midas Civil Advanced Tutorial

Nonlinear time history analysis of a bridge
with seismic isolators

MibAs



Nonlinear Time History Analysis of a Bridge with Seismic Isolators

Nonlinear time history analysis of a bridge with seismic isolators

Since this example focuses on the procedure for performing nonlinear boundary time
history analysis, the modeling process will be omitted, and a completed model file will be
opened.

The procedure for performing nonlinear boundary time history analysis with M IDAS/Civil
is as follows:

=

Define the properties of Nonlinear Links
Input Nonlinear Links
Enter the analysis conditions for Time History Analysis

Perform Nonlinear Time History Analysis.

o > 0D

Check theanalysis results

For the definition of LRB, refer to the analysis manual.
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Figure 1. 3-D Bridge Model
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Bridge Specifications

Bridge Spans:45m+50m+45m=140m
Bridge Width: 11.4 m
Bridge Type: Steel Box Girder

Lanes: Three lanes

Nonlinear analysis of a bridge with LRB Isolator elements

Modeling

Openanew file (D New Project) and save (n Save) the file as ‘Non linear-LRB’.
Assign the unit system as ‘tonf’ and ‘m’. The unit system can be changed any time during the
input process depending on thetypes of data entries.

/ 0 New Project
/ H save (Nonlinear-LRB)

Tools / UnitSystem
Length> m; Force>tonf

Model Import

In this tutorial, we will import a model (Structural Model.mct) completed with geometry and
material/section data.

/ Import/ MIDAS/Civil MCT File
open>Structural Model.mct
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Non linear link definition

Nonlinear Link (LRB) properties

Abutment (LRB-A)

Vertical Longitudinal Transverse
Direction Dz Dx Dy
Nonlinear No Yes Yes

Linear Properties

Effective Stiffness 479100(design) 336.1(iteration) 336.1(iteration)
Effective Damping 0 0 0
Nonlinear Properties
Stiffness - 1099 1099
Yield Strength - 15.69 15.69
Post yield Stiffness ratio - 0.08917 0.08917
Pier (LRB-P)
Vertical Longitudinal Transverse
Direction Dz Dx Dy
Nonlinear No Yes Yes

Linear Properties

Effective Stiffness 1289000(design) 702.2(iteration) 702.2(iteration)
Effective Damping 0 0 0
Nonlinear Properties
Stiffness - 2204 2204
Yield Strength - 33.63 33.63
Post yield Stiffness ratio - 0.0862 0.0862
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Nonlinear Link (LRB) property input

Input the properties of Lead Rubber Bearing isolators.

Boundary > (% General Link > General Link Properties
Define General Link Properties>__ Add

Name (LRB-A); Application type> Force; Property Type>Lead Rubber Bearing
Isolator

Self Weight>Total Weight (0)
Linear Properties

DOF>Dx, Dy, Dz(on) ; Effective Stiffness (479100), (336.1), (336.1)

Nonlinear Properties
DOF>Dy(on) : __Poperies. . | giiffness (k) (1099)
Yield Strength (15.69); Post Yield Stiffness Ratio(r) (0.08917)
Hysteretic Loop Parameter (o) (0.5)
Hysteretic Loop Parameter () (0.5)d

DOF> Dz(on) ; __ Propetties... | (The procedure is identical to that for Dy)

Name Application Type

Froperty Type Description add

Modify

Delete

Close

R

Mame + |LRB-A
Application Type : Elernent @ Force
Property Type @ | Lead Rubber Bearing |solator | Inelastic Hinge Properties...
Description
Self Weight Use Mass
Total Weight : |0 tanf Tatal Mass @ tont/g
Linear Praperties Monlinear Properties
DOF  Effective Stiffness Effective Damping DOF
w Dx (478100 | toni/mn 0 tonf-sec,/m Dx Properties...
» Dy (331 tont/m i} tonf-sec/m » Dy Properties,, >
2Dz |33 tont/m 0 tonfsec/m 21Dz Properties...
Rx tonfmy/[rad] tonfm-sec/lrad] Properties...
Ry tonfm/[rad] tonf-m-sec/[rad] Properties...
Az tonfmy/[rad] tonfm-sec/lrad] Properties...
Shear Spring Location
Distance Ratio From End | Dy : Dz
ok Cancel Apply

