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PURPOSE

Ideally, the type of pavement chosen for highway construction projects is the product

of an analysis resulting in the most favorable combination of economic and engineering factors

expressed in terms of the lowest annual cost per mile of road. Circumstances make the analysis

somewhat less than ideal because inherent in the procedure is the need to make assumptions

about future maintenance and costs in order to compare alternatives over equal periods of time.

This report is a critical review of the pavement selection process as practiced by the Minnesota

Department of Transportation. The study was conducted by the Research and Standards Section

in response to an assignment made on June 23, 1975 by the Director of Materials, Research and

Standards Office who also serves as chairman of the Pavement Selection Committee. The report

presents a resume' of current practice together with analysis and recommendations for improve-

merits in the. process.

BACKGROUND

The Department has used a formal pavement selection procedure since 1959. The policy

and procedures applied are described in the Department Directives Manual, Directive 2-013,

the latest revision dated October, 1977 appended as Exhibit I.. Briefly, the procedure involves

sue progressive steps with the offices involved identified corresponding to the Mn/DOT organiza-

tional structure:

• A request by the district director together with supporting project data covering location,

description, traffic, soils and material sources. (See Exhibit II)

• Design recommendations for alternate pavement types from the Materials Engineering

Section.

• DetaUed cost estimates for alternate pavement types by the Estimating Unit, Design

Section, Office of Design Services.

• Computation of comparative annual road costs by the Estimating Unit and checked

by the Research and Standards Section.

.1.



PURPOSE

Ideally, the type of pavement chosen for highway construction projects is the product

of an analysis resulting in the most favorable combination of economic and engineering factors

expressed in terms of the lowest annual cost per mile of road. Circumstances make the analysis

somewhat less than ideal because inherent in the procedure is the need to make assumptions

about future maintenance and costs in order to compare alternatives over equal periods of time.

This report is a critical review of the pavement selection process as practiced by the Minnesota

Department of Transportation. The study was conducted by the Research and Standards Section

in response to an assignment made on June 23, 1975 by the Director of Materials, Research and

Standards Office who also serves as chairman of the Pavement Selection Committee. The report

presents a resume' of current practice together with analysis and recommendations for improve-

ments in the. process.

BACKGROUND

The Department has used a formal pavement selection procedure since 1959. The policy

and procedures applied are described in the Department Directives Manual, Directive 2-013,

the latest revision dated October, 1977 appended as Exhibit I.. Briefly, the procedure involves

sue progressive steps with the offices involved identified corresponding to the Mn/DOT organiza-

tional structure:

• A request by the district director together with supporting project data covering location,

description, traffic, soils and material sources. (See Exhibit II)

* Design recommendations for alternate pavement types from the Materials Engineering

Section.

* Detailed cost estimates for alternate pavement types by the Estimating Unit, Design

Section, Office of Design Services.

• Computation of comparative annual road costs by the Estimating Unit and checked

by the Research and Standards Section.
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• A pavement-type determination made by the Pavement Selection Committee.

• Final approval of the selection by the Assistant Commissioner for Technical Support

Services, Assistant Commissioner for Field Operations and the Deputy Commissioner

of Operations.

Since its inception, the procedure has applied only to new construction projects of 9-

ton axle load design, comparing, among other factors, the annual cost per mile of structurally-

equivalent rigid and flexible pavement designs inclusive of the base, surfacing and shoulder

components. (The term "structurally-equivalent" is a convenience term indicating compar-

able design for traffic loading rather than reflecting the structural behavior of the two types,

which is dissimilar.) Originally, comparative analysis was limited to two alternate standard

designs: concrete and bituminous with aggregate base. When full-depth bituminous pavement

was accepted as a standard in 1970, it became an alternative for flexible design and was included

in the pavement selection procedure. Thus, each project analysis involves a computation of

annual road cost per mile for one rigid type and two flexible types of pavement. Other changes

in policy have been minor, affecting only the length of time a decision remains valid, as neces-

sitated by recent materials cost fluctuations and the stringency of the final design schedule.

Most recently the increase to 10-ton legal load limits for parts of the trunk highway system

has necessitated a corresponding increase in pavement design loadings. In addition to the

cost study, the policy directive allows for the consideration of judgmental factors other than

economic that could influence the final result. At the time that a pavement selection request

is received from the district director, associations of the pavement industry are notified of the

pending analysis and are invited to provide supplemental information about the relative avail-

ability of suitable materials.

ANNUAL ROAD COST MODEL

The formula used in computing annual road cost was developed by C.B. Breed (1) and

published by the Highway Research Board in 1934. This relationship, with minor modifications,

was adopted by the Department as its basis for computing annual costs and is similar to other

formulas applied by highway departments in analyzing the project-by-project construction and

performance economics of alternate pavement types. The annual road cost model as used by the

Department is expressed by the equation:
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C =^=s-+ (^S)r + B +^-
n ' 2 '" - n

Where:

C = annual road cost

A = original capital investment or first cost

S = salvage value of pavement at end of n years

n = years of service life

r = rate of interest

B = annual routine surface maintenance cost

E = cost of special surface maintenance

Some of the foregoing factors, as applied, have carried certain fixed values since adoption

of the annual road cost formula. The salvage value, S, after n" years of service life has been

assumed at 40% of the first cost for both rigid and flexible types of pavement. The interest

rate, r, has been assumed at 2.5%. Both types of pavement were estimated to have a service life,

n, of 35 years with the exception of intervening overlays required for the flexible design as ex-

pressed in the "E" factor. Values for "B", routine maintenance costs, were developed by mbni-

toring costs of 27 selected highway projects with the intent of maintaining a 10-year moving

average. The "E" factor includes special maintenance activities performed periodically as neces-

sary to keep the pavement surface and shoulders serviceable for the service life period. This

includes the estimated cost of resurfacing flexible pavements'at the 12-year and 24-year age

points using 3/4-inch, high-type bituminous overlays. Using the foregoing criteria, a typical

example of a completed pavement selection package is appended as Exhibit III.

COST ANALYSIS INPUT FACTORS

A valid road cost comparison should attempt to relate all increments of cost for alternate

designs, assuming equal traffic service and service life. Somewhat oversimplified, this would

basically include purchase of rights of way, initial construction cost, maintenance expense,

future supplemental work, engineering and overhead required to keep the road serviceable

for a given number of years.
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For purposes of comparison, the unit of measurement adopted for road life economic

studies by those who have treated the subject is the average annual road cost per mile. As defined

by Agg(2), "The annual cost of a road . . . may be expressed as the total yearly expenditure that

will construct, replace, and maintain in perpetuity in standard serviceable condition any existing

road under existing traffic and climatic conditions.

Also, for simplification, it has become the practice in pavement selection procedure to

consider only those costs associated with the base, surfacing and shoulder elements. Right of way

costs, grading, and appurtenances are considered non-influencing as far as the pavement selection

procedure is concerned. Some may contend with justification that grading is an influencing cost

factor for at least two reasons, one being the strategic management of subgrade materials which

could influence the thickness of base and surface courses and the other being a subgrade elevation

differential to accommodate base and surface courses, particularly the differential between aggre-

gate base and bituminous base. For the latter the designer has the freedom to adjust the balance

of materials and possibly negate any undue influence, but the former poses an influence with

a great deal of variability and one which cannot be adequately evaluated at a time during project

development when a pavement-type selection must be made. Thus, it has become practice to

neglect any influence of grading characteristics in the cost comparison study.

Baldock (3) lists the following factors as necessary inputs to the annual-cost-of-highways

problem:

' First cost

• Maintenance cost

• Operation cost

• Administration and overhead

• Resurfacing cost

• Salvage value

• Interest rate

• Analysis life or period

• With the exception of operation cost and administration and overhead, the above factors

have been used with some modification in the Department's pavement selection procedure.

Baldock has made the list all-inclusive to serve purposes in addition to pavement selection.

Because of the importance of the input factors to the analysis and the need for some justification

and rationalization as to their inclusion and application, they are treated separately under head-

ings in the paragraphs that follow.
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First Cost ' •

For reasons already stated, the Department's practice for considering initial costs in pave-

ment selection is limited to the base, surfacing and shoulder elements. Important to the analysis,

however, is that these elements be expressed in standard designs officially adopted by the De-

partment. Because of tentative technological advancements and experimentation, design changes

are often made for one type of pavement or the other in the interest of seeking improvement

in performance. Such changes,.prior to full acceptance and adoption as standard, should not be

considered in pavement selection analysis. If any additional initial costs are incurred for such
.-^.

experimentation, they should be chargeable to research and development. First costs should

be predicated on the basis of adequate design data, design recommendations and detailed cost

estimates as current as feasible with respect to final design constraints and project letting

schedules.

Maintenance Cost

The average annual routine surface maintenance cost per mile of road should reflect actual

cost experience with the two major types of pavement. Unfortunately, maintenance cost records

are not all that detailed, and values that can be fully substantiated are rare. A survey of practices

in other states (Exhibit IV) indicates an average routine surface maintenance cost of $352 per

mile for 2-lane rural roads of rigid design and $594 per mile for flexible. Values from nine states

ranged between $108 and $566 for rigid to between $200 and $900 for flexible, the latter

averaged for eight states. These costs are not completely current and therefore not fully reflective

of probable present costs, considering inflationary effects.

Minnesota has some limited average annual surface maintenance costs data, inclusive of

shoulders, which was collected during the 10-year period prior to 1973. For rigid pavements

these costs averaged $64 per mile for 2-lane, $298 per mUe for 4-lane-divided. Comparable costs

for flexible pavements were $168 and $223 respectively.

A study by Moyer and Lampe (4) cites average annual routine surface maintenance costs

of 2-lane pavements in California as $320 per mile for rigid and $450 for flexible based on

comparable 26-year analysis periods. Again, these data are well outdated and do not reHect

current costs.
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For lack of more specific data, the best that can be surmised from the foregoing information

is that routine surface maintenance costs are somewhat greater for flexible pavements than for

rigid. Minnesota data while showing an advantage for 2-lane rigid indicates a lower cost for

4-lane flexible, the latter being a departure from data furnished by other states.

