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ABSTRACT

Douglas County has successfully been using reclaimed asphalt pavement (RAP) millings
to surface low volume roads for more than two decades. The design of millings surfaced
roads has been done based on field experience. The primary objective of this study was to
provide design guidelines for construction and rehabilitation of millings surfaced roads
consistent with the 1993 AASHTO Guide for Design of Pavement Structures. The project
started with a field distress survey through which typical pavement distresses in both
conventional asphalt pavement roads and millings surfaced roads were identified in
Douglas County. Historically, when asphalt concrete pavements in Douglas County have
required rehabilitation or reconstruction the asphalt pavement removed (commonly RAP
millings) has been stockpiled by the county and used to surface low volume roads. In order
to develop the design guidelines, laboratory tests were conducted on subgrade and RAP
millings materials to obtain mechanical properties. Two different soil types were identified
in the Douglas County area. Resilient modulus (Mgr) for the subgrade sources were
obtained based on AASHTO T-307. The milling surfaced roads are made of 100% RAP
millings without any binder or recycling agent. It is a specialized case to investigate the
behavior of RAP material for this purpose. Initially, the RAP material was considered as
an unbound material and resilient modulus was obtained as it is used for determination of
layer coefficients in the AASHTO pavement design method. Layer coefficient is a critical
parameter in determining the structural design thickness required. Another approach
considered was to treat the RAP material as a bound material, measure dynamic modulus

and use it for layer coefficient determination. Dynamic modulus tests were conducted on



specimens with 15% and 22% air voids. The density variation significantly affected
dynamic modulus value. Structural pavement designs were carried out based on both RAP
milling layer coefficients separately using the PaveXpress software. Douglas County uses
two traffic design levels for low volume roads, specifically 10,000 and 50,000 ESALs. As
a result, the structural design recommendations were made based on these traffic levels.
Life Cycle Cost Analysis (LCCA) was used to compare millings surfaced roads with other
alternatives available for low volume roads. As a result, it was found that the millings

surfaced roads are significantly more economically feasible for low volume roads.

Keywords: Low-volume roads, Design guide, Resilient Modulus, 1993 AASHTO,

PaveXpress, Millings surfaced roads.
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Chapter 1. INTRODUCTION

Douglas County is located in the northwestern part of Nevada in the western United States as
shown in Figure 1. According to 2014 U.S. Census Bureau, the county had a population of
47,536 which is an increase of 15.2% from the 2000 report [1]. The 2016 Douglas County
transportation plan report indicates that a population of 70,376 will be expected in 2040. The
increase in tourism and employment in Lake Tahoe and Carson Valley will be the major cause of
the increase in travel demand in Douglas County. Figure 2 illustrates the functional classifications
of the Douglas County road network which is provided in the Douglas County transportation plan

report.
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Figure 1. Geography of Douglas County Nevada
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Low volume roads (LVR) and rural roads serve Douglas County residents and businesses
making it possible to commute and move commercial, farm, and ranch goods and services. For
some residents of Douglas County, LVR are the only roads used on a daily basis. Most of these
roads carry low or very low traffic volumes. Many of the existing LVR were built over 25
years ago by simply spreading and compacting reclaimed asphalt pavement (RAP) millings,
then applying an emulsion fog seal for a roadway surface. Surprisingly, these pavements have
provided good performance and durability for their intended LVR purpose for over 2 decades.
Only a very limited amount of these roads have been surfaced with either a chip seal or thin
asphalt concrete layer in locations where a LVR transitioned to a collector street with
development in the area. Today most of the RAP millings surfaced roads have far exceeded
their intended design life. As a result, the level of service has reduced and many are in need of
rehabilitation or significant maintenance. The county currently does not have a technique for

rehabilitating existing RAP millings surfaced roads with RAP millings.

In a report to Congress, based on a survey done by the Environmental Protection Agency,
Federal Highway Administration, and the National Asphalt Pavement Association (NAPA)
asphalt pavement was identified as America's No. 1 recycled product [2]. The report also
indicated that the use of RAP has increased at a much higher rate than any other material. It is
intriguing that NAPA indicated during the 2016 construction season more than 76.9 million

tons of RAP material were recycled in pavement reconstruction and rehabilitation.

Laboratory experiments were carried out on the representative samples obtained from Douglas

County which are summarized in Chapter 4 and Chapter 5. Local traffic volume, serviceability,



and climate conditions were provided by Douglas County Public Works. According to this
information, a structural analysis was carried out using the 1993 AASHTO Guide for Design
of Pavement Structures [3]. All design variables used and the resulting structural designs are
summarized in Chapter 6. Finally, conclusions and recommendations provided based on the
field visit, laboratory study and structural designs are presented in Chapter 9. In addition,
Chapter 7 provides recommendations for construction and maintenance based on literature

review and field visits.

1.1. Objective

The objective of this research study was to develop design guidelines for construction and
rehabilitation of RAP millings surfaced roads in Douglas County consistent with the 1993
AASHTO Guide for Design of Pavement Structures [3]. In order to accomplish this objective,

the following tasks were conducted:

1 Collect representative subgrade and RAP materials from Douglas County and RAP
from Washoe County.

91 Conduct laboratory testing on the collected materials and evaluate the following
properties: Soil classification, Plastic index, Optimum moisture content, Resilient
modulus, Dynamic modulus for RAP, and Raveling tests.

9 Develop a documented asphalt pavement patching procedure using an Asphalt Zipper.

1 Identify appropriate layer coefficients for RAP millings surface layer material using

laboratory test data.



91 Develop structural design recommendations using the 1993 AASHTO Guide for

Design of Pavement Structures.

Chapter 2. LITERATURE REVIEW

State agencies and local counties in the United States are currently practicing different low
volume road construction and maintenance methods with low cost. Local agencies are always
concerned with minimizing cost while maintaining their local roads in the best condition
possible. Asphalt pavement is typically composed of about 95% aggregate and 5% asphalt
binder. However, the asphalt binder cost is over 50% of the total asphalt mixture cost. As a
result, public agencies use recycled asphalt pavement (RAP) in asphalt mixture also. Because
the RAP contains about 5% asphalt binder, by using RAP the amount of virgin binder needed
to make asphalt mix is thus reduced, reducing the cost of the mix. This study evaluated RAP
use and other alternative methods for low volume roads available to local counties and state

agencies.

There are different alternatives available for rehabilitating low volume roads. They include
cold in place recycling (CIR), full depth recycling (FDR), converting paved road to unpaved
roads, gravel roads, etc. CIR is a method that rehabilitates old flexible pavement eliminating
all distress and providing a restored high-quality base material using a low dose of emulsion
without the application of heat during the recycling process. CIR has to be surfaced with either
an asphalt concrete layer or a chip seal. Bemanian et al. states, “CIR has often been selected as

the most appropriate rehabilitation strategy for flexible pavementse United States under



all traffic levels for more than two decadeg]. The Nevada Department of Transportation
(NDOT) reported in 2007 that NDOT had constructed more than 1,500 centerline miles of CIR
pavements over the previous two decades [4]. The NDOT has been constructing two types of
CIR pavements. The first type is for high volume traffic where, “CIR pavement has been
constricted by cold recycling of the top 2 toifi. of old pavement fl@wed by an asphalt
overlay followed by a chip seal or 0.75 tanlof open graded friction courseThe other type

is where, “CIR treatment is performed for low volume roadeere cold recycling of thep 2
to 3in. of the old pavemens followed by stace treatments such as chip sedbuble chip

seal or micro surfacing [5].

There have been numerous studies conducted around the United States to assess the
effectiveness of CIR for low volume roads. Due to Nevada’s continuing growth, NDOT faces
challenges with having adequate available funds for pavement rehabilitation. These challenges
are even bigger in low volume road networks which are managed by local counties. In 2008,
FHWA and NDOT constructed various CIR sections in Nevada to study the alternatives for
rehabilitation of low volume roads for Nevada’s conditions [5]. The study concluded that the
use of polymer modified recycling agents can extend the CIR construction season considerably
and result in greater benefit including increasing production rates. In addition, CIR with a
double chip seal surface treatment can effectively rehabilitate a roadway at approximately half
the life cycle cost of a 2 inches asphalt concrete layer and chip seal, with acceptable ride quality
achieved. Full depth reclamation (FDR) is a recycling technique used to rehabilitate the entire

pavement structure at the same time forming a good quality foundation for roadway



construction. This process is also conducted without the use of heat and includes a low dose of
emulsified asphalt, like CIR. Selection of recycling technique depends on the existing
pavement condition and whether the cause of pavement distresses existing are functional or
structural. CIR and FDR are recommended for low volume roads in Nevada. They are cost
effective compared to new pavement construction. Mix design and material specifications for
CIR and FDR can be found in Asphalt Recycling and Reclaiming Association (ARRA)
guidelines [6]. The following sections provide information about construction using the CIR

and FDR recycling methods.

2.1. CIR Construction Operations

The construction and design of CIR varies across the country because there is no single
standard guideline. There are unique CIR mix design and construction procedures that can be
found which are used by different agencies. The CIR construction practice in Nevada is

summarized below based on the study done by Bemanian, et al in 2006 [2].

CIR work starts with recycling the top 2 to 3 inches of existing pavement and using it as a base
layer or surface layer depending on the project and the type of road. This cold milled reclaimed
asphalt pavement (RAP) material should have a maximum size of 1.25 inches and can be
reduced by mechanical crushing and/or screening. The CIR has to be prepared in a portable

plant which is part of an in-place recycling train illustrated in Figure 3. The plant mixed



Figure 3. Cold inplace recycling train.

CIR material is composed of RAP, a recycling agent or emulsion and lime slurry. The recycling
agent is added at a rate of approximately 1.5% by mass of the RAP material. NDOT typically
uses CMS-2s for CIR construction. Hydrated lime slurry is added into the reclaimed material
at a rate of 1.5% calcium oxide by mass of reclaimed material. NDOT has recommends 3
inches depth of CIR with no plant mix and chip seal as a wearing course for roads with less

than 100,000 ESALs projected over a 20 year period.

The report also indicates the importance of calibration of cold recycle equipment, pavers, and
rollers for reliable construction indicating that lime slurry and emulsion percentage have to be

measured accurately for consistency.



NDOT recommends that a fog and sand seal be applied after compaction of CIR. The recycled

road can then be open to traffic for 10 days before the application of a surface treatment. After

10 days, the recycled surface is re-compacted before the surface treatment is applied. In

addition, the report states that, “the contractor is responsible for correcting any damage,
raveling, or areas of nouni f or m mi xture at the contracto

specification is performance basga].

CIR advantages include:

9 Conservation of non-renewable resources (asphalt binder, lime, and aggregates).

1 Energy conservation compared to other reconstruction methods.

1 Eliminating the need to dispose of existing distressed pavement.

1 Surface irregularities and cracks are interrupted and filled.

1 Rutting, potholes, and raveling are eliminated.

9 Base and subgrade materials are not disturbed.

9 Problems with existing aggregate gradation and/or asphalt binder can be corrected.
9 Significant structural treatment and improved ride quality are achieved.