MNonlinear Properties

Stiffness (k)

: J tont/m
Vield Strength (Fy) i | 15,69 tant
Post Yield Stiffness Ratio () & |0.08917
Hysteretic Loop Parameter {(a) © |05
Hysteretic Loop Parameter (by @ |05
a ! alpha b : beta lal + bl =1.0

f=rkd+(l-r)Fz
i = K1 pP{arsign (d2) +p 14

Ea

i

r‘ - —
w4

o

i’q Cancel

Figure 2. LRB properties Input for Abutment
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Input the properties of LRB for Pier.

Boundary > General Link > General Link Properties

Define General Link Properties>

Add

Name (LRB-P); Application type> Force; Property Type>Lead Rubber Bearing

Isolator

Self Weight>Total Weight (0)

Linear Properties

DOF>Dx, Dy, Dz(on) ; Effective Stiffness (1289000), (702.2), (702.2)

Nonlinear Properties

DOF>Dy(on) : __Pieperies. | siiffness (k) (2204)

Yield Strength (33.63) ; Post Yield Stiffness Ratio(r) (0.0862)
Hysteretic Loop Parameter (a) (0.5)

Hysteretic Loop Parameter () (0.5)d

DOF>Dz(on) ; __ Propetties... | (The procedure is identical to that for Dy)

Narme: Applcation Type Froperty Type Description add
LAB-4  Force Lead Rubber Be. ..
Modify
Delete
Close

. ; , ,

Marne : |LRB-P
Application Type © Elernent ® Force
Property Type : |Lead Rubber Bearing Isolator A} Inelastic Hinge Properties...
Description
Self Weight Use Mass
Total Weight : |0 tonf Total Masgs : tontfg

Linear Properties

DOF  Effective Stiffness Effective Damping

D 1283000 | tont/m 1 fonfsec/m

» Dy 7022 tonf/m 0 tont-sec/m

wiDz (T2 | tont/m 0 tont-sec/m
R tonfm/Trad] tontm-sec/[rad]
Fiy tanif-rn/Crad] tont-m-sec/[rad]
Rz tonfm/Trad] tontm-sec/[rad]

Shear Spring Location

Distance Ratio From End | Dy :

Monlinear Properties
DOF

Dx Properties...

Dy Properties...
w Dz Properties... >>
Properties...

Properties...

Properties...

Dz :

Cancel Apply

Monlinear Properties

Stiffness (k) 2204

tonf/m
Vield Strength (Fy) 133683 tonf
Pust Vield Stiffness Ratio (¢ 0862
Hysteretic Loop Parameter () : 0.5
Hysteretic Loop Parameter (b) : 0.5
a talpha b :beta lal +1bl =1.0

f=rkd+{1-r)Fz

¥
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Figure 3. LRB properties Input for Pier
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Create Nonlinear Links (LRB)
Create Nonlinear Link (LRB) elements on the supports.
There are a total of 8 locations to input LRB. The order in which the input takes place is from the

left abutment to the left pier, the right pier and the right abutment.

Create nonlinear links at the left Abutment.

Boundary / il General Link

General Link Property>LRB-A
Q Zoom Window (Zoomiin the left abutment where LRB-A is to be created)
2 Nodes (93, 95)

2 Nodes (94, 96) .
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L Intergdl Bridge
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Boundary Growp Name
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Peferancs Coordina System
! Glbal

£
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Figure 4. Nonlinear link Input at the left Abutment
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Create nonlinear links at the left Pier

Boundary / (91 General Link
General Link Property>LRB-P
< zoom Window (Zoomin the left Pier where LRB-P is to be created)
2 Nodes (59, 63)

2 Nodes (60, 64) .
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Figure 5. Nonlinear link Input
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Create nonlinear links at the right Pier

Boundary / (20 General Link
General Link Property>LRB-P
<X Zoom Window (Zoomin theright Pier where LRB-P is to be created)
2 Nodes (61, 65) .

