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What is UHPC?
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What is Ultra-High Performance Concrete?

Portland Cement-Based
. v Castable
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High Perfformance Concrete?

Ultra

What is

Superplasticizers

Fiber Reinforcement
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What is Ultra-High Performance Concrete?

Advanced Cement-Based Composite

Highly Durable, Strain-Hardening Concrete

State-of-the-Art Concrete

Numerous Potential Applications
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Typical Composition of UHPC

Constituent Amount % by Weight
Portland Cement 1200 Ib/yd? 28.5
Silica Fume 390 Ib/yd3 9.3
Fine Sand 1720 Ib/yd3 41.0
Ground Quartz 355 Ib/yd3 8.5
Superplasticizer 51 Ib/yd3 1.2
Water 218 Ib/yd? 5.2
Steel Fibers 263 Ib/yd? 6.3
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Steel Fibers




Compression Behavior
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Tensile Behavior

Extensometer [ /

Specimen

Gripping plates

Wedge grip

Specimen: 2" x 2" x 17"
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Tensile Behavior

== = F
R N M O 0N
|

O
o0
1

O
o

Average Axial Stress (ksi)
o
I

o
N

0 0.002 0.004 0.006 0.008 0.01
Average Axial Strain (in/in)

15



UHPC Properties: Some Ballpark Values

 Compressive Strength — 18 to 35 ksi

 Modulus of Elasticity — 6000 to 8000 ksi

e Sustained Tensile Capacity —0.75 to 1.5 ksi

* Rapid Chloride Test — 20 to 360 Coulombs

* Freeze/Thaw Resistance — RDM > 95%

e Permeability - 2 x 1013 m?/s (chloride lon Diffusion Coefficient)
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UHPC Mixing

Pre-Bagged Powder
Constituents




UHPC Mixing
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UHPC Mixing
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UHPC Casting (Video)
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UHPC Casting (Video)
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Availability of UHPC-Class Materials

Proprietary Versions

Non-Proprietary Versions

TECHBRIEF

5 [MpemTent of Tonsponaton
Faderol Highway hdminttration

Research, Development, and

Technology
Turner-Fairbank Highweary
Research Center

B300 Georgetown Pike
Molean, VA Z2107-2208

Developrment of Non-Proprietary

Ultra-High Performance

Concrete for Use in the

Highway Bridge Sector

FHWA, Publication No.: FHWA-HAT-13-100

FHWA Contact: Ben Graybeal HRDI-40, |202)£03-3122, benjamin.
graybeal & dot.gov.

This dooumsnt is a technical summary of the unpublished
Federal Highway Administration (FHWA) repor, Development
of Non-Proprietary Ultre-High Performance Concrate for Use
in the Higiway Bridge Sactor, available through the National
Tedhnical Informaticn Service at were.ntis.goy.

NTIS Accession Mo. of the report cowered in this TechBrief:
PE2M3-10887

Ohjective

The long-term goals of this study are to facilitate the use of
whra-high performance concrete (UHPC) among ULS. supplizrs
and contraciors, accelerate its application in U.S. consbruc-
tion, and promote a more resilient and sustainable future U.S.
infrastructure. In pursuit of these goals, the objective of this
research was to develop a non-propristary cost effective
UHPC characterized by compressive strength excseding 20 ksi
1138 MPal, pre- and post-cracking tensile strength shove
0.72 ksi (5 MPaj, and sufficient durability properties. The mix
designs were optimized in their efficiency considering work-
ability, mechanical performance, and cost efectiveness. |n
suppart of cost sfectiveness, locally available materials wers
used from selected arees in the United States. The resubts of
the research effort are summarized herein, and mix designs
are suggested for the following three regions: the Norheast
area in the vicinity of New York, Connecticut, and New Jersey;
the upper Midwest area in the vicinity of lowa, Minnesota, and
Michigan; and the Northwest area in the vicinity of Washington
and Oregon.

