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History of UHPC 

Concrete    

 

  High Performance Concrete 

 

   Self Consolidating Concrete  
  

    Ultra High Performance  
     Concrete 



Concrete 

King Tut??? 



High Performance Concrete 

• SHRP – Strategic Highway Research Program 

– 1988-1993 

– Catalog of Products 

– Superpave  Super Duper Pave 

– High Performance Concrete 

• Strength 

• Durability 



HPC 

• National Momentum started in 1996 

 



HPC 

• 1st Meeting with Illinois – 1998 

 

• 33 HPC Decks in Illinois 

– 2000 and 2001 

– Conclusion:  Crack too Much – Momentum Stopped 

 

• ISTHA and Chicago of Chicago 

– Continue to utilize HPC (with success) 



UHPC 

• 1st work with this – 1980 in Denmark or France 
or somewhere like that? 

 

• Just now gaining momentum in US 

 

• 1st Bridge using UHPC – Iowa - 2006 



UHPC Girders 













Definition of UHPC 

• Cementitious composite material composed 
of: 

– Optimized gradation of granular constituents 

– W/C Ratio < 0.25 

– High % of steel fibers 

– Compressive Strength > 21.7 ksi 

– Discontinuous pore structure that reduces liquid 
ingress 

• Enhanced durability 

 



Key Components 

• Silica Fume – 10% or more by wt. of cement 

– Illinois Microsilica Overlay uses 5.5% 

• Crushed quartz, limestone or basalt (fine 
aggregates – no coarse stuff) 

• Chemical Admixtures 

– Accelerators 

– Superplasticizers 

 

 



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 

* 290 ksi, 0.5” long, 0.008” diameter 



UHPC Mix Design 

Constituent UHPC  Proportion (lb/yd3) Normal Concrete (lb/yd3) 

Coarse Aggregate --- 1,739 

Sand 1,719 1,429 

Cement 1,197 600 

Ground Quartz 354 --- 

Silica Fume 388 --- 

Water 236 300 

Superplasticizer 22 --- 

Steel Fibers 270 --- 



Key Components 

• Water  - Temp of water is key 

– Use chilled water or ice 

– Cubed ice works better – helps in mixing 

– Note:  All ice should be melted before addition of 
steel fibers 



At ambient temperatures of 75.5°F, the 
temperature of freshly mixed UHPC reached 
100°F and the flow characteristics were 
inadequate for placement and consolidation. 

Iowa Research Finding 



Key Components 

• Steel Fibers 

– 2% by volume 

– May be straight or deformed 

– ½” long straight fibers are most common 

– Domestic Steel Issue 



• FHWA document HRT-14-084 
– Design guidance 

– Construction guidance 

– Case Studies 



• FHWA HRT-13-060 

– 300+ references 

– 600+ item bibliography 

– Materials, Performance, 

Design, Applications, Outlook 

– Web Search:  

UHPC State of the Art 



• Buy America re: Fibers 

• Availability 

• Proprietary Products 

• Example Special Provision 

(NYSDOT) 

 





Buy America Requirements 

• Two Issues Limited Usage To Date 

 

– Availability of Domestic Source of Steel Fibers 

 

– Proprietary Product Concerns 



Buy American Requirements 

• Bekaert Corporation 

– Rome, Georgia 

– New Domestic Source 

– No more problem ??? 



Sole Source Issue 

• Ductal® - Lafarge Corporation 

 

