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STATE OF THE ART:
CLASS T BICYCLE PATH PAVEMENTS

EXECUTIVE SUMMARY REPORT

I. INTRODUCTION

The bicycle is the second most widely used mode of transportation in
the United States. In.recent years, their sales have surpassed those of
automobiles. The increased use of bicycles has caused accidents and
fatalities in bicycle related accidents to skyrocket. One out of every
three bicycle related accidents involve an automobile and the bicycle
automobile accident accounts for almost zall bicycle fatalities and serious
injuries.

Recognizing this hazard, many states and municipalities have in-
corporated bikeways into their overall transportation system. Obviously,
the best type of bieyele facility, from a safety standpoint, is one that
physically separates the cyclist from other transportation modes; this
being the Class I bikeway. And, as with anything that's the best, these
facilities are the most expensive, averaging over $25,000 per mile.
Governmental budgets are limited; this, together with the current economic
situation, has retarded the implementation of Class I bikeways. If means
could be found to reduce the high cost of these structures, more Class I

bikeways could be constructed.

IT. PROBLEM STUDIED
The objective of the research program is to develop design methods
for Clasé I bikeway pavements of adequate strength and durability at the

lowest possible cost. The development of low-cost bikeway pavements
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should permit the maximum mileage to be obtained from each appropriated

bike path dollar,

I1I, RESULTS ACHIEVED

The first pbase of the research program is to conduct a detailed

review on the literature of all currently existing and experimental

bikeway pavements. This report covers this phase of study. The items included

in this review report are:

(1)
(2)
3)
(4)
(5)
(6)
(®

(1)

(2)

(3

Defining the types of bikeway pavement systems

Determining bikeway pavement design criteria

Determining bikeway pavement design method

Defining maintenance requirements

Determining the construction and maintenance costs

Obtaining data on.field performance

Evaluating lost-cost materials and waste materials that show
promise for use in bikeway pavements.

following are the conclusions and recommendations from this study!
The primary criteria governing the design of bikeway pavement
section are to withstand the maintenance vehicles, construction
vehicles and other vehicles which may have to ride on it.

The average design load is almost two tons. It is strongly
recommended that this design criteria be reassessed.

About 90% of pavement surfaces are asphalt concrete or portland
cement concrete.

Most bikeway pavements are maintained using conventional highway
maintenance equipment. Use of this relatively heavy equipment

is a principal reason for the use of excessive design load. Use of

il



maintenance equipment specially designed for bikeway could
substantially reduce the thickness of pavement structures.
(4) A more definitive performance criteriom for bikeway pavement
is lacking. Particularly, data relating the performance to
the pavement structural section is not available.
(5) Many low-cost materials and waste materials have a great

potential te be used for bikeway pavement materials.

IV. UTILIZATION OF RESULTS

This report provides a overview of the state-of-the-art of Class I
bikeway pavement construction. Results from this phase of study has
clearly pointed out the directions in which the future research and
development program for the design and construction of Class I bikeway
pavement should be taken such that a durable bikeway pavement can be

coustructed at the lowest possible cost.

V. CONCLUSTION

Class 1 bikeway pavements are, at present, over designed and very
costly. The present design criteria should be re-evaluated. Based on
new design criteria, new pavement systems can be developed, and low cost
materials and waste materials can be incorporated into the construction
of the pavement system. This should result in a substantial reduction

in construction cost.

iii
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1. INTRODUCTION

The bicycle is the second most widely used mode of transportation in
the United States. In recent years, their sales have surpassed those of
automobiles. The increased use of bicycles has caused accidents and
fatalities in bicycle related accidents to skyrocket. One our of every
three bicycle related accidents involve an automobile and the bicycle-
automobile accident accounts for almost all bicyele fatalities and
serious injuries.

Recognizing this hazard, many states and municipalities have in-
corporated bikeways into their overall transportation system. Obviously,
the best type of bicycle facility, from a safety standpoint, is one
that physically separates the cyclist from other transportation modes;
this being the Class T bikeway. And, as with anything that's the best,
these facilities are the most expensive, averaging over $25,000 per mile.
Governmental budgets are limited; this, together with the current
economic situation, has retarded the implementation of Class I bikeways.
If means could be found to reduce the high cost of these structures, more
Class I bikeways could be constructed.

The objective of the research program undertaken at Georgia Institute
of Technology is to develop designs for Class I bicycle path pavements
of adequate strength and durability at the lowest possible cost. The
development of low-cost bicycle path pavements should permit the maximum
mileage to be obtained from each appropriated bicvele path dollar. It

is hoped that reduction of pavement costs shall encourage the construction



of Class I bicycle path bicycle paths on exclusive rights-of-way, a

measure which considerably enhances the safety of this mode of transportation.

In the first phase of the program, the major effort has been to

obtain and review all available published and unpublished information of all

currently existing and experimental bikeway pavements to supplement

information already available on hand. Emphasis has been placed on:

(L
(2)
(3)
(&)
(5)
(6)
(7)

Defining the types of bikeway pavement systems

Determining bikeway pavement design criteria

Determining bikeway pavement design methods

Defining maintenance requirements

Determining the construction and maintenance costs

Obtaining data ou field performance

Categorizing and evaluating any new materials and methods
used in related or allied technical fields that show promise

for use in bike pavement systems.



2. TYPES OF BIKEWAY PAVEMENT SYSTEMS

The principal purpose of bicycle path is te provide the cyclist a
safe, smooth and comfortable ride. In order to achieve this the bicycle
paths must have an ali-weather, smooth, wear-resistant and non-skid surface.
Bicyecle pavement structures are in many respects similar te that of
highway pavements. Different materials have been used for bicycle pave-
ments. According to a recent nationwide survey study on the Class 1
bicycle pavement [1,2], a typical bicycle pavement structure consists
of a surface course and base course. Although, sometimes subbase course
has also been included. Table 1 summarizes the results from the survey
study [2] with respect to the pavement structure. The survey study
indicated that a majority of bicycle pavement surfaces are asphalt
concrete (79.13%), rock, crushed stone and limestone (12.51%) and
portland cement concrete (8.337). The survey study in 1973 conducted by
the American Institute of Park Executives in which two questions were
asked. One which surface material was used for Class I bikeways and
which, in the respondee's mind, was the best suited for bikeway pavements.
The results are shown in Table 2, Both survey results as shown in Table 1
and 2 showed similar findings.

Figures 1, 2 and 3 show the typical bicycle pavement systems recommended

respectively in Guide for Bikeways by AASHTO [3], Bike Trail and Facilities

by AIPE [4], and Bikeways, Design-Construction-Programs by NRPA [51.

In additicon, typical bikeway pavement systems recommended by various
states are shown in Appendix A. 1In the following, various bicycle pavement

systens recommended by various agencies are summarized:



Table-1. Material Used for Class I Bikeway Pavement [2].

Stn.
Total Mean Dev, Max.

