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1. Concrete Damaged Plasticity Model

« Concrete Damaged Plasticity Model is now available in midas FEA NX. It provides a general capability for modeling concrete and other quasi-brittle materials including masonry and is
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designed for applications in which concrete is subjected to dynamic loading due to earthquake under low confining pressures.
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FEA NX 2021 (v1.1) Release Note
1. Concrete Damaged Plasticity Model

« Using this model, the following behaviors of concrete can be described. Different behaviors for tension and compression. Different reductions of the elastic stiffness when unloading for
tension and compression. Stiffness recovery effects during cyclic load reversals.
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2.

Fatigue Analysis

- Fatigue analysis can be performed on the basis of stress (stress-life method) and strain (strain-life method).

- Fatigue lifecycle and fatigue damage can be viewed for the various mean stress correction methods, i.e. Goodman, Gerber, etc.
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Results > Fatigue Analysis

[ Quick Counting (Number of Stress Ranges)
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3. Virtual Beam for Calculation of Resultant Forces of 2D/3D Mesh

- Resultant forces of 2D/3D mesh can be calculated and viewed as force diagram.

- Thisis useful to check moment/shear force diagram for the pile modelled with solid elements.
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=  Mesh > Element > Create > Other > Virtual Beam

Step 1. Generate a 3D mesh.

Results

Item
@ D:\Release\FEA NX v110\GFNX-782_Bearn Diagram'...
E| [ Post Style

aﬂ Linear
E||_% Linear Static
ﬁ' Displacements
d% Grid Forces
[i)-# Reactions
I El-figa Virtual Beam Forces I
fi0 AXIAL FORCE
;.a SHEAR FORCE Y
ﬁ.ﬂ SHEAR FORCEZ
& TORQUE
ﬁ'p BEMNDIMNG MOMENT Y
;.a BEMDING MOMENT Z
(-3 Solid Stresses

Step 2. Generate a 1D mesh for virtual beam by clicking start point and end point of the virtual

beam. 1D geometry is not necessary to generate virtual beam.
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4. Displacement-Control Method for Nonlinear Analysis

- For performing nonlinear analysis, the Displacement-Control method is added for the iteration method.

- Global displacement of a master node can be controlled, or relative displacement between two nodes can be controlled using the ‘Relative Node’ option.
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= Analysis > Analysis Case > General > Nonlinear Static > Analysis Control > Nonlinear

Analysis Centrol hs
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Geometry Monlinearlity
[ consider Geometric Nonlinear Effects
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Cancel
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5. Modal Participation Factor

+ Modal participation factors are added on the Eigenvalue Analysis Result table.
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+ Modal participation factors measure the interaction between the modes and the directional excitation in a given reference frame. Larger values indicate a stronger contribution to the

dynamic response.

= Analysis > Analysis Case > General > Eigenvalue

Resufts q

Ttem D Color
&) NLTH

= Construction Stage-1

INCR=1 (TIME=5.000e-001)

INCR=2 (TIME=1.000e+000)

MIN
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MODE 1 (FREQ=4.2605e+00)
MODE 2 (FREQ=4.3186e+00)
MODE 3 (FREQ=5.8270e+00)
MODE 4 (FREQ=7.8863e+00)
MODE 5 (FREQ=7.9234e+00)
MODE 6 (FREQ=8.0830e+00)
MODE 7 (FREQ=9.6237e+00)
MODE 8 (FREQ=1.3221e+01)

< ) > |

Model Analysis Results

Properties q
General

7 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
8 2.88% 0.00% 0.00% 0.00% 97.12% 0.00%
9 0.00% 5.51% 0.00% 93.49% 0.00% 0.00%
10 0.00% 0.00% 100.00% 0.00% 0.00% 0.00%
11 0.00% 0.00% 100.00% 0.00% 0.00% 0.00%
12 0.00% 5.42% 0.00% 94.58% 0.00% 0.00%
13 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
14 0.00% 0.00% 0.00% 0.00% 100.00% 0.00%
15 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
16 0.95% 0.00% 0.00% 0.00% 99.04% 0.00%
17 0.00% 2.69% 0.00% 97.31% 0.00% 0.00%
18 0.00% 0.00% 100.00% 0.00% 0.00% 0.00%
19 0.00% 0.00% 100.00% 0.00% 0.00% 0.00%

MODE
NUMBER
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T2

T3 R1
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R3

4.232951e-006
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5.451806e-008 | -2.386590e+003
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2.577996e+002 | -2.202076e-008

3.331761e-006

-2.618774e-007

4.325373e-009
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2.562032e-008 | -5.652683e-008

5.210050e-007

-5.510971e+003

1
2
3
4
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9
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10
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11
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-1.202912e+002

-1.739610e-007 | -5.023985e+002

-7.097414e-008

9.110742e-008

3.520752e-008

-5.334179e-007

4.33149%e-008 | -2.2245162-006

2.551605e-006
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-5.219135e+000