2 Nodes (62, 66) .
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Figure 6. Nonlinear link Input at the right Pier
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Create nonlinear links at the right Abutment.

Boundary / il General Link
General Link Property>LRB-A
<X Zoom Window (Zoomin theright abutment where LRB-A is to be created)
2 Nodes (97, 99) .

2 Nodes (98, 100) .
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Figure 7. Nonlinear link Input at the right Abutment
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Mass input

Three types of masses can be defined, which are Structure Mass, Nodal Mass and Load to Mass.

Detailed applications for each type of mass are explained in the online manual.

When nonlinear modal time history analysis with general link is performed, mass should be
assigned to all nodes to which the general links are connected. In this example, Structure Mass

and Load to Mass are used.

Structure Mass

Convert the self-weight of the elements modeled in the structure into masses.

Structure / Structure Type
Conversion of Structure Self weight into Masses
Convertto X, Y, Z A

| smereirre |

Structure Type
@ 3-D #-Z Plane Y-£ Plane =% Plane Constraint BE

Mass Control Parameter
@ Lumped Mass
Consider Off-diagonal Masses

Consistent Mass
| Convert Self-weight into Masses

@ Convert to %, % Convert to £

Gravity Acceleration @ |3.806 m/fsect
Initial Temperature @ |0 [C]

&lign Top of Beamn Section with Center Line (X-% Plane) for Display
&lign Top of Slab(Plate) Section with Center Line (x-% Plane) for Display

0K Cancel

Figure 8. Automatic conversion of the self-weight of the structure into Mass
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Load to Mass

This converts beam loads to masses.

Load / Static Loads Load Type/ Loads to Masses
Mass Direction>X, Y, Z
Load Type for Converting>Beam Load (Line, Typical) (on)
Gravity (9.806); Load Case>Dead load
Scale Factor (1); Add

"'i Loads to Masses ;

Mass Direction

= b £
XY W, £ = £
@ X Y. Z

Load Twpe for Convering

« Modal Load
« Beamn Load

Floor Load
« Pressure (Hydrostatic)
Grawity @ |9.806 m/sec?

Load Case / Factor

Load Case : |Dead load :r

Scale Factor @ |1

LoadZase Scale Add
Dead load 1
Modifyw
Delete

Remowve Load ko Mass Data

[s]4 Cancel

Figure 9. Mass Input using Loads to Masses function

ee 11
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Input for Time History Analysis Data

Time History Function

Unlike linear analysis, the principle of superposition does not apply to nonlinear analysis. This
example pertains to analysis for both dead load and seismic load. But it is not correct to linearly
combine the separate results due to each load afterwards. For time history analysis, we need to
consider both loads acting simultaneously.

In order to reflect the dead load in time history analysis, the Time Varying Static Load function is
used. This function basically creates a condition in which the dead load is in place at the time of
performing time history analysis for seismic load. A ‘Ramp’ function is assigned to the static
dead load and the El Centro data is used for the seismic load.

We first define a ramp Time Forcing Function to represent the dead load.

Load / Seismic Load Type/Time History Analysis Data/ |F¥1 Time History Functions
Add Time Function
Function Name (Ramp)
Enter the data as shown in Figure 10.

& Time History Functions.

Forcing Function Function Type Data Type Add Time Function

Add Sinusoidal

% Add/Modify/Show Time History Functions

Function Name Time Function Data Type
|Hamp MNormalized Accel, Acceleration Farce Moment @ Marmal
(I Scaling Gravity Graph Options
Impart Earthquake ® Scale Factor -1 X-axis log scale
| Time Maximurm Value - l:lm'/s'a':2 V-axls log scale
o Function l:l FFT
(sec)
00,0000 0,0000
2,5000 1,0000 B
5, 0000 1.0000 0-9
0.8
o
g 0.7
a 0.8
bl
2 0.8
a
B ooa
k=
o 0.2
5 0.2
oo
0.1
o
o 0.5 1 1.5 z 2.8 2 2.5 £ 4.5 5 5.5 &
Time (sec)
Description
Generate Earthguake Response Spectrum... [ DK iZancel Apply

Figure 10. Definition of Time Forcing Function for static dead load
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The seismic load data is created using the El Centro seismic data.

