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Chapter 5. Analysis Method

Section 1

»Concept of General

contact and Rough
contact

»Concept of Welded
contact

Contact

Contact analysis fundamentally assumes that two objects in a space can be in contact, but cannot
penetrate each other (non-penetration condition), and are nonlinear in behavior or condition from a physical
point of view. The type of contacts are general contact (considers the impact and impact friction between
two objects in analysis), rough contact(does not consider sliding), welded contact (two objects are welded
from the start of analysis) and sliding contact (only considers the sliding in the tangent direction). In the
example below, general contact and rough contact are assigned depending on the position of two objects
at the start of analysis and can be seen as linear. FEA NX supports the welded and general contact feature.
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1.1

Define Contact

»Define auto contact

»Create manual contact
pair

362 | Section 1. Contact

Overview

Use welded contact elements where element faces meet, but the nodes are not shared, to induce the same
behavior. It can be used as the initial contact conditions between adjacent objects in structural analysis,
consolidation analysis or seepage analysis. It is often used when node sharing on very complex geometry
needs to be ignored to create an element. This function prevents analysis error and checks the analysis
results that are similar to node sharing.

General contact considers the impact and impact friction between two objects in analysis, otherwise two
objects are bonded like rigid link each other by welded contact. General contact can be used in nonlinear
(static, dynamic) and fully coupled analysis. With Geometric Nonlinearity option, solver will take into
account all possible contact area automatically regardless of defined Contact tolerance between two
objects. It is also possible to consider Frictional behavior by Friction coefficient between two objects and
the penetration at initial stage can be ignored by adjusting slave nodes automatically.

Contact Pair @
Contact Pair @ Auto Cont, | Manual Contact Pair
Auto Cont. | Manual Contact Pair Name Manual-1
Name  Auto-1 Centact Type
Contact Type Welded e
\Welded = o
General }
i Object Type ISD Element Face - J
Object Type | Mesh Set -] = Select Object(s). ]
[E Select Object(s) ] Slave
Contact Parameters Object Type [ED Element Face = ]
Default Contact Parameter EC‘?] [ Select Object(s) ]
Searching Distance Contact Parameters
Auto 1 | Defauit Contact Parameter |
ok | [[cancel | [(appy | ok | [ cCancel | [ apoly |

Methodology
The contact can be defined through the Automatic Contact and the Create Manual Contact Pair functions.
Auto contact

This function automatically searches for areas where the selected meshes meet without node sharing and
creates a contact surface.

[Searching Distance] : Input the distance between the main contact surface and the sub contact surface.
The function searches for contact surfaces within this range.

Manual contact pair

The user can directly specify the main contact surface and the sub contact surface to create a contact
surface. Face, 2D element, 3D element, 2D element free face, and 3D element free face geometries can be
selected.

When creating the contact surface manually, the node-to-surface contact or surface-to surface-contact can
be selected to create the surface. Node-to-surface contact takes less time, but the solution accuracy is
relatively low because the nodes of the main object tend to penetrate through the sub object. On the other
hand, surface-to surface-contact takes longer but the non-penetrating conditions are satisfied relatively
accurately, allowing for more accurate simulations of structural behavior.
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[Contact Parameters] : Input the coefficient value to calculate the initial contact search distance. The initial
contact search distance can be found by multiplying the coefficient value by the longest length on the
element face. If the main and sub contact faces are within this distance, contact is considered to have

occurred.

Contact Parameters

-

Contact Parameters )
ID 1 Mame Contact Property

[ structural |

Mormal Stiffness Scaling Factor 1
Tangential Stiffness Scaling 0.1
Contact Tolerance 1e-005 | m
Master Segment Extension Ratio 0.005
Friction Coeffident 0

[¥] Remove Initial Penetration by Adjusting Slave Nodes
|| conduction for Seepage Flow 0 |mfsecm
Heat Transfer Analysis
[7] Thermal Conductance 1000000 WAm2*[T])

OK ][ Cancel ][ Apply ]

Define the normal and tangential stiffness of contact element. Based on the material properties of adjacent
elements, the stiffness will be updated automatically according to the generated strain. Highly recommend
to use Default setting for Scaling Factor.

Following is the summary of parameters for the Contact Elements.

Parameter

Reference value (kN, m)

Contact stiffness (Recommend to use default setting)

Normal stiffness scaling

1 (The smaller value, the larger penetration)

Tangential stiffness scaling

0.1 ( Normal stiffness / 10)

Advanced options (parameters)

Contact Tolerance

Auto (Uncheck) : Find contact area within the tolerance

Friction Coefficient (Optional)

0.3 ~ 0.6 (Depending on material types)

Conduction for Seepage Flow

Impermeable (Uncheck) : Possible to allow seepage flow
through the contact elements

Thermal Conductance

Property used to describe ability to conduct heat between
two bodies in contact.
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secion2  Construction Stage

Most numerical analysis for ground over the entire construction process is done through construction stage
analysis. Ground analysis is normally material non-linear analysis and the material non-linear properties
can be obtained from the initial conditions within the ground. Here, the initial conditions are the in-situ
conditions of the site before construction.

After the initial stresses have been obtained from the initial conditions, the excavation loading and Shear
strength from applying material properties can also be obtained. Hence, construction stage analysis
includes the sequential construction process, starting from the initial ground conditions. Because on-site
construction stages are very complex and subject to change, the analysis simplifies the process and
focuses on the important construction stages.

For example, the construction stages for a tunnel are as follows.

1 Stage: Initial ground stress

2 Stage: 1st face excavation

3 Stage: 1st reinforcement + 2nd face excavation
4 Stage: 2nd reinforcement + 3rd face excavation
5 Stage: 3rd reinforcement + 4th face excavation
...... (Repeat) ......

FEA NX does not create an independent analysis model for each construction stage. Rather, it uses a
cumulative model concept where only the structural or loading changes are input for each construction
stage and the analysis results are accumulated from the previous stage analysis results. Therefore in
construction stage analysis, the structural changes and loading history from the previous stage affects the
next stage analysis results. For example, when applying a load in an arbitrary construction stage, the
loading will continue to exist in future construction stages until it is removed.

Instead of generating all the needed elements for an arbitrary construction step, only the elements needed
for that construction stage are generated.

The definition of the construction stage is done by dragging & dropping the mesh set, boundary set, load
set and contact set into the activated data column or deactivated data column. FEA NX provides the [Stage
Definition Wizard], [Define Construction Stage] and [Simulate Construction Stage] functions to ease the
construction stage setup process.

364 | Section 2. Construction stage
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2.1

Stage Definition
Wizard

»Stage definition wizard

»Element, Boundary,
Load display format

Overview

A wizard to efficiently define the construction stages. A regular number (postfix) needs to be assigned to
each set to define the construction stage using wizard. This number can be assigned using the [Rename]
function for mesh sets. Sets that are only used once in the entire construction stage process does not need
to be assigned a number.

It can be used in construction stage-using analysis (Static/Slope analysis, Seepage/Consolidation analysis).

= | stage Definition Wizard ==
Eement, Boundary, Load

Set Name
Prefi

Acpiy Assgrment Rules ] ok | coca |

Bement, Bourdary, Losd Actvaton Stats
Set Sel Name
[ ] e [=]

e oet [etmuptiesn g ||

Methodology

Display the usable Mesh sets, Boundary sets and Load sets. Select the desired data and drag it to the Set
assignment rule, or drag the Mesh set, Boundary set and Load set to the activation state.

Be aware that the display format of each set is completely different from the workstree. Here, all mesh sets
are displayed as individual mesh sets, ignoring the relationship between mesh sets and sub-mesh sets in
the workstree. Also, the upper most display name is the mesh set name without the postfix. Expanding one
step displays the mesh set name with the postfix.

Refer to the following example.

2V @ Geometry = @ Mesh
£} Bedding Plane + (@ Defautt Mesh Set
+-%¢ Mesh Control + (B SetA
=W i Mesh zg
¥ @ Default Mesh Set 1 S Boundasy Condiion
V@ setA 2 & Static Load
@ Set B 001 3 @
-V & Set B 002 4
W @5 Set B 003 5
W @ Set B 004 6
(3 SetC 7
-2 Contact
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Set Assignment Rule

Specify the construction stage set used to define the construction stage and specify the assignment rule.

Set Assignment Rules

Set Set Name Start End | Postfix| Start | Stage
Type Prefix Paostfix Postfix| Inc. | Stage| Inc.

M ]

[Set Type]
The type of set on which the construction stage will be defined. The user can select between Mesh set,
Boundary set or Load set.

[Set Name Prefix]

Specify the name without the serial number of the set on which the construction stage will be defined.

For example, if a Mesh set is specified from ‘Final Core #001’ to ‘Final Core #012’, select the Set name
prefix as “Final Core #'.

[A/R]
Select whether to Add or Remove a selected set. A is displayed in green and R is displayed in yellow.

[Start Postfix]

Specify the set number of the selected set that is used first in the construction stage.

For example, if a Mesh set specified from ‘Final Core #001’ to ‘Final Core #012' is selected and the Final
Core #001' is removed at the second construction stage with the other Cores removed in sequence after
each step, the first used set number is 001 and so the postfix can be set as ‘1"

(F]
Check this option on when the selected set is not used until the final number. The user can input the end
suffix when checked. If it is not checked, the set is used sequentially until the final number.

[End Postfix]

Specify the set number of the selected set that is used last in the construction stage.

For example, if a Mesh set specified from ‘Final Core #001’ to ‘Final Core #012’ is selected and the Final
Core #001’ is removed at the second construction stage with sequential removal until the ‘Final Core #006’,
check F and input the postfix 6.

[Postfix Increment]

Input the postfix number increment used as the construction stage progresses.

For a Mesh set specified from 'Final Core #001' to 'Final Core #012', if the mesh is removed in order of
'Final Core #001', 'Final Core #003' and 'Final Core #005' for each construction stage, the postfix increment
is 2 and hence, input a postfix spacing of 2.

[Start Stage]

Input the stage number first used in the construction stage.

For example, if a Mesh set specified from ‘Final Core #001' to ‘Final Core #012' is selected and the Final
Core #0071’ is removed at the second construction stage with the other Cores removed in sequence after
each step, the second stage is first used and so the start stage is set as 2.

[Stage Increment]
Select the stage increment for a selected set that is used every few stages.

366 | Section 2. Construction stage



User Manual Chapter 5. Analysis Method

For a Mesh set specified from ‘Final Core #001’ to ‘Final Core #012’, if the 'Final Core #001' is removed at
the second construction stage and the Final Core #002' is removed at the fourth construction stage, the set
is used every 2 stages and so the stage spacing is 2.

[Apply Assignment Rule]

Press this button to display the specified data according to the assignment rule on the Mesh, Boundary,
Load set activated state. Press OK to create the construction stage.

The activated Mesh, Boundary, and Load set can be checked for each stage using the Preview

construction stage( ) option. This function has the same function as Construction stage simulation (& ).
Mesh, Boundary, Load Activation Status

Display the currently specified construction stage on a table.

The construction stage progresses as it moves to the right. The I.S. and S1 on the top of the columns are
abbreviations for initial stage and Stage1, respectively. The added data is displayed in green and the
removed data is displayed in orange. Data defined by postfixes are expressed in each construction stage
as numbers. Data that does not use a prefix (eg. Ground) are expressed as a line. If the mesh, boundary
condition and load data are dragged onto the menu [Mesh, Boundary, Load Activation Status], the delete
setting cannot be conducted and only additional settings can be conducted.

Element, Boundary, Load Activation Status

»Mesh, Boundary, Load = TS
. Type Prefix
display format Botndary Set [ Boundary Sot
Mesh set Default Mesh Set
Mesh set n Rf
Mesh set
Mesh set
Load Set
Mesh set
Mesh set Main S/C
Mesh set Main Tunne- A1t030 (R 1 R 2 R 3 R4 RS R6 R7 R & R 9 R10 |R11 |R:12 |R:13 |R:i14 [Ri15 |RI16 |R1T | (&

Click the [Apply Assignment Rule] button to display the construction stage on the Mesh, Boundary, Load
activation status. To delete the displayed construction stage, select that data cell and press the Delete key
on the keyboard.

This method deletes the created construction stage data, but not the construction stage. Hence, a
construction stage with no content is created. Select the whole target column and press the Ctrl and Delete
key together to delete the construction stage for the whole column.

The stage where all the mesh sets are activated initially (in-situ state) is when all the mesh sets in the |.S.
(initial stage) are activated. This stage can be specified by entering 0 for start stage (the 0 stage is the
initial stage) and 0 for stage spacing (the stage increment number is 0 and thus all elements are activated
in one stage).

The advanced options (LDF etc.) used in the construction stage can be set in the Define Construction
Stage menu. Hence for complex models, it is convenient to use the Construction Stage Wizard to create
the framework of the overall construction stages. It is also convenient to use the [Define Construction Stage]
menu to specify the individual options used in each construction stage.

Example

Let us examine a simple example of Construction stage definition.

The construction stage is defined for a tunnel modeled on a homogeneous ground. The entire tunnel shape
is excavated at once and the rock bolts and shotcrete are created in the following stages. The excavation is
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done in 5 stages. The excavation is assumed to start from the smaller postfix number and progresses to
the larger postfix.

The mesh set is created as follows.

S Mesh Control
- @l Mesh

- & Default Mesh Set 1 —
[ & Rockbolt# 1 2 | —
¥ & Rockbolt# 2 3 | —
[ & Rockbolt# 3 a4 —1
-V & Rockbolt# 4 5 | —
[ & Rockbolt# 5 6 —
- Shorcretes 1 7  I—
[ & Shorcretes 2 8 | —|
- Shorcretes 3 9 3
[ & Shorcretes 4 10 | —
- Shorcrete# 5 11  I—
[ & Tunnel# 1 12 —1
- ¥ Tunnel# 2 13 | —
[ & Tunnel# 3 14 —/
-V Tunnel# 4 15 | —
[ & Tunnel# 5 16 | |
- Soil 17  I—
& Contact

Run the Stage definition wizard.

'Soil' and Tunnel# need to be included in the in-situ state. Select using the Ctrl key and drag & drop into
the I.S. column of the Mesh, Boundary, Load activation status.

| stage Definition wizard =

Element, Boundary, Load

T e Contucsn sageses [ S[=)

7 (flp Defauk Mesh Set Set Assigrment Rules

stan [ stage| -
Inc.

s [ se o] o] o[ o] or] sa sn[sro o] sref ara sua] 2

Start the tunnel excavation.

In this example, the exaction is done stage by stage, starting from the first stage as follows: 1st face tunnel
excavation -> 1st face rock bolt/shotcrete installment -> 2nd tunnel excavation -> 2nd face rock
bolt/shotcrete installment -> ...

Select R to select and delete the "Tunnel#' of the element type, the Start postfix as 1 and do not check F to
process until the last number. The Start stage is 1 and the input is 2 for the Stage spacing to allow for the
installation of rock bolts and shotcrete between excavation stages. Afterwards, click the [Apply Assignment
Rules] button to specify the construction stage of the Mesh, Boundary, Load activation status.

The shotcrete and rock bolts are also specified on the construction stage.

Input 2 for the Start stage and set as A to create both elements in the second construction stage. Also,
input Start postfix 1, do not check F and input Postfix spacing to use all the numbers from 1 to the final
number. Finally, input 2 for the Start stage and Stage spacing to create the first elements at the second
construction stage with two stage spacing between element creation.
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Press the [Assign Assignment Rules] button to automatically create the Mesh, Boundary, Load activation
status and click the [OK] button to create the construction stage.

2 2 Overview

Construction
Stage Set

»Construction stage set

Ecundary Condtion | Rockbolts
Sharcreten

‘Apply Asgrment Ruies 3 Cancel

HEIBEBEEEBEEE

BBk

[iesn set | Rockboms rai (3 - I re
[ esn et | Snorcretes At [ CE) A as

Define the Construction stage set for analysis.

Construction Stage Set

i

Mame Construction Stage Set-1 Add

Stage Type [Stress - Modify

Mo Mame Type

Define C5...

Close

Used for analyses that incorporate construction stages (Static/Slope analysis, Seepage/Consolidation

analysis).

Methodology

Define the Construction Stage Set and then define the Construction Stage.
A single file can be composed of multiple Construction stage sets.
The construction stage types are [Stress], [Seepage], [Stress-Seepage-Slope], [Consolidation], [Fully
Coupled stress], [Heat Transfer], [Seepage-Thermal Stress], [Thermal Stress].

>»Analysis methods

supported for construction
stage formation

Sfess |
Seepage

Stress-Seepage-Slope

Consolidation

Fully Coupled Stress Seepage

Stress-Monlinear Time History

Heat Transfer

Seepage-Thermal Stress

Thermal Stress
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Click the Define Construction Stage button to form the construction stage. Advanced options that are not
available on the [Stage Definition Wizard] can be set.

. . Time Step (==
»Define construction
© Loading 7 Sustain
g Duration 100 |%- day
Define Construction Stage = ® User Defined Step
Construction Stage Set Hame [Construction Stageset1  v[.) Step Number sp
Stage®  [1; ConstructonStage L~ ) Mave to Previous | [ Move to Next New Delete [Fsave Resutt  [Log Scale
Stage Name  Construction Stage-1 ] Anal Generate Step
Stage Type | Consolidation A Time Step. ] = Time Load Save Step
Factor
Initial Condition
Set Data Activated Data Deactivated Data 7| Define Water Level For Giobal »
= i Mesh B Mesh B Mesh 40.0000 | 02000 I
{3 Defaut Mesh Set S5 Boundary Condition &5 Boundary Condtion ° (== 60.0000| 0.2000 ~ 2
8 Boundary Condion b Static Load & Static Load [ Define Water Level For Mesh Set. 200000 0.2000 I 3
&b Static Load X Contact 2R Contact — -
= Cortact Input Water Level... 100.000 | 02000 I
* r
g L
[ Clear Displacement 2
) Auto Time Step
Auto 0
1
5
Last Increment

Define the construction stage name. Use [New] to create a new construction stage and use [Insert] to add a
new construction stage in between existing stages.
For example, clicking the Insert button at Stage 2 moves the current stage to Stage 3, and the new stage

becomes Stage2. Click the =1 button to move to the previous or next stage.

Stage type

Specify the construction stage type. Be aware that the designated [Analysis Control], [Output Control]
options are different and the boundary conditions/loading conditions for each stage type are different.

Refer to the Analysis > Analysis case > General > Analysis/Output Control for more information on control
options.

Move to Previous/Next

The construction stage order may need modification when many construction stages are created. Use the
Move to Previous or Next button to change the order of created construction stages.

Time Step

Define time steps used in the analysis.

[Duration]

Insert the duration to be analyzed. ‘User Defined Step’ generates steps by dividing with Step Number. ‘Auto
Time Step’ automatically divides defined period with time step.

[Auto Time Step]

It will automatically choose appropriate time steps for a consolidation or fully coupled stress seepage
analysis.
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@ Auto Time Step @ Auto Time Step
Initial Time Step Initial Time Step
0 sec 0 sec
Max. Pore Pressure Changes per Step Max. Temperature Changes per Step
1 kNjm2 1
Ratio of Max Time Step to Initial Ratio of Max Time Step to Initial
5 5
Save Step Save Step
|Last Increment |Last Increment

When the calculation runs smoothly, resulting in very few iterations per step, then the program will choose
a larger time step. When the calculation uses many iterations due to an increasing amount of plasticity,
then the program will take smaller time steps.

This function reduces the pore water pressure result errors when loading is applied in short period of time.

[Initial Time Step]
Initial Time Step can be either manually defined by user or calculated automatically within solver. The
automatic calculation formula is as follows:

AR’
At[nitial = L 1 +A4|, A=n L @
ak Kbulk Kwater ap

Where, 7, : Unit weight of water

A : Length of element
« : Shape factor (1/3)

k : Permeability

K, . : Bulk modulus

n: Porosity
s : Degree of saturation

K : Bulk modulus of water

water

p : Pore water pressure

[Max. Pore Pressure Changes per Step]
Input Max. Pore Pressure Changes per step. When pore pressure changes exceeds the maximum value,
step size is automatically reduced and analyzed.

[Ratio of Max Time Step to Initial]
Input the maximum value of time step ratio compared to ‘Initial Critical Time Step’.

[Max. Temperature Changes per Step]
Input Max. Temperature Changes per step. When temperature changes exceeds the maximum
value, step size is automatically reduced and analyzed.

[Save Step]

Select the output method of results. 'Last Increment": Only output results from last step, 'Every Increment":
Output results from all steps.
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Set Data

Display the usable Mesh sets, Boundary sets, and Load sets in a workstree. Be aware that the sub-sets are
also displayed independently, so take caution when selecting the mesh sets.

For example, the set data for the created Core mesh set with registered mesh sub-sets (Core 001, Core
002, Core 003) are shown in the right figure. In this case, activating Core does not activate the mesh sub-
sets Core 001, Core 002, Core 003. Hence, mesh sets that are not registered directly on the set data are
useless.

o[V @ Geometry
g Bedding Plane SetData
#-F Mesh Control
=V &9 Mesh
[V & Default Mesh Set
| [V (3 Core
[v/ &3 Core 001
[V ¢ Core 002
[V (8§ Core 003
+-3% Contact

Worktree Set Data

@iy Defaut Mesh Set
§£§ Boundary Condtion
8§ Static Load

[T ST [N

Activated Data

Register the activated sets for each construction stage. The activated sets remain active for future
construction stages without needing re-activation until it is deactivated. The sets that need to be activated
for the construction stage can be selected using the left mouse button and dragged & dropped into the
activated data. Another method is to select the sets using the right mouse button on the Set data and select
activate on the Context menu.

Deactivated data

Register the deactivated set for each construction stage. The deactivated sets remain active for future
construction stages until they are re-activated. The sets that need to be deactivated for the construction
stage can be selected using the left mouse button and dragged & dropped into [Deactivated data]. Another
method is to select the sets using the right mouse button on [Set data] and select deactivate on the Context
menu.

