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Prepared by: Jim Byerly, Information Scientist 

Resources searched: TRID, Pooledfund.org 

Summary: Results are compiled from the databases named above.  Links are provided for full-text, if 
applicable, or to the full record citation.  I completed my searches using the following terminology: bridge, low 
slump concrete, overlay, mix design.  Results are separated into most and least relevant results below. 

Most Relevant Results 
TRID 

Sobolev, Konstantin; Moini, Mohamadreza; Tabatabai, Habib; Titi, Hani H; Pradoto, Rani; Kozhukhova, 
Marina; Flores-Vivian, Ismael; Muzenski, Scott. Class F Fly Ash Assessment for Use in Concrete 
Pavements.  University of Wisconsin-Milwaukee; University of Wisconsin, Madison; Wisconsin Department of 
Transportation; Federal Highway Administration, 2017, 59p 
https://trid.trb.org/view/1471527 
Abstract: The Wisconsin Department of Transportation (WisDOT) currently specifies Class C fly ash for use as 
a partial replacement for portland cement in concrete pavements. Class F fly ash sources were eliminated 
from WisDOT specifications in the 1990â€™s due to high values of loss on ignition (LOI) which led to 
difficulties in establishing and maintaining a proper entrained air void system in the concrete used in paving 
applications. A recent study that looked at the use of Class F fly ash demonstrated its potential usage in 
WisDOT specifications. However, WisDOT needs more evaluation with regard to durability testing. Specifically, 
research is needed to evaluate the feasibility of expanding current specifications to allow for use of Class F fly 
ash in concrete paving applications with southern Wisconsin aggregates. In order for Class F fly ash to be a 
viable alternative as a supplemental cementitious material, its use must produce mixes that meet current 
performance standards with respect to strength (including early strength) and durability, when compared with a 
commonly used Class C fly ash. The main objective of this study is to evaluate whether the locally available 
Class F fly ash from Elm Road Generating Station, operated by WE Energies and located in Oak Creek, 
Wisconsin, will provide satisfactory performance in concrete pavement, in comparison with a Class C fly ash 
from Columbia Energy Center currently in use. The study will also provide mix design guidance related to 
acceptable proportions of Class F fly ash that can be used in paving applications without negatively impacting 
performance. The performance evaluation of optimized concrete included workability (slump), air content, 
compressive strength, freeze-thaw and salt scaling resistance in accordance with the relevant AASHTO or 
ASTM standards. Finally, the reported research recommended the selection of fly ash for low-slump concrete 
with reduced cementitious material content intended for paving applications. 

Sobolev, Konstantin; Moini, Mohamadreza; Cramer, Steve; Flores-Vivian, Ismael; Muzenski, Scott; Pradoto, 
Rani; Fahim, Ahmed; Pham, Le; Kozhukhova, Marina. Laboratory Study of Optimized Concrete Pavement 
Mixtures.  University of Wisconsin, Milwaukee; University of Wisconsin, Madison; Temple University; Bloom 
Companies, LLC; Wisconsin Department of Transportation; Federal Highway Administration, 2015, 226p 
https://trid.trb.org/view/1446869 
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Abstract: Recent research supported by the Wisconsin Department of Transportation (WisDOT) concluded that 
concrete produced with reduced cementitious materials content had an adequate durability; however, tested 
mixes frequently demonstrated poor workability. As a result, a need was identified for a multi-faceted approach 
to optimize the mixture proportions for low-slump concrete in pavements in order to realize the benefits 
related to reduced cementitious material content. The reported approach includes the use of supplementary 
cementitious materials (SCMs), optimized aggregate gradations, and the use of superplasticizers (high-range 
water reducing admixtures). Current WisDOT practice minimizes the use of portland cement through 
replacement with SCMs, but does not address the use optimized aggregate gradation or superplasticizers. 
Therefore, additional research was conducted to support the development of specifications inclusive of these 
factors to improve the performance and sustainability of concrete paving mixtures used in Wisconsin. This 
research project evaluated the feasibility of expanding current specifications to incorporate the optimized 
superplasticized concrete in sustainable concrete paving applications. Furthermore, the goal of the reported 
study was to produce the guidelines for optimizing concrete mix design by evaluating the performance of a 
range of concrete mixtures. The performance evaluation of optimized concrete included the workability 
(slump), air content, compressive and flexural strength, freeze-thaw resistance, and rapid chloride permeability 
in accordance with the relevant American Association of State Highway and Transportation Officials (AASHTO) 
or ASTM standards. Finally, the reported research recommended the selection of aggregate gradations and 
superplasticizing admixtures in low-slump concrete with reduced cementitious materials intended for paving 
applications. 