Differential surface maintenance costs appear to be small factors in the computation of

annual road costs compared to first costs and, therefore, have a small corresponding effect on the

end result. The limited data on the relative surface maintenance costs is inconclusive except

that the records cited seem to indicate a somewhat higher annual maintenance for flexible

pavements. Mn/DOT is currently developing a computerized cost-accounting system. Until such

time as cost-accounting data are available, it seems more prudent to ignore routine maintenance

costs in the economic analysis process. Thus, pending availability of actual cost data, routine

surface maintenance cost would not be an input factor in the annual cost relationship for pave-

ment selection.

Operation Costs

Operation costs cover the cost of services to the road user, such services being traffic con-

trols in the form of signs, signals and markings, snow and ice control, policing, etc. While these

costs are important in the context of determining overall annual road costs, they are not thought

to be sufficiendy different for each type of pavement to have an influencing effect on an eco-

nomic analysis for pavement selection. In any event, records are not available in a form in which

differences could be distinquished. Therefore, for the purpose of pavement-type selection opera-

tion costs are ignored.

Administration and Overhead

The term "administration and overhead" as conceived by Baldock includes engineering

which is normally a direct cost that can be charged to design and construction technical activites.

Administration and overhead, exclusive of engineering, are indirect costs associated with the

detailed support activities required to process projects from inception to completion. Likewise,

continuous maintenance incurs costs chargeable to administration and overhead, all of which

reflect on annual road costs.
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The indirect costs for project support activities, other than engineering, are normally expres-

sed as a fixed percentage derived from gross operational experience. Likewise, engineering costs

can be similarly established as an overall percentage. Yet such percentages are generally not

applicable to individual project analysis where alternate designs are being compared. This is

because administration and overhead, inclusive of engineering and expressed as a percentage,

tends to vary inversely with project costs. For instance, five rigid pavement projects examined

ranged in first cost from 1.8 to 5.1 million doUars while engineering cost ranged correspondingly

from 7.3 to 1.9 percent. Similarily, three flexible pavement projects, though smaUer, varied

from 0.68 to 0.98 million dollars in construction cost and 8.1 to 6.8 percent in engineering cost.

This information taUies, at least trend-wise, with guidance curves used in establishing consulting

engineer fees for public works projects where the rate decreases as the cost increases.

If engineering costs were to be included in a comparative pavement selection analysis,

the data should be carefully documented for a series of projects that could define the inverse

curve relationship for a full range of project construction costs. This would mean cost accounting

monitoring of projects through the design and construction phases to secure the necessary data.

With time the Financial Information Resources Management System (FIRMS) now under

development by Mn/DOT should fulfill this need. Meanwhile, even though administration and

overhead constitute a valid increment of annual road cost, it is fairer to conclude, until more

specific information is available, that such costs in comparing pavement alternatives are

essentially offsetting and can be ignored. A similar rational might be reasoned for omitting

administration and overhead from the cost of future resurfaqing work as covered in the

ensuing paragraphs.

Resurfacing Cost

Resurfacing cost constitutes those expenditures, other than routine surface maintenance,

for extending service life to comparable periods for the two basic types of pavements. Assuming

the service life of rigid pavement to be fused, resurfacing applies to flexible pavement as a means

of equalizing service life periods. The design of concrete pavements in Minnesota is based on a

traffic projection for the 20th year of service using the tractor-semitrailer component of the

estimated heavy commercial traffic. Experience has shown that on the average in Minnesota rigid

pavements designed to this traffic loading have'a service life of 35 years. Flexible pavements

are designed on the basis of a summation of equivalent 18,000-lb. axle load repetitions projected

for a 20-year design period. Thus, by the 20th year, assuming traffic developed as predicted,

serviceability of the road would have deteriorated to a point where resurfacing would be required

to extend the service life an additional 15 years.
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Resurfacing costs are incurred also with the rigid pavement alternate for the replacement of

Hexible shoulders. Experience shows that on the average shoulder surfacing flanking rigid pave-

ment deteriorates and has to be replaced at about the halfway service-life point, or at 17.5

years. This, then, constitutes an interim cost to be considered in the annual road cost for the

rigid alternate. The halfway point of 17.5 years is admittedly a convenience point and is inconsis-

tent with the 20-year design life of flexible pavement; however, shoulders are built to a weaker

structure and are not subjected to the beneficial kneading effect of constant traffic.

Resurfacing, then, is an interim construction cost that must be expended at a future time

to resurface bituminous pavement and shoulders and to replace shoulder surfacing along concrete

pavements.

Salvage Value

Salvage, value refers to the residual value of the road after it has served its useful service

life. Within the context of this study, it would represent the value of the materials remaining in
•X

the base, surfacing and shoulder structure. Minnesota practice has been to assign an arbitrary

residual value amounting to 40% of the initial cost. Whether a value remains at all is problem-

atical depending upon whether the road is abandoned, obliterated or reconstructed. Today there

is much emphasis on reconstruction and re-use of old roadbed materials so that in most cases

a salvage value would exist after a full service life. Yet to assign values for materials which may

or may not be used 35 years distant in time is, at best, conjectural. Complete amortization of

the original investment over a 35-year span would seem more prudent, considering that the

salvage value remaining would be refTected in a reduced cost for a subsequent reconstruction

project.

Interest Rate

The validity of applying interest as an inherent increment of annual road cost has often

been debated, partly because it reflects adversely on the pavement type with the higher initial

cost. Interest is normally defined as money paid for the use of money borrowed. Most highway

projects are financed from funds currently available; hence the concept that since funds are not

borrowed, interest is not a valid charge in annual cost studies. Yet an investment of public

funds is rightly expected to produce a return to the public whether in terms of tangible or in-

tangible benefits. The least the public would expect from tax revenues spent on public works

is a return equal to that available to the taxpayer had he the freedom to invest his tax monies

himself. In highway public works this return can be expressed in road user benefits.
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Ogelsby (5) with respect to the use of interest .in highway economic studies cites the

following:

"In the past in the public-works field some have argued that interest should be charged only
where borrowing will finance the proposed project. This viewpoint has now largely disap-

peared as two concepts have been accepted. These are (a) that capital can and should be

productive and (b) that interest is a reward or incentive for deferred consumption, as is

the case when money is invested in highways because of anticipated future benefits."

As to what the interest charge should be, Oglesby refers to two practices: (1) that "interest

should be charged at the current rate at which a particular highway agency can borrow money"

or (2) "... a rate representing the minimum attractive return." The latter would be somewhat

higher than the former recognizing the risk in predicting future events, i.e. whece the prediction

of benefits would be more uncertain. The first view was supported by the AASHO Planning and

Design Policies Committee report entitled, Road User Benefit Analysis for Highway Improve-

ment, 1960. The second concept would indicate a family of rates from which a choice could be

made for economic studies of public works projects based on the anticipated return. The situ-

ation today is one where highway funds are insufficient and the likelihood of investment in

low-return projects is remote. Thus, a fair rate for annual road cost studies would seem to be

one at which the Department could borrow funds under existing economic conditions.

The Department has had no recent experience in selling highway bonds, and for its current

bonded indebtedness is paying less than 5% interest. The bonding authority granted to the

Commissioner by Article XVI of the State Constitution limits interest to 5%. This rate may be

too low for the current economy since the Department had to. seek legislative authorization in

1976 to finance its bridge replacement and rehabilitation program through initial proceeds from

the sale of $25 million in State of Minnesota general obligation bonds. General obligation bonds

have been sold at interest bearing rates ranging from 4.4% to 5.7% over the past 5 years, averaging

about 5%. There is reason to believe as of October, 1977 that bonds can be sold at slightly less

•than 5%. With the prospect that the rate may increase somewhat as the economy continues to

inflate a 5-year moving average would seem a fair mean's of establishing an interest rate for

pavement selection studies, subject to annual redetermination. A rate in the range so determined

is supported by the survey of other states tabulated in Exhibit IV which shows, for those states

using interest as a factor in computing annual road costs, a range of 2.5% to 7.0% with Minnesota

using the 2.5% and most of the other applying 5% or more.
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Analysis Period

The "analysis period" refers to the length of time^in years for which comparable economic

analyses are made for alternate pavement types. It corresponds to "service life" as previously

discussed and indicates a span of years for which, on the average, the initially, longer-lasting

alternate serves traffic without major interim expenditures for rehabilitation. Minnesota, as

indicated in its annual road cost model, has used a service life span of n = 35 years. When com-

parative economic analysis was first adopted as a guidance tool in pavement selection, 35 years

appeared reasonable on the basis of concrete pavement performance up to that time. With the

ensuing years of experience, it is appropriate to re-examine the basis for mean service life and

determine whether a 35-year average is still valid.

One measure of pavement performance is that expressed by condition ratings established

for trunk highways throughout the State. The condition rating, CR, is the composite value

obtained by averaging the sum of the present serviceability rating, PSR, and the structural rating,

SR, the former relating to riding comfort and the latter to traffic loading re'actions. The CR

ranges in value from 5 to 0 on a descending sca]^ of quality. A rating falling within the 2.8 to

2.5 range represents a condition at which resurfacing is strongly advised to forestall more rapid

deterioration.

To check the validity of n = 35 years for rigid pavement and the probable resurfacing

requirement point for flexible pavement, a computer run of condition ratings was plotted relating

years of service to CR. Out of 151 rigid pavement projects averaging 8.9 miles in length the

trend line at age 35 years appears to be at or slightly above the 2.8 - 2.5 CR resurfacing criterion.

Likewise, a similar plot for 59 flexible pavement projects seems to define a resurfacing point

near 20 years. These data are shown graphically in Exhibits V and VI.

Obviously, many factors, environmental and other, affect roadway • deterioration, but

perhaps some of the chief influences are the differences that can occur between predicted traffic

as used for design and the actual traffic experienced. If the latter greatly exceeds the former,

obviously the deterioration is more rapid and vice versa. Lacking more specific methods of

assessment, it would appear for rural highways, at least, that a 35-year service life for rigid

pavement is reasonable and that resurfacing of flexible pavement is indicated by the 20th year.

