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Winter Pothole Treatments for Local Roads

Executive Summary

This report summarizes the results of a study was conducted to identify efficient and cost-effective
pothole patching treatments and provide recommendation for optimal methods and materials that
various Local Public Agencies (LPAs) can use to enhance the performance and longevity of
pothole patches installed during the winter season. To achieve these objectives, a survey of LPAs
in Ohio and nationally and a comprehensive literature review were performed to identify the best
methods and materials used for winter pothole patching. A comprehensive field-testing plan was
developed to evaluate the identified methods and materials. The testing plan considered different
factors pothole patching methods and/or materials combination, pothole size and depth, pavement
structure type, type of road and traffic, and climate region and weather. The considered patching
methods included: throw and roll-tamper, throw and roll-truck tire, throw and roll-roller, and spray
injection. In addition, the patching materials selected in the testing plan included: hot recycled
mix, hot mix asphalt, and cold mix materials identified based on the conducted survey (Unique
Paving Material (UPM), HEI-WAY, and Perma-Patch). A total of 686 patches were installed as
part of the testing plan in different LPAs in Ohio using the considered method and materials and
their combination. In addition, the patches performance and longevity were monitored. Data
mining techniques were employed in order to identify the factors that dictates the patch
performance. In addition, survival analysis was conducted to determine the expected lifetime of
the different patching methods/materials combinations. Finally, cost analysis was conducted to
determine the life cycle costs of the different patching methods/materials combinations

The results of this study indicated that the overall performance of the patch was dependent on
number of factors, including: patching materials, patching methods, pothole size, pothole depth as
well as environmental factors such as number of freezing days below 26°F and number of days to
experience first snow fall after patch installation. UPM and HEI-WAY cold mixes had the best
performance among all patching materials considered when used with the different throw and roll
methods considered. Spray injection method also resulted in good performing patches. However,
the overall performance was dependent on the ratio of emulsion to aggregates. The performance
of both hot mix and hot recycled mix was dependent on patching technique. Good performance
was observed when patched with roller and poor performance was observed when tamper was used
for patching. This may suggest that hot mix and hot recycled mix should only be used for patching
when a roller is available to the agency. The results of survivability analysis indicated that both
patching materials and method have significant effect on the longevity of the patch. The use of
UPM and HEI-WAY cold mixes resulted in the best longevity when patched with the different
throw and roll methods. Satisfactory service life was observed for both hot mix and hot recycled
mix when roller was used. However, the service life was reduced significantly when a tamper was
used. Spray injection, in general, showed good service life. However, this depended on the
emulsion to aggregate ratio in patching mix. The results of cost analysis indicated that the throw
and roll-tamper and truck tire with UPM cold mix and throw and roll-truck tire with HEI-WAY
cold mix were the most cost effective when used for patching potholes on residential streets. In
addition, for the arterial streets, UPM, HEI-WAY and hot recycled mix with throw and roll-tamper
method were the most cost-effective combinations for the analysis period of six months. However,
for the analysis periods of 12 and 18 months, UPM and HEI-WAY cold mixes with tamper were



found to be the most economical combinations followed by UPM and HEI-WAY cold mixes with
truck tire for patching pothole on arterial streets. Based on the results of this study, a decision tree
was developed to select the optimal repair methods and materials combination for winter pothole
patches on local roads. Furthermore, detailed procedures for performing repairs using different
patching methods were also provided.



1. Project Background

Potholes are one of the most aggravating forms of pavement deterioration because of the
danger they pose to the travelling public and the potential damage they can cause to vehicles.
Despite all measures taken by local public agencies (LPAs), the development of potholes is
inevitable, which presents a challenge to these agencies. Pothole patching is the most common
pavement maintenance operation used to remedy the presence of potholes. Different methods are
used for pothole patching. The throw-and-go as well as the throw-and-roll are the most widely
used patching methods. The throw-and-roll method, can be effective if done properly and
performed using hot mix asphalt (/). However, potholes generally form during the winter months
due to freeze-thaw cycles. Since most asphalt plants are closed in wintertime, cold asphalt mixtures
are typically used instead of hot mix asphalt. The use of cold mixtures may result in reduced
adhesion to the existing pavement material, which significantly affects the patch performance and
longevity. Several alternative methods have been developed and used to enhance the longevity of
patches (2). However, these methods require additional equipment, materials, time and labor to
perform. The spray injection and semi-permeant methods are examples of alternative methods that
have been used for pothole patching. A tow-behind combination infrared asphalt heater/reclaimer
is another alternative patching method that has been explored by some local public agencies in
other states such as the Town of Enfield in New Hampshire, the City of Parkersburg in West
Virginia, and the City of Odessa in Missouri. Some cities in Ohio such as the City of Columbus
and the City of Cleveland as well as some ODOT county garages have also used an asphalt recycler
to obtain hot mix asphalt during winter time (/, 3). Previous studies showed that recyclers that use
indirect heating can be utilized to produce good quality patching mixes particularly when
rejuvenators are used (3).

There are a number of factors that need to be evaluated when selecting the optimal patching
method to be used by an LPA including: street classification, traffic flow, available traffic control
measures, pothole location, weather conditions, productivity of patching method, patch initial and
life cycle costs, patch life span, the size of the pothole, the time patching is required, distances
between potholes, required materials availability, LPA resources, and required equipment cost.
Street classification, traffic control, traffic flow, and pothole location are important factors that
dictate the amount of time that is available to patch, which in many cases determines the patching
methods that can be used. For example, for local roads with relatively high traffic, where traffic
control is difficult and the time for installing the pothole is limited, the patching method with the
best productivity and least traffic control requirements is typically selected.

Cost also plays an important role in the selection of the pothole patching method. The
selection should not depend only on the initial cost but rather on the life cycle cost. The life cycle
cost accounts for the initial installation cost as well as the cost incurred during the service life of
the patch. The initial cost might be higher due to using a specialized equipment or more expensive
repair materials. However, these methods and materials can improve the performance and
longevity of pothole patches, which reduces or eliminates the costs associated with re-patching
and enhances the safety conditions by allowing less crew time in traffic. There are also some pieces
of equipment that can reduce the cost of repair materials while enhancing the longevity of the
patch. However, the resources and budget limitation that might prevent certain LPAs from
purchasing additional equipment needed, particularly expensive ones, should be always considered
when selecting the optimal patching methods. For some LPAs, the use of more expensive materials



or an improved process of a traditional method, that does not require any special equipment and
can improve the patches service life, might be a better option.

As there are new patching methods and materials that might be available in the market but
not used or evaluated by LPAs, research is needed to identify cost-effective and efficient methods
and materials to be used in patching potholes on local roads and evaluate their advantages and
disadvantages for the different types of LPAs. In addition, limited research has been done to
evaluate current processes followed by LPAs for installing patches using traditional methods such
as the throw-and-roll. This is important, as modifications of such processes might result in
enhancing the patches performance and longevity without the need to use special equipment. This
study will identify and evaluate the cost-effectiveness of methods and materials for use in winter
pothole patching to determine the optimal repair methods and materials for the various LPAs (i.e.
cities, counties, townships) with different resources, budgets and access to materials. The study
will also identify the proper procedure, materials, quality control measures that should be used to
ensure the optimal usage of the different patching methods. The main outcome of this study is to
provide LPAs in Ohio with cost-effective and long-lasting solutions for potholes.

2. Research Context

The overall goal of this project is to identify efficient and cost-effective pothole patching
treatments and provide recommendation for optimal methods and materials that various LPAs can
use to enhance the performance and longevity of pothole patches installed during the winter
season. The specific objectives of this study:

e Determine current practices for winter pothole patching among LPAs in Ohio.

e Identify best practices for different pothole patching methods used by LPAs particularly
for traditional methods such as the throw-and-roll.

¢ Identify new materials and methods that are currently available for the repair of potholes.

e Propose various solutions to pothole repairs that may include improvements to current
processes such as, but not limited to: type of material used, amount of materials used,
appropriate level of compaction needed, etc.

e Evaluate how the proposed solutions compare to current practices taking into
consideration items such as, but not limited to: application, availability of materials, cost.

o Identify the top 8 process and/or materials for the most effective pothole patching on the
local transportation system.

e Develop a plan for field testing of proposed solutions that can be implemented by local
public agencies.

e Develop and provide training to local road crews on new patching methods as well as on
data collection protocols for field testing.

e Compare the productivity, longevity, and cost-effectiveness of different identified methods
under climatic conditions prevalent in the Ohio.

e Determine the advantages and limitations of evaluated methods.

e Provide recommendations on pothole patching methods and materials to be used by
different LPAs.

