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FHWA UHPC Web Resources

e Web Search: FHWA UHPC
e https://www.fhwa.dot.gov/research/resources/uhpc/

U.S. Department of Transportation

=) Federal Highway Administration About Resources Briefing Room Contact Search FHWA T

Federal Highway Administration-Resear

Coordinating, Developing, and Delivering Hig

Search Research & Technology &

Federal Hig y Administration > > Ultra-High Performance Concrete

About UHPC | UHPC Q&A | Research Projects | List of Bridges | Publications | Contact

Research Home

T Ultra-High Performance Concrete

About R&T Q&A: Ultra-High Performance Concrete i Eind an Expert
i Research and

FHWA Research Q: What is concrete? : )
i Development Links
FHWA Research and A: Concrete is a composite material made from coarse aggregate (rocks), fine aggregate H
Technology Agenda (sand), portland cement, and water. When mixed, the portland cement and water combine i » Research and
. together in a chemical reaction to create the glue that holds together the aggregates. Concrete g':rve“’ ment (R&D
[FECE D FE R D starts as a semi-liquid that can be placed or formed. It hardens over time to create a solid that : Sfices
PR is simi i » R&D Experts
is similar to rock. : &b EXperts

R&D Laboratories

i » R&D Projects
A: Ultra-high performance concrete (UHPC) is a class of concrete that combines together many R&D Publications

Af b ranamt mdiiamans in AamAraba crimman bn Armamba a maabarialiuith far cimariae meamartiae ln H mom Tl

Turner-Fairbank Highway

Research Center Q: What is ultra-high performance concrete?

FHWA Research Topics
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UHPC Deployments Across US and Canada
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UHPC Deployments Across US and Canada
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What is Ultra-High Performance Concrete?
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What is Ultra-High Performance Concrete?

Fiber Reinforcement Superplasticizers

| ]

Supplementary
Cementitious Materials
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What is Ultra-High Performance Concrete?

 ACI 239 — Ultra-High Performance Concrete

— Concrete, ultra-high performance - 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.

UHPC 101 Ben Graybeal, FHWA February 2017



What is Ultra-High Performance Concrete?

* FHWA

— 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 101 Ben Graybeal, FHWA February 2017



What is Ultra-High Performance Concrete?

Highly durable, strain-hardening concrete

UHPC 101 Ben Graybeal, FHWA February 2017 10



What is Ultra-High Performance Concrete?

Micro-Reinforced Concrete

UHPC 101 Ben Graybeal, FHWA February 2017 11



What is Ultra-High Performance Concrete?

Resilient Cementitious Composite

UHPC 101 Ben Graybeal, FHWA February 2017 12



Availability of UHPC-Class Materials

Example Proprietary Versions Non-Proprietary Versions

ez IS Development of Non-Proprietary
Ultra-High Performance
Concrete for Use in the
Highway Bridge Sector

FHWA Publication Nao.: FHWA-HAT-13-100

FHWA Contact: Ben Graybeal, HRDI-40, (202) £83-3122, benjamin.
graybeal &dat.gav.

This documnent is & technical summary of the unpublished
Federal Highway Administration (FHWA} report, Develapment
of Non-Propristary Ultra-High Performance Concrete for Use
in the Highweay Bridge Ssctor, available through the National
Technical Information Servios at www.ntis.gov.

NTIS Accession Mo. of the report coversd in this TechBricf:
PE2013-10537

Ohbjective

The long-term goals of this study are to fecilitzte the use of
ultra-high performance concrets {UHPC) amang ULS. suppliers
and comtractors, accelerste its application in US. construc-
tion, and promete a more resilient and sustainable future U5,
infrastructure. In pursuit of these goals, the chjective of this
research was 1o dewelop a non-propristary cost cfiective
UHPC characterized by compressive strength exoseding 20 ksi
(128 MPal, pre- and post-cracking tensile strength above
0.72 ksi (5 MPal, and sufficient durability properties. The mix
designs were optimized in their sfficiency considering work-

Q ability, mechanical performance, and cost effectiveness. In
suppart af cost efectiveness, locally available materials wers
Deporment of Tonsporishon used from selected areas in the United States. The results of

Federol Mighway Rdministtion the research effort are summarnzed herein, and mix designs
are suggested for the following three regions: the Nonheast
Reszarch, Development, and area in the vicinity of New York, Connectiout, and New Jersey;
Technclogy the upper Midwest aren in the vicinity of lowa, Minnesota, and

Turrer-Fairbank Highwary Michigan: and the Narthwest ares in the vicinity of Washington
Fesearch Center and Oregon.
- metown Pike Introeduction

Molean, VA Z2901-2208

UHPC has sttracted the growing intersst of ressarchers in
scademia, engineers in the public and private sectors, and
comtractors across the workd due to its highly enhanced mech-
anical and durability properties in comparisan fo conventional