DISCUSSION

The foregoing descriptions of cost analysis input factors involves some rationalization as

to their relative importance in contributing to a reasoned result and to their validity for inclusion
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or exclusion in an economic cost model. It appears logical to eliminate those factors which either

exert a near-equal influence on alternate pavement types or are of small influence and/or not well

supported by adequate documentation. Thus, such a modified economic model would not

produce true road cost values but would represent relative differences in the overall annual

road cost for alternate designs. Prior rationalization has already identified those road cost factors

that might be deleted from an- annual road cost model while still retaining an equitable basis

for comparing relative costs of alternate pavement types. These specifically are maintenance

costs, and administration and overhead, (unless substantiated by adequate records), operation

costs and salvage value. For the purpose of comparison, salvage value may be considered zero

at the end of the service life period. Administration and overhead as a cost varies inversely with

the initial construction cost, and there is no documentation available indicating that it is sub-

stantially different for one type of pavement than another. Likewise, a fixed administration and

overhead factor for interim resurfacing costs is difficult to defend without a backing of sup-

porting data. The viable factors remaining, then, are first cost, resurfacing cost, interest rate and

service life. The same factors would apply for both the rigid and flexible types of pavements

except that the "resurfacing" cost for concrete pavement would apply only to the shoulders,

while for bituminous pavements it would include resurfacing of the travel lanes as weU as the

shoulders.

The present method (Breed) of annual cost used by the Department fails to fully recognize

the time value of money, using simple interest instead of compound interest in application to

the initial capital investment and failing to convert interim improvement expenditures (re-

surfacing) to "present worth" as part of the capital cost. Present worth is merely a means for

converting a future cost to current dollars on the basis that money set aside today plus interest

earnings would provide the money for the future expenditure. Present worth evaluations in

economic studies involving incremental future expenditures are valid in a stable economy; in an

inflationary economy, however, inflation tends to offset the earning power.of interest depending

on relative rates for each. Inflation is likely to be an influencing factor in the economy for many

years in the future and should realistically be taken into account in comparative cost analysis

studies involving interim capital investments and present worth conversions.

Since alternative pavement types require different resurfacing treatments at different

points along the project life time scale to keep them serviceable, the incremental costs for each

must be accumulated in a way that keeps the annual costs truly comparable. The method which

best accomplishes this is that presented by Baldock (3) in which the annual cost of the initial

investment is combined with the present worth of future expenditures but modified, including

an adjustment for inflation, to fit Minnesota concepts and assumptions.
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Thus: '

C = CRFn [A + (Eb or Ec) PWF nb or nd . .

Where:

C = comparative annual cost per mile

CRF = capital recovery factor = r (l+r)n

(l+r)n - 1

r = interest rate

n = analysis period in years

A . = construction cost per mile

Eb = bituminous pavement and shoulder resurfacing cost per mile

Ec = concrete pavement shoulder resurfacing cost per mile

nb = years to resurfacing, bituminous pavement'

nc = years to shoulder surface replacement, concrete pavement

*PWF = present worth factor = _J_

(1 +r')nbornc

r' = difference between interest rate and inflation rate

Capital recovery and present worth tables for various compound interest rates are found

in many texts dealing with business finance and engineering economics.

The factors of greatest concern in the foregoing relationship are the interest rates r and r'.

Current values for these can be established using the 5-year-moving-average approach with data

from the Department of Finance on the sale of general obligation bonds and Mn/DOT on the

Minnesota Highway Construction Cost Index. To establish a current interest rate, r, in this

manner, the following data apply:

Date

3/72

9/72

8/73
1/75

12/75

7/76

Sale of 20-year Bonds

Interest Rate

Mean

4.5%

4.4

5.0

5.7

5.6

5.1

5.05% •
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Similarly, the inflation rate from the construction cost index may be developed as follows:

Inflation Rate Computation

Year

1971

1972

1973

1974

1975

1976

Min
Hwy. Cost

Index

127.1

130.5

136.5

172.4

176.9

168.7

Annual

Diff

+3.4

+6.0

+35.9

+4.5

-8.2

o/
,0

Change

+2.7

+4.6

+26.3

+2.6

-4.6

Mean +6.32

r'= 5.05-6.32 -1.27%

It is apparent from the foregoing derivation that r' can be a negative value where the inflation

rate is greater than the interest rate. This tends to give the present worth factor a value greater

than unity, and the "present worth of resurfacing and reshouldering costs greater than current

cost estimates. This is not to be unanticipated since the objective of applying the present-worth

principle is to determine in terms of today s dollars an amount adequate to meet a future

expenditure, considering interest earnings in the interim and, in this case, the purchasing power

loss through inflation.

The other factors in the formula can be obtained from prior rationalization or as direct

inputs. For instance, the analysis period, n, of 35 years corresponding to the average service life

of rural concrete pavement appears basic. Likewise, the nb value of 20 years for the resurfacing

of bituminous pavement is consistent with design theory, and the rig value of 17.5 years for

replacement of bituminous shoulder along concrete pavement is consistent with experience for

one shoulder replacement during the mean 35-year service life for concrete pavements. The first
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cost, A, should be based on the best design data available at the time of the analysis and applied

to the estimated construction cost of base, surfacing and shoulders conforming to comparable

established design standards for the alternate choices. The-flexible pavement alternate would

include consideration of both gravel base and fuU-depth bituminous design. Engineering and

other overhead would be neglected pending development of more supporting data pertaining

to such costs and their influence on results. Resurfacing cost, Eb, would be based on the es-

timated need for a leveling course and bituminous overlay of the traffic lanes and shoulders

at the 20th year as proposed in Exhibit VII. The bituminous surfaced shoulders adjacent to

concrete pavement would be estimated as a replacement cost, Ec, at 17.5 years.

The following two hypothetical examples illustrate the use of the formula for each of the

two principal pavement types:

Example 1

Given: A concrete pavement project where

A = $150,000/mi.,Ec=$20,000/mi.,

r = 5.05%, r'=-1.27%, n= 35 years.,

nc = 17.5 yrs.

Also CRFn = r(l+r)n = 0.0505 (1 + 0.0505)35 ^ ^^^

(l+r)n _ i (i + 0.0505)35 - 1

PWFnc = _1— = 1 _ = 1 =1.25
(l+r')nc (i.. 0127) 17.5 (.9873)17-5

Substituting in the equation C = CRFn [A + Ec PWFnJ

C = 0.0615 (150,000 + 20,000 x 1.25)

C = $10,762/mi.annual road cost
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Example 2

Given: A bituminous pavement project where

A = $130,000/mi., Eb = $35,000/mi.,

r = 5.05%, r'=-1.27%, n= 35 yrs.,

nb = 20 yrs.

AlsoCRFn = 0.0615 (From Example 1)

PWFnb = 1 = z = 1.29

(1 - .0127)20 (.9873)20

C = CRFn[A+EbPWFnb]

C = 0.0615(130,000+35,000x1.29)

C = $10,772/mi. annual road cost

CONCLUSIONS AND RECOMMENDATIONS

This examination of the pavement selection process leads to the conclusion that the current

method is obsolete and logically indefensible. It is deficient in the following ways, inclusive

of practices that have evolved in its use:

• It fails to apply the principle of investment amortization, or capital recovery, by using

simple interest instead of compound interest.

• The interest rate does not reflect current rates.

• It applies arbitrary salvage value at the end of the pavement service life period when

such value can neither be reasonably predicted nor proportionately determined for alter-

nate pavement choices.

• It fails, to convert interim capital expenditures for resurfacing and/or shoulders to present.

worth and to include such anticipated expenditures in the amortization analysis.

• It fails to consider the effects of inflation on interim capital expenditures.
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• Average annual routine maintenance costs are included without adequate documen-

tation of such costs.

The aforementioned deficiencies can be largely eliminated by adopting the relationship

C = CRFn[A + (Eb or Ec) PWFn^ or ncl where the PWF is modified to reflect a trend rate

for inflation. This is not a true road cost model in that it is limited in application only to those

elements of roadway structure consisting of base, surfacing and shoulders. While it still deals

with the average performance of pavements and cost estimates that are subject to the vagaries of

the marketplace, the relationship is basically consistent with recommended practice for compar-

ing the economic attributes of various alternatives. It can also be "added to" as more factual

data are derived for inputs, such as routine surface maintenance and administration and over-

head. Its use, however, should be tempered by specific policy guidelines. Therefore, it is recom-

mended that the procedure be adopted by the Minnesota Department of Transportation subject

to the following policy guidelines;

1. The initial or first cost per mile, A, wiU be based on established design standards as

modified by design analysis using current unit prices.

2. First costs will include only the base, surfacing and shoulders for one mile of two-way,

undivided roadway or the one-way roadway of divided highways, exclusive of en-

gineering and administrative overhead.

3. The interest rate, r, will be the 5-year moving average rate for State of Minnesota

general obligation bonds as determined annually.

4. The inflation rate will be the 5-year moving average rate as determined annually from

the Minnesota Highway Construction Cost Index.

5. The service life period, n, will be 35 years.

6. Salvage value will not be considered.

7. The rigid pavement alternate will include the cost of shoulder surface replacement,

Ec, at 17.5 years.

8. The flexible pavement alternates will include the cost of resurfacing, Eb,at 20 yi?ars.
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9. The resurfacing costs represented. by Eb and Ec will be estimated at current prices

exclusive of engineering and administrative overhead.

10. The relative costs of routine surface maintenance will not be considered until such

time as cost-accouting can provide sufficient data to justify such costs in the annual

road cost model.

.REFERENCES

1. Breed, C.B., "Analysis of Road Cost on State Highways of Worcester County

Massachusetts" HRB Proc., 15: Pt. 1, pp. 79-110 (1934).

2.Agg, T.R., Report of Committee on Highway Transportation Costs, HRB Proc., Vol.

9, pp. 360-368, (1929).

3. Baldock, R.H., The Annual Cost of Highways, HRB Record No. 12, pp. 99-111, (1963).

4. Moyer, Ralph A. and Lampe, Josef E., A Study of Annual Costs of Flexible and Rigid

Pavements for State Highways in California, HRB Record 77, pp. 150-153, (1963).

5. Oglesby, Clarkson H., Highway Engineering, 3rd Edition, John Wiley and Sons, (1975),

pp.85.