The following task were conducted to achieve the objectives of this study:



Task 1. Evaluate LPAs Current Practices for Pothole Patching

Task 2. Identify new Patching Methods and Materials

Task 3. Develop a Matrix of Pothole Patching Processes and Materials
Task 4. Design a Field-Testing Plan

Task 5. Develop Data Collection Protocol for field testing

Task 6. Conduct Training for LPA

Task 7. Document Patches Installation and Conduct Field Evaluation
Task 8. Conduct Data Analysis

Task 9. Conduct Cost Effectiveness Analysis

Task 10. Prepare and Submit Report

3. Research Approach

3.1 Evaluate LPAs Current Practices for Pothole Patching

In this task, the research team evaluated current LPAs practices for winter pothole patching.
To achieve that, an online survey was conducted to gather information and seek details from
different LPAs in Ohio on the current methods and materials they use for pothole patching. In
addition, phone interviews with selected LPA was conducted if more information or any
clarifications are needed regarding responses to the survey questions. The research team ensured
that the survey included clear, concise, and well-targeted questions. The information to be
collected in this survey included: the methods used for winter patching of potholes, average
service life and survival rate of patches installed using the different methods, most common
patching materials, steps and measures used to enhance the patch performance, factors that were
found to affect patch performance, factors used to select the patching method used, typical size of
pothole, and average cost and duration for pothole patching installation. In addition, the survey
was also used to identify LPAs that are willing to participate in this study.

The results of this survey was used to identify current LPAs practices for pothole patching
as well as new patching methods and materials that were explored and were found viable. In
addition, the survey was used to identify the best LPA practices used for pothole patching.

3.2 Identify New Patching Methods and Materials

In this task, a comprehensive literature review was performed to identify new methods and
materials used for winter pothole patching. Special attention was on studies conducted by local
public agencies with similar climatic conditions to those in Ohio. This task was also used to
identify best practices and materials used for common pothole patching methods (i.e. throw-and-
go, throw-and-roll, and spray injection) and improvements to current LPA patching practices that
can help in extending the life span of patches. The literature search included, but was not limited
to, standard methods such as TRIS, COPENDEX, NTIS, as well as consulting with domestic and
national experts in the field. In addition, the research team used their extensive contacts, both
domestic and abroad, to find data and pertinent citations that have not been formally published on
this topic.

The research team also conducted in this task a comprehensive online survey to gather information
from local public agencies in surrounding states having prevailing weather and traffic conditions
similar to that in Ohio. The survey sought information about the cost-effective and innovative
winter pothole patching methods/practices and materials that have been successfully used by these



agencies, which resulted in enhancing the performance and longevity of winter pothole patches.
The survey also collected the following information about these methods: initial and operational
costs, productivity (repair time and number of persons needed) repair depth, cost of equipment
needed, pothole size range that can be repaired, and user experience, and special materials needed.

3.3 Develop a Matrix of Pothole Patching Processes and Materials

The results and findings obtained from the conducted surveys and literature review were used to
propose: 1- new methods and materials that can be used by LPAs for pothole patching, and 2-
improvements to current practices of a traditional method (such as the type of patching mix,
patching procedure, properties of patching mix, and appropriate level of compaction needed, etc.).
Based on that, the proposed new methods/materials and improvements to current processes were
evaluated and compared to current LPA practices for winter pothole patching. The factors that
were considered in this evaluation included: productivity (time and number of persons needed to
patch a pothole), cost of materials, cost of any additional equipment needed, labor cost, patch life
span, traffic control requirements, applications limitations, any required conditions, availability of
materials, and ease of implementation into current LPA operations. It is noted that the total initial
and life cycle costs were computed and used in this evaluation.

Based on this analysis, the research team identified the best methods and/or materials (shown in
Table 1) combinations for the most efficient and cost-effective pothole patching on the local
transportation system.

Table 1. Patching Method/Material Combinations Evaluated

Methods Throw | Throw and | Throw and S
andRoll- | Roll- | Roll-Truck | . 5P
Materials Roller Tamper Tire Injection
HEI-WAY Cold Mix X X X -
UPM Cold Mix X X X -
Perma-Patch Cold Mix X X X -
Hot Mix Asphalt X X - -
Hot Recycled Mix X X - -
MWS-90 & Lime Stone-8 - - - X
MWS-90 & Lime Stone-9 - - - X
RS-2 & Lime Stone -8 - - - X

3.3 Design a Field-Testing Plan

A field-testing plan was developed to evaluate the productivity, life span, performance,
cost-effectiveness, and limitations of the identified pothole patching methods and/or materials
combination. The research team identified potential LPAs for this evaluation to ensure that all the
main factors affecting the winter pothole patching process and performance were considered. At
this stage, the research team identified the following factors that were considered in the field
evaluation:

1. Pothole patching methods and/or materials combination: four winter pothole patching
techniques were considered, including throw and roll-tamper, throw and roll-truck tire,
throw and roll-roller, and spray injection.



2. Patching material properties: the effect of patching material types and properties was be
evaluated.

3. Pothole size and depth: potholes with different dimensions (length, width and depth) were
included in the testing plan to evaluate the benefits and limitations of the various patching
methods.

4. Pavement structure type: potholes in flexible as well as rigid pavements were evaluated.

Type of road and traffic: roads with different classification (e.g., arterial, collector, and

residential) and average daily traffic were considered.

6. Climate region and weather: climate is considered as an important factor which
influences the construction and performance of the patches; therefore, Ohio was divided
into two regions based on climate (e.g., North and central Ohio) and sites from each region
were selected. It is noted that the testing plan was designed so that the patches undergo
different freeze times (the number of days when the air temperature was lower than the
freezing point) to evaluate the effect of that on the patching longevity.

The research team considered geographical sampling in the matrix. To this end, the research team

worked with LPAs in different regions so that the various patching methods/materials were used

in different geographical regions and field conditions, which allowed direct comparison of those
methods under various field and weather conditions. It is noted that to ensure the adequacy and
completeness of the field-testing plan, statistical aspects were considered in planning and selection
of test sites. To incorporate all the factors mentioned above, the research team developed a plan
which included a total of 686 pothole patches. The patches were installed on a total of 36 streets
located in four different LPAs located in central and north Ohio. Figure 1 shows the location of all
the patches installed for the purpose of this study. The detailed experimental plan is discussed in
section C.1.1 through C.1.4 in Appendix C.
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3.4 Conduct Training for LPA

Once the field-testing plan is developed and approved, a training session was held for maintenance
staff in different participating LPA. The purpose of this session was to educate the attendees on
the different methods/materials that were used for pothole patching in this study. The research
team provided the attendees with: the step-by step procedure for performing each method, proper
measures to be taken to ensure the patch properly installed, materials specifications and storage
and handling requirements, as well as factors to be considered when installing patches. In addition,
this session intended to train LPA on data collection protocols to document the installation of
pothole patches as well as how to perform the periodic field evaluations and use the developed
database to store the different types of data. The research team also provided the participating
LPAs with a booklet illustrating the steps that they would follow during the installation of the
patches with different patching techniques. A photo of the booklet is provided in section C.4 in
Appendix C.

3.5 Development of Interactive Database

An interactive database was developed to assist in collecting, storing, processing, and analyzing
the field data. This database was developed using online google cloud. Two cloud-based database
were created, namely (1) ORIL pothole installation database, and (2) ORIL pothole evaluation
database. The first database was linked to an interface developed with a cloud based google form,
namely, Installation Form, which consisted of all installation information and included the
following inputs: patch ID, whether or not it is a repatch, site location, pavement type, pothole
dimensions (width, length, depth), patching method, name(s) of person(s) recording the data, time
and date of installation, air and pavement temperatures, pavement condition, weather condition,
patching material type, temperature of patching material (at container), crew size, equipment used,
installation duration, compaction temperature immediately before compaction, picture before and
after the patch was installed, presence of water, use of tack coat and torch before patch installation.
These inputs were divided into three sections. Figure C.6 in Appendix C presents a screen shot of
all the sections of the installation form. The evaluation database was linked with another cloud
based google form, namely, Evaluation Form, which consisted of a table of the different types of
patch distresses along with their rating criterion developed in the Strategic Highway Research
Program (SHRP) studies (2). Figure C.7 in Appendix C presents a screen shot of the evaluation
form used in this study.

3.5 Document Patches Installation and Conduct Field Evaluation

The installation of the pothole repairs performed using the different patching processes and
materials was monitored and documented. The research team coordinated with participating LPAs
to ensure that the installation was properly done following the recommended procedure described
during the training. In addition, the research team properly labeled also installed patches. In
addition, photographs were taken for all potholes and the surrounding areas before, during, and
after installation of the patches. All patch installation information and pictures were uploaded to
the ORIL pothole installation Google database.

3.6 Performance Data Collection

Field Inspections were conducted periodically one week, one month, two months, four months, six
months, and eight months after the installation of the patches. During the evaluation, performance
based on several distresses were recorded, including bleeding, dishing, missing patch, edge



disintegration, raveling and cracking. Each patch was rated individually based on the distresses on
a scale of 0 to 4, where 4 means the patch performed excellent and 0 means the patch performed
poorly. Table C.5 presents the distresses for which the performance data were collected and their
corresponding rating criteria. The performance of the patch was rated based on visual inspection
except dishing, which was measured with a slide caliper every time during the inspection. Dishing
was measured at three equally spaced points both parallel and perpendicular to the traffic direction
and then the final dishing was the average of those measurements. Pictures were taken during the
survey to document the extent of distresses for future reference. The performance data and pictures
obtained for each patch during evaluation and were uploaded to the ORIL pothole evaluation
Google database.

3.6 Conduct Data Analysis

Comprehensive analyses were conducted on the obtained field data. The analyses of this study
were two folded: (1) to evaluate the factors affecting the performance of the patch, (2) to estimate
the expected lifetime of the patches installed with different combinations of methods/materials,
and (3) to measure the productivity of patches constructed using the different methods identified
in this study.