Surface

Asphalt Concrete
Percent Using 79.17
Depth, Inches 2.4 L 72 4

Cement Concrete
Percent Using 8.33
Depth, Inches 3.7 1.37 6

Rock
Percent Using 5.56
Depth, Inches 2.5 1.00 4

Limestone Screenings
Percent Using 3.56
Depth, Inches 4.3 1.50 6

Base

Aggregate
Percent Using 37.84
Depth, Inches 4.1 1.44 8

Crushed Stone
Percent Using 27.03
Depth, Inches 4.6 1.07 6

Gravel
Percent Using 24.32
Depth, Inches 4.4 3.24 12

Limesteone
Percent Using 2.70
Depth, Inches 5.0 .00 5

S50il Cement
Percent Using 8.11
Depth, Inches 7.3 4.16 12

Subbase

Sand
Percent Used 2.52
Depth, Inches Mean =
Max. =
Min, =

Compacted Earth

Percent Used 5,66
Nont Used
Percent 91.82



Surface

Asphalt

Dirt

Gravel

Concrete

Turf

Soil Cement
Blue Stone Dust

Calache

Table 2. Survey Study ou Bikeway Pavement

Surface by AIPE [4]

Percent
Now Using
67.66%
24,447
24, 447
20.00%
8.88%
6.667%

2.22%

Percent
Indicating Best

72.20%
4.767%
4.76%
2.88%
2.38%
4.76%
2.38%

2.38%



ASPHALTIC CONCRETE (Full Depth)

COMPACTED SUBGRADE

ASPHALTIC GONCRETE SURFACE
AGGREGATE OR STABILIZED BASE
COMPACTED SUBGRADE

PORTLAND CEMENT
A it CONCRETE SURFACE
YA

S
ﬁggg AGGREGATE OR STABILIZED BASE

NS
S
A COMPACTED SUBGRADE

= ot o) 3
PR

STABILIZED AGGREGATE (Soil ond
aggrogota mixed and compacted)

" SUBGRADE

Figure 1, Typical Bicycle Path Design Sections - AASHTO.

Source: AASHTO: Guide for Bike Routes [3].
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Asphalt Concrete

Several combinations using asphalt concrete are possible and many
have been used for bilkeways. One that is used extensively consisted of
three to six inches of full-depth hot mix asphalt concrete directly above
a compacted subgrade, With this design, regular highway mixes can be used
provided they are dense graded. As a rule, asphalt content should be one
half to one percent higher than that used on a regular highway mix as
the bikeway will be subject to lighter loads [6].

Another widely used section, consists of three te four inches of
aggregate base of gravel, crushed stone or slag with 1-1/2 to 2 inch
asphalt surface course. This method is preferable to the full-depth
hot mix method in that it is more representative of the usual low-type
highway practices and is more economical when the bikeway is placed on
poor quality subgrade.

In all bikeway surfaces using asphalt concrete, ATPE recommends that
the depth of the surface course be twice the thickness of the largest

aggregate in the mix.

Portland Cement Concrete

Conerete is a very durable and, once in place, is relatively main-
tenance free. Successful concrete construction calls for the building of
a good base to prevent settling, heaving and pumping. Unlike most other
pavement systems, concrete is rigid. Any shifting occurring will cause
the concrete surface to crack.

Design specifications for concrete are generally the same as for
sidewalks. Generally, a good, well compacted subbase, is necessary. The

surface should be four inches of concrete; no reinforcing is necessary.



When pouring, joints must be made to allow for expansion and contraction.
When pouring, forms must be used in order to level the path and/or to

provide proper drainage,

Soil Cement

Spil cement is a simple mixture of pulverized soil combined with
measured amounts of portland cement and water compacted to a high density.
Although the actual chemical reactions that lead to the increase of strength
are not clearly known, it is believed that the strengthening comes from
two processes., The primary process is the hydration of cement, whereby
cement particles develop strong linkage to bind soil aggregates. The
secondary process consists of reaction between soil particles and calcium
hydroxide liberated during the hydration process (lime-clay interaction).
This secondary process may contribute to strength for silt-clay soil
mixtures and may account for the reduction in plasticity and expansive
characteristics. Cement stabilization is generally not effective for
organic salts and clays and alternative methods of stabilization such as

lime stabilization should be considered.

Lime Stabilization

Lime stabilization works best for highly plastic, wet clay soils,
the effective of lime is remarkable both as a soil modifier that decreases
plasticity and increases workability, and as a stabilizer that increase
strength and reduces swell potential as a result of pozzolanic reactions.
Normally, lime content is about 2% to 6%Z by dry weight of soils, with
each percent equivalent to about 5 lb/yd2 for the usual 6 in. to 8 in. 1ift,
In soils where the amount of natural pozzolan available for lime

stabilization is very low, such as silty and sandy soils, artificial

10



pozzalan such as fly ash can be added.

Soil Apggregate

In.construction, all top soils should be removed and a minimum of four
inches of graded aggregate placed on top of subbase (when used). All
material, earth and aggregate, in a proportion of 60Z aggregates and
40% clay, should then be thoroughly mixed, usually with a scraper blade
or road grader. After mixing, the surface should be crowned in the center
at a rate of about 1/2 inch per foot and compacted. If aggregate is not
available, crushed rock, or other sultable material may be used. In some
circumstances, it may be necessary to haul in amounts of clay to bind
aggregate together. The surface is then suitable for bicycle traffic;
however, it may be sealed with an asphaltic material and stone chip to
keep water off and provide a wearing surface. Where sandy soils are
encountered, clay hardening may be necessary. This consists of bringing
in clay materials for mixing with the sandy soil to form a subbase.

Thickness of subbase will depend on the type of soil in the locality.

Stone Chip

Five inches of graded, incompacted, stone chip material is placed on
subgrade and compacted to a thickness of three inches with a roller. The
variation in size of the stone chips causes most of the voids to be
filled to create a durable wearing surface, particularly after some use.
Care must be taken to protect the edges of the stone course to prevent
unravalling. Shoulders can be formed by scooping out the subbase to form
a trench; this soil is later placed on the surface edge once the pavement
is in place. Wood, metal, or additional stone chips can also be used to

create shoulders.

11



The advantages and disadvantages for use of various materials for

bikeway pavements are shown in Table 3.

12
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3. BIKEWAY PAVEMENT DESIGN CRITERIA

Selection of a proper pavement system is a function of vehicle
characteristics, design load, subgrade condition and envircnmental
condition., The bicycle has a relatively small area in contact with the
surface in proportion to the weight of the bicycle and rider. The pave-
ment must be]able to withstand this type of stress. Bicycle tires are
also quite narrow and on s0il surfaces, especially clayey soils when
moist, rutting may occur. This indicates that some sort of binder
material should be used, For proper riding during adverse weather, or
in areas of excessive rainfall, a water—tight pavement material is needed.

The pavement must also be able to support the automotive vehicles
that will be used. Most municipalities do not have specially made
maintenance vehicles for bikeways and must, therefore, rely on small trucks.
Police and security cars may on occasion patrol bikeways and the need
may arise when ambulances or other emergency vehicles may have to use
the facility. Although Class I bikeways are intended solely for use by
the ecyclist, the loads that these automotive vehicles exert must be
considered in the pavement design. As a result, the weight of these
vehicles may be a more critical factor in bikeway pavement design than the
stresses caused by g bicycle's high tire pressure,

The design criteria mentioned above has been used by most of the
agencies. These include AASHTO [3], AIPE {4], The Asphalt Institute [6]

as well as many other agencies [8-12].

