midas FEA Training Series NL-1. Embedded Bar — 2D

NL-1. An embedded bar in a concrete block
(pull out test for bond-slip interface model)

Overview

= 2D Nonlinear Analysis

=  Model
- An embedded bar in a
concrete block

- Bond slip nonlinear interface
- Unit : N, mm
- Isotropic Elastic Material

» | oad & Boundary Condition
- Prescribed displacement
- Constraint

= Result Evaluation
- Displacement
- Interface stress
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midas FEA Training Series NL-1. Embedded Bar — 2D

Step 1.

1. Analysis > Analysis Control — Control tab
2. Analysis Type : 2D and XY - Plane

Analysis Control X 3. Click & Button (Unit System)
Control | solver | 4. Length : mm
Analvsis Tyoe 5. Click on [OK] Button
»e {* XY-Plane 6. Click on [OK] Button
f¢ 20
@ " XZ-Plane
£ Axisymmetry " YZ-Plane
" CFD 2D
[v Convert Model Weight to Masses
{* Lumped Mass " Consistent Mass
Auto-Constraint Unit System |
[v Rotational DOFs for Truss / Plane [ Solid Elements @ Force (Mass) 0 Eneray
Unit System  kaf (ka) @ C cal
Force N Length mm  Energy ] £ tonf {ton) £oem £ keal
M (N, k) ©om O
- " kN (tan) " in " Btu
i ) )
Gravity Acceleration e mm/fsec  Ibf () C i K
Initial Temperature o | [T] " kips (kips/a)

| Setfchange Default Unit Syskem
| Ok | Cancel ml Cancel |
——
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midas FEA Training Series NL-1. Embedded Bar — 2D

Step 2.
" — X - 1. Toggle off “Toggle Grid”’
= 2. Click “Normal View”
Inpuk Cne Carner
Method (5 3. Geometry > Curve > Create on WP > Rectangle (Wire)...
‘ ‘ ‘G‘ g 4. Location : (0), <250, 125> #
5. Click on [Cancel] Button #
Lacation | Q4 @ .
| = = 6. Geometry > Curve > Create on WP >Line ...
Method | ABS x, hd - .
’ : 7. Location : (0, 62.5), <350, 0> #
v Make Face
8

. Click on [Cancel] Button #

a@ik

E] Apply El Cancel )
N
&)

Input Skark Locakion

Locatian | 0ez.5 (7)

Method |ABS x, v -l

A D) v

‘v |
N :

@ () :“ABS x,y”,<>: “REL dx, dy” | L»—-x B

(0) same as (0, 0)
& [Esc] as shortcut for [Cancel]
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NL-1. Embedded Bar — 2D

midas FEA Training Series

Create/Modify Material

Isotropic lDrﬁ'lotropicl Interface ]

Expansion Coeff. 0

[ D ’—1 Name [ Steel@ Color [_]|=
Structural
Elastic Modulus 200000 Mfmm?2 f* \Weight Density 0 Mfmm3
{* Poisson's Ratio ’703 ™ Mass Density M/mm3/g
" Shear Modulus ’7 M fmm2

Constitutive Model

™ Temp. Dep. Hardening/Softening Function |

Madel Type |1.u'on Mises A 7
Monlinear Parameters
Initial Yield Stress M mm2
% Hardening /Softening Function IlSteel_Hardening ﬂ @

Create/Modify Function

Hardening I

MName Steel_Hardening 9

Equivalent Function [j#
Plastic War. Walue
£50
0.0000  470.0000
0.0073  550.0000,

1. Analysis > Material ...

2. Click on [Create] Button

3. Select “Isotropic” tab

4.1D : 1, Name : Steel

5. Elastic Modulus : 200000 N/mm?
6. Poisson’s Ratio : 0.3

7. Model Type : Von Mises

8. Click on [eg to define
Hardening/Softening Function

9. Name: Steel Hardening
10. Enter values as shown in the picture
11. Click on [OK] Button

12. Select the hardening function from
the drop list

13. Click on [Apply] Button

|°—’"

Value

OK

0 0.o0l 0.002§ 0_004 0.0058 o_007
A
1 Scale value Graph Reset
) == R
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Step 4.

midas FEA Training Series NL-1. Embedded Bar — 2D

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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midas FEA Training Series NL-1. Embedded Bar — 2D

Ste Q 5 . 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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midas FEA Training Series

NL-1. Embedded Bar — 2D

Step 6.