Each patch was rated using the obtained distress data based on the guidelines provided in
Table C.5 in Appendix C. Classification tree model was developed based on the obtained rating to
identify the factors affecting the pothole performance. The performance of the pothole was
measured based on four indices: dishing, missing patch, edge disintegration, and overall
performance. The overall performance of the pothole patches included distresses such as dishing,
edge disintegration, missing patch, and raveling. Other distresses such as bleeding and cracking
were rarely encountered during the eight months of the study. Therefore, such distress were
ignored from the data analyses. The classification tree illustrated the influence of different factors
and their interaction the performance of patch. Furthermore, the random forest classifier model
was also run to investigate the importance of different factors considered in this study. The results
obtained from classification tree model and random forest classifier are discussed and illustrated
in section D3 of Appendix D.

Survival analysis was conducted to quantify the longevity and determine the expected life
of patches installed using each of considered patching methods. The ‘Flexsurv’ procedure in
statistical software ‘R’ was be conducted on the collected data to determine the mean expected life
for patches constructed using the different methods evaluated. The ‘Flexsurv’ procedure computes
the non-parametric estimates of the survivor function by the Kaplan-Meier method (also called the
product-limit method). The survivor function is used to estimate the average survival time of the
patches installed using each of the method evaluated. In addition, Cox proportional hazard model
was run to analyze the hazard risk associated with each combination of method/materials. The
results of survival analysis are discussed in section D.4 of Appendix D.

Finally, the productivity of the patching method was determined based on patching time,
the size of the potholes data, and the crew size that were recorded during the installation of
patches.

3.7 Conduct Cost Effectiveness Analysis

A comprehensive analysis was conducted to evaluate the cost-effectiveness of each of the pothole
patching of methods for. The following costs and factors were considered in this analysis: Labor
costs, material costs, traffic control costs, user delay, productivity of the patching crew, equipment



costs, and life span of repairs. Information on these costs were collected from City of Columbus.
A similar approach as that developed and used as part of the SHRP program was utilized in this
study for estimating the cost of repairs performed using the different methods considered in this
study (4).

4. Research Findings and Conclusions

Appendices A, B, C, and D present a detailed summary of the results of tests and analyses

conducted in this study. The main findings of this phase are:

The most common distresses in pothole patches during the eight months of evaluation were
dishing, edge disintegration, missing patch, and raveling.

The results indicated that materials and patching methods are the most significant factors
affecting the dishing performance. The pothole dimension as well as the pavement type and
road category also affected the dishing performance.

In general, Perma-Patch, and HEI-WAY cold mixes exhibited relatively higher dishing than
hot mix, hot recycled mix, and UPM cold mix, especially for larger and deeper potholes when
throw and roll tamper and truck tire were used. Higher dishing was also observed for the spray
injection method.

The results suggested that the presence of missing patch and edge disintegration was mainly
affected by the patching method and material as well as pavement type. In addition, the number
of freezing days below 26°F and the number of days to experience first snow fall after patch
installation played significant role in predicting edge disintegration; especially when patches
were installed on concrete pavement.

UPM cold mix showed the best performance in terms of missing patch and edge disintegration
followed by HEI-WAY cold mix and hot mix asphalt.

UPM cold mix showed the best performance in terms of missing patch and edge disintegration
followed by HEI-WAY cold mix and hot mix. Patches installed with spray injection method
also showed very good performance. On the other hand, Perma-Patch, generic cold mix, and
hot recycled mix showed more severe levels of missing and edge disintegration than the rest
of the materials when the patches were installed with tamper or truck tire.

The overall performance of the patch was dependent on number of factors, including: the
patching material, patching methods, pothole size, pothole depth as well as environmental
factors such as number of freezing days below 26°F and number of days to experience first
snow fall after installation.

UPM and HEI-WAY cold mixes had the best overall performance for all throw and roll
methods. Spray injection method also resulted in good performing patches. However, the
overall performance was dependent on the ratio of emulsion to aggregates.

The results indicated that Perma-Patch cold mix, hot recycled mix, and generic cold mix
showed poor overall performance, especially when patches were installed with either tamper
or truck tire.

The performance of both hot mix and hot recycled mix was dependent on patching technique.
Good performance observed when patched with roller and poor performance was observed
when tamper was used for patching, which may suggest that hot mix and hot recycled mix
should only be used for patching when a roller is available to the agency.
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The occurrence of snow within two days of patching resulted in poor patch performance when
certain patching methods and materials were used.

The results of survivability analysis indicated that both patching materials and method have
significant role on the longevity of the patch.

The use of UPM and HEI-WAY cold mixes resulted in the best longevity when patched with
different throw and roll methods.

Perma-Patch had the least service life; especially when used with tamper and truck tire.
Satisfactory service life was observed for both hot mix and hot recycled mix when roller was
used. However, the service life was reduced significantly when a tamper was used, which may
suggest the compaction effort played significant role in determining the longevity of these
materials.

Spray injection, in general, showed good service life. However, it depended on the emulsion
to aggregate ratio in patching mix.

The results of cost analysis indicated that the throw and roll-tamper and truck tire with UPM
cold mix and throw and roll-truck tire with HEI-WAY cold mix were the most cost effective
when used for patching potholes on residential streets.

For the arterial streets, UPM and HEI-WAY cold mixes as well as hot recycled mix with throw
and roll-tamper were the most cost-effective combinations for the analysis period of six
months. Other combinations such as UPM and HEI-WAY cold mixes with truck tire had
comparable life cycle cost and can be used alternatively.

For the analysis period of 12 and 18 months, UPM and HEI-WAY cold mixes with tamper
were found to be the most economical combinations followed by UPM and HEI-WAY cold
mixes with truck tire for patching potholes on arterials streets.

Spray injection and certain combination of throw and roll-roller and cold mix, such as throw
and roll-roller with UPM cold mix, were also found to be economically viable option for
analysis periods of 12 and 18 months. Therefore, these combinations can also be used as
alternatives, especially when an LPA is looking for patches with an expected service life of at
least 12 months.

Recommendations for Implementation

Based on the results of this study, it is recommended to:

Follow the decision tree presented as Figure 2 or Figure 3 to select the optimal repair of
methods and materials combination for winter pothole patches.

It is recommended to follow the procedures described in Appendix E when performing repairs
using different patching methods. In addition, it is recommended to also follow the guidelines
provided in Appendix E for storage and handling of patching material.

Future research should evaluate the properties of the patching materials that affect the
performance and service life of the patch.

Hot recycled mix seems to a cost-effective solution. However, further research is needed to
optimize the use of hot recycled mix for the use in pothole patching.
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Appendix A. Evaluate LPAs Current Practices for Pothole Patching

A.1 Ohio LPAs Survey Procedure Steps

The research team evaluated current Ohio LPAs practices for winter pothole patching. To
achieve that, the following steps were followed for conducting the survey: an online 24-question
survey was conducted to gather information and seek details from different LPAs in Ohio on the
current methods and materials they use for pothole patching. The survey was sent by Ohio LTAP
to all LPAs in Ohio on October 28", 2020. In addition, phone interviews with selected LPA were
conducted if more information or any clarifications were needed regarding responses to the survey
questions. The research team ensured that the survey included clear, concise, and well-targeted
questions. The information collected in the survey included: the methods used for winter patching
of potholes, average service life and survival rate of patches installed using the different methods,
most common patching materials, steps and measures used to enhance the patch performance,
factors that were found to affect patch performance, factors used to select the patching method
used, typical size of pothole, and average cost and duration for pothole patching installation. In
addition, the survey was also used to identify LPAs in Ohio that were willing to participate in this
study.

A.2 Ohio LPAs Survey Results

A total of 101 responses were received from respondents covering different types of LPAs in
Ohio. Figure A.1 shows the different types of Ohio LPAs that were covered in the survey. The
results were analyzed and compiled for each LPA.

Figure A.1 also shows the answers to the Ohio survey questions regarding the type of LPAs
for each agency that responded to the survey (city, county, township, or village). It can be seen in
Figure A.1 that approximately 39% of the LPAs covered in the survey were counties, which
represent the higher percentage. About 34% of the LPAs were cities and 16% were townships. Just
around 8% were villages (3 LPAs). In addition, only one LPA was mentioned as other type of
LPAs (about 3%).

Figure A.2 presents responses on Ohio survey regarding main materials used for winter
potholes patching. Many respondents who answered this question indicated that they use generic
cold mix material for potholes patching, which represent the highest percentage of more than 43%
of the responses (57 respondents). Around 15% of the agencies (20 responses) indicated that they
use proprietary cold mixes for their potholes patching. Also, around 19% of the agencies (25
responses) indicated using aggregates and emulsion in their potholes patching practices. Around
14% of the agencies (19 responses) indicated using plant produced Hot Mix Asphalt (HMA) for
potholes patching. Just around 4% of the agencies indicated using either reclaimed HMA or other
materials in their patching practices (5 or 6 responses, respectively).

