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LS-13. Analysis of a Box Girder

L_S-13. Analysis of a Box Girder

Overview

3-D Linear Static Analysis

Model

-Unit: N, cm

- Isotropic Elastic Material
- Reinforcement Element

- Solid Element

Load & Boundary Condition
- Body Force

- Pressure

- Prestress for Reinforcement
- Constraint

Result Evaluation
- Deformation
- Reinforcement Stress

MIDAS Information Technology Co., Ltd.



midas FEA Training Series LS-13. Analysis of a Box Girder

1. Analysis > Analysis Control —
“Control” tab %

2. Analysis Type : 3D
3. Click (&) Button

Analysis Type 4 Length . Cm
- ; 5. Click [OK] Button

" Axisymmetry ~

"}
7

oD Offset | ol 6. Geometry > Work Plane > Move —
I\
v Convert Model Weight to Masses \\ “Ref" Plane” Tab
¥ Lumped M ™ Consistent M [ Define Crigin Poink \
umpe 355 onsIsten 355 g 7. Select “XVZ Plane”
Auto-Constraint |

v Rotational DOFs for Truss / Plane [ Solid Elements

8. Click [OK] Button

Unit System

Force M Length cm  Energy

Gravity Acceleration 980.665 om/sec? [ Save Work Plane \\ !
|
Initial Temperature o [Tl \ I

Marme | \

5o D oo < |

Flip Mormal | Reset ko GCS | e

=
- E] oK ancel | Apply i
&)

Force {Mass) Length Energy

7 kaf () T el
" tonf (kom) @@ keal e
M (kg m C 7

kM (kom) " in " Btu e !

™ bf (I} s s /,-f' ! -
I

" kips (kipsfa) :
1
]

I get/Change Default Unit System

'3' & Analysis Control Dialog is automatically activated at startup.
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LS-13. Analysis of a Box Girder

Step 2.

ZI0 PolyLine

X

{* Single Locakion

Input Skart Locakion

BERERARA

Location | 2

Method |aB5 x, v |

" Through Mulkiple Yertices

a@iL

Crder
¥ i

COrdering Method

® (:“ABSx,y”,<>: “REL dx, dy”
(-500) same as (-500, 0)

& [Esc] as shortcut for [Cancel].

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

2. Location : (0, 300), <-500>, <0, -40>, <230, -20>, <70, -240>,
<200>, <0, 30>, <-150>, <-30, 220>, <50, 20>, <130> ©

3. Check on “Close”

4. Click Right Mouse Button on the Work Window
5. Click [Cancel] Button ¢

6. Click “Normal View”

2 1
3 10 1
9 |
4 i
B
8 7
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ 5 :
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1. Geometry > Curve > Create on WP > Line...
Steg 3. 2. Toggle on “Vertex Snap”
3. Select P1 & P2 (See Figure)
Line X 4. Select P3 & P4 (See Figure)
Input Start Location 5. Click [Cancel] Button
Location | 6. Geometry > Curve > Intersect ...
Method |2BS , y [~ 7. Select [8 “Displayed”
2 [Ceorly (] _conce | 8. Click [Apply] Button @
@ 9. Click [Cancel] Button

CEEY- =00x

Intersect ['>_(|

Select Entities to Intersect

@ @b

& “Ctrl+A” as shortcut for “Select Displayed”.
& [Enter] as shortcut for [Apply]. I
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Sﬁp_‘l- 1. Mesh > Map Mesh > k-Edge Area ...
2. Select “Zone A”
Map-Mesh k-Edge Area [X] 3. Mesh Size - Element Size : 10
' Auko-Map 4. Property (1)
diEdgelslibelezled @\ 5. Click [Apply] Button
£ Manual-Map | N 6. Repeat step 2~5 for “Zone B” & “Zone C”
- (Zone C) i

Mesh Size
{* Element Size " Division T/\/

Froperty

Mesh Set
[+ | Map-MeshiZ0)

