Seismic Time History 1
Analysis for 2D GTSI\

Abutment
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Plane strain elements are used to
model both the ground conditions
and Abutment.

Pile elements are modeled as beam
elements and embedded in
Embankment, Clay and Soft Rock
layers.

Model the load in surrounding
ground generated by earthquake and
evaluate dynamic behavior and
vibration effect of ground and
abutment.

Check the eigenvalue of ground
through Eigenvalue analysis, Analyze
ground dynamic behavior affected by
earthquake.

Starting Files Required: GTS NX 2D
Abutment Time History_start.gts

\5 Embankment 1
.
.

Embankment 2 \

Abutment

Weathered Rock Top

Weathered Rock

Soft Rock

Hard Rock




Step 01
File > Open

Lookin: || 28_2D Seismic Response Analysis of Bridge / v @ ¥ E

-

L Name Date modified Type [V]Read Result File

~p <4, GTS NX 2D Tutorials 28_start 10/26/2014 426 PM  GTSNXD
Recent Places

- No |
Main Menu > ooy o image

File>Open... = ,

. Libraries A | I_s SE“jn

Double click ‘GTS NX ™~ nalys g

2D Abutment Time Campiies
. =

History_start.gts’. N‘.l;k

N etworl D .

Main Menu > esc

Analysis > Analysis - Model Type Gravity Direction

Case > Setting > File name: A 3D '9,- Y

Unit System> Rescitpe:  |GSMikBesich) @ 20 z

tonf>m>s - () Axisymmetric

Click [OK].

Project Title Response Spect Engineer

Unit System

GTS?t tonf | [m v |sec

Seepage/Consolidation Analysis Dynamic Anahysis Thermal Analysis Result

Initial Parameters

Gravity Acceleration{a) 9,808 mjsec?
Unit Weight of Water 1 tonfjm?
Initial Temperature 0 [m

Plane Strain Thickness




Step 02:
Mesh>
Material

Material Table

Modulus of Unit  Unit Weight Cohesion Friction
Elasticity(E) Poisson’s Weight(Y) (Saturated) (o) Angle
Type [tonf/m2] Ratio(v) [tonf/m3] [tonf/m3] [tonf/m2] [P]
Mohr
Coulomb 4,000
Mohr
Coulomb

Embankment

Weathered

Rock Top
Weathered Mohr

Rock Coulomb
Mohr

Soft Rock Coulomb
Mohr

Coulomb
Mohr

Coulomb

10920

15000
30,000
Hard Rock 300,000 0.2
Abutment 232,000 0.19

Steel Elastic 21,000,000 0.3




Step 03:
Mesh>
Property

Properties

Name

Embankment

Weathered Rock
Top
Weathered
Rock

Soft Rock
Hard Rock
Abutment

Pile

Type
2D

2D

2D
2D
2D
2D

1D

Subtype

Plane
Strain
Plane
Strain

Plane
Strain
Plane
Strain
Plane
Strain
Plane
Strain

Beam




Step 03
Mesh >

Property

ILE_\"‘ @ @Cump. Prop.
-t *f < coys /7 Hinge ~
Materia@Property F‘DF‘S S

All the Materials and

Properties are pre-defined in| —— Prop./CSys./Func. -
Adaymoaity materai X

the ‘GTS NX 2D Abutment

Ti.me HiStory_Start'gts’. file' Embankment Isotropic-Mohr-Coulomb Modify. ..

Klndly go th rough the |nput \eathered Rock top  Isotropic-Mahr-Coulamb

Weathered Rock Isotropic-Mohr-Coulomb Copy

va I ues to h ave a bette r Soft Rock Isotropic-Mohr-Coulomb Delete
Hard Rodk Isotropic-Mohr-Coulomb

u l‘ld erSta nd i ng Of the Abutment Isotropic-Mohr-Coulomb Import
. Steel Isotropic-Elastic
material.

No Mame Type Create... |™

Impart from
Excel

Export to Excel
e Prop./CSys./Func.
Datsbaze | | Add/Modify Property

Close

Mame

Embankment
Weathered Rodk...
Weathered Rodk
Soft Rodk

Hard Rock
Abutment

Sub-Type

7

Plane Strain Modify. ..
Plane Strain
Plane Strain Copy
Flane Strain

Flane Strain Delete

HBEBHEHBEH

Flane Strain
Import...