Create/Modify Material

Isotropic] Orthotropic  Interface ]

[ D | 3 Name | Interface Color =
Interface Nonlinearities [ |Bc:nd Slip B 28
Structural
Normal Stiffness Modulus (Kn) | 260000 Nfmm?
Shear Stiffness Modulus (Kt) 26000 Mfmm3

{+ Cubic Function
Constant (c)
Shear Slip

[

™ Power Law
Constant (a)

Constant (b)

Shear Slip

™ Multiinear Hardening

Thermal. ..

l CK I| Cancel | Apply |

Material Manager

| Create. ..

I | Mame | Tvpe

1 Steel Isotropic
2 Concrete Isotropic
3 Inkerface Interface

Modify. ..
Copy
Delete

Impoart...

[© i

Close
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midas FEA Training Series NL-1. Embedded Bar — 2D

Step 7.
1. Analysis > Property...
2. Create 2D...
RIopetty Manager [Zl 3.1D : 1, Name : Concrete
D | Mame | Twpe | Sub-Type (Ereate - \ - .
. pem—— p= - # I 4. Thickness: 125 mm
2 Skeel i T a
3 Inte:rface 20 Lir'uu;?nterface 12 5 Materlal . (2 ConcretE)

ab...
Inteface... 6. Do not Consider Transverse
Reinforcement. .. Shear Deformation

Others...
¢ 7. Click on [OK] Button
8. Create 1D...
9.1D : 2, Name : Steel
10. Material : (1: Steel)
11. Click on Section Template ...
12. Select Solid Round

|

16. Create Interface... 13. D =25 mm
17.1D : 3, Name : Interface 14. Click on [OK] Button
18. Type: Line 15. Click on [OK] Button

19. Material : (3: Interface)

20. Thickness or Perimeter: 1mm
21. Click on [OK] Button

22. Click on [Close] Button
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midas FEA Training Series NL-1. Embedded Bar — 2D

Step 8.

Create/Modify 2D Property
Plate l @

(] Marne Concreke Color |:| [~

Thickness

E Funicki M - ;
ase funetien [Hone Create/Modify 1D Property
TorTt 125 mm T2 o mm @
Truss
T3 o mm T4 0 mm l

() Mame Skeel  Calor =
Monstructural Mass 0 MNfmm?g 4
Material 2: Concrete hd

Material 1: Steel -

Material Coys Element CSys il
Cross Seckional Area (A) 490873852 mm?
Cffset value 0 rmm [ Use Base Function Type m

[ Consider Transverse Shear Deformation B Srer ’7 o
[ Consider Driling DOF Options...

Create/Modify Interface Property

oK Cancel | |
Interface l

D |—3 Name lm Color [ ]|+
Section Template, ., Solid Round

X Type " Point % Line ™ Plane

’—4| Ok | Cancel | | Material 3: Interface A
Solid Round -
@ {* Thickness 1 mm

™ Diameter

Offset
=] ok | cancel |[ Aoy |
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midas FEA Training Series NL-1. Embedded Bar — 2D

Step 9. 1. Mesh > Map Mesh > Face ...
2. Select the highlighted face (see
= Figure)
Map-Mesh Face . o
e J 3. Mesh Size: Division, 10
& 1 Focefs) Selected ]] 4. Property: 1 : Concrete
EM — Select Comer Parts ] e 5. Mesh Set: Concrete Block
" ElementSize % Division 6. Click on [OK] Button
| 10
[ Sort Object Face(s)
CSys | J
1st 2nd 3rd
O (o AT [ A
Property v
[| 1 |1: Concrete -\ 4 |

Mesh Set | [ : R [ _

i [| Concrete Block [5) ;

Addto  [Mesh set |
[+ Merge Modes
Tolerance | 0.01

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

@ \
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midas FEA Training Series NL-1. Embedded Bar — 2D

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

Auto-Mesh Edge

Figure)
1 Edgels) Selected 2 3. Number of Divisions: 14
Se=ding Method 4. Property: 2 : Steel
Mumber of Divisions -
| _ - 5. Mesh Set: Embedded Bar
Mumber of Divisions 3> 6. Click on [OK] S
| T '
[
[ Manual Division
Orientation
|Beta angle : 0 [Deq]
Property
I 2 |2 Skeel L]
4
[ Reinforcement I
| J - x .................................
Mesh Set o
[+ [ Ermbedded Bar I\5>
Add to |Mesh Set ﬂ
[+ Merge Modes '
Tolerance | 0.1
[ Generate Mid-Side Modes :
@ CoKok T — f
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midas FEA Training Series NL-1. Embedded Bar — 2D