T In-place construction reduces traffic disruptions and user inconvenience.

1 CIR is economically feasible.

2.2. FDR Construction Operations

Like CIR, the FDR construction method can vary among agencies. The NDOT method for

FDR construction is summarized in this section based on the study done by Bemanian et al [2].
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The deteriorated pavement is pulverized to a depth of 8 to 12 inches which included both the

AC and base layers together as illustrated in Figure 4.

Figure 4. FDR inplace recycling train.

The gradation of the pulverized material should be 95% to 100% passing the 2 inches sieve.
Cement is added at a rate of 2% by mass of pulverized material. The pulverized material is
mixed with cement uniformly with the proper water content. If soft subgrade is encountered,
additional 1% of cement is added to address the problem. The treated material is compacted
with tandem steel and pneumatic tired rollers to no less than 95% relative maximum density.
A seal coat is applied to allow for hydration of cement. A sand blotter is placed not later than

24 hours after completion of final rolling.
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Traffic is allowed on the cement treated material during the 72 hour of curing time. This cure
time is important for the FDR technique before placing the plant-mix bituminous surface. The
cure time can allow the cement react with water. The contractor has the responsibility to
maintain the treated material in an acceptable condition. Typically, a 3.5 to 5.5 inches HMA
surface and open grade wearing course are placed over the FDR layer. However, CIR is used
most of the time when the pavement is structurally sound and contaioirigad related

distressess it is morecosteffectiveprocedure compared to FDR

FDR advantages include:

71 Conservation of non-renewable resources (asphalt binder, lime, and aggregates).

1 Energy conservation.

1 Elimination of bumps and dips, rutting, potholes, patches, and cracks.

7 Deteriorated base can be reshaped to restore surface profile and drainage.

1 Problems with existing aggregate gradation can be corrected with proper selection of
new granular materials.

T Significant structural improvement with the addition of stabilizing additives.

1 Produces thick, bound layers that are homogeneous.

1 Permits more flexibility in the choice of wearing surface type and thickness.

71 In-place construction reduces traffic disruptions and user inconvenience.

1 FDR is economically viable.

CIR and FDR are recommended for low volume roads. However, Douglas County roads have
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very low traffic volumes. CIR and FDR may not be cost effective for these very low volume
roads. Other alternatives to consider include converting paved to unpaved roads and gravel
road. The following sections summarize the converting paved roads to unpaved roads and

gravel roads.

2.3. Converting Paved Roads to Unpaved Roads

NCHRP Synthesis 485 summarizes converting paved roads to unpaved road. The practice for
converting roads from paved to unpaved consists of reclaiming the deteriorated pavement

surface, compacting, and for some situations applying a surface treatment [7]. The report states

that, “in somecases, no recycling dhe old pavement was done, and new surface aggregate
was simply placed over the deteriorated road sudaceThe report also states that, “Many of

the roads that have been converted from paved to unpaved had annual average daily traffic

(AADT) of betweenland 100 vehicle’s

Local agencies in the United States have been converted paved roads to unpaved roads due to
lack of funding for construction and maintenance. Unpaved roads can be maintained more
economically at a more elevated level of service. This study also showed that many local
agencies have experienced beneficial outcomes by converting paved roads to unpaved roads
in terms of cost and level of service. However, the cost of converting paved roads to unpaved
road varies throughout the United States. The variation in cost can be due to equipment
availability, supplemental material, addressing road base issues and drainage issues. Some

agencies have been faced with problems when converting paved road to unpaved roads. Most
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local agencies perform this conversion on a trial and error basis due to a lack of design and
construction guidelines. In addition, dust and loss of aggregate can be an issue for constructing
unpaved roads. Surface treatment and stabilization of a granular surface can improve the safety,

increase public acceptance, reduce life-cycle cost, and lower environmental impacts.

2.4. Gravel Roads

Numerous design guidelines and studies are available for gravel road design and construction
for low volume roads. The Federal Highway Administration (FHWA) issued “Gravel Roads
Construction and Maintenance Guiten August 2015 [8]. Highlights of this construction and

maintenance guideline are summarized in this section.

When constructing a new gravel road, base gravel is placed first. The base material should
meet a standard specification. A properly designed gravel road contains an adequate amount
of base material to carry the anticipated traffic load and a wearing course should be placed on
top of that. The surface layer should have at least 3 inches of thickness in order to have enough
material for maintenance with a motor grader. The surface gravel wears off quite often so it
has to be replaced based on the volume of traffic. Surface gravel should meet a standard
specification in order to carry loads and withstand the climate conditions. Prior to placing new
gravel, a motor grader is used to windrow and equalize the gravel in order to properly blend it.
If the total layer thickness exceeds 4 inches, the gravel is placed and compacted in separate
layers in order to achieve good density. Water is applied as needed to allow for good

compaction. Then compaction is applied using pneumatic rubber tire rollers, which is the most
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common compaction method for gravel roads. Figure 5 shows the cross section of a typical

gravel road.
Shoulder
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Figure 5. Gravel roadway cross section

In order to properly maintain a gravel road, the three basic parts of the road cross section that
are shown in Figure 5 need to be understood clearly. Proper crown ensures that water will drain
off the roadway surface. About 1/2 inch per foot (approximately 4 percent) of cross slope is
highly recommended. The gravel road construction and maintenance guide states that cross
slope should not exceed six percent under any condition. Problems with surface and shoulder

shape can usually be corrected with a motor grader alone.

When reconstructing damaged roads, gravel is less expensive than asphalt pavement initially,
but gravel road maintenance costs are much higher. Good gravel road maintenance is
dependent on proper use of grading equipment and use of surface gravel. The following are

recommended maintenance practices for unpaved gravel roads [8].

9 Routine shaping.

1 Maintain maximum speed limit.
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1 Use the correct angle and pitch of the moldboard to recover material.
1 Maintain motor grader stability.

1 Leave windrows or fill small depressions.

1 Establish the proper crown in the gravel surface.

1 Use aroad shoulder for support and safety.

1 Shoulders should be routinely pulled up and vegetation removed.

1 Mowing the shoulders.

1 Pay attention to the seasons and do erosion control.

2.5. Traffic Criteria for LVR

Low-volume roads are defined by AASHTO as those with limited daily traffic of fewer than

400 vehicles and design speeds of less than 50 mph [7]. A study done by Bemanian et al
concluded that, “CIR should receive a rsictural overlay rather than chip seal surface
treatment when traffic is great than 400 average daily triad or the 20year ESALs are
greater than 300,000[2]. A study done by Jones et al concluded that, fi ¢ésting under dry
conditions (i.e., with the base at an appropriate equilibrium moisture content) indicated that
full-depth reclamation without the addition of a stabilizer, followed by the placement of an
appropriate surface treatment or thin asphalt concrete layer, iagpropriate, sustainable,

and potentally costeffective rehabilition strategy for distressed lewolume roads with a

design life of up to about 500,000 ESA[Y.

Very low volume roads are defined as roads with AADT less than 250 vehicles [7]. There is
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one study that concluded, gravel roads are economically reasonable when AADT is less than
200 vehicles per day and the road does not require heavy reconstruction [10]. Other studies
found that gravel road surfaces can be effective when AADT is less than 170 vehicles. The
current study shows that many roads that have been converted from paved to unpaved in recent

years had an AADT of 21 to 100 vehicles [7].

Chapter 3. PROJECT EVALUATION

This chapter summarizes the evaluation of Douglas County rehabilitation projects which
includes site inspections, observation of existing pavement distresses, asphalt zipper operations
and issues related to newly constructed millings surfaced roads. All of the millings surfaced
roads were constructed similarly. RAP milling were placed 8 inches thick, graded, and
compacted without any binding agent. They were opened to traffic for approximately 30 days,
after which an application of emulsion was sprayed on the surface. Application rates were
typically 0.08 to 0.13 gallons per square yard [11]. Many of the millings surfaced roads in
Douglas County inspected appeared like severely block cracked asphalt pavements, but they
did not exhibit much potholing which is common with severe block cracking in AC pavements.
Even though they have been in service for up to 30 years, they were still providing a reasonable
level of service for their purpose. Some of them were still in acceptable condition while others

were beginning to require enough patching that rehabilitation is needed to improve ride quality
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and ensure public safety. Figure 6 and Figure 7 are examples of millings surfaced roads after

25-30 years of service.

Figure 6. Typical condition of milling s surfaced roads after 2530 years of service.
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Figure 7. Typical condition of milling s surfaced roads after 2530 years of service

Initially, a field visit was conducted with the Douglas County Transportation Engineering
Manager and University of Nevada, Reno (UNR) pavement engineering and science program
(PESP) representatives. This survey revealed the existing millings surfaced roads typical
conditions, primarily in very low volume residential applications. Predominant pavement
conditions included block cracking, fatigue cracking, limited skin patching, very limited
potholes, and some loss of shoulder support. A recently constructed milling surfaced roads
project was also inspected. There was some raveling occurring at intersections, especially at

locations where utilities existed. Figure 8 shows an intersection of a recently rehabilitated
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millings surfaced roadway. The work was completed late in the construction season and the

timing is believed to have contributed to the raveling.

Figure 8. Distresson new millings surfaced road at intersection with utilities.

One Douglas County LVR that was millings surfaced for many years became a major collector
over time. As such a portion of it was surfaced with 2 inches of hot mix asphalt (HMA) and
another portion was surfaced with a double application chip seal. A geotextile was used in part
of the chip sealed portion. Figure 9 shows the chip sealed portion with the geotextile after 11
years of service. Note that in one curved section of the roadway slippage at the interface of the

geotextile and the millings surface has occurred which is shown in Figure 10. However, other
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than the localized slippage which is likely due to poor construction practices, the pavement is

still performing 11 years after application of the chip seal.

Figure 9. Geotextile used beforehip sealat East Valley Road
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Figure 10. Pavement slippage at a curv&ast Valley Road

3.1. Asphalt Zipper Operation

Asphalt Zipper machines are portable asphalt pavement reclamation and grinding machines

[12]. They come in an array of sizes (widths) and mount on the bucket of a front-end loader
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for use. Figure 11 is a schematic of an Asphalt Zipper. They are made specifically for repairing
and/or rehabilitating existing asphalt pavements. They have been used for milling to prepare
patches, soil stabilization, cold milling, cold recycling, and full depth reclamation. Figure 12

is a picture of an Asphalt Zipper mounted on a front-end loader for use.

Figure 11. Schematic of Asphalt Zipper showingllustrating milling head operation.
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Figure 12. Asphalt Zipper on front end loader doing full depth reclamation.