Renumber




Step 03
Mesh >

Property

Add/Madify Property

MName Sub-Type

Embankment
Clay
Weathered Rock

Create/Modify 1D Prope . Soft Rock

Hard Rock

Main Menu Model > Pile [ Geogridg butment
P ro pe rty Truss I Embedded Truss
Click on [Add] > Select D [7 ] Name [Pl

I[;I?;’ Name ‘Pile’ o o a0

! ’ [ Taper Section- Section-j [ Close |
Element Type > [Beam]. Cross Sectional Area() 0.0186987595 | 0.0185987555
Select ‘Steel’ Material Torsional Constant(Tx) 0.0011507216¢ | 0.0011507215¢ meg
Click-on ‘Sectional Library’

H i 0.0005753808. | 0.0005753608. | m~
Select [PlpE], D > Enter Area Moment of Inertia(ly) m"4
Area Moment of Inertia(lz) 0.0005753608. | 0.0005753808. m

[ ’ 4
0-508 m, tW > enter = Section Template-
Effective Shear Area(Ay) 0.0093493797 | 0.0093493797\m2

‘0.012’m. ,
. . Effective Shear Area{Az) 0.0093493797 | 0.0093493797|m2
CIICk [OK]I CIICk [OK] * Shear Stress Coeffident(Gy)  0.0373829343 | 0.0373822343 | 1jm

Shear Stress Coeffident(Gz)  0.0373829343 | 0.0373822343 | 1jm

y Axis Variable Constant

R

Plane Strain
Plane Strain
Plane Strain
Plane Strain
Plane Strain Cther...

Plane Strain
i Import... i

HEBHEBEY

Torsional Stress Coeff, 0.254 0.254 |m

|Pipe

z Axis Variab stant
Spacing

Section...




Main Menu > Mesh > ; . S— '
Generat h ! 52
Generate>2D> Auto Area erate mesh(Face) ‘ | |

Select Object Edges > Auto-Area Map-Face I Map-Area I j: e
Select the edges as —— : h i
[B ] E— fdvanced Option u

shown. _ Selected 22 Edge(s)
Mesh Size > Element Size Select Point(s)

Merge Modes
Tolerance 0.0001

g Size Method
Property > Select @ Size () Division Fine Coarse
‘Embankment’ Name > —0

Element Size Growth Rate

‘Embankment’ [~ Mesh Inner Domain | |
. I
Include Interior Edges Min/Max Element Size

Click [Advanced Option]. ‘ l o
Type [Triangle], Check-off Property IDS_>
[Register Each Area 1 | 1: Embankment e

Independently].C|iCk o ’Loop Mesher
[OK]. Mesh Set Embankment

Element Type

Click [Apply]. [ ok [ cancel |[ apply [Triangle

Similarly create the mesh ’ [ Higher -Order Element

sets for Weathered Rock Midside Nodes on Geometry
Top, Weathered Rock, [¥] Pattern Mesh

Soft Rock, Hard Rock & ["]Register Each Mesh Independently
Abutment. | ——




2$Additiona|
Information

Generate mesh(Face)

The purpose of the Additional
information slide is to provide the user T
a better understanding of the Graphic @ sectponts)

Size Method

User Interface. @see Oowon z

[IMesh tnner Domain
Indude Interior Edges

Let’s see the trick to mesh the piles = -
without actually ‘meshing’, but by

Mesh Set | Auto-Mesh (Planar Area) w |

‘Extracting’. | E@E@ ok [ cancd =

Auto-Face Auto-Area  Map-Face Map-Area

The idea is to extract the piles mesh
from the existing 2D elements and
nodes.

Hence while meshing the soil
layers, we need select the piles
geometry (lines) along with the soil
layer boundaries.

By doing this, we can find nodes
connecting piles geometry (lines).
This would help us in extracting the
piles mesh. The procedure for
‘Extraction’ will be dealt in next

page.




Step 05
Mesh >
Element>Extract

Main Menu >
Mesh > Element
>Extract Element
From Geometry >
Select [Edge].
Select the 20
edges of the Pile
as shown.
PropertyID>‘7:
Pile”’.

mCreatE EMDd 0. %E{tmﬁ :EI:I |
I¢ Delete [JH Pamﬁ Klowide |'|

& Modify [ conng

Style ™ Back

Pil
n QIMeawre G-

Elerment

f_

FEEINS A LR
I

Extract Element

Extract Element . E

Geometry | Mesh

{Edge

x|

=2

Selected 20 Object(s) ]

Skip Duplicated Faces

Mesh Set > Enter
name ‘Piles’.
Click [OK]

Orientation (Element Z-Axis)
Beta Angle: 90 [deg]

) (18]

DERRE =
o) () i)

perty
6 7 [7: Pile

Mesh Set

[~ | Register Based-on Object Shape

[ | Register Based-on Owner Shape

Register Based-on Owner Mesh Set

v




2$Additiona|
Information

The purpose of the

IS to provide the user a
better understanding of the
Graphic User Interface.

Let’s see how to check the
material and property that
was assigned to the Mesh
sets.

