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Definition 

 Ultra-High Performance Concrete (UHPFRC) 
 
 UHPC is a cementitious composite material composed of an optimized 

gradation of granular constituents, a water-to-cementitious materials 
ratio less than 0.25, and a high percentage of discontinuous internal fiber 
reinforcement. The mechanical properties of UHPC include compressive 
strength greater than 21.7 ksi (150 MPa) and sustained post-cracking 
tensile strength greater than 0.72 ksi (5 MPa). UHPC has a discontinuous 
pore structure that reduces liquid ingress, significantly enhancing 
durability compared to conventional concrete. –FHWA 
 

 Concrete that has a minimum specified compressive strength of 150 Mpa 
(22,000 psi) with specified durability, tensile ductility and toughness 
requirements; fibers are generally included to achieve specified 
requirements. –ACI 239 

 

 Reactive Powder Concrete (RPC) 
 Engineered Cementitious Composite (ECC) 



Compressive Strength 
up to 30,000 psi 

Flexural Strength 
up to 6,000 psi  

Direct Tension  
up to 1,450 psi 

Ductility 
Greater capacity to deform and support 
flexural and tensile loads, even after initial 
cracking. 

Abrasion Resistance 
Similar to natural rock 

Impermeability 
Almost no carbonation or penetration of 
chlorides. 

UHP 
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Durability 

Aesthetics 

Ultra-High Performance 



Crack-Bridging Fibers 

Micro-cracks 
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Ductal 
HPC 80 

2,000 lb car on a  
1 ¼ -inch sheet of Ductal® 

Ductal® 

HPC 

Ductility 

5 

First Crack 

University of Michigan, 
Engineered Cementitious 
Composite (ECC) 



Three samples of Ductal® 

installed in 1996 
 

EXPOSURE [2010]   
•1400 freeze/thaw cycles,  
•10500 wet/dry cycles in   

saturated sea water 
•High abrasion from waves and ice 
•No sign of corrosion on rebar 
with only 10mm (3/8”) cover 

Treat Island, Maine, USA 

Exceptional Durability 
U.S Army Corp. of Engineers 
Long-term Exposure Site 



Impermeability & Longevity 



Ductal-FM 

Ordinary Concrete 

P10-P11 Installed in June 2002 

Exposure Test at 

Oyashirazu Seashore 



Exposure of aggregate  

about 40-50% 

Ductal-FM 

Ordinary Concrete 

Close-up View of 

Specimen after 10 

Months Exposure  



3 Components 
Cement 

    Silica Fume 

 Grnd Quartz 

Sand 

Premix 

Superplasticizer & 
Water (w/c < 0.25) 

 Fibers / Fibres 

Metallic 

Fibres 
Organic 

Ductal® - UHPC Components 

12mm long 
0.2mm diameter 

Self-leveling 



UHPC Mixing 



Optimum 
Particle-Packing 

Matrix 

HPC 

UHPC 



14 ksi in 4 days +/- 



14 ksi in 12 hrs @ 120°F 





16 https://www.fhwa.dot.gov/research/resources/uhpc/publications.cfm 



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



FHWA Design Aids 
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Rebar Bond Behavior  

FHWA 
#5 Epoxy-Coated Gr. 60 Rebar Yields with only 5 inches of Embedment! 



Surface Prep Requirements 
 

 Saturated Surface Dry (SSD) 
Surface 

 Exposed Aggregate Finish 
 



Fatigue Testing of UHPC for Joint Fill 

 
“No Leakage through the Joint” 
 



PBES Connections 



 

 

 

 

 

 

 

 

 

 

Pulaski Skyway, NJ 
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      Deck Bulb Tees: 

      Next Beams: 
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      Modular Units: 

      Box Girders: 



3D Representation 





    Cast-in-place pier/column connections 

Completed repair before painting 

Splice detail 

Using ready made colum steel forms 

Erection 



              Mission Bridge - Pier Retrofit 





Iowa DOT – structural overlay pilot project – May 2016 
Phase 3 – overlay grinding and grooving 

Surface finish 

Grooving 

Grinding 



MuCEM 
Marseille, France 
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 90 projects since 2014 
 

 200+ projects since 
2006 



Pennsylvania 





       Slump Flow 

– Mini-slump cone 

– Flow – 7ʺ to 10ʺ 

 

 

 

 

 

      Compressive Strength 

– 3ʺ x 6ʺ Cylinders 

– Ends cut to length and  
machined to <0.5o 

 

On-Site QA/QC 

 A                   representative provides on-site QA/QC for all projects   



 

 

 

 

 

 

 

 

 

 

Wampum Run (2014) 



Wampum Run (2014) 

Lawrence County: PennDOT District 11, SR288 over Wampum Run 



Structural Engineers: JMT (Johnsoin, Mirmiran & Thompson) 
 
Contractor: Joseph B Frey Company ( Terentum PA) 
 
Existing bridge was a 60 foot, concrete arch bridge in poor condition. 
 
Choosen as a first application location due to the rural location and low ADT 
of 4500 vehicles. However a 22 mile detour and heavy industry truck traffic  
 

Wampum Run (2014) 



Wampum Run (2014) 

Project was tendered using A+Bx 
•  A: Dollar value of contract 
•  B: Days to finish 
•  x:  Road user liquidated 
damages (RULD, $36000/day) 
 
A minimum of 7 days, and 
maximum of  17 days was allowed 
in contractor Bids 

Winning contractor Joseph 
B Fay Construction with 
$1.7 million (DOT Budget 
was $2.0 Million) 



 
Construction Notes 

 
Started: August 18, 2014 
Finished: August  24, 
2014 
 
 
Total Closure of 7 days, 
two days earlier than 
planned. (Received RULD 
Bonus of $72,000) 
 
Epoxy overlay applied 28 
days later.  
 