6. Kersten, M.S. and Skok, Eugene L. Jr., Application of AASHO Road Test Results to

Design of Flexible Pavements in Minnesota, Minnesota Department of Highways, In-

vestigation 183, Interim Report, (1968).

7. Lee, Robert R. and Grant, E. L., Inflation and Highway Economy Studies, HRB Record

100, pp. 20-35.

.17-



Part 2 - Administration Mn/DOT DIRECTIVES 2-013A
October, 1977

GENERAL. INFORMATION (2-000)

Pavement Selection Policies and Procedures (2-013)

2-013.1 PURPOSE

The purpose of this directive is to establish the policies and pro-
cedures used by the Minnesota Department of Transportation in the
selection of -bhe type of pavement for projects designed for unrestric-

ted traffic within legal load limits.

2-013.2 POLICY

I. It is the policy of the Minnesota Department of Transportation to
pre-de-fcermine the type of pavement to be used for each surfacing

project for unrestricted traffic within legal load limits; alternate
bidding will not be considered. This policy is based on the
principle that no two designs are clearly equal and that design
engineers, as trained professionals, are best qualified to con-

sider those factors which bear on the most appropriate choice.

To this end alternatives for each project will be critically
studied by considering engineering and cost factors. Comparative
annual road costs will be developed for each alternative by using
an economic model expressed as a ma'fchematical relationship. A

final determination will be based on the aforementioned procedure
together with the following listed factors which were originally
identified by the AASHO (now AASHTO) Special Committee on Project
Procedures:

1. Traffic
2. Soils and Characteristics
3. Weather
4. Performance of similar pavements in the area

5. Economics or cost comparison

6. Adjacent existing pavements
7. Stage construction

8. Depressed, surface, or elevated design

9. Highway system
10. Conservation of materials

11. Stimulation of competition
12. Construction considerations

13. Municipal preference or recognition of local industry
14. Traffic safety
15. Availability of and adaptations of local materials or of

local commerically produced paving mixes.

Items numbered 1, 2, 4, 5, 6, 10 and 12 shall be considered to be
principal factors, however, major consideration shall be given to
Item 5.

-18-

EXHIBIT I



Part 2 - Administration Mn/DOT DIRECTIVES 2-013B
October7^-9777

II. There is a hereby continued a pavement selection committee to
review and evaluate comparative designs, an engineering study and
a cost analysis, and to recommend to the Assistant Commissioner for

Technical Support Services, Assistant Commissioner-Field Operations,

Division and the Deputy Conunissioner of Operations the pavement
type appropriate for the project.

A. The payemen-t selection committee shall consist of the following
members:

Office Director, Materials Research and Standards (Chairman)
Office Director, Design Services
District Director (for the subject project)

At the request of the committee chairman, appropriate staff
personnel may be requested to provide special information desired
by the commi-btee or to attend a meeting.

^ B. The Technical Services Engineer, Research and Standards

Section, shall act as secretary to the committee. He shall
prepare pertinent data for the projects under consideration,
present same "to the committee and maintain a file of all

documents.

2-013.3 PROCEDURE AND RESPONSIBILITIES

I. It shall be the responsibility of the district director to request
a surface-type determination. The request shall be directed to

the Chairman, Office Director for Materials, Research and Standards,
using Form 24213 with copies to the Office Director for Design
Services and the secretary of the pavement selection committee.

It shall also be the responsibility of the district director to
present all available information pertinent to the project. This
information shall include at the minimum:

1. A small scale map and profile showing the project, with
intermittent key points indicating stationing.

2. Traffic data, including ADT, TST and Sigma N-18 projections.

3. A description of the project in terms of termini, total
mileage, number of lanes, use if any of the inplace pave-

ment, exceptions if any.

4. A preliminary soils report which will:

a. delineate the major soil areas and potential borrow
sites by texture, by AASHTO soil type and by "R" value.

b. list any significant topograpMc features such as
swamps, deep cuts, etc.

c. list aggregrate production sites, including commercial
sources, in the area.
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The complete information package shall be sent to the secretary,
pavement selection commit-bee.

The request shall show which method is to be used in developing
the study.

Use of Method 1 (normal procedure) requires -bhe development of a
detailed and complete engineering and cost study. Comparative
designs for rigid and flexible types will be developed by the
Materials Engineering Section for the conditions of traffic,
soils and availability of aggregates. The investigation for
aggregates will include a solicitation of information from the
paving organizations sponsoring rigid and flexible types of
pavement. The Subgrade & Base Design Engineer shall act as
coordinator and expedltor for the Materials Engineering Section.

Quantities, first costs and annual road costs will be developed
by the Estimates Engineer.

Method 2 (short procedure, for limited use only) is for very
short projects, normally less -than one mile, or projects where

only one type of surface logically fits an unusual condition of
design, construction, soils, traffic, etc. The main objective of

this method is to provide a much simplified means of developing a
pavement type study for such minor projects. The district director's
request shall Include comparative designs and estimated costs

developed by the district for both rigid and flexible types. A
simplified cost estimate based on average unit cost for similar
work on projects recently constructed in the same general area is

acceptable. V/here the district director recommends a specified
type of surface for use, he shall support his reasoning vri.th a

complete explanation. The designs will be reviewed by the Ltaterials
Engineering Section with comments sent to the secretary, pavement

selection committee. Likewise the estimates will be reviewed by
the Estimates Engineer with comments forwarded to the secretary.

Under "Remarks" and with the necessary attachments the district
director shall provide any additional information pertinent to
the project and all other special features of design recommended
for use such as an explanation of the need for the improvement,

condition of the existing roadway and type of existing surface.
Unusual problems in handling traffic or providing detours is
required for developing comparative designs and costs.

II. The secretary for the pavemen-b selection committee shall be

responsible for requesting and expediting the development of
informational data pertaining to aggregate sources, comparative

designs, estimated first costs and annual road costs. He is

authorized to request -the necessary services from the Bureau of

Policy and Planning, Materials Engineering Section, Design Section
and the Research and Standards Section for development of the
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above data. He shall be responsible to coordinate with personnel
In the Maintenance Section to develop a continuing study of
surface mai-ntenance costs from actual field records. He shall

prepare a documentary file for each project, present same to the

committee, and request approval of the committee recomnenda-fcion

by the Assistant Commissioner for Technical Support Services,
Assistant Commissioner-Field Operations Division and the Deputy
Commissioner of Operations. He shall maintain special files for
all project documents.

III. Meetings of the pavement selection committee may be called by the
chairman for the review and action on completed data for one or

more projects or for the consideration of policy, design or other
related matters.

IV. A recommendation for a type of surface may be made on a two-

thirds majority vote of the three-member committee. Any dissenting
opinions by committee members shall be noted. A project may be
tabled for the development of additional data, investigation and
review on the request of one member.

V. In presenting its recommendations to the Assistant Commissioner

for Technical Support Services and Assistant Commissioner-Field
Operations, Division, the pavement selection coismittee shall
Include a complete analysis of the project including the formula,
criteria and other factors upon which the recommendations are

based.

VI. Each pavement type selection must have the final approval of the
Deputy Commissioner of Operations.

VII. All of -the above proceedings shall be recorded by the committee
secretary and become a part of the official project record.

VIII. All past decisions made prior to March 25, 1974 on projects for
which final design has not commenced are subject to review by the
pavement selection committee. The district director shall be
responsible for requesting such review through the committee
secretary. Henceforth, all surface-type determina-tlons may be

reviewed by the committee for any of the following reasons:

A. A time lapse of more than two years between the determination
date and the commencement of final design.

B. Notwithstanding VIII.A above, a change in economic conditions
and/or technical changes having a marked effect on pavement
construction costs.

C. A change in project locat^bi\, j)rojepV limits or/major design
change.

fin/ Harrington, Ct^iiussioner
lesota Departi^nt of Transportation
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Form No. 24213
12-69

REQUEST FOR SURFACE TYPE DETERMINATION
AND PRESENTATION OF PRELIMINARY INFORMATION

TO:
Assistant Commissioner - Research and Standards

Chairman of Pavement Selection Committee Date

FROM: _ District Engineer District No-

RE: TH _• . Length__MUes
Sp. , AJ_ , County _ , Miles
SP_, AJ_ , County _ , Miles
SP _, AJ _ , County . , Miles
Located

Proposed letting date

A surface type determination is requested for the subject project. It is recommended the determmation be based on
the Method indicated below

D METHOD 1 (Normal Procedure) D METHOD 2 (Short Procedure, for
Requires the development of a detailed and conplete limited use only)
engineering and cost study. Conparative designs for For very short projects, normally less than one mile,

rigid and flexible types will be developed by the Of- or projects where only one type of surface logically
Hce of Materials for the conditions of traffic, soUs fits a very unusual condition of design, construction,

and availabUity of aggregates. The investigation for soils, traffic etc. The main objective of this method is
aggregates will include a solicitation of information to provide a much simplified means of developing a
from the paving organizations sponsoring rigid and pavement type study for such minor projects. The
flexible types of pavement. Quantities, first costs and District Engineer's request shall include comparative

annual road costs will be developed by the Estimates designs and estimated costs for both rigid and flexi-
Engineer, ble types. A simplified cost estimate based on average

unit costs, for similar work, on projects recently con-

structed in the same general area is acceptable. Where

the District Engineer recommends a specified type of
surface for use he shall support his reasoning with a
complete explanation.

REMARKS:
The District Engineer shall provide, under REMARKS, and with necessary attachments a full description of all infor-
mation pertinent to the project. Show the number of lanes to be constructed, project and lane termini, special fea-

tures of design recommended, type of shoulder surface, the use to be made of the existing facility, preliminary data

on soils, granular materials, traffic etc. For further instnictions refer to HIGHWAY DEPARTMENT DIRECTIVE,
Pavement Selection Policies and Procedures, 2-013, dated December, 1969.

ec: Assistant Commissioner- Design and Right of Way
Cost Analysis Engineer
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Standards: Form 21305
Rev. 2-72

ec;

Request No.

REQUEST FOR DATA FOR PRELIMINARY ESTIMATE

TO: •][ B. F. Hiicrelmsn, Materials Engineer, Rm. 137 DATE
L. L. Hansen, Director of System Planning, Rra. 814

Please furnish data for use in developing a preliminary cost estimate on the

following project:

T.H. ______ __ LENGTH ___MILES, . DISTRICT NO.