-1.186601e-007

5.200613e-008 | -5.1656729s-007

7.196868e+003

8417567 e-007

-56227594e-009

-3.898411e-009

1.774115e-009 | -1.558507&-008

5.456881e-008

-1.281529e+003

-5.452372e+001

9.906624e-008

-4.053837e-008 | 6.0695682-007

6.547120e+002

6.040514e-007

-8.12683142-008

-4.295578e+001

-5.191696e-009 | -2.583358e+002

8.038117e-007

3.793298e-007

-4.616023e-010

8.184668e-008

-1.502346e+002 | 2.5184218-007

3.570228e-007

2.924640e-007

1.506654e-008

5.466436e-008

4677027e+002 | 1.91935688-007

2.245547e-008

3.888571e-007

8.483582e-008

5.40848%e-009
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6. Improvement of Multi-Layered Grid (Composite Shell)

« Composite Shell Property for Multi-Layered Grid is added.

FEA NX 2021 (v1.1) Release Note

+ In the existing Multi-Layered Gird, only the results for the reinforcing bar layer could be checked, but the improved Multi-Layered Grid defines the Core Layer and the Cover Layer, so that the
results for this layer can be additionally checked.

- Reinforcement input method (Thickness Type, Rebar Type) is added.

= Mesh > Prop./CSys./Func. > Property > Composite Shell
Define Multi-layered Grid Select reinforcement input method X
L Iof )
Create/Modify 2D Property O Thickness Type (@ Rebar Type Total Thickness [ o]m
E Grid X - Axis | ] Grid ¥ - Axis |
Shell Plane Stress Flane Strain Geogrid(2D) "e":t“" ! = —— ”
: : : ) 1 tra Rebar ) _ | Define Concrete Layer
Plot Only(2D) Gauging Shell Axisymmetric Composite Shell e Material  Area Sp[a'::'l}ng Orie
Offset (m) {m2) Concrete Layer Material 1: Concrete v| (€
D Name |2D Property | Color [ | | Layer | Divicion | Output | Simpson Integration | |
| aminate Definition SR FITIE |
~ Core 1 3
MultiHayered Grid... >
Failure Theory Mone v Core/Cover Layer Define
Allowable Interlaminar 0| Njma
Shear Stress
Monstructural Mass | ] | kg/m?2 oK Cancel
Ref. Temperature | 0 | [
Copy Delete Clear Preview...
Cancel Apply Define Concrete Layer. ..
1€ | Material Definition Cancel
Define Multi-Layered Grid

MibAS

9/14



FEANX 2021

7. Improvement of Bond Slip Interface

FEA NX 2021 (v1.1) Release Note

« For the bond slip interface, we define stiffness for normal and shear direction. The normal and shear direction represents the linear and nonlinear behavior of bond slip, respectively. Now,

the behavior of the tangential direction of the interface can be defined by the user between linear and nonlinear behavior.

= Mesh > Material > Interface and Pile > Interface

Material X
D Name | Interface Color w
Madel Type Interface &

General Seepage  Thermal

Interface Monlinearities Bond Slip ~

Structural Parameters

Mormal Stiffness Modulus{Kn) 260000 | Nfmm3
Shear Stiffness Modulus(Ks) 26000 | Mfmm?

(O Polynomial Function

0
0
0
0
0
0

(® Multinear Hardening

0

Coupling Tangential Stiffness Modulus(Kt)
() Normal Stiffness Modulus{Kn)
(®) Shear Stiffness Modulus(Ks)

Coupling Tangential Stiffness Modulus{Kt)
(O Normal Stiffness Modulus(Kn)
(®) shear Stiffness Modulus{Ks)

Cancel Apply

Bond Slip Model

- Normal Stiffness Modulus(Kn)
: Linear behavior in tangential direction
- Shear Stiffness Modulus(Ks)

: Nonlinear behavior in tangential direction

Local Axis of Interface Element

MibAS
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8. Modified Menegotto-Pinto Material Model for Steel

« This isa model proposed by Menegotto & Pinto and modified by Filipoor et al.

- The model is widely used to simulate the dynamic response of steel structures and steel bars of reinforced concrete structures.
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= Mesh > Material > Isotropic > Menegotto-Pinto

Material

jin] Mame |Isotropic Color

Model Type Menegotto-Finto Model

Elastic Modulus(E)
Inc, of Elastic Modulus
Inc, of Elastic Modulus Ref, Height

Poisson's Ratio(v)

Initial Stress Parameters

Ko Determination
Automatic
Manual
Thermal Parameter
Thermal Coeffident
Molecular wapor diffusion coefficient
Thermal diffusion enhancernent

Damping Ratio{For Dynamic)

Damping Ratio

~ Structure

General  Thermal Temperature Dependent

50000000 ST

0| mim=

Unit Weight{y) 20000 | Njm?
Basic Properties Direct Input Using Code HE

Anisotropy HE

[ s

0| msec

Skeleton Curve

v [ olwm
S
> [ o]

w [ @)
.
az 0.15

Cancel Apply

X

o

Vo

Menegotto — Pinto Model

Hysteresis Rule
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9. General Hyperbolic Equation GHE-S Model

- Experimental data can be converted into general hyperbolic equation to define nonlinear material properties.
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= Mesh > Material > Isotropic > GHE-S

Material X
Model Type | GHE-S | Structure

General Mon-linear  Temperature Dependent

Non-Linear
Initial Shear Modulus kofim?

