Import Arc Bridge from
Civil to GTS NX for Time GTSI\)\

History Analysis .

Tutorial by Angel Francisco Martinez

Integrated Solver Optimized for the next generation 64-bit platform
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Overview

Objectives

1.

Show link between midas
Civil, specialized structural
software and midas GTS
NX, specialized
geotechnical software.

Show preparation and
Export from Civil.

Show import and ground
modeling in GTS NX.

Run a consolidation
analysis.

Check for settlement of
bridge foundation.
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Model View

File name: |

Files of typs: | MIDAS/Givi Files (*mch)

Procedure

In midas Civil:

Main Menu > File >
Open...

Double click Arch
Bridge.mcb




Step 5: EXpOTrt

Procedure

B sove s =

Sa\rem: - fj‘ -
1. Start Menu > Export > MXT

[T New Project... Evieihipiinieliile
[=- Open Project... [MXT File (for FEA/GTS)... 2. Save file
ek HapE: AutoCAD DXF Fike...
@) Project Information Erame Section For Sold... Arch Bridge -
AASHTO LRFD .
E save Frame Section For Plate... 3. Text file opens

IFC File...

Export
Merge Data File...

File name: I.Arch Bridge - AASHTO LRFD 2 Save I
Save as type: IM)(T Files(* mut) ;I Cancal |

IDAS/Civil Text (MCT) File. | Display commert: [~ Savethe Loads
Date : 2014/12/1¢ y

*VERSION
8.1.5

“UNIT ; Unit System
; FORCE, LENGTE, HEAT, TEMPER
RIPS , FT, BTU, F

*PROJINFC ; Project Information
USER=midasit
ADDRESS=MidasTt

*REBAR-MATL-CODE ; Rebar Material Code
; CONC_CODE, CONC MDB, SRC CODE, SRC_MDEB
ASTM(RC), Grade &0, ASTM(RC), Grads &0

*NODE ; Nodes

; iNO, X, ¥, 2
o, 0, 0
16.4041924750656, 11.8110236220472
32.8083989501312, 20.997375328084
49.21259842519¢68, 27.5590551181102
65.6167975002625, 31.496062552126
82.0209973753281, 32.8083%85501312
9B8.4251968503537, 31.496062952126
114.829396325459, 27.5590551181102




Step 6: ImMport

. Procedure
@ OB ot = » = [Propertes | =

New Import the geometries or FE model in the selected file
Create 3 new document

t;slmpmgnrnem J®| |\ « Windows7_0S (C:) » External Drive docs » gts nx i Open GTS NX
_~ Open S Import the CAD file into a current project i ==

pe —
| Open an existing document ot DXF 2D (Wireframe)... Organize v New folder
Save S8 Import the DXF 2D file into a current project

s E : . Start Menu > Import >
Save the active document 2 |5 Documents
&  DXF 3D (Wireframe)
o, D . .
= swveas.. H;ﬁ Import the DXF 3D fike into a current project o Music n ||daS MX I
Save the active document with a new name =

DWG (Wireframe)... [&5] Pictures
R z
4 I P Import the DWG file into a current project 1 E Videos

Import the selected file midas Mxt... . Select th flle
b Export Import the midas MCT, MGT file.

r Arch Bridge -
Export the active document G W) Hosnegumup AASHTO LRFD

o Open Neutral File Click Open
da

lose the active document 1% Computer

Close all documents

_T Close All & Windows7_0S (C|




step 7: Deactivate sets

Procedure

Anabysis
Itemn Go to Works Tree Menu >

@ Mew Works AnalyS|S

{‘:@ Function . . -
.4 History Output Probe &£ Element Parameters . Delete the BC Constraint

Lok .
2. [ZS5 Boundary Condition '3/5 TlD o set. Deactivate Boundary
- fie BC Set-1 b o Offset conditions, Static and

: : oI, End Release .
[ Constraint r Dynamic loads
[1£2 Constrain [ 137 FrameReleas... y

£ MIfle BC Set-2 ot
[ Constraint 17 FrameReleas. Go to Works Tree Menu >
& ffle BC Set-3 ~.[7% FrameReleas... ' Model
... : C - I s ErarpeBeleac elele
[ 4% Constraint ] 20 S
= e BC Set-4 . Deactivate the End

[ 485 Constraint - =
- [Wgl Static Load Model Analysis Results e

- fL Dead Load 1 . Change unitsto kN, m, s

- L Sidewalk Load

- L MVmaxMVLIVy28
=0 Uynamic Load

¥ <E Response Spectrum Loa..