Define Water Level For Global

Input the groundwater level that changes according to the construction stage with respect to the GCS. Click
[--:] to set the ground water level function. If the water level and function are both specified, the input water
level is multiplied onto the function and applied on the analysis.

Define Water Level for Mesh Set

Define the groundwater level that changes according to the construction stage for each mesh set.

If the groundwater layer is surrounded by rocks or an impermeable clay layer (confined aquifer), the
presence/absence of the groundwater level for each ground layer can be set for analysis.

If the total groundwater level is input and a mesh set has a defined groundwater level, the mesh set
groundwater level has priority and the total groundwater level is applied to mesh sets that do not have a
defined level.

If the water level and function are both specified, the input water level is multiplied onto the function and
applied on the analysis.
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LDF

Set the Load Distribution Factor. The sum of all distribution factors need to be 1, and the keyboard Enter
key needs to be pressed after the input to apply the value properly.

For the example case shown below, a LDF of 0.4 is applied to the current stage and a LDF of 0.3 is applied
to the next stage and the subsequent stage. Here, the LDF does not need to be checked for the latter two
stages and the LDFs need to be set such that they do not overlap in the construction stages.

Load Distribution factor [l
After Current Distribution
Stage Factor
]
2 1 0.3000
3 2 0.3000
2 E
Total 1
No Mesh Name | Add ‘
| Modify... |
| Delete |
OK | Close

Tip
The application method of the Load Distribution Factor is as follows:

The LDF keeps track of the Internal Forces of a deleted element and loads it in stages according to the
factor assigned for each construction stage, rather than loading it at once.

When applying the LDF on the top and bottom simultaneously, the factors need to be set such that they do
not overlap in the construction stages. If the LDFs overlap as shown below, when calculating the internal
forces of this stage, the 0.5 on the bottom element released in STG #5 releases the stress using the
internal force of the bottom element, created by the 0.7 on the top element defined in STG #4. Hence, the
1.0 on the top element of STG #4 is not released and so, the internal force for the 0.3 on top is not taken
into account for analysis.

Part STG #3 STG #4 STG #5 STG #6
Top 0.3 0.4 0.3 -
Bottom - - 0.5 0.5

STG #3 STG #4 STG #5 STG #6

Hence, be careful not to overlap the LDFs in the construction stage, as shown below.
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2.3

Simulate
Construction
Stage

»Simulate Construction
Stage

Part STG #3 STG #4 STG #5 STG #6 STG #7
Top 0.3 0.4 0.3 - -
Bottom - - - 0.5 0.5

Clear Displacement

Set the displacement of an analysis result in the current stage as 0. It is used to set the initial conditions of
the in-situ state. The stress is not reset to 0.

Slope Stability (SRM/SAM)

Decide whether to conduct the slope stability analysis (SRM) in the current construction stage. If this option
is checked, it is automatically registered as an analysis case and analysis is conducted. In other words, the
ground stress from the non-linear analysis results in the previous stage is coupled and slope stability
analysis is conducted. (However for SAM analysis, it is only applicable for 2D analysis and the boundary
conditions of the virtual slip surface needs to be set.)

Overview
Check the defined construction stage as a video.

It can be used in analyses that incorporate construction stages (Static/Slope analysis, Seepage/
Consolidation analysis).

= | simulate Construction Stage @

Stage Set |Cunshu:ﬁon Stage Set-1 = | [¥|Mesh V| Load | Boundary Preview

|Z‘ M || =] ||Level 3 (Mormal) L Stage 1/51

1| 2| 3| 4|5|6| 7| 8| 9]|10) 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23| 24| 25| 26| 27| 23| 29| 30| 31| 3 =~

Main Tunnel 001 | M
Main Tunnel 002 | M
Main Tunnel 003 | M
Main Tunnel 004 | M
Main Tunnel 005 | M
Main Tunnel 006 | M

Main Tunnel 007 | M i
< i 3

Methodology

Specify the defined construction stage set and click the ™/ button to play the construction stage video. The
video is created by capturing the whole work screen. Unwanted frames can be inserted if a different dialog
box is open above the model.

Check the [Mesh],[Load] and [Boundary] to check the activated/deactivated data of the construction stage.
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2 4 Overview

Auto Set Automatically generate construction stages using the mesh, boundary condition, load that are viewed on

the current model screen.
It can be used in construction stage-using analysis (Static/Slope analysis, Seepage/Consolidation analysis).
The data used for each stage can be checked on the model, allowing intuitive composition of stages.

Methodology
The construction stage auto set function can be activated by using the following steps:

1. Adding the construction stage set after finishing modeling registers the added construction stage set on
the workstree, as shown below.

2. Check the [Define Auto Stage] option by right mouse clicking on the registered construction stage set.
This option activates the Construction stage > Auto set on the ribbon menu that allows for the specification
of construction stages on the selected construction stage set.

Analysis o x
Item o] Color
(#3 New Works
= Function
[l History Output Probe
£ Boundary Condition
sk Static Load
i.-[¥/ &8 Dynamic Load
.[¥ &E Response Spectrum Lead
=-gf Stage Set

»Define auto stage

- s p—
L} Analysis Case Edit...
LB parametric Analysis Delete
Rename
“ :L {1 Stage Set
& Simulate Stage

Stage

Wizard [IE8 Auto Set
Model Analysis Results Construction Stage

3. Click the [Auto Set] icon to automatically register the displayed meshes, boundary conditions, load
conditions on the activated data column and the un-displayed (not checked) meshes, boundary conditions,
load conditions on the deactivated data column. In other words, set the show/hide model information for
each composing stage and select [Auto Set] to automatically set the construction stage with reference to
the currently shown information. The created stages can be checked on the workstree.

Because the concept of construction stages is cumulative, the program compares the activated/deactivated
model information in the previous stage and only adds/deletes the changed information. Hence, it is
recommended that the creation be done in stages, after the displayed model information is returned to its
initial in-situ state.
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Define Construction Stage
Construction Stage Set Name | construction Stage Set 1 )il
StgeD  [3:Constructonstaged v [ Move to Previous | [ Move toNext |
Stage Name  Construction Stage-3
SetData Activated Data Deactivated Data
~||[=- @ Mesh = g Mesh
B - Rockbolt# 1 o ofily Tunnel1
Shorcrete 1 :-£5 Boundary Condtion
&8 Boundary Condition “-&ly Static Load
gle Static Load

(=-§§ Boundary Condition
{ &5 Boundary Set-1
=-8ly Static Load

m

Sort gy [Name

~|showpData  |al -

[Ex3}
New [ nsert ][ Deete |
a Analysis Control...
(=} Output Control....

[]Define Water Level For Global
0} m|None
|| pefine Water Level For Mesh Set

Input Water Level. ..

& LDF...
[] Clear Displacement
[T Slape Stability(SRM)

Close.

The auto set function generates construction stages using the work environment displayed on the screen.
Hence, to specify the individual options (LDF setting, clear displacement etc.) for each stage, use the
Construction stage set specification menu to check the options for each stage.

Overview

2.5

Volume Data
Export

The volume data of 1D/2D/3D elements defined to the construction stage is exported to excel file. This
shows the length/area/volume of activated/deactivated set for stages. This doesn’t apply for the other

element types (point spring, matrix spring, free field, interface, shell interface, pile tip, elastic link, rigid link,
user supplied behavior for shell interface, mass).

Methodology

» Volume Data Export
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Wi o v e w e

S A I e A e A I A =
(AR S = R R SR T S e Y

30

A B e D E F G H 1 J K L
D tage Name 1.5 51 52 53 54
Activated Data | Deactivated Data | Activated Data | Deactivated Data | Activated Data | Deactivated Data | Activated Data | Deactivated Data | Activated Data | Deactivate:
Mesh Set Nami (m?) (m?) (m*) (m?) (m?) im?) im?) {m) (m) 1wy
Main tunnel4-003 257 693 |- - - - - - - - -
Main tunnel#-005 257.693 - - - - - - - - -
Main tunnel#-002 257.839|- - - - - - - - -
Main tunnel4-012 257.749 - - - - - - - - -
Main tunnel#-014 257.693 - - - - - - - - -
Main tunnel#-001 256.399|- - - - - - - - -
Main tunnel4-015 257.406|- - - - - - - - -
Main tunnel4-013 257.693|- - - - - - - - -
Main tunnel4-010 257.749- - - - - - - - -
Main tunnelg-011 257.693 - - - - - - - - -
Main tunnel#-006 257.749|- - - - - - - - -
Main tunnel4-004 257.749 - - - - - - - - -
Main tunnel#-007 257.693 - - - - - - - - -
Main tunnel4-008 2157749 - - - - - - - -
Main tunnelg-009 257.693 - - - - - - - - -
PassagewayH-001 85 164~ - - - - - N N N
Passageway#-003 89.86|- - - - - - - - -
Passageway#-002 71.073|- - - - - - - - -
Vertical shaft#-001 183.824|- - 183.824(- - - - - -
Vertical shaft$-003 229.61)- - - - - - 229.61|- -
Vertical shaft#-006 228.693|- - - - - - - - -
Vertical shaft$-004 22961 - - - - - - -
Vertical shaft#-005 267.701|- - - - - - - - -
Vertical shaft#-D02 191.342|- - - - 191.342(- - _ N
Weathering soil 21442 444 |- - - - - - N _ N
Weathered rock 49065.679- - - - - - - - -
W4 | 3D .20 71D <%0 N m
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Section3  Boundary Condition

The boundary conditions on FEA NX can be divided into the following three categories:

o Degree of freedom (DOF) constraint for displacement for Stress analysis
¢ Seepage boundary for Seepage analysis
«  Boundary element for Equivalent linear analysis

The DOF constraint for the displacement function is used to constrain the displacement of an arbitrary node
or the DOF component when merging elements (Beam element with Plane stress element, Plate element
with Solid element etc.) with different DOF's for each node.

The DOF constraint for an arbitrary node is input as 6, with reference to the GCS.
If the node coordinate system exists, the node coordinate system becomes the reference.

For example, the method of assigning the DOF constraint conditions of a planar frame model below is as
follows. The movement of this 2D model is only allowed in the GCS X-Z plane and hence, the displacement
DOF in the GCS Y direction and the rotational DOF in the X and Z direction needs to be constrained for all
nodes.

»Planar frame model that N2 N4 N6

considers the DOF
constraint condition

angle of

z x _ inclination
N1 \ y J
N3 N5
= A
NCS
¢ : fixed support condition
X

o : pinned support condition

é 2 roller support condition

Also, for the N1 node with the fixed support condition, the displacement DOF in the GCS X,Z direction and
the rotational DOF in the Y direction is additionally constrained using the [Constraint] function. For the pin
supported N3 node with the roller support condition, the displacement DOF in the Z direction is constrained.

For the roller supported N5 node, the node coordinate system is rotated by the angle of inclination with
reference to the GCS X axis, and then the displacement DOF in the Z direction is constrained with
reference to the node coordinate system.

This DOF constraint for node displacement is often used for support conditions where the displacement can
be ignored, and assigning the constraint condition on an arbitrary node creates reaction forces on that node.
The reaction forces are output with reference to the GCS and if a node coordinate system is assigned,

the forces can be output with reference to the node coordinate system.

The method of assigning the DOF constraint conditions of a planar ground model below is as follows.
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»Planar ground model that

considers the DOF
constraint condition

»When truss elements are
joined together

»»When the top, bottom
flanges of a H shape
cantilever beam is
modeled as a beam
element and the web is

modeled as a plane stress
element

Because the ground model restricts the normally semi-infinite analysis area to the tunnel surroundings, the
analysis boundary is defined at a position where there is nearly no change in stress or displacement due to
the tunnel construction. The nodes at the left and right boundary are constrained for the X DOF and the
nodes at the bottom boundary are constrained for the Z DOF. An additional X DOF constraint can be
assigned to the bottom boundary if the horizontal displacement at the bottom is not symmetric.

If the top boundary is in contact with the atmosphere like the ground surface, no degrees of freedom are
constrained. However, if the top ground is omitted from the analysis and the effects of gravity are ignored
when defining the interior initial stress of the model evenly for analysis efficiency, such as for deep road
tunnels, the Z direction DOF for the top boundary is also constrained.

¥ A
U G T
¥ B\
e e e

The analysis boundary surface constraint conditions of a 3D ground model also follows the 2D model
method, where the DOF is constrained in the direction perpendicular to the boundary surface.

Ground surface

The figure below shows examples of 3D degrees of freedom constraint conditions. For a truss connection,
only the axial direction of the truss element has a DOF for displacement and so, the X direction
displacement and all rotation direction displacement components at the connection node are constrained. A
beam element with replaced top, bottom flanges has 6 degrees of freedom for each node and so, nodes
that are connected to the beam element do not need separate constraint conditions. For the nodes where
the plane stress elements meet, the plane stress element only has a DOF for in-plane behavior and so, the
degrees of freedom for the out-plane Y direction displacement and all rotational degrees of freedom need
to be constrained.

connecting node supports (all degrees of
(DX, RX, RY and RZ are constrained) freedom are constrained)

top flange (beam element)

web (plane stress
element)

supports (all degrees of
freedom are Constrained) l bottom flange (beam element)
X in-plane vertical load ~ ® : hodes without constrains
o : DY, RX, RY and RZ are constrained
DX: displacement in the GCS X direction
DY: displacement in the GCS Y direction
DZ: displacement in the GCS Z direction
RX: rotation about the GCS X-axis
RY: rotation about the GCS Y-axis
RZ: rotation about the GCS Z-axis
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3.1

Define Set

»Define set

>»\Workstree — Boundary

Overview

Define the boundary condition set.

Boundary Cendition Set

d

Name  Boundary Set-1

Mo Name Description

1 Boundary Set-1

Methodology

Input the name and specification and click [Add] to define the boundary condition set. The boundary
condition set can be input beforehand, and the name of each boundary condition can be entered when it is
generated.

The registered boundary condition set is automatically registered under Workstree > Analysis > Boundary
Condition and the checkbox is used to show or hide the set.

Analysis 3 X

Item
(&) New Works
B2 Functicn
- History Output Probe
E-M & Boundary Condition
- flc Boundary Set-1
[¥#% Constraint
gk Static Load
[¥&E Dynamic Load
- SF Respense Spectrum Load
Er-gf Stage Set
G- Construction Stage Set-1
B Analysis Case
B parametric Analysis

<[ r

Model Analysis Results
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3.2

Constraint

»Basic constraint

»»Advanced constraint

»» > Alitn rAnctraint

Overview

Set the constraint conditions of a model.

Constraint =] Constraint =s
Basic | Advanced | Auto Advanced |Auto |
Name  Constraint-i Name Constraint-1 Constraint \EI
Object Object
i
1=3] Select Objeci(s) ] = Select Object(s) ]

Mame | Constraint-1
Condition DOF

B Oy O
Lz ]

Symmetric Plane

Fixed Pinned Mo Rotation Select Object(s)

Consider Al Mesh Sets

[Tlrx Ry [[lRz
[ Anti-Symmetric
Boundary Set  Boundary Set-1 - Boundary Set  Boundary Set-1 - Boundary et Boundary Set-1 v
(ox ][ cancel ][ apply ] =7 [ ok J[ cancel J[ appty ]

Methodology
The methods for setting a constraint condition of a model are [Basic], [Advanced] and [Auto].

[Basic]
Select the target and assign a [Fixed], [Pinned] or [No Rotation] that fits the behavior of the analysis model.

[Advanced]

The 6 degrees of freedom of a node can be fully or partially constrained.

Tx, Ty, Tz are the displacement constraints in the x, y, z direction and Rx, Ry, Rz are the rotational
constraints in the X, y, z direction.

The constraint conditions can be input for a desired boundary condition (Point, Edge, Face, Node, Free
face node).

Edge

Face

MNode
Free Face Node

The constraint conditions are assigned to the element node and reflected in the analysis. Setting the
constraint conditions on a point, edge, face etc. is a convenient method of selecting element nodes
included in the selected geometry shape

[Auto]

Select the target mesh set to automatically create constraint conditions. The ground conditions for general
stress analysis are set automatically. The x direction displacement is constrained for the left/right side, the y
direction displacement is constrained for the front/back side and the x,y direction displacement is
constrained for the bottom of a model.

Boundary set
Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.
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Tip
% Symmetric and inverse symmetric constraints

Boundary conditions can be largely divided into two conditions;
1. Constraint conditions of the analysis target are specified.
2. Symmetry of the structure is used to analyze the symmetric area only, not the entire model.

Applying symmetry is a very effective way to increase the convenience of modeling and decrease the
analysis time. If the geometry of the structure and loading is symmetrical, a 1/2 model or 1/4 model can be
used to decrease the number of elements and create an economic model that reduces analysis time.
However, constraints exist when checking the deformed shape or stress distribution for the entire model
because the analysis results from the symmetric model cannot be shown on the entire model. Here, use
the View symmetric model function on the Additional view control toolset to expand the analysis results of
the 1/2 or 1/4 model onto the entire model.

Mirror (=23
Z]Plane 1 [x -] 1 m
m'EiEI' ]Plane 2 [ -] o m
Plane 3 |Z 0
‘Z@ | Close |

How to apply symmetric boundary conditions

If one or more of the geometry shapes, materials, loads or boundary conditions is symmetrical about a
plane or axis, the symmetric boundary condition can be used. The View symmetric model function can
output, expand a 1/2, 1/4, 1/8 symmetric model onto the entire model. To assign a symmetric boundary
condition, a boundary condition needs to be set such that the structure does not invade the symmetry
plane.

The figure below is an example of symmetric constraint conditions applied to a solid model. To apply the
symmetric constraint conditions in the YZ plane, the Translation degree of freedom Tx is constrained.
For the XY plane, the Tz needs to be constrained and for the ZX plane, the Ty needs to be constrained.

- TX Constraint: Translational DOF - TX

J - 3D Sh Z "‘l\x 3D Solid mode

ell mode!

{ Symmierlric conslraint conditions for a Shell and Solid model)

Because Solid elements do not have a rotational degree of freedom, only the displacement boundary
condition of the symmetric model is constrained. However, the rotational degree of freedom needs to be
constrained for a Shell model such that the symmetry plane is not invaded. In other words, Tx,Ry,Rz
need to be constrained for the XY plane, Tz,Rx,Ry for the XY plane and Ty,Rx,Rz for the ZX plane.

When applying a symmetric boundary condition, the loading size needs to be converted to fit the

symmetric condition. Also, the symmetric condition cannot be applied to the model shape and buckling
shape because of the asymmetric vibration mode or the possibility of asymmetric buckling.
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3 3 Overview

Constralnt Constrain the degree of freedom such that a particular node is dependent on the behavior of another node.
Equation
»Constraint equation S B =
Basic
Name Constraint Equation-1
Constrained Mode f DOF
= Selecta Node ]
@7 Ikt o
@R ORY ©rz
Independent Node(s) / DOF
1= Select Object(s) ]
@™ o o

@R ©RY ©Rrz

[ [ ess | 007 [ Gost ]|

m

Boundary Set  Boundary Set-1 -

Methodology

Constrain the behavior of one node to the behavior of another node. Define the main node that affects the
deformation of another node and degree of freedom [Constrained Node/DOF]. TX, TY, TZ are the degrees
of freedom for displacement and RX, RY, RZ are the degrees of freedom for rotation. [Independent
Node/DOF] inputs the coefficient applied on the displacement of the independent node, to define the
degree of freedom and interrelationship between the dependent node.

Boundary Set

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.

The behavioral characteristics are similar to Mesh > Element > Create > Other > Rigid link. For example,
when the main node moves by a certain distance, the dependent node can be constrained such that it
moves by twice that length. When creating a complex interrelationship between two or more nodes, the
constraint equation can be used.
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3.4

Change Property

»Change property—
General

»»>Change property
- Construction stage

Overview

Apply a new attribute data or substitute an existing attribute data for an element that changes with the
construction stage.
It can be used in construction stage-using analysis (Static/Slope analysis, Seepage/Consolidation analysis).

Change Property [E==|
Change Property @ [ =2 Select Object(s) ]
BC set naming
General | Construction Stage (@ Replace substring of selected Mesh
Mame Change Property-1 -
Cbject (7 Fixed Prefix :
[E‘ sl Chiedis) 1 () Add Prefix :
Boundary Set  Boundary Set-1 - Boundary Set-1 =
o) (e ) () o) (o) o)
General
Methodology

Select the target element and specify the element property subject to change.
Construction Stage

Methodology

If the construction stage is specified, change the element property collectively.

For example, apply a stage by stage change in the material property of shotcrete, from ductile to hardening,
of a 3D model. If the mesh set is already specified by shotcrete 001 ~ shotcrete 010, the boundary
conditions for element property change need to be specified separately for each element when using
Change property > General. However, for Change property > Construction stage, selecting shotcrete 001 ~
shotcrete 010 can create 10 boundary condition sets with just one click.

The name of the boundary condition set can be specified by [Replace substring of selected Mesh], [Fixed
Prefix] and [Add Prefix] to collectively change the name of the created mesh sets. If nothing is input, the
boundary condition set is created with the same name as the mesh set.

[Replace substring of selected Mesh] : Create a boundary condition set by using a different postfix on the
selected mesh set name.

[Fixed Prefix] : Create a boundary condition set by adding a different prefix, instead of using the selected
mesh set name.

[Add Prefix] : Create a boundary condition set by adding a prefix to the selected mesh set name.

Boundary set

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.
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[Change Property] can be used when the element properties change with the construction stage. If the
ground has a property A in Stage 1 and that property changes to B in Stage 2, which then changes to
property C in Stage 3, the following two boundary conditions are created.