Step 11. 1. Mesh > Element > Create Interface Element ...
2. Type: Line

3. Method: From Truss/Beam

4. Select the highlighted elements (see Figure)

Tvpe 2
C et (& e £ Plane 5. Check on Register Interface Mesh Set Separately
[Mekhod .
=2 6. Click on [OK] Button
|Fr|:|m Truss/Beam ﬂ 3
Parameters I
Select Element[z] ] 4
Property
| 3 |3: Interface j .
Mesh Set
v | Interface Element /"
Addto |Mesh Set -] ] e
[ [ Register Interface Mesh Set Separately}/g\ .
N1 - @ Meszh "
B Size Control [0] o
E] I OK K 6 }‘3' || Apply | & Mesh Contol [0]
m Mezh Object [0]

-1-_ ) Mesh Set[5]
[ Default Mesh Set [M:1]
[ Concrete Block [M:2]
Ernbedded Bar [M:3
Interface Element-1 [M:5] —
Interface Element-2 [bd:6
B Reinforcement [0]
+-+<¢, Coaordinate System
= |ﬂ@ Function
+-08, Hardering Function [1]
+-#85 Tatal Strain Crack Function [2] -
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midas FEA Training Series NL-1. Embedded Bar — 2D

StEQ 12. 1. Analysis > BC > Constraint ...

2. BC Set : Support
\ 3. Select 37 Nodes (See Figure)
B Set [| Suppart ;@

Object 4. Click “12”

Type  [Node = 5. Click [Apply] Button
37 Models) Selected | 9

Free Face Modes

Seed Mode |

Feature angle [Deq]

Mode
* add (" Replace © Delete
[ apply to Unassigned Cbjects Only

DOF 4
1 l vV 12 13

[ Ri1 [ R2 [ R3
Fixed | Free | ]
Pirned | Mo Rokation | I
Swmmekry Anti-Symmmekry
Plane 12 | Plane 12 |
Plane 23 | Plane 23 |
Plane 31 | Plane 31 |

B () ok | Cancel [Tm@
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midas FEA Training Series

Step 13.

Constraint r5_<

Object

Type |N|:u:|e

ﬁ 13 Nodels) Selected

x|

BC Set Il Suppork L@
|
|

Free Face Modes

Seed Mode |

Feature Angle [Deq]

Mode:
o add (" Replace 1 Delete
[ apply bo Unassigned Objects Cnly

DoF

Fi))re

[ Ri1 [ Rz [ R3
Fixed | Free |
Pinned | Mo Rotation |

Swrmekry Anti-Svrmetry

Plane 12 | Flane 12 |
Plane 23 | Plane 23 |
Flane 31 | Plane 31 |

Z@

),

NL-1. Embedded Bar — 2D

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

3. Select 13 Nodes (See Figure)
4. Click “T1”

5. Click [OK] Button

MIDAS Information Technology Co., Ltd.




midas FEA Training Series NL-1. Embedded Bar — 2D

StEQ 14. 1. Analysis > Load > Displacement...

2. Load Set : Prescribed Disp.

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

5. Click [OK] Button

Displacement

Load Set || Prescribed Disp.
Obiject

! @ =

Type |N-:u:|e

lﬁ 1 Mode(z] Selected I 3>

Free Face Modes

Seed Mode |

Feature Angle | [Deq]

Mode
* Add (" Replace  { Delete

[ Apply to Unassigned Objects Cnly

<DBase Function |None |

Vi 2w TR O [rad]
oz 0 wm T Rrz[ 0 [rad]
s 0mm T Ra[ 0 [rad]

E] [ QK Cancel | Apply |

Ve

&/
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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
0
=
S
o
>
@)
C
[ g

e
C
—t
O
o
>
=
=3

Add/Modify Analysis Case

MName | MNonlinear 3 7 SeIeCt Output Type tab

Description 8. Select all the variables

| 6
Analysis Type  |Nonlinear Static ‘ 4 i " Output Control Analysis Contral .
[ ’ 9. Click [OK] Button

Analysis Model
Initial Element (¢ Al " Nome { From Other Case | J | J
InitialB.C. & Al ¢ MNone (" From Other Case | =1 =l Analysis Output Control
Add to or Modify Initial Model
Set Tree Used Unused Mesh Set | Dutput Type
- ” Element ” Element ~ Element
gl Default Mesh Set 2 BC A BC W Displacements I Crack Strains
g Concrete Block |-} Load Contact
g} Embedded Bar 4, Prescribed Disp. ¥ Reactions v Crack Stresses
pd Interface Element-1 Contact
P Interface Element-2 [v Elemental Forces Iv Equivalent Stresses
5o BC
#» Support [v Green Lagrange Total Strains W Principal Stresses
-{# Load
4, Prescribed Disp. v Piola-Kirchhoff Stresses Iv Equivalent Strains
2] Lorfact
[¥ Green Lagrange Plastic Strains W Principal Strains
v =
Stress | Strain Calculation Locations
[¥ Element Center W Modes & m
CK | Cancel Apply [| Ok Il Cancel |
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midas FEA Training Series

Step 16.

