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NS 668: Develop UHPC Mix and Specifications for Precast Members: Literature 
Search 
7/20/2022 
Prepared for: Marcus Bekele 
Prepared by: Karen Neinstadt 
Resources searched:  MnDOT Library Catalog, ASCE Library, Transport, TRID (including Research in Progress) 
Search Strategy: 
"ultra high performance concrete" OR uhpc, girder* OR bridge* AND mix* / “concrete mix*” 
 
Summary: Results are compiled from the databases and using the search terms listed above.  I did not include results 
that were state-specific.  Also not included were research articles on bolts, seismic factors, or older publications.  Some 
of “less relevant” sources specifically refer to cast-in-place or proprietary vs. non-proprietary sources.  These results are 
from approximately the past five years.  Full-text is available upon request. 
 
More Relevant Results 
 
Title: Assessment of Ultra-High Performance Concrete Overlays on Concrete Bridge Decks. 
Authors: Toledo William K; Davila Leticia; Al Basha Ahmed J; Newtson Craig M; Weldon Brad D 
Citation: Tran-SET 2020. 2021. copyright 2021 American Society of Civil Engineers. p278-286 (Refs.) 
Editors: Newtson Craig; Halter Susan Bogus; Hassan Marwa 
Abstract: This paper assesses the potential of a locally produced ultra-high performance concrete (UHPC) mixture 
proposed for use as an overlay material for concrete bridge decks. In this study, early-age and longer-term shrinkage 
tests were performed on locally produced UHPC. Slant-shear tests were conducted to evaluate the shear strengths at the 
bond interface between the UHPC and substrate concrete. Thermal and shrinkage effects in normal strength concrete 
slabs overlaid with UHPC were also observed. Early-age shrinkage testing showed that approximately 55% of the strain 
occurred in the plastic state and may not contribute to bond stresses since the elastic modulus of the UHPC should be 
small at such early ages. Adequate shear strengths were achieved for texture depths ranging from 0.05 to 2.8 mm. 
Thickness of the substrate and amount of reinforcing steel were important factors for shrinkage in the slabs. The thickest 
slab experienced greater shrinkage than a thinner slab with the same reinforcement, indicating reinforcement ratio is more 
important than the area of steel. Continuing work focuses on the development of a failure criterion for the brittle bond 
between a UHPC overlay and a concrete bridge deck. 
 
Title: Review of ultra-high performance concrete and its application in bridge engineering. 
Authors: Xue Junqing; Briseghella Bruno; Huang Fuyun; Nuti Camillo; Tabatabai Habib; Chen Baochun 
Citation: Construction and Building Materials. 2020. copyright 2020. 260(0) p119844 (Figs., Phots., 124 Refs., Tabs.) 
Publisher: Elsevier 
Abstract: Due to the superior mechanical properties and durability, the ultra-high performance concrete (UHPC) has been 
widely used for the design of various types of structures, while research on its performance has been rapidly growing in 
the last five years. While the application of UHPC in bridge engineering is limited due to its higher cost, relatively little is 
known about the mechanical behavior of UHPC in different bridge components. In order to inform future research needs, 
this paper provides a comprehensive review of the properties of UHPC and its application in bridge engineering. 
Applications in various bridge components, such as the piers, girders, decks, and link slabs used for jointless bridges 
have been summarized. This review also discusses future research on optimized UHPC mix designs considering 
economic cost and its applications in both jointed and jointless bridges. 
 
