midas FEA Training Series LS-16. FSM Bridge

LS-16. FSM Bridge Overview

= 3-D Linear Static Analysis

=  Model
- % Symmetric Model
-Unit: N, m
- Isotropic Elastic Material
- Reinforcement Element
- Solid Element

= | oad & Boundary Condition
- Body Force
- Pressure
- Arbitrary Load
- Prestress for Reinforcement
- Constraint
- Symmetric Condition

=  Result Evaluation
- Deformation
- Mirror Mode
- Reinforcement Stresses
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midas FEA Training Series LS-16. FSM Bridge

Step 1. 1. Analysis > Analysis Control —

“Control” tab ¢

2. Analysis Type : 3D

Analvs.ls 2 Move Weplane _
3.Unit: N, m
VE’ I Ref. Plane | Yran & Rot ] 3 Prt Pln ] Marrnal ]

4. Click [OK] Button
e v Reference Face Selected (6
P 0 r N 5. Geometry > Work Plane > Move —

i \
" Axisymmetry ~ Offsek | n N “Re_ﬁ Plane” tab
" CFD 2D N
\
_ v | 6. Select “XZ Plane”
[v Convert Model Weight to Masses . L ) N
* Lumped Mass " Consistent Mass I Define Origin Point N 7 CI'Ck [O K] Button
Auto-Constraint |

[¥ Rotational DOFs for Truss | Plane 3 lements

Unit System

Force | N Length | m |Energy ]

Gravity Acceleration 9.80665 mfsec?
Initial Temperature o [1]

Flip Marmal ‘ Reset bo GCS |

B@Ca Dors | ot |
N\

% Analysis Control Dialog is automatically activated at startup.
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Step 2.

1. Geometry > Curve > Create on WP > Polyline (Wire)...

2D PaolyLine x| 2. Location : (0) , <1.25>, <0.75>, <0.88, 2.933> , <2.57,0.21>, <0, 0.247> ,
— <-5.45,0.11>, <0, -3.5> ¢

* Single Location

Input Skart Location

Location | @ 7 6
=l

Method |aBS %, v

" Through Mulkiple Yertices 5
4
Crder
i+ i
Ordering Method
| =l
| =l
= = 2 =

[~ MakeFace [ Close

@ Back. ‘ Apphy | Cancel |

@ (): “ABS x, y”, <>: “REL dx, dy”
(0) same as (0, 0)
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Step 3.

1. Location : (0, 0.35) , <1.479>, <0.775, 2.583> , <-1.254, 0.197> , <-1>
2D PolyLine %] 2. Click Right Mouse Button on the Work Window

* Single Location
Input Skart Location
Lacation | @
Method |aBS %, v |
5 4
" Through Mulkiple Yertices
3
Crder
i+ i
Ordering Method
| =l
| =l
= = 2 =
[~ MakeFace [ Close
@ Back. ‘ Apphy | Cancel |
1 2
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Step 4.

1. Location : (0, 0.55) , <1.121>, <0.715, 2.38> , <-1.836>
2D PolyLine %] 2. Click Right Mouse Button on the Work Window

* Single Location
Input Skart Location
Lacation | @
Method |aBS %, v |
" Through Mulkiple Yertices
4 3
Crder
i+ i
Ordering Method
| =l
| =l
= = 2 =
[~ MakeFace [ Close
@ Back. ‘ Apphy | Cancel | 1 2
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Step 5.
1. Location : (0, 0.65) , <0.6>, <0.15, 0.15>, <0, 0.3>, <-0.35, 0.85>, <-0.4>
2D PolyLine X 2. Click Right Mouse Button on the Work Window
& Single Location 3. Click [Cancel] Button ¢
Input Skart Location
Lacation | 1
Method | ABS x, y |
" Through Mulkiple Yertices
Crder
i+ i
Ordering Method
| =l 6 5
| =l
= = 2 = 4
[~ MakeFace [ Close 1 2 3
@ o
&)

@ [Esc] as shortcut for [Cancel].
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1. Geometry > Transform > Translate ...
2. Select 2 Shapes(Wires) marked by “O” (See Figure)
3. Click “Select Direction” Button and Select “Y-Axis”

Step 6.

Translat '

—_— X 4. Check on “Uniform Copy”
Drecton 8 itence |t in S | 5. Distance (-15.5) , Number of Times (1)
v 2 Object Shapeis) Selecte(@, _ ]

---. . Click [Apply] Button ©
Direction —————— || " TT=-o___ 6 C ¢ [ pp y] Utto

o Direction Selectad (?
—

" 2 Paint Wector [~
[ [V [

" Maove o+ Uniform Copy e
tor-EriFoTTh Copy

Distance | 155 <2

Mumber of Times

E] (o)1 | Cancel w

& [Enter] as shortcut for [Apply].
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Step 7.

Translate D_(

Direckion & Distance l Distance in 5 ]

lv 3 Object Shapeis) Selecte(@

Direction

o Direction Selected (?
—

" 2 Paint Wector
[ [V [

" Maove o+ Uniform Copy e
tor-EriFoTTh Copy

Distance | 18,3 2

Mumber of Times

LS-16. FSM Bridge

1. Select 3 Shapes(Wires) marked by “O” (See Figure)
2. Click “Select Direction” Button and Select “Y-Axis”

3. Check on “Uniform Copy”

4. Distance (-18.3) , Number of Times (1)

5. Click [OK] Button

@@Cencel ‘ IW
&)
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Step 8.

