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Accelerated Bridge Construction

Goals:
– Reduce traffic delays, and associated costs.
– Reduce fuel wastage.
– Increase worker safety.

Potential difficulties:
– Constructability.
– Seismic performance.
– Cost.



Solution:  Precast Concrete

Precast concrete offers the opportunity to:
– Shorten time for site operations.
– Improve quality of components.
– Increase worker safety.
– Reduce environmental hazards.

Use of precast concrete: 
- The material of choice for girders.
- Opportunities for use in bridge bents.



Constructability vs. Performance

Linear elements are the easiest to handle 
and transport.
Connections occur at the intersections of 
members.
– Moments are highest there.
– Inelastic deformations expected.



Seismic Performance

Maximum moments occur at beam-column intersections.



Constructability vs. Performance

Connections need to: 
- be readily constructible.
- have good seismic performance.



Precast Concrete Connections 
using 

Bars Grouted into Sleeves.



“Many Ducts” Connection

Courtesy:  BERGER/ABAM Engineers

Emulates typical c.i.p. connection.

Tight tolerance requirements.



“Large-Bar” Connection

Concept
– Larger bars (e.g., #18)
– Fewer bars  (e.g., 6-8)
– Much larger ducts (e.g., 8-in. dia.)

Constructability
More generous tolerances
Easier fabrication
Faster alignment



“Large-Bar” Connection

Suitable for beam-column connection.
Can be used with single-piece or 
segmental columns.
Column configuration depends on 
circumstances:

Column weight (crane size).
Column height (stability during erection).
etc.



Large-Bar Connection
4ft Diameter 
Column
5ft x 3.5ft Cap 
Beam
6 # 18 rebar
8.5” Corrugated 
Metal Ducts
12 # 9 rebar
High Strength 
Grout
Debond
Intentionally?
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The proposed precast bridge bent connection features:



Presenter
Presentation Notes
How will the system be erected?
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How will the system perform seismically? This is an idealized behavior to illustrate the key research questions which have been investigated.







Seismic Performance



Anchorage 
of #18 Bars

Presenter
Presentation Notes
Connecting the precast pieces has its advantages in terms of transportation and fabrication. However, the beam-column interface is the location of maximum seismic forces. The connection must be designed to sustain those loads. Two major considerations must be made:
Most importantly the #18 bars must be adequately anchored in the depth of the cap-beam for construction and seismic loads. AASHTO and ACI would require a development length considerably deeper than the depth of the cap-beam. However, previous research at UW has shown that bars grouted into corrugated ducts have superior anchorage capacity (Raynor). 
Most of the deformations is expected to occur at the joint (as shown in the animation). Precast components are considerably stronger and more rigid than the connections. Especially in this case where 12 - #9 bars are added in between the 6 - #18 bars to meet AASHTO spacing requirements. The #18 bars crossing the joint would be subjected to high strains concentrated over the crack and fracture is a concern. Intentional debonding may help prevent bar fracture from deformations concentrations at the interface.   



Full-Scale Anchorage Tests

Corrugated duct

Presenter
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17 full scale monotonic pullout tests, at varying embedment lengths were conducted in order to investigate the anchorage characteristics of large bars grouted into corrugated metal ducts. Bars were grouted into 8.5-inch corrugated metal ducts, which were embedded in 3-foot diameter cylinders. A concrete reaction collar block and a 300-kip hydraulic center hole ram was used to pull on the #18 bars. From these tests we learned that: 



Anchorage Test Results.

#8, #10, #14, #18 bars.
Behavior determined by Le/db.
- Low  Le/db:   bond failure.
- High Le/db:   bar yield and fracture.



Full-Scale Anchorage Tests

Low Le/db (pullout) 

High Le/db (fracture) 
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These tests confirmed that: 



Full-Scale Anchorage Tests
B

ar
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This is a plot of embedment length normalized by bar diameter and nominal bar stress. The dots are plots of the various test that were conducted. The lines at the bottom are the ACI and AASHTO development length requirements. Bars grouted in metal ducts have considerably better bond and can be developed in a much shorter length. 



Full-Scale Anchorage Tests
B
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An FEM model was also used to analyze the anchorage characteristics (plotted in blue). From these tests you can see the embedment lengths required to yield and fracture the bar. 



Anchorage Test Results.