Title: Design and Performance of Cost-Effective Ultra High Performance Concrete for Bridge Deck Overlays. 
Authors: Khayat Kamal H; Valipour Mahdi 
Abstract: The main objective of this research was to develop a cost-effective ultra-high performance concrete (UHPC) for 
bonded bridge deck overlays. The high durability and mechanical properties of such repair material can offer shorter traffic 
closures and prolong the service life of the bridge deck. The UHPC was optimized using supplementary cementitious 
materials (SCMs), proper combinations of sands, and adequate selection of fiber types and contents. Packing density 
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studies included paste, sand, and fiber combinations. The robustness of optimized UHPC mixtures to variations of mixing 
and curing temperatures was examined. The efficiency of various shrinkage mitigation approaches for reducing 
autogenous and drying shrinkage of optimized UHPC mixtures was evaluated. This included the use of CaO-based and 
MgO-based expansive agents, shrinkage-reducing admixture, and pre-saturated lightweight sand. Test results indicate 
that the optimized UHPC mixtures exhibited relatively low autogenous shrinkage and drying shrinkage. All tested UHPC 
mixtures exhibited high mechanical properties and excellent frost durability. The use of 60% lightweight sand led to a 
significant reduction in autogenous shrinkage from 530 to 35 mu epsilon . The optimized UHPC mixtures were cast as thin 
bonded overlays of 25, 38, and 50 mm (1, 1.5, and 2 in.) in thickness over pavement sections measuring 1 x 2.5 m2 (10.7 
x 27 ft2). Early-age and long-term deformation caused by concrete, humidity and temperature gradients, as well as 
cracking and delamination were monitored over time. Test results indicate that there was no surface cracking or 
delamination in UHPC overlays after more than 200 d of casting. After laboratory investigations, a life cycle cost analysis 
(LCCA) was determined for the selected concrete mixtures with different mixture compositions and performance 
characteristics. Results indicate that, based on both deterministic and probabilistic results, UHPC overlay with minimum 
25 mm (1 in.) thickness is a more cost-effective option compared with other commonly used materials, such as latex-
modified concrete and conventional bonded concrete overlays. 
 
Title: First Application of UHPC Bridge Deck Overlay in North America.  
Authors: Sritharan, Sri; Doiron, Gaston; Bierwagen, Dean; Keierleber, Brian; Abu-Hawash, Ahmad 
Citation: Transportation Research Record: Journal of the Transportation Research Board, Volume 2672, Issue 26, 2018, 
pp 40-47  
Abstract: Deterioration of existing bridge decks, which usually originates with the deck cracking on the top surface, is a 
common problem in North America. It causes frequent repair of the decks to limit further damage resulting from 
water/chloride ingress. Superior engineering and durability properties facilitate the use of ultra-high performance concrete 
(UHPC) as an attractive alternative for a deck overlay, minimizing both deck deterioration and maintenance costs. 
Recently developed UHPC thixotropic mix designs, which are different from commonly used self-leveling UHPC, enable 
UHPC overlay to be used on decks with slopes and meet specific crowning requirements. The use of a UHPC thixotropic 
mix design with 3.25% of steel fibers was successfully evaluated under laboratory conditions by applying it on sloping 
deck surfaces with appropriate roughness between the normal concrete (NC) and UHPC. The feasibility of applying this 
technology in the field was then investigated on a small bridge for the first time in North America in May 2016. This paper 
presents the details about the laboratory evaluation, field implementation of UHPC overlay, and lessons learned from this 
first UHPC overlay project in North America.  
 
Title: Use of Ultra-High-Performance Concrete for Bridge Deck Overlays.  
Authors: Wibowo, Hartanto; Sritharan, Sri.  
Citation: Iowa Department of Transportation; Federal Highway Administration, 2018, 76p  
Publisher: Iowa State University, Ames;  
Abstract: A large number of bridges in the nation are rated as structurally deficient and require immediate retrofits or 
replacements that will impose a significant financial burden on bridge owners. A fast, cost-efficient, and reliable retrofit 
solution is needed to tackle this problem. Typical bridge deck deterioration starts with shrinkage cracks, and additional 
cracks may occur due to traffic loads and time-dependent effects, which are worsened by freeze-thaw cycles over time. 
These cracks then lead to water and chloride penetration into the concrete deck, causing rebar corrosion and further 
damage to the superstructure. A potential solution, suggested in a previous study, is to apply a thin layer of ultra-high-
performance concrete (UHPC) on top of normal concrete (NC) bridge decks. Because UHPC has a higher tensile strength 
and low permeability, cracking as well as water and chloride ingression can be minimized, which in turn will extend the 
lifespan of the bridge. Moreover, UHPC is also deemed to have a higher fatigue resistance than NC. In this study, a new 
UHPC mix to accommodate surface crowning was developed by a material supplier and tested in the laboratory. Using 
this new mix, the thin UHPC overlay concept was successfully implemented on a county bridge in Iowa. The 
implementation involved state and county engineers, a local contractor, and a material supplier. The bridge overlay was 
periodically monitored, and thus far there have been no concerns regarding the performance of the UHPC overlay or the 
bond at the interface between the UHPC and NC layers. In addition to the field implementation, three concrete slabs with 
and without a UHPC overlay were tested in the laboratory. The results showed that a UHPC overlay in the positive 
moment region increased the strength by 18% while showing a more ductile response. In the negative moment region, 
although wire mesh was used, its effectiveness was not significant due to its small steel area. The effectiveness of the 
wire mesh could be improved by increasing the amount of steel area within the overlay, but its impact on the UHPC-NC 
interface bond needs to be evaluated.  
 