Delete

&

Chbjectis) ko be deleted:

Pualyline
Palyline

LS-16. FSM Bridge

1. Select 2 Shapes(Wires) marked by “O” (See Figure)
2. Press [Delete] Key

3. Click [OK] Button

4. Geometry > Curve > Intersect ...

5. Select “Displayed All” ¢

6. Click [Apply] Button

7. Click [Cancel] Button

QK D Cancel

Select Entities to Intersect

7~ N
2 G)(ew)
N~

&

@ “Ctrl+A” as shortcut for “Select Displayed All”.

T
o

LT
L
v
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Step 9.

1. Select 3 Shapes(Edges) marked by “O” (See Figure)
2. Press [Delete] Key

3. Click [OK] Button

Delete [E

Obijectis) to be deleted:

Split Edge
Split Edge
Split Edge

( K, Cancel

MIDAS Information Technology Co., Ltd.
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Step 10.
3D Line X 1. Geometry > Curve > Create 3D > Line...
Input Start Location 2. Toggle on “Vertex Snap 22
sedian | 3. Select P1 & P2 in sequential order (See Figure)
Method XV, E hd . . .

855, v M 4. Select P3 & P4 in sequential order (See Figure)
@ Apply | Cancel |

N\

s
- e - -
'/
N
N
—_— == ]
| |
v
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Step 11.

3D Line X] 1. Select P1 & P2 in sequential order (See Figure)
Input Start Location 2. Select P3 & P4 in sequential order (See Figure)

Lacation |

Methad |.ﬂ.BS W, 2 j

@ Apply | Cancel |

EEEEEEEEEEEESR .’
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Step 12.

1. Select P1 & P2 in sequential order (See Figure)
3D Line X 2. Select P3 & P4 in sequential order (See Figure)
Input Start Location 3. Select P5 & P1 in sequential order (See Figure)
Locatien | 4. Select P6 & P3 in sequential order (See Figure)
Methed 455 v, M 5. Click [Cancel] Button
) Apply /Ca:m

MIDAS Information Technology Co., Ltd.



midas FEA Training Series

LS-16. FSM Bridge

Step 13.

Break Edge [g|
Metha@) j
3 Edgels) Selected |

Cutking Ratio (0e1) | 2,55/5.45 LD

E] Cancel

1. Geometry > Curve > Break ...

2. Method : Ratio

3. Select 3 Edges marked by “O” (See Figure)
4. Cutting Ratio (0~1) : 2.55/5.45

5. Click [Apply] Button

MIDAS Information Technology Co., Ltd.
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Step 14.

Break Edge ['}(|

Metha@_) j
3 Edgels) Selected |

Cukting Ratio (0~1) | @QD

ZEEn QT

1. Method : Ratio

2. Select 3 Edges marked by “O” (See Figure)
3. Cutting Ratio (0~1) : 1.5/2.9

4. Click [OK] Button

MIDAS Information Technology Co., Ltd.
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Step 15.
Edge Mesh Size £|
2 Edge(s) Selected |
5 %M
| frumber of Divisions (3 | .

Murnber of Divisions

r‘— — —— =

LS-16. FSM Bridge

1. Mesh > Size Control > Along Edge ...

2. Select 2 Edges marked by “O” (See Figure)
3. Number of Divisions (4)

4. Click [Apply] Button

| (3) *J

[ adaptive Seeding
=

WE = | Edge_Sesd

r
@ o4 Cancell || Apply @
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LS-16. FSM Bridge

midas FEA Training Series

Step 16.

Edge Mesh Size E'
1 Edgels) Selected |
Seadi
|Num|:uer of Divisions 2 ﬂ

Murnber of Divisions /(\

| (2) 7

[ adaptive Seeding
=

B | Edge_Sesd

r—==--1

1. Select 1 Edge marked by “O” (See Figure)
2. Number of Divisions (7)
3. Click [OK] Button

r
@ @Cancel | Apply |

3
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SEELERY S
LN ! 1. Mesh > Map Mesh > k-Edge Area ...
Step 17. B # &
: NP : 2. Select 5 Edges of “Zone A” (See Figure)
. e e 3. Mesh Size : Division (3)
Map-Mesh k-Edge Area E| L%
" . . 4. Property (1)
e N E 5. Click [Apply] Butt
5 Edgels] Selected ] "‘ ' IC [ Pp y] utton
. « » (3 »
 Mansaep s 6. Repeat step 2~5 for “Zone B” & “Zone C
“
“
i - =
\ ( [ | | | | |
!
Mesh Size :
. (ZoneC)
(™ Element Size f* Division :
| |
|
Froperty :
:
Mesh Set :
i | Map-MeshizD) :
|
Add to |Mesh Sek j :
[ Reqister Mesh Function :
v Merge Modes :
Tolerance | 1e-005 :
!
[ iGenerate Mid-Side Modes @
E] o] | Cancel( F\pply? 5 ’ : v
\
N>y
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Step 18. T :, 1. Select 5 Edges of “Zone A” (See Figure)
N 2. Mesh Size : Division (3)
3. Property (1)

X)

Map-Mesh k-Edge Area

I Auta-Map 4. CIiCk [Apply] Button
2 Edpels] Selented ] 5. Repeat step 1~4 for “Zone B” & “Zone C”
" Manual-Map
\\ /\(N 1 ; T
Mesh Size \ / ,\f /\’ 7 7
" Element Size * Division
|
P ke
Mesh Set
~ | Map-Mesh(Z0)
Add ko |Mesh St j
[ Reqister Mesh Function
v Merge Modes
Tolerance | 1e-005
@Zone D
[ iGenerate Mid-Side Modes  — /
E] K | Cancel( F\pply? 4 ’ \\ \é\ J
\\
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Step 19.