Figure A.3 presents responses on Ohio survey regarding their recommendation on main
materials to be used for winter potholes patching. Many respondents who answered this question
recommended using generic cold mix material for potholes patching, which represent the highest
percentage of more than 43% of the responses (30 respondents). Around 12% of the agencies (8
responses) recommended using proprietary cold mixes for potholes patching. Also, around 20%
of the agencies (14 responses) recommended using aggregates and emulsion for potholes patching.
Around 17% of the agencies (12 responses) recommended using plant produced Hot Mix Asphalt
(HMA) for potholes patching. Just around 3-4% of the agencies recommended using either
reclaimed HMA or other materials for pothole patching practices (3 or 2 responses, respectively).
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responses out of 4). 25% of the respondents indicated a survival time for each of less than a month
and less than 6 months (1 response out of 4 for each).

Table A.1 presents the results of Ohio survey in terms of service life of each of the patching
materials used in potholes patching. As seen in Table A.1, most of the respondents in Ohio survey
indicated using Perma-Patch as patching material (7 responses out of 15) with service life of more
than 6 months, the most recommended material was also Perma-Patch with 6 responses out of 10.
Around 40% of the responses indicated using either QPR or Asphalt Materials Inc. patching
materials for potholes patching (3 responses out of 15 for each material) with a service life of less
than 6 months for QPR and more than 6 months for Asphalt Materials Inc. No LPAs recommended
using QPR as a patching material, whereas 2 agencies recommended using Asphalt Materials Inc.
patching materials for potholes patching purposes. Only 2 respondents indicated and
recommended using HEI-WAY materials for potholes patching, with a service life of more than 6
months. No LPAs indicated or recommended using UPM as a patching material. No available
information was indicated for using Green Patch as patching materials.
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B Generic cold mix
B Proprietary cold mix (please specify type)
B Agpregates and emulsion (please specify emulsion type)
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Table A.1 Results of service life of different proprietary cold mixes for Ohio survey

c e Agencies Agencies
. . Average Service life .
Cold mix material (Ohio) reported using | recommended
(OHIO) (OHIO)
Quality Performance Repair (QPR) Less than 6 3 0
Unique Paving Materials (UPM) N/A 0 0
Perma-Patch More than 6 7 6
Green Patch N/A N/A N/A
Asphalt Material Inc. More than 6 3 2
HEI-WAY More than 6 2 2

Based on the outcomes of Ohio survey regarding spray injection method, the majority of
LPAs in Ohio use #8 and #9 washed limestone aggregates for spray injection. More LPAs use #8
rather than 9. RS-2 is most commonly used emulsion for spray injection. Some LPAs indicated
using MWS-90 emulsion; particularly those that indicated using spray injection below 45°F.

Figure A.5 presents responses on Ohio survey regarding main methods used for winter
potholes patching. Many respondents who answered this question indicated that they use the
method of throw-and-roll with truck tire for potholes patching, which represent the highest
percentage of more than 40% of the responses (55 respondents). Around 21% of the agencies (29
responses) indicated that they use the method of throw-and-roll with tamper for their potholes
patching. Also, around 12% of the agencies (16 responses) indicated using throw-and-go method
in their potholes patching practices. Around 11% of the agencies indicated using either the method
of throw-and-roll with vibratory plate/roller or spray injection method or potholes patching (15
responses for each). Around 4% indicated using other methods for patching. Only around 1% of
the agencies indicated using either infrared heater/reclaimer or automated pavement repair vehicle
in their patching practices (2 or 1 responses, respectively).

Figure A.6 presents responses on Ohio survey regarding their recommendation on main
methods to be used for winter potholes patching. Many respondents who answered this question
recommended using the method of throw-and-roll with truck tires for potholes patching, which
represent the highest percentage of more than 43% of the responses (19 respondents). Around 27%
of the agencies (12 responses) recommended using throw-and-roll with vibratory plate/roller for
potholes patching. Also, around 11% of the agencies (5 responses) recommended using the method
of throw-and-roll with tamper for potholes patching. Around 9% of the agencies (4 responses)
recommended using other methods for potholes patching. Around 5% recommended using throw-
and-go method for potholes patching. Just around 2% of the agencies recommended using either
infrared heater/reclaimer or automated pavement repair vehicle for pothole patching practices (1
response for each method). No recommendations were made for using the spray injection method
for potholes patching.
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Figure A.7 presents responses on Ohio survey regarding typical survival time of main
patching methods used for winter potholes patching. Around 31% of the respondents who
answered this question indicated that the throw-and-go method has an average survival time of
less than 6 months, which represent the highest percentage of the responses (5 respondents out of
16). Around 19% indicated a survival time of either less than a week, less than a month, or less
than 3 months (3 responses out of 16 for each). Just around 6% indicated a survival time of either
less than a day or more than 6 months (1 response out of 16 for each). For the method of throw-
and-roll with truck tires, the highest percentage of the responses 32% (16 respondents out of 50)
indicated an average survival time of more than 6 months. Around 28% indicated a survival time
of less than 3 months (14 responses out of 50). Around 20% (10 responses out of 50) indicated a
survival time of less than a month. While around 16% indicated a survival time of less than 6
months (8 responses out of 50), only 4% of the respondents indicated a service life of less than a
week. For agencies that use the method of throw-and-roll with tamper in potholes patching, the
highest percentage of the responses 36% indicated an average survival time of more than 6 months
(9 respondents out of 25). Around 20% indicated a survival time of less than a month (5 responses
out of 25). 16% of the respondents indicated a service life of either less than 3 months or less than
6 months (4 responses out of 25 for each). Just 12% indicated a service life of less than a week (3
responses out of 25). For the method of throw-and-roll with vibratory plate/roller, the highest
percentage of the responses (around 47%) indicated a survival time of more than 6 months (7
responses out of 15). Around 27% of the respondents indicated a service life of less than 6 months
(4 responses out of 15). Around 13% of the respondents indicated a service life of either less than
a month or less than 3 months (2 responses out of 15 for each). Most of the respondents who
answered this question about spray injection method indicated a service life of more than 6 months
with the highest percentage of around 87% (13 responses out of 15), while the rest of the
respondents (around 13%) indicated a s survival time of less than 6 months (2 responses out of
15). Only one agency answered this question for spray injection method indicating a service life
of less than 3 months. Also, only one agency answered this question for the automated pavement
repair vehicle indicating a service life of less than 3 months. For respondents indicated using other
methods in potholes patching. Most of the respondents indicated a service life of more than 6
months, with the highest percentage of around 83% (5 responses out of 6), while only one
respondent indicated a service life of less than 6 months (17%).

The outcomes of the Ohio survey also indicated some suggestions regarding best potholes
patching practices. Some agencies suggested preparing the pothole before patching; this involves
cleaning out the holes with a backpack blower that seemed to work well, squaring up holes using
partner saw and doing cut-outs when large areas are breaking apart, and applying tack coat before
installing patching materials into the pothole. Suggestions regarding materials placement in the
pothole suggested heating the pothole surface with a torch and slightly heating the cold mix if it
cold out. Some agencies suggested using a 5-ton roller compactor for large size potholes. Figure
A.8 presents suggested best practice for spray injection method in terms of the lowest temperature
this method can be used. Around 35% of the respondents who answered this question suggested
that this method should be done at a temperature of at least 45 °F (12 responses out of 34). Same
percentage of respondents (35%) suggested using this method at a temperature of at least 32 °F.
The rest of the respondents (10 out of 34) suggested that spray injection method can be done at
temperatures below 32 °F with doing some modifications while applying this method.
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A summary of used materials and methods in potholes patching procedures based on the
results of Ohio survey is shown in Table A.2. As seen in Table A.2, LPAs in Ohio use almost all
patching materials when applying throw-and-go method, except the Hot Recycled Mix (HRM),
RS-2 emulsion with #8 limestone, and MWS-90 emulsion with #8 limestone aggregate. Same
response was indicated for the method of throw-and-roll using truck tires. For throw-and-roll
method using tamper or vibratory plate/roller, LPAs indicated using all patching materials with
these two methods except emulsion and aggregates materials. Only two materials were indicated
for use with the method of throw-and-roll using 5-ton roller, which were HEI-WAY cold mix
(HWCM) and HRM. Only HRM was indicated for use with infrared heater/reclaimer patching
method. Aggregates and emulsion materials were indicated for use with spray injection method.

Table A.3 presents the results of cost analysis that was done based on the outcomes of Ohio
survey for each patching method and its total cost (US dollars/ton) assuming same patching
material type for all (generic cold mix). As seen in Table A.3, the method of throw-and-roll using
vibratory plate/roller resulted in lowest total cost among all other methods in the analysis. followed
by methods of throw-and-roll using tamper then throw-and-roll using truck tires. Throw-and-go
method resulted in the highest cost among other methods due to the very high reported number of
repatches done after the end of service life of installed patches.

Table A.4 presents the results of cost analysis that was done based on the outcomes of Ohio
survey for each patching method and material in terms of total cost of each patching
material/method combination (US dollars/ton). As seen in Table A.4, the lowest cost for the
method of throw-and-go was indicated for HEI-WAY material, while the highest cost was
indicated for QPR mix. For the method of throw-and-roll using truck tires, the lowest cost was
indicated for HEI-WAY mix while the highest cost was for Perma-Patch mix. For the method of
throw-and-roll using tamper, the lowest cost was indicated for HEI-WAY mix while the highest
cost was for QPR mix. For the method of throw-and-roll using vibratory plate/roller, the lowest
cost was indicated for HRM mix while the highest cost was for QPR mix. Spray injection method
using RS-2 emulsion and #8 limestone aggregate showed a relatively low cost compared to other
combinations of patching methods/materials.

