBW,ALL
WPOFF,,,0.05-D2
VSBW,ALL
WPOFF,,W-0.05
VSBW,ALL
WPRO,,,-90
WPOFF,, TS/2
VSBW,ALL
WPOFF,,,DS
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VSBW,ALL

WPOFF,, BW/2-TS/2-DS
VSBW,ALL

WPOFF,,,D2

VSBW,ALL
WPOFF,,,-BW/2-D2-TS/2
VSBW,ALL
WPOFF,,,-DS
VSBW,ALL
WPOFF,,,-BW/2+TS/2+DS
VSBW,ALL
WPOFF,,,-D2
VSBW,ALL
ASEL,S,LOC,Y,-BH/2-T2
ASEL,R,LOC,Z,0,W
ASEL,R,LOC,X,-TS/2,TS/2
AGEN,2,ALL,,,,,,,,0
ASEL,S,AREA,,108,109
ASEL,A AREA,,116
VEXT,ALL, , , ,-HS,
WPRO,,90,

WPOFF,, BH/2+T2+DS
VSBW,ALL
WPOFF,,,0.02-DS
VSBW,ALL
A,354,353,333,334

VSEL,R,LOC,Y,-BH/2-T2-0.02,-BH/2-HS

VSEL,U,LOC,Z,0,D2
VSBA,ALL,563
VDELE,134,140,6,1

VSEL,S,LOC,Y,-BH/2,-BH/2-HS

VSEL,U,LOC,Z,0,D2

VSEL,A,LOC,Y,-BH/2-T2,-BH/2-HS
CM,BOTTOM_PLATE,VOLU

VSEL,ALL
VATT,1,1,0
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I WELDING
VSEL,S,LOC,Y,BH/2,BH/2+T1
VSEL,R,LOC,Z,0,D1
VSEL,A,LOC,Y,-BH/2,-BH/2-T2
VSEL,R,LOC,Z,0,D2
VATT,2,1,0
ASEL,S,LOC,Y,BH/2,BH/2+D1
ASEL,R,LOC,Z,L1
VEXT,ALL,,,,,D1
ASEL,S,LOC,X,-BW/2,-BW/2-D2
ASEL,A,LOC,X,BW/2,BW/2+D2
ASEL,R,LOC,Y,-BH/2
ASEL,R,LOC,Z,0.05,L2
VEXT,ALL,,,,BFT,
ASEL,S,LOC X,-TS/2,-TS/2-D2
ASEL,A,LOC,X,TS/2,TS/2+D2
ASEL,R,LOC,Y,-BH/2-T2
ASEL,R,LOC,Z,D2,W
VEXT,ALL,,,,-DS,
ASEL,S,LOC,X,-TS/2
ASEL,R,LOC,Y,-BH/2-T2,-BH/2-HS
ASEL,R,LOC,Z,0,D2
VEXT,ALL,,,-DS,,
ASEL,S,LOC,X,TS/2
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ASEL,R,LOC,Y,-BH/2-T2,-BH/2-HS
ASEL,R,LOC,Z,0,D2
VEXT,ALL,,,DS,,

' WELD CUTTING
VSEL,S,LOC,Y,BH/2,BH/2+D1
VSEL,R,LOC,Z,L1,L1+D1
A,219,215,336,357
VSBA,ALL,650
VDELE,157,159,,1
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,BW/2,BW/2+D2
A,371,369,318,322
VSBA,ALL,458
VDELE,134,157,23,1
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,-BW/2,-BW/2-D2
A,365,281,278,364
VSBA,ALL,458
VDELE,143,157,14,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-DS
VSEL,R,LOC,X,TS/2,TS/2+DS
VSEL,R,LOC,Z,D2,W
A,299,384,379,296
VSBA,ALL,458
VDELE,143,157,14,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-DS
VSEL,R,LOC,X,-TS/2,-TS/2-DS
VSEL,R,LOC,Z,D2,W
A,256,259,377,373
VSBA,ALL,458
VDELE,147,157,10,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-HS
VSEL,R,LOC,X,TS/2,TS/2+DS
VSEL,R,LOC,Z,0,DS
A,325,333,395,397
VSBA,ALL,458
VDELE,157,159,,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-HS
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VSEL,R,LOC,X,-TS/2,-TS/2-DS
VSEL,R,LOC,Z,0,DS
A,389,326,334,385
VSBA,ALL,458
VDELE,157,159,,1
VSEL,S,MAT,,0

VATT,2,1,0

VSEL,S,MAT,,2
CM,WELD,VOLU
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1 COUPLING
NSEL,S,LOC,Y,BH/2
NSEL,R,LOC,Z,L1,L1+D1
CPINTF,ALL
NSEL,S,LOC,X,BW/2
NSEL,A,LOC,X,-BW/2
NSEL,R,LOC,Y,-BH/2,-BH/2+BFT
NSEL,R,LOC,Z,0.05,L1
CPINTF,ALL
NSEL,S,LOC,X,TS/2
NSEL,A,LOC,X,-TS/2
NSEL,R,LOC,Y,-BH/2-T2,-BH/2-T2-DS
NSEL,R,LOC,Z,D1,W
CPINTF,ALL
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I Restrain support nodes
NSEL,s,LOC,Z,0
D,ALL,ALL
ALLSEL,ALL
KSEL,S,KP,,26,41,15
FK,ALL,FY,-ENDLOAD
ALLSEL,ALL
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! Beam Volume

WPOFF, ,, DIS

RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90

WPOFF, , BA+BWT/2

ASBW,ALL

WPOFF, , ,-2*BA-BWT

ASBW,ALL

A11,12,13,17

A9,10,20,16

AGEN,ALL,,-BW/2-D/2, , ,, ,1
AGEN,2,ALL,,,BW+D, ,,, ,0

WPOFF, , BA+BWT/2-ATL/2

ASBW,10

WPOFF, , ATL

ASBW,5

VEXTALL,,,, BL-DIS

WPCSYS,1,0

VSEL,ALL

WPOFF,0,0,ATH

VSBW,ALL

WPOFF,0,0,WT

VSBW,ALL

WPOFF,0,0,ABH-ATH-WT

VSBW,ALL
WPOFF,0,0,-ABH+ABT+BAA
VSBW,ALL

VSEL,ALL

CM,BEAM,VOLU
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! Beam Volume

WPOFF, ,, DIS
RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90

WPOFF, , ,.BA+BWT/2
ASBW,ALL

WPOFF, , -2*BA-BWT
ASBW,ALL

A11,12,13,17

A9,10,20,16

AGEN, ALL,,,-BW/2-D/2, , ,, 1
AGEN,2,ALL,,,BW+D,,,,,0
VEXT,ALL, ,,, ,BL-DIS
WPCSYS,1,0

VSEL,ALL
WPOFF,0,0,AWH-0.002
VSBW,ALL

WPOFF,0,0,0.002

VSBW,ALL

WPOFF,0,0, WWB

VSBW,ALL
WPOFF,0,0,ABH-AWH-WWB
VSBW,ALL

WPROTA,,-90,
WPOFF,0,0,AWL/2
VSBW,ALL

WPOFF,0,0,WWB

VSBW,ALL
WPOFF,0,0,-~-AWL-WWB
VSBW,ALL

WPOFF,0,0,-WWB

VSBW,ALL
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VSEL,ALL
CM,BEAM,VOLU
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I Beam Volume

WPOFF, , , DIS

RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90

WPOFF, , . BA+BWT/2

ASBW,ALL

WPOFF, , ,-2*BA-BWT

ASBW,ALL

A11,12,13,17

A9,10,20,16

AGEN, ALL,,-BW/2-D/2,,,, 1
AGEN,2,ALL,,BW+D,,,,,0

WPOFF, , BA+BWT/2-ATL/2

ASBW,10

WPOFF, , ATL

ASBW,5

VEXT,ALL, ,,, ,BL-DIS

WPCSYS, 1,0

VSEL,ALL

WPOFF,0,0,ATH

VSBW,ALL

WPOFF,0,0,WT

VSBW,ALL

WPCSYS, 1,0

VSEL,ALL

CM,BEAM,VOLU
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.01 .03 .05 .07

Rotation (Rad)

VY Jlasl g S loges (FY-F) S

-09

.2
.18



Moment (N.m)

Moment (N.m)

(x10**1)
4000
3600
3200
2800
2400
2000
1600
1200

800
400
0

0 .026 .052 .078 .104 125
.013 -039 -065 .091 -117

Rotation (Rad)

VW Jlasl olysom 5 loges ((FA-F) IS

(x10**1)
4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

0 .04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

VE Jlasl olysom 5 loges (FA-F) IS



(x10**1)
4000
3600
3200
2800
2400
2000
1600
1200
800
400
0

Moment (N.m)

o

.04 .08 .12 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

VO Jlasl ol ysom 5 logas (B¢ —F) IS

(x10**1)
2500
2250
2000
1750
1500
1250
1000
750
500
250
0

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

V8 JLasl g0 5 loged (0)-F) IS

AR



Moment (N.m)

Moment (N.m)

440
400
360
320
280
240
200
160
120

80

40

000
800
600
400
200
000
800
600
400
200

(X10**-2)

-8 1.6 2.4 3.2 4

.4 1.2 2 2.8 3.6

Rotation (Rad)

VY Jlasl Q‘ﬁo—)i;.l Soged H(OY-F) IS

4 8 12 16 20
6 10 14 18

Rotation (Rad)

YA Jlasl Q‘ﬁo—)i;.l Sloged H(OY-F) IS



440
400
360
320
280
240
200
160
120
80
40 (X10**-2)

0 -8 1.6 2.4 3.2 4
.4 1.2 2 2.8 3.6

Rotation (Rad)

Moment (N.m)

V4 JL.;:_.‘ Q‘ﬁo—)i;.l )|.>9.o_§ :((B\c—\c)JSJJ

1100
1000
900
800
700
600
500
400
300
200
100

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

Y Jlasl oy K3 lsgas (00-F) S



2000
1800
1600
1400
1200
1000
800
600
400
200

Moment (N.m)

0 .026 .052 .078 -104 .125
.013 039 065 -091 -117

Rotation (Rad)

YV Jlasl olygo- S jloges ((0F-F) JSCi

2200
2000
1800
1600
1400
1200
1000
800
600
400
200

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 1 14 .18

Rotation (Rad)

YY Jlasl olyg0- S Jloges ((QV-F) s



4000
3600
3200
2800
2400
2000
1600
1200

800

400

Moment (N.m)

o

.04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

YV Jlasl o)lyg0- S Jloges ((OA-F) s

4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

YE Jlasl o) ygom 5 loges 1(08-F) IS

Y1



Moment (N.m)

Moment (N.m)

