MIDAS/FEA Training Series

NL-5. Crack analysis for a curved wall

NL-5. Crack analysis of a curved wall

Overview

= 3D Nonlinear Analysis

=  Model
- A curved wall with openings

- TSC material model
-Unit: N, m
= | oad & Boundary Condition
- Uniform pressure
- Simply supported at bottom
=  Result Evaluation
- Principal Strain
- Crack Pattern
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

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

Analysiy ‘rol -
- 2. Analysis Type : 3D
=0 s T

Control ) c.|\\.-er|

6 . 4.Unit: N, m

 acsymmeny - 5. Click [OK] Button
¥ Convert Model Weight to Masses g
* Lumped Mass ; " Consistent Mass 6 CIICk [O K] BUtton

Auka-Caonskraint
¥ Raotational DOFs For Truss | Plane | Solid Elements

Unit Syskem
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& Analysis Control Dialog is automatically activated at startup.
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Step 2.
1. Geometry > Curve > Create on WP > B-Spline...
2D B-Spline 2. Draw an arbitrary B-Spline as shown in the picture
{* Single Location 3. Click [Apply] Button
Input Interpolation Paoint 4. Click [Cancel] Button
Location | 0,0
Method |4BS x, v |

" Through Multiple Points

Crder
') {

Ordering Method

[
| [~
Z3E2 [ (T [ ERE

[ Define Two End Tangent Yectars
[ Make Face

E] Back. apply | Cancel |
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NL-5. Crack analysis of a curved wall

Step 3.

Move Work Plane

Ref. Plane | Tran & Rat ] 3 Pnk Pln ] Marmnal ]

[[v‘" Reference Face Selected

[ Define Origin Poink

Offset | 0

)

[ Save Work Plane

Marme |

Flip Marmal | Reset to GCS |

@ "Cancel| apply |

&

©

1. Geometry > Work Plane > Move...
2. Select the “Ref. Plane” tab

3. Select “XZ” plane as reference face
4. Click on [OK] Button

5. Toggle on “Normal” view
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Step 4.

1. Geometry > Curve > Create on WP > Rectangle (Wire)...
2. Location: (0,0), <-1,-5> #

Rectangle E| 3. Click [Apply] Button
Method 4. Click [Cancel] Button

O S

Input Diagonally Oppasite Corner (9

Lu:u:atiu:unﬂ 1,5 )

Method |REL d, dy |

I Make Face

) (IWl u:ance|] »

..............

................

©():“ABS x,y”,<>: “RELdx,dy” | [~
(0) same as (0, 0) B

@ [Esc] as shortcut for [Cancel]
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MIDAS/FEA Training Series

NL-5. Crack analysis of a curved wall

v Guide Curve Selected

[V’ Frofile Selected ]
; @

[IF Conkack v Ortha [w Salid @
Sweep Mode |Cnrrected Frensl = .
Transikion Mode |Fiil;|ht Corner -

Mame | Sweep

@ @) (] o] oo |
&)

1. Geometry > Generator Feature > Sweep...
2. Change the selecting filter to “Wire (W)”
3. Select the rectangle as Profile

4. Select the B-SPline as guide curve

5. Check on Solid, Ortho, Contact

6. Sweep Mode: Corrected Frenet

7. Transition Mode: Right Corner

8. Click [OK] Button
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1. Geometry > Work Plane > Move...
2. Select the “Ref. Plane” tab

3. Select “YZ” plane as reference face

4. Click on [OK] Button

5. Toggle on “Normal” view

Step 6.

MIDAS/FEA Training Series

Move Work Plane

caEBBEREE)

O,

all

Ref. Plane | Tran & Rat ] 3 Pnk Pln ] Marm

)

)

Reference Face Selected

(v

Offset |

[ Define Origin Poink

[ Save Work Plane

Reset ko GCS

Flip Marmal |
@ @ Cancel| apply |
&)

Marme |
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NL-5. Crack analysis of a curved wall

Step 7.

Circle

Method

[elj[z]/lelj[eY

Input Center Location

Location u

3, 2J<:2>

Method |4BS %, v Rd
[~ Make Face
@ A Method

Input Radius

Method IRadius

El

l Apply ! Cancel |®

[~ Make Face

£l

F.adius 'I 1.5 '(

1. Geometry > Curve > Create on WP > Circle ...
2. Location: (3,-2) ¢

3. Radius: 1.5

4. Click [Apply] Button
5. Click [Cancel] Button
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-------------------------------------------------

.................................................