Table A.2 Matrix of patching methods/materials according to Ohio survey

Perma- RS-2 [MWS-90

Method UPM patch HWCM |GCM [AMCM HRM %48 1Sle #8 1S
Throw-and-go X X X X X
Throw-and-roll (compaction

. . X X X X X
using truck tires)
Throw-and-roll (compaction

. X X X X X X
using tamper)
Throw-and-roll (compaction X X X X X .
using vibratory plate/roller)
Throw-and-roll (compaction « «
using 5- Ton Roller)
Infrared Heater/Reclaimer X
Spray Injection method X X

24



Table A.3 Results of cost analysis for different patching methods based on Ohio survey

Throw-and- Throw-and-
Throw-and-| e ok tires || row-and- roll/Vibratory
go (GCM) (GCM) roll/Tamper (GCM) (GCM)
Productivity
(tons/day) 20 15.8 14.9 10.6
Material ($/ton) |100 100 100 100
Labor ($/ton) 24 30.33 32.14 45.50
Equipment ($/ton)|10 13.35 13.35 13.35
Initial cost ($/ton)|134 143.68 145.49 158.85
Number of 5366 3.147 D337 1.895
Repatching
Total cost ($/ton) [719.11 452.19 339.99 300.98

Table A.4 Results of cost analysis for different patching materials and methods based on Ohio

survey
Throw- |Throw-and-roll| Throw-and-roll| Throw-and-roll| Spray
and-go Truck tires Tamper Vibratory Injection

Generic cold mix|$719.11 $452.19 $339.99 $300.98

QPR $2,572.00 $360.68 $2,609.92 $702.89

UPM $446.22 $346.30 $338.99 $275.85

Perma-Patch $1,576.80 [$511.09 $514.14 $316.85

HEI-WAY $84.00 $180.68 $184.81 $310.68

Hot Recycled Mix $86.01

RS-2 and #8 Aggregate $203.73

A.3 National LPAs Survey Procedure Steps

The research team evaluated current Nationwide LPAs practices for winter pothole
patching. To achieve that, the following steps were followed for conducting the survey: an online
23-question national survey was conducted to gather information and seek details from different
LPAs nationwide on the current methods and materials they use for pothole patching. The survey
was sent by Ohio LTAP to all LPAs nationwide on October 29™, 2020. The research team ensured
that the survey included clear, concise, and well-targeted questions. The information collected in
the survey included: the methods used for winter patching of potholes, average service life and
survival rate of patches installed using the different methods, most common patching materials,
steps and measures used to enhance the patch performance, factors that were found to affect patch
performance, factors used to select the patching method used, typical size of pothole, and average
cost and duration for pothole patching installation.

A.4 National LPAs Survey Results

A total of 75 responses were received from respondents covering different types of LPAs
nationwide. The results were analysed and compiled for each LPA. Figure A.9 presents responses
on the national survey regarding main materials used for winter potholes patching. Many
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respondents who answered this question indicated that they use generic cold mix material for
potholes patching, which represent the highest percentage of more than 41% of the responses (35
respondents). Around 31% of the agencies (26 responses) indicated that they use proprietary cold
mixes for their potholes patching. Also, around 18% of the agencies (8 responses each) indicated
using aggregates and emulsion or reclaimed HMA in their potholes patching practices. Around
10% of the agencies (4 responses each) indicated using plant produced Hot Mix Asphalt (HMA)
or other materials for potholes patching.

Figure A.10 presents responses on the national survey regarding their recommendation on
main materials to be used for winter potholes patching. Around 45% of the respondents who
answered this question recommended using generic cold mix material for potholes patching, which
represent the highest percentage of the responses (24 respondents). Around 34% of the agencies
(18 responses) recommended using proprietary cold mixes for potholes patching. Also, around 9%
of the agencies (5) recommended using aggregates and emulsion for potholes patching. Just around
4% of the agencies (2 responses) recommended using plant produced Hot Mix Asphalt (HMA) for
potholes patching. Around 6% of the agencies recommended using reclaimed HMA for pothole
patching practices (3 responses). While only one LPA recommended using other materials for
potholes patching (2% of the responses).
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Figure A.9 Main patching materials used by LPAs nationwide.
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Figure A.10 Main patching materials recommended by LPAs nationwide.

Table A.5 presents the results of National survey in terms of service life of each of the
patching materials used in potholes patching. As seen in Table A.5, most of the respondents
indicated and recommended using UPM as a pothole patching material (9 responses out of 12)
with a service life of more than 6 months. Only one respondent for each of QPR, Perma-Patch, or
Green Patch indicated and recommended using these materials for potholes patching, with a
service life of more than 6 months for each material. No available information was indicated for
using Asphalt Materials Inc. or Hei Way as patching materials.

Table A.5 Results of service life of different proprietary cold mixes for national survey

c 1. Agencies Agencies
. . Average Service life .
Cold mix material (National) reported using | recommended
(National) (National)
Quality Performance Repair (QPR) More than 6 1 1
Unique Paving Materials (UPM) More than 6 9 9
Perma-Patch More than 6 1 1
Green Patch More than 6 1 1
Asphalt Material Inc. N/A N/A N/A®
HEI-WAY N/A N/A N/A®

Figure A.11 presents responses on the national survey regarding main methods used for winter
potholes patching. Many respondents who answered this question indicated that they use the
method of throw-and-roll with truck tire for potholes patching, which represent the highest
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percentage of around 41% of the responses (42 respondents). Around 16% of the agencies
indicated that they use either the method of throw-and-roll with tamper or throw-and-roll with
vibratory plate/roller for their potholes patching (16 responses for each method). Also, around 15%
of the agencies (15 responses each) indicated using throw-and-go method in their potholes
patching practices. Around 5% of the agencies indicated that they use either the spray injection
method with or other methods for their potholes patching (5 responses for each method). Around
2% of the agencies indicated using infrared heater/reclaimer for patching (2 responses), while just
1% of the respondents indicated using automated pavement repair vehicle for potholes patching (1
response only).

Figure A.12 presents responses on the national survey regarding their recommendation on main
methods to be used for winter potholes patching. Around 43% of the respondents who answered
this question recommended using the method of throw-and-roll with truck tires for potholes
patching, which represent the highest percentage of the responses (19 respondents). Around 27%
of the agencies (12 responses) recommended using the method of throw-and-roll with vibratory
plate/roller for potholes patching. Also, around 11% of the agencies (5 responses) recommended
using the method of throw-and-roll with tamper for potholes patching. Just around 9% of the
agencies (4 responses) recommended using other methods for potholes patching. Around 5% of
the agencies recommended using throw-and-go method for potholes patching practices (2
responses). While only one LPA recommended using either infrared heater/reclaimer or automated
pavement repair vehicle for potholes patching (2% of the responses for each method).
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Appendix B Literature Review

B.1 Pothole Formation

Potholes are one of the most aggravating forms of pavement deterioration because of the
danger they pose to the travelling public and the potential damage they can cause to vehicles.
Despite all measures taken by transportation agencies, the development of potholes is inevitable,
which presents a challenge to all national, state, and local agencies involved in pavement
maintenance. A pothole is a bowl-shaped depression in the pavement surface to the extent that it
causes significant noticeable impact on the vehicle tires and handling. Transportation agencies
typically define potholes based on the size of the depression. (ODOT, 2008) defines a pothole as
a hole in the paved surface exceeding two inches in depth and 144 square inches in area with both
area dimensions greater than four inches.

Potholes form due to two main factors: traffic loads and water. The mechanism of pothole
formation varies depending on the type of pavement. For flexible pavements, potholes generally
develop in weak areas of the pavement where heavy traffic loadings result in excessive bending
(flexing) and cause it to crack. Water can then easily enter the pavement system through these
cracks and weaken the various layers of the pavement structure to the point where the pavement
can no longer support heavy loads. Freezing and thawing during the winter further lead to the
expansion and contraction of the pavement structure, which expedite the formation of potholes
under subsequent traffic loads. For rigid concrete pavements, potholes usually form at the
contraction joints or in areas where concrete has deteriorated. Cracks can form at the joints due to
pavement curing after construction as well as contraction or expansion under adverse weather
conditions. As for composite pavements, potholes typically develop in the top layer due to
reflective cracking, which occurs at the location of the joints or cracks in the underlying concrete
slab. The reflective cracks in the asphalt overlay will gradually enlarge with time, and if not sealed,
water can enter and weaken the layer due to freezing and thawing, and eventually lead to the
formation of potholes.