5500
~000
500
000
500
000
500
000
500
000
500

3000
200
400
600
800
000
3200
1400
.600
800

0 .04 .08 212 .16
.02 .06 1 -14 .18
Rotation (Rad)
YO Jlasl o)l g0- S Jloges o7+ -F) JSCis
0 .04 .08 .12 .16
.02 -06 1 .14 .18

Rotation (Rad)

Y5 Jlasl oy 5 Jloges (81 -F) S

Yy

.2



8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

o

.04 .08 .12 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

YV Jlasl o) go- S Jlaged (FY-F) IS

8800
8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

o

.04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

YA Jlasl ol ygo- 5 Jloges (FY-F) IS

YA



4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

Moment (N.m)

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Moment (N.m)

.05 A .15 .2 .25
.025 .075 -125 175 .225

Rotation (Rad)

YA Jlasl g0 S Jlages (FF-F) IS

o

.04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

Ve Jlasl oly90- .50 logad ((PO-F) S

Y14



Moment (N.m)

Moment (N.m)

8000
7200
6400
5600
4800
4000
3200
2400
1600

800

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

o

.05 A .15 .2 .25
.025 .075 -125 175 .225

Rotation (Rad)

¥V Ll oo 5 lsgas (FF-F) IS

.08 .16 .24 .32 4
.04 .12 .2 .28 -36

Rotation (Rad)

YY Jlasl olysom 5 lsges ((FY-F) IS



Moment (N.m)

Moment (N.m)

4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

0 -1 .2 -3 -4 -5
.05 .15 .25 -35 .45

Rotation (Rad)

¥Y Ll o yeom 5 loges (FA-F) S

(x10**1)
2000
1800
1600
1400
1200
1000

800
600
400
200

0 (X10%*-2)

2 3 4 5
-5 1.5 2.5 3.5 4.5

Rotation (Rad)

o
[N

YE Jlasl ol yeom 5 loges (52-F) S

AR



(x10**1)
2200
2000
1800
1600
1400
1200
1000

800
600
400
200 (X10**-2)

-8 1.6 2.4 3.2 4
-4 1.2 2 2.8 3.6

Rotation (Rad)

Moment (N.m)

o

YO Jlasl olyso- 5 lsges (Y —F) IS

(x10**1)
4000
3600
3200
2800
2400
2000
1600
1200
800
400

0 (X10**-2)

-8 1.6 2.4 3.2 4
-4 1.2 2 2.8 3.6

Rotation (Rad)

Moment (N.m)

o

Y8 Jlasl g0 5 Sloged (V) -F) IS

YYY



Moment (N.m)

Moment (N.m)

(x10**1)

4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

(x10**-2)

.4 -8 1.2 1.6 2
.2 -6 1 1.4 1.8

Rotation (Rad)

YV Jlasl ol yeom 5 g (Y Y-F)ISCs

(x10**1)

8000
7200
6400
5600
4800
4000
3200
2400
1600

800

0

(X10%*-2)

-8 1.6 2.4 3.2 4
-4 1.2 2 2.8 3.6

Rotation (Rad)

YA Jlasl olgo- 530 lages (VY-F) S

VY



Moment (N.m)

Moment (N.m)

(x10**1)

8000
7200
6400
5600
4800
4000
3200
2400
1600
800
0

(X10**-2)

.25 -5 .75 1 1.25
-125 -375 -625 -875 1.125

Rotation (Rad)

YA Jlasl o505 lsges (VE-F) IS

(x10**1)

8800
8000
7200
6400
5600
4800
4000
3200
2400
1600

800

(X10**-3)

1.6 3.2 4.8 6.4 8
-8 2.4 4 5.6 7.2

Rotation (Rad)

Fr sl ol ygom 5 Sloged (YO-F) IS

\Ve



(x10%*2)
1250
1125
1000
875
750
625
500
375
250
125

0 (X10**-2)

-5 1 1.5 2 2.5
.25 .75 1.25 1.75 2.25

Rotation (Rad)

Moment (N.m)

o

BV Jlasl g 5 laged (VF-F) S

(X10**2)
2000
1800
1600
1400
1200
1000
800
600
400
200

0 (X10**-2)

0 -4 -8 1.2 1.6 2
.2 -6 1 1.4 1.8

Rotation (Rad)

Moment (N.m)

BY sl o)som 5 laged (VY-F) IS

\veo



Moment (N.m)

Moment (N.m)

8000
7200
6400
5600
4800
4000
3200
2400
1600

(x10%*2)
2000
1800
1600
1400
1200
1000

800

600

400
200
0 (x10**-3)

0 1.6 3.2 4.8 6.4 8
-8 2.4 4 5.6 7.2

Rotation (Rad)

B Jlasl ol ygo 5 laged (YA-F) S

(x10**1)

800
0 (X10%*-2)

0 -8 1.6 2.4 3.2 4
-4 1.2 2 2.8 3.6

Rotation (Rad)

FE sl o505 laged (VA-F) IS

yv1



(x10**1)
8000
7200
6400
5600
4800
4000
3200
2400
1600

800
0 (X10**-2)

0 -5 1 1.5 2 2.5
.25 .75 1.25 1.75 2.25

Rotation (Rad)

Moment (N.m)

FO Jlasl ol g0 5 Jlaged (A —F) S

(x10**1)
8000
7200
6400
5600
4800
4000
3200
2400
1600
800

0 (X10**-2)

0 .25 -5 .75 1 1.25
-125 .375 .625 .875 1.125

Rotation (Rad)

Moment (N.m)

5 Jlasl ol yso S Jlagas (AN -F) IS

YVY



(x10%*2)
1000
900
800
700
600
500
400
300
200
100
0 (X10**-2)

0 -8 1.6 2.4 3.2 4
-4 1.2 2 2.8 3.6

Rotation (Rad)

Moment (N.m)

BV Jlasl g0 5 Slaged (AY-F) IS

(x10**1)
8000
7200
6400
5600
4800
4000
3200
2400
1600
800
0 (X10**-2)

0 .25 -5 .75 1 1.25
-125 .375 .625 .875 1.125

Rotation (Rad)

Moment (N.m)

FA JLasl ol g0 5 Sloged (AY-F) IS

VYA



1100
1000
900
800
700
600
500
400
300
200

100 (x10**-2)

0 1.6 3.2 4.8 6.4 8
-8 2.4 4 5.6 7.2

Rotation (Rad)

Moment (N.m)

P Jlasl g0 5 laged (AF-F) S

2000
1800
1600
1400
1200
1000
800
600
400
200

Moment (N.m)

0 .02 .04 .06 -08 -1
.01 03 05 07 -09

Rotation (Rad)

B+ JLasl ol ygom 5 Jlaged (AD-F) S

YvAa



Moment (N.m)

Moment (N.m)

4000
3600
3200
2800
2400
2000
1600
1200

800

400

4000
3600
3200
2800
2400
2000
1600
1200

800

400

.04 .08 .12 .16
.02 .06 A .14

Rotation (Rad)

0V Jlasl o)y 5 loges ((AS-F) IS0

.18

.02 .04 .06 .08
.01 .03 .05 .07

Rotation (Rad)

Y JLasl ol g0 ;5 Jloged (AV-F) IS

-09

.2

-1



Moment (N.m)

Moment (N.m)

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

o

.04 .08 .12 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

OF JLasl ol g0 ;5 Jlaged (A-F) S

8000
7200
6400
5600
4800
4000
3200
2400
1600

800

0 .04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

OF JLasl o))93- 5 lages (AA-F) S

YA



8800
8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

00 JLasl ol g0 5 Jlaged (A - —F) S

(x10**1)
1100
1000
900
800
700
600
500
400
300
200
100

Moment (N.m)

0 .026 .052 .078 .104  .125
.013 -039 -065 .091 -117

Rotation (Rad)

05 Jlasl o]y 5 Jlsges (A1) -F) IS

YAY



Moment (N.m)

Moment (N.m)

(x10**1)
1375
1250
1125
1000

875

750
625
500
375
250
125

0 .026 .052 .078 .104 125
.013 -039 -065 .091 -117

Rotation (Rad)

OV JLasl ol g0 5 Slaged (AY-F) S

(x10**1)
2000
1800
1600
1400
1200
1000
800
600
400
200
0

0 .026 .052 .078 .104  .125
.013 -039 -065 .091 -117

Rotation (Rad)

DA JLasl 50— 53 Jloges (AY-F) IS

YAY



5000
4500
4000
3500
3000
2500
2000
1500
1000
500

0 (x10**-2)

0 1.6 3.2 4.8 6.4 8
-8 2.4 4 5.6 7.2

Rotation (Rad)

Moment (N.m)

03 Jlasl ol g0 5 Jlaged (AF-F) IS

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Moment (N.m)

0 .026 .052 .078 .104  .125
.013 -039 -065 .091 -117

Rotation (Rad)

$eJlasl oy S Jlsges (A0-F) S

VAL



8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

o

.04 .08 .12 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

Y Jlasl o) go- S Jlaged (AF-F) IS

8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

FY Jlasl ol ygom S Jlgas (AV-F) IS

YAo



8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

Y Jlasl o) y55- 50 Jlaged (AA-F) IS0

4000
3600
3200
2800
2400
2000
1600
1200

800

400

Moment (N.m)

o

.05 -1 .15 .2 .25
.025 .075 .125 .175 .225

Rotation (Rad)

Y Jlasl o905 Jlsges ((A3-F) IS

YA



4000
3600
3200
2800
2400
2000
1600
1200

800

400

Moment (N.m)

(@)

.04 .08 212 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

£0 Jlasl ol ygom 5 Jlaged () + +—F) IS

4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

Moment (N.m)

0 .026 .052 .078 .104  .125
.013 -039 -065 .091 .117

Rotation (Rad)

£ sl ol yg0- K Jloged 1)+ V\-F) JSs

YAY



Moment (N.m)

Moment (N.m)

5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

8000
7200
6400
5600
4800
4000
3200
2400
1600

800

.02 .04 .06 .08
.01 .03 .05 .07

Rotation (Rad)

Y sl o]y 5 Jlaged () + Y=F) IS

-09

.02 .04 .06 .08
.01 .03 .05 .07

Rotation (Rad)

A Jlasl ol y5o- S loged () + ¥-F) S

YAA

.09

1



Moment (N.m)

Moment (N.m)

8800
8000
7200
6400
5600
4800
4000
3200
2400
1600

800

.02 .04 .06 .08 .1
.01 .03 .05 .07 .09

Rotation (Rad)

A Jlasl o905 Jloges () + F-F) IS

(x10%*1)

1000

900
800
700
600
500
400
300
200
100

0

(X10**-2)

1.6 3.2 4.8 6.4 8
-8 2.4 4 5.6 7.2

Rotation (Rad)

