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FOREWORD

This study was conducted to develop a methodology for pavement evaluation on a system basis.

The results can be used for setting more realistic load restrictions and designing and programming

improvements on a priority basis.

The project was included in the program of the Minnesota Local Road Research Board as a project

of interest to County and Municipal Engineers and was funded with County and Municipal

Stale-Aid Research Funds.

The author wishes to express his appreciation to the many individuals whose cooperation, assis-

tance and advice made the conducting of the project possible.



TABLE OF CONTENTS

INTRODUCTION .............................................................. .1

DATA COLLECTION........................................................... .4

As-buik History. ......................................................... .4

Traffic..................................................................6

Structural .............................................................. .7

Serviceability. ........................................................... .8

ANALYSIS...................................................................10

Traffic Analysis......................................................... .11

Structural Analysis ..................................................... ..12

Performance .......................................................... ..16

ANALYSIS RESULTS ........................................................ ..19

TIME ANALYSIS ............................................................ ..20

FINDINGS AND CONCLUSIONS ............................................. ....22

RECOMENDATIONS ......................................................... ..23

APPENDIX A - TRAFFIC REPORTS

APPENDIX B - EVALUA I ION FORM

APPENDIX C - INVESTIGATION 645 PROCEDURE

-11-



LIST OF TABLES

Table Page

1. Data collected for the "Pilot Project". ............................... .....4

2. Benkelman Beam deflection corrections to 80F. .......................... .13

3. Allowable spring Benkelman Beam deflections.. ........................... .14

4. Deflections to calculate critical spring deflections from

deflections taken during other non-frozen times of the year. ................ ..15

5. Tabulation of person hours by activity and agency. ........................ .36

LIST OF FIGURES

Figure Page

1. Forms for gathering the structural "as-built" history. ....................... .5

2. Graphical methods of estimating pavement life. ........................... .16

3. Remaining life estimates. ............................................ .18

-111-



SUMMARY

OBJECTIVE

The Minnesota Local Road Research Board established this study to develop a methodology for

pavement evaluation on a system basis. The pavement evaluation was to use the technology cur-

rently available in Minnesota. It was hoped that the results could be used for setting more realistic

load restrictions and designing and programming improvements on a priority basis. Three counties,

Clay, Washington and Wrighl, were selected to furnish about 125 miles (200 km) each for evalu-

ation. Six municipalities were included shortly after the study began and each furnished one street

of about one mile (1 .6 km) in length.

SCOPE

The pavement evaluation consisted of a traffic study and a structural study. The traffic portion was

designed to be quite extensive in order to gain more information about traffic characteristics on

county and municipal roads. The structural portion consisted of the collection of office and field

data concerning pavement cross-section and age plus field data on pavement deflections and ser-

vicability.

The traffic analysis resulted in a new set of seasonal distribution factors, vehicle class distribution

factors and truck factors for low-volume roads and daily Standard Axle Load (SAL) applications for

each pavement section in the study. The structural analysis consisted of the calculation of allowable

spring axle loads and remaining life estimates.

SUMMARY OF FINDINGS AND CONCLUSIONS

The following is a list of the more important findings in this report:

1. The spring axle load capacity is higher than the posted spring axle load limits on 46.9 percent

of the sections evaluated and could be considered for increased posted limits.

2. New seasonal distribution factors, vehicle class distribution factors, and equivalent Standard

Axle Load truck factors were established for low-volumc roads.

3. Future pavement evaluation of this type (structural and traffic analysis) would require about

ten person hours per mile (1.6 km) of pavement.

4. The inplace pavement thickness is generally greater than indicated on the plans or other

office information.

5. The remaining life estimates made with the data available were not very good. The major

item required for better life predictions is a serviceability history. Future serviceability measure-

ments on a periodic basis (one to three years) would provide this history.
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RECOMMENDATIONS

The following is recommended:

1. The counties and municipalities adopt the pavement evaluation system described under Inves-

tigation 645 (given in Appendix C) using the traffic factors recommended in Appendix A and the

cumulative distribution method for calculating allowable spring axle loads described in this report.

2. New labor saving devices be utilized for pavement deflection measurements.

3. Mechanical aids for conducting vehicle classification counts be developed or found.

4. The computer availabUity for the counties and municipalities be determined and, if practical,

a computerized data anaysis, recording and reporting system be developed.

-V-



INTRODUCTION

Developments in pavement technology, by Mn/DOT and others, have resulted in a number of pave-

ment evaluation procedures. These procedures can be used to assist the engineer in objectively

assessing such pavement characteristics as structural adequacy, serviceability or ride characteristics,

and even expected life. However, there has been limited use of pavement evaluation techniques by

the counties and municipalities. The reason for the limited usage of these evaluation techniques

has been the lack of personnel and equipment together with an unfamiliarity of the methods and

their benefits.

In an attempt to broaden the usage of these techniques, the Minnesota Local Road Research Board

(LRRB) project "Pilot Program for Evaluation of the Structural Adequacy of Flexible Pavements

for Counties and Municipalities" (called the "Pilot Project" for the remainder of this report) was

proposed at the Board's spring meeting in 1975. A work outline was prepared and approved at a

special meeting on August 19, 1975.

The content of the "Pilot Project" is best described by the first two sections of the work outline

as follows:

I. THE PROBLEM

Many Minnesota counties and municipalities face an urgent need to evaluate the load-carrying
capacity of their flexible-type pavements. This need stems from the fact that insufficient data
are available to set realistic spring load restrictions and to design bituminous overlays and other

road structure improvements for providing an adequate load-carrying capability consistent with
the traffic served. The benefits accruing from having such information available have direct

economic implications. First, load restrictions would be modified, in some cases, to benefit of
the traffic served. In other situations more accurate load restrictions would protect public invest-
ment in the road structure. Secondly, with better knowledge of the existing load-carrying capa-
bility, structural improvements could be more accurately programmed and designed, thus avoid-
ing the consequences of underdesign and the wastefulness of overdesign.

Originally, most of these roads were designed to structural standards rated in terms of axle load
limits for an expected range of traffic volumes. These standards were based on a background of
information accumulated over the years combining research findings, experience and a variety of
emperical design procedures. While these standards served well for design guidance, there was
wide latitude in the structural capability of any one category depending on relative exposure to
traffic axle loadings as well as differences in soil and environmental conditions. These old stan-

dards have now been superseded by design techniques based on more recent research involving
the concepts developed at the AASHO Test Road as modified for Minnesota conditions. The

procedure in terms of performance is supported by a series of field strength tests relating load-
applied surface deflcction measurements to road structure and a greatly improved characteri-

zation of truck traffic in relation to fatigue of the road structure.

-1-
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2) SPARS-251A

Summary of Traffic Data Gathered in Municipalities for the Pilot Program for Evaluating

Flexible Pavements on Local Roads (Inv.650)

The Physical Research Section then used these data to calculate the allowable spring loads and to

estimate the remaining life of the pavement before it becomes a candidate for rehabilitation. These

data could be used to choose the best rehabilitation procedure for the pavement, which could

range from a thin overlay to complete removal and replacement. There are no formal or standar-

dized procedures available in Mn/DOT at this time to design a rehabilitation based on inplace pave-

ment characteristics.
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DATA COLLECTION

The purpose for data collection on this project was Ihrccfold. The first purpose was to evaluate the

pavement. The other two were to determine the effort and cost involved to collect the data and to

determine how extensive the data collection effort must be for meaningful results.

There were tour major categories of data that were collected as shown in Table 1 .

Table 1. Data collected for the "Pilot Project."

Category Collecting Agency

1. As built history Local

2. Traffic Mn/DOT and Local

3. Structural Mn/DOT and Local

4. Scrviceability Mn/DOT

The collection of the data was ci joint effort shared by Mn/DOT and the county or municipality

(local) as shown in Table 1. Ea.ch of these categories will be treated in a separate section.

AS-BUILT HISTORY

The information concerning- the pavement structure (thickness and composition), subgrade type and

condition, date and placement and other relevant information such as traffic and spring load limits

make up the "as-built" history for the "Pilot Project". The collection of these data was accom-

plished by sending a form to the participating agencies which was filled out by them and returned.

The form was devised specifically for the "Pilot Project" and is shown in Figure 1.

For future projects of this nature, tabulation of office information should be the first step. How-

ever, the form shown in Figure 1 should be discarded and replaced with one similar to that shown in

Appendix B. Such a tabulation allows quick easy access to the general pavement information by

route and location. Also, the tabulation can be used to plan the field data collection based on need.

The field data collection should be done with respect to the project termini and other factors such

as changes in traffic or structure. With knowledge of the above information, a general testing plan

can be established in advance.

The age of a pavement, along with the engineer's general knowledge of its condition and traffic,

should he considered in placing priorities on what field data is collected first. Eventually, as the

missing and critical areas are filled in, a schedule of data collection could be established which

would provide u basis for (lclermining the on-going performance of the pavements.

-4-



Pilot Program for Evaluation of the Structural Adequacy

of Flexible Pavements for Counties and Municipalities

Investigation 650

Planned Structure and History of County Roads

County Highway Designation.

Termini

County

Date Constructed

Soil Classification*

Subbase

Base

Surface

in.

in.

in.

Material Class

Material Class

Spec. No.

Overlay:

Date Thickness

Present Spring Restriction

Comments:

in. Spec. No.

*For soil classification, any information you may have may be helpful i.e. AASHO, Unified or just Plastic,

Semi-Plastic, or Non-Plastic

Figure 1. Forms for gathering the structural "as-built" history.
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TRAFFIC

For the purpose of pavement evaluation, it is necessary to know how many trucks use the pave-

mcnt and how much they weigh. Recent findings by Mn/DOT have also shown that the seasonal

distribution of the Iruck Irafl'ic has a definite bearing on pavement life. An expression that quanti-

fit's the traffic that occurs or will occur on a pavement is just as important as the information on

the pavement structure and subgrade on which it rests. Without knowledge about the level of

traffic, adequacy of the pavement structure strength cannot be determined.

Because the tral'fic on a pavement represents such a wide variety of vehicle types which can run

anywhere from empty to overloaded, some method is needed to reduce the traffic to a single

number. Such a method was developed through the AASHO Road Test at Ottawa, Illinois and has

been since verified by a number of agencies. The traffic ideally is reduced to an accumulation of

equivalent Standard Axle Loads (previously called NlS's) by applying an equivalency factor to

each axle that passes over (.he pavement and then summing the results. (A Standard Axle Load or

SAL is a dual-tire, singlc-axle weighing 18,000 pounds or 80 kn.) Since it is practically impossible

to measure the weight of every axle that uses a pavement (unless a Weigh-in-Molion installation is

used) a method l-o estimate the SAL accumulation has been developed.

To obtain an SAL estimate, samples of the traffic volume (AADT), vehicle distribution, and vehicle

weights are needed. Detailed procedures to do this are presented in Sections .523 and .524 of the

Mn/DOT Road Design Manual and are also described in a series of presentations to the counties

and municipalities by Dr. t.. L. Skok under Investigation 645 and summarized in Appendix C.

(InvcsUgdlion No. 645 is a LRRB research implementation project established in 1974.) The traffic

portion of the "Pilot Project" involved the field collection of AADT, vehicle class distributions,

and vehicle weights for all four seasons of the year (except that winter vehicle weighings were not

done). The traffic data was analyzed by the Traffic Forcast Section of the Planning Division and is

described in two System Planning Analysis Reports, S-251 and S-251A, included in Appendix A.

The daily SAL application for each of the county roads in the "Pilot Project" was also furnished

by the Traffic Forcast Section and is listed in the Data Summary Appendix (Appendix B) and for

the Municipal streets in Report S-251A.

The traffic data for the "Pilot Project" was gathered (.hrough the combined efforts of the county,

the traffic engineers in the Detroit Lakes, Golden Valley, and Oakdale districts, and the P'ield Data

Unit in the Planning Division. The counties did the vehicle classification counts; the districts did the

vehicle counts; the Field Data Unit did the loadmetcr (vehicle weighing) work.

The tral'tic dala gathering for the "Pilol Project" required ci substantial effort in person hours

(sec section on costs, pugc 20) because it was designed to provide information beyond that required

for ;i normal traffic study. The normul method of establishing an SAL value, as described in .523

;incl .524 ol' the Road Design Manual, only involves a 48-hour traffic count and a 16-hour vehicle

class count, then relying on established factors for seasonal corrcclions and truck factors. Much

uncertainty existed about Lhc seasonal distribution of the hcavy-commcrcial traffic on low-volume

roads and Ihc weights of the he.ivy-commercial vehicles.

-6-



It was decided by the Traffic Forcast Section that it would be necessary to establish the foregoing

factors based on an actual low-volume road traffic study. This study would then be of benefit to the

other counties with traffic patterns similar to one of the three counties involved. The traffic report

(SPAR S-251) recommends that "no more counties be surveyed as a part of this project." The

traffic analysis procedure described in section .523 or .524 of the Road Design Manual or in Dr.

Skok's presentation describe alternates to some of the steps, such as using a traffic flow map instead

of doing a 48-hour traffic count. Other data gathering methods, such as the fall season vehicle

weighing in Clay County and described in Appendix A, may eliminate the need of vehicle weigh-

ing if one type of vehicle is dominant such as the sugar beet trucks. The Clay County example

used the dominance of sugar beet hauling to demonstrate how vehicle weights can be determined

without weighing. This was done with the excellent cooperation of the Crystal Sugar Company in

Moorhead. Crystal Sugar weighs each truck that delivers sugar beets, records its origin and stores the

information in computer files, thus allowing access without a large investment in man hours. With

some imagination the same approach can be made on any road that serves a specialized purpose.

For instance, the U.S. Forest Service can keep track of the loads applied to some of its pavements

by the board feet of timber harvested from an area served by the road. County roads that serve

specific purposes, such as agricultural, quarry, land fill, etc. and municipal streets that have an

MTC route or serve a specific industry, lend themselves to evaluation without intensive vehicle

weighing or counting. If the local user agrees to source or destination weighing or can furnish

weights, an estimate of the SAL accumulation can be made. There have been problems with this

approach in the past because of fears that the information will be used for enforcement of vehicle

weight laws. To efficiently maintain a road system, knowledge of goods movement is essential,

and efforts should be made to open information channels that do not have the threat of enforce-

ment.

Knowledge of the use of a local road is emphasized because of the non-regularity of that use. An

example is the fall weighing in Clay County. If that season's use alone were used as being repre-

sentative of the SAL accumulation on those roads, the estimate would be excessive. Conversely,

the summer weighings would have resulted in an underestimate in the SAL accumulation predic-

tion. As the heavy commercial traffic increases in volume, the day to day or season to season vari-

ation in volume tends to decrease.

STRUCTURAL

This portion of the "Pilot Project" was conducted to determine the strength and composition of

the pavements. The field work consisted of two parts, auger borings and Bcnkelman Beam deflec-

tion measurements taken at about 500-foot (152.4 m) intervals for all the roads in the project.

