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Foot Bridge of Peace – Seoul, South Korea



Jean Bouin Stadium Façade – Paris, France

www.tekla.com



Hawkeye UHPC Bridge – Buchanan County, IA
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Pulaski Skyway – Newark, New Jersey



North American Bridges Using UHPC
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What is UHPC?



What is Ultra-High Performance Concrete?
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Portland Cement-Based
Castable

Theory

Precast.org

Self-Consolidating



What is Ultra-High Performance Concrete?
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Fiber Reinforcement

Supplementary 

Cementitious Materials

Particle 

Packing

Theory

Superplasticizers  

Nist.gov 
American Coal Ash Association 



What is Ultra-High Performance Concrete?
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Highly Durable, Strain-Hardening Concrete

State-of-the-Art Concrete  

Numerous Potential Applications 

Advanced Cement-Based Composite



Typical Composition of UHPC
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Constituent Amount % by Weight

Portland Cement 1200 lb/yd3 28.5

Silica Fume 390 lb/yd3 9.3

Fine Sand 1720 lb/yd3 41.0

Ground Quartz 355 lb/yd3 8.5

Superplasticizer 51 lb/yd3 1.2

Water 218 lb/yd3 5.2

Steel Fibers 263 lb/yd3 6.3



Steel Fibers
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Compression Behavior
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Tensile Behavior
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Specimen: 2” x 2” x 17”



Tensile Behavior

15

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 0.002 0.004 0.006 0.008 0.01

A
v
e

ra
g

e
 A

x
ia

l 
S

tr
e

s
s

 (
k

s
i)

Average Axial Strain (in/in)



UHPC Properties: Some Ballpark Values

• Compressive Strength – 18 to 35 ksi

• Modulus of Elasticity – 6000 to 8000 ksi

• Sustained Tensile Capacity – 0.75 to 1.5 ksi

• Rapid Chloride Test – 20 to 360 Coulombs

• Freeze/Thaw Resistance – RDM > 95%

• Permeability - 2 x 10-13 m2/s (Chloride Ion Diffusion Coefficient)
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UHPC Mixing 

Pre-Bagged Powder 

Constituents

Superplasticizer 

Fibers
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UHPC Mixing
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UHPC Mixing
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UHPC Casting (Video)
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UHPC Casting (Video)
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Availability of UHPC-Class Materials
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Proprietary Versions Non-Proprietary Versions

FHWA-HRT-13-100: 

Dr. Kay Willie at UCONN
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UHPC: 
Applications in the Highway Sector



UHPC for Bridge Deck Rehabilitation
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Existing
Superstructure

UHPC Overlay

Chillon Viaduct near Lausanne, Switzerland

Section View



UHPC for Bridge Deck Rehabilitation
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Chillon Viaduct near Lausanne, Switzerland



Casting for Bridge Deck Rehabilitation

Chillon Viaduct near Lausanne, Switzerland
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UHPC for Bridge Deck Rehabilitation
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Chillon Viaduct near Lausanne, Switzerland



UHPC for Bridge Deck Rehabilitation
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[ Video of a UHPC with and without thickening agent ]



UHPC for Bridge Girders

Mars Hill Bridge

Wapello County, Iowa

Cat Point Creek Bridge

Richmond County, Virginia

Jakway Bridge

Buchanan County, Iowa

29



Mars Hill Bridge
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• UHPC prestressed girder superstructure

• 110’ span with 9.6’ girder spacing

• Opened to traffic in early 2006



Mars Hill Bridge
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UHPC for Bridge Decks
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UHPC for Bridge Decks
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Dahlonega Road Bridge in Wapello County, Iowa



UHPC for Steel Girder Rehabilitation 

34

 

UHPC

Concrete Deck

Studs UHPCSteel GirderTested by Zmetra, 2015 at UCONN



UHPC for Pile Foundations 
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UHPC for Pile Foundation Rehabilitation 
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UHPC

Existing Pile

Bent Cap

Nace.org



UHPC for PBE Connections

• Ultra-High Performance Concrete

• Prefabricated Bridge Elements

• Bridge Construction
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Conventional vs UHPC Connections
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Conventional Detail UHPC Detail



Design and Construction of

UHPC Field-Cast Connections

FHWA-HRT-14-084

• What is UHPC?