1. Select any mesh set.
2. Inthe Works tree >
Properties tab, we can
find the assigned
material and the
property to the mesh
set.

tree’ is not opened on
your PC, then right click
on the ‘Quick Access
Toolbar’ to enable it.

Additional information slide

OB rirge - o

Geometry Mesh Static/Slope Analysis Seepage/Consolidation Analysis Dynamic Analysis Thermal Analysis

O HE= &R Revolve ||+ Transiate
@a g@ @ﬁ QI @foftw ()RTmt:t

oYl | P @5 e

Bedding || Sold Surface || Solid Surface || Extrude
?Sweep ﬂ|ﬁerr0r
T

Run Analysis Toolbar

FGalapiml e mis B% #MITe 0 DD e

D
@ MNew Works
-+, Coordinate System
L View Point
# Work Plane
- Datum
AE Material
HE Propery
VIR Geometry
.—’ Bedding Plane
-5 Export Shape
Gig: Mesh Control
=M EF Mesh
[V Default Mesh Set
-3 Weathered Rock Top
[ embankment 2

¥ & piles
- & Line Free Field
-2 Contact
-4 Elerent Parameters

<

Colo
~

If the ‘Properties Works

Model| Results

Properties
= Mesh Set
D 51
Name hard rock
Color [] Frcos7
Element Count 471
n

Property 5 : Hard Rock
Material 12 : Hard Rock
Mass

£
K

|| Advanced View Control
|I| Modeling Guider

|I| Node/Element Toolbar
|I| View Toolbar

|I| Selection Toolbar

|Z| Model
|Z| Analysis
|z| Resufts
|Z| Properties
(V] output
|I| Task Pane

Remove Manual

2 Imprinted Object
P i

4 ‘GTS NX 2D Tutorials 28_final_Linear Time History.gts

Output
> GTS NX 2020 (v1.1) (64bit)

= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.

> GTS NX 2020 (v1.1) (64bit)

= Copyright (C) SINCE 1989 MIDAS Information Technology Co., Ltd. ALL RIGHTS RESERVED.




2$Additiona|
Information

ract 3 Interface /7 Hinge
11 Parameters vide -3 Pile/Pile Tip i Infinite
I.J Connection I Measure Mj{Free Field il Seepage cut Off
The purpose of the Element

Additional information slide

IS to provide the user a

better understanding of the = EYRA T Mucnsems ElGGR- I RBHEO® &

Graphic User Interface. S e — %
Node 1D i) 3D Other

Let’s see how to ‘change’ the
property when a incorrect
one was assigned to the
Mesh set. —
Go to Mesh > Element > 0 : Abutment
Parameters
Go to 2D.
In the dropdown menu,
select ‘Change Property’
Change the filter to
‘Basic’
Select the mesh set to
which property has to be
changed.
Select the correct
Property.
Click ‘OK’

:Change Property
= Selected 66 Object(s)

Select 2D-property from the below list.




Step 06
Mesh >Element N
> Parameter '

GTS

¥ B &G [ Create [BModfy Topo. B Extract
Coptact = - EE It
2| Analysis  Resul Delete Parameters| [li] Divide

i [ Modify Connection [} Mea
ash Set i Element

@ I Parameters

Include/Exclude Elements & Modes Change Element Parameters

-+ Pile,

me
lor

Works Tree S Mesh S Mesh zgwgt Co:lnt I play hlode L
wde Count Display b- ode

set> Pile- Right CIiCk to :Lpe.rtl',.-' Transparency » —
iteria )
inVOke Context Menu > 155 shrink. Display Element ID

. 155 center X Delete

Display > Element Csys. s canter Y fename (2

As can be seen the Element iss center 2 SR T SE AOGaENT .

. . = [Checking] Elapsed Mesh hlatcialisys

Csys are not aligned in the > 40 element(s) have beer Lo
. . . . | = A mesh set[Pie] which h

same direction. This will

result in wrong display of Add/Modify Mesh Parameter 2B

results.
. ' [Node | 1D * ) | other |
Main Menu > Mesh > 4

Element > Change Element Lcengecoe al
In Selection filter select © Reverse Normal (X-Axis)
[1D]>> Change Cys () Orientation (Element Z-Axis)
“Base Element” select any
element whose Z axis is () Align with Neighbor 2D Element

(@) Align 1D Base Element (Z, X-Axis)
parallel to Global X-axis e - ’ 1= Selected 1 Object(s)
Select the “Pile” mesh set
from the works tree.
Click [OK].