# Stage Set
@ Analysis Case

Model Analysis Results q




step 8: Move iImported mesh set

Show All
==

LS tetaiesh
. M CrossBeam1
G-2% Contact

G- Element Parameters

Hide All
Show <-= Hide

Add

g Contact
iﬂ Elernent Paramet

el Analysis Resulf

aries

Hide
Show Only

Hide Only e
Show <-> Hide
Include/Exclude Elements & Modes

; [rakiiz] New Mesh Set
[ Contact
[ Element Parameters

Model Analysis Results

Froperties

= Mesh Set e
D

Mame Bridge|

|eafizii] Default Mesh Set
[ Bridge

-2 Contact

44 Element Parameters

(@ Element

@ Indude

[—
T

() Mode

() Exdude

fodel Analysis Results

operties
| Mesh Set

1=z Selected 121 Object(s) ]

7| Delete Empty Sets After Operation

Procedure

Structure is imported into
Defualt Mesh Set, which does
not permit editing. We must
move the structure into a new
mesh set that will allow for
modifications.

1. Create new mesh set by
right clicking over Mesh tab
in Work Tree

Change name of new mesh
in the property window
Name tab. Click apply.

Right click over the building
mesh set and select Inlcude
/ Exclude Elements option.

Select Default Mesh Set and
Include all 1452 Elements.
Click apply

You can now edit the structure
and delete sections if needed.




Step 9: Import CAD

@ S5 OTE o e Procedure

New Impaort the geometries or FE model in the selected file
Create a new document

cats  Import CAD File...
=& Impart the CAD file into a current praject
- Open p proj
d Open an existing document b DXF 2D (Wireframe)... . Start Menu > |mp0rt >
Save L%"‘ Import the DXF 2D file into a current project CAD Flle
Save the active document *  DXF 3D (Wireframe)...
—] SaveAs.. L%"‘ Import the DXF 3D file into a current project

Save the active document with a new name L"'E% DWG (Wireframel... 2 . SeleCt X_T fl |e
=

Import the DWG file into a current project

4 Import " -
d Import the selected file @ midas Mxt... 3 . C“Ck Open

Ty . 6>~ o In thIS' case we are importing
CAD file of ground geometry
- = Dutemodfied | Tvee From Abutment Foundation
bl | | bridge base s.X_T 6/25/2014 9:48 AM X_TFile i
Recent Places Tutonal
. However, GTS NX also has
Desktop commands to create
geometry directly in
software similar to other
CAD software.




Step 10. Move CAD

Ql e Procedure
o ocale

&" TmnElatE Translate |Rotahe I Mirrar I Scale I Sweep ! "

Rotate ? Sweep-Transhkte : .
;i;rﬂirrnr B Project LBME —————— = . Main Menu > Geometry >
et o H| Translate
ranstorm

Select Direction

;@-ZPoinm\u‘ednr Rx [y [z
1&» Translate (Ctrl+1) 125,265 24 e . Select all the geometries

Translate Selected Geometries 50.7,0

Method _ _ . Select 2 Points Vector as
@ Move () Copy () Copy

(Uniform}) (Non-Uniform) D | I"ectl 0 n
]
Dista 69.7316284
Istance
15

Times

Select the middle point on
the base of the abutment
as the 1st point

etry Set =L
[ OK. ][ Cancel [Apply

Select the middle node of
the right end of the bridge
as the 2" point

Click the Distance button.
Program will calculate
distance automatically.

7. Click Preview, then Apply
This command translates the

selected geometries and lines
up the points.




step 11. Scale CAD

' S W Procedure
{2 Scale | _ :

| Translate |Ro13te |M|rror | Scale |5weep- o (12
& Sweep-Translate & ::;: Atta 1= E— ] — ) Main Menu > Geometry >
Selected 26 Target Object(s]
Item D Scale

B prDjECt (2} C:\Users\a.martinez\Desktop...
Scale Cented 50, 7,0 «, Coordinate System
Transform q e e e T viempont
. -4 Work Plane q
Tiee S 2 Non-Lniform -2 Datom . Select the 6 solid and the

&= Scale (Ctri+4) o ' '
Factor X CHE Prope
Scale Selected Geometries e Ha ety 20 pile geometries

Factor , ¥/ Strut (Beam) 1
W/ Bracing String... 2

Factor Z M,/ Cross eam (ben. 3 . Select the center of the

I,/ Main Girder (Bea.. 4

[ Copy Object() L2 mnrs e & right end of ten bridge as
[0]

e Scale Center

HE Others (0]
i@ e Geometry Set - ! r%ﬂ Undefined [0]
2-M Geometry .
N B w o W@ ceomety st1 . Select Non-Uniform under

E 7 Model An;ry’s‘i; 7Resu?’tsm

type

Type in 1 for Factor X

Type in 1.5 for Factor Y

Select Preview then Apply

You can activate the 1D
strucutral element
properties for easier
visualization

This feature allows you easily
scale your geometries to
match any structure.




step 12. Mirror CAD

-+, Coordinate System

Model
Q g?:\Users\a.martmEZ\DE;ktop\--- ° P r O C ed u re
Project

il View Point

Transform -4 Work Plane
‘@m Mirror (Ctrl+3) 4> Datum . Main Menu > Geometry >

[ Origin

Mirrar Selected Geometries gg 33: Transform > Mirror

‘Translate | Ruiate‘ Mirrar |Smle |Sweep—' “H [ :7: VZE@ . SeleCt the 6 SOIIdS and
' the 20 lines as target

1% Selected 26 Object(s) ] g ?‘ ' a —
Model| Analysis Resu g
Mirror Type Plane - o % Object.

