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2. Modeling skew abutment response
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4. Exploring and quantitying skew-bridge response
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Anatomy of an Abutment

plan view

3 Wingwall Backfill

There are also “monolithic abutments”




Skew-angled abutments
Skew happens
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Skew Bridge Challenges

- Unseating
— Shear key failure

— Backfill response (near field)

~ Deck rotation (esp. for single span
bricdges)

— High seismic demands on columns




1
Develop Macroelement Models for Skew Abutments

2

Develop a Database of Simulation Models for Skew Bridges

3

Quantify the Sensitivity. of Skew. Bridge Besponse and Damage Metrics to
Key Input Parameters

4

Update Caltrans Seismic Design Criteria for Skew-Angled Bridges




Generalized Hyperbolic Force-Displacement
(GHED) Model

Backwall height-dependence is explicitly modeled

Model parameters are physical soil properties
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GHFD relationship

GHFD
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Model Valigation

Parameters

: ‘ Backfill Soil
Experiments
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Model Valigation

Parameters

: ‘ Backfill Soil
Experiments

C
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Model Valigation

Parameters

: ‘ Backfill Soil LSH
Experiments
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Parameters

. , Backfill Soil
Experiments

Y -
(KN/m®) 50 v

BYU Clean Sand . . 184 0.0020 0.30
BYU Silty Sand 310 27 19.2 00030 035
RPI Dense Sand . i 16.2 0.0035 035

v’ model is further validated with UCD (granular
backfilll and UCLA (cohesive backfill) test data

Deflection (cm)




Generalized Hyperbolic Force-Displacement
(GHED) Model

Backwall height-dependence is explicitly modeled

Model parameters are physical soil properties




Backwall height-dependence is explicitly modeled

Model parameters are physical soil properties
Suitable for massive computation

Cited in upcoming Caltrans SDC

Khalili-Tehrani P, Shamsabadi A, Stewart JP, Taciroglu E (2010). Physically parameterized backbone
curves for passive resistance of homogeneous backfills, ASCE Journal of Geotechnical & Geoenv.
Engineering (in review).




Backwall height-dependence is explicitly modeled
Model parameters are physical soil properties
Suitable for massive computation

Cited in upcoming Caltrans SDC

Vellidl for stralgrit 219

Khalili-Tehrani P, Shamsabadi A, Stewart JP, Taciroglu E (2010). Physically parameterized backbone
curves for passive resistance of homogeneous backfills, ASCE Journal of Geotechnical & Geoenv.
Engineering (in review).
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A0LLIMents of
torsionally stiff bridges




Input parameters for “Hardening Soil” PLAXIS model

Strength Parameters Dislacement Parameters

Unit weight,  Friction  Cohesion,  Dilatancy Ry Ry Ex¥ EJY o
¥y (KN/m’ ) angle | ¢ c (kPa) angle, v (MPa) (MPa)
20.0 40° 14 10° 0.50 097 70

200 39° 24 9° 0.50 097 70




45° skew Abutment with UCEA backiill




45° skew Abutment with UCEA backiill




45° skew Abutment with UCEA backiill




45° skew Abutment with UCEA backiill




A different line of attack—A thotgnt experment
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A different line of attack—A thotgnt experment
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L =Ucosq
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(cosa —1)A +1
Rcosa
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Q: Does scaling work for different skew angles

A: Yes (
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abutments of
torsionally flexible bridges




Development of a physically parameterized:yield

surface

. Develop a three-DOFE macro=element through
numerical simulations with:3D:contintum:Emoaelsand




ddeck = (0.04L dth Year

l Elastic Deck Abutment Spring
AA_ —AAAN

' ¥~ PlasticHinge

)  Built

A

Abutment Spring T

Deoi = 0.8 dgeck— Horiginal

Plastic Hinge
4_

Dty/e)é/p'ed after: Mackie & Stojadinovich —1

Simple Supportfor Multi-Column

Fixed Supportfor single column




*10 Equal Length Segments

sElsaticBeamColumnElement
*Not-Cracked Section
*4 Equal Length Segments

sElasticBeamColumnElement

/7 *Rigid Torsional

/

Rigid Element (-Weightless )

» NonlinearBeamColumn (nonlinearBeamColumn)

4 5 ; Concrete01 ( Core and Cover)
sUniaxialMaterial:
Steel02 ( Rebar )

” Rigid Element ( Weightless )

Section: Fiber
*ZeroLength Element

SUniaidlNIaterial Longitudinal:ElasticPPGap (with Gap)

Transverse:ElasticPP (without Gap)
Vertical: Elastic (No Tension)




Bridge A: Two Span = SinglezGolumn

» Two Spans: 33.105 m + 34.095 m

» Continuous cast in place
prestressed concrete box girder.
Half-cap beam integral with the
deck

—

Jack lone Kkoad On-
Ramn Overcrossing » One reinforced concrete column
' 0 (1.68 m diameter)

» Reinforced concrete seat type
abutments

» Steel piles

1 = 0.93 sec.
= 0.61 sec.

)




/' gmin(Rult) = 913kips ; Angle = 65°
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Pushover
Every 5 degrees

ips ; Angle = 335°

\
1

s ;'.An'gle"? 245° |




Pushover at 155°

Pushover at 65°
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Bridge B: Two Span = Multi=Coltmn

» Two spans: 47.2 m + 44.2 m

» Continuous cast in place
prestressed concrete box
girder. Cap beam integral with
the deck

» Two RC circular columns with
1.7 m diameter supported on
CIDH Piles

» Reinforced concrete seat type
abutments

» Non-skewed abutment bridge

» Concrete piles




Bridge C: Three Span = MdultizGolumn

» Three Spans: 47.6 m + 43.9 m +
36.0 m

» Continuous cast in place
prestressed concrete box girder.
Cap beam integral with the
deck .

» Three reinforced concrete
columns per bent (1.68 m
diameter)

» Reinforced concrete cantilever
type abutments

» Skewed abutment bridge (36
degree skewness)

» Steel piles




Bridge B: Column Drift vs. - Skew:Angle

Column Drift vs. Skew Angle
Bridge B, Symmetric, Lower Column
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Bridge B: Column Long. Drift vs::Skew:Angle

Column Long. Drift vs. Skew Angle
Bridge B, Symmetric, Lower Column
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Bridge B: Column Trans. Brift vs.:Skew:Angle

Column Trans. Drift vs. Skew Angle
Bridge B, Symmetric, Lower Column
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Bridge B: Deck Rotation vs:iSkew:Angle

Median Deck Rotation vs. Skew Angle

Bridge B, Symmetric, Lower Column
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. Elastic Beam Column

Element with Structural
Superstructure Properties

. Rigid Element with Length of

Superstructure Width

. Elastic Beam Column
Element with Backwall Structural
Properties




-twoNodelLink Element s which
are released in all directions and

only transfer force in longitudinal
direction (Skewed)

. zeroLength Element with

Backbone Curve of Stiffness and
Strength of Shear Key (Not Skewed)

. zeroLength Element Located in Equal Distance from
cach others with SDC Backbone Curve (Skewed)

. zeroLength Element with Shear Stiffness of
Soil, behind of Backwall (Skewed)




. Develop a three-DOF macro-element through
numerical simulations with 3D contmuum FE models
and analytical considerations for torsionally flexible
bridges.

. Finalize the bridge models including the new
abutment model.

. Rotate Ground motions?

Quantify the Sensitivity of Skew Bridge Response and
Damage Metrics to Key Input Parameters

. Update Caltrans Seismic Design Criteria for Skew-
Angled Bridges