Ve Jlasl ol gom 52 loged () - O-F) S

YAQ



(x10**1)
2000
1800
1600
1400
1200
1000

800
600
400
200

0

Moment (N.m)

0 .026 .052 .078 .104 125
.013 -039 -065 .091 -117

Rotation (Rad)

VY Jlasl olysom 52 lsges () $-F) IS

(x10**1)
2000
1800
1600
1400
1200
1000
800
600
400
200
0

Moment (N.m)

o

.02 .04 .06 .08 1
.01 .03 .05 .07 -09

Rotation (Rad)

VY Jlasl o505 lsges () V-F) IS



(x10**1)
2200
2000
1800
1600
1400
1200
1000

800
600
400
200

Moment (N.m)

o

.02 .04 .06 .08 1
.01 .03 .05 .07 -09

Rotation (Rad)

VY Jlasl olysom 52 lsges () + A-F) IS

8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

0 .08 .16 .24 .32 4
.04 .12 .2 .28 -36

Rotation (Rad)

VE Jlasl g0 5 lsges () A-F) IS



8800
8000
7200
6400
5600
4800
4000
3200
2400
1600

800

Moment (N.m)

o

.08 .16 .24 .32 -4
.04 12 2 28 .36

Rotation (Rad)

VO Jlasl o) go- 5 laged (V) - —F) S

(x10**1)
1100
1000

900

800

700

600

500

400
300
200
100

Moment (N.m)

0 .08 .16 .24 .32 -4
.04 12 2 28 .36

Rotation (Rad)

V& Jlasl ol yeo- 50 loges :(V V) -F) IS

14y



(x10**1)
2000
1800
1600
1400
1200
1000

800
600
400
200

0

Moment (N.m)

0 .08 .16 .24 .32 -4
.04 212 2 .28 -36

Rotation (Rad)

VY Jlasl ol ysom 52 lsges 0V Y-F) IS

(x10**1)
2000
1800
1600
1400
1200
1000

800
600
400
200

0

Moment (N.m)

o

.05 -1 .15 .2 .25
-025 .075 -125 175 .225

Rotation (Rad)

VA Jlasl o) gom 520 loged () VY-F) S



Moment (N.m)

Moment (N.m)

(x10%*1)
2500
2250
2000
1750
1500
1250
1000

750

500

250

0 .05 1 .15 .2 .25
.025 075 125 175 .225

Rotation (Rad)

VA Jlasl o) g0 520 loged (V) E-F) S

(x10**1)
4000
3600
3200
2800
2400
2000
1600
1200

800
400
0

0 .05 A .15 .2 .25
-025 .075 -125 175 .225

Rotation (Rad)

A Jlasl o) gom 520 loged (VY O-F) S



(x10**1)
4000
3600
3200
2800
2400
2000
1600
1200

800
400
0

Moment (N.m)

0 .05 A .15 .2 .25
.025 .075 -125 175 .225

Rotation (Rad)

AV JLasl ol ygom 520 fsges ()1 8=F) IS

(X10**1)
4400
4000
3600
3200
2800
2400
2000
1600
1200

800

400

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 -1 .14 .18

Rotation (Rad)

AY Ll o) go- 520 faged )V V-F) S



Moment (N.m)

Moment (N.m)

(x10**1)
5500
5000
4500
4000
3500
3000
2500
2000
1500
1000

500

0 .04 .08 .12 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

AY JLasl 50— 520 lsges () VA-F) IS

(x10**1)
1250
1125
1000

875

750

625

500

375

250

125

0

0 .04 .08 .12 .16 .2
.02 06 1 14 .18

Rotation (Rad)

A Ll o) go- 520 Jfaged (VY A-F) S

Y41



Moment (N.m)

Moment (N.m)

(x10**1)
2000
1800
1600
1400
1200
1000

800

600

400

200

0

0 .04 .08 212 .16 .2
.02 .06 A .14 .18

Rotation (Rad)

A JLasl 50— 52 fsges ()Y +—F) IS

(x10**1)
2500
2250
2000
1750
1500
1250
1000
750
500
250
0

0 .05 -1 .15 .2 .25
.025 .075 .125 .175 .225

Rotation (Rad)

AS Jlasl g0 5 Jfages (0 Y\ -F) S

14V



(X10**1)
2000
1800
1600
1400
1200
1000
800
600
400
200
0

Moment (N.m)

0 .04 .08 .12 .16 .2
.02 .06 1 .14 .18

Rotation (Rad)

AY JLasl o505 lsges {0 YY-F) IS

G108 w0y g g s —F-F
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Jols” el ,F el S0 Mg 90 =83 siomin b 4 b 850 abai o LS4 Jlake M

Moment(N.m)

Moment(N.m)

£000

5000

4000

3000

2000
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] 0.05 0.1 015 02
Rotation(rad)

|+M-T Diagrarm —s— Coefficient of Rigidity M-T Diagram(1.67) |

() 55) 5 das ol o &y y]yg0- S lsged () YY-F) S

B000

5000

4000

3000

2000

1000

u] 0.02 0.04 0.0 0.08 0.1 0.12 0.14 016 0.18
Rotation(rad)

|+M-T Diagram —s— Coefiicient of Rigidity M-T Diagram(1.67) |

(Y 5) 5 a3 ol o 4 ()] 90- 50 loged {0V YF-F) S
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Moment(N.m)

Moment(N.m)

£000

w
e}
s}
=

2000

1000

Rotation(rad)

|+M-T Diagrarm —s— Coefficient of Rigidity M-T Diagram(1.67) |

(F ) o3 o ol e @ g 5 fogad ) YO-F) IS

B000

5000

4000

3000

2000

1000

Rotation(rad)

|+M-T Diagram —s— Coefiicient of Rigidity M-T Diagram(1.67) |

(F 25) 5 L ol yo a0 () y0- ,5 Jloged () YE-F) IS



Moment (N.m)

Moment (N.m)

40000

35000

30000

25000

20000

15000

10000

5000

40000

35000

30000

25000

20000

15000

10000

4000

Rotation (rad)

|+ Coefficient of Rigidity —s— h-T Diagram W-T Diagram(1.67) |

05 55 Loz olyem & (593 S Jlages (VYY) S

Rotation (rad)

|+ Coefficient of Rigidity —s— -T Diagram W-T Diagram(1.67) |

6 55) 55 b ol 4y o)l y93- 5 Jlages 1) YA-F) IS
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/Clear

/FILNAME,Modell

/TITLE,'NonLinear Analysis Of semi Rigid Connection’
/CWD,'D:\

/PREP7
! Dimensions
BL=1.00 ! Beam length
BH=0.10 ! Beam height
BW=0.055 ! Beam flange width
BFT=0.0057 ! Beam flange thickness
BWT=0.0041 ! Beam web thickness
BA=0.007 ! Beam arc radius
AL=0.065 ! Angle length
AH=0.05 ! Angle height
AT=0.005 ! Angle thickness
WB=0.003 ! Welding diameter(Angle to Beam)
WC=0.005 ! Welding diameter(Angle to Column)
AA=0.008 ! Angle arc radius
DIS=0.02 ! Distance between beam and column(ABT+AA)

ENDLOAD=750 ! concentrated load
! Material Properties
ET,1,SOLID45
MP.EX,1,200e9
MP,PRXY,1,.3
TB,MISO,1,1,4,0
TBPT,,.0012,2.4e8
TBPT,,.01143,2.4¢8
TBPT,,.04238,3.714e8
TBPT,,.0469,3.7¢8
MP,EX,2,248.8¢9
MP,PRXY,2,.3
TB,BISO,2,1,2,
TBDATA,,400¢6,6.04¢10,,,,
! Beam Volume
WPOFF, , , DIS
RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90
WPOFF, , , BA+BWT/2
ASBW, ALL
WPOFF, , ,-2*BA-BWT
ASBW, ALL
A,11,12,13,17
A,9,10,20,16
VEXT,ALL, ,,, ,BL-DIS
WPCSYS,1,0
VSEL,ALL
WPOFF,0,0,AH
VSBW,ALL
WPOFF,0,0,WB
VSBW,ALL
WPRO,,90,
WPOFF,0,0,AL/2
VSBW,ALL
WPOFF,0,0,WB
VSBW,ALL
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WPOFF,0,0,-AL-WB
VSBW,ALL
WPOFF,0,0,-WB,0
VSBW,ALL
VSEL,ALL
CM,BEAM,VOLU

! Web Angle
WPCSYS,1,0
BLOCK,BWT/2,BWT/2+AH,-AL/2,AL/2,0,AH
BLOCK,BWT/2+AT,BWT/2+AH,-AL/2,AL/2,AT,AH
AFILLT,96,183,AA,
VSBA,21,186
VSBV,19,43
VDELE,39,,,1
BLOCK,-BWT/2,-BWT/2-AH,-AL/2,AL/2,0,AH
BLOCK,-BWT/2-AT,-BWT/2-AH,-AL/2,AL/2,AT,AH
AFILLT,192,183,AA,
VSBA,39,195
VSBV,19,44
VDELE43,,,1
VSEL,ALL
CMSEL,U,BEAM
WPOFF,, AT,
VSBW,ALL
WPOFF,,,AA,
VSBW,ALL
WPOFF,,,.DIS-AT-AA,
VSBW,ALL
WPROTA,,,90
WPOFF,, AT+BWT/2,
VSBW,ALL
WPOFF,,,AA,
VSBW,ALL
WPOFF,,,-2*AT-BWT-AA,
VSBW,ALL
WPOFF,,,-AA,
VSBW,ALL
CM,ANGLE,VOLU
VSEL,ALL
VATT,1,,1,0

! Welding
ASEL,S,LOC,X,AH+BWT/2
ASEL,R,LOC,Y,-AL/2,AL/2
VEXT,ALL,,,WC,,
ASEL,S,LOC,X,-AH-BWT/2
ASEL,R,LOC,Y,-AL/2,AL/2
VEXT,ALL,,-WC,,
ASEL,S,LOC,Z,AH
ASEL,R,LOC,Y,-AL/2,AL/2
ASEL,U,LOC,X,-BWT/2,BWT
VEXT,ALL,,,,,WB
ASEL,S,LOC,Y,AL/2
ASEL,R,LOC,Z,DIS,AH
ASEL,U,LOC,X,-BWT/2,BWT
VEXT,ALL,,,,WB,
ASEL,S,LOC,Y,-AL/2
ASEL,R,LOC,Z,DIS,AH
ASEL,U,LOC,X,-BWT/2,BWT
VEXT,ALL,,,,-WB,