S.P.

S.P.

S.P.

NO. LANES

LOCATED

TO BE ESTIMATED:

DATA NEEDED:

MAIN LINE TRAFFIC

HIGH:

HIGH:

LOW :

LOW :

LAYOUT NO.

PROFILE NO.

REMARKS

MILES OF

(Total of both

ADT

ADT

ADT

ADT

co,

co.

co.

.»

AJ

AJ

, AJ

DESIGN LOADING

directions) FOR YEAR

HCADT

HCADT

HCADT

HCADT

ESTIMATED BASED

, FILE NO.

, FILE NO.

SURFACE TYPE DETERMINATION
REQUESTED BY
DATE SURFACE TYPE
IS DESIRED

DHV

DHV

DHV

DHV

ON PRELIMINARY

DATED

DATED

SEGMENT

SEGMENT

SEGMENT

SEGMENT

DESIGN OF:

BY

BY

TITLE

SFAP*. NO.

, TAS NO.

NO.

NO.

NO.

NO.

MILES

MILES

MILES

TON

ROADWAY

D W. N. Yoerg, Rm. 131 DG- R' Cochran, Rm. 130 QM. Gildemeister, Rm. 807

•Q L. P. Varren, Rm. 132 DA. J. Phelps, Rm. 706 Q

Q:P. C. Hughes, Rm. 135 Q D. P. Manlcy, Rm. 320 Q

This request initiated by: D.P.Manley, Analysis Engineer, Room 320, Ext. 3073
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From

Subject

Office of Materials i':\//'^

/
/-

/ /-•••;' ,:•"-''•

Data for Preliminary Estimates

S.P. T.H. Location

Surface
Type:

Lanes:

Rigid Flexible D
(Grav. Base)

Flexible D
(Bit. Base)

Miles
Traffic &

Desicjn Load
Sta.-

Sta.

% Soil
Factor Tentative Sections Tons

to
•^

0.9

4.8

0.5

5.3

9 Ton one way
ADT = 5006,
one way
TST == 105 (l9S5)

917- 965

963-1242
except
1000-1026

1000-1026

1242-1414

&=50

B=15

R=70

R=25

8" Non-relnforced Concrete

5" Aggregate Base Cl. 5*

{*Vse only 1" stabilizing
aggregate in granular area
Station 1000-1026.)
10' Shoulders

1- l/2"--BTt. Shoulder Surface, 2351

5" Aggregate Shouldering, Cl. 5

Variable Aggregate Shouldering, Cl.

5' Shoulder

Same as above

or

8" Non-reinforced Concrete

5" Aggregate Base (d. 5)

^General Soils: Station 917-965 - 3.L. 965-1000, S.L. with L.S. & Sil-bArea, 3-fcation,1000-lQ26, S..&.___?. Total Mileage

x _ _ .
E Station 1026-1140 S.J,. v/ith Silt Area. Sta-Lion 1140-1242, Loam with Silt areas. Station 1242-1415 S.l. The project

Q ^

03
^ is prc-doainantly A-4 type soils.

- *inTC. <'->,-, -,fr-i -h^H r-n-r^cnni-iri^nr.F; from Estimates Snr-Tinn fnr tnTal nuantitie? and haul distanmt;.
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From

Subject

S.P.

Office of Materials

/~^j*tt.»LCt*t 1. V^Ut lit ttlJ^IUt tt/f

I- <-.Y

Data for Preliminary Estimates .

-.H. Location

* Ot tl* A.**/ t

Surface Rigid D
^ Type:

Flexible
(Grav. Base)

Flexible D
(Bit. Base) '

Lanes:

Miles
Traffic &

Design Load
Sta.-

Sta.

% Soil
Factor Tentative Sections

to
U1

0.9

4.8

9 ton, one way
ADT = 5006

EN18 = 925,000
(1998)

9 ton, one way

ADT = ^006

EN18 = 925,000
(1998)

917- 965

965-1242
except
1000-1026

R=50

R=15

5/4" 2561 Bit. Wear
1 1/2" 2531 Bit. Binder
2" 2551 Bit. Base

6" Cl. 6 Base

8 1/2" 01. 4 Base

10' Shoulder

1 1/2" Bit Shoulder 2f551'
5" Agg. Shouldering Cl. 5
Variable Agg. Shouldering Cl. 3

3/4" 2561 Bit. Wear
1 1/2" 2331 Bit.Binder
2" 2551 Bit. Base
6" Cl. 6 Ease
6" 01. 4 Base

12" Cl. 5 Base

10' Shoulder

1 1/2" Bit. Shoulder
5" Agg. Shouldering 01. 5
Variable Agg. Shouldering 01. 5

W General Soils: Station 917-965, Sandy Loam. Station 965-1000, Sandy Loam -ivith Loamy Sand ans Sil-b Areas. Total Mileage __2jL5-

s_... -------- _ . ._ - _... ___^-

H Station 1000-1026, Sand and Gravel. _Station,1026-1140, Sandy Loam with Silt Areas. Station 1140-1242. Loam with Sil+.v C1 &.w
h—<

>-3 Areas.

Pay — of



to

From

Subject

Office of

Data for

ir . _.^i_ _r...u

Materials

Preliminary

^\SSIST<i

/

Estimates

in Commissioner

<-.^-.'<-..-:..

Uaie: wd.rci.i j.^, xym t-orm i;4/

Surface Rigid D
''Type:

Flexible
(Grav. Base)

Flexible D
(Bit. Base)

S.P. T.H. Location

Lanes:

Miles
Traffic &

Design Load
Sta.-

Sta.

% Soil
Factpr Tentative Sections

to
0\

0.5

5.3

9 Ton, one way
AHT = 5006

EN18 == 925,000
(1998)

9 ton, one way
AJ)T = 5006

EN18 = 925,000
(1998)

1000-1026 B=70

1242-1415 R-25

5/4" 2561 Bit. Wear
1 1/2" 2531 Bit. Binder
2" 2351 Bit. Base
6 1/2" 01. 6 Base

10' Shoulder

1 1/2" Bi-t. Shoulder 2351
5" Aggr. Shouldering 01. 5

Variable Agg. Shouldering 01. 5

3/4" .2561 Bit. Wear
1 1/2" 2551 Bit. Binder
2" 2551 Bit. Base
6" 01. 6 Base

6" 01. 4 Base

6" 01. 3 Base

10' ShoaldGr

1 1/2" Bit. Shoulder
5" Agg. Shouldering 01. 5
Variable Agg. Shouldering Cl. 5

X General Soils: Station 1242-1415, Sandy Loai&Entire area predominately A-4 soils.s "-•--—-—' —— - •
I—t

w
»—1

^

Total Mileage 9.5

Page ..'-... of.



To

From

Subject

Office of Materials

Assistant Commissioner

-1^ -' '" . / '.'/ r^'r .' r r.--;

Data for Preliminary Estimates

S.P. T.H. Location

Date: l.isrch LI}. l°7tL t-orm ^i4/

Surface Rigid D
-* Type:

Flexible D
(Grav. Base)

Flexible
(Bit. Base)

Lanes:

Miles
Traffic &

Design Load
Sta.-

Sta.

% Soil
Factor Tentative Sections Ton

M
-sl

8.9

4.8

0.5

3.5

9 Ton one way

ADT = 5006

EN18 = 925,000
(1998)

9 ton one way

ADT = 5006
EN18 = 925,000
(1998)

9 ton one way
ADT = $006
EN18 == 925,000
(1998)

9 ton one way

ADT = 5006
EN18 = 925,000
(1998)

917- 965

965-1242
except

1000-1026

1000-1026

1242-1415

&=50

R=15

R=70

R=25

5/4" 2561 Bit. Wear
1 1/2" 2551 Bit. Binder
8 1/2" 2551 Bit. Ease

10' Shoulders

Variable Depth 2551 Bi-b. Shoulder
Surface ( 1 1/2"

5" Agg. Shouldering Cl. 5

Variable Aggr. Shouldering 01. 3

5/4" 2561 Bit. Wear
1 1/2" 2551 Bit. Binder

12" 2331 Bit. Base

10' Shoulders
Variable Depth 2'5':>1 Bit. Shoulder

Surface (l 1/2" Min|
5" Agg. Shouldering Cl. 5
Variable Aggr. Shouldering Cl. 3

3/4" 2561 Bit. Wear
1 1/2" 2551 Bit. Binder
5 1/2" 2551 Bit. Ba3e

10' Shoulder

Variable Depth 2551 Bit. Shoulder
Surface ( 1 1/2" ^.\

Variable Agg. Shouldering 01. 5

5/4" 2561 Bit. Wear
1 1/2" 2551 Bit. Binder
9 1/2" 2551 Bit.BBase

10' Shoulder

Variable Depth 2331 Bit. Shoulder

Mib.)

I.)

~fl f"2 -rcnr

M General Soils: See Flexible (gravel base).

^UJ. -L U.tJt:

Variable Agg. Shouldering_C1. 5
Total Mileage

•}

DO
1—1

-^

Pay .of



!.<;(»•? STATI; 01'' MLNNKSOTA

\)WAWME\F-mW^,J^^^.^^^JtaW
Extenuion 5111

0///'ce Memoran.du.m

TO

FROM

G-. R. Cochran, Subgrade & Base Design Engineer
Office of Materials Sngineerins

L. P. Warren, Chief of Concrete Engineering
Office of Materials Eiigineerir^

DATE: February 4, 1976

In reply refer -lo:

550

SUBJKCT:

A request has been received for the rigid surface design for the
above referenced project.

The data indicates a K of 150 and a oneway TST of 103 should be
used for design purposes.

Therefore, I reconmend that 8 inch non-reinforced concrete

pavement be used.