Boundary condition 1: A->B
Boundary condition2: A->C

Using Define construction stage, activate Boundary condition 1 in Stage 2 and for Stage 3, activate

Boundary condition 2 and deactivate Boundary condition 1.
As a result, an element property that changes by A->B->C can be defined.
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3.5

Slip Circular
Surface

»Slip circular surface

Overview
Define an circular virtual slip surface.

The virtual slip surface is a boundary condition used in slope stability analysis. The virtual slip surface can
only be set when the analysis setting is for 2D models.

Slip Surface =

slip Circular Surface | slip Polygonal Surface

Name Slip ircular Surface-

Grid Range

1= Grid Point Not Define ]

Reference Paint %1 0 Reference Point V1 0
Reference Point X2 0 Reference Point Y2 o
Reference Point X3 0 Reference Point ¥3 0

hum. of Centers() 3 =1 Mum. of Centers(y) 3

Radius Range

@ Method using Tangent Line of Circle

[ Radius Tangent iine Not Defined

Left Right
U 0y 0 x 0y o
Down y oy 0 x 0y o

Number of Radius Increment 3

[ Switch Tange

{©) Method using Length and Range of Radius

Boundary Set  Boundary Set-1 -~

Methodology

Define the slip surface of the virtual fracture arc using the grid point of the arc center and radius where the
tangent line to the arc is located.

Specify the rectangular grid area where the arc center can be located using 3 points (reference point x,y).
The center count x, y is the number of divisions in the grid area.
For example, entering a center count of 5,4 creates 5 x 4 = 20 arc center points.

The radius where the tangent line of the arc is located can be set using [Method using Tangent Line of
Circle] or [Method using Length and Range of Radius].

[Method using Tangent Line of Circle]

Directly specify the rectangular area where the tangent line is located on the work screen using [Draw
Range]. The number of radius divisions divides the rectangular area by that number and the tangent
direction of the arc radius domain can be changed using [Change Tangent Direction].

[Method using Length and Range of Radius]
Directly input the length of initial circular radius, increment for circle radius and number of increments for
circle radius.

Boundary Set
Register the set constraint conditions of the desired boundary set. The user can specify the name of the
boundary set.
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3 6 Overview

Slip Polygonal
Surface

Define a non circular virtual slip surface.

The virtual slip surface is a boundary condition used in slope stability analysis. The virtual slip surface can
only be set when the analysis setting is for 2D models.

»Slip polygonal surface

Methodology

slip Surface
[Sip Crular Surface | SipPolygoral Suface |
Name slip Polygonal Surface-1 Unit m
X W ol
» -180.0000
-80.0000 20.0000
60.0000 -20.0000
*
Boundary Set  Boundary Set-1 -

The non circular virtual slip surface can be defined by:

Directly input the coordinate values of the non-circular slip surface onto a table
Mouse click the non circular slip surface domain on the work-plane

When defining the virtual slip surface on the work-plane, use the right mouse click to stop the input.

Boundary Set

Register the set constraint conditions on the desired boundary set. The user can specify the name of the

boundary set.

Section 3. Boundary Condition | 387



\

7

User Manual

Overview

3.7

Water level

Chapter 5. Analysis Method

Create a changing groundwater level by selecting a geometry shape on the work screen.

Create a changing groundwater level by selecting edges.
Specify the axis direction of the changing variable. For example, if the groundwater level changes in the x
direction of the model, select the variable axis as x. Then input the spacing value. For example, if the
spacing is 1m, the groundwater level lines are created in 1m intervals.

»Water level - edge e ) Water Level
d
»>Water level - face Fdoe  |fecs Edge | Face
(L sclectTorgetbogel) | B " ]
Variable Axis E
Interval 1
Interval 1
Mame Water Level(1) Name Water Level(1)
[ox_) [[cancel | [ Apsly [ ok [ cancel |[ apply |
Edge
Methodology

The created water level is registered under Workstree > Analysis > Function > General function and can be
edited as a table using right mouse click > Edit.

Create/Modify Function =
Spatial | Non-spata
Item
(%) New Works Name ~ Ground water level Ref.CSys  (GobalRectangular v| IndependentVar.X v
=-E2 Function = Equaton
42 General Function m Value From 1T 0 1
|8 Ground water level [F:1] 1 40.0000 |  40.0000 Vakie
- 2| 410000 40.0000
1 Seepage Boundary Function 3| 220000 400000 —
|2 Nonlinear Elastic Function 4| 430000 40.0000 |=
oLV
|2 Surface Function : :;gzgg :ggggg s
{8 Time Forcing Function 7 45.0000 | 40.0000 .
|2 Unsaturated Property Function 8 47.0000| 400000 | || .,
" ’ . o]  4soo00| 400000 |
|2 Strain Compatible Property Function o] 490000 40,0000 LIV VLT
|2 Response Spectrum Function [ 11| sooo00| 40.0000 Y S
i _ﬁ History Output Probe 12 51.0000 | 40.0000 FYSTY T A A v
. : 13| 520000 40.0000
<& Boundary Condition 14| 530000| 40.0000 TRY LR TMIECMIE TR TR TR TR
p% Static Load I3 cannanl  anannn a2
V'€ Dynamic Load 1 Scale Value Extrapolaton  Closest Vakue |
4|
& oK Cancel Apply
Model Analysis Results @ J
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Methodology
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Select a face and input the spacing value to create a changing groundwater level.
The created water level is registered under Workstree > Analysis > Function > General function and can be

edited as a table using right mouse click > Edit.

Item
) New Works
=-¢8 Function
| @B General Function
|8 Seepage Boundary Function
|2 Nonlinear Elastic Function

| = Surface Function
|eB Surface water level [F:1)

|F2 Time Forcing Function
|2 Unsaturated Property Function
|8 Strain Compatible Property Function
|2 Response Spectrum Function
-4 History Output Probe
¥ $§ Boundary Condition
V& Static Load
¥ €8 Dynamic Load
“d

Model Analysis Results

D

(Create/odty Function ==|

Spatial

MName Surface water level Ref. CSys | Global Rectangular v
X Y z -
(m) (m) (m)

»
-2.7227 -2.9100 91.1599
-2.7552 1.9928 92.1885
-2.7877 6.5052 92.6006
-2.8202 11.0176 93.0127 £
-2.8527 15.5300 934248
-2.8852 20.0424 93.8369
-2.9177 245548 94,2490
-2.9502 29.0672 946611
-2.9827 33.5796 95.0732
-3.0152 38.0920 95.4853
-3.0477 426044 95.8974
-3.0802 47.1168 96.3095
-3.1127 51.6292 96.7216
-3.1452 56.1416 97.1337 .

:
&) Lo )
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3.8

Nodal Head

»Nodal head

Overview

Input the head of the model. Both the constant head value for steady state analysis and the changing head
value for Transient analysis can be entered by applying the Seepage boundary condition function.

The Nodal head is used as a boundary condition for Seepage/Consolidation analysis (Fully-Coupled).

Seepage Boundary ==l

Modal Head | Review

Name Modal Head-1
Object

1= Select Oogectls) J
Value 0 m
Type @ Total () Pressure
D Function | Mone |‘D

Direction: Global 2

[]ifTotal Head < Potential Head, then Q =0

Boundary Set  Boundary Set-1 -

[ox J[ cancel J[ acnly |

Methodology

Directly input the head value of a specific point. The target can be selected from [Node], [Edge], [Face],
[Free Face Node].

For [Node], the node is directly selected to define the head condition. Selecting [Edge] or [Face] defines the
head condition at all nodes in the selected line/face.

For [Free Face Node], select a free face node and all points that make contact with the node-containing
element at an angle smaller than the specified angle. Press to open the Free facelline entity selection
window to select the target.

Free Face/Edge Entity Selection (=]

Free Face Node
= Select Object(s) ]

Seed Node

Feature Angle 15 | [deg]

There are two input methods:

1. [Total] : Input the head value calculated from the origin, regardless of the model position.

2. [Pressure] : Set the groundwater level condition by entering '0' for nodes that are on the groundwater
surface.

Transient analysis, in which the water level changes with time, can be defined as a function.
When using a function, the input value and function value are multiplied and reflected in the analysis.
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The defined function is registered under Function > Seepage Boundary Function, and can be edited as a
table using right mouse click > Edit.

Fi |
am Seepage Boundary Function =

(#) New Works
5-k8 Function
- J General Function Time I
-} Seepage Boundary Function (s:;’oon 55000

k. Seepage Boundary Function [F:1]
} Nonlinear Elastic Function 7200.0000 | 12.0000 |
48 Surface Function 14400.0000 | 12.0000

};E Time Forcing Function :—28300 0000 10,0000
|8 Unsaturated Property Function =
|2 Strain Compatible Property Function

L@ Response Spectrum Function
) History Output Probe
¥ £§ Boundary Condition
W€k Static Load
/&8 Dynamic Load

Name  =page Boundary Function

Value

3600.0000 | 10.0000 |

HHEELE

<

Model Analysis Results

If Total Head < Potential Head, then Q=0

A head-flow rate conversion boundary condition for water level variation analysis.

As the water level changes with time, such as for rapid drawdown, suction can occur and the seepage flow
can be reversed. If the water level falls suddenly for embankments or dams, the descending water level
speed is generally faster than the seepage speed within the body. To simulate these real conditions, the
head boundary conditions need to change automatically according to the water level. In other words, when
the node boundary at the bottom of the water level is exposed to the top, the total nodal head is not the
total head of the descended water level; it is the total head value before the descent, which is maintained
for a certain period, after which it falls gradually with time.

This option can be applied where the water level changes periodically and can be applied simultaneously
with a time variant function. However, if this option is checked when the input (total head) height of the
water level is above the selected node position, the boundary condition is automatically eliminated and so,
the option must be unchecked for this case.

T .

D

If you put the total head as #0m, the
height of the water level is below the
selected territory. therefore,

150m — Uncheck [if Total Head < Potential
Head, then Q=0]

The nodal head is applied then the water level position is known in advance. It is used to simulate
confined flow that does not form a phreatic surface. It is also used to simulate unconfined flow that creates
a seepage face.

Section 3. Boundary Condition | 391



Z

User Manual

The head boundary conditions can be selectively input between the Total Head and Pressure Head,
depending on the analysis condition. As shown in the figure below, it is convenient to input the Total Head
directly when the node position for boundary condition specification is easy to find from Z=0 on the GCS.
However, if the exact height is hard to find or if the height changes, it is convenient to input the Pressure

head as 0.

Pressure Head = Om

Total Head = 40m

—
—

40m

\ -

<Application of Nodal Head(ex.)>

Boundary condition set

Register the set constraint conditions on the desired boundary condition set. The user can specify the

name of the boundary condition set.
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3 9 Overview

Nodal Flux Input the flux at an arbitrary node.
The nodal flux is a boundary condition used in Seepage/Consolidation analysis (Fully-Coupled).
» Nodal flux Flue =
Mame Nodal Flux-1
Object
Type
1=2! Select Object(s) ]
Value 0 m3fsec
[ClFunction  |None (=5
Boundary Set  Boundary Set-1 -
[[ok ][ cancel ][ apnly ]

Methodology

Input the inflow/outflow per unit time on a particular position in terms of volumetric units. The target can be
selected from [Node], [Edgel], [Face], [Free Face Node].

For [Node], the node is directly selected to define the nodal flux. Selecting [Edge] or [Face] defines the flow
rate conditions at all nodes in the selected edge/face.

For [Free Face Node], select a free face node and all points that make contact with the node-containing
element at an angle smaller than the specified angle selected. Press the (=] button to select the reference
node, target element and feature angle.

Free Face/Edge Entity Selection ==

Free Face Node
1=3 Select Dbjectis) ]

Seed Node

Feature Angle 15 | [deg]

Transient analysis (where the water level changes with time) can be defined as a function.

When using a function, the input value and function value are multiplied and reflected in the analysis.

The defined function is registered under Function > Seepage Boundary Function, and can be edited as a
table using right mouse click > Edit.
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Item
@) New Works
=} Function
-4 General Function

=-j8 Seepage Boundary Function
. Seepage Boundary Function [F:1]

2 Nonlinear Elastic Function
@48 Surface Function
2 Time Forcing Function
{2 Unsaturated Property Function
|8 strain Compatible Property Function
8 Response Spectrum Function
40 History Output Probe
¥ €€ Boundary Condition
&k Static Load
€0 Dynamic Load

«
|

Model Analysis Results

Boundary Set

S

Chapter 5. Analysis Method

Seepage Boundary Function E

Name  page Boundary Function

Time
(sec)
0.0000 | 10.0000
3600.0000 | 10.0000
7200.0000 | 12.0000
14400.0000 | 12,0000
28800.0000 10.0000

Value

IEHEEE

© 2300 3500 9303 11000 ' 13000 ' 18000 ' 33090 ' 77000
Tuna

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.

Tip

The nodal flux boundary condition is used to simulate the inflow and outflow that happens at a node. The
(+) represents water flow into the node and (-) represents water flow out of the node. The time variant -
flux boundary condition can be input by coupling with a seepage function.
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3 . 1 O Overview

Surface Flux Input the surface flux boundary condition in terms of flow rate per unit area.
The surface flux is a boundary condition used in Seepage/Consolidation analysis (Fully-Coupled).

> Surface Flux Flux S
MName Surface Flux-1
Object
E Select Objeci() )
value 0 m3fsec/m?
[CFunction  |None [2E]
D if q = Ksat, then Total Head = Potential Head

Boundary Set  Boundary Set-1 -
[ ok J[ cancel [ Aply ]

Methodology

Input the surface inflow/outflow rate of a specific point in terms of flow rate per unit area. It can be defined
as either an [Edge Flux] or [Face Flux]. Generally, the [Edge Flux] is input for 2D models and [Face Flux] is
input for 3D models.

The Face flux can be defined by entering the value on the edge or surface geometry, or directly entering it
on the selected element edge.

Define the inflow input from rainfall etc. as a (+) value and define the outflow input from excavation or
pumping etc. as a (-) value.

Transient analysis (where the water level changes with time) can be defined as a [Function].

When using a function, the input value and function value are multiplied and reflected in the analysis.

The defined function is registered under Function > Seepage Boundary Function, and can be edited as a
table using the right mouse click > Edit.

== Seepage Boundary Function
(#) New Works Name  spage Boundary Function
=B Function
532 General Function TS"::) vawe || L0
=-fB Seepage Boundary Function | : 00000 | 100000
B Seepage Boundary Function [F:1] 3600.0000| 10.0000

|2 Nonlinear Elastic Function 7200.0000 | 12.0000
-8 Surface Function 14400.0000 | 12,0000

[ Time Forcing Function :M
|8 Unsaturated Property Function ENHM
|2 Strain Compatible Property Function e

}:@ Response Spectrum Function
24 History Output Probe s I
[V €& Boundary Condition i 1 TN
W&k Static Load 1
< Dynamic Load @ awa ‘3ies Wees aop_aeees . isees | maess meed

mmh]uu_

<

Model Analysis Results

If g > Ksat, then Total Head = Potential Head
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The flux-head boundary conversion condition for rainfall analysis.

For example, the Surface flux can be used to define the ground surface boundary conditions when the
rainfall intensity on the ground surface is inputted.

This function applies a forced inflow rate, as large as the rainfall intensity, onto the ground surface. If the
absorption capability of the soil stratum surface is larger than the rainfall intensity, the soil stratum absorbs
all the rain water. However if the absorption capability is smaller, rain is absorbed into the ground surface
by only the absorption capability amount, and the rest of the rain flows across the ground surface.

If the rainfall intensity is larger than the absorption capability, the ground surface is in a saturated state
during rainfall, as if the groundwater level existed above the surface. Hence, the area of rainfall needs to be
changed to a water level line.

Use the [If q > Ksat, then Total Head = Pressure Head] option to automatically change the ground surface
boundary from the existing rainfall intensity inflow condition to a water level condition for analysis. This
option is only available when the rainfall intensity acting on the surface is larger than the absorption
capability of the ground surface.

Boundary Set

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.
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3 . 1 1 Overview

Review Conduct iterative calculations using the Review function when the exact seepage line is hard to find.
Review is used as a boundary condition for Seepage/Consolidation analysis(Fully-Coupled).
»Review boundary Seepage Boundary (==

Nodal Head | Review

Name Review-1

Object

Type INode V]
(= Select Object(s) ]
Boundary Set  Boundary Set-1 -

[ o [ concel J[ apaly ]

Methodology

Select the points upon which to place the Review boundary.

For example, assuming that seepage occurs at the downstream face of a homogeneous dam, the seepage
line intersecting the downstream face cannot be found. In this case, set the review boundary and conduct
iterative calculations.

»Specify Review
boundary node (ex.)

® Review node

i«

The target can be selected from [Node], [Edge], [Face], [Free Face Node].

For [Node], the node is directly selected to define the node on which iterative calculation will be conducted.
Selecting [Edge] or [Face] conducts the review for all nodes in the geometry shape.

For [Free Face Node], select a free face node and all points that make contact with the node-containing
element at an angle smaller than the specified angle selected. Press the =] button to select the reference
node, target element and feature angle.

Free Face/Edge Entity Selection ==

Free Face Node
1=2] Select Object(s) ]

Seed Node

Feature Angle 15 | [deg]

The pore pressure P measured at the re-examined node is considered as the following condition, and these
two roles can be used to automatically search for the seepage surface.

1) When P > 0, Consider as P=0

2) Delete when P <0
Boundary Set
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3.12

Draining
Condition

> Draining condition

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.

Overview

Used to simulate the domain where the excess pore pressure is 0 (drain).
The Drainage condition is used as a boundary condition for Consolidation analysis.

Draining Cendition (=)
Mame Draining Condition-1
Object
Type  [Node -]
(B Select Object(s) ]
Boundary Set | BoundarySet-1 |
[ ox J[ cancel J[_appy ]

Methodology
Select the point to assign Drainage conditions.

The target can be selected from [Node], [Edge], [Face], [Free Face Node].

For [Node], the node is directly selected to define the node on which the Drainage conditions will be
assigned. Selecting [Edge] or [Face] applies Drainage conditions for all nodes in the geometry shape.

For [Free Face Node], select a free face node and all points that make contact with the node-containing
element at an angle smaller than the specified angle are selected. Press the =] button to select the
reference node, target element and feature angle.

Free Face/Edge Entity Selection ==

Free Face Node
(=] Select Object(s) ]

Seed Node

Feature Angle 15 | [deg]

The excess pore pressure in an area with assigned drainage conditions is maintained as 0 and this implies
that water can escape due to loading applied to the ground. The Drainage condition is mainly used when
the permeability coefficient is large, or if the loading change is small.

Boundary Set

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.
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3.13

Non-
Consolidation

» Non-consolidation

Overview

Used to model non-consolidation layers.
Non-consolidation elements are used as boundary conditions for Consolidation analysis.

Men Consolidation @
Mame  Non Consolidation-1
Object
Type |Element -]
= Select Object(s) ]
BoundarySet  BoundarySetl v [39)
EH& [oc [ cancal | [Capply |

Methodology
Select the point to assign the Non-consolidation boundary conditions.

The target can be selected from [Element], [2D Element], [3D Element], [Face], [Part].
Selecting [Face] or [Part] applies the unconsolidated boundary conditions for all elements in the geometry
shape.

Boundary Set

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.

Tip

In Consolidation analysis, the elements have an additional pore pressure degree of freedom, as well as
displacement degree of freedom, at the nodes. FEA NX assumes all elements have a degree of freedom
for pore pressure, unless the two boundary conditions (Non-consolidating condition, Drainage condition)
are specified for consolidation analysis. Hence, for embankment materials that do not express
consolidated behavior directly, the non-consolidating element conditions need to be defined to apply it as
a general structural element. Also, the drainage conditions need to be defined for drainage boundaries in
consolidating elements. If the boundary conditions are properly defined and consolidation analysis is
conducted, the excess pore pressure is 0 (zero) where the non-consolidation conditions and drainage
conditions are applied.

Assign
Sand = non-congolidating element Ncn'conSOIidaFion )
v boundary condition

T~ Assign

*  ‘Draining boundary condition’
Clay = consolidating element raining boundary condit

<Boundary conditions of a consolidating element>
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3.14

Create Boundary
from Results

» Create Boundary from
Results

3.15

Boundary Table
Import / Export

3.16

Transmitting

Overview

The 'Nodal Seepage' is created to the boundary condition from the results which analysis has been
completed, and this is available in another analysis case as the boundary condition type.

Create Boundary fram Results @

General

Name Nodal Head-1

Result Type

[Nodal Seepage - ]

Object
Type  [Noge -

1= Selected 132 Object(s) ]
[ select all objects

Result Set

Analysis Case [Tria?n - ]

Step [5ecpage(Steacystate):INCR=1 (LOAD=1.0C ~ |
[ Generate Boundary ]
Node Total Head | Pore Pressure Head| =
(m}) (m) L4
231 1.7766e+000 5.7657e-001
232 1.7776e+000 3.7761e-001
233 1.7788e+000 1.7877e-001
234 1.7799e+000 |-2.0086e-002
235 1.7814e+000 |[-2.1861e-001
245 1.7587e+000 |7.5867e-001
247 1.7596e+000 5.5960e-001
248 1 TRO7e+000 3 A072e-001 S
Boundary Set  LeftNodalHead -
o) (oo ) (i)

Overview

e Import the information of boundary conditions from excel file or export them to excel. The sample of
table for boundary conditions (BoundaryTable Sample.xIsx) can be found in the installation folder. (ex.
C:\Program Files\MIDAS\FEA NX\Sample)

Methodology

There are limitations in this function as follows.

- Constraint : The 'Advanced' type is only supported. The DOFs of 'Tx-Rz' are displayed ‘1’ (check on) or ‘0’
(check off).

- Nodal Head : The 'Total' and 'Pressure' type are separated.

- Nodal Flux : This is exported the same way as the ‘Nodal Head' type.

- Review : This is exported only the node information.

