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SEISMIC ISOLATIONS, RAIL BRIDGES VS. HWY BRIDGES

RAIL BRIDGES:
% Larger Foundation

% Large Columns

*» Deeper Superstructure

» Isolation locked (OBE)

Highway- Isolation protects the BRIDGE
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Rail- Isolation protects the Train and Track Alignment W[HH m M




LOADING DEMANDS BETWEEN RAIL AND HIGHWAY BRIDGES
»High Fatigue; Repetitive High Axle Loading &

Nvert = - 31 3.09[‘—9.9-1?

£ 0]\ Tomer bound Vertical ™
»Dynamic Impact Factor, Function of Speed and Span Length |: I

........................................................

»Vehicle ~Track-Structure Interaction Effects (VTRI) '
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Resonance: Train Passing Frequency = Bridge Natural Frequency
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DESIGN EARTHQUAKES _

CSDC HSR AREMA Limit States
SEE | 975yrs | MCE |975yrs| SURVIVABILITY | 2254 years
FEE 225yrs | OBE | 50yrs ULTIMATE 310 years

CE PSDC CE |100yrs | SERVICEABILITY 95 years

* HWY bridges- Designed not to collapse during the rare big earthquake

** Rail bridges- Designed not to derail during the smaller earthquake




Governing Design Philosophy & Performance Requirements

'» Rail Bridges Governed by:
% Serviceability
*» Displacement-Based performance criteria (OBE Level)

+» Immediate Serviceability and Derailment Prevention

» HWY Bridges Governed by:
% Primarily by strength, ductility,

*» Collapse-prevention criteria at the (SEE)

% Life Safety and Collapse Prevention




Serviceability & Rail-Structure Interaction

» Track Serviceability Analysis
“* Includes L.L. & OBE

» Rail-Structure Interaction

% Includes L.L.,T, & OBE
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SEISMIC DESIGN & ANALYSIS (OBE)

> Sacrificial Locked Fuses:

% Track Serviceability (OBE)

% Track-Structure Interaction (OBE)

HWY BRIDGES:
Restrainer to protect the bridge

% Strength 5 Analysis (OBE)




SEISMIC DESIGN & ANALYSIS (OF

» Sacrificial Locked Fuses:
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SEISMIC ISOLATION FOR RAIL BRIDGES
» Strength 5 Design (Locked):

5% isplacement Spectra
>DL + One Braking Train + OBE : I
“»Governs Column Size/Strength, £/ \/ [ A% il
& Isolation Strategy U TP °

T, — Topp -Without Isolation

» Extreme 3 Design (unlocked): Ty — Ty -With Isolation
>»DL + MCE

*» Capacity Protected Foundations




ISOLATION BEARINGS FOR RAIL AND HIGHWAY BRIDGES

Caltrans:
=Q+ 1.25KD F15D

Razl

=Q+1.50KD =
‘ ' 15D ~ 2,475 yr

Ty47s = 2% in 50yr

I
/

' Rail Bridges are designed to keep the structure essentially elastic with 98% reliability for
earthquakes having a less than 2% chance of being exceeded in 50 Years.




SEISMIC DESIGN & ANALYSIS (MCE)

» Extreme 3 Isolation Design:

*»Estimate Displacement Demands;

*»Design Isolation Capacity For 1.5D (MCE")

*» Perform Pushover Using MCE™ Force

Isolated
*» Substructure: “Essentially Elastic with Not I:solated Isolation T
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limited force not MP
Column__ §
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DR. FINE REPLACE PROJECT SEISMIC ISOLATION
Seismic Source: Cascadia Subduction Zone
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DR FINE REPLACEMENT PROJECT

Image Modified by AS

** Due to Number of Deficiencies Peer Review (2007)
Recommended Replacement
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BRIDGE DESCRIPTION & SUSURFACE GEOLOGY
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TYPICAL BENTS ISOLATION BEARINGS