• Example Connections

• Structural Design

• Construction

• Quality Assurance

• Deployments
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Design Guidance:

Rebar Lap Splice
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Deck-to-Deck Connections
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Deck-to-Girder Connections
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Connections for Deck-Barrier Units
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Pier Column to Cap Connection

 

1'-0"

3" Dia. UHPC Placement Tube

Vent Tube

UHPC Connetion

Grout

Existing 42" Dia.

Pier Column

Existing (28)

#9 Bars

(14) #9 Dowel Bars

Extending from Cap

Hooper Road over Route 17C

Union, New York
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Pier Column to Cap Connection

Hooper Road over Route 17C

Union, New York
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So, What Does a UHPC 

Connections Project Look 
Like? 



• Casting Prep

• UHPC Mixing

• Field Testing

• UHPC Placement

• Finishing + Curing

• Form Removal + Profiling

• Open to Traffic• Casting Prep

• UHPC Mixing

• Field Testing

• UHPC Placement

• Finishing + Curing

• Form Removal + Profiling

• Open to TrafficExample Project
New York State DOT

I-87 SB at Exit 4, Albany, NY



FHWA UHPC Web Resources

• Web Search:  FHWA UHPC

• https://www.fhwa.dot.gov/research/resources/uhpc/
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1st Intl. Interactive Symposium on UHPC

• July 18-20, 2016

• Des Moines, Iowa

• ABC

• Structural Design

• Material Design

• Repair & Retrofit

• Bridge Site Visits
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Cost of PBE Grouts including UHPC…

• Products on the Market

• Non-Proprietary Versions

– At least $800 for UHPC raw constituents
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Grout Type Approximate Cost per yd3

Portland Cement Grouts $1000 to $2000

Repair Mortars $1500 to $3000

Epoxy Grouts $5000 

UHPCs $2500 to $3500



From: Zmetra, 2015

UHPC for Steel Girder Rehabilitation 
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Steel Girder Connection Concrete Girder Connection

UHPC Connections for Shear Interfaces
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Session 5: 

UHPC Connections: 
Construction, Monitoring & Testing



PBE Installation
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PBE Installation
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PBE Installation
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PBE Installation
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Connection Formwork
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Connection Formwork
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Connection Formwork
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Preparing to Cast (Video)
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Pre-Wetting Connection Interfaces
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UHPC Mixing
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UHPC Mixing 

Pre-Bagged Powder 

Constituents

Superplasticizer 

Fibers
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UHPC Mixing 
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UHPC Mixing 
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UHPC Casting

68



UHPC Casting
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ID4 - Trans Joint Pour.wmv
ID4 - Trans Joint Pour.wmv


Connection Overfilling and Top Forming
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Connection Overfilling and Top Forming
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Connection Overfilling and Top Forming
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Connection Overfilling and Top Forming
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Forms Removed – Full Bridge View
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Forms Removed – Close Up View
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Riding Surface Preparation – Grinding
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Construction Engineer Inspection

• Familiarity with specs and special provisions

• Worker safety equipment and procedures.

• Prior coordination of construction activities.

• Constituent materials…lot, date, storage.

• Mixing process…weighing, timing, discharge.

• Formwork

• Connection interface surface preparation.

• Pour locations and volume per pour.
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Construction Engineer Inspection

• Placement procedure.

• Form closure including overpressure.

• Curing requirements.

• Surface preparation of hardened UHPC.

• Field testing for fresh properties.

• Lab testing for hardened properties.

78



Constituent Measurement
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Flow Testing
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Flow Testing
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Flow Testing (Video)
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Compression Testing
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Cylinder Preparation for Compression Testing
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Pre-Wetting Connection Interfaces

Connection 

Material
Precast 

Concrete

No Moisture → Reduced Bond   
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HIGHMEDIUM

LOWNONE

MEDIUM

HIGH

LOW

Bondable Interface to Reduce Leakage
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ASTM C1583
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Tensile Behavior
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Tensile Behavior
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Compression Behavior
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