Load / Seismic Load Type/Time History Analysis Data/
Add Time Function
Earthquake
Earthquake>1940 EL Centro Site, 270 Deg >OK> Apply
Earthquake
Earthquake>1940 EL CentroSite, 180 Deg >0OK> OK

Time History Functions

w Ti
Function Name Time Function Data Typs Earthquake :
Elcent_h |'. Normalized Accel, Acceleration Force Mornent Normal
— li it Graph Opti . . ‘ X
fr=s Earthquake ® Secle Factor [T ¥-axis log scale Ampliude Scale :[ 1] Time Scale:| 1]
© Madmum Value [0 |g \Ff;?s e e ET Contro Site, 270 e
o =0,3569 g Duration =Ei72 sec
0052 .01
3 0042 ° I ‘ ‘
] 0032 e b
3 0023 Irmport ok Cancel
] 0017 g om
. 0045 &
. 0073 g 00t o e
B 7]} s
9 0047 5 e bl
0] 0022 S e
0003 4
0048 B o-olee
0100
0143 0.9
5 o 5 10 15 20 25 a0 85 a0 45 S0 55 6D
18l 7 Tine (sec)
Description | 1940, El Centra Site, 270 Deg
Generate Earthquake Response Spectrum. . ! =3 Caneel Apply

Function Name Time Function Data Typ Earthquake :
[’E,Eem—‘ {- Mormalized Accel Acceleration  © Force Moment hormal ‘
I it Graph Opti ; . ] .
e ( T . D ool Ing scale Amplitude Scale :| 1| Time Scale:| 1]
Time Masimum Value El g Y-axis log scale
1940, El Centro Site. 130 De
(sec) (g} [l Peak= 02142 5 Duratlan = 23,46 zec
0,048 T
0400 -0.0000 0.21 ‘
0600 -0.0015 0.18 }
1800 ST . | “ Import ok Cancel
10001 0015 i
1200 -0.0014 & o
14001 -0.0045 Bos.en I
] 16001 -0.0034 8 oee TWATTAT
90,1800 0010 g
10| 0.2000 0003 = o Hr 1
2200 -0.0078 8 o.s 4]
2400 EE I R
2600 -0,0084 :
el 0003 e 5 10 15 20 25 20 25 40 45 0 55 &0
15| 0.3000 -0.0085
1Rl A2nn -nnnkn Time (sec)
Description 1340, El Centra She, 180 Deg
Generate Earthquake Response Spectrum. .. y [ Cancel Apply

(b) El Centro Site 180Deg (Peak: 0.21429)

Figure 11. El Centro seismic data Input

«e 13
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Eigenvalue Analysis Data Input

There are two methods for performing time history analysis, which are Modal Superposition
method and Direct Integration method. In this example, we will use the Modal Superposition
method. Eigenvalue analysis control data are specified before defining Time History Load Cases.
For eigenvalue analysis, MIDAS/Civil provides the Eigen Vectors method and Ritz \ectors
method. Ritz Vectors method is strongly recommended when nonlinear modal time history
analysis is performed with general links. In this case, general link force vectors must be included
in the starting load vectors in order to include the deformations of general link to calculate the
starting load vectors. In this example, we will use the Ritz Vectors method with checking on
“Include GL-link Force Vector” option.

