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FEASIBILITY OF NON-PROPRIETARY
ULTRA-HIGH PERFORMANCE CONCRETE
(UHPC) FOR USE IN HIGHWAY BRIDGES IN
MONTANA: IMPLEMENTATION

https://www.mdt.mt.gov/research/projects/mat/high performance concrete.aspx

Introduction and Purpose

Ultra-high performance concrete (UHPC) has mechanical and durability properties that far exceed those

of conventional concrete. However, using UHPC in conventional concrete applications has been cost
prohibitive, with commercially available/proprietary mixes costing significantly more than conventional
concrete. Previous research conducted at MSU included (1) the development of nonproprietary UHPC
mixes that are significantly less expensive than commercially available mixes and are made with materials
readily available in Montana, (2) an investigation into several items related to the field batching of these
mixes, (3) an exploration into the potential variability in performance related to differences in constituent
materials, and (4) the investigation of rebar bond strength and the subsequent effect this has on
development length. This previous research was successful and clearly demonstrated the feasibility of using
MT-UHPC in Montana bridge projects.

The focus of this project was on the field implementation of MT-UHPC. Specifically, MT-UHPC was
successfully used in all field-cast joints on two ABC bridges spanning Trail Creek on Highway 43 near Lost-
Trail Pass outside of Wisdom, MT.

Implementation Summary

MDT The primary focus of this project was on the implementation of the nonproprietary MT-UHPC, and
therefore the key conclusions from this and previous work should be considered when implementing MT-
UHPC in the future. These conclusions are highlighted in the Project Summary Report and repeated below.

Conclusions from the preliminary implementation research.
+ MT-UHPC can be batched consecutively without cleaning the mixer in between batches.
+ Batch sizes should be limited to 3 ft* when mixing MT-UHPC with IMER Mortarman 360s.

+ MT-UHPC should be placed at low temperatures and when material temperatures are low to reduce
the risk of the material stiffening and premature setting (which was observed to occur at elevated
temperatures).
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+ Cure temperature should be accounted for when estimating the compressive strength of the material in the field, as
temperature was observed to greatly affect the rate of strength gain. Specifically, increased temperatures resulted in a

higher rate of strength gain and decreased temperatures delayed strength gain.

+ Maturity curves developed in this research may be used to accurately estimate compressive strength of MT-UHPC in the

field, regardless of cure temperatures.
Conclusions from the trial batches and joint mockups.

« MT-UHPC was successfully batched and mixed in the field using the exact materials, mixers, and methods to be used in the
actual bridge project. The flows of the trial mixes were around 10 inches, and the compressive strengths exceeded the

minimum specified 28-day strength of 12 ksi, with an average strength of 16.1 ksi.

+ The methods used to form and place the UHPC in the connection mockups were primarily successful. However, the UHPC
in the sloped-keyway mockup demonstrated the need for top forming the keyways, as the UHPC in these connections
overflowed at the low end and fell short on the high end.

+ Grinding the UHPC before it reaches a strength of 1 ksi resulted in a rough surface on the UHPC and steel fibers being pulled
from the material. It is recommended that the MT-UHPC reach at least 3 ksi prior to grinding, as is specified in the Special
Provisions.

Conclusions from bridge construction

+ Pre-mixing and bagging the dry constituent materials (i.e., cement, fly ash, silica fume, and sand) was an effective/efficient
strategy for the implementation of MT-UHPC in the field.

+ The on-site batching and mixing methods worked well. However, the use of larger mixers should be investigated. The 3-ft*

limit per batch resulted in an excessive number of mixes per application, which slowed progress on the bridge.

+ The MT-UHPC was successfully mixed, batched, placed, and cured under varied environmental conditions. Specifically,
temperatures ranged from the low 20s to the upper 80s (°F), and moderate winds were present. That being said, these
varied environmental conditions did affect the behavior/performance of the UHPC. Specifically, low temperatures were
observed to cause issues with mixing if the mixers were not warmed up prior to batching, and were observed to increase
cure times. Whereas, elevated temperatures can cause mixes to setup prematurely in the mixer, and can cause mixes to
stiffen up quickly during placement. Wind was observed to reduce workability during placement.

+ The maturity method provided an efficient and accurate means for estimating the early strength of the MT-UHPC in the
field, significantly reducing the number of cylinders required for testing and allowing for a more rapid indication of
when the UHPC reaches the required strength for construction loads, which is especially important in accelerated bridge

construction projects such as this.

+ The top-forming method used on this project could be improved. The method used resulted in several locations with an

insufficient depth of UHPC, requiring epoxy coating after grinding.

+ The Special Provisions developed for this project were a good starting point for implementing MT-UHPC in a bridge
construction project in Montana. However, they should be updated and modified for future projects to incorporate some
of the key findings from this inaugural project.

« It was imperative to establish a good working relationship with the contractor and establish good lines of communication.
The contractor on this project, Dick Anderson Construction, was a pleasure to work with, making this project possible.

Implementation Recommendations

RECOMMENDATION 1:

Special provisions detailing key components of using MT-UHPC in applications in Montana should be fully developed and
include the key findings from this project. The special provisions developed as part of this research will provide a good starting

point for such specifications.
MDT RESPONSE:

MDT will work on fully developing special provisions for using MT-UHPC in Montana, staring with the special provisions

created under this phase of research.
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RECOMMENDATION 2:

A brief document outlining all of the key benefits, methods, and findings from this and previous research on MT-UHPC should
be developed and disseminated amongst the design/construction industry in Montana to further the impact of the UHPC
research conducted at MSU.

MDT RESPONSE:

MDT has sponsored the writing of such a document that will be included with the deliverables for this project.

DISCLAIMER STATEMENT

This document is disseminated under the sponsorship of the Montana Department of Transportation (MDT) and the United
States Department of Transportation (USDOT) in the interest of information exchange. The State of Montana and the United

States assume no liability for the use or misuse of its contents.

The contents of this document reflect the views of the authors, who are solely responsible for the facts and accuracy of the data
presented herein. The contents do not necessarily reflect the views or official policies of MDT or the USDOT.

The State of Montana and the United States do not endorse products of manufacturers.
This document does not constitute a standard, specification, policy or regulation.
ALTERNATIVE FORMAT STATEMENT

Alternative accessible formats of this document will be provided on request. Persons who need an alternative format should
contact the Office of Civil Rights, Department of Transportation, 2701 Prospect Avenue, PO Box 201001, Helena, MT 59620.
Telephone 406-444-5416 or Montana Relay Service at 711.

This public document was published
in electronic format at no cost for printing and distribution.
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