For fy, need Le/db > 6

Bond failure at the bar surface: “confined 
bond failure”.

Bond stress = 0.25fs/(Le/db) = 2500 psi       
= 27√f’g = 0.31f’g.

Consistent with previous research on 
smaller bars. (e.g. Raynor, Moustaafa).



Seismic Performance 
of Connection with 
Concentrated 
Deformations 

Debond Intentionally 
to reduce strain 
concentration?
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Connecting the precast pieces has its advantages in terms of transportation and fabrication. However, the beam-column interface is the location of maximum seismic forces. The connection must be designed to sustain those loads. Two major considerations must be made:
Most importantly the #18 bars must be adequately anchored in the depth of the cap-beam for construction and seismic loads. AASHTO and ACI would require a development length considerably deeper than the depth of the cap-beam. However, previous research at UW has shown that bars grouted into corrugated ducts have superior anchorage capacity (Raynor). 
Most of the deformations is expected to occur at the joint (as shown in the animation). Precast components are considerably stronger and more rigid than the connections. Especially in this case where 12 - #9 bars are added in between the 6 - #18 bars to meet AASHTO spacing requirements. The #18 bars crossing the joint would be subjected to high strains concentrated over the crack and fracture is a concern. Intentional debonding may help prevent bar fracture from deformations concentrations at the interface.   



Seismic Performance

Lab tests at 42% scale.

Presenter
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To evaluate the seismic performance of the system, 4 - 40% scale subassemblies of an interior beam/column were constructed and tested under constant axial and cyclic lateral loads. Several parameters were varied in order to improve/assess the performance of the system.



Test Matrix  
Longitudinal 

Reinforcement
Reinforcement 

Ratio
Grouted 
Ducts Debonding ?

REF. 16 - #5 1.58% No None

LB-FB 6 - #8 1.51% Yes None

LB-D1 6 - #8 1.51% Yes Method 1

LB-D2 6 - #8 1.51% Yes Method 2

Presenter
Presentation Notes
The tests were comprised of a matrix of 4 specimens (listed in the table). Specimen REF served as a bench mark for comparison to a typical cast-in-place Washington State reinforce concrete bridge column. LB-FB,D1,and D2 had 12 - #3 bars spaced in between the 6 - #8 to meet AASHTO spacing requirements. These bars did not cross the beam-column interface. 
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Equivalent Moment vs. Drift
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All 4 specimens were subjected to the same lateral displacement history. The tests revealed all 4 specimens to have the same hysteretic performance, despite debonding of the bars or having distributed reinforcement. Specimen REF did exhibit a delay of bar fracture, but loss of lateral capacity was similar. 



Damage Progression
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This plot shows the drift levels at which different damage milestones occurred.



LB-FB: Bar buckling and spiral fracture at 6.5% drift

Failure Mechanisms 
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All specimens performed well out to beyond 6% drift, failing ultimately as a result of bar buckling and bar fracture. These pictures show specimen LB-FB at 6.5% drift. At that the bars buckled enough to push out on the spiral and fracture the spirals in the buckled region. 



Implementation



Highways for Life Program:
Team Membership.

FHWA
BERGER-ABAM
University of Washington
WSDOT
Tri-State Construction
Concrete Technology Corporation
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These tests confirmed that: 



Highways for Life Program:
Tasks.

Develop suitable connections (Column to 
cap-beam and footing)
Lab tests for seismic performance.
Build the bridge, monitor constructability: 

Fabricate columns.
Erect bents (note skew).

Develop specification language.
Prepare design examples. 

Presenter
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These tests confirmed that: 



The Bridge
(SR12 Over I-5)



Connections to be used

Top: 8#18 in 48” square column.
Bottom: Still under development.  Watch 
this space!
Possible footing connections:

Presenter
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From these tests we’ve learned: 



PS-1: PC column 
grouted over bars in 
CIP spread footing

Project-Specific Tests

PS‐1

Steel Pedestal

PS‐2

PS-2: Spread footing cast 
around bars projecting 
from segmental column.



AD-1a &1b: 
Hollow Columns 

Increased Versatility

AD‐1a AD‐1b AD‐2

AD-2: Connection 
to Drilled Shaft



Conclusions

Large-Bar precast systems can be 
constructed rapidly.
Many possible variants for footing 
connection.
Seismic performance similar to c.i.p.
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