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Abstract 

This report documents and presents the use of steel fiber-reinforced rubberized concrete 

(SFRRC) in cold regions. Investigation of SFRRC was conducted using wheel tracker rut and 

freeze-thaw laboratory testing procedures at the University of Alaska Anchorage (UAA). Wheel 

tracker results showed a significant improvement in SFRRC rutting compared with asphalt 

rutting, and the freeze-thaw test results showed low significant resistance to cracking and 

compressive strength loss in SFRRC compared with standard Portland cement concrete. An 

experimental cast-in-place panel was then installed at UAA in summer 2015 and showed little 

signs of wear after 1 year. Next, pre-cast panels were designed and placed in a high-traffic urban 

arterial to determine rutting, freeze-thaw resistance, construction methods, and life cycle cost. 

Design, construction, and installation of the panels were completed at the Abbott Road 

construction project in summer 2017. The panels will be monitored and analyzed to determine 

the viability of SFRRC in roadway systems. 
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Summary of Findings 

The research team successfully implemented several testing procedures to determine the use of 
steel fiber-reinforced rubberized concrete (SFRRC). An experimental test slab was installed at 
UAA to verify mixing, placing, and use of the material prior to larger scale placement of pre-cast 
panels installed on Abbott Road for full experimental testing. Each phase of the research 
provided important insight to future use of SFRRC in roadway construction.  

The SFRRC was tested for loss of compressive strength and material deterioration due to freeze-
thaw action. The results showed the following: 

 15% increased compressive strength after the second trial completed by third party 
testing (Applied Testing), after freeze-thaw testing was performed.  

 15% increased compressive strength with the UAA apparatus completing ASTM 
C666 freeze-thaw testing consistent with the results from Applied Testing.  

 No noticeable deterioration of samples from Applied Testing trial two.  UAA testing 
showed deterioration, crumbling of corners and aggregate loss, of two samples mixed 
in the lab while other two samples mixed in the field showed no noticeable 
deterioration.  

 Greater than 25% increased resistance to freeze-thaw action compared with standard 
Portland cement concrete (PCC) based on previous relative dynamic modulus of 
elasticity (RDME) results from Shang and Yi (2013).  

 
The AASHTO T324 wheel tracker testing procedures were completed for the standard steel 
wheel and the modified rubber tire with studs. The results showed the following: 

 much lower deformation with the steel wheel procedure on SFRRC (0.076 cm) than 
on HMA (0.165 cm) and a 0.64 cm deep rut with the modified rubber tire procedure 
across the traveled wheel path of the SFRRC sample. 

 mitigation of material loss due to randomly distributed steel fibers bridging the rutted 
area and minimized spalling from the micro fractures.  

 
The SFRRC UAA trial slab was created to verify mixing, placing, and use of the material prior 
to larger scale placement of pre-cast panels in a roadway. The results showed the following: 

 transport and placement of SFRRC for the UAA trial slab were similar to a typical 
PCC installation.  

 finishing of the material was more difficult than finishing standard PCC because the 
steel fibers create an intertwined bond throughout the material.  

 composition showed increased resistance to micro cracking, as multiple steel fibers 
bridge the cracks.  

 no thermal cracking, spalling, or rutting of the UAA trial slab were observed when 
the trial slab was inspected throughout two winter seasons.  

 slight delamination of steel fibers and crumb rubber not fully embedded in the surface 
of the UAA trial slab were apparent.  

 
An experimental test section was designed and then constructed at Abbott Road as part of a 
rehabilitation project. The test section showed the following: 
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 design, mixing, and pouring of SFRRC pre-cast panels can be achieved with current 
practices and equipment in Alaska. 

 preparation of the leveling course under the test section for pre-cast panels is a crucial 
component to ride quality and ease of installation. 

 transport and placement of the panels must be completed carefully, but did not require 
specialized equipment. 

 once all panels are placed, fine adjustments are required for leveling the section prior 
to placing grout. 

 use of a cast-in-place method simplifies the design and placement process, as it does 
not require special design for a joint system, preparation for leveling course, follow-
up adjustments, or grouting. 

 
Post-construction monitoring will be conducted on the test section for 3 years to inspect the 
following items: 

 Falling weight deflectometer testing to determine joint transfer efficiency and load 
bearing capacity. 

 Strain gage data monitoring for freeze-thaw stresses. 
 Visual inspection for any cracking or heaving due to freeze-thaw stresses. 
 Rut measurements to determine abrasion resistance to studded tires. 
 IRI measurements to determine effects of frost heave to ride quality. 
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CHAPTER 1 – INTRODUCTION AND RESEARCH APPROACH 

Background 

The construction of roadway pavements has undergone change repeatedly to accommodate new 
transportation technologies. Larger vehicles, increased load repetitions, higher stopping forces, 
and improved studding traction are some of the issues that pavement technology has had to 
overcome. Although great improvements in pavement can be seen, an area lacking innovation is 
at intersections of high-volume-traffic roadways. At these intersections, transverse rutting from 
stud wear, displacement of asphalt due to static traffic loads, and shoving due to stopping forces 
occur. Because of these differing forces, especially at intersections, the use of stronger and 
abrasion resistant material would be beneficial.  

In Alaska, the state Department of Transportation and Public Facilities (DOT&PF) designs 
pavement structures for a life of 20 years, but in most cases, conducts routine maintenance every 
7 years. Alaska has one of the longest seasons in the U.S. for permitted stud tire use; in 
Anchorage, the season starts as early as the middle of September and ends the beginning of May. 
With the increased abrasion caused by studded tires, deterioration of pavement roadways in 
Alaska is extensive. 

Studies have been completed that identify and alleviate these issues by methods such as 
modifying asphalt mix designs, routine maintenance plans, and replacement of asphalt with 
Portland cement concrete (PCC). These solutions may work, but only under specific situations. 
For example, some modifications to the mix design may not be possible because of weather and 
loading limitations. Routine maintenance solves issues in the short term, but can create long-term 
issues once materials have reached the serviceable threshold. Furthermore, maintenance work 
impacts the traveling public by causing construction delays, especially in summer during 
Alaska’s short construction season. Portland cement is a viable option for construction of an 
intersection if modified to withstand the freeze-thaw cycle in cold regions.  

The compressive strength of concrete is much higher than that of asphalt, and concrete tolerates 
stud abrasion longer. A study conducted in Washington shows that concrete pavements 28 years 
old have an average rut depth of 0.25 inches, while asphalt pavement 3 years old in a similar area 
show rut depths of 1.5 inches (WSDOT – State Materials Laboratory, 2008). Resistance to 
abrasion would be a significant benefit if concrete were installed in a high traffic intersection. 
The increase in design life would lower maintenance costs caused by wear and lower the impact 
on the traveling public.  

There are many benefits to using PCC rather than asphalt pavement, but several limitations arise 
when using it in cold region conditions. The freeze-thaw cycle of cold regions must be accounted 
for when designing roadway structures. Because of its nonflexible properties, PCC cracks when 
introduced to stress from frost heaving and settlement.  

Recent studies have been conducted to help mitigate the freeze-thaw effect on PCC. In order to 
induce flexibility, small pieces of crumbed rubber are incorporated in the concrete aggregate mix 
design, the result of which is termed rubberized concrete (RC). The added flexibility allows 
concrete to relieve the stress from frost heave and settlement. The inclusion of rubber in place of 
aggregate, however, lowers the compressive strength of concrete and leads to issues with 
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achieving load capacity for vehicular traffic. To increase the strength of concrete, research has 
been conducted with mixtures of concrete and rubber with the inclusion of steel fibers; this 
product is termed steel fiber reinforced rubberized concrete (SFRRC).  

With research showing that SFRRC can be considered a flexible high-strength concrete, the use 
of the material in highway intersections must be analyzed with regard to cost, constructability, 
freeze-thaw resistance, and design life. The final step in the process will be to determine the 
safety benefits that can be attributed to elimination or minimizing of ruts in roadway 
intersections and ensuring adequate surface friction for stopping and starting at an intersection. 

Research Objective 

Many challenges accompany the use of PCC in cold regions, but with the inclusion of new 
technologies such as steel fibers and crumb rubber, efficient construction may be possible. The 
objective of this investigation is to determine if SFRRC can reduce rutting in intersections cost-
effectively compared with asphalt pavement, and if SFRRC can withstand frost heave cycles and 
increase the roadway service life of intersections. A long-term goal (not an objective of this 
study) is to determine if the reduction of rutting in intersections in turn reduces the frequency of 
accidents—a topic for a future proposal.  

Research Approach 

The research of SFRRC began by conducting a thorough literature review (see Appendix B), 
followed by creating SFRRC samples based on optimum mix designs, as describe in Abaza and 
Hussein (2016). The main laboratory procedures involved wheel tracker with studs, freeze-thaw, 
compressive strength, and shrinkage testing. With the wheel tracker, a simulation of rutting by 
vehicular traffic on test samples was conducted. To simulate the studded tire wear seen in 
Alaska, a rubber tire was equipped with studs and placed on the wheel tracker system. A side-by-
side comparison of standard asphaltic mixtures designed by DOT&PF for general highway 
construction was conducted. Next, several samples were replicated and placed under artificially 
accelerated freeze-thaw cycles to determine whether cold region conditions could be withstood.  

Data were compiled, analyzed, and discussed with DOT&PF representatives to coordinate full-
scale experimentation on a roadway resurfacing project. To determine if the data were 
significant, statistical analysis was conducted. The differences in mean rutting depths and freeze-
thaw results were compared to determine if significant results were achieved. 

Criteria were set to choose an optimum location for installation of SFRRC. The location required 
uniform traffic with minimal approaches or driveways, sufficient crash data for future 
comparisons, standard geometry to minimize construction issues, and availability of traffic 
detouring in case issues arose with SFRRC implementation.  

The capital project, Abbott Road Rehabilitation-Phase I, was selected as an optimal location for 
implementation of a test section. The location consisted of one lane in each direction along with 
a shared turn lane that could be utilized during construction and monitoring.  One section of the 
roadway was constructed of SFRRC directly followed by DOT&PF standard hot mix asphalt 
(HMA) for comparison purposes.  
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The test section was constructed with sensor equipment to calculate temperature changes, 
displacement (lateral and longitudinal), annual average daily traffic (AADT) volumes, and 
rutting depths. Criteria were set prior to construction to determine when the lane had reached its 
service life.  