Beta Angle: 90 [deq]

Property
7 7: Pile HE&

[ oK ”Cam:el ][ Apply l




Step 07
Mesh >Element
>Free Field ——
Jx Delete [[d] Parameters [i]Divide % “

Create Free Field Create/Modify Other Property X

Main Menu >Mesh > e [plane Matrx Spring | teme | FreeFied | coor [ T

Elastic Link

Element > Free Field Element D | ?A%g#;‘gt Free Field Type Line v
. : Shell Interface Free Field e
CI |Ck HE Target Object User Supplied Behavior for Shell Interface Type TE€ FIE

T From Free-Edge File Tip i 100000
ype dg Infinite Width Factor

- Feemad ]
| E Selected 46 Object(s) Seepage Cut OFF DOF

Select ‘Line’ in the ‘Free

Field Type’ and ‘Free DX R

Field’ in the ‘Type’ apmpe,w
columns and click ‘OK’ 5: Free field

Select the Vertical Mesh Set Line Free Field
boundary element = @

edges as shown in the
picture.

Select ‘Free Field’ in the
property.

Click ‘OK’




Step 08

Static/Slope Analysis >
Boundary > Constraint

Main menu >
Static/Slope Analysis
> Boundary >
Constraint

In the Constraint
tab, go to ‘Advanced’
and select all the
bottom nodes of the
model including the
bottom nodes of the
free field elements
as shown in the
figure.

Enable Tx and Ty in
the DOF column.
Enter the boundary
set name as ‘Fixed
Bottom’ and Click
IOKI

Lonstraint

Besic =

Mame Constraint-2

Object
Type MNode

=2 Selected 56 Object(s)

Symmetric Plane

e Ty 1Tz Xy YZ

3 / |Rx DRy |:|F'.z =

|:| Anti-Syrnmetric

Boundary Set | Fixed Bottom w | =%

| 2 oK Cancel Apply

A

fUation &% Slip polygonal surface

% Change Property

ounaary

1T Water Level
¥ Table ~

-
@l




Step 09
Analysis >
General

Main Menu >
Analysis > General
Name ‘Eigen Value’,
Analysis Type

> Select
[Eigenvalue].

Click == to
activate all the
sets.

Click-on Analysis
Control[].
Number of
Frequencies ’30'.
Activate ‘Strum
Sequence Check'.
Click ‘OK’

Click ‘OK’.

Add/Maodify Analysis Case

Analysis Case Setting

Title | Eigenvalue

Description |

Solution Type

Eigenvalue

Construction Stage Set

Analysis Case Model
&l Sets

- Mesh
i Default Mesh Set
Line Free Field
Weathered Rock Top
abunment
embankment 1
embankment 2
hand rock
piles
soft rock
weathered rock
undary Condition

3 Contact Pair

Solve Each Load Set Independently

Sorting

analysis Control [

Cutpu

Mame

Active Sets

Default Mesh Set
Line Free Field
Weathered Rock Top
abunment
embankment 1
embankment 2

hand rock

piles

soft rock

undary Condition

3 Contact Pair

t Control e

Analysis Control

General

Initial Temperature
[ 1nitial Temperature By Value

Water Level
[ befine water Level 0

m {Mong Pe

Define Water Level for Mesh Set Input Water Level...

Number of Modes

[Lowest 0 [JHighest

Unit: [Cyde]/ sec

Sturm Sequence Check

Saturation Effects
[ consider Partially Saturated Effects for Stress Analysis

Max. Megative Pore Pressure
Max. Megative Pore Pressure Limit

E—

Undrained Condition

[ Allow Undrained Material Behavior

Mass Parameters

[ coupled Mass Calculation 7

Cancel

16




Step 10
Analysis >
Perform

Main Menu > Analysis >

Perform...
Check —on ‘EigenValue’.
Click [OK].

J All the messages during the

analysis will be shown in the
Output Window. Especially, one
needs to be very cautious about
warning messages, because these
messages indicate that the analysis
results may not be correct. The
model is automatically saved before
the analysis. The detail analysis
information is also saved in a text
file(*.OUT).

Perform

(® Results

Analysis

Fpes-| @

History

Qutput Probes

History

-3

Options

Tools

e B ¥ M L& % 7 RS QE

i

Check On/Off

Description




Step 11
Results >
Vibration Mode ——

Itemn

@) Ch\bremal Drive docs\gts migts . ased on the number of the degrees of freedom in
Post Style the model, we can find ‘n’ number of natural
{8 Defoutt Ste frequencies. But all the frequencies are not
elg — important. We need to consider the frequencies of
521 MODE1 (FREQ=9.2477¢-... the modes with high effective mass participation.

