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From Iron to Steel
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FROM     Iron TO     Steel
Old Ninth Street Bridge, Boise

Photo Credit: Wyatt Perry
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FROM     Iron TO     Steel
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TO     Stainless Steel

Photo Credit: Juan Sobrino
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James de Wulf Periodic Coffee Table
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What is Ultra-High Performance Concrete?
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What is Ultra-High Performance Concrete?
Fiber Reinforcement

Supplementary 
Cementitious Materials

Particle 
Packing
Theory

Superplasticizers  

Nist.gov 
American Coal Ash Association 
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Compression Behavior
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Tensile Behavior
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Durability
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UHPC Casting
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What is Ultra-High Performance Concrete?

Micro-Reinforced Concrete
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What is Ultra-High Performance Concrete?

Micro-Reinforced Concrete

w/ Enhanced Mechanical and Durability 
Properties
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• Bridge span of 200 ft
• 6 beams spaced at 9 ft centers
• Clear roadway width is 48 ft leading to 4 design lanes.
• Design live loads is HL-93.
• Girders made of conventional concrete with 𝑓′௖ = 10.0 ksi
• Composite action with 8 in. thick cast-in-place concrete deck with 𝑓′௖,஽ = 4.0 ksi

Prestressed Single Span Bridge Girder

• PCI bridge design manual 
for Florida I-Beam (F.I.B.-102)

• AASHTO LRFD Bridge
Design Specifications,
Seventh Edition
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4'-1"

3'-3"

8"
8'-6"

UHPC Girder with Cast-in-Place O.C. Deck
F.I.B.-102, O.C. Girder F.I.B.-102, UHPC Girder

(66) 0.6 in. diameter 
strands at bottom flange

(66) 0.6 in. diameter 
strands at bottom flange

4'-1"

3'-3"

8"
8'-6"

UHPC

Conventional 
concrete
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8"
"

Resulting Span Length

F.I.B.-102, Ordinary Concrete Girder

200 ft

205 ft

(66) 0.6 in. diameter strands at bottom flange

F.I.B.-102, UHPC Girder with O.C. Deck
(66) 0.6 in. diameter strands at bottom flange

UHPC

Conventional 
concrete

0 ft
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UHPC Girder with Cast-in-Place O.C. Deck
Modified F.I.B.-102, UHPC

(74) 0.7 in. diameter 
strands at bottom flange

4'-1"

3'-3"

6"
8'-6"

F.I.B.-102, O.C. Girder

(66) 0.6 in. diameter 
strands at bottom flange
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Resulting Span Length

F.I.B.-102, Ordinary Concrete Girder

200 ft

205 ft

257 ft

F.I.B.-102 with 6” web, UHPC Girder with O.C. Deck

(66) 0.6 in. diameter strands at bottom flange

F.I.B.-102, UHPC Girder with O.C. Deck
(66) 0.6 in. diameter strands at bottom flange

(74) 0.7 in. diameter strands at bottom flange

UHPC

Conventional 
concrete

6"

0 ft
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Resulting Span Length

F.I.B.-102, Ordinary Concrete Girder

200 ft

205 ft

257 ft

F.I.B.-102 with 6” web, UHPC Girder with O.C. Deck

(66) 0.6 in. diameter strands at bottom flange

F.I.B.-102, UHPC Girder with O.C. Deck
(66) 0.6 in. diameter strands at bottom flange

(74) 0.7 in. diameter strands at bottom flange

300 ft

UHPC Girder with 300 foot span?

UHPC

Conventional 
concrete

0 ft

6"
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300 ft UHPC Girder with Ordinary Concrete Deck

3'-3"

3'-9"

6"

10'
UHPC

Conventional 
concrete

(92) 0.7 in. diameter strands at 
bottom flange
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300 ft UHPC Girder with Ordinary Concrete Deck
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concrete
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tension 
strain
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Strain Diagram Concrete Stress Diagram
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(92) 0.7 in. diameter strands at 
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UHPC I-Girder Bridge
Wapello, Iowa



28TAIM – State College, PA October 28, 2019 Ben Graybeal, FHWA

UHPC in a Segmental Cable Stayed Bridge 

Chuncheon
Bridge, 
Korea
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420 m Multi-span U-Girder Bridge

Kampung Telok
Malaysia

Images from 
Dura Technology 
Sdn Bhd
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Connections

UHPC

UHPC Connections … A Great Place to Start
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Pulaski Skyway
Newark, New Jersey
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Precast Deck Panel Connections Pulaski Skyway
Newark, New Jersey
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UHPC Connection Casting Video
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Wikipedia Public Domain

Franklin Avenue Bridge
Minneapolis, Minnesota
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Deck Panel Connections
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Franklin Ave. Bridge
Minneapolis, MN
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Precast Element Connections

Catharina Bridge
Leiden, Holland
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UHPC Use in Bridges

Source: https://www.fhwa.dot.gov/research/resources/uhpc/bridges.cfm

- 2018

- 2014
- pre 2014

- 2017

- 2015
- 2016
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UHPC Deployments in Pennsylvania
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Link:  http://usdot.maps.arcgis.com/apps/webappviewer/index.html?id=41929767ce164eba934d70883d775582
Web Search:  “FHWA UHPC” then click Deployments tab
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UHPC for Bridge Deck Rehabilitation
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Chillon Viaduct near Lausanne, Switzerland
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UHPC for Bridge Deck Rehabilitation
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Chillon Viaduct near Lausanne, Switzerland

Photo Credit: WALO
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UHPC for Bridge Deck Rehabilitation
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CR L over Mud 
Creek near 
Brandon, Iowa
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18-inch Square Prestressed Pile
Images from Cor-Tuf
and Durastress

Florida, USA
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18-inch Square Prestressed Pile
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Photo Credit: Cor-Tuf
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The Future
of Concrete
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