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Precast Concrete Decks andPrecast Concrete Decks and
Ultra High Performance Concrete:Ultra High Performance Concrete:

Introduction Introduction 

•• Abrasion Resistant HPCAbrasion Resistant HPC
•• HPC Precast Concrete DecksHPC Precast Concrete Decks
•• UHPC ConnectionsUHPC Connections
•• FHWA Highways for LIFE GrantFHWA Highways for LIFE Grant
•• ODOT Demonstration ProjectODOT Demonstration Project
•• FHWA UHPC ResearchFHWA UHPC Research
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HPC Precast Concrete DecksHPC Precast Concrete Decks

•• Abrasion Resistant HPC Deck ConcreteAbrasion Resistant HPC Deck Concrete
– Studded Tire Rutting

•• Oregon State University ResearchOregon State University Research
– 8.0 ksi Concrete
– 7% Silica Fume

•• PrecastingPrecasting vs. Castingvs. Casting--InIn--PlacePlace
– Curing 
– Cracking



44

Ultra High Performance Concrete (UHPC)Ultra High Performance Concrete (UHPC)

UHPC Characteristics:
• Advanced cementitious material
• High strength, high stiffness
• Exceptional durability
• Internal steel fiber reinforcement
• Self-consolidating

UHPC Properties:
• Compressive Strength

– 18 to 35 ksi (Controlled Environment – Lab or PC Plant)
– 16.5 to 19 ksi (Field Curing)

• Modulus of Elasticity – 6200 to 8000 ksi
• Creep Coefficient – 0.3 to 0.8
• Sustained Tensile Capacity – 0.9 to 1.5 ksi
• Freeze/Thaw Resistance – RDM > 95%

Ref.: Ben Graybeal, Et. Al. @ FHWA
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Ultra High Performance Concrete MaterialsUltra High Performance Concrete Materials

Typical Composition of UHPC Material Amount % by Weight
Portland Cement 1200 lb/yd3 28.5
Silica Fume 390 lb/yd3 9.3
Ground Quartz 355 lb/yd3 8.5
Fine Sand 1720 lb/yd3 41.0
Steel Fibers                      263 lb/yd3 6.3
Superplasticizer 51 lb/yd3 1.2
Water 218 lb/yd3 5.2

Ref.: Ben Graybeal, Et. Al. @ FHWA
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UHPC On Site MixingUHPC On Site Mixing

Ref.: Photos Courtesy of Vic Perry, Et. Al. @ Lafarge
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UHPC Transportation ApplicationsUHPC Transportation Applications

•• Precast Prestressed Concrete GirdersPrecast Prestressed Concrete Girders
–– No traditional shear reinforcementNo traditional shear reinforcement

•• Precast Concrete Deck PanelsPrecast Concrete Deck Panels
•• FieldField--Cast Joints and ConnectionsCast Joints and Connections
•• ColumnsColumns
•• Fascia Panels, Architectural TreatmentsFascia Panels, Architectural Treatments

–– Reduced thickness and dead loadReduced thickness and dead load
•• OverlaysOverlays
•• Bridge Repair and RetrofitBridge Repair and Retrofit

–– Regain or add strength with reduced development lengthsRegain or add strength with reduced development lengths
–– Improved bridge rail connections to existing decksImproved bridge rail connections to existing decks
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U.S. Highway BridgesU.S. Highway Bridges

ππ−−girdersgirders
Jakway BridgeJakway Bridge
Buchanan County, IowaBuchanan County, Iowa

VDOT BT45 VDOT BT45 –– no shear no shear 
stirrupsstirrups

Rt. 624 Cat Point  Bridge Rt. 624 Cat Point  Bridge 
(FHWA 9(FHWA 9thth--span)span)
Richmond County, VirginiaRichmond County, Virginia

Ref.: Photos Courtesy of Ben Graybeal, Et. Al. @ FHWA
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FHWA UHPC Shear SurfaceFHWA UHPC Shear Surface

Ref.: Photo Courtesy of Ben Graybeal, Et. Al. @ FHWA
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UHPC Precast Prestressed 
Deck Panel Connections