A three-year monitoring plan of the SFRRC test section will be completed to report an accurate 
final assessment of the product. The extended monitoring plan will include visual inspections for 
edge and joint deflections, cracking of the slab, grout failure, joint adhesive failure, and rutting 
due to studded tire wear. In addition, strain gauge data will be monitored continuously along 
with periodic deflection testing using a falling weight deflectometer. Pavement Management 
System data collected annually will be compared with adjacent pavement to track rutting, 
cracking and IRI.  Surface friction values using a British Pendulum Unit will also be taken 
annually. 
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CHAPTER 2 – METHODOLOGY 

Material Mix Design and Assurance Testing 

The proposed research began by creating SFRRC samples based on an optimum mix design as 
describe by Abaza and Hussein (2016). During creation of the mix design, 16 separate batches 
were created with differing crumb rubber and steel fiber proportions. Batch number 10 was 
selected as the optimum mix design; it includes 15% crumb rubber replacing the fine aggregate 
volume and steel fibers by a volume fraction of 1.28% of total mix. The crumb rubber was 
obtained locally and graded to a maximum nominal size of 0.635 cm. The steel fibers used 
previously were Novocon FE1050, but they have been superseded by Novocon FE0730 fibers, 
which are produced by Propex Concrete systems. FE0730 fibers are cold drawn, have flat ends, 
are 3.0 cm in length, and have tensile strengths up to 1,399,636 kPa (kilopascal). 

Samples of the optimized design were mixed, cast, and cured with procedures comparable to that 
completed by Abaza and Hussein (2016) to confirm previously established results such as 
compressive strength, slump, air content, unit weight, and flexural strength.  

Freeze-Thaw 

Once the mix was verified, further investigation was conducted to determine the freeze-thaw 
characteristics of the material. At the UAA materials laboratory, a system was established that 
simulates accelerated freeze-thaw cycles in conformance with ASTM C666 (Abaza and 
Bergeron, 2014). The system utilized a commercial freezing unit along with a heating element 
and thermal probes, as shown in Figure 1. The system is controlled by a software program that 
completes a freeze-thaw cycle by activating the freezer until core temperatures drop to 0°F; then 
the heating element brings the core temperature above freezing so that the process can be 
repeated. To effectively test the freeze-thaw resistance of the material, it is recommended that 
300 cycles be performed. 

 

 

Figure 1: UAA freeze-thaw testing system. 

Several samples of SFRRC material were inserted into cylindrical test containers and placed into 
the freezing unit to complete the ASTM 666 procedure. The program was administered with the 
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goal of completing 300 cycles. Once the process was complete, compressive strength testing, 
sample length measurements, and visual inspection were conducted. 

The UAA test apparatus is a prototype and required modifications to the heating element and 
computer software along with refinement of the freeze-thaw cycle and procedures. Because of 
this, a third-party testing facility, Applied Testing and Geosciences, was employed to accelerate 
and verify results obtained by the UAA test apparatus. 

Wheel Tracker  

The wheel tracker apparatus located at the UAA materials laboratory was used for determining 
the abrasion resistance of the SFRRC material. The apparatus was a Controls Double Wheel 
Tracker (DWT), Pavetrack 77-PV33E05, state-of-the-art loaded wheel system (Figure 2).  

 

Figure 2: The Controls Group double wheel tracker system. 

The AASHTO T324 procedure uses stainless steel wheels for testing, while the EN 12697-22 
uses rubber tire wheels, but no procedure has been standardized for use of studs on a rubber tire 
with the wheel tracker apparatus. In order to conduct experimental studded tire testing, 
theoretical values must be obtained and translated to accurately represent real-world situations. 
Using the studded rubber tire was a deviation from the AASHTO T324 specification. 

Based on research completed by Kupiainen and Pirjola (2011), stud usage restrictions range 
depending on location. Finnish legislation restricts stud use to 50 studs per 1 m of rolling tire 
circumference. The weight of conventional studs in Alaska is typically 1.9 g per stud, and 
approximately 60% of winter vehicles are equipped with studs. For this research, a tire size of 
235/60/R16 was used, which translates to a tire width of 235 mm, 60% tread height of tire, or 
141 mm and a rim diameter of 406.4 mm. The mass applied to the measurement tire was 980 kg.  

With these values and using Equation 3.1, we determined that a value of 7 studs for the 
Pavetrack tire would result in the same number of studs making contact with the pavement 
surface per distance traversed in real-world situations. 
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SM = L x Sn (AT/AM) [3.1] 

where 
SM: studs required for model tire 
L: wheel circumference length (m) 
SN: studs per meter of rolling length 
AT: surface area of theoretical tire 
AM: surface area of model tire 
 

UAA Trial Slab 

In addition to laboratory testing, an experimental slab was cast in place for evaluation under real-
world conditions. Through coordination with the DOT&PF, local contractors, and UAA, a 
location was selected (see Figure 3) near the UAA Consortium Library parking garage where bus 
traffic is constant. Although not as great as on a highway, the traffic volume would be sufficient 
to test the material. A benefit of this location was the low speed limit for vehicles traversing the 
slab, so if any issues with the material occurred, safety risks would be minimized. After choosing 
the location for installation, we determined the slab thickness. 

 

Figure 3: The SFRRC trial slab location near the UAA Consortium Library. 

Several methods can be used to determine concrete slab thickness, but for this determination, the 
Portland Cement Association (PCA) method was used. The design criteria for PCA include 
general pavement design, performance, research experience, and relationship to performance of 
pavements in the AASHO Road Test and to studies of pavement faulting (Huang, 2004). To 
determine the slab thickness, we calculated many design factors and input the calculations in a 
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design chart. Each design factor was calculated followed by a thickness determination of 17.78 
cm using the AASHTO design chart.  

With a thickness of 17.78 cm determined, it was necessary to create a typical slab section. For 
the experimental slab at UAA, the dimensions were 2.44 m long by 9.14 m wide. Calculations 
were completed using material properties, traffic data, and a maximum slab length of 
approximately 4.57 m based on AASHTO recommendations (Huang, 2004). The slab was 
divided into two halves by placing an expansion joint at mid span. The approximate length and 
orientation of the slab are shown in Figure 4. 

 

Figure 4: SFRRC trial slab location with planned dimensions and orientation. 

The trial slab installation was completed in early September 2015. The process included 
preparing the slab location, mixing the SFRRC material at the Alaska Sand and Gravel batch 
plant, transport of material to the site, and placement and finishing of the slab by the Finishing 
Edge concrete crew.  

Abbott Road Test Section 

The UAA cast-in-place (CIP) slab was completed and observed over a winter. The SFRRC 
material did not exhibit any immediate weakness or issues that would cause failure. The next 
step was to install a test section where a higher volume traffic load could be tested.  

The location of the trial section was determined based on project availability, traffic volumes, 
and the geometry of the roadway section as shown in Figure 6. The AMATS: Abbott Road 
Rehabilitation project was selected, as it was scheduled for the upcoming construction season. In 
addition, the traffic volume was substantial, with an Annual Average Daily Traffic of 
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approximately 15,000 and would provide rutting data within several years. This is apparent 
based on the existing asphalt conditions and recorded traffic counts. 

 

Figure 5: Selected location of SFRRC trail section on Abbott Road. 

The intended use of SFRRC is at high-volume intersections, but to avoid geometric challenges 
and traffic-control issues and to eliminate unknown variables, a linear portion of the roadway 
was chosen as the test section. The location has limited turning traffic, acceleration or 
deceleration, and a shared left-turn lane, simplifying traffic control during construction. The 
detailed layout and design can be seen on the plan sheets in Appendix C. 

In coordination with the DOT&PF Highway Data unit, an automated traffic recording station 
was added to the project for installation immediately succeeding the test section. This recording 
station would provide both below roadway and pavement surface ambient temperature, as well as 
traffic volume, and vehicle classification data. 

The initial plan for placement of the material was to pour in place. In further discussions about 
construction sequencing for installation of the material at intersections, we concluded that it 
would be impractical to pour in place because the concrete would require a minimum of 7 days 
to cure before traffic could be allowed, an amount of time that would be difficult at a high-
volume intersection. We determined that precast panels would be required for the test section.  

Research was conducted into installation of precast panels, specifically a report by Minnesota 
DOT (2005) that used the Super-Slab system. The design and specifications shown in the report 
provided a template for the design of precast panels to use on Abbott Road. These panels 
featured slotted and doweled ends, tapered edges, lifting mechanisms, and grouting ports, details 
that would ensure proper load transfer, ease of placement, and filling of any voids under the 
panels. 

Along with the data provided by the automated traffic recording station, a strain gauge system 
was designed for embedment in the pre-cast panels. The gauges would provide information on 
the freeze-thaw cycles and any sustained stresses that occur throughout the life span of the 
panels. 
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CHAPTER 3 – INTERPRETATION, APPRAISAL, AND APPLICATIONS 

Assurance Testing Results  

With the exception of one element, the mix design was strictly followed based on previous 
testing. The type of steel fibers used for the original testing procedures was Novocon FE1050, 
which was discontinued, superseded by Novocon FE0730. The FE0730 fibers are of similar 
material and design for flat ends, but are slightly shorter and have higher tensile strength than 
FE1050 fibers. Through assurance testing, the change in fibers was determined to produce minor 
changes in the test results, but still provide acceptable values.  

Part of the assurance testing included air entrainment. Based on the test results, we determined 
that the mix design did not require any admixtures for air entrainment. Further investigation 
theorized that because crumb rubber particles are jagged due to the manufacturing process, 
natural air pockets are created within the microstructure of the material (see Figure 6). In 
addition, the natural microstructure of rubber is porous, allowing for microscopic air voids 
within the particles themselves. Air entrainment testing of the SFRRC material resulted in an air 
content of approximately 6%, which is determined to be near optimum based on Alaska roadway 
construction standards. 

 

Figure 6: Crumb rubber particles at 80x magnification (Richardson, Coventry, and Ward, 2012). 