Map-Mesh k-Edge Area

LS-16. FSM Bridge

1. Select 5 Edges of “Zone A” (See Figure)
2. Mesh Size : Division (3)

3. Property (1)

4. Click [Apply] Button

5. Repeat step 1~4 for “Zone B” & “Zone C”

i Auta-Map

5 Edgels) Selected ]
(" Manual-Map

2 | Select Object Edgels] 1

2 | Select Objsct Edgefs] 2

2 | Select Objsct Edgels) 3

2| Select Object Edgefs) 4
— Mesh Size

¢ Element Size ﬂisiun

I \ :
> ke
Clo =
— Mesh Set

¥ fs Sub-Set I Map-Meshi{zD)

Add ko IMesh St LI

[ Register Mash Function
—Iv Merge Nodes

Tolerance I 1e-005

[~ Generate Mid-Side Modes

E.] Ok I Cancel(! .ﬁ.pply? 4 ’

MIDAS Information Technology Co., Ltd.
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StEQ 20. N :Q\%::\ 1. Select 5 Edges of “Zone A” (See Figure)
S TS 2. Mesh Size : Division (3)

3. Property (1)

4. Click [Apply] Button

X)

Map-Mesh k-Edge Area

f* Auto-Map ; ’ . ”
(1 (1
5 Edoeis] Seiested ] 5. Repeat step 1~4 for “Zone B” & “Zone C
C Manua-Map 6. Click [Cancel] Button
Mesh Size / //—/j
7 7

| (™ Element Size f* Division / /
ety [/
C <] /7

Mesh Set
v | Map-MeshizD)
Add ko |Mesh St j

[ Reqister Mesh Function

v Merge Modes

Tolerance | 1e-005 %A/

[ Generate Mid-Side Mods .
N

B o (o) 4) Zone A
S

(T
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1. Mesh > Protrude Mesh > Extrude ...

Step 21. 2. Select “2D->3D” tab

3. Select 63 Elements (See Figure)

4. Extrusion Direction : Y-Axis

5. Check on “Non-Uniform”

6. Offset : 3@-0.5, 6@-0.8, 3@-0.5, 3@-0.6, 3@-0.5, 3@-0.9, -0.5
7. Source Mesh : Copy

8. Property (2)

d 9. Click [Apply] Button

Extrude Mesh

v

— Extrusion Direckion

ISeIectinn

v

& Mon-Uniform
6, 3@-0.5, 3@-0.9, -0.5

5,6

[ Two Way Extrusion

arm

fumber of Times

— Source Mesh
" Mone ( Delete  Mowe( ¢ Copy
— [Mesh Twpe
" Triangle % Cuadrilateral
— Property
Cz18) ]
— Mash Set
¥ as sub-Set I Extrude Mesh
Add ko IMesh Setk j
[ User Defined Mesh Set
Dffsets Per Set I 1
¥ Merge Nodes
Tolerance I le-00%

E-] K |Cance|(.ﬁ.pply‘ 9
N

MIDAS Information Technology Co., Ltd.
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. FSM Bridge

[\/ B3 Element(s] Selected ( 2

Exkrusion Direction

|Se|ectinn j
[\/ Extrusion Dir. Selected @
<
-

* Mon-Uniform

6@0.5,3@0.9,3@0.5,380

Offse

[ Twao Way Extrusion

1. Select “2D->3D” tab

2. Select 63 Elements (See Figure)

3. Extrusion Direction : Y-Axis

4. Check on “Non-Uniform”

5. Offset : 6@0.5, 3@0.9, 3@0.5, 3@0.6, 6@0.5, 2@1.15
6. Source Mesh : Delete

7. Property (2)

8. Click [OK] Button

(6)

Source Mesh
" Mone (™ Delete ) Move  Copy

~ o
Property

~| g
Mesh Set
v | Extrude Mesh
Addto  |Mash Set [~

[ User Defined Mesh Set

[¥ Merge Modes

Talerance | 1e-005

D@ M

MIDAS Information Technology Co., Ltd.
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1. Mesh > Protrude Mesh > Fill ...

2. Select “2D->3D” tab

3. Click “Right View” Button

4. Select 63 Elements for Bottom (See Figure)

Step 23.

Fill Mesh

Modes-20 | 10-320 | Edge-=2D @

[\/ £3 Bottom Elemant|s] Selected

5. Select 63 Elements for Top (See Figure)
6. Mesh Size : Element Size (0.2)
7. Source Mesh : Delete

@ 8. Property (2)

9. Click [OK] Button

E3 Top Element(z) Selected ]
Mesh Size

* Element Size

" Division

| Define Base Nodes

E@@%@@@@..