14



4. BIKEWAY PAVEMENT DESIGN METHODS

Although it is recognized by most of the agencies that the selection
of a bikeway pavement system should be based upon the soils, climate,
materials and construction practices in addition to the expected vehicular
lpads, no specific design method has been developed to guide the design
and selection of bikeway pavement section from a given set of design
parameters; £.g., soil support conditions, local weather conditions and
drainage conditions. As a result, most of the design manuals provide
only a general guide and recommend certain typical sections such as
those shown in Figures 1, 2, 3 and the figures shown in Appendix A.

These typical cross-sections for bikeway pavements are usually laid out

to the same specifications as low volume roads, driveways and service
roads or sidewalks. The range of variations in thickmess in each
suggested cross-section is provided to accommodate for the wide variations
in so0ils, climatic conditions and construction practices. To properly
gselect the type of pavement system and the thickness of each components
will depend upon the experience and wisdom of the project engineer or
designer. This situation is similar te the highway pavement design
practice in the early days.

When the question of design load used for bikeway pavements was asked
in the survey study [2], the following statistics were obtained: mean
design load was 3712 pounds, maximum design load was 9000 pounds and
minimm design load was 500 pounds. The vast majority of respondents
specified that design load was based on maintenance and construction

vehicles and not on bicycle loeads.
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5. MAINTENANCE REQUIREMENTS

The information with respect to the maintenance requirements for
bikeway was reported in [1,2]. In that survey study it was reported that
only 14% of those responding indicated that maintenance was required.

Of those, 48% was for sweeping, 20% was for cleaning of refuse, 327

was for repairing and repaving rutts. The problems of rutts, pot holes,
and extensive cracks which need repairing and repaving were caused by
flooding and wash-outs of non water-tight surfaces. Rutting problems
occurred mainly with limestone and crushed stone surfaces.

Only four agencies from those responding indicated that specially
designed maintenance vehicles for bikeways were being used. The others
indicated no special designed maintenance vehicles were being used.

Among those agencies, 55.33% were using light maintenance vehicles,
17.7% were using street sweepers.

Among those agencies where specially designed maintenance vehicles
were being used, the pavement system was generally much lighter. For
example, 2 inches of asphalt concrete was paved directly on clay (Georgia
clay) on 50 miles of Class I bikeway pavement at Peachtree Clty, Georgia
[13]. In this case, golf-cart type of specially designed maintenance

vehicle was used for the bikeways maintenance.
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6. CONSTRUCTION AND MATINTENANCE COSTS

The cost of providing fhe various physical facilities and improve-
ments is of critical importance in planning the network. The factors
that determine these costs are complex and subject to rapid change.
Furthermore costs of various items depend widely on local conditions.
The best approach is to obtain the latest price information from local
contractors and suppliers. The handbook prepared for the North Carolina

Department of Transportation Highway Safety by Barton-Aschman Associates,

Inc. [9] provides a very complete cost information for the various
physical facilities for bikeway pavements in the State of North Carolina.
In the survey study [1,2] the cost information on construction of
various facilities were also reported. These statistics are shown in
Table 4, In addition, construction cost information from several agencies

as reported in [2] are included in Appendix B. 1In tthe following the cost

of several major items are discussed briefly.

Materials. As shown in Table 4, the highest percentage of total cost
(the mean percentage as well as the maximum percentage) went for materials,
This indicates the quality of materials being used, as well as the

quantities of materials being used.

Right-of-Way Acquisition. It is difficult to say if right-of-way

acquisition could be significantly reduced. One alternative is to construct
bikeway facilities on public lands. This, however, limits the type and
purpose of bikeways to being recreational. One conceivable alternative

is to share right-of-way with other publicly owned facilities. Class II
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Table 4. Cost of Construction of Class I Bikeway.

Stn.
Mean Dev. Max. Min.

Cost of Construction

$/Mile(1) $26,429.7 8,159.28 80,000 1,000
Allocation of Cost-

Percent of Total Cost(z)

(1) Right of Way

Acquisition 30.03 23.71 50 8
(2) Leveling & Grading 156.1 7.68 33 5
(3) Materials 38.8 16.85 87 2Q
{(4) Construction Costs 28.7 16.67 80 1
(5) Labor Costs 28.1 12.02 65 1
(6) Signing, Lighting,

Landscaping 9.9 7.76 25 1
(1) Mean width of the path 7.7 ft.
{2) 1In answering this part of the questionnaire, many respondents

did not include all six categories in their respective percentage
breakdown. Hence, the total of the mean percentage is greater
than 100 percent,
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and III bikeways do this through joint use of street right-of-way. Class I
could share utility right-of-ways.

The Rural Electric Administration (REA) specifies that electric
membership cooperatives, publicly owned utilities, provide sideways
clearance for transﬁission lines. The side ¢learance varies from twenty-
five to seventy-five feet from the transmission pole centerline to
right-of~way edge. Vertical clearance of transmission lines exceeds
the eight to ten feet recommended for bikeways. Further, REA makes no
specification as to joint use of transmission line right-of-way, but does
recommend that some access be provided. Transmission lines are susceptible
to snapping only under the moét severe of weather conditions, conditions
worse than those normally prohibiting bicycle travel. Electric Membership
Cooperative transmission line right-of-way is public domain, though use
is controlled. Bikeway right-of-way acquisition could be very inexpensive.
Despite the aethestical value of travelling in the vicinity of transmission
lines, such right-of-way is usually the shortest and straightest distance

between two points, and generally removed from roadways.

Construction and Labor Costs. Construction costs are related to labor

casts, and vice versa, that both should be considered together. Im light
of current pavement techniques, it is inconceivable that these costs

will be reduced. The alternatives are to use pavement systems that are
more labor oriented; but, in light of present labor costs, that may not

be the proper direction to go.

Leveling, Grading and Signing, Lighting and landscaping. Leveling and

grading costs are a function of both topography and cost of labor. As

labor costs rise, so will leveling and grading costs. Selection of the
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flattest routes will minimize these costs. This is more a planning
problem than a construction problem,

Signing, lighting and landscaping costs are minor in Class I bikeways.
The highest percentage reported (80%) was from Wichita Bikeway Plan,
which added bikeways after linear patrks had been planned. The cost of
landscaping was included in the bikeway project, but it should have been
the other way around. Wichita also had the highest cost per mile
constructed (5$80,000).

While not necessary for Class I bikeways, landscaping gives them
a more esthetical appearance in urban and suburban areas. It is not
needed in areas where nature trails are constructed. Lighting 15 used in
urban and suburban areas as a crime deterrant and seldom used ian rural
areas. Signs are used mainly at traffic intersections.