Title: Laboratory and Field Evaluation of an Alternative UHPC Mix and Associated UHPC Bridge. 
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Authors: Shafei, Behrouz; Phares, Brent; Sritharan, Sri; Najimi, Meysam; Hosteng, Travis.  
Citation: Iowa Department of Transportation, 2019, 98p 
Publisher: Iowa State University, Ames; Iowa Highway Research Board;  
Abstract: Ultra-high performance concrete (UHPC) is a relatively new class of concrete that has material and durability 
properties superior to normal concrete. These unique properties make it appropriate for use in construction for highway 
bridges. Field applications of UHPC for highway bridges in the United States started in 2006. For this project, UHPC 
called K-UHPC, which was developed by the Korea Institute of Civil Engineering and Building Technology, was used for 
construction of the Hawkeye Bridge in Buchanan County, Iowa. The bridge was built using locally sourced cement, sand, 
and ready-mix trucks. For the research presented in this report, selected properties of K-UHPC were studied. The 
research focus was on the evaluation of strength behavior (compressive strength), long-term stability properties (creep 
and shrinkage), bonding with reinforcement, and durability properties (freeze-thaw resistance and chloride ion 
penetration). These properties were estimated using samples prepared in two different environments: first, with samples 
collected from the field environment where K-UHPC was mixed in the Buchanan County Secondary Roads Department 
yard using conventional concrete mixers; then, using samples prepared in the laboratory. Properties evaluated from these 
two different scenarios are presented in this report. These are then compared to the properties reported by the Federal 
Highway Administration (FHWA) for other UHPC mixtures. Finally, the outcome of the load tests performed on the 
Hawkeye Bridge is presented.  
 
Title: Quantifying Bonding Characteristics between UHPC and Normal-Strength Concrete for Bridge Deck Application 
Authors: Sriram Aaleti, A.M.ASCE; and Sri Sritharan, M.ASCE 
Citation: Journal of Bridge Engineering/Volume 24 Issue 6 - June 2019 
Abstract: Ultrahigh performance concrete (UHPC) is an advanced cementitious material which has excellent mechanical 
and durability properties, making it appropriate for the rehabilitation of concrete structures. This paper investigates the 
usage of a thin layer of UHPC overlaying a normal strength concrete (NC) deck. The behavior of the interface connection 
will have a significant impact on the overall structural and durability performance of the UHPC-NC composite deck 
system. An integrated experimental and analytical study was conducted to understand the influence of several variables, 
such as normal concrete strength, interface roughness, and curing condition on the shear transfer behavior across the 
interface between UHPC and NC. The laboratory testing was performed in two phases, including slant shear testing in 
Phase-I and flexural testing of composite deck specimens in Phase-II. A total of sixty test units with five different surface 
textures and three different concrete strengths were loaded to failure in Phase-I. Four 197 mm (7.75 in.) thick, 0.61 m (2 ft) 
wide, and 2.74 m (9 ft) long deck specimens with 38 mm (1.5 in.) thick UHPC overlay and different interface texture were 
tested to failure in Phase-II. The slant shear test results demonstrated that the shear transfer across the interface is 
adequate for overlay applications for all textures with roughness equal or more than 3 mm (0.12 in.) regardless of 
concrete strength, which was later confirmed by the composite deck specimen tests. The interface bond strength was not 
affected by curing conditions (heat treatment or ambient) used for UHPC. Current bridge design guidelines provide a 
conservative estimate for the UHPC-NC interface shear strength. 
 