The auger borings were done by Mn/DOT District Soils Engineers personnel in the Detroit Lakes,

Golden Valley, and Oakdale districts. Traffic control was provided by the counties. When resulting

holes in the roadway were patched by the flag men, the auger crew could proceed at a faster rate.
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The lunclion of the augcr liorings was to clclerminc the thicknesses and composition of the road

structure layers and to classify the underlying soil. Borings were taken to a depth of four feet

(1.2 m) (one auger flight). The layer ifk'nLilicaUon was limited to the total biluminous layer,

aggregate base layer, and their respective thicknesses. The underlying embankment soils were classi-

1'icd by texture. (These (Jata ;irc listed in Appendix B.) The textural classification system is des-

cribccl in the Grading and Base Manual 5-692.611. P^slimates were made of the subgrade R-value

based on the lcxtural classifications. The layer thickness and composition were used to estimate

a pavement Granular Equivalent (GE) thickness based on a unit GE of 2.0 for biutminous and

1.0 for aggregate base.

The Bcnkdrruin Beam dcilcctions were run by the counties with the help of one man from the dis-

1.1-icl office to provide assistance or training in Benkelman Beam deflection measurement operation.

Ucl'lections were taken in the vicinity of the auger borings. Washington County used a commer-

daily built beam with a 4 to 1 beam ratio while Clay and Wright counties used Mn/DOT-type

beams, the latter having bulk their own device. The dcflection measurement procedure used is

described in Investigation No. 603, 1968 Summary Report "Flexible Pavement Evaluation with

the Benkelman Beam". The procedure used to calculate the allowable tonnage in the spring is not

the same as that described in the report; the method of tonnage calculation is described in detail

in the analysis section of this report.

SERVICEABILITY

The term serviceabilily is used to describe how well the pavement can serve the user. Normally

it is associated with a rating ol' some sort which varies from one agency to another but yet similar

in must respects. In Minnesota the serviceability is assigned a value from 0 to 5 as follows:

5 Very Good

4 Good

3 Fair

2 Poor

1 Very Poor.

A normal assigned rating to a newly constructed pavement is in the range of 4.0 to 4.5 whereas

a value of 2.5 considers the road to be in need of some sort of repair. This leaves an operating range

of only 2.0 units for normal pavement serviccabilil.y; however, since it is expressed in tenths, it

results in about 20 difl'crcnt assignable levels of servlccability for a normal pavement.

The scrviccabilily and surface condition was rated by the respective District Materials Engineer's

office for Clay and Washington Counties. This information for Wright County was not accom-

plished because of scheduling diri'icullics and availability of personnel. The lack of this information

for Wright Counly does not dclrimentally affect the overall objectives of the project.
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The performance of a pavement is determined by the change in scrviceability over a period of time.

The rate of decline in serviceability is affected by the SAL accumulation on the pavement. As

a portion of the "Pilot Project", the serviceability level was to be measured on dll of the involved

roads. The procedure is described in the research report for Mn/DOT Inv. 189, "Development of

a Rating System to Determine the Need for Resurfacing Pavements". The serviceability measure-

ment involved a roughncss measurement with the PCA Roadmeter on each pavement segment and

a surface condition rating of a random quarter-mile segment for each mile of road. The Present

Serviceability Rating (PSR) is obtained by measuring the pavement roughness with a PCA Road-

meter. The Structural Rating (SR) procedure involves applying weighted factors to the measured

distresses and combining them mathematically. For adaptation to the "Pilot Project" concept for

the counties and municipalities, the procedure developed by Dr. E. L. Skok, and presented in Inv.

645 appears more applicable for the pavement condition survey portion. That procedure keeps

track of the individual types of distresses that are independently more revealing of a pavement

condition than an SR composed of weighted distress values. It also reduces the calculation time

required.

The roughness measurement, as done with the PCA Roadmeter, involves measuring the accumu-

lated differential movement between a car body and its rear axle over the entire length of the road.

The total accumulated movement is averaged over the length of the measured segment and a re-

suiting roughness of inches per mile is converted to a Present Serviceability Rating (PSR). [The

relation between roughness in inches per mile and PSR is determined annually by a calibrating panel

for the Roadmeter assigned to the Research Section. The remaining Roadmeters are then calibrated

against the Research Roadmeter.]
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ANALYSIS

Alter the collection ol' the ulTicc Lind field data, various analyses were done, with the final result

being the tabulation shown in Appendix B. This tabulation is a summary ol' all the structural,

;>gc ;ind l.rafl'ic data, the calculated ;illowal)le spring tonnage, and an estimate of remaining life.

The weakest portion ol' the analysis is the estiinatccl remaining life because the scrviccability was

mcasurect at only one point in time. As more points arc obtained, a declining serviceability trend

can be established which in turn can be used to predict when the scrviceability will decline to a

terminal level. (A terminal scrviceabilily level is the scrviceability at which some improvemcnl- is

needed. A commonly used value is a PSR of 2.5.)

The analysis of ihe li-at'1'ic for the "Pilol Project" required an estimate of' the SAL application lor

each section. Other inl'ormalion obtained from the (.rafl'ic portion ol' the "Pilot Project" that is

ol' general benefit to t.hc other counties and municipalities are the seasonal distribution factors,

vehicle cquivalcncy 1'itctors, and a description of some alternate methods that can be used For ob-

laining ImlTic estimates.

The analysis of the slructural portion of the "Pilot Project" resulted in allowable spring axle loads

for each pavcmenL section and an estimate of pavement life when used in conjunction with the SAL

estimates from the traffic analysis. The strength of the pavements was calculated by the methods

(lcscribccl in Inv. 603, "Flexible Pavement P^valuation with the Benkclman Beam". The calculation

procedure was modified somewhat to allow a rating by using the cumulative distribution of in-

dividual tests instead of being based on the mcan-plus-two-standard-dcviation deflection as des-

u'ihecl in Inv. 603.

Serviceability describes a pavement's characteristics at some point in time. Pavement history, as

described by age or (.rafl'ic and scrviceability, makes up the information required to describe the

performance of the pavement.. The performance of a pavement is defined as the rate of change of

scrviccability. This rate of change is influenced by the combined effect of two items, traffic and

structure. The rate of change of scrviceability with ihc pavemcnl age enables an estimate to be made

ol the remaning life ol' the pavement. A record of the scrviceability history will allow an improved

estimate ol remaining life to be made by projecting the past serviceability trend to a chosen

terminal PSR such as 2.5.
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TRAFFIC ANALYSIS

The analysis of all the traffic field data that was collected required a substantial effort as shown

in Table 5 in the next section. Because the traffic portion of the "Pilot Project" was designed to

give information on seasonal distributions and SAL factors by vehicle class, it involved a lot more

work than a conventional traffic study. The tabulation and coding for computer entry of four

seasons of information required the equivalent of about four person years of work. The results

of the analysis of the traffic data are described in the SPAR reports in Appendix A. [The details

of how such a specialized analysis was conducted is not of interest to this report because of its

uniqueness. It is not something that will be done in the routine evaluation of any pavement or

system in the future. However, the Traffic Forcast Section could continue to monitor the value of

the factors if, in the future, a copy of all the traffic data collected by the counties and munici-

polities were forwarded to Mn/DOT through the District Traffic Engineers (author's speculation

at this time.).]

The Pilot Project" effort, coupled with other low volume road data that has been collected by

Mn/DOT, has resulted in a set of factors which can be used with a fairly high degree of confidence

to produce SAL estimates for county roads.

Almost secondary to the traffic portion, but prime to the subject of pavement evaluation and the

overall theme of the "Pilot Project", is the calculation of the daily SAL applications for each pave-

ment section. The SAL information allows pavement life estimates to be made. Without SAL

estimates pavement life estimates can only be made after establishing a serviceability trend with

time.

For those counties and muncipalities interested in pursuing the "Pilot Project" techniques, the pro-

cedure for gathering SAL information can be obtained from sections of the Road Design Manual

(.523 or .524) or from the handouts given to the county and municipal engineers by Dr. Skok

as a part of Investigation 645. The effort required to gather and analyze the data for SAL estimates

has not been documented by this project but can be estimated fairly accurately. The analsyis effort

can be aided through use of small programmable calculators or computers, reducing the hours

required for normal manual calculations.
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STRUCTURAL ANALYSIS

The field data from the Benkclman Beam dct'lection measurements and from the auger borings are

used to determine the strength of' the pavement in terms of allowable spring axle loads; they also

can be used to aid in the perlormance estimates for the pavement when used in conjunction with

the traffic (SAL) and age information.

A comparison of the planned and measured thicknesses of ihe road strucLurc layers was made for

each county by determining the civerage and standard deviation of the planned and measured layer

thicknesses of all of the sections in the "Pilot Project". The section-by-section planned and

measured thicknesses were also correlated with each other. The higher the correlation cocfficicnt

(r;-) the better the agreement between the office data and the field data. The comparisons showed

that the inplace pavement is generally ihicker than the office files show it to be. The agreement

between the planned thickness versus the measured thickness varied from county to county. The

importance of this is that the pavements could be slightly stronger than they are thought to be.

It also shows that the confidence placed on the planned thickness varies from county to county.

For future "Pilot Project" work, the amount of auger borings needed could be sharply reduced

if there were confidence in the planned values. The results of the comparisons arc shown as

(planned thickness/measured thickness) in inches (1 inch = 2.54 cm) as follows:

Surface

Base

The information available on newer jobs may be more reliable; however, that suposition was not

checked. In Clay County, where it was found ihat the thickness was quite uniform, the anger boring

spacings were increased to 1000 loot (304.7 m) intervals.

The evaluation of the det'lection and thickness data followed a portion of the method described in

Investigation 603 "Flexible Pavement Evaluation with the Bcnkelman Beam," Summary Report

1968. The procedure used is as shown in Table 5 of that report, except that the tonnage is cal-

dilated by each point rather than by the mile based on the average-plus-two-standard-deviations

deflection. The allowable tonnage on a point by point basis is then evaluated by the cumulative

distribution technique. The engineer can then select ;m allowable spring loading to protect a chosen

percentage of the road being evaluated. This has been found to be a more acceptable method than

the mean-plus-lwo-standard-dcviations method because many of the pavements have deflcctions

that are not normally distributed in a stal.istical sense. For the purpose of the "Pilot Project",the

"measured tonnage" in the tabulation was chosen at a level such that 85 percent of the individual

Average

S Id. Dcv.

Corr. Coef.

Average

Sld. Dev.

Corr. Coef.

Clay

3.10/3.96

2.02/1.84
0.81

9.49/12.01
2.27/2.33

0.62

Wash.

3.64/4.76
1.99/1.45

0.34

8.25/10.02
4.19/3.48

0.11

Wright

2.37/3.77
0.80/1.73

0.06

8.70/8.99
2.55/3.84

0.13
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points are stronger than the "measured tonnage". The 85 percent value is not a recommendation

of this report but is used for illustration since it approximates the tonnage of the mean-plus-one

stancbrd-deviation dcflection if the deflections are distributed normally. (This is a commonly-used

value reported in many papers on pavement management.) The level of protection for a pavement

should be chosen to mat-ch the needs of the road authority, the condition of the road, and the needs

of the user. The 85 percent level can, for example, be chosen for collector routes. A 90, 95, 97.5

or even a 99 percent level could be chosen for other routes, depending on their relative impor-

tance. This option is mentioned not to set a standard, but to open up the choices available for a

pavement management system. The consequences of choice must be understood, e.g. a setting of

85% may require a greater overlay budget in the future while a 99% level may require a greater

user cost because of the additional trips required due to lower axle load limits.

The tonnage evaluation on a point by point basis was calculated as follows:

La = 9 [ ABB
L(BB + TCP) x SCF ]

where:

La = Allowable spring axle load
BB = Benkelman Beam deflection
TCF = Temperature correction factor

SCF = Seasonal correction factor

ABB = Allowable Benkelman Beam deflection.

This relationship can be solved manually in a tabular form as was done for the "Pilot Project"

or can be programmed into a computer for handling large amounts of data. The correction factors

for temperature and season and allowable Benkelman Beam deflection are taken from Inv. No.

603, "Flexible Pavement Evaluation with the Benkelman Beam", Summary Report 1968 and are

listed in Tables 2, 3 and 4.

Table 2. Benkelman beam deflection corrections to the standard temperature of 80F.*

Range of

Defl. in Inches

.000-.010

.010 - .020

.020 - .030

.030 - .040

.040 - .050

.050 - .060

to 35

.005

.007

.010

.010

.012

.015

36-45

.004

.006

.008

.008

.010

.012

Temperature in Degrees F

46-55

.003

.004

.006

.006

.007

.009

56-65

.002

.003

.004

.004

.005

.006

66-75

.001

.001

.002

.002

.002

.003

*A11 corrections to be added.
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Table 3. Allowable spring Benkdman beam det'lections.

two-way IICADT*
TRAFFIC two-way ADT**

one-way AUSAL***

Bituminous

Surface Thickness

less than 3 in.

3 to 6 in.

greater than 6 in.

<50
<5()()

< 10

0.075

0.065

0.055

50-100

500-1000
10-20

100-300
1000-3000

20-60

Allowable Deflcctions, inches

0.070

0.060

0.050

0.060

0.050

0.040

>300
> 3 000

> 60

0.045

0.040

0.035

*HCADT = heavy commercial average daily tral'l'ic volume (excludes passenger cars and 4-tired trucks).

**Use ADT only when HCADT or ADSAL is not known.

!1:**ADSAL = average daily Standard Axle Loads.

The Allowable Axle Loads (La's) urc then tabulated by individual test position and a spring axle

load restriction, if required, can be chosen from the tabulation by ihc cumulative distribution

mcl-hod to protect us many points as ck'sircd. This tabulation is also useful for future reference.

A slrengl.h profile can be made indicating whether t.hci-e arc localized weak areas that can be cor-

reeled to upgrade the overall route. When strengthening of the entire overall route is not necessary,

correcting localized weaknesses may represent a substantial cost savings compared to placement

of ;i complete ovcrhiy.

A general relationship from Investigation 630, "Dcllcction Study of Flexible Pavement Overlays",

states that each inch of bituminous mixUire decreases the deflcction by about 10 percent. This

can be used as a rough guide for overkiy thickness design to achieve the desired strength. This rc-

btionship is most effective on pavements that have deHections that are in the range normally

expected on a typical biluminous roadway. It will not provide satisfactory results if applied to

pavements having poor subgrade support conditions.
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Table 4. Deflection ratios to calculate critical spring dcHections from deflections taken during
other non-frozen times of the year.

