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SEISMIC PERFORMANCE EVALUATION

* Displacement-based evaluation from yield to
ultimate states

e Structure converted to an equivalent SDOF:
ATC-40 Capacity Spectrum Method

e Structure modeled by frames, bents, and
MDOF: CALTRANS Performance Criteria
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Equivalent SDOF ?

First mode mass participation < 90% ?
Period T,>1.0and T,-T.>1.0?

Ratio PGV/PGA high ?

Skew and curved bridges ?



CALTRANS Performance Criteria
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Global Displacement Criteria--
subsystem

* Ay <A, for bridge subsytems

* A, --demand displacement, by elastic static or
dynamic analysis.

* A.-- capacity displacement, by push over
analysis, taken as A (i) (when i-th ductile
column approaching ultimate state)
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Demand displacements
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Demand Ductility Criteria-- subsystem

* M =A8y/4(i)
Single Column Bents ¢, <4
Multi-Column Bents (£ 5<5
Pier Walls (weak axis) ¢ ,<5

Pier Walls (strong axis) (<1

e A(i) --yield displacement when i-th column
was at yield state



Ductile Member A_

e Measured from fixed end to inflection point--
* A=A+ A,

A, = L%/3 x d,

A =(L-L/2)x0,

0,=L,x®,

¢, =P, — Py
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Capacity Ductility Criteria-- member

* u.=A_A, >3 for ductile members.

e Use cracked flexural stiffness for ductile
members =E I or M, /,



Bridge Models

Elastic Elastic Inelastic

static dynamic static
Analysis
Model
Global structure Local stand-alone
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Multi-frame Analysis!!]
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Acceleration Response Spectrum!ll
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Elastic Static Analysis (ESA)

Obtains A, demand displacement.
Global analysis; stand-alone analysis.

Requires balanced spans; uniform stiffness.
SDOF acceleration response spectrum.

Equivalent static load to MDOF = ARS x W
Use effective moments of inertia.



Elastic Dynamic Analysis (EDA)

Obtains A, demand displacement.
Global analysis; stand-alone analysis.
MDOF response spectra with CQC.
Elements: 3/column; 4/span.
Forces/stresses are over-estimated.
Uses effective moments of inertia.



Inelastic Static Analysis (ISA)

Obtains A capacity displacement by push
over analysis.

Captures the overall nonlinear behaviors.
Includes effects of cracking and yielding.
Up to a collapse mechanism.



Global Analysis

Captures responses for entire bridge system.
Curved bridges; skew bridges.
Joints; soft soil.

Long multi-frame bridges shall be analyzed
with multiple elastic models overlapping each
other.



COMPUTER CODES

e Capabilities: inelastic modeling and analysis beyond the
requirements of ATC-40, CALTRANS, or Taiwan code.

e Pushover: MKREC; MKCIR; MKHOLW; PUSHO.

Reinforced concrete column’s M-¢ and P-A curves for
rectangular, circular, or hollow sections.

e (Capacity spectrum: ATC-INTER, TAI-INTER, SPEC-GEN.

Demand spectrum for California, Taiwan, or site-specific
ground motions, then intersected with capacity spectrum
for performance point.

e SDOF inelastic dynamic: DOF6-PL; DOF6-BK.

Incremental nonlinear time stepping solutions for elastic-
plastic, or elastic-fracture responses of single-degree model.



(COMPUTER CODES)

e MDOF inelastic dynamic: SHAKE6; SHEARS.

Incremental nonlinear time stepping solutions
for elastic-plastic responses of multi-layered soil
strata, or multi-story shear frame.

e 2D MDOF Finite elem inelastic dynamic: DISMADO.

Nonlinear time history solutions for general
purposes: e.g. seismic racking analysis of subway
structures in soft ground; failure study of bridge
considering deck pounding during earthquake;
impact load resistance for pipes embedded in soil.
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Model parameters-- calibrated with field test data



Mass-soil-pipe dynamic interactions
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Finite element with erosion

e Large strains-- Lagrangian formulation
e Crumpled elements-- Erosion scheme

* Collision interface-- Contact search algorithm



Equations of motion
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EQUIVALENT SDOF
Inelastic Static Analysis

Models Subsystems
 Transverse stand-alone * Pier bent
Pushover analysis Single column
Capacity spectrum method Twin column
e Pier wall

e Longitudinal Stand-Alone
Pushover analysis
Capacity spectrum method <« Frame



EQUIVALENT SDOF
Inelastic Dynamic Analysis

Models

e Transverse Stand-Alone
Pushover analysis
Elastic-plastic
Elastic —fracture

e Longitudinal Stand-Alone
Pushover analysis
Elastic-plastic
Elastic -fracture

Subsystems

e Pier bent
Single column
Twin column

e Pier wall

e Frame



2-DIMENSIONAL MDOF
Inelastic Dynamic Analysis

Models Subsystems

e Finite elements e Superstructures
plane strain/stress e Bearing supports
elastic-plastic e Substructures

e Discrete elements  Foundations
contact/friction e Soils

elastic-plastic
elastic-fracture



THANKS FOR YOUR ATTENTION
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e [2] ATC-40 Seismic Evaluation and Retrofit of Concrete Buildings, 1996, Applied
Technology Council.
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