Title: Advancements in Concrete Mix Designs: High-Performance and Ultrahigh-Performance Concretes from 1970 to 
2016 
Authors: Muazzam Ghous Sohail, Ph.D.; Ben Wang; Amit Jain; Ramazan Kahraman, Ph.D. 
Citation: Journal of Materials in Civil Engineering/ Volume 30 Issue 3 - March 2018 
 
Title: Flexural response of Ultra-High-Performance Concrete (UHPC) hybrid bridge deck connections made with local 
materials. 
Authors: Nasrin Sabreena; Ibrahim Ahmed 
Citation: Construction and Building Materials. 2020. p121451 (Figs., Phots., 36 Refs., Tabs.) 
Publisher: Elsevier 
Abstract: Although using of UHPC improves the mechanical properties of concrete, it is not widespread used, due to 
several factors; for instance, its high material cost, special curing requirements, and lack of widely accepted design 
guidelines. This study aims to find an appropriate Ultra-High-Performance Concrete (UHPC) mixture, using locally 
available materials. In addition, the flexural response of this locally made UHPC mixture in hybrid bridge deck connections 
has been studied. The effect of different parameters such as percentage of silica fume, fine aggregate type, glass powder 
content and steel fiber volume fraction were investigated. The compressive strength results showed that a 28 days-
strength of 140.3 MPa (20.35 ksi) has been achieved by using basalt as fine aggregate and 20% silica fume by weight. To 
investigate the applicability of this locally produced UHPC in bridge joints closure, two full scale, 8 ft. clear span, hybrid 
bridge deck slabs with UHPC closure were constructed and tested under monotonic loading. The load-deflection behavior 
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of the hybrid connection confirmed that the deflection increased linearly until the initiation of cracks, after that it was 
increased non-linearly up to the failure of the connection. UHPC experienced less strain than high strength concrete 
(HSC) under compression. The hybrid connection produced with local UHPC showed moment capacity increase by more 
than 80% compared to NSC. The Moreover, a moment-curvature analytical model of hybrid bridge deck connection was 
developed to predict ductility, curvature, and stress distributions in closure connections. The model was able to predict 
initial stiffness and ultimate flexural moments of UHPC composite connections very well. 
 
Less Relevant Results 
 
Title: Bonding performance between ultra-high performance concrete and asphalt pavement layer. 
Authors: Lu Zhe; Feng Zhen gang; Yao Dongdong; Li Xinjun; Jiao Xiaolai; Zheng Kaixiang 
Citation: Construction and Building Materials. 2021.312(6) p125375 (Figs., Phots., 28 Refs., Tabs.) 
Publisher: Elsevier 
Abstract: The bonding performance between the ultra-high performance concrete (UHPC) and asphalt pavement layers is 
crucial to prevent the interface of asphalt pavement and bridge deck from falling off. In order to improve the bonding 
performance between UHPC and asphalt pavement layers, the surfaces of UHPC specimens were treated using four 
different techniques: spreading gravels, spreading steel balls, pickings and grooving. Through the pull-out and shear tests, 
the bonding performance between UHPC and asphalt pavement layers was evaluated. The pull-out strength and shear 
strength were used to evaluate the influence of different surface patterns on the bonding performance between UHPC and 
asphalt mixture layers. Additionally, the MATLAB software was employed to extract the digital image characteristic 
parameters of UHPC surfaces, and the neural network was constructed using the characteristic parameters to predict the 
bonding performance between UHPC and asphalt pavement layers. Results show that the spreading gravels, spreading 
steel balls, broom picking, cutting machine picking and grooving can all improve the bonding performance. Among the 
techniques, the cutting machine picking has the most obvious improvement on the pull-out strength and shear strength. 
The accuracy of neural network prediction model is reliable, and the correlation between the predicted value and the 
measured value is high. The result is of great significance to enhance the bonding performance between UHPC bridge 
deck and asphalt pavement layer, thus improving the durability of UHPC bridge structures. 
  