Crumb rubber used as the main source for air entrainment also added to the toughness and 
durability of the material in resisting freeze-thaw cycles. Crumb rubber is ductile and rebounds 
after it has been compressed. As SFRRC freezes, the rubber allows it to compress, but unlike 
admixtures, when SFRRC begins to thaw, the rubber allows the material to rebound as well. 
With admixtures, when air voids are compressed they do not have a tendency to rebound. 

Another part of the assurance testing was determining the compressive strength of SFRRC with 
the differing steel fibers. Several tests were conducted using FE0730 fibers, and results showed 
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an average of 5,353 psi, with significance between all the results. The test results using FE1050 
showed a compressive strength of 6,710 psi. A significant difference in compressive strength 
was determined between the two types of steel fibers. Since the only variable altered in the two 
mix designs was the steel fibers, we assume that the reduction in compressive strength is related 
to this element. With FE0730 being a smaller fiber, a possible reduction in adhesion between the 
surface area of the fibers and the concrete could occur. In addition, the smaller FE0730 fibers 
were more susceptible to clumping when added to the mix during batching. 

The reduction in compressive strength may relate to the increase in flexural strength that was 
observed. The AASHTO T23 flexural strength test results show an average modulus of rupture 
of 1,182 psi with significance between all results. The tests performed using FE1050 fibers 
resulted in a modulus of rupture of 1,010 psi. This result shows an increase of 17% in flexural 
strength, where a decrease of 25% was noticed in compressive strength.  

Although there is a greater percent decrease in compressive strength, the increase in flexural 
strength has greater significance. Flexural strength is greater related to freeze-thaw resistance 
than compressive strength. Most cracking of standard PCC can be attributed to the flexural 
bending and movement of material caused by freezing, heaving, thawing, and settling. An 
increase in compressive strength does little to mitigate these actions, but an increase in flexural 
strength will directly enhance resistance to cracking. In addition, compressive strength decreased 
with the use of FE0730 steel fibers, but based on standard concrete practices in Alaska, still 
provided much greater compressive strength than minimum requirements. 

Similar to the decrease in compressive strength, an increase in flexural strength may be related to 
the geometrical differences between FE0730 steel fibers and FE1050 steel fibers. The smaller 
FE0730 fibers require a larger number of individual fibers. For flexural strength, this is 
beneficial, as a larger random distribution across SFRRC would mitigate the initial first cracking 
that ultimately causes flexural strength failure. In addition, with greater fiber distribution 
throughout the mix, micro fracturing can be minimized in more locations, increasing the overall 
flexural strength of the material. Test results and analysis calculations can be found in Appendix 
D. 

Freeze-Thaw Results 

With the initial methodology, we had planned to use the freeze-thaw apparatus located at UAA 
to conduct the ASTM C666 testing procedures. Several issues occurred with the apparatus that 
resulted in delays and required modifications. These issues included differing heating elements, 
changes in the software program, and modified containers for the sample. To avoid the risk of 
inaccurate or incomplete results and to expedite the testing procedure, we arranged for a third-
party accredited agency to perform the ASTM C666 testing process. 

The agency—Applied Testing—was able to complete the process in 5 to 6 weeks. The UAA 
apparatus would have required 5 to 8 months in the current configuration. Applied Testing 
completed the ASTM C666 procedure, and results showed a modulus of elasticity (RDME) value 
of 96% and a compressive strength value of 2,640 psi. A control specimen was also tested for 
compressive strength and resulted in a value of 2,852 psi. These values were much lower than 
the previous compressive strength average value of 5,353 psi.  
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Possible reduction in compressive strength could be attributed to several factors. The geometry 
of the samples for conducting the ASTM C666 procedure differs from compressive strength 
testing. The freeze-thaw samples tested for compressive strength were 3 in. square prisms that 
were saw cut into 3 in. cubes, whereas the standard compressive strength tests were conducted 
with 4 in. and 6 in. diameter cylinders. The length of the FE0730 fibers is 1.18 in. With the 
samples only 3 in. in size, proper distribution of the fibers could be hindered. In addition, with 
aggregate size up to 0.75 in., proper coating of the cement material could be prohibited.  

We discussed proper mixing procedures with Applied Testing. The addition of material at correct 
intervals assured that no clumping occurred and equal distribution was achieved. Applied 
Testing stated that a possible deviation with the mixing procedures may have occurred. 

Applied Testing performed a second trial testing procedure starting with batching the mix, 
molding, conducting the ASTM C666, and comparing the compressive strengths. The second 
trial resulted in a similar RDME value of 97%. The compressive strength results were much 
higher than the initial trial, but still lower than the compressive strength of 5,353 psi. Similar to 
the first trial, we assumed that the geometry of the sample contributed to lower compressive 
strength. Unlike the first trial, however, the compressive strength of 4,635 psi for the freeze-thaw 
sample was higher than the control sample of 4,040 psi. Both samples were created from an 
identical mix at the same time, which leads us to conclude that molding of the samples in the 
smaller cubic dimensions may introduce significant variability in the compressive strength 
characteristics of the samples. 

Due to the requirements of Applied Testing’s equipment, the 3 in. prisms were all that could be 
used. If future testing is performed, an additional set of 4 in. or 6 in. cylinders should be molded 
concurrently with the 3 in. prisms from the same mixed batch. This would provide accurate data 
that could be directly compared with previous compressive strength testing without variability in 
geometry involved. In addition, this would provide a correlation of strength between the 3 in. 
cubic geometry and the standard compressive strength cylinders. 

After the UAA freeze-thaw apparatus was modified and the ASTM C666 procedure was 
completed, the samples were tested for compressive strength. The decrease in overall 
compressive strength from the Applied Testing results was initially determined to be caused by 
the molds, but interestingly, the results from the UAA freeze-thaw testing were almost identical 
to the second trial from Applied Testing. The freeze-thaw and control compressive strengths 
were within 1% between the UAA and Applied Testing procedures, and a 15% increase occurred 
in compressive strength after freeze-thaw testing. The UAA samples were approximately 4 in. 
diameter cylinders, which is similar to the standard used for compressive strength testing. The 
overall drop in compressive strength was not expected nor was a cause easily determined, but the 
close correlation between the two freeze-thaw tests suggests that the results were accurate and 
repeatable. 

Even though the overall compressive strength was less than previous results, the increase of 15% 
after freeze-thaw procedures compared with the controls correlated with both tests. One possible 
theory is that freeze-thaw testing could contribute to hardening of the crumb rubber during the 
expansion and contraction process. As the material was compressed and released, the ductility of 
the crumb rubber may have decreased, becoming more brittle and increasing the compressive 
strength. In addition, the steel fibers could have benefited from the freeze-thaw cycles in a 
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similar manner. The flexural strength testing, Applied Testing reports, and analysis can be found 
in Appendix E. 

Wheel Tracker Results 

The SFRRC material was batched, and molds were made for the DWT Pavetrack 77-PV32E05. 
As shown in Figure 7, the samples were molded into 36.20 cm long by 29.85 cm wide by 8.89 
cm deep slabs, as required for the apparatus. The material was hand-tamped into the molds and 
vibrated to ensure consolidation throughout.  

 

 

Figure 7: Molding of the wheel tracker SFRRC samples. 

The DWT was calibrated and equipped with steel wheels to perform the AASHTO T324 
procedures. Two samples of SFRRC were placed into the testing apparatus under each wheel, 
and the 20,000-cycle process was administered. The samples were run under wet conditions, as 
prescribed by the testing procedures. Inspection of the samples showed minor surface wear of 
less than 0.076 cm (see Figure 8). 
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Figure 8: SFRRC sample after 20,000 repetitions with the steel wheel. 

To compare SFRRC with typical Alaska Highway HMA, samples were tested using the 
AASHTO T324 procedure. The material was obtained from samples taken during construction 
on local road and airport parking areas. The material was heated in the UAA laboratory and 
compacted using a Controls asphalt slab roller compactor. The samples included HMA Type II 
mix with local aggregate and a HMA Type VH mix with imported aggregate that had a higher 
durability rating designed to mitigate stud wear. However, the local aggregate resulted in lower 
deformation, 0.15 cm, than the imported aggregate, 0.18 cm. This result may seem contrary to 
the expectations of a higher durability aggregate, but the focus of AASHTO T324 is more on 
plastic deformation than on particle wear. The composition of the two HMA designs differs in 
many respects, such as the aggregate gradation, asphalt cement supplier, rock fracture 
requirements, and rutting requirements. The asphalt cement oil may bind better with the local 
aggregate, creating a microstructure more resistance to plastic deformation than the hard 
aggregate HMA. In addition, the difference in the results is close so that it can be used to 
compare HMA as a whole to the results of SFRRC.  

The test results from the AASHTO T324 procedure show that SFRRC resulted in less 
deformation than HMA, both Type II and Type VH. There were no signs of deformation on the 
SFRRC sample and only minor surface wear from the procedure. Inspection of both HMA mixes 
showed that plastic deformation occurred as the material was consolidated under the wheel path 
or shoved to the edge of the sample.  

The resistance to plastic deformation is a crucial aspect of SFRRC for use in intersections 
because of vehicular braking and acceleration. Inspection of asphalt intersections shows 
significant rutting and shoving as vehicles approach and decelerate, causing greater downward 
force. In addition, vehicles resting at an intersection during a red-light condition create static 
loading on the pavement. During summer months, with higher temperatures, static loading can 
cause permanent deformation of asphalt pavement, as it is in a higher plastic state. Based on 
AASHTO T324 test results, we determined that SFRRC reduces pavement deformation at 
intersections. 

A separate issue affecting roadways during the winter season is stud wear. This wear is 
especially apparent at intersections where deceleration includes skidding, with studs producing 
greater shoving and wear on the roadway surface. As vehicles accelerate from a stopped position 
in winter, rutting occurs, as icing conditions allow for a slip plane that causes increased tire 
rotation and stud impact.  
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To determine SFRRC stud resistance in these conditions, we performed a modified AASHTO 
T324 test. A rubber wheel was embedded with standard studs, as shown in Figure 9. The studded 
rubber wheel was placed on the wheel tracker apparatus, and the AASHTO T324 test procedure 
was performed. After 20,000 cycles were completed, we inspected the sample for stud wear.  