Addto  [Mesh Set =l @@

[ Reqister Mesh Function

[v Merge Modes [

Tolerance | 0.001 Zone A

[ Generate Mid-Side Nodes \/
O] | ol C | e
] ancel || ppiy _
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- @ 1. Click “Isometric 1 View”
2. Mesh > Protrude Mesh > Extrude - “2D->3D” tab
(7 3. Select M “Displayed All”
g 4. Extrusion Direction : Y-AXxis
[J 231 Element(s) Selected ( 3 @ 5. Check on “Uniform »
— Extrusion Direckion .
[scection = e52 6. Offset : 50 , Number of Times : 20
I_V‘ Estruzion Dir. Selected (:4) g 7 SOU rce MeSh : Delete
(5) - 8. Property (2)
& Unifarm " Mon-Unifarm \\\~\\ 9. Mesh Set : Girder
Offset | Tl :
_ \> ~4 10. Click [OK] Button
Murmber of Times
™ Two Wiy Extrusion
()
— Source Mes| /
" None( ' Delete Move © Copy
— Mesh Type
" Triangle % Quadrilateral
— Propett
C:le)  -mm i
~ Mesh Set
¥ &5 Sub-Set | Z Girder Z SD
Add ko IMesh Set LI N
I™ User Defined Mesh Set Sl
Offsets Per Sek I 1 -
¥ Merge Nodes
Tolerance I 0,001
E] COK 10 ¥.J Laeaty | >
=\
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Step 6.

A
COhijeck

Type |Node j

_—
Ei 12 Mode(s) Selected ! 3 )|

Free Face Modes

Seed Mode |

Feature angle [Cea]

Mode
v add (" Replace  © Delste
[ Apply to Unassigned Objecks Only

DOF
v T1 T v T3
[ Ri [~ Rz [ R3

Anki-Symmetey
Flane 12 |

Flane #3 |

Plane 31 |

LS-13. Analysis of a Box Girder

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

3. Select 12 Nodes of Bottom Face (See Figure)

4. Click [Pinned] Button
5. Click [OK] Button

@@ o J(5 ) ot |
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1. Mesh > Transform > Mirror ...

2. Select “Displayed”
4. Check on “Include LBCs”

3. Mirror Plane : YZ Plane
5. Click [OK] Button
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Step 8. 1. Pre-Works Tree : Geometry
2. Click Right Mouse Button and Select “Hide All”
Mew Works A

B View Poj; 3. Pre-Works Tree : Mesh > Mesh Set > Girder

4. Click Right Mouse Button and Select “Display Mode > Feature Edge”
5. Geometry > Curve > Create 3D > Line...

m Mesh Object [0] 6 LOC&'[IOI’] : ('375, O, 285), <O, 1000, O>
- Mesh Set [2] .

() Default Mesh Set [M:1] 7. Click [Cancel] Button

[ Girder [M:8]

B R Show Only
w4l Cool Hige

Display Mode Wireframe
+-[X] Timg Display
+-HE Prop|  Shrink
t BC Transparency,..

+ Load  rpjq

Pre-Waorks
Delete
Copy
Mesh Set » -
Wark Mesh Set b
Merge

3D Line X]

Inpuk Stark Locakion

Locakion | @

Method |.ﬂ.BS EA - j

@ Apply Cancel |

N——
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Material Manager

| Tarne

|Type

fy Material

Structural

Elastic Modulus 2.4e6 \Mfcm2
{* Poisson's Ratio
" Shear Modulus

Expansion Coeff.