• Enhanced Durability
• Greater Resilience
• Minimum Development Lengths

Ref.: Photo Courtesy of Ben Graybeal, Et. Al. @ FHWA

• Simplified Construction
• Accelerated Construction
• Reduced Cure Time
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Precast Prestressed Concrete Deck PanelsPrecast Prestressed Concrete Deck Panels
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Precast Prestressed HPC Precast Prestressed HPC 
Concrete Deck Panel DetailsConcrete Deck Panel Details
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Deck Panel to Girder ConnectionDeck Panel to Girder Connection
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FHWA UltraFHWA Ultra--High Performance Concrete High Performance Concrete 

Cyclic Load TestsCyclic Load Tests

Ref.: Video Courtesy of Ben Graybeal, Et. Al. @ FHWA
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UHPC PlacingUHPC Placing

Ref.: Photos Courtesy of Ben Graybeal, Et. Al. @ FHWA
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UHPC QA/QCUHPC QA/QC

Specifications:Specifications:
•• Slump Flow TestSlump Flow Test

–– MiniMini--slump coneslump cone
–– Flow 7Flow 7”” to 10to 10””

•• Compressive StrengthCompressive Strength
–– 33”” x 6x 6”” CylindersCylinders
–– Ends cut and machined to < 0.5Ends cut and machined to < 0.5ºº
–– Field Strength RequirementsField Strength Requirements

•• 14,000 psi @ 1414,000 psi @ 14--daysdays
•• 17,000 psi @ 2817,000 psi @ 28--daysdays

•• Mix DesignMix Design
–– ODOT Std Spec 02001.33ODOT Std Spec 02001.33
–– Recommend 02001.33(b) (Standard Deviation Formula)Recommend 02001.33(b) (Standard Deviation Formula)

•• ManufacturerManufacturer’’s Recommendationss Recommendations
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Accelerated Bridge Construction (ABC) Accelerated Bridge Construction (ABC) 
Benefits of Precast Deck Panels Benefits of Precast Deck Panels 

& UHPC Connections& UHPC Connections

Time Saving Features:
•• PrecastPrecast Prestressed Deck vs. Traditional 

Cast-in-Place Deck
• Steel Midspan Diaphragms
• UHPC Connections

–– Cure timeCure time
• Cost Considerations

–– Additional expensesAdditional expenses
–– SavingsSavings
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THINGS TO CONSIDERTHINGS TO CONSIDER

•• Buy America Clause Buy America Clause –– WaiverWaiver
•• Currently no design codesCurrently no design codes
•• Talk to FHWA and other State DOTTalk to FHWA and other State DOT’’s when s when 

considering new or experimental designsconsidering new or experimental designs
•• Reliance on Supplier RecommendationsReliance on Supplier Recommendations
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US30: Burnt River & UPRR BridgeUS30: Burnt River & UPRR Bridge
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Existing Structure & Site ConditionsExisting Structure & Site Conditions
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Ultra High Performance Concrete: Ultra High Performance Concrete: 
Contact InformationContact Information

Ben Graybeal, Ph.D., P.E.
Structural Concrete Research 
Prog. Mgr.
Federal Highway Administration
202-493-3122
benjamin.graybeal@dot.gov

Vic Perry, P.E.
Vice President, GM Ductal 
Development
Lafarge North America
403-292-9423
vic.perry@lafarge-na.com

mailto:benjamin.graybeal@dot.gov
mailto:vic.perry@lafarge-na.com
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Questions?Questions?

Thank you,Thank you,

GEORGE BORNSTEDT, PEGEORGE BORNSTEDT, PE
Bridge EngineerBridge Engineer
ODOT Region 5 Tech CenterODOT Region 5 Tech Center
3012 Island Ave.3012 Island Ave.
La Grande, OR  97850La Grande, OR  97850
541541--963963--15951595
541541--786786--10721072
George.F.BORNSTEDT@odot.state.or.usGeorge.F.BORNSTEDT@odot.state.or.us

mailto:George.F.BORNSTEDT@odot.state.or.us
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