()

|
i
i
7 i
Source Mesh i
" Mone (™ Delete ) i I
|

i
r = !

Property

Mesh Set

4 | Fimesh | | | | B
#Add to |Mesh Set ﬂ

[ User Defined Mesh Set

¥ Merge Modes

Tolerance | 1e-005

as
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1. Mesh > Protrude Mesh > Extrude ...
2. Select “2D->3D” tab
3. Select 3 Mesh Set (63 Elements) marked by “O” (See Figure)

Step 24.

Extrude Mesh

10-52D | Edge-2t 4. Extrusion Direction : Y-Axis
v B3 Element]s) Selected_( 3 5. Check on “Non-Uniform”
o - 6. Offset : 0.1, 3@0.5, 2@0.6
@ ExtusionDit Selcted | 4 7. Source Mesh : None
\ 8. Property (2)

"\ 9. Click [Apply] Button

* Mon-Uniform

0.1, 3@0.5, 2@0.6

@

[~ Twao Way Extrusion \

\

7 \
2\ desh \\
@ " Delete © Mowe © Copy \

~

Property

=

=0

Mesh Set

¥ | Extrude Mesh
Add ko |Mesh Setk j
[ User Defined Mesh Set
\
[+ Merge Modes ‘\
Tolerance | le-00% o

B8 o | oG] s

-| bl (B
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LS-16. FSM Bridge

[\/ 36 Element{z] 5 elected ( 2

Exkrusion Direction

|Selecti0n

=l

[\/ Estrusion Dir. Selected @
\

\

\

* Mon-Uniform

0.5, 2@-0.6 _/

[ Twao way Extrusion

(6)

1. Select “2D->3D” tab

2. Select 96 Elements (See Figure)
3. Extrusion Direction : Y-Axis

4. Check on “Non-Uniform”

5. Offset : -0.5, 2@-0.6

6. Source Mesh : Delete

7. Property (2)

8. Click [OK] Button

Source Mesh
" Mone \U* Delete )T Mowe © Copy

l"‘ v
Property
GO s
Mesh Set
[ | Extrude Mesh
Addto  [Mesh set |

[ User Defined Mesh Set

[¥ Merge Modes

Tolerance | 1e-005

B9

MIDAS Information Technology Co., Ltd.
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Step 26. 1. Analysis > BC > Constraint ...
2.BC Set: BC
Constraint x| 3. Select 4 Nodes of Bottom marked by “O” (See Figure)
pcset( [BC ( 2 | 4. Click [Pinned] Button
— Object -
5. Click [OK] Button
Type INcu:ie ;I [ ]
— N\
¥ 4 Mode(z) Selected
@ €)
— Free Face Nodes
ﬂ Select Element[z)
Seed Mode I
Feature Angle I 15 [Deag] Find
~ Mode
& add " Replace ¢ Delete
[ Apply bo Unassigned Objecks Only

~ DOF
W 11 v 12 v 13
[ Ri [ Rz [ Rr3

Fixed Free |
(_poned_{(4) _norotsion |

 Symmekry Anki-Symmetry
Plane 12 I Plane 12 |
Plane 23 I Plane 23 |
Plane 31 I Plane 31 |

@ o Loyl ] -
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1. Mesh > Transform > Mirror ...

2. Select 3 Meshes (See Figure)

XZ-Plane

4. Check on “Include LBCs...”

5. Click [OK] Button

3. Mirror Plane

"

)

Step 27.

Mirror Mesh

(3 Meshies) Helected

v

Basis

™ Axis
Mirror Reference Selected( 3

" Paint

v

[ Use 3-Paint Plane

v Include LECs (Only Modal LEC

Point 1 |
Point 2 |
Point 3 |
[v Copy Mesh Object

[v Merge Nodes

le-005

Tolerance

MIDAS Information Technology Co., Ltd.
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midas FEA Training Series

Step 28.

] SfA- ] Geometry
Move York Plane D_(| *

+Hpdt CUrYE .
fd Surface ow<-> Hide

1. Pre-Works Tree : Geometry ...
2. Click Right Mouse Button and Select “Hide All”

3. Geometry > Work Plane > Move ...

Ref, Plane lTran & Rok ] 3 Pnt Pln ] Mormal ]
salid [0 “YZ- ”
['./ Reference Face Selected( 4 g Campound [0] 4. Select “YZ-Plane
\\ [ Geometry Set 5. Click [OK] Button
Offset | 0
[ Define Crigin Paink
- -f ’ d
Marme |
Fip | Ressttoccs |
@ " ancel | Apply
T
©), 7

MIDAS Information Technology Co., Ltd.
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Step 29-1.
1. Geometry > Curve > Create on WP > B-Spline ...
2D B-Spline X 2. Location : (-20, 2.5)
& Single Location 3. Change Method to “ABS x, y”

Input Interpolation Poink

Location| 4. Location : (-18, 2.175), (-10, 1.147), (-2, 0.8), (0, 0.8)

Methn 5. Click Right Mouse Button on the Work Window
" Through Multiple Vertes 6. Location : ('20; 2)

7. Change Method to “ABS x, y”

Order

- ~ 8. Location : (-18, 1.732), (-10, 0.886), (-2, 0.6), (0, 0.6)
Ordering Method 9. Click Right Mouse Button on the Work Window
| = 10. Location : (-20, 1.5)
| = 11. Change Method to “ABS x, y”
12. Location : (-18, 1.290), (-10, 0.625), (-2, 0.4), (0, 0.4)
ZHNET I T [ 2

13. Click Right Mouse Button on the Work Window
14. Location : (-20, 1)
[ Define Two End Tangent Yectars « s
 Maks Face 15. Change Method to “ABS x, y
@ ek ||W cancel (18 16. Location : (-18, 0.847), (-10, 0.364), (-2, 0.2), (0, 0.2)
17. Click Right Mouse Button on the Work Window
18. Click [Cancel] Button

MIDAS Information Technology Co., Ltd.
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Step 29-2.

