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Cap beam local
coordinates

Superstructure
local coordinates
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] column local
1 coordinates

0 1: Axial direction from node i to j (coming out

e of the plane)

2: Perpendicular to axial direction

3: Defined by the cross product (right-hand
rule) of local axis 1X2

(b) Local coordinate system

(a) Global and local coordinate systems

Node Ul=5,

U3=83
U2-5
Node I

Node j

U3=5;:
Transverse or

Ul ot R3=65 R1=0:: Torsion
U2=5z:

Transverse or Translation degrees of freedom

Point of : R2=0;: Bending
inflection shear ;‘;Ectticgn
R1=01
Node i R3=83
Translation degrees of freedom  Rotational degrees of freedom R2=6;
Nodeij

(c) Degrees of freedom In SAP2000 for

finite-length element Rotational degrees of freedom

(d) Degrees of freedom in SAP2000
for zero-length element
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ZLero Point of inflection
moment +

Actual curvature

L,L‘\ or Lz

Idealized curvatur
model
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|‘_+_.| Point of fixity
Bending moment diagram Oy O i
Constant plastic
curvature
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Elastic
elenent
e
Hinge |
PM (Property Modifiers) L Lgf2
applied to hy, Iy, Ag, Aw, i
Ay, etc. of element. Ly/2
Option A Option B
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Fiber area and wedges
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translational spring, respectively

deformation relationship for rotational or
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Ny~ number of rings
for the inner core

nyz- number of rings
for the outer core

Ny3- number of rings for
the cover, (2 minimum)

Linear or nonlinear moment-rotation
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Abutment
model -~

Roller

Multi-column

' [Multi-column bent bridge

', | bent bridge
Complete model

Preliminary model

Abutment
model .-~

Roller

2 .
\| Single-column

\v‘ Single-column
| bent bridge

| bentbridge

Complete model Preliminary model
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Elastic

Superstructure Participating mass: Zhang, Makris (2002),
Boundary conditions:  Werner (1994) s ]
Rigid joint Longitudinal response: Series
_F and parallel system including

Transverse response: Series and

parallel system including modified
SDC backbone curve, brittle shear
keys and distributed bearing padsy

Vertical response: Distributed

bearing pads and vertical /v
embankment stiffness.

SDC backbone curve, gap and
/ distributed bearing pads.

e

du- Superstructure width

Rigid
elements
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End releases: Shear and moment
in local directions 2-2 and 3-3.

Transverse abutment
response (nonfinear) /

Gap element responsg

-y

Joint restraints: Only
longitudinal translation 5
allowed Y

Elastic dw/2
superstructure

Vertical abutment
response (linear)

Rigid elements X
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Zero-length element
with SDC backbone
curve for longitudinal
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Superstructure: (Section 2.3)

- Elastic element

- General properties of box girder
- Effective cross section properties

Exterior - Shear deformation included

Wing wall  shear keys
™~ &

Bearing pad: Back wall | 2

- Twist or skew

Expanded |-
polystyrena

Stem wall ,/’ = | ..
Footing //
Vertical piles A o

Battered piles

(Figure: Megally . Silva,
Seible, 2002)

Columns: (Section 2.5)

- Effective cross section properties
- Variation of plastic curvature

- M-¢ analysis

- Plastic hinge modeling options

Mass and Materials: (Section 2.2)

- Distributed mass approximated as lumped mass
- Rotational mass

- Expected material properties

X—12

- Rotational and translational mass

(Figure: Aviram, 2007)

Coordinate System:
(Section 2.1)

Geometry: (Section 2.1)
- Element and node discretization
- Centroid of cross section

- Rigid connection: end offsets
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Abutment: {Section 2.7)

- Nonlinear abutment response

- Superstructure and abutment dimensions

- Series and parallel system of different components

- Longitudinal: Gap, back wall, embankment soil, bearing pads
- Transverse: Bearing pads, shear keys, wing wall, soil

- Participating mass

Cap beam: (Section 2.4)

- Modified torsional resistance

- Mass contribution

- Frame action
Boundary conditions: (Section 2.6)
- Column base and deck ends

\ - Point of fixity

®

‘lx
(]
[

Foundations: (Section 2.6)
Monlinear springs representing soil-
structure interaction or special details of  Others: (Section 2.8)
column-foundation connection. - Geometric nonlinearities
- Damping
- Expansion joints

BREDEBEERLEETIVIEDEZA



& OW TR I Z T vy v =
F =R~ AT D Z L BHERE L TV A,

— B ST s Z
®—1 BROEEZELHBITZIAT
Nonlinear Static Dynamic
Equivalent Incremental | Response Time History Analysis
Bridge Classification Static Static Spectrum (THA)- Direct integration
Analysis Analysis Analysis Linear Nonlinear
(ESA) (Pushover) (RSA)-
Linear
Ordinary Standard A R A A A
Ordinary Nonstandard N R A A R
Important N R A A R

N: Not acceptable analysis type
A: Acceptable analysis type
R: Acceptahle and strongly recommended analysis type, not necessarily comprehensive
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