Load / Seismic / Time History Analysis Data/ E:i‘ Load Cases

Eigenvalue Analysis Contral..,

(or Analysis>Eigenvalue Analysis Control)
Ritz \ectors
Starting Load Vectors
Load Case>Deadload; Number of Generations>1 &l
Load Case>Ground Acc X; Number of Generations>8 &I

Load Case>Ground Acc Y; Number of Generations>8 Al o

I

Load Case Analysis Type Method Initial Condition Add

Fodify fShow

Delete

< Eigenwalus Analy@ Close

Twpe of &nalysis
Eigen “Yectors @ Ritz Vectors

Ritz Vectars

Starting Load Wectors

Load Case : | Ground Acc ill -+ Include GL-link Force Vectors

Mumber of Generations : [8 =] | Mumber of GL-link Force Yectors : 16

Load Case  Count Add Murmber of GeneratlonAS for Each GL-link Force
Dead load 1 Wectors ¢ |l —
BCo X a Madify
fec ¥ B Total Mumber of Starting Load Yectors: |19

Delste

Total WMumber of Ritz Vectors : 33
Remove Eigenvalue Analysis Data oK Cancel

Figure 12. Eigenvalue Analysis Control data input
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Time History Load Cases

Dead load and seismic load are separately entered in Time History Load Cases.

Defining Dead Load in Time History Load Case

Load / Seismic / Time History Analysis Data/ Load Cases

ADD

Load Case Name (Dead Load)

End Time (5); Time Increment (0.002)
Step Number Increment for Output (5)

Analysis Type>Nonlinear; Analysis M ethod>Modal
Damping>Direct Specification of Modal Damping — Damping Ration for All
Modes>Damping Ratio for All Modes (0.99)“ J

For detailed usage please refer to the Online manual.

2 Add/Modify Time History Load Cases * l

General

Mame ! |Dead Load Description !
Analysis Type Analysis Method Time History Type
Linear @ Madal i ® Translent
@ Nonlinaar Dlrelct Integration
Static
End Time: & = sec Time Increment : 0002 -2 g
Step Mumber Increment for Qutput © |5 -

Order in Sequential Loading
Subsequent to -

Darnping
Damping Method @ | Madal hd
Direct Specification of Modal Damping
Damping Ratio for All Modes : |99
Modal Damping Overtides

Mode Damping Ratio

/N

Time Integration Parameters

Monlinear Analysis Control Parameters

Iteration Contrals.,

0K Cancel Apply

® The 99% Damping Ratio assumes that
the total damping from the beginning
(zero second) to the end time is 99%. This
is to induce fast convergence of static load
considered in nonlinear analysis using the
Time Varying Static Load.

End Time: Thefinish time until which the
time history analysis is required. Duration
of seismic data should be considered to
define End Time.

Time Increment: Thetime increment of a
time history analysis significantly affects
the accuracy of the analysis results. A
common rule of thumb for determining
the time increment is to use at least 1/10
of the smaller of the period of the time
forcing function or the natural frequency
of the structure. Since the period of the
highest mode is 0.02, 0.002 is used here.

Step Number Increment for Output:
Analysis time step required for producing
results of the time history analysis.
Results produced at the interval of
(Number of Output Steps xTime
Increment). If 1 is specified, analysis
results are produced at every 0.002 sec. If
5 is specified, analysis results are
produced at every 0.01 sec. Fora
reasonable analysis speed, 5 is used.

Figure 13. Time History Load Case dialog

box

«e 15
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Define Time History Load Case for Earthquake Load.

Load / Time History Analysis Data/ E% Load Cases
Add
Load Case Name (Earthquake)
End Time (50); Time Increment (0.002)
Step Number Increment for Output (5)
Analysis Type>Nonlinear; Analysis M ethod>Modal @
Order in sequential Loading>Subsequent to>Load Case>Dead Load
Damping>Damping M ethod>Modal
Damping Ratio for All M odes (0.05)

Order in Sequential Loading: Data

T T o related to a sequence of consecutively
% loaded multiple time history analysis