Overview

Approximately express the semi-infinite ground layer by setting a virtual slip surface perpendicular to the
horizontally layered ground. This is done to consider the surface wave propagation into the far-field ground.

The transmit boundary condition is only used for Dynamic analysis > 2D Equivalent linear analysis.
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» Transmitting — General
» » Transmitting — Auto

The boundary conditions in ground modeling can be largely divided into:
1. [Element Boundary Condition]

2. [Viscous Boundary Condition]

3. [Transmitting Boundary Condition].

1. The [Element Boundary Condition] can be divided into: 1) the free end, where the force of the
earthquake response load is input, and 2) the fixed end, where the displacement is input at the free field
boundary position. The [Element Boundary Condition] can consider the effects of earthquake waves in the
free field, but it does not consider the effects of waves reflecting off the foundation slabs of an existing
structure. This effect gets larger as the boundary position moves closer to the foundation slab.

2. The [Viscous Boundary Condition] was developed as a solution to the flaws of the [Element Boundary
Condition] using a boundary condition that absorbs material waves having a certain angle to the boundary,
developed by Lysmer & Kuhlemeyer, Ang & Newmark, etc. However, because the [Viscous Boundary
Condition] cannot fully process the effects of complex surface waves, the boundary needs to be set at a
certain distance from the foundation slab, as with the element boundary.

3. The [Transmitting Boundary Condition] supplements the flaws of the [Viscous Boundary Condition] and
considers the effects of nearly all types of material and surface waves. The horizontal soil layer can be
expressed as a spring and damper using a function of frequency. The [Transmitting Boundary Condition]
generally assumes that the horizontal properties of each ground layer are equal and so, satisfactory results
can be obtained even when the boundary condition exists at the structure itself. However, to accurately
consider the property changes due to horizontal deformation, it is effective to maintain a certain distance
between the boundary and foundation slab.

Transmitting @

General | Auto

Mame Transmitting-1
[ E‘ Select Mesh Set(s) ]
Transmitting Boundary of the Model

Transmittin
i @ Left Side Right Side
General | Auto Boundary at Bottom

DX oY

Name  Transmitting-1

Object Viscous Boundary

Type Iﬂement Edge — I [ Base Viscous Boundary

[ E‘ Select Object(s) ] |:| Free Ground Damper
Boundary Set  Boundary Set-1 - @J Boundary Set  Boundary Set-1 - @J
@@] l oK. ] l Cancel J l Apply ] =] @ I OK ] l Cancel ] [ Apply ]

General
Methodology

Select the element edge and line to set the transmit boundary on that element edge. The ground
information assigned to the element can be used to create the transmit boundary.

When the line between 2 different elements is selected, the transmit boundary is not created.
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>Transmitting — General

OK NG OK

Auto
Methodology

Selecting a mesh set automatically creates boundary conditions and elements at the left/right/floor of the
mesh, according to the user specified options. The spring constant value is calculated depending on the
ground material characteristics defined for the mesh set.

The right/left transmit boundaries of the analysis model can be set, and the viscous boundary can be
created at the floor surface and free face.

It is difficult to accurately simulate the ground, which exists almost infinitely, using a 2D model used in
Ground-Structure Analysis. Hence, the model boundary needs to be set at an engineering-appropriate
position and processed to simulate in-situ conditions.

Boundary Set

Register the set constraint conditions on the desired boundary set. The user can specify the name of the
boundary set.

* Auto create viscous boundary

The Viscous boundary condition can be created as follows.

1. Compute Cp and Cs
The Cp and Cs are calculated using the equations below:

Cp y AR, [Ax26 X
=p-A- =WA =,
4o NGRS

e [ ¢
C,=p-4- |-=W-4A- =c,-A
P JW-g.81

A v-E c E
= J(l—2v T 214y
Here, A+ -2v) ’ 1 +v)

A : Volume modulus, G : Shear modulus, E : Elastic modulus, v = Poisson'’s ratio,
A : Cross-section area

2. The cross-section area is automatically considered until the surface spring is created, so only Cp and
Cs need to be computed.
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Elastic Volume Shear Unit Poisson’s
. . P wave S wave
modulus  modulus modulus weight ratio
Class E A G W Cp Cs
Y

(tonf/m2) (tonfim2) (tonf/m2)  (tonfim3) (tonf-sec/m3) (tonf-sec/m3)
Ground A 2000 1459.53 751.88 2 0.33 24.579 12.381

o Multiplying the Cp, Cs (tonfesec/m”3 units) by the cross-section area eventually leads to the spring
stiffness of the viscous boundary element in tonfesec/m units.

o  The shaded cell parameters are the physical properties of the ground that the user inputs during
modeling. The volume modulus and Shear modulus are calculated using the Elastic modulus and
Poisson’s ratio. Hence, there is no need to input additional values when creating a viscous
boundary element.

o« When creating the bottom viscous boundary element, the spring is automatically created by
considering the element area (effective length*unit width) as shown below.

o Input the Cp value for the normal direction coefficient at the point of spring creation and input the
Cs value for the parallel direction. Hence, the bottom spring coefficient Cz becomes the Cp value
and the Cs value is applied to the Cx.

Ground A

Cz = 24.5792(Cp) * 0.5 = 12.2896
Cx = 12.381(Cs) * 0.5 = 6.1905

<Auto-create viscous boundary>
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Section 4

»Table. Static load

»Table. Dynamic load

404 | Section 4. Load

Load

Load (Static)

Loading that can applied as an external force for linear/non-linear static analysis
(Static/Slope/Consolidation analysis) can be specified as Self weight, Force/Moment, Displacement,
Pressure, Water pressure, Line/Element beam load, Temperature, Prestress, Initial equilibrium force or
Combined load.

Type of Static load Definition

Self weight Input the self-weight of an element as a load

Force Input the Force (as X, Y, Z axis direction component) on a desired model node
Input the moment (as X, Y, Z axis direction component) on a desired model

Moment node

Input the displacement on a desired model node

The displacement acts in the node coordinate system direction

Pressure Input the pressure on a surface or line

Automatically input the water pressure load according to the position on the
input water level line

When multiple beam elements are connected continuously, specify both ends
of the beam element and input a distributed force

Displacement

Water pressure

Line beam load

Element beam load Input a distributed or force on a beam element
Input the node temperature on an arbitrary node for thermal stress analysis.

Temperature Input the initial temperature value used on a model node into the analysis
condition

Prestress Input the pre-loading on a Structure/Ground element

Initial equilibrium force  Input the initial in-situ stress

Combined load Set the load combination using load sets and the factor for each set

Load (Dynamic)

Loads that are applied as external forces for linear/non-linear dynamic analysis can be specified as
Response Spectrum, Ground Acceleration, Time Varying Static Load, Dynamic Nodal, Dynamic Surface,
Mass, Dynamic Result Function or Table form. It generally implies that the time variant load function form
and the static load can be converted to a mass form to be used in dynamic analysis.

Type of dynamic load Definition

Input the spectrum data and load conditions needed for Response
Response spectrum

Spectrum Analysis
Ground acceleration Input the ground acceleration in time load function form (DB can be used)
Time varying static Multiply a time function by a static load to define a dynamic load

Input the time load function (load component x time function) on an
arbitrary node

Input the time load function(load component x time function) on a surface in
pressure form

Load to Mass Convert a static load to mass for application

Train Dynamic Load
Table

Dynamic nodal

Dynamic surface

Input or modify the train moving load using a table
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»Table. Thermal load

Self Weight

4.2

Force / Moment

Definition

Input the heat flux load. It can be applied to nodal points / edges / faces.
Defines the heat generated in a solid body.

Sets the temperature to have fixed value during analysis.

Input the convection condition. It can be applied to nodal points / edges /
faces.

Type of thermal load
Heat Flux

Heat Source

Prescribed Temperature

Convection

Overview

Enter the self-weight of elements included in the model as applied loads, or modify or delete previously

entered self-weight.
The computed self-weight can be applied in each GCS X, Y and Z direction as a body force for static
analysis. When considering the effects of self-weight in dynamic analysis computations, the option can be

considered through the Project Setting function.

[l

Gravity

Gravity

Name  Gravity-1

Reference Object

Type  |Coordinate .
Ref, CSys Global Rectangular  ~ D

Components

o

Gx

=

Gy
Gz -1

Spatial Distribution

Base Function |None hd D

loadSet  Load Set-1 - [@

=1 oK cancel | [ Apply

Methodology

Input the factor for the self-weight application direction in Project settings depending on the work
environment (2D/3D). The volume, density and gravitational acceleration of the input element is used to
automatically compute the self-weight included in the analysis model. The self-weight direction is defined
by a unit vector. The default value for the gravitational direction is set as -1.

[Spatial Distribution]
The ‘Generalized Space Function’ can be applied in the ‘Self Weight'. The input of ‘Generalized Space
Function’ is applied by scaling according to the location.

Overview

Apply the Force or Moment load on an element node. Force is one of the most fundamental loads and it
can be specified by 3 force components and a moment for each node. The direction can be defined with
reference to an arbitrary coordinate system.
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Force @
Force | Moment
Name Force-1
Object
= Select Object(s) ]

Load Type
@) Total Force Per Face/Edge

Reference Object

T
Ref. CSys Global Rectangular  +

Components

X 0 kN

¥ 0k

z 0k
LoadSet  Load Set-1 -

Methodology

Select the node where the load will be applied and set the size and direction. The load direction can be set
using Default Load or Reference Object Load methods. For Default Load, the x, y, z, components are input
with reference to the coordinate system in the bottom right corner. For Reference Object Load, select the
target and reference shape to set the load direction. If the reference shape is a line, the component
direction is set in the line creation direction. If the reference shape is a surface, the normal direction to the
surface becomes the z component direction and the left, right directions become the x, y component
directions.

If the selected target shape is geometric, the Force can be selected as either a total force or individual
loads in Load Type as shown below. For total force, the input load size is considered as the total force
acting on the selected line/surface and is distributed evenly to all nodes. For individual loads, the input load
size is applied to all nodes of the selected line/surface.

>Total force( Individual Concentrated load E P Fs Es F: Fy
load processing

'l' F{l {leﬁs !
A v

Individual load

Concentrated load acting on Total force
geometric surface F1+Fz+Fs+Fs+Fs=F Fi=F:=Fi=Fs=Fs=F

(Fi=Fa=Fs=Fs=}, Fs=1)

The total force is distributed according to the length or area ratio when two or more targets are selected
and the individual load is applied to each selected target.

[Object]

Edge
Face
Mode
Free Face Node

The applied load is defined on the node, but the selection target can also be set as a geometry shape
(edge, surface etc.) or using auto-select free face nodes. For an edge or surface, the selected shape must
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have been used for element creation and the force is applied to all nodes in the specified direction/size. For
free face nodes, select a free face node and all points that make contact with the node-containing element
at an angle smaller than the specified angle (feature angle) will automatically be selected.

»Free face node Free Face/Edge Entity Selection (23]

Free Face Node

[ E‘ Select Object(s) ]

Seed Node

Feature Angle 15 | [deg]

@ (Cancel |
[Reference Object]
Edge

Face
Vector
Mormal

The load direction can be set using different methods. The reference coordinate system is the global
rectangular(cylindrical) coordinate axis. Geometry shapes (edge and surface) can be selected as a
reference direction. Selecting edge or surface displays the coordinate system of the selected shape and the
load is set with reference to that system. The vector is used to specify the load direction using X,Y,Z vector
components. The tangent direction can only be selected for surface objects and automatically sets the
direction in the tangent direction of the selected surface.

[Components]

Input the load size according to the set direction. A positive (+) value applies the load in the set direction
and a negative (-) value applies the load in the direction opposite of the set. The load size changes with
respect to the coordinate value increase in the GCS can be defined using a reference function. Here, the
input value is multiplied by the function value for application.

4 3 Overview

. Input the displacement at an element node. The displacement is used to assign a displacement to a
Displacement particular node. It is classified as a load because it causes structural deformation, but it has similar
characteristics as the boundary condition. For example, constraint forces occur on the node where the
displacement is input. The input displacement acts in the node coordinate system direction, which is
defined by the GCS by default. The displacement is useful when applying the measured displacement in

analysis or when understanding the plastic (limit) state of the element.
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»Free face node

4.4

Pressure

408 | Section 4. Load

Displacement @
Displacement
Name Displacement-1
Object
e
= Select Object(s). )
Load Type
@) Total ) Incremental
Components
R ol m  [Erx 0
Oy om [Oey 0
O 0 m [Ere 0
LoadSet  |Load Set-1 -

Methodology
Select the node where the displacement will be applied and set the size and direction. The target selection
method and size/direction settings are as follows:

[Object]
Edge

Face

Mode

Free Face Node

The applied displacement is defined on the node, but the selection target can also be set as a geometry
shape (edge, surface etc.) or using auto-select free face nodes. For an edge or surface, the selected shape
must have been used for element creation and the displacement is applied to all nodes in the specified
direction/size. For free face nodes, select a free face node and all points that make contact with the node-
containing element at an angle smaller than the specified angle (feature angle) are automatically selected.

Free Face/Edge Entity Selection ==

Free Face Node

1= Select Object(s) ]

Seed Node

Feature Angle 15 | [deq]

[Components]

Input the displacement size according to the set direction. A positive (+) value applies the displacement in
the set direction and a negative (-) value applies the displacement in the opposite direction to the set
direction. The size change with respect to the coordinate value increase in the GCS can be defined using a
reference function. Here, the input value is multiplied by the function value for application.

Overview

Input the pressure loads on the face or edge of a plate element, plane stress element or solid element.
Uniform load and linearly/non-linearly distributed loads can all be defined. The pressure load acts on the
target geometric surface in a linearly/non-linearly distributed form per unit area and hence, the units are
[Force/Area]. Because it is the force per unit area, it is applied to all selected target surfaces equally. The
pressure is differ with the Force because the Force is using unit [N] and the force is loaded as nodal loads
at sub-nodes generated at the selected geometric surface.
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element (target)

4.5

Water Pressure
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Because the Pressure load considers the area of the target surface (element surface) and is automatically
converted as a nodal load for analysis, the two load conditions do not have a difference in analysis results.
The more convenient load, depending on the applied direction, can be selected and used from the
concentrated/distributed load option given in Analysis Condition.

Methodology

Pressure

Name: Pressure-1

Object

==

=] Select Object(s)

]

Direction

@x v

Magnitude
Uniformly Distributed Load

Global Rectangular =

&

PorPi 0 kN/m2
0| knjm2
0| kjmz2
0| knjm2

Load Set Load Set-1

- &

The pressure is input in distributed force form for an element face or edge. It can be used on 2D or 3D
elements and the input direction can be specified as an arbitrary coordinate axis direction, arbitrary vector
direction or normal direction. The direction setting is the same as for [Force]. Uniform load size or
linearly/non-linearly distributed load size can all be specified as shown below, and the load change can be
defined using a function of coordinate direction/distance. When applying a function, the input value is
multiplied by the function value for application as a total load.

Overview

A function that automatically calculates and applies the water pressure on an element boundary line or

surface.
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Beam Load
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Methodology
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\Water Pressure

Edge |Face |A)cisy1'nmetric

Object

Name Water Pressure-1

Type [ZD Element Edge v]

123

Select Object(s) ]

Magnitude
@ Auto (by

() Manual

Water level boundary)

load Set  Load Set-l -

B@ |

oK H Cancel ][ Apply ]

Select the element boundary edge or surface where the water pressure will be applied. The [Auto] option
can be used when the water level is pre-set, and it is used to automatically calculate the hydrostatic
pressure based on the height difference between the water level and element boundary edge/surface. Use
the [Manual] option to directly specify the water pressure size applied on the selected element edge/surface.

Overview

Concentrated and distributed force(moment) can be applied with reference to the GCS or the beam
element coordinate system. Linear beam load can be used when multiple beam elements are connected
continuously. Both ends of the beam element can be specified and a continuous beam load can be applied
as either a distributed load or force load. The load can also be applied to a continuous beam placed in a
curve on the same plane as the loading direction. For a beam element load, the beam load is applied as a
distributed or force on the singular beam element.

Beam Load ===
L B Lond
Name  LineBeamLoad-1
Object
Type  |On the loadingline -
(=1 Select First Node: J
[ Select Second Node ]
Select Element(s)
@ Force ©) Moment
@ Distributed ) Concentrated
Projection © Yes @ No
value
@ Fraction @ Length
x1 o %2 o
wi 0 Wjm
w2 0 Kin
loadSet | Load Set-1 -
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Methodology

[Object]

For beam elements, select the beam element directly or select the line used to create the element to apply
a load. For continuous beam loads, the On Load Application Line Method or Select Element Method can be
used.

The [On the Loading Line] command applies the load to elements placed on the line between the two
points used to specify the continuous beam load. In this case, selecting two nodes sequentially inputs the
load for elements existing on the line between the two points. For the [Selected Element] command, the
load is applied to the selected element. It can be used to apply the continuous beam load on elements that
are not placed on the line. Select the start and end points of the beam element on which the load will be
applied.

[Direction]

The direction can be set with reference to the global coordinate system (X,Y,Z) or element coordinate
system (x,y,z). The projected area can be additionally set, which specifies whether to apply the load on the
total beam element within the load application section, or to apply the load by the projected length,
perpendicular to the load application direction. This option is only valid for [Distributed] loads in directions
with respect to the global coordinate system (GCS).

[Value (Fraction/Length)]
o Fraction: Input the continuous beam load position using a relative length ratio of the load
application section.
o Length: Input the actual length as the reference for the continuous beam load position.
x1 and x2 are the start and end points of the beam load respectively and w1,w2 are the load size at points
x1,x2. Entering a negative load size applies the load in the opposite direction to the set direction, and a
linearly distributed (increment, decrement) load can be set using the size difference.

>Apply linear beam load

i

4 7 Overview [Nodal/Element Temperature]

Temperature Load |yt the final temperature on a node or element for thermal stress analysis. The temperature load induces
deformation by temperature difference and all nodes are assigned an initial temperature in Analysis Setting.
Entering a node temperature calculates the load caused by the temperature difference with the initial
element temperature, and thermal stress does not occur if there is no displacement constraint. The element
temperature load is similar to the nodal temperature load. However, specifying an element sets a uniform
temperature for that selected element so that it has the same effect as entering the nodal temperature load
for all nodes connected to that element.
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Temperature @
Modal Temperature | Element Temperature IT 4]
Name Modal Temperature-1

Object

Type [che ']

= Select Object(s) ]

Components

Temperature 0om
loadSet  Load Set-1 -

[ o< J[ cancel J[ apply ]

Methodology

Select a node or element to input the temperature. If the target shape is a geometry shape, the shape must
have been used to create the element. All nodes in the selected shape are defined by the input initial
temperature. The load is calculated by the temperature difference with that initial temperature. The
temperature difference can be simulated by directly entering the temperature or applying a function with
reference to the global coordinate system (GCS). When applying a function, the input value is multiplied to
the function value for application.

Overview [Temperature Gradient]

The temperature difference between the top and bottom of a beam element or plate element can be
defined. Temperature gradient analysis can only be conducted for beam or plate elements, which can
consider flexural rigidity. For beam elements, the temperature difference and distance of the outermost
portion is input with reference to the y axis and z axis of the element coordinate system to consider
temperature gradient loading. For plate elements, the temperature difference between the top and bottom
faces and the plate thickness is input to consider temperature gradient loading.

Temperature @
Name Temperature Gradient-1
Object
Type  [1D Element -]
= elect Object(s) ]
Gradient
T22T1z om
Use Section Hz
0
T2yTly om
Use Section Hy
0
loadSet  Load Set-1 -
[ o< ][ cancel |[ ey ]
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4.8

Prestress

Methodology
Hy
P
T22 2
Hz '.-'-'4—f Tly
T2y
Tiz

Select the beam (plate) element. The element can be selected directly, or the Beam/Shell that was used to
create that element can be selected. Selecting a shape inputs the load for all element nodes in the shape.
For a beam element, the temperature difference and distance in the z,y direction of the element coordinate
system can be input. Checking the [Used Section] option uses the structural section information assigned
to the element. For a plate element, the temperature difference in the thickness direction is input, and the
plate element thickness is used. The distance can also be input directly.

Overview
Used to input the prestress load. For truss/beam elements, the initial load for axial direction force and

moment can be applied. For plane strain elements, axis symmetric elements and solid elements, the initial
stress can be defined.

Prestress @

Prestress

MName Prestress-1

Element Type | Truss/Embedded Truss -
Object
Type [1D Element v]
1= Select Objeci(s) ]

Global Rectangular <
Compenents
Base Function

|:| Pretension Type

Tension (+), Compression (-

loadSet  |Load Set-1 -

[ o< J[ cancel J[ apty ]

For truss/beam elements, the [Pretension Type] option can be applied. Checking this option maintains the
input pretension regardless of the stress state changes that occur in the construction stage. If this option is
unchecked, the prestress changes with the input stress state. If a prestress of 50 is input as shown in the
figure below, checking [Pretension Type] retains the prestress as the axial force, regardless of the stress
change due to excavation. If the pretension is not checked, the axial force is affected by the stress change
of 10 due excavation and so, the output axial force is 40. Pretension can only be applied if the prestress is
input for a truss element type.
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4.9

Initial Equilibrium
Force

414 | Section 4. Load

Input Prestress = 50

Check Pretension Option Uncheck Pretension Option

-10 ) -10
Axial force Axial force

=50 —f / =40 . /
Excavation Excavation

Methodology

[Element Type]

Beam

Plane Strain/Plane Stress
Axisymmetric

Solid

The applicable element types are as follows and the input load component is different for each type. The
target shape can be selected by directly selecting the element or geometry shape (edge, face, solid). For
shapes, the selected shape must have been used for element creation and the input load is applied to all
element nodes within the shape.