MIDAS Information Technology Co., Ltd.
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Step 30.

1. Geometry > Transform > Mirror ...
2. Select 4 B-Spline Curves

3. Mirror Plane : XZ-Plane

4. Click [OK] Button

—
[w C 40bject Shape(s})elected(@
\_/

" Paint " Axis {* PFlane

+ | Mirror Reference Selecta(i)"—

(" 3 Paint Plane

Pe1 |

P2 |

P3|

v Copy Cbject(s)

E]‘ W)Cancel | Apply |
&

MIDAS Information Technology Co., Ltd.
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Step 31.

Merge Edge |X

1. Geometry > Curve > Merge ...
& Edge(s) Selected | 2. Click “Displayed All”
3. Click [OK] Button

Tolerance I 0.0001

@@ancel | apphy | 3
3

MIDAS Information Technology Co., Ltd.
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1. Geometry > Work Plane > Move ...
2. Select “3 Pnt Pln” tab

Step 32.

3. Toggle on only “Node Snap”

Move Work Plane

4. Select P1~P3 in sequential order (See Figure)

i G S 5. Click [OK] Button
3 Point Plane
Origin | 2,-20,0
x-fixis | z,-15.5, 0
Plane | 2,68, -20, 2,933

&)

[ Save Woark Plane

Marne |

Flip Marmmal | Reset ko GCS |

@@l ancel‘ Apply ‘
&)

@---é--ﬁ/#@@@

®
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Step 33.
1. Geometry > Curve > Create on WP > Rectangle ...
Rectangle X 2. Select 15t Method
Input One Carner 3. Check on “Make Face”
Method 4. Location : (-1, -1), <42, 5>
‘ﬁ‘ 5. Click [Cancel] Button

Location | @
Apply {l Cancel )

S~

&)
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1. Geometry > Transform > Project ...

Step 34. 2. Select “Curve onto Face”
3. Select Target Surface

4. Select 4 Merged B-Spline Curves for Tool Curves

Project
|~ N
wunt% -] 5. Check on “2 Point Vector”

7 /1 Target Surfacels) Mcte\ - 6. Enter : (0’ 0, O)v (1; 0, 0)
[,/\ﬂnm Curve(s) S)péted( ““““““““ 7. Click [OK] Button
P — S~<

N ~~

— Projection Direction N

" pirection el Select Direction .

< % 2 Paint Vector AN

\A .
6 R
| L0,0 N O\

" Point om Curve [Ratia) I 0.5

~ vertex [l Select Ref, Vertex

" Direction of Shortest Path Line

v Mearest Only [~ Make Face

Marne Projection

@ Ok I ancell .ﬂ.ppl';.fl b3
)
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Step 35.

=]
-]
1]
-]

let

X

Object(s) ko be deleted:

Merqed Edae
Merged Edge
Merged Edge
Merged Edge
Rectangle

E’

e Cancel

LS-16. FSM Bridge

1. Select 4 Merged B-Spline Curves and Surface
2. Press [Delete] Key

3. Click [OK] Button

MIDAS Information Technology Co., Ltd.
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Step 36. 1. Geometry > Transform > Translate ...
2. Select “Direction & Distance” tab
Translate ] 3. Select “Displayed All” ( 4 Edges projected)
Direction & Distance | Pistance in CS] 4. Direction : X-Axis
= I
[w* C 4 0Object Shape(s:@electe(@ 5. Check on “Non-Uniform Copy”
v
Direction 6. Distance : -0.183, -0.25
o Direction Selectad (:4) .
7. Click [OK] Button

" 2 Point Yeckor M
[+ [ [+

Distance |

Mumber of Times | \?J = |

U
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Step 37.

—~~
[¢D]
S
>
=
i
>

> C
© T o
o X £
n_V.v _—
c m m
u < | e |
O 2 4
+ 8 0O
+—
[ &) [ BV
L g o
(¢D) S —
» a O
— N ™m
-
L
o
1}
]
[1h]
0
(m)
e C:C C C
o R ===
e PO IO I3
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Step 38.

Create 'y Material

Isotropic rﬂwotropic ] Interface ]

" Shear Modulus

Expansion Coeff.

Constitutive Model

+ Weight Density @

" Mass Density

Elastic Modulus |N0ne

Model Type |Elasti-: ﬂ
Temperature Dependent Properties 8 14
i)

Color |-

Material Manager

1. Analysis > Material ...

2. Click [Create...] Button

3. Select “Isotropic” tab

4.1D : 1, Name : Concrete

5. Elastic Modulus : 2.857e10 N/m?

] | Marme | Type
1 Concreke Isokropic -
z Steel Isobropic Modify...