When used for patching purposes, they eliminate the need for saw cutting, breaking up and
removing the existing HMA, trucking, and disposal. It is an economical and quick way to
recycle asphalt pavement. More importantly, Asphalt Zippers are portable and easy to mount
on a front-end loader, which is a commonly available piece of construction equipment. The
cost of an Asphalt Zipper is significantly less than the cost of a cold milling machine or
pavement reclaimer. Production with an Asphalt Zipper is dependent on the size of the machine

used. They are available models ranging from 30 to 72 inches in width. Asphalt Zipper owners
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have reported self-performing repairs for less than half the cost of what they have historically

paid. The following points have been made by Asphalt Zipper users [12]:

1 Solving base problems, rather than covering them up.
1 Turning existing pavement into reusable material.

1 Reducing new material, trucking and fuel costs.

1 Reducing the expenses on outside contractors.

1 Asphalt maintenance work that would take one week can be done in less than one day.
The following are specific procedures for different Asphalt Zipper uses.

a. Full Depth Reclamation

The asphalt and base layers are pulverized together to the design depth. Water is
sprayed through the water injection assembly during the pulverizing operation. The
pulverized material is graded and reshaped, and it is hydrated if needed. Subsequently,
it is compacted with a predetermined moisture content. After this process, it can be

paved or sealed. Figure 13 illustrates the FDR process schematically.

Full-Depth Reclamation/Stabijlization

%)

Uniform blend of
pulverized asphalt
and existing base

Figure 13. FDR schematic diagram
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b. Soil Stabilization

Soil stabilization is performed by milling and mixing soil stabilizer and the soil into a
uniform mixture. Moisture can be added during the milling and mixing processes. The

material is then ready to be graded, reshaped and compacted.

c. Gravel Roads

Existing gravel roads can be pulverizing in their entirety or in patched sections. The
areas needing improvement can be mixed with a stabilizer if desired. This pulverized

gravel road can then be graded, reshaped and compacted.

d. Potholes and Asphalt Patching

The most common method of emergency repairing potholes is to simply fill the
potholes and roll them with the tire of a truck. However, emergency pothole repairs are
a temporary fix and do not eliminate the driving distress, which will reappear later
requiring re-repair. Asphalt Zipper can be used to mill patching areas partial depth
HMA, full depth HMA or into base course depending on the cause of the distress. This
eliminates the need to saw cut, break up and remove the distressed area. It also results
in square or rectangular patches with square edges that result in better permanent
patches, on base repair if needed, with new HMA placed and compacted with a steel
drum roller. A detailed patching procedure based on observation of Washoe County

crews performing pre-overlay patching repairs is provided in Appendix A.

The manufacturer indicates many agencies are successfully using Asphalt Zippers for

different purposes reporting reduced material transport in and out of construction sites,
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cost-effective and rapid operations. An important consideration is the pulverized

materials are well graded and uniform blending as shown in Figure 14, thus useful for

multiple applications.

Figure 14. Pulverized material for patching.
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Chapter 4. MATERIAL COLLECTION

This research evaluated different types of RAP and subgrade materials from Douglas County,
Nevada. Two different subgrade sources were identified from Douglas County, which are
representative materials for this area. Figure 15 shows the subgrade material sampling
locations recommended by the Douglas County Public Works Department. RAP millings were
collected from two different sources. One source was sampled from a RAP stockpile owned
by the Douglas County Public Works located by the Douglas County Airport. The other one
was sampled from Christy Way in Reno, Nevada. Washoe County was performing pre-overlay
repairs including patching using an Asphalt Zipper. Douglas County currently owns one
Asphalt Zipper, so it was important to include RAP millings produced with an Asphalt Zipper
in the materials evaluated. Figure 16 shows the RAP millings on Christy Way in Reno and

Figure 17 shows the RAP millings stockpile at the Douglas County Airport.
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Figure 15. Subgrade sampling locations

Figure 16. Sampling milling sfrom Washoe Countypatching project on Christy Way.
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Figure 17. Douglas CountyRAP stockpile.

Table 1 summarizes the sources of materials collected for laboratory testing and identifications
used for them in the laboratory testing. Subgrade sampling locations representative of the two
primary soil types in the county were recommended by Douglas County Public Works and
collected by the UNR research team. Douglas County uses both RAP material from its
stockpile at the airport and millings generated on projects. In order, to have representative RAP
milling material properties for pavement design purposes both materials were collected and

tested.

Table 1. Subgrade and RAP millings material sources and identifications.

Sources Name
SG1 Topsy Lane
SG2 Dump Road
RAP 1 DC RAP Stockpile
RAP 2 WC RAP Millings
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This chapter summarizes the laboratory testing and evaluation of the test results. As explained

in Chapter 4, the representative materials were collected and brought to the UNR laboratory

for testing. The materials tested and tests performed are summarized in Table 2.

Table 2. Summary of laboratory tests for subgrade materials and RAP materials.

Subgrade material Standard used RAP material Standard used
Sieve analysis AASHTO T-27 Sieve analysis AASHTO T-27
Atterberg limits AASH-I:I_(?Q-E'% and Modified proctor test AASHTO T-180
Soil classification AASHTO M-145 Resilient modulus test | AASHTO T-307

& ASTM D2487

Modified proctor test

AASHTO T-180

Dynamic modulus test

AASHTO TP-307

Resilient modulus
test

AASHTO T-307

Raveling Test

ASTM D7196

5.1. Soil Testing

Initially, the subgrade materials were classified using particle size analysis and Atterberg

limits. The subgrade materials classifications were then verified using the United States

Department of Agriculture (USDA) soil web survey [13]. Then optimum moisture content and

maximum dry density were determined based on developed moisture-density relationships.
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Finally, the moisture-density curves were used to prepare the resilient modulus test samples.
These samples were tested in a triaxial testing machine and the resilient modulus value was
obtained and used for structural design. Following sections present the testing methods and the

test results for each experiment.

5.1.1. Sieve Analysis

The mechanical sieving method was used for sieve analysis in accordance with AASHTO T27
Standard Method of Test for Sieve Analysis of Fine and Coarse Aggregates [14]. The following
apparatus were needed for this testing; a stack of sieves includes a pan and a cover, balance
with 0.01g accuracy, mechanical sieve shaker and oven. Representative dried 2000g samples
were used for sieve analysis. They were obtained in accordance with AASHTO R58 Standard
Practice for Dry Preparation of Distributed Soil and Soil Aggregate Samples [15]. The testing
was performed per AASHTO T27 Standard Method of Test for Sieve Analysis of Fine and
Coarse Aggregates [14]. Samples were dried at a temperature of 110°C (230°F). The dry
aggregate was washed and sieved through the #200 sieve. The material retained on the
#200 sieve was collected oven dried overnight. The dried samples were sieved in a mechanical
shaker for six minutes. The results of the sieve analysis testing for Topsy Lane and Dump Road
subgrade materials are given in Table 3. Figure 18 is a plot of percent passing versus sieve
size comparing the two materials. It can be seen from the plot that the Dump Road subgrade

material was finer than the Topsy Lane subgrade material.



Table 3. Subgrade materialsieve analyss results.

Subgrade Source
Sieve Size
Topsy Lane | Dump Road
37.5(11/2" 100.0 100.0
25.0 mm (1) 100.0 98.8
19.0 mm (3/4") 99.7 98.8
12.5 mm (1/2") 99.1 94.6
9.5 mm (3/8") 98.8 92.1
4.75 mm (No. 4) 98.0 86.8
2.36 mm (No. 8) 95.5 81.4
2.00 mm (No. 10) 94.1 80.0
1.18 mm (No. 16) 87.2 76.0
0.600 mm (No. 30) 72.2 69.5
0.425 mm (No. 40) 61.6 65.4
0.300 mm (No. 50) 49.6 59.8
0.150 mm (No. 100) 29.6 45.1
0.075 mm (No. 200) 16.1 27.2
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Figure 18. Subgrade soil gadations.
5.1.2. Atterberg Limits

This section describes the laboratory procedure for determining the Atterberg Limits of the
subgrade soils. Specifically, the liquid limit, plastic limit and plastic index values. The liquid
limit of a soil is defined as the moisture content of the soil at the boundary between plastic
state and liquid state. The liquid limit testing was performed in accordance with AASHTO T89

Standard Method of Test for Determining the Liquid Limit of Soils [16].

A sample with a minimum weight of 150g was obtained from material passing through the #40

sieve. In order to find the liquid limit, moisture was added to the minus #40 material,
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thoroughly mixed and placed the sample in the cup of the Casagrande apparatus as shown in
Figure 19. Subsequently, the sample was divided in half using the prescribed grooving tool,
forming a 13mm groove in the material. The cup of the apparatus was lifted and dropped to
determine the number of strokes needs to close the 13mm groove. The operation was repeated
for increasing moisture content to develop a relationship between moisture content and of blow
count. The blow counts were obtained for the first sample in the range of 25 to 35 blows, the
second sample in the range of 20 to 30 blows, and the third sample in the range of 15 to 25
blows. A plot was developed for each material as shown in Figure 21. From the plot, the

moisture content was obtained at 25 blows, which is the defined liquid limit for the soil.

Plastic limit of a soil is the moisture content, expressed as a percentage, at the boundary
between semisolid and the plastic states. To determine the plastic limit, 8 grams of a liquid
limit test sample were rolled into a ball, and then rolled into a 3mm thread as illustrated in
Figure 19. The thread was rolled to the stage of crumbling at which defines the plastic limit
condition. The moisture content at which this occurs is the plastic limit of the soil. The plastic

index was determined by subtracting plastic limit from liquid limit.