 

Figure 9: The DWT Pavetrack rubber tires with the studs installed. 

Based on analysis of the sample, we determined that the AASHTO T324 procedure would not 
provide realistic results of studded tire wear because of the wheel path the apparatus traverses. In 
actual conditions, studs on tires make contact with the roadway in random locations. With the 
wheel tracker apparatus, the wheel follows the same path for all 20,000 cycles. This lack of 
variation results in each stud contacting one location throughout the test cycles.  

To create a more representative sample, the AASHTO T324 procedure was modified. Random 
distribution was increased by rotating the studded wheel slightly after running it for only 100 
cycles. Rotation was repeated 200 times resulting in 20,000 cycles, with much greater random 
distribution of stud contact on the SFRRC surface.  

As shown in Figure 10, the sample received stud impacts throughout the traveled path. The slab 
was inspected and a rutting depth of approximately 0.64 cm was determined. The rutted surface 
shows particles of crumb rubber and steel fibers distributed throughout the area. No spalling of 
the concrete surface was noticed outside of the wheel path. The steel fibers bridge the material 
when micro fracturing occurs and minimize spalling, which is evident in the sample. Surface rust 
on the steel fibers from the water-immersed testing procedure is apparent on the sample. The 
steel fibers exposed at the surface act as a wear course, and as they rust, they are slowly worn 
away. Control wheel tracker reports, HMA mix designs, and rut depth calculations can be found 
in Appendix F. 
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Figure 10: SFRRC after the studded wheel performed 20,000 cycles. 

UAA Trial Slab Construction and Outcomes 

After designing and coordinating with local agencies, we completed construction of the SFRRC 
slab near the UAA Consortium Library as shown in Figure 3 earlier. The location on the UAA 
campus at Alumni Drive chosen for the trial slab had many benefits and some minor negatives. 
The location has high traffic volume due to cyclical UAA shuttle services and parking garage 
usage, but traffic is not as significant here as at a four-way signalized intersection. A large 
signalized intersection would be beyond the scope of this research in testing the trial slab and 
could create a safety risk if unforeseen issues were to occur with the SFRRC.  

Stop-and-go traffic occurs at the chosen location on campus, which assists with data collection of 
studded tire rutting and impacts. The traffic exiting the library and parking garage comes to a 
complete halt in the location of the slab prior to acceleration onto Alumni Drive. This traffic 
pattern provides similar stud wear as seen at signalized intersections. 

Once the pour date was established, the designated location of the slab was excavated and 
prepared for SFRRC placement. The east and west sides were poured against an existing 
concrete curb and gutter, and the north and south edges were tied in with the existing asphalt. 
Material was removed from below the asphalt at the north and south tie-in locations to allow 
SFRRC to flow below the asphalt when poured, as shown in Figure 11. This created a keyed 
joint and allowed for more efficient load transfer from the asphalt to the SFRRC slab. In 
addition, the keyed joint would minimize frost heave or settlement by prohibiting water intrusion 
compared with a vertical joint. 
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Figure 11: Pavement adjacent to the slab undermined to allow keying of SFRRC with samples of 
crumb rubber and steel fiber used. 

The local concrete manufacturer, AS&G, assisted with batching of the material. To recreate 
similar results as in the laboratory on a larger scale, the mixing procedures were thoroughly 
reviewed. The addition of steel fiber and crumb rubber was what differed from the standard 
concrete mixing process.  

After review of the AS&G manufacturing plant and process, we determined that adding the steel 
fibers would be done manually as material was flowing from the mixing barrel into the concrete 
truck. This method would allow the fibers to disperse evenly in the concrete and minimize 
clumping. The steel fibers were pre-weighed based on the volume of material poured into each 
truck. The steel fibers were dispersed by several workers throughout the pouring process. Visual 
investigation of the material as it exited the transport vehicle showed a well-distributed mix, with 
steel fibers and crumb rubber spread throughout. No clumping of steel fibers was noticed.  

The AS&G SFRRC mix was transported to the UAA slab location and poured. The procedure 
followed standard practice for construction placement per DOT&PF specifications. The local 
contractor, Finishing Edge, placed the material and provided a broom-finished surface. As the 
material was poured, DOT&PF staff were on-site to complete standard acceptance testing 
procedures.  

One aspect that differed from lab procedures was the consolidation of the material. Abaza and 
Hussein (2016) referenced use of only external vibration to consolidate the material, but because 
of the nature of pouring in place, this was not possible. Consolidation of the material was 
completed using internal vibratory devices. To minimize settlement and segregation of the steel 
fibers due to higher specific gravity, only short durations of vibrating were allowed. If excess 
vibration was conducted, the steel fibers would settle to the lower portion of the slab and the 
crumb rubber would rise to the upper layer. The material was closely inspected, and steel fiber 
remained distributed well throughout the layer of the poured slab.  
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The slab was finished to proper elevations using a manual screed to match the existing asphalt 
pavement (see Figure 12). After the initial finish was complete, the slab was allowed to cure 
before a broom finish was applied. The Finishing Edge crew had more difficulty completing this 
task. Because of the interconnected microstructure of the steel fibers, as the broom finish was 
being applied the surface of the slab would shift and tear. The surface was wetted to allow the 
material to be more malleable and the broom finish was completed. In future use of the material, 
broom finishing should occur prior to allowing the long cure duration. The intertwined structure 
of the steel fibers is a benefit to the SFRRC slab, however, as it mitigates migration of micro 
cracks when the slab shifts due to freeze-thaw actions. A detailed report and images of the slab 
construction can be found in Appendix G.  

 

Figure 12: Initial finish of the UAA slab and mid-slab contraction joint. 

The initial observations showed smooth transitions from the existing asphalt pavement onto and 
off the slab. As shown in Figure 13, the surface of the concrete was fairly smooth with a broom-
textured finish; no major deformations caused ponding.  

 

Figure 13: The UAA SFRRC trial slab shortly after construction. 
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The SFRRC slab was observed throughout the winter at regular intervals to determine if any 
changes had occurred. The slab was exposed to studded tire traffic, ice and snow buildup, and 
snow removal equipment passing across it. No rutting or deformation of the surface was 
determined or thermal cracking from freeze-thaw action. 

There were signs of minor delamination of crumb rubber and steel fibers that were exposed at the 
surface. When the slab was constructed, a trowel and broom were repeatedly passed over the 
surface to create a smooth finish. As this smoothing process was conducted, the cement material 
covering particles of crumb rubber and steel fibers was troweled away, exposing them to traffic 
wear. The crumb rubber and steel fibers near the surface were more susceptible to delamination 
from studded tires, plowing equipment, and acceleration at the approach. We noticed that these 
exposed particles delaminated, but succeeding particles remained intact, which shows that the 
uppermost layer of crumb rubber and steel fibers may be vulnerable to delamination due to a 
lower surface area of adhesion, but the succeeding layers are fully adhered and resist 
delamination.  

The edge of the slab was designed to include SFRRC material extending under the adjacent 
material to resist any uneven heaving that would cause a lip at the joint. Inspection of the slab 
revealed a minor height difference at the joint between the concrete and the adjacent asphalt 
pavement of approximately 1.27 cm. Inspection of the concrete gutter running on both sides 
showed that the slab was still level with the gutter elevation. We determined that the adjacent 
pavement may have compacted or settled slightly as the SFRRC slab remained in place. Further 
investigation next winter will determine if any changes in the slab have occurred. 

 

Figure 14: The north joint of the UAA trial slab showing an elevation difference of 1.27 cm. 
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Abbott Road Test Section Construction and Outcome 

Once the design process was complete, the Abbott Road capital project was advertised and 
awarded to Quality Asphalt Paving (QAP) for construction. QAP subcontracted a local concrete 
company, D&S Concrete Inc., to construct the pre-cast panels at their facility. D&S created 
forms to meet the required 12-foot-wide by 8-foot-long by 7-inch-thick design, including grout 
ports and channels, dowel slots and inserts, locations for the strain gauge sensors, lifting eyes, 
rebar enforcement, and tapered edge designs, as shown in Figure 15. D&S created two forms to 
work with, so the casting process required approximately 20 days to complete the required 15 
panels. After pouring 2 panels, a minimum cure period of 3 days was allowed prior to removing 
cured panels and pouring the next set. Pouring began on August 25, 2016 and complete 
September 14, 2016.  Testing for compressive and flexural strength was completed on each 
panel. Details about the layout of the slabs as well as the site location are shown in Figure 17 
Appendix C. In addition, Detailed reports on the daily pouring process and strength testing can 
be found in Appendix H.  

 

Figure 15: Pre-cast SFRRC panels for Abbott Road test section. 

The Abbott Road project had an anticipated completion date of October 31, 2016, but because of 
construction delays, QAP was unable to place the final layer of asphalt during the 2016 
construction season. With this change in schedule, the panel installation was postponed until the 
following summer construction season.  

The panels were stored at the D&S facility until May 2017, when construction on the project 
began. The panel location was prepared by removing the temporary hot mix asphalt (HMA) and 
placing a fine-grade sand layer. The panels were transported to the site on a flatbed semi-truck 
and trailer in May 2017. The first load brought out four panels. An excavator with a lifting 
harness was used to place the panels (see Figure 16). There was slight difficulty lifting the third 
and fourth panels high enough due to the limited reach of the excavator arm. Two loads of four 
panels were transported on-site, and subsequent loads only contained three panels or less per trip.  
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Figure 16: Placement of the first SFRRC panel using an excavator and harness. 

Placement of the slabs required many detailed adjustments to the sand layer, orientation of the 
panels, and careful lowering with the excavator. The panels were placed from west to east. The 
second panel was placed, but required adjustment in order to create a level transition from one 
joint to the next. In addition, the orientation of the panels required precise adjustment so that the 
expansion joint would be even and sealed across the width of the panel. Prior to placement of 
each panel, the sand layer was readjusted to ensure a smooth transition and full contact when the 
panel was placed. Once all 15 panels were placed, further adjustments were conducted to 
confirm that the joint transitions were smooth. The straight edge was placed across the joints; the 
excavator lifted the necessary panel corner and shims were placed under it. This process was 
completed across all slabs.  