Copy

Delete

Irnpott. ..

&) Hr

6. Poisson’s Ratio : 0.167

7. Weight Density : 2.452e4 N/m?3
8. Model Type : Elastic

9. Click [Apply] Button

10. ID : 2, Name : Steel

11. Elastic Modulus : 2e11 N/m?
12. Poisson’s Ratio : 0.3

13. Weight Density : 7.698e4 N/m?3
=l 14. Model Type : Elastic

= :

15. Click [OK] Button

16. Click [Close] Button

=1
Poisson's Ratio |N0ne j
=]

Expansion Coeff. |None

Time-Dependent Behavior
Creep/Shrinkage |None

Compressive Strength |None

Thermal...
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1. Analysis > Property ...
Step 39.
2. Create 3D ...
Create/Modify 3D Property fg| Create |~ I 3.1D : 2, Name : Box
:
Soid | @ e - 4. Select “I1:Concrete” for Material
Name ( Bex ) colr [ 5. Click [OK] Button
T e
ater e 6. Create Reinforcement ...
Material C3ys  |Element Cavs - HITETS. 7° SeleCt “Bar SeCtion ” tab
8. 1D : 3, Name : Section
( 5 } 9. Click [Apply] Button
( K | Cancel | Apply | 10. Select “Bar” tab
__ >
_ 11. ID : 4, Name : Tendon
Createma Qeipleizenentiipne/ly d Bar Section | Grid | Grid Secton | 12. Select “2: Steel” for Material
~Bar Section bml ]Grid Section B
6‘ ame Colwr I ID. e | (T =] 13. Cross Sectional Area : 3.05e-3 m?
e Material 2: Steel hd %3\ 14. Check on “Tendon »
Cross Sectional Area 3.05e-3 | m2 ! A
15. Curvature Friction Factor : 0.3
& Tendon \ 14 ) © reinforcement L
e e 16. Wobble Friction Factor : 0.0066
Curvature Friction Factor 0.3 15, 16 17 AnChOFage Slip
Wobble Friction Factor 0.0066 [4fm - Begln :0.006 m
Anchorage Slip = End 0006 m
¥ Begin | 0.006 m .
e Em— 17 18. Click [OK] Button
ﬁ 9 2 19. Click [Close] Button
Cancel ( Apply \|) @( OK. m Cancel le
~ ~_ =
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Step 40.

1. Mesh > Auto Mesh > Edge ...

Auto-Mesh Edge %] 2. Select “Displayed All”
(5 Edgels] Selected ) ] 3. Seeding Method : Interval Length (2)
v
SeedmaMethed 4. Property : “3: Section”
|Interva| Length [ 3 ﬂ

5. Check on “Reinforcement”
Interval Length

| @ 6. Type : Bar in Solid

4 7. Property : “4: Tendon”
I Manual Division
e —— 8. Mesh Set : Tendon
[Petadngl :0(peo] 9. Click [OK] Button
Froperty N
v Reinforcement
Type |Bat in Solid 5~7 -
|_4 |4: Tendon j
Mesh Set
= | ( Tendon ]
| =l

v Merge Modes
Tolerance | 1e-003

[ @enerate Mid-Side Nodes

@ @ancel | Iml
&)
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Step 41.

Object

Tvpe |Nu:ude

—
[E] <__F56 Mode(s) Selected Y

Free Face Nodes

=l
4

[ Apply to Unassigned Objects Cnly

Seed MNode |
Feature Angle [Deg]
Mode
* add (™ Replace Delete

i
@G 12 13
[ R1 [ R2 [ R3
Fixed | Free ‘
Finned | Mo Rotation ‘
Swmmekry Anki-Symmektry
Plane 12 | Plane 12 ‘
Flane Z3 | Flane 23 ‘
Plane 31 | Plane 31 ‘

CE(a QI

1. Analysis > BC > Constraint ...
2.BC Set : Sym.

3. Click “Front View”

4. Select 656 Nodes (See Figure)
5. Check on “T1”

6. Click [OK] Button

] [ ] I
ttj::bj:

a
@1
=
&
=
=
B
I
=
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Step 42.

1. Analysis > Load > Body Force ...

Load Set W@ 2. Load Set : Self Weight

Gravikational Force Fackor 3 Z: -1

4. Click [OK] Button

Body Force

MIDAS Information Technology Co., Ltd.
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1. Analysis > Load > Pressure ...

Step 43. 9 2. Load Set : Dead Load
Pressure |Z| 9 @ 3. Type : Face Pressure
4. Object Type : 3D Element Face
g 5. Click “Front View”
& 6. Select 1125 Element Faces (See Figure)
(5 7. Direction : Normal
- Free Face/Ecke H 8. Por P1: 12.227e3 N/m?
E Select Element(z) AN
ity | 9. Click [OK] Button
Feature F\nglel 15 [Deg] Find K
— Made

o add ¢ Replace  ( Delete
[ Apply to Unassigned Objecks Only

——~"_\
Direckion Mormal 7 j
Ref. CSys |Global Rectangular ¥ | =50
o) E Select Directian
ol 1,0,0
Projection " ves 5 Mo
v Unifarm
Base Function IN.:.ne LI
Por P1(

Pz 0 Mfm?