-------------------------------------------------

.................................................

.................................................

.................................................

-------------------------------------------------

—_——— e ——— — —— -— |

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

@ [Esc] as shortcut for [Cancel]
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

. Geometry > Curve > Create on WP > Rectangle (Wire) ...
. Location: (7,-5), <3,3> #

. Click [Apply] Button

. Click [Cancel] Button

Step 8. 1
2
3
4
5. Geometry > Curve > Create on WP > Arc ...
6
7
8
9

Rectangle

X

Method

[mige

Input Cne Corner

Location (| 7,5 ](:2)

. Location (Center): (8.5, -2)
. Start Location: (10,-2)

Method |ABS x, v El . End Location: (7,-2)
| Make Face . Click [Apply] Button
£l ey || el 10. Click [Cancel] Button
2D Arc X .

rethiod
Inpuk Cenker Locakion /—\ N
Location u 8.5, 2 J(6,7,8 / \
Method |ABS x, v | \ /
E] [ Apply | Cancel \_/
® (:“ABS x,y”, <>: “REL dx, dy”

(0) same as (0, 0)

¢ [Esc] as shortcut for [Cancel]
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

StEQ 0. 1. Geometry > Curve > Intersect ...
2. Select the rectangle and arc
3. Click [Apply] Button
Select Entities to Intersect .
4. Click [Cancel] Button
@ [ Apply Cancel ] . ] )
5. Select the highlighted edge and delete it
6. Geometry > Curve > Make Wire ...
Make Wire x| 7. Select the edges as shown in the picture
Select Enities b Make Wire 8. Click [Apply] Button
Methad 9. Click [Cancel] Button
Tolerance | 1e-005 r
E] apply Cancel 2
L,
TN
~
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

StEQ 10. 1. Geometry > Generator Feature > Extrude...
2. Change the selecting filter to “Edge (E)”

M Edge (E) - 3. Select the circle

(v 1 Frofiels] Selected (> Face (F) 4. Extrusion Direction: Axis-X
A .

Extrusion Direction (b@ 5. Click [Apply] Button

f+ [v'" Estruzion Direction Selected ] 6. Change the selecting filter to “Wire (W)”
" 2 Point Vector
v v v

|
| 9. Click [OK] Button

7. Select the wire as shown in the picture
8. Extrusion Direction: Axis-X

" Mormal of Profileds)

[ Rewerse Direckion

Length | 5 ﬂ

[v Salid

Mame 9 Extrude

E] K, ] Cancel [m
Wire (W -

®
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Step 11. 1. Geometry > Transform > Translate ...
2. Select two extruded solids

3. Direction: Axis-X
4. Distance: -1
5. Click [OK] Button

Direction & Distance | Diskance in ©5 I

([q‘ 2 Object Shapefs) 5 elected ]) 2
— Direction
[F [v" Direction Selected D(B
2 Point Yeckar

e Wi Wz

| 0,0,0

| 1,1,1

i Move ™ Uniform Copy
" Mon-Uniform Copry

Diskance _1@

Mumber af Times I |
5

E.] “ oK, Cancell Apply | ¥
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Steg 12. 1. Geometry > Boolean Operation > Cut ...
2. Select the curved wall as Boolean Master
Boolean Cut X 3. Select two extruded solids as Boolean Tools
Lt Taal(s) fram Master — 4. Check on Delete Tool Object(s)
v Boolean Master Selected | <2 9 >- Click [OK] Button
v 2 Boolean Tooljs] Selected ’

\
(Iv Delete Tool Objettfsl']@

[T Merge Faces

@ Cancell &pply | 3
&)

MIDAS Information Technology Co., Ltd.



MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Step 13.
1. Analysis > Material ... S el [:K] Sy
. 20. Click on (2] to define
2. Click [Create] Button Compression Function
b e SRue 21. Name: Thorenfeldt
oo D AL, DRIE -« CRResiE 22. Function Type: Thorenfeldt
5. Elastic Modulus : 2.8e+010 N/m? 23 Ec = 28000000 N/m?
6. Poisson’s Ratio : 0.3 24. Click on [OK] Button
7. Model Type : Total Strain Crack 25. Select the tension, compression,
8. Crack model: Fixed shear functions from the drop
lists

9. Stiffness: Secant

10. Lateral Crack Effect: Vecchio
and Collins

2

»

. Click on [OK] Button

11. Confinement Effect: None
12. Basic Properties: Direct Input

13. Click on to define Tension
Function

14. Name: Hordijk

15. Function Type: Hordijk
16. Fct = 2000000 N/m?

17. Gf = 9.735 N/m

18.h =0.025 m
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Ste Q 14 . Create/Modify Function

Total Strain Crack 1

Create/Modify Material (X

I=okropic ] @5 Function Type  |Hordijk - l
[ jin} Marne | Concrete @ Color I:' - / Parameters 0.a
Fet 2000000 Mjm~2

L Tean )
o 973 Njm
q . i+ : ’ . 0.7
Elastic Modulus Z.8e4+010  Mim™2 Weight Density 2363 MmN L

h 0025 m o
{* Paisson's Ratia 0.3 " Mass Density Mm™3 g 5’6> A

" Shear Modulus Mim"~2

Expansion Coeff, Qe-006 0.3

Model Type | Tension ol =

\
Value
M

erne

Constitutive Modg] 0-2
[M0d8| Type |T0ta| Strain Crack j I@ 0.1
7 — P
Crack Model * Fixed " Raotating Q..]_Z)
Stiffness " Tangent f* Secant —1
Lakeral Crack EFfect " Mone * verchio and Caollins
Confinement Effect f* Mone " Selby and Yecchio (19)’7“ Cancel argly |
\ Basic Properties (* Direct Input ™ Using Code )
4 Tension Function |Hordijk j ™ Create/Modify Function
Compression Function | Thirenfeldt | /2-5\ Totol Stzan Crack |
Shear Funchion Hore ~] \/ 21 fuame Thorenfeldt Model Type [compresson | [

\L J !
22 Function Type | Tharenfeldt - N

Parameters

Fc 28000000 Mfm~2

(3 N

ero

Value
]

0ol 0.2 0.8 0.7 [PE-T
DB =
@n 0K I Cancel | |
(24' oK ! Cancel | Apply |
S
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Steg 15. 1. Analysis > Property ...
[§| 2. Create > 3D ...
Property Manager
— 3. Name: Wall
I | Name | Type | Sub-Type ﬂ:reate ~ \ ial 1-
| il = waiid % I 4. Material: 1: Concrete
2D... 5. Click [OK] Button
@ Sl 6. Click [Close] Button
Reinforcement. ..
Others. ..

[
b

Create/Modify 3D Property

Salid ]

i) l— Mare wal (3 ) I~

Material |1: Concreke j]@

Material CSys  |Element Cows -

() o J_ s [ ]
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

Steg 16. 1. Mesh > Auto Mesh > Solid ...
2. Select the wall

] 3. Element Size: 0.3
] 4. Property: 1: Wall
] 5. Click [OK] Button

Auto-Mesh Solid

1 Solid(s) Selected
E Select Interior Edgelz]

— Mesh Size
¢ Element Size " Division

| 0.3

Select Interor Paoint[z)

[~ adaptive Seeding

™ Manual Division Inc., I 1

— Refinement Fackar
Fine Coarse
2 1.2

— Properky

[ f1rwal ﬂ]@

" Interior Edge 1D Mesh Property

o =] (3

— Mesh Set
¥ &ssubset | Auto-MeshiSolid)
Addto  [Mesh Set |
[~ Register Each Solid Independently

v Merge Modes
Tolerance I 1e-005

[™ Generate Mid-side Modes
W Match Adjacent Faces
[T mvoid Tetra with &l Eoundary Nodes

@@ ()G rEd -
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MIDAS/FEA Training Series

Step 17.

BiZ Set " Supporks - “

NL-5. Crack analysis of a curved wall

— Chiject

TreRanea

Type  |mode B
191 Mode(z] Selected ]

1. Change view point to “Right”
2. Analysis > BC > Constraint ...
3. BC Set: Supports

4. Select the highlighted nodes as shown in the picture

5.DOF: T1,T2, T3
6. Click [OK] Button

H

[ )

—/

— Free Face Modes {\
ﬂ Select Element(z]
Seed Mods I
Feature Angle |—15 [Dea] Fl_ndl
— Mode