Le P. Warren
Chief-of Concrete Engineering

ec:

D. E. Durgin - K. J. Wasnie
D. P. Manley

•^^J^ ^Le^ /^^ ^^^
^
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/^OMIN 1000

.^•^••^ STATK 01'' M1N,\I.;,SO'1 A

DEPARTMENT

TO

^ ULch.,vay, Materials Office Jto 155 OfflCQ /4emOfaflJum

March 16, 1976G. R. Gochran, Subgrade & Ease Design Engineer

Office of Materials Engineerir^, Room 152

P. C. Hughes, Bituminous Engineer

, FROM : • Office of Materials Engineering

DATE:

In reply refer to:

550

PHONE: 5196

SUBJECT:
Data for Preliminary Estima-fces

(Bituminous'Surfacing)

Thickness
Specification
Number Course

I. Rifiid;
A. Shoulder

1. Sta. 917-Sta. 1415 1 1/2"

II. Flexible (Gravel Base):
A. Llainline

1. Sta. 917-Sta. 1415 5/4"
1 1/2"
2"

'• B. Shoulder

1. Sta. 917-Sta, 1415 1 1/2"

III. Flexible (Ei-tuminous Base):
A. Mainline

1. Sta. 917-Sta. 965 5/4"
1 1/2"
8 1/2"

2. Sta. 965-Sta. 1242 5/4"
(except 1000-1026) 1 1/2"

12"

5. Sta. 1000-Sta. 1026 5/4"
1 1/2"
5 1/2"

4. Sta. 1242-Sta. 1415 5/4"
1 1/2"
9 1/2"

B. Shoulder

1. Sta. 917-S-fca. 1415 Var. Depth

(l 1/2" min.

2551 Bi-buminous Shoulder Wear

2561 Bituainous Wear
2551 Bituainous Binder
2351 Bituninous Base

2551 Bituoinous Shoulder Wear

2551 Bi-buminous Shoulder Wear

bc.^A
P. 0. Huchesy
Bituminous Engineer

ec: Jo R. McConaha

Estimated
Percent

Bituminous

6.0

6.5
4.5
4.5

6.0

2561
2551
2551
2561
2551
2551
2561
2551
2551
2361
2551
2331

BituTiinous

Bitu^iinous
Bituiainous

Bi luminous

Bituainous

Bi -tuminous

Biluminous

Bi tuminous

Bituzlnous

Bi tumlnous

Bituminous
Bituuiinous

Wear
Binder
Base

7/ear

Binder
Ease

Wear

Binder
Base
Yi'ear

Binder
Ease

6.5
4.5
4.5
6.5
4.5
4.5
6.5
4.5
4.5
6.5
4.5
4,5

6.0
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To

From

Subject

JL^-Tho

Office of

: Agyegate

ru+;'?n."on

Matsrials

Sources 7
distant Commiisioner

f//:/%- /^.^ ^<^
Date: _ January 27, 1976

Form247-!b

T.H.

Location

. Pit

2602

County

lille Lacs

5255 il.'-ille Lacs

T
J.336 iI.'J-lle L&cs

JCJ_2_F.Iille Lacs

5C78 lille Lacs
^

I
51363 Kille Lacs

5151 H.'.Llle Lacs

5076 tL-'-ille Lacs

!
5552 t.alli Lacs

Sond't

Survey Location

8/68 20-58-26

2/47 29-38-27

5/71 55-58-27

10/71 13-57-27

8/69 23-59-27

1/75 12-57-27

6/70 11-40-27

12/74 12-41-27

7/69 1 & 2-58-57

Class

Cl. 6

Cl. 6

01. 6

Cl. 5, BA-2

Cl. 6

Cl. 5, BA-2

Cl. 6

Cl. 6

Too coarse to drill, bu

Quantity
(Cu. Yds.)

22,000

26,000

110,000

18,500

57,000

19,000

17,700

120,000

; is a poten

%
Strip.

16

20

25

55

4

51

46

55

;ial s

%
Shale

0

0.1

0

T

T

T

T

)urce

%
Spall

1.1

0

0.1

0

T

0.1

T

0.2

)f BA-

%1
2"

0

rusl
1"

19.

5

22

ng

3/4

25

2.4

35

12

17

6

13

27

4

58

62

47

70

50

76

64

54

o Pa

10

49

55

59

61

55

63

48

44

sing

40

21

19

20

34

0

25

16

A9

200

5.5

2.2

6.5

7.7

1.3

5.5

2.6

4.4

Cosraercial aggregates are available from Ille Lacs Aggregate and Concrete, Inc., Millaca.
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Form ^21182 (Rev. ^-69) ' File No.

REQUEST FOR PREUMINARZ COST ESTIMATE

TO: A, J. Pholps, Ea-biiaa.tes Enginser, Room 706. DATE:

Please prepare the. following described preliminary-cost estimate.

T.H. _ LENGTH _ MILES, DISTRICT NO.

S.P. _ _CO. AJ ^ _MILES
S.P._ • GO. AJ' _MILES
S.P. • _GO. AJ _ _MILES
LOCATED

TYPE OF ESTIMATE REQUIRED

Q Cost oomparison of flexible and rigid pavements {__J Cost; of right-of-way

Cost of complete construction (grading, surfacing, miso. structures, etc,)

f~| Cost of utility rearrgngement jJ Go st of bridges

It Cost of

DATA TRANSMITTED (gttached hereto)

Copies, Layout No._Tile No. .._ _ Prepared by

Copies, Profile No. _ File No. . Prepared by

Copies, Layout No. _ File No, _ Prepared by

Copies, Profile No, ._. File No. _ Prepared by

Copies of design reconmondations by Materials and Research Section, _Sheets

Copies ._ , , Sheets

\

Copies _ , _Sheets

ESTIMATES REQUESTED BY ___________ __ _. ._ TITLE

MAIN LINE AVERAGE DAILY TRAFFIC (Total of both directions) .FOR YE.1R
ALL VEHICLES HRWY COMM- TST DHV

HIGH
LOW

REMARKS:

NOTE: Transmit_oopieg of es-tlmato -to: D.l-.?nley, Cost Analysis Engineer - Room 320

00: D. P. M'-T.ley
EXHIBIT III



Form No. 21815
(5-66)

S.P.

T.H..

ANNUAL ROAD COSTS
Computation Sheet

Model

.Mi.

Location

(n) Life Expectancy (years)
(s) Salvage Value ( %)
(r) Interest Rate ( %)
(i) Economic Increase (% per yr.)

(A)
(S)

(A-S)
(A^S)

n

ANNUAL INVESTMENT
1. First Cost per mile

2. Salvage (Item 1 x 0.40)
3. Depreciation (Item 1 x 0.60)
4. Ann-'al Depreciation (Item 3/35 or Item 1 x 0.017143)

ANNUAL INTEREST
(A+S)r 5. Annual Interest on investment (Item 1 x 0.0175)
T

ANNUAL MAINTENANCE COSTS
(B) 6. Routine Surface Maintenance (a)
(E) 7. Special Surface Maintenance (b,c,d & e)

ANNUAL ROAD COSTS
8. Total Annual Road Costs per mile

Items 4, 5, 6, 7 (b, c, d, e)

HIGHWAY RESEARCH BOARD METHOD
Formula: C=A-S + (A+S)r + B + E

-n~ ~2~

Type of Roadway Surface

RIGID
35
40 .

2.5

FLEXIBLE
35 81T~

40
2.5

)4rt
^L~M

T12_
75? S-

1.

2.

i^-3.
t-jll. 4,

Hit 5.

-^(a)
-(b)
.(c)

-J^-(d)

^-(e)

S\0!

B^.sc

I 19

i^q
nc

-2

_2

^5.

OL-L-

9^ '7

<?/3
n -> ^

^L^

IA&_
10^
iqL/.

23

,77

C=Annual Road Costs

A=First Costs

S =Salvage value of Surface Structure
at end of (n) years.

B=Annual costs of Routine Surface Maint.

E=Annual costs of Special Surface Maint.

n=Life Expectancy in years.

r=Rate of Interest

BASIC DATA
No. of lanes {|

Divided roadway f | Undivided roadway | |

Vi of divided roadway [|

Interstate Q Regular T.H. Q
A.D.T. I —1

H.C.A.D.T. [-1

Shoulders: Bituminous ||

Gravel D
Shoulder reseal: Light [| Heavy [

Traffic lane reseal: Light || Heavy ||

DESCRIPTION OF ITEMS 6 & 7

RIGID
(a) Routine maintenance of traffic lanes and shoulders.

(b) Resurfacing traffic lanes and shoulders.

(c) Reseal bituminous surfaced traffic lanes.

(d) Reseal bituminous shoulders at years 6,12,18,24 & 30.

(e) Joint and crack renovation.

FLEXIBLE
(a) Routine maintenance of traffic lanes and shoulders.

(b) Resurfacing traffic lanes and shoulders.

(c) Reseal bituminous surfaced traffic lanes at years

6,12,24 & 30.
(d) Reseal bituminous shoulders at years 6,12,18,24 & 30.
(e) Joint and crack renovation.

-33- EXHIBIT III



RUUI^ACE P]£VII)U.;

MODEL "A"

L2HIHIT ]
Par^T

4'
PJ

^

C-*

ftj

r

T

or>

Q/

0

^
<f

7

LKE^URFAG^ ^w^p-^m^ c^'jvs^^)
—?s^^UR?(\C^ ^"TP^w, <;Oi\TV)

SUKrA,C^ TLHPLAsG^

VALUES FOR ONE ROADWAY (2-12' lajies, 2 shoulders)

l.^t-0,11

&. ^o 12'
MODEL "A"_a'TO_AREA _ l.^'to.ll , l'L..to_0"

^ to 12' ' 12' to 13'

Traffic Lanes

Lanes - li" x 24' x 5280' = 13,200.4 CF

Shoulders - 2x1" +0" x 5280 = 4AO.O CF

z

Wearing Courses

2 3 U
2351 A

2351 B

2341

2331

Total

I^S_—EeT_JL-L-
JJ^Dgpth
n?.'^^

116 2/3ff

115ff

no//

100ft

13,640.4 CF per aile

p/

<f

>

Lbs.jie^

_^F,_
1 50
155.556

153.333

146.67

133.33

\'ln" f.WY^'2-
T V\ ^ c''< -^ <t s*,

Tons of Mixtyre,
T \^Zc^FZZ"\^Pe^ -Ml.i -

0-01'? \ OI'S. 03 -

0.077773 1060.92 •

0.076667

0.073333

0.06666?