[Components]

Define the load or stress for each axial direction and use a function to simulate the linear
increment/decrement of the load size with reference to the global coordinate system(GCS). The load
components for different element types are as follows:

o Nxx: Initial axial force acting on 1D element

o Mx, My, Mz : Bending force (moment load) with reference to each element coordinate system
o Sxx, Syy, Szz : Axial stress in each axial direction

e Sxy, Syz, Szx : Shear stress in each plane direction

The load application direction for the initial stress of Plane/Axis Symmetric/Solid elements can be set with
reference to the GCS or element coordinate system.

Overview

Use the prestress function to apply the resultant force or stress as initial conditions, depending on the
element type. If the initial stress state is given as such, a force corresponding to the initial stress occurs.
This initial equilibrium force uses the force created by the initial stress from the prestress function as an
external force. If additional external forces do not exist, the initial equilibrium force is in equilibrium with the
initial stress, hence the initial state is maintained. Also, use the [Self-Weight Consideration] option to
assume the initial stress to be caused by gravity. If this assumption is applied, the load distribution factor
considering the self weight of the element is applied when the element is removed from the construction
stage.
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Initial Equilibrium Force =5
Initial Equilibrium Force

Mame Initial Equilibrium Force-1

Element Type  |Plane Strain/Plane Stress -

Object

&= Select Object(s) ]

Ref. CSys Global Rectangular

Components
Base Function

XX —DkaW
s 0 Wi
T
Sxy 0 kNfm2

[ self-weight Consideration

Tension (+), Compression (-)

LoadSet  Load Set-1 -

[ ox [ concel J[ ey |

Methodology

[Element Type]

Beam

Plane Strain/Plane Stress
Axisyrnmetric

Salid

The applicable element types are as follows and the input load component is different for each type. The
target shape can be selected by directly selecting the element or geometry shape (edge, face, solid),
depending on the selected element type. For shapes, the selected shape must have been used for element
creation and the input load is applied to all element nodes within the shape.

[Components]
Define the load or stress for each axial direction and use a function to simulate the linear
increment/decrement of the load size with reference to the global coordinate system (GCS). The load
components for different element types are as follows:

o Nxx: Initial axial force acting on 1D element

o Mx, My, Mz : Bending force (moment load) with reference to each element coordinate system

o Sxx, Syy, Szz: Axial stress in each axial direction

o Sxy, Syz, Szx: Shear stress in each plane direction
The load application direction for the initial stress of Plane/Axis symmetric/Solid elements can be set with
reference to the GCS or element coordinate system.

4 . 1 O Overview

Load Set The load conditions can be classified as sets. It is useful to create the load set in advance for easy

classification of data such as mesh sets, boundary sets, etc, during analysis. When entering the actual
loads, the loads can be inputted individually by entering their names. If the load set is already classified, a
particular factor can be assigned to each load set to create a combined load.
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Load Set
Name  Self weight
Bese.
Mo Name Description
2 Force
3 Temperature
4 Prestress

4 _ 1 1 Overview

Combined Load Create a combined load set by combining existing load sets. A factor can be assigned to each load set and
Set the combined load is created with respect to these load factors. It is generally used when creating a load
combination according to the design code.

Create Load Set with Combined Load Sets

Combined Load Set

Name Load Set

Combined Load Set

Load Set Factor | +
Self weight 1.0000
Force 1.0000
Temperature 1.0000
Prestress 1.0000

[ox [ cancel |[ ooty ]

4 _ 1 2 Overview

Create Load from  1he Nodal Force', 'Nodal Moment, 'Nodal Translational Displacement’ and ‘Nodal Rotational Displacement’
Results are created to the loads from the results which analysis has been completed, and these are available in
another analysis case as the load type.

416 | Section 4. Load
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4.13

Contraction

Overview

Chapter 5. Analysis Method

Create Load from Results @
General
Name Displacement-1
Result Type
[Nodal Translational Displacement -
Object
Type [Nude V]
(=1 Selected 53 Object(s) ]
[ Select All Objects
Result Set
Analysis Case [K[LCI‘ 5 ']
Step [Harden invert support:INCR=1 (L0AD=1.000 * |
[ Generate Load |
V1 V2 V3 -
Nod =
09%€ (m) (m) m (5]
447 55462¢-006 | 57651e-006 | 0.0000+000
451 -2.76718-006 | -1.11088-006 | 0.00002+000
458 4.28292-006 | -5.35218-007 | 0.00002+000
483 -2 66248008 | -1.95856-006 | 0.00002+000
464 3.3082e-006 |-2.2490e-006 | 0.0000e+000
465 -2.0845€-006 | -2.7927€-006 | 0.0000e+000
468 -1.1034e-006 | -3.4815€-006 | 0.00002+000
471 2 ABR%e-00R | -3 A726e-006 | 0 O000e+000 T
Load Set Self weight -

beam/shell elements in 2D/3D model.

» Contraction — Shell
» » Contraction - Beam

Methodology

Shield Contraction =3
Name Shell Contraction-1
Object
(= Select Oject(s)
Contraction 0 %
Contraction Inc. 0%
Ref. Depth O m
Load Set Load Set-1 -
(o< J[ concel [ ooy |

Shield Contraction

Name Beam Contraction-1

Object

(= Select Object(s)

Contraction

Load Set

& [

Load Set-1

[E==Rlw=n

Consider shrinkage or simulate a volume loss around a lining of TBM tunnel. It can be applied by selecting

The ‘Contraction’ is for the shrinkage in the circumferential direction of tunnel and the ‘Contraction Inc.’ is
for the shrinkage in the excavation direction of 3D tunnel. The ‘Rep. Depth’ is for the reference depth to
calculate the shrinkage in the excavation direction of 3D tunnel. To specify this contraction, a contraction
value is define as a strain value in percentage.

% Modeling Precautions

1. Contraction can only be applied to circular tunnels (bores tunnels) with an active continuous
homogeneous lining. (If the selected elements are closure, contraction can be applied even though non-
circular tunnels, but it is unable to get the correct results.)
2. In case of shell elements in 3D model, the coordinate system needs to be aligned that the excavation
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direction is the Element CSys-X to calculate the excavation length automatically.

Proparty x—-aws is

N

Ret Depth

4 . 1 4 Overview

Load Table Import Define or modify load sets through excel file like the usage of Load Table.

[ Export ¢ Users can import the amounts of load sets from excel file and export defined load sets (node/element
number, magnitude, and direction) to excel. The sample of table for load sets (LoadTable Sample.xIsx)
can be found in the installation folder. (ex. C:\Program Files\MIDAS\FEA NX\Sample)

¢  Force, Moment, Pressure, Prescribed Displacement and Element Beam Load are available to use this
function.

e Can be useful when users have to manage (input and modify) large numbers of load sets at once.

¢ In case that users select Geometries (Edge, Face) to define load sets, these load sets cannot be
detected when exporting load sets to excel, meaning that users must select element nodes or faces to
define pressure load.

Methodology

There are limitations in this function as follows.

- Force / Moment : GCS (Global Coordinate System) is only applicable to import and export.

- Pressure : Axisymmetric type is not available. In terms of direction, "Normal" and "Direction” are available.
- Only one excel file can communicate with FEA NX at the same time.
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4 . 1 5 Overview

Response Input the response spectrum function (spectrum data) and response spectrum load direction for response

Spectrum spectrum analysis. Response spectrum analysis expresses the natural period, natural angular frequency or
natural frequency at the maximum physical quantity response as a function when a dynamic load is applied
to the structure. The analysis can be expressed as a displacement response spectrum, pseudo rapidity
response spectrum or pseudo acceleration response spectrum. The load and boundary conditions required
for response analysis are similar to that of static analysis, but the load is defined as a function of time and
the internal force and damping force are included for response analysis. The important results obtained
from the transient response analysis are the node displacement, velocity, acceleration, and the force and
stress on the element. Detailed explanations on mode combination methods and damping setting methods
for maximum physical quantity (displacement, stress, member forces etc.) judgment of each mode can be
found in the Analysis Control Settings.

Global Response Spectrum ==
Global Response Spectrum

Direction

Reference Global Rectangular -

Period Modification Factor 1

Spectrum Function

[KS-BridgE '] G

[ Add ] [ eete |

Mo Function Type  Damping Ratil
i KS-Bridge  Mor... 0.05

< m ] »

Spectrum Load et Response Spectrum- - E]

[ OK ” Cancel ][ Apply ]

Methodology

[Direction]

Set the application direction of the response spectrum load with respect to the global coordinate system
(GSC) and input the [Period Modification Factor] that increases all applicable natural periods when applying
the natural frequency from the eigenvalue analysis.

[Spectrum Function]
Set the spectrum data for analysis. Select the =) button to define the spectrum function.

Response Spectrum Function @
Spectrum Name Type Add...
ksBridge  nNomAc. | __Mudwfy‘ .

Section 4. Load | 419



x

User Manual

Z

Chapter 5. Analysis Method

420 | Section 4. Load

Create/Modify Function =l
Function Name Spectrum Data Type
KS-Bridge @ Normalized Accele () Acceleration (@) Velocity () Displacement
[ Design Spectram.. -S:ahrvg Damping Ratio Graph Option
@ Scale Factor 1 0.05 | [C]%-axis Log Scale
©) Max, Value olg [] ¥-axis Log Scale
1 0.28
2 0.1000 02750 5.2
3 0.2000 0.2750 calk
4 0.3000 0.2750 0.2z
5 0.3328 0.2750 o
6 0.4000 0.2431 SR
7 0.5000 0.2095 e 5
8 0.6000 0.1856 F
9 0.7000 0.1674 I
10 0.8000 0.1532 o.08
1 0.9000 0.1416 0.08 s
r|
12 1.0000 0.1320 | o — |
50
Input Unit .
::!11.52)5!!.!!;..57‘“!1!!EE.!'.".‘!ll!iss:

Description Ks-Bridge : Soi = 1,00 Area =0.110 I = 1,000 R = 1,000 Apply

Directly input the period and spectrum value in the left input column on the dialog box. The spectrum
function is expressed as a graph by plotting the spectrum value against the period. The spectrum function
value for the natural period is linearly interpolated and used in response spectrum analysis. Hence, for
regions where the curvature of the spectrum curve changes rapidly, dividing the region into multiple
segments for compact spectrum values is recommended. The period range of the spectrum function must
contain all natural periods of the structure.

The spectrum data types are normalized acceleration (acceleration spectrum, gravitational acceleration),
acceleration, velocity and displacement spectrum. Changing the time function data format only changes the
application format, not the data format. The scale factor is a gradient modulus for the entered data. The
entire data can be scaled to fit the specified maximum value.

In the [Damping Ratio] space, input the damping ratio applied on the response spectrum. But if the
damping ratio of the target structure is different, the input spectrum data is processed to fit the structural
damping ratio.

% Apply Design spectrum

Use the built-in design spectrum. The default built-in design spectrum types are as follows.

Design Spectrum KBC(2009
= == KEC(2005)
Design Spectrum k|
Korea(Bridge)
Design Spectral Response Acceleration IBC2000{ASCET-28)
o UBC{1397)
Seismic Zone UBC 85-94
Zone Factor(S) 0.22 - MBC{1995)
] Eurocode-8(2004)
Site Class 5d M Eurocode-8(1995) Design
Eurocode-8(1996) Elastic
Fa 136 5ds  0.99866661 g China(GB50111.2008)
Fv 196 Sdl 0.23746661 O China{GE50011-2001)
China Shanghai{DGJ08-3-2003
Importance Factor (Ie}) 1,2 - China{IT1004-39)
o China{ITG/T B02-01-2008)
R tiodiicston 4 - China(GBI11-87)
Japan(Arch. 2000)
Max. Period 10 [seq Japan(Bridge2002)
Taiwan{2006)
TaiwanBrg(89) Horizontal
TaiwanBra(33) Vertical
151893(2002)
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» Korea(Bridge) : Korea, Traffic Specification

» Japan(Bridge02) : Japan, Load instruction and Dynamic Analysis of Building

» China(JTJ004-89) : China, Specifications of Earthquake Resistant Design for Highway Engineering
» KBC 2009 : Korea, Korea Building Code-Structural 2009

» KBC 2005 : Korea, Korea Building Code-Structural 2005

» IBC2000(ASCE7-98) : USA, International Building Code 2000

» UBC(1997) : USA, Measure of Uniform Building Code 97

» EURO(2004H-ELASTIC) : Europe, Sesimic Design Measure for Structures

4 . 1 6 Overview

Ground . Load the time load function for time history analysis using the ground acceleration. It is mostly used to

Acceleration check the seismic design of structures or liquefaction due to earthquakes. Time history analysis uses the
dynamic structural properties and the applied load to calculate the structural behavior (displacement,
member forces etc.) at an arbitrary time under dynamic loading. The Mode Superposition Method and
Direct Integration Method are available for time history analysis, and detailed information on the damping
setting for each analysis method can be found in [Analysis Control].

Ground Acceleration (3]
Ground Acceleration

Name Ground Acceleration-1
¥| % Direction
Function Elcent_h - IE'
Scale Factor 1

Arrival Time 0 sec

V| Y Direction
Function Eicent_h - El
Seale Factor 1

Arrival Time 0 sec

Z Direction

MNene {Constant)

Dynamic Load Set  Dynamic Load Set-1 - @

B@ (o) e )

Methodology

[Direction]

Define the input (transmission) direction of ground acceleration. It is set with reference to the global
coordinate system (GCS) and multiple directions (X,Y,Z) can be combined to set a single ground
acceleration load set. The increment coefficient for the ground acceleration can be defined using a scale
factor and the arrival time can be controlled to set the ground acceleration delay time.

[Function]
Select the Hbutton to define the ground acceleration function.
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Time Forcing Function (=3e)
MName Type Data Type Add Time Function
Elcent_h Time Function Morm. Acc. Add Time Sinusoidal
Modify/Show
Close
Add time function
Time History Load Function @
Time Funiction Data Type
Name Elcent_h lNormahzed Acceleration V]
[ Tmport ][ p—— J S-(allng Self Weight Graph Option
@ Scale Factor 1 [ %-axis Log Scale
= 9.80665  mjsect
Time value | % @ Max. Value 0 [T ¥-anis Log Scale
(sec) @ |
T
u.26
2 0.0400 0.0042 i
2 0.0600 0.0032 0.1s
4 0.0800 0.0023 TR | ]
g 0.1000 0.0017
5 0.1200 0.0045 A
7 0.1400 0.0073
g 0.1600 0.0071 e
9| o1so0|  oooar s !
10 0.2000 0.0022 EEN |
11 0.2200 -0.0003 | _ onEe
Base Line Correction (Acceleration)
_ . oz 4 €8 12 1 20 24 28
@) Criginal () Condider Tima
Description 1940, El Centro Site, 270 Deg [ ok ][ canal ][ Aoy |

Construct the time varying load by directly entering the time and the corresponding time varying load value
in the left input column on the dialog box. The time function data types are classified by Acceleration,
Force(load), Moments, Normalized Acceleration (Time history acceleration / Gravitational acceleration) or
Normal(generalized). Changing the data format only changes the application format, not the data format.
The scale factor is a gradient modulus for the entered data. The entire data can be scaled to fit the
specified maximum value.

% Time function load application

The defined function is also applicable for [Dynamic nodal (surface)] and [Time varying static]. Specifying
'force' or 'moments’ uses the time varying load as a [Dynamic Nodal(surface)] input and specifying
'Normalized acceleration' or 'Acceleration’ uses it to input the [Ground Acceleration]. Specifying ‘Normal’
uses the time varying load as the change in static load with time for [Time Varying Static] or [Dynamic
surface].

% Import/Earthquake waves

Save and import frequently used time varying load or select earthquake acceleration data from the
program DB. There are a total of 32 types of earthquake accelerations.
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Generate Earthquake Acceleration Record

Earthquake

1840, El Centro Site, 270 Deg

Amplitude Scale 1 Time Scale

1940, El Centro Site, 270 Deg
eak = 10,3569 g Duration = 53,72 sec

Chapter 5. Analysis Method

1940, El Centro Site, 180 Deg

1940, El Centro Site, Vertical

1952, Taft Lincoln School, 59 Deg

1952, Taft Lincoln School, 339 Deg

1952, Taft Lincoln School, Vertical

1952, Hollywood Storage P.E., 270 Deg

1952, Hollywood Storage P.E., 0 Deg

1952, Hollywood Storage P.E., Vertical

1571, San Fernando, 63 Deg

1971, San Fernando, 159 Deg

1971, San Fernando, Down

1979, James RD. El Centro, 220 Deg

1979, James RD. El Centro, 310 Deg

1579, James RD. El Centro, Up

1979, Bonds Corner El Centro, 220 Deg

1979, Bonds Corner El Centro, 310 Deg

1979, Bonds Corner El Centro, Up

1985, Mexico City, Station 1, 180 Deg

1985, Mexico City, Station 1, 270 Deg

1994, Morthridge, Sylmar County Hosp., 90 Deg
1994, Morthridge, Santa Monica, City Hall Grounds, 0 Deg
1594, Morthridge, Santa Monica, City Hall Grounds, 90 Deg

1994, Morthridge, Arleta and Mordhoff Fire Station, 90 Deg
1989, Loma Prieta, Oakland Outer Wharf, 270 Deg

1989, Loma Prieta, Oakland Outer Wharf, 0 Deg

1971, San Fernando Pocoima Dam, 196 Deg

1571, San Fernando Pocoima Dam, 286 Deg

1966, Parkfield Cholame,Shandon, 40 Deg

1965, Parkfield Cholame,Shandon, 130 Deg

Add Time sinusoidal

A sine function can be used to define the time varying load. A and C are constants, f is the frequency of the
input load, D is the damping factor and P is the phase angle. If the time varying load is entered as a
harmonic function, input the necessary sine function variables and click [Redraw Graph] to view the loading

on the right hand side.
Add/Modify/Show Time Forcing Functions
Function Name: Time Function Data Type
Sinusoidal Function Scaling Self Weight Graph Cption
e || @
F(O = (A + € e ™o singznft + o) cale Factor 1 [ %-axis Log Scale
wo" 980665 m/sec?
) Max. Value 0lg [ ¥-axis Log Scale
where f = Frequency(cps)
D = Damping Factor e ‘
a3
a 0.15 9 i T
c 1 afsec 2.z |
g \‘ %
£ 2 Cydefsec ::: 1 1 I
b . By R AN AR A
oo H f 7
P 1 L=l iLn | Vi >
® ) (A
Graph Drawing i | | 1
Using Calculated Parameter a2z I I! ll Y
a7
Time Increment 0.0133338833 Iy A !l
-0
Drawing Time(sec) 5 0.z
-a.a7
Qo8 0.8 1.2 1.8 2 2.4 2.8 3.2 3.6 5 4.4 4.8 5.2 56 €
E Redraw Graph [ Temm
Description ok J[ cancel |[ appy |

Overview

417
Time Varying

Stati Use the pre-entered static load to create a time load function for time history analysis. The dynamic load is
atic

defined by multiplying the static load by the time load function. The time forcing function used here is
dimensionless and only the ‘Normal’ type time history data can be used. This function is a replacement
function that includes the [Dynamic nodal (surface)] created by the static load-time forcing function
combination.
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Time Varying Static Load

Time Varying Static Load

MHame Time Forcing Function-1
Load Set
Self weight A
Time Forcing Function
Function H24_T11-3 -
Scale Factor 1

Arrival Time 0 sec

Load Set Function  ScaleF... Arrival .

4 [ ] 3

Operations
add || mosfy |[ Deete |

Dynamic Load Set  Dynamic Load Set-1 -

[ ok |[ cancel |[ apoy ]

Methodology

Select the static load to be applied on the load set. The load application position, direction and size are
already determined when entering the static load, and the to-be applied time forcing function is selected.
The gradient modulus of the load can be defined by a scale factor and the arrival time can be set to

simulate the delay time.

Select the button to add (select) a time forcing function. It can only be applied when the time forcing
function data type is ‘Normal’ (dimensionless function)

Time History Load Function
Time Function Data Type
Name H24 T11-3 [ e =
[ === ” Eorthaie ] S-GI\ng Self Weight Graph Option
@ Scale Factor 1 [] %-axis Log Scale
=l BN 280588 msect [] v-axis Log Scale
'{I’slrence) vawe [ © Max. Value 1] g
z s
2| 00200  0.0000 o
3 0.0200 0.0000 5
4 0.0400 0.0000 0.2
5 0.0500 0.0000 =
6 0.0600 0.0000 .
7 0.0700 0.0000 Z-0a
8 0.0800 0.0000 s s
9 0.0900 0.0000 o
10 01000 0.0000 e
11 0.1100 0.0000 -a. i
12 0.1200 0.0000 :: : I
13 0.1300 0.0000 9 1oz %9 en | @ 1o Q20 10 s 1m0 2w oz zan 26
14 01400 0.0000 | -
Description  H24_T1-1-3(2011, TOHOKU-Coast, NS) Apply

Construct the time varying load by directly entering the time and the corresponding load change ratio in the
left input column on the dialog box. The scale factor is a gradient modulus for the entered data. The entire
data can be scaled to fit the specified maximum value.
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4 . 1 8 Overview

Dynamic Nodal Used to create a time load function for time history analysis directly. The static load and force (pressure

(Surface) load) is defined by applying a time forcing function. The applicable time function data type for dynamic
nodal loads are ‘Force’, ‘Moments’ and, for dynamic surface loads, ‘Normal’. In addition, the reference
function can be applied to define a linear/non-linear distributed dynamic load that changes with position.
Generally it is used to define vibration, driving, blast and railway movement loads. The arrival time can be
set to simulate the delay time.

