midas FEA Training Series NL-2. Embedded Bar — 3D

NL-2. An embedded bar in a concrete block
(pull out test for bond-slip interface model)

Overview

= 3D Nonlinear Analysis

=  Model
- An embedded bar in a
concrete block

- Bond slip nonlinear interface
- Unit : N, mm

- Isotropic Elastic Material

= |Load & Boundary Condition
LK - Prescribed displacement
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midas FEA Training Series NL-2. Embedded Bar — 3D

Step 1.

1. Analysis > Analysis Control — Control tab
2. Analysis Type : 3D

Analysis Control

Cantrol l Solver ]

4. Length : mm

Analysis T -

;’_ vPe @ 5. Click on [OK] Button

* 3D

i .

2 ~ 6. Click on [OK] Button

" Axisymmetry ~

" CFD 2D
v Convert Model Weight to Masses

i* i i

Lumped Mass Consistent Mass Unit System 53
Auto-Constraint Force (Mass) ~° Energy
[+ Rotational DOFs for Truss [ Plane f Solid Elements © kgf (ko) @ ~ cal
Lnit System £ tonf {ton) " cm ™ keal
Force M  Length | mm  Energy ] N iNjg, ka) Cm 1
— " kM (kon) " in " Btu
" IbF (b} " Ft k1
Gravity Acceleration | 9306.65 mmjzect C kips (Kipsta)
Initial Temperature
= | o [ [ Set)Change Default Unit System
N\

- |
o ) conce G Do
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midas FEA Training Series NL-2. Embedded Bar — 3D

Step 2.

1. Geometry > Primitive Feature > Box ...
2. Corner XYZ:0,0,0

3. Length (Lx): 250

4. Length (Ly): 125

(~ -\(2~5
Corner 192 | 0,0,0 5. Length (Lz): 125
Length (Lx) | 250 .
. 6. Click on [OK] Button
Weidth (Ly) | 125
\Height iLz) | 125 1
[ ScreenSnap | O Gos = wes
v solid

Mame I

Box
p R QIENE
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midas FEA Training Series

NL-2. Embedded Bar — 3D

Step 3.

Cylinder

@

7
Center ¥¥Z | 0,0,0
Radius | 12.5

\Heught | 350
angle | 360
[~ Screen Snap * GCs 7 WS
v salid
Marme | Cylinder

@ Cancel 5

1. Geometry > Primitive Feature > Cylinder ...

2. Center XYZ: 0,0,0

3. Radius: 12.5

4. Height: 350

5. Click on [OK] Button
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midas FEA Training Series NL-2. Embedded Bar — 3D

Step 4.
- Sr— X D 1. Geometry > \ertex > Create ...
[Coordnats = 2. (x,y,2): 0, 62.5,62.5
3. Click on [Apply] Button
2 foleewove ) | 4. (x,y,2): 250, 62.5, 62.5
(37,2 062.562.5 2@ )
[ Cwes @ ocs | 5. Click on [OK] Button

e | — 6. Geometry > Transform > Translate ...

.:ance| — 7. Select the highlighted cylinder

"\ 8. Click on 2 Point Vector

Translate

9. Select two point coordinates as shown in the figure

Direction & Distance | Distance in C5 |

I'[v' 1 Object Shape(z] Selected ]‘ D
Ny

— Direckion

10. Click on to automatically calculate the distance
11. Click on [OK] Button

8 E Select Direction ]
(= 2 Paink Yeckor )

Wx My ¥z ~
| @.@

0, 62.5, 62.5
J

!

& Move " Unifarm Copy
" Non-Uniform Copy

i
[ Distance | aa.3063476483 184 1@
—

Mumber of Times I 1 _I

E] ' 11 Apply >
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midas FEA Training Series NL-2. Embedded Bar — 3D

Step 5.
1. Geometry > Transform > Rotate ...
— x) 2. Select the highlighted cylinder

3. Click on 2 Point \ector

Axis & Angle | Angle in C5 |

LD 4. Select two point coordinates as shown in the figure
5. Click on [OK] Button

[ 1 Obiect Shapels)Selected |
— Rewolution Axis
o

- E Select Revalution bz ]

™ Define Location

r(;- 2 Point Yeckaor )
| 0, 62.5, 62.5
| 0, §7.5, 62.5
\_ J
o Move " Uriform Copy

" Mon-Uniform Copry

angle I an
1 _l

Mumber of Times

2 -‘J_I
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Step 6.