Construction cost of fell 
within District 11’s 
normal range (per sq ft) 
  
 
 

Wampum Run (2014) 

 
 
   Contractor performed a prefit before construction  
 
   Lightweight concrete used to keep pick weights down. 
 
  
 
 



UHPC Notes 
 

Acccelerated Mix: JS1212 
 
Casting of the UHPC 
joints occured August 23, 
2014.  
 
Started at 8am 
 
Finished by 1pm.  
 
10 batches, 6.65 yards 
placed.  
 
Compressive strength  
14,500 psi @ 24 hours 
24,070 psi @ 28 days.  
 
Ultimate compressive 
strength 28,700 psi.  
 
 

Wampum Run (2014) 



 
 

Additional Reading: 
 

https://www.roadsbridges.com/sites/rb/files/24_Traveling_relief_RB0615.pdf 
 
 
 

http://www.ductal.com/en/engineering/sr-288-main-st-bridge-wampum-usa 

Wampum Run (2014) 



 

 

 

 

 

 

 

 

 

 

Route 30 over Bessemer, East Pittsburgh (2016) 



Route 30 over Bessemer, East Pittsburgh (2016) 

Allegheny County: PennDOT District 11, SR0030 over Bessemer Ave 



Structural Engineers: HNTB Corporation 
 
Contractor: Brayman Construction (Saxonburg PA) ($2,333,212) 
 
Existing bridge was a 52 foot, concrete T-beam superstructure. In poor 
condition. 
 
ADT of 22,000 vehicles, major commuting route into and out of the city.  

Route 30 over Bessemer, East Pittsburgh (2016) 



Route 30 over Bessemer, East Pittsburgh (2016) 

57 hours was allowed. Friday 9pm – Monday 6am  



Route 30 over Bessemer, East Pittsburgh (2016) 

•Precast Abutment Caps 
•Deck Module: Steel girder 
with precast deck.  
•UHPC to joint precast deck 
and precast approach 
elements.  



 
Construction Notes 

 
Started: May 20,2016 9:00 
pm 
 
Finished: May 23, 2016 
6:00 am  
 
 
Weather was a factor, 
heavy rain slowed the 
process  
 
LMC  overlay applied post 
weekend closure.  
 
Backfilled abutments 
under approach slabs with 
flowable fill post weekend 
closure.  
 
  
 
 

Route 30 over Bessemer, East Pittsburgh (2016) 

 
   Contractor was also the precaster 
 
   All pieces were built in a mockup fashion in contractors yard 
 
   Lightweight concrete used to keep pick weights down. 
 
  
 



Route 30 over Bessemer, East Pittsburgh (2016) 

East End Precast Abutment Cap In Place 



Route 30 over Bessemer, East Pittsburgh (2016) 

Deck Module Waiting To be Installed 



Route 30 over Bessemer, East Pittsburgh (2016) 

First Deck Module Being Installed. 



 
UHPC Notes 

 
Accelerated Mix: JS1212 
 
Curing was accelerated 
with increased curing 
temperature.  
 
19.3 yards placed by 
conventional methods 
 
6 hours mixing and 
placing 
 
12 hours of accelerated 
cure to reach 12,000 psi 
 
 
 
 
 

Route 30 over Bessemer, East Pittsburgh (2016) 



 

Js1212 12,000 psi in 12 hours when cured at 120o F 
 
 
 
 

Route 30 over Bessemer, East Pittsburgh (2016) 



 
Route 30 Partially opened by Monday May 23, at 6:00 am. 

Fully opened by 9:00 am.  
 
 
 

Route 30 over Bessemer, East Pittsburgh (2016) 



 
 

Additional Reading: 
 

FIU ABC Webinar & Presentation 
https://abc-utc.fiu.edu/mc-events/penndot-sr-30-over-bessemer-avenue-bridge-

replacement-in-one-weekend/?mc_id=165 
 

https://abc-utc.fiu.edu/wp-content/uploads/sites/52/2016/08/2016-08-
25_PennDOT_SR30-Over-Bessemer-Ave_08-19-16.pdf 

 
 

Time Lapse Video 
https://www.youtube.com/watch?v=WoPV7YHAnTM&feature=youtu.be 

Route 30 over Bessemer, East Pittsburgh (2016) 



 

 

 

 

 

 

 

 

 

 

PA 997 Over Lehman Run 

Franklin County 



Structural Engineers: Wilson Consulting Group (Mechanicsburg Pa) 
 
Contractor: Lobar  Construction (DillsburgPA) ($2,333,212) 
 
Existing bridge was a twin 26 ft span concrete beam superstructure. In poor 
condition. 
 
 
 

PA 997 Over Lehman Run 



PA 997 Over Lehman Run 



PA 997 Over Lehman Run 



Non Accelerated Mix: JS1000  
 
14,500 psi in 4 days (96 hours) / 21,700 psi in 28 days 
 
9.3 yards placed by conventional methods over 2 days 
 
 
 
 
 
 

PA 997 Over Lehman Run 



Smaller mixers used to match bridge and crew size.  

PA 997 Over Lehman Run 



Link slab detail above pier 

PA 997 Over Lehman Run 



Questions? 