Asphalt
Surface

Thickness (inches)

<2
>2 < 3-1/2
> 3-1/2 < 5-1/2
> 5-1/2 <8
>8

Conventional
Construction

>8
Full-Depth
Construction

Asphalt
Surface
Thickness (inches)

<2
>2 < 3-1/2
> 3.1/2 < 5-1/2
> 5-1/2 < 8
>8

Conventional
Construction

>8
Full-Depth
Construction

Asphalt
Surface

Thickness (inches)

All Thicknesses

Sept.

1.76
1.74
1.72
1.50
1.41

1.51

PLASTIC EMBANKMENTS

8/16
8/31

1.72
1.73
1.73
1.47
1.30

1.45

SEMI-PLASTIC EMBANP

Sept.

1.91
1.89
1.87

1.65
1.56

1.66

8/16
8/31

1.87
1.88
1.88

1.62
1.45

1.60

8/r
8/15

1.68
1.69
1.68
1.39
1.22

1.38

Date

7/16
7/31

1.63
1.64
1.60
1.31
1.16

1.17

EMBANKMENTS (

-8/r
8/15

1.83
1.84

1.83
1.54
1.37

1.53

NON-PLASTIC SOI

Sept.

1.20

-8/16-

8/31

1.20

~s/T
8/15

1.20

Date
7/16-

7/31

1.78
1.79

1.75
1.46

1.31

1.32

(S,S&G

Date .

7/16
7/31

1.20

• of Test

7/T
7/15

1.57
1.60
1.52
1.28
1.13

1.02

6/16
6/30

1.52
1.55
1.45
1.25

1.13

1.03

L, Sil, and sl. pl.

of Test
-rjr
7/15

1.72

1.75
1.67

1.43
1.28

1.17

,FS,and

of Test

^/r
7/15

1.20

6/16
6/30

1.67

1.70
1.60

1.40

1.28

1.18

LFS)

6/16
6/30

1.20

"G/l

6/15

1.44
1.47
1.39

1.24
1.16

1.14

SL)

-6/T
6/15

1.54

1.57
1.49

1.34
1.26

1.24

-6/T
6/15

1.20

5/16
5/31

1.35
1.34
1.26
1.24
1.16

1.21

-57l6
5/31

1.45
1.44

1.36
1.34

1.26

1.31

5/16
5/31

1.10

^/l
5/15

1.17
1.17
1.16
1.16
1.13

1.17

~w
5/15

1.27
1.27

1.26
1.26
1.23

1.27

5/1
5/15

1.05

NOTE: Critical deflections correspond to maximum deflections which occur in the spring, during
which the pavement is most likely to be damaged by heavy loads.

The above data is taken from Investigation No. 183.
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PERKORMANCK

An important portion ol the "Pilot Project is the capability t-o predict pavement life (pcr-

I'ormancc). Performance, for (he purpose of this report., is dcl'inccl as the chune;c in serviccability

with SAL applications or lime. Therefore, pertormancc can he used to rlclcrminc when a pavement

will be ;i ci.mdiclalc I'or un overlay or .some other type ol' rcl-iabilitation. Planning and budgeting

becomes easier it pavement prrlormancc can tie predicted For at least five years into the future.

The performance was predicted by two difTercnl methods. One was to assume a PSR level of 4.2

at the lime of the last surfacing (age 0) and graphically plot a line between the assumed PSR at age

0 years to thr measured PSR at the age of measurement as shown in Figure 2. This line can then

be extended to <i PSR of 2.5. The age of the pavement at a PSR of 2.5 minus the age at measure-

mcnt is then an estimate of the remaining life for the pavement.

5+

4+

3+
oc
w
Q-

Assumed Original PSR = 4.2

Measured PSR

AGE (years)

Figure 2. Graphical method of estimating pavement life.
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There are several problems with this analysis. The first is the assumed original PSR which was

chosen to be 4.2. The second is the use of a single PSR measurement. To be effective, the PSR

should be measured at about three-year intervals to establish a good trend. The interval can be

adjusted to suit the needs of the road. With several measurements of the PSR available, a better

graphical relationship than a straight line can be used to forecast future PSR's. A model found to be

a good predictor of PSR's in Inv. 183 is the Irick Performance model:

Log (ASALt) = A + B x Log (Log (PSRo/PSRt))

where:

ASALt = Accumulated Standard Axle Loads of time t.

PSRo = Original PSR

PSRt = PSR at time t.

To be fairly accurate there should be several points to fit this model to also.

The second method of predicting performance involves the calculation of the SAL capacity of the

pavement based on the Benkelman Beam deflection. With the age of the pavement known, the

SAL application rate, and the traffic growth factor, the remaining life can be calculated.

By observing the tabulation in Appendix B, it can be seen that neither performance prediction

method looks very good. The serviceability method tends to underpredict life remaining, and the

deflection method tends to overpredict pavement life. Subsequently, a third method was developed,

using both the PSR and Benkelman Beam deflections. With the knowledge of the present SAL,

a rate of PSR decline can be predicted. That rate can then be applied to the most recent PSR to

determine when a PSR of 2.5 is expected. To accomplish this, the decline in PSR and the accumu-

lation of SAL's were correlated for all 58 Investigation 183 test sections. This rate of decline was

then correlated to the Benkelman Beam deflection. The relationship used is as follows:

slope = 0.00000036 xADSALxBB2.2

where:

slope = dPSR/YEAR

ADSAL = Average Daily Standard Axle Loads

BB = Benkelman Beam deflection (inches) x 1000

A graphical illustration of how the remaining life can be estimated is shown in Figure 3.
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ANALYSIS RESULTS

The following is a list of the direct results of the "Pilot Project":

For all counties and municipalities:

1. Improved seasonal correction factors for low-volume roads

2. Improved truck factors for low-volume roads

For the involved counties and municipalities

1. Pavement thickness and subgrade type profiles

2. Traffic - AADT, HCADT, and SAL

3. Pavement strength profile

4. Spring axle load capacity by section.

from the direct results of the "Pilot Project", pavements or pavement routes can be sorted and

future improvement or maintenance projects can be prioritized by any of the values such as traffic,

strength, age or some combination of traffic, strength, and age. Overlay design can be established

based on traffic need and spring axle load capacity, and can be varied to match the pavement

strength profile by placing thicker overlays in the areas of higher deflections.

If the three counties in the "Pilot Project" were considered typical of the counties in Minnesota,

similar studies of this type would result in an increase of the posted allowable spring axle load for

much of the mileage involved. Of the 388 miles in the "Pilot Project", 182 miles or 46.9% could

be considered for an increase in the allowable spring axle loads. This type of information would

reduce the amount of expense of overlay work required to upgrade a system to all 7 or 9 ton

routes.
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TIME ANALYSIS

An important part of the "Pilot Pro cd" is to assess the imput et'fort expended in obtaining the

data and applying the procedures. '1 his is best expressed in person-hours rather than dollars. Hour

rcquircmcnt.s will enable local agencies to make better cost estimates of similar undertakings by

applying their current cost factors (wages) to the hour requirements. There was such a wide range

of people involved in the various lusks thai. a tabulation of the cost by task would be hard to inter-

prct for future csl.imatc'.s.

Table 5 lists the hours spent for each task by each county separately and the municipalities col-

lecl.ivcly. Since only a limited amount of work was done in each municipality, these data were

grouped together.

Table 5. Tabulation of person-hours by activity and asency.

Task

Traffic Counts

Vehicle Class Counts

Weighing

Analysis (Tral'l'ic)

Augcr (3 people)

Bc'nkclman Beam (4 people)

PSR & SR

Analysis and Report

Clay

260

1600

2340

360

560

100

Time

Wash.

300

940

2070

TOTAL

410

390

50

TOTAL

(hours)

8000

1350

Wright

383

1100

2475

-400

600

Mimic ip.

30

90

50

50

10

The hour requirements t'or the tniff'ic phase were quite high, particularly For the weighing. Future

projects of this nature would not require as much efforl since Lhc "Pilot Project" established many

of the I'aclors required (or lulure tral'fic eslimatc.s which art- based on a 48-hour vehicle count and

a 16-hour vehicle classification count.

The structural phase of fl;H;i gatlu-ring involved ;in ovfrall average ol' 7.5 pcfsoii-hom-s per mile

(1.6 km) of ro;ul. Equipment lime requirements cun be roughly estimated at one hour per mile

(1.6 km) for uu^-r borings ;ind for Bcnkdman Bc;im dcflcction measurements. The light vehicles

and madmcK-r charsrs arc normully accounted (or by the mile and ;irr simply estimated by the

overall mileage of lulurf work.
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By utili/.ing currently available equipment, or developing new equipment, many man-hours can

be saved, particularly in deflection measurements and vehicle class counts. Modern deflection mea-

suring equipment can cover up to 40 miles (64.4 km) per day at the same test intervals as in this

study with the Benkelman Beam and with only a two-person crew. This is much faster than the

Benkelman Beam, which averaged from 7.0 miles (11.3 km) to 9.5 miles (15.3 km) per day with

a crew of at least Four people. Vehicle class counts require a large time investment per vehicle on

low-volume roads. Although the experience with the Model 401 Streeter-Amet Traffic Classifier

was unsucessful, mechanical classificaUon or mechanically-aided classification is possible and

should be developed. Vehicle weighings also requires a large amount of person-hours per vehicle

weighed. Several weigh-in-motion devices are now becoming available; however, the high capital

investment makes them unattractive for low-volume roads. Methods of gathering weight infor-

mation at the source or dcstinat.ion result in significant time savings and greater safety; these should

be pursued whenever possible.

The time spent for analysis on the "Pilot Project" was also greater than the time an agency would

be required to spend to implement this type of pavement information monitoring since much of

the analysis done for this report docs not have to be repeated by the local agencies.
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FINDINGS AND CONCLUSIONS

To rnanane the pavements in a road system, information is needed that describes the pavement age,

composition and strength, together with inl'ormation describing the tralfic in terms of volumes

and axle weights. The "Pilot Project" was conducted to determine the ef'l'orl. required to gather

such information, the type of' information needed, and (.he benefits proviclcrl by such information.

The conduct of the "Pilot Project" involved the use oi existing technology, so no creative research

was done. It did, however, result in the modilication of some of the existing analysis methods

and traffic factors. There were two principal areas ol effort, traffic and structural.

The findings and conclusions of the traffic portion of the project arc described in Appendix A,

but the maor points are two fold:

1. That no further intense tral'f'ic studies arc needed.

2. That SAL estimales can be made by using the standard procedures described in the Road

Design Manual or by Dr. Skok in Investigation 645, except the seasonal distribution lactors and

SAL factors established in this project should be used.

Based on the first conclusion, the time or cost of the traffic portion would have little value for

future reference. The time and cost requirements for gathering the traffic information required

to manage a pavement system would have to be estimated on an individual basis.

The auger borings have shown that there is generally a thicker pavement section inplace than

records indicate. The comparisons of the actual thickness to the indicated thickness show that

the correlation of Lhe two can vary from very poor to good from county to county.

The strength of the pavement, when considered with the SAL volume, has shown that a number of

roads evaluated can be considered for ;m increase in the allowable spring axle load limits. The reason

the strengths are higher than expected relates mainly to the quality of the subgrade. Whenever there

is any doubt concerning the subgradc strength, the lower value is assumed. Benkelman Beam de-

Flcction tests measure ihc actual inplacc strength of the pavement and the subgrade. The analysis of

the cleflccl.ion data and sl.ructural data indicated that the spring axle load capacity of the inplace

structure is higher than the posted load limits on 46.9 percent of the pavements involved.

The time rcquircmrnl for the structunil phase of ihf "Pilot Project" was about 7.5 person-hours

per mile (1.6 km) of pavement. The trulTic, using a 48-hour machine count, and a 16-hour vehicle

classif'icalion count, would occupy approximately another 2.5 person-hours per mile (1.6 km).

The lolal time requirement (lien would be in the range ol' 10 person-hours per mile (1.6 km) of

pavement cv;iluaU-d. At an assumed wage of $10.00 per hour, 100 miles (161 km) of pavement

would cost $10,000 to cv.ilualc. Thut cost, consiclcring the bcnel'il.s, is a ^ood investment.
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RECOMMENDATIONS

There arc definite and identifiable benefits of a "Pilot Project" - type program. The participating

counties and municipalities are encouraged to continue the work, and other counties and munici-

palities arc encouraged to adopt such a system. They can either do the work or have it done by

consulting firms that perform such a service.

The procedure used should be that presented by Dr. Skok under Investigation 645 (Appendix C)

with the following exceptions:

1. Traffic factors developed under the "Pilot Project" be used.

2. Allowable spring axle load limits be chosen from the cumulative distribution of the allowable

loads that are calculated on a point by point basis.

An estimate of the remaining life can be made based on the daily Standard Axle Load applications,

annual growth rate of the Standard Axle Loads, spring Benkelman Beam deflections, and the

present serviceability of the pavement.

Time savings for data collection can be realized by using currently available non-destructive testing

equipment in lieu of the Benkelman Beam. There was an evaluation of a mechanical traffic classifier

(Streeter-Amet Model 401) in conjunction with the Washington County vehicle classification

counts which showed that the mechanical classifier was not acceptable for use on low-volume

roads. However, recent developments may have resulted in a realiable mechanical classifier that

could be a significant time saver for vehicle class counts. Time savings also can occur with the use

of computers to store the field data, perform the calculations, and produce reports. If possible,

consideration should be given to tying all information to reference points that have been established

for all roads in the state under the Roadway Information System, a Mn/DOT roadway storage and

retrieval system.

-23-



>
l-a

T3
t~)
2
0
f—^

x
>



ADMIN 1000 (REV. 4/77)

°<@»>@ STATE OF MINNESOTA

DEPARTMENT- Mn/DOT - Transpprtatian Forecasts Office Mem.OrO.n.du.m.
Room 807

TO

FROM

SUBJECT:

Richard Ao Stehr
Diructor
UfficG of Transportation Analysis

^.Curt Dahlin, Transportation Forecasts Section

Meluin_A.e Laesch, Truck Ueight Study Unit

^•'". ^.

SPAR 5-251
Summary of Traffic Data Gathered far the
Pilot Program for Evaluating Flexible
Pavements on Local Roads (InvestigatiDD 65D)

DATE: January ID, 1978

PHONE: 6-3153

This is a summary of the traffic phase of the above mentioned
project based an data collected from Clay, UashingtDn and Uright
CauntieSo

This project uas initiated by the Minnesota Local Raad Research
Board in August 1975 and coordinated by the Physical Research
Section of Mn/DOT. The project uas started because of insuffi-
cient data, available to set realistic spring load restrictions
or design bituminaus and other road structure impravementSo

The report covers the field data collected and the methods used
in processing the data. The appendix contains specific data
from individual locations in each countyo

A study of the information in this report, bath specific items
and general conclusions, should aid those uha have to prepare
traffic estimates (particularly estimates of IM-18 loadings) an
these raadSo
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SUMMARY OF FIELD DATA COLLECTED

Appraximatelv/ 125 miles of county roads uere selected far evaluation by
the county engineers from the three pilot counties (Clay, Uashington
and Uright). Locations iiihere data uas collected uere based primarily
an designated routes. The locations uere usually at intersections so
maximum data could be collected uith minimum effort. The traffic data
uas collected as a starting point in an effort to develop a more solid
base for estimating traffic volumes and axle ueights on local roads. An
extensive amount of data uas collected because past experience has shaun

that there are great variations in the travel patterns on these roads.

