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GTS NX 2019 Enhancements

1. Analysis

1.1 New Heat Transfer, Thermal Stress, Seepage-Thermal Stress analysis types (Construction Stage)

GTS NX2019(v1.1) Release Notes

pipelines. In GTS NX thermal energy can be exchanged based on following phenomenological ways: Conduction and Convection.
Thermal analyses (Heat Transfer, Thermal Stress, Seepage-Thermal Stress) are available as the steady state analysis and transient analysis (time dependent).

After the heat transfer analysis, results such as temperature distribution, temperature gradient, heat flow direction / size are printed.

Thermal stress and thermal deformation due to generated/exchanged heat can be obtained from Thermal Stress analysis

(thermo-mechanical study).

Seepage -Thermal Stress analysis allows for hydro thermo mechanical simulation.
Both structural analysis results and seepage / heat transfer analysis results are output.

Analyses are available from Construction Stage define window.
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Model Analysis Results

[Model with applied thermal loads]

*Available upon request

This analysis type can be used to model the thermal changes in the ground due to environmental changes, or due to the construction of facilities, such as buildings or
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GTS NX 2019 Enhancements

1. Analysis

1.1 New Heat Transfer, Thermal Stress, Seepage-Thermal Stress analysis types (Construction Stage)
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Item

= 5271

E@ INCR=1 (LOAD=1.000)
&4 o Modal Thermal Results
....ﬂp TEMPERATURE
....ﬂo APPLIED HEAT FLOW
-85 REACTION HEAT FLOW
[—]--i%ﬂ 1D Element Thermal Results
L%p 1D THERMAL GRADIENT X
- 1D THERMAL GRADIENT RESULTANT
-8 1D HEAT FLUX X
- 1D HEAT FLUX RESULTANT
=-45] 2D Element Thermal Results
----- U7 2D THERMAL GRADIENT X (V)
..... U7 2D THERMAL GRADIENT Y (V)
----- E 2D THERMAL GRADIEMT RESULTANT (V)
----- E 2D HEAT FLUX X (V)
..... U5 2D HEAT FLUX Y (V)
..... U7] 2D HEAT FLUX RESULTANT (V)
agﬂ Element Thermal Results
----- @ THERMAL GRADIENT X (V)
..... 4] THERMAL GRADIENT Y (V)
..... 5] THERMAL GRADIENT Z (V)
----- @ THERMAL GRADIENT RESULTANT (V)
----- 3 HEAT FLUX X (V)
..... Y HEAT FLUXY (V)
..... ) HEAT FLUXZ (V)
..... @ HEAT FLUX RESULTANT (V)

=+ 527-1[Nonlinear Static]
B@ INCR=1 (LOAD=1.000)

B Displacements

d%z Grid Forces

#2 Reactions

Qp Truss Element Forces
5 Shell Element Forces
g Truss Element Stresses
5] Shell Element Stresses
ﬂ Solid Stresses

gl Selid Strains

a o=
ID Color

»

m

Model

MibAS

Analysis | Results

[Every CS output combines Heat

Transfer and Structural results ]

NODAL THERMAL
TEMPERATURE , [T]

———+5.57745e+002
0.1%
——+5.34016e+002
0.4%

4%
-+5.10288e+002
.doo

+4.,86559%+002
%

A%
1 “+4.,62830e+002
3.6%

+4.39101e+002

4.7%
. -+4.,15373e+002
o
+3.91644e+002
10.7%
-+3.67915e+002
16.7%
———+3.44186e+002
24.0%
——+3.20458e+002
26.2%
-+2.9672%+002
3.6%
+2.73000e+002

[Thermal Stress analysis results for lining thermal expansion analysis]

DISPLACEMENT
TOTALT, m

-+4.,94690e-001
1%
———+4.,53466e-001
0.3%
-+4.12242e-001

1.6%
+3.71018e-001

9,

Yo

~+3,29794e-001
Oo

+2.88569e-001
o

+2.47345e-001
3%

——+2.06121e-001

<

o
-+1.64897e-001
4.2%

+1,23673e-001

9.4%

~+8.24484e-002
17.5%
——+4.,12242e-002
47.2%

-+0.00000e+000

GTS NX2019(v1.1) Release Notes

*Available upon request
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GTS NX 2019 Enhancements

1. Analysis

1.2 Soft Soil Creep — Tensile Strength

- Tensile stress can be obtained by various conditions, such as the heaving of neighboring ground due to embankment load during consolidation or uplift due to

GTS NX2019(v1.1) Release Notes

excavation. To overcome the material model limits and increase the applicability, Tensile Strength option has been added.