" 3Ponts Plane ! : . Select Plane as Mirror

0,0,0 type

0,0,0

0,0,0

@ copy omm@B . Select the YZ-Plane from

the Tree Menu or the
Geometry Set - E]

ok [Ccanel ] (Cammiy J Model

Activate Copy Object Box

Press Preview, then Apply




step 13. Translate CAD

Procedure

Translate |Romhe | Mirrar |Smle |SWEED-' o [

[ seimmaons ] . Main Menu > Geometry >

® H Select Direction TranSform = TranSIate

E_,'ZPoints\"ector Ix &y [z .

07, L5 e 008 . Select the 6 solid and 20
0,7,0 lines as target object.

Method

@Move  Ocoy O Cony . Select 2 Points Vector

(Uniform) {Mon-Uniform)

fmmoe % '- . The mid point on the top
) of the abutment.

Geometry Set -

(o [Ccancel ] [Camoly @ . Select the mid point on
; the left end of the bridge.

Press the < arrow to
calculate the distance

Press Preview, then Apply




Step 14. Fuse'solids

BEE6E Coceon e Procedure

@ Front l . Fuse |Cut |Comrnon |Er|1bed|

(5 selected2TargetObiectls) | . Change the view to Front

g
[peete Toa . Select Boolean > Solid
‘ ok [ cancel | [honly 16

Select Fuse

i . Select the 2 top ground
e (@ check Duplicate layer geometries
Tools
(@ Check Duplicate . Select Merge Faces and
Check Duplicate Delete Tool.

Press Apply

Repeat for the mid
ground layers

g@ﬁ
/J//E . Repeat for bottom ground
‘ ¥

layers

Check the duplicate faces
of the new geometries

The faces shared by the
geometries should light up
orange.




step 15. Mesh > Material > Import

Procedure
Add/Meodify Material _

No Name Type e . Main Menu > Mesh >

1 A6 Isotropic-Elastic Modify...

2 A572-50 Isotropic-Elastic Material

Copy

Delete

Select Import from Excel

Import

=
Define Material. Excel

Select Excel File:
Materials

Press Close; 6 new

1% open - Add/Modity Material materials were imported.
(jOv , » ArcBrdige

Organize * Mew folder

=
=]

Mame Type

A3G Isotropic-Elastic Modify. ..
AS72.50 IsotropicFlastic
Abutment Isotropic-Elastic Copy
FHC pile Isotropic-Elastic
Embankment Isotropic-Mohr-Coulomb
Soft rock Isotropic-Mohr-Coulomb Import
Clay1 Isotropic-Modified Cam Clay e e
Pile Interface and Pile-Pile Exccel

. Mame
i Favorites Delete

B Deskiop 3

4. Downloads

RN AT NS T

%# Dropbox
Export to Excel

;
= Recent Places

Renumber

Database

Close

P o




step 16. Mesh > Property> 3D

prw—— Procedure

MNarne Sub-Type Create Fl .
stnut Beam 0. . Main Menu > Mesh >

Bracing & Stringer Beam 2D... e Property

Cross Beam Beam
Main Girder Beam

Materil anaer oeen Other- . Select Create > 3D

Arch Rib Beam [ ioreie ]
Prop./CSys./Func. . Name: Abutment

% [, Poee

Model e Define Property. . Material: Select Abutment

Close

Repeat for Embankment,
Clay and Soft Rock

Sub-Type

vty 0oty S
Salid

e jin] 7 MName | Abutment

Material 3: Abutment -
Material CSys Global Rectangular +

=
=

Mame

Strut

Bracing & Stringer
Cross Beam

Main Girder
Hanger

Arch Rib
Abutment
Embankment
Soft rock

Clay1

3

Beam Modify...
Beam

Copy

Delete

Impart...

C- T R R

Renumber

BuHEEUEEEEEDL

ST )
=]

[ OK. ][ Cancel ][ Apply ]




step 17. Mesh > Property>1D

NeE e e Procedure

Mesh Mame Sub-Type
Strut his} Beam

|—<‘ Brading & Stringer o Beam . Main Menu > MeSh >
CSys Cross Beam Beam

" . Main Girder Beam P ro pe rty
Material Property| = Function - Hanger Beam Other...
Arch Rib Beam P t

Abutment Solid [—]mmr
- Errrn s . Select Create > 1D
‘g— | E l__\‘|:|: PI’ODEI'tj' Clay 1 Solid

Model Define Property.

Prop./CSys./Func.

