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Justification

With advancement in the implementation of ultra-high performance concrete (UHPC) precast structural elements in
bridges, design and detailing of connections between precast UHPC members becomes an emerging research topic. These
connections will be required to provide sufficient strength and long-term performance equal to or better than the adjacent
UHPC precast elements that they are connecting. Therefore, it is expected that these connections will be primarily made
out of UHPC or similar grouting materials. As a result, the interfacial bond between precast UHPC members and field
cast UHPC connections needs to be investigated to provide a knowledge base for design and detailing of the connection.

Several studies have been conducted on the UHPC/conventional concrete interfacial bond performance and found that the
surface roughness, moisture condition of the concrete substrate, shrinkage property and curing condition of UHPC all
affect the bond performance. But to date, there has been little research on the interfacial bond behavior between (precast)
UHPC and (field cast) UHPC materials. On one hand, the UHPC/UHPC interfacial bond may be an even more critical
issue than that of UHPC/concrete interfaces. For example, some effective surface preparation methods, such as exposure
of aggregates, are not applicable for UHPC substrates. On the other hand, due to the high strength and ductility of UHPC
material, mechanical interlocking and anchors may be more effective than those in a UHPC/concrete connection.
Nevertheless, it is important to experimentally investigate and understand the bond behavior between precast and field
cast UHPC, factors that affect the bond performance, and effective ways to ensure adequate bond.

In the proposed study, the interfacial bond between existing UHPC and newly cast UHPC mixtures and the associated
failure mode will be experimentally measured using push-out shear test and ASTM C1583 direct tension pull-off test to
evaluate the bond performance under shear and tensile loading, respectively. Several parameters will be investigated to
determine their influence on the bond performance, which include the moisture content of the existing UHPC substrates;
fiber type, flowability, tensile strength, shrinkage, curing condition, and age of the field cast UHPC; substrate surface
roughness and textures; and the use of bonding agent. The research result will generate firsthand data on the interfacial
bond between precast UHPC and field cast UHPC, which will aid the design of the connections.

Impact

UHPC is touted as a great material for corrosive environments due to its improved durability compared to conventional
concrete. It has successfully been used many times throughout the U.S. for connecting prefabricated conventional
concrete members and studies have proved that connection to be durable if the conventional concrete surface is properly
prepared. There is a growing interest in using UHPC for full-scale prefabricated items, such as prestressed beams. To
realize the enhanced durability of those items, the cast-in-place connection between them must also exhibit good
durability performance. Since UHPC has more impermeable surface than conventional concrete, that means it may be
inherently more difficult to form a good bond to hardened UHPC than to conventional concrete. If the bond is not
sufficiently durable, the potential life cycle cost gains from using UHPC will not be realized.
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This project scored third in a rating of research ideas by FDOT’s Central and District

Urgency 3 Structures Design Offices.
UHPC is already being used in Florida bridge projects and many pre-casters are developing
1 their own UHPC formulations. Due to the appeal of the material’s durability, growing

Implementability

availability and subsequent price reductions, implementation is likely.

Project Benefits (Succinct, complete explanation)

Several concrete pre-casters in Florida are developing their own UHPC mix formulations, making the material more readily available and driving
down its cost. But UHPC continues to be much more expensive than conventional concrete. UHPC is much more durable than conventional concrete
and can be used as an alternative to other corrosion resistant approaches such as the use of stainless steel or CFRP strands. This research needs to be
completed to use ensure the success of the bond between precast UHPC components. The addition of another method of achieving durability in
corrosive environments adds competition which will in turn drive down costs. If UHPC is not used correctly and its potential durability gains are not

realized, the added cost for the material will be wasted.

Project Benefits

(Select all that apply and

Quantifiable Benefits
(units, dollars, etc...if

Methodology or Data Sources Used to Determine Quantifiable Benefits. If not
applicable, please give justification of project benefits

explain) applicable)

o  Materials This research could enhance the current methods and materials by enabling the use of more
Enhancement durable UHPC for full-scale prestressed members.

o  Materials Savings Fewer bridge replacements means less material used.

UHPC is ideal for accelerated construction due to its high early strength so further

o  Time Savings development of applications for the product may result in more accelerated construction
and therefore time savings.
o Lives Saved/Injuries Improved safety is associated with accelerated construction.
Prevented
o  Other (Explain)

*Comments should explain and support urgency, financial benefit, and implementability scores