Very little information is available with respect to the cost for

the maintenance of bikeways.
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7. FIELD PERFORMANCE

Most of the agencies responsible for bikeway maintenance indicated
good to satisfactory performance from their pavements. Only those
pavements constructed with non water-tight surface had less than
satisfactory performance. In general the performance of the pavements
are rated by the existance and severity of pot holes, extensive cracks,
rutts and other minor defects.

The fact that most of the pavements using asphalt and portland
cement concrete surfaces receiving good and satisfactory performance
may be attributed to the fact that most of the Class I bikeways are
less than four years in age [1,2] and that many pavements may be

overdesigned.

It appears that a more definitive pavement performance criteria

other than just good, satisfactory, fair and poor is needed.
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8. TUSE OF NEW MATERTIALS

With cost of bikeway comstruction running between $20,000 and
330,000 per mile, agencies implementing Class I bikeway facilities are
finding it difficult to build them. State and local governments are hard
pressed to come up with the funds needed, especially in view of the
needs of other governmental agencies. If inflationary trends comtinue,
the cost for Class I blkeways may be too expensive to warrant their
construction. One way to overcome this problem is to develop low-cost
pavements through the use of low-cost materials and "waste materials".
The development of low-cost materials and utilization of waste materials
in order to reduce the use of petroleum-based products (such Ls asphalt),
energy intensive materials (such as portland cement)*® and also to solve
the waste materials disposal problem, have been undertaken vigorously,
particularly, by the highway agencies. In addition to the soil cement
and soil stabilizarion using lime and cement many of the low-cost
materials and waste materials have been developed as a promising substitution
for paving materials and can be used readily on bikeway pavements. Some other
materials are still in research and development stage. The first catagory
includes fuel ash and fly ash from electric power plants and municipal
incinerators [7]), glass from non-returnable bottles [14], use of rubber
reclaimed from discarded automobile tires [15,16], recycled scrap bituminous
concrete [17,18]. The second catagory includes the use of sulfur and wood
lignin to replace asphalt or use as the asphalt extender. Various
materials which show the potential as bikeway pavement materials are reviewed

in the following.

It is estimated that three-fourths of the cost of the manufactured
materials .is represented by energy costs.
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Marginal Materials

These are materials which do not meet specifications for highway
systems but that may be suited for bikeway construction. For example,
low cost stabilized sand and/or gravel certainly deserves serious con-
sideration for bikeway pavements. Many state highway departments are
currently re-evaluating their specifications to permit use of lower
quality materials which have previously been excluded.

Many European cities use bricks with a sand mortar. The surface
is acceptable when bricks are closely spaced and the surface offers no
discomfort to the cyclist. Such brick bikeways appear in linear parks
with everhanging trees to minimize rainfall problems. Where rainfall is
a ptoblem, conventional mortar is used and performs well. Maintenance
ig performed by manual labor and consists of sweeping, garbage removal
and brick rotation. In most of Western Eurcpe, material costs are
substantially higher than labor costs. This warrants the use of more
maintenance prone systems, such as bricks in sand. In areas where bikeways
are covered (either by trees or structurally) compacted clay and even

sand enjoy satisfactory performance [19].
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Waste Materials

Materials such as fuel ash from electric power plants and municipal
incinerators are being used as replacements for conventional materials.
New York State is investigating the possible use of lime fly ash as a
pavement aggregate [7]. Lime fly ash is a byproduct of electric power
generation and is readily available in large quantities in most, if not
all states. In the Southeast alone, more than nine million tons of power
plant fuel ash year year. Less than ten percent of it is used in highway
construction. Results of tests indicate this material holds promise
both as a soil stabilizer with or without additional admistures. For
economic¢ reasons, use of fly ash would probably have to be restricted
to areas close to its source.

Another waste material that holds promise is glass. The University
of Missouri at Rolla is constructing a bikeway system using glassphalt:
asphalr mixed with crushed glass. Glass in the form of non-returnable
bottles has created refuse problems despite efforts at recycling. Like
fuel ash, glass is available in enormous quantities and can be readily
mixed with asphalt [14].

Rubber reclaimed from discarded automobile tires is grounded to
size between #16 and #25 sieve size. The rubber particles (25% to 30%)
were mixed with hot asphalt to form a tough and elastic binder. It has
been used very successfully in seal coat construction for maintenance
operations in the city of Phoenix, Arizona for several years and has been
especially successful in overlaying pavements that exhibit severe fatigue

cracking [15,16].
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Spray on Applications of Penetrating Liquids

Several types of spray-on applications have been employed as expedient
surfaces in highway and airfield applications. These materials penetrate
the natural soil to provide a stable erosion-resistant surface. The use
of these often properietary materials or modifications of them hold

considerable promise for bikeway pavements [20,21].

In-Situ Soil Stabilization

To date, little use has been made of admixture stabilization of
local materials. Conversion of existing scils into a suitable material
with lime, cement, fly ash asphalt emulsions or other chemicals should
be considered. The stabilized local material may require a surface course
or it could be left in a natural state. This would be especially pleasing

in rural surroundings and nature trails [22].

Recycled Construction Materials

Recycled bitumincus concrete has been used for base course and
surface course materials. Marek [17] indicated that in 1967 the Texas
Highway Department initiated reconmstruction of a 15 mile section of
highway using recycled bituminous concrete as stabilized based course
material as well as for surface course materigl. This has also been done
recently on a one mile section of Interstate I-15 near Sloan, Nevada [18].

Experiments using "scrap” asphalt concrete available from a parking
lot resurfacing on a test section of a bikeway have been carried out by
the East Point, Georgia chapter of the Southern Bicycle League. Waste
asphalt concrete was placed using low heat and compacted with a hand roller.
The bikeway was surfaced with a thin layer of portland cement mortar mix.

This facility has been in place for two years and has shown excellent
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performance. Additional studies should be ecarried out regarding the use

of other recycled construction materials.

26



9. CONCLUSIONS AND RECOMMENDATIONS

The construction cost for Class I bikeway at the present time is

too expensive. The development of low-cost pavements will increase the

mileage obtained from each appropriated bikeway dollar and help meet the

increasing demands and numbers of cyclists. The following are the

conclusions and recommendatfions from this state-of-the-art study:

1.

The primary criteria governing the design of bikeway pavement
section are to withstand the maintenance vehicles, constructicn
vehicles and other wvehicles which may have to ride om it.

The average design load is almost two tons. It is strongly
recommended that this design criterlia be reassessed.

About 90% of pavement surfaces are asphalt concrete or portland
cement concrete.

Most bikeway pavements are maintained using conventional highway
maintenance equipment. Use of this relatively heavy equipment
is a principal reason for the excessive design load. Use of
maintenance equipment speclally designed for bikeway could
substantially reduce the thickness of pavement structures.

A more definitive performance criterion for bikeway pavement

is lacking. Particularly, data relating the performance to the
pavement structural section is not available.

