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TARAMP RIS

Nonlinear Link (LRB) 242 |48 5 334 &

Abutment 1ﬁ = (LRB-A)

Vertical Longitudinal Transverse
(Fiw) (39 ) (% )
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 3 1+ (LRB-P)
Vertical Longitudinal Transverse
(i) (¥7) (% )
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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#) > 28128 % (LRB) #4.6

ﬁf] » s AR B 4 Kk~ 2 (Lead Rubber Bearing isolators) s34 i :

Boundary > 09 General Link > 8 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) ; Properties. .. |
Stiffness (k) : (1099)
Yield Strength : (15.69)
Post Yield Stiffness Ratio(r) : (0.08917)
Hysteretic Loop Parameter (a) : (0.5)
Hysteretic Loop Parameter (8) : (0.5)

DOF > Dz (on) ; L Properties.. | (. Dy # 245 » it )

General Link Prope

Monlinear Properiies
Hame Application Type Property Type Description Add
Stiffness (k) tonf/m
Hodfy Vild Strength (Fy) on
Delets Puost Yield Stiffness Ratio (r)
Hysteretic Loop Parameter (a)
Close Hysteretic Loop Parameter th)
Link Praps a:alpha b beta lal +1bl = 1.0
MNarme g ‘LHE—A ‘
Application Type : © Element @ Force
Praperty Type ¢ |Lead Fubber Bearing Isolator [x) | Inelastic Hinge Properties...
Descripton & | f=rkd+(l-r)Fz
Self Weight Use Mass 3= %[lﬂzf{u-sign(r'l-z)Jrﬁ }]d
Total Welght : [0 tonf TotalMass: [ | tontig i
Linear Properties Monlinear Properties a
DOF  Effective Stiffness Effective Damping DOF f r"' f
—
& Dy [F79100 | tont/m 1 ifecetn Dx | Praperties.. N N
# Dy |33.1 tonf/m ] tonfsec/m v Dy Properties. .. >
¥ Dz |336.1 tonf/m 0 tonfsec/m v Dz Properties... T
Rx tanf-m/[rad] tonfm-sec/[radl Properties... F Tk
Ry tanfm/[rad] tonf m-sec/Irad] Praperties... ' .
Fiz tanf-m/[rad] tonfm-sec/[rad] Properties... X
d
Shear Spring Location
Distance Ratio Frorn End | Dy : | Dz: | (w: el
oK Cancel Apply

B 2. 85 4fs &+ SILRB-A #12 &
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B~ HLLRB A & L

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) ; __ Propetties... |
Stiffness (k) : (2204)
Yield Strength : (33.63)
Post Yield Stiffness Ratio(r) : (0.0862)
Hysteretic Loop Parameter (a) : (0.5)
Hysteretic Loop Parameter () : (0.5)

DOF > Dz (on) ; __Properties. | (. Dy # 245 » it )

Narne Application Type Froperty Type Description add licplieaypperios
LRB-A  Force Lead Rubber Be,., Stifness (9 tort/m
o ield Stiength (Fy) tant
Delete Past Vield Stiffness Ratia (1)
Hysteretic Loop Parameter (a)
Close Hysteretic Loop Parammeter (b)
Link Prope; a:alpha b : beta lal +1bl = 1.0
Name . |LRB-P |
Application Type : Elernent ® Force
Property Type ¢ [Lead Fubber Bearing Isolator lz) | melastic Hinge Properties...
Description : | ‘ f=rkd+{l-r)Fz
Self Weight Use Mass i =%[lf\z\q{m-sign(ﬂ-z)+|i }]d
Tatal Weight : D tont Tatal Mass l:l tont/g ¥
Linear Properties Monlinear Properties 4
DOF  Effective Stiffness Effective Damping DOF f r"ﬂ f
—— — e —
1269000 0 ies...
b tont/m torfsec/m Dx Properties, s ,L__-J e
w Dy |702.2 tont/m 1} tonfsec/m » Dy Properties...
w Dz 022 tant/m 0 tonfsec/m Dz Properties...»> P
Rz tont-m/[radl tanf-m-sec/lrad] Properties... b -
I
Ry tantm/[rad] torf m-sec/[rad] Properties.. ’
k
Rz tonf-m/[rad] tonf-m-sec/[rad] Propetties... "
d
Shear Spring Location
Distance Ratio From End | Dy I:l Dz l:l 0K Cancel
oK Cancel Apply ‘