Following is the summary of parameters for the Soft Soil Creep model

Parameter Description Reference value (kN, m)
Soil stiffness and failure
A Compression index Cc/2.303
K Swelling index Cs /2303 N
(Cc /5 for a rough estimation)
d Creep index Cc / 20 for a rough estimation
c Cohesion Failure parameter as in MC model
(0] Friction angle Failure parameter as in MC model
1) Dilatancy angle 0

Tensile Strength

Cut off value for tensile hydrostatic pressure

Advanced parameters (Recommend to use Reference value)

consolidation stress)

KNC Ko for normal consolidation 1-sinp (< 1)
Cap yield surface
OCR / Pc Over Consolidation Ratio / When entering both parameters,
Pre-overburden pressure Pc has the priority of usage
a Cap Shape Factor (scale factor of pre from KNC (Auto)

strain

log(time |

Qver Consolidation Ratio(OCR)
Slope of Consol Line{Lamda)
Slope of Over Consol Line(k)
KOnc

Pc ["]user Defined

[ cap shape Factor(Alpha)
Cohesion(C)

Friction Angle(Phi)

[ pilatancy Angle

.
L

kN/m?2

[deg]

[¥] Tensile Strength

kN/m2

MibAS
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GTS NX 2019 Enhancements

GTS NX2019(v1.1) Release Notes

1. Analysis
1.3 Analysis Settings e =
- Initial Parameters and Water Parameters has been moved to different tabs. I Engneer
- Additional Water Parameters has been added for thermal analyses purposes: Conductivity of Water/Ice, Specific Desc.
Heat of Water, Latent Heat of Water i ey precten
- Units of Energy (cal, kcal, J, Btu, kJ) has been added at Unit System toolbar. &> @:
I (@) Axisymmetric
1.4 Strain - Interface Relative Displacement result output request L‘ [Umrsmem : . .
‘ kN v ||m v||3 v | |sec v

- Interface Relative Displacement result will be printed when Strain option will be checked (Output Control).
It is the element result according to the traction concept of the interface element, and all the Total / Plastic results are
made to follow the 'Strain’ option.

1.5 Nonlinear Time History/SRM - Analysis Case update

- Two separate Boundary Conditions can be used independently for Nonlinear Time History with/without SRM analysis.

- Nonlinear Time History: only the boundary conditions defined in Boundary Condition are reflected in the analysis.

- SRM: Boundary Condition + Boundary Condition (for SRM)

Add/Madify Analysis Case ==
Analysis Case Setting
Title NTH_SRM Time Step
Deseription Analysis Control
Solution Type Monlinear Time History + SRM Output Control
Analysis Case Model
All Sets Active Sets

=y Mesh -y Mesh

Asphalt Asphalt

Defauit Mesh Set Default Mesh Set

Subbase Subbase

Subgrade Subgrade
=85 Boundary Condition -8 Boundary Condition

&6 Boundary Set-1 $& Boundary Set-1

&5 Boundary Set-2
=88 Dynamic Load
B FwD
2 Contact Pair

Solve Each Load Set Independently Sorting

-8 Dynamic Load
<0 WD
R Cortact Pair
£-¥% Boundary Condition for SRM)
$6 Boundary Set-2

[Name ¥ [ok [ cencel |

Apply

| [m’ Water Parameters ‘

‘ Unit Weight of Water 9.80665 | kN/m?
Conductivity of Water 0.591 W/(m-[T])
Specific Heat of Water 4181.3  Jf(ton-[T])
Conductivity of Ice 222 Wjm-T])
Latent Heat of Water 1000  3/(ton-[T])

[Analysis Setting window]

[NTH Analysis with separate SRM boundary condition]

%

-
QOutput Control

S50

Output Type | Qutput Option

Write Results of All Active Mesh Sets
Modal Results
Displacement
Applied Load
Reaction Force Set
[ Grid Paint Force Mesh Set...