Introduction

UHPC has attracted the growing interest of researchers in
academia, enginesrs in the public and private seciors, and
contracicrs across the workd due to its highly enhanced mech-
anical and durability properties in comparison 1o comventional

FHWA-HRT-13-100:
Dr. Kay Willie at UCONN
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UHPC:
Applications in the Highway Sector
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UHPC for Bridge Deck Rehabilitation

Chillon Viaduct near Lausanne, Switzerland 9




UHPC for Bridge Deck Rehabilitation

Chillon Viaduct near Lausanne, Switzerland




Chillon Viaduct near Lausanne, Switzerland




UHPC for Bridge Deck Rehabilitation

Chillon Viaduct near Lausanne, Switzerland
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UHPC for Brldge Deck Rehabilitation

AFTER thickeﬁing '
agent added




UHPC for Bridge Girders

Mars Hill Bridge
Wapello County, lowa

Jakway Bridge
Buchanan County, lowa



Mars Hill Bridge

« UHPC prestressed girder superstructure
« 110" span with 9.6’ girder spacing
 Opened to traffic in early 2006

30



Mars Hill Bridge
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lowa 45” Bulb Tee Modified Bulb Tee

SW = 0.7 Kkip/ft SW = 0.56 kipl/ft
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UHPC for Bridge Decks

L 24 in. N
I~ 4
2.51n. .
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prestressing
H strands
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Detail 1-1_ ___________________ . ____Plan

‘\ grout filled pocket ——

5 girders @ 8 ft. spacing .
g

32




UHPC for Bridge Decks

Dahlonega Road Bridge in Wapello County, lowa .




UHPC for Steel Girder Rehabilitation
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UHPC for Pile Foundations

10 in

0.5" Dia. Strand

4

Without Taper With Taper -

Minimize Driving
Stresses

Vande Voort et al. 2008, lowa State University
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UHPC for Pile Foundation Rehabilitation

Nace.org
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UHPC for PBE Connections

e Ultra-High Performance Concrete
* Prefabricated Bridge Elements
* Bridge Construction




Conventional vs UHPC Connections

UHPC Detalil
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Design Guidance:

Embedment Length

. g = 8c = Cover > 3d,
Rebar Lap Splice : |
| \
Elevation — —
A
Precast e = 520751
Concrete Splice Length
Cover >_3de —2d, > (S::fgingz I
\ \
!
N
!
Plan — | | —
| |
\ \
‘ : L
fo> 14 ksi

fy <75 Kksi
No. 4 - No. 9 Bars }Rebar

Uncoated or Epoxy Coated

UHPC{Z% Steel Fibers

(By Vol.)
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Deck-to-Deck Connections




Deck-to-Girder Connections




Connections for Deck-Barrier Units




Pier Column to Cap Connection

(14) #9 Dowel Bars
Extending from Cap

recast Pier Cap

3" Dia. UHPC Placement Tube

1'-*0"

Vent Tube

Existing 42" Dia./

Pier Column

Existing (28)/

#9 Bars

Hooper Road over Route 17C
Union, New York

< |

\UHPC Connetion

Grout

44




Pier Column to Cap Connection

Hooper Road over Route 17C
Union, New York




So, What Does a UHPC
Connections Project Look
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Example Project -CostingPrep - UHPC Placement - Open to Trafiic
New York State DOT « UHPC Mixing ° Finishing + Curing

1-87 SB at Exit 4, Albany, NY . Field Testing - Form Removal + Profiling




FHWA UHPC Web Resources

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

U.S. Department of Transportation — —
Federal Highway Administration About Resources Briefing Room Contact Search FHWA f L J m 1]

Federal Highway Administration Resear

Coordinating, Developing, and Delivering Hig

Search Research & Technology )J

Federal Highway Administration > Research > Other Re: es > Ultra-High Performance Concrete

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

Research Home

e T Ultra-High Performance Concrete

About R&T Q&A: Ultra-High Performance Concrete Find an Expert

Research and

FHWA Research Q: What is concrete? : )
: Development Links

FHWA Research and A: Concrete is a composite material made from coarse aggregate (rocks), fine aggregate

Technology Agenda (sand), portland cement, and water. When mixed, the portland cement and water combine Research and
. together in a chemical reaction to create the glue that holds together the aggregates. Concrete gu:rvelo ment (RED
Eesearch FEEED starts as a semi-liquid that can be placed or formed. It hardens over time to create a solid that Aces
TOUTEINS R&D Experts

is similar to rock.
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 tha rarant advuancac in rAncrata crianeca ta rraata a matarial with far cunariar nranartiae In