® 3. ﬁi%l » 141 ILRB-P 4 &
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R FE

#23% P ¥ € & Structure Mass ~ Nodal Mass ~ Load to Mass % = & #f 4] c0 7 £ iy
Fio 2 F R ddpam » 2k 7 SRonlines L wp £ o

FHRAHA Y L5 st & (Nonlinear Link ) e 4 JrpF A 3755 > -
EAfGARE s ARt § B o A BP0 MR Wy % “Structure
Mass” % “Load to Mass” % #& #f 4| m‘;ﬁ B Hdi o

%—ﬁ‘:‘{r £ Structure Mass

A ,%*#_Ei ~ehp LS ??—E‘ °

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

Structure Type
@ 3-D #-Z Plane Y-Z Plane #=Y Plane Constraint RE

Mass Control Parameter
@ Lurnped Mass

Consider Off-diagonal Masses
Consistent Mass

«| Convert Self-weight into Masses

Convert to X, ¥ Convert to Z

Gravity Acceleration @ |9.806 m/sec?
Initial Temperature D [C]

&lign Top of Bearn Section with Center Line (- Plane) for Display
Align Top of SlabiPlated Section with Center Line {(=-% Plane) for Display

0K Cancel

R 8 Mt pn £pd s e
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*h 4 3% F & Load to Mass

i&-i‘éﬁﬁ%%;’—h%% (gﬁ%;&ﬁ)ﬁ;}ﬁ;%‘ri °

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

[ loadiidees

Mass Direction

= A4 z
o Y. £ X £
S

Load Tywpe for Converting

~| Modal Load
«| Bearm Load

Floor Load
~| Pressure (Hydrostatic)
Giravity : |9.808 mssecs

Load Case # Factor
Load Case : Dead load il'

Scale Factar @ |1
LoadCase Scale Add
Dead load 1
Modify
Delete

Remove Load ko Mass Data

Ok Cancel

MO #pE AP LN FE
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Rt LR U S R I R SRR Vel R A At R R
FRFES e HANFPEAAT AP TR A BPLERPE T OIS B4

2OF RS P L 0 AP RER* Time Varying Static Load P*## 55

FER R

MR AL B AR R R PEREA R FRE T

e Ak 2 B RS AT a0 B¢ ‘Ramp’ Sdicdp RSB ELE 0 @
El Centro & iy * *v 3 B * o

FARA- BRABT LA FFLLE

Load / Seismic Load Type / Time History Analysis Data / Time History Functions

Add Time Function

Function Name (Ramp)

Enter the data as shown in 5] 10.

2 Time History Functions

Forcing Function

Function Type

Data Type

< Add/Modify/Show Time History Functions,

Add Time Function

Add Sinusoidal

Function Name Time Function Data Type
R © Normalized Accel,  © Acceleraion = Force = Moment @ Mormal
farp |
~Sealing -~ Gravity Graph Options
Import Earthguake ® Scals Factor X-axis log scale
T - Val 9,806 m/sece V-axis log scale
/] (sowy | Function el Ve [0 | FF.T
1 0.0000 00,0000
2| 25000 1.0000 -
3| 5.0000 1.0000 0.9
4 ]
a
u a7
N 0.&
-
Hoos
=
none
=
o 0.2
ﬁ 0.z
g o
0.1
o
o 0.5 1 1.5 2 z.5 z 2.5 4 4.5 5 5.5 &
Time [sec)
Description
Generate Earthquake Response Spectrum... (7] oK Cancel Apply

B 10, R 0 F 167 el st B T v ie
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PR F 4 ElCentro ff P & iclicdy o

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

tory Functions:

Function Name Time Function Data Typ:
Eeith ’—- Mormalized Accel.  © Acceleration  © Force  © Moment  © Normal ‘
— li ity Graph Opti
Import. ( Earthquake ® Scale Factor D X X*axja log scale
- Mo vl m/sec Y-axis log scale
aximum Value [T g FET 1390 €l Cento Sla_ 270 Deg
. Peak =03569 g Duration =53,72 sec
— 021
bl \
0-2t Import ok Cancsl
oo
5
= "
MRS -
. il
) 5 o & ]
=
T o 0.0
A
. A
Eooze
) 028
5 ] 5 W 15 z0 25 a0 &3 40 45 5o 55 &0
—g L Tine tore
Description |194U, El Centro Site, 270 Deg
Generate Earthauake Response Spectrum. ., W o Cancel | Apply

ry Functions

Function Name Time Function Data Typ Earthquaks
’V Elcent_t ’—l Normalized Accel.  © Acceleraion  © Farce © Mament * Normal ‘
N\ 5raling it Graph Opti )
Import ( Esrthauske ScaleFactor [ | X-aris log scale Time Scale [ 1]
2 A
e ; " Masimum Yalue [T |a e e ilelbglecse
1940, El Centra Site, 180 Des
(- (sec) (g) BT Peak = 0.2142 g Duration 223_45 SBC
0400 - a.21 i
000 - a.16 1
1800 - o AN Tnport ok Cancel
1000 . g "
1200 -0, & w08
1400 - B o1 A
8] 01600 - g o i
3 0E0 5 ot
N 11 2 s ! |
2200 E A w0
2400 - R |
), 2600 -0, I
|, 2800 A 0.28
j': 2000 3 5 10 15 z0 25 a0 a5 40 45 50 55 gn
TRl neom - Time (sec)
Description ‘1940, El Centro Site, 180 Deg
Generats Earthquake Response Spectrum,.. ! oK. Cancel Apply

(b) EI Centro Site 180Deg (Peak: 0.2142g)

B 11. El Centro # ;?:';J.ﬁ:mﬁ%l »
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R ORI

- dkm g o BT A T 5 B 42 (Modal Superposition Method )
BERMA
LAIPER A

B
% (Direct Integration Method) & & o & 75 §= & ¢ » 24P R4 % H0f
ST K R AT LT R A LA AE S TR

¥t F e ~ 17 0 MIDAS/Civil #& i 7 Eigen Vectors# Ritz Vectors Method = & 2
¥ 0E o ¥ A A Y @ 2Lt (Nonlinear Link ) PF - 34 (7 25804 503
B A 47t iz ki@ % Ritz Vectors™ j o At iR T 0 57 B2LAP i 4% chR )
AR e Rt ko B v B i § e B2 o
A G| #-k * Ritz Vectors ™ /2 4 #7 & 7 i:£ “Include GL-link Force Vector” 78 f -

Load / Seismic / Time History Analysis Data / @ Load Cases
Eigenvalug Analysis Contral,,

(& Analysis > Eigenvalue Analysis Control)

Ritz Vectors

Starting Load Vectors

Load Case > Dead load ; Number of Generations > 1 &l
Load Case > Ground Acc X ; Number of Generations > 8 _lAdd
Load Case > Ground Acc Y ; Number of Generations > 8 ﬂl J

= Time History Load C3

Load Case Analysizs Type Method Initial Condition Add

Modify i Shaw

Delete

( Eigenwalue Analysis@ Close

envalue ; Control

— Type of Analysis
~ Eigen “Yectors @ Ritz Yectors

—Ritz Wectors

—atarting Load Yectors

Load Case : | Ground Acc Y |+ ~!Include GL-link Force Yectars
Murmber of Generations @ |8 Mumber of GL-link Force Yectars

s s s Mumber of Generations for Each GL-link Force

Dead load 1 vectars @ (I
Co a Modify
Aot g

Delete Total Murnber of Starting Load Wectors:
Total Murmber of Ritz Wectors ¢

Remove Eigenvalue Analysis Data oK Cancel

B 12. Eigenvalue Analysis Control ﬁ%l » F 3

Nonlinear Time History Analysis of a Bridge with Seismic Isolators

.o 15
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RFFEFLH

ﬁ%l g i\‘ LB

¥_% “Dead Load” f P& 4 7 T

kR

PR AT E R o

Load / Seismic / Time History Analysis Data / @ Load Cases
%

ADD

Load Case Name (Dead Load)

End Time (5)

Analysis Type > Nonlinear

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

; Analysis Method > Modal
Damping > Direct Specification of Modal Damping
Damping Ration for All Modes > Damping Ratio for All Modes (0.99)9