Works tree> Result >
Double Click on o 21 MODES (F
eigenvalue results table
We can find three tables.
Go to ‘Percentage Modal
Effective Mass table’ and
find the first two mode
numbers with more modal
mass participation. In the
current tutorial, Mode 2
and 6 have highest mass |

pa rtiCipation. — LlZED GENERALIZED | ORTHOGONALITY ERROR

. EMGENWVALUE RADIANS CYCLES PERIOD WMASS STIFFMESS Loss MEASURE
Then go to ‘Real

Eigenvalue Table’ and

PERCENTAGE MODAL EFFECTIVE M

€O = Ch|en| gl ool =

1.020887e+002 | 1.010280e+001 | 1,607927e+000 | 6.219188e-001 [ 1.000000e+000 | 1.020687e+002 0.000000e+000 | 4.283920e-012
1.047318e+002 | 1.023386e+001| 1.628769e-+000 | 5.139608e-001 [ 1.000000+000 | 1.047318e+002 0.000000e+000 | 0.000000e-+000
3.220247e+002 | 1794505e+001 | 2.856043e+000 | 3.501342e-001 [ 1.000000e+000 | 3.220247e+002 0.000000e+000 | 1.591982e-011
. 4.107824e+002 | 2.048859e+001 | 3.260861e+000 | 3.066675¢-001 | 1.000000e+000 | 4.197824e+002 0.000000e+000 | 4.40017%-012
check the frequenC|es 4.307707e+002 | 2.075502e+001 | - 3.027309e-001 | 1.000000e+000 | 4.307707e+002 0.000000e+000 | 0.000000e+000

4.947937e+002 | 2.224396¢+001|| 3.540236¢-000 | 2.824670e-001 | 1.000000e+000 | 4.847937e+002 0.000000e+000 | 0.000000+000
of Mode 2 and Mode 6. 4.072431e+002 | 2.229805e+001 | 3.548088e+000 | 2.817705e-001 | 1.000000e+000 | 4.972431e+002 0.000000e+000 | 0.000000+000

5792484e+002 | 2.406758e+001 | 3.830474e+000 | 2.610643e-001 [ 1.000000e+000 | 5792484e+002 0.000000e+000 | 5.386065e-012
Keep the record of 6.868612e+002 | 2.620804e+001 [ 4.171139+000 | 2.397427e-001 | 1.000000e+000 | 6.858612e+002 0.000000e+000 | 2.199504e-012

7.357477e+002 | 2712467e+001 | 4.317025¢+000 | 2.316410e-001 | 1.0000002+000 | 7.357477e+002 0.000000e+000 | 0.0000002+000

oo |~ fen| o | el rafl—

frequencies of 8.266823e+002 | 2.875208e+001 | 4.576036e+000 | 2.185257e-001 | 1.000000e+000 | B.266823e+002 0.000000e+000 | 9.198082e-012
1.111603e+003 | 3.334071e+001 | 5.306339e+000 | 1.884538e-001 | 1.000000e+000 | 1.111603e+003 0.000000e+000 | 4.488273e-012

1.253485e+003 | 3.540472e+001 | 5.834337e+000 | 1.774674e-001 | 1.000000e+000 | 1.253455e+003 0.000000e+000 | 1.459955e-011

1'628769 sec and 1.443552e+003 | 3.799410e+001 | 6.045948e+000 | 1.653727e-001 | 1.000000e+000 | 1.443552e+003 0.000000e+000 | 1.110777e-011

3 540236 sec 1.584032e+003 | 3.979990e+001 | 6.334350e+000 | 1.578654e-001 | 1.000000e+000 | 1.584032e+003 0.000000e+000 | 5.088320e-012
. . 1 RRZGNTe+0N3 | 4 NTTRATRR+001 | R 400140e+000 | 1 S4A0709%=-001 | 1 000000=+000 | 1 RRZO0Te+003 0 ononnfe+000 1 0 000000e+000




Step 12
Dynamic Analysis >
Ground Acceleration

Geometry

@3 [—Tl;) +« cs

Material Property = Fu

Anabysis Dynamic Analysis Thermal Analysis Analysis Result

Y% Time Varying Static LM Load to Mass
48 Train Dynamic Load Table

£k Define Set

R e Fun: Response Spectrum 4% Dynamic Nodal

Return to the Pre Mode
Main Menu > Dynamic
Analysis> Load > Ground
Acceleration
Enable ‘X’ direction
Click the ‘iz ’ option
next to function.
Click ‘Add Time Function’
Click ‘Earthquake’
In the GTS NX earthquake
database, select 1966,
Parkfield Cholame,
Shandon, 40 deg.
Click ‘OK’
Click ‘OK’
Click ‘Close’
Select the ‘Park040’ in the
drop down menu.