FHWA-HRT-13-100:
Dr. Kay Willie at UCONN

- fhwa. dot. govireseanch

UHPC 101 Ben Graybeal, FHWA February 2017 13



Example Composition of a UHPC

Constituent Amount (Ib/yd?3) Amount (kg/m3)
Portland Cement 1235 133
Silica Fume 388 230
Ground Quartz 308 183

Fine Sand 1699 1008
Steel Fibers 327 194
Superplasticizer 56 33
Water 271 161

* Teichmann and Schmidt report titled “Mix Design and Durability of UHPC”
from the Proceedings of the 4™ Intl Ph.D. Symposium in Civil Engineering

UHPC 101 Ben Graybeal, FHWA February 2017 14



Example Composition of a UHPC

Constituent Amount (Ib/yd?3) Amount (kg/m3)
Portland Cement 1331 790
Silica Fume 334 198

Fly Ash (Class F) 324 192

Fine Basalt 1923 1141
Steel Fibers 199 118
Superplasticizer 47 28
Water 246 146

* Wille and Boisvert-Cotulio report titled “Development of Non-Proprietary
UHPC for Use in the Highway Bridge Sector” (FHWA NTIS-PB2013-100587)

UHPC 101 Ben Graybeal, FHWA February 2017 15



Fiber Reinforcement
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Compression Behavior
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Tensile Behavior
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Average Axial Stress (ksi)

Tensile Behavior

2.0

e 29 Steel Fiber Reinforcement
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Average Axial Stress (ksi)

Tensile Behavior
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Tensile Behavior
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Compression Strength Gain
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Interface Bond
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Shrinkage Behavior
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Durability
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UHPC Permeability

e Chloride lon Diffusion Coefficient

2 x 1011 m2/s for conventional concrete

2 X 1012 m?/s for HPC

2 x 1013 m?/s for UHPC

UHPC 101 Ben Graybeal, FHWA February 2017 26



Charged Passed (Coulombs)

Durability

RCPT - ASTM C1212

Freeze-Thaw — ASTM C666
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Bond to Steel Reinforcing Bars
Gr. 120 Bars (Uncoated)
TEST EXAMPLE sige cover Cs, = 3d,

CONFIGURATION RESULT Embedment Length: |, = 8d,
Splice Length: |, = 6.4d,

200 1 ksi =6.89 MPa
180 -
160 U-C

140
120
100
80
60
40
20
0

Manufacturer-Recommend Fiber Vol.

Bar Stress at Bond Failure, fg ., (ksi)
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UHPC Properties: Some Ballpark Values

e Compressive Strength — 18 to 35 ksi

 Modulus of Elasticity — 6000 to 8000 ksi

e Sustained Tensile Capacity — 0.9 to 1.5 ksi

* Interface Bond — Can surpass substrate tensile strength
 Permeability — 100x less than conventional concrete

* Freeze/Thaw Resistance — RDM > 95%

* Rebar Bond — 8d, embedment can deliver yield

UHPC 101 Ben Graybeal, FHWA February 2017
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UHPC Mixing

UHPC 101 Ben Graybeal, FHWA February 2017 30



UHPC Mixing
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UHPC Mixing
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UHPC Mixing
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UHPC 101
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UHPC Casting

UHPC 101 Ben Graybeal, FHWA February 2017 35



UHPC Casting (Video)

-
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UHPC Casting (Video)
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UHPC Structural Design
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Desi
UHPlgT:_and Construction of
leld-Cast Connections

FHWA-HRT-14-084

* Whatis UHPC?

Example Connections
e Structural Design

Construction

* Quality Assurance

* Deployments

UHPC 101

Ben Graybeal, FH

FHWA Publication No: FHWA WRT-14-084

FIWA Comtact Ben Graybes. WRDI-40, 202 4973 N7, benjem graybesl 2 dot gav

Introduction
&dv.ﬂccmernl in the science of concrele

that make @ an ideal candidate for use W devel
o pew solutions 1o pres=ng concerns about
highway infrastructure detenoration repalf
and rephc:menl_"' Freld cast UHPC details
connecting preilbriclled structural elements
used for brdge construchon have proven 19 be
an spplication that has captured the strention of
owners, ;pnuheu, and contractors acTOSS

UHPC

UMPC is 8 fiber renforced. tand cement
hased prod.ucl with Elc-ephonal fresh and
hardensd properees Through the appropriate
combination of aduucemenh in super
plastickeers. dry constituent gradation
fiber tnnlorcemﬂmn and wpp!emﬂmﬂ
cementitious matenials, UHPC = able
o deliver pcdurmaﬂu that far enceeds
conw:nuon.ni concrete Ueu—cbped in the

o

g e 1

imar et

syt o yorsponoo”

o
e e et
iy P

i pre-cTOs g e be 0P

ate 20th cantury, this class of concrete has
emerged B8 8 capable ﬂ.-plag:men\ for con
ventional nlru:lulnl materials i 8 wanety of

Dehniion of UMPC
The Federsl Haghway Administration (FHWAI
defines UMHPC o follows

February 2017
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UHPC Structural Behavior

IIJ'I.”'I
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Mars Hill Bridge

UHPC 101 Ben Graybeal, FHWA February 2017 41



Mars Hill Bridge

2'-10 218"

n < &

o \Jl
7§-- 55
lowa 45” Bulb Tee Modified Bulb Tee
SW = 0.7 Kiplft SW = 0.56 Kip/ft

UHPC 101 Ben Graybeal, FHWA February 2017 42



TT-Girder

e 33” depth spans 80’; weight = 932 Ib/ft
e Family of girders up to 47” depth

-~

5.2in.
1l ;

100 in.

