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Enhancements
1. Variable Deformation Fitting Function
2. Bowl Model Element Simulation
3. HD/RO/GHE-S Function (Confining Pressure)
4. Initial Equilibrium Force and Initial Stress Table Functions
5. Hinge (M-Ф Data) Assign Table 
6. Hinge (M-Ф Data) Import 
7. Nastran file Export 
8. Newmark-β Method 
9. Random Setting of Dynamic Analysis Output Time
10. Bowl Model 
11. Multi Spring(Multiple Shear Spring)
12. Rayleigh Damping by Element(Material)
13. Fluid Element(Sloshing)
14. Dynamic Analysis Min/Max value occurrence time output
15. Improve Dynamic Analysis ABSOLUTE MAX(Absolute value output)
16. Customization of Results Display 
17. Concrete Result item
18. Convert to Loadsets using Load Combination Function
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1. Variable Deformation Fitting Function

§ Dynam ic Analysis >  Tools  >  Material Evaluator >  R-O/ H-D Model

• During ground motion analysis, a tool is installed to obtain the standard strain rate and maximum damping coefficient from the material models R-O and H-D by fitting the dynamic
propertieswith experimentalresultsor proposedequations.
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1. Variable Deformation Fitting Function

§ Dynam ic Analysis >  Tools  >  Material Evaluator >  GHE-S Model

• During ground motion analysis, a tool is installed to obtain the standard strain rate, maximum damping coefficient, and parameters used during analysis in the material model GHES by fitting
dynamicpropertieswithexperimentalresultsor proposedequations.
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2. Bowl Model Element Simulation

§ Dynam ic Analysis >  Tools  >  Material Evaluator >  Bowl Model

• A tool for determining liquefaction parameters is installed. Liquefaction parameters can be set through single element analysis by fitting the relationship between liquefaction strength and
loadingrecoveryin repeatedshear experiments.

Density Sand
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3. HD/ RO/ GHE-S Function ( Confining Pressure)

§ Mesh >  Material >  I sotropic >  Modified Ram berg-Osgood >  Nonlinear

• An input item has been added to allowinput of the standardconfiningpressure.Under the standardconfiningpressureused in the 3-axiscompressionexperiment

• You can directlyenter shear stiffnessand referencestrainrate.
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4. I nitial Equilibrium Force and I nitial Stress Table Functions

§ Static Analysis >  Static Load >  I nitial Equilibrium Force

• Providesthe abilityto reflect InitialForce onvariouselements(Truss/EmbeddedTruss , Beam/EmbeddedBeam , PlaneStrain/PlaneStress , Axisymmetric , Solid , Shell)

• These InitialForces can be furtherused to obtaineddynamic analysis results (Eigenvalue, Time HistoryAnalysis)

Transfer I nitial Force
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4. I nitial Equilibrium Force and I nitial Stress Table Functions

§ Static Analysis >  Static Load >  I nitial Equilibrium Force

I nitial Equilibrium  Force of Beam  Elem ent 

I nitial Stress of Plane Strain/ Plane Stress Elem ent
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5. Hinge ( M-Ф Data) Assign Table

§ Mesh > Element >  Hinge Table

• Providea convenient functionto define Hinge propertyas a Table.
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6. Hinge ( M-Ф Data) I mport

§ Mesh >  Prop./ Csys./ Func. >  Hinge >  CSV I mport

• Providea convenient functionto exportor importHinge Propertydata in CSV file format.
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6. Hinge ( M-Ф Data) I mport

§ File >  I mport >  midas Mxt…

• Providea convenient functionto Importmidas Civilmxt file format(AutomaticallycalculatedHinge Property)

Midas civil M-φ Hinge ( Auto Calculation)

＊.m xt

Structure +  Ground Connection Analysis
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7. Nastran file Export 

§ File >  Export >  Nastran file export

• Providea convenient functionto exportto a formatthat can be used as an Input file in Nastran.
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8. Newmark-β Method 

§ Analysis Case >  Analysis Control

• Providethe NewmarkMethod used in the Direct IntegrationMethod of dynamicanalysis.

• Three Input methods are provided,of which ConstantAccelerationis recommendedas it providesthe moststable analysis.
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9. Random Setting of Dynamic Analysis Output Time

§ Analysis Case >  Analysis Case Setting >  Time Step

• The Output time interval for dynamicanalysiscan be set arbitrarily, facilitatingresultoutput onlyat requiredtime steps.
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10. Bowl Model 

§ Mesh >  Prop./ Csys./ Func. >  Material

• The Bowl Model, a material model capable of liquefaction analysis, has been added. Compared to other material models, it has fewer parameters, can be easily determined from
experimentalvalues and estimatedvalues. The analysistime is also low,makingit the idealchoicefor liquefactionmodel that can be easilyused in practice.
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10. Bowl Model 

§ Mesh >  Prop./ Csys./ Func. >  Material

• During an earthquake in the depth direction, it can be confirmed that the acceleration is attenuated and the displacement increases through the response on the maximum acceleration and
maximumdisplacementindicators.