Select Beam

Close

Name: Pile

Pilz Plot Only(1D) I [P'
ipe

s | ol | Gossiedsen |
D 11 Name | Pie color [ ||+ . o Activate Section Box

Material [W—']
[ Taper Section+ Section-j . Section > Pipe :

Cross Sectional Area(A) 0.0221670778 | 0.0221670778 |m2

Material: PHC Pile

Torsional Constant(Ix) 0.0019168315! | 0.0019168315! m~g

Torsional Stress Coeff. 0.3 0.3 |m . D . O . 6 m
Area Moment of Inertia(ly) 0.0009584157. | 0.0003534157 | m~gq TW: 0.012m

Area Moment of Inertia(lz) 0.0009584157. | 0.0009584157. | m~4

Effective Shear Area(Ay) 0.0110835389 | 0.011083538% m2

Effectve shear Ares) | D.01109353% [ 0.01109355 Program will automatically fill
Shear Stress Coeffident(Gy)  0.0443218507 IJ.D-HE2135IJi 1fm2 in the Section properties after
Shear Stress Coeffident(Gz)  0.0443218507 | 0.0443218507  ifm? .. . .

— giving dimensions.

y Axis Variable Constant

z Axis Variable Constant 9 . Press OK tWiCe to Close

[ spacing

oK aanael | [ apely Offset Center-Center - 9 oK Cancel




step 18. Mesh > Property

e — P Procedure
Iy . ] e |
@ Geometry Mesh ::T: z::mme ml I

- Beam .. . Main Menu > Mesh >

Beam

)
faan otner Property
2;;: Import...
" . Select Create > 1D

Solid
Solid

=l
®

Bracding & Stringer

€, |, osis o

Hanger

Material Property(|= Function - b
Abutment

Embankment
Prop./CSys./Func. Enenin

F || @ Property dlay 1

Model Define Property.

| Embedded Truss I Beam I Embedded Beam |
| Geogrid(10) | Plot Only(1D) |

D Neme Pl Intrface coor [ 7] . Repeat for creating

Materid material under 2D for
hidness L Gauging Shell

HBBYEEEEESE

Select Pile

Close

Insert information shown

(o J (Ccancel ] [ moo . Repeat for creating
material under OTHER

Create/Modify 2D Pmperr [ i
- . Create/Modify Other Pmpm - [

Shell I Plane Stress Plane Strain Geogrid(2D) B . SeleCt Plle Tlp

Plot Only(20) Z00ng one s Point Spri peping | Interface | shell Interface | Elastic Link
Rigid Pile Tip |I User supplied behaviar for Shell Interface L. )
Goasd | coo I . Type in infomration

13 Name  Gauging Shell
D 14 Name PieTip color [ |- shown:

Stiffness Scale factor 1e-006
MaheriaIC_Sys Tip Bearing Capacity 400 |y a . .

@csys Bearing capacity: 400kN

© ange 0] teeal P Spring Stffness 15900 | m Spring Stiffness: 16000kN/m

| Function

9. Press OK




Step 19. Mesh

# 1D @;—3[)
|%3D E2 Remesh

Generate

Generate mesh(Solid)

| ==

Advanced Option

Auto-Solid | Map-Solid | 2D-3D

fo| Selected 1 Object(s)

TIZE MeTed

@) Size

.5

T OTa
() Automatic

More -

10

[Default Tetra Mesher

Match Adjacent Faces

Property

7 [?: Abutment

Mesh Set Abutment right

E’j [ OK ][Cancel ][ Apply
7 o

[ tnterior Edge/Point

Register Each Mesh Independently

Consider Imprinting Shape on Face

12 | | 12: Pile Interface

|| Merge Nodes

Tolerance

Element Size Growth Rate
Fine Coarse

L

Min/Max Element Size

1

DS_M

[ Higher Crder Element

Midside Nodes on Geometry

|:| Geometry Proximity

Pattern Mesh

Register Each Mesh Independently
[ Avaid Tetra with All Boundary Nodes

Procedure

Mesh>Generate>3D

Select the right abutment
only

Type in 0.5 in Size

Select Abutment from
Property

Press the >> button to
open advanced mesh
options

Set the tolerance for
Merge Nodes at 0.1

Press Preview and verify
that the nodes of the
abutment match up with
the 3 points of the bridge.
Click apply

Repeat for left abutment




Step 20. Mesh

Generate mesh(5olid) A ﬂ
? 10 @}3[:‘ Auto-Golid | Map-Solid | 2D-=3D

|%3D E2 Remesh . Mesh>Generate>3D

Generate @ size Select the right and left
abutment bases

Procedure

[#] Dhvision
() Automatic

Mare -

Type in 1 in Size

[DefaultTetra Mesher
7] Match Adjacent Faces . Use Default Tetra Mesher

Select Abutment in
properties

Property
3 IS: Embankment

Mesh Set @ . Type Abutment in Mesh

[ ok |[cancl Set name then Click
Apply

Select the left and right
embankments

Type 2 for size

Select Embankement in
property

. Type Embankment in
Mest set then Click Apply




Step 21. Mesh

Generate mesh(Salid)

