midas FEA Training Series NL-3. Shear Crack Failure

NL-3. Shear Crack Failure in an RC beam

Overview
(Leonhardt 1980) ¢

= 2D Nonlinear Analysis

=  Model
- A symmetric RC beam with
reinforcement element

- TSC material model
¢ - Unit : N, mm
= | oad & Boundary Condition

- Prescribed displacement
- Simply constraint

¢
|

Prescribed Disp.
[ 1~ 11
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midas FEA Training Series NL-3. Shear Crack Failure

Step 1.

1. Analysis > Analysis Control — Control tab
Analysis Control _ 2. Analysis Type : 2D and XY - Plane
Conral | sover | 3. Click & Button (Unit System)
- 4. Length : mm
Analysis Type
; D & y-Plane 5. Click on [OK] Button
- ZD -
o @ (" XZ-Plane 6. Click on [OK] Button
b = " ¥Z-Flane
" CFD 2D
v Convert Model Weight to Masses
* Lumped Mass " Consistent Mass
Auto-Constraint Unit System
uto-Constrain
Force (Mass) k° Energy

[v Rotational DOFs for Truss [ Plane [ Solid Elements

gt (Fmm ) |

Urit System " tonf (kon) " om " keal

Force M Length mm  Energy NS (* M (Nfg, kg) ©m + 1
" kN (tan) " in " Btu

Gravity Acceleration | 9306.65 mm/fzec? e i ¥

" kips (kipsfa)

| 0 [T
. | Set/Change Default Unit Syskem
e — -
/o ) cone O ==
S

Initial Temperature
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Step 2.

. Toggle off “Toggle Grid”

. Click “Normal View”

. Geometry > Curve > Create on WP > Rectangle (Wire)...
. Location : (0), <1275, 320> #

. Click on [Cancel] Button #

. Geometry > Curve > Create on WP >Line ...

. Location : (0, 50), <1275, 0> #

. Click on [Cancel] Button #

X)

Rectangle

Inpuk Cne Carner

Lacation | Q4

Method |4BS %, v |

v Make Face l
E] Apply El Cancel )
N
&)

'

Imput Start Location

Location | (D \
Method |ABS x, y ]
T ) |
&) )
® ():“ABS x,y”, <>: “REL dx, dy”
(0) same as (0, 0)
& [Esc] as shortcut for [Cancel]

Method

IR EERARA
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Step 3.
1. Analysis > Material ... 19. Click on [OK] Button 35. Select the hardening function
2. Click [Create] Button 20. Click on B to define i e ey s
3, Select “Isotropic” tab Compression Function 36. Click on [OK] Button
21. Name: Thorenfeldt 37. Click on [Close] Button

4.1D : 1, Name : Concrete
5. Elastic Modulus : 28000 N/mm?2 22. Function Type: Thorenfelat
23. Fc = 28 N/mm?

24. Click on [OK] Button

25. Select the tension and
compression functions from the

6. Poisson’s Ratio : 0.3
7. Model Type : Total Strain Crack
8. Crack model: Fixed

9. Stiffness: Secant drop lists
10. Lateral Crack Effect: Vecchio 26. Click on [Apply] Button
and Collins

27.1D : 2, Name : Steel

28. Elastic Modulus : 200000 N/mm?
29. Poisson’s Ratio : 0.3

30. Model Type : Von Mises

31. Click on [g to define
Hardening/Softening Function

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

13. Click on [e2 to define Tension
Function

14. Name: Hordijk

15. Function Type: Hordijk
= 2

135 [RES S A NI 33. Enter values as shown in the

17. Gf =0.009735 N/mm picture

18. h =25 mm 34. Click on [OK] Button

32. Name: Steel_Hardening
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Step 4.

Create/Modify Material

Isatropic ]Orthotropic ] Interface ]

3

Mame |

[ID 1

Concreke @

Color |-

Structural

Elastic Maodulus

’W T/ riirn 2
{* Poisson's Ratio ’703
" Shear Modulus ’7 T mim
Expansion Coeff. ’70

% Weight Density 0 MNfrmm?
Mfrm3g

" Mass Density

Constitutive Model

[ Model Type |Tota| Strain Crack Li@

(

Tension Function

Crack Madel (% Fixed " Rotating

Stiffriess " Tangent f* Secant
Lateral Crack EFfect " Mone f* ecchio and Callins
Confinement Effect (* Mone " Selby and Yecchio