P3 | 0 Mfm?
P4 | Z 9 SNIm’
@ { (04 >Cance|| .ﬂpplvl b3

i=
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n
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[<B]
n
(@)
=
=
©
-
T
<
L
L
%)
©
2
S

Line Load ...
2. Load Set : Live Load

1. Analysis > Load > Arbitrary Load >
3. Element Type : 3D

4. Select the top deck surface elements
5. Select First Node (See Figure)

6. Select Second Node (See Figure)
7. Check on “Uniform”

8.P1:9.4N/m

-1)

9. Load Direction : (0, 0,

10. Click [Apply] Button

Step 44.

D

!
(=
-
=

2

L
=
=]

=
=

=
L

.n

s
=]
(=

=

=]
=
=T

I

b=
]
[=]
-
u
-
-
s
[
5]
o
I
=]
—

Element Type

@
3
N—

1125 Blement Facels) Selected
2D

— Loading Line

IGInbaI Rectangular LI E], L1~

Ref. CSys

2.9, -20, 3.44147

—
E
(=]

=]
i
(=]

—

2.9, 20, 3.44147

Location 2

Tolerance

— Load Value

Base Function

Al

one

— Load Direction

!

0,0,-1

9

- | Projection

Load Direckion

@
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Step 45.

Arbitrary Line Load on Element

N\
Load Setf!Live Load S 1) LI

(W€ 1125 Hlement Facels) Selected
Element Type

— Loading Line

Location 1

Location 2 1.4, 20, 3.47174

~
Tolerance | 0,001 mo D

1. Load Set : Live Load

2. Element Type : 3D

3. Select the top deck surface elements
4. Select First Node (See Figure)

5. Select Second Node (See Figure)

6. Check on “Uniform”
7.P1:9.4N/m

8. Load Direction : (0, 0, -1)

9. Click [OK] Button

— Load Vg

Base Function

Mone LI

— Load Direction
. ﬂ Select Direction

IS | 8 0,0,-1
_

- | Projection

o ﬂ Select Direction
2 |
" Load Direckion

@ K Cancel | 2
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midas FEA Training Series

Step 46

=2) ..

1. Pre-Works Tree : Load > Live Load > Arbitrary Line Load > Element (N

“Transfer to FE”

ht Mouse Button and Select

2. Click Ri

Pre-¥orks

h:d2]

[

B Tendon(d)
+-+, Coordinate Systemn

B2 Function
+-[X] Material

+-|[X] Time Dependent Matarial

+-HE Propery

n
=
=]
2
— O
= b
RN
22
=
i
LB
_H_L!
=)=
+-[1

- Dead Load

-} Pressure

1125

& Elernent (M

- Live Load

S O Aghi

b~ Respong

nly

Show

g

o Time Hi

F* Caonstruction

Delete

Hide

v Heat of Hyedr
Analysis Ca

a

Table

Post-14]

-iorks

Pre

Display Qption, .,

ERHR R,
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Ste 47 Pre-¥orks X
- Mesh -
+-[ Size Contral [3] o
B4 Mesh Control [0] 9 .
&5 Mesh Object [0] 1. Analysis > Load > Prestress for Reinforcement ...
i R 2. Load Set : Prestress
Tendan(1) [M:35] . .
N : SR 3. Select All Reinforcement in Pre-Works Tree
8 Reinforcement(s) Selected (3 2 | |
- el 13 B Tendon(3) [M:37] ) : . ”
— B Tendon(d4) [M:38] 3 4. Check on “Post tensioned (Jacking Force)
& Add ~ Repl el B Tendon(5) [M:39] 3 ]
R B B Tendon(E) [M:40] 5. Begin & End Force : 4.06e6 N
B Tendon(T) [M:41] _
C Uniform HE Tendon(g) [M:42] 6. Click [OK] Button
p ~ +-+, Coordinate oysiemn -
,7 o | [
4 - Pre-Works | Post-Works | Report wiorks

C * Post-Tensioned
Siress f* Jacking For

Eegin 4.06e
REDG

@mm =
SN~
&)
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LS-16. FSM Bridge

Analysis Case 1. Analysis > Analysis Case ...

2. Click [Add] Button

3. Name : Linear
Copy
Delete

Step 48.

Mo, Mame | Type | Description |A

4. Analysis Type : Linear Static

5. Drag & Drop “Load” to “Used” Window
6. Click [OK] Button

7. Click [Close] Button

8. Analysis > Solve ...

Add/Modify Analysis Case

Marme Linear -
| L A3 9. Click [OK] Button
Descripkion |
Analysis Type |Linear Static 4 j Oukput Control Analysis Conkrol
Analysis Model
Initial Element & Ef (" Mone (" From Other Case | =l =l 3
Initial B.C. @ al " MWone  From Other Case | J | J solver Manager gl
Add to ar Madify Initial Model =
Set Tree Lsed Unused Mame Type Description
” Extrude Mesh 3 - ” Element ~ Element f f :
L v Linear Linear Static
) Extrude Mesh 4 # BC # BC E
fg Tendan(1) =14 Load
pd Tendon(2) + Prestress
pd Tendon(3) 4 Live Load
fd Tendan4) 4. Dead Load
fd Tendans) $ Selfweight
fd TendaniE)
fd Tendon(7) L
i) Tendon(3) (¥4
25 >
Cancel
O\
[ Solve Each Load Set as Independent Load Case Cancel Apply
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1. Post-Works Tree : Linear (Structural Linear Static) > Linear(1) > Displacement
Step 49. 2. Double Click “TDtXYZ(V)”
3. Click “Sens.” Button
Post-Works || 4. Select “Undeformed” for Mesh Shape (See Figure)
+ Post Styl —
= % Lillj'fear(;tfuctural Linear Static ) || 5. Click “Post Style” Toolbar
—I-[g4 Linear{1}
+- Reactions 6. Select “Gradient” for Contour Type
—-& Displacement
TOt (VY “ )
g TDW(W 7. Select “Feature Edge” for Edge Type

