
Design and Construction of CurvedDesign and Construction of Curved
PrecastPrecast Girder Bridge Projects in ColoradoGirder Bridge Projects in Colorado



Current Colorado Projects Current Colorado Projects 
using Curved Precast Girdersusing Curved Precast Girders

1.1. IH25 / SH270 Ramp K, DenverIH25 / SH270 Ramp K, Denver

2.2.SH270 / IH76 Ramp Y, DenverSH270 / IH76 Ramp Y, Denver

3.3. E470 / IH70, Ramp H, DenverE470 / IH70, Ramp H, Denver

4.4.SH58 / IH70, Ramp A, GoldenSH58 / IH70, Ramp A, Golden

5.5.Austin Bluffs Overpass, Colorado Austin Bluffs Overpass, Colorado 

SpringsSprings

6.6. IH25 Viaduct, TrinidadIH25 Viaduct, Trinidad



270 Ramp K270 Ramp K
The first of manyThe first of many

Contractor Alternate Design to Steel Base BidContractor Alternate Design to Steel Base Bid
Plant Manufactured Plant Manufactured PrecastPrecast Girders and Panels.Girders and Panels.
Design Concept was submitted two weeks after Design Concept was submitted two weeks after 
bid.bid.
Limited Time Line for final Design / Approval            Limited Time Line for final Design / Approval            
(4 months)(4 months)
Involved Close Cooperation Between DOT, Involved Close Cooperation Between DOT, 
Engineer, Sub Contractors and ContractorEngineer, Sub Contractors and Contractor
Designed by Summit Engineering, Littleton, CO Designed by Summit Engineering, Littleton, CO 
and PBS&J, Denverand PBS&J, Denver
Built by Built by SemaSema ConstructionConstruction



E470 Ramp HE470 Ramp H
Contractor Design/Build Project.Contractor Design/Build Project.
Currently Under Construction.Currently Under Construction.
Connector Ramp from E470 Toll Road to Connector Ramp from E470 Toll Road to 
Interstate 70.Interstate 70.
Combination of Simple Span and shored Combination of Simple Span and shored 
construction. Spans from 100construction. Spans from 100’’ to 200to 200’’
34 34 –– U84 Girders, 11 SpansU84 Girders, 11 Spans
12001200’’ Horizontal CurvatureHorizontal Curvature
Designed by DMJM Harris, DenverDesigned by DMJM Harris, Denver
Built by Lawrence Construction Co, Littleton, COBuilt by Lawrence Construction Co, Littleton, CO



270 Ramp Y270 Ramp Y
Under Construction.Under Construction.
Flyover Connector from EB SH270 to EB Flyover Connector from EB SH270 to EB 
Interstate 76.Interstate 76.
40 40 PrecastPrecast Girders, 12 Spans.Girders, 12 Spans.
Span Lengths from 100Span Lengths from 100’’ to 230to 230’’..
Numerous traffic crossings and creek crossing.Numerous traffic crossings and creek crossing.
760760’’ Radius horizontal curve.Radius horizontal curve.
Colorado DOT Design.Colorado DOT Design.
Value Engineering by Summit EngineeringValue Engineering by Summit Engineering
Edward Kraemer & Sons, Castle Rock  COEdward Kraemer & Sons, Castle Rock  CO



SH 58 Ramp ASH 58 Ramp A
Under VE Design and Construction.Under VE Design and Construction.
Flyover Connector from EB Interstate 70 to WB Flyover Connector from EB Interstate 70 to WB 
SH 58 into Golden.SH 58 into Golden.
38 38 -- U86 U86 PrecastPrecast Girders, 11 Spans.Girders, 11 Spans.
Span Lengths from 150Span Lengths from 150’’ to 235to 235’’..
820820’’ Horizontal Curvature.Horizontal Curvature.
Numerous traffic crossings and creek crossing.Numerous traffic crossings and creek crossing.
CH2M Hill Design.CH2M Hill Design.
Value Engineering by Summit EngineeringValue Engineering by Summit Engineering
Ames Construction Co, Denver, COAmes Construction Co, Denver, CO



Austin Bluffs OverpassAustin Bluffs Overpass
Under VE Design and Construction.Under VE Design and Construction.
Overpass over Union Boulevard.Overpass over Union Boulevard.
24 24 -- U85 U85 PrecastPrecast Girders, Dual Bridges, 4 Spans.Girders, Dual Bridges, 4 Spans.
Span Lengths from 110Span Lengths from 110’’ to 210to 210’’. . 
950950’’ Radius Curve in two spans.Radius Curve in two spans.
Major Urban traffic crossing and creek crossing.Major Urban traffic crossing and creek crossing.
CH2M Hill Design.CH2M Hill Design.
Value Engineering by Summit EngineeringValue Engineering by Summit Engineering
Lawrence Construction Co, Littleton, COLawrence Construction Co, Littleton, CO