! WELD CUTTING
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VSEL,S,MAT,,0
A,171,123,124,169
VSBA,54,281
VDELE,63,,,1
A,132,131,173,175
VSBA,55,240
VDELE,63,,,1
A,180,177,125,128
VSBA,56,245
VDELE,63,,,1
A,183,181,136,137
VSBA,57,249
VDELE,63,,,1
A,186,185,128,148
VSBA,58,252
VDELE,63,,,1
A,189,191,152,137
VSBA,59,256
VDELE,63,,,1
A,147,194,193,125
VSBA,60,260
VDELE,63,,,1
A,136,151,198,197
VSBA,61,264
VDELE,63,,,1
VSEL,S,MAT,,0
VATT,2,,1,0
CM,WELD,VOLU

! Everything Mesh
ALLSEL,ALL
ESIZE,BW/5,0,
MSHAPE,0,3D
MSHKEY,1
VMESH,ALL

! COUPLING
NSEL,S,LOC.X,BWT/2
NSEL,A,LOC,X,-BWT/2
NSEL,R,LOC,Z,AH,AH+WB
NSEL,R,LOC,Y,-AL/2,AL/2
CPINTF,ALL

NSEL,S,LOC,X,BWT/2
NSEL,A,LOC,X,-BWT/2
NSEL,R,LOC,Z,DIS,AH
NSEL,U,LOC,Z,AH
NSEL,R,LOC,Y,-AL/2-WB,-AL/2
CPINTF,ALL

NSEL,S,LOC,X,BWT/2
NSEL,A,LOC,X,-BWT/2
NSEL,R,LOC,Z,DIS,AH
NSEL,U,LOC,Z,AH
NSEL,R,LOC,Y,AL/2,AL/2+WB
CPINTF,ALL

! Restrain support nodes
NSEL,S,LOC,X,-AH-BWT/2-WC,-AH-BWT/2
NSEL,A,LOC,X,AH+BWT/2,AH+BWT/2+WC
NSEL,R,LOC,Z,0
D,ALL,ALL
KSEL,S,KP,,26,39,13
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FK,ALL,FY,-ENDLOAD
ALLSEL,ALL
! SOLVE
/SOL
CNVTOLF, ,0.01,2,1,
NSUBST,10,50,8
OUTRES,ERASE
OUTRES,ALL,ALL
LNSRCH, 1
CUTCONTROL,PLSLIMIT,1
TIME, 10
/STATUS,SOLU
SOLVE
/POST1
SET,LAST
*GET,LASTSTEP,ACTIVE,0,SET,SBST
*GET,LASTTIME,ACTIVE,0,SET,TIME
*DIM,DELTAZ,TABLE,LASTSTEP,2,1,COL,ROW
*DIM,DELTA,ARRAY,LASTSTEP,6,1,Z1,7],
SET,FIRST
*DO,I,1,LASTSTEP
*GET,STEPTIME,ACTIVE,0,SET, TIME
*GET,ZI,NODE,2594,U,Z
*GET,ZJ,NODE,2615,U,Z
ROW=ZI-Z]
STEPLOAD=STEPTIME*ENDLOAD*2/LASTTIME
DELTA(IL1)=I
DELTA(I,2)=STEPTIME
DELTA(I,3)=STEPLOAD
DELTA(14)=Z1
DELTA(L5)=Z]
DELTA(I,6)=ROW
DELTAZ(1,1)=STEPLOAD
DELTAZ(1,2)=ROW
SET,NEXT
*ENDDO
*VPLOT, DELTAZ(1,2),DELTAZ(1,1)
/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
SET,LAST
VPLOT
/VIEW,1,1,1,1 ' [IZOMETRIC VIEW
/ANG,1
/AUTO,1
/REP
/ui,copy,save, EMF,FULL,MONO,REVERSE,PORTRAIT
PLDISP,0
/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, U,Y, 0,1
/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
ANCNTR,10,.5
PLNSOL, U,Z, 0,1.0
/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, S,Y, 0,1.0
/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, S,Z,0,1.0
/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
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2IPE10 WEB ANGLE WITH SEAT ANGLE

Finish
/Clear
/FILNAME,Modell
/TITLE,'NonLinear Analysis Of semi Rigid Connection'
/CWD,'D'\::
/PREP7

!Dimensions
BL=1.00 ! Beam length
BH=0.10 !Beam height
BW=0.055 ! Beam flange width
BFT=0.0057 ! Beam flange thickness
BWT=0.0041 ! Beam web thickness
BA=0.007 !Beam arc radius
AWL=0.065 ! Angle web length
AWH=0.05 !Angle web height
AWT=0.005 !Angle web thickness
WWB=.003 'Welding top diameter
WWC=.005 !Welding top diameter
AWA=0.007 !Angle Web arc radius
ABL=0.13 !Angle bottom length
ABH=0.08 !Angle bottom heitht
ABT=0.008 !Angle bottom thickness
ABA=0.010 !Angle Bottom arc radius
WB=.004 'Welding bottom diameter
DIS=0.018 IDistance between beam and column(=ABT+ABA(
D=0.002 !Distance between Beams

ENDLOAD=500 !concentrated load

!Material Properties

ET,1,SOLID45
MP,EX,1,200¢9
MP,PRXY,1,.3
TB,MISO,1,1,4,0
TBPT,,.0012,2.4¢8
TBPT,,.01143,2.4¢8
TBPT,,.04238,3.714e8
TBPT,,.0469,3.7¢8
MP,EX,2,248.8¢9
MP,PRXY,2,.3
TB,BISO,2,1,2 ,
TBDATA,,400e6,6.04¢10,,,,
!Beam Volume
WPOFF, , , DIS
RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90
WPOFF, , BA+BWT/2
ASBW, ALL
WPOFF, , ,-2*BA-BWT
ASBW, ALL
A11,12,13,17
A,9,10,20,16
AGEN,ALL, -BW/2-D/2,,,,,1
AGEN,2,ALL, BW+D,,,,,0
VEXT,ALL, ,,, ,BL-DIS
WPCSYS,1,0
VSEL,ALL
WPOFF,0,0,AWH-0.002
VSBW,ALL

AR



WPOFF,0,0,0.002
VSBW,ALL
WPOFF,0,0,WWB
VSBW,ALL
WPOFF,0,0,ABH-AWH-WWB
VSBW,ALL
WPROTA,,-90,
WPOFF,0,0,AWL/2
VSBW,ALL
WPOFF,0,0,WWB
VSBW,ALL
WPOFF,0,0,-AWL-WWB
VSBW,ALL
WPOFF,0,0,-WWB
VSBW,ALL
VSEL,ALL
CM,BEAM,VOLU
!Bottom Angle Volume
WPLANE,1,0,-BH/2-ABT,ABT
BLOCK,-ABL/2,ABL/2,-ABH+ABT,ABT,-ABT, ABH-ABT
BLOCK,-ABL/2,ABL/2,-ABH+ABT,0,0,ABH-ABT
AFILLT,200,219,ABA,
VSBA,42,445
VSBV,38,74
VDELE,46,,,1
VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
VSBW,ALL
WPOFF,,,ABA
VSBW,ALL
WPOFF,,,AWH-ABA-ABT-0.002
VSBW,ALL
WPOFF,,,0.002
VSBW,ALL
WPOFF,,, WWB
VSBW,ALL
WPRO, , -90
VSBW,ALL
WPOFF, , ,-ABA
VSBW,ALL
WPRO, , ,-90
WPOFF, , BW+D/2
VSBW,ALL
WPOFF, , ,WB
VSBW,ALL
WPOFF, , ,-2*BW-WB-D
VSBW,ALL
WPOFF, , ,-WB
VSBW,ALL
VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
CM,ANG _BOTTOM,VOLU
I'WEB Angle Volume
WPCSYS,1,0

BLOCK,D/2+BW/2+BWT/2,D/2+BW/2+BWT/2+AWH,-AWL/2,AWL/2,0,AWH
BLOCK,D/2+BW/2+BWT/2+AWT,D/2+BW/2+BWT/2+AWH,-AWL/2,AWL/2, AWT,AWH

AFILLT,626,631,AWA,
VSBA, 145,644
VSBV,127,147
VDELE, 146,,,1

BLOCK,-D/2-BW/2-BWT/2,-D/2-BW/2-BWT/2-AWH,-AWL/2,AWL/2,0,AWH
BLOCK,-D/2-BW/2-BWT/2-AWT,-D/2-BW/2-BWT/2-AWH,-AWL/2, AWL/2, AWT,AWH
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AFILLT,631,698,AWA,
VSBA, 146,702
VSBV,127,150
VDELE,147,,,1
VSEL,S,LOC,X,-D/2-BW/2-BWT/2,-D/2-BW/2-BWT/2-AWH
VSEL,A,LOC,X,D/2+BW/2+BWT/2,D/2+BW/2+BWT/2+AWH
VSEL,R,LOC,Y,-AWL/2,AWL/2
WPOFF,,, AWT
VSBW,ALL
WPOFF,,, AWA
VSBW,ALL
WPOFF,,,.DIS-AWT-AWA
VSBW,ALL
WPOFF,,,AWH-DIS-0.002
VSBW,ALL
WPROTA,,,90
WPOFF,,,D/2+BW/2+BWT/2+AWT
VSBW,ALL
WPOFF,,, AWA
VSBW,ALL
WPOFF,,,-D-BW-BWT-AWT*2-AWA
VSBW,ALL
WPOFF,,,-AWA
VSBW,ALL
CM,ANG_TOP,VOLU
VSEL,ALL
VATT,1,,1,0

'Welding
ASEL,S,LOC,X,-D/2-BW/2-BWT/2,-D/2-BW/2-BWT/2-AWT
ASEL,A,LOC,X,D/2+BW/2+BWT/2,D/2+BW/2+BWT/2+AWT
ASEL,R,LOC,Z, AWH
VEXT,ALL,,,,, WWB
ASEL,S,LOC,X,-D/2-BW/2-BWT/2,-D/2-BW/2-BWT/2-AWT
ASEL,A,LOC,X,D/2+BW/2+BWT/2,D/2+BW/2+BWT/2+AWT
ASEL,R,LOC,Y,AWL/2
ASEL,R,LOC,Z,DIS,AWH-0.002
VEXT,ALL,,,,WWB,
ASEL,S,LOC,X,-D/2-BW/2-BWT/2,-D/2-BW/2-BWT/2-AWT
ASEL,A,LOC,X,D/2+BW/2+BWT/2,D/2+BW/2+BWT/2+AWT
ASEL,R,LOC,Y,-AWL/2
ASEL,R,LOC,Z,DIS,AWH-0.002
VEXT,ALL,,,-WWB,
ASEL,S,LOC,X,AWH+D/2+BWT/2+BW/2
ASEL,R,LOC,Y,-AWL/2,AWL/2
VEXT,ALL,,,WWC,,
ASEL,S,LOC,X,-AWH-D/2-BWT/2-BW/2
ASEL,R,LOC,Y,-AWL/2,AWL/2
VEXT,ALL,,-WWC,,
ASEL,S,LOC,X,ABL/2
ASEL,R,LOC,Y,-BH/2-ABT-ABA,-BH/2-ABH
VEXT,ALL,, WB,,
ASEL,S,LOC,X,-ABL/2
ASEL,R,LOC,Y,-BH/2-ABT-ABA,-BH/2-ABH
VEXT,ALL,,,-WB,,
ASEL,S,LOC,X,BW-+D/2, BW+D/2+WB
ASEL,A,LOC,X,-BW-D/2,-BW-D/2-WB
ASEL,R,LOC,Y,-BH/2
ASEL,R,LOC,Z,DIS,ABH
VEXT,ALL,,,,BFT,

