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Definition of UHPFRC
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Definition of 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

• a high percentage of discontinuous internal fiber reinforcement

Ultra-high-performance concrete has 

• a discontinuous pore structure that reduces liquid ingression

• significantly enhancing durability compared to conventional and HPC

The mechanical properties of UHPC include 

• Compressive strength greater than 124 MPa (18.0 ksi)

• Sustained post-cracking tensile strength greater than 5MPa (0.72 ksi) 

FHWA
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What is UHPFRC

UHPFRC

FRC HPC

SCC
• Higher Strength

• Superior Durability

• Greater Workability

• Better Ductility

Ductility Durability

Workability Ultra-High-Performance Fibre Reinforced Concrete (UHPFRC) 

• Ultra-High Performance Concrete (UHPC)

• Ultra-High-Performance Fibre Reinforced Concrete (UHPFRC)

• Ultra-High-Performance Fibre Reinforced Composite (UHPFRC)

• Reactive Powder Concrete (RPC)
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Evolution of UHPFRC

1960s 1970s 1980s 1990s

• Concrete Technology Progressed Slowly
• Compr. Strength = 15 MPa to 20 MPa

• Concrete compressive strength tripled
• Compr. Strength = 45 MPa to 60 MPa

it is realized that the high-range water 
reducers (SP), can be used to progressively 
reduce w/b down to 0.30

1981

Bache (1981) Densified cement ultrafine particle-base materials
In 2nd International Conference on Superplasticizers in Concrete

• high dosage of SP and silica fume (SF) 
• possible to reduce w/b to 0.16

• Compr. Strength > 280 MPa

• Optimizing Grain Size distribution
• Material with minimum micro cracks
• Minimum interconnected pore spaces

1918

Abram’s Law
Compressive strength = f(w/c)

w/c

Pores

Strength

Workable
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Durability of UHPFRC
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Maintenance free Service life
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Mechanical Properties of UHPFRC
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Strength of UHPFRC

NF P18-710



Tech TANGENT Solutions Pvt. Ltd. 12

Executed UHPFRC Projects

The usage of UHPC for bridges and bridge components can been seen in various countries including 

• Australia

• Austria

• Canada

• China

• Czech Republic

• France

• Germany

• Italy

• Japan

• Malaysia

• Netherlands

• New Zealand

• Slovenia

• South Korea

• Switzerland

Most projects were motivated by government agencies as initial 
demonstration projects intended to encourage further implementation.
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Executed UHPFRC Projects

The usage of UHPC for bridges and bridge components can been seen in various countries including 

• Australia

• Austria

• Canada

• China

• Czech Republic

• France

• Germany

• Italy

• Japan

• Malaysia

• Netherlands

• New Zealand

• Slovenia

• South Korea

• Switzerland

German Research Foundation: 
• A €12 million research program
• Established in 2005
• Involved 34 research projects
• > 20 local research institutes
• Aim: to expand the awareness of UHPC to make it a reliable, commonly 

available, economically feasible, and regularly applied material

Korean Institute of Construction Technology: 
• USD$11 million
• Established in 2007
• Super 200 program
• Aim: to study the use of UHPC in cable-stayed bridges

Cable-Stayed Bridge-PFEIFER Structures
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Executed UHPFRC Projects

The usage of UHPC for bridges and bridge components can been seen in various countries including 

• Australia

• Austria

• Canada

• China

• Czech Republic

• France

• Germany

• Italy

• Japan

• Malaysia

• Netherlands

• New Zealand

• Slovenia

• South Korea

• Switzerland

Initiated by Dura Technology (DURA®)

• Started in 2006 

• first bridge application in 2010

• Continued several years of intensive research and development

• started its industrial-commercial penetration as a sustainable construction material

DURA® Collaborated with The Malaysia Public Work Department

• in designing and building UHPC bridges focusing on rural area

• DURA has dominated the UHPC market in Malaysia

• Completed 113 UHPC bridges

• > 20 bridges are in construction stages 
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Executed UHPFRC Projects
• The first UHPC developed through RPC technology was commercialized under the name Ductal®

• In 1997, the world’s first RPC structure was built for pedestrian bridge in Sherbrooke, Canada

Blais, P. Y., & Couture, M. (1999). PRECAST, prestressed pedestrian BRIDGE-
WORLD'S first reactive powder concrete bridge. PCI journal, 44(5).

Full-length paper

Sherbrooke, Canada

Precast Prestressed Pedestrian Bridge - World's First Reactice Poweder Concrete Structure.pdf
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Executed UHPFRC Projects

Location Application Year Advantages
Sherbrooke, Canada Pedestrian bridge 1997 •1st UHPC structure
Seonyu, Seoul, South Korea Footbridge 2004 •Arch bridge with reduced segments

Shawnessy LRT Station, Canada Roof 2004
•Little maintenance
•Light weight
•Easy construction

Bourg-les-Valence, France Road bridge 2005
•90 % reduction on steel reinforcement
•Lighter structure with 66 % weight 
reduction than CC

Mars Hill Bridge, United States Road bridge 2006
•1st UHPC highway bridge in US
•Simple construction
•No shear reinforcement

MUCEM, Marseille, France Column & Façade 2013
•Unique design
•Y-shaped column
•‘Transparent’ façade

Jean Bouin Stadium, Paris Roof & Façade 2013
•Precast UHPC elements
•Waterproof roof and façade
•Slender structure with unique design

Foundation Louis Vuitton, France Cladding UHPC panels 2014 •Innovative design
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Executed UHPFRC Projects

Pont de la République in Montpellier, France
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Executed UHPFRC Projects

2nd Generation UHPC Pi-Girder, FHWA
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First UHPFRC Bridge in India

Project: Construction of Major Bridge across Sole Nalla on Latur – Nitur - Nilanga – Balki – Road NH752K

Structure Type: 2 spans x 55.5 m long (total 111 m), Major Bridge across Sole Nalla

Superstructure Feature: Simply Supported Four (4) UHPC Box Girders for each span

Substructure Feature: RC Portal Piers

Foundation Feature: Eight (8) Drilled Piles for Each Foundation.