Many low-cost materials and waste materials have a great

potential for use in bikeway pavement construction,
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APPENDIX A

PAVEMENT CRITERIA

Listing of selected pavement criteria received through Bikeway
Survey [2]. Information appears alphabetically by agency.
The information from the following agencies is included:

City of Las Cruces

Connecticut Department of Tranmsportation
Louisiana Department of Transportation
National Crushed Stone Association
National Asphalt Paving Association
Pennsylvania Department of Transportation
Professional Engineering Consultants
Sacramento City-County Bikeway Task Force
Tennessee Department of Transportation
Vermont Department of Highways

Wisconsin Department of Transportation
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" The prirnary criteria goveming a bikeway strug-
tural section are its own stability and the abitity 1o
suppart anficipated wheel loads. This is deter-
mined primarily by the construction or mainte-
nance equipmant and other motorized vehicles
that must use or cross the facility, rather than by
ihe bicycles themselves,

Bituminous and portland cement concretes
satisfy both structural and surface criteria, and are
required for state bikeways. Bituminous concrete
is more commonty used than portland cement
congrete. In either case, a fine-graded aggregate
should be used to insure a smooth surface texture.

Surface and Structural Section
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The surface of a bikeway of any type must be
smooth, hard, and durable. A smooth surface is
raquired for the safety and comion of the cyclist,
Rough surfaces can result in alack of control and,
due to the poor rida quality of modem bicycles, a
very burmpy, uncomifortable ride. The ridabifity ofa -
facility partially depends on the surface hardness
because the energy requirements of the cyclist
are least when the surface is smooth and hard,
Burability of a bikeway surface is imporant be-
cause it will profong the life of the facifity and re-
duce maintenance costs and effort.
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" The following table provides general defini-
tion of four soil groups in ascending order
of frost susceptibility:

Forceniage
Firer than Unified Seil © Frost
frosl Group 0.02 mm  Classificatians* Susceptthility
F-1
{a} Gravelly Soils 3-10 GW, GP, GW-GM, Low
ar GP-GM
F-2
{a) Gravelly Soils 10-20 GM, GW-GM, or
. GP-GM Low tn
o {b) Sands, Sand  ° © 5W, 5P, SM, 5W-sm, Medium . .

Clays 315  or SP-5M
-F-3
{a) Gravelly over GM or GC

Soils 20 .
(b) sands, coarse over  5M or 5C High

to medium 15
{cy Clays, Pi>»12 — CLorCH
F-4 S : . _
Al silts, very fins © ML, MH, 5M, CL, Very
silty sands, clays over CL-ML, CH and High
wiPl < 12, elc. 13 alternately banded

deposits

* Reference ASTM Standard D 2487,

Thickness Design Chart

[From 145, Army Engineers Manusi ThI 5-832-5, 1965, reprodured by prrmissont
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Table 1.2

Simplified Practice Recommendations (SPR)

for

Standard Sizes of Coarse Aggregate

SIZE NUMBER (SPR}

1 2 24 3 357 4 467 5 55 57 B 67 B F 78 8 BY 9 10
- —
o
£ 4 in W — — — = e~ — e m o m = o e e —
2 90-
T 3% in W — — m o e — e e em e am
<
= .
= 3 in —_— T T — — — — em — e e e e
£ 25- 90- 90-
€ 2%in. 60 100 100 100 188 — — — — - — — — — — — o o~
) 35- 90- 93-
¢ 2 in — 70 — 160 100 100 180 — — — — — — — — . — — —
3 0- 0. 25- 35- 90- 95
F 1%in. 15 15 &b 70 — 199 106 100 100 100 — — — — — — — -
g 0- 33- 20- 99- 94- 95-
.1 in. — — — 15 70 55 — 100 100 100 160 160 100 — — — — — —
4 0- 0- & 0- 33- 20- 40- 80- 90- 90~
= %Hin 5 5 1 — — 15 70 55 75 — 100 100 100 160 160 — — — ——
2 o8- 0- 10- 8- 15~ 25- 2p- 90- 90-
3 Yin — ~— 5 5 30 — — 1 33 60 35 — -~ 100 100 700 160 — —
1‘;: 0- i0- 0- ©0- 0- 20- 30- 40- 40- B3. 99-
g Win — — — — — 5 30 5 15 — 15 33 63 70 75 100 100 100 106
2 - g- g- 0- 0- 0- 5- 0- 5 30- 20- 83 §5-
T No.i — = — — 5 — 5 — 5 1M 5 10 25 15 25 30 33 19D 100
s .
£ 0- 0- 0. 0- 0- 0+ 5- 10-
~ No. 8 - - — — — — — — — 5 .~ 5 W 5 10 MW 30 40 -~
5 - 0- 0- o6- 0-
£ No.1§ — = — — — e — o — — § — 5 5 10 10 —
< . 8- o
No. 50 —_ = = = e e e ek e = — 55—
1n-
No. 100 —_ e - — — _— e — e -

31

(Adopied from American Sociely for Testing & Materials, D $48)

Source; National Crushed Stone Association, Design Guide for low

Voluma Rural Roads'




RECOMMENDED BIKEWAY THICKNESS FOR FULL-DEPTH
HOT-MIX A.C. ON VARIOUS SUB-GRADES; (FROM
"EFFECTIVE DESIGN FOR BICYCLE PATHS", PAVING

FORUM, APRIL 1966, P. 7: NATIONAL ASPRALT
PAVING ASSOCIATION).!

QUALITY OF
EXISTING MATERTAL TOTAL THICKNESS
SUB-GRADE (AASHO SYSTEM) { INCHES)
Very good Gravels and sandy gravels: - 3
A-1, A-2-4, A-2-5, A-2-6
Good Slits and clays: ‘ 4 -
A-4, A-5, A-6, A-7-5, A-7-6
Poor* STits and clays: 6

A-&, A-5, A-6, A-7-5, A 7-6

_*S]ifs and clays rate poor cnly under the following conditions:
1. VWhen they occur in low lying areas with poor natural drainage.
2. Where conditions of the water table and climate are such that
severe frost heave can be expécted.
3. Where high percentages of mica-like fragments or diatémaceoﬂs-
particles produce a highly elastic condition.
4, Where it is desired to “bury" highly expansive soils deeper

in the section to limit the effects of seasonal. variations

in moisture,

1/ Bikeway Planning
Criteria & Gu1de11nes
UCLA -



_ J o i:’_'.'fo_‘-gd?‘_ Portland Cement
= v, 0,98 7 Conerete Pavement
I e I
/, 2R A = Compacted
ISESSTS Subgrade
ey -~ Bituminous Surfacing
r—-|_1 > {FJ-1 or IB-1)
= _ Stabilized Aggregate
) Subbase
- Gompeeted
ubgrade

Zﬁq Full Depth [ Surface
= 7 ~ Bituminous and Base
- Courses

% Pavement

- Compacted

Subgrade

NOTE: Actual Pavement Depths Should be Determined
For the So0il Conditions Encountered.

Pavements (Minimum Depths)

Source: Pennsylvania Department of Transportation, Guidelimnes for
the Development of Bikeways.