• BCV® 

• BSI® 

• CRC® 

• Densit® 

• Cor-Tuf® 

• Several States developing non-proprietary mix 
designs 







National Usage 

• 9 States have UHPC bridges in service 

• About 45 bridges total – built or being built 
     right now 

• New York is leader by far 

• 20 other states seriously considering usage 
right now 



Name Year 
Mars Hill Bridge, Wapello County, IA 2006 
Route 624 over Cat Point Creek, Richmond County, VA 2008 
Jakway Park Bridge, Buchanan County, IA 2008 
State Route 31 over Canandaigua Outlet, Lyons, NY 2009 
State Route 23 over Otego Creek, Oneonta, NY 2009 
Little Cedar Creek, Wapello County, IA 2011 
Fingerboard Road Bridge over Staten Island Expressway, NY 2011-2012 
State Route 248 over Bennett Creek, NY 2011 
U.S. Route 30 over Burnt River and UPRR bridge, OR 2011 
U.S. Route 6 over Keg Creek, Pottawatomie County, IA 2011 
Ramapo River Bridge, Sloatsburg, NY 2011 
State Route 42 Bridges (2) near Lexington, NY 2012 
State Route 31 over Putnam Brook near Weedsport, NY 2012 
I-690 Bridges (2) over Peat Street near Syracuse, NY 2012 
I-690 Bridges (2) over Crouse Avenue near Syracuse, NY 2012 
I-481 Bridge over Kirkville Road near Syracuse, NY 2012 
Windham Bridge over BNSF Railroad on U.S. Route 87 near Moccasin, MT 2012 
State Route 12 over Spring Brook near Greene, NY  2013  
State Route 10 over Webster Brook near Dehli, NY  2013  
State Route 38 over Wilson Creek near Newark, NY  2013  
State Route 962G over U.S. Route 17 in Owego, NY  2013  
State Route 907W over U. S. Route 1 in Pelham, NY  2013  
State Route 2 Bridges (2) over SR9 in Colonie, NY  2013  
I-81 Bridges (2) over E Castle St in Syracuse, NY  2013  
I-81 Bridges (2) over E Calthrop Ave in Syracuse, NY  2013  
I-84 Bridges (2) over Dingle Road in Southeast, NY  2013  
I-690 Westbound over Onandaga Creek in Syracuse, NY 2013 
I-690 over N. Salina Street in Syracuse, NY 2013 
SR1004 over Cove Creek in Everett, PA 2013 
Northampton St. over Manhan River in Easthampton, MA 2013 
Sollars Road over Lees Creek in Washington Court House, OH 2014 
SR0288 over Wampum Run in Wampum, PA 2014 
I-81 Bridges (2) over Preble Road in Preble, NY 2014 
US Route 6 over D&RGW Railroad in Spanish Fork, UT 2014 
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• New York – 22 

• Iowa – 4 

• Pennsylvania – 2 

• Virginia -1 

• Oregon – 1 

• Montana – 1 

• Massachusetts – 1 

• Ohio – 1 

• Utah - 1 



Largest UHPC Application 

• New Jersey Pulaski Skyway 



Pulaski Skyway 

• 4 lanes 

• 3.5 miles long 

• 118 spans 

• $400 million rehab 

• 1 million sq.ft. of deck replacement in 2 yrs 

– 10,000 sq.ft. replaced per week 

• Panels:  Light weight concrete and stainless 
steel reinforcement 



Pulaski Skyway 

• Spec req’d full scale mock-up of the panel 
assembly prior to production 

 

– Very necessary and recommended 

– Contractor not used to fluidity of UHPC compared 
to normal concretes/grouts 

– Multiple forms failed and material leaked out 



Pulaski Skyway Lessons Learned 

• Do a practice run – easy to screw up in field 

 

• Reduce congestion in joints  

– Minimize reinforcement 

 

• Keep the design simple and “cookie cutter” if 
possible 



• Simple Lap-Splice Cxn 

• Smaller Grout Volumes 

• Shortened Bar Lengths 

• Emulates Monolithic 

     Component 
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Precast 

Deck Panels 

and Slabs 

61 in. 6 in.

 Closure Pour (UHPC)

 Deck Bulb Tee
 Prestressed
 Girder

41 in.

6 in.

 UHPC Closure Pour
 Precast Deck Panel

8 in.

96 in.

Deck Bulb Tee  

Girders 



Steel Girder Connection Concrete Girder Connection 



















Testing of UHPC 



Air Content 

• None Required 

 

• No Testing 

 

• UHPC is so impermeable that water cannot 
get in to cause problems with freeze/thaw 



Slump 



Flow Testing of UHPC 
 

7” to 10” 









Compressive Strength 



Compressive Strength 

• 3” by 6” cylinder is most common 

 

• Can use 4” diameter cylinders 

– Depends on Machine Capacity  

 

• Acceptable Alternative:  Cubes 

– 2” to 4” cubes  

– 2” most common 



Compressive Strength 

• Typical Spec: 

– 4 Sets of Test Samples each day of placement 

• One set is 3 cylinders 

 

• Test at: 

– 4 Days 

– 14 Days 

– 28 Days 



Helpful Hints 

• Very Important :  for strengths > 15 ksi 

– Requires grinding of ends of cylinders 

•  flat and parallel 

– Usually requires a fixed-end grinder 

• Some Labs have this, many don’t 

– If you don’t grind ends properly, you’ll see a much 
lower strength 



What’s a Fixed-End Grinder? 



Alternative 

         

              Cubes 
 
 

• Eliminates need for grinding 
• Molds must be kept very still 
• Sides must be parallel 
• Cheap Plastic molds don’t work well 

 



Five working days after 

15 minute period and also for a 
minimum of 45 minutes after 

New York Spec to Check for Leaking Joints 









Half Time Entertainment 



Questions to Ponder 

If you throw a cat out of the car window, does it 
become kitty litter? 



Questions to Ponder 

Why do we say something is out of whack? 
What is a whack? 



Questions to Ponder 

You can be overwhelmed and underwhelmed, 
but why can't you be simply whelmed? 



Questions to Ponder 

What do people in China call their good plates? 



Questions to Ponder 

Do Roman paramedics refer to IVs as "Fours"? 



Questions to Ponder 

If a bunch of cats jump on top of each other, is it 
still called a dog pile? 



Questions to Ponder 

When French people swear, do they say "pardon 
my English?"  