'WELD CUTTING
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ALLSELL,ALL
A,363,546,545,346
VSBA,201,903
VDELE,211,,,1
A,460,512,509,457
VSBA,192,864
VDELE,211,,,1
A,515,469,468,513
VSBA,193,818
VDELE211,,,1
A,519,520,492,480
VSBA,194,822
VDELE,211,,,1
A,521,484,496,522
VSBA,195,827
VDELE211,,,1
A,525,526,491,479
VSBA,196,830
VDELE211,,,1
A,483,495,530,529
VSBA,197,834
VDELE,211,,,1
A,535,455,456,533
VSBA,198,838
VDELE,211,,,1
A,463,537,539,464
VSBA,199,842
VDELE,211,,,1
A,541,543,364,348
VSBA,200,846
VDELE211,,,1
VSEL,S,,,202,205
A,402,553,552,398
VSBA,ALL,849
VDELE,214,217,,1
VSEL,S,,,206,209
A,563,561,433,437
VSBA,ALL,849
VDELE,214,217,,1
VSEL,S,MAT,,0
CM,WELD,VOLU
VATT,2,,1,0
|Everything Mesh
ALLSEL,ALL
ESIZE,BW/5,0 ,
MSHAPE,0,3D
MSHKEY,1
VMESH,ALL
ICOUPLING
NSEL,S,LOC,X,BW+D/2
NSEL,A,LOC,X,-BW-D/2
NSEL,R,LOC,Y,-BH/2,-BH/2+BFT
NSEL,R,LOC,Z,ABT+ABA,ABH
CPINTF,ALL
NSEL,S,LOC,X,D/2+BW/2+BWT/2
NSEL,A,LOC,X,-D/2-BW/2-BWT/2
NSEL,R,LOC,Y,AWL/2,AWL/2+WWB
NSEL,R,LOC,Z,DIS,AWH-0.002
CPINTF,ALL
NSEL,S,LOC,X,D/2+BW/2+BWT/2
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NSEL,A,LOC,X,-D/2-BW/2-BWT/2
NSEL,R,LOC,Y,-AWL/2,-AWL/2-WWB
NSEL,R,LOC,Z,DIS,AWH-0.002
CPINTF,ALL
NSEL,S,LOC,X,D/2+BW/2+BWT/2
NSEL,A,LOC,X,-D/2-BW/2-BWT/2
NSEL,R,LOC,Y,- AWL/2,AWL/2
NSEL,R,LOC,Z,AWH,AWH+WWB
CPINTF,ALL

Restrain support nodes
NSEL,S,LOC,X,ABL/2,ABL/2+WWC
NSEL,A,LOC,X,-ABL/2,-ABL/2-WWC
NSEL,R,LOC,Y,-BH/2-ABA-ABT,-BH/2-ABH
NSEL,R,LOC,Z,0
D,ALL,ALL
NSEL,S,LOC,X,D/2+BW/2+BWT/2+AWH,D/2+BW/2+BWT/2+AWH+WWC
NSEL,A,LOC,X,-D/2-BW/2-BWT/2-AWH,-D/2-BW/2-BWT/2-AWH-WWC
NSEL,R,LOC,Y,- AWL/2,AWL/2
NSEL,R,LOC,Z,0
D,ALL,ALL
KSEL,S,KP,,46,66,20
KSEL,A,KP,,59,79,20
FK,ALL,FY,-ENDLOAD

ALLSEL,ALL
ISOLVE
/SOL
CNVTOL,F, ,0.001,2,1,
NSUBST,10,50,8
NLGEOM, 1
OUTRES,ERASE
OUTRES,ALL,ALL
LNSRCH,1
CUTCONTROL,PLSLIMIT,1
TIME,10
/STATUS,SOLU
SOLVE
/POST1
! Graph Settings
/axlab,x,Rotation (Rad) ! x axis lable
/axlab,y,Moment (N.m) ! y axis lable
/plopts,title,off !Dont show the title on the graph
/plopts, frame,off !Dont show the frame around the graph
/udoc,,date,off !Dont show date and ansys logo on the plot
/udoc,,type,off !Dont show type of the graph
/color,curve,whit Icolor of the curves 1,3 increment 1 is white
/grid,0 No grid lines in x and y directions
/gthk,curve,0 IThickness of curves
/gropt,digl,4 !Number of digits used in axis is 3 multiply by 10**
/gropt,axnsc,1.6 IFont size of the axis numbers is in size 2
/gropt,view,0,0,1 !Make it possible to change the graph size
/dev,font,1,Times*New*Roman,1000,0,36
/udoc,,typ2,right !Dont show legend of the graphs
! Graph Drawing
SET,LAST

*GET,LASTSTEP,ACTIVE,0,SET,SBST

*GET,LASTTIME,ACTIVE,0,SET,TIME

*DIM,MT,TABLE,LASTSTEP,2,1,,

SET,FIRST

*DO,I,1,LASTSTEP
*GET,STEPTIME,ACTIVE,0,SET, TIME
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MT(1,1)=2*ENDLOAD*STEPTIME/LASTTIME
MT(1,2)=(UZ(6211)-UZ(6232))/BH
SET,NEXT

*ENDDO

*VPLOT, MT(1,2),MT(1,1(
/ui,copy,save, EMF, FULL,MONO,REVERSE,LANDSCAPE

Finish
/Clear

IPE12 TOP & SEAT ANGLE

/F1LNAME ,Model1
/TITLE, "NonLinear Analysis Of semi Rigid Connection”

/CWD, "D"\:
/PREP7

IDimensions
BL=1.00 I Beam length
BH=0.10 IBeam height
BW=0.055 I Beam flange width
BFT=0.0057 I Beam flange thickness
BWT=0.0041 I Beam web thickness
BA=0.007 IBeam arc radius
ATL=0.035 I Angle top length
ATH=0.06 TAngle top height
ATT=.006 TAngle top thickness
ABL=0.10 TAngle bottom length
ABH=0.08 1Angle bottom heitht
ABT=0.008 TAngle bottom thickness
WT=.005 IWelding top diameter
WB=.005 IWelding bottom diameter
TAA=0.008 ITop Angle arc radius
BAA=0.010 IBottom Angle arc radius
DI1S=0.008 IDistance between beam and column(=ABT(

ENDLOAD=2000

Tconcentrated load
IMaterial Properties

ET,1,SOLI1D45
MP,EX,1,200e9
MP,PRXY,1,.3
TB,M1S0,1,1,4,0
TBPT,, .0012,2.4e8
TBPT,, .01143,2.4e8
TBPT, , .04238,3.714e8
TBPT,, .0469,3.7e8
MP,EX,2,248.8e9
MP,PRXY,2,.3
TB,B1S0,2,1,2 ,
TBDATA, ,400e6,6.04e10,,,,
1Beam Volume
MAT,1
WPOFF, , , DIS
RECTNG, -BW/2, BW/2, BH/2-BFT, BH/2
RECTNG, -BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG, -BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA

WPRO, , ,-90

WPOFF, , ,BA+BWT/2
ASBW,ALL

WPOFF, , ,-2*BA-BWT
ASBW,ALL

A,11,12,13,17
A,9,10,20,16

WPOFF, , ,BA+BWT/2+ATL/2
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ASBW,5
WPOFF, , ,-ATL
ASBW, 1
VEXT,ALL, , , , ,BL-DIS
WPCSYS,1,0
VSEL,ALL
WPOFF,0,0,ATH
VSBW,ALL
WPOFF,0,0,WT
VSBW,ALL
WPOFF,0,0,ABH-ATH-WT
VSBW,ALL
WPOFF,0,0, -ABH+ABT+BAA
VSBW, ALL
VSEL,ALL
CM, BEAM, VOLU
ITop Angle Volume
WPLANE,1,0,BH/2+ATT,ATT
BLOCK,-ATL/2,ATL/2,-ATT,ATH-ATT,-ATT,ATH-ATT
BLOCK,-ATL/2,ATL/2,0,ATH-ATT,0,ATH-ATT
AFILLT,68,71,TAA,

VSBA, 14,77

VSBV, 13,16

VDELE, 15,,,1
VSBW, 14

WPOFF, , ,TAA

VSBW, 15

WPOFF, , ,-TAA
WPRO, , -90

VSBW, ALL

WPOFF, , ,TAA

VSBW, ALL

WPRO, , ,-90
VSEL,S,LOC,Y,BH/2,BH
WPOFF, , ,BA+BWT/2
VSBW, ALL

WPOFF, , ,-2*BA-BWT
VSBW, ALL

VSEL,S,LOC,Y,BH/2,BH/2+ATH
CM,ANG_TOP,VOLU
IBottom Angle Volume
WPLANE,1,0,-BH/2-ABT,ABT
BLOCK,-ABL/2,ABL/2,-ABH+ABT ,ABT,-ABT,ABH-ABT
BLOCK,-ABL/2,ABL/2,-ABH+ABT,0,0,ABH-ABT
AFILLT,292,289,BAA,
VSBA, 22,302
VSBV, 20,70
VDELE,68,,,1
VSBW, 22
WPOFF, , ,BAA
VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
VSBW,ALL
WPOFF, , ,ATH-BAA-ABT
VSBW,ALL
WPOFF, , ,WT
VSBW,ALL
WPOFF, , ,-ATH+ABT-WT
VSEL ,ALL
WPRO, , -90
VSBW, ALL
WPOFF, , ,-BAA
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VSBW, ALL

WPRO, , ,-90
VSEL,S,LOC,Y,-BH,-BH/2
WPOFF, , ,BW/2

VSBW, ALL

WPOFF, , ,WB

VSBW, ALL

WPOFF, , ,-BW-WB
VSBW,ALL

WPOFF, , ,-WB

VSBW, ALL

VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
CM,ANG_BOTTOM, VOLU
VSEL,ALL
VATT,1,,1,0