Siddiqui, M Sarwar; Rached, Marc; Fowler, David W. Mixture Design for Minimizing Cement Content in 
Pavement Concrete. Transportation Research Record: Journal of the Transportation Research Board, Issue 
2441, 2014, pp 20â€“27 
https://trid.trb.org/view/1289253 
Abstract: Pavement concrete containing aggregates that do not meet ASTM C33 often experiences workability 
problems. One of the reasons is the lack of proper guidelines for proportioning concrete that contains 
aggregates with poor shape, texture, and grading. Commonly used methods, such as ACI 211, were 
developed for aggregates that meet ASTM C33; these methods are not adequate for optimizing mixtures 
containing aggregates such as manufactured sands. This paper presents a simple mixture proportioning 
method for designing pavement concrete with low slump. The proposed method has the potential to minimize 
the cement content of paving mixtures with any available source or combination of aggregate without affecting 
performance. Several combinations of aggregates were tested and the results for slump, compressive 
strength, and modulus of elasticity are presented in this paper. 

Donnelly, James P; Lawler, John S; Rende, Nathaniel S; Krauss, Paul D; Kurth, Jonah C; Lequesne, Remy D. 
I-129 Missouri River Bridge Deck Condition Assessment Using Non-Destructive Testing Methods.
Wiss, Janney, Elstner Associates, Incorporated; Iowa Department of Transportation; Federal Highway
Administration, 2012, 227p
https://trid.trb.org/view/1590534
Abstract: Field testing using various non-destructive testing (NDT) methods was performed on the reinforced
concrete deck of the I-129 Bridge over the Missouri River in Sioux City, Iowa to provide a basis for comparing
the NDT techniques and characterizing the current condition of the deck. The NDT techniques employed
included visual inspections and sounding, infrared (IR) thermography, ground penetrating radar (GPR), impact
echo (IE), and half-cell potential testing. The actual damage in the deck that was used to evaluate the NDT
methods was estimated based on the mechanical sounding surveys, with core sampling to confirm these
findings. In addition to confirming the NDT testing, core samples were also collected to determine chloride
concentrations through the deck thickness. Based on this data and extensive measurements of concrete
cover depths obtained using GPR, service life predictions were developed using a statistical model built on a
finite difference-based approach for modeling chloride movement through the multi-layer deck of this bridge,
which included a low-slump concrete overlay. Delaminations and spalls were observed in 1 to 2 percent of

https://trid.trb.org/view/1590534


 
 

 
3 

the deck top surface area; this damage was concentrated around transverse cracks and was typically caused 
by chloride-induced corrosion of the reinforcing steel. The low-slump overlay has effectively protected the 
reinforcing steel in the deck from chloride infiltration away from cracks, and service life analysis suggests that 
the service life extension provided by the highly impermeable low-slump concrete may be as high as 80 
years when compared to typical bridge deck concrete alone. Repairs for this deck should focus on preventing 
further chloride ingress at cracked regions and on repairing existing damage. None of the survey techniques 
employed was wholly accurate. Aside from visual and sounding techniques, the two most accurate techniques, 
as applied to this bridge, were IE and IR thermography. IE testing was sensitive to misidentifying 
delaminations, in part due to the epoxy injection work performed previously on this bridge deck. IR 
thermography is inherently dependent on conducive weather, but was also adversely affected by epoxy 
residue on the deck top surface. 
 
