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DISCUSSION TOPICS:

* What is Ultra High Performance Concrete (UHPC)?

* Where is UHPC being utilized in the US?

* Who else is using UHPC?

* Where could we use UHPC?
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FEDERAL HIGHWAY UHPC

What is Ultra-High Performance Concrete?

* FHWA

= UHPC is a cementitious composite material
composed of an optimized gra of granular
ituents, a water-to-cemes

Properties and Behavior of
UHPC-Class Materials

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).

FEDERAL HIGHWAY UHPC

Journal Papers Published:
o Graybeal, B, €. Betraiber, B..5. Kim, F. Toutlemonde, ¥. Voo, 3nd & Zaghi, “Internations Perspective on UHPC in Bridge Engineering.” ASCE Jourmol of
Bridge Engincering, V. 25, No. 11, September 2020, 16 pp., DOI- 10.1061/{ASCEJBE 1943-5552 0001630.

Test Method with Standards Organitation:

« Graybeal B, Test for Uniaaisl  under
Journal Papers Under lournsl Review:
* EiHelou, k. 3nd . Graybeal, " 30d Design " v
Jourmal.
* Muzenski, A, 2 Habes, and 8. Graybeal, - wrnol.

Journal Papers Under FHWA Review:
* EiMelou, k. 3nd B Graybeal, and Design
* Mohebbi A. B. Graybeal, 3nd 2 Haber,
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« Saladi, N, R Sprage 1. Oe a Varga, L Montanar, and B. Graybeal,
‘accrlerated durabilty testing and framework creation well underway.
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THE MIX
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WHAT IS UHPC?
THE BEHAVIOR
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Courtesy of FHWA, Turner Fairbanks Research Center

WHAT IS UHPC?
THE BEHAVIOR

Tensile Test Apparatus

Tension Behavior
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Courtesy of FHWA, Turner Fairbanks Research Center




WHAT IS UHPC?
THE BEHAVIOR

Courtesy of FHWA, Turner Fairbanks Research Center
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WHAT IS UHPC?

DURABILITY

Durability

Comparison of Chioride lon Diffusion (Courtesy FHWA)

nm v Designation: C18S6C185864 - 17

USACE Facility at Treat Isiand

Standard Practice for
Fabricating and Tosting Specimens of Ultra-High

Symy

UHPG

Performance Concrete
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WHERE IS UHPC BEING USED DOMESTICALLY?

ACCELERATED CONSTRUCTION

TECHNOTE
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WHERE ELSE IS UHPC BEING USED DOMESTICALLY?

* Bridge decklink slabs to eliminate expansion

joints.

* Bridge deck overlays to rehabilitate existing
concrete bridge decks.

* Repair of concrete bridge piers

* Repair of corroded steel girder ends.
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MALAYSIA

UHPC: A game-changing material
for PCl bridge producers
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* 180 ft Span
* Spacing=13’-2" o.c.
* 55” Deep Tub w/ 4” Webs
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MALAYSIA
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WHERE CAN WE USE UHPC FOR STRUCTURAL ELEMENTS?

UHPC
Barrier

UHPC Watfie Deck
or FODS

UHPC Caps (Shell)

UHPC Columns (Shel)

UHPG Waterine
Footings (Shell)

UHPC Beams

UHPC Piling
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LABOR AND MATERIAL
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CASTING SIMPLIFIED
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IDEAL UHPC COMPONENTS

PILING

Same Weight as Steel Equivalent Section
HP 12x53

Pipe Pile 36" x 0.875" Thickness

Cost per Ibs Competitive
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PREVIOUS RESEARCH

1
Courtesy lowa State University, 2008 (Aaleti & Sritharan)

P
SIMILAR OUTER DIMENSIONS AND
WEIGHT AS HP 10X57
NO SHEAR REINFORCEMENT
SIMILAR LATERAL LOAD BEHAVIOR AS
HP 10 X 57

NO DAMAGE TO PILE DURING

DRIVING

86 % INCREASE IN VERTICAL LOAD

CAPACITY OVER STEEL HP 10 X 57
PILES
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RECENT PILOT PROJECTS

s

Courtesy DURASTRESS & Cor-Tuf
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IDEAL UHPC COMPONENTS
DECK SLAB ALTERNATIVES
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IDEAL UHPC COMPONENTS
DECK SLAB ALTERNATIVES

lax. Principal Stress (psi) - UHPC Deck, Service Il
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IDEAL UHPC COMPONENTS
BOX BEAMS

—-—d'"

3
-

UHPC ALTERNATIVE ISOMETRIC _ T ar ar
. .. . . . 98ft SPAN A" TYPICAL BEAM SECTION
- + 52% OF THH WEIGHT
O + NO SHEAR REINFORCEMENT
' + DAPPED END = LESS FILL/GRADE

+ DAP DEPTH(IS ARBITRARY AS SHOWN
DAPPED END BEARING
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IDEAL UHPC COMPONENTS
BOX BEAMS

UHPC ALTERNATIVE

ISOMETRIC
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IDEAL UHPC COMPONENTS
SEGMENTAL CONSTRUCTION

CONVENTIONAL CONCRETE SEGMENT

Figure 7.8.2-3 — UHPC concegt with truss webs

POTENTIAL UHPC CONCEPT: ASBI SEGMENTAL DESIGN MANUAL
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IDEAL UHPC COMPONENT
HYBRID ELEMENTS

\

REEREEEL

5" Web
No Shear Reinforcement

20 Tons Lighter 3 §
Straight Strands e .
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HYBRID COMPONENT
GIRDERS

Long-span hybrid precast concrete
bridge girder using
ultra-high-performance concrete
and normalweight concrete
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IDEAL UHPC COMPONEN TS e
CAPS & CLOSURES

Courtesy of FDOT Structures Research Center
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IDEAL UHPC COMPONENTS
FORMING SOLUTIONS, NON-COMPOSITE OR COMPOSITE

3" Web, 3" Floor
No Shear Reinforcement

(2) Shipped Per Truck

Rebar Spliced at Abutted Joint in Shell
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Aa.bacall

“This really is an innovative approach, but I'm afraid
we can't consider it. It's never been done before.”
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