Iwelding
ASEL,S,LOC,Z,ATH
ASEL,R,LOC,Y,BH/2,BH/2+ATH

VEXT,ALL, , ,0,0,WT
ASEL,S,LOC,Y,BH/2+ATH
VEXT,ALL, , ,0,WT,O

ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,Z,0,ABT
ASEL,U,LOC,X,-BW/2-WB,BW/2+WB
VEXT,ALL, , ,0,WB,0
ASEL,S,LOC,X,ABL/2
ASEL,R,LOC,Z,0,ABT
ASEL,R,LOC,Y,-BH/2,-ABH-BH/2
VEXT,ALL, , ,WB,0,0
ASEL,S,LOC,X,-ABL/2
ASEL,R,LOC,Z,0,ABT
ASEL,R,LOC,y,-BH/2,-ABH-BH/2
VEXT,ALL, , ,-WB,0,0
ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,X,BW/2,BW/2+WB
ASEL,R,LOC,Z,DI1S,ABH
VEXT,ALL, , ,0,BFT,O
ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,X,-BW/2,-BW/2-WB
ASEL,R,LOC,Z,DI1S,ABH
VEXT,ALL, , ,0,BFT,O
VSEL,ALL

IWELD CUTTING

A,155,153,297,301

VSEL,S,LOC,Y,BH/2+ATH,BH/2+ATH+WT

VSBA,ALL,571

VDELE, 139,141, ,1
A,157,158,289,293
VSEL,S,MAT, ,0
VSEL,R,LOC,Y,BH/2,BH/2+ATT
VSBA,ALL,393

VDELE, 139,141, ,1
A,198,204,313,317
VSEL,S,MAT, ,0
VSEL,R,LOC,X,ABL/2,ABL/2+W\B
VSBA,ALL,352

VDELE, 139,141, ,1
A,197,202,321,327
VSEL,S,MAT, ,0
VSEL,R,LOC,X,-ABL/2,-ABL/2-WB
VSBA,ALL,352
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VDELE,139,141, ,1
A,279,287,337,331
VSEL,S,LO0C,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,BW/2,BW/2+WB
VSBA,ALL,352
VDELE, 140,143, ,1
A,248,256,347,342
VSEL,S,LO0C,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,-BW/2,-BW/2-WB
VSBA,ALL,352
VDELE, 140,143, ,1
VSEL,S,MAT, ,0
A,198,287,311,309
VSBA, 106,352
VDELE,133,,,1
A,306,305,197,256
VSBA, 95,506
VDELE,133, , ,1
VSEL,S,MAT, ,0
VATT,2,,1,0
CM,WELD, VOLU

1Everything Mesh
ALLSEL ,ALL
ESIZE,BW/4,0 ,
MSHAPE,0,3D
MSHKEY, 1
VMESH, ALL

TCOUPLING
NSEL,S,LOC,Y,BH/2
NSEL,R,LOC,Z,ATH,ATH+WT
CPINTF,ALL
NSEL,S,LOC,X,-BW/2
NSEL ,A,LOC,X,BW/2
NSEL,R,LOC,Y,-BH/2+BFT,-BH/2
NSEL,R,LOC,Z,ABT,ABH
CPINTF,ALL

IRestrain support nodes
NSEL,S,LOC,Y,BH/2+ATH,BH/2+ATH+WT
NSEL,A,LOC,X,ABL/2,ABL
NSEL,A,LOC,X,-ABL,-ABL/2
NSEL,R,LOC,Z,0
D,ALL,ALL
CM,RESTRAIN,NODE
NSEL,S,LOC,X,-BW/2-WB,-ABL/2
NSEL ,A,LOC,X,BW/2+WB,ABL/2
NSEL,R,LOC,Y,-BH/2+BFT,-BH/2
NSEL,R,LOC,Z,0
D,ALL,ALL
CMSEL ,A,RESTRAIN
CM,RESTRAIN,NODE
ALLSEL ,ALL
KSEL,S,KP, ,26,41,15
FK,ALL,FY,-ENDLOAD
ALLSEL ,ALL

1SOLVE
/SOL
CNVTOL,F, ,0.001,2,1 ,
NSUBST,10,50,8
NLGEOM, 1
OUTRES, ERASE
OUTRES,ALL ,ALL
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LNSRCH, 1

CUTCONTROL ,PLSLIMIT,1
TIME, 10

/STATUS,SOLU

SOLVE

/POST1

1

/axlab,x,Rotation (Rad)
/axlab,y,Moment (N.m)
/plopts, title,off
/plopts, frame,off
/udoc, ,date,off
/udoc, ,type,off
/color,curve,whit
/grid,0

/gthk,curve,0
/gropt,digl,.4

by 10**
/gropt,axnsc,1.6
/gropt,view,0,0,1

Graph Settings

1 x axis lable

I vy axis lable
1Dont show the title on the graph
IDont show the frame around the graph
IDont show date and ansys logo on the plot
IDont show type of the graph
Icolor of the curves 1,3 increment 1 is white
INo grid lines in x and y directions
IThickness of curves
INumber of digits used in axis is 3 multiply

TFont size of the axis numbers is in size 2
IMake it possible to change the graph size

/dev,font,1, Times*New*Roman,1000,0,36

/udoc, ,typ2,right
1

SET,LAST

IDont show legend of the graphs

Graph Drawing

*GET,LASTSTEP,ACTIVE,O,SET,SBST
*GET,LASTTIME,ACTIVE,O,SET, TIME
*DIM,MT, TABLE,LASTSTEP,2,1,,

SET,FIRST
*DO,1,1,LASTSTEP

*GET,STEPTIME,ACTIVE,O0,SET, TIME
MT(1,1)=2*ENDLOAD*STEPTIME/LASTT IME
MT(1,2)=(UZ(63)-UZ(1))/BH

SET,NEXT
*ENDDO

*VPLOT, MT(1,2),MT(1,1(

/ui ,copy,save,EMF,FULL,MONO,REVERSE , LANDSCAPE

2IPE12 TOP & SEAT ANGLE
Finish
/Clear
/FILNAME ,Modell
/TITLE,'NonLinear Analysis Of semi Rigid Connection'
/CWD,D:\
/PREP7

! Dimensions

BL=1.00 ! Beam length
BH=0.12 ! Beam height
BW=0.064 ! Beam flange width
BFT=0.0063 ! Beam flange thickness
BWT=0.0044 ! Beam web thickness
BA=0.007 ! Beam arc radius
ATL=0.09 ! Angle top length
ATH=0.08 ! Angle top height
ATT=0.008 ! Angle top thickness
ABL=0.15 ! Angle bottom length
ABH=0.10 ! Angle bottom heitht
ABT=0.010 ! Angle bottom thickness
WT=.005 ! Welding top diameter

Yo



WB=.006 ! Welding bottom diameter

TAA=0.010 ! Top Angle arc radius

BAA=0.012 ! Bottom Angle arc radius

DIS=0.010 ! Distance between beam and column(=ABT)
D=0.002 ! Distance between Beams
ENDLOAD=1500 ! concentrated load

! Material Properties
ET,1,SOLID45
MP,EX,1,200e9
MP,PRXY,1,.3
TB,MISO,1,1,4,0
TBPT,,.0012,2.4¢8
TBPT,,.01143,2.4¢8
TBPT,,.04238,3.714¢8
TBPT,,.0469,3.7¢8
MP,EX,2,248.8¢9
MP,PRXY,2,.3
TB,BISO,2,1,2,
TBDATA,,400¢6,6.04¢10,,,,
! Beam Volume
WPOFF, , , DIS
RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90
WPOFF, , BA+BWT/2
ASBW,ALL
WPOFF, , ,-2*BA-BWT
ASBW,ALL
A11,12,13,17
A9,10,20,16
AGEN,,ALL,,-BW/2-D/2,,,,,1
AGEN,2,ALL,,,BW+D,,,,,0
WPOFF, , BA+BWT/2-ATL/2
ASBW,10
WPOFF, , ,ATL
ASBW,5
VEXT,ALL,,,, ,BL-DIS
WPCSYS,1,0
VSEL,ALL
WPOFF,0,0,ATH
VSBW,ALL
WPOFF,0,0,WT
VSBW,ALL
WPOFF,0,0,ABH-ATH-WT
VSBW,ALL
WPOFF,0,0,-ABH+ABT+BAA
VSBW,ALL
VSEL,ALL
CM,BEAM,VOLU
! Top Angle Volume
WPLANE,1,0,BH/2+ATT,ATT
BLOCK,-ATL/2,ATL/2,-ATT,ATH-ATT,-ATT,ATH-ATT
BLOCK,-ATL/2,ATL/2,0,ATH-ATT,0,ATH-ATT
AFILLT,110,113,TAA,
VSBA,22,119
VSBV,21,24
VDELE,23,,,1
VSBW,22
WPOFF, , ,TAA
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VSBW,23
WPOFF, , ,-TAA
WPRO, , -90
VSBW,ALL
WPOFF, , , TAA
VSBW,ALL
WPRO,, ,-90
VSEL,S,LOC,Y,BH/2,BH
WPOFF, , ,-D/2
VSBW,ALL
WPOFF, , ,-BW/2+BA+BWT/2
VSBW,ALL
WPOFF, , ,-BA*2-BWT
VSBW,ALL
WPOFF, , . D+BW/2+BWT/2+BA
VSBW,ALL
WPOFF, , . BW/2-BA-BWT/2
VSBW,ALL
WPOFF, , BA*2+BWT
VSBW,ALL
VSEL,S,LOC,Y,BH/2,BH/2+ATH
CM,ANG_TOP,VOLU