C’ A CONCRETE

WIRE MEEH REINFORCING
o (A€ O CB. (BOTH W)

TYPICAL SECTION
CONCRETE HIKE PATH

TYPICcAL GSECTION
PITUMINOUS BIKE PATH

PROPOSED PATH SURFACE SECTIONS

Prepared by
Professional Engineering Consultants
in Association with
Cblinger-Smith Corporation
Wichita,Kansas



Surfuce Material

Class I structural development criteria must te adequzte
to suppert the wheel loads of bicycles and those of main-
tenance vehicles that may reguire access to the facility.

Acceptable surface materials are asphal® concrete
and portland cement concrete. Aggregate base material is
acceplbable for the base. :

The surface material selected will depernd on whebher
or not an all weather surface is desired. Asphalt is generzlly
favored, since it is the least expensive and provides an
excellent surface.

The surface should be resistant to abrasion and in-
dentation, clear of loose dirt and gravel, and because of
high tire inflation pressures, possess tougnh and stable com-
position.

The thickness of the surfacing material depends upon
the guality of the subgrade, the surface of the earth or rock
leveled off to receive the foundation of a bikeway. Al-
though it is generally satisfactory to lay full depth hot-
mix asphalt directly onto the subgrade, it may be necessary
Yo improve the quality of the subgrade first. An acceptable
way of accomplishing this is to place a three to four inch
zggregabe base of gravel or crushed stone on the subgrade
and to lay one and ons-half to three inches of asphalt over
this base.

In general, asphalt concrete should be used due to its
low cost, long life, smooth surface and ease of maintenance.
in open graded mixture of three-eighths inch maximmm aggre-

gate and paving asphalt grade AR 4000 placed with an asphalt
paver is recommended for general use. It 1s suggested that
the asphalb content be from one-half to one percent higher
than that normzlly used on highway paving projects.

For all bubt the poorest quality basement soils (R-value
less than 5), 0.25-foot thick asphalt concrebe placed
dirsctly on prepared subgrade of basement soll is con-
sidered adequabe.

Tn order to protect the surface material from damage
by vegevation, it is necessary to apply a long-lasting pre-
erergence herbicide. This sterilization of the soll is
necessary when a bike trail or path is coenstructed on bare.
soils. If trees sre removed, it is imporvant to remove all
surfece roots.

Sourea: Jacramento Cloy-Counity Bikeway Task Fouen, Shcrzmznto 3ikovsays, Master Plaen
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REQUIRED SPECIFICATIONS FOR BICYCLE TRAIL
DESTGHN, CONSTRUCTION AND [iATNTENAIICE

1.) DESIGN: Off-Road Path

Surface width minimum of B-feet for two-way traffic.

Shoulder width minimum of 2-feet on each side.

Surface depth minimum of 2" bituminous or limestone or soil cement

or any combination. -

d, Base minimum of 3", class 2 material. _ o

e. Signs and symbols approved or supplied by the Department of Natural
Resources. ' T

f. Bike racks, locks and parking areas Tocated at a point on the trail.

oo
- . -

2.) DESIGN: On-Rcad Lane

a. Surface minimum width 6-feet for one-way traffic. Auto traffic and
parking prohibited within the lane.
b. Striping minimum width 8" of white or yellow paint.
c. Signs and symbols approved or supplied by the Department of Natural
- Resources.
d. Bike racks and parking areas located at a point on the trail.

Bicycle only for summer use.
Snowmobiles may be permitted during the winter.

o
- L]

Sourca: Wisconsin Department of Transportation,fuidelines for Devaloping Rural
Bike Routes




APPENDIX B

COST INFORMATION

Listing of selected cost information received through Bikeway
Survey [2]. Information appears alphabetically by agency.
The information from the following agencies is included:

Arlington County Department of Environmental Affairs
Connecticut Department of Transportation

Honolulu Department of Public Works

City of Las Cruces, New Mexico

North Carolina Department of Transportation

Ohio Department of Transportatiom

City of Mesa, Arizona

Minnesota Department of Natural Resources
Professional Engineering Consultants

Sacramento City County Bikeway Task Force

Virginia Department of Highways and Transportatlon
Wisconsin Department of Natural Resources

B-1



Arlington County Department of Environmental Affairs
Bicycle Trail Grant Application

COST BRUEARDOWN ESTIMATLS-

Construction of Total Project $200,000
Cost per lineal foot $8.2338
Estimated Length 24,2930 feet
Construction of trail surface, including ' ) $150,740

tree removal, grading, drainage, base
and surface material

Construction of six (6} fords : ' 12,500

Construction of three (3) rain shelters, 14,500
one (1) rain-control station-shelter

Landscaping, sod, tree and shrub 5,000
replacement .
Trash receptacles (50 cstimated) : | 1,500
Control gates (33 estimated) 6,600
Signs (62 estimated) 1,860
Drinking Fountains (10 estimated) 3,000
Safety FYence (3,000' estimated) 4,300
$200,000

No contingency provided. Ancillary facilities are estimated and
shall be revised if funding adjustments arce nesded for basic trail con~

struction.

‘Source: Arlington County Department of Environmental Affairs



CURRENT BIKEWAY
CONSTRUCTION COSTS—
AVERAGE VALUES

As with other transportation facilities, bikeway
construction costs vary over a considerable
range. The price of an individual facifity is deter-
mined by the bikeway type. extent and type of
construction required, avaitability and suitability of
canstruction materials, and numerous other fac-
tors. This chapler's purpose is to give a ganeral
inchication of the cost of bicycle faciiities. Pre-
sented below are approximale costs for typical
consiruction items invelved in bikeway develop-
ment. These estimates were obtained from
appropriate units within the Department of Trans-
portation.

1. Two lane bicycls trail (8 wide-2"-3"
bituminous concrete surface. 48"
aggregale base} exclusive ot utiity relo-
catlon or right-of-way acquisition.

- $65,000-75.030/mite

2. One lane bicycle trail (4° wide-2"-3"
bituminous concrete surface, 4"-6"
aggragate base) exclusive of utility relo-
catfon or right-of-way acquisition.

$25,000-30,000/mile

3. Hoadway shoulderwidening (4" addition
to both sides) exclusive of right-of-way
acquisiton.

$80,000-100,00C/mite

4. Pavement Stripes (6" wide~white)

$100-mile

5. Signs {installed) $ ?5 each

6. Siructures {short span or outrigger on
existing siructure) $25-3D/square foot

7. Temporary, half-iace New Jersey
barrier c5264 000/mite

8. Chain link fercing $ 32,000/mie

TheseﬁguresShowtnaﬂmcydefacmaeacaﬂbe
miora expensive then many people realiza. Basic
bicycle trails serving twe directional traffic may
rost between 351,000 and $76.000 per mile &
corsiruct. with apprepriate signs and pavement
markings. Any additional construction work, such
as protective barriers, structures, or ulility reloca-
tion, or right-of-way acquisition will raise the cost.