435 P aimp

General
MName ! |Dead Load
Analysis Type
Linear
@ Monlinear

End Time : |5

P

¥ 3

Description :

Analysis Method
@ Modal
Direct Integration

Step Number Increment for Output @ |5

Order in Sequential Loading

Subsequent to

Damping
Darmping Method @

Direct Specification of Modal Damping
Darnping Ratio for All Modes @93
Modal Damping Overrides

J Mode
T

3% B On-line Help °

“i AddiModifi Time Hlstnri Load Eases 5 I

Time History Type
@ Transient

Time Integration Parameters

Monlinear Analysis Control Parameters

Static
> sec Time Increment @ 0002 =2 cap
s
-
Modal [+
Darnping Ratio
Iteration Controls...
[al'4 Cancel Apply

¥ 99% ekt BB () T

BABFEL F 99% - LR AL
N 3 Sl St VR Sl §
1\“‘3:‘ x?t’:ﬁt' “](n‘{°

End Time :@ FpF» 470 A pFRF o
1A Y e B PEEch ndE PR
% %3 P EuEnd Time o

Time Increment : B ¥ 3 & o
FREAPTOERHERFRE,~ 1TSS
Rl c IR B W S5k
PIATe * PR ag ) S0 B P ¢ j‘””
1108 g en® 5 47 5 o & b d *“Hﬁi%l
»ES BT OERE YD 50020 F)
LA i r 0.002 o

Step Number Increment for Output :
AP FEREAESTET AL ERH
£oon (B BxpER AR ) DR IR
A2 % o dokdp 10 B 0.002F)
A2 A% Ak 4y 50 PlF0.01
DAL ATES 2t £ s i
R RS

] 13. Time History Load Case ﬁis?l > F R
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% “Earthquake” R e f s 474 £ -

Load / Time History Analysis Data / @ Load Cases

Add

Load Case Name (Earthquake)
End Time (50) ; Time Increment (0.002)
Step Number Increment for Output (5)
Analysis Type > Nonlinear

; Analysis Method > Modal®

Order in sequential Loading > Subsequent to > Load Case > Dead Load

Damping > Damping Method > Modal
Damping Ratio for All Modes (0.05) J

"i Addi Mndifi Time Histori Load Cases ‘

General

Marne : |Earthquake Description :

Analysis Method

© Modal
Direct Integration
Static

Time History Type
@ Transient

Analysis Type
Linear
@ Nonlinear
End Time : |50 S sec  Time Increment @ |.002
Step Murnber Increment for Output @ |5 =

~
) SeC

Order in Sequential Loading :
+! Subsequent to ® Load Case |5T:Dead load A
Initial Elerment Forces( Tabla)

Damping :
Darnping Method @ |Madal v
Direct Specification of Modal Damping i

Darnping Ratio for &l Modes @ | 05
Modal Damping Overrides

] e

1/

Darnping Ratio

Time Integration Parameters

Monlinear Analysis Control Parameters

Tkeration Controls...

84 Cancel Apply

RN VIR Y R
(Nonlinear Direct Integration Method )
BEAP o EP IRFAET IR RE
fFRitzVectors 7 > fe {345 pF & 3 & 0

RKLFRG RS AL HTER -

Order in Sequential Loading :
*$}§4E i\‘ ﬁ””';‘?ﬁf— ° fl’;%;l;’?@ﬁ‘4c i\‘ %
3 P8 R P 4 0F 1208 B AR BE cndicdy o

Subsequent to :

EHLD IR DFFELITIED - FZFEE
B P R PEA T IE 2 W T
§ W B 2 47 15 2 ¢ ehAnalysis Type
% 15 %8 4] ¥2 Analysis Method 4 47 3 2 &
- B R A g S
- Ko B R AR S @ e
AR iR R LA
Rk o tb Ul 5 hg 1 o

fete foefiiR T 0§ 4 #E“Keep Final
Step Loads Constant”3 B ¥ » & — A
175 2 e B IP R T i 0 H4E I (R4
by m TR o

Bl 14. Time History Load Case ﬁis?l > F R
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ﬁl)‘f‘ 4k B

BT i:fp Z_El Centro ¥ % 4 B i3 o
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