Austin BluffsAustin Bluffs



IH25 Viaduct, TrinidadIH25 Viaduct, Trinidad
Contractor Alternate Design and Construction.Contractor Alternate Design and Construction.
Early stages of construction.Early stages of construction.
Elevated Viaduct through downtown Trinidad. 24 Elevated Viaduct through downtown Trinidad. 24 
-- U85 U85 PrecastPrecast Girders, Dual Bridges, 4 Spans.Girders, Dual Bridges, 4 Spans.
Span Lengths from 100Span Lengths from 100’’ to 265to 265’’. . 
Major Urban project with numerous traffic, river Major Urban project with numerous traffic, river 
and railroad crossings.and railroad crossings.
Base design, Base design, precastprecast segmental.segmental.
Value Engineering by TSH Engineers and Summit Value Engineering by TSH Engineers and Summit 
EngineeringEngineering
Lawrence Construction Co, Littleton, COLawrence Construction Co, Littleton, CO



Curved Girder Bridge QuantitiesCurved Girder Bridge Quantities

2,380 l.f.57,715 s.f.Austin Bluffs

21,232 l.f.414,378 s.f.Total

3,232 l.f.75,952 s.f.IH70 / E470 Ramp H

4,141 l.f.65,728 s.f.IH25 Trinidad

4,095 l.f.79,995 s.f.IH70 / SH58 Ramp A

4,544 l.f.77,248 s.f.IH76 / SH270 Ramp Y

2,840 l.f.66,740 s.f.IH25 / SH270 Ramp K

L.F. Curved 
Precast Bridge S.F.Project



Why use Why use PrecastPrecast Concrete for these Concrete for these 
Types of Bridges?Types of Bridges?

Colorado Preference for Concrete Structures.Colorado Preference for Concrete Structures.
Setup Costs were nominal.Setup Costs were nominal.
Concrete Alternate less expensive.Concrete Alternate less expensive.
Speed of Fabrication. Speed of Fabrication. 
Design Impact not significant.Design Impact not significant.
Composite construction, splicing and post Composite construction, splicing and post 
tensioning girders extends the span rangetensioning girders extends the span range
Shoring not required over traffic.Shoring not required over traffic.
Design used established techniques on new Design used established techniques on new 
application.application.
Attractive appearance.Attractive appearance.



WhatWhat’’s the Catch?s the Catch?

Extensive Shoring Necessary.Extensive Shoring Necessary.
Girders are very heavy.Girders are very heavy.
Stability must be designed for and maintained Stability must be designed for and maintained 
until superstructure is self supporting. until superstructure is self supporting. 
More field and erection Engineering required.More field and erection Engineering required.
Blending of Blending of PrecastPrecast and Post Tensioned industries and Post Tensioned industries 
and  technologies.and  technologies.
Slower construction cycle during Erection.Slower construction cycle during Erection.

More complex multiple phase constructionMore complex multiple phase construction..



270 Ramp Y Cost Comparisons270 Ramp Y Cost Comparisons

$1063$1393 / lfCost / Ft.

$4,732,240$6,200,000Total

$506,000$0Post Tensioning

$250,000$50,000Falsework

$890,000$1,025,000Erection Costs

$3,086,240$5,125,000Girder Cost

Curved Precast Steel DesignItem



270 Ramp Roadway Layout270 Ramp Roadway Layout



270 Ramp Cross Section270 Ramp Cross Section



Bridge ConfigurationBridge Configuration
8 Spans, 6 and 2 span continuous 8 Spans, 6 and 2 span continuous 
units.units.
Span Lengths from 140Span Lengths from 140’’ to 200to 200’’

Pier Heights from 10Pier Heights from 10’’ to 45to 45’’
Spliced ConstructionSpliced Construction
Phased Erection w/ staged post Phased Erection w/ staged post 
tensioningtensioning



Phased ConstructionPhased Construction



Design FeaturesDesign Features
Curved, Precast Girders, CDOT U84Curved, Precast Girders, CDOT U84
2626’’--44”” Girder SpacingGirder Spacing
Large overhangs and long span deck Large overhangs and long span deck 
panelspanels
Composite Girder / Lid Slab constructionComposite Girder / Lid Slab construction
Secondary concrete pours for lid slabs, Secondary concrete pours for lid slabs, 
diaphragms and bottom slab haunches.diaphragms and bottom slab haunches.
Integral abutments and piersIntegral abutments and piers
Single expansion joint and bearing Single expansion joint and bearing 
location at Pier 7.location at Pier 7.
Access provided for inspection inside of Access provided for inspection inside of 
box girders.box girders.