 
Kivisto, Paul M. High Performance Concrete Bridge Decks in Minnesota. HPC Bridge Views, Federal 
Highway Administration; National Concrete Bridge Council, Issue Issues 1-38, 2005, 1p 
https://trid.trb.org/view/870498 
Abstract: This paper describes how bridges in Minnesota experience harsh conditions with wide temperature 
extremes, fairly long snow and ice seasons, and many applications of deicing chemicals. The standard bridge 
deck protection system of the Minnesota Department of Transportation (Mn/DOT) includes epoxy-coated 
reinforcement, a 7-in. (175-mm) thick conventional concrete structural slab, and a 2-in. (50-mm) thick low-
slump concrete overlay. This system has worked extremely well since the mid 1970s and is specified on 
most bridges. High performance concrete (HPC) bridge decks offer potential benefits to the state including 
decreased construction time, lower permeability, and cost savings of 5 percent or more compared to decks 
with low-slump overlays. 
 
 
Performance of latex modified and low slump concrete overlays on bridge decks.  Missouri. Highway 
and Transportation Department; Missouri. Highway and Transportation Department. Division of Materials and 
Research, Issue 83-1, 1984, 65 
https://trid.trb.org/view/1187667 
Abstract: No abstract provided. 
 
 
Transportation Research Syntheses 
 
Analysis of Bridge Deck Cracking Data 
http://www.lrrb.org/media/reports/201409.pdf 
Summary: 
Cracking of the concrete decks on newly constructed bridges in Minnesota has become a significant concern. 
MnDOT has been collecting bridge deck construction and early age cracking information since 2005. Crack 
surveys were performed on 20 bridges. A statistical analysis of bridge data, including the updated crack 
surveys, was performed to determine if there were any relationships between variables collected on the forms 
and crack frequency, type, or time of development 
 
 

Least Relevant Results 
 
Chamberlin, W P. PERFORMANCE AND SERVICE LIFE OF LOW-SLUMP-CONCRETE BRIDGE DECK 
OVERLAYS IN NEW YORK. FINAL REPORT.  New York State Department of Transportation; Federal 
Highway Administration, 1990, 30 p. 
https://trid.trb.org/view/344129 

https://trid.trb.org/view/870498
https://trid.trb.org/view/1187667
http://www.lrrb.org/media/reports/201409.pdf
https://trid.trb.org/view/344129
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Abstract: Fifty randomly selected concrete bridge decks in New York State, overlaid with low-slump 
concrete, were studied in 1985 after an average of 5 years of service.  The investigation included recording 
surface defects, measuring delamination and half-cell potentials, and sampling and testing for deck chloride 
profile.  Conclusions are drawn with regard to the nature and significance of the observed damage, and 
estimates are made of service life expectancy. Policy implications for the New York State Department of 
Transportation are discussed. 
 
 
Zimmerman, Justin M; Olson, Steven A; Schultz, Arturo Ernest. Economic Analysis of Repair and 
Replacement Strategies for Low-Slump Concrete Bridge Decks. Transportation Research Board 90th 
Annual Meeting, Transportation Research Board, 2011, 15p 
https://trid.trb.org/view/1093411 
Abstract: In the interest of providing tools for the cost-effective maintenance of an aging inventory of bridges, a 
method for comparing feasible repair/replacement sequences for low-slump concrete overlays for bridge 
decks is developed. The method relies on deterioration curves constructed using 21 years of inspection data 
from the National Bridge Inventory 492 bridge decks in Minnesota which were overlaid with low-slump 
concrete overlays placed between 1974 and 1981. Present value cost analysis was used to price the 
available options by identifying the sequence of repairs that has the least cost while maintaining a specified 
performance measure. The present value analysis considers the costs and timing of repair/replacement 
sequences, inflation, and the discount rate.  Using the results of this cost analysis, flow charts were developed 
that identify the least cost repair/replacement strategy anticipated for any particular bridge. The 
repair/replacement strategies considered included redecking, reoverlaying and mill & patch repairs.  Lastly, a 
parametric study was conducted to investigate the sensitivity of the analysis to several input values and 
several key assumptions. 
 
