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Preserving, Protecting, and Strengthening 
our Nation’s Bridge Decks with UHPC



UHPC: Ultra-High Performance Concrete

FHWA



UHPC PROPERTIES

W/C Ratio < 0.25

Material Constituents



Treat Island, ME – USACE

Longest Running UHPC Durability Study (20+ years)



Chloride & Freeze/Thaw Resistance

100+ Year 
Service Life



UHPC COVER REQUIREMENTS



BRIDGE DECK DAMAGE



TYPICAL DETERIORATION MECHANISMS

Cracking
(shrinkage, ASR, loading)

Spalling
(freeze/thaw, carbonation, corrosion)

Corrosion
(chloride/acid penetration)



PBE + UHPC CONNECTIONS

FHWA

5-8 in.



FHWA PUBLICATIONS – UHPC CONNECTIONS

 Embedment > 8db

 Lap Splice > 0.75 x 8db



Ductal® UHPC Products



THIXOTROPIC BEHAVIOR

For overlays, the rheology must be adjusted from 
self-leveling to rheo-thinning behavior (thixotropic)



UHPC OVERLAY CONCEPT

DURABILITY
DURABILITY + 
STRENGTH

1 in.
1.5-3 in.

Structurally Composite Bond

Remove existing contaminated & deteriorated 
concrete surface before placing UHPC overlay.



UHPC DESIGN



TENSILE BEHAVIOR

(1 to 2 ksi)

(1 to 1.5 ksi)

Displacement

UHPC

Steel rebars

w/ 3.25% steel fiber reinforcement (no rebar)

0.008” dia. x 0.5” long

Steel Fibers

~0.5 ksi

Conv. Concr.



PUBLICATIONS – UHPC OVERLAY



COMPLETED UHPC BRIDGE PROJECTS

All UHPC Applications (200+) UHPC Overlay (2)



MUD CREEK BRIDGE, IOWA

1967 Construction

ELEVATION VIEW



EXISTING BRIDGE

3-Span, 102’ Long



PROPOSED UHPC OVERLAY REHAB

1.5 in. UHPC



PRE-CONSTRUCTION MOCK-UP





SURFACE PREP

Roughened Surface
• Milling
• Hydro Demolition

 Saturated Surface



ROUGHENED SURFACE

Study by Iowa State University



ON-SITE MIXING

Fibers

Premix
Admixtures



On-Site QC Testing



MATERIAL PLACEMENT



CURING – STAGE I

CURING 
COMPOUND

PLASTIC  TARP

May 11, 2016



Poured May 11, 2016Poured May 16, 2016



MILLING MACHINE



SURFACE GRINDING

0.25 in.



1.5 in.

Milled Surface



SURFACE GROOVING

0.25 in. Groove



May 19, 2016



RIDING SURFACE – 1 YR LATER

May 8, 2017



COMPLETED BRIDGE

Project Stats

 102’ L x 28’ W Superstructure
= 2,856 SF of Bridge Deck

 16 CY of UHPC for Overlay
 1.75 in. thick UHPC overlay w/ 

0.25 in. grind + 0.25 in. groove
 Increased Negative Moment 

Capacity of Bridge by 33%
 Increased Positive Moment 

Capacity of Bridge by 16%



PROPOSED NEW SUPERSTRUCTURE



PROPOSED SUPERSTRUCTURE



UHPC APPLICATIONS

JS1000 (self-leveling UHPC)

TX1000 (thixotropic UHPC)

Box Beam

ELEVATION END VIEWPARTIAL SECTION VIEW



JOINT DETAIL





PRE-CONSTRUCTION MOCK-UP

July 20, 2017





SURFACE PREPARATION









VIBRATORS

CURING COMPOUND





CURE UNDER PLASTIC FOR 2-3 DAYS
Poured August 24, 2017



FINAL UHPC RIDING SURFACE

February 27, 2018



COMPLETED BRIDGE

Project Stats

 52’ L x 40’ W Superstructure
= 2,080 SF of Bridge Deck

 8 CY UHPC for joints and b.w. 
 10 CY UHPC for overlay
 1.75 in. Overlay w/ 0.25 in. Mill
 Overlay Bid = ~$9,500 / CY

= $44 per SF

 Pricey!? Yes…but cost will come 
down as more projects develop.

 And remember…you are 
investing in a maintenance-free
deck for the LIFE of the bridge.



LONGITUDINAL GROOVES ON THE 

SURFACE ALLOW FOR TRACTION, 

SAFETY, AND NOISE REDUCTION.

Reinforced Concrete Reinforced Concrete

ASPHALT RIDING SURFACE

(R-)UHPC LAYER
(R-)UHPC LAYER AND 

RIDING SURFACE

EU-VERSION US-VERSION

SOLUTIONS FOR RIDING SURFACE



CHILLON VIADUCTS, SWITZERLAND

 Two 1.3 miles long bridges 

(spans between 302 and 341 ft.)