Title: STUDY ON THE CAST IN PLACE ULTRA-HIGH-PERFORMANCE FIBER REINFORCED CONCRETE (UHPFRC) 
FOR THICKENING UPPER FLOOR SLAB METHOD. 
Authors: NAGAYAMA Seiichiro; ECHIKAWA Yoshitaka; Hashimoto Osamu; SHIMAZAKI Toshitaka; ISHIDA Masao 
Citation: Journal of Japan Society of Civil Engineers, Ser. E1 (Pavement Engineering). 2020. 76(2) pI_61-I_67 
Publisher: Japan Society of Civil Engineers 
Abstract: The cast in place ultra-high-performance fiber reinforced concrete (herein after, UHPFRC) basically does not 
contain the coarse aggregates so that behaves high fluidity immediately after mixing. In order to apply the cast in place 
type UHPFRC to reinforcing concrete bridge deck with a thin UHPFRC overlay, it is necessary to examine not only the 
composition of UHPFRC itself, but also the construction method in detail such as surface treatment to ensure bonding 
between the concrete deck and the UHPFRC layer, the specifications of the construction machine, and the curing method. 
In this study, the suitable composition of UHPFRC for the overlay method was found from the laboratory test results. The 
UHPFRC was placed with a 40mm thick layer on the cement concrete slab to simulate an overlay on concrete bridge deck 
and evaluate the workability on the site and the adhesion of the UHPFRC layer with the underneath concrete slab. The 
results indicated that a good adhesion performance could be secured with the suitable composition of UHPFRC and the 
wet or adhesive surface treatment of the concrete slab. 
  
  
Title: Concrete Bond and Behavior of Nonproprietary Ultrahigh-Performance Concrete Bridge Slab Joints. 
Authors: Looney Trevor; Coleman Raina; Funderburg Chandler; Volz Jeffery; Floyd Royce 
Citation: Journal of Bridge Engineering. 2021. copyright 2020 American Society of Civil Engineers.26(2) p04020128 
Publisher: American Society of Civil Engineers 
Abstract: The purpose of this study was to evaluate a nonproprietary ultrahigh-performance concrete (UHPC) mix design 
in terms of bond strength and behavior as a slab joint material. Composite modulus of rupture and direct pull-off tests 
were conducted to evaluate bond strength using sandblasted, wire-brushed, and exposed aggregate substrates. The two 
methods for obtaining a saturated substrate included covering the substrate with wet burlap or power washing the 
substrate and either leaving pooled water or patting the surface dry. In addition, several specimens were constructed by 
joining two full-scale normal strength concrete slabs with a UHPC joint containing shortened reinforcing bar embedment 
lengths. These specimens were used to evaluate structural behavior when subjected to both static and cyclic loadings. 
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Each test was compared to an identical test using the proprietary UHPC product Ductal. Bond testing showed that power 
washing of the substrate was required to produce comparable bond strengths to Ductal. For full-scale slabs, the 
nonproprietary mix performed comparably to Ductal as a bridge joint material, despite having lower compressive strength. 
  