 
Zimmerman, Justin M; Olson, Steven A; Schultz, Arturo Ernest. Deterioration Curves for Economic Bridge 
Management Strategies. Transportation Research Board 90th Annual Meeting, Transportation Research 
Board, 2011, 15p 
https://trid.trb.org/view/1093036 
Abstract: A technique for computing deterioration curves for use in economic analyses of repair/replacement 
strategies for bridge elements is developed in this paper. The technique was applied to bridge decks with low 
slump concrete overlays placed between 1974 and 1981. Over twenty years of data from the National 
Bridge Inventory was used as the basis for the deterioration curves. The deterioration curves were assumed 
dependent on several variables. Potential key material and geometric variables were identified through a 
literature review, and the individual impact of these parameters on deterioration rates was examined using 
statistical methods. Variables determined to have a significant impact on the deterioration rates of these decks 
included: span length, average daily traffic, and superstructure material type. Based on the results of the 
statistical analysis, the bridge population data was then subdivided into groups with similar deterioration 
characteristics. Lastly, piecewise linear deterioration curves were constructed for the various subgroups. 
 
 
Zimmerman, Justin M; Olson, Steven A; Schultz, Arturo E. Determining Economic Strategies for Repair and 
Replacement of Low Slump Overlays of Bridge Decks.  University of Minnesota, Twin Cities; Minnesota 
Department of Transportation, 2007, 209p 
https://trid.trb.org/view/811654 
Abstract: In the interest of providing tools for the cost-effective maintenance of an aging inventory of bridges, a 
method for comparing feasible repair/replacement sequences for low-slump concrete overlays for bridge 
decks is developed. The method relies on a technique for computing deterioration curves using inspection data 
from the National Bridge Inventory. Over twenty years of inspection data for bridge decks in Minnesota, which 
were overlaid with low-slump concrete overlays placed between 1974 and 1981, were used. The 
deterioration curves were assumed dependent on several material and geometric variables identified by means 

https://trid.trb.org/view/1093411
https://trid.trb.org/view/1093036
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of a literature review, and the statistical significance of these parameters on deterioration rates was examined. 
These variables include span length, average daily traffic, and superstructure material type, and piecewise 
linear deterioration curves were constructed for various subgroups with similar deterioration characteristics. 
Present value cost analysis was used to price the available options by identifying the sequence of repairs that 
has the least cost while maintaining a specified performance measure. The present value analysis considers 
the costs and timing of repair/replacement sequences, inflation, and the discount rate. 
 
 
Shen, Lin; Jovein, Hamed  Bahrami; Wang, Qian. Correlating Aggregate Properties and Concrete 
Rheology to Dynamic Segregation of Self-Consolidating Concrete. Journal of Materials in Civil 
Engineering, Volume 28, Issue 1, 2016, Content ID 04015067 
https://trid.trb.org/view/1354208 
Abstract: Segregation is a common problem in self-consolidating concrete (SCC), which is sensitive to mix 
proportions such as superplasticizer dosage, as well as the size, volume, and gradation of the aggregate. 
Dynamic segregation, when coarse aggregate lags behind during the flowing process, is distinguishable from 
static segregation, when coarse aggregate settles in concrete at rest. In the research reported in this paper, a 
flow trough and a concrete rheometer were used to study the effects of various aggregate properties and 
concrete rheology on dynamic segregation of SCC. An equation for the drag force was found useful to 
understand how various mix proportions and concrete rheology affecting dynamic segregation. Higher paste 
volume, lower superplasticizer percent by weight of cement, lower slump flow, smaller coarse aggregate, and 
better gradation may increase dynamic stability. Smaller aggregate size has more significant effect than other 
aggregate properties. Mixtures with dynamic yield stress less than 50Â Pa exhibited severe segregation from 
both flow trough and visual stability index (VSI) tests. Mixtures with static yield stress of 250Â Pa or higher had 
satisfactory dynamic stability, while mixtures with static yield stress of 100Â Pa or lower showed severe 
dynamic segregation. No clear correlation was observed between concrete plastic viscosity and dynamic 
segregation. 
 