! Bottom Angle Volume
WPLANE,1,0,-BH/2-ABT,ABT
BLOCK,-ABL/2,ABL/2,-ABH+ABT,ABT,-ABT,ABH-ABT
BLOCK,-ABL/2,ABL/2,~ABH+ABT,0,0,ABH-ABT
AFILLT,170,183,BAA,
VSBA,32,575
VSBV,30,35
VDELE,33,,,1
VSBW,32
WPOFF, , ,BAA
VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
VSBW,ALL
WPOFF, , , ATH-BAA-ABT
VSBW,ALL
WPOFF, , WT
VSBW,ALL
WPOFF, , -ATH+ABT-WT
VSEL,ALL
WPRO, , -90
VSBW,ALL
WPOFF, , ,-BAA
VSBW,ALL
WPRO, , ,-90
VSEL,S,LOC,Y,-BH/2-ATH,-BH/2
WPOFF, , . BW+D/2
VSBW,ALL
WPOFF, , ,WB
VSBW,ALL
WPOFF, , ,-2*BW-WB-D
VSBW,ALL
WPOFF, , ,-WB
VSBW,ALL
VSEL,S,LOC,Y,-BH/2,-BH/2-ABH
CM,ANG BOTTOM,VOLU
VSEL,ALL
VATT,1,,1,0

lwelding
ASEL,S,LOC,Z,ATH
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ASEL,R,LOC,Y,BH/2,BH/2+ATH
VEXT,ALL,, .,0,0,WT
ASEL,S,LOC,Y,BH/2+ATH
VEXT,ALL,, ,0,WT,0
ASEL,S,LOC,X,ABL/2
ASEL,R,LOC,Z,0,ABT
ASEL,R,LOC,Y,-BH/2,-ABH-BH/2
VEXT,ALL, , ,WB,0,0
ASEL,S,LOC,X,-ABL/2
ASEL,R,LOC,Z,0,ABT
ASEL,R,LOC,y,-BH/2,-ABH-BH/2
VEXT,ALL,, ,-WB,0,0
ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,X,BW-+D/2,BW+D/2+WB
ASEL,R,LOC,Z,DIS,ABH
VEXT,ALL,, ,0,BFT,0
ASEL,S,LOC,Y,-BH/2
ASEL,R,LOC,X,-BW-D/2,-BW-D/2-WB
ASEL,R,LOC,Z,DIS,ABH
VEXT,ALL,, ,0,BFT,0
VSEL,ALL

'WELD CUTTING
A477,481,273,275
VSEL,S,LOC,Y,BH/2+ATH,BH/2+ATH+WT
VSBA,ALL,879
VDELE,218,224, ,1
A,278,277,469,457
VSEL,S,MAT,,0
VSEL,R,LOC,Y,BH/2,BH/2+ATT
VSBA,ALL,790
VDELE,218,224, ,1
A,493,366,372,495
VSEL,S,MAT,,0
VSEL,R,LOC,X,ABL/2,ABL/2+WB
VSBA,ALL,638
VDELE,161,162,,1
VDELE,158,,,1
A,370,365,503,501
VSEL,S,MAT,,0
VSEL,R,LOC,X,-ABL/2,-ABL/2-WB
VSBA,ALL,638
VDELE,197,198, ,1
VDELE, 164, , ,1
A,513,507,446,454
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,BW+D/2,BW+D+WB
VSBA,ALL,638
VDELE,200,202, ,1
VDELE,218,,,1
A,523,518,416,424
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,-BW-D/2,-BW-D-WB
VSBA,ALL,638
VDELE,204,206, ,1
VDELE,218, , ,1
VSEL,S,MAT,,0
VATT,2,,1,0
CM,WELD,VOLU

! Everything Mesh
ALLSEL,ALL
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ESIZE,BW/4,0,
MSHAPE,0,3D
MSHKEY,1
VMESH,ALL

! COUPLING
NSEL,S,LOC,Y,BH/2
NSEL,R,LOC,Z, ATH,ATH+WT
CPINTF,ALL
NSEL,S,LOC,X,-BW-D/2
NSEL,A,LOC,X,BW+D/2
NSEL,R,LOC,Y,-BH/2+BFT,-BH/2
NSEL,R,LOC,Z,ABT,ABH
CPINTF,ALL

! Restrain support nodes
NSEL,S,LOC,Y,BH/2+ATH,BH/2+ATH+WT
NSEL,A,LOC,X,ABL/2,ABL
NSEL,A,LOC,X,-ABL,-ABL/2
NSEL,R,LOC,Z.,0
D,ALL,ALL
KSEL,S,KP,,50,60,10
KSEL,A,KP,,68,82,14
FK,ALL,FY,-ENDLOAD
ALLSEL,ALL

! SOLVE
/SOL
CNVTOLF, ,0.01,2,1,
NSUBST,10,50,8
OUTRES,ERASE
OUTRES,ALL,ALL
LNSRCH,1
CUTCONTROL,PLSLIMIT,1
TIME,10
/STATUS,SOLU
SOLVE
/POST1
SET,LAST
*GET,LASTSTEP,ACTIVE,0,SET,SBST
*GET,LASTTIME,ACTIVE,0,SET,TIME
*DIM,DELTAZ,TABLE,LASTSTEP,2,1,COL,ROW
*DIM,DELTA,ARRAY,LASTSTEP,6,1,Z1,7],
SET,FIRST
*DO,L,1,LASTSTEP
*GET,STEPTIME,ACTIVE,0,SET,TIME
*GET,ZILNODE,6,U,Z
*GET,ZJ,NODE,3,U,Z
ROW=ZI-ZJ
STEPLOAD=STEPTIME*ENDLOAD*2/LASTTIME
DELTA(L1)=I
DELTA(L2)=STEPTIME
DELTA(L3)=STEPLOAD
DELTA(L4)=Z1
DELTA(I,5)=Z]
DELTA(I,6)=ROW
DELTAZ(1,1)=STEPLOAD
DELTAZ(1,2)=ROW
SET,NEXT
*ENDDO
*VPLOT, DELTAZ(1,2),DELTAZ(1,1)
/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
SET,LAST
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VPLOT

/VIEW,1,1,1,1 ! IZOMETRIC VIEW

/ANG,1

/AUTO,1

/REP

/ui,copy,save, EMF,FULL,MONO,REVERSE ,PORTRAIT
PLDISP,0

/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, U)Y, 0,1

/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
ANCNTR,10,.5

PLNSOL, U,Z, 0,1.0

/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, S,Y, 0,1.0

/ui,copy,save, EMF,FULL,MONO,REVERSE,LANDSCAPE
PLNSOL, S,Z,0,1.0

/ui,copy,save, EMF, FULL,MONO,REVERSE,LANDSCAPE

IPE10 TOP & SEAT PLATE

Finish

/Clear

/F1LNAME ,Model1

/TITLE, "NonLinear Analysis Of semi Rigid Connection IPE10 TOP & SEAT
PLATE"

/CWD, "D"\:
/PREP7

IDimensions
BL=1.00 I Beam length
BH=0.10 I1Beam height
BW=0.055 I Beam flange width
BFT=0.0057 I Beam flange thickness
BWT=0.0041 I Beam web thickness
BA=0.007 IBeam arc radius
L1=0.17 IPlate top length
B1=0.055 IPlate top Width
BE=0.035 IPlate top end Width
T1=0.012 IPlate top thickness
D1=0.004 1Top Welding
L2=0.170 IPlate bottom length(=L1(
B2=0.075 IPlate bottom heitht
T2=0.006 IPlate bottom thickness
D2=0.004 1Bottom Welding
HS=0.060 IHeight
W=0.080 IWidth
TS=0.008 IThickness
DS=0.006 IWelding
DI1S=0.02 IDistance between beam and column(=ABT(
ENDLOAD=7000 Iconcentrated load

IMaterial Properties
ET,1,SOLID45
MP,EX,1,200e9
MP,PRXY,1,.3

TB,MI1S0,1,1,4,0
TBPT,,.0012,2_4e8
TBPT,,.01143,2.4e8
TBPT, ,.04238,3.714e8
TBPT, ,.0469,3.7e8
MP,EX,2,248_8e9
MP,PRXY,2,.3
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TB,B1S0,2,1,2 ,
TBDATA, ,400e6,6.04e10,,,,
IBeam Volume
MAT, 1
WPOFF, , , DIS
RECTNG, -BW/2, BW/2, BH/2-BFT, BH/2
RECTNG, -BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG, -BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO, , ,-90
WPOFF, , ,BA+BWT/2
ASBW,ALL
WPOFF, , ,-2*BA-BWT
ASBW,ALL
A,11,12,13,17
A,9,10,20,16
ASEL,S,LOC,Y,BH/2-BFT,BH/2
WPOFF, , ,BA+BWT/2+BE/2
ASBW,ALL
WPOFF, , ,-BE
ASBW,ALL
ASEL ,ALL
VEXT,ALL, , , , ,BL-DIS
WPCSYS,1,0
VSEL ,ALL
WPOFF,0,0,0.05
VSBW, ALL
WPOFF,0,0,W-0.05
VSBW,ALL
WPOFF,0,0,L1-W
VSBW,ALL
WPOFF,0,0,D1
VSBW,ALL
VSEL ,ALL
CM,BEAM, VOLU
1Top Plate
WPCSYS,1,0
BLOCK,-B1/2,B1/2,BH/2,BH/2+T1,0,L1
VSEL,S,LOC,Y,BH/2,BH
WPOFF, , ,D1
VSBW,ALL
WPOFF, ,,0.04-D1
VSBW,ALL
WPOFF, ,,0.01
VSBW,ALL
WPRO, , ,-90
WPOFF, , ,BW/2-0.01
VSBW,ALL
WPOFF, , ,-BW+0.02
VSBW, ALL
A,159,182,181,158
VSBA, 30,199
A,160,172,171,157
VSBA, 67,209
VDELE,26,46,20,1
VDELE,30,31,,1
WPOFF, , ,BW/2-0.01+BA+BWT/2
VSBW,ALL
WPOFF, , ,-2*BA-BWT
VSBW, ALL
WPRO, ,-90,0
WPOFF, , ,BH/2+D1
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VSBW, ALL
VSEL,U,LOC,Z,0,D1
CM,TOP_PLATE,VOLU

WPCSYS,1,0

IBOTTOM PLATE

BLOCK,-B2/2,B2/2,-BH/2,-BH/2-T2,0,L2

VSEL,S,LOC,Y,-BH/2, -BH
WPOFF, , ,D2

VSBW,ALL

WPOFF, ,,0.05-D2
VSBW,ALL
WPOFF, , ,W-0.05
VSBW,ALL

WPRO, , ,-90
WPOFF, , ,TS/2

VSBW,ALL

WPOFF, , ,DS

VSBW,ALL
WPOFF, , ,BW/2-TS/2-DS
VSBW,ALL

WPOFF, , ,D2

VSBW,ALL
WPOFF, , ,-BW/2-D2-TS/2
VSBW,ALL

WPOFF, , ,-DS

VSBW,ALL
WPOFF, , ,-BW/2+TS/2+DS
VSBW,ALL

WPOFF, , ,-D2

VSBW,ALL
ASEL,S,LOC,Y,-BH/2-T2
ASEL ,R,LOC,Z,0,W
ASEL,R,LOC,X,-TS/2,TS/2
AGEN,2,ALL,,,,,,,,0
ASEL,S,AREA, ,108,109
ASEL,A,AREA, ,116
VEXT,ALL, , , ,-HS ,
WPRO, , 90,
WPOFF, , ,BH/2+T2+DS
VSBW,ALL