 



Batching of UHPC 



Batching 

• Can Be Mixed by: 

– Small Portable Mixers  * 
– Batch Plant Mixers 

– Ready-Mix Trucks 

 

• The higher the energy of the mixer, the faster 
the mixing occurs 

– Mixing is critical path, so pay attention !!! 



Batching 

• Ready Mix Truck 
– Long Duration Mixing 

– Maybe 30-40 minutes per load 

 

• Most Common 
– Onsite Portable – 13 cubic feet per batch 

– Each batch 10-15 minutes 

– Deployed in pairs, so new ½ yd load every 5-7 
minutes 



Batching Warning 

• During Mixing UHPC is thicker than 
conventional concrete 

• Too big of a batch can bend mixer arms or 
burn out motor, etc. 

• Fibers will ball up if you put them in too fast or 
if you put in too many 

– 2% is normal 

– 130 lbs per 1/2 yard batch 



Shot Clock After Batching 

• Can be workable up to an hour or more 

• Very dependent on air temperature, concrete 
temperature, wind, sun 

• Need to keep agitating the mix if you want it to 
be workable for a longer duration 

• If left exposed to adverse weather conditions: 

– Surface dehydration – very little water to start with 

– “Elephant Skin” forms on surface with still fluid UHPC 
underneath 



Need Batch Plant Close to Pour Area  



Iowa Project 
Need 6-7 guys for batching 
15-20 minutes per batch 















Nebraska Project 









55 LBS 

















Notes on Connection Details 

Keep it 
Simple 



Notes on Connection Details 

Lots of Rebar  
Equals 
Lots of Labor 



Epoxy Coating Damage 



Steel Congestion – Try to Avoid 



Non-contact rebar lap splice 





UHPC Placement 



Joint Dams 











Narrow Joints - Trough 



Wider Joints May Not Need Troughs 



Several Troughs Necessary with Several Buggies 











Need for Tight Forms 



Very Flowable 

Warning:  DO NOT VIBRATE -  Steel Fibers will Settle  



Leak in Forms 



2 more joint leaks on 

East Abutment end 



Parapet Closure Pour 





Nebraska Placement Method 



Chimney and Cover Method 







































Aesthetics Concern? 

After 5 yrs in service 









My New Favorite Porto Potty Name 



Illinois’s First UHPC Project 

• Peoria Street Bridge at the Circle Interchange 
– Downtown Chicago 

 

• Contract:  60W29 

 

• Structure Number:  016-1708 

 

• Letting:  02/28/2014 







Illinois’ First UHPC Project 

• Status 

– Maybe about 40 of 52 panels are fabricated 

– Currently scheduled to be delivered to project in 
late March 

 

• UHPC work not expected until May/June 



Every Day Counts Initiative (EDC 3) 





• Dan Brydl – Co-Chair 

• Gary Kowalski – IDOT Bridge Office – Co-Chair 

 

• Other Team Members:  TBD 



• Up to $100,000 per State per fiscal year 

 

• Peer Exchanges 

• Scanning Tours 

• Computer Software 

• Equipment 

• Not for research, but for deployment of ready-to-go 

technologies 



• Rolling Grant Applications 

• No annual call for candidates 

• Team assembles and evaluates as candidates come in 

• States apply directly to grants.gov 

• Up to $1,000,000 

• $36 million total program -  ongoing until funds run out 

• $13.371 million distributed to 20 projects to date 

 



• $4 million to be applied to ABC/PBES 

 

• Just need suitable candidates 



• https://www.fhwa.dot.gov/research/resources/uhpc/ 

 

• Web Search:    UHPC FHWA 

 

• Overview, Research Projects, Bridges, Publications 



Design and Construction of Field-Cast 

UHPC Connections  (HRT-14-084) 

UHPC State-of-the-Art  (HRT-13-060) 

UHPC Memo  (Feb 12, 2014)   
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• Webinars  

• Workshops  

• Conferences  

• Peer Exchanges 

• Project Showcases 

 

• Online technical assistance service 

• Online shared project review service 

 
 

Activities 



• 100 UHPC/PBE projects under design/construction  

•   25 UHPC/PBE projects mobility impact < 3 weeks 

•   25 State DOTs to be fully implemented 

•   50 Projects in the National UHPC Project Exchange 

 

Projects 
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• State - fully implemented 
 

o Adopt UHPC Specification and/or UHPC Design Criteria as 
part of your BDM 

o 2-4 projects: constructed or under design  

o     1 project: mobility impact < 3 weeks   

o     2 projects: National UHPC Project Exchange 
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Projects 



Summary 

• Promising Technology 

 

• Price is high right now 

 

• No concerns about Buy America or Sole 
Source anymore 

– Many States using non-proprietary performance-
based specs requiring qualification testing 

 



Summary 

• Practical Considerations 

– For non-overlay decks, overfill joints by ¼”, then grind 

 

– Pre-wet panels to SSD – CRITICAL 

 

– Leak proof forms are essential – highly flowable 

 

– Communication between UHPC supplier and 
contractor is key 

 



Questions ???? 