@ 1D @ Auto-Solid | Map-Soiid | 20->3D
=30
|%3E} it Remesh IIE — . Mesh>Generate>3D

Size Method
Generate | @sie

Procedure

. Select the top ground
() Division |ayer
) Automatic

More - : . Typein 3in Size

[Defauit Tetra Mesher . Use Default Tetra Mesher
Match Adjacent Faces

Select Weathering soil in
properties

Property

15 [15: Weathering Soil e

Click Apply

Mesh Set Weathering soil -

. Repeat for Clay middle
(o] conce ] poniy ][e Iaygr and Soft )Igock

bottom gound layer




Step 22. Mesh

&

Procedure

& 1D Generate mesh(Edge) .
£>3D

= (2 Remesh Auto-Edge . Mesh>Generate>1D

Generate [E“ Selected 40 Object(s)
Size Method

() Size @) Division . Typein 10 in Division

[

Select the 40 lines

Crientation (Element Z-Axis) Select Pile f
elect Plle Trom

Beta Angle: 90 [deq] . Properties

Property . Type Piles in Mesh Set

11 |11: Pile v
Mesh Set Files|

[ OK ][Cancel] Apply

Click Apply




step 23. Pile Interface and Tips

—&- Pile/Pile Tip

Pile/Pile Tip Element

pile | File Tip B

Element ID

1=2 Selected 20 Object(s)

Property

14 |14 Pie Tip

Mesh Set Pile Tip

[ QK ][ Cancel ][ Appl

F'

)
Pile/Pile Tip Element -

Pile File Tip

Element ID 241743

|EETT—

Property

12 [12: File Interface V] HIE]

Mesh Set Pile Interfaces -

[ 0K ][ Cancel ][ Apply

Procedure

Mesh>Element>Pile
/PileTip

Select the 400 elements
of the piles

In property select Pile
Interface

Click Apply

Select the Pile Tip Tab
Select the 20 pile tip
nodes from the left pile

sets

In property select the Pile
Tip

Click Apply

Repeat for the right piles




step 24. ‘Gauging Shell

-

Element Create/Delete P r O C ed u r e

o=@ oo e —
¢ Delete |l parameters - FilC . Mesh > Element > Create
& modify [ connection G » | Gauging shel

Eloment Blement 1D . Select the Other Tab
[ od Selected 2 Object(s)

| o] Selected & Object(s)
Property

2 [1mcagngshel -] . Select the 2 soild

Mech et —— geometries of the base of
a = e ¥ the abutment

[Cok ] [(cancel ] Capaiy )

. Select Gauging Shell from
the drop down menu

. Select the 6 top faces

. In property tab select
Gauging Shell

Click Apply

Gauging Shells allow you to
obtain strucutral results like
forces and moments on a solid
object.




Step 25. Boundary Conditions

onstrain u1
Contnt Procedure

@Deﬁne Seto Basic || Advanced |Ee
Y

&es Constraint Mame Constraint-15 . Seepage Consolidation
£H Constraint Equation Object Analysis > Boundary >
Type  |Node - Constrain

(5] Seectedss3objects) | . Select the Advanced Tab

DOF Symmetric Plane

B Ery FT2 . Select the Pile Elements
. 2|

[Crx TRy TRz R _ . Activate Rz, to restrict
B Anti-Symmetric . .
rotation about Z axis

Boundary Set rz restrain| - @ C||Ck App|y

[ ok |[ cancel |[ Apply @




Step 26. Ground surface sprlng (Modulus of
subgrade reaction) ’

Procedure

e Elenent Create/Dekte = Elernznt Create/Delete .
b |z [z ot |beme e o Create ground s_urface spring

I Create . . (Boundary for eigenvalue

[pant Soreg round Surface Soring [

Pori Spg — analysis)

Matnx Sprng =

R Link L

Elastic Lirk Ground Surface Sprng
Inberpaolation

SLrfane @ Moduus of Suborede Resction 1

. Mesh > Element > Create
— Maodis of elastidty coeff,
Caugns el B - Other > Ground Surface

MeshSet  FortSming Beurdry Set Spring

=]7) ok || Comel ]- FlrducttomCondtens - Select all solid elements
':r.v::|El=|l'h:m

(Mesh set 9 total)

- Modulus of elasticity
coeff.a=2

Check “Fixed Bottom”

Praperty

Mech Set ‘around surface Spring

—— =

(* Modulus of subgrade
reaction will be auto calculated
based on the following
equation(next slide))

*+ Dynamic shear modulus and peisson’s ratio are required to input for the material property




step 27. Ground surface spring
(Modulus of subgrade reaction

e Modulus of subgrade reaction (Auto-calculated)

314

.'B A
K. =k, 2
E “hu

p -3
K, =k, ==
.30 )

e

: Horizontal subgrade reaction [kN/n)
: Vertical subgrada reaction (kN/sf)

- Horl. Subqgrade reacfion from PET (30cm In diamebar of steed plate)
: Ver. Subgrage reaction from PET (30cm In diameter of sieel piate)