1045.77

1000.29

909.36

Tack Coat 14' +14' = 28' x i28^ x 0.025 GSY = 4U -gal. per mile

^^^^ ^.^c^rs \i9&./4w^h P-3irQ\^ur&^OJ^^C'+/G^^^
^sr -i-v ' w\^\^ •p!^ 1>0/ +. a par OT\ Z $10^.1^5'a-^ o^ VA/." d<£p-^K

TNCVu C>lt< &
.JAp.E P.c>

v\a$ ps, <"
V.s.*

ZZ'o! 3/</" - 8)2.roCF/M' • • S^'^TS

v

z^' ?/g"-^,91? C'F/M nf^i

Lb'> ?&»•

C.F\
• f50

ISO

^aaf^ \\-\ ^{->^^ y^no^

0 ^ t-L 18 • z^ 30 55-

'^.lio.f -Vo

\z%u^ ^-cc

~T & A -a

j^'^S'-'L

6.675

0.0r75

Ton^ o^ M>.^
tyc^- tAv\(.' I^J'

^•n^& tt'' *>

fc<8-1^ '

51 S' ^-3
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State

Alabama

Arizona

Georgis

Montana

Maine

Cllifomu

Nevada

Mauachusott*

wen

Ohio

North Carolina

South Carolina

Pennsylvania

Tennwsee

Wyoming

Wisconsin

Vermont

N
X-

Wishington
I—I

W v,^,n,.

-I
l—t Texat

<

Dmcriba the organization for pnvament talection

No description furnished

Materisti Diviuon

A commifrtee reviewt at! lelectioru of
1000 VPD (futurs traffic) and any othw it it
requested to review.

Hs» a pavement Sel<icUon Commtttee riist

selects a Type.

U»e primariiy bit. surface. With only roads
carrying heavy truck traffic being mada of
concrete.

Not staled.

No formal policy on pavement seieciion but
uwi economics to deifirmine Type. Mainten-
znco and resurfacing do not appear to play
a pan in the selection process.

No format selection process but consultt with
dmgn tection and mstynali section. Uies almost
entirely bit. (or the following

1. tow initial cotl
2. adaptabihty to Hage conilruction
3. ovdiiabititvof maierialt
4. good porformance with little mainwnance
5. they experienced difficulty with concrete

prior to 1950

No formal committee. Cost and selection it
made by design personnel and then submitted
for spprovat.

Commiuee on pavement designs makes
recommfcndationi to planning board.

A pavement design comminee evaluates the 15
factors listed in AASHO 'An Informaiionat Guide
on Project Procedures". However flexible pave-
ment is generally used with only interstate or
heavy truck traffic pavements being made of

concrete.

The recommended rype is i&susd to the Bureau

of Design tor review and approval.

A committee selecti the type very similar to
the procedure used in Minnesota.

The Materoit Division seiects the pavement
baied on an economic analysis of both Typei

No format policy. The design it done in the
districu with final approval being made by
the Central Oifice.

No forma! pavement seiection procesi.
Except for some test sections. 100%
bituminous construction is used.

Hai a pavement committee similar to Minnesota.

Don not hsve a committee. Design is sent to
various sts^f members for their approval.

Deiign it done in the diiuict unng the 15 facion
lined in AASMO "An Informationul Gujda on

Project Procedurei".

How many years is u»ed for
total sarvica tife (Rigid,
Flexible)

Same number of years ss the
design life which is not listed.

30 yean

Appears to be the design
life (20 y«>n)

39 years

Not stated

20 years or more

Not stated

Not stated

Z1 yean

Apparently deiign life
(20 years)

Cost based on 20 year life

40 years

Not »tated

20year»

50 years

Not stated

25 years

Not stated

Not stated

SUMMARY

Which of the fo«owin9 corts are
considered: Construction, Re-
surfacing, maintenance or al!
of the above.

Construction, tresurfscing and
maintenance not listed but may
bauMd)

All. If the cost difference is
within 15% the Stale may use
either. It Breanr Ihan 15%. the
Jeast expensive is used.

All. (The AASHO "An Informa-
tionat Guide on Project Proce-
dures" is used.)

All

Not stated

All

Not rtated

Not stated

At! costs

Initis! cost

Alt

All

All

It eppean that only construction
costs are compared.

All

Not stated

All

All

Not known

OF PAVEMENT SELECTION PROCEDURES, 47 STATES

Whet is the interest
rate on the
investment.

Not stated

Interest rate is used
but no figure was
given.

Not staled

None used

Not stated

5%

Not stated

Not statea

5%

None

None stated.

5%

Not stated

None

None

Not stated

None

None

Not known

1$ any salvage vsfua used
at the end of the total

lervice life (rigid, ftexibte

Not stated

Not listed

Not stated

No

Not stated

Only the unused portion
of the resurfacing.

Not stated

Not stated

Not stated but doesn't

appear to be used.

Mong listed

Uo

Mot stated

iot stated

dot stated

:ach type it given credit
;or the number of years
>f the resurfacing not

ised.

lot stated

Mone

Jot stated

<IOT stated

What amount it usad in the cort for resurfacing and
when ii it done during the lervica life (rigid, ftexibfa)

Not stated

Maintenance costs are used but no figures were given.

Not stated

Assumed to bo equal but it is considered

Not stated

Not stated

Not stated

Not stated

2 lanes (rigid $217 par miln. flexible $264 per mile.)

Not stated

Not stated

S230/iane mile/year for rigid. 260/lane mile/year
for flexible, and 210/lsne mile/year for modified
flexible.

Not stated

Not stated

Rigid. S230/year/mi!e until the first resurfacing
(26.5 years) and thereafter $450/yfi8f/mila,
Flexibla. $450/year/mile for its life.

Not stated

Rigid $70/year/lane. Flexible StOO/year/lane

Not stated

Not stated

What amount i* uud in th* con study for
maintenanc* during the —rvica lift (rigid, flexible)

Not stated

No amount was given but it is done to bring flexible to a 30
year life. also no time wai given when the resurfacing it dom

Not stated

Flexible (overlay at 13 and 26 years, seat coat at 7. 20,33
years) Rigid (seat coat shoulders 7, 13 and 20 seat coat full
width 33 years) overlay 26 yean. No cost given.

Not stated

Not stated

Not stated

Not stated

Flexible annual resurfacing costs - 3" <? 7 years S29,300,

1.1/2" & 14 years S14.650
Rigid annual resurfacing • 3" @ 14 years - 29,300 efter 14
years it is assumed both types will have to be resurfaced
flvery 7 years.

Not stated

Not stated

Not given, rigid n resurfaced with 3" after 20 years
flexible 2-1/2" 8t 8 years and modified fiexible 2-1/2" at
10 years.

NOT stated

Not stated

23.232/lane mill of 1.1/2" overlay for all typet of
pavement. Rigid is resurfaced st 26.5 year and thereafter
every 10 yean. Flexible is resurfaced every 10 yean.

Not stated

Not stated

Not stated

Not stated

t« contidanrtion
givsn to roed
user costs
and benefits.

Not rtstad

Not stated

Not stated

No

Not stated

No

N&t stated

Not rtated

Not given

Notstatod

Ya, if the initial
costs are dose
Concrete is used
because it offers
less inconvjence
to the user.

Not stated

Not stated

Not stated

No

Not stated

No

No

Not stated



Snn

Utah

Soutfi Oakou

, Oregon

North Dakota

Now York State

N—Mexico-

NewJemy

Nebradu

Oklahoma

Alwka

Arkanau

Colorado

Connecticut

Delaware

Florida

Hawaii

Idaho

Indiana

Iowa

Kanws

Ken lucky

D—CTib* th* cwganixni&n for p»wwn«nt taltction

Ha» a eofnminee limiiar to Minnesota.

Committee limiiar to Minnnota ii used.
In addition they have a pre-»!ection
committeo that anatyzw the requwt to
determine whether a formal selection
proceis ii needed.

No formal selection commtrtw

Use* a pavamoni sefection committee.

Not ttaied whether a election committw
ituaxl,

No (ormol payment icfection comminw.
They uw the 15 facton lined in AASHO
"An Informational Guide on Project Pro-
cedurw.

No formal policy. AASHO "An into.-mBtional
Guide on PrOjSCT Proceduret" it used with
cconomict g&tling pfimfi connderution.
Flexible » resurfaced st 15 vesrs and
ng.dal30.

No formal pavament ictection commitiw.

The surface type is dcTormined by a pavemsnt
tetection commtttcfl.

Don not have a pavement teSection policy Or
committee. Uiei almost entirely bitumjnout.

Doe* not have a formal policy but doei make
an economic analym of the types.

No forma! pavement selection policy

No formal pavement iciection policy

No formal pfncment Milection poticy

IS pretfinily developing a pavement selection
policy. An economic anatyiii ndopied by
thor local FHWA office n used.

AASHO "^n tnformational Guide on
Proiect Procedurei" li used,

Ha* 8 pavement determination committee

AASHO "An Informational Guide on
Project Procedum" ii used.

No formal pavement seteciion comminee

Ha»a pavement selection committee and
contKiwi the *uma 15 factort That MinnuotB
does.

Has no format pavement teieclion procesi
but uses the lamo 15 facton that Minnetota
doei.

How many Vaan it u—d for
total wrvice lif< (Riflid,
Ftaxibfe)

40 yean

50, however they are
thinking about uting
35 or <0

25 yean

40 year*

Not given

Not itated

Not ttntad

40 yonn

Don't have a fixed number of
yesra. 20 yean it a minimum.

Notrtned

35 yean

35 years

Not siatad

Not itatod

Not itaied

Not siatad

40 years

Notrtawd

30 years

Not known

Not ttflted

SUMMAR'

Which of tha following corn are
corniderad: Construction, He-
turtacing. mainunence or nil
of th« above.

All

All

All

AH

AH

Not stated

Not rtstad

Construction and resurfacing.
Mainienancs is not uied.

Construction and resurfacing costi
are used. Maintenance costs an
used oniy when there is a difference
in the two types.

Not itated

Alt

All

Not itaxed

Not itated

Nat iiaind

Not staled

Only construction and resurfacing.
Unless dutermined otherwise, the
maintenancs costs are considered
«|U.I.