Reference Strain

ci(o)
Cifes) 0.705712358
c2(0) 0.320862631
€2(c)
alpha 0.276218432
beta 16.5176246

[[] consider Shear Only
Damping Function
Himax 0,0700733374

betal -2. 16652389

T Tlarge ooam

Minimum Skrain

Mazimum Skrain

[Junloading Stiffness
tmingGref

Unloading Reference Skrain

[ Pressure Dependent

nil

2

=

=1
o o o o o e [ e || e

nZ

Evaluate Experiment Data

GHE-5 Parameter
Type

GfGmaxny

Error Norm for Fit

Reference Strain

Damping Function

I

GfGmax sy hey

_G,mea)(M\f w

Relative Error

0.001

Error Norm for Fit

IIE

Tolerance |

1.001

T |

Tooot oo

— GCurve Fitting

Sk’ E

v

+ Test Data

— Curve Fitting

|

+ Test Data

C1fcs) 0.705712358

c2(0) 0.320862631

Hma 0.0700739374
betal -2.16652389

oK. I Cancel Apply

GHE-S Model

\ 4

e

Generate GHE-S Material.
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10. 3D Hill Plastic Model

+ Orthotropic 3D Hill Plastic Model is added.

- Itis possible to define nonlinear material properties of orthotropic, and it is easy to define materials for wood.
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= Mesh > Material > Orthotropic > 3D Hill Plastic

=

jin) | 1 | MName Orthotropic Color |—| o
Model Type | 3D Hill Plastic ~ Structure
Parameterl parameter2 Thermal Porous

Elastic Modulus(E1) IMjmz2

Elastic Modulus(E2) Mfm?

Elastic Modulus(E3) Mjmz

Poizzon's Ratio(v12)

Poisson's Ratio{v23)

Poisson's Ratio(v31)

Shear Modulus{512) Mjmz

Shear Modulus{G23) Mfm2

Shear Modulus(G31) Mfmz2

Max Abs Stress xx I:l Mjmz

Max Abs Stress vy I:I Mfm?2

Max Abs Stress zz I:I Mjm2

Manc Abs Stress xy l:l Mjmz

Max Abs Stress yz I:I M/fm?2

Max Abs Stress zx I:I Mjmz

Plastic Young's Modulus {Eup) l:l Mjmz

Ok Cancel Apply

3D Hill Plastic Model
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11. Creep & Shrinkage Function and Expansive Additive for Concrete (JCI 2016/JSCE 2017)

- JC1 2016/ JSCE 2017 Japanese shrinkage standards have been added.

+An option to consider Expansive Additive for Concrete, and the user can also define the coefficient value for the Expansive Additive for Concrete.

FEA NX 2021 (v1.1) Release Note

= Mesh > Prop./CSys./Func. > Creep/Shrinkage

Creep/Shrinkage Function Group Creep/Shrinkage Function Group *
Code JAPAN(ISCE2012) Code JAPAN({ISCE2012) e

CEB-FIP{1990)
CEB-FIP(1978)

JAPAACT JAPAM(ISCE2012)
PCA -

Cen e ined (ACL &PCA) D kgfm*3) | 3400 | Nfm3 Cement Content (260 kg/m 3 ~ 500 kg/m~3) | 3400 | Nfm?

Wa E‘jiﬂ;gﬂ kg/m~3) | 1500 | Njm? Water Content (130 kg/m#3 ~ 230 ka/m~3) | 1500 | e
AS 3500-2009

Cen AS/RTA 5100,5-2011 Mormal portand cement w Cement Type Mormal portand cement w
Russian - " . -

Max Korean Standard {20 ~ 70) | 50 | [T] Maximum Temperature in Concrete (20 ~ 70) | 50 | [T]
Japanese Standard ncrete Use Expansive Additive for Concrete
JAPAN{ISCE)
JAPAN(ISCE2007) [Juser define
JAPANCICIZ016 0.69 | b_ex 1.11 | t_ex,0 0.3 £_@x, 0 150 | a_gx 069 b_ex 1.11| t_ex,0 0.3
JAPAN{ISCE2017)
e S
China (TTG3362-2018)
China (TG D62-2004) Cancel Cancel
KCI-UsSD12

Expansive Additive for Concrete Option
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