 Built in the 1960s (Monument) by 

prestressed segmental construction 

with epoxy-glued joints

 Vital to transportation infrastructure



BRIDGE EVALUATION

 Expert Evaluation in 2011: 

o Structural capacity of the bridge deck was at service load  

o Main failure: punching of wheel loads through 7 in. thin deck slab

 Further investigations in 2012:

o early signs of alkali-aggregate reaction (AAR)

o deterioration of concrete compressive strength

o insufficient structural safety at ULS and unacceptable performance under 
service loads

Reinforced Concrete

 UHPC layer to strengthen the bridges capacity 

by approximately 40% and increase durability of structure

Possible Solutions

1. Demolition and rebuild of historic structure (expensive)

2. Conventional concrete rehabilitation (increase in dead load)

3. Extensive external prestressing (not possible AAR)



R-UHP(FR)C REPAIR SOLUTION

 1.6 – 2 inch UHPC layer 
(with rebars in the transverse direction and in the longitudinal direction only in the area of hogging (i.e. negative) moments)

 strengthening of deck slab in the transverse direction: bending, shear and fatigue

 increase in stiffness and strength in the longitudinal direction

 waterproofing of slab (slow down the rate of AAR by protecting concrete from water ingress)

 no increase in dead load

 lower intervention cost

 short duration (ABC)

R-UHPC                   thickness = 1.6‘’– 2’’ joint

tension chord

hogging sagging

rebars
longitudinal     transverse

sagging hogginghogging

Reinforced Concrete



PHASE I – CURB and GIRDER RESTORATION

Construction Staging



PHASE II – ROADWAY PAVING with UHPC

Construction Staging

Bridge to stay open to traffic at all times (only partial closing)





UHPC CONSTRUCTION JOINT



CURING

MAXIMUM SLOPE = 7%



PROJECT SUMMARY

 50,000 m2 - 550,000 ft2

 3,200 cy (2400 m3) of UHPFRC (DUCTAL®)

 Maximum daily output 120 cy (92 m3)

 Duration: 2 x 30 days (2014 & 2015)

 Intervention Cost ≈ 230 $/m2 ≈ 22 $/ft2

 Additional repair on deck underside with conventional shotcrete 
Bond Behavior UHPC-NSC



UHPC ON-SITE BATCHING PLANT



UHPC BATCH PLANT





UHPC REHABILIATION STRATEGY

Increase structural capacity of bridges in a faster and more cost-efficient way!

UHPC

CONCRETE 
DAMAGE BARRIER

PIER REPAIR

OVERLAY

UHPC REHABILITATION



UHPC for the rehabilitation of steel or prestressed concrete girder bridges

REPAIR EXAMPLE – STEEL GIRDER BRIDGE

REMOVE EXIST. OVERLAY 

& CONTAM. CONCRETE

REPLACE WITH A THIN-

BONDED UHPC LAYER



UHPC for the rehabilitation of hollow box girder bridges

INTEGRAL ABUTMENTS USING 
UHPC TO ELIMINATE JOINTS

Concrete substrate surface 
prepared by hydrodemolition

REBAR #3 (f=10mm)
@ 3’’ (76mm)

2’’ (51mm)

R-UHPC

TRANSVERSE CROSS SECTION

CROSS 
SECTION
longitudinal

REPAIR EXAMPLE – BOX GIRDER BRIDGE



Florida Voided Slab Joint Repair



COST COMPARISON

Blackbird Creek Bridge, US
Cost = $44 per SF

• 1.75” overlay (w/o rebar)
• 10 cubic yards of UHPC
• 2,080 SF Bridge Deck

Chillon Viaduct, SUI
Cost = $22 per SF

• 1.8” avg. overlay (w/ rebar)
• 3,200 cubic yards of UHPC
• 550,000 SF Bridge Deck

Future Projects
Cost = $25-40 per SF ??

 Depends on overlay thickness and 
size of project (i.e. deck area)



TO LEARN MORE…



OTHER UHPC SOLUTIONS

UHPC OVERLAY

UHPC JOINT HEADERS

UHPC LINK SLABS

UHPC CONNECTIONS

UHPC BEAM END ENCASEMENT

UHPC PIER JACKETS



VISIT OUR BOOTHS!

#9 – UHPC Solutions

#10 – LafargeHolcim



Gregory Nault, PE, SE
LafargeHolcim – Ductal®
Gregory.Nault@LafargeHolcim.com
773-230-3069

Gilbert Brindley, PE, CPSM
UHPC Solutions
Gil.Brindley@uhpcsolutions.com
631-624-1114

QUESTIONS? SR-826/836 Interchange, FL
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