Typical Girder Cross Section Typical Girder Cross Section –– Ramp KRamp K



Typical Girder Cross Section Typical Girder Cross Section –– Ramp KRamp K



Ramp K CIP Lid SlabRamp K CIP Lid Slab



Ramps A & YRamps A & Y
PrecastPrecast Panel Lid SlabPanel Lid Slab



PrePre--Casting of  GirdersCasting of  Girders

Up to 120Up to 120’’ long, 265 Kip max weightlong, 265 Kip max weight
Curved FormsCurved Forms
Post Tensioned Post Tensioned 
PrecastPrecast Anchor BlocksAnchor Blocks
Block Outs for CIP Anchor BlocksBlock Outs for CIP Anchor Blocks
Secondary Casting of Diaphragms, Secondary Casting of Diaphragms, 
Bottom Slab Thickening and Lid SlabBottom Slab Thickening and Lid Slab
““TongueTongue”” at Expansion Diaphragmsat Expansion Diaphragms



Curved Girder FormworkCurved Girder Formwork
Precaster: Encon BridgePrecaster: Encon Bridge



Reinforcing Cage in Forms Reinforcing Cage in Forms 
Prior to CastingPrior to Casting



Typical Girder Cross SectionTypical Girder Cross Section



Girders in Storage AreaGirders in Storage Area



Cast in Place HaunchCast in Place Haunch
in Pier Girdersin Pier Girders



Erection ConditionsErection Conditions
Girders supported on Falsework towers and Girders supported on Falsework towers and 
Straddle Bents Straddle Bents 
TorsionalTorsional Bracing at ends of girders for stability.Bracing at ends of girders for stability.
CIP lid slabs to control CIP lid slabs to control torsionaltorsional deflections and deflections and 
stresses.stresses.
Cantilevered construction w/ temporary post Cantilevered construction w/ temporary post 
tensioningtensioning
Final 4 girders hung over 270 and IH25 prior to Final 4 girders hung over 270 and IH25 prior to 
making closuremaking closure
Heavy lifts with limited crane radiiHeavy lifts with limited crane radii
Complicated site conditions.Complicated site conditions.
Multiple traffic closures Multiple traffic closures 
Staged Post Tensioning.Staged Post Tensioning.
Long tendons installed at site.Long tendons installed at site.



Girders Supported on FalseworkGirders Supported on Falsework

Conventional 160 K Shoring Towers for typical Conventional 160 K Shoring Towers for typical 
applications.applications.
Special Bents at Traffic openings.Special Bents at Traffic openings.
Concrete footingsConcrete footings
TorsionalTorsional Bracing During Erection.Bracing During Erection.
Girders not self supporting until post tensioned.Girders not self supporting until post tensioned.



Falsework Design at Pier 5Falsework Design at Pier 5



Erection procedures developed in conformance to new Erection procedures developed in conformance to new 
CDOT Specification Section 618CDOT Specification Section 618



Erection Plan Erection Plan –– Girders 10 L&RGirders 10 L&R



Girder ErectionGirder Erection
Precast Girder Weight = 250 KPrecast Girder Weight = 250 K

Maximum Lift = 330 KMaximum Lift = 330 K
300 and 240 Ton Hydraulic Cranes300 and 240 Ton Hydraulic Cranes



Initial Erection at Span 1Initial Erection at Span 1



Setting Girder at Pier 2Setting Girder at Pier 2



Girder suspended over pier Girder suspended over pier 
Grout Bearing installed prior to casting Grout Bearing installed prior to casting 

diaphragmdiaphragm
Eliminates manufactured bearingsEliminates manufactured bearings



Completed Pier DiaphragmCompleted Pier Diaphragm



Straddle Bents over HOV LaneStraddle Bents over HOV Lane

Continuous traffic maintained during constructionContinuous traffic maintained during construction
Erection over HOV during lane closuresErection over HOV during lane closures