There mere three types of data collected for this study. They are 1)
machine counts of all vehicles, 2) classification of all vehicles by 14
types, and 3) ueighing of vehicles. They are detailed as fallous:

1) PortablR machine counters registering hourly volumes far seven
consecutive days in each of the four seasons.

2) Classification by vehicle type far 16 hour period ueekday (6
a.m.-10 p.m.) or 2^ hours ueekday, Saturday and Sunday by the
hour and each of the four seasons of the year. The 24 hour
counts uere necessary to determine nighttime and ueekend traf- •

fic patterns and to adjust the 16 hour ueekday counts to ADT.
Nearly all locations are at lou volume four legged intersections
thereby making it possible far one person to gather data at all
four legs at once.

3) Ueighing of trucks uas conducted for ten hours (7 a.m.-5 p.m.)
ueekdays in all seasons except uinter at approximately ten
locations in each county uhich corresponded to those previously
selected sites far machine and vehicle classification counts.
An assumption uas made that ueights uere the same during night-
time hours and on ueekends. The main concern uas to ueigh as

many trucks as possible to obtain an adequate sample of each
vehicle type.

All at this data uas collected betueen the fall of 1975 and the uinter of
1977.
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METHOD OF PROCESSING DATA

There are tua components needed to determine the summation of axle load

repetitions (N-18's) on any given road. They are by vehicle type and
average day of the year for vehicle type distribution and an average
ueight represented by an N-18 factor. A majority of the data uas
gathered in 1976, therefore 1976 uill be considered the base year. The
three types of data collected are interrelated but uill be detailed
separately as follous:

1) Machine Counts -

These are seven day hourly counts in each of the four seasons

to establish an accurate ADT at these locations. Since hourly
counts mere taken, correctians could be made far abnormal
volumes due to machine malfunctions. The seasonal seven day

counts mere averaged then the four seasons ucre averaged also
to arrive at an ADT.

2) Uehicle Classification Counts -

Manual counting locations corresponded to the same locations as

machine counts. Cars and pickups uere grouped as non-cammercial
vehicles; but tua axle dual tire and larger trucks iiiere recorded
individually. These rau data uere summarized on computer list-
ings illustrating hourly distribution.

To conserve time and expense tuo locations per county uere
selected to be counted for a 24 hour period (model stations)
for ueekdays, Saturday and Sunday. Model station data uas first
expanded to vehicle type distributian by season. Tuenty four
hour ueekday counts uere multiplied by five, Saturday and Sunday
counts added and the summary divided by seven to obtain a sea-
sonal distribution. Seasonal distributions uere averaged to
arrive at a daily distribution. ADT from machine counts uere

then substituted for calculated ADT figures and the percentage
of each vehicle type uas applied to the corrected ADT resulting
in a mare accurate estimate of vehicle type distribution.

Seasonal factors uere then established to expand sixteen hour

(6 a.m.-ID p.m.) ueekday counts ta ADT. At each model location
the sixteen hour ueekday portion is separated from the 24 hour
count and compared to the vehicle type distribution far the year.
The resulting factors by vehicle type uere used to expand sixteen
hour counts to ADT.

Model station locations in each county uere factored by season
and by vehicle type for analysis. After factors ujere compared
on a county and cambinpd basis, ue determined the best relationship
existed on an individual county level and the best estimate of each
set of factors uas applied to vehicle class counts.

Individual station factors generally had uide variation due to lau
volume rnrads uhich tend to be less stable then trunk highuiays.



After applying factors to 16 hour counts, us determined four
seasonal ansuers far each location uhich uere combined and

averaged. Machine count ADT uas substituted far factored vehi-
de class ADT resulting in vehicle type distribution for the
average day in 1976. All 16 hour counts uere adjusted accord-
ingly and are listed by station in the appendix.

3) LJeighing of Vehicles -

To determine average ueights far 1976 N-1B factors uere calcu-
lated from data gathered and processed by individual station
and vehicle type uith summaries by county, season and combined
total. Comparisons uere made using all possible combinations
to evaluate this data. Each factor uas ueighted based on the
number of vehicles ueighed. An adequate sample must have 25-30
vehicles of each type ueighed uhich is a major problem uith a
county road system. Since many at the vehicle types did not
meet this criteria, ue used N-18 factors from individual loca-
tions uhere ueight data uas available. One method is to combine
data from tuo or more locations. Sometimes these factors uere
similar and tended to reinforce one another and for some vehicle
types ue relied on county averages or a combination of several
county averages. This procedure is acceptable because the
volume of vehicle types counted parallela the volume af vehicle
types ueighed. This procedurE minimizes the percent of error
by using averages.

Actual ueight data (N-18 factors and number ueighed) are listed
by county, season and station in appendix 3.

Uith the field data processed ue have the items necessary to determine a
summation of axle load repetitions (N-18's). At this paint LJE may pro-
duce reports far 2D year summatian of N-18 far neu construction, N-18
from time of construction to present or average daily load (ADD for a
given year. The first tuo items require grouth rates. Data supplied to
the Physical Research Section uias fiDL in 1976 far roads previously desig-
nated by the county engineers.

This process is briefly described as follous:

All processed data, machine counts, vehicle classification counts and IM-18
factors uere transcribed to maps of the respective counties. Breaks uere
established an subject routes by analyzing the ADT and vehicle type dis-
tribution. Once segments uere defined, 1976 ADT and vehicle type distri-
butian far each link uas recorded. After revieuing and selecting N-1B
factors ue multiply distribution by IM-18 factor to obtain ADL. To get
design lane value the ADL for each vehicle type is totaled and divided by
tiua.

The annual rate of change uas also submitted to use in conjunction uith
ADL's. These rates at exchange uhich can be applied to past or future
year are 4% for Clay and Uright Counties and 5% for Uashington County.
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Our analysis of data collected for this project revealed some distinc-tiue

differences betueen counties. Clay County is a special case but probably
similar to other counties in the Red River Ualley and counties like
Renville uhere there is extensive sugar beet praduction. The predominant

vehicle type in Clay County is the 3 axle single unit truck uhich is used
to haul the beets to the processing plant or piling sites at harvest time.
There are also a large number of 5 axle semis used to haul beets tram

piling sites to the plant usually during uinter months. This vehicle
type distribution is not representative of the major agricultural areas
nf Minnesota.

Uehicle type distributions in Uashingtan County art? closer to Local Roads
stateuide average distributions than Clay County. This county is also
special in that the metropolitan area has a strong influence on its
traffic volumes. The average ADT's in Clay and Uashington Caunties are

considerably higher than those in Urigh-t County. Uehicle tyP6 distribu-
tion is probably similar to that found in other counties located an the
fringes of the metro area.

Vehicle type distribution in klright County is the mast typical of that
found in other agricultural counties of the state even though it is an
the fringe of the metra area. It has the most stable truck traffic
patterns of the three counties.

For purposes af comparisan Mn/DUT has regularly classified vehicles on
local rural roads throughout the state from 1962-1971 at approximately
34 locations nearly every year. Several locations haue been counted

yearly since that time. This data consistently shoujs a very close
relationship to that from Ltright County based on comparison at data by
vehicle type. Data gathered for this project reaffirms results of data
gathered previously; therefore, ue recommend that no more counties be

surveyed as a part of this project.

The N-18 factors by county by vehicle type present a mixed picture.
Uright County uas the most stable in all three seasons and probably mast
representative of stateuide averages. These averages mere used as cal-

culated in total. All these analysis uere made after excluding station
120 (CSAH 11) in Clay County uhich carries trunk highuiay traffic. Some
notable obseruatinns by vehicle types are as follous:

2 axle dual tire

Clay and Uashingtan County factors are considerably lighter than
Uright County.

3 axle single unit

Clay County factors much higher than LJright and Uashingtan. Clay
County uas considerably high due to sugar beet hauling.



3 axle semis

Ualume of trucks ueighed uas too lau ta analyze on a county basis.
Ue combined all three counties using the result as a stateuiide
average.

4 axle semis

Clay and Uright Counties uere unduly influenced by too feu ueighed
or extremely heavy ueights. Uashington provided the best sample
and uas closest to a stateidide average.

5 axle semis

No great variation uith Clay and Uright Counties being similar and
LJashingtan County being slightly louer. The stateuide average uas
used as calculated.

6 axle semis

Due to small number ueighed all counties uere combined and a state-
uide average uas calculated.

4 & 5 axle truck trailers

Due to small number ueighed all counties ujere combined and a state-
ujide average uas calculated.

The recommended application of this material should be used as described
belou:

One 16 hour vehicle classification count to be taken on any project. The
count should be factored by using the table an page 22 in the appendix to
determine a vehicle type distribution. If a class count cannot be ob-
tained, a distribution may be determined by examining the counts listed
on pages 19-21 of the appendix. This distribution may be further refined
by substituting an estimate of the current ADT from any individual county
traffic flau map.

To determine N-18 factors, examine factors listed on page 23 in the
appendix and select those that most closely fit your vehicle type distri-
butian. Your distribution must be forecast to the design year and averaged
uith current year distribution to get the midpoint at the period. The
midpoint is multiplied by the N-18 factors ta get an ADL. This result is
multiplied by -the number of days in the design period to get the summation
of N-18. To obtain design lane value the summatian at N-18 is divided by
tuo. This procedure is explained in further detail elseuhere in this
report.

-7-



CLAY COUNTY TRUCK UEIGHT FACTOR CDMPARISON

N18 RATE OF CHANGE SEASONAL AVERAGE

US STATEUIDE AND INDIUIDUAL TREND LOCATION IN COUNTY

(EXCLUDING STATION 120 CSAH 11)

jTUDY PERIOD

3PRING HEIGHTS

3UMMER UEIGHTS

"ALL HEIGHTS

/EARLY AVERAGE

3TATEUIDE AUERASE

.ET DIFFERENCE - COUNTY

^TR 172 S'JERfiEE

.ET DIFFERENCE - COUMTY
JS YEARLY AVERAGE

2

# Ueh

Ill

121

108

340

367

20

Sin gle Unit

Axle

N18

.1.17

.198

.005

.136

.232

-.096

.438

-.302

Trucks

3 ftxle

U Ueh

55

103

225 1,

303

209

+.

36

+

N18

.195

.385

,316

.905

.546

.359

,077

,028

4 Axle

# Ueh N18

3

# Ueh

1

1

2

36

5

Axle

N18

.350

.350

.350

.249

+.101

.114

+.135

4

# Ueh

2

2

2

6

123

5

Semis

Axle

N18

.065

.147

.065

.093

.393

-.300

.'<19

-.026

5

# Ueh

20

42

20

82

929

34

Axle

N18

. 464

.775

.556

.622

.796

-.174

.663

-.033

6 Axle +

# Ueh

7

3

7

17

13

3

i N18

1.324

.728

1.322

1.219

1.152

+.067

1.107

+.112

Truck

'» AxlE

# Ueh N1B

'railers

5

# Ueh

3

4

3

10

64

8

Axle

i N18

.055

.103

.055

.074

.513

-.439

1.15o

-1.082

Spring and summer h-18 are most alike uith the fall being the lightest. This
is attributed to the high volume of 3 axle single unit truck hauling sugar
beets. The predominant vehicle type is the 3 axle single unit uith N-18 of
1.316 uhich is a full 1.00 higher than spring or summer. Though the N-18's are
greater for P.3. 5 us. stateuide average, tuo of three predominant vehicle types
IT" conparable (2 axle dual and 5 axle semis.)
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CLAY COUNTY TRUCK UEIGHT FACTOR COMPARISON

N16 RATE OF CHniMGE SEASONAL AVERAGE

US STATEUIDE AND INDIUIDUAL TREND LOCATION IN COUNTY

INCLUDING STATION 120 (C.S.A.H. IX)

3TUDY PERIOD

3PRINS UEIGHT5

3UMMER HEIGHTS

:~ALL UEIGHTS

/EARLY AVERAGE

jTATEUIDE AVERAGE

•;ET DIFFERENCE - COUNTY

^TR 172 AUERSGE

-;ET OIFFEREP.CE - COUNTY
JS YEARLY AVERAGE

2

# Ueh

142

133

136

414

367

20

Single

Axle

N18

.126

.197

.092

.141

.232

-.091

.43B

-.297

3

Unit Trucks

Axle

# Ueh N16

89

127

312

526

209

36

.274

.1»D1

1.313

.919

.5'<6

+.373

.877

+.0i<2

#
4

Ueh

1

1

2

Axle

N18

.488

.488

.486

H
3

Ueh

I.

3

2

9

36

5

Axle

NXB

.200

.976

.239

.t.67

.21*9

+.218

.114

+.353

4

» Ueh

6

6

B

20

123

5

Semis

Axle

N18

.617

.165

.474

.1*24

.393

+.031

.'*19

+.QD5

»
5 Axle

Ueh

115

79

113

307

929

34

N18

1.651

.7£7

1.683

1.429

.796

+.633

.663

+.766

6 Axle +

# Ueh

13

3

13

29

13

3

N18

1.221

.72B

1.221

1.170

1.152

+.018

1.107

+.063

4

# Ueh

2

1

2

5

Truck

Axle

N18

.573

.406

.573

.540

railers

5 Axle

# Ueh

5

10

5

20

64

8 1,

N18

.063

.539

.063

.301

.513

.212

.156

.855

fls previously stated in this report station 120 (C5AH 11) in Clay-County
is a special condition due to trunk highuay type use. This table-uas
included for comparative purposes. The reason for the high volume and
heavy loading factor is this route is usad as a bypass from the truck
scale at Diluorth and the urban area of Moorhead.
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UASHINGTON COUNTY TRUCH UEIGHT FACTOR COHPBRIHON

r'aO RATE OF CHANGE SEASONAL AUERAGE

US STATEUIDE AND INDIVIDUAL TREND LOCATION IN COUNTY

57UOY PERIOD

SPRING DEIGHTS

SUMMER HEIGHTS

FALL UEIGHTS

YEARLY AUERSGE

5TATEUIDE ftUERAGE

^ET DIFFERENCE - COUNTY

ATR 35'* AVERAGE

rJET DIFFERENCE - COUNTY
US YEARLY AUERAGE.

