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PRESENTATION OUTLINE

_E Accelerated Bridge Construction

 Precast Concrete Bridges
 Precast Superstructure
 Precast Substructure

 Seismic Connection Design/Detall

« ABC — HFL Projects




BRIDGE DESIGN SPECIFICATIONS

Effective 2008 - LRFD SEISMIC GUIDE
“Displacement-based Seismic Provisions”

Life Safety Performance Criteria During an
EQ with 7% Probability of Exceedance in 75

years =1000 Years Return Period
AND
WSDOT Design Policy
Limitations on: ERS, ERE, Design and Details




Seismic Design Category (zone)

1000 Year Return Period
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HORIZONTAL SPECTRAL RESPONSE ACCELERATION FOR THE
CONTERMINOUS UNITED STATES OF 1.0-SECOND PERIOD

(5 PERCENT OF CRITICAL DAMPING)

WITH 7 PERCENT PROBABILITY OF EXCEEDANCE IN 75 YEARS
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Western Washington: S
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New Bridges

Bridge Widenings

for Bridge Widenings in
Liquefiable Sites




Precast Superstructure - ABC
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Accelerated Bridge Construction Project

5 Span PS Girder Superstructure Replacement — Hood Canal Bidge
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WSDOT ABC Website: http://www.wsdot.wa.qov/eesc/bridge/ABC/




Seismic Design of Concrete Bridges

L<450 ft

(137 m)

Precast Girder 2
Girder stop to restrain
B ackfill Bearing pad transverse movement Gap for

seismic
Support Length for movement
seismic movement Ductile

Connection

Pile-to-pile cap
L-shape Connection
Semi Integral

Abutment £nd Pier

Elevation




Connection at Intermediate Piers
Seismic Design of Concrete Bridges

_~_

High Seismic Zone High Seismic Zone Low Seismic Zone
Fixed Connection Reduced Fixity Hinge Connection

_

Moment Shape Moment
Diagram Diagram
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Positive Seismic Moment Capamty

;
0.94A f

psS py

Extended Strands: [N]SR




PRECAST COLUMN ON SPREAD FOOTING

Monolithic (Ductile) Connection
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Bellevue Direct Access Project SR 16 Union Ave. Bridge




UW Project:

Design of Precast Concrete Piers for Rapid
Bridge Construction In seismic Regions
Phase I:  Analytical
Phase Il: Experimental

PRECAST SUBSTRUCTURE RESEARCH AT UW




Precast Substructure Research UW

" | Extended Strands at
% vz Fixed Interior Pier

Grout
Tube
6” ¢ Hole In

Precast Crossbeam for
Members 6 - #18 bars

\
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Seismic Performance

WARD 648.2 Rapidly
Constructible Large-Bar Precast
Bridge-Bent Seismic Connection




Seismic Performance — UW Test

WARD 648.2 Rapidly Constructible Large-Bar
Precast Bridge-Bent Seismic Connection




PRECAST SUBSTRUCTURE RESEARCH AT UW

Phase Il: Beam-column assembly: (Scaled tests)
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Precast Bent cap
SR 202 / SR 520

1Y2 Hours +/-
Bent Cap Erection




FHWA - Highways for LIFE (IBRD)

Fully Precast Bridge in Seismic Regions

T

1524 m——

Cast-In-Place
Diaphragm

“Precast Girder
10 - D25

D16 Jaind Spiral |
Precast Cap-
Beam
218 mm Dia

Corrugated

hetal Duci

10 - D36
Precast Column

12 - D29 Section & - Precast Cap-Beam

D16 Spiral | ny
& - D57 F:
1.219m

Section B - Precasi Column

Figure 1. Typical Implementation of Product Concepr
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(d) Specimen P5-1

(f) Specimen AD-1a

(&) Specimen P5-21

() Specimen AT-1b

{c) Precast

(b) Specimen A2

Figure 3. Test Specimens
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FHWA Highways for LIFE
Fully Precast Bridge in Seismic Regions

Figure 3. Existing SR 12 Overcrossing of I-3 to be Replaced




FHWA Highways for LIFE
Fully Precast Bridge in Seismic Regions
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FHWA Highways for LIFE (IBRD)
Fully Precast Bridge in Seismic Regions
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HFL Fully Precast Bridge Bents for Seismic Regions
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Seismic Performance — UW Test