WPOFF, ,,0.02-DS
VSBW,ALL
A,354,353,333,334

VSEL,R,LOC,Y,-BH/2-T2-0.02,-BH/2-HS

VSEL,U,LOC,Z,0,D2
VSBA,ALL,563
VDELE,134,140,6,1

VSEL,S,LOC,Y,-BH/2,-BH/2-HS

VSEL,U,LOC,Z,0,D2

VSEL,A,LOC,Y,-BH/2-T2,-BH/2-HS

CM,BOTTOM_PLATE,VOLU
VSEL,ALL
VATT,1,,1,0

VSEL,S,LOC,Y,BH/2,BH/2+T1

VSEL,R,LOC,Z,0,D1

TWELDING

VSEL,A,LOC,Y,-BH/2,-BH/2-T2

VSEL,R,LOC,Z,0,D2
VATT,2,,1,0

ASEL,S,LOC,Y,BH/2,BH/2+D1

ASEL,R,LOC,Z,L1
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VEXT,ALL,,,,,D1
ASEL,S,LOC,X,-BW/2,-BW/2-D2
ASEL,A,LOC,X,BW/2,BW/2+D2
ASEL,R,LOC,Y,-BH/2
ASEL,R,LOC,Z,0.05,L2
VEXT,ALL,,,,BFT,
ASEL,S,LOC,X,-TS/2,-TS/2-D2
ASEL,A,LOC,X,TS/2,TS/2+D2
ASEL,R,LOC,Y,-BH/2-T2
ASEL,R,LOC,Z,D2,W
VEXT,ALL,,,,-DS,
ASEL,S,LOC,X,-TS/2
ASEL,R,LOC,Y,-BH/2-T2,-BH/2-HS
ASEL,R,LOC,Z,0,D2

VEXT,ALL, ,,-DS,,
ASEL,S,LOC,X,TS/2
ASEL,R,LOC,Y,-BH/2-T2,-BH/2-HS
ASEL,R,LOC,Z,0,D2
VEXT,ALL,,,DS,,

TWELD CUTTING
VSEL,S,LOC,Y,BH/2,BH/2+D1
VSEL,R,LOC,Z,L1,L1+D1
A,219,215,336,357
VSBA,ALL,650
VDELE, 157,159, ,1
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,BW/2,BW/2+D2
A,371,369,318,322
VSBA,ALL ,458
VDELE, 134,157,23,1
VSEL,S,LOC,Y,-BH/2,-BH/2+BFT
VSEL,R,LOC,X,-BW/2,-BW/2-D2
A,365,281,278,364
VSBA,ALL ,458
VDELE, 143,157,14,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-DS
VSEL,R,LOC,X,TS/2,TS/2+DS
VSEL,R,LOC,Z,D2,W
A,299,384,379,296
VSBA,ALL,458
VDELE, 143,157,14,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-DS
VSEL,R,LOC,X,-TS/2,-TS/2-DS
VSEL,R,LOC,Z,D2,W
A,256,259,377,373
VSBA,ALL,458
VDELE, 147,157,10,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-HS
VSEL,R,LOC,X,TS/2,TS/2+DS
VSEL,R,LOC,Z,0,DS
A,325,333,395,397
VSBA,ALL ,458
VDELE, 157,159, ,1
VSEL,S,LOC,Y,-BH/2-T2,-BH/2-T2-HS
VSEL,R,LOC,X,-TS/2,-TS/2-DS
VSEL,R,LOC,Z,0,DS
A,389,326,334,385
VSBA,ALL ,458
VDELE, 157,159, ,1
VSEL,S,MAT, ,0
VATT,2,,1,0
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VSEL,S,MAT, ,2
CM,WELD, VOLU

1Everything Mesh
ALLSEL ,ALL
ESI1ZE,BW/5,0 ,
MSHAPE,0,3D
MSHKEY , 1
VMESH, ALL

T1COUPLING
NSEL,S,LOC,Y,BH/2
NSEL,R,LOC,Z,L1,L1+D1
CPINTF,ALL
NSEL,S,LOC,X,BW/2
NSEL,A,LOC,X,-BW/2
NSEL,R,LOC,Y,-BH/2,-BH/2+BFT
NSEL,R,LOC,Z,0.05,L1
CPINTF,ALL
NSEL,S,LOC,X,TS/2
NSEL,A,LOC,X,-TS/2
NSEL,R,LOC,Y,-BH/2-T2,-BH/2-T2-DS
NSEL,R,LOC,Z,D1,W
CPINTF,ALL

NSEL,s,LOC,Z,0
D,ALL,ALL
ALLSEL ,ALL
KSEL,S,KP, ,26,41,15
FK,ALL,FY, -ENDLOAD
ALLSEL,ALL

1SOLVE
/S0L
CNVTOL,F, ,0.01,2,1 ,
NSUBST, 10,50, 8
OUTRES, ERASE
OUTRES,ALL ,ALL
LNSRCH, 1
CUTCONTROL , PLSLIMIT, 1
TIME, 10
/STATUS, SOLU
SOLVE
/POST1
SET,LAST
*GET,LASTSTEP,ACTIVE,O,SET, SBST
*GET,LASTTIME,ACTIVE,O,SET, TIME
*DIM,DELTAZ, TABLE,LASTSTEP,2,1,COL,ROW
*DIM,DELTA,ARRAY, LASTSTEP,6,1,Z1,2J,
SET,FIRST
*DO, 1,1,LASTSTEP
*GET,STEPTIME,ACTIVE,O,SET, TIME
*GET,Z1,NODE, 4169,U,Z
*GET,ZJ,NODE, 4035,U,Z
ROW=Z1-2J
STEPLOAD=STEPT IME*ENDLOAD*2/LASTT IME
DELTA(I,1)=I
DELTA(I,2)=STEPTIME
DELTA(I,3)=STEPLOAD
DELTA(I,4)=Z1
DELTA(I,5)=2J
DELTA(I,6)=ROW
DELTAZ(I,1)=STEPLOAD
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DELTAZ(I,2)=ROW

SET,NEXT

*ENDDO

*\/PLOT, DELTAZ(1,2),DELTAZ(1,1(

/ui ,copy,save,EMF,FULL ,MONO,REVERSE , LANDSCAPE

VPLOT

/VIEW,1,1,1,1 1 1ZOMETRIC

/ANG, 1
/AUTO,1
/REP

/ui ,copy,save,EMF,FULL,MONO,REVERSE ,PORTRAIT

PLDISP,O

/ui ,copy,save,EMF,FULL,MONO,REVERSE , LANDSCAPE

PLNSOL, U,Y, 0,1

/ui ,copy,save,EMF,FULL,MONO,REVERSE , LANDSCAPE

ANCNTR, 10, .5
PLNSOL, U,Z, 0,1.0

/ui ,copy,save,EMF,FULL,MONO,REVERSE , LANDSCAPE

PLNSOL, S,Y, 0,1.0

/ui ,copy,save,EMF,FULL ,MONO,REVERSE , LANDSCAPE

PLNSOL, S,Z, 0,1.0

/ui ,copy,save,EMF,FULL,MONO,REVERSE , LANDSCAPE

VIEW

Top Angle Seat Plate

Finish

/Clear

/FILNAME, Modell

/TITLE,'NonLinear Analysis Of semi Rigid Connection'
/CWD,'D:\

/PREP7

! Dimensions
BL=1.00 ! Beam length
BH=0.10 ! Beam height
BW=0.055 ! Beam flange width
BFT=0.0057 ! Beam flange thickness
BWT=0.0041 ! Beam web thickness
BA=0.007 ! Beam arc radius
ATL=0.08 ! Angle top length
ATH=0.08 ! Angle top height
ATT=0.008 ! Angle top thickness
WT=0.005 ! Welding top diameter
TAA=0.010 ! Top Angle arc radius
TS=0.008 ! Hardening Plate thickness
TF=0.006 ! Plate thickness
W=0.080 ! Plate width
BS=0.130 ! PLate length
HS=0.080 ! Hardening Plate height
WS=0.005 ! Welding Plate
DIS=0.020 ! Distance between beam and column
D=0.002 ! Distance between Beams
ENDLOAD=1500 ! concentrated load

! Material Properties
ET,1,SOLID45
MP,EX,1,200e9
MP,PRXY,1,.3
TB,MISO,1,1,4,0
TBPT,,.0012,2.4¢8
TBPT,,.01143,2.4¢8
TBPT,,.04238,3.714¢8
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TBPT,,.0469,3.7¢e8
MP,EX,2,248.8¢9
MP,PRXY,2,.3
TB,BISO,2,1,2,
TBDATA,,400¢6,6.04¢10,,,,

! Beam Volume
WPOFF, , , DIS
RECTNG,-BW/2, BW/2, BH/2-BFT, BH/2
RECTNG,-BW/2, BW/2, -BH/2, -BH/2+BFT
RECTNG,-BWT/2, BWT/2, -BH/2+BFT+BA, BH/2-BFT-BA
WPRO,,,-90
WPOFF, , , BA+BWT/2
ASBW,ALL
WPOFF, , ,-2*BA-BWT
ASBW,ALL
A,11,12,13,17
A,9,10,20,16
AGEN,ALL, ,-BW/2-D/2,,,,,1
AGEN,2,ALL,,,BW+D, ,,,,0
WPOFF, , , BA+BWT/2-ATL/2
ASBW,10
WPOFF, , ,ATL
ASBW,5
VEXT,ALL, ,,, ,BL-DIS
WPCSYS,1,0
VSEL,ALL
WPOFF,0,0,ATH
VSBW,ALL
WPOFF,0,0,WT
VSBW,ALL
WPCSYS,1,0
VSEL,ALL
CM,BEAM,VOLU

! Top Angle Volume
WPLANE,1,0,BH/2+ATT,ATT
BLOCK,-ATL/2,ATL/2,-ATT,ATH-ATT,-ATT,ATH-ATT
BLOCK,-ATL/2,ATL/2,0,ATH-ATT,0,ATH-ATT
AFILLT,191,193,TAA,
VSBA,42,198
VSBV,25,44
VDELE43,,,1
VSBW,42
WPOFF, , , TAA
VSBW,43
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Abstract

In the Common Steel structures, beam to column connections are usually
designed supposing completely rigid or ideal pinned, but most of the real
beams to column connections have the same behavior of semi-rigid
connections. Semi- rigid connections are more interested to the researchers
and a lot of researches have been done and continued.

In this thesis at first, for modeling and analysis of web angles connections,
top and seat angle, with ansys software. Each connection macros with user
guide proposed dimensions for beams profiles runs in software. Using
connection rotation angular majorment loaded moment, drown diagrams of
each connections and elastic stiffness and plastic stiffness of each
connections with different distance are obtained. Finally, a two story
building with aspect connection stiffness and approximately with out these
are analyzed and designed.

Using of connection stiffness in structure design cause to decrease in beams
profile. Consequently structure design reliability has bean increase.

Therefore pay attention connection stiffness economize project planning.
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