Basic Properties (* Direct Input " Using Code

Compression Function

|ThorenFeIdt

Shear Function |None

DB =

a4 | Cancﬁ( ZGET]
S

CreatefModify Function

Total Strain Crack I

Model Type ’m <

Function Type  |Hordik b

Gs
/ Parameters

Fct 2 MNfmm?
af 0.009735  Nfmm
h 25 mm

Value

() =

Create/Modify Function

€

Tokal Shraj Crack]

21

Mame Thorenfeldt

Madel Type ’W‘ <

Function Type | Thorenfeld: - '

Parameters

Fc 28 Nimm?

@

Value

Zero

(24 ] e | |
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Step 5.

Create/Modify Material

Isotropic lonhotmpic] Interface ]

[ID 2 Name |

Caolor [/~
N

Structural

Elastic Modulus % M/mm2
{* Poisson's Ratio |703
(™ Shear Modulus li Njmm2
Expansion Coeff. liﬂ

{* Weight Density 0 Mfmm3
(™ Mass Density Mfmm2fg

Constitutive Model

Madel Type |1.-'on Mises

Monlinear Parameters

Initial Yield Stress

f* Hardening/Softening Function

™ Temp. Dep. Hardening/Softening Function

M/mm2
|Shee|_Hardening -

Mone

©

Create/Modify Function E|
Hardening ]
Mame Steel_Hardening @ <
Equivalent | Function fy~ 00
Plastic var. Value
0.0000 360.0000 0 L
] =1
1 0.0116  450.0000 00 S ey
3 [ gy
— 250
@ 200
L zse
ki
L
- zdn
150
100
50
o
LA o o.00z 0.005 0005 0.01 o.olz
™
1 Scale Yalue Graph Reset
N
(34 | ok II Cancel | Apply |
Material Manager |
(o] | Marne | Tvpe | Create...
1 Concrete Isobropic
z Steel Isatropic Madify...

Copy

Delete

Irnpoart. ..

I,

@ Close

MIDAS Information Technology Co., Ltd.



midas FEA Training Series NL-3. Shear Crack Failure

1. Analysis > Property...

2. Create 2D...
D_| Nane Lype [ SubType Create [~ | 3. 1D : 1, Name : Concrete
1 Concrete 2D Plate 0. B N 2
2 Section 10 Bar Section H .
5 Reinforcement 1D Bar 23 4. Thickness: 190 mm
Interface. . 5. Material : (1: Concrete)
Ef‘h”jf;*"“e”t“' 6. Do not Consider Transverse Shear
' A Deformation

7. Click on [OK] Button

8. Create Reinforcement...

> @ 9. Click on Bar Section tab

10. ID : 2, Name : Section

11. Click on [Apply] Button

12. Click on Bar tab

13. 1D : 3, Name : Reinforcement
14. Material : (2: Steel)

15. Cross Sectional Area: 1061.85832 mm?
16. Select Reinforcement

17. Click on [OK] Button

18. Click on [Close] Button

|
W

o
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NL-3. Shear Crack Failure

midas FEA Training Series

Step 7.

Create/Modify 2D Property

Plate lPIane Stress ] Flane Strain ] Flo @

(] 1 Mame Conerete Color [ ]|+

Thickness

Base Function  |MNone hd Create/Modify Reinforcement Property
Tott| 190 mm T2 0 mm —(= @
T3 ,70 T T4 ,70 T =
1o |_2 Marne ’m Color [ I=
Monstruckural Mass ’70 Nfmm2fg

IMaterial 1: Concrete hd
Material Coys Element C3vs =~

Offset Value 0 mm [ Use Base Function

[ Consider Transverse Shear Deformation
[ Consider Driling DOF Ot o Create/Modify Reinforcement Property

oK Cancel | Apply | Bar lBar Section ]
s} | 3 IMame | Reinforcement Color [ ]I=

Makerial 21 Steel -
Cross Sectional Area 1061.85832  mm?

ok Cancel Appl I
ance | PRy ™ Tendon (* Reinforcement

Model Code
Curvature Friction Fackar
\Wobble Friction Factor 1fmm

anchorage Slip

I mm
o i

OF | Cancel | Apply |
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Step 8.