Constitutive Model — -
Model Type ‘W ]

Temperature Dependent Properties

Elastic Modulus |N0ne j
Poiszon's Ratio |None j
Expansion Coeff. |None j

Time-Dependent Behaviar

1 Cancrete
2 Tendon

Color |-

N
{* \Weight Density Nfcm3
Mass Density fg

Isokrapic
Isokrapic

Creep/Shrinkage |None ﬂ
Compressive Strength |None ﬂ
Thermal... ( 15 ) DB >
OK Cancel Apply
N 7

9

1. Analysis > Material...

2. Click [Create...] Button

3. Select “Isotropic” tab

4.1D : 1, Name : Concrete

5. Elastic Modulus : 2.4e6 N/cm?
6. Poisson’s Ratio : 0.167

7. Weight Density : 2.452e-2 N/cm?3
8. Model Type : Elastic

9. Click [Apply] Button

10. ID : 2, Name : Tendon

11. Elastic Modulus : 1.96e7 N/cm?
12. Poisson’s Ratio : 0.3

13. Weight Density : 7.698e-2 N/cm?
14. Model Type : Elastic

15. Click [OK] Button

16. Click [Close] Button
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Step 10.

Create/Modify 30 Property

Salid ]

o (| 2 )Mame | Girder

_—
s (%)

Material C3ws  |Element C3vs -

I Create v| I

10...
Ce-X2)
Cpanncomen. {6

LmeT=T

e Bar Section ] Grid ] Grid Section ]
P —
ID gﬁme r I:l ~
Material < 2: Tendon J} @
Cross Sectional Area crnl

" Reinforcement

Model Code CEB-FIP ~7

Curvature Friction Factor

=

Wabble Friction Factor

Anchorage Slip
v Begin 0.6 mm Q
W End 0.6 om

18 Ok Cancel | Apply |

0.3 =
6.6e-005 1/cm 15, ,@

1. Analysis > Property ...

2. Create 3D ...

3.1D : 2, Name : Girder

4. Select “1:Concrete” for Material
5. Click [OK] Button

6. Create Reinforcement ...

7. Select “Bar Section” tab

8. ID : 3, Name : Section

9. Click [Apply] Button

10. Select “Bar” tab

11.ID : 4 , Name : Tendon

12. Select “2: Tendon” for Material
13. Cross Section Area : 10 cm?

14. Select “Tendon”

15. Curvature Friction Factor : 0.3
16. Wobble Friction Factor : 6.6e-5
17. Anchorage Slip : 0.6 cm

18. Click [OK] Button

19. Click [Close] Button
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Step 11.

Auto-Mesh Edge E|
\

1 Edgels) Selected

Seeding Methad

CIMurnber of Divisions e hd

Mumnber of Divisions

==—Gr)

~
[ Manual Division Ii
Crrientation

|Beta Angle : 0 [Deqg]

Propert:

3 |3: Section

v Reinforcement

Type |Bar in Solid
4
Mesh Set
- (8=
A
[+ Merge Nodes
Tolerance | 0.001

4: Tendon

| Generate Mid-Side Modes

@ @&m | ety |

&)

1. Mesh > Auto Mesh > Edge ...

2. Select Edge marked by “O” (See Figure)
3. Seeding Method - Number of Divisions : 1

4. Property : (3: Section)

5. Check on “Reinforcement”
6. Type : Bar in Solid

7. Property : (4: Tendon)

8. Mesh Set : Tendon

9. Click [OK] Button
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Transla@a |
@ " Element " Mode
7N

W 1 Mesh{es) Selected 3

—
Direction & Diskance ° &in C5 ]

Direckion

& | Direction Selected@

" 2 Paints Yectar \
1

= = v

" Move {* Unifarm Copy e

PGS T Copey

)

Distance | 125 P

I Include LBCs

1|

Murnber of Times

v Include Calor
Mesh Set

v Reqister Each Mesh Independe
= | uendnn

Add ko |Mesh Set

v Merge Nodes

Talerance | 0.01

83 o o)

LS-13. Analysis of a Box Girder

Pre-Works

Mew Warks
Jis Wiew Point
+- B Work Plane
+- s Daturn
|- g Geomnetry
o Vertex [0]
+-o Curve [14]
fd Surdace (0]
&3 Solid [0]
&¢ Compound [0]
[ Geometry Set
- Mesh
B Size Control [0]
B§ Mesh Control [0]
EE Mesh Object [0]
-1-_0 Mesh Set [2]
[ Default Mesh Set [M:1]
[ Girder [M:8]
- B breimorceme
B Tendan{1) [M:5]
+"ch ;-,- =i

1. Mesh > Transform > Translate ...
2. Check on “Mesh”

3. Select “Reinforcement > Tendon(1)” Mesh Set
in Pre-Works Tree (See Figure)

4. Select “Direction & Distance” tab

5. Direction “ X-AXis

6. Select “Uniform Copy”

7. Distance : 125, Number of Times : 6
8. Mesh Set : Tendon

9. Click [OK] Button

-F‘re—WDrks Post-wiorks | Report Works
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Step 13.