Single Unit Trucks

2 Axle

# Ueh

154

106

177

437

367

54

N18

.196

•Ill

.157

.159

.232

-.073

.165

-.006

3 Axle

if Ueh

41

70

59

170

209

14

N18

.320

.366

.519

.409

.546

-.137

. 1*52

-.Ot.3

»
t*

Ueh

2

2

Axle

IM1B

2.269

2.269

3

# Ueh

1

2

5

8

36

1

Axle

N18

.023

•03B

.221

.15D

.249

-.099

.06'*

+.086

4

# Ueh

7

2

10

19

123

ID

Semis

Axle

N18

.177

.062

.303

.231

.393

-.162

.433

-.202

#
5

Ueh

1

ig

35

55

929

80

Axle

N18

.069

.522

.407

.441

.796

-.355

.623

-.182

6 Axle +

# Ueh

2

2

13

N18

.621

.621

1.152

-.531

Truck TrailErs

'» Axle

# Ueh

1

z

2

5

N18

.018

•D72

.077

.063

5 Axle

# Ueh

1 1,

3

5

9

61-

+

9

+

N16

.358

.144

.978

.782

.513

.211

.726

.016

As in Clay County, N-lB's for Uashington County are louest for the summEr
cycle. Three predominant vehicle types (2 axle dual, 3 axle single unit
and 5 axle semis) most closely resemble the stateuide average. Uhen com-
pared to the individual trend station (ATR 35<*) only the 5 axle semis are
close. Uashington County yearly average and ttTR 35'* most closely match
each other in indiuidual N-18 factors.
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URIGHT COUNTY TRUCK UEIGHT FACTOR COMPARISON

N18 RATE OF CHANGE SEASONAL ftUERAGE

US STATEUIDE AND INDIVIDUAL TREND LDCATIUN IN COUNTY

STUDY PERIOD

3PRING UEIGHTS

3UHHER UEIGHTS

FALL UEIGHTS

YEARLY AVERAGE

5TATEUIDE AVERAGE

MET DIFFERENCE - COUNTY

ATR 35B AVERAGE

'JET DIFFERENCE - COUNTY
US YEARLY AVERAGE.

Single Unit Trucks

2 Axle

# Ueh N18

173

152

161

t.86

367

76

.210

.225

.226

.220

.232

-.012

.322

-.102

3 Axle

ff Ueh N18

68

77

71

211

Z09

55

.465

.389

.531

.461

.546

-.085

.648

-.187

4 Axle

# Veh N18

3 Axle

# Ueh N18

2

3

5

36

3

.051

.202

.142

.249

-.107

.06'*

+.058

4

# Ueh

7

11

5

23

123

25

Semis

Axle

N18

3.238

.408

•3ZB

1.252

.393

+.859

.340

+.912

#
5

Ueh

32

28

19

79

929

170

Axle

N18

.668

.715

.566

.660

.796

-.136

.684

-.024

6 Axle +

# Ueh N18

2

1

3

13

4

.858

.791

.835

1.152

-.317

.911

-.076

(»

ft Veh

3

n

7

Truck

Axle

N18

.233

.398

.327

'railers1

5 Axle

# Ueh N18

3

3

6

64

.607

.509

.558

.513

+.045

7 .621

-.063

There uere no stateuide trend locations in Uright County. The one most
closely related in ATR 359 at Flying Cloud Airport. These N-18 factors
are almost parallel by season and vehicle type.
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TRUCK UEIGHT FACTOR CCMPARISON

MB RATE OF CHAF.GE 3 CDUNTY

SEASONAL riUERAGE US 3TATEUIDE

STUDY PERIOD

SPRING HEIGHTS

SUMMER UEIGHTS

F^LL UEIGKTS

YEARLY AVERAGE

jTATEUIDE AVERAGE

NET DIFFERENCE - COUNTY

2

# Ueh

'438

379

4(*6

1263

367

Axle

N18

.182

.185

.164

.177

.232

-.057

Single Unit Trucks

3

U Ueh

ie,u

2'<5

356

765

209

Axle

N18

.338

.392

1.027

.676

.546

+.13D

•it

t.

U eh

2

2

Axle

N18

2.269

2.2S9

ff

3

Ueh

4

2

9

15

36

Axle

N18

.119

.039

.228

•174

.249

-.075

4

It- Ueh

16

15

17

1*8

123

Semis

Axle

N13

1.503

.327

.330

.720

.393

+ .327

rf

5 fixle

Ueh

53

as

7t*

216

929

MIS

.580

.701

.463

.550

.796

-.206

6 Axle +

ft U eh

10

6

Q

2t*

13

M8

1.216

.703

1.311

1.119

1.152

.033

4

If Ueh

1

6

6

13

Truck

Axle

N16

.316

.208

.292

.232

'railers

5 Axle

U Eh N

e

7

11

Z6

6(<

IS

i*S£.

095

59"

513

391

At this point the pilot study counties could be placed in three separate categories.

1. Uashington County urban cammuter uith sane recreational.

2. Cley County is basically agricultural but because of the hcnuy sugar beet pracidCtion coulc; bR t"r'-ieri i--dij5trial ^^nc^iti-ral.

3. Uright County fits most closely to an avErage agricultural or farm to markEt tyoe CBu'-*'.y bf-s'-s" aF thp "msll •ipi.'in-'jl unr'-

ations and the increase in the fall harvest season af Z axle dual and 3 axl° si"r;le units.

Our conclusian is if ueighing is to be conducted in the counties far rJ-l"'s, it shnuld b!- ''.-jre in f-
fall for best average factors.

-12-
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ALTERNATE METHODS OF GATHERING DATA

The fall cycle for ueighing trucks in Clay County uas cancelled. The
county engineer indicated that ue uould not get any caoperation from the
sugar beet haulers uhich could prove to be dangerous if ue attempted to
stop and ueigh vehicles.

Through the cooperation of the agricultural manager at the Crystal sugar
plant ue uere able to obtain sample uieights of loaded front and tandem
axle groups and their computer listing of tonnage carried far each truck
load of beets. Percent relationships of the front axle to the total
vehicle ueight of the samples uere calculated and arranged into three
ueight groups. The samples in each ueight group uere averaged and this
percent applied to laad carried from Crystal sugar computer run. This
ueight is added to the average empty ueights table from the states Truck
Height Study Program. The same procedure is used to determine the tan-
dem group as uell as the front axle.

A map of the county uas submitted to Crystal sugar indicating our
research locations. Their agricultural manager in turn marked his cam-
puter run of sugar beet loads uith our station numbers as determined
tram the mast likely route the hauler uauld take to the plant. From
this data records uere created and added to duplicated spring ueights
uhich most closely match fall averages. All data uas submitted to the
truck equivalency program and N-18 factors uere determined far the fall
cycle far Clay County.

This same procedure could be used in any part of the state uith coapera-
tion from a grain elevator for example.

Uashington County attempted to classify vehicles using a portable
machine classifier uhich proved to be unsatisfactory. Based on an
analysis of data collected in the fall of 1975 and again in the fall of
1976, the machine classification method uas unable to properly categorize
vehicles causing a critical % HCADT error.

LJeekday, Saturday and Sunday machine counts uere taken simultaneously
uith manual vehicle classification counts in the fall of '76. These
comparisons substantiated the departments claims that there are too
many discrepancies using this method.

Several examples uhere auto- and tua axle single unit categories for the
machine method are added together shau they uould be nearly equal to the
manual counts. In some cases multi-unit vehicles uould have to be can-
v/erted to tuo autos each ta equal the manual method of classification.

Several reasons far the machine vehicle classifiers inability to accu-
rately accumulate data are:

1. Slouer speeds uhen counter is placed too close to an inter-

section.

2. Tuo vehicles passing over the tubes at about the same time
can be registered as one or as one multi-axle vehicle.

-13-
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Calculated Uehicle Type Distributions far Clay County, 1976

station U

lua
101
102
103
104
105
106
107
108
109
11D
Ill
112
113
114
115
116
117
113
lt'5
i?3
121
122
123
124
125
126
127
iza
129
13D
131
132
133

Total*

%

Cars &
Pickuos

129
76

1B1*
239

2450
X573
22DQ
Z'<23

535
817
1.71
600
315
187
t<50
302
269
'•77
2l<5
397

2909
123

94
103

14
181
207
135
218
746
203
733
190
181

17,647

84.S

2 axle
6 tire

9
2
5
s

70
37
41
15
25
49
16
34
18
ID
31
13

9
15
7

10
125

9
4

!'•
2
a

11
6

12
12

7
11

6
16

540

2.6

3 & 4 axle
sinqlB unit

15
56
76
2b

r.o
72
65

3
35

no
25
93

6
g

7
10

206
3t>
77

117
370

15
22
16

1
15
30
18
t<6
10
ID
10
10
23

1418

6.8

3 axle
semi

1

1

2

1

5

5

4 axle

semi

4
2
2

2
9
1
a

1
1

1

1
11

1

1
1
1

36

0.2

5 or more
axle semi

2

1
1

64
7

72
I

2£
276

15
273

9
3
7
1

22
7

la
la

496
2
2
3
1

11
17

9
13

9
2

10
1

66

981

t».7

buses

1
1
1
2
3
3
3
2
2
4
2
3
2
2
2
1
2
5
2
2
2

2
1

3

3

1
1
1
1
1

59

0.3

Truck
trailers

9
4
4
1

13
46
23
55

1

1
62

I

1

1

9
1
9
1

160

0.8

Total
ACT

156
135
269
274

2761
1696
23BB
2445

638
1313

553
1147

350
211
498
328
529
539
349
538

3980
150
124
218

18
218
2^l^
172
290
768
225
774
209
267

20,866

100.0

Total
HCADT

27
59
85
35

311
125
18B

22
103
496
82

467
35
24
48
26

240
62

104
141

1071
27
3D
35

4
37
67
37
72
42
22
41
19

106

3219

15.4

UithDut Station 120 (CSAH 11) uhich carries Trunk Highuay traffic betueen TH 10 S, 1-94

-19-



Calculated Vehicle Type Distributions for Uashimtan County, 1"376

Station tt

50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
66
69
70
71
72
73
74
75
76

Total

%

Cars &
Pickups

982
126!*
915

1161
64

3392
728

3309
Z55D

485
802
950

1814
656

1649
565

1085
990

1331
1383

672
i<ai
381
620

2111
l0'*2
1549

32,931

94.9

Z axle
6 tire

16
15

9
27

2
76
17
70
57
u
20
2B
19
a

18
8

30
28
41
46
12
12

9
20
5B
29
45

734

2.1

3 & '* axle
single unit

25
21

5
19

4
'.2

6
3t*
36

4
21
27

u
3
5
2
9

2B
15
34

8
8
7
a

64
13
53

505

1.5

3 axle
semi

1

1

1

1

1
1
1
I

1
1
1

11

I* axle

semi

1

1

u
1
It

1

1
1

3
4
5
4

1
2

2

35

0.1

5 or nore
axle semi

3
6
3
5

12
1

12
9
4

19
2'.

4

t.

4
2
(<

1
1
2
4
6
2
4

140

0.4

buses

7
6
5
2

11
7

11
31
11
13

6
11
in
12

6
l4
15
3'.
27
19
ID

4
6

15
4

r>

311

0.9

Truck
trailers

1
-)

1
2

tt

3
2

1
1
1

1
1
1
2
3
2

1
3
1
2

31*

0.1

Total
HOT

1C34
1315
933

1216
70

3542
760

3444
268G

518
877

1D37
1853
677

1669
562

1147
1072
lt<32
1501

712
512
-33
660

2263
1092
1S7D

3'.,701

lao.o

Total
HCADT

52
51
23
57

6
150

32
135
136

33
75
87
35
21
w
1-7

62
82

101
118

'.0

31
22
43

l'<9
50

121

1770

5.1



Calculated Vehicle Type Distributions far Uright County, 1976

Station #

1
2
3
b
5
6
7
8
9

10
11
12
13
It*
15
IS
17
18
19
20
21
22
23
2'*

25
?e
27
2o
29
30
31
32
33
3t<
35
36
37
38
39

Total

%

Cars &
Pickups

3t.9
627
258
719
760
i<65
609
728
350
8Z'*
363
420
559
573
32u
375
309
568
88

321
306

1*5
595
163
600
i* 41
846
565
3'»<<

1193
27

1066
262
529
422
565
1*76
606
296

19,569
93.3

2 axle
6 tire

la
27

7
29
12
10
16
31

9
33
13
17
18
25
la
12
12
16

7
23
18
x
23

9
26
14
29
20
15
56

2
53
8

28
17
33
17
21

7

734

3.5

3 £ '* axle
single unit

5
g
3

in
ID
0
9

19
u

21
5
B
9

11
3

14
9
3
3
5
6
1

12
5

10
26

4
24

5
27

1
29

7
2'*

5
27

2
3
2

388
1.8

3 gxle
semi

4 axle
semi

1

1

1

3

3

1
1
1
1
1

14

0.1

5 or more
axle semi

I.

(<

15
ID

2
2

2
1
1
1
3

1
2

1

2
1
2
1
2
2

24

25

2
1
2
4
4

121

0.6

buses

4
3
3
3
a
5
4
1
2
1
1
3
3
3
5
3
1
2
2
2
2

u
1
4
I
4
3
3
7

6
3
3
2
5
1
2
I

Ill
0.5

Truck
trailers

1
1

1

1
2
1
1
2

1

I

4
3

1

1
1
2
1

3

3

2

1
2
2

38

a.z

Total
ADT

369
672
271
767
825
499
722
783
366
883
363
450
590
621
342
409
336
589
100
852
332

(»7
637
199
651
uau
887
615
367

1313
30

1185
280
sag
448
634
503
639
306

20,975
laa.o

Total
HCADT

20
45
13
48
45
34
33
55
16
59
20
30
31
43
16
34
27
21
12
31
26

2
42
16
<»3
43
41
50
23

120
3

119
18
60
26
69
27
33
10

1406
6.7



Factors ta Expand 16 Hour Ueekday

Vehicle Classification Counts to ADT

Cars & pickups

2 axle 6 tire

3 & 4 axle single unit

3 axle semi

^ axle semi

5 or more axle semi

Buses

Truck-trailers

LJinter

1.32

1.26

1.43

1.00

.98

1.36

.73

1.16

Spring

1.23

*84

.95

.69

1.14

1.21

.55

.88

Summer

l.OG

.92

.74

1.25

.08

.95

1.11

1.02

Fall

1.10

.72

.68

.92

.88

.54

.78

.61



Recommended IM-1B Factors

2

3

3

4

5

6

4

5

axle

axle

axle

axle

axle

axle

axle

axle

6 tire

single unit

semi

semi

semi

semi

truck-trailer

truck-trailer

Cla<

.14

.91

.15

.30

.62

1.02

.23

.45

bJright

.22

.46

.15

.38

.66

1.02

.23

.45

IjJashingtan

.16

.41

.15

.23

.44

1.02

.23

.45

Stateuide
(Other than Red
River Ualley)

.21

.45

.15

.30

.59

1.02

.23

.45

-23-
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DEPARTMENT.