Client: Maharashtra State Road Development Corporation.

S.O.: Valecha-SDPL JV, Áyoleeza Consultants Pvt. Ltd.

Consultant: Technology and Proof Consultant: Indian Institute of Technology (IIT), Bombay

Indian Consultant: Shirish Patel and Associates

Malaysian Consultant: HSS Engineers Sdn. Bhd. 

Contractor: Shinde Developers Pvt. Ltd.

DURA Bridge made in Malaysia – Used in India

Location of the Project
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MoRTH Circular on the use of UHPFRC in Bridges
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First UHPFRC Bridge in India

a) 8 Nos of Bored Cast-in-Situ Piles

b) Construction of Center RC Portal Pier

d) Precast Segments ready to Ship
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First UHPFRC Bridge in India

8 Nos of Bored Cast-in-Situ Piles RC Portal Pier

e) Sending beam segments to Penang port, MY f) Loading segments onto the ship.

g) Arranging beam segments in Ship h) Unloaded beam segments to truck at Mumbai port
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First UHPFRC Bridge in India
i) Transportation of UHPC box girder segments to job site

(540 km from Mumbai Port)
j) Placing the UHPC box segment onto the steel 
temporary staging support

k) Assembly of box segment                                               
using mobile crane

l) One full beam fully post-tensioned
(6 Segments)
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First UHPFRC Bridge in India

m) Sealing the segmental joints with epoxy

n) Soffit views of 
two beams together

o) Beams positioned for stitching p) In-situ UHPC stitching work
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First UHPFRC Bridge in India

q) Completed Latur Bridge
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Advantages of UHPFRC

Accelerated Construction, Ease of Mixing and Placement

• Accelerated Construction 

• 24 hr compressive strength > 50 MPa (Typ. 60 MPa)

• 3 day compressive strength > 90 MPa (Typ. 100 MPa)

• Self Consolidating Concrete – Ease of Placement

• Longer Workability

• Initial Setting time  ≈ 4 hrs

• Final Setting time  ≈ 14 hrs

• It can be Mixed in a 

• Plastic Bucket

• Drum Mixer

• Pan Mixer

• Twin shaft mixer

• RMC

• It can be Sprayed and Pumped
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Constituents of UHPFRC

Fig: Kosmatka, S. H., Panarese, W. C., & Kerkhoff, B. (2002). Design and control of concrete mixtures

OPC Supplementary Cementitious Material (SCM)
(Silica Fume, Ground Quartz, GGBS, Fly Ash, RHA, etc..)

Fine Sand

Fibers
Superplasticizers (SP)

ICE
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Mixing of UHPFRC : Turning from Dry to Wet Mix

Mixing can be 
done by
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Demo of UHPFRC Flowability

flow dia.
180 mm to 

250 mm
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UHPFRC – An SCC
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Constituents of UHPFRC

Fine Sand

• Well Graded Clean Fine Sand

• Shall be Washed to avoid Silt content

• 1mm passing

• Maximum aggregate size ≈ 600 μm

Silica Sand Basalt Sand Crushed Quartz sand

Fire resistance Aesthetic requirement
More Abrasion resistance

Abrasion resistance
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Constituents of UHPFRC

Fibers

• Fiber Aspect Ratio (60 to 70)
13 mm

Length Diameter
0.2 mm

• Brass (or) Copper coated fibers

• Consistency in the fiber aspect ratio & diameter

• Dosage 2% by Volume for Typ. application

0.2 mm dia 0.4 mm dia

156 kg/m3

INR 180/kg - PRC
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Worldwide commercial manufacturers of UHPFRC

Compositions of Commercial UHPFRC 

(d50 = 10 μm)

(150–600 μm)

(Silica fume)

Azmee, N. M., & Shafiq, N. (2018). Ultra-high performance concrete: From fundamental to applications. Case Studies in Construction Materials, 9, e00197.
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Codal Provisions

• French national standards for UHPC
• NF P18-470
• NF P18-710

• Swiss Recommendations : MCS-EPFL
• German Recommendations
• Japanese Recommendations
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Codal Provisions
NF P18-710

• Standard has been drafted by adapting Eurocode 2

Representation of the stress-strain relation of UHPFRC in 
compression for non-linear structural analysis

Representation of the stress-strain relation of UHPFRC 
in compression for designs at ULS

Compression

Bending Strength of UHPFRC
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Codal Provisions
NF P18-710 Tension

A thin member is a member whose thickness e is such that

• T3
• Thick 

Member

Bending Strength of UHPFRC
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Codal Provisions Shear Strength of UHPFRC

NF P18-710
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Codal Provisions Shear Strength of UHPFRC

NF P18-710
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Codal Provisions

Swiss Recommendations : MCS-EPFL

Shear Strength of UHPFRC

strain

Stress

fUted

fUtud
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Design of UHPFRC structural member

• Design Spreadsheet
• Creep & Shrinkage of UHPFRC – A comparison with Conventional Concrete
• Comparison of Codal Provision

TTS-T159-DN-002_R0_60m_3 Girders.xlsm
TTS-T156-DN-002-R1-Creep & Shrinkage UHPC vs Conventional (IRC 112 vs French vs Swiss).xlsx
TTS-T156-DN-003_Comparison of codal provisions for design of UHPFRC.pdf
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Applications of UHPFRC

UHPC India



Tech TANGENT Solutions Pvt. Ltd.

Thank you….
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