Edge Mesh Size [X] 1. Mesh > Size Control > Along Edge ...

X
ﬁ ] 2. Select two edges as shown in figure
2 Edoelz] Selected
3. Seeding Method: Number of Divisions

4. Number of Divisions: 52
Seeding Method .
[|P-.Ium|:ner of Divisions v‘ 5. Click on [Apply] Button

Murmber of Divisions

=z |( 4
| Adaptive Seeding
=
Mame | Edge_Seed

-
E] Ok | Cancel[ apply @
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Step 9.

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

Egdee Mesh Size — 2. Select two edges as shown in figure
(=] 2 Edgels] Selected e 3. Seeding Method: Number of Divisions
4. Number of Divisions: 12
Seeding Method 5. Click on [OK] Button

[|Numl:uer of Divisions - e

Mumber of Divisions

1z [ 4
[ Adaptive Seeding
=
Marme | Edge_Sesd

-
B@ (o )5 )]
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1. Mesh > Map Mesh > Face ...
:2> 2. Select the highlighted face
3. Element Size: 1

1 Face(s) Selected |

E Select Comer Points ]
Mesh Size 4. Property: 1: Concrete

¢ ElementSize: (" Division 5. Mesh Set: Concrete

1
| 6. Click on [OK] Button

[ Sort Object Face(s)

CSys | J

1st 2nd 3rd

TR [ (T (R EAE

Property
[| 1 |1:Cl:||'u:rEtE jl@] O

Mesh Set
[+ I Concrete (5)
Addto  [Mesh Set -]
[+ Merge Nodes
Tolerance | 0.01

[+ skip Meshed Face(s)
[ Generate Mid-Side Modes

o]
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Step 11.

1. Mesh > Auto Mesh > Edge ...
2. Select the highlighted edge

3. Number of Divisions: 52

Auto-Mesh Edge

[ﬁ 1 Edaels] Selected 2

Seeding Method

4. Property: 2: Section

|Numl:uer af Divisions ﬂ
5. Tick on Reinforcement

Mumber of Divisions

| 52 @ 6. Type: Bar in Plate

r 7. Property: 3: Reinforcement
[ Manual Division 8. Click on [OK] Button
Crientation

|Beta angle ; 0 [Deq]

[ Property ]
L| 2 |2: Section Lj‘@

(v Reinforcement

Type |Bar in Plate ooy o
[ hemeee @)
Mesh Set
[+ | Auto-MeshiEdge)
| =

[v Merge Modes

Tolerance | .01

[ Generate Mid-Side Modes

oz
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StEQ 12. 1. Analysis > BC > Constraint ...
2. BC Set : Support
X L]@ 3. Select 14 Nodes (See Figure)
Obiect 4. Click “T1”
Type  Hode [ 5. Click [Apply] Button

E 14 Hodelz] Selected ] 3)

Free Face Modes

Seed Mode |
Feature Angle [Deq]
Mode
i+ nadd " Replace T Delete
[ &pply ko Unassigned Cbjecks Cnly
DioF
[ RI i [ R3
Fixed | Free |
Pinned | Mo Rotation |
Swmmekry Anti-Symmetry
Flane 12 | Flane 12 |
Flane 23 | Flane 23 |
Plane 31 | Plane 31 |

2] ok | Cancel [m@
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StEQ 13. 1. Analysis > BC > Constraint ...

2.BC Set : Support
]

Object 4. Click “T2”
5. Click [OK] Button

3. Select 1 Nodes (See Figure)
BiZ Sek [| Suppork ;@
=

Type |Nu:u:|e

[ 1 Nodefs] Selected

),

Free Face Nodes

Seed Mode |

Feature Angle [Deq]

Mode
+ add (" Replace  { Delete
[ Apply to Unassigned Cbjects Only

ey

rn )
[ Ri [ Rz [ R3 ﬂ
Fixed | Free |
Pinned | Mo Rotation |
Swmmekry Anki-Symmekry
Plane 12 | Flane 12 |
Plane 23 | Flane 23 |
Plane 31 | Plane 31 |

2@
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SteQ 14. 1. Analysis > Load > Displacement ...
2. Load Set : Prescribed Disp.