Curve | Surface | Solid | Geornetry | AutofMap-Mesh | Protrude-Mesh | Mesh | Analysis | Post Datd
= Structural Linear Static = | Linear(1) - & | B - TDoorziv) - - | B Sens,
= TDrWV} 1
& Tz = ) 3
& TOreWZiV) Lo
+-5g0 30 Elernent Straing

+-@ 30 Element Stresses
+-=¢ 10 Reinforcement Stresses/Strains e

+7.19647=-003
118%
1 | | r +6.71671=-003
— F4%
+6.336942-003

Pre-works | Post-Wworks | Report wiorks %
575718003

6:/ +527741e-003
w- O
Batd
(0¥ Gradient e

Deformed+Undeformed

+4 79765003
+4 31788003

A%
+3.83812:-003
+3.35835.-003
12.3%
+2 87859003

9B 03
: 1519066003
+1435290.003

34%
+2.305286-004
1.4%
+4.79765.-004
+0.00000e+000

P B IZ % 1:
Ko Edoe

Shading(wirefrarne)
Shading(Feature Edge)
Shading(Free Face Wireframe)

[UNIT]H , m
[DATA ] Lineax(Strustural Linear Static ) , Lineas(1) , TDEXYZ(Y)
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Step 50.

& -|@- @ -
Qriginal

Iz0 Surface

Slice Plane
Clipping Plane

Mitrar Mode e

1. Select “Mirror Mode” for Visualization

2. Property Window : Miscellaneous

3. Select “X Min Boundary” for Mirror Plane Type
4. Click [Apply] Button

Puperties
( Miscellaneous

Shading Calar
Feature Edge Thick,

Svmbol Scale Factor
Mo Symbol Result
Highlight Line Calar
Mirrar Plane Type
Mirrar Plane Qrigin

Mo Result Elermen,.,
Dutput CSys

] cOcOci
Feature Edge Color ] 000000

1

Feature Edge Angle  30,000000

1, 000000
Euclude

Mo Result Elernent,., [ij 000000

1
Default

Q. Apply ! 4)

[UHIT] H , m
[DATA ] Linear(Structural Linear Static ) , Linear(l) , TDHETZ(V)

+7 67624003
+7.19647e-003

32
116
+6.71671e-003
B4
+6 23654 -003
.7

TEY

B

TR
X

T
4.0%%
27
34
1
0.2%%

4575718003
" 527741003

o HI9TE5003
3

+4 31788e-003
+3.83812e-003
+3.35835.-003

123%

+2.8785%-003
+2.39882e-003
+1 81908e-003
+1 4382%e-003
+8.5852%-004
+4 7976 5e-004
+0.00000e+000
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Step 51.

Post-Works x
—- @ Linear(Structural Linear Static ) =
—-[& Linear(1}
- Reactions
=Rr=d4 Displaceme

& TDhte(y)

= TOYV

B Tz (V)

& TDIVZ(V)

& Thrxiv)

= TOrvY

& Thrz(v)

TNz
+-5g0 30 Elernent Straing
+-@ 30 Elermnent Stresses

ETTTe Te%

- <E 10 Bainfo

Fre-Works | Post-Works | Report Works

< Contour -

ar Ty Fill
Elernent Edage Il 000000
Elernent Edge Thi, 1
Contour Line On/Off False
Contour Line Il 000000
Contour Line Thk, 1
MawMin Value On/0ff False
0

Max Value

Min Value 0

Out Of Range Part Exclude
Color Type RGE

Contour Color 1 [ ff000a

Contour Color 2 [ it

Feverse Color False

Band Mumhber B
Mo Result Enfity °
Coarse Contour 2

2N
($ Apply ] 5)

1. Post-Works Tree : Linear (Structural Linear Static) > Linear(1)
> 1D Reinforcement Stresses/Strains

2. Double Click “REINFORCEMENT BAR, LOW,SXX”

3. Property Window : Contour
4. No Result Entity : Feature Edge
5. Click [Apply] Button

[UMIT] M, m

[ DATA] Linear(Structural Linear Staticy , Linear{1) , REINFORCEMEMNT BAR, LOWY Line-Sxx | [Output CSys ] Element Local

k)
+1.20754e+009

+1.19433e+009
+1.15112e+009

+1 . 260353e+009
17 8%
+1.24717e+009
22 6%
+1.23396e+003
23.85%
+1.22073e+003
16.7
45

B

+1.16791e+009
1.5%

+1.15470e+009
09%

+1.14148e+003
07%
7 +1.12827e+003
0

+1.11306e+003
+1.10185e+009
+1 05864e+003

05%

+1.07343e+003
0.2%

+1 05222e+009
0.2%

+1.04901 e+003
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