:Ei'qll-'-"'-_h
3, - K,

- Horzontal area of element face (m')
: Vertical area of slemant Tace (i)
: Mogdulus of alastiity coeMciant | From table)

o
5 =

L =

N

Elastic modulus from PET

Measured elastic modulus from boring hole

Elastic modulus from 1D or 30 compresseion
fest

Elastic modulus from SPT using following
relation (Eo= 28*N (tonf/m'))




step 28. Ground surface spring
(Modulus of subgrade reaction

TERRRY
il
T

|'I

I

N\ [
MR
I

[MNatural mode]

-
N

W sec

A, =1 ETEI0T7 A, =460400113 A, =TRHETIT4S
I =1.78700 = I, =021B515sec T, o=0.10184 s2c

[MNatural frequency]

AN




step 29; EiIgen Value Analysis

Add/Modify Analysis Case
Analysis Case Setting
Title Eigenvalue

Description

Analysis Control

Solution Type Eigenvalue

A Output Cantrol

Analysis Case Model

=@ Mesh
Abut
Default Mesh Set
Ernbank
Ground Surface Spring
Pier
File
Rock
Weathered rock
‘Weathered soil
£-59 Boundary Condition
£ Fised Bottom
&5 Rotational
2= Contact Pair

Solve Each Load Set Independently

Sorting

Active Sets

5 Ermbank
9 Ground Surface Spring

3 ‘Weathered rock
9 ‘Weathered soil
-85 Boundary Copait

==

B
B

& Fixed Bof GTS MX Solver
5 Rotationa
= Contact Pair

Check OnfOff

Description

5

Perform

Procedure

Perform eigenvalue analysis to
get the natural modes which
are related to the max. mass
participation.

1. Analysis > Analysis Case >
General
- Solution Type : Eigenvalue
analysis
- Activate all mesh sets and
boundaries
- Select Analysis Control
- Number of Modes : 30
- Check ‘Sturm Sequence
Check’

2. Analysis > Analysis > Perform

The Lanczos resampling method
is used for eigenvalue analysis,
and this method is appropriate
for soil-structure interaction
problems. Since this method can
cause omission of eigenvalue,
using “Sturm sequence check”
option is recommended.




step 30; Eigen Value Analysis

o[l Post Style
. L1 Default Style

QU

E
£
£
£
£
£
£
£
£
£
£
£
E
£
E
E
E
E
E

.l Eigenvaiie
B EIHCII\GIUE‘

72 MODE 1 (FREQ=1.1235¢+000)
72 MODE 2 (FREQ=1.5479e-000)
72 MODE 3 (FREQ=1.5743e+000)
7-2] MODE 4 (FREQ=159682-000)
72 MODE 5 (FREQ=1.7248e+000)
72 MODE 6 (FREQ=1.7454e-000)
72 MODE 7 (FREQ=1.8655¢+000)
7-2] MODE & (FREQ=1.8041e-000)

7-@ MODE 10 (F

EigenValue Analysis Result Table

-] MODE 11 (Fi
7-@ MODE 12 (Fi

MODE
NUMBER

EIGENWVALLE

MODE
NUMBER

RADIANS

CYCLES

PERIOD

-] MODE 13 (Fi

4.356144e+001

6.600108e+000

1.050440e+000

5.518820e-001

7-@ MODE 14 (Ff

4.548183e+001

G.744022e+000

1.073344e+000

5.316678e-001

-] MODE 15 (Ff

8.128010e+001

9.554062e+000

1.52057Ge+000

6.576455e-001

-2 MODE 16 (Fh
-2 MODE 17 (Fi

§.585534e+001

5.795680e+000

1.558031e+000

G.414241e-001

-2 MODE 18 (Fi

8.717107e+001

9.857538e+000

1.568876e+000

5 272000e-001

-2 MODE 19 (Fi.

O GdddGT NN

G Q77 Nesnnn

1 BRAT1?Resn

DISPLACEMENT
T,

+0.45342
6.1%

+0.22608
16.1%

+0.21044
B.3%

3.7

1.8%

17%
.E:A:+D.113DD

v0.09081

1.8%
2.1%

AR WNNRGTea_nn1

" ro.0sers
40,5150

+0.03538
2.2%
+0.02188
2.6%
+0.00972
28.4%
-0.00030

Procedure

Check the first and second mode
which have a high mass
participation factor must be
considered in the seismic analysis
These two modes will be used to
calculate Damping effect in
analysis.