General conditions
Marne : |Earthquake Description
T gt T | Subsequent o: -
o Monlinear g::lcct Integration Selec_t a time h_|story an_aly5|s condition
previously defined, which precedes the
End Time: |50 (Zjsec  Tims Increment: |02 Jjsec time history analysis condition currently
Step Mumber Increment for Qutput @ |5 = being defined. The Analysis Typeand
Order in Sequential Loading Analysis Method for the current time
«| Subsequent to © Load Case |S5T:Dead load v history analysis condition must be
i) [l e i) consistent with those for the preceding

load condition. From the preceding

Dﬁ?ﬂgig Methad © [Madal = analysis condition, displacement, velocity,
Direct Specification of Modal Damping acceleration, member forces, variables for
Damping Ratio for All Modes : |05 the state of hinges and variables for the
Modal Damping Overrides state of nonlinear link elements are
obtained and used as the initial condition
J Mode Damping fiafio for analysis. However, in the case of
1 loadings, the loading at the final state of

the preceding analysis condition is

assumed to constantly remain in the
current analysis condition only when
“Keep Final Step Loads Constant” is

Tirme Integration Parameters checked on.
Monlinear Analysis Contral Parameters ® Nonlinear direct integration method can
Iteration Cantrols. . be used in this example. It does not

require Ritz vector analysis but it would
take more analysis time and sensitive to

[o]4 Cancel Apply R .
the time increment.

Figure 14. Time History Load Case dialog box
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Ground Acceleration

Assign the direction of the El Centro ground acceleration. The maximum accelerations of the two
seismic data, Elcent_t and Elcent_h in Time History Function are 0.2142g and 0.3569¢
respectively. The seismic data, which pertains to the greater of the two maximum accelerations, is
input in the direction of the 1% mode of vibration. For reference, the 1° vibration mode of this
model is in the Y direction, which is in the transverse direction of the bridge. The greater
acceleration data (Elcent_h) is thus applied in the Y direction.

Load / Seismics / Time History Analysis Data/ Ground Acceleration
Time History Load Case Name>Earthquake
Function for Direction-X
Function Name>Elcent_t
Function for Direction-Y
Function Name>Elcent_h

Operations> Add |4

Result

B B R B B B

DO statc Lok [ (@ seismc (2) Settismant/Ete @ E"

() Temp Prestress () Construction Stage () Lowd Tables = = i e el s ; N =

5 T oad Tee Hitory  Goun rarric T Vg E e

e e functions LoadCasss | Cases  Functons  Acreleraton hodl Loads St Losds Supoort Exctatin Reslt Functions
L Type: Responss Spectium Data | Times History Arclyes Data |

Bxe Iy a
Tine Hstery Aratrss Data i L
Ground Acceleration N\
Time History Load Case Name a
Earthquake |#]
Function for Direction-3 I
Function Name : | Elcentt [v . -
Factor ¢ 1 @
1 Time  <[0 s ¥
Function fr Direction- @
Function Nama : [Elcenth v .. Ol
Seale Factor ;! =
T @
Aeival Timw <0 soe
s}
Function fr Directon-2 B
Function Hame : | NONE |w 2
Scale Factor ¢ \
w sac =
Aagle of Horizantal Beound Ace,
< lden)
Gt g o ez
Earhquske 0

Operations

Add Modhy  Dese

el |

tont [x [m x| 4 4z (b [oorle) [ [T/ 2

Figure 15. Definition of the directions of Earthquake data
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Time Varying Static Loads

In order to apply dead load to Time History Analysis, Time Varying Static Load is entered.

Load / Seismic / Time History Analysis Data/ 1@ Time Varying Static Load
Time History Load Case Name>Dead Load
Static Load>Dead Load
Function>Function Name>Ramp

Operations>$| |

(@ static ey [[®) Sasmc () settiement/Etc. I ! I
(® TaraPrecss (© Grsnriin stage. © Lo T ’E_'n @ i E I Ik ||’:_ @
= —— ks # Lo TreHstoy Gowd  Dwsmc  TeeMayng  Mlte Cefra
Sl ] Functiors Load Cases | Cases  Runctions  Acrelecation Nodsl Loads Statc Loads Support EAGtation Result Functions
ioad Tyee | Fespores Spectrum bata Tirne Hstory Analyss et |
- T G B S S @) i - i1
. Tl [#]
Time Histoy Anchss Data Fi e Ik &
Time Varying Static Load | &
Time History Load Case Name Y
Dead Luad v (=]
Siatc Load o
Dea load v o
o
Function $
Functon Name: Famp v &
Arival Time 1[0 3
= = O
Seale Factor =
a
G loxd  Fucen @
Desd L. Deadl. famp 2
@
=
Operations @
Add | Moy Deee o
Jose C‘.
o
&
7\ Model View