The results of plastic limit, liquid limit and plastic index determinations are presented in Table
4. The Dump Road subgrade exhibited plastic behavior. The sandy Topsy Lane subgrade did
not exhibit plastic behavior as shown in Figure 20. It was very difficult to make a groove and
not possible to roll it into a thread. As a result, the Topsy Lane material classified as a non-

plastic material.
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Figure 19. Liquid limit an d Plastic limit testing of Dump Road subgrade

Figure 20. Liquid limit testing of Topsy Lane subgrade
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Figure 21. Liquid limit for Dump R oad.
Table 4. Plastic index calculationfor both subgrades.
Property Dump Road Topsy Lane
Liquid Limit 24.9 -
Plastic Limit 21.4 -
Plasticity Index 35 NP

The soil classification of the subgrade materials was determined per AASHTO M-145

Standard Specification for Classification of Soils and Soil-Aggregate Mixtures for Highway

Construction Purposes [17] and ASTM D-2487 Standard Practice for Classification of Soils

for Engineering Purposes (Unified Soil Classification System) methods [18]. The AASHTO



37

system classifies soils into seven groups based on the particle size distribution, liquid limit,
and plastic index. The unified Soil Classification System (USCS) classifies soils into mineral
and organo-mineral, which is then subdivided into different groups according to particle size
analysis, liquid limit and plastic index. The USCS and AASHTO classification systems are
illustrated in Figure 22 and Figure 23. The United States Department of Agriculture (USDA)
soil classification system is based on the AASHTO soil classification procedure and is
illustrated in Figure 24 and Figure 25. The subgrade materials were classified in accordance
with all three soil classification systems and the results are presented in Table 5. The USDA
website provides a basic understanding of soil types in particular places, while the AASHTO

and ASTM laboratory tests associated with the other methods provide more accurate soil

classification.
Granular Materials
General Classification (35 Percent or Less Passing 75 um)
A-1 A-2
Group Classification A-l-a | A-1-b A-3 A-2-4 A-2-5 | A-2-6 | A-2-7
Sieve analysis, percent passing:
2.00 mm (No. 10) 50 max — — — — — —
0.425 mm (No. 40) 30max | 50max | 51 min — — — —
75 pm (No. 200) I5max | 25max | 10max | 35max | 35 max | 35max | 35 max
Characteristics of fraction passing 0.425 mm (No. 40):
Liquid limit 40 max 41 min | 40max | 41 min
Plasticity index 6 max NP 10 max 10 max 11 min 11 min
Usual types of significant constituent materials Stone fragments, Fine
gravel and sand sand Silty or clayey gravel and sand
(General rating as subgrade Excellent to Good

Figure 22. AASHTO soil classification.
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Soil Classification

. L . A
Criteria for Assigning Group Symbols and Group Names Using Laboratory Tests Group Group Name®
Symbol
COARSE-GRAINED Gravels Clean Gravels Cu=4and1=Cc=2" GW Well-graded gravel®
SOILS (More than 50 % (Less than 5 % fines® )
of coarse fraction retained Cu < 4 andlor GP Poorly graded gravel®
on [Cc<1orCc>3~
No. 4 sieve) Gravels with Fines Fines classify as ML or GM Silty gravel="%
(More than 12 % fines®) MH
o - EFE
More than 50 % Elﬂes classify as CL or GC Clayey gravel
retained on No. 200 sieve -g_ 5 Clean Sands Cu=Bandi1=Cc=2" W Well-graded sand’
(50 % or more of coarse  (Less than 5 % fines" ) Cu < & and/or SP Poorly graded sand’
fraction passes [Cc<1orCc=3F
MNo. 4 sieve) Sands with Fines Fines classify as ML or SM Silty sand™5"
(More than 12 % fines™ ) MH
Fines classify as CL or SC Clayey sand™ &7
CH
FINE-GRAINED SOILS  Silts and Clays inorganic Pl > 7 and plots on or CcL Lean clay™0*
above “A" line”
Liquid limit Pl < 4 or plots below “A” ML SiltR LA
less than 50 line”
- Tigmd Timit — Gven aned i K.LMN
organic - — _— <0.75 oL QOrganic clax
50 % or more Liquid limit — not dried rganic sift
passes the No. 200 sieve Silts and Clays inorganic PI plots on or above “A” CH Fat clay™ =™
line
Liquid limit PI plots below *A" line MH Elastic silt™>™
50 or more
organic D it — oven ansd 1) 75 OH Organic clay™L™MFP
Liquid limit — nat dried —g—xm-organic ST
HIGHLY ORGANIC SOILS Primarily organic matter, dark in color, and organic odor PT Peat

Figure 23. USCS soll classification.

Figure 24. USDA soil survey map for Dump Road.
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Figure 25. USDA soil survey map for Topsy Lane.

Table 5. Subgrade il classifications.

Classification method Dump Road Topsy Lane
AASHTO A-2-4 A-2-4
ASTM SM SM
USDA A-2 A-1

5.1.3. Moisture Density Relationships

This test is used to determine the maximum dry density and the optimum moisture content
(OMC) of soils according to AASHTO T-180 Standard Method of Test for Moisture-Density
Relations of Soils Using a 4.54-kg (10-1b) Rammer and a 457-mm (18 in.) Drop [19]. The

OMC and the maximum dry density can be found using the relationship between the moisture

39
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content and density of soils. The soil is compacted using a 10-Ib rammer dropped from a height
of 18 inches over a range of moisture contents. Mold size selection is dependent on the amount
of material the passing No. 4 and No. 200 sieves. Figure 26 shows the rammer and mold used
for this compaction. Both subgrades fall into the same category, hence, method C was used.
The compacted sample and the process of obtaining moisture content are illustrated in Figure
27. The moisture-density relationships developed for both subgrade materials are illustrated
in Figure 28 and Figure 29. Finally, the OMC and maximum dry density were obtained and

are summarized in Table 6.

Figure 26. Rammer and mold for standard proctor test.
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Figure 27. Moisture content determinationfrom proctor sample.
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Figure 28. Moisture density curve for Dump Road material.
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Figure 29. Moisture density curve for Topsy Lane material.

Table 6. Maximum dry density and optimum moisture content of subgrades.

Property Dump Road Topsy Lane
Maximum dry density (kg/m3) 1984.3 2003.2
Maximum dry density (pcf) 123.9 125.1
Optimum moisture content 11.5% 8.9%
Percentage of oversize particles 0.14 0
Corrected moisture content 10.0% 8.9%
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5.1.4. Resilient Modulus Testing

Resilient modulus is a fundamental property of an unbound material in a pavement structure.
It is a measure of an unbound layer stiffness, and it will change with moisture content, density,
and stress state. Mr can be obtained by laboratory tests using cylindrical specimens subjected
to a cyclic axial load using a triaxial test setup. Mr is defined as the ratio of applied axial

deviator stress to recoverable axial strain.

The Mg testing was performed in accordance with AASHTO T-307 Standard Method of Test
for Determining the Resilient Modulus of Soils and Aggregate Materials [20]. For this project,
4 inches diameter by 8 inches height molds were used. The subgrade materials were compacted
at optimum moisture content using a vibratory hammer to a target maximum dry density of
90 %. Figure 30 shows a compacted sample ready to be extruded from the mold. After
compaction, samples were extruded, and a rubber membrane was installed as illustrated in

Figure 31 and Figure 32. Finally, the sample was sealed with a porous stone at

both ends using “O” rings and placed inside the testing chamber.

Once the sample was placed inside the chamber, drainage valves were connected and vacuum
pressure was applied to ensure the sample was sealed as shown in Figure 32. After sample
placement, two LVDT’s were installed in a 180-degree phase. A cyclic axial load was applied
with a loading time of 0.1 second followed by a rest period of 0.9 second. The axial cyclic
stress was applied in 16 sequences with different axial cyclic stresses and static confining

stresses predefined in the testing machine control software as prescribed in based on AASHTO
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T-307 Standard Method of Test for Determining the Resilient Modulus of Soils and Aggregate

Materials [20].

Figure 31. Extrusion of resilient modulus sample
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Figure 32. Sample placementvith membrane and testing assembly.

The results of Mr tests were used to develop non-linear models for each material. First Mg was
calculated from the last five cycles of each loading sequence. For the subgrade material, the
Uzan model was selected and regression analysis was carried out for best fit coefficient

determination [21]. The Uzan model is given below;

0 0o—, Eq.1

Where:
K, m = Regression coefficients
oq = Deviator stress

The regression coefficients for both subgrade materials are summarized in Table 7. The Uzan

model shows a good correlation for the subgrade materials as shown in Figure 33 and Figure
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34. For pavement design purposes subgrade resilient modulus input values were determined at
a depth of 6 inches below the interface of the 8 inches RAP milling surface layer and the
subgrade. The 3D-Move analysis software was used in an iterative solution process in which a
subgrade modulus was assumed and the modulus under a standard single axle single tire load
(axle load 9,000 Ib and tire pressure of 80 psi) was determined using 3D-Move [21]. The
process was repeated until convergence was observed. The resilient modulus of Topsy Lane is
8,000 psi and 9,000 psi for surface layer air void 15% and 22% respectively. The resilient
modulus for Dump Road is 17,000 psi and 19,000 psi for surface layer air void 15% and 22 %

respectively.

Table 7. Regression coefficients of Uzan model for subgrade materials.

Topsy Lane Dump Road
3623.333 9007.959

n 0.454 0.257

m -0.071 0.029
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5.2. Reclaimed Asphalt Pavement (RAP) Materials

This section summarizes the laboratory tests that were conducted on the RAP millings
materials so that representative layer coefficients could be determined. Recall that Douglas
County uses RAP millings as a surface course on low volume roads. In the 1993 AASHTO
Guide for Design of Pavement Structures layer coefficients are based on elastic modulus of the
material [3]. RAP millings contain aged asphalt binder, and the material partially acts as a
bound material in the compacted state. However, the material does not behave like the HMA
bound material typically used for flexible pavement surfaces. RAP millings can also be
considered as an unbound layer as no binding agent is added during the material preparation
and construction. As a result, laboratory tests on RAP milling materials were conducted
considering the materials as both bound and unbound. The resilient modulus test AASHTO T-
307 Standard Method of Test for Determining the Resilient Modulus of Soils and Aggregate
Materials [20] was used for the unbound condition and dynamic modulus AASHTO TP-79
Standard Method of Test for Determining the Dynamic Modulus and Flow Number for Asphalt
Mixtures Using the Asphalt Mixture Performance Tester (AMPT) was used for the bound

condition [22].

5.2.1. Sieve Analysis

The particle size analysis of the RAP milling was performed per AASHTO T27 Standard
Method of Test for Sieve Analysis of Fine and Coarse Aggregates [14]. The same procedure

was followed as discussed in the section titled, 5.1.1 Sieve Analysis. However, a drying
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temperature of 140 F was used because the RAP material is sensitive to higher temperature.

The gradation results are summarized in

Table 8. Figure 35 is a plot of percent passing versus sieve size. The millings from the Asphalt
Zipper obtained from Washoe County were finer than the Douglas County stockpile material.
The Asphalt Zipper milling had 100% passing the 1 inch sieve, while the Douglas County

stockpile material and 100% passing the 2 inches sieve.

Table 8. Summary of RAP milling materials sieve analyses

Si i Washoe County RAP Douglas County RAP
leve Size Millings Stockpile
50.0 mm (2") 100.0 100.0
37.5mm (1 1/2") 100.0 98.6
25.0 mm (1) 100.0 90.7
19.0 mm (3/4") 98.8 80.2
12.5 mm (1/2") 93.0 70.2
9.5 mm (3/8") 84.7 61.6
4.75 mm (No. 4) 54.9 37.1
2.36 mm (No. 8) 32.6 20.8
2.00 mm (No. 10) 28.9 18.1
1.18 mm (No. 16) 17.9 11.8
0.600 mm (No. 30) 9.0 6.1
0.425 mm (No. 40) 6.4 4.2
0.300 mm (No. 50) 4.3 2.8
0.150 mm (No. 100) 2.2 1.3
0.075 mm (No. 200) 0.9 0.6
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Figure 35. Gradation plots for both RAP sources

5.2.2. Moisture Density Relationship

Moisture density relationships were developed for the RAP milling materials treating them as
unbound material. The moisture density relationship testing was conducted based on
AASHTO T-180 Standard Method of Test for Moisture-Density Relations of Soils Using a
4.54-kg (10-Ib) Rammer and a 457-mm (18 in.) Drop [19]. Figure 36 shows a compacted RAP
millings proctor sample. There was a problem using this method to compact RAP sample as
shown in Figure 37, as water would drain from the mold during compaction. The reasons for

this are the materials contain very few fine particles and much of the unbound material is coated
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with asphalt binder preventing absorption of the water. However, the moisture density
relationships for both RAP millings sources were developed and are shown in Figure 38 and

Figure 39. The OMC and maximum dry density from them are summarized in Table 9.