Dynamic Nodal Load =3 Dynamic Surface Load (===
Dr Surface Load
Dynamic Nodal Load [oramesutoeions |
Name Dynamic Surface Load-1
Name  Dynamic Nodal Load-1
Object omect
= Select Object(s) ] =) Select Object(s)
Reference Dh]EEt Reference Cbject
Tie
Global Rectangular =
Ref. CSys  |Global Rectangular = - B
Companents Components
Base Function 7] Uniformiy Distibuted Load
Tx 0 Rx a
PorP1 0 KNjm
Ty 0 Ry o o
Tz 0 Rz 0 o
Time Dependency [
Time Function  [None (Constant) = e Dependency
Arrival Time 0 sec
Arrival | Time 0 sec
Dynamic Load Set | Dynamic Load Set-1 T DynamicLoad Set |Dynamicload Set1 =

Methodology (Dynamic Nodal)

Select the node where the load will be applied and specify the direction. The load size is applied by
multiplying the time function (load size by time) and each load component (scale factor).

[Object]

Edge
Face
Mode
Free Face Mode

The applied load is defined on the node , but the selection target can also be set as a geometry shape
(edge, surface etc.) or using auto-select free face nodes. For a line or surface, the selected shape must
have been used for element creation and the force is applied to all nodes in the specified direction/size. For
free face nodes, select a free face node and all points that make contact with the node-containing element
at an angle smaller than the specified angle (feature angle) will be automatically selected.

»Free face node Free Face/Edge Entity Selection ==

Free Face Node

1=2 Select Object(s)

Seed Node

Feature Angle 15 | [ded]

[Reference Object]

Section 4. Load | 425



User Manual

Chapter 5. Analysis Method

4.19

Load to Mass
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Edge
Face
Vector

The load direction can be set using different methods. The default input reference is the Global
rectangular(cylindrical) coordinate axis. Geometry shapes (Edge and Surface) can be selected as a
reference direction. Selecting 'Line' or 'Surface' displays the coordinate system of the selected shape and
the load is set with reference to that system. 'Vector' is used to specify the load direction using X,Y,Z vector
components.

[Components]

Input the load scale factor according to the set direction. Generally, the load size is pre-defined as a time
variant value in the time function, and if the maximum ratio value is defined as 1, the actual load size is
input in the time function. A positive (+) value applies the load in the set direction and a negative (-) value
applies the load in the opposite direction to the set direction. The load size change, depending on the
coordinate value increase in the global coordinate system (GCS), can be defined using a reference function.
Here, the input value is multiplied by the function value for application.

[Time Dependency (Time function)]
Define the load size change with respect to time.

Select the H button to add (select) a time forcing function. It can only be applied when the time forcing
function data type is 'Acceleration’, 'Velocity', 'Displacement’, ‘Force’ and ‘Moments’.

Methodology (Dynamic Surface)

Dynamic surfaces are input as the distributed load change with respect to time on the element face or edge.
It can be used on 2D or 3D elements and the input direction can be specified as an arbitrary coordinate
axis direction, arbitrary vector direction or normal direction.

[Components]

Input the load scale factor according to the set direction. The uniform or linear/non-linear distributed load
can be defined. A positive (+) value applies the load in the set direction, while a negative (-) value applies
the load in the direction opposite of the set direction. The load size change, depending on the coordinate
value increase in the global coordinate system (GCS), can be defined using a reference function. Here, the
input load component is multiplied by the function value for application.

[Time Dependency (Time function)]
Define the load size change with respect to time.

Select the H button to add (select) a time forcing function. It can only be applied when the time forcing
function data type is ‘Normal’. ‘Normal’ functions are dimensionless and have no units. Hence, if the
pressure load size is directly entered, only the scale factor is input for the load component. If the maximum
ratio value is defined as 1, the actual load size is input.

Overview

Convert the already defined static load into a mass for application in dynamic analysis, such as Response
Spectrum or Time History Analysis.
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Train Dynamic
Load Table

»Train dynamic load table

Chapter 5. Analysis Method

Methodology

[Mass direction(Global CSys.)]

Load to Mass

Mass Direction(Global CSys.)
¥ ¥ z

Static Load Type for Converting

Static Load Set

Scale Factor 1
Force Beam Load Pressure

Gravity Acceleration(g) 9.80665 mjsec?

Load to Mass

[FE—

Mesh set

Load to Mass

-

Specify the directional component for consideration of the converted mass. When conducting analysis that
considers earthquake effects (Response spectrum analysis, Time history analysis using earthquake data),
the lateral behavior is mainly considered and the selected X,Y generally ignores the perpendicular direction
mass component. However, for driving or floor slab vibration analysis, the gravitational direction dictates
the dominant vibration mode and the Z direction is selected. Thus, the mass consideration direction is set

to fit the purpose of the analysis type.

[Static Load Type for Converting]

Select the static load set to convert and select the force, beam load and pressure load information in the
selected static load set for conversion. The scale factor during load-mass conversion can be considered
and the gravitational acceleration value applied in the conversion is specified.

Overview

Create a train dynamic load and apply it to the analysis model.
The train dynamic load can be created in the same was as Dynamic Analysis > Tools > Create Dynamic
Load Data Generator > Train Dynamic Load.
The created load judges the train velocity and spacing between nodes and automatically applies it to the

analysis model as a dynamic nodal.

Train Dynamic Load Table ===
Object No  Length(m) Force(k) -
[E Select Object(s) J 1 0.000 220,000
. 2 1854 220.000
Starthode 3 1854 220.000
4 8789 220.000
End Nodk 7 Select a Nod =
nafloas =Ll 5 1854 220.000 3
N pryprc e syl R 220.000
ame ugunghwa Train, 2 diesel e | o ' 290,000
TranType  [Mugunghwa Train, 2dies = | | ©  185% 0.00
9 1854 220,000 -
Number of 40| |10 8.789 220.000
11 1854 220.000
Train Velocity 0 mjsec 12 1854 220.000
) 13 5094 120.000
Scaling 14 2,300 120.000
® Scale Factor 1 15 13.600 120.000
i 16 2.300 120.000
0 Max. Value U 117 5300 120.000
B 230 120,000
Time 19 13600 120.000
P N 3.0 120,000 52
Start Time 02 sec o ™ o
Direction [x v]l Add ] [ Modify ] [ Delete ] [ Insert ]
Dynamic Load Set  DynamicLoad s E] Length 0 Force 0
o) Lo ) ]
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4.21

Heat Flux
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Methodology

[Object] : Select the edge or node the train dynamic load passes through, and select the start and end
nodes.

[Name]: Define the train type name.

[Train Type] : Select the type of train. 6 basic DB (Mugunghwa Train, 2 diesel cars, Korea), [Saemaeul
Train, 8 cars, Korea), [KTX, 20 cars, Korea), [EL-18 Standard, 6 cars, Korea), [EL-18 Standard, 8 cars,
Korea), [EL-18 Standard, 10 cars, Korea) are provided and the user can directly input the length/force
depending on the number of wheels.

[Number of Wheels] : Stands for the number of wheels on the train. It is the same as the added number on
the table.

[Train Velocity] : Input the velocity of the train.

[Time] : Input the time the train dynamic load is applied.

[Direction] : Input the direction in which the train dynamic load is applied. It is generally applied in the
gravitational direction and thus the user can specify it in the same direction as the gravitational direction of
the 3D model.

[Dynamic Load Set] : Input the name that will be registered on the load set.

Overview

Heat flux is used to model heat input through the surface of an object.
It is the function to input the heat flux load. It can be applied to nodal points / edges / faces.

’ =
Heat Flux &J
Nodal |Edge | Face
Name Heat Flux-1
Object - -
Type [3D Element Face v] Heat Flux I&J
1= Select Object(s) ] e
HedtFue Mame Nodal Heat Flux-1
Uniformly Distributed Load Obiect
at 0 Jf{daym?) = Select Cbiects). 1
Q2 0 | 3iday'm? Heat Flux
Heat Flux 0 Wjm?
Q3 0|2
Area Factor 0 m2
Q4 0 | ){day m?)
Time Function None (Constant) e
@ Global Time © Local Time e e
Thermal Load ~ Thermal Load Set-1 - Thermal Load  Thermal Load Set-i =
(k][ concel ] [Ty ] e
- b

Methodology

It is used as a load vector in heat transfer analysis. The heat flux is entered as the unit time energy per time
x unit area (Watt/Area). A time function can also be applied.

[Name] : Enter the name of the heat flux to be defined.
[Type] : Select the type of target objects to which heat flux will be applied. Only the edges of 2D elements
can be selected.
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4.22

Heat Source

[Heat Flux] : Enter the heat flux value to the selected target objects.

[Uniformly Distributed Load] : Load the heat flux uniformly. If this is not selected, the heat flux will be loaded
in a linear varying form.

[Area Factor] : Enter Area factor when Nodal method is used.

[Base Function] : Set a spatial function or a non-spatial function as a base function to be applied to the heat
flux.

[Q1] : Enter the heat flux value when Uniformly Distributed Load is selected.

[Q2 - Q4] : For a linearly varying distribution, enter the heat flux values sequentially.

[Time Function] : Select the function to be applied to time.

[Global Time] : The time applied to the time function is based on the total analysis time.

[Local Time] : The time applied to the time function is based on the subcase time.

[Thermal Load] : Register the specified heat flux to a desired load set. The user may assign any name to
the load

Overview
An exothermic load is a modeling of the heat generated in a solid body, and is defined as the energy per

unit time of a unit volume. The larger the volume of the structure, the greater the total calorific value, and it
plays a similar role to the self weight in structural analysis. A time function can also be applied.

-
Heat Source [
_ﬁs_a_t“Sﬂurce i
Mame Heat Source-1
Object
Type  [Eement -
= Select Objectis) ]

Heat Generation

I ™ | )
Time Function None (Constant) = | El

i@ Global Time () Local Time
Thermal Load Thermal Load Set-1 - @J
@@ 0K I | Cancel J [ Apply

Methodology

An exothermic load is a modeling of the heat generated in a solid body, and is defined as the energy per
unit time of a unit volume. The larger the volume of the structure, the greater the total calorific value, and it
plays a similar role to the self weight in structural analysis. A time function can also be applied.

[Name Enter] the name of the condition of heat generation (source).

[Type Select] the type of target objects to which the transient heat generation conditions will be
applied. Element, 1D Element, 2D Element, 3D Element, Edge, Face and Part can be selected.
[Heat Generation] Enter the magnitude of heat generation per unit volume.

[Base Function] Set a spatial function or a non-spatial function as a base function to be applied
to the magnitude of heat generation.

[Time Function] : Select the function to be applied to time.

[Global Time] : The time applied to the time function is based on the total analysis time.

[Local Time] : The time applied to the time function is based on the subcase time.

[Thermal Load] : Register the specified heat generation conditions to a desired thermal load set.
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4 _ 2 3 Overview

Prescribed The prescribed temperature (fixed) serves as the boundary condition of the heat transfer analysis, makes
Temperature it always maintained during analysis. It has a similar role to the constraint in structural analysis. A time
function can also be added.

Prescribed Temperature & |
Temperature
Name Prescribed Temperature-1
Object
Type [Node v]
=2 Select Object(s) ]
Temperature
Base Functon
Temperature o |[7]
Time Dependent
@ Global Time (7 Local Time
Thermal Load Thermal Load Set-1 -
ok ][ cancel ][ spoly ]

Methodology

Name] :Enter the name of the prescribed temperature condition.

[Type] : The applied temperature is defined on the node, but the selection target can also be set as a
geometry shape (edge, surface etc.) or using auto-select free face nodes.

[Temperature] : Enter the temperature value for the selected target objects.

[Base Function] Set a spatial function or a non-spatial function as a base function to be applied

to the magnitude of temperature.

[Time Function] : Select the function to be applied to time.

[Global Time] : The time applied to the time function is based on the total analysis time.

[Local Time] : The time applied to the time function is based on the subcase time.

[Thermal Load] : Register the specified fixed temperature conditions to a desired thermal load set.

4 . 2 4 Overview

Convection The prescribed temperature (fixed) serves as the boundary condition of the heat transfer analysis, makes
it always maintained during analysis. It has a similar role to the constraint in structural analysis. A time
function can also be added.
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s ~
Convection @
Nodal | Edge | Face

Name Convection-1

Object

Type [;{) Element Face ']

= Select Object(s) ]

Ambient Temperature

() By Value o[

Base Function o g Ambient Temp. Function =

= " Graph Opti
Time Function None {Constant} LB Name  Ambient Temperatire Function _a xaxsTﬂn Scale [ v-axis Log Scale
(@) Global Time Local Time Function

m F{t) =T*sin(2"P1/24*(t+H0)}+T0 w7 A

@ Ambient Temp. Function e
where T = Max, Temperature i \ [ I / \ I

Convection | |

to = Delay Time
Coefficient 0 Wi{m2-[T])
To = Mean Temperature
jase Function i m o o
Time Function Mone (Constant) ~ i o3 — : \ I /
@ Global Time 7 Local Time o 1 ul = I
Thermal Load Thermal Load Set-1 -
ok | [(cancel | (Cresly ]
h
Methodology

The phenomenon of heat transfer in a liquid or gas as the hot and cold parts move together is called
convection. Convection conditions can be entered in the desired part of the model (nodes, lines, faces).
Convection generated by buoyancy due to density change caused by temperature difference in fluid is
called free convection.

Convection heat transfer rate is generally proportional to temperature difference. Enter the atmospheric
temperature at which the structure is placed at ambient temperature, and the convection coefficient is the
atmospheric convection coefficient. A time function can also be applied.

[Name] : Enter the name of the convection condition.

[Type] : Select the type of target objects to which convective heat transfer conditions will be applied. Face,
2D Element, 3D Element Face and 3D Element Free Face can be selected.

[Ambient Temperature] : Enter the ambient temperature value for the selected target objects.

[By Value] : Enter the ambient temperature directly.

[Ambient Temp. Function] : In the ambient temperature function, you can define the outside temperature
using Sine function, where:

T: Maximum outside temperature,
to: Delay time, and
To: Minimum outside temperature.

[Convection Coefficient]: Enter the convection coefficient.

[Base Function] Set a spatial function or a non-spatial function as a base function to be applied
to the magnitude of convection or temperature..

[Time Function] : Select the function to be applied to time.

[Global Time] : The time applied to the time function is based on the total analysis time.

[Local Time] : The time applied to the time function is based on the subcase time.

[Thermal Load] : Register the specified convection conditions to a desired thermal load set.
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Section 5

5.1

Tunnel Modeling

»Tunnel Modeling Wizard

Wizard and Tools

The 'Wizard and Tools' option is a tool that streamlines the modeling and design for analysis.

The Wizard consists of the [Tunnel Modeling] function, which creates tunnel shapes and construction
stages, and the [Anchor Modeling] function, which creates anchor shapes easily.

The Tools consists of [Seismic Data Generator] for Response Spectrum Analysis, [Dynamic Load Data
Generator] to compute the blast and train vibration load, and [Free Field Analysis].

Overview

The Wizard creates a simple 3D tunnel model easily. It can be used to model a 3D tunnel model that
considers the undisturbed stratum and ground surface.

The Wizard is made up of 4 tabs: 1)General, 2)Shotcrete & Rock Bolts, 3)Excavation and 4)Mesh. The data
in all 4 tabs need to be properly input to create the tunnel model. Because everything up to the material
selection can be conducted at once, the Tunnel Wizard menu can be used immediately without any
separate processes after running FEA NX. The data can be set as the default wizard data, or a separate
Tunnel Wizard save file can be created. This allows for fast modeling when analyzing similar tunnels; only
certain variables need to be modified for the existing tunnel model.

The Tunnel Model Wizard cannot be used if the modeling is not done. If a model exists, the Tunnel Model
Wizard cannot be executed.

Tunnel Wizard [l

General | Shotcrete &Rock Bolts | Excavation | Mesh

Type @ Ful Half(Right) Dimensions

Property | 'l |EEI‘

R1 55 m At &0 [ded]
R2 5 m a2 55 [dea]

Indude Invert

Mumber of Tunnels @1 2 Radius Angle Unit: m, [deg]

@ Input Guide Drawing

R3 |15 A3 (20 C
R4 A% c
Asymmetric Section
Al 0] [deg]
RZ 6 m AZ 55 [deg]

Excavation Method
@ Full Face Cut Method Full Face Cut
Others Define Other Methods

open... || Save as... |[ save Defauitbata |[ openDefaultpata | [ ok | [ cancel
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General
Methodology

Input the number of tunnels and tunnel shapes, and set the excavation method.

First, decide whether to model the full tunnel face or the half(right) of the full tunnel face. Be aware that the
specified construction stages and result data etc. cannot be used if the model, created using the Tunnel
Modeling Wizard, is modified later.

[Shape]

Determine the tunnel shape. Circular, 3 Center circle, 5 Center circle shapes are supported. The
dimensions specify the tunnel changes, depending on the specified tunnel shape. Set the input guide to
display the relationship between the tunnel shape and input values on the Tunnel Wizard dialog box. The
guide can be used as a reference when entering the variables. The input values for the tunnel shape are
the same as for Geometry > Point&Curve > Tunnel (Wire).

»Circular
»»3 Center circle i

[Property]

Input the ground material around the tunnel. If the tunnel model is created using the Tunnel Wizard, a basic
rectangular ground shape can be created around the tunnel and the upper stratum and index shape can be
added to the model optionally. A basic model is the rectangular ground shape on the periphery of the tunnel.
The basic shape can be composed of a homogeneous material. The material and properties are the same
as the specified Material property in Property/Coordinate and System/Function.

[Excavation Method)]
Determine the excavation method for the tunnel section. FEA NX supports the section shapes for [Full Face
Cut], [Bench cut 1], [Bench cut 2], [Ring cut 1], [Ring cut 2] and [3D cut]

»Full face cut

»»Bench cut 1 D }. Q Lﬂ
>Ring cut 1

h2 a
»»>CD cut I (X, ¥l
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Shotcrete & Rock Bolts

Methodology

»Shotcrete & Rock bolts

7] Shoterete

Shoterete Property | 10: Shoterete =] [1B]  [¥]soft shoterete Property [10: Shoterete -] (1)

[¥]Rock Bolts
P Data
property [15:Rogbot <] (1]
N

© Input Guide Draning | Update

= | Sevepsfaitoaa | openperaitoam ] [_ox_) [ el

The Shotcrete & Rock Bolts tab determines the generation of shotcrete and rock bolts, type and material,
arrangement, shape, etc.

The generation of shotcrete, soft shotcrete and rock bolts can be set using the checkbox. Shotcrete and
soft shotcrete are specified as plate elements and rock bolts are specified as embedded truss elements.
The material and properties are the same as the specified Material Property in Property/Coordinate
System/Function. The properties of shotcrete & rock bolts must be specified as a structural property.

[Add Shotcrete to the Intermediate Wall]
If the 3D cut tunnel excavation method is activated, the installation of shotcrete on the intermediate wall can
be decided.

[Rock Bolts]
Input the number, division length and spacing between rock bolts (Tangential pitch).
o Staggered Disposition

This option determines whether to place the rock bolts in an intersecting array for each
construction stage. Setting +1 creates the set number of rock bolts in the first construction stage,
an extra rock bolt is added in the second stage, and the number returns back to the set number in
the third stage. Setting -1 creates the set number of rock bolts in the first construction stage, a
rock bolt is removed in the second stage, and the number returns back to the set number in the
third stage.

The [Add Rock Bolt to the Intermediate Wall] option is activated when the tunnel excavation method is set

as 3D cut, and determines whether to install a rock bolt on the center wall.

»Rock bolt

offzet
»»Add rock bolt to center
wall pitch |

v

[Input Guide] or [Drawing] can be used to check the drawn section shape in real time.
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Excavation
Methodology
: Tunnel Wizard [
>Excavation
| General | shotcrete &RackBolts| Excavation | Mesh
Excavation Type Advancing Length Rock Balt Location
@) One Dir. (&) Both Dir. Advances | 30@2 @ Auto(at Mid, Adv.) () User
1st Excavation Tunnel Total Length of Tunnel &0 Pitches 1, 29@2
Left @ Right Adv. | pist [DV| LD] ~ Pit | Dist | Ang. |~
Define Stages after 1st Excavation il 2.0 L = L 1J LO|| vt |=
S ——— = = 2| 20 30 s00|"
o A 2] 20 401 |
) ol B 3] 20| s50[ s00 —
Sholcrete Set_ | 1 3] 20| 601 [..) 2 T [ o o
Rock Bolt Set |1 4] 20 80| 1 [.]
| 5] 20] 100] 1) 5] 20| 90| 900
= 5| 20| 120] 1| 6] 20| 11.0| 900
7| 20| 140] 1 [..] | 20| RO e
i 8| 20| 180] 1 5 {0 0]
h 9| 20| 180] 1) . 2o )| o i
an 2n 1an ann
1 = 4| m | 3 4| m | »
—
(LTI T ITTIITITIIIT]]
[ open.. [ Save as... ][ save DefaultData |[ openbefaultata | [ ok | [ cenel |

Determine the tunnel excavation for each construction stage.

Select the excavation type, whether to excavate in one direction or in both directions. For both directions,
the program creates the construction stages until the tunnel is perforated. After this point, the user needs to
create the construction stages directly.

When modeling 2 tunnels, specify the tunnel to be excavated first.

[1% Excavation Tunnel]

Input the stage spacing for shotcrete and rock bolts after excavation. For example, if 1 is inputted, the
shotcrete or rock bolts are created in the subsequent stage after excavation. When creating soft shotcrete,
the soft shotcrete is created in the specified stage and then stiffens in the next stage.

[2" Excavation Tunnel]

Input the excavation stage for the second tunnel in the case of two tunnel construction. For example, if 2 is
inputted, one tunnel is excavated and the next tunnel is excavated 2 stages later. The shotcrete and rock
bolt creation point is determined by the specified value in Define Stages after the 1st Excavation.

[Advancing Length]

Specify the excavation length for each construction stage. Entering advancing length automatically
calculates and displays the total tunnel length. The excavation length for each construction stage is input
using commas or spaces. Repeating lengths can be input using number@length. For example, if the
excavation is done for lengths of 2,2,2,2,3,4, input 2,2,2,2,3,4’ or 4@2,3,4.