Turner-Fairbank Highway

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

FHWA Research Topics
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: HPC
15t Intl. Interactive Symposium on

e July 18-20, 2016
* Des Moines, lowa

* ABC
* Structural Design

 Material Design
* Repair & Retrofit
* Bridge Site Visits

DES MOINES, 1owa

> FIRST INTERNATIONAL
INTERACTIVE
SYMPOSIUM ON UHPC

DES MOINES, IOWA Jury 18-20, 2016

The organizing Committee is pleasad 0 announce the First Intemationy
Interactive Sympesium on VR1a-High Pertormance Concrere 0 North
America, The theee day SYm pobum will e held in Des Maings, lowa, atthe
Downtown Marioty, July 18-20, 2016, Undlér the théme “UHPC Unites” the
goal of the SYMposium is to share lna-mdqn and experiences in the fald
of UHPC material and structural design for cantinuous Adancements of

The sympasium will include 1opics related to a) latest developments in
UHPC material ang Structural design emphasizing enhanceg Performance,
Sustairability, Gurability, resiliency and cost efficiency, by material charac.
tertzation methods adapted to UHPC. © numerical materia and structural
modeling, d} small and lsege scale mplications, e) repair 20 retrofitting,
and other aspects o further broaden theoretical knowledge and practical
operiences,

The submission of abstracts ks encouraged and will close by Ocrober 1 3
2008 xtended)

hetp /register, Cxtension jastate. edu/ubpe 2016

or committee

I ’\1711. Qi o wl_-' B cervic,,

Bebocin

Sponsors g Partners
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Cost of PBE Grouts including UHPC...

* Products on the Market

Grout Type Approximate Cost per yd?3

Portland Cement Grouts $1000 to $2000

Repair Mortars $1500 to $3000
Epoxy Grouts $5000
UHPCs $2500 to $3500

* Non-Proprietary Versions
— At least S800 for UHPC raw constituents
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UHPC for Steel Girder Rehabilitation

From: Zmetra, 2015
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UHPC Connections for Shear Interfaces

, g i e A e (A S
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Concrete Girder Connection
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Session 5:

UHPC Connections:
Construction, Monitoring & Testing
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PBE Installation




PBE Installation
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PBE Installation
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Connection Formwork




Connection Formwork




Connection Formwork
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Preparing to Cast (Video)




Pre-Wetting Connection Interfaces




UHPC Mixing
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UHPC Mixing

Pre-Bagged Powder
Constituents




UHPC Mixing
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UHPC Mixing
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UHPC Casting
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UHPC Casting



ID4 - Trans Joint Pour.wmv
ID4 - Trans Joint Pour.wmv

Connection Overfilling and Top Forming




Connection Overfilling and Top Forming




Connection Overfilling and Top Forming

72



Connection Overfilling and Top Forming




Forms Removed - Full Bridge View




Forms Removed - Close Up View




Riding Surface Preparation - Grinding




Construction Engineer Inspection

* Familiarity with specs and special provisions
* Worker safety equipment and procedures.

* Prior coordination of construction activities.
* Constituent materials...lot, date, storage.

 Mixing process...weighing, timing, discharge.

* Formwork
* Connection interface surface preparation.
* Pour locations and volume per pour.
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Construction Engineer Inspection

* Placement procedure.
* Form closure including overpressure.

* Curing requirements.

e Surface preparation of hardened UHPC.

* Field testing for fresh properties.
* Lab testing for hardened properties.
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Constituent Measurement




Flow Testing




Flow Testing
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Flow Testing (Video)
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Compression Testing

o
M
AN
A
AN,
.. ¢

..,
V1 .4 \/ 4.4
e
X
N
o

g
i

bbbt Reangt —

0

e
i
00000

AV
\
'
i

83




Cylinder Preparation for Compression Testing
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Pre-Wetting Connection Interfaces

Connection Precast
Material Concrete

No Moisture — Reduced Bond
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Bondable Interface to Reduce Leakage




Bondable Interface

Tensile Stress at Failure (psi)

800
700
600
500
400
300
200

100

[] Non-Shrink Grout
Grout Age - 14 Days

B UHPC

Grout Load
topping

Concrete
base slab

ASTM C1583

- UHPC

~Non-Shrink Grout

-
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Average Axial Stress (ksi)

Tensile Behavior

2.0 13.8

e 209 Steel Fiber Reinforcement

« 13 ksi = f’ < 16 ksi
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E
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Average Axial Stress (MPa)
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Tensile Behavior
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Compression Behavior
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