Qutput Option
(@ Binary () Binary and Text

Element Results
Force
Stress
Strain
Status

[ Ductility

Element Output Location
Element Corner Results
[ shell Mid-Plane Results

Mumber of Beam Output Segments

[Strain option for Inreface Relative Displacement result]
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GTS NX 2019 Enhancements

2. Pre/Post Processing

2.1 Material/Property/Contact thermal properties

- Thermal properties has been added to material definitions (Isotropic, Orthotropic, Interface/Pile), element (Rigid Link, Elastic Link) and contact properties.

GTS NX2019(v1.1) Release Notes

r B r ™y r ™
Material ﬁ Material ﬁ Material ﬁ
D 1 Mame  Top Ground Colar I:l |E| D 3 Mame Orthotropic Color l:l E| D 3 Mame Interface Color l:l E|

Model Type [Mohr—Cou|o|‘nb v] [T structure Model Type [Transu'ersel\-I Isotropic v] [ structure Model Type [Inhen’age v]
| General | Porous | Non-Linear | Thermal | Time Dependent| Parameter 1 | Parameter2 | Porous | Thermal | General | Seepage | Thermal

Conductivity . . T

Conductivity 138240 Jf{m-day-[T]) 125000 125000 125000 Convection coeffident 1728000 | 1j(m2-day-[T

Spedific Heat 1800 3ffton-[T]) Symmetry 125000 125000

Heat Generation Factor 1 Unit:  Jj{meday-[T]) 125000

[ unfrozen water content None
Specific Heat 1750 | 3f(ton-[T])

[ OK ] [ Cancel ] Apply [ OK. ] [ Cancel ] [ Apply ] [ OK ] [ Cancel ] [ Apply ]

[Isotropic material thermal input]

-
Create/Modify Other Property

[S5=)

PointSpring | MatrixSpring | FreeField | Infinite | Interface

File Tip | User Supplied Behavior for Shell Interface
Shell Interface | Elastic Link | Rigid Link Seepage Cut Off
jin] 3 Mame  Other Property Color - El
Properties
#ox oY [#|pz [[Irx [[ry  [[rz
Typical Types
[ Rigid Body ] Plane XY ]
[ Plane Y-Z ] [ Plane Z-X ]
["] seepage Flow DOF Temperature
[ oK ] [ Cancel ] [ Apply ]

[Rigid link property card]

[Orthotropic material thermal input]

r N
Create/Modify Other Property ==
PointSpring | MatrixSpring | FreeField | Infinite | Interface
Pie Tio | User Suppied Behavior for shel Interface
Shellnterface | Easticlik | Rigidlink |  Seepage CutOff
D3 Name  Other Property coor [ -]
["IHinge Property
X-Direction Spring Constant{Kx) 100 | kNjm
Y-Direction Spring Constant(Ky) 0 kNjm
2-Direction Spring Constant{Kz) 0 kim
X-Direction Spring Constant(krx) 0 kum/lrad]
Y-Direction Spring Constant{<ry) O kim/Trad]
Z-Direction Spring Constant(krz) 0 kum/lrad]
Permeability Coefficient
T for seepage flow 0 | mejday
Thermal
Conductance 112000 I/day°[1]
[k ) [ cone | [ aooty |
L

[Elastic link property card]

[Interface/Pile material thermal input]

==

,
Contact Parameters

D 1 Name Contact Property
Stuchral |

Normal Stiffness Scaling Factor 1

Tangential Stiffness Scaling 0.1

[] Contact Tolerance 1e-005 [ m

Master Segment Extension Ratio 0.005

Friction Coefficient 0

[¥]Remove Initial Penetration by Adjusting Slave Nodes

[~ Conduction for Seepage Flow 0 |mfsec/m
Heat Transfer Analysis

[¥] Thermal Conductance 1000000 W/(m2*[T])

(o J [ cancel ][ apply ]

[Contact property card]
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2. Pre/Post Processing
2.2 Layer Control tool

- This tool creates several layers of mesh around holes (circular closed shapes) to obtain more accurate stress
concentration result.