 
Phased Construction Bridges: Monitoring and Analysis for Traffic-Induced Vibration. [Project].  
Nebraska Department of Transportation. Start date: 1 Jul. 2019. 
https://trid.trb.org/view/1613566  
Description: Background 
Due to the current state of deteriorating infrastructure in the region and country, the number of bridges in the 
state and in the country in need of replacement is expected to increase. However, the complete closure of a 
traffic route to allow for the construction of a new bridge is often not feasible - particularly in rural Nebraska, in 
which truck traffic is limited to few routes and is critical to the economic vitality of the state. To address this 
need and reduce detours, phased (staged) construction has become a very prevalent practice for bridge 
replacement, which allows the bridge to remain partially open to traffic throughout construction. While phased 
construction can be interpreted as a very broad term, herein it is defined as the situation where one segment of 
the bridge is constructed adjacent to an existing segment. Typically, the number of traffic lanes is reduced to 
allow for partial demolition of the bridge. Then, a new segment of the bridge is constructed - termed the first 
phase. Once traffic is re-routed to the new segment, the remaining bridge is demolished and replaced - the 
new construction termed the second phase. In most situations, rebar extends from the first phase deck and is 
spliced to the second phase deck reinforcement prior to pouring of the deck. 
 
Despite the practical advantages of phased construction, bridges constructed in this manner have been 
observed to have several constructability, serviceability, and durability issues. The most common issue 
associated with phased construction is differential elevation, which occurs when the second phase deck does 
not vertically align with the first phase deck. If this differential elevation is greater than 2 inches (NDOT 2016), 
a closure pour is often required which extends the duration of construction and increases costs. A number of 
studies have focused on the problem of differential elevation determining that many factors contribute to the 
differential and that no one clear mitigation measure can completely eliminate it (e.g., Azizinami ni et al. 2003, 

https://trid.trb.org/view/1613566
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Norton and Shane 2014, Mohammadi et al. 2014). A second issue widely associated with phased construction 
is premature deterioration of the second-phase deck and/or closure pour region. This premature deterioration 
is often evidenced by transverse cracking of the second-phase deck along most of the span. This extensive 
early-age cracking can substantially increase the costs associated with maintenance, repair, and rehabilitation 
over the lifetime of the bridge; and, therefore, there is a critical need to identify the causes of this early-age 
cracking and determine appropriate methods to mitigate premature deterioration of the deck. 
 
There are many reasons why a concrete deck cracks, including plastic settlement, thermal shrinkage, and 
heavy traffic loads. However, the widespread occurrence of early-age cracking in second-phase decks where 
similar cracking is not observed in the first-phase decks indicates that the cause of this cracking must be 
directly related to the phased construction techniques. One such potential cause and the major underlying 
premise of this research is traffic-induced vibration, which is defined as the transfer of vibration and relative 
motion from the first-phase deck (which is open to traffic) to the curing concrete of the second-phase deck. 
This vibration can be transferred directly by the supporting formwork, transverse diaphragms (if present), the 
embedded reinforcing bars, and edge of the first-phase concrete. This will have two primary effects: 1) 
vibration of the curing concrete, and 2) deflection of the spliced reinforcing bars. 
 