B.2 Best Practices for Pothole Preparation

Pothole preparation prior to patching is the most important step that several studies have
found to affect performance and longevity of a patch no matter what patching method or materials
is used. There are several methods that prepare a pothole for patching, each method prepares the
roadway to a different degree. The easier and quicker procedures do not clean the pothole as much
as longer methods. Sweeping is one of the quick and widely used pothole preparation methods for
small potholes patching practices. In this method, a crew member uses a steel brush to sweep out
the pothole and remove dirt, debris, and any standing water (Figure B.1). A shovel might be used
before this step to ensure removing large aggregates from the pothole. This method removes large
particles from the pothole but does not necessarily remove fine materials. Another method for
pothole preparation is cleaning the pothole using compressed air. In this method, a crew member
uses a hose attached to an air compressor or an electrical or gas operated air blower to remove the
loose aggregate and fine materials from the pothole (Figure B.2), this also helps by removing the
water from inside the pothole and keep it dry. In some cases, if the pothole is filled with water, a
sponge can be used to dry the pothole before blowing with air.
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Figure B.2 Pothole preparatrion method of cleing us

ing compressed air
B.3 Pothole Patching Methods

The remedy for repairing a pothole is termed “patching”. Patching can be described as the
filling of hole or depression in a road surface by an appropriate asphalt mixture. Pothole patching
is a required practice for the maintenance and up keeping of our precious roadways. The goal of
patching is to return the pavement to a working condition that will not deteriorate the vehicles that
ride on the road. Patches are required to blend with the surrounding pavement in regard to
performance. The three main types of pothole patches are the permanent patches, semi-permanent
patches, and temporary patches. Permanent patches are used for pavement that is in good condition
and has a relatively long-life expectancy, and when agency resources are available to do the work.
Semi-permanent patches are generally done as a proactive measure to keep a small pothole from
turning into a major failure, same procedure of permanent patches is used, but the pavement is not
cut, and the resulting patched area is not rectangular. Temporary patches are used when there is a
pothole that could damage vehicles and needs to be patched immediately and it is not realistic to
close the roadway. The most common methods for pothole patching found in literature are the
throw-and-go, throw-and-roll with different available versions based on the compaction method
and materials used, spray injection method, tow-behind combination of infrared asphalt
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heater/reclaimer, edge seal method, semi-permanent method, and the automated patching method
using self-propelled pothole patching equipment.

B.3.1 Throw-and-Go

The throw-and go method is a quick patching method that does not require compaction of
installed materials. In this method, patching materials (typically cold mix) is placed in the hole and
left for traffic to compact. The pothole is not prepared or cleaned prior to patching, and compaction
is done only by traffic. Many Local Public Agencies (LPAs) use this technique as a temporary fix
during winter season as HMA is not available during that time, but the expected service life of this
method is very short. Some best practices of the throw-and-go method are found in literature. In
general, the pothole is not prepared or cleaned before placing the materials. However, studies
related to other repairing technique have shown that preparing the pothole may increase the
service. Therefore, it is recommended to prepare the pothole area with proper techniques before
placing the materials. For materials placement, it is recommended to use the shovel to place the
materials inside the pothole, and the materials should mound in the center and taper down to the
edges so that it meets the surrounding pavement edge (Figure B.3). The advantages of this method
can be summarized by the following: throw-and-go method is a very quick method and only one
or two persons are required, no special equipment is needed, this leads to a high production rate,
allowing crews to fix many potholes in one trip, the safety rates in this method are high as crews
are less exposed to traffic, the initial cost of the method is the lowest among other methods, and
no recovery time is needed between patching and opening the road to traffic. The limitations of
the throw-and-go method can be summarized as: the lowest survival rate among other methods,
this makes the life cycle cost of patches installed using this method to be much higher than those
installed using other methods. Generally, this method is not recommended unless the weather and
road conditions do not allow using any other patching methods.

Figure B.3 Material placement recommended for throw-and-go method

B.3.2 Throw-and-Roll

The throw-and-roll method is the most widely used especially in wintertime. This method
consists of filling a pothole with an asphalt mix and compacting it with truck tires. The process is
repeated until the compacted mix is slightly above the top of the hole. This method is one of the
older methods of pothole patching, yet it is one of the most cost-effective. The throw-and-roll is
the most commonly used method for potholes patching. This method is frequently the method of
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choice in the winter time due to the easiness of procedure and the effect that the weather conditions
have on longevity of patches. Different schemes of executing this method are as follows:

TAR Method 1 (Wilson & Romine, 1999)
1. Throw the hot or cold mix into the pothole regardless of the amount of debris or water that
is in the hole.
2. Compact the asphalt with the truck tires until a 3mm to 6mm crown is left.
3. Move onto the next pothole. (As suggested by SHRP)

TAR Method 2 (Rosales-Herrera et al. 2007)

1. Remove water and debris from the pothole.
2. Throw in the hot or cold mix
3. Compact the asphalt with the truck tires or vibratory roller/plate until a 3mm to 6mm crown

is left.
4. Move onto the next pothole.

TAR Method 3 (Rosales-Herrera et al. 2007)
Remove debris and water from the pothole.
Apply a base tack coat.
Throw in asphalt.
Compact using truck wheels, leaving a slight crown.
Move onto next pothole.

MRS

For this method, it is also an option to square the sides of the pothole using cutting tools until they
are vertical. Wilson and Romine, 1999, suggest that this will result in a tighter patch that lasts
longer. Another option suggested by Rosales-Herrera et al. (2007) for this method is to pour the
materials for the patch in 2 inches at a time. Each individual layer will be compacted with a tamp
or the truck tires, until the standard crown is left. Another procedure for this method was suggested
by Paige-Green et al. (2010), it is an option in this method to pour in the materials in 75 mm
increments. Each layer will be individually compacted with the surface being roughened to ensure
a tight fit between layers. The top layer is to be compacted, with a tack coat and crown on the top.

The throw-and-roll method is the preferred method in the Midwest region, mostly due to
the inclement weather that frequently occurs. One method that was derived from the throw-and-
roll method is the edge seal method, in which the edges of the pothole are sealed with an asphalt
tack to prevent water from entering. Materials for the throw-and-roll include a large variety of hot
and cold asphalt mixes that may be utilized in filling the pothole. Regardless of whether hot-mix
asphalt (HMA) or cold-mix asphalt (CMA) is used, there is still inadequate bonding between the
material and the pavement while using the throw-and-roll, which leads to multiple entry points
around the edges for water and other debris to enter the pothole patch, severely shortening the
lifespan of the patch. The cold mixes used generally have a shorter life span than its hot mix
counterpart. CMA is the more commonly used mix due to low cost and not having to worry about
keeping the mix warm; however, it is not supplied in bulk due to losing its volatility. When using
cold mixes, it would behoove the patching team to apply a tack coat to the top and bottom of the
patch to ensure continuous and balanced grading. Hot mixes are more efficient to be used when
the supply is abundant, and the location is close to the source of the HMA. HMA should be use
for larger potholes, as the permeability rate is lower than that of CMA. The hot mixes are generally
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suggested to be heated to a minimum of 135 °C (Paige-Green et al. 2010). This method is most
commonly used in adverse weather conditions. One frequently used practice is to leave a crown
of asphalt (3mm to 6mm) above the pothole surface. This allows passing traffic to further compact
the patch and create a tighter seal, which corresponds to a higher density. The slipping and
compressing of the asphalt will allow for the extra crown to be squeezed into the cracks as much
as possible, which will result in a tight patch. While compacting a patch, compact from the center
of the patch and work towards the outer edges. This ensures that the patch is tight against the edge
of the existing pavement. The throw and roll is to be used as a temporary fix, most times used in
only last minute emergency fixes.

Best practices recommended in literature for this method involves pothole preparation,
materials placement, and compaction of the pothole after placing the materials. In regard to pothole
preparation, one of the previously discussed preparation methods can be used prior to using throw-
and-roll method. For materials placement, same procedure discussed in the throw-and-go method
can be used. Compaction of materials in throw-and-roll method can be done using truck tires,
tamper, or vibratory plate/roller. Compaction using truck tires involves compacting the placed
materials with the maintenance truck (four to eight passes). If depression is present after rolling,
additional material needs to be added and rolled to bring patch surface above surrounding
pavement level. After the material has been compacted, it should be verified that a visible crown
of about 0.125 in. to 0.25 in. (3 to 6 mm) is present on the patch. Compaction using tamper or plate
compactors should start from the center of the patch towards the outer edges, this ensures that the
patch is tight against the edge of the existing pavement. It is important that the edges are compacted
to the same degree as the rest of the material to eliminate any permeability differences. If a pothole
is more 4 in. (100 mm) deep, it should be filled with layer not exceeding 3 in. (75mm), each layer
compacted separately. Some researchers suggested 2-inch lifts. After the material has been
compacted, it should be verified that a visible crown of about 0.125 in. to 0.25 in. (3 to 6 mm) is
present on the patch. In regard to the final finish of pothole, all loose material should be swept
from the patch area after compaction, and the patch can be blind with fine grained soil or sand to
avoid adhesion with tire of the traffic immediately after opening.