73" >
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FLARED COLUMNS & TFP BEARING DETAILS

LONGITUDINAL AXIS

SECTION A-A

TYP. FLARED COLUMNS BEARING ELEVATION TOP OF THE TYP. FLARED COLUMN



GLOIAL NONLINEAR IIRECT MODEL
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~  Elastic Superstructure
%\«Elastic Shaft Element

7SETS SEISMIC CHECK MODEL
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TFP HYSTERETIC BEHAVIOR

25 . 2011 Tohoku, Japan (S4)

15

Displ. (in)

—Long

-15

INPUT MOTION 4 |
-25
0 50 100 150 200 250 300
Time (sec)
W =~ 4000 kips  f* ~ 0.0575 Ri R,

Q=f"*wW
Q =~ 230 kips
K, = 13 kips/in

FD—Q+K2*D—230+13 11—373k1ps

Shear Force (kips)

-100 -
-200 -
-300 -
-400

T

300 A

200 -
100 -
L

—BA4SATFPF_L
===Backbone

-12 -10 -8 -6 -4 -2 0 2 4 6 8§ 10 12

Displacement (in)




Trans. Disp. (in)
= o =

)
=)

10 20

TFP Displacement

40 50 60

o
o

-10 0 10
Long. Disp. (in)

Longitudinal Dir.

30
Time (Sec.)
TFP Force
500
g 250}
=
[ ]
o |
& 0t :
L
7]
& [
= -250 1
-500
20 -500 =250 0 250 500
Long. Force (kips)
Transverse Dir.
500
250

Force (kips)
o

-250

-20

-10 0 10
Disp. (in)

-500
20 -20

-10 0 10 20
Disp. (in)

Trans. Disp. (in)
o

TCUO088 Station, Chi-Chi Earthquake 1999

10 20

TFP Displacement

40 50

=k
(=}

-10 0 10
Long. Disp. (in)

Longitudinal Dir.

-10 0 10
Disp. (in)

30 60
Time (Sec.)
TFP Force
600
g 300
£
8
5 0 :
w
v
&
= -300
-600
20 -600 -300 0 300 600
Long. Force (kips)
Transverse Dir.
600
300
)
=
= -
@ 0
g
(o]
w
-300
-600
20 -20 -10 0 10 20
Disp. (in)



TFP MAXIMUM DISPLACEMENTS
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~ SEISMIC FOUNDATION-BRIDGE-RAIL-TRAIN-INTERACTION

Ground — Foundation — Pier —lIsolation — Deck — Slab — Fastener — Rail — Wheel — Vehicle Body

El

El
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SEISMIC ISOLATION MODELS FOR RAIL BRIDGES

— Bridge Deck

CliMKH — Isolation CiilY) 3K,

Cic ﬁlJ lch — Column Cic W 3K,

Gy \E}Kq — Foundation Cor L'J_‘}Klf
Rail Bridge HWY Bridge
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RAIL BRIDGE LAYOUT MODE SHAPES
L=3822' R=812’

"TRANSVERSE | LONGITUDINAL 7o




SEISMIC ISOLATION RESPONSES
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Motion 7 Trans Local Coordinates
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OBE, MCE SEISMIC HAZARD TARGET SPECTRA

50

3 2.0
M O i ' o N #6 ! [ —Rail MCE ACC —Rial CBEACC —Rail OBE Dis —Rail MCE DIS |
B ':(‘.:Jw;'"ﬁ““‘%.‘

ACC (g9)
Displacement (in)

Period, T (sec)

d =+302%2+ 252 =39 in from TH




" SUMMARY

» Rail Bridges:
% OBE Controls

% Displacement - Serviceability- Governs

% Isolation Shall Limit Displacement at Low Shaking

% Isolation = Provides Capacity Protection (MCE)

» Highway Bridges:

< MCE Controls

% Strength and Ductility-Governs

“ Isolation = Force Reduction & Provides Capacity Protection
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