Figure 37. Water draining from mold during compaction.
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Table 9. RAP millings maximum dry density and optimum moisturecontents.

Property Washoe Qqunty RAP Douglas Cour_lty RAP
Millings Stockpile
Maximum dry density (kg/m3) 1803.8 1862.2
Maximum dry density (pcf) 112.6 116.3
Optimum moisture content 8.0% 8.6%
Percentage of oversize particles - 0.2
Corrected moisture content 8.0% 7.4%

5.2.3. Resilient Modulus Testing

The RAP material was considered as an unbound base material for this testing. The resilient
modulus test was performed in accordance with AASHTO T-307 Standard Method of Test for
Determining the Resilient Modulus of Soils and Aggregate Materials [20]. RAP millings were
mixed with water at the optimum moisture content and conditioned overnight. Static double
plunger compaction was used for specimen preparation. Unfortunately, upon extrusion from
the mold the samples collapsed. As a result, the specimen preparation was modified using
different approaches. Ultimately resilient modulus test specimens were prepared in accordance

with the following steps:

=

RAP millings were conditioned at 60°C for 2 hours.

2. 4 inches diameter by 8 inches height molds were used for compaction.

3. Double plunger static loading to theoretical maximum dry density was used for
compaction.

4. Final compaction was achieved between 90 and 95 percentage.
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5. Compacted specimens were conditioned for 48 hours at 60°C while still in the
compaction molds.

6. After 48 hours curing, specimens were extruded from the molds.

In Figure 40, the image on the left shows a specimen which collapsed during extrusion and the
image on the right shows a specimen with a significant discontinuity upon extrusion. Figure
41 shows RAP millings test specimens prepared following the modifications described above.
It can be seen from that picture that Douglas County RAP stockpile millings are coarser than
the Washoe County RAP millings from an Asphalt Zipper. More importantly, the specimen
integrity is adequate for resilient modulus testing. It is worth noting that the testing was
performed on the specimens without moisture in them due to the specimen preparation changes

necessary.
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Figure 40. RAP resilient modulussamples collapsng upon extrusion without
modification to AASHTO T-307 sample preparatia.
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Figure 41. RAP milling r esilient modulus testspecimenswith modification to AASHTO
T-307 sample preparation.

The test results were evaluated and model fit using non-linear regression analysis. The

Universal model was selected as the best fit [21]. The Universal model is given Equation 2:



S7

Where:
ki, ko, ks =Regression coefficients
pa= Atmospheric pressure (psi)
d = Bulk stress (psi)
Wt = Octahedral shear stress (psi)

The regression coefficients for both materials are summarized in Table 10. The Universal

model provided an adequate fit for both materials as shown in Figure 42 and Figure 43.

Table 10. Regression coefficients d/niversal modelfor RAP materials.

Model Coefficients

WC RAP Millings

DC RAP Stockpile

k1 1263.488 2382.303
k2 0.000 0.380
k3 1.771 0.090
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Figure 42. Universal model for Washoe CountyRAP milling s material.

£ 80,000 y = 0.9968x

Predicted Resilient Modulus

R2? =0.9933

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000

Measured Resilient Modulus (psi)

Figure 43. Universal model for Dowglas County RAP stockpile material.
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5.2.4. Dynamic Modulus Testing

The RAP millings were considered as bound material for the dynamic modulus testing. The
dynamic modulus test was conducted in accordance with AASHTO TP-79 Standard Method
of Test for Determining the Dynamic Modulus and Flow Number for Asphalt Mixtures Using
the Asphalt Mixture Performance Tester (AMPT) [22]. The testing was conducted using an
Asphalt Mixture Performance Tester (AMPT). However, test specimens were not prepared in
accordance with AASHTO R-83 Standard Practice for Preparation of Cylindrical Performance
Test Specimens Using the Superpave Gyratory Compactor (SGC) [23].The specimens were
prepared using a Superpave gyratory compactor with a 4 inches diameter mold. This was done
so that fabricated specimens could be directly tested in the AMPT without coring and cutting

which it was feared could lead to sample damage.

Tests were carried out on specimens compacted to two different air void levels. The air void
levels were 15 and 22%. Fifteen percent was selected as it is typical of the air level in well
compact CIR, which is RAP millings. The theoretical maximum dry density determined from
the moisture-density relationship, which was 22% air void was the other level used. For each
RAP millings source, three specimens were prepared per air void level. Figure 44 and Figure

45 show the dynamic modulus test specimens for each RAP millings source.



Figure 44. Douglas County RAP stockpile dynamic modulus test specimens
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Figure 45. Washoe County RAP nilling dynamic modulus testspecimers.

Dynamic modulus testing requires gauge points be bonded to the specimens for axial
deformation measurements. To ensure that the gauge points were not moving during the test,
extra care was taken during the gluing process as illustrated in Figure 46. The specimens were
conditioned and tested at three different temperatures. Specifically, 4°C, 20°C and 40°C.
Dynamic modulus tester was conducted at a temperature 4°C and 20°C at a frequency of 0.1,
1 and 10 Hz. At the high temperature of 40°C test frequencies of 0.01, 0.1, 1 and 10 Hz were
used. The test results were used to develop master curves for each RAP millings source and
air void. Figure 47 to Figure 50 show the master curves developed. Table 11 is a summary of

the dynamic modulus data presented in these figures.
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As previously described, selection of dynamic modulus value is critical when performing
pavement designs per the 1993 AASHTO Guide for Design of Pavement Structures, as it
ultimately defines the layer coefficient for the surface layer [3]. According to the climate data,
70°F was selected as the pavement temperature and 10 Hz was selected as the loading
frequency. Thus for subsequent pavement designs, the dynamic modulus value corresponding

to 70°F and 10Hz was used.

Figure 46. Dynamic modulusspecimers with gauge points installed
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Figure 47. Master curvefor DouglasCounty RAP stockpile materials at 15% air void at
a reference temperature of 2€C.
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Figure 49. Master curvefor DouglasCounty RAP stockpile materials at 2246 air void at
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Table 11. Summary of Dynamic Modulus results.

E* (Kksi)
Temperature | Frequency 15% AV 22% AV
(°F) (Hz) DC- WC- DC- WC-
Pile Milling Pile Milling
14 25 688.9 709.5 329.4 245.1
14 10 628.6 653.9 295.6 220.6
14 5 584.5 613.1 271.4 203.2
14 1 487.6 522.7 219.7 166.1
14 0.5 448.5 485.9 199.5 151.6
14 0.1 364.0 405.5 157.2 121.4
40 25 456.2 457.7 218.7 161.1
40 10 406.6 412.4 192.3 142.6
40 5 371.0 379.9 173.7 129.5
40 1 295.4 309.9 135.2 102.5
40 0.5 265.8 282.3 120.6 92.1
40 0.1 204.5 224.1 90.9 71.1
70 25 266.6 256.3 132.2 97.2
70 10 230.4 224.2 113.4 84.3
70 5 205.2 201.7 100.5 75.3
70 1 153.7 155.3 74.5 57.3
70 0.5 134.5 137.7 65.0 50.6
70 0.1 96.5 102.4 46.4 37.4
100 25 146.4 133.0 77.7 57.7
100 10 122.2 112.5 65.0 48.9
100 5 105.9 98.6 56.4 43.0
100 1 74.1 71.1 39.7 314
100 0.5 62.9 61.2 33.9 27.2
100 0.1 41.7 42.2 22.8 19.2
130 25 75.8 64.2 44.7 33.7
130 10 61.0 52.3 36.4 28.0
130 5 51.3 44.5 30.9 24.2
130 1 33.3 29.9 20.6 16.9
130 0.5 27.3 24.9 17.2 14.4
130 0.1 16.6 15.8 10.9 9.7
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5.2.5. Raveling Test

The field pavement condition inspection revealed that raveling should be given adequate
consideration for RAP millings surfaced roads, especially early in the pavement life. Raveling
tests were conducted based on ASTM D7196 Standard Test Method for Raveling Test of Cold
Mixed Emulsified Asphalt Samples [24]. This method was developed for evaluating the
raveling resistance of cold mixes. Specimens are prepared and subjected to repeated abrasion
via a rubber hose mounted to a fixture in a stand mixer. The RAP material was conditioned
for 2 hours at 140°F before compaction. RAP millings test specimens were prepared using a
Superpave gyratory compactor (SGC) with 6 inches diameter molds. Compacted specimens
were extruded right after the compaction. Compacted specimen final dimensions were 6 inches
diameter and 2.75 inches height which is same as cold mix emulsified asphalt sample. The
target specimen air level was 22%. For testing specimens were mounted to a bottom plate and
a rotating rubber hose provides the abrasion force on the surface of the compacted specimen.
The abrasion force is applied for 15 minutes, after which the mass loss which occurs was
recorded. Figure 51 shows the abrasion exerted by rubber hose and cleaning the loose material

before measuring the final specimen weight.
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Figure 51. Ravelingtestingon RAP millings material.

Figure 52 shows the surface of specimens at the completion of the test. It can be seen that some
samples lost material around the perimeter (edges) which are unsupported. Table 12 is a
summary of the raveling test results showing 2 to 3% mass loss. There currently is not any
standard specification criteria for acceptable mass loss in this test for RAP millings surfacing
materials. The maximum allowable mass loss criteria for most road agencies for cold mix is 2
percent. Although the mass loss exceeded 2% for the RAP millings samples, raveling was not

a commonly observed distress in the Douglas County pavements after 20 plus years.



Figure 52. Surface of samples after abrasion testing.

Table 12. Summary of raveling test resilts.

WC RAP Millings

DC RAP Stockpile

S1 S2 S1 S2
Initial Mass () 2641.4 2734.5 2598.3 2652.1
Final Mass (g) 2581.5 2682.5 2525.3 2581.1
Mass Loss (%) 2.3 1.9 2.8 2.7

Average

2.1

2.7

68
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Chapter 6. STRUCTURAL DESIGN

Structural pavement design for Douglas County low volume roads was carried out following
the 1993 AASHTO Guide for Design of Pavement Structures, using the PaveXpress software
[3] [25]. Design variables for the project were obtained from past studies, and Douglas County
and an NDOT database. Furthermore, some sensitivity analysis was performed to determine
the impact of selected reliability level and different soil types on required thickness. The
following sections summarize the pavement design variables and inputs used. Some design
variables for low volume roads are quite different than those applicable for high volume roads,

which ultimately influence the final pavement structure.