STATE OF MINNESOTA

Mn/DOT - Transpartation Forecasts QffiCe Mem.OrO.n.d.U.m.
Room U13

TO Erland Lukanen
Research Project Engineer
Research & Standards Section

DATE: December 11, 1976

FROM : Kenneth C. Kopitzke, Direct.or^
Transportation Farecyas^ri S^q.'bion

i<; t^y i\.^y^
SUBJECT: SPAR S-251A

Summary of Traffic Data Gathered in
Municipalities for the Pilot Program
for Evaluating Flexible Pavements on
Local Roads (Investigation 650)

PHONE: 6-6759

This is a summary of the traffic phase of the above mentioned projected based
on data collected in six municipalities in the Tuin City Metrapalitan area.
The locations of the projects are as follaus:

City

St. Louis Park
Uhite Bear Lake
Blaine
Fridley
Brooklyn Center
Brooklyn Center
South St. Paul

Street

Texas Ave.

McKnight
Polk
61st Ave. N.E,
Humbaldt
Hurnbaldt
21st Ave.

Location

TH 12 to Cedar Lake Rd.
Cedar to County Rd. F
CJ9th Ave. N.E. to Quincy Aue.

Moore Lake Dr. to University Aue.
65th Ave. to 69th Ave.
69th Ave. to 73rd Aue.
Sauthvieu to Uentuorth

The field data collected in this area (municipal streets) of the project uas
not nearly as extensive as that collected in the county phase of the project
There uere tua types of data collected far this municipal phase. They are
1) machine counts of all vehicles, and 2) classification of all vehicles by
type. There uas no ueight data gathered.

The machine counts uere taken for a period nt seven consecutive days. Some

locations uere counted in the summer of 1976 and others in the fall. ftll
locations uere counted only once. They uere all adjusted to ADT by using
factors uhich are based an data recorded at automatic traffic recorderso

The vehicle class counts uere taken for one 16 hour period (6 a.m.-10 p.m.)

on a ueekday. Mast of them uerG taken in October or November 1976 uith one

of them taken in February 1977. These caunts uere adjusted to flDT by using
factors developed far the Metrapolitan srea. There uas na vehicle class

count taken for the site in Blaine.



Erland Lukanen
Page 2
December 11, 1978

The N-1B factors uere estimated after examining ueight data collected at
other locations in the Metropalitan area.

The annual rate of change to apply to those values is 3% per year. This uas
based on an examination of the historical counts an these streets.

The follauing page summarizes the data collected and the average daily load
(N-lB'summation) far 1976.



Calculated Vehicle Type Distributions and Average Daily Load (N-18) for 1976

Cars & Pickups

Z s?<le 6 tire

3 S 4 sxle single unit

3 axis ssni

4 3xle ssml

5 or more axle semi

buses

truck trailers

iotsl ADT

Fntal HCADT

Texas Ave.

3399

197

4

65

3665

266

McKnight

2859

12

1

1

60

2

2935

76

Polk1

2721

48

14

2

4

11

280D

79

61st Ave. N.E.

4171

33

4

2

2

48

426D

B9

Humboldt
65th tc 69th'

6517

745

18

3

6

ID

68

3

7370

853

Humboldt
69th to 73rd

3813

454

13

1

3

1

45

4330

517

21st Ave

2242

14

59

2315

73

Avsrg^s Dsily
! -i -! H (r..' _"! s
*„ u a LJ \ ; u " 85 36 20 1B 237 144 34

1. This is en estimate. Na vehicle class count uas taken here.
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INVESTIGATION 650
Pilot Program for Evaluation of the Structural Adequacy of Flexible Pavement for Counties and Municipalities

Clay County
Page 1 of 2

CSAH
No.

1

9

10

1°

10

10

10

10

10

11

11

11

11

11

11

11

11

11

11

11

12

17

18

1,8

18

18

19

19

22

22

23

Termjnj

North end Br. No. 90817
to CSAH No. 26

T.H. 10 to CSAH No. 18

Jet. Old T.H. 52 to Co.Rd.69

Jet. Co. Rd. 69 to !-94

S-94 to Jet. T.H. 9

Jet. T.H. 9 (Downer) to pt. 2-1/2 m E.

Pt. 2-1/2 m E of Downer to CSAH
No. 31

CSAH No. 31 to T.H. No. 32

T.H. 32 to East Co. Line

South Co. Line to CSAH No. 2

CSAH No. 2 to CSAH No.4

CSAH No. 4 to CSAH No. 8

CSAH No. 8 to CSAH No. 52

CSAH No. 52 to 1-94

l-9d to T.H. 10

T.H. 10 to CSAH No. 18

CSAH No. 18 to CSAH No. 26

CSAH 26 to NW Corn. Sec. 21
T14N. R47W

NW Corn. Sec. 21. T14N. R47W
to CSAH No. 34

CSAH No. 34 to North Co. Line

CSAH 52 to CSAH 11
(Nr. Ftuthruff)

CSAH No. 10 to T.H. 10

CSAH No. 3 to T.H. 75

T.H. 75 to Co. Rd. 90

Co. Rd. 90 to CSAH No. 11

CSAH No. 11 to CSAH No. 19

Jet. T.H. 10 to Jet. Co. Rd.84

Jet. Co. Rd. 84 to CSAH No. 18

Red River to CSAH No. 1

CSAH No. 1 to Co. Rd. 96

CSAH No. 12 to T.H. 10

Length
Ml.

3.29

1.99

2.99

4.36

2.50

5.61

3.30

3.81

2.34

4.00

1.00

3.20

2.30

2.10

2.00

5.10

3.00

4.00

5.01

1.94

8.42

0.80

2.50

2.00

3.70

0.96

1.00

0.20

1.60

2.99

Pavement
Thickness, (in.)

Planned

Measured

3.1/2

7

1-1/2

3

1-1/2

1-1/2

1.1/2

1-1/2

1-1/2

3-1/2

2-1/2

1-1/2

3-1/2

4

3

1-1/2

3

3

5-1/2

3

3

5

5

5

1-1/2

2

1-1/2

4

10

4-3/4

7-1/4

2-1/8

3-3/a

2.1/2

2

2-1/2

2-3/4

2-5/8

4-3/4

3

3-7/8

3.7/8

4-3/8

3-3/8

2

3

2-3/4

5

8-1/4

3-3/4

6-1/2

6-1/S

5-5/8

5-7/8

3

3

5-3/4

4-1/2

10

Base

Thickness, (In.)

Planned

M—SUfd

10

8

10

13

12

11

8

12

10

a

8

11

15

8

6

a

10

3

0

13

a

9

9

9

10

12

9

10

0

3.3/3

9-1/2

11

15-3/4

17-1/8

15-l/Z

13-1/2

11

14-1/2

13-1/4

10-7/8

12-3/8

12-3/8

18-3/4

9-1/2

8-1/8

12-s/a

13-7/8

7-5/8

0

13-1/8

8

12

11

12-1/4

14

12-3/4

10-3/8

12-3/4

0

Soil Typ«
cnss.

or
5.F.

CL

CL

c

CL

SL

SL

SL-CL

CL-SL-S

CL

CL

CL

CL-SL

CL-SIL

CL

CL

CL

C.SIL, CL

c

c

CL

SIL.SL
CL, C

c

C CL

CL

CL

CLSIL

CL

c

c

SL

R-

value

10

10

10

10

20

20

10-20

10-20

10

10

10

10-20

10-20

10

10

10

10-20

8

8

10

8-20

8

8-10

10

10

10-20

10

8

8

20

AAOT

1698

156

184

218

788

788

774

774

290

274

274

274

623

3980

538

539

274

274

135

163

124

529

529

529

349

400

400

2761

2388

287

HCADT

125

26

31

35

42

42

41

41

72

67

67

67

106

1071

141

62

35

35

59

28

30

240

240

240

104

68

68

311

188

106

Daily
N-ie

14.5

6.5

10.3

10.3

11.3

11.3

11.3

10.4

6.0

17.4

17.1

17.1

17.1

17.9

504

37.6

15.6

11.4

11.4

27.0

2.8

7.7

82.3

82.3

82.3

40.0

40.0

40.0

53.2

35.0

34.0

N18 X 10-3

Last
Surfacing

to
"resent

15

7

41

26

29

32

38

30

24

58

24

24

88

25

1003

106

52

32

50

58

9

17

139

274

254

113

133

103

177

37

24

Benkel.

Beam

56

413

60

530

368

129

143

48

27

51

154

65

31

129

330

35

40

15

51

129

188

133

109

149

83

167

34

37

1065

Spring
Restriction T

M*ai
Tonnage T

5

7

7

5

5

5

5

5

5

5

5

7

5

5

5

5

5

7

5

5

5

5

5

5

5

5

5.9

13.4

7.1

16.4

13.9

10.0

10.5

6.4

4.9

6.6

8.6

6.3

4.5

8.6

8.8

4.1

4.5

5.0

3.7

4.7

13.4

9.3

5.9

5.3

5.3

7.6

7.0

8.0

3.9



INVESTIGATION 650
Pilot Program for Evaluation of the Structural Adequacy of Flexible Pavement for Counties and Municipalities

Clay County

Page 2 of 2

CSAH
No.

26

26

26

26

31

31

31

31

33

33

33

34

34

36

Co.Rd.
96

Termlni

CSAH No. 1 to T.H. 75

T.H. 75 to CSAH No. H

CSAH No. 11 to T.H. 9

T.H. 9 to CSAH N0.33

South Co. Line to T.H. 34

T.H. 34 to CSAH No. 6

C5AH No. 6 TO CSAH No. 10

CSAH No. 10 to T.H. 10

T.H. 10 TO Reno St. in Hawley

Reno St. in Hawiey to 735' North
of County Road 114

735' No.of Co.Rd. lla to
CSAH 26

T.H. 75 to CSAH No. 5

CSAH No. 5 to CSAH No. 11

West End Bridge No. 6646 to
T.H. 75

CSAH NO. 18 to CSAH No. 22

TOTAL

Length
Ml.

2.00

4.30

6.70

8.30

2.19

4.50

3.00

8.01

0.30

2.20

4.60

2.79

4.00

1.08

2.36

143.84

Pavement
Thickness, (In.)

Planned

MWturad

3.1/2

1-1/2

1-1/2

3-1/2

2

1-1/2

1-1/2

5

2

1-1/2

1-1/2

1-1/2

3-1/4

9

3-7/8

2-5/8

2.3/8

4-3/4

2-5/8

2

1-3/4

5.1/2

2-1/2

2-3/8

3-3/8

3-7/8

a-s/8

7-1/4

Base
Thickness. (In.)

Planned

MusurM

12

12

12

8

8

8

10

6

12

a

8

8

10

0

11-1/2

12-1/2

14.7/8

12-7/8

12-1/8

11-3/8

12-1/2

10-5/8

10

10-3/8

10.3/B

11-3/8

0

0

Soil Type
Ci ass.

or
S.F.

c

c

C SIL

CL

CLSL

CL

CLSL

CLSL

CL

CL

c

c

c

c

R-
value

8

8

8-20

10

10-20

10

10-20

10-20

10

10

8

8

8

8

AADT

1053

641

638

451

121

209

209

225

328

328

328

15G

156

107

1698

HCAD1

179

109

103

59

21

19

19

22

26

26

26

27

27

18

125

Daily
N-ia

11.5

10.9

15.9

5.6

5.2

5.2

5.2

7.8

3.6

3.6

3.6

11.0

11.0

1.3

35.0

N18 x l0'3

Last
Surfacing

to
Present

20

44

57

8

12

24

22

18

10

19

17

34

19

9

Senkat-
m,
Bum

48

33

51

143

47

38

52

1S8

160

20

35

30

38

233

prin<
estrl tlon T

Measun
Tonnage T

5

s

5

5

5

5

5

7

5

5

5

5

5

7

5

5.5

5.4

6.6

9.8

6.8

6.1

7.1

110

11.8

4.6

5.9

4.4

4.9

10.3

3.6

Benkejman Beam
Deflectlons s< 103

x

82.0

98.8

60.9

53.8

77.7

88.5

69.9

41.5

43

105.6

94.7

93.0

109.a

41.9

86.8

Std.
De"'.

20.6

22.1

25.6

16.0

16.3

21.2

18.5

18.4

12.1

29.0

20.4

14.4

16.8

a.7

15.6

66-105

42-1A9

27-140

21-94

57-100

49-130

49-107

20.94

22-57

51-146

51-146

79.120

75-174

35-48

60-125

PS R

2.9

2.9

3.1

3.1

2.9

2.7

2.7

3.0

2.7

2.7

2.7

3.3

3.3

2.8

2.6

SR

3.7

3.7

3.9

3.9

1.0

2.5

2.5

4.0

3.6

3.6

3.6

3.8

3.8

4.0

3.2

)ate of
instruction

Date
Resurfaced

1963 1973

1963

1965

1965 1973

1971

1960

1962

1972

1970

1957

1959

1957

1959 1967
1972

1971

Estl
1

By
N18

5

0

0

33

15

6

13

31

44

1

11

0

4

49

ated Life
Years

To
PS R

2.S

1

4

7

2

2

1

3

2

18

4

1
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CSAH
No.

I

4

4

4

4

4

4

4

5

7

8

12

12

12

12

12

13

13

13

Termlnl

T.H. 97 to North County Line

T.H. 61 to 2.3 miles East

2.3 miles E. of T.H. 61 to CSAH 15

CSAH No. 15 to Co. Road 81

County Rd.81 to County Rd. 55

Co. Road 55 to CSAH No. 3

CSAH 3 to 0.3 mile East of West
limits of Marine

0.3 mMe East of West limits of

Marine to T.H. 95

T.H. 212 to Owens St. in StiUwater

CSAH No. 18 to CSAH No. 15

CSAH No. 10 to CSAH No. 7

T.H. 244 to McGregor Avenue

McGregor Ave. to 1/2 mi. E.
Mahtomeds

1/2 mi. E. of Mshtomedi to CSAH

37 (South Junction)

No. Jet. CSAH 37 & 12 to West
limits of Stillwater

W. iimits of StiUwater to CSAM 5

CSAH No. 6 to T.H. 212

T.H. 212 to County Rd. 68

County Road 68 to T.H. 36

LengtU
Mi.

3.20

2.30

3.30

1.30

1.00

0.40

1.70

1.70

1.40

1.10

0.70

0.30

1.00

3.40

2.00

0.70

0.40

2.00

2.70

Pavement

Thickness, (in.)

canned

Measured

2-1/2

4-1/2

3

5

1-1/2

1-1/2

1.1/2

1.1/2

4.1/2

4-1/2

3-1/2

4.1/2

4-1/2

1-1/2

1.1/2

1.1/2

3-1/2

3-1/2

1-1/2

3-3/4

5-1/2

2-5/8

2-3/a

2-1/2

2.3/8

2-5/8

4

6-3/8

5-1/2

3

5

5-1/8

5

5-1/2

3-5/8

3-7/8

3-1/2

3-3/8

Base /
Thickness, (In.)/'

banned,

Measured

10

15

7

9

6

6

6

6

12

15

0

18

15

0

0

0

3

3

0

11-3/4

15

12-3(8

10

12-5/8

11

10.3/8

12-1/2

15

s-3/a

0

14

8-1/8

0

0

0

18

8

0

Soil Type
Class.

or
S.F.