Divisions are the number of created elements in the excavation direction for each excavation stage. If
loading is needed, click the (... ] button to input the load distribution factor for each stage.

[Rock Bolt Location]
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»Mesh

Input the rock bolt creation location for each construction stage. Rock bolts can be automatically created at
the center of the excavation length of each stage and the user can directly input the pitch and angle to
adjust the creation location.

[Pitches] expresses the rock bolt creation location using the start portion of the tunnel and the rock bolt
creation location of the previous stage.

[Angle] is the angle between the tunnel length direction and the rock bolt.

Tunnel Wizard @
General | Shotcrete & Rock Bolts | Excavation | Mesh
d Tunnel Location
@ Input Guide Drawing Update
Depth 70 m
Lower Boundary 3 xD
Lsteral Boundary 4 xD
cTC 2.5 xD
Ground Modeling
@ Actual Base Elev. 0 m
Load 9.30665 Kijmz
Mesh Size
Tunnel(Interval) 2 m
Boundary Mesh Auto @ User
Lower Boundary Surface 3 % Tunnel Mesh
Others 4 % Tunnel Mesh

Intermediate | 1.5 % Tunnel Mesh

Open... H Save as... || Save Default Data H Open Default Data | [ OK ] | Cancel

Input the mesh shape, strata and ground surface shape.

For the tunnel location, the model depth, the distance from tunnel floor to the lower boundary of the model,
the distance from the tunnel to the left/right boundaries of the model, and the distance between tunnels for
2 tunnel construction can be input.

Each boundary distance is input as a multiple of the tunnel floor width.

[Ground Modeling]

Model the upper stratum. The upper stratum can be modeled using the [Actual] or [Load] methods.

The [Actual] method creates real meshes to conduct modeling. The [Load] method does not model the
ground surface shape directly, but processes it as a pressure load.

The reference height is the [Base Elevation] on which the input values from the created stratum or terrain
will be added.

[Strata]
The stratum exists above the upper part of the tunnel, and multiple strata can be created using the [New]
button. The material and properties are the same as the specified material property in Property/Coordinate
System/Function.
o X
Input the stratum shape following the model width direction. Input the width coordinates in the x
direction. The origin is located at the bottom left corner of the tunnel as viewed from the front.
o Value
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Input the height value at each x coordinate position. Input the x coordinate and value to draw the
input shape on the right.

o Z

Input the stratum shape following the tunnel direction. Input the tunnel length direction coordinates
in the z direction. The origin is located at the bottom left corner of the tunnel as viewed from the

front.
o Offset

Input the height value at each z coordinate position. The height value is the change in height
respective to the previous value.

[Terrain]

Define Strata

|—stram 1

30.0000

vl [ Insert | [ Delete |

78.0000

60.0000

VBT - :
[ oo 3

84.0000 |=

79.0000

110.000

80.0000

2
3
4| 90.0000
5
6

< .

.

0.0000
20.0000

o o]

F

-2.0000

40.0000

3.0000 |=

61.0000

n & | ra

0.0000

Material

| 12: 5ol

Close

Model the terrain. The terrain is generated using virtual grids identical to the grid face. The height is input at
the grid intersections. The terrain height on a text file can be imported or the height can be input directly.
The material and properties are the same as the specified material property in Property/Coordinate

System/Function.

[Mesh Size]

Define Terrain(Grid Face - Elevation Data)

91 94 97.5 100 101 103 108 1115 | 116,
91 94 97 100 101 103 1065 13 118
91 g4 97 100 101 103 108 113 118
82 94 7. 100 101 103 108 116 118.
93 95 97. 100 101 103 108 116 121
93.5 96 99 100 101 1037 | 108.8 116 122.
94 a7 99 100 101 108 1105 | 1174 | 122
94 97 99 100 101 108 112 74 | 122

T

open... ||

Save as...

Close
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5.2

Anchor Modeling

»Anchor modeling Wizard

Input the size of the mesh created in the tunnel. For the tunnel (Interval), the user can input the mesh size
directly. The mesh boundary is input as a multiple of the created mesh size. Using the automatic setting
sets the boundary element size automatically.

Open
Open a saved Tunnel Wizard file (*.wzd).

Save as
Save the entered values in current Tunnel Wizard as a Tunnel Wizard file (*.wzd).

Save Default Data
Set the current input values as the default values of the Tunnel Wizard.

Open Default Data
Delete all current input values and reset to the default values of the Tunnel Wizard.
Overview

The Anchor Modeling Wizard creates a simple anchor model.

Anchor Wizard @

ERNE

Anchor Modeling

Start Location 0,0

Direction Angle, Length e

Angle 0

Ungrouted Length om
Grouted Length am
Prestress
Load Set Load Set-1 -
Axial Force(Mxx) 0 kn
Pretension Type
Property
[

Mesh Set Default Mesh Set -

(o [ concel [ osv |

Methodology

Directly input the start position(Anchor head node position) or click from the work screen.
The anchor installation direction can be specified using [Angle,Length], [Relative dx, dy] or [Absolute x, y].

[Angle,Length] : Input the length and angle from the point entered in the previous stage. The angle is the
rotation angle in the counterclockwise direction relative to the x axis of the work-plane.

[Relative (dx, dy)] : Input the relative distance from the point entered in the previous stage as 2D
coordinates on the work-plane.

[Absolute (x,y)] : Input the absolute 2D coordinate value in the work-plane.
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The anchor length can be classified as an ungrouted length or a grouted length. The ungrouted length
always creates 1 element using the seed method and setting the ‘number of divisions’ as 1. The grouted
length creates elements with a unit length using the seed method and setting the ‘length spacing’ as 1.

Prestress is the initial prestressing force of the anchor. A (+) value represents tension and A (-) value
represents compression.

Checking the [Pretension Type] option does not create axial force loss in the a load activated construction
stage. The created prestress can be registered by specifying the load set name.

Mesh set

Register the created anchor on the mesh set. The user can specify the name of the mesh set.

5 3 Overview

Soil Test In engineering practice, soil parameters are obtained from one or more laboratory tests. In order to perform

the best calculation, these soil parameters have to be translated into input parameters for the constitutive
model used, taking into account the possibilities and limitations of the constitutive model. Most parameters
for the constitutive models can be determined directly from standard laboratory tests such as triaxial test
and oedometer test. However, due to the complexity of the models, it is recommended to not simply accept
the parameters determined from those tests, but to actually model the tests and see if the parameters
found actually give a proper representation of the real laboratory test results within the limits of the
constitutive models. For this purpose, the Soil Test wizard is available with which in a simple manner
laboratory tests can be simulated without the need for making a finite element model.

Methodology

» Soil Test Wizard Soil Test Simulation (23

Soil Test

Soil Test

O Name Result Define Stage Soil Test-3
[[] Soil Test-100 0 —

Initial Stress -100 kMfm2

Tension(+), Compression(-)

Boundary Condition EZZ
Define Stage
Stage Mame Stage-2
Mo Mame Add
’ Analysis ]
’ Show Graph ] ’ Add ” Modify ][ Delete ]
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[Soil Test Set Name]
Define the set name of soil test to simulate.

[Method]
Select the test that will be simulated. The test options available are Tri-axial, Oedometer, CRS, DSS and
General.
o Tri-axial Test
In a triaxial test, stress is applied to a sample of the material being tested in a way which results in
stresses along one axis being different from the stresses in perpendicular directions. This is
typically achieved by placing the sample between two parallel platens which apply stress in one
direction, and applying fluid pressure to the specimen to apply stress in the perpendicular directions.
With the triaxial test, it is possible to test soil properties while controlling the stresses applied in the
vertical and horizontal directions relative to the specimen.
o Oedometer Test
Oedometer test is designed to simulate the one-dimensional deformation and drainage conditions
that soils experience in the field. To simulate these conditions, rigid confining rings are used to
prevent lateral displacement of the soil sample. Porous stones are placed on the top and bottom of
the sample to allow drainage in the vertical direction.
With the oedometer test, it is possible to define a one-dimensional compression test for soil models.
o CRS (Constant Rate of Strain) Test
In a Constant Rate of Strain test (CRS test), it is possible to gradually apply a load to a soil model
by increasing the displacement of a pressure cylinder at a constant rate.
In a CRS test, it is possible to gradually apply a load to a soil model by increasing the displacement
of a pressure cylinder at a constant rate.
o DSS (Direct Simple Shear) Test
The DSS test can be used to determine the shear strength of a soil model.
o General Test
The general soil test can be used as a customisable soil test mode. The user can define arbitrary
stress and strain conditions.

[Material]
Define the soil material properties.

[Initial Stress]
Define the initial stress. In case of ‘General’ type, it is possible to define the stresses of each direction.

[Boundary Condition]

The boundary condition is decided by the test method. In case of ‘General’ type, it is possible to restrain the
stress / strain conditions of each direction. This is an initial condition which cannot be changed to the
construction stages (applies to all stages).

[Stage Name]
Define the different stages of the test.

[Advanced Setting]
Define the details for analysis.

[Analysis]
Start the calculation for the selected soil tests.

[Show Graph]

440 | Section 5. Wizard and Tools



Z

User Manual
The results of the test are displayed in the predefined diagrams in the graph window.
Stage
Methodology
» Stage Advanced Setting
Stage | Analysis |Output
Stage Name Inc. Time(day) EZZ i
1| Stage-1 100 o 0
[ QK J[ Cancel ]
Each stage is defined by a number of steps (Inc.), a duration (in units of time) and a applied stress or strain
increments. The given stress or strain increment will be reached at the end of the given duration in the
given number of steps. A negative stress or strain increment means additional compression, whereas a
positive stress or strain increment means unloading or tension.
Analysis
Methodology
» Analysis Advanced Setting
Stage | Analysis | Qutput
Convergence Criteria / Error Tolerance
[¥]stress 0.001
[¥] Strain 0,001

Chapter 5. Analysis Method

Define the convergence criteria of analysis.
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Output
Methodology
» Output Advanced Setting (23]
Stage | Analysis | Output
Graph Mame oraph-1]
X-Axis Data
Type of Result [Stresses v]
Component [5.)0( - ]
‘f-Axis Data
Type of Result [Stresses v]
Component ’S—JOC - ]
MName Component Add
Modify
Delete
o) o)

Define the graph setting. You can select the configuration of diagrams to display.

5 4 Overview

Seismic Data Construct the earthquake acceleration, earthquake response spectrum and design response spectrum
Generator using the earthquake wave database built into FEA NX.

>Seismic data generator s o [E=R o

Earthquake Record

Methodology

[File]
Save the data created on the SGS in various forms, output or import existing data.

[Generate]
Construct the earthquake acceleration, earthquake response spectrum and design response spectrum
using the earthquake database built into the SGS.

[Earthquake Record]
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Display the earthquake wave data on the graph.
Select the earthquake wave, input the amplitude and time scale and click the [OK] button.
The created data is the normalized acceleration. The data time spacing is 0.02 seconds for North American
earthquake waves and 0.01 seconds for Japanese earthquake waves. Other earthquake wave data on a ™.
dbs (SGS dbase)' file can be used by clicking the [Import] button.

»Example Generate Earthquake Acceleration Record (w3 B erthauake Record [-o-5-] )

S Import | Earthquake Record

1940, E Centro Site, 270 Deg -
Amplitude Scale 1 Time Scale I 1

1940, B Certro Stte, 270 Deg
Peak =0.3569a Duration = 53.72 sec

covs|

Earthquake Response Spectra

Display the earthquake response spectrum as a graph, using the earthquake wave data in the database or
from the user defined earthquake wave data.

1. Select the earthquake wave and input the amplitude and time scale. Import other earthquake wave data
on a ™. dbs (SGS database)'file by clicking the [Import] button.

2. Input the damping ratio. To output multiple damping ratio graphs simultaneously, click the [Add] button.

3. Input the period range and spacing of graph output on the output period.

4. Select the spectrum type.

5. Check the [X-axis log scale] to set the x axis of the spectrum in log scale.

Earthquake Response Spectra Generation Di... [wEam|

Earthquake Import

1340, B Centro Site, 270 Deg -l

Amplitude Scale 1 Time Scale 1

1540, E Centro Ste, 270 Deg b+ B (oo
Peak = 0.3569 g Duration = 53.72 sec Earthquake Resp:

ctrum

onse Spe
1940, EI Centro Site, 270 Deg

r— Damping Ratio

I 0 0.05
I 0.01 01
I 0.02 02

Output Period

From To Step

[ooi[ o] =0

Add r
x-ads log scale k A
\—-J\,\___‘
Spectrum type: IF‘seudoAccelemnon hd 0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10
oreat_|

Design Response Spectra

Create a Design Response Spectra and display as a graph.
Input the data necessary for spectra creation on the dialog box, input the spectrum period range and click
the [OK] button to display the graph.
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»Example ) (=
rSoil Profile Type
& S1(1.0) 52(1.2)
 S3(15 i S420)
[BH Korea(Arch 2000) Design Spectrum o o)==l

Earthquake Area Korea{Arch.2000) Design Spectrum
Soil=1.0 Area=0.11 OIF =1.00 RMC = 1.00
’7 @ Aeal(011]) © Area2(007)

Importance Factor (1) |1 .0 VI

Response Modification Coef (R}: |1.0 -

—Qutput Period

‘ From | To ‘ Step — |
| 0| 6 | 100

coes

0 05 1 15 2 25 3 35 4 45 5 65 6 65 T

Option

Set various options for the graph. The graph x axis and y axis can be displayed in log scale. The scale
marks can be displayed. The thickness of the graph line can be modified and the graph title can also be
modified.

View

Change the show/hide status of the tool bar or status bar. Also, the Zoom function for the graph and the
Time Domain and Frequency Domain of the graph can be modified.

Zoom Out All
Return from the zoomed state to the original state.
To magnify a section of the graph, drag and select the desired section using the left mouse button. The

right mouse button can be used to return the view state to the original state.

[Time<->Frequency]
Convert the graph x axis from the time domain to the frequency domain and vice versa.

5 5 Overview

Dynamic Load Create a blast load function from the suggested blast load formula, and create a railway load function from
Data Generator the railway load database.

;Dyr]amlc |0ad data [ National Highway Institute(Us), 1991 = e |

generator

National Highway Institute(US), 1991

]

0

0 6e5  0.00015 00003 0.0004 00005 0.0006 0.0007 0.0008 0.0009 0.001

Methodology
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File
Save the data created using the DGS in various forms, or import existing data.

[Unit System]

Specify the force and length units of the dynamic load data. The unit system must be specified before
creating the dynamic load data.

Blasting Dynamic Load

Select a suggested blasting load equation type, suggested by various institutions.
The institution, suggested equation and corresponding units are as follows:

Suggested by Suggested equation Used units
National Highway Institute(US), 418X 1077 X Sx V2 Pp : kbar
1991 Py = TR V: ft/sec

' S: glcm3

. . PD : kbar
InterrllatlonaIISomety of P, = 25 X S X V2 x 10-6 V - misec

Explosive Engineers, 2000 )

S:glcm3

PD : kbar

Johannson & Persson,. 1973 P; = 2.1 X (0.36 + S) x V? V : km/sec
S:glcm3

PD : g/cm2

_ 2 _
Jones & Hino, 1974 Py = 0.000424 x V= x 3 X (1-0.543 xS+ 0.193 V - em/sec
xS
S:glcm3
075 PD : kbar
. . X C\

Liu & Tidman, 1995 Py = 1.62 x (S x V?) x (_) V : km/sec
URY S: glem3

PD : kbar

Atlas powder company, 1987 P, =2325%x 1077 x Sx V? V : ftlsec
S:glcm3

2
When calculating the blast pressure, use the By = (:—;) X Py equation to consider the effects of decoupling.
Depending on whether you are considering the effects of the blast periphery length, use P’ = Py x W x
2m X % or P’ = P; X W to calculate the value.

The final computed blast function can be calculated using the equation suggested by Starfield and Pugliese
(1968) that considers the Window Function:

P(t)=4xP’x{exp( Xt)—exp(—\/fXth}

V2
Parameter

[Blasting Velocity(V)] : Input the blasting velocity. The fixed unit can change depending on the suggested
equation.
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[Explosive Density(S)] : Input the density of explosives. The units are fixed as [g/cm3].

[Charge Diameter(dc)] : Input the explosive diameter. The units are fixed as [mm].

[Borehole Diameter(dh)] : Input the diameter of the borehole. The units are fixed as [mm].

[Maximum Charge Amount (W)] : Input the maximum charge per delay. The units are fixed as [kg].

[Load Factor(B)] : Input the load coefficient.

[Sound Velocity in Rock(C)] : Input the ground sound velocity. It is only considered in the ‘Liu & Tidman,
1995’ equation and the units are fixed as [km/sec].

[Rock Density(D)] : Input the ground density. It is only considered in the ‘Liu & Tidman, 1995 equation and
the units are fixed as [g/cm3].

Time

[End time] : Input the final time for blast load creation. The units are fixed as [sec].
[Time Increment] : Input the time increment for blast load creation. The units are fixed as [sec].

Graph option

[X-axis log scale] : Output the X axis in log scale.
[Y-axis log scale] : Output the Y axis in log scale.

Equivalent Transform Blasting Load
Consider the equivalent blasting load. (When considering, refer to the content above)
Blasting Hole Perimeter(L)

Input the blast periphery length. The units are fixed as [mm].

Blasting Dynamic Load @
>Example
Blasting Load Equation Type  [national Highway Institute(Us), 1991 Ed|
Parameter Time [5H] Mational Highway Institute(Us), 1991 (o &=
Blasting Velocity(V) 9842  ft/sec End Time 0.001 ﬂSe: National Highway Institute(US), 1991
Explosive Density(S) 1.2 g/cm3 Time Increment 0.000001 ﬂse:
35000

Charge Diameter(dc) 30 mm Graph option £ 20000
Borehole Diameter(dh) 50 mm I~ X-ais log scale | 200 /
Max. Charge Amount(w) Z kg I~ Y-axs log scale 2 |

§ 15000
Load Factor(B) 16338 ) [
Sound Velocity In Rock(C) 0 km/s o Er 0 Wi L e e H 5000 Sl

— Blasting Hole ’m mm = 0 T
Rock Density(D) 0 gfam3 Perimeter(L) 0 5e5 000015 00003 0.0004 00005 0.0006 0.0007 0.0008 0.0009 0.001
Period Tn (sec)

Train Dynamic Load

[Name]: Define name.

[Train Type] : User can directly input the distance/force depending on the number of wheels.

[Number of Wheels] : Stands for the number of wheels on the train. It is the same as the added number on
the table.

[Train Velocity] : Input the velocity of the train. The units are fixed as [km/hr].

[Element Size] : Input the size of the element which the train passes through. The units are fixed as [m].
The input element size and train velocity can be used to compute the arrival time when constructing the
influence line function. For railway moving load, the load is applied gradually to the node as the train arrives
and decreases as the load is removed, hence creating a triangle shaped load function form.
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ex] Train velocity
Element size

nb. Time Load Factor 06

Unit Force
°
=

t1 0.02 1
0
[ 0.03 0.06

Time(sec)

+—— Traindirection

[iww ]
i".j't f:f‘il
L
Force

[Table] : Input the dynamic load of the train. Typical domestic train loads are provided in the database and
the load can also be input by the user defined load (Number of wheels/Length/Force).
o Number : Input the wheel number. The number starts from 1 and the wheel spacing and force
are input sequentially.
o Length : Input the wheelbase. For the first starting wheel, the length is input as 0.
o Force : Input the axial load acting on the wheels. The axial load can be divided into 2 and used
as a working load.
[Scaling] : Input the gradient modulus of the railway dynamic load.
o Scale factor : Input the gradient modulus.
e Maximum value : Modify the railway dynamic load data such that the maximum load value
becomes the specified desired value.
[Start time] : Input the start time of the railway load. The default value is 0 sec.
[Import] : Import a railway dynamic load in MS-EXCEL format. It is only activated when the train type is set
to User Defined.

»Train dynamic load No Length(m) Force(KN)
1 0 220
example
2 1.854 220
3 1.854 220
4 8.789 220
5 1.854 220
fo#] User Defined = r=n

»Example T Dy (o33 =
Name [user Defined o. Length(m) [ Force(kn) [ ~ User Defined
2.100 180.000

Train Type User Defined - 10.300 180.000

=

2.100 180.000 |=
Number of Wheels 39

Train Velocity 120 kmjhr
Element Size T'm

3.500 180.000
2.100 180.000
10.300 180.000
3.100 180.000
3.500 180.000
2.100 180.000

B ® N

3

Train Dynamio Load(kN)

10 10.300 180.000

Scaling 11 2.100 180.000 40

@sakrar [ 1| o im0 D1

. vae g i B30 e =1

Time g b = 0 Diu‘ 05 1 15 2 25 3 35 4 45 5 55 6 65 7

Start Time | o Add Modify | Delete | Insert TR

cnce
5 6 Overview
Free F'?Id 1D Ground Response Analysis, also called Site Response Analysis, is a program used to analyze the in-
Analysis situ response of the ground for earthquake inputs before excavation or construction.
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»1D Ground response

T - [12_Ha final 6

Chapter 5. Analysis Method

analysis
ey T e ey
v [T Yasspensi [T [ Eg. rer Export xcel.
- =l Ground Motion Gragh
ks 0.1082
00829
£ oo r/\ AN
> F \/ —
00415 Rt
00829
° 10:)2[l37{] 3 DliED ﬁl]!Mﬂ EQIGEM] " B‘Bﬁﬂ 14.9420
= W Time(sec)
Methodology
First set the project and then input the strata information and material properties, dynamic material property
function and ground acceleration function onto the model. Later, create an analysis case and conduct the
analysis for result analysis.
File
»Project setting Set the basic information of the project. Because the analysis results are affected by the values set in

»Convert unit system

Project Setting, the settings need to be accurately set before analysis. It is best if the Project settings are

pre-set when starting a new project, but it is fine if the settings are changed during modeling.