Not rtsted

Alt

Not stated

Not staled

OF PAVEMENT

Vhat it the intarwt
ate on the
rtvetcnant

None

None

5K

Nona

None

Not ttated

Not noted

6%

5%

Not stated

None

None

Not stated

Nottttwd

Not ttated

Not stated

None

Not stated

5%

Not itated

Not nated

•ELECTION PROCEDURES, 47 STATES

1 any salvage vnfue uiod
it the end of the total
urvice life (rigid, flexible)

No

No

None

No

No. both considered
equal

Not stated

Not stated

Some salvage value
is used for rigid. None
for flexible.

No

Not stated

Not stated

No

Not stated

Not stated

Not nated

Not stated

Not stated

Not stated

No

Not staled

Not stated

What amount it uwd in the con rtudy for
meintenanca durins the servica life (rigid, ftsxiblc)

Rigid $125/lana mite/year, Fiexibie $300/!ane
mile/year

Varies depending on the soil base and whether
reinforced concrete is used or non-reinforced.
Rigid varies from S635/2 lane mije/year to
S195/2 lane miie/year. Flexible varies from
S530/2 lane mile/year to $410/2 lane milo/year.

Not stated

CRCP S54/raadway/mile. PCC S54 roadway/
mils full depth asphalt S269/roadway/mi(e

None, both are considered equal

Not statfld

Not stated

None

None if they »ra the tame,

Not stared

Not listed

Rigid = S575/year/24' roadway. Flexible "
SBOO/yur/24' roadway.

Not stated

Not stated

Not siated

Not stated

No

Not stated

Rigid $512/2 lane mite. Flexible S729/2 fans mite

Not stated

Not stated

What smount i> uwd in the coit for resurfacing and
whtn ii it dona during the tervice tifa (rigid, fiaxibla)

Rigid is sealed once and resurfaced once with 5" bituminous.
Flexible is sealed 7 times and resurfaced 3 times with 2-1/2"
bituminous.

Overlay tiexible @ 8 years and 18 years with T' and
29 years with 1-1/2". Whereas rigid is not overlaid.

No value is given but one overfay it required for ftexibie
at 12 years.

CRCP and PCC S20.000 @ 30 years. Full depth asphalt
$20,000 & 18 and 36 yuan. Credil ii givn to all types
for the unused life of the resurfacing based on a 18 year
rcsuriacing lile-

Rigid is resurfaced with a 2-1/2" bituminous layer st 15
years and flexibia is resurfaced at 7 years with 1-1/2" and
at 15 years with 2-1/2".

Not stated

Not stated

Not stated

2-1/2" for llBxibH •114 ynn.

NOT stated

Not stated

Concrete ia resurfaced with 3" at 25 years antj
flexible is resurfaced with 2" at 20 and 30 years.

Not stated

N&t seated

Not stated

Not stated

Rigid is resurfaced at 25 yean and tiexibfe at
18«nd32y«Tl.

Not stated

Not stated

Not stated

Not stated

ft consideration
giwn to road
mar coiti and
btnatiu.

Na

No

No

No

No

Not stated

Not stated

No

Traffic delayi
sns estimated
and included
in the reiur-
facing costs.

Not nated

Not stated

No

Not stated

Not stated

Not stated

Not stated

No •

Not stated

No

Not stated

Not stated



SUMMARY OF PAVEMENT SEliCTION PROCEDURES, 47 STATES

Sun

Louisiana

Maryland

Michigan

Minouri

Wnt Vininr

Minnesota

Ontario, Canada

)«crtb» th» orBfiJution for pavmTWnt »el»ction

AASHO "An Informational Gulda on

Proje^Prcw^urK'^^

Haa a pavement sefaction committae.

Has a pavement letection comminoe that
cornpam ccnti of variout design typw.

Did not mpond. ConsicitrBd the inform*-

No formal committee.

Pavement icleciion committee recommend*
a Type.

Not ttatad who recommend* pavement type.

How many yw* i* u*ed for
total micB lif» (Rigtd.
Flixibl.)

Not lUTBd

30 yean

Not *tatod

Not rtated

40 years

35 ysan

30 year*

Whwh of tha fotlowing eottt •f
comkierad: Conitructiort. R«-
wrf Being, m»inwnftnc» or alt
of the abow.

Not atauB

Ati

Not tfiad

Not itated

All

Ail

All

What it Tha intarwt
rate on the
tnvwunont.

Not rtatad

5%

Not stated

Not rtated

4.5%

2.5%

7%

It any ulvage vslua u*ad
it tha ond of the total
wrvicc lifa (rigid, flexible)

Not stated

Att

Not stflteu

Not stated

No

Yes 40% of conttruction
costs for both.

Onty the unuied portion
of a resurfacing.

What amount h u»d in th» cott ttudy for
m.iirnancn during the urviu life (rigid, flnlMa)

Not nated

Variw

Not stated

Not stated

Both assumed equal.

Rigid: 2 lane $53. < lm« $268
Flexible: 2 lane $160.4 Isne $211

What amount it u*ed in Th» cort for rwurfacing and
when i* it done during tha wvica |jf» (rigid, flaxiblal

Not stated

Flexible at 10 and rigid at 20 years

Not stated

Not stated

Rigid S26.390 9 20 years for 3" and S13.195 at 30 ye«n
for 1.5". Flexible $13.195 for 1.5" every 10yean.

Varies with individual projects

Rigid ii resurfaced at 14 yaan using 3"
Flexible full dpeth is reiuriaced at 10 and 21 years using
3 .

1> corwidaration
ytwn to rowt
U»»r coiu ami
benefiu.

Not stand

N01 lUted

Not stated

Notttared

No

No

Yes. both traffic
delay corts and

cosu due to
deterioration of
the roadway.
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AOMIN t COO

DEPARTMENT-

STATE OF MINNESOTA

Highway, Materials Office, Rm 135 OfflCQ Mem.OrCindu.m

TO : P. V/. Thorstenson, Division Direc-bor

Materials, Research and Standards, Rm 408

P. 0. Hughes, Bituminous Engineer
FROM : Office of Materials Engineering

DATE: juiy ^ 1976

In reply refer to:
550

PHONE: 5196

Resurfacing of Bi luminous
SUBJECT: Pavements and Bi-tuminous Shoulders

The original structure of a bituminous pavement should, on "the average

last 20 years before an overlay is required. This is based on the
results of Investigation 185. To achieve a total design life of 55
years (to enable a cost comparison with concrete pavement) it is
estimated that one overlay would have -to be placed. This estimate of

one overlay is based on data collected by the Bituminous Engineering
Section from soils reports, construction log books, and the condition

rating system. A summary of the collected data is shown in graphical
form on the attached graph. The data (l49 sets) indicate that on the
average a bituminous overlay of a biluminous pavement will reach a

condi-bion rating of 2.5 at about; 19 years. Normally a 2.5 condition

rating is the point at which another overlay would be required. As
the average overlay life is shown to be 19 years it is reasonable,

from a historical performance standpoint and for ease of computations,

to set the service life of an overlay at 15 years to achieve the
overall 55 year design life.

The next area to be considered is the thickness and type of overlay
which will be placed after 20 years. Based on information collected

from soils reports on overlay projects designed and completed during
the last four years it can be generally stated that a one inch
leveling course and a wearing course v/ill be placed. The wearing

course thickness would depend on the type of mix used but would

either be 5/4 inch or 1 1/2 inches. This total thickness should be
sufficient to restore the pavement -to its original rideabili-fcy and

surface condition. Shown in Table I, attached, is the type and

thickness of bitumlnous overlay to be placed after 20 years based on
the original wearing course surface.

Also shown in Table I is the shoulder construction required a-fc the

time of overlay. As shown this depends on the original shoulder type.

For bituminous shoulders next to rigid pavement the question of
whether or not resurfacing or reconstruction will be required depends.
on the R-value of the inplace soils and -the £N-18. Using our present

typical section for bituminous shoulders and going through the
flexible pavement design procedure (assuming some percentage of the
design lane ^N-18 will be on the bituminous shoulder) it can be seen
that in many cases the firs-b foot at least of the bituminous shoulder

is grossly underdesigned. The deterioration of the first foot will
play a large part in -the determination of whether or no-fc a resurfacing
or reconstruction is required. A variable service life for bituminous

-40- EXHIBIT VII



P. W. Thorstenson Page 2 July 15, 1976

shoulders could be determined depending on the R-value and expected

traffic (probably varying anywhere from two years up to over 55
years) but for simplicity and in general the following type of
maintenance could be expected. At five to seven years after the
original cons-true-bi on a bituminous wedge will be placed next to the

rigid pavement. A-t 17.5 years the entire inplace bitumlnous

shoulder will be removed and a new bituminous shoulder will be placed

(Specification 2551).

If the department sees fit sometime in the future to increase the •

width of the rigid pavement so that a portion of it would be used as
the shoulder a totally different type of main-fcenance could be
expected. In this case the first foot of the bituminous shoulder
(second, third, or fourth foot of the bituminous shoulder in our
present design depending on the width of the concrete pavement)
would not be underdesigned. If this were the case it could be
expected tha-b FA-2 sand seals placed a-b 12 and 24 years would enable
the bi-buminous shoulder to have a service life equal to the design

life of 55 years.

If you have any questions or commen-bs on the above please contact

me.

P. 0. Hughes
Bituminous Engineer

Attachments:
Table 1
Graph

ec:

W. N. Yoerg
6. S. Gochran
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Table I

Type and Thickness of Bituminous Overlay -to be Placed After 20 Years.

Original
Wearing
Course

Original
Shoulder

Type

Resurfacing
7< earing

rfa. Course
to

Resurfacing
Leveling
Course

Resurfacing
.Shoulder

Course

2561

Bituminous

3/4" - 2561

1" - 2551

1 5/4" taper to 1 1/2"

Bi luminous

1 1/2" - 2541

1" - 2551

2 1/2" taper to 1 1/2"

)541

G-ra-vel

1 1/2" - 2541

1" - 2551

2 1/2" taper to 1 1/2"

2531

G-rav-el

1 1/2" - 2551 •

1" - 2551

2 1/2" taper to 1 1/2"
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