Y
1

50.5in.

/

UHPC 101

Ben Graybeal, FHWA

February 2017
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UHPC for Bridge Decks

Dahlonega Road Bridge in Wapello County, lowa

UHPC 101 Ben Graybeal, FHWA February 2017 45



Footbridge — Marsellle, France

UHPC 101 Ben Graybeal, FHWA February 2017 46



Foot Bridge of Peace - Seoul, South Korea
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Pulaski Skyway

Newark, New Jersey




Precast Deck Panel Connections

Pulaski Skyway
Newark, New Jersey

UHPC 101 Ben Graybeal, FHWA February 2017



Franklin Avenue Bridge
Minneapolis, Minnesota

Wikipedia Public Do

52



Deck Panel Connections
F

UHPC 101 Ben Graybeal, FHWA February 2017




UHPC for Pile Foundations

10 in

'

0.5" Dia. Strand

i

10in

L.
116 In

Without Taper With Taper —
Minimize Driving
Stresses

UHPC Pile Design — Vande Voort et al. 2008, lowa State University

UHPC 101 Ben Graybeal, FHWA February 2017 54



UHPC for Seismic Retrofit

FRC or UHPFRC
jacket

bar |
_________ 90
' gugas  ©
254 |
= |
: Image Credit:
ﬁl JE' &1 Proceedings, 2009 UHPFRC, Marseille

Bruno Massicotte, Polytechnique Montreal
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UHPC Connection for Substructures
4 )

3" DIA. GROUT PLACEMENT
(14) #9 DWLS — CAST INTO TUBE — TYP. AT EACH PER
Perm%r PIER CAP — EXTEND
" BELOW BOTTOM OF PIER CAP PRECAST FIEE CAFP —
\ / REINFORCING NOT SHOWN

LS ELET)

GROUT JOINT WITH UI--PC/ \ (2) 3" VENT TUBE

TYP. AT EACH PER
EXISTING 42" DIA. w’ltL/

(-0

l#
EXISTNG (28) #9 / ) EXISTNG TIE TO REMAN -
XIST - QEPLACE TO MATCH
BARS TO REMAN — T EXISTING IF DAMAGED

DURING CONCEETE REMOVAL

\_ J

Hooper Road over US 17C in Union, New York
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Pier Column to Cap Connection

o

T

Hooper Road over Route 17C
Union, New York

UHPC 101 Ben Graybeal, FHWA \.




\_

UHPC for Replacing Failing Expansion Joints

P g (GRIND JOINT EXCES
1"-4"£1 TAMOND GRINDING OPER/
" ey gl BE INCLUDE IN THE PRE
SELF ADHESIVE 1l H | H
COMPRESSIBLE SEALER

YE" (NOM.) FOR DIAMONI
(ITEM 502.82010018)

9" DECK PANEL

| CLEAN INSIDE OF SHEAR KEY
AS PER 6,21 OF THE P.C.CM.

zllilll
o ULTRA HIGH
- - PERFORMANCE CONCRETE
1 SELF ADHESIVE
= GIRDER WEB N A COMPRESSIBLE SEALER
END OF GIRDER

y

SR 96 over |-86 near Owego, NY

UHPC 101 Ben Graybeal, FHWA
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UHPC for Steel Girder Rehabilitation

Tested by Zmetra, 2015 at UCONN .
Steel Girder

UHPC 101 Ben Graybeal, FHWA February 2017 59



UHPC for Bridge Deck Rehabilitation

Chillon Viaduct near Lausanne, Switzerland

UHPC 101 Ben Graybeal, FHWA February 2017 60



UHPC for Bridge Deck Rehabillitation

Chillon Viaduct near Lausanne, Switzerland

UHPC 101 Ben Graybeal, FHWA February 2017



UHPC for Bridge Deck Rehabilitation

CR L over Mud Creek near Brandon, lowa

UHPC 101 Ben Graybeal, FHWA

February 2017
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What is Ultra-High Performance Concrete?

UHPC 101 Ben Graybeal, FHWA February 2017 63



What is Ultra-High Performance Concrete?

Resilient Cementitious Composite

UHPC 101 Ben Graybeal, FHWA February 2017 64



What is Ultra-High Performance Concrete?

Capable Solution
for Today’s Challenges
and Tomorrow’s Opportunities

UHPC 101 Ben Graybeal, FHWA February 2017
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