Once the panels were placed and leveled properly, the grouting process was conducted. This 
process included installation of the dowel and bedding grout. The specifications required 
differing strength grouts, but to simplify the process, the grout supplier used one grout meeting 
the higher strength requirement. The dowel ports were filled first using a gravity flow method 
from higher to lower locations, followed by the grout ports. Some panels required more grout 
than others based on the number of voids present. The process was completed in a day’s shift.  
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Figure 17: Pouring of the dowel and bedding grout for the SFRRC test section. 

The next step was to pour sealer into the expansion joints. The process required heating the 
sealing material and slowly pouring it until each joint was filled to the required height. This step 
was the final portion of work required prior to placing asphalt adjacent to the test section. 

The strain gauges installed within three panels required connection to a power source, 
communications, and calibration. A technical representative with the strain gauge manufacturer 
arrived on-site to complete all connections, from the panels to the termination point at a 
controller cabinet installed outside of the roadway. The strain gauges were calibrated during the 
pouring and casting process. Once all electrical elements were finalized for the automated traffic 
recording system, the strain gauges were connected in the controller along with power. After 
detailed coordination with the DOT&PF Highway Data unit, the automated traffic recording 
equipment was able to share the same power source and communications system. This 
arrangement greatly reduces costs and simplifies the required connections.  

With all aspects of the test section complete, traffic was allowed to traverse the panels. The ride 
quality over the panels is smooth, and a slight increase in noise when traversing the joints is 
noticeable. This noise was anticipated with a jointed concrete system, and is much less than 
expected due to the joint sealing process. In addition, data from the strain gauge system were 
received showing daily strain fluctuation as the temperatures rise during the day and cool at 
night. The strain data will be most pertinent when large temperatures shifts occur, such as the 
changing of the seasons. Detailed daily construction reports along with strain gauge data can be 
found in Appendix I. 
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CHAPTER 4 – CONCLUSIONS AND RECOMMENDATIONS  

Introduction 

The SFRRC experimental testing and trial slab showed results that suggest an increase in 
performance of concrete pavements in cold region roadway applications. The experimental 
testing and SFRRC trial slab included modifications during the process. The freeze-thaw testing 
procedure was altered to increase testing reliability. The wheel tracker studded tire procedure 
was modified to improve testing representation of typical stud wear and impact seen on 
roadways. The mixing of SFRRC material was altered during large-scale operations due to 
manufacturing limitations and to increase production efficiency. During construction of the 
SFRRC slab, many observations and alterations to procedures improved the finished product and 
increased the quality of the SFRRC. Each of these improvements, alterations, and results 
provided information for construction of the test section on Abbott Road.  

Freeze-Thaw Discussion 

Freeze-thaw testing provided a challenge because of equipment, testing requirements, and 
minimal testing facilities that administer the ASTM C666 procedure. The initial methodology 
included use of the UAA freeze-thaw apparatus to complete the procedure. As testing began, it 
was apparent that the time frame for completion of the 300 cycles required would be outside the 
scope of our work. To continue the ASTM C666 while modifying the UAA apparatus, samples 
were sent to Applied Testing to complete the procedure. 

Results from the second trial completed by Applied Testing differed from the expected results 
because compressive strength increased after the freeze-thaw testing was performed. The 
increase in compressive strength was seen on two separate trials completed by Applied Testing. 
To confirm the results, the UAA apparatus completed the ASTM C666, and specimens were 
tested for compressive strength. Again, results showed an increase in compressive strength after 
administering the freeze-thaw procedure. Furthermore, the compressive strength values were 
nearly identical to those achieved by Applied Testing. 

The increase in compressive strength differed from our expectations, but provides positive 
reinforcement for use of SFRRC in cold regions. Applied Testing showed low deterioration of 
the samples, while the UAA freeze-thaw procedure showed greater deterioration for two of the 
four samples. This deterioration may be related to mixing procedures, as the samples batched at 
the AS&G facility showed less significant wear than the UAA lab samples. 

We recommend that future testing of the ASTM C666 procedure include flexural strength tests to 
determine if there is a difference compared with control specimens. From these results, we 
determined that SFRRC increased the resistance to freeze-thaw action compared with standard 
PCC based on previous RDME results from Shang and Yi (2013). The increase in compressive 
strength also enforces the use of SFRRC in cold regions.  

Wheel Tracker Discussion 

The AASHTO T324 wheel tracker testing procedures were completed for both the standard steel 
wheel and the modified rubber tire with studs. The results from the steel wheel procedure 
indicated that SFRRC shows much lower deformation than HMA material. This result is 
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expected, as the steel wheel primarily shows plastic deformation. Even though SFRRC has 
higher flexural strength than standard PCC, the concrete properties still result in greater 
resistance to plastic deformation than HMA. 

The modified rubber tire with studs was administered to represent studded tire use as seen in cold 
regions. The type of studs along with their distribution was chosen based on typical studded tires 
used in Alaska. The AASHTO T324 was modified to provide a more accurate representation of 
random stud impact by rotating the rubber studded tire throughout the 20,000 cycles. This 
procedure allowed for stud impact to occur across the entire sample. The results showed a 0.25 
in. deep rut across the wheel path of the sample. Steel fibers and crumb rubber could be seen 
distributed across the rutted area. The randomly distributed steel fibers assisted in mitigating 
material loss by bridging the rutted area and minimized spalling from the micro fractures.  

The modified studded rubber tire procedure, which provided information that represented winter 
conditions in cold regions, would benefit from further improvements. A method that did not 
require manual rotation of the wheel or resetting of the software would increase performance 
efficiency and reliability. Allowing the rubber tire to lift off the sample and impact as it returned 
would more accurately represent studded tires on roadways. We recommend that a comparison 
between the wheel tracker and the UAA trial slab be administered to determine studded wear in 
actual conditions. A correlation could then be created to more accurately predict studded tire 
wear based on the wheel tracker procedure. 

UAA Trial Slab Discussion 

The UAA trial slab was a collaboration between the UAA Facilities and UAA Engineering 
departments along with assistance from AS&G (concrete supplier) and the Alaska DOT&PF. 
The accelerated placement of the slab was made possible by concurrent construction occurring in 
the area. Mixing the SFRRC material in a large-scale batch plant required modifications to the 
mixing procedure. This modification included the addition of steel fibers and crumb rubber at 
differing steps, compared with procedures established by Abaza and Hussein (2016). The 
resulting SFRRC product did not exhibit any change in strength, slump, or air content and 
therefore was deemed acceptable. Future large-scale production of the material may justify use 
of a separate bin and conveyor system to add the steel fibers and crumb rubber more efficiently. 

The transport and placement of SFRRC for the UAA trial slab was similar to typical PCC 
installation. A step transition at the SFRRC-to-HMA interface was added to improve load 
transfer and reduce differential settlement. The finishing of the material was more difficult than 
standard PCC due to the steel fibers creating an intertwined bond throughout the material. 
Although the intertwined steel fibers created difficulty for surface finishing, the composition 
shows increased resistance to micro cracking, as multiple steel fibers bridge the cracks.  

The UAA trial slab was inspected throughout the winter, and no thermal cracking, spalling, or 
rutting was noticed. Even with the addition of the step transition, settlement at the HMA-to-
SFRRC interface was noticed. Looking at the concrete curb and gutter, the UAA trial slab was at 
the same elevation. Settlement of the HMA at the joint as it compacted further seems to be what 
occurred. Future slab installation may include a larger step joint interface to avoid the edge 
settlement. The surface of the UAA trial slab showed delamination of steel fibers and crumb 
rubber that were not embedded in the slab. This delamination would only be a cosmetic concern, 
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as the steel fibers and crumb rubber fully embedded in the SFRRC material do not delaminate. 
Evidence of this can be seen, as further traffic on the slab has not caused greater steel fiber and 
crumb rubber loss. Future recommendations include a shorter surface-finishing process so that 
steel fibers and crumb rubber are not cleared off the cementitious material while troweling. 

Abbott Road Test Section Discussion 

Based on testing results and observations of the UAA trial slab, we recommended that SFRRC 
be placed in a large-scale area to determine the effects of high-speed studded tire traffic with 
greater AADT. Placement of the test section assisted with determining production costs and 
allowed for more accurate comparison of studded tire wear with the Controls Pavetrack 
apparatus.  

An optimum location was chosen for the test section that included uniform traffic on more than 
one lane, sufficient crash data for future comparisons, standard geometry to minimize 
construction issues, and traffic detouring possibilities in case issues arose with the SFRRC test 
section installation. A detailed construction plan was created to avoid any variability in placing 
the material. For comparison purposes, the chosen roadway has one lane constructed of SFRRC 
and a similar lane constructed of DOT&PF standard HMA.  

The pre-casting and pouring process was completed successfully, but involved minor 
refinements to the mix design to obtain proper workability with the SFRRC material. Due to the 
relatively small amount of material that was mixed per day for casting two panels, it was difficult 
for AS&G to calibrate the batch plant prior to finishing the process. The mix design was adjusted 
using a water-reducing admixture, and the workability significantly improved after the first day 
of casting. Both compressive and flexural strength testing was completed on all batches with 
results well above minimum requirements. 

Placement of the test section required detailed construction of the bedding layer in order to place 
level panels and avoid any roughness in ride quality. Each panel required fine adjustments when 
placed to create even joints and for leveling prior to placement of the grout material. 

The process for placement of the pre-cast panels required approximately 4–5 days of work and 
was considerably more expensive than pouring in place due to designing of slabs, creating 
formwork, pre-casting, transporting, and placing. In addition, pouring in place would have 
provided a much smoother final product and required less equipment. Based on testing results, 
traffic crossed the CIP SFRRC within 1 week, which is a similar amount of time for traffic on 
pre-cast panels. Based on the total duration required to prepare the bedding layer, place the pre-
cast panels, grout, and place joint sealant, we recommend that pouring in place be considered as 
a viable option for future work. 