Title: Production of Cast-in-Place UHPC for Bridge Applications. [Project].  
Publisher: Nebraska Department of Transportation. Start date: 1 Jul. 2021.  
Description: Ultra-high performance concrete (UHPC) is a new class of concrete that has mechanical and durability 
properties that far exceed those of conventional concrete. The use of UHPC will result in significant improvements in the 
structural capacity and durability of bridge components. Due to its superior characteristics, UHPC has drawn substantial 
interest in the bridge community at both federal and state levels. Besides the bridge deck connections applications in 
multiple states, Federal Highway Administration (FHWA) Every Day Counts (EDC-6) program “UHPC for Bridge 
Preservation and Repair” emphasizes the use of UHPC for bridge applications due to its excellent mechanical and 
durability properties.  Nebraska Department of Transportation (NDOT) successfully constructed connections/joints in 
bridge decks for the Primrose East Bridge in 2013, and Belden-Laurel Bridge in 2018. However, the unit cost of UHPC 
used in these two projects was as high as $13,000/CY, primarily due to the high unit cost of materials, shipping of 
materials and equipment, and transportation/accommodation for technicians associated with the use of proprietary mixes. 
The research team has already developed a non-proprietary mix using local materials through a recent completed NDOT 
project (SPR-P1(18) M072) entitled “Feasibility Study of Development of Ultra-High Performance Concrete (UHPC) for 
Highway Bridge Applications in Nebraska” with a unit cost at approximately $740/CY. While the development of non-
proprietary UHPC mixes could greatly encourage the usage of UHPC, the lack of training and experience in batching and 
handling the material hinders its widespread use. FHWA and multiple state agencies have recently developed guidelines 
for the use of UHPC. There is also a current research project sponsored by the Precast/Prestressed Concrete Institute 
(PCI) for developing UHPC design and production guidelines for precast components in building and bridge applications. 
Moreover, multiple documents are currently under development through the American Association of State Highway and 
Transportation Officials (AASHTO), FHWA, American Concrete Institute (ACI) Technical Committee 239 (UHPC), and 
other state agencies. However, most of these documents are focused on either the design of UHPC components or 
precast UHPC production. There is a lack of detailed guidelines on cast-in-place (CIP) UHPC production and handling, 
especially when non-proprietary mixes are used.  Due to the large amount of fine powders and the very low water-to-
cement ratio in UHPC, the proportioning and batching of UHPC is very different from conventional concrete. Also, while it 
is generally known that UHPC is very flowable, it is often challenging to achieve the desired workability while maintaining 
stability. As shown in Figure 2, too high flowability could lead to fiber segregation. On the other hand, the viscous nature 
of UHPC could lead to a lack of flow and consolidation. Another peculiarity of UHPC is the rapid workability loss due to the 
high content of high-range water-reducing (HRWR) admixture. The self-consolidation properties of UHPC cannot easily 
stand for an extended period of time, resulting in issues of concrete transportation and placement. A preliminary study 
from the investigators shows that guidelines need to be developed to better control the workability and stability of UHPC in 
both static and dynamic conditions.  
 
 
Title: Alternative Supplementary Cementitious Materials in Ultra-High Performance Concrete. [Project].  
Publisher: Office of the Assistant Secretary for Research and Technology. Start date: 1 Aug. 2021. 
Description: Ultra-high performance concrete (UHPC) is an advanced fiber reinforced composite  
material with compressive strengths greater than 17,000 psi (120 MPa), flexural strengths  
greater than 1450 psi (10 MPa), and exceptional durability properties. UHPC is produced  
with a high cementitious materials content, and silica fume and high-range water reducing  
admixtures are used to produce a dense microstructure that can result in compressive  
strengths greater than 29,000 psi (200 MPa). The superior durability and corrosion  
resistance provided by UHPC provides the potential to increase service life and lower  
repair costs in concrete structures.  
New Mexico State University (NMSU) research has shown that non-proprietary UHPC  
produced with local materials can cost less than proprietary mixtures, primarily by using  
class F fly ash to replace much of the more expensive silica fume that is used as a  
supplementary cementitious material (SCM). Non-proprietary UHPC produces slightly  
lower strengths than proprietary mixtures, but durability properties of non-proprietary  
mixtures have been comparable to those of proprietary mixtures. UHPC mixtures  
developed at NMSU have been specified by New Mexico Department of Transportation  
(NMDOT) for pre-cast, pre-stressed bridge girders and bridge deck overlays.  
Unfortunately, class F fly ash production has decreased sharply as the energy industry  
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has reduced coal consumption and moved to renewable energy technologies to produce  
electricity. NMDOT expects that by as early as 2022 the supply of class F fly ash will be  
insufficient to meet their needs for concrete construction, so alternative SCMs are needed  
for all concrete mixtures including the non-proprietary UHPC mixtures. This research  
project will assess the potential for using alternative SCMs such as a natural pozzolan,  
metakaolin, and ground-granulated blast furnace slag in non-proprietary UHPC mixtures.  
The research project includes a comprehensive literature review to identify the most  
important characteristics of SCMs for use in UHPC and to expose critical concerns for  
UHPC mixtures produced with these materials. A suite of mixture proportions utilizing the  
SCMs considered in the project will then be developed. Each of the new UHPC mixtures  
will be evaluated for fresh and hardened properties including workability, compressive  
strength, and flexural strength. The most promising UHPC mixtures will then be tested for  
durability related properties including rapid chloride permeability, surface resistivity,  
shrinkage, and frost resistance. Results from the testing program will be compared to  
results from existing mixtures containing silica fume and class F fly ash in the final  
research report. The implementation phase of the project includes documenting and  
disseminating the results of the research in the final report for the project, publication of  
journal papers, publication of conference papers, and presentations at conferences.  
The NMSU research team is led by the PI, Professor Craig Newtson, who has over 25  
years of concrete related research experience on projects totaling more than $2,300,000  
in funding and has received national recognition for his research.  
 