Figure 16. Varying Static Loads input
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Analysis

Since theinput for boundary nonlinear analysis is comp leted, analysis can be now performed.

Analysis/ B Perform Analysis

Checking Results
Time history graph

Check the shear force acting on an LRB isolator and deformation of the upper part of apier using

the Time History Graph function.

Hinitial View
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Figure 17. Initial Model View and Display of Nonlinear Link numbers
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Check the horizontal force and deformation acting on General Link No.3 in the longitudinal

direction.

Result / Time History Result/ T.H Graph/Text/ -3 Time History Graph

Define/M odify Function>General Link Deform/Force
Add New Function |

Name (NL3-Shear-y)
NL-Link No>5(nl:61,n2:65) ; Type>J-Node Force

Components>F-y ; Time History Load Case>Earthquake
Add Mew Function

Name (NL3-Disp-y)
NL-Link No>3(nl:59,n2:63) ; Type>Deformation
Components>D-y ; Time History Load Case>Earthquake
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Figure 18. Horizontal force and deformation acting on General link No.3



Nonlinear Time History Analysis of a Bridge with Seismic Isolators

Print the hysteresis Graph of the LRB isolator.

Result / Time History Result/ T.H Graph/Text / . Time History Graph
Check Functionto Plot> NL3-Shear-y (on)
Click Add from list
Horizontal Axis> NL3-Disp-y
Typeof Display
X Axis Decimal Pt. (4); Y Axis Decimal Pt. (1)
Type>Time History Graph J
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Figure 19. Hysteresis graph of LRB isolator
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Check the displacement at the top of a pier by Time History Graph.

Result / Time History Result/ T.H Graph/Text / . Time History Graph

Define/M odify Function>Disp/\Vel/Accel
Add Mew Function

Name: (Disp-Pier-Top)

Node Number: (77)

Typeof Result>Displ.
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Figure 20. Assignment of parameters for display of deformation at pier top
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Check the displacement result at the pier top by Time History Graph

Result / Time History Result/ T.H Graph/Text / . Time History Graph

Check Functionto Plot> Disp-Pier-Top (on)
Click Add from list
Horizontal Axis> Time
Typeof Display
X Axis Decimal Pt. (1) ; Y Axis Decimal Pt. (4)
Type:>Time History Graph

& ifiulines ~ B THResuts ~ | %€ Cabie Contrl = E| @
-5 Dugarn [t & Infle. Surfaces ~ [ TH Graph/Te: = CamberfReaction p
EVHY Rests ™| 4 Reducton Moment [ 10 7 & Movng Tracer [ zqi | 1 Terdn Loss G 8

ST
CNLE-Dispy
OMLE-Sheary

Merge Function List
Vedical Ais

Disp-Pier-Top

Ak from List

Hodzontal Avds
Time
Type of Display
Gragh Tite

¥ s Decimal Pt |1
¥ fols Decimal Pt |1
Octave Band Opfion

Min Fren.
Max Freq,
Type| Time History Graph

@] can

Figure 21.

Deleiz.

Vg Load

I l z

H‘m.l.|n||||\||.. .|!i||‘| .| o

1 \}" i

< ez 000z
e

= tinc -1 s91em0z
=z

= nin-ons,m e

Exp.

Exp.
ITTTTTTTTTTTITTT

Tine(ses)

3=1
<=100

hse

L«

[ Command Message {_Aralyss Wessaze |
> oot [w [m [ ] &

& oie] T2/ 7 2

Displacement hysteresis graph at the pier top (node 77)

.23