There are certain advantages and disadvantages of this method that need to be evaluated
before the throw-and-roll method is selected. In regard to advantages, the throw-and-roll method
is a preferred method due to the low number of laborers and labor time that are required to fix a
pothole. Only one to two laborers are required, with low amounts of equipment needed. Shovels,
rakes, other hand tools, and a truck are the required pieces of equipment. It is also preferred to the
throw and go method because compaction with tire vehicles only takes 1 to 2 more minutes, and
it significantly extends the life of the patch. This leads to a high production rate, allowing crews
to fix many potholes in one outing. The throw-and-roll method is used because the safety rates
are high as crews are exposed to traffic less. Another advantage of the throw-and-roll is that there
is no recovery time needed between patching and opening the pothole to traffic. In regard to
disadvantages, one of the main drawbacks with the throw and roll method is that it does not solve
the underlying cause of the pothole. The throw-and-roll method is just a cover up for a short time
to allow traffic to smoothly pass over the hole. The low quality of the materials and labors results
in frequent usage of this method, but in many cases, this method proves to be more costly in the
long run due to short life span and constant need of repairs. In addition, inadequate preparation,
compaction and poor materials selection may lead to premature failure which may prove to be
costly in the long run, and this method cannot be used for very large or deep potholes
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The main problem with the throw-and-roll method is that it has cold joints between the patch
and the existing pavement. In winter conditions, the asphalt companies cease to produce HMA.
This leaves CMA as the only resource to be thrown into the pothole. The cold material and the
cold patch prevent adequate bonding. Separation of the two surfaces therefore results in the patch
slipping and deflecting under traffic, severely shortening the lifespan.

B.3.3 Spray Injection Method

This method can also be referred to as blow patching, involves using air pressure to apply
heated bitumen emulsion and virgin aggregate simultaneously into a pothole without compaction
Figure B.4). This method requires the least expensive materials and utilizes air pressure as the
main source of compaction. The air pressure also works to dry the hole and remove water. The
equipment required is the unit, spray injector system, hose, and boom. The following steps are the
basic steps of spray injection method:

1. Pothole preparation: the air is blown on water and debris in the pothole using aggregate
delivery system. The blower alone may not be able to clean the pothole. In such cases, a
broom can be used to clean debris from the pothole. In addition, a shovel or a rake may be
used to scrape off the loosely attached aggregates. Proper cleaning technique is mentioned
earlier.

2. Placement of materials: the bottom and sides of pothole are sprayed with binder material to
act as tack coat. When tacking, at least 6 inches past the edge of the patch are always sprayed
to seal moisture away from that area. It is important to spray aggregate and binder into the
pothole simultaneously so that the aggregate is coated as it impacts the repair. Spraying of
aggregate and binder into the pothole is continued until it is filled just above the level of the
surrounding pavement (Figure B.5-a).

3. Compaction: The patch does not need to be further compacted after it is sprayed due to the
fine sizes of the materials used. The fineness of the materials also allows the patch to reach
deeper into the cracks of the pothole. However, Abbas et al. (2016) reported that, summit
county in Ohio typically uses roller (for big jobs) or plate compactor (for small jobs) to
further compact the patch (Figure B.5-b, c).

4. Finish: the top of the patch is covered with a layer of aggregate (typically dry stone) to
prevent tracking by passing vehicles (Figure B.5-d).

As with the throw-and-roll method, there are multiple acceptable practices to execute this
method. They are as follows:
SI Method 1 (Wilson & Romine, 1993)
Remove water and debris from the pothole
Apply a binder base tack coat to entire pothole
Spray the asphalt and aggregate into the pothole simultaneously
Cover the pothole with aggregate
Move onto the next pothole (according to SHRP).

Nk W=

SI Method 2 (Wilson & Romine, 1993)
Remove water and debris from the pothole
Apply a base tack coat
Spray volcanic aggregate into the pothole
Cover with aggregate

b
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5. Move onto next pothole.

Air is blown into the The bottom and sides of A mixture of asphalt
pothole to remove any the pothole are coated emulsion and aggregate is
standing water or loose with asphalt emulsion. blown into the hole filling it
debris. to surface grade.

Figure B.4 Spray injection method

SI Method 2 utilizes volcanic aggregate, which has high absorbing characteristics. This
method is not preferred due to the patch failing quicker as a result of low binding between the
aggregate and pavement. The spray injection method utilizes heated emulsion and virgin
aggregate to be sprayed into the area of interest. The mix of virgin aggregate and heated emulsion
can be varied dependent on the size and location of the pothole. This allows the spray injection
method to be very flexible. The sprayed mix needs to achieve a high density, which occurs through
proper mix design. However, poor mix design and excess water can greatly affect the longevity
of patches. In order for this method to be the most effective, the debris and water must first be
removed from the pothole. The equipment required for this method is low, as it involves the spray
injection device, truck, and traffic control measures. There are three different units that can be
used for the spray injection method, and they are as follows:
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Figure B.5 Basic steps f spray inection method

1. A trailer unit that is towed behind a truck. The unit has the aggregate stowed in it. This
method requires two workers at minimum. The aggregate is fed through a hose suspended
from a boom on the truck. This is the most popular unit.

2. The modified truck unit is similar to the trailer unit. The main difference is that the
equipment is reconfigured to be mounted on the dump truck bed, which removes the need
for a trailer. This method requires at least two workers.

3. A self-contained unit involves patching occurring with a joystick and remote control from
the inside of the cab. The aggregate, heated binder tank and delivery system all are
mounted on the truck unit. This method only requires one operator.

The spray injection method, as with all of the other pothole patching methods, is more
effective during summer weather conditions. The spray injection method should be used in urban
areas due to the easiness of transporting materials to a site and the simplicity of using one unit to
do the fixing, preventing frequently passing cars to disturb workers. The spray injection method
experiences problems if there is a low residual binder content, which leads to premature failures
and raveling.

There are reasons why the spray injection method would be selected over the throw-and-
roll method. Inregard to advantages, this method requires the least expensive materials. It is very
versatile and can be used for potholes, traverse crack repair, alligator cracks, utility cuts,
corrugations, depressions, slipping cracks, ruts, and spalls in Portland cement concrete. A
significant advantage of the spray injection method can be used in most weather conditions,
including mild rain and slightly cold weather although it is more effective during summer weather
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conditions. Another advantage of this method is that the hose is easy to handle. Ease of use
therefore prevents the user from being in the line of traffic for an extended period of time (Wilson
and Romine, 1999). The patch does not need to be further compacted after it is sprayed due to the
fine sizes of the materials used. The fineness of the materials also allows the patch to reach deeper
into the cracks of the pothole. The extension of the spray hose and boom off of the unit makes it
easy to reach potholes in various locations. The spray injection method can also be applied during
the rush hour since it is relatively quick and easy to handle, this method should be used in urban
areas due to the easiness of transporting materials to a site and the simplicity of using one unit to
do the repair, preventing frequently passing cars to interrupt workers. This method can also have
high production rate when patching potholes that are closely located. Also, the spray injection
equipment offers potential for much greater productivity and efficiency and can operate in extreme
cold weather. Spray injection patches can last upwards of five years if done correctly.

In regard to disadvantages, one of the disadvantage of this method is that it requires special
equipment. It is also reported that some states do not use spray injection if the temperature is more
that 45'F. The productivity of this method is lower than throw-and-roll and throw-and-go methods.
Another limitation of this method is that immediately after the fixing of the pothole, the new
material may be soft and deflect under traffic. Therefore, it may not be recommended to apply this
technique during rush hour. Also, this method is relatively complicated than throw and go and
throw and roll. Therefore, it requires expert crew members. One of the common problems is that
the system may malfunction and become jammed. This is not a case in the throw-and-roll method.
This method is also recommended for deep potholes (more than 4 inch), it is not recommended to
be used for shallow potholes.

B.3.4 Tow-Behind Combination Infrared Asphalt Heater/Reclaimer

A tow-behind combination infrared asphalt heater/reclaimer (Figure B.6) is used in this
process which can help in solving the temperature difference problem encountered during winter
pothole patching. The basic steps of using this method are presented in Figure B.7.

// J = E’Infrared heater

Figure B.6 An example of a tow-behind infrared asphalt heaterreclaimer
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2. LIGHT THE INFRARED HEATER

L

7. LUTE THE ASPHALT SMOOTH & PATCH IS READY TO ROLL 9. THE EDGES ARE ROLLED FIRST

—w

10. COMPACTION IS COMPLETED
Figure B.7 Best practices corresponding to the method of tow-behind combination infrared
asphalt heater/reclaimer

Some of the advantages of this method are that this method produces watertight and
seamless patch by ensuring a proper bonding between the patching and the existing pavement.
Also, among all other techniques, the method is reported to produce best repair work in terms of
performance and longevity. This method may also prove to be economical for larger jobs. The use
of infrared asphalt heaters/reclaimer can also be considered an environmentally friendly patching
method as it helps in reusing waste asphalt mixes and eliminates the need for new asphalt mixes.
Another advantage of this method is that it can be cost-effective and efficient when used during
the winter for patching large size potholes (more than 3 ft in dimensions) or medium size potholes
(2 ft to 3 ft in dimensions) that are closely located. The limitations of this method include that it
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requires special equipment. In addition, since this technique utilizes radiant convection to generate
heat, it is not recommended to use this method in areas that are within 2 ft (0.6 m) of wood, metal,
or structures such as parking garages and dumpsters. Also, this method is not appropriate for
pavements that are oxidized or raveled (i.e., where aggregates become dislodged from the surface
of the pavement), as there may be an insufficient amount of binder left in the surface course to
rejuvenate the pavement and maintain good adhesion, which would result in raveling of the
repaired pavement. This method is the most expensive and least productive among all the method
when used for small potholes or medium potholes that are not closely located. It also requires
expert crew members.