OD % 0 Def. Size
= '15" Prop Ctrl.
Size  Layer ,
Ctrl. Control i~} Match Seed
Control
Layer Growth Rate=1 Layer Growth Rate=1.2 Layer Growth Rate=0.8
- [Tunnel shape — mesh without layer control]
Layer Control g
Manual
[v] Selected 1Target Surface |

Mumber of Layers 3 %
_ Number of Layers

Total Layer Height 2 m Specify the number of layers to be offset (minimum value 1).

Layer Growth Rate 1.2 | .
Total Layer Height

Specifies the height of the total number of boundary layers.

Mame Layer Control

Layer Growth Rate
@ [ Ok ] [ Cancel ] | Apply | Proportionally adjusts the height value as the layer
advances when the number of boundary layers is 2 or more.

[Mesh created with Layer Control tool]
5 layers, 2m total layer height, 1.2 growth rate factor

MibpAS
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GTS NX 2019 Enhancements

2. Pre/Post Processing

2.3 Improvements in History Output Control: Probes and Graph

Analysis > History > History Output Probes
- New Probe Type has been added: Spring/Elastic Link
- New Result Type has been added: Hinge Force, Hinge

Deform
History Output Probes @
Probe Type Paint Spring/Elastic Link - ]
Type of Result
(@) Strain () Hinge Force
() Stress () Hinge Defarm
() Force
Probe Type Type of Result
. Hinge Force
Truss/Em Truss/Geogrid(1D) .
Hinge Deform
Hinge Force

Beam/Embedded Beam .
Hinge Deform

Hinge Force
Hinge Deform
Spring/Elastic Link Strain
Stress

Force

[History Output Probes]

MibAS
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Result > Special Post > History > Graph
- History Probes Graph allows for customizing displayed data for both X and Y axes.

History Probes Graph [95m]
Analysis Case .
= Define Graph | Graph Options |
[EsT v ; .
Name Decimal Point
History Probes Graph|
Probe Type Graph Name X-Axis Decimal 2 [Cexp.
{Beam 'l X-Axis Name Time
5 4 [
X-Axis Y-Axis Name Frore Y-Axis Decimal VIExp.
| Define History Result -
Beam_DeformAxial_1
V|Time
Element 2 £ History Probes Graph
Element 6
Element 9 0.00e+000 l[Beam_Dekmec
21
#+[7]Beam_DeformSheary 4 -2.90e-007 lsem_mmmmc
+ [ 1Beam_DeformShearZ_S {6}
4 [ 1Beam_DeformTorq_7 lE?im_DQlocmM(
4 [718eam_DeformMomY_8 -8.71e-007 "
4" ]Beam_DeformMomZ_2 =
w
¥-Axis 5 /
=71 Define History Result - 5 -1.45e-006
F i =
¥ kBeam_De:ormAxlal_l 5 Summarys
Beam_DeformShearY_4 w
4 "Beam_DeformShearz 5 |z -2.03e-006 .
+-[_1Beam_DeformTorq_7 Max:0.000e+000
= [71Beam_DeformMomY_8 st 0.001
Time -2.61e-006 7
VI Element 2 Min:-2.902e-006
]Element 6 -2.90e-006 T T T T st 0.084
V]Element 9 0. 0.02 0.04 0.06 0.08 * UnitN.m
+ [ 1Beam_DeformMomZ_2 .
Roam HinncAvial 2 Time
(Reset [ oraw | [ cose [ Exortimagefie | [ Exportimagetoword | [ ExporttoExcel

[History Result graph]
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GTS NX 2019 Enhancements

2. Pre/Post Processing
2.4 Flow Path

GTSNX2019(v1.1) Release

- Multi-path selection tool has been added. Now, based on selection method (Node/Face) the flow lines can be stored and displayed independently.