Project Setting
—Setting

Project Title IGTS 2D Tutorials 40
Description I

—Unit System

Gravity Acceleration I 9.80665 mjsec?
Unit Weight of Water I 10 kNfm3

Force Length Time
I kN I m I sec

[@ Unit Convert ]IQ? QK ][x Close ]

Unit System
Force (Mass)
C kaf (ko)
" tonf (ton)
N (a)
& kN (ton)
©bf ()
© kips (kips/a)

Length
= mm
" am
“m
in
R

Time:

@ sec
 rin
£ hour
£ day

[™ Set/Change Default Unit System

Please note that the entered data are not subject to

the change of time unit

Set the unit system applied in the project. Click the [Unit Convert] button to set a different unit system. The
time unit settings are not changed.

Edit

Return to the immediate previous state using undo, or use redo to return to the state before the command

execution.

Model : Strata modeling

Overview
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Create a ground model for the free field analysis. Input the ground material property data for each stratum
to create a strata property.

Ground Material ===
General 1D Ground Response Parameters

Name Free field Dynamic Curve Function =)

»Strata modeling

Detail Parameters
Input Ground Material Data by Layer [

N Dynamic Curve| Output Motion

&

Depth | Thickness Unit Weight Vs
(m)

o
LayerMNo - ") | (misee) | goomey | HO

(m) Type Type

1| 2.0000| 200000 1 18.00000 | 155.000 | 440976 | 0.01000 |1:8and-Average Within

2| 4.0000 | 200000 2 18.00000 | 155.000 | 440976 | 0.01000 |1:3and-Average Within

3|5.0000| 1.00000 2 18.00000 | 155.000 | 440976 | 0.01000 |2:Clay Within E
48.0000 | 2.00000 4 19.00000 | 390.000 | 294688. | 0.01000 |1:.Sand-Average Within

5| 11.000 | 200000 3 19.00000 | 390.000 | 294688. | 0.01000 |1:.Sand-Average Within

6| 14.000 | 3.00000 6 19.00000 | 390.000 | 294688 | 0.01000 |1:3and-Average Within

7| 17.000 | 300000 7 19.00000 | 390.000 | 294688 | 0.01000 |1:5and-Average Within

8 20.000 | 2.00000 8 20.00000 | 640.000 | 835352, | 0.01000 |3:Sand-Upper BWithin L
9|22.000| 2.00000 9 20.00000 | 640.000 | 835352, | 0.01000 |3:Sand-Upper BWithin
10 | 24.000 | 200000 10 20.00000 | 640.000 | 835352 | 0.01000 |3:8and-Upper BWithin
11| 27.000 | 300000 ai 24.00000 | 980.000 | 2350410 | 0.01000 |4:Rock Within

12| 30.000 | 2.00000 12 24.00000 | 920.000 | 2350410 | 0.01000 |4:Rock Within

o n ] v

+ o

Methodology

Click the Input ground material property data button to input the strata material properties.
(The number of stratum is limited to a maximum of 50.)

[Number] : Automatically assigned identification number that starts from 1.
[Depth] : Input the depth of a stratum. The depth value needs to be larger than 0 and is applied
cumulatively. Entering the depth automatically calculates the stratum thickness.
[Unit weight] : Input the unit weight of the stratum.
[Vs(m/sec)] : Input the shear wave velocity of the ground.
[GO(kN/mZ)] : Input the maximum shear modulus.
[HO] : Input the initial damping ratio of the ground.
[Output Motion type]
o Outcropping
Applied to strata that outputs the analysis results in outcrop form.
o Within
Applied to strata that outputs the analysis results as a ground response.

[Dynamic Curve Function]

Click [3 to select or create the shear modulus and damping ratio function to consider the non-linear, non-
elastic behavior of the ground. (For shear strain, refer to the dynamic material property function.)

Model : Dynamic Curve Function

Overview
Define the shear modulus and damping ratio function depending on the shear strain to consider the non-
linear, non-elastic behavior of the ground.

»Dynamic curve function
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Dynamic Curve Function
D[ Mame [ Description | Fdd
1 Sand-Average (Sand (Seed & Idriss) - Average.
2 Clay (Clay {Seed and Sun 1989) &Cl..
3 Sand-Upper Bo... (Sand (Seed & Idriss) - Upper B...
2 Rock (Rock (Idriss) & Rock (iiss))

Add/Delete/Modify
Define a new dynamic material property function, or check, modify or delete the existing input data.
‘Add/Modiy Dynamic Curve Function [==]
:m': m S ) | R
o= == = I :
e e | - g = §
e Zod
gﬂ Fe———| |
_rmnen |

Function Name

[ID] : Define the function ID number.

[Name] : Input the function name.

[Description] : Display a simple description that explains the shear strain function.

Initialization
Conduct the reset function on the entered data.

Database
Import the database suggested by previous researchers.

Add/Modify Dynamic Curve Function

»Add/Modify dynamic i

[~Modulus Reduction Curve
curve function -
Plasticity Index |0

(0<="PI <=200)

[~Damping Curve

|clay -Lower Bound (sunetal.) ]
Plastidty Index [0 D =Damping |0
(0<=PI <=200) (0.01<=DR <=1.0)

concel

Add/Modify Dynamic Curve Function
The database supported on the FFA (Free Field Analysis) is shown on the following table.

Classification Database

Shear modulus damping ratio curve Clay - PI=10-20 (Sun et al.)
Clay - PI=20-40 (Sun et al.)
Clay - PI=40-80 (Sun et al.)
Clay - PI=5-10 (Sun et al.)
Clay - PI=80+ (Sun et al.)
Clay (Seed and Sun 1989)
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»>Method of the technical
standards of port facilities

Damping ratio curve

Chapter 5. Analysis Method

Gravel (Seed et al.)

Linear

Rock

Rock (Idriss)

Sand (Seed & Idriss ) - Lower Bound
Sand (Seed & Idriss) - Average
Sand (Seed & Idriss) - Upper Bound
Sand (Seed and Idriss 1970)

Vucetic - Dobry

Clay - Lower Bound (Sun et al.)
Clay - Average (Sun et al.)
Clay - Upper Bound (Sun et al.)
Clay (Idriss 1990)

Gravel (Seed et al.)

Linear

Rock
Rock
Sand

Idriss)

[driss 1990)

Sand (Seed & Idriss ) - Lower Bound
Sand (Seed & Idriss) - Average
Sand (Seed & Idriss) - Upper Bound
Vucetic - Dobry

P .

Import
Import the saved data file.

Export
Save the entered data as a file.

Using Dynamic Curve Equation

Define the material property values from the various existing databases. The dialog boxes below represent
the Japan Public Works Research Institute (JPWRI) equation, Port facility technical standard, Yasda’'s

method, Database according to the liquefaction manual,

Yamade’s equation.

Japan Building Standard Law no.1457 and

Using Dynamic Curve Equation @ Using Dynamic Curve Equatien @
Dynamic Curve Equation  |Public Works Research Institute ~| Dynamic Curve Equation  |Method of the technical standards of port fac v |
Stratum Plasticity Index(Ip)
& Alluvial Cohesive Sail & Ip<od
" Diluvial Cohesive Sal Co4ecIp<3
¢ Alluvial Sandy Soil, Diuvial Sandy Soil, Sandy Gravelly Soil C <D
Mean Principal Effective Stress (g'm) 0 Kgffam2 Mean Principal Effective Stress (o'm) 0 Kgffem2
Maximum Damping Ratio (imax) [
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»Asuda’s method

Using Dynamic Curve Equation (3a] Using Dynamic Curve Equation

3

Dynamic Curve Equation | Asuda's Method Dynamic Curve Equation |Liguidal Manual

»»>Liquidal manual

Stratum
Mean Princpal Effective Stress (dm) U Kgfjem2 & Clay

(0.2 <=0'm <= 3.0 Kgfjm2)

Partice (D50) 0 [mm]

(0.02 <= D50 <= 1.0 mm)

" Sandy Soil

corce Coce

» The building standard
law of Japan, no.1457
» » Yamade’s equation

Using Dynamic Curve Equation @ Using Dynamic Curve Equaticn @
Dynamic Curve Equation | The Building Standard Law of Japan, No. 1457 v | Dynamic Curve Equation | Yamade's Method ~|
Stratum Stratum

& Clay @ Clay Plasticity Index(IP) 0 ~30% ¥
" Sandy Soil " Sandy Soil Confining Pressure((a0) : 0 ~ 5 v

corce Conce

Model : Ground acceleration function

Overview
Input the time varying load for earthquake analysis on the input ground.

. Ground Accel. Function ()
»Ground acceleration
. Functon Name | Function Type | Data Type [ [ Add Accelerstion |
function St period waves Tme Horm.Accs,
Artifical seismic  Time Norm. Accel. Modiy/ Show
Long-period waves Time Norm. Accel. Delete
R4 Close

Add/Modify/Delete Acceleration
Input a new acceleration data, or check, modify or delete the existing input data.

Add/Modify/Show Ground Acceleration Function ==
Function Name
’7 Long-period waves i Normalized Accel, " Acceleration ‘
Import e caing Gravity Graph Option:
& scale Factor 1 ™ X-aislog scale
Tme [ oo e e v = 5.80665 mjsec I Yook log s
(sec) @ aimum Vi 9 I FFT
1] 00620 0.0037 .
2| 01240 0.0047 o 11
3| 04860 0.0065 . I}
4| 02480 0.0085 21
5] 03100 0.0077
s Y
5] 03720 0.0050 L i 1 .
7| 04340 0.0033 8 ! | A
8] 04960 0.0006 H cié [T L UL AT Wik
a| 058580 0.0030 5 oo "1 ‘F |"I'| "J V "Jf
10| 06200 -0.0029 8 (i I
11| 06820 -0.0028 @ 1
12| 0.7440 -0.0055 o ¥
13| 08060 -0.0165 e
14| 0.8680 -0.0035 2
15 0.9300 -0.0071 ] 1 2 k] 4 5 L] T 8 9 10 1 12 13 14 15 18
22l nanan nanoa | T Time (s}
Desc
Generate Earthquake Response Spectrum... Export... | oK | Close Apphy
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Function Name
Selected the input time history analysis condition. If the condition is not input beforehand, press the button
to call up this function.

Time function data type

[Normalized acceleration]: This spectrum is found by dividing the acceleration spectrum with the
gravitational acceleration, and it cannot be set as another type.
[Acceleration]: The acceleration spectrum with time.

Scaling

Input the gradient modulus of the ground acceleration function.

[Scale factor] : Input the gradient modulus.

[Maximum value] : Modify the spectrum data such that the maximum acceleration becomes the specified
desired value.

Gravity
Input the gravitational acceleration.

Graph Options

Specify whether to express the direction of each axis of a graph in log scale.
[x-axis log scale]

Specify whether to express the x-axis direction of a graph in log scale.
[y-axis log scale]

Specify whether to express the y-axis direction of a graph in log scale.
[F.F.T]

Specify whether to convert the graph based on Fourier Transformation.

Description
Display a simple description that explains the ground acceleration function. If an [Earthquake] is created,
the maximum acceleration, time etc. used to create the wave is displayed.

Export
Export the ground acceleration function as a text(*.txt) file.

Earthquake Response Spectrum

Overview

Calculate and display the graph of the earthquake response spectrum using the earthquake wave data in
the database or from the user defined earthquake wave data. Input the damping ratio. To output multiple
damping ratio graphs simultaneously, click the [Add] button. Input the period range and spacing of graph
output for the result stage.

Select the spectrum type. Check the X-axis log scale and Y-axis log scale item to change the X-axis, Y-axis
of the spectrum to a log scale.
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Earthquake Response Spectrum ===

Amplitude Scale : |1 252

time Scale : ,17
Damping Ratio ]
Add

»Table. 'fn.sgs' file format R
Step

From  To
0.01 10 200

Graph Options

Pseudo Acceleration (g)

Do B 13

I x-axislog scale
[ ¥-axis log scale

Spectrum Type

The FFA provides the following 3 types of time varying load input methods for the convenience of the user:
1) Method of saving the frequently used time varying load as a file and importing
2) Method of calling up the time varying load from the database
3) Direct user input method

The earthquake load input is only supported for the value obtained by dividing the time history acceleration
by the gravitational acceleration.

1. Method of saving the frequently used time varying load as a file and importing
[Import]
Used to import a time varying load from an existing data. The data format is ".sgs' or *.thd" and
the file is created in the following format:

*SGSw States that this file is in the data format of the FEA
NX automatic earthquake data extraction module
"Seismic Data Generator".

*TITLE, Elcentro 1940, N-S -

Component

*X-AXIS, Second -

*Y-AXIS, Normalized Acceleration -

*UNIT&TYPE, GRAV, ACCEL -

*FLAGS, 0,0 -

*DATA -

1.00000E-010, 3.50102E-001 -

5.00000E-002, 3.82861E-001 -

1.00000E-001, 5.08226E-001 -

1.50000E-001, 5.17459E-001 -

»Table. 'fn.thd' file format Selective item  ** Annotation—- Can be entered anywhere
—: User input - *UNIT, M, N - Length : Avilable for MM, CM, M, INCH, FEET, GRAV
*Load : KG, TON, KN, LBF, KIP
- *TYPE, ACCEL - Available for ACCEL, FORCE, MOMENT
Essential item *Data
- X1,Y1(X: Time, Y : Time Function)
- X2,Y2
- X3,Y3
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2. Method of calling up the time varying load from the FEA NX database
[Earthquake wave]
Create a time varying load by importing various earthquake data from the database. There are a
total of 32 types of earthquake acceleration in the DB.

»Generate earthquake Generate Earthquake Acceleration Record
acceleration record Eanhquke
-

Amplitude I 1 Time Scale I 1

1940, El Centro Site, 270 Deg
Peak = 0.3569 g Duration = 53.72 sec

Impart | 0K I Close

3. Direct user input method
Construct the time varying load by directly entering the time and the corresponding time varying
load value in the left input column on the dialog box.

Analysis

Overview
Create an analysis case. Add a new analysis case, or modify, copy, delete an existing analysis case. The
input window for analysis case creation is as follows:

Add/Modify Analysis Case

- General

»Create analysis case

Name |1D Equivalent Linear

Description |

~General Settings

Ground Material Set 1D Equivalent Linez »

Depth No. of Bed Rock 21 -

[~ Control Motion Input
[¥ outeropping(2E) [ within(E+F)
Depth No. 21 =
Ground Accel. Function  [Seismic wave ]|
Water Level

’V No. of Water Level 3 - ‘

I~ Analysis

Cut-off Frequency Iizi Hz
Frequency Step limu5 Hz
(For Transfer Function)

Max. Number of Tteration 8
Tolerance 0.05

Effective Strain Coeffident 0.85

~Response Spectrum

I3

Mo Damping

1 0.0500

+ sori
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General
[Name] : Input the analysis model name.
[Description] : Input the description for the analysis model.

General Setting
[Ground Material Set] : Select the modeled stratum to be used for analysis.
[Depth No. of Bed Rock] : Select the stratum number corresponding to the bedrock.

Control Motion Input

[Outcropping(2E)] : Set the ground acceleration as an outcrop state.

[Within(E+F)] : Set the ground acceleration as the ground response.

[Depth No.] : Select the control point for the earthquake wave input stratum.

[Ground Acceleration Function] : Select the input earthquake acceleration time varying load.

Water Level
[No. of Water Level] : Stratum ID inputted in Ground Material can be selected, and it calculates assuming
that the water level exists from the selected stratum.

Analysis

[Cut-off Frequency] : Set the maximum frequency range for frequency analysis.

[Frequency Step (for Transfer function)] : Set the calculation frequency spacing for transfer function
analysis.

[Maximum Number of Iteration] : Input the maximum iterative calculations to find the equivalent linear
material property value.

[Tolerance] : Input the tolerance for the shear modulus and damping ratio used to find the equivalent linear
material property value through iterative calculations.

[Effective strain coefficient] : Input the coefficient needed to calculate the effective shear strain from the
maximum shear strain.

Response spectrum
[Damping] : Input the damping ratio to calculate the response spectrum.

Result

The analysis results are output in a graph or table for each depth.

- Converging results and table (Absolute) (Maximum acceleration, Maximum velocity, Maximum
displacement)

- Converging results and table (Relation) (Maximum acceleration, Maximum velocity, Maximum
displacement)

- Strain/Stress result table (Uniform strain, Maximum strain, Maximum shear strain)

- Soil profile result table (Converging damping ratio, Converging shear modulus, Shear modulus
ratio)

- Soil profile table (Shear wave velocity, Shear modulus, Damping ratio)
Result : Time History Result

Select the function type of the output graph. The function types are ground movement, response spectrum,
stress/strain, and transfer function.
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Time History Result Graph

Function Type

[Ground Motion ~

“Time History Resuit Function

viiee [3€ Goee

Graph Type

Graph Name |

X Axis
¥ Axis

E—
I Gravity

[Time(s=c) XmdsDecnal [+ [ Exp.

rAvcs YadsDecnal [+ [ B,

Graph Option
™ X AxisLog
™ ¥ AxisLog
©RRT

Y Axis

-0.0415

-0.0829

0.1012

01062

Ground Motion Graph

00829

0.0415

0.0000

/|

N

I

\/ —

0.0620

T T T
3.0380 6.0140 8.9900
Time(sec)

T
11.9660

14.9420

[Time History Result Function]

Select the function data, strata, result type of the output graph. Each result type can be selected depending

on the ground movement result function type.

Ground Motion Result Function Type

Ground Motion

Response Spectrum

Stress/Strain
Transfer Function

Result type
Displacement, Velocity, Acceleration, Relative displacement,
Relative Velocity, Relative acceleration
Relative displacement, Relative pseudo-velocity, Relative

velocity, Absolute pseudo-acceleration, Absolute acceleration

Stress, Strain

Transfer function

The selected result function is registered on the y axis.
The graph name, x axis name and y axis name can be defined for the time history graph in Define Graph,
and the values can also be expressed in exponential form.
The x axis, y axis can be represented in log scale or the F.F.T can be set in Graph Options.

The generated graph is displayed in the dialog window and can be exported in many forms such as image

file, image word file or excel file.

Overview

Generate artificial earthquake data from the embedded design spectral data. Envelope Function enables to
generate transient earthquake data. There are three types of envelope functions : Trapezoidal, Compound
and Exponential. FEA NX supports Trapezoidal Type.
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Methodology

»Design Spectral Data Generate Design Spectrum

Design Spectrum  |Eurocode-8({1998) Design j
KBC(2005) il

Soil Class (3) gcfzgﬁ 2000)
rea .
C ALD)  korea(arch, 1992)

o Korea(Bridge)
D“Ch_"t“ Class| pnno(ascE7-a8)
" High(1.0) {UBC(1957)

UBC 853-94

Structural RegMBC{1995)

 Reguar(l Eurocode-8(2004

e E rocode-8 (1956 Design

Eurocode-8(1996) Elastic
China(GB50111-2006)
China{GB50011-2001)
China Shanghai{DGI058-3-2003)
Failure Mode Fa| china(1T1004-89)
] | China(JTG/T BO2-01-2008)
Ratio of design { China(GB111-87)
accelerah_on 10 4 3apan(Arch. 2000)
acceleration (3R 1apan(Bridg=2002)
Taiwan(2008)
Max. Period i TaiwanBrg(&9) Horizontal
TaiwanBrg(39) Vertical
151833(2002)

| oK I Cancel

Basic Behavior H

Read Target
Design Spectral Data

I

Compute PSD
(Power Spectral Density) Function

Compute Acceleration

Modify PSD , z()=1()Y, 4,sin(o,t+4,)
_ RS, (@) .
G(@) = G(w),[RS;f,(w)} l
Compute

Response Spectrum

NO

Iteration i = Max. Iteration

‘ Output Results

z(t) = l(t)z A, cos (wpt+ @)

where, wn= Frequency, An = Amplitude, ®n = Phase Angle, and I(t) = Envelope Function
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»Envelope Function

>~
7

I(t) | Level Time

>~
L

H Total Time

Rise Time
Add/Modify Artificial Earthquake [===al
—Function Mame ———— ~Data Type Graph Options
I'Z—URC'2004 H-ELASTIC ' Normalized Accel, ’7 [~ X-axis log scale [ v-axis log scale
Design Spectrum |
- | |
—Envelope Function 0.242208 I
Rise Time I 1 sec 0-az3z08
0.303206
Level Time I 2 sec 0.z83206 4 i'Il
Total Time I 3 sec 02632081 ||
§ : 0.243206 -
~Generation Options —"'v. 0. EE3Z0E o I'Il
Max, Iterations I WS AI2I0E l
e 0183206
0 H
Max. Accel.[q] EE 0.16320E f“ L
Damping Ratio 0.02 E 0.183206 l"
i T o.uzazos \
| Generate Acceleration l LE-‘\' 0103208
—GraphType——— 0.0832063 \\ \
' Spectrum Graph ILIEEIE \
% O Acceleration Graph 4 osi2nes "\ Ay
,, L 0.0232063 N
I
0. 00320627
o i 2 3 I H € 7 g o 10
Bericd
.spmr_nm Data .,u.:un,u_:_l Ea=thgeak
Desc. IEUR02004 H-ELA: G=B,5=1.20,Th=0.15,Tc Data Export | oK | Cancel I Apply |

[Generate Options]

- Max lterations : Maximum number of iterations to fit computed spectral data to target one.
- Max. Acceleration : Maximum acceleration of artificial earthquake data

- Damping Ratio : Damping ratio to calculate spectral data

[Generate Acceleration]: Convert from response spectrum to acceleration data

- Spectrum Graph : Check results based on spectral data
- Acceleration Graph : Check results based on acceleration data
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