B.3.5 Automated Pavement Repair Vehicle (APRV)

A prototype completely automated pothole patching machine, called the Automated
Pavement Repair Vehicle (APRV), was developed Under SHRP contract H-107B. The aims of
this machine were reducing the cost of patching by minimizing the required number of labors to
one or two operators; improving the safety by allowing the operator(s) to work from the vehicle’s
cab; speeding the repairing process to improve safety and reduce delays for motorists; and allowing
repairs application in varying weather conditions or at night with a variety of materials. Computer
vision system and robot were used to identify potholes and repair them. The device was designed
to cut around the area to be patched (if desired), clean the hole, heat and dry the interior of the
hole, and spray in the patching aggregate and binder. Basically, the patch would be formed using
the spray injection method; however, the remainder of the process, specifically preparing to patch,
was reportedly improved and automated. The savings was estimated about $55 on average per
pothole filled when using automated repairs by using APRV. Moreover, it was maintained that the
system would be safer, result in fewer traffic delays, and lower vehicle maintenance costs because
of the improved road conditions. However, the APRV was never fully adopted as designed.

B.4 Factors For Selecting Optimal Patching Method

In determining which method to use, a number of different factors need to be evaluated.
The evaluation of the factors is critical helping to improve the longevity of the patch. Negligence
to account for variables will result in a less cost-effective patch. The variables include, but are not
limited to, the size of the pothole, time required to patch, distance between potholes, traffic flow,
traffic control measures, required materials, equipment required and equipment costs, number of
potholes, crew size required, productivity rates, and transportation of materials Sizes and locations
of potholes directly affect which method to be selected for the method to be used for patching. To
ensure the quality of a shallow pothole (less than 100mm deep), the patch can be sealed with a
geosynthetic crack-sealing strip and covered with bitumen emulsion. The throw and roll or spray
injection method can be used, but the spray injection is preferred. The seal prevents the patch from
failing due to inadequate bonding between the seal and asphalt. For a medium depth pothole, the
layers of asphalt or aggregate should be roughened for added adhesion and then bonded with a
geosynthetic strip. Either the throw and roll or spray injection method could be used. For a deep
pothole resulting from structural failure at depth, excess water and the water source itself must be
removed or the patch will quickly subside and fail again. It is acceptable to first pour natural
gravel or concrete into the bottom of the pothole, and then add HMA or CMA on top. Using
concrete is risky, however, as it is not flexible and may cause cracks to widen and deepen. The
throw and roll will be preferred for deep potholes, as the spray injection deflects large distances
due to the fineness of the materials.

40



According to Dong et al. (2014), the throw-and-roll technique is used in most states for
temporary and quick purposes for its ease to apply especially in high traffic roads or adverse
weather until using of permanent method later. HMA contributes to 60% of all patching materials,
the rest of the patching materials are bagged or stockpiled cold mixtures. It was stated that the
semi-permanent method is more cost-effective than throw-and-roll. According to Nicholls et al.
(2014), pothole patching techniques include temporary patching during emergency circumstances
when there is a potential hazard on the safety because of a pothole or during harsh winter
conditions where the repair is required in a short time. The methods include throw-and-go (pothole
is not prepared or cleaned and compaction is done only by traffic, edge seal method (similar to
throw-and-roll but with a ribbon of bituminous tack material on top of the patch edge), and spray-
injection patching (placing heated bitumen emulsion and virgin aggregate simultaneously into a
pothole with no compaction).

Methods mentioned in the published SHRP research for patching included throw-and-go,
throw-and-roll, semi-permanent, saw-and-patch, chip-and-patch. These techniques were
recognized and understood widely with their detailed step-by-step installation procedures. Spray
injection was new technique for patching at the time of SHRP research, the use of spray injection
has increased dramatically and is quite common in many states. In this method, a specialized trailer
or truck-mounted equipment is used to blow water and debris from the pothole, spray a tack coat
into the hole, blow asphalt and aggregate together into the hole, then cover the patch with a layer
of aggregate. No further compaction is needed in this method since the aggregate and emulsion
are propelled into the patch area with high pressure air. Spray patching can be used on asphalt or
concrete pavements, and it can be done under adverse conditions because of the speed of doing
the patching. Partial-depth patching was considered as a feasible approach to patching concrete
pavements. It became widely adopted across the US even though the research is still being done
to explore its cost effectiveness and evaluate patching materials and procedures for its repairs.
After SHRP research, the depth considered for a partial-depth patch has been increased to one-
third or one-half the depth of the pavement in some cases.

B.5 Patching Materials

Different types of asphalt mixtures can be used for pothole patching with the throw-and-
roll. Hot mix asphalt from an asphalt plant is typically the best patching material (Anderson, 1988,
Wilson and Romine, 1993, Griffith, 1998). Hot-mix asphalt is considered as a more durable
material because of the ease of installation and compaction and because it provides more effective
bonding with the existing asphalt pavement. Hot mix asphalt can be divided into two types:

* Matrix dominated mixtures (such as hot rolled asphalt and mastic asphalt) that has higher
bitumen content and lower permeability and are easy to compact and has good durability and a
quite smooth surface. Therefore, chipping is required to provide higher skid resistance.

» Aggregate dominated mixtures (such as asphalt concrete and stone mastic asphalt) that has
a lower bitumen content, higher permeability, shorter durability, and require higher compaction
energy.

However, as most asphalt plants are closed in the winter, cold asphalt patching mixes are
typically used as a temporary repair for pothole patching in this season using those patching
methods. Cold-mix asphalt is usually used as a temporary repair, but it can be more durable with
proper installation. The main disadvantage for using these materials is that they are not able to be
compacted to the same level as hot mix asphalts. But it is considered as a faster and applicable
materials in adverse weather conditions. Either cutback bitumen or bitumen emulsion can be used
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as a binder. Proprietary patching materials such as UPM, Perma-Patch, and QPR 2000 showed
good performance in SHRP research. The use of these materials has increased, and new products
are constantly being introduced to the market. Table B.1 presents some proprietary cold patch
products available in market. Table B.2 presents the commonly used proprietary cold materials in
Ohio LPAs (Rajagopal, 2010). Proprietary materials are used in many states routinely; while it is
difficult to purchase proprietary products in other states. These materials are sometimes sold in
bags rather than being stockpiled. Some form of asphalt mixture is commonly used for asphalt and
concrete pavements patching, asphalt patches on concrete pavements are frequently considered
temporary patches. Polymeric materials can be used on both asphalt and concrete pavements as
well. A detailed description of each available cold mix materials is provided as the following:

CCM: a category of cold applied pavement repair materials. This mixture consists of dense
graded aggregate and is normally used for temporarily fixing potholes (Lavorato et al.
2013).

QPR: a cold-mix proprietary material that consists of 100% crushed granular aggregates
with an open gradation and modified bituminous liquid blend. Specific gravity of the
aggregates is measured as 2.55% to 2.75%. The mixture contains 4.0% to 6.0% bitumen
by weight of mixed material. Aggregate coating with bitumen is 95% and this material
remains cohesive up to -26°C (QPR Material Specification).

UPM: a high-performance cold patching material. UPM contains 5.0% to 6.5% specially
formulated binder and 95% to 93.5% aggregate.

IAR: TAR consists of cutback bitumen and granular aggregates with a minimum 80%
crushed particles. The mixture contains 4.5% to 6.0% cutback bitumen by weight of mixed
material. This material can be used at temperatures below 0°C, remaining flexible and
cohesive up to -10°C (ProPatch Specification Sheet).

EZ Street: EZ Street consists of polymer modified cold asphalt mixed with open graded
aggregate. It can be used in the presence of water and all weather conditions. EZ Street is
workable between -18°C and 38°C air temperature. In the winter period, this material can
be heated up to a material temperature of 50°C using a hot-box before application. This
material can be stored for reuse (EZ-Street asphalt).

SuitKote: SuitKote is a proprietary cold mixture consisting of crushed aggregate and
bituminous material. ASTM requirements are used for selecting binder and aggregate. For
mixing the aggregate with the binder, batch mix plant, drum mix plant or a cold-mix pug
mill are used. Temperature is minimized during mixing to avoid the stripping potential of
bituminous material

Perma-Patch: Perma-Patch is a proprietary material containing a specially formulated
binder and local aggregate. Normally limestones are used as aggregate for preparing
Perma-patch. Weight of bituminous material is 5.0% to 6% based on the total weight of
mixture.

WesPro: WesPro is a proprietary cold mixture consisting of aggregate and liquid blend.
Limestone is used as aggregate, and it should follow a standard of ASTM C-136.

Table B.1 List of proprietary cold patch products available in market

Patch name Producer or manufacturer
BOND X Seaboard Asphalt Products, Inc.
DURO PATCH Gorman Bros.
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HYPERPATCH Vestal Asphalt, Inc.

[.LA.R. [.M.U.S., Inc.

MAC-V Midland Asphalt Corp.

MC-400P Koch Materials Co.

NORJOHN SPC Norjohn Ltd.

OPTIMIX Optimix, Inc.