6.1. Analysis Period

Analysis period is the length of time any design strategy must cover. It is considered as the
pavement design life. This section illustrates the performance and analysis period of the
structural design carried out for Douglas County. According to 1993 AASHTO Guide for
Design of Pavement Structures, the minimum analysis period of low volume aggregate surface
road is 10 years and the maximum analysis period is 20 years [3]. According to the Douglas
County Design Criteria and Improvement Standards, 20 years analysis period is commonly

used and it is more appropriate for the local roads in Douglas County [26].
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6.2. Serviceability

The serviceability of pavement is defined as the minimum acceptable quality. The pavement
serviceability index (PSI) is an overall rating on a scale from 5 (perfect) to 0 (worst). Change
in PSI over the design period (gSl) can be calculated from the difference between initial
serviceability index (Po) and terminal serviceability index (Pt). This terminal PSI is an
indicator of need for reconstruct or rehabilitation. The 1993 AASHTO Guide for Design of
Pavement Structures has recommended Pt values for different functional roadway
classifications [3]. Initial serviceability index values observed from the AASHTO road test
were 4.2 for flexible pavement and 4.5 for rigid pavement. The surface layer for Douglas
County RAP millings surfaced roads is flexible and traffic speed are low, so a P, of 4.2 was
used. Terminal serviceability for highways with low traffic volumes is recommend to be 2.0.
However, the Douglas County roads have very low traffic volumes and very low truck
percentages. As a result, both 1.5 and 2.0 terminal serviceability index values were used and

a sensitivity analysis was performed.

6.3. Traffic

Traffic is one of the most important factors in pavement design. In order to come up with a
perfect design, traffic counts should be accurate conducted for each project. The 1993
AASHTO Guide for Design of Pavement Structures is based on cumulative 18 kips (80kN)
equivalent single axle loads (ESALSs) [3]. Traffic analysis requires the initial traffic volume,
traffic growth, directional distribution and traffic type. The reality is the traffic on Douglas

County roads surfaced with RAP millings is low and very low relative. In fact, Douglas County
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specifies 10,000 or 50,000 ESALs be used based on Douglas County Design Criteria and

Improvement Standards [26].

The following values were used for traffic analysis for Douglas County low volume road

design.

A Traffic growth factor — 4%
A Directional distribution — 0.5

A Traffic type — considered light vehicles and garbage truck.

Design traffic volume was calculated based on above details. Initially, the traffic volume was
calculated for low-volume and high-volume traffic observed in Douglas County. However, the
final design was carried out for different traffic levels as a sensitivity analysis. The sensitivity
analysis included 10,000 and 50,000 as these are the traffic levels specified in the Douglas

County Design Criteria and Improvement Standards [26].

6.4. Reliability

Reliability is the probability of the designed pavement performing satisfactorily over the
design period. The 1993 AASHTO Guide for Design of Pavement Structures has
recommended levels of reliability for various functional roadway classifications [3]. It is
recommends that for low volume roads reliability between 50% and 80% be used. Two
reliability levels were used, specifically 50% and 75%. These values were used to represent

extremes in the roadway classifications. Though it is important to note that almost all RAP
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millings surfaced roads in Douglas County carry very low traffic volumes with primarily

personal vehicles only.

6.5. Subgrade Layer Properties

Subgrade layer properties were obtained from laboratory tests performed on the two types of
soils representative of the Douglas County area. A series of pavement designs were carried
out for each soil type. Seasonal adjustment was considered in determining the design subgrade
resilient modulus values. The seasonal factors were obtained from the Manual for Designing
Flexible Pavements in Nevada Using AASHTOWare Pavement-ME Design [27]. The design
subgrade resilient modulus values used for the pavement designs are summarized in Table 13
and Table 14. Recall that the resilient modulus values were obtained based on the laboratory

test results and the anticipated stress state as described in Section 5.1.4.

Table 13. Subgrade layer resilient modulus pavement desigvaluesfor surface layer

15% air void.
Seasons Adjustment | Topsy Lgne Relative Dump Rc_>ad Relative
Factor MR (psi) Damage MR (psi) Damage
Spring 0.7 5600 0.24 11900 0.04
Summer 1 8000 0.10 17000 0.02
Fall 1.02 8160 0.10 17340 0.02
Winter 0.81 6480 0.17 13770 0.03
Average damage 0.15 0.03
Effective Mg 6779 14406
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Table 14. Subgrade layer resilient modulus pavement desigvalues for surface layer

22% air void.
Seasons Adjustment | Topsy Lgne Relative Dump Rgad Relative
Factor Mr (psi) Damage MR (psi) Damage
Spring 0.7 6300 0.18 13300 0.03
Summer 1 9000 0.08 19000 0.01
Fall 1.02 9180 0.08 19380 0.01
Winter 0.81 7290 0.13 15390 0.02
Average damage 0.12 0.02
Effective Mg 7627 16101

6.6. Surface Layer Properties

For this study, the pavement surface layer is RAP millings for low volume roads. As explained
in the laboratory testing section, the RAP millings were considered as unbound (Mg) and bound
(E*) layers. Doing so resulted in different modulus values for the same material. Therefore,
pavement designs were conducted separately using both resilient modulus and dynamic
modulus values as inputs for selection of the surface layer coefficient. According to the 1993
AASHTO Guide of Design of Pavement Structures, the following equation is used to

determine the layer coefficient for unbound layers [3].

W ™MTwoEO 8o X XEq. 3
Where:

ao = Layer coefficient

Egs= Elastic (resilient) modulus
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When the surface layer is considered as a bound material, dynamic modulus of RAP millings
was used for the structural design. According to 1993 AASHTO Guide for Design of Pavement
Structures, the Figure 53 was used to obtain the layer coefficient [3]. However, the dynamic
modulus cannot be use directly on this graph, because the graph is developed for Mr value of
AC layer. There have been numerous studies conducted to find the relationship between
dynamic modulus and resilient modulus. An approximate rule of thumb suggested by
Stempihar et al, for a fixed temperature is the resilient modulus is equivalent to the dynamic

modulus at a 5 Hz loading frequency [28]. This recommendation was followed.
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Figure 53. Chart for estimating layer coefficient based on elastic modulug].



75

According to the 1993 AASHTO Guide for Design of Pavement Structures [3], layer
coefficients were obtained corresponding to the representative resilient modulus and dynamic
modulus values measured on the Douglas and Washoe County RAP millings. The resilient

modulus and dynamic modulus values are summarized in

Table 15 along with corresponding layer coefficients. As previously indicated, specimen air
voids had a significant impact on dynamic modulus value. Also note that the coarser Douglas
County RAP milling stockpile material had slightly higher resilient and dynamic modulus

values.

Table 15. Summary of modulus andayer coefficients

Source Resilient Dynamic Modulus (psi)
Modulus (psi) 22% AV 15% AV
DC RAP Stockpile 52392 100500 205200
WC RAP Millings 42779 75300 201700
Average 47586 87900 203450
Layer Coefficient 0.19 0.18 0.30

6.7. Low Volume Road Structural Designs

Douglas County low volume road pavement designs were carried out based on the 1993
AASHTO Guide for Design of Pavement Structures using the PaveXpress software [3]. All
the design parameters used for this design were explained in the previous sections. The
drainage coefficient was assumed to be 1.0 for all designs. PaveXpress is a free cloud-based

pavement design software that is based on the 1993 AASHTO Guide for Design of Pavement
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Structures [3]. The pavement designs with required RAP millings surface thickness obtained
from the dynamic modulus test for 22% air voids are summarized in Table 16. The pavement
designs with required RAP milling surface thickness obtained from the dynamic modulus tests
for 15% air voids are summarized in Table 17. Plots were developed for thickness vs ESALs
for both sets of design inputs, which are presented in Figure 54 and Figure 55. This plots
illustrate the sensitivity of required RAP millings thickness to subgrade stiffness and reliability

level as a function of traffic level.

Table 16. RAP milling s surfacelayer thickness basedn E* value for 22% air void (a1 =

0.18).

Subgrade R e MMater:qal propeEr;ues Traffg:eSign Thickness
- g - 0 R - - h
Classification | (%0) (psi) | Value | (psi) ar | AADT ESALS (inches)
1,000 4.5

10,000 7.0

50 30,000 9.0

50,000 9.5

50 | 7600 11.6 | 87900 | 0.18 100 60000 100

200 119,000 11.0

300 149,000 11.5

400 208,000 12.0

T L :

(Topsy Lane) 1,000 | 50
10,000 8.5

50 30,000 10.0

50,000 11.0

75 | 7600 11.6 | 87900 | 0.18 100 60,000 115

200 119,000 12.5

300 149,000 13.0

400 208,000 13.5

(Dump Road) | 50 | 16100 | 26.9 | 87900 | 0.18 1,000 30
10,000 5.0
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50 30,000 6.5
50,000 7.0

100 60,000 7.5
200 119,000 8.5
300 149,000 8.5
400 208,000 9.0
1,000 3.5

10,000 6.0

50 30,000 7.5
50,000 8.5

75 | 16100 | 26.9 |87900 | 0.18 100 60,000 a5
200 119,000 9.5
300 149,000 9.5
400 208,000 10.0

Table 17. RAP millings surfacelayer thickness based on E* value for 15% Air void

(a1=0.30)

Subgrade R = MI\F:Iaterlﬁl propilézr"fles Trafgc;Sign Thickness
Classification | (%) (psi) | Value | (psi) a1 | AADT ESALS (inches)
1,000 3.0

10,000 4.5

50 30,000 55

50,000 6.0

50 6800 10.2 | 203400 | 0.30 100 50,000 65

200 119,000 7.0

300 149,000 7.5

(Topsy Lane) 400 208,000 7.5
1,000 35

10,000 5.0

50 30,000 6.5

75 6800 10.2 | 203400 | 0.30 50,000 7.0

100 60,000 7.0

200 119,000 8.0

300 149,000 8.0
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400 208,000 8.5
1,000 2.0
10,000 3.5
50 30,000 4.0
50,000 45
50 | 14400 | 23.9 | 203400 | 0.30 100 60,000 45
200 119,000 55
300 149,000 5.5
400 208,000 6.0
(Dump Road) 1,000 5
10,000 4.0
50 30,000 4.5
50,000 5.0
75 | 14400 | 23.9 | 203400 | 0.30 100 60.000 55
200 119,000 6.0
300 149,000 6.0
400 208,000 6.5
16.0
Topsy Lane & R=50% @ Topsy Lane & R=75%
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Figure 54. RAP millings surface layer thickness based oix* value for 22%AV

(2a=0.18)
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Figure 55. RAP millings surface layer thickness based ok* valuefor 15 % AV

(a1=0.30)

The RAP millings material was also treated as unbound layer to determine structural thickness
based on the 1993 AASHTO Guide for Design of Pavement Structures as if it were a gravel
road [3]. Recommended aggregate thickness is determined based on the region, traffic level

and the quality of roadbed soil. Table 18 summarizes the resulting unbound layer thickness.