WARD 648.2 Rapidly Constructible Large-Bar
Precast Bridge-Bent Seismic Connection
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Recommended Duct size and

embedment length for Grouted Sleeves

Precast Substructure Elements

UDQOT - Specification 03131S

Figure 6.4 3.1 Anchorage in grouted conduit [25]

Grade G0

/ Relnfarclng Bar
// Flex|ble Metalllke

Conduk

Bar Size Qutside Diameter | Length of Sleeve

(inches) (inches)

4 2.625 14.125
5 3.000 14.125
6 3.000 14.125
7 3.000 18.75
8 3.500 18.75
9 3.500 18.75
10 3.500 23.5
11 4.000 23.5
14 4.000 28.375
4.500 39.625

x
Con A e
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Bar Si Bar embedment
ar size length, f. in®
3 12
4 12
5 12
g8 15
2 27

* For grout sirenging highar than 5000 psl multiply tabie

vakes oy JS000/1]




WSDOT Recommended Duct Size And
Embedment Length For Grouted Sleeves

Nominal | Embedment Embedment
Duct Size, Length, /
in. in. Bar Diameter

2 12 29
15 27
15 21
15 18
20 21
20 18
20 16
25 18
25 16
30 16
40 16




Continuous Bridge in Red
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Column — Shaft Connection

e Connection Design of Column-Oversized Shafts Based On
Expected Nominal Flexural Capacity at 1.00 Times The
erstrength Moment, Mpo of Column.
e (Column longitudinal reinforcement into enlarged shafts in a
staggered manner with the minimum embedment lengths of
2Dc,max and 3Dc,max,

Column Dia

Column-Shaft
X-section

Figure 3 Proposed Three-Dimensional Behavioral Model for Noncontact Lap Splices.




Washington State
"’ Department of Transportation

o IATE Eour&_

SR 520 Pontoon Construction Project 520



- SR-520 Floating Bridge & East Approach. -




AWV Bridge Replacement — Bored Tunnel

for Roadway Structure




Accelerated Bridge Construction (ABC)

Strategic Plan

ABC Advisory Committee

ABC Website

ABC Decision-Making Matrix

ABC Impact Quantification

ABC Chapter for WSDOT BDM
Design Criteria
Design Examples
STD Detalls - Connections
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Decision-Making Matrix -ABC Checklist

 Emergency replacement?
Lane closures or detours?

+ High traffic volume?
High daily traffic control costs?
Critical path of project?
Innovative contracting strategies?

Weather constraints?

Worker safety concerns?
Environmentally sensitive site?
Multiple similar spans (Bridge type)?
Delay-related user cost concern?
Adequate owner staffing?

Next Step:  Bridge Construction Index (BCI) Calculations




ABC Impact Quantification
Calculate the Bridge Construction Index (BClI)

aseline Measure-
Calculate BCI’s for conventional construction - (BCI-C)x

ABC Measure-
Calculate BCI’s for ABC - (BCI-A)x.

Calculate Earnings by ABC (ERN) — Construction Time
ERN (in days) = (BCI-C) — (BCI-A)
Convert ERN (in days) into $ = [(BCI-C)gry — (BCI-A) gy ]X$/day

Calculate Savings by ABC (SAV)- Traffic Delay Reduction

SAV (days) = (BCI-C) - (BCI-A)
Convert SAV (in days) into $ = [(BCI-C),, — (BCI-A),]1x$/day

Compare: ABC Earning vs. Construction Cost




Case Study:
ABC Impact Quantification: Baseline Measure

s Case 1: 2-Span Post-Tensioned Box Girder Bridge Over SR 18
o Case 2: 4-Span Prestressed Girder Bridge Under 1I-5
o Case 3: 2-Span Steel Box Girder Bridge Over I-5

Cglﬁtruction Time Difference - Study of 3 Bridge Scenarios:

LLane Closure Cost:
e Casel: 1 Month Lane Closure — Traffic Control
e Case?2: 3 Months Lane Closure — Traffic Control
e Case3: 4 Months Lane Closure — Traffic Control

Risks:
At Work Zone to WSDOT And Contractors’ Staff
At Work Zone to Travelling Public
Cost Risk Estimating

Environmental Impact