LS SL FSL

FS LF5

LS SL FSL

CLSL. FSL

FSLSiL
LFS

FSL SiL
LFS

FSLSiL
SL

FSL MS
SCL

FSLSICL
SL S&G

FSL LFS
SL

FSLLFS
SL

LFS LS

LFS FSL

LSSL LFS

SL FSL
VFSL

SLSIL
VFSL

LFS FSL

SLLFS
VFSL

LFS SIL
SL

R-

value

20-70

20-70

20-70

20-70

20-70

20.70

20-70

12-20

20-75

20

20

20

20

20

zo

20

20

20

20-30

AAOT

707

1034

1034

938

938

938

494

494

2398

758

758

2686

2686

1841

760

760

606

930

596

HCAOT

28

52

52

23

23

23

12

12

156

32

32

136

136

114

32

32

20

45

19

Daily
N-ia

3.3

6.4

6.4

3.2

3.2

3.2

1.2

1.2

20.0

3.8

3.8

18.1

la.i

14.5

4.0

4.0

2.3

5.5

2.2

N18 X10'3

Last
Surfacing

to
Present

a

5

24

12

14

14

5

7

62

9

9

51

25

77

21

29

10

23

13

Benkei-
man
Beam

389

704

256

567

389

497

530

180

823

704

223

894

704

90

112

180

466

389

102

Sprim
Restr<

Me
Toi

7

7

7

7

7

7

7

7

9

7

9

9

6

6

6

5

5

Ion T

ured
lage T

15.4

20.2

12.7

21.1

17.8

18.3

17.7

10.8

16.7

20.2

11.9

20.8

18.6

6.5

a.o

10.8

16.7

15.4

9.0

Benkejman Beam
Deflectlons x 103

x

30.4

27.3

37.6

26.8

30.9

30.0

28.6

36.2

23.0

25.4

42.0

22.6

24.2

59.5

51.2

41.7

29.0

33.6

59.6

Std.
Dev.

6.1

3.6

7.9

3.9

5.0

3.6

4.4

10.3

5.7

3.6

4.7

3.2

5.3

16.6

13.8

22.0

5.7

5.0

23.1

Range

21-44

18.34

23-51

22-33

22-38

27-34

22-34

22-60

16-33

18-29

38-49

20-26

18-29

41-ioa

38-79

22-86

22-35

22-40

43-125

PS R

2.6

2.5

2.5

2.5

2.5

2.5

2.5

2.5

2.6

2.6

2.2

2.2

2.2

2.4

2.4

2.4

2.3

2.3

2.3

SR

3.9

3.5

3.5

3.5

3.5

3.5

3.5

3.5

3.8

4.0

3.5

3.5

3.5

3.5

3.5

3.5

3.8

3.8

3.8

Date of
Construction

Date
Resurfaced

1968

1974

1963

1963

1961

1961

1961

1950

1966

1969

1969

1967

1972

1955

1955

1940

1961

1961

1950

Estimated Life
In Years

By
N18

66

65

40

76

67

731

991

711

42]

77|

50

46

42

2

32

42

80

54

43

To
PS R
of
2.5

1

0

0

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0
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Washington County
I'W -' of:)

CSAH
NO,

13B

13B

138

14

14

15

15

15

15

15

17

17

17

17

18

18

18

18

18

19

19

T.H.12 to Co. Rd. 70
(F.^-nei Cty Rd. 30)

Cc. Rd. 70 to 1.0 miles North

1.0 -r.t. N Of Co. Rd. 70 to T.H. 212

T.H. 212 TO CSAH No. 21

CSAH NO. 21 to T.H. 95

T.H. S5 to JOth Street South

10m Street South to T.H. 12

T.H. 12 TO 0.3 miles North

0.3 mi. No. of T.H. 12 TO 0.8 mi.
North of T.H. 12

0.8 mi. No. of T.H. 12 to East
Limits of Lake Elmo

T.H. 12 to 1.0 mile North

1.0 mi. N of T.H. 12 to 2.0 mi. No.

2.0 mi. N. oi T.H. 12 to T.H. 212

T.H.212 to T.H.36

CSAH 20 to 0.18 mile East

0.18 mile East of CSAH 20 to

0.7 mile East of Newport

0.7 mile East of Newport to

1.04 miles East of Newport

1.04 mi. E. of Newport to CSAH 9

CSAH 19 to T.H. 95

T.H. 61 to CSAH 22

CSAH 22 to 1.0 mi. S. of CSAH 18

Length
Mi.

2.00

1.00

1.00

3.60

0.70

3.00

1.00

0.30

0.50

5.00

1.00

1.00

2.30

2.40

0.20

0.50

0.30

3.40

2.00

3.00

2.00

Pavement
less, (In.)

Planned

M<

2

2

7

2-1/2

5

7

6

7

3-1/2

3-1/2

4

7

7

1-1/2

4.1/2

1-1/2

4-1/2

4-1/2

4-1/2

4.3/8

4.1/2

4

7-3/4

4-7/8

7-1/8

6-1/4

7

6.1/4

7-1/4

5-1/2

6

3.3/d

3-3/4

5.1/4

5-1/8

5.1/2

5-1/2

5.1/2

a-3/8

4

Base
Thickness, (In.:

Planned ^

7

8

4

6

5

5

5

5

5

9

9

12

0

17

9

11

9

15

5

5

8

G

7

5

8

12

7

6

6

12

16

9

9

0

18

9

10

6

18

a

8

Soil Type
CSass.

or
S.F.

FSLLS8.G

FSL, SIL,

SL

VFSL FSL
SiL.SiCL

FSL, SiL
S!_

LS 8. Q

SiL, FS

SIL. FS

FG

SL,FSL

SIL.SL
FSL

SiL,LFS,

LS

SL LS FSL

SIL FS
VFSL

LFS FSL
LVF5

LFS S SL

SL

LS & G

SL

LS FSL
LS & G

LSSL
LS 8, G

S LFS
LS & G

LS S S8.G

R-

Vaiue

30

20-30

10-30

20-70

70

20-70

20-70

70

20-70

20-30

20-30

20-70

20.70

30.75

30

50

30

30-70

30-70

50-75

50-75

AAOT

582

677

577

1092

1X32

1193

1193

1578

1578

1670

2084

2125

2125

798

1102

1102

1102

1102

970

1072

1501

HCAOT

17

21

21

50

60

65

65

93

93

121

132

133

135

35

58

58

58

58

48

82

118

Daiiy
N-ia

1.9

2.5

2.5

6.0

7.5

8.1

8.1

11.9

11.9

16.5

16.9

17.3

17.3

4.2

7.2

7.2

7.2

7.2

5.9

7.1

12.8

N18 x 103

Last
Surfacing

to
Present

7

9

68

69

66

10

6

Benkei-
man

Beam

160

180

368

438

438

567

1116

Sprin
Rest n

Mea;

5

5

5

9

9

7

7

7

7

7

9

9

9

7

9

7

7

7

7

7

7

lion T

Jred
T

10.8

10.8

12.7

16.2

16.2

16.9

25.4

Benkelman Beam
Defiections x lo3

x

44.2

46.3

38.1

33.4

29.4

25.9

26.9

20.4

Sta.
Dev.

7.0

7.7

7.1

6.3

5.2

7.7

8.3

2.7

Range

38-59

38-59

27-49

26-dS

23-36

18-42

16-57

17-23

PS R

2.3

2.3

2.3

2.8

2.8

2.7

2.7

2.7

2.7

2.7

2.6

2.6

2.6

2.6

2.4

2.4

2.4

2.4

2.4

2.7

2-7

SR

3.7

3.7

3.7

3.9

3.9

3.9

3.3

3.9

3.9

3.9

3.5

3.5

3.5

3.5

3.6

3.6

3.6

3.6

3.6

3.8

3.3

Date oi
construction

Date
Resurfa'-ed

1964

1964

1946 1969

1958 —

1953 1969

1951 1969

1970

19511964

1970

1962

1962

1963

19501969

1966

1958

1974

1958

1973

1968

1968

Estimated LiTe
Years

By
N18

61

55

28

31

31

70

79

To
PSR
of
2.5
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CSAH
No.

19

19

20

20

21

21

21

21

21

22

22

22

67

67

16

16

15

IS

15

15

21

Termini

1.0 miles South of CSAH 18
to CSAH 16

CSAH 16 to T.H. 12

CSAH 19 to Oakgreen Avenue

Oakgreen Avenue to CSAH 21

T.H. 10 to 0.5 mite North

0.5 miie North of T.H. 10 to
1.5 mile North of T.H. 10

1.5 mi. N. T.H. 10 to Co. Rd. 76

Co. Rd. 76 to 1.0 mile North

1.0 mi. N. of Co. Rd. 76 to CSAH 20

T.H. 61 to

East limits of St. Paul Park to
1.7 miles East

1.7 miles East of St. Paul Park

to CSAH 19

C5AH 14 to 57th Street North

57th Street North to T.H. 36

F.A.L494 to Afton Road

Afton Road to CSAH 19

T.H. 36 to T.H. 96

T.H.96 to Co. Road 58

Co. Rd. 58 to CSAH4

CSAH4 to T.H.97

T.H. 12 to CSAH 14

t-angth
Ml.

3.00

2.20

2.00

3.20

0.50

1.00

1.60

1.00

1.10

0.50

1.70

2.10

0.50

1.00

1.60

1.80

3.00

3.90

4.40

4.00

4.40

P»vm»nt
ThlcKneu, (In.)

Planned

Measured

3

3-1/2

3-1/2

1-1/2

1.1/2

1-1/2

1.1/2

1-1/2

1-1/2

1-1/2

4

4

7

8

a

4

5-1/2

3-3/8

4-1/4

3-1/4

3-1/2

3.1/2

3-1/4

5

5

6.3/8

5-1/2

6-1/2

3-3/4

8-3/4

5-7/8

3.7/8

7

6-1/2

7-3/8

6-3/4

Qas*
Thlcknett, (in.)

Planned

Measured

5

4

9

7

6

6

6

6

6

8

3

3

17

14

14

9

14

9

8

9

8

9

8

9

a

7

7

16

9

15

4

8

6

6

a

8

Soil Typ«
Class.

or
S.F.

LFS.FSL
LS & Q

FSL.SIL
SL

Sll, LS
L

Sil, FSL
LFS

SIL

FS.FSL.

SIL

SIL, FSL

S.SL,FSL

SiL,FS,

LMS

S, CL.
LS & G

SIL, LS

SIL.SICL,

SL

SL.FSL

SICL. SL

SIL.SICL,
LS

LS.SL

FSL, LFS

FSL.LS,
LS & G

CL.SL.

FSL

SL.LFS,
FSL

SiL.FSL
FS. VFSL

R-
Value

50.70

20-30

20-70

20-70

20

20-70

20-70

70

20-70

12-15

20-30

20-30

30

12-30

12-30

30

30

20-30

10-30

10-30

20-70

AADT

1618

1527

1432

712

667

667

667

403

403

1446

1446

1147

1203

1203

1578

1092

2700

2100

1100

1050

1025

HCADT

97

90

101

40

25

25

25

22

22

84

84

62

66

66

94

57

61

41

29

28

50

Daily
N-18

12.3

11.4

11.6

4.9

2.9

2.9

2.9

2.9

2.9

10.6

10.6

9.3

8.2

8.2

11.9

7.1

20.9

13.0

8.3

8-1

16.6

N18 x10-3

Last
Surfacing

to
Prwant

44

24

17

15

13

15

14

44

24

21

9

16

24

Senkel-
man

Beam

1169

1169

ISO

54

180

47

49

368

368

368

180

1776

974

Sprln9
Restriction T

Measured
Tonnage T

7 -

5 23.5

5 25.4

5 10.8

5 6.2

5 10.8

5 5.8

5 6.0

7 13.8

7 13.8

7 12.5

5 12.7

9 10.8

9 26.1

9 19.8

12.7

13.4

12.2

14.4

6.8

Benkatman Beat
Deflectloni x 10-

x

18.3

20.7

42.3

65.1

42.2

53.9

62.2

31.0

24.8

26.3

23.8

46.3

17.7

21.9

26.8

31.2

37.9

31.0

49.3

Std.
Oev,

3.9

5.4

15.8

34.2

19.4

29.6

29.6

5.4

8.2

8.4

10.4

7.6

2.6

3.5

5.1

7.4

21.0

6.1

13.8

:lange

14-23

14.37

20-54

14-13E

14-89

26-12;

26-111

24-39

15.44

15-42

17-39

30-59

13-19

17-30

16.33

16-45

16-45

20-45

27-73

PSR

2.7

2.7

2.3

2.3

2.2

2.2

2.2

2.2

2.2

2.6

2.6

2.6

2.5

2.5

2.7

2.7

2.8

2.8

2.8

2.8

2.5

SR

3.8

3.8

3.2

3.2

3.3

3.3

3.3

3.3

3.9

3.9

3.9

3.9

3.9

3.9

4.0

4.0

3.9

3.9

3.9

3.9

3.9

late of
;onstruct!0f

Date
resurfaced

1966

1953 196E

1054 196;

1958

1952

1957

1959

1956

1958

1961

1942 196S

1955 196C

1973

1970

1970

Estimated Life
In Years

By
N18

63

83

50

23

51

20

21

37

39

41

30

82

58

To
PSR
of
2.5

2

1

0

0

0

0

0

0

0

0

0

0

0

1

I
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CSAH
No.

2

2

3

3

3

3

3

6

6

6

6

6

8

8

y

a

3

CSAH No. 3b :o 1.6 mi. No.

1.6 mi.No.01 CSAM No. 35
to CSAH No. 37 East

So. County Line tr-
CSAH No. 30 East 1

East C5AH No. 30 '-
Wes: CSAH Ns. 3C12

West C5AH No. 30 to South
Village Limits of Cokato

So. Village Limits of Cot<ato
to .25 miles Ncnh

0.25 North of Cokato limits

to T.H. No. 12

South C'ounty Line :o South
Limits of Ho'/.arci Lake

South Limits of Howarcj Lake

to T.H. No. 12

T.H. 12 to North Limits of

Howard Lake

North Limits Of Howard Lake
EO C5AH No. 35

CSAH No. 35 to CSAH No. 37

CSAH No. 37 to T.H. No. 55

T.H. No.-55 to T.H. No. 24

Carver County Line to
CSAH No, 30

CSAH NO. 30 10 T.H. 12

T.H. NO. 55 to CSAH No. 37

CSAH No. 37 to Co. Rd.106

Co. Rd. 106 to2.9 mi. so.of
CSAH 75

1 npUe north of Silver Creek

to 0.4 mile south T.H. 152

Length
Mi.