1. Double click on the “Eigenvalue
Analysis Result Table®
- Check the Mode number
with the first and second
mass participation along the
direction of seismic wave
which will be applied.
- Check Period corresponding
each mode number

(Period) — (0.951982, 0.6373990)

In case that the model does not
include bedrock, it is required to
apply fixed boundary at the bottom
to represent it. If not, it could not be
possible to check Natural period.




step 31. Ground surface sprlng
(Damping Constant

Procedure

e Elament Craate/ Calake = Element Create/Delete i
slm ] o Bz lm] ote |peea] In o_rd_er to S|mt_JIate the

Il Create — o Satoc radiation damping phenomena

Por Spig = SIS at the ground boundary, apply

Mati Spring .
E;dﬂ!-lr:-k Ground Surface Spring dam pl ng bOU ndary-

Int=rpolabon () Modulus of Subgrade Reaction

SLrface

E‘:f“ggﬂl (@ Damping Constant/Area 1 MESh > Element > Create
Meshfe: Pt Swina _muwn s - Other > Ground Surface
) Fixed Bottom Condition .
E- & oK ] [ jEagee) ]- Rotational ko Sprlng

- Select all solid elements

Property
99 99: Surface Spring_Node ID 107 [E] (MeSh Set 9 tOtaI)

wehset  [oomore - Selecting Damping
(o< ) [m][ﬁ Constant / Area

(* Damping Constant will be
auto calculated

based on the following
equation(next slide))




step 32: Ground surface spring
(Damping Constant

e Damping constant

A+2G A+2G
| C,=p-A-| W A =c, A
Primary wave p - P p o8] ‘r
G | G
Secondarywave C =p-A4- | —=W-A4- =¢ A
: p W.081

B v-E G- E
A= v)(1=2v) T 2(1+v)

A

- Volumetric modulus (tonf/m?)

- Shear modulus (tonf/im?)
- Elasticity (tonf/m2)
" - Poisson’s ratio

- Element face area (m?2)




step 33: Ground acceleration
with Direction

o‘ Ww Ground Acceleration

Ground Acceleration

(S5

Ground Acceleration

Name Ground Acceleration-1
D ¥ Direction
Funckion Mone {Constant)
Scale Fackor

Arrival Time

[ZE]

Time Forcing Function

MName

Data Type

Add Time Functio

Add Time Sinusoidal

Modify/Show
Delete

Graph Option

¥ Direction

Function Mone (Constant)
1

Scale Factor

Arrival Time
D Z Direction
Funickion MNone (Constant)

Srcale Fackor

Arrival Time

0 sec

[ZE]

Dynamic Load Set  Dynamic Load Set-1

-8

[ oK. ][Cancel

J (Caeply ]

[ Tmport T tertquare

@ Scale Factor 1

Time WValue
(sec) (@)

0.1240 0.0019
0.1860 0.0018
0.2480 0.0004
0.3100 0.0012
0.3720 0.0014
0.4340 0.0002
0.4960 0.0026
05580 0.0039
0.6200 0.0023
06820 0.0005
0.7440 -0.0046
0.8060 -0.0013

-

@ |~ |o || e fw]m

() Max. Value ]

[ %-ands Log Scale

9,80665 mfsec?
[ ¥-axis Log Scale

0.8680 0.0081

Desaipton  AMENES I =

oK ][ Cancel ][ Apply ]

* Seismic wave can be classified by direction such as Primary, Secondary and Love wave. Y-
direction in this example represent Primary wave which cause a compression and expansion

of ground repeatedly.

« In case of defining specified direction in the plane (ex) x-y plane), input scale factor for

each direction like belo

W.

=>Ex) Check X and Y
direction Input scale factor
by following relation X : a -
cosB,y:a-sinb

Procedure

Define ground acceleration
with direction

1. Dynamic analysis > Load >
Ground Acceleration
- Check Y - direction
- Select ( F) button to add
time history function
- Add Time Function

. Copy Paste the columns
from the excel file with tab
named “Offunato” in the
Name
- Select Normalized
Acceleration

In general, three types of
seismic wave such as
Offunato, Hachinohe and
artificial (or historical
earthquake) are used to check
the stability to find out the most
critical case




step 34: Analysis Case (Time Step)-

Add/Modify Analysis Case

Analysis Case Setting

non linear TH|
scription

Solution Type Monlinear Time History

Analysis Case Model

All Sets

= g Mesh
Cross Beam 1
Default Mesh Set
Ground Surface Spring
Pile Tip
Pile intefacepiles]
abutment
abutment base
abutment base-1
abutment-1
dampers
embankemnt
embankemnt-1
piles
rock
weathering soil
weathred rock
=58 Boundary Condition
_% fxed bottom
Lr
=188 Dynamic Load
@ Dynamic Load Set-1
2 Contact Pair

Solve Each Load Set Independently

Sorting

Time Step

Analysis Control

Output Control

Active Sets

i

=

E
E
E

5] %
Cross Beam 1
Default Mesh Set
Pile Tip
Pile intefacepiles]
abutment
abutment base
abutment base-1
abutment-1
dampers
embankemnt
embankemnt-1
piles
rock
weathering soil
weathred rock
= % Boundary Condition
£§ fired batiom
£ r
= % Dynamic Load
$P Dynamic Load Set-1
& Contact Pair

[Name N ] [ OK J[

Cancel ]