12. Click ‘OK’

@I@j.;@@

esulcs

Ground Acceleration |£.Lg Dynamic Surface & Table -

,5 Pre-Mode

Load

Item
— N nl
nd Acceleration

Maodeling

yd Acceleration

spnd Acceleration-2
]

x Direv:tio

Function
Scale Factor

Arrival Time

|:| ' Direction

Function Mone (Constant)

Sicale Fackor

arrival Time

D Z Direction

Function Mone (Constant)

Sicale Fackor

Arrival Time

Drynamic Dynamic Load Set-1

= & oK

Cancel

me Forcing Function

MName

park40

Type Data Type

Time Function MNorm. Acc.

Time Function Data Type

Mormalized Acceleration

(D) Max. Value 0 a

Scaling
(®) Scale Factor

Value

(g}

~

Self Weight

9.806 mysec?

Graph Option
[ %-axis Log Scale
[ -axis Log Scale

0.1

0 0.00050942 0.14

0.02 -0.0034641 oz

0.1

0.04 0.0023434 o.og

0.0¢ 4
0.06  0.013358 2l0e ]
0.08 0.01457 82
0.1 0.0088253 e

0.12 0.0095772 -0.06

z Z-n.08

0.14  0.0046367 =L

-0.12

0.16 | -0.0096791
-0.1€

-0.14

0.18 -0.013754
-0.18

0.2 -0.011004 o

0.22 0.0057056 co.z

-0.24
Base Line Correction (Acceleration)

012 32 45 E 7

-0.2€
(®) Original (7 Consider

Description | 1966, Parkfield Cholame, Shandon, 40 Deg

Generate Earthquake A

Earthquake

Add Time Funclion 1966, Parkfield Cholame,Shandon,

n Record

40 Deg ~

Add Time Sinusoidal

Amplitude Scale 1

Time Scale

L 1l

Modify/Show

Delete eak = -0.237 g Duration = 25,18

8

1966, Parkfield Cholame,Shandon, 40 Deg

Cancel




Step 13
Analysis > General

Main Menu > Analysis Case hdd/Madify Analysis Case

> General Analysis Case Setting
Title ‘Time History | me [ Time History Time Step

Ana IYSiS'. Description | Analysis Control B
Sol utio n Type: Solution Type Linear Time Histary{Direct) B utput Control EE]
Linear Time History (Direct) ||~
. ime for Analysis and Outpu
ACtlvate A" SetS Analysis Case Model Tme Step i £ [?E':E:_Ime pro

All Sets Active Set

Click on ‘Time Step’ " Summary

. . . = Mesh i otal Time Duration
Click on ‘Define Time Step’ Defauit Mesh Set Default Mesh Set fotaTime furss
Line Free Field Line Free Field Total Time Steps

Input the following, Weathered Rock Top Weathered Rock Top

abunment abunment

Name : Time Steps embanianent 1 T :

Define Time
H : K embankment 2 embankment 2
Time Duration: 15 sec e e . e |

(You can control the end time of piles ples Time Duraton [ Slec [

soft rock soft rock

the ea rthqua ke in this co'umn) weathered rock weathered rock Time Increment [ oo Lo
D % Boundary Condition B% Boundary Condition gﬁ?&gfgy NTime Delete

Time Increment: 0.02 sec &6 Fixed Bottom €5 Fixed Bottom
. - E| QE Dynamic Load E % Cynamic Load Mo Mame Time Durztion  Time Increment  Inter. Output
(Time increments effects the < Dynamic Load Set-1 " €D Dynaric Load Set1 | EEETSer SR 0.02 1

. 3 Contact Pair Z Contact Pair
analysis results.)
8. Click ‘Add’
9. Click ‘Close’ 0
10. Click ‘OK’ Close

11. Click ‘Analysis Control’

Time Step

Solve Each Load Set Independently




Step 14
Analysis Control

In General tab >
Enable ‘Include In-situ
Analysis’ and enable
‘Clear
Displacement/Strain’
Click on the Dynamic
tab

Click on damping
method [ g ].

Select 'Calculate from
Modal Damping' and
Select frequency [sec].
Enter the frequencies
for 2" and 6" modes
from previous
eigenvalue analysis.
Enter 0.05 in Damping
Ratio for both Mode 1
and 2

Click 'OK'.

Click ‘OK’

Click ‘OK in the main
analysis case.

Analysis Control

General Dynamic

Water Pressure
[ Automatically Consider Water Pressure

In-Situ Analysis

Include In-Situ Analysis with Self-Weight
[ apply KD Condition
[ Estimate Initial Stress of Activated Elements
Clear Displacement/Strain

Water Level
[ oefine water Level 0 m | Mone k3

[ pefine Water Level for Mesh Set Input Water Level...