2.5 Slice Plane Vector

Tool has been equipped with new option allowing control of vector display on your model. Number of displayed vectors can be controlled by Show Uniform option.

Notes

= Tools > Special Post > Seepage > Flow Quantity
r ~
Flow Path =5
Analysis Set [1 v]
Step [Maintzin water level:INCR=: v |
Selection Type [Faoe - ]
Starting Position
1= Select Object(s) ]
Mumber of Sampling 50
Path Type Color Type
@ Line  Thick 2 () Mono [j |Z|
() Tube Scale 2 @) Contour
Arrow Options
Scale Factor 1 Div. Num 5
Flow path
Name Flow Path-1
[ Add ] [ Delete ] [ Show
MName
Flow Path-nodes
Flow Path-Face
4 1 | »
Leave Previous Flow Path [¥] sensitive

[Face based flow paths — Set 2]

= Result > General> Vector > Slice Plane Vector

-

Slice Plane Vectar

Options

[ slice Plane Contour
[ Full Model Vector

[ slice Vector Projection

Shaw Uniform {Only solid)

X 2 m
¥ 2 m
[ Update ] [ Cloze ]

[Show Uniform (only Solid)] - Controls display of
vector density on the screen. This option is model
size sensitive - it is recommended to check
dimensions of the model (geometry and/or element
size) to insert reasonable input.

[Slice Plane Vector control]

MibAS
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GTS NX 2019 Enhancements

2. Pre/Post Processing
2.6 Export Nodal Results by Load Set

GTS NX2019(v1.1) Release Notes

Export Nodal Results feature from GTSNX model to midas Gen / Civil allows for outputting the results of the reaction / displacement results calculated from the existing
constraint locations as well as the force-displacement results of the nodes subjected to the nodal load.

Load Sets (by Force) - reaction force / displacement will be exported at only the nodes where Load Set has been defined (as Force type only) according to the analysis
set and step chosen by the user. User defined choice for specific load set is allowed.

e

= Home > Export > Export Nodal Results (*.txt)...

Export Modal Results

[ |

Target Nodes
(71 All (By Supports, Spec. Disp)

() Selected Modes

@ Load Sets {By Force) lForce 'l E]

Qutput Data

"] Export - Notepad

Analysis et

File Edit Format View Help

NODL, 28, O,
NODL, 29, @,
Step NODL, 30, @,

NoDL, 31, 8,
NoDL, 32, 9,
NODL, 33, 9,
Result Type HobL, 34, 9,
NODL, 35, 9,

nooL, 36, 18,
Result Components nobL, 37, 18,
nobL, 28, 18,
nooL, 39, 18,
nooL, 48, 27,
nooL, 41, 27,

NODL, 42, 27,
NODL, 43, 27,
NODL, 44, 36,

NODL, 45, 36,
K NODL, 46, 36,
NODL, 47, 36,
NODL, 48, 21,
NODL, 49, 21,
NODL, 56, 24,
NODL, 51, 24,
NODL, 52, 18,
NODL, 53, 21,
NODL, 54, 24,

LDSET, 1, Base-ST: kX, Reactions-All, @

e, 0, 1, -1326.83, 26.3948, -1286.94, -114.028, -4210.4, -3.8354
10.2, @, 1, -1350.38, 49.4622, -1347.31, -151.677, -4222.16, -3.8354