1. Geometry > Boolean Operation > Cut ...

Boolean Cut
Cut Tool(s) From Master 2. Select the Box for Boolean Master

|| 3. Select the cylinder for Boolean Tool
2,3 i i

E T Bookan Tole) Saeied \) 4. Tick off Delete Tool Object(s)

= 5. Click on [OK] Button

v Boolean Master Selected

r Delete Tool Objectl{s]l]
r Merge Faces

3 sl | >
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Step /. 1. Analysis > Material ...

Create/Modify Material ] 2. Click on [Create] Button
Isotropic lOrﬁ'lotropic] Inberfacel 3. Select “ISOtI‘OpiC » tab
[m 1 Name | steel [ 4 Color [~ 41D :1 Name : Steel

Structural

Elastic Modulus 200000  Mjmm?2 (* Weight Density 0 Mfmm?3
(+ Poisson'sRatio | 0.3 (" Mass Density Njmm?/g
" Shear Modulus ’7 Nfmm2
Expansion Coeff. 0

5. Elastic Modulus : 200000 N/mm?

6. Poisson’s Ratio : 0.3

) 7. Model Type : Von Mises
e (7 8. Click on [ to define

Initial Yield Stress T nome Hardening/Softening Function
{* Hardening/Softening Function |SheeI_Hardening hd 9 Name: Steel Hardenlng
" Temp. Dep. Hardening/Softening Function Lione - . .
@ 10. Enter values as shown in the picture
11. Glick on [OK] Button
Hardening I

12. Select the hardening function from

MName Steel_Hardening 9 .
the drop list
Equivalent Function fj# so0
Plastic War. Walue .
0.0000  470.0000 e - 13. Click on [Apply] Button
B 0.0073 SSU.UUUEJ e ———— =
3

450
a00
250

Value

o 0.001 0.0025 0.004 0.0055 0.007

v
1 Scale value Graph Reset
(11 Cancel Apply

Ok Candg

MIDAS Information Technology Co., Ltd.



Step 8.

midas FEA Training Series NL-2. Embedded Bar — 3D

1. Analysis > Material ...

2. Click [Create] Button

3. Select “Isotropic” tab

4.1D : 2, Name : Concrete

5. Elastic Modulus : 26000 N/mm?2
6. Poisson’s Ratio : 0.2

7. Model Type : Total Strain Crack
8. Crack model: Fixed

9. Stiffness: Secant

10. Lateral Crack Effect: None

11. Confinement Effect: None

12. Basic Properties: Direct Input

13. Click on [E8] to define Tension
Function

14. Name: Linear

15. Function Type: Linear
16. Fct = 3 N/mm?

17. Gf = 0.035 N/mm

18. h =25 mm

19.
20.

21.
22.
23.
24,
25.

26.
27.
28.

29.

30.

31.
32.
33.

Click on [OK] Button

Click on g to define
Compression Function

Name: Constant
Function Type: Constant
Fc = 30 N/mm?

Click on [OK] Button

Select the tension and
compression functions from
the drop lists

Click on [Apply] Button
ID : 3, Name : Interface

Interface Nonlinearities: Bond
Slip

Normal Stiffness Modulus (Kn):

260000 N/mm3

Shear Stiffness Modulus (Kt):
26000 N/mm3

Select Cubic Function
Constant (c): 15
Shear Slip: 0.1 mm

34. Click on [OK] Button
35. Click on [Close] Button
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Ste Q 9 . Create/Modify Function

Tokal Strain Crack }

Create/Modify Material (X

Isotropic] @5 Function Type  [Lingar -l
/ Parameters

[ID Mame | Cancrete @ Color [~ O 0.3

GF 0.035  Mfrm

Structural o7

Maodel Type | Tension <7 ,T

h 25 mm
Elastic Modulus 26000 Mfmm? {* weight Density 0 MfmmE ° e A
o 0.5 -
Ei
% Poisson's Ratio 0.z " Mass Density Myrm g £ s Lero