Surface Horizontal Acceleration – Tim e Graph

Surface Horizontal Displacem ent – Tim e Graph
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10. Bowl Model 

§ Mesh >  Prop./ Csys./ Func. >  Material

• As the accelerationof the focalpoint is transmittedto the surface, In the liquefactionlayer,excess porewater pressureincreasesand shear stiffnessdecreases.

• This can be confirmedfrom the shearstress-shearstrainrelationship.

Acceleration Result

Excess Pore Water Pressure Shear Stress –Shear Strain

A
cc

. 
(m

/s
2

)
A

cc
. 

(m
/s

2
)

A
cc

. 
(m

/s
2

)
A

cc
. 

(m
/s

2
)

Time (sec)

Time (sec)

Time (sec)

Time (sec)

E
xc

es
s 

C
le

ar
an

ce
 H

yd
ra

u
lic

 R
at

io
E

xc
es

s 
C

le
ar

an
ce

 H
yd

ra
u

lic
 R

at
io

E
xc

es
s 

C
le

ar
an

ce
 H

yd
ra

u
lic

 R
at

io
E

xc
es

s 
C

le
ar

an
ce

 H
yd

ra
u

lic
 R

at
io

Time (sec)

Time (sec)

Time (sec)

Time (sec)

Node 43

Node 61

Node 70

Node 84

Node 46

Node 59

Node 65

Node 67

S
h

ea
r 

S
tr

es
s 

(M
p

a)
S

h
ea

r 
S

tr
es

s 
(M

p
a)

S
h

ea
r 

S
tr

es
s 

(M
p

a)
S

h
ea

r 
S

tr
es

s 
(M

p
a)

Shear Strain

Shear Strain

Shear Strain

Shear Strain

Node 46

Node 59

Node 65

Node 67



18 / 35

FEA NX 2024 (v1.1)  Release NoteFEA NX 2024

11. Multi-Spring( Multi Shear Spring)
• The existing dynamic analysis material model was developed with focus on horizontal behavior for underground structures. By adding multi-spring elements, sequential shear was

introduced.This is an expandedfunctionthat can predictdisplacementin the verticaldirectionduringan earthquake.

Multi-Spring( Multi Shear Spring)  Can be considered when using Modified Ram berg-Osgood Model , 
Modified Hardin-Drnevich Model /  GHE-S Model.

Sim ple Shear Sequential Shear

Modified Ram berg-Osgood Model

§ Modified ＲＯ/ ＨＤ 、ＧＨＥ-Ｓ Model 、Multi Spring
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11. Multi-Spring( Multi Shear Spring)

Modified Hardin-Drnevich Model

GHE-S Model

Sim ple Shear Sequential Shear

Sim ple Shear Sequential Shear

S
h

ea
r 

S
tr

es
s 

(k
P

a)

Shear Strain

Skeleton Curve

S
h

ea
r 

S
tr

es
s 

(k
P

a)

Shear Strain

Skeleton Curve

S
h

ea
r 

S
tr

es
s 

(k
P

a)

Shear Strain

Skeleton Curve

S
h

ea
r 

S
tr

es
s 

(k
P

a)

Shear Strain

Skeleton Curve



20 / 35

FEA NX 2024 (v1.1)  Release NoteFEA NX 2024

11. Multi-Spring( Multi Shear Spring)

Analysis Model ( 2D)

Fixed End( E+ F I nput)Side : Horizontal Roller

Ground Material Properties

Ground Acceleration

§ Modified ＲＯ/ ＨＤ 、ＧＨＥ-Ｓ Model 、Multi Spring

Max: 612 gal
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11. Multi-Spring( Multi Shear Spring)

§ Modified ＲＯ/ ＨＤ 、ＧＨＥ-Ｓ Model 、Multi Spring

Residual Vertical Displacem ent Maxim um  Horizontal Displacem ent

No Multi Spring

Multi Spring n= 2

Residual Vertical Displacem ent Maxim um  Horizontal Displacem ent
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11. Multi-Spring( Multi Shear Spring)

§ Modified ＲＯ/ ＨＤ 、ＧＨＥ-Ｓ Model 、Multi Spring

Horizontal Acceleration - Tim e Horizontal Displacem ent – Tim e History

Vertical Displacem ent Tim e History
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11. Multi-Spring( Multi Shear Spring)

§ Modified ＲＯ/ ＨＤ 、ＧＨＥ-Ｓ Model 、Multi Spring
Analysis Case ( 3D)