* add " Replace 7 Delete
[ apply to Unassigned Objects Only

( DOF 3
W T1 W 12 M T3 (
[ Ri [ Rz [ R3
Fixed I Free I
Finned I Mo Rokation I
— Symmekry Anki-Syrnmetry
Plane 12 I Flane 12 I
Plane 23 I Plane 23 I
Plane 31 I(6 ) Plane 31 I
—
@ Ok I Cancel | Apply h:3
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

1. Analysis > Load > Body Force ...

m 2. Load Set: Self Weight
ody Force - ] 3. Gravitational Force Factor: Z=-1
e ) R 4k [OK] utr
;;;ect Focebroare =) x| 0 5. Analysis > Load > Pressure ...
Type |30 Element Face [ @@ i . 6. Load Set: Pressure
374 Element Face(s) Selected ' z | = @) '
i - ] | 7. Ty|c-)e. Face Pressure
8. Object Type: 3D Element Face
SeedNode | @ 9. Select the highlighted faces
Feauredrge [ peal 0| 10. P1: 10066 N/m?
MDdf: add O Replace (" Delete 11. Click [OK] Button

[~ Apply to Unassigned Objects Only

Direction |Nurmal ﬂ F“A% A AR TRAN S K v‘%‘%‘v‘v ~
Ref. CSys | [ Ay Yayava A VAVAYAY G‘V‘Y‘YA‘V‘V“%}%&KVA&‘
- AR DOVAVATATAA z VAN TAvAvAYAL
RS R BAPORRKRRERS
5 S SRR
Projection i {+ Eass #%.gs :EE’ EEEE

Iv Unifarm o < <
B:sl:Fchtion |N - Egss Esas :as Egss
one N 1‘ <> <> R
P or P1 10026 Nfm~2 10 ﬂﬂha \ TN ah#h "h ‘E%ﬂ
— KRR SR AR SERREORRERE
re N2 NP SRR SRRSRRER
STy, ATATAVAVAVAVAS I SNAVAVAVAVAVAYAVA b - RINOSDRE
§ e S AN AVAVAVLeVIAvAViTATATAT OSIOERE
N AT, 7 Rl G T ¢

I i A AU L N AT, . AWy

88 )W) )
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

StEP 2. 1. Analysis > Analysis Case ...
Analysis Case 2 C||Ck o Add
Ma. Mame Type Description | s [ Add. |] 2
1[nonlinear Manlinear Static Maodify, .. | 3 Name: nonllnear
: _ow |
Copy - . - o
4. Analysis Type: Nonlinear Static
Delete
5. Click on Analysis Control
E Close
Add/Modify Analysis Case fg|
Mame | nonlinear 3
Descripkion |
ainalysis Type [|Nonlinear5tatic (:)Outputl:ontrol D @
Analysis Model
Initial Element & & Mone ¢ From Other Case | J |
Initial B.C. @ al O Mone O FromOther Case | J | J
Add to ar Modify Initial Model
Set Tree Used Unused
= ~ Element = ~ Element ~ Element
~ Default Mesh Set ~ Auto-tesh(Solid) A BC
fd suto-MeshiSald) - 7 BC . Contact
=l % BC A Supports
A Supports =% Load
- % Load to Selfweight
$ Selfweight $ Pressure
t Pressue Cortact
Comtact

[0]4 | Cancel Apply
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MIDAS/FEA Training Series NL-5. Crack analysis of a curved wall

1. Type of Iteration Scheme: Arc-Length
Analysis Control
Step 20. 2. Number of Load Steps: 10

Honli .

oninear | Restar | 3. Initial Load Factor: 0.0005
[v Material Monlinear [ Geometry Monlingar 4. Desired Number of Iterations: 3
Iteration Scheme
Type of leration scheme ([arc Longth @ 5. Maximum Number of Iterations: 30
mbor of Load] Stoms 5o 6. Arc-Length Method with: Initial Stiffness
Initial Load Factor 0.0005 | | | 7. Check on “Terminate the analysis in case
Desired Mumber of Iterations 3 <2’6> of divergence or exceeding the max.
Mazimurm Mumber of Ikerations/Load Step 30 _|::| ] number oflteratlons 7
Arc-Length Method with |Initia| Stiffness ﬂ 8. Click [O K] Button

5 e

Convergence Criteria

[+ Energy Morm 0,001
[ Displacernent Marm
[ Force Norm
Oukput Step
" Last Step f« All Steps

[v Terminate the analysis in case of divergence or exceeding the 7))l
max. number of iterations

e K Cancel
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