Table 18. RecommendedRAP millings surface layerthicknessif considered unbound.

Quality of Roadbed soil | Traffic level Thickness (inches)
Low (10,000 to 30,000) 4.0
Very good (>8200psi) | Medium 30,000 to 60,000) 7.0
High (60,000 to 100,000) 9.0
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Based on compaction of just RAP and historical CIR pavements compaction of RAP millings
to an in-place density of 85% is unlikely. As a result, a final summary is presented in Table 19
for 78% relative in place density. Nevertheless, the thickness of a RAP millings surface layer

for any other combination can be found in Table 16 and Table 17.

Table 19. RAP millings surface layer thickness

RAP millings surface layer thickness (inches)
Subarade Minimum in
grad place 75% Reliability 50% Reliability
Classification densit
ensity 10,000 50,000 10,000 50,000
ESALS ESALs ESALS ESALs
(Topsy Lane) 78% 8.5 11.0 7.0 9.5
(Dump Road) 78% 6.0 8.5 5.0 7.0
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Chapter 7. CONSTRUCTION AND MAINTENANCE

7.1. Construction

The RTC Washoe Orange Book Specifications contain most the standard construction

requirements for a RAP millings surfaced road [11]. Things such as subgrade preparation

and compaction. The following steps are the basic construction procedure for building a

RAP millings surfaced road:

. The top 6 inches of subgrade within the range of pavement is compacted to at least
95% relative compaction based on the Orange book, section 302.03.0Bubgrade
preparation.

RAP millings with 100% passing the 2 inches sieve and 85-100% passing the 1
inch sieve material is placed on the compacted subgrade and necessary mixing and
compaction water is added.

RAP millings are graded in adequate thickness to achieve a compacted design
thickness with appropriate cross slope also. If on-site recycling were performed
with an Asphalt Zipper, the pavement would simply be pulverized, and uniformly
graded.

. The RAP millings material is compacted with steel drum rollers to refusal density
and with % inch of the design thickness.

. Shoulders backing is placed or pulled up and compacted.

. The roadway is open to traffic for 30 days.

. After 30 days the pavement is Fog Sealed with CSS-1h emulsion at an application

rate of 0.15 to 0.25 gallons per square yard of undiluted emulsion. Note that if
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localized raveling has occurred a small compactor and broom will be need to re-
compact and sweep such areas.

8. Itis highly recommended that RAP millings surfaced roads be constructed early in
the summer to expose them to warm temperatures prior to fog sealing and onset of

winter.

7.2. Maintenance

1. Maintenance of RAP millings surfaced roads is very minimal.
2. Potential maintenance is localized patching and potentially Fog Sealing.
3. Patching can be performed in according with the procedure developed for Douglas

County and presented in Appendix A.

7.3. Rehabilitation

Rehabilitation for millings surfaced roads could be done either partial or full depth. The
surface layer could be pulverized with an Asphalt Zipper. Construction and maintenance

procedures would be the same as those listed above.

Chapter 8. LIFE CYCLE COST ANALYSIS

The life cycle cost of RAP millings surface roads was compared with different alternative
options available for low volume roads. The alternatives considered include gravel roads,
CIR and FDR. The following factors are considered in comparing life cycle cost analysis

of these alternatives:

1 Analysis period of 20 years.
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1 A sensitive analysis was performed for different discount rates, specifically the
Inflation rate +1%, +2%, and +3%.

M The inflation rate was obtained from the Federal Reserve Bank Economic Data

website.

1 The costs considered include initial construction cost and maintenance costs of the
pavement over the analysis period. The salvage value at the end of the analysis
period was not considered. Because user costs are very minimal on rural roads, they
were not considered.

1 All costs were converted to 2018 based on the present worth method economic

analysis.

The present worth analysis was performed according to the following steps:

1. The maintenance can be done every year and/or every few years depending on the
project. Which is taken into consideration for applying inflation rate and discount
rate.

2. The inflation rate is applied for every year maintenance occurs.

3. The total cost for 20 years summed up at the year it was built.

4. The total construction and maintenance costs for the 20 year period is finally
converted to 2018 dollars.

5. The net present value of the total construction and maintenance costs over the

analysis period is determined.


https://fred.stlouisfed.org/tags/series?t=inflation
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The initial construction cost for each alternative considered on a per lane mile basis are
summarized in Table 20. The CIR and FDR costs were obtained from historical NDOT
data [29]. The gravel and RAP millings surfaced roads data were obtained from Stutsman
County in North Dakota. Douglas County does not build or maintain gravel roads, so no
Douglas County specific gravel road data were available. In 2010, Stutsman County in
North Dakota has reported gravel road new construction cost of $8380 per lane mile
compared to new construction of RAP millings surfaced roads at a cost of $23744 per lane
mile. In theory, because Douglas County keeps RAP millings generated on its projects,
the cost of RAP milling surfaced roads in Douglas County would be less than gravel roads

because the aggregate base would not have to be purchased to build the gravel roads.

The literature indicates that typical gravel road maintenance includes re-grading every 6 to
12 months and in some cases localized addition of some new gravel to account for loss
every 5 to 10 years. Douglas County has reported very low RAP millings surfaced road
maintenance costs with some roads requiring no maintenance in the first 20 years of
service. This suggests its costs are even lower than those reported for Stutsman County.
The total maintenance cost of gravel roads and RAP millings surfaced roads are compared
in Table 21. The data and calculation for this analysis are summarized in Table 22 to Table

26 of Appendix B.

Because the initial construction costs for CIR and FDR are so much higher than gravel road
and RAP millings road initial costs they were eliminated from the analysis. The economic
analysis shows that RAP millings surfaced roads are significantly more cost effective for

low volume roads than gravel roads. The data in Table 21 shows that even when RAP had
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to be purchased the LCC of RAP millings surfaced LVR is less than 20% of the LCC of
gravel surfaced LVR over a 20 year analysis period. It has been reported by Douglas
County that, “The maintenance fdRAP millings roads is very minimadl It is concluded
that using RAP millings surfaced roads are highly effective in terms of cost and

performance for a low volume road.

Table 20. Comparison ofinitial construction cost in 2018 dollars.

Initial Initial cost in 2018
Road Year q|t|a (.:OSt Discount rate
Source X in Built ; . 5
type built year Inflation | Inflation | Inflation
rate+1% rate+2 % | rate+3 %
$ $ $ $
Minnesota 1999 | 15,200 28,416 34,462 41,718
$ $ $ $
Gravel | Aitken 1999 | 18,300 34,211 41,491 50,226
North $ $ $ $
Dakota 2010 | 8,380 10,763 11,626 12,550
North $ $ $ $
- Dakota 2010 | 23,744 30,496 32,942 35,559
Milling
Douglas
County 2018 To be updated
Table 21. Comparison of total maintenance cost in 2018ollars.
Total maintenance cost in 2018 dollars
Road Year Discount rate
Source . 3 . .
Type built | Inflation Inflation Inflation
rate+1% rate+2 % rate+3 %
Minnesota 1999 | $ 99,676 | $ 120,884 | $ 146,334
Gravel | Aitken 1999 | $ 104,962 | $ 127,294 | $ 154,094
North Dakota 2010 | $ 144529 | $ 156,145 | $ 168,569
- North Dakota 2010 | $ 25207 | $ 27233 | $ 29,400
Milling | Douglas
County 2018 To be updated
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Chapter 9. CONCLUSIONS AND RECOMMENDATIONS

Conclusions and recommendation based on the field inspections, materials testing,
pavement design and economic analysis are made. Douglas County has been building RAP
millings surfaced low volume roads at low cost, which require minimal maintenance, while
providing good service for up to 30 years. However, the thickness of the surface layer has
always been 8 inches based on engineering judgment. According to the laboratory tests and

pavement design analysis, the following conclusions are made:

1. The two typical subgrade soils in Douglas County have different enough resilient
modulus that it should be considered in RAP millings thickness design for high
traffic (50,000 ESAL) LVR designs.

2. RAP millings were treated as both bound and unbound materials in the laboratory
testing and analysis. This required development of new sample conditioning and
preparation techniques in order to fabricate specimens with the integrity necessary
for testing under these conditions.

3. The stiffness (modulus) of RAP millings is very sensitive to density, so RAP
millings should be compacted to refusal density when constructed.

4. Both the AASHTO T-307 Mg test and the AASHTO TP-79 dynamic modulus test
of RAP millings compacted to 22% air voids, resulted in similar AASHTO layer

coefficient estimates.
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5. Douglas County indicates that LVR traffic varies between 10,000 ESALSs to 50,000
ESALs. The structural designs show that for the low traffic category (10,000
ESALSs), the surface layer thickness can safely be constructed as low as 5.5 inches
even with only 78% in place density.

6. RAP millings surfaced layer thickness is sensitive to reliability level and an
increase from 50% to 75%, results in a required RAP millings surfaced layer
thickness increase of up to 1 inch.

7. The RAP millings from the Christy Way project with an Asphalt Zipper are similar
to those of RAP millings stockpiled by Douglas County, though they are slightly
finer.

8. Washoe County demonstrated that an Asphalt Zipper can cost effectively be used

for patching LR in northern Nevada.

Recommendations

1. Continue to use RAP milling surfacing for LVR in Douglas County. Both cost and
performance comparisons show it to be very effective.

2. Based on the pavement design analysis, and past performance of 8 inches thick
RAP millings surfaced roads, the County should consider using a 6 inches thick
RAP millings surface thickness for the low traffic category (<10,000 ESAL) roads
and 8 inches for the high traffic category (10,000 to 50,000 ESAL) roads.

3. Consider doing future RAP millings surfaced road rehabilitations in place both

partial and full depth.
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Construct RAP millings surfaces roads early in the construction season so they are
exposed to traffic during the warm summer months prior to the first winter
exposure.

. A RAP millings gradation specification should be implemented with 100% passing
the 2 inches sieve and 85-100% passing the 1 inch sieve.

Require that RAP millings be compacted to refusal density as the stiffness of them
IS very sensitive to in place density.

Determine the density of existing RAP millings surfaced roads to establish a
compaction specification and refine the structural analysis presented in this report.
Determine the modulus of more RAP sources to validate the representative layer
coefficient determined and used for pavement designs in this study.

Consider using chip seals or some other wearing surface treatments at intersections

if raveling occurs.
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APPENDIX A

Patching Procedure.