Analysis Control

Morlinear ]Restart ] e
Iv Material Monlinear,

Iteration Scheme

[ Geometry Monlinear

(]

Type of Ikeration Scheme |Newt0n Raphson

[~

v Aukomatic 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 {v Al Steps

Q)

\
| 0.01 ]@/

—

' oK i' Cancel

NL-1. Embedded Bar — 2D

. Select Material Nonlinear

. Click on Automatic Load Step

. Maximum Number of Load Steps: 50
. Initial Load Factor: 0.02

. Displacement Norm: 0.01

. Click [OK] Button

. Click [OK] Button

0 N o A W N

Add/Modify Analysis Case

Name | Nonlinear
Description |
Analysis Type |Nun|inaar Static j Qutput Contral Analysis Control
Analysis Model
Initial Eement & Al ¢ MNone ( From Other Case | J | J
Initial B.C. f« Al MNome { From Other Case | J | J
Add to or Modify Initizl Mode!
Set Tree Used Unused
=i Element i Element i Element
~ Default Mesh Set 2 BC 2 BC
M Concrete Block -l ¥ Load Contact
) Embedded Bar 4 Prescribed Disp.
~ Interface Element-1 Contact
B Interface Elemert-2
5y BC
7 Support
-4 Load
+ Prescribed Disp.
Contact
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Step 17.

1. Post-Works Tree : Nonlinear (Structural Nonlinear) > Nonlinear (1)
4 Reactions - > Displacement
= Displacement
& TDEV) 2. Double Click on “TDtXYZ(v)”
= TDEY)
= TDEN)
= TDENZN)
= TDi)
= TDiY)
= Tl
= TDZN)
4 10 Element Forces/Maoments
ES 2D Element Farces/Maoments o
£p4 10 Element Strains 0.2% :?23222:222
E 2D Element Strains én 750008+000

F . 1N Flement Straceas i 0'3% +1 B2500e+000
+1.50000e+000

+1.37500e+000
+1.25000e+000

+

e[ [H [

0.3%
+1.12500e+000

0.2%

+1.00000e+000
0.3%

+5.75000e-001
0.3%
a +7 30000e-001
o

+6.25000e-001

+5.00000e-001

0.

+3.75000e-001
0.3%

+2.50000e-001
0.3%

+1.25000e-001
95.7%

+0.00000e-+000

[UNITT M, mm
[DATA] MonlineariStructural Maonlineary | Monlinear{1)y , TDEN) |, [ Output CSys] Glohal CBys
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Step 18.

+-Epa 1D Element Strains -
+ E 20 Element Strainz
# £gu 10 Element Sresses 1. Post-Works Tree : Nonlinear (Structural Nonlinear) > Nonlinear (1)

¥ E 20 Element Stresses

+- o 1D Element Status > 1D Element MISC

+- [ 20 Element Status

+ 2D Element Crack Pattern o

B E 1D Eloment Mise. 2. Double Click on “1D INTERFACE, STy” #
Il":p 1D INTERFACE,5T=
P 1D [NTERFACE. STy
M. 1D INTERFACE. STz
{:,n 10 INTERFACE PT=
4 1D INTERFACE PTy
Il":p 1D INTERFACE PTz —

+2 83000e-00:3

45.7%

+2 49537 5e-003
0.4%

+2.13730e-003
0.5%

+1.78125e-003
06

+1.42500e-003
+1.06575e-005
+7.12300e-006

0E

+3.56230e-006
0.8%

+0.00000e-+000
0.6%

-3.56250e-006
0.5%

-7.125800e-008

0.4%

o FTJTU m oo 1 D6E75e-005
=1 -
J.I 06
e -1 42500e-005
- FE125e-005

0.5%

-2.13750e-005
0.6%

-2.49375e-003
45.5%

-2,55000e-005

& The internal variables for interface
elements should be presented separately.

The illustrated diagram is an assembled
[UNIT] M, mm figure.

[DATA] Monlinear(Structural Monlinear) | Monlinear(1y , 1D INTERFACE Line-STy |, [ Output CSys ] ModefElem Qutput CSys
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