Recommended Test Section Monitoring Plan 

A thorough monitoring plan of the tensile stresses that occur in the design life of concrete panels 
will be vital to determining failure causes or areas where improvements to the design can be 
made. The test section was constructed with sensor equipment to calculate temperature changes 
and displacement (lateral and longitudinal). Additional equipment is available to determine 
AADT volumes and rutting depths at the test section.  
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The American Concrete Institute discusses several failure methods of concrete pavements due to 
tensile stresses. Tensile stresses can cause cracking due to vehicle loading of an unsupported 
section of the slab. Several factors can cause unsupported sections of the slab, such as moisture 
expansion and contraction in the subgrade and base layers resulting in volumetric changes. 
Temperature differentials between the top and bottom of the slab cause the upper portion to 
expand while the lower portion contracts so that the slab curls downward at the edges, losing 
contact with the supporting material. In addition, if the joints between the slabs do not function 
properly, restrained expansion of the joint can cause curling or cracking of the slab. 

To avoid failure of the test section due to these stresses, we recommend that embedded strain 
gauges be continuously monitored. The strain gauges are placed in several slabs to effectively 
collect data and compare results. The strain data will be continuously collected, logged, and 
available via a wireless connection. The PCA method recommends that stresses at the mid-slab 
shoulder edge be considered the most critical location for fatigue analysis, and that stresses at the 
slab jointed corner be considered the most critical location for erosion analysis (Huang, 2004).  

Post-construction testing of the SFRRC material is crucial for monitoring material strength and 
integrity. One method that provides non-destructive testing is the falling weight deflectometer 
(FWD). The FWD apparatus produces an impulse load on the material layers and collects a load-
deflection response. This information is used to back-calculate the characteristics of the 
pavement structure and subgrade material (Federal Highway Administration, 2002). The Long-
Term Pavement Performance (LTPP) program incorporated research and field trials that were 
used to set standards for the FWD testing procedure.  

Visual inspection of joints, slab edges, and rutting depths will also be crucial to determine wear 
of the test section over the design life. Any joints with failing sealant or corner spalls should be 
documented and repaired as soon as practicable. Rutting depths can be recorded and compared 
with current HMA rutting rates.  

Final Recommendation 

The SFRRC material showed improvements in freeze-thaw resistance in comparison with 
standard PCC. The placement of the UAA test slab provided insight with respect to mixing, 
construction, and performance of SFRRC in real-world conditions. Based on test results, a test 
section was recommended and constructed. This test section will provide information with 
respect to cost analysis and integration of the material into the DOT&PF construction program. 
The test section will be crucial for long-term use of SFRRC. Based on current test results and 
observations of the UAA trial slab, SFRRC material shows viability in cold regions for resisting 
freeze-thaw actions. In addition, successful construction of the Abbott Road test section shows 
that SFRRC placement, including pre-cast panels, can be completed on Alaska roadways with 
non-specialized equipment.  Future monitoring of the test section will be conducted to determine 
real-world freeze-thaw and rutting resistance of the SFRRC material.  In addition, the durability 
of a pre-cast slab system will be accessed.  The monitoring plan will include strain data, load 
bearing data, visual inspections and annual IRI monitoring for correlation over a three year 
period. 
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APPENDIXES 

Appendix A – List of Abbreviations 

Alaska Sand and Gravel AS&G 

American Association of State Highway and Transportation Officials AASHTO 

American Society for Testing and Materials ASTM 

Annual Average Daily Traffic AADT 

Cast in Place CIP 

Department of Transportation and Public Facilities DOT&PF 

Double Wheel Tracker DWT 

European Standard EN 

Federal Highway Administration FHWA 

Flat End FE 

Hot Mix Asphalt HMA 

Portland Cement Association PCA 

Portland cement concrete PCC 

Pounds per square inch psi 

Pounds per cubic inch pci 

Precast Concrete Pavement PCP 

Precast Prestressed Concrete Pavement PPCP 

Relative Dynamic Modulus of Elasticity RDME 

Steel Fiber-Reinforced Rubberized Concrete SFRRC 

University of Alaska Anchorage UAA 
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Appendix B – Literature Review 

Introduction  
The use of new materials to increase the service life of concrete pavements has become 

more prevalent as maintenance and construction costs have increased. Additives for high 
strength concretes have been well documented and recent studies have been conducted to 
determine viability of materials such as crumb rubber and steel fibers in concrete mixtures. 
These studies have shown there are many potential benefits to the use of these additive materials. 
More than one additive such as crumb rubber and steel fibers have now been combined in 
concrete mixtures to eliminate the negative consequences from each of these materials.  

These mixtures have been laboratory tested for general attributes such as compressive 
strength, toughness, first crack strength and modulus of elasticity. These tests have given general 
values for future use of these materials, but have not addressed specific situations such as cold 
regions freeze-thaw cycles, rutting wear and constructability. Additionally, the service life of 
these materials under real world simulations has not been thoroughly investigated. 

Purpose 
 To better define the precise needs of this study a thorough literature review was 
conducted on several topics in regards to concrete material compositions and additives, design 
life, constructability, costs and safety. As more in-depth testing is completed with the SFRRC 
material further literature review may be deemed necessary. 

Freeze-Thaw Durability of Rubberized Portland Cement Concrete  
 The use of crumb rubber in asphaltic materials has been widely investigated and accepted 
as a suitable substitute for fine aggregate particles. Few studies have tested the freeze-thaw 
characteristics of crumb rubber in Portland cement concrete. For this reason, Gadkar (2013) 
conducted an in-depth study to better understand the freeze-thaw characteristics of PCC with 
crumb rubber.  

The main objective was to investigate the freeze-thaw durability and air void system of 
rubberized concrete. Other objectives included analyzing the effects associated with freeze-thaw 
durability and air entrainment due to factors such as alkali content of cement, impact of 
supplementary cementing materials (SCMs), super-plasticizers and vibration time and frequency. 
Another variable that was tested for freeze-thaw characteristics was the use of latex emulsion to 
further modify rubberized Portland cement concrete. Since the focus of the review was to 
research the freeze-thaw characteristics of typical rubberized Portland cement concrete the main 
objective of the study will only be discussed. 

At the start of the analysis, parameters were set in regards to material attributes. Two 
different types of crumb rubber at three different size gradations were investigated which were 
ambient and cryogenic at 2.36 mm, 0.60 mm and 0.30 mm. In addition, three differing levels of 
crumb rubber would be tested by replacing the sand within the mix design at 8%, 16% and 24%.  

With mix design and material characteristics determined test samples were created. 
Compressive strength cylinders were prepared at differing crumb rubber types, levels of sand 
replacement and size gradations and tested at typical 3, 7 and 28-day time frames. Freeze-thaw 
prisms that were 75 mm x 75 mm x 285 mm were cured for 14 days and run through 300 cycles 
of the freeze-thaw procedure. Rapid freezing thawing in water was adopted where the 
temperature was dropped from 11.5°C to -18°C in not less than two hours or more than five 
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hours. Readings were taken every 30 cycles and included length change, weight change and 
dynamic modulus of elasticity. A cryogenic dilatometer test was conducted to monitor 
differential linear expansion during freeze-thaw cycles. Mortar samples of sand and cement were 
created using eight mm diameter drinking straws as molds for the material. A vibrated table was 
used to compact the molds and cured in Calcium Hydroxide for 28 days after which they were 
cut into 25 mm lengths. Once the samples were properly cured and prepared for the cryogenic 
dilatometer they were tested for length change with linear sensitivity of 1.25 nanometers. The 
freeze-thaw temperature cycles consisted of starting at 15°C, cooling to -20°C and heating to 
15°C. 

After completion of the specimen testing a statistical analysis of the data was conducted. 
The compressive strength tests showed a proportional decrease in compressive strength with the 
increase in crumb rubber percentage. This is a typical trend that has been confirmed in other 
research reports. It was also concluded that the cryogenic rubber had higher strength due to the 
lower air content compared to the ambient rubber.  

The freeze-thaw testing showed interesting results in regards to length change, weight 
change and dynamic modulus. The ambient crumb rubber generally showed low length change 
percentage compared to regular PCC while the cryogenic crumb rubber had extreme length 
change and even earlier failure for most specimens. The weight change results again showed the 
ambient crumb rubber had generally small changes compared to the control while the cryogenic 
rubber had greater changes on a majority of gradation sizes and percentages. The dynamic 
modulus results showed that the ambient crumb rubber performed as well or better than the 
control in all configurations while the cryogenic samples failed at very early stages. It is worth 
noting that the air entrained concrete specimens performed well in length change and dynamic 
modulus with results similar to the ambient crumb rubber except that significant weight change 
occurred during the freeze-thaw cycles.  

Summarizing the findings, the author concluded crumb rubber of both ambient and 
cryogenic types at the finer sizes with higher percentages have the potential to improve the 
freeze-thaw durability of concrete. The author recommends that the addition of crumb rubber can 
be used for areas where potentially low strength, but high durability is needed such as precast 
panels for side-walks, highway noise barriers and external partition walls. Further work is 
necessary to detail different configurations of crumb rubber additives. In the study, only one 
water/cement ratio was used and this may have a significant effect on the results of the research. 
In addition, further research into the bond between crumb rubber and the cement paste could 
provide crucial insight towards improving strength and durability. 

Steel Fiber-Reinforced Rubberized Concrete 
A study was conducted by Abaza & Hussein (2016) on the inclusion of both steel fibers 

and crumb rubber in concrete to determine strengths and flexibility. In the study, Hussein 
investigated the use of Flat-End (FE) steel fibers and concluded that the FE provides an optimum 
anchorage within the concrete matrix. The steel fibers were tested at 0.64, 0.89 and 1.28% 
volume fractions. Rubber content was tested at 15%, 30% and 50% replacement of fine 
aggregate volumes. The crumb rubber was graded to a maximum nominal size of 0.25 in. 

The aggregate particle distribution was determined using the Federal Highway 
Administration (FHWA) 0.45 power curve and maximizing the density of the gradation. In 
addition, mixing proportions of acceptable steel fiber limits, aggregate and cement were 
developed in accordance with recommended values by the American Concrete Institute (ACI). 
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With materials properties established control and test samples were created and tested with 
varying proportions of steel fibers and crumb rubber. A total of 16 mix samples were created so 
as to test all variables. To evenly distribute the steel fibers and prevent fiber balling they were 
placed into the drum mixer slowly at a steady rate for the final cycle. Flexural beams were cast 
from all the mixes and concrete cylinders were cast for the SFRRC mixes. In order for the 
material matrix to be undisturbed during casting an external vibrator was used to consolidate the 
material. 