Straddle Bent Design at HOV LanesStraddle Bent Design at HOV Lanes



Girder Erection over HOV LaneGirder Erection over HOV Lane



HOV Open to TrafficHOV Open to Traffic



Erection to Pier 4Erection to Pier 4



Extensive Site Preparation RequiredExtensive Site Preparation Required
Varying Site ConditionsVarying Site Conditions

Falsework at Pier 5Falsework at Pier 5



Erection through Span 5Erection through Span 5



Erection Approaches 270 Bridge and Erection Approaches 270 Bridge and 
IH25IH25



Casting of Anchor Block and Lid Slab Casting of Anchor Block and Lid Slab 
at Girders 10 and 13at Girders 10 and 13



Anchor Block ReinforcingAnchor Block Reinforcing



Setting Girders 10L&R at Pier 6Setting Girders 10L&R at Pier 6

330 Kip Lift weight330 Kip Lift weight
Cantilevers 54Cantilevers 54’’ beyond Pier 6 over 270 Bridgebeyond Pier 6 over 270 Bridge
Girder 10 is restrained to Girder 9 to prevent Girder 10 is restrained to Girder 9 to prevent 
tippingtipping



Girder 10 Tie DownGirder 10 Tie Down



Girders 10 L&R Set at Pier 6Girders 10 L&R Set at Pier 6



Girders 10 L&R from 270 BridgeGirders 10 L&R from 270 Bridge



Girder Erection from Abutment 9 over IH25 Girder Erection from Abutment 9 over IH25 
and On Rampand On Ramp



Girder Strong Back DesignGirder Strong Back Design



GirderGirder
StrongStrong
BacksBacks

In PlaceIn Place



Girders 11 L&R Set over 270 BridgeGirders 11 L&R Set over 270 Bridge



Girder 12L Suspended on strong backs Girder 12L Suspended on strong backs 
over IH25over IH25



Erection of Girders CompleteErection of Girders Complete



Ramp K, CIP Lid Slab ReinforcingRamp K, CIP Lid Slab Reinforcing



Erected Girders w/ Lid SlabErected Girders w/ Lid Slab



Bridge Ready for Final PTBridge Ready for Final PT



Setting Precast PanelsSetting Precast Panels



Precast Panels on Girder FlangesPrecast Panels on Girder Flanges



Panels installed, overhang forms set and Panels installed, overhang forms set and 
deck castdeck cast



Completed StructureCompleted Structure



Design Lessons LearnedDesign Lessons Learned
TorsionalTorsional deflections and stresses during erection deflections and stresses during erection 
were critical.were critical.
Haul weight and girder torsion limit the girder Haul weight and girder torsion limit the girder 
erection more than any other factor. erection more than any other factor. 
Long continuity tendons were difficult to installLong continuity tendons were difficult to install
Friction losses impacted the design.Friction losses impacted the design.
Limited eccentricity of web tendons.Limited eccentricity of web tendons.
Local tendons were effective in long spans.Local tendons were effective in long spans.
Negative moments at interior piers were critical Negative moments at interior piers were critical 
design condition.design condition.
Strain Strain compatabilitycompatability analysis necessary due to analysis necessary due to 
limited compression block.limited compression block.
Compression steel in girders for negative Compression steel in girders for negative 
moments was effective. moments was effective. 
Service stresses in deck steel is important.Service stresses in deck steel is important.
Shear design not critical.Shear design not critical.
Lightweight Concrete can significantly impact Lightweight Concrete can significantly impact 
f t  l   d if t  l   d i



Construction SolutionsConstruction Solutions
Quality control is number one.Quality control is number one.
Design of economical handling reinforcing and post Design of economical handling reinforcing and post 
tensioning in tensioning in precastprecast yard.yard.
Temporary structure design is critical to project success.Temporary structure design is critical to project success.
Incorporate Incorporate torsionaltorsional bracing in bracing in falseworkfalsework design.design.
Establish continuity with closures and diaphragms first after Establish continuity with closures and diaphragms first after 
erection.erection.
Create a closed box section early after erection.Create a closed box section early after erection.
Quality Control is number one.Quality Control is number one.
Simplify Simplify precastprecast forming as much as possible.forming as much as possible.
Use CIP anchor zones.Use CIP anchor zones.
PrecastersPrecasters understand understand precastprecast, post , post tensionerstensioners understand understand 
post tensioning.post tensioning.
Make significant allowances for heavy cranes during Make significant allowances for heavy cranes during 
erection to handle heavy loads.erection to handle heavy loads.
Quality control is number one.Quality control is number one.
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