Saturation Effects
[ consider Partially Saturated Effects for Stress Analysis
Max. Megative Pore Pressure

Max. Negative Pore Pressure Limit l:l tonffmz2

Undrained Condition
[ Allaw Undrained Material Behavior

Mass Parameters
[ coupled Mass Caloulation

Damping Definition
Damping Method

Damping Method

Damping
Direct Modal
Mass and Stiffness Coeffidents
Damping Type

() Direct Spedification

Mass Stiffness Proportional

Mass Stiffness
] s
Proportional Proportional

1] 1]

(®) Calculate from Modal Damping

Coefficents Calculation

(®) Frequency [Hz]
() Period [sed]

Damping Ratio

0.700910798 0.0030790338

Mode 1 Mode 2
| 1.62875 | | 3.54023

1] 1]

|n.ns | |n.ns

] considering Material Damping

Show Coeffidents from Material...

Cancel




Step 15
Analysis > Perform

Main Menu > Analysis >
Perform...
Check—on ‘Response
Spectrum’ only.

3. Click [OK].

¥AII the messages during the
analysis will be shown in the
Output Window. Especially, one
needs to be very cautious about
warning messages, because
these messages indicate that the
analysis results may not be
correct. The model is
automatically saved before the
analysis. The detail analysis
information is also saved in a
text file(*.OUT).

&l Geometries (P) ] | {; fi = ‘ 29‘( @

GTS NX Solver

A
[ ejgeny Eigenvalue
I Time History I Limear Time History(...

VAVl Vi Ve V7 VP Vi V2 V2

[ ched: onjoff

Ty

4 GTS NX 2D Tutorials 28_final_Linear Time History.gts

= [Waming] The Usage of Gravity Load is recommended in In-Situ Analysis. Automaticaly consider Gravity.
= Analysis data is transferred to solver successfully.
= READING INPUT FILE [F:\MIDAS_Tutorials & Model files\GTS NX Tutorials\ Training & Mew Tutorizls\2D Abutment _time history Analysis\GTS NX 2D Tutorials 28_fina
S
= GPU ACCELERATION : ENABLED
= PERFORMING AMALYSIS TYPE=[LinearStatic] LABEL=[Linear Static(In-situ Analysis)]
= - SETUP ANALYSIS
MULTI-FRONTAL SOLVER (AUTO SELECTED)
[PROBLEM INFO]
MNUMBER OF MODES  : 1590
WUMBER OF ELEMENTS : 2992
MUMBER OF DOFS 14902
MNUMBER OF EQUATIONS : 3112
- RUN AMALYSIS
- BUILDING KU=F

- SOLVING KU=F
FACTORIZATION COMPLETED

AV VN Y Y VY Y Y VY



Step 16
Results

1. Post Works Tree> Time
History > Absolute MAX >
Relative Displacements > TX

[E | 2, | None(0) = ITRIR = O | W W |
B INCR=739 (TIME=1.478..
.21 INCR=740 (TIME=1.480..
g INCR=741 (TIME=1.482.. %EL %ISPL»QCEMENT
2] INCR=742 (TIME=1.484., - WO TR . 40.03006902
J2f INCR=743 (TIME=1.485.. 4.7%
Bf INCR=744 (TIME=1.485.. Eﬂozszgm
.21 INCR=745 (TIME=1.49D.. g ie0205211
Y INCR=746 (TIME=1.492., A aisT4Tz
-[2] INCR=747 (TIME=1.494.. °°= 001007355
2f INCR=748 (TIME=1.496.. 4.2%
Y INCR=749 (TIME=1.495..
21 INCR=750 (TIME=1500..

B Min

ABSOLUTE MAX
Displacements
f_| ﬁ Relative Displacerne.
By TOTAL RELATIV...
gl
= RELATIVE TR
B TZ RELATIVE TR..
B TOTAL RELATIV...
B RX RELATIVE RO..
B RY RELATIVE RO..
... RZ RELATIVE RO..
j--@r Grid Forces
% Reactions
j--ﬁ' Velocities
- ﬂ Relative Velocities
=8 ﬁ' Accelerations
& TOTAL ACCELE..,
& TX ACCELERATI..
& TY ACCELERATI..
ﬁ TZ ACCELERATI.. [ DATA ] Time History, Linear Time History(Direct), ABSOLUTE MAX, [UMIT] tonf, m

> N l ._. — & | Level 3 (Normal) él [ ]

[
[
[
[
[
[
[
[
[
[
[
[
[




Step 16
Results >Extraction
of Accelerations

Post Works Tree > Time
History > Absolute MAX >
Acceleration> TX

Main menu > Result >
Advanced > Extract

Select the following in the
Extract Results Tab:
Analysis Set: Time History
Result Type: Accelerations
Results: TX Accelerations
Select ‘Step’ in Order
Node Selection: Using the
cursor select the top node
of the abutment and any
bottom node of the model
as shown in the figure.
Click ‘Table’

2] INCR=750 (TIME=1,500+00...
w2 MIN
w2 MAX
=[] ABSOLUTE MAX
ﬁ Displacements
ﬁ Relative Displacements
%P Grid Forces
[-# Reactions
ﬁ' Velocities
ﬁ Relative Velocities
Bﬁ Accelerations
: (& TOTAL ACCELERATI...