While it is widely recognized that vibration of concrete is necessary for proper consolidation and to achieve 
sufficient strength, revibration or the process of vibrating concrete that was previously vibrated does not 
necessarily improve the performance of reinforced concrete components. Specifically, revibration is expected 
to improve bond strength in high-slump concrete, but it may significantly reduce bond strength in low-slump 
concretes (American Concrete Institute 2005), similar to mix designs used for Nebraska bridge decks. More 
targeted studies for curing bridge decks have found that traffic-induced vibration causes closure pour regions 
to flex substantially which primarily results in excessive cracking with relatively minor reductions in bond 
strength (Kwan and Ng 2007a, Kwan and Ng 2007b). However, a more general study of bond strength due to 
differential deflection in 6-inch cube specimens observed reductions in bond strength for deflections as low as 
0.05 inch (Federal Highway Administration 2012). In addition to impacts on the bond strength, a very recent 
experimental study found that prolonged revibration (e.g., 6 hours) of concrete cylinders reduced the concrete 
compressive strength as much as 25% and is a likely source of excessive cracking in bridge decks exposed to 
traffic-induced vibration (Hong and Park 2015). 
 
While it is apparent from the literature that traffic-induced vibration is a definite source of premature 
deterioration in phased construction, there is no clear method to mitigate this damage. This project will directly 
address this gap in knowledge by measuring existing levels of traffic-induced vibration in the field and directly 
implementing varying levels of this vibration in a laboratory experiment. Results of these experiments will 
provide clear guidance on how to mitigate the harmful impacts of traffic-induced vibration and enhance the 
durability of phased construction bridge decks. 
  
Objective 
The primary objective of this research is to determine the amplitude, frequency, and duration of traffic-induced 
vibration that results in premature deterioration of concrete bridge decks in phased construction and identify 
methods for mitigating its effects. 
 
 
Feys, Dimitri; Riding, Kyle; GÃ¡lvez-Moreno, Daniel; Salinas, Alexis; Wehar, Alexandra. Influence of Casting 
Conditions on Durability and Structural Performance of HPC-AR: Changes in Workability and Air-Void 
System of Concrete due to Pumping.  Research on Concrete Applications for Sustainable Transportation 
(RE-CAST); Missouri University of Science and Technology; Office of the Assistant Secretary for Research 
and Technology; Department of Transportation, 2020, 304p 
https://trid.trb.org/view/1683204 
Abstract: This report summarizes the research performed on the influence of pumping operations on the 
changes in workability, rheology, air content, air-void system, freeze-thaw and scaling resistance of self-
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consolidating concrete (SCC). This project is a collaboration between the RE-CAST Tier-1 UTC the ACI 
Foundation, the Kansas State University (through funding from the Kansas DOT), EllisDon and CBM St-Marys. 
A portion of the results are summarized in the K-DOT report based on a research project on the effect of 
pumping on properties of low-slump concrete mixtures for bridge decks, as well as a paper in Materials and 
Structures. This report discusses the continuation of the research work, as some dramatic results were 
observed especially for SCC. When pumping concrete, a portion of the material is subjected to very high 
shear rates, and the lower the yield stress, the larger the concrete volume in the pipe which is exposed to 
shear. Shearing can cause substantial changes in rheology and workability, while a combination of pressure 
and shearing can induce major changes in the air-void system. Figure 1 shows the change in spacing factor, 
which is the difference between the spacing factor of the pumped and non-pumped concrete, due to the 
pumping process. These results were obtained in an experimental campaign with EllisDon and CBM-St-Marys 
in Toronto, ON, Canada in May 2015. No major changes were imposed on the different SCC mix designs, 
apart from the workability level. Figure 1 shows that the spacing factor increases more with a faster flow rate, 
due to the increase in applied pressure and in shearing. The use of a reducer (triangles), also increases the 
change in spacing factor, due to the same reasons. It should also be mentioned that one of the tests when 
using a reducer caused segregation of the SCC. However, the most striking results are the magnitude of those 
changes: the spacing factor increased with values between 250 and 550 Î¼m, significantly above the 
acceptable limits. Normal concrete shows changes up to 100-150 Î¼m, making SCC more sensitive. This is 
why further investigation on SCC is necessary. 
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