Title: Non-Proprietary Ultra-High Performance Concrete Mix Design for ABC Applications. 
Authors: Shafei, Behrouz; Karim, Rizwan.  
Citation: Iowa Highway Research Board, 2022, 100p 
Publisher: Iowa State University, Ames; Accelerated Bridge Construction University Transportation Center (ABC-UTC); 
Office of the Assistant Secretary for Research and Technology;  
Abstract: Ultra-high performance concrete (UHPC) provides superior properties in strength and durability for the long-
term performance of bridges. Despite these desirable properties and the potential to be applicable in the majority of 
projects, UHPC is still not widely used, mainly because of the cost associated with it. This report details a study performed 
on the design of non-proprietary UHPC mixes that provide comparable strength properties to that of commercially 
available mixtures. A set of base mixtures were explored by varying the ratios for various constituents and investigating 
their durability, strength, and transport properties, including volume stability and freeze-thaw resistance. In the later stage 
of the project, the selected non-proprietary mixes were evaluated for their flexural strength. The flexural strength in UHPC 
comes mainly from the fibers used in the mix. Bearing in mind the role of fibers, the effects of various types of steel fibers 
(i.e., variation in shape, size, and dosage) were evaluated. The role of fibers on strength and post-cracking behavior was 
carefully examined using laboratory testing and image analysis utilizing digital image correlation techniques. The efforts 
found that an optimal combination of micro- and macrofibers can enhance the flexural strength of UHPC mixtures. Steel 
fibers contribute to more than a third of the cost of UHPC mixtures, so the possibility of utilizing less expensive and more 
environmentally friendly synthetic fibers—polypropylene, polyvinyl alcohol, nylon, alkali resistant glass, or carbon—to 
partially replace the steel fibers could reduce the cost of UHPC. The steel fibers were partially replaced by the different 
synthetic fibers to see their effect on the UHPC’s fresh properties and flexural strength. Utilizing digital image correlation, 
the synthetic fiber contribution to post-cracking behavior was evaluated, especially from the crack width control and crack 
propagation aspects. The replacement of steel fibers with synthetic fibers showed promise for flexural strength and post-
cracking behavior. This report provides recommendations for the preparation of cost-effective, non-proprietary UHPC 
mixtures that could be used for various transportation infrastructure applications. Further recommendations are also made 
for the optimal combination of different types of steel micro- and macrofibers to get the best flexural response. 
Recommendations are then extended for the use of different types of synthetic fibers and the optimum percentage of 
dosage replacement for steel fibers.  
 
Title: Simplified full-depth precast concrete bridge deck panel systems 
Authors: National Cooperative Highway Research Program, National Academies of Sciences, Engineering, and Medicine 
(U.S.), Transportation Research Board, American Association of State Highway and Transportation Officials. 
Citation: NCHRP report, 2572-3766 ; 895 
Publisher: Transportation Research Board 
 
Title: Effect of Temperature on Thermal Properties of Ultrahigh-Performance Concrete 
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Authors: Venkatesh Kodur, F.ASCE; Srishti Banerji; and Roya Solhmirzaei 
Citation: Journal of Materials in Civil Engineering, Volume 32 Issue 8 - August 2020 
Abstract:  Data on temperature-dependent thermal properties of concrete are critical for fire-resistance evaluation of 
concrete structures. This paper presents the effect of temperature on thermal properties of different types of ultrahigh-
performance concrete (UHPC). A set of thermal property tests were carried out on UHPC specimens in the 20°C–800°C 
temperature range for measuring thermal conductivity, specific heat, mass loss, and thermal expansion. The test variables 
included type of UHPC [with steel, polypropylene (PP), and hybrid fibers] and temperature range. Data from the tests 
were used to evaluate the effect of temperature on thermal conductivity, thermal expansion, specific heat, and mass loss 
variations in UHPC. Furthermore, the measured test data were utilized to propose relations expressing each thermal 
property as a function of temperature. The proposed relations can be used as input data for evaluating fire resistance of 
structures fabricated with UHPC. In addition, high-temperature thermal properties of UHPC were compared with those of 
conventional normal-strength concrete (NSC) and high-strength concrete (HSC). Data from these tests show that 
temperature has a significant influence on the thermal properties of UHPC, while the presence of steel or PP fiber 
reinforcement has very little influence on the thermal properties of UHPC. Also, the thermal conductivity and thermal 
expansion of UHPC is slightly higher and mass loss and specific heat are lower than that of NSC and HSC in the 20°C–
800°C temperature range. 
 