Source: Comnecticut Department of Transportation, Connecticut Rikeways




Ttem Estimated Unit
No. Quan. UNIT DESCRIPTION Price
1. L.S, Clearing and grubbing for necessary site
clearance, sight distance including all 4,000.00
labor, material and equipment
2. 3,050 Cu. Yds., Unclassified roadway 9.50
excavation
3. 2,478 Tons, asphaltic concrete pavement, 2"
finished thickness, including prime coat 21.00
of liquid asphalt
4, 15,414 S8q. Yds., 4" thick base course 1.50
5. L.S. Scarify and reshape exist base between 1.000. 00
Sta., (H00 to 6+00 including additional ? '
base material
6. L.S. Repair chuck holes between Sta, &+00 800.00
to 24+00
7. 300 Gallons of Quick Setting Emulsified 0. 40
Agphalt Tack Ceat, including cleaning )
of surface
8. 110 Tons, asphaltic concrete overlay 1" thick 21.00
9. 1l Ba., Drainage structure at Sta. 71+90+ 1,500.00
10. 300 Lin. Ft. chain link fence, 6' high along 11.25
HECO easement
11. L.S. Bridge railing and fence at Sta. 28+80+
including incidentals and all 2,500.00

appurtenances, in place complete

Source: Honolulu Department of Public Works



Item Estimated
No. Quan. UNIT DESCRIPTION Unit Price

12. L.S5. Bridge railing and fence at Sta.
32420+ including incidentals and all
appurtenances, in place complete

2,000.00

13. L.S. Bridge railing and fence at Sta.
93+45+ including incidentals and all
appurtenances, in place complete

1,900.00

14. L.S. Bridge railing and fence at Sta.
101400+ including wood curb, incidentals
and all appurtenances, in place complete

3,100.00

15. L.S. Bridge railing and fence at Sta.
103+20+ including wood curb,
incidentals and all appurtenances, in
place complete

7,000.00

16. 10 Ea., chain gates, including reflectors,
chains, posts, and incidentals, in place
complete

175.00

17. 1 Ea., adjust guy line 1,500.00

18, Allowance Contingency

Allowance 15,000.00

TOTAL SUM BID
(Items 1 through 18, inclusive)

Source: Honolulu Department of Public Works



. LUR2IRUL LYY LWUd1D T
for Llass T & 11 Bike Paths end Bike lanes

Cost per mile

Asphalt concrete surface 1 /2" ,' ' S 4,009
4" untreated base ' ) 4,000
8' wide :

Asphalt - 8' wide, 4" depth ' 10,500
with subgrads blading, soil) _

treatment and compaction ) 2,000
oD

Signing, striping and stencilling 1,500
Curbing barrier ' N XXX

Total L -
For Class II1  Bike Routes |

Basically the cost would be the difference
 batween the proposed roadway section and the

modified roadway section including the Bikeway ' % 1,200
Plus : _ '
Signing, stencilling and striping 1,500

Total $ 2,700

PAINTERANCE
Types I & II per year per-m}1e : o _ $ 325

Type TII - Since Type 111 Bikeways iharg the
paved surface of roadwzys and streets with motor
vehicles, it is assumed that the surface main-
ter-nca would be part and parcel of the rozdway
‘maintenance cosis.

Cost per mile

BARDIER

Single metal beam $ 6.50 Lin. Ft. 5 3;,?%3
Asphalt dike 0.5'h 0.70 Lin. Ft. cned) 6,600
Curbing barrier 1.25 Lin. Ft. {to be designe .69
Concreie median barrier 12.00 Lin. FE. {(N.3.) 63,%;3
72" Chain }ink Tence 6.50 Lin. FF.‘ 34’;60
42" Chain link fence 4.50 Lin. FT. 3,7

- CONCRETE DIXEWAY RAMP

4 wide 4' long 4" depth $25.00 each
8! wide _ £' long 4" depth $50.00 each
: 7 Sourca: City of Iss fruces, New Mexico



[.ength Construction Signing Striping Total

o

Class (Miles) - Cost Cost > Cost Cost
I 9.8 $ 138, 180. 00 S 1.662.00 S --- S 149, 842. 00
11 23. 1 S - S 27,489.00 $ 08,702.00 § 37,191.00

11t 10.7 $ --- S 12,733.00 S - S 12.733.00

Grand Total S 199, 764 00

Annual Maintenance Cost $21,C00 (5480. 00/mile)

As will be noted, the largest‘portion of the costs are within Class 1L
which will be financed in the large majority -by the State Highway
Commission during construction of their upcoming projects on State
Road 292, Amador Avenue, and University Avcenue. We expect to
receive funding from the Bureau of Outdoor Recreétion on the bicycle
lanes adjacent to the outflow channel! from the Government Dam and
along the Las Cruces Arroyo. Most costs for Class Il and Class I
as shown above would be borne by the City. Yearly priorities on
these projects have not besen established due to funding requirements.
It is felt by the departments concerned that it is possible to complete

the network within a five year time span

Source: City of Las Cruces, New Mexico



Table 6.13
PAVEMENT SURFACE COSTS (per 100 linear feet)

Structural Cross Section

Bikeway Full Depth Asphaltic Con- Cement Surface

Surface Asphaltic crete Surface with Stabilized  Stabilized
Widths Concrete with Stabilized Base Aggregate
(feet) Base

3.5 5200 - 290 5175 - 200 $470 - 500 $140 180
4.0 §230 - 320 $200 - 240 $540 - 580 $170 220
7.0 $390 - 570 $350 - 400 $950 - 1,010 $290 370
8.0 $410 - 590 $355 -~ 455 81,070 - 1,150 $330 430
10.5 $520 - 730 3450 - 540 $1,300 - 1,390 8430 550
12.5 $620 - 870 8560 - 690 51,540 - 1,670 8510 650
14.0 $700 - 990 $610 - 760 $1,730 - 1,860 $570 740
17.0 5840 - 1,180 $740 - 950 $2,120 - 2,260 $690 880

NOTE: Costs reflect: average 2 feet excavation throughout; incidental

clearing and grubbing; reduced material cost

allowances for increased quantities

Source: North Carolina Department of Transportation and Highway Safety

"The North Carolina Bicycle Facility and Program".



FETIMATED CCSTS PER MILE

nite Decresz Pavement

Taciiiry Szfety Sisning Strirping Barrier and Bsse R-O-% Tata

Piks Route Low $120.00 /A K/A YA o xula

iniprorected RYE A S

Bike Tane Mrdium £120.00 £2,857.00 NIA S47 .24 w/ia

Trotected High ex- RIA

Bike Lane ceut Xing $120.00 N/A N/A 542,248 N/A
Comnlote

Eike High ex- 42,250

T-ack cept Xing §$120.40 WA N/A Cuzplers *

Riks - $42,240

Paii uich 81¢H,00 N/A M/A Compleis= *

% R-{~¥ cost fur a 10 fi, wide strip of iand valued at $10,008/acre would be
312,100/ /zi1e.,

Source: Winsten-Salem, North Carolina Bikeways

GEHERAL COST, PER MILE, OF CLASS [ BIKEPATH*

2" Asphalt Concrete Surface ... .. ..o an S 5,700
4" Aggregate Base and Excavation ............. ..., 2,500
Crainaga Ditch Regrading and Finishing............ 500
Striping and Pavement Marking at Intersections.... 150
CUrD RAMDS . L e et 74
6" Lndardrain ...t e 530
Signs, Spar miles oo 200
Fole Bridge, 20'x 8’ {one par 7 miles)............ 100