The patching procedure is developed based on the observation of patching operations
carried out in Christy Way, Washoe County on 07/11/2017. The project goal is to eliminate

the alligator cracks and thermal cracks on the existing pavement.

Materials and equipment:

1. SS-1H tack coat.

2. Lockwood Type 3 special patch mix.

3. 1- CAT 950 loader with Asphalt Zipper mounted (48” milling Drum)
4. 13 trucks

5. Track paver

6. Backhoe with clamshell bucket

7. Double drum steel wheel roller

8. Mechanical broom

9. Emulsion trailer

10. Water tank with pump

Construction procedure:

1. The first 2 to 3 inches of AC layer shall be milled.
2. Adequate water supply during milling is important.

3. Crack filling shall be performed prior to milling.
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11.
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More than 4 inches wide cracks shall be filled with HMA and compacted with a
roller.

Cleaning and preparations of milling area is essential.

Depending on the projects either mill and fill the same day or mill one day and
patch the next day.

Patching material can be different depending on the project site and existing
pavement condition.

Never leave milled area open more than one night on weekdays or over a weekend.
Mark edges of open milled areas with paint for better visibility for drivers.

Some millings can be use as shoulder backing where curb and gutter are not present.
The Asphalt Zipper needs to be calibrated and the milling teeth shall be replaced if

worn over 50%.
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APPENDIX B

Table 22. NDOT economic analysis of FDR and CIR

In_|t_|al _ Initial Future maintenance cost ($) Total cost
rehabilitation

Strategy cost |year 3| year 7 | year 10 | year 13 | year 17 | in 2018

Blade lay 2
inches Cold mix
asphalt concrete | 161,000 | 3,400 | 15,200 | 6,000 | 13,800 | 4,500 | 204,000
overlay and
single Chip seal

3 inches Cold in
place recycling
with addition of | 146,000 | 3,400 | 13,700 | 4,000 | 12,000 | 3,000 | 182,000
millings and
Double Chip seal

3 inches Cold in

place recycling

and double chip
seal

107,000 | 3,400 | 13,700 | 4,000 | 12,000 | 3,000 | 143,000

Full depth
reclamation using
foamed asphalt | 173,000 | 3,400 | 13,700 | 4,000 | 12,000 | 3,000 | 209,000
and double chip
seal

Full depth
reclamation using
cement and
double chip seal

118,000 | 3,400 | 13,700 | 4,000 | 12,000 | 3,000 | 154,000

Full depth
reclamation using
lime and double
chip seal

128,000 | 3,400 | 13,700 | 4,000 | 12,000 | 3,000 164,000
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Table 23. Present worth calculation for gravel road, Minnesota 2005 reportfor
discount rate = inflation rate + 2%).

Minnesota 2005 data

Routine maintenance with

Routine maintenance inflation
Year Inflation
Years | Built | Resurfacing | Grading | rate Resurfacing Grading

1] 1999 | $ 15200 | $ 1,400 219% | $ 15,200 | $ 1,400
2 | 2000 $ 1,400 3.38% $ 1,447
3| 2001 $ 1,400 2.83% $ 1,488
4| 2002 $ 1,400 1.59% $ 1,512
5| 2003 $ 1,400 2.27% $ 1,546
6| 2004 | $ 15200 | $ 1,400 2.68% | $ 18,986 | $ 1,587
7 | 2005 $ 1,400 3.39% $ 1,641
8 | 2006 $ 1,400 3.23% $ 1,694
9| 2007 $ 1,400 2.85% $ 1,743
10 | 2008 $ 1,400 3.84% $ 1,810
11| 2009 | $ 15200 | $ 1,400 | -0.36% | $ 23,758 | $ 1,803
12 | 2010 $ 1,400 1.64% $ 1,833
13| 2011 $ 1,400 3.16% $ 1,891
14 | 2012 $ 1,400 2.07% $ 1,930
15| 2013 $ 1,400 1.46% $ 1,958
16| 2014 | $ 15200 | $ 1,400 1.62% | $ 28,892 | $ 1,990
17 | 2015 $ 1,400 0.12% $ 1,992
18 | 2016 $ 1,400 1.26% $ 2,017
19| 2017 $ 1,400 2.13% $ 2,060
20 | 2018 $ 1,400 2.21% $ 2,106
Maintenance cost in 2018 (per lane mile) $ 86,836 | $ 34,047
Total maintenance cost in 2018 (per lane mile) $ 120,884

Table 24. Present worth calculation for gravel road, North Dakota 2010 repor{for
discount rate = inflation rate + 2%).

Aitken Minnesota 2005 data

Years

Year
Built

Routine maintenance

Routine maintenance with
inflation
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Inflation

Resurfacing Grading rate Resurfacing Grading
1/1999 | $ 32650 | $ 1,835.0 219% | $ 3265 | $ 1,835
2|12000] $ 32650 | $ 1,835.0 3.38% | $ 3375 | $ 1,897
312001 $ 32650 | $ 1,835.0 283% | $ 3471 | $ 1,951
412002 $ 32650 | $ 1,835.0 1.59% | $ 3526 | $ 1,982
5/2003| $ 32650 | $ 1,835.0 227% | $ 3,606 | $ 2,026
62004 $ 32650 | $ 1,835.0 2.68% | $ 3,702 | $ 2,081
7/2005]| $ 32650 | $ 1,835.0 3.39% | $ 3828 | $ 2,151
82006 | $ 32650 | $ 1,835.0 3.23% | $ 3951 | $ 2,221
912007 | $ 32650 $ 1,835.0 2.85% | $ 4,064 | $ 2,284
10 2008 | $ 3,265.0 | $ 1,835.0 3.84% | $ 4220 | $ 2,372
112009 | $ 3,265.0 | $ 1,835.0 -0.36% | $ 4,205 | $ 2,363
1212010 | $ 3,265.0 | $ 1,835.0 1.64% | $ 4274 | $ 2,402
1312011 | $ 32650 | $ 1,835.0 3.16% | $ 4409 | $ 2,478
1412012 | $ 3,265.0 | $ 1,835.0 207% | $ 4500 | $ 2,529
1512013 | $ 32650 | $ 1,835.0 1.46% | $ 4,566 | $ 2,566
16| 2014 | $ 3,265.0 | $ 1,835.0 1.62% | $ 4640 | $ 2,608
1712015 $ 3,265.0 | $ 1,835.0 0.12% | $ 4646 | $ 2,611
1812016 | $ 3,265.0 | $ 1,835.0 1.26% | $ 4,704 | $ 2,644
1912017 | $ 3,265.0 | $ 1,835.0 213% | $ 4805 | $ 2,700
2012018 | $ 32650 | $ 1,835.0 221% | $ 4911 | $ 2,760
Maintenance cost in 2018 (per lane mile) $ 82,668 | $ 44,626
Total maintenance cost in 2018 (per lane mile) $ 127,294

Table 25. Present worth calculation forgravel road, North Dakota 2010 report(for
discount rate = inflation rate + 2%).

North Dakota 2010

Routine maintenance with
Routine maintenance inflation
Year Inflation

Years | Built | Resurfacing Grading rate Resurfacing Grading
1/2010| $ 6,087 | $ 4,448 1.64% | $ 6,087 | $ 4,448
212011 $ 6,087 | $ 4,448 3.16% | $ 6,279 | $ 4,588
312012 $ 6,087 | $ 4,448 207% | $ 6,409 | $ 4,683
412013 $ 6,087 | $ 4,448 1.46% | $ 6,503 | $ 4,752
512014 | $ 6,087 | $ 4,448 1.62% | $ 6,608 | $ 4,829
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62015 | $ 6,087 | $ 4,448 0.12% | $ 6,616 | $ 4,835
712016 | $ 6,087 | $ 4,448 1.26% | $ 6,700 | $ 4,896
82017 | $ 6,087 | $ 4,448 2.13% | $ 6,842 | $ 5,000
9|2018 | $ 6,087 | $ 4,448 221% | $ 6,994 | $ 5,111
10 2019 | $ 6,087 | $ 4,448 220% | $ 7,148 | $ 5,223
11| 2020 | $ 6,087 | $ 4,448 2.20% | $ 7,305 | $ 5,338
1212021 | $ 6,087 | $ 4,448 220% | $ 7,466 | $ 5,455
13| 2022 | $ 6,087 | $ 4,448 2.20% | $ 7,630 | $ 5,575
141 2023 | $ 6,087 | $ 4,448 2.20% | $ 7,798 | $ 5,698
1512024 | $ 6,087 | $ 4,448 220% | $ 7,969 | $ 5,823
16 | 2025 | $ 6,087 | $ 4,448 2.20% | $ 8,144 | $ 5,951
171 2026 | $ 6,087 | $ 4,448 220% | $ 8,324 | $ 6,082
18| 2027 | $ 6,087 | $ 4,448 2.20% | $ 8,507 | $ 6,216
19| 2028 | $ 6,087 | $ 4,448 220% | $ 8,694 | $ 6,353
20| 2029 | $ 6,087 | $ 4,448 220% | $ 8,885 | $ 6,493
Maintenance cost in 2018 (per lane mile) $ 91,870 | $ 64,351
Total maintenance cost in 2018 (per lane mile) $ 156,221

Table 26. Present worthcalculation for milling road, North Dakota 2010 report (for
discount rate = inflation rate + 2%).

North Dakota 2010

Routine maintenance with

Routine maintenance inflation
Year Inflation
Years | Built | Resurfacing | Grading rate Resurfacing Grading
112010 $ 1,188 | $ 2,750 1.64% | $ 1,188 | $ 2,750
212011 | $ 1,188 3.16% | $ 1,226
3]2012| $ 1,188 207% | $ 1,251
412013 | $ 1,188 1.46% | $ 1,269
512014 | $ 1,188 1.62% | $ 1,290
6]2015| $ 1,188 | $ 2,750 0.12% | $ 1,291 | $ 3,295
712016 | $ 1,188 1.26% | $ 1,308
812017 | $ 1,188 2.13% | $ 1,335
92018 | $ 1,188 221% | $ 1,365
10| 2019 | $ 1,188 220% | $ 1,395
1112020 | $ 1,188 | $ 2,750 220% | $ 1,426 | $ 3,994
1212021 | $ 1,188 220% | $ 1,457
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1312022 | $ 1,188 220% | $ 1,489
1412023 | $ 1,188 220% | $ 1,522
1512024 | $ 1,188 220% | $ 1,555
16 | 2025 | $ 1,188 | $ 2,750 220% | $ 159 | $ 4,859
171 2026 | $ 1,188 220% | $ 1,625
18 | 2027 | $ 1,188 220% | $ 1,660
192028 | $ 1,188 220% | $ 1,697
20| 2029 | $ 1,188 220% | $ 1,734
Maintenance cost in 2018 (per lane mile) $ 17,930 | $ 9,316
Total Maintenance cost in 2018 (per lane mile) $ 27,246