Title: Experimental Investigation of Surface Preparation on Normal and Ultrahigh-Performance Concrete Interface 
Behavior 
Authors: Sumedh Sharma ; Vidya Sagar Ronanki ;  Sriram Aaleti, M.ASCE ; and Pinar Okumus, A.M.ASCE 
Citation: Special Collection on Application of Ultra-High Performance Concrete (UHPC) in Bridges Engineering. Journal 
of Bridge Engineering/Volume 26 Issue 4 - April 2021 
Abstract: Many bridges in the United States are classified as structurally deficient and many others are nearing the end of 
their design service life, necessitating robust and durable bridge rehabilitation methodologies. States’ department of 
transport have recently developed innovative solutions for accelerated bridge construction using Ultrahigh Performance 
Concrete (UHPC) as grout material between prefabricated bridge components or as an overlay over existing bridge decks 
to increase their service life. The normal strength concrete (NSC)-UHPC interface behavior is critical in determining the 
overall performance of such NSC-UHPC composites. In this study, an experimental investigation was performed to 
quantify the effect of surface preparation and interface reinforcement on NSC-UHPC interface performance. The results 
from this study were compared with the current design guidelines for estimating interface shear capacity. In general, it can 
be concluded that increasing roughness depth and reinforcement area has a positive effect in interface shear capacity. 
 
Title: Interfacial Parameters for Bridge Connections at High-Strength Concrete–Ultrahigh-Performance Concrete Interface 
Authors: Ali A. Semendary, Ph.D., A.M.ASCE; and Dagmar Svecova, Ph.D., P.Eng. 
Citation: Journal of Materials in Civil Engineering/Volume 32 Issue 4 - April 2020 
 
Title: High-Early Strength Concrete with Polypropylene Fibers as Cost-Effective Alternative for Field-Cast Connections of 
Precast Elements in Accelerated Bridge Construction 
Authors: Maximilian Casanova, S.M.ASCE;  Christopher Clauson, S.M.ASCE; Arya Ebrahimpour, P.E., M.ASCE; and  
Mustafa Mashal, P.E., M.ASCE 
Citation: Journal of Materials in Civil Engineering/Volume 31 Issue 11 - November 2019 
Abstract: Accelerated bridge construction (ABC) technologies are being adopted by state departments of transportation. 
ABC requires that bridge precast concrete components be effectively connected to one another in the field. Currently 
there is a trend of using ultra-high performance concrete (UHPC) to connect precast bridge deck panels or girders in 15-
cm (6-in.)-wide closure pours between the precast elements. As an alternative, the Idaho Transportation Department 
(ITD) is proposing to place high-early strength (HES) concrete with polypropylene fibers in 25-cm (10-in.) closure pours, 
with standard reinforcing bars at the top and headed bars at the bottom. The advantages of this alternative material are 
the reduction in costs and construction time. An experimental research project was carried out to determine the 
effectiveness of the alternative material and connection detail. The experimental work consisted of standard test 
specimens and specimens with headed bars. Among the six closure pour concrete mixes considered, the mix containing 
HES concrete, 0.89  kg/m3 (1.5  lb/yd3) of fiber, and shrinkage-reducing admixture performed the best. It had the largest 
compressive strength, the largest tensile strength, the lowest shrinkage, and the largest bond strength. Headed bar tensile 
strength tests with the optimum mix resulted in bar stress of 67% of the steel specified yield strength. Flexural testing of 
beams composed of two precast segments with the optimum mix in the 25-cm (10-in.) closure resulted in ultimate moment 
capacity of about 55  kN⋅m/m (147  kip-in./ft). 
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