It was determined that with the increase of rubber content there was an increase of 
flexibility, but a large decrease in toughness. Once the steel fibers were added to the mix design 
the concrete “regained the matrix toughness that was lost by the addition of crumb rubber and 
exceeded that of PCC” Abaza & Hussein (2016). In addition to an increase in toughness there 
was an overall increase in compressive strength up to 20% with the inclusion of both steel fiber 
and crumb rubber.  

Freeze-Thaw Durability of Air-Entrained Concrete 
 A study conducted by Shang & Yi (2013) stated that “Concrete is considered as one of 
the most nonhomogeneous and demanding engineering materials used by mankind.” The 
environmental actions increase the challenges of creating the material to resist frost action, 
corrosion, permeation, carbonation, stress corrosion, chemical attacks and more. Freeze-thaw 
cycles are one of the main potentially damaging environmental actions to concrete, specifically 
in cold regions. The article describes frost damage as a progressive deterioration which starts 
from the surface separation or scaling and ends up with a complete collapse. As the freeze-thaw 
cycles are repeated the material loses stiffness and strength.  

Through previous research it was recommended the air-entrainment agents should be 
used to improve resistance to the freeze-thaw cycles in cold regions. This article studied the 
relative dynamic modulus of elasticity (RDME) and weight loss of air-entrained concretes after 
completing many hundred cycles of freeze-thaw. Five differing samples with increasingly higher 
doses of air-entraining agent were used with 0.85 kg/m3 being the lowest and 1.3 kg/m3 being the 
highest. The values were compared with plain concrete without any air-entrainment. 

It was determined that air-entrained concrete had a much higher freeze-thaw durability 
than that of plain concrete. From previous research the RDME values for the plain concrete after 
only 100 cycles was 62% while the highest value for the air-entrained concrete was 97% after 
300 cycles. Interestingly the RDME value increase as the dose of air-entrainment increase, but 
only to a certain amount. The highest dose of air-entrained concrete had a lower RDME value 
than the second highest dose.  

The weight loss of concrete occurs due to movement of water through the material 
causing scaling and surface separation. The surface separations allowed water to fill in the 
deteriorated zones and continue causing further separations. The test results showed that air-
entrained concrete required many more freeze-thaw cycles to fill in these deteriorated zones 
compared to plain concrete. 

Concrete Wear Resistance vs. Asphaltic Pavements 
Treleaven (2010) with EBA Engineering Consultants conducted an investigation in 

Alberta, Canada where conditions are similar to Alaska to replace severely rutted asphalt with 
PCC at several intersections. The main focus of the study was to determine if PCC would be a 
viable replacement in regards to costs and maintenance life cycles. The study compared the 
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construction costs, maintenance costs and design life of the PCC intersections compared to that 
of standard asphalt pavement. 

Three separate sections of roadway were selected to be remediated with PCC material. In 
addition, the base and sub base layers were reestablished as required to meet design criteria for 
traffic volumes. The construction was completed one lane per day as to allow continuous 
movement of traffic and curing of the new material. The area of concrete constructed ranged 
from 1850 m2 to 3,510 m2 due to the existing intersection configurations.  

To create an accurate analysis all construction costs such as materials, labor, mobilization 
of equipment, joint cutting and concrete sealing were accounted for. The life of the PCC was 
determined to effectively last at least 30 years, with resealing of joints every 12 years and crack 
sealing every five years. The costs of lane closures and materials for sealing maintenance have 
been taken into account for the analysis.  

With the costs quantified a statistical cost comparison was conducted that included 
interest rates, inflation, initial and salvage costs. EBA Engineering determined that even though 
the initial costs and delay to traffic for the PCC intersections are greater than that of Asphalt 
Concrete Pavement the benefits of minor rutting, greater maintenance intervals and longer life 
cycle show that PCC for intersections is overall a cost-effective option. 

Rut Depth Safety Impacts 
In Knoxville, Tennessee Chan, Huang, Yan & Richards (2008) performed a study 

utilizing the pavement management system in Tennessee to analyze data with respect to rut 
depths and crash counts. The Pavement Management System (PMS) and Accident History 
Database (AHB) were acquired from the Tennessee Department of Transportation for the 
analysis. The variables that were used from the PMS were rut depth, international roughness 
index (IRI), present serviceability index (PSI) and annual average daily traffic (AADT). The 
AHB provided accident counts during several different scenarios such as night and day settings, 
poor weather conditions and heavy traffic volumes.  

The variables were input into the SPSS statistical analysis software to determine 
significance between accident data and the differing pavement variables. With regards to the rut 
depth it was determined that there is a significant correlation in accidents with rain and night 
conditions. The analysis shows that the accident rates are the highest when rain and night 
conditions are present simultaneously. The study hypothesized that during clear light conditions 
the ruts are visible and can be seen therefore easily maneuvered. In rain conditions when the 
precipitation has filled in the ruts it is difficult to distinguish between the differing elevations of 
pavement and crossing through a rut may be an unexpected event. Also with rainwater in the ruts 
vehicles will have a tendency to hydroplane causing loss of control. The study concluded that 
“areas with more precipitation, rutting should be considered as an important safety measure in 
the pavement management system” Chan et al. (2008).  

With regards to the PSI the analysis showed that there was a significant correlation with 
accident data. PSI is a comprehensive model that considers many variables such as slope 
variance, rut depth, cracking and patching on a scale from zero to five with the highest value 
correlating to the most comfortable ride quality. From the analysis, it was shown under all 
situations the PSI was inversely correlated to the accident frequency and when PSI value fell by 
one unit the accident frequency increased by 1.412 times. The correlation was even higher under 
specific situations such as nighttime, rain conditions and high traffic volumes. The research 
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concluded the PSI is a valuable measurement in predicting accident frequency since typically 
each state’s PMS would have the data readily available. 

Pavement Conditions vs. Crash Severity 
 An analysis was conducted by Yingfeng, Chunxiao & Linang (2013) on crash severity 
based on the pavement conditions. The Texas Department of Transportation (TxDOT) Crash 
Record Information System (CRIS) and Pavement Management Information System (PMIS) 
were both used to correlate crash information with pavement conditions. The CRIS had over 140 
variables that were available, but in order to use only relevant information for the study only six 
variables were used. These were commercial vehicle involvement such as yes or no, surface 
conditions such as wet or dry, crash severity ranging from non-injured to fatal, light conditions, 
number of vehicles involved and the month. The PMIS system provided data on the conditions 
and types of pavements, skid resistance, ride quality and the IRI score. 
 To properly integrate the CRIS and PMIS data ArcGIS, a mapping tool, was used to 
overlay the two datasets. Tabulated results were created based off the location and year of the 
crash that corresponded to the PMIS data at the particular point. In some areas, multiple PMIS 
datasets occurred at the same location such as at an intersection. In these areas, the data was 
averaged and manually entered so as to correlate with the set parameters. Another item that was 
discussed and should be considered is that the PMIS data is collected annually so in some 
instances the pavement conditions at the date of the crash could be up to a year old. Since there is 
a large number of data points and the pavement conditions typically take several years to 
deteriorate this was determined to be within an acceptable margin of error. The resulting data 
was analyzed using Chi-Square methods to determine which pavement variables were 
statistically significant in relation to crash severity.  

Three different pavement types, asphaltic concrete pavement (ACP), continuously 
reinforced concrete pavement (CRCP) and jointed concrete pavement (JCP) were analyzed for 
significance. In general, the results illustrated that vehicle accidents on JCP resulted in a 
significantly higher crash severity than both ACP and CRCP. These results were found 
significant under certain situations such as crashes on urban non-freeway arterials, poor lit 
conditions and roadways with relatively high speeds. The author hypothesized that this may be 
due to a majority of JCP failures occurring at the joints and result in a significant impact to 
driving conditions. Furthermore, vehicles maneuvering to avoid these failures at high speeds 
could lead to severe crashes. 

The Chi-Square analysis was conducted on the pavement distress scores and suggested 
that there was a significant impact on the crash severity. The analysis was completed based on 
four ratings of distress ranging from very poor, poor, good to very good and showed that under 
poor conditions crash severity was the highest. The author theorizes that due to the pavement 
conditions drivers have to make unexpected maneuvers to avoid the poor distresses resulting in 
more severe accidents. The results also showed that the second greatest crash severity was on 
very good pavements, which is hypothesized to be because drivers tend to move faster on little or 
no distressed pavements.  

The analysis for both the ride quality and the IRI ratings resulted in similar outcomes. 
Both suggest that for a better ride quality or IRI the severity of the crashes increase significantly. 
The crash severity is the lowest with both poor ride quality and IRI ratings. This is also a similar 
result as with the pavement distress in which the little or no distressed pavements had fairly high 
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crash severity. Again, the cause is believed to be related to drivers moving faster under optimal 
pavement and ride conditions and therefore experiencing a more severe crash. 

The author concluded that even though significant differences were encountered in 
relation to crash severity they were still relatively minor in reality. A comparison of the distress 
score groups showed that even though the data was significant there is only three percentage 
points between the highest and lowest crash severities when involving injuries or fatalities. Due 
to the many differing variables, the study provided a general insight to the crash severity and 
pavement conditions. To further analyze the data, specific situations need to be investigated in 
greater detail. 

Precast Concrete Slabs for Highway Construction 
 In highway reconstruction or repairs, one of the main challenges that can be faced is 
dealing with the traveling public. In Virginia Shabbir & Celik (2012) used precast slabs on the 
reconstruction of I-66 to test the constructability and initial performance of pavement repair 
options. Three differing methods were chosen for the concrete repairs which were cast-in-place 
(CIP), precast concrete pavement (PCP) and precast prestressed concrete pavement (PPCP). The 
performance period for evaluation after construction was chosen to be 1.5 years. Three methods 
of measuring the performance during the evaluation period were visual inspection, ride quality 
using an inertial profiler and load transfer of joints using a falling weight deflectometer (FWD). 