T 1 1) ACCELERATION (...
i TY ACCELERATIOM (...
i TZ ACCELERATIOM (..

& TOTAL ANGULAR AC...
- RX ACCELERATION (...
& RY ACCELERATION (...
& RZ ACCELERATION (...
j--ﬁ Relative Accelerations
j--ﬁ.p Beamn Element Forces
H-f=] Plane Strain Forces

]--n&ﬂ Bearn Elernent Stresses

SO T PR RS N P,

jn]

~

Extract Results

Output Data

Analysis Set |'I'|n-|e History
Result Type |Acceleraﬁons

Results | TX ACCELERATION (¥)

Step: Results

Linear Time History(Direct):INCR.=1 (TIME=. &

Linear Time History (Direct):INCR =2 {TIME=:

Linear Time History (Direct): INCR =3 {TIME=t

Linear Time History(Direct):INCR =4 (TIME={

Linear Time History (Direct):INCR =5 ({TIME=:

Linear Time History (Direct): INCR =6 ({TIME=_
[l inear Time HistoryMirecH: TNCR =7 (TIME=" ¥
< >

| Select Al || Unselectal |

Extraction Position iz

Order
(®) 5tep (O Node/Element

Modal Results Extract

User Defined
Select Object | 2918 332
Sort X Y [ Ascending

(O Maximum_ A7) Minimum () Abs. Max

Anly Show Node Element




Step 16
Results>Graph Plot

Step

Linear Time History(Direct):INCR=1

Linear Time History(Direct):INCR=2

Linear Time History(Direct):INCR=3

Linear Time History(Direct):INCR=4

Linear Time History(Direct):INCR=5

Linear Time History(Direct):INCR=6

Select three columns as
shown in the picture. Right
click and click on the ‘Show
Graph’

Input the Y label (value) as
Accelerations and Graph
Title as ‘Acceleration vs
Time.

Click ‘OK’

In the graph as shown in the
picture, red curve represents
the input motion and green
curve represents the
‘amplified wave’ recorded at
the top node of the
abutment.

Record the peak values in
both the curves.
Amplification = Abs(

Output peak acceleration of Amplified wave)

Input Peak acceleration

Linear Time History(Direct):INCR=T

Linear Time History(Direct):INCR=8

Linear Time History(Direct):INCR=%

Linear Time History(Direct):INCR=1

Linear Time History(Direct). INCR=1

Linear Time History(Direct):INCR=1

Linear Time History(Direct):INCR=1

Linear Time History(Direct). INCR=1

Linear Time History(Direct):INCR=1

Linear Time History(Direct):INCR=1

Linear Time History(Direct). INCR=1

Linear Time History(Direct):INCR=1

Linear Time History(Direct):INCR=1

Linear Time History(Direct):INCR=2

Linear Time History(Direct):INCR=2

Linear Time History(Direct).INCR=2

Linear Time History(Direct).INCR=2

Linear Time History(Direct):INCR=2

Linear Time History(Direct):INCR=2

Linear Time History(Direct). INCR=2

Linear Time History(Direct):INCR=2

Linear Time History(Direct):INCR=2

Linear Time History(Direct). INCR=3

Linear Time History(Direct):INCR=3

Linear Time History(Direct):INCR=3

Linear Time History(Direct).INCR=3

Linear Time History(Direct).INCR=3

Graph Type

Simple line (x-axis: index)

X Label {Index)
FEney | Step Value

' Label {Value)

Sorting Dialog...
Style Dialog...
Show Graph...

Export to Excel

Graph Type Example

100

80

B0 A

Acceleration |

AN

Graph Title

40

Acceleration vs Time| |

20/

Acceleration vs Time

T~

i}
Index 0

Index 1

Index 2

Index 3 Index 4

Index &

: ,:iiv_,i';:;-;"‘ ‘ n‘\i |‘ :I !

N!

'll '|,. h“li“”ft

Cancel




Happy Modeling




CERTIFICATION TASK

GTS NX Certification task for participants involves
submission of file (.docx or .pdf) with :

* Generating the model as shown in tutorial.

* Acceleration vs Time (Amplification) — Graph Picture

* Short summary of model creation, and results.

KINDLY SUBMIT YOUR FINAL RESULTS IN THE PROVIDED WORD FILE FORMAT.