200.0m

200.0m

Vibration Direction
Bottom  Viscous Boundary ( 2E I nput)

Side
YZ face – Repeated BC ( Equal Displacem ent constraint in all 
three directions for nodes at the sam e depth)
XY face –Z Direction Fixed

Soil Layer
Clay Layer

Ground Material Properties

Ground Acceleration
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11. Multi-Spring( Multi Shear Spring)

§ Modified ＲＯ/ ＨＤ 、ＧＨＥ-Ｓ Model 、Multi Spring

Residual Vertical Displacem ent
Multi Spring X Multi Spring n= 2

Residual Vertical Displacem ent
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11. Multi-Spring( Multi Shear Spring)

§ Modified ＲＯ/ ＨＤ 、ＧＨＥ-Ｓ Model 、Multi Spring

Horizontal Acceleration – Tim e Graph Horizontal Displacem ent – Tim e Graph

Vertical Displacem ent – Tim e Graph
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12. Rayleigh Damping by Element( Material)
• Duringseismicanalysis, the superstructure,substructure,and groundallhave differentattenuationcoefficients

• Therefore, in the analysis,a functionis installedto calculatethe attenuationcoefficientsα and β foreach material.

Previously, Only approxim ate Settings could be m ade by inputting the period and frequency and using internally ca
lculated α and β.
Now it is possible to directly input α and β.

§ Analysis >  Analysis Control >  Dynamic >  Damping Method

Previous Version New Version
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12. Rayleigh Damping by Element( Material)

§ Analysis >  Analysis Control >  Dynamic >  Damping Method

DAM

Ground

① Analysis Model

② Eigenvalue Analysis of Structures and Ground

④ Dam ping Coefficients for Material
⑤ Perform  Dynam ic Analysis ③ Dam ping Constant for 

each m ode

Dam ping Constant of DAM

Dam ping Constant of the Ground
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13. Fluid Element ( Sloshing)
• A liquid element that can simulate the water in the structure and the liquid gas contained in LNG tank has been added. This is a function that calculates the wave height and pressure results

duringan earthquakeand predictsthrough analysishow much pressurewillbe generated.

§ Mesh >  Prop./ CSys./ Func. >  Material

Property

Material
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13. Fluid Element ( Sloshing)

§ Mesh >  Element >  Fluid Boundary

Fluid Boundary 
( I nterface between 

Structure and liquid)

Set Boundary elem ent on the part in contact with the object 
and on the top of the liquid

Analysis Model

TankLiquid

Liquid

Free Surface

Fluid Boundary

Structure
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13. Fluid Element ( Sloshing)

§ Mesh >  Prop./ CSys./ Func. >  Material

Perform an eigenvalue Analysis including liquid elem ents and com pare the natural frequency and natural period as follows.
εi is the i th root of dJ1( r) / dr= 0 、and is calculate as ε1= 1.84118.

Natural 
Frequency

Velocity Potential Theory

Natural Cycle

f(Hz)Ts(s)

0.1416.43Theoret ical value

0.1576.35Analysis value

Ground 1
Ground 2

Ground 3



31 / 35

FEA NX 2024 (v1.1)  Release NoteFEA NX 2024

14. Dynamic Analysis Min/ Max value occurrence time output
• Occurrence time of the dynamicanalysismin/maxresultscan now be obtainedina tabular format.

§ Results Tree >  MI N, MAX, ABSOLUTE MAX（Occurrence time output）
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15. I mprove Dynamic Analysis ABSOLUTE MAX( Absolute value output)
• For Dynamic Analysis, the results formax/min(+/-) can now be viewedin absolutevalue form.

§ Results Tree >  ABSOLUTE MAX

Positive/ Negative Result à Change Output form at( ABS)
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16. Customization of Results Display
• Set so that onlythe necessaryparts of the output resultsare displayedin the resulttree

• Output generationtime can be reduced significantly inmodelswith many largesteps and stages, such as nonlineartime historyanalysis.

§ Results Tree >  ABSOLUTE MAX

Positive/ Negative Result à Change Output form at( ABS)
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17. Concrete Result item
• Concrete damage evaluationitems proposedinconcrete standardspecifications

• Deviationtransformationsecond invariant,Formalizedby transformationenergy

§ Tools >  Option >  Analysis Result

Deviation Transform ation Second I nvariant Deviation Transform ation Second I nvariant
( Average)

Form ulated Cum ulative Strain Energy Form ulated Cum ulative Strain Energy
( Average)
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18. Convert to Load Sets using Load Combination Function
• By utilizingthe loadcombinationfunction,a new loadset can be createdconsideringthe scale factorof each loadset.

§ Convert to Load Sets