" Shear Modulus Mimm? "
0.z
Expansion Coeff, u] 0.1

Constitutive Model
[Model Type |Total Skrain Crack d@

4 Crack Madel {* Fixed " Rotating
Stiffniess (" Tangent f* Secant
Lateral Crack EFfect (% Mone " Vecchio and Callins
Confinement Effect {* Maone " selby and Yecchio Create/Modify Function
Basic Properties * Direct Input " Using Code Total Strain Crack I

Tension Funckion |Linear 21 Hame Constant Model Type | Compression - <

Caompression Funckion |C0n5tant - <22 Function Type | Constant vl N

Shear Function |N0ne - Paramaters v
e [ Mmme

@) N

ero

Value
]

26 oK Cancel | | ( o) 4_ _cancel | apply
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Step 10.

Create/Modify Material

Isoh’opic] Orthotropic  Interface ]

[ D 3 MName | Interface @ Color [~
Interface Nonlinearities [ |Bc-nd Slip 28

Structural

-
Normal Stiffness Modulus (Kn) 260000 Njfmm?3 )
) Material Manager
Shear Stiffness Modulus {Kt) 26000 Mjfmm3
{* Cubic Function

I | Mame | Tvpe | Create. ..
Constant (c) 15 @ Skeel Isotropic i
Shear Slip ’—D-l 0 Concrete Isokropic Madify. ..

1

2

3 Intetrface Interface

(]
" Power Law il
Constant (a) Delete
Constant (b)
Impoart...

Shear Slip mm

" Multiinear Hardening

[© i

Close

Thermal...

I oK. I Cancel | Apply |
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Step 11.
Property Manager
10 | Marme | Type | Sub-Tvpe
1 Concrete 30 Salid
2 Bar 3D Salid
3 Interface 3D Flane Interface
< |

3

Create | ™ | |
1D0...
2D0...
ab...
Interface...

2,9

Reinforcement, ..
Others, ..

)

NL-2. Embedded Bar — 3D

1. Analysis > Property...

2. Create 3D...

3.1D : 1, Name : Concrete
4. Material : (2: Concrete)
5. Click on [Apply] Button
6.1D : 2, Name : Bar

7. Material : (1: Steel)

8. Click on [Apply] Button
9. Create Interface...

10. 1D : 4, Name : Interface
11. Type: Plane

12. Material : (3: Interface)
13. Click on [OK] Button
14. Click on [Close] Button

MIDAS Information Technology Co., Ltd.




midas FEA Training Series

Step 12.

1. Mesh > Auto Mesh > Solid ...
B iiceh Solid 2. Select the cylinder
o 3. Element Size: 6

2 Select Interior Edges] 4. Property: 2 : Bar

5. Mesh Set: Bar

:é) 6. Click on [OK] Button

Select Interior YYertex|es)

* Element Size " Division

J
|
Eﬂesh Size \k

| & =

[ adaptive Seeding

[ Manual Division InE, I 1

— Refinement Factor

Fine Coarse
-} 1.2

— Properky |

[ 2 foom B

" Interior Edge 10 Mesh Property

o | R

— Mesh Set !

¥ s sub-set | Bar
Addto  |Mesh Set =l
[ Register Each Solid Independenthy

—Iv Merge Modes
Tolerance I 0,01

[ Generate Mid-side Nodes
W Match Adjacent Faces
[ &wvoid Tetra with &ll Boundary Modes

23 (o (e )] -~
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Step 13.