17.4, @, 1, -1340.03, 40.5553, -1363.64, -137.14, -4186.78, -3.8354
27.6, 0, 1, -1293.44, 36.6866, -1283.55, -130.826, -4084.92, -3.8354
e, 0, 1, -1162.45, 21. , -81.8647, -3195.42, -2.8638
10.2, @, 1, -1248.95, , -95.6137, -3319.97, -2.8638
17.4, 0, 1, -1244.03, 2, -508.871, -98.4423, -3300.21, -2.8638
27.6, @, 1, -1127.15, 21.8592, 211.506, -81.8275, -3092.82, -2.8638
-1118.76, 1. -79.4466, -34.4104, -3124.11, -2.8638
1, -20573.1, .8, -67650.8, -57.403, -2586.87, 49.1336

1, -19795.3, 5982.68, -71175.5, -44.2819, -2527.17, -41.6605
1, -1084.78, 28.2454, -87.4757, -77.5879, -3823.67, -2.8638
-1160.18, 16.7814, -195.535, -44.2147, -3191.71, -2.8638

1, -21141.2, 6459.38, 84499.6, -40.9588, -2983.22, 38.587

1, -27212.5, -3028.62, 96228.7, -33.9992, -3173.82, -43.1791
1, -1125.3, -1.73652, -163.595, -13.9915, -3089.8, -2.8638
-1329.03, 10.7359, 1337.07, -20.8458, -4213.96, -3.8354
-1451.92, -1.6435, 2232.07, ©.158814, -4386.62, -3.8354
-1415.78, 9.52514, 2189.71, -18.0696, -4309.45, -3.8354

, -1295.47, -4.30173, 1305.79, 4.49732, -4088.21, -3.8354
638249, 51513.8, -4.98839, @, -0.860396

, -4.01642, 50052.9, 1.83707, @, -0.869073
-25469.6, 1.04913, -52843.9, -3.49899, @, 0.693559

, -26665.3, -675.211, -63914.5, 4.79316, -436.693, -39.9794
, -14858.9, 1663.35, -64654.3, -8.01986, -610.22, 0.994541
, -22795, 2.59154, 52133.6, -7.70408, 8, -0.856273
-123.592, -6787.81, -14928.1, 0, -405.45, 40.9981

corcosroeep’

[Export results in .txt format]

e

VAV

£\

DR o1 romn O

Analysis Results from GTS NX

Analysis Results from Gen/Civil

The ‘force-displacement' type will
simultaneously output the value of the
nodal load considered in the load set
and the displacement result calculated
at the corresponding node after the
analysis and will be loaded in Gen /
Civil as Multi-Linear Point Spring
property.

MibAS
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GTS NX 2019 Enhancements

2. Pre/Post Processing
2.7 Load Table import/export for thermal analyses

Cards for thermal loads has been added to manage large amount of data.

Users can import the amounts of load sets from excel file and export defined load sets (node/element number, magnitude, and direction) as well.

The sample of table for load sets (Load Table Sample.xIsx) can be found in the installation folder. (ex. C:\Program FilesS\MIDAS\GTS NX\Sample)

Thermalload - Excel

Draw Page Layout Formulas Data Review View Help

Foxit PDF

,O Tell me what you want to do

= _ e EE General - ﬁ%ComﬂitionalFormattingv E‘“Insert LD I 27'
B | $-% GFDrmatasTab\e' E" Delete - E' P~

S=E=E=E TaR GCeIIStyIS' EIFormat' & -

Clipboard = Font [F] Alignment | Mumber ] Styles Cells Editing

Al A 2 **Unit, kN, m, J, sec

A B | C | D | E | F G

1 |=Unit, kN, m, J, sec

P Load Set Name Node ID Function Temperature Time Function Time Type

3 [Temp Prescribed Tempe 4049 None 273 None Global

4 Temp Prescribed Tempe 4050 None 273 None Global

5 [Temp Prescribed Tempe 4051 None 273 None Global

6 |Temp Prescribed Tempe 4052 None 273 None Global

7 [Temp Prescribed Tempe 4053 None 273 None Global

8 |Temp Prescribed Tempe 4054 None 273 None Global

| Pressure | Gravity | Heat Flux | Prescribed Temperature | ®
Ready H m - ]

[Thermal Load Set to import]

GTS NX2019(v1.1) Release Notes

[Imported Temperatures and Heat Fluxes]
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