3. Select 1 Node (See Figure)

4. Click on “T2” : -5 m

Displacement

Load Set || Prescribed Disp.

~ é@

Chject
Type  |Mode 5. Click [OK] Button
1 Nodefs] Selected >

Free Face Maodes

Seed Node |

Feature Angle [Dea]

Mode
+ add " Replace { Delete

[ Apply to Unassigned Objecks Gnly

Base Function |Nu:une j

[Tl mm | Rl [rad]
[|7 Tz -5 mm@ [rad]
[ 13 mm [ R3 [rad]

2@ (()s ] oo |
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1. Analysis > Analysis Case...

Ste Q 1 5 . Analysis Case [z

0. ame e escription 5 1“ 2 g
ot | Tee || pescrpver | 2. Click [Add] Button
_cov | 3. Name : “Nonlinear”

Delete
4. Analysis Type: Nonlinear Static

i 5. Drag & Drop Load Set marked by “[_1”
v cese | (See Figure)

Ed
o
O
=
=)
o
>
@)
C
[ g

e
C
—t
@)
o
-]
=
=B

Add/Modify Analysis Case

Name | Nonlinear 3 7 SeIeCt Output Type tab

Description 8. Select all the variables

| 6
Analysis Type  |Monlinear Static ‘ 4 i hd I -Output Control %} Analysis Control .
[ - ’ 9. Click [OK] Button

Analysis Model

Initial Element & Al Mone (" From Other Case | J | J
InitialB.C. & Al (" None " From Other Case | =l = Analysis Output Control
Add to or Modify Initial Model
SetTree Uszed Unused Mesh Set | Sutput Type
=) Element fd Element fd Bement
) Default Mesh Set # BC #r BC W Displacements Crack Strains
i) Concrete =¥ Load Cortact
~ Auto-Mesh{Edge)1) 4 Prescribed Disp. [v Reactions Crack Stresses
-1 @y BC [Z] Contact

| Support [v Elemental Forces Equivalent Stresses

v
v

v

—-fe Load

+, Prescrbed Disp. [+ Green Lagrange Total Strains W Principal Stresses
v
v
0

Equivalent Strains

Contact
v Piola-Kirchhoff Stresses

v Green Lagrange Plastic Strains Principal Strains

Stress | Strain Calculation Locations

[¥ Element Center W Modes & m

[l QK Il Cancel |
CK | Cancel Apply
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Step 16.

Analysis Control

Monlinear ] Reskart ] e
v Material Monlinea

Iteration Scheme

[ Geometry Monlinear

[ Tvpe of Iteration Scheme |Newt0n Raphson

I Automatic Load Step

S—r1

[ Mumber of Load Steps

Maximum Mumber of Ikerations/Load Step

100 _,::' E“

200 _IZ:I

I™ Auto Swikch ko Arc-Length Method

[~ User Defined Load Step
Convergence Criteria

[ Energy Marm

——
e

[ v Displacement Marrm

| 0.1 ]@

[~ Force Maorm

Cubput Skep
" Last Step

" all steps

max. number of iterations

[v Terminate the analysis in case of divergence or exceeding the <7

(s)

~(3)

Z

~

1

l Ok I Cancel |

1. Click on Analysis Control

2. Select Material Nonlinear

3. Type of Iteration Scheme: Newton Raphson

4. Number of Load Steps: 100

5. Maximum Number of Iterations/Load Step: 200

6. Displacement Norm: 0.01

7. Tick on “Terminate analysis ...”
8. Click [OK] Button

9. Click [OK] Button

Mame ‘ Nonlinear
Description
Analysis Type ‘NDnIinear Static j Cutput Contral Analysis Control
Analysis Model
Initial Element & Al (" Mone { From Other Case ‘ J | J
Initial B.C. @ al " None " From Other Case ‘ J | J
Add to or Modify Initial Model
Set Tree Used Unused
= Elemert fd Elemert g Elemert
~ Default Mesh Set 2 BC 2 BC
fg) Concrete =4 Load Contact
~ Auto-Mesh({Edge){1) + Prescribed Disp.
- sy BC Cortact
& Support
—- # Load
4+ Prescribed Disp.
Cortact

(9)

l OK I Cancel | Apply |
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