1. Mesh > Auto Mesh > Solid ...
Auto-Mesh Solid X 2. Select the concrete Box
1 Solidls) Selected ]] 2 3. Element Size: 6

Select Interior Edge(z]

4. Property: 1 : Concrete

5. Mesh Set: Concrete Block

I % Element Size " Division J (::'3) 6. CIle on [Apply] Button
& <

[ Adaptive Seeding

[ Manual Division Irc, I 1

— Refinement Fackor

] J
E Select Interior Vertexez) ]
- ™\

Fine Coarse
-} 1.2

— Property

I 1 |1: Concrete j

" Inkerior Edge 10 Mesh Property

0| 1l [

— Mesh Set

¥ s sub-Set I Concreke Block
Addto  |Mesh Set 1[5
[ Reaister Each Solid Independently

~Iv Merge Modes
Tolerance I 0.01

[ Generate Mid-side Nodes
v Mahch Adjacent Faces
[ Awvaid Tetra with &ll Boundary Nodes

@ OF | Cancel"l 6
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midas FEA Training Series NL-2. Embedded Bar — 3D

Step 14. 1. From Pre-works tree select Hide for
Geometry and Mesh
B View P B 2. Mesh > Check Mesh ...
i+ B Woark Plane 3. Tick on Free Faces
Dratum
El 4. Click on [Apply] Button

Elﬁ Mesh Shiow &l
Y B oo ©
@ Mes Shiow - =Hide
B Mesh Object [0]
I;i Mezh Set [4]
“HH Reinforcement [0]
+4, Coordinate System
Iﬂ@ Function
|i| b aterial
|i| Time-Dependent Material
i

Froperty
=l

M Mirncmeine

P o OO o e O e O o

5

SISE

Check Mesh

o

[~ Free Edges (Red)

By
E:lg.lﬁ"“

~H .;i

[~ Manifold Edges (Green)

SO OO

[ Mon-manifold Edges (Blus)

2 N N e A
W X O AT

[ Feature Edges (vellow)

Feature Angle I an

[ ¥ Free Faces (Orange)
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Step 19. 1. From Pre-works tree select Hide for Geometry and Mesh

Pre-Works

2. Select the highlighted mesh sets and select Show

@ Mesh Contol (0] .
5 Mesh Dbect [0 @ & 3. Click on “Right View”
Cepmele 8| show only ] (7 4. Mesh > Element > Create Interface Element ...
Show @
I'II:"ifIIUIL'I:"IIIb'lIl u 5. T e: Plane

+-+¢ Coordinate SysternL : EE:::-E @ yp
+-f8 Function .
5] Mo — & 6. Method: From Element Boundary
+ Time-Dr dent Material - -
i H@. Ponery 7. Select the highlighted mesh set

+- D] Dimersion -

+ ¢ BC
+-[ Load
K

u_Cemabrichinn Shana

8. Property: 3: Interface
9. Click on [OK] Button

Pre-\Works | Posk-\Works

Create Interface Element

Tvpe

" Paint " Line

IMethod

|Frnm Elerment Boundary j
Parameters i
NN A7

Ve e
A
st

888 Element/s) Selected ]]< D

Property
[l 3 |3: Interface j K:SD
IMesh Set
r | Interface Element
Addto |Mesh Set =

[ Register Interface Mesh Set Separately

@ Ok | 9 .ﬁ.ppl'fl
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NL-2. Embedded Bar — 3D

midas FEA Training Series

Step 16.

1. Hide Bar mesh set from work tree
2. Analysis > BC > Constraint ...

=) Mesh Set[4] -

[ Default Mesh Set [M:1] o 3. BC Set : Support

[_) Concrete Block [M:2]
|_iBar [M:3];

]

Constraint X |

4. Select the highlighted nodes as shown in the figure

7~ \ iBar [M-];
l i( ) hi I
EC Sat | Support 3 j D Interface Show Only
Ohject + Coordinate Systen ) . o 9
! i ;;é poee Display Mode 5. Click on “Pinned”
Type |NDE|E ﬂ +-[T] Material 2:3'1?
+-[T] Time-Dependent § 1
265 NDdE[S] Sretizd] ] e Hl Praperty Transparency... 6- CIICk [OK] BUtton
+-[D] Dimension Color...
+ BC
Free Face Nodes -] Load 2:'9te
f" Congtruction Stag. PY =
k-t Hast of Hudration Stana hd

Pre-Works | Post-Warks

Seed Mode |

Feature Angle [Deal 7
= NS sna s s

* add " Replace  © Delete
[ &pply to Unassigned Cbjects Only

DOF
W Tl WV T2 WV T3 |
Fixed | Free |
i e
AWe 300 S
Symmetry Anki-Syrmmetry Ekgg‘z‘lg"%}%%‘%\ﬁh i""ﬁﬁinmuﬂ
VY Y
Flane 12 | Plane 12 | EEE%E&?:%A%%?@S
P
Plane 23 | Plane 23 | F bﬂb% TRl
Plane 31 | Plane 31 | s :
Pttt
ek iemniently
2 sl | gghgmggr.-e{

Sl
iyt A#: by

W
RS

PO
3
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SteQ 17. 1. Analysis > Load > Displacement...