GENERAL COST, PER MILE, OF CLASS Il BIKELANE®

tane and Intersection Marking and Striping........ ¥ 1,080
5igns, 15 per mile .. ool 600
Curb Ranps, 20 per mile. . ive oot 1,500

5 3,100

GENERAL COST, PER MILE, OF CLASS III BIXKERDUTE®
Signs, 10 per mile $_ 400

*Means Building Constructiun Date, 1973

Sowr-ces: Chio Departmant of Transportation



ARIZONA BIKEWAY CONSTRUCTION COSTS

Bikepaths Cost/Mile
{one side) (both sides’
1. Enzymatic treated 5%" base (peneprime & chips)
rolled and compacted. $4,000.60 § 8,000

2. TFull-depth asphaltic concrete, 8 feet wide,
4" deep with sub-grade blading, soil treatment
and compaction. - 9,700.00 19,400

3. Enzymatic treated 5% base and 2" A.C. surface
(8" wide). 11,000.00 22,000

4. Portland cement concrete, 8' wide, 3" deep, strip
paving 12,000.00 24,000

5. Asphalt concrete surface, 8' wide, 4" A.BR.,
2" A.C. 15,400,00 30,800

6. Portland cement concrete, 8' wide, 4" deep,
4" A.B., formad. 527,500.00'*55,Q00

*Computed @ 5.65/S.F.
Bikeroutes

1. Striping (4" white) and signing ("Bikeroute" and

"o Parking'). 875.00 1,350
2. Extruded 6" concrete curb = C ©5,300.00 10’500 '
Bikelanes
1. Signing only ("Bikeroute') : 175.00 350
2, Grate modification 150.00 300

Note: Costs used for Bikeroutes and Bikelanes are based on
current estimates by the City of Mesa.

Scurce: City of Mesa, Arizona



Department of Natural Resources
Division of Parks and Recreation

MINNESOTA BICYCLE TRAIL ASSISTANCE PROGRAM

Summary of 1975 Grants-in-Aid
Bicycle Trail Applications

LOCAL UNIT OF | TOTAL STATE

GOVERMMENT MILES COST COST-
1. Blue Earth County 5.20 97,520.00 63,388.00
2. Roseville 5.00 - 62,000.00 40,300.00
3. St. Paul 5.00 ' 118,800.00 77,220.00
4. Becker County 1.50 13,433.00 8,731.45
5. Fairmont 0.75 14,000.00 9,100.00
€. HMarshall 0.57 12,620.00 8,203.00
7. ‘Washington Co. 7.50 123,610.00 80,346.50
8. Ovatonna 0.65 13,50G.00 8,775.00
9. Rochester - 7.40 25,805.00 16,773.25

10.° Eagan 4.00 47,000.00 30,550.00
1. -Goldan Valley 4.86 36,323.69 23,610.40
i2. Benson - 2.25 4,877.00 3,170.05
13. Anpie Valley 1.00 10,500.00 ' 6,825.00
4. 5St. Cloud 1.00 157,000.00 98,150.00
15, WYoodbury 1.30 £63,826.00 . 41,486.90
16. Red Wing 1.00 17,511.00 11,382.15
17. Bloomington 3.00 30,000.00 _ 19,500.00
18, St. Croix 3.50 118,000.00 76,700.00
15, Edina 0.75 11,125.00 7,231.25
20. Edina 4.50 111,000.00 72,150.00
21, VWnite Bear Lake 1.40 - - . 10,000.00 . 6,500.00
22.  Islands of Peace 0.80 24,425.00 15,876.25
23. MNinnatonka 2.00 43,003.00 27 ,950.00
24. Marine 14,00 77,730.00 50,524.50
25. Minneapolis 1.00 _ 22,765.00 14,797.25
26. St. Louis Park 4.01 34,518.00 22,4356.70
27. Keochichiching Co. 3.00 28,965.00 18,827.25

Total . 86.94 miles 1,323,853.60 860,504.90

*Not entirely funded.

Source: Minuesota Department of Natural Resources



Ddenartment of Natural Fesources
Division of Parks and Recreation -

MINNESOTA BICYCLE TRAIL ASSISTANCE PROGRAM

Syrmmary of 1974 Grants-in-Aid
Bicycle Trail Applications

LOCAL UNIT OF TOTAL  STATE
GOVERNMENT _MILES CoST COST
1. Minneapolis - C/R 1.0 $ 51,500.00 § 33,475.00
2. Hopkins 1.5 © 22,336.80 14,518.92
3. Golden Valley 825 75,020.86 48,763.56
4. Edina 1.0 . 39,800.00 25,870.00
5.. Bloomington 5.2 128,54?.00 . 83,555.585
6. Minnetonka 2.0 69,680.00 39,792.00
7. Woodbury * 2.5 20,000.00 13,000.00
8. Red Wing 7.0 25,865.45 17,205.14
8. Crystal 7.0 7,175.25 4,663.97
10. Islands of Peace 0.8 27,500.00 17,875.00
11. Blue Earth County 5.2 97,520.00 63,338.00
TOTALS 81.45 555,549.36 361,107.08"
% Not entirely funded.
Source: Minaesota Department of Natural Resources
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Surface Construction Types
1) Asphalt-Concrete Bike Path

Costs for construction of an eight feet wide asphalt-
concrete bike path were obtained for two differsnt types of
base and surface., These costs currently run approximately
$20,000 per mile for 4" asphalt concrete and $15,000 per mile
for a four inch aggregate base with a two inch asphalt con-
crete surfacing. The four inch full-depth asphaltic concrete
pavement structure is recommended since it is easy to con-
struct and durable, requiring minimum maintenance.

2) Concrete

- Costs for construction of concrete pavement bike paths,
eight feet wide, were obtained from the c¢ity omn a recent '
contract at approximately #40,000 per mile for %% inch thick
strip paving. The 3% inch thick concrete paving is considered
desirable from a maintenance and durabilily standpoint.

Table 3

It should be noted from Table % that a wide range of bike path
costs exists. The cost of a specific bike path will depend,
to a great extent, upon the selectlon of the type of surface
desired. '

Class T Bike Paths Cost Per Mile

Portiland cement concrete surface
8 feet wide, %% inch deep strip
paving, including grading $40,000

Fall-depth asphaltic concrete

8§ feet wide, 4 -inch depth with

subgrade blading, soil treatment

and compactlon 20,000

Agphalt concrete surface, & feet
wide, 4 inch aggregated base with

2 inch surface | 15,000
Signing, striping, legends 2,000
Landscape barriers

(irrigated hedge) 24,000
(not irrigated) 8,000

Barrier (chain 1ink oxr rail
fencing one side only) 27,000
3 .

Sourca: Sacremento (it County Bikeway Task Foree, Zacramonto Dlkeways, iasktor
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