1. Pre-Works Tree : Mesh > Mesh Set > Girder

Dre Works v 2. Click Right Mouse Button and Select “Display Mode > Shading”
-8 %E?Shize Control [0] = 3. Analysis > Load > Body Force ...
3 Moo oopoet 101 4. Load Set : Self Weight

- Mesh Set [2]

5. Gravitational Force Factor : Z (-1)
6. Click [OK] Button

Di=play Mode eirs
hading

Display
— ™

Shrink EximreEdge =
Transparency, ., Free-Face Wireframe Body Force Ead

.44 Col Calar,..

B2 Fur Delete
+ @ l\f!a Copy — Gravitational Force Factor
+-[X] Tin
+-HE Prq  Mesh Set » # |

¢l BC -
1= Wark Mesh Set » |

i]

u]
Pre-works Vorks
e Merge z | -1 5)

x)

Load Sa€ | Self Weight

!
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tep 14.
S_GL _ 1. Click “Front View”

2. Analysis > Load > Pressure ...
3. Load Set : Press
Object e 4. Type : Face Pressure
Type 5) .~
(7 i :
e p 5. Object Type : 3D Element Face
E—— \ & 6. Select Top Element Faces of Girder (See Figure)
\ P, 7. Direction : Normal
\
Seedfiode | ' H 8. P or P1: 2 N/cm?2
Feature Angle [Deq]
\ 9. Click [OK] Button
Mode \\
s &dd (" Replace  © Delete ‘\
[ Apply to Unassigned Objects Only \
\
\
\
Directinn( |Normal i 7 ’ j le
Ref, Cays l — | 7 — —— ! 1 —
~ : T Ml 1 Ml 1 1 b1 I b1 LYy :
o
Projection i (+
v Unifarm
Base Function |None ﬂ
P ar P1 GA Mfcm?
AS
pz Mfcm?
pa [ 0 e
P4 Mfcm?
@ [o]s | ancel| F\pplv|
4
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StEQ 15 B Mesh -

@ Size Control [0]

@ Mesh Contral (0] 1. Analysis > Load > Prestress for Reinforcement ...
i Mesh Object [0]
--[[J Mesh Set [2] .
) Defalt Mesh Set [M:1] 2. Load Set : Prestress
[ Girder [M:8] . . .
- [ Beinforcement [7] 3. Select 7 Reinforcements in Pre-Works Tree (See Figure)
B Tendoni 1y [M:8] . .
B Tendon [M:10] 4. Select “Post Tensioned (Jacking Force)”
il il i @8 Tendon 2 [M:11]
B Tendon 3 [M:12] i .
vode o Tandon 4 [M:13] 5.Begin & End : 4e6 N
f* Add " Replace " Delete B Tendon & [M:14] -
[~ Apply to Unassigned Objects Only B Tendon 6 [M:15] 6. Click [OK] Button

+-+¢ Coordinate Systemn

™ Uriform B2 Function
" ~ +-[I] Material . _
+ @ Tirme Dependent Material
I +-HE Property
cll BC -
r o -

* Post-Tensioned

Pre-works | Post-Works | Report Waorks

" Stress ¥ Jacking For
Begin 46 N z 5 ]
End 46 N
@E(_ox Do | ]
&)
s
L
E
| 3
»
s
L
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Analysis Case

Step 16.

Mo,

Mame | Type |

Description | -~

Modify...