2. Load Set : Prescribed Disp.

3. Select the nodes as shown in the figure
4.T1=2mm

5. Click [OK] Button

Displacement

Load Set (| Prescribed Disp.
Objeck

= @ £

Type |Nu:u:|e

lﬁ 25 Node(s] Selected I 3>

Free Face Modes

Seed Mode |

Feature Angle [Deq] |

Mode
* add (" Replace O Delete

[ Apply ko Unassigned Objects Cnly

<D8ase Function |N|:nne ﬂ

v T1 2 mm] I R [rad]
[ T2 mm [ RZ [rad]
[ 13 mm | R3 [rad]

E] " (4 " Cancel| Apply |
7\
>/
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1. Analysis > Analysis Case...

Ste Q 1 8 . Analysis Case [z

Q. ame e escription e 1“ 2 -
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)

Add/Modify Analysis Case fg| 6 CIiCk on OUtpUt COI"Ith'
MName | Monlinear G) 7 SeIeCt Output Type tab
— 2 .
Skl O 8. Select all the variables

|
Analysis Type  |Morlinear Static ‘ 4 ; vl Analysis Control .
9. Click [OK] Button

nalysis Model
Initial Element @+ Al None { From Other Case | J | J
Intal B.C. & Al Mone ¢ From Other Case | =l =l Analysis Output Control
Add to or Modify Initial Model
Set Tree Used Unused Mesh Set | QUtpUt Type
] ~ Element ~ ' Element
~ Default Mesh Set - $ BC & BC [w Displacements v Crack Strains
g Bar #r Support Cortact
fid) Concrate Block =% Load ¥ Reactions v Crack Stresses
” Interface Element + Prescrbed Disp.
- BC Contact [v Elemental Forces Iv Equivalent Stresses
# Support
=4 Load [v Green Lagrange Total Strains W Principal Stresses
% Prescrbed Disp.
e @ ¥ Piola-Kirchhoff Stresses [v Equivalent Strains
[¥ Green Lagrange Plastic Strains W Principal Strains
3 =
Stress | Strain Calculation Locations
[¥ Element Center W Modes & m
OK | Cancel Apply [l (o] Il Cancel |
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Step 19.

Analysis Control

Morlinear ]Restart ] e
Iv Material Monlinear,

Iteration Scheme

(]

[ Geometry Monlinear

Type of Ikeration Scheme |Newt0n Raphson j

Iv Automatic Load Step

Maximum Mumber of Load Steps

Initial Load Factor

Minirumn Load Factor

-

-
Convergence Criberia

I Energy Marm

—

[ v Displacement Norm

[~ Force Morm

Oukpuk Skep
" Last Step

\
| 0.01 ]@/

—

{v Al Steps

Q)

' oK i' Cancel

NL-2. Embedded Bar — 3D

o1

2. Select Material Nonlinear

3. Click on Automatic Load Step

4. Maximum Number of Load Steps: 50
. Initial Load Factor: 0.02
6. Displacement Norm: 0.01
7. Click [OK] Button

8. Click [OK] Button

Add/Medify Analysis Case

Name [

Nonlinear

Description |

Analysis Type |Nunlinear Static

Analysis Model

Initial Element & Al " Nonme  From Other Case | J | J
Initial B.C. @ Al " None (" From Other Case | J | J
Add to or Modify Initial Model
SetTree Used Unused
= ” Bement ” ' Element
i) Default Mesh Set -7y BC = BC
) Bar A7 Support Contact
” Concrete Block = 4 Load
~ Interface Element ¥ Prescribed Disp.
= BC Contact
xlv Suppart
- Load
4 Prescribed Disp.
Contact
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