Appl

Time Step

I [ Define Time Step

Summary

Total Time Duration

Total Time Steps

Define Time Step

Mame
Time Duration

Time Increment

Intermediate Output 10
(Every N Time Step)

Insert
Modify

Delete

Mo Mame Time Duration Time Increment

Inter, Qutput

i1 time 5 0.062

1

Procedure

Create Case for Time History

1. Analysis > Analysis Case >
General
- Solution Type : Non
Linear Time History
- Activate all sets excluding
‘Ground Surface Spring’

2. Time Step

- Define Time Step

- Time Duration :
15.872sec

- Time Increment :

0.062sec

- Intermediate Output :
10 (Required to set time
step depending on the
Time History Load
Function(Duration &
Increment)




step 35: Analysis Case (Analysis Control)

Analysis Control

o General | Dynamic
Damping Definition

Damping Method @

Damping Method

Damping
Direct Modal
Mass and Stiffness Coeffidents
Damping Type

o [

() Direct Specification

@) Calculate from Modal Damping
j Jl=tion

() Freguency [Hz]

(@ Mass Stiffness Proportional

Masz Stiffness

Proportional Proportional

i] [u]
0.39532279 0.0060762023

Mode 1 Mode 2
i] [u]

@) Period [sec]

Damping Ratio

0.951982 0.637399

0.05 0.05

e % | || considering Material Damping
Perform

GTS NX Solver (23]

Show Coeffidents from Material. ..

J |

Name Type Description

eigenvalue Eigenvalue

Check On/Off

GTS

Procedure

Analysis Control
- Dynamic : Damping
Method

- Select “Calculate from
Modal Damping”
-Select "Period” - Input
First and Second mode
(0.951982, 0.637399)
-Damping Ratio : 0.05

2. Analysis > Analysis >
Perform




Step 36. Results

Results

Item

. L.[i8 Default Style
DISPLACEMENT =@ nth
TOTAL T, cm -2 Monlinear Time History
-1 INCR=14 (TIME=6.200...
-7 INCR=34 (TIME=1.240...
-] INCR=48 (TIME=1.860...
o -1 INCR=60 (TIME=2.480...

°o= 11,14913 []--@ INCR=75 (TIME=3.100...

” +10.24429 []--@ INCR=89 (TIME=3.720...

E

[

[

[

f-[2] INCR=103 (TIME=434...
H-2] INCR=124 (TIME=4.96...
H-[2] INCR=125 (TIME=5.00...
f-2] MIN

[-j@' MAX

Bﬁ' Displacements

Froma s

B TX TRANSLATL..

BEAM FORCE -2 INCR=89 (TIME=3.720...

EEMDING MMNT ¥, kN*m {2 INCR=103 (TIME=4.34...

0 2] INCR=124 (TIME=4.96...

o-2] INCR=125 (TIME=5.00...

o MIN

-G MAX

'?%: 26431897 ﬁ Displacements

1'9%; 258.17920 ﬁ' Relative Displacem..

ke ()% Grid Forces

d@: Reactions

ﬁ Velocities

@ Relative Velocities

ﬁ' Accelerations

ﬁ' Relative Accelerati...

E.a Spring Element For.,

(-} Pile Force

ﬂ Pile tip Force

E|£.a Beam Element For...

. .fa AXIAL FORCE
£a SHEAR FORCE ..

- £,a SHEAR FORCE ...
Marlinasy Tima Hickave MAY  THRITT LA m — s.a TORQUE

I BENDING MO...

i..f_a BENDING MO... =

-3.21837




step 37. Results

Results

Item
ACCELERATION = nth
TOTAL T, mfsec™2 9@ Maonlinear Time History
-2 INCR=14 (TIME=6.200...
o-2f INCR=34 (TIME=1.240...
o-[2 INCR=48 (TIME=1.860...
o-[2] INCR=60 (TIME=2.480...
]--[gf INCR=75 (TIME=3.100...
H-2f INCR=89 (TIME=3.720...
o2 INCR=103 (TIME=434...
o-[2] INCR=124 (TIME=496...
o[ INCR=125 (TIME=5.00...
o2 MIN
=2 MAX
i ﬁ' Displacements
ﬁ' Relative Displacem..
aé}/ Grid Forces
#2 Reactions
ﬁ' Velocities
ﬁ' Relative Velocities
ﬁ' Accelerations

. I TOTAL ACCELE.
PILE FORCE

NORMAL-Y , kMjm D Color

-2 INCR=124 (TIME=4.96...
2 INCR=125 (TIME=5.00...

F106.69025 .
: a0.05002 ﬁ' Displacements
+90. -

5.8% ﬁ' Relative Displacem..

+79.12646 #g= Grid Forces

d%r Reactions

ﬁ' Velocities

ﬁ' Relative Velocities

. ﬁ' Accelerations
Min/Max Value... ﬁ' Relative Accelerati...
Layout E.p Spring Element For..,

Color Type Bﬁ Pile Force
Background @ TANGEMTIAL X

@ A

v Auto-Range

Reset All
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