Each trial method required differing installation procedures. The CIP required minimal 
work prior to removal of the deteriorated existing material. The removal may also include 
unstable sub-base materials prior to placement of high-early-strength hydraulic concrete. For 
PCP, the removal of the defective area is similar to the CIP except that the concrete is precast 
and cured off-site. The inclusion of reinforcing steel is optional dependent on the design engineer 
and the strength requirements. Joints are fitted with dowel bars with the intention of transferring 
the loads. The subgrade must be carefully graded using laser control to achieve high accuracy of 
elevations. Once the PCP is place bedding grout is pumped underneath the slab to fill any 
remaining voids. The PPCP slabs are constructed prior to installation similar to PCPs, but during 
the construction they are prestressed in the perpendicular direction to traffic and after installation 
are post-tensioned parallel to traffic. This allowed for thinner slabs to be constructed and used, 
typical sizes are up to 37 ft. wide, 10 ft. long and seven in. or eight in. deep. Each of the test 
sections ranged from 100 ft. to 160 ft. long. 

The mix designs for each method were determined using ASTM International standards. 
The PPCP included Class F fly ash while the other two methods did not. Standard testing was 
conducted to ensure compliance to ASTM C39, C143, C231 and C138 for compressive strength, 
slump, air content and density, respectively.  

Prior to full scale installation, trial sections were construction for the PCP and PPCP 
based on special provisions written into the specification for the methods. The trial construction 
was performed off-site at the contractor’s facility for the PCP and near the project staging area 
for the PPCP. Issues were noticed with aligning and placing the rigid rods for the PPCP and the 
method of installation was altered prior to permanent placement. 

For full scale construction, the installation method and timeframe differed for test 
sections. Installation of the CIP required two shifts, one for removal of existing material and the 
second for installation of the concrete. For PCP and PPCP the removal and installation was 
conducted during one shift. The PCP was placed sequentially in slabs 12 ft. wide and 10 ft. to 16 
ft. long. The dowels were preinstalling into one end of the slabs while the other ended and slots 
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for receiving the dowels from the preceding slab. The PPCP could be constructed into wider 
panels and ranged in size from 12 ft. to 27 ft.; the slabs were uniform in length at 10 ft. The 
PPCP slabs were placed similar to the PCP, but were tensioned together to create post-tensioned 
sections ranging from 100 ft. to 160 ft. 

Post-construction testing and observations were conducted in to determine surface 
distresses, ride quality and load transfer efficiencies (LTEs). The PCP showed stable mid-slab 
cracks that occurred immediately after construction and remained in acceptable condition after 
1.5 years. The PPCP section showed signs of separation at the joints up to two in. and debris 
accumulation, but the concrete slab showed no signs of cracking. The ride quality was measured 
using a laser mounted vehicle system that drove the test sections and measured the IRI. The 
results showed that the IRI measurements for the existing pavements had consistent decrease in 
ride quality over the 1.5 years while the PPCP showed increasing ride quality over the time 
frame. This increase in ride quality for PPCP is theorized to be in conjunction with settlement 
and leveling of joints due to traffic loading and concrete wear. PCP showed negligible decrease 
in ride quality over the 1.5-year period. To determine the LTE of the slabs a FWD was used to 
measure deflection and quickly detect voids at the concrete base interface. Deflection at the mid-
slab and edges of intermediate slabs was determined to be less than 10 mils, but deflections at the 
edges of the expansion joints were high. These results indicated there was curling or presence of 
voids at the expansion joints that could be the result of erosion of fines due to water penetration. 
The PCP slabs were similarly investigated with the FWD and the results showed minimal curling 
or voids immediately after construction and 1.5 years later. The distress cracks that formed in the 
middle of PCP slabs were tested for LTE and resulted in acceptable reading. 

The study resulted in a better understanding and recommendations for future use of PCP 
and PPCP slabs in highway construction. The PCP and PPCP were both recommended for use 
when longevity and minimal traffic impact is required. Production rates show that PCP can be 
placed to yield the most area during the shift followed by PPCP and CIP, respectively. The 
research recommends that quality assurance and modified tolerance should be considered when 
implementing a PCP system in the future. Proper fitting slabs are crucial to the integrity of the 
system along with production, handling, delivery and placement to avoid mid-slab cracking. 
PPCP, similar to PCP require proper interlocking slabs to strengthen the joint system and avoid 
joint gaps and edge spalling. 

Life Cycle Analysis 
A life cycle cost analysis conducted by Applied Research Associates, Inc. (2011) 

compared the long-term costs of asphalt to Portland cement pavements in regards to traffic 
volume and classifications. The benefits of a Life-Cycle Cost Analysis (LCCA) would assist in 
the bidding process for justifications of funding PCC based on long term savings instead of the 
initial costs compared to asphaltic pavements. Similar design life and structurally equivalent 
strength was required to create a reasonable comparison.  

To create equivalent designs for the ridge concrete and flexible asphalt pavements the 
Mechanistic-Empirical Pavement Design Guide (MEPDG) was incorporated. The failure modes 
experienced with flexible and ridged materials differ and must be taken into account. The main 
mode of failure for low volume flexible pavements was reduction in smoothness and fatigue 
cracking on higher volume areas. For ridged pavement, the limiting factor was primarily faulting 
of the joints due to reduction in joint load transfer efficiencies. Once the MEPDG was used and 
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cross-sections created they were reviewed by a panel of design experts to confirm structural 
equivalence in regards to strength. 

With the designs complete the elements required for a LCCA were calculated. An 
analysis period of 25 years was chosen for the project to include the initial service life of 25 
years followed by major rehabilitation costs. Maintenance and rehabilitation plans were 
estimated to include time frames, required quantity and costs. For flexible pavement, these items 
included resealing, spot repairs, milling and resurfacing. For ridged pavements, they included 
joint resealing, partial and full depth repairs and texturizing. The unit costs for installation, 
maintenance and rehabilitation were established along with frequency of repairs to determine 
total cost for the life of the design. The total cost was determined using the net present worth 
method by discounting all maintenance and repairs throughout the life of the project to present 
day values.  

The results of the study showed that with Annual Average Daily Truck Traffic (AADTT) 
ranging from 250 to 10,000 that the overall cost of ridged pavements is at least six percent less 
than that of flexible pavements. In addition, on a major arterial with AADTT greater than 10,000 
the ridged pavements provide up to 25% savings in cost compared to flexible pavements. 
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Appendix C – Abbott Road Test Section Plan Sheets 

  

 

 

Figure 18: AMATS: Abbott Rd Rehab Test Section Plan Sheets (3 pages).  
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Appendix D – Assurance Testing Results and Calculations 

 

 

Figure 19: Compressive strength curve of UAA batched SFRRC tested on 8-31-15. 
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Figure 20: Compressive strength curve of UAA batched SFRRC tested on 9-14-2015. 
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Figure 21: Compressive strength curve of AS&G batched SFRRC tested on 10-03-2015. 
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Table 1: SPSS Statistical T-Test analysis for compressive strength. 

 

Table 2: SPSS Statistical T-Test analysis for flexural strength. 
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Figure 22: Flexural strength curves for SFRRC tests. 
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Figure 23: Flexural strength modulus of rupture calculations 
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Appendix E – Freeze-Thaw Tests and Calculations 

 

 
Figure 24: Applied Testing report of freeze-thaw testing (Report 1 of 2, 8 pages) 
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Figure 25: Applied Testing report of freeze-thaw testing (Report 2 of 2, 8 pages) 
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Table 3: Compressive Strength comparison for UAA vs. Applied Testing. 
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Figure 26: Compressive strength curve for experimental freeze-thaw UAA batched sample. 

 

Figure 27: Compressive strength curve for control freeze-thaw UAA batched sample. 
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Figure 28: Compressive strength curve for control freeze-thaw UAA batched sample. 

 

 

Figure 29: Compressive strength curve for experimental freeze-thaw AS&G batched sample. 
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Figure 30: Compressive strength curve for experimental freeze-thaw AS&G batched sample. 

 

Figure 31: Compressive strength curve for control freeze-thaw AS&G batched sample. 
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Appendix F – Wheel Tracker Tests and Calculations 

 

 

Figure 32: Pavelab wheel tracker output for steel wheel test (Report 1 of 2). 
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Figure 33: Pavelab wheel tracker output for steel wheel test (Report 2 of 2). 
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Table 4: HMA Wheel Tracker Results with Steel and Studded Rubber Wheel. 
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Figure 34: DOT&PF HMA mix design for Type V asphalt with hard aggregate. 
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Figure 35: DOT&PF HMA mix design for Type II standard asphalt. 
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Appendix G – Trial Slab Calculations and Photos 

Table 5: SFRRC Testing and UAA Trial Slab quantity calculations (3 pages) 
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Figure 36: Inspector’s daily report for SFRRC UAA slab mixing and placement (2 pages). 



Page 76 of 103 
 

 



Page 77 of 103 
 

 

Figure 37: Novocon 1050 FE Steel fibers being prepared for pouring 

 

Figure 38: Pouring in steel fibers to mixing chute leading to transport vehicle 
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Figure 39: Adding pre-weighed crumb rubber from large sack to transport vehicle chute.  

 

Figure 40: Performing slump test at AS&G facility. 
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Figure 41: Preparing test molds at UAA trial slab location for SFRRC pour. 

 

Figure 42: UAA trial slab SFRRC placement with Finishing Edge on-site to place material.  
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Figure 43: Finishing Edge spreading and troweling SFRRC material. 

 

Figure 44: Finishing of UAA trial slab surface. 
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Figure 45: UAA trial slab during first winter season of use. 

 

Figure 46: Close view of SFRRC during first season of use. 
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Appendix H – Abbott Rd. Casting Panel Reports, Testing and Photos 

 

Figure 47: Pre-casting Inspection Reports (7 reports) 
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Table 6: SFRRC pre-cast pour test results. 
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Figure 48: Formwork for pre-cast SFRRC panel with strain gauges installed. 

 

Figure 49: Placing SFRRC material in forms, with strain gauges installed. 
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Appendix I – Test Section Construction Reports, Photos and Strain Gauge Data 

 

 

Figure 50: Transporting, lifting and placing of test section panels. 

  

 

Figure 51: Placing de-bonding agent on dowels and the installed joint expansion board. 
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Figure 52: Placing of the test section panels with proper alignment and leveling. 
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Figure 53: Strain gauge data report from SubTerra Inc. (4 pages). 
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