Copy

Delete

JO

v 7
AddiModify Analysis Case |
Mame | K Linear 3
Description | ~
analysis Type |Linear Skatic 4 j COukput Conkrol Analysis Control
Analysis Madel
Initial Element & Al " Nome O From Cther Case | J | J
Initial B.iC. e al O Mome  © From Other Case | J | J
Add to or Maodify Initial Model
Set Tree Used Unused
= ~ Element ” Element ~ Element
f) Default Mesh Set #» BC #» BC
~ Girder =% Load
~ Tendon(1] + Prestress
~ Tendan +_ Press
~ Tendon 2 . Selfweight
~ Tendon 3
” Tendon 4
” Tendon 5
” Tendon &
[ Solve Each Load Set as Independent Load Case QK I Cancel Apply
— -

1. Analysis > Analysis Case ...

2. Click [Add] Button

3. Name : Linear

4. Analysis Type : Linear Static

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

7. Click [Close] Button

8. Analysis > Solve ...

9. Click [OK] Button

x]

Solver Manager

Mame Type Description

™ Linear | Linear Static

=1

|

£

Zancel
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1. Post-Works Tree : Linear (Structural Linear Static) > Linear(1) > Displacement
Step 17. 2. Double Click “TDtXYZ(V)”
3. Click “Sens.” Button
Post-Works X 4. Select “Undeformed” for Mesh Shape (See Figure)
4l Post Styl n
= % Licllﬂiar(gt?uu:tural Linear Static ) i 5. Click “Post Style” Toolbar
-I-[&@ Linear(1)
+ A Reactions 6. Select “Gradient” for Contour Type
-I-i& Displacement
TOER() “ »
g oY) 7. Select “Feature Edge” for Edge Type

Curve | Surface | Solid | Geornetry | autofMap-Mesh | Protrude-Mesh | Mesh | analysis | Post Datd
Structural Linear Static = | Lingar(1) - & |- TDmorZiv) -

LIT L

= TDRYIV)
= TRz
= TDreVZ(Y)

+-§f 30 Element Strains

+- @ 30 Elerment Stresses =

Deformed+-Undeformed

+2.42657e-001
0%
+2.27519e-001
+2.12351e-001
— 41 871836001
1.82015e-001
+1 56847-001

+1.51679e-001
4.8%

Free-Face Wireframe
Shading(wWireframe)
Shading(Feature Edge)

ShadingiFres Face Wireframe)

[UNIT] N, em
[DATA] Linear(Structural Linear Static ) , Linear(l) , TDEYZ( , [Output GSvs ] Global Cavs
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Step 18.

Post-Works

+-[Bp Post Style
@ Linear(Structural Linear Static )
—-[& Linear(1)
+-# Reactions
-5 Displacement
& Thtx(W)
& Thv (W)
&= T2V
& TDixYZ(W)
& Thre(v)
& TOrv(y)
& TOre(y)
& ThreYZiv)
+-590 3D Elernent Strains
+-@P 30 Elernent Stresses
--SE ffarcernent stresses

Pre-wiorks | Post-Waorks | Report Wiorks

LS-13. Analysis of a Box Girder

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

< 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 E
Mo Result Enfity °
Coarse Contour rIE

7"\
(¥ Apply AS )

+3.723092+003
+3.72878e+003
:+3.?D44BE+UDS
+3.68015e+003

3%
3.65584e+005

+3.631533e+003
+3.60722e+003

9.6%
259
6.6
15.3
2.0%
1.1%
01.6%
+3.56291 8+005
0.0%
+3.55650e+005
2.9%
+3.53426e+005
0.0%
+3.50997+005
0.0%
1.4%
1.4%
0.7%
01%
2.0%

+3.483662+003
3.46135e+005

. +3.43704e+003
+3.41272e+003
+3.38541 e+003
+3.36410e+003

[UMIT] N, tm
[DATA] Linear{Structural Linear Static ) |, Linear{1) , REINFORCEMENT BAR, LOWY Line-533 | [ Cutput CSys ] Element Local
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