1.6

0.9

2.5

1.8

2.2

0.25

0.75

5.5

0.69

0.31

6.5

4.1

2.6

2.6

3.1

3.0

0.25

2.7

4.6

2.4

Pavement
Thickness, (in.)

Planned

Measured

1-1/2

1-1/2

1-1/2

1-1/2

1.1/2

1-1/2

1-1/2

1-1/2

3

3

3-1/2

3-1/2

3-1/2

3-1/2

1.1/2

2

NA

3

3

2

2

2

4.5/S

3

2-3/8

2

2

11

7-3/8

3.3/8

5.3/4

7-1/4

5-1/4

2-1/2

3

3

11

5-1/2

3-3/4

3-3/8

Base
Thickness, (in.)

Planned

Measured

6

6

NG

8

8

a

12

9

11

14

6

6

6

6

9-1/2

11

NA

11

11

3

6-1/2

6.1/2

5-1/4

10

a-3/8

11

14

9

18-1/2

14.1/2

3

3

5

7

9

11-1/2

0

10

11-1/2

6

Soii Type
Class.

or
S.F.

FS FSL
FLS CL
CLT

CL CLT
FSL

C CLT CL

C CL CLT

C CL CLT

CL CLT

CLT SiCL

C CL CLT

CL CLT FS

C CL CLT

C CL CLT

C CL CLT

SLT LS
CL CLT

S CLT LS
SL

SF 100
C CL CLT

S.F. 100

C CL CLT

S.F. 100

C CL CLT

S.F. 100

C CL CLT

s.r 50

C CL CLT

S.F. 50
SL CL
LS & G

R-

Vaiue

20-70

10.20

10

10

10

10

10-20

10

10-70

10

10

10

10-20

10-70

10

10

10

10

10

10-20

AADT

336

409

615

615

887

887

887

1313

1313

651

637

621

450

628

634

589

767

767

767

672

HCADT

27

34

50

50

41

41

41

120

120

43

42

43

30

43

69

60

48

48

48

45

Daily
N-ie

4.7

5.2

3.3

3.3

4.4

4.4

4.4

25.4

25.4

6.3

6.3

6.5

4.9

7.3

6.3

12.8

9.3

9.3

6.0

6.0

N18 « 10-3

Last
Surfacing

to
Present

20

22

15

15

17

30

19

a3

122

19

9

7

5

8

11

51

52

37

19

21

Senkel-
man

Seam

35

34

23

23

96

72

120

269

466

567

49

37

106

106

163

60

418

503

595

227

Sprit
Rest

Me
To

5

5

5

5

5

5

5

9

9

5

5

5

5

4

7

7

7
(2 t
PO

7

7

7

:tlon T

lured
^age T

6.5

6

4.2

8 »

9.4

9.7

12

12

11

9.7

6

5.1

7.6

7.8

7.5

8.4

7.35
it

ts}

7.0

7.4

9.0

Benkelman Beam
Deflections x ]03

x

73.4

92.8

Ill

55

56

29

38.3

31.0

34.9

^1.5

65.2

65.2

68.8

68.8

56.6

65.6

36.8

33.8

31.3

22.5

Sta.
Oeu.

26.6

19.1

26

17

21

20

20.7

8.0

5.5

14.2

19-7

19.7

25.8

25.8

7.2

17.9

8.2

16.4

16.0

11.0

Rame

39-126

72-129

46.144

25-95

15-98

16.52

21-65

18-48

23-46

29.60

34-ll.t

34'il'l

35-149

35-149

43-63

42-140

24-46

8 - 75

6.70

10-46

PS R SR

Date of
Constructjor

Dale
Resurfacea

•b3

1963

1933 NA

1938 19S9

19.19 1960

1959

1950

1973

1960

1968

lrl--2 1974

19.18 1975

l9ai 1975

1957 197^

1973

1964

1955

1964

1968

1966

Estimated Life
in Years

By
N18

7.8

.7

6.3

6.3

30.3

22.1

34.3

17.-1

23.2

60

13.5

10.7

30

23

33

1.9

43

48

62

80

To
PS R
of
2.5

i-Possible overlay

2Curves rebuilt and subcuts excavated in 1959
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CSAH
No.

8

9

9

16

17

17

19

19

19

19

19

35

35

35

35

35

3S

35

35

37

Termini

.4 mile south of T.H. 152

to T.H. 152

Elm Ave. in Waverly to

County Road No. 107

County Road No. 107 to
CSAH No. 35

So. County Line to T.H. No. 12

Bridge Ave. in Delano

to North boundary of Delano

No. Delano limits to East

County line

Crow River in Hanover to

South St. Michael village Limits

So. limits of St. Michael to

.19 mile north of T.H. 241

.2 mile north T.H. 241 to

North St. Michael Village limits

No. village limits of St. Michael

to CSAH N0.35

CSAH No. 35 to CSAH No. 39

CSAH No. 2 to CSAH No. 3

CSAH No. 3 to CSAH No. 4

CSAH No. 4 to CSAH No. 6

CSAH No. 6 to CSAH No. 9

CSAH No. 9 south to

CSAH No. 9 west

CSAH No. 9 west tu west

Buffalo City limits1

West Buffalo city Limits to
Xst Ave. N.W.1

1st Ave. N.W. to T.H. No. 25

in Buffalo

CSAH No. S to CSAH No. 11

Ltngtn
Ml.

0.4

2.1

3.9

4.2

0.7

1.1

3.2

0.9

0.5

.25

4.5

2.7

2.5

3.5

6.0

1.8

2.7

0.2

0.2

3.7

^avement
Fhlcknass, (In.)

3tann*d

Measured

MA

MA

2-1/2

3

3

2

3

3

3

3

3

3-1/2

3

1-1/2

1-1/2

1-1/2

NA

2

3

3

3-3/8

4-7/8

3-s/a

5-3/4

3

3

3-1/2

4

4-3/4

4-3/4

4

6-1/2

3-1/4

2-3/a

2-3/E

3

3-i/e

2-1/2

2-1/S

3-1/2

Hr
-hlcknw, (tn.)

•lannM

Wasurad

NA

NA

8

11

5

NA

10

11

14

14

11

NG

5

8

8

8

NA

NA

11

NA

36

0

11

14

15

10

12

10

6

6

19

5

9-1,

10

10

8

10

6

6

4

Soil Type
CllSS.

or
S.F.

5.F. 50

5L CL
LS & G

3.F. 100
; CLCLT

5.F. 100
5L CLT
LFS

3.F. 100

ELCLT

5.F. 100

5LCL

3.F. 100
=LSL

5.F. 100

= CL CLT

S.F. 100

C CLTSL

S.F. 100

CL LS & G

5.F. 100

S.F. 100

CLT VFSL

S.F. 100

CLCLT SL

S.F. 100

CL FSL LS

S.F. 100

CLSiCL LS

S.F. 100

CLSiCLSL

S.F. 100

CLCLT LF

S.F. 100

CL CLT S

S.F. 100

CLCLT

S.F. 100

CLCLT

S.F. 100

C CLCLT

R.

Value

0-20

0

0-30

0

2-30

2-30

0

0-30

0-20

0-20

0-20

0-30

0-20

0-30

.0.70

0-75

.0

.0

.0

AAD7

672

332

332

503

863

771

825

760

499

499

499

422

308

413

589

852

852

1324

1324

783

HCADT

45

26

26

27

45

43

45

45

34

34

35

41

38

40

21

31

31

48

48

55

Sally
N-18

6.0

5.3

5.3

3.9

12.3

5.1

12.4

13.3

13.3

13.3

13.3

5.2

5.2

5.2

3.2

5.7

9.2

9.2

9.2

9.5

N18 X IO-3

Last
Surfacing

to
ras<

21

34

27

13

61

29

13

18

18

59

44

24

32

9

15

29

41

31

31

19

Benkef-
man

Beam

1,227

24

47

244

608

188

88

348

160

313

102

46

46

47

40

45

530

213

40

26

Spring
RKtrlctlon T

Measured

7 9.7

5 4

5 6.6

9 10.6

5 14.6

5 9.7

7 6.9

7 12.9

7 7.5

7 13

7 9.3

5 6.7

5 8.4

5 6.9

5 6.1

5 6

5 5.2

5 9.9

5 16

5 4

Benkelman Beai
DeflBctions x 10-

x

23.5

93.1

68.8

25.9

29.0

40.4

59.2

39.5

50.5

38.2

41

75.7

69.3

80

77

80

72

54.5

34

92.1

Std.
Dev.

9.3

37.7

24.9

11.6

9.3

15.2

12.9

2.5

14.9

6.3

16

16.0

19.7

15

19

25

23

29.7

Range

L4-36

17-169

'7-120

3-65

12-44

16-53

12-82

i6-42

30-72

22-42

22-95

52-107

45-118

37-108

31.115

45-102

24-122

50-59

33 to 3

35-141

PS R SR

ate of
snstructjon

Date
Resurfacec

NA

1938 NA

1958

1967

1959

1933 1955

1967

1962

1974

1974

1973

1951 1973

1941 1961

1961 1963

1961

1958

1927 ?

1928 ?

1962

1940 1972

Estimated LJfei
In Years

By
N18

80

0

8.6

51

45

38

19

33

20

23.8

9.9

9.6

6.4 yi

15

15

6.6

49

29

2.6

1.8

To
PSR
of
2.5

lCUd TH 55, no records
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CSAH
No.

37

37

37

37

37

37

37

37

37

37

39

39

39

39

39

Term;nl

CSAH No. 11 to County Rd.
No.131

County Rd. No. 131 to CSAH

No. 15

CSAH No. 15 to County

Road No. 119

County Rd. No. 119 to 1 miie
west of CSAH No. 19

1 mile west of CSAH No. 19 to

CSAH No. 19 (AibertvUle)

west County Line to

CSAH No. 2

CSAH No. 2 to CSAH No. 3

CSAH No. 3 to CSAH No. 5

CSAH No. 5 to CSAH No. 6

CSAH No. 6 to T.H. No. 55

CSAH NO. 75 to 2.8 miles

east

2.8 miles east of CSAH No. 75
to CSAH No. 19

CSAH No. 19 to CSAH No. 37

CSAH No. 37 to County

Road No. 130

County load No. 130 to

TH 101

Length
Ml,

4.6

2.1

4.0

2.6

1.0

0.7

2.7

3.6

2.2

3.0

2.8

2.5

3.6

1.3

0.3

Pavement
Thlcknis, (In.]

Ptannsd

Musurad

1-1/2

1-1/2

1-1/2

1-1/2

1.1/2

1-1/2

1.1/2

3

1-1/2

4

2-1/2

2.1/2

3

3

3

2-3/a

4.1/2

2-5/8

2.1/2

5-5/8

5

3

2-3/8

2-1/4

2-3/8

3-3/a

5-1/4

3-1/4

3-1/8

3-3/8

Base
Thlckrrss, (In.)

Planned

Measured

8

6

8

B

8

a

8

NA

8

NA

0

0

8

a

LI

9-1,;

s

7

8

3

5

7

7

6

8

0

0

13

8

4

Soil Type
Class.

or
S.F.

S.F. 100

C CL CLT

S.F. 50

SL LS

S.F.100

C CLSCL

S.F. 100
S LS C LT

S.F.100
CL CLT

S.F. 100

CL CLT C

S.F. 100

C CL CLT

S.F. 100

C CL CLT

S.F.100

SL SCL
CLT

S.F. 100

C CL CLT

S.F. 50
SL SL 8. G

5.F. 50
CLT
LS & G

S.F. 50
CLT SL

S.F. 50

SL L5&G

S.F. 50
LFS SL

R-
value

10

20-76

10-20

12-75

10

10

10

10

10-30

10

70

10-70

20-70

20-70

70

AADT

883

868

349

344

340

164

227

382

383

590

825

825

722

1573

1573

HCADT

59

45

39

39

39

34

36

40

20

31

45

45

33

49

49

Daily
N-18

9.5

4.4

4.4

4.4

4.4

2.3

4.7

4.7

4.7

5.4

10.1

10.1

6.2

13.6

13.6

N18 x

Last
Surfacing

to
Present

52

17

20

16

16

12

21

5

21

12

14

14

16

35

35

0-3

Benkel-
man
Beam

90

149

67

59

59

72

47

41

54

37

62

62

567

438

436

Spring
Restriction T

Measured
Tonnage T

5

5

5

5

5

5

5

5

5

5

5

5

7

7

7

8.8

10.4

7.4

6.5

7.1

7.9

7.8

7.1

6.2

5.4

8.3

6.8

15.6

13.4

13.4

BenkeSmar
De-ffection'

x

S 1.2

39.2

70.0

68.3

68.3

76.1

72.8

74.7

75.8

81.6

45.9

56.1

24.5

25.4

25.4

Std.
Dev.

17.8

17.1

16.7

25.1

25.4

13.8

16.1

20.4

19.7

24.2

12.9

21.0

9.3

8.5

8.5

Beam
x 103

Range

16-93

18-82

37-104

28-K4

28-144

55.86

51-106

36.123

48-129

32-134

25-72

23-120

13-47

16-36

16-36

PS R SR

Date of
Construction

Date
Resurfaced

1956 1960

1965

1961 1964

1963 1966

1966

1957 1962

1957 1962

1953 1975

I960 1962

1950 1971

1941 1974

1953 1975

1970

1970

1968 1970

Estimated Life
)n Years

By
N18

9.3

37

19.6

18.6

18.6

30.2

12

15.6

14.5

10.2

10.7

10.7

60.5

37

37

PSR
of
2.5
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METRO AREA

Termim

Texas Ave. (St. Louis Park)
Cedar Lake Rd. to So. Service Dr.
Hwy. No. I:?1

61st. A»e, (MSA No. 302) (Frldley)
Baker St. to T.H. No. 65

61st. Ave. Carol Drive to Baker Str.

61st. Ave. University Ave. to Caroi Or 2

61st. Ave. Main St. E. to University Ave 3

McKnight Rd. (White Sear L.k.)
Cedar Ave. to Co. Rd. E (CSAH No. 12.'

Humboldt Ave. ND.
(Brooklyn Center) 65th Ave. N.
to 69th Ave. N.

Humboldt Ave. No.
69th Ave. N. to 70th Ave. N.

Humbolctt Ave. NO.
70th Ave. N. to 73rd Ave. N.

21st. Ave. (South St. Paul)
2nd St. So. to Wentworth Ave.

Polk St. N.E. (Biaine)
99th Ave. N. to Quincy Blvd.

Length
Mi.

0.97

Pavement
Thji

Planned

Measured

7.1/2 -

2-1/2

3

1-1/2

3-1/2

4

8

2

2

1-1/2

2-1/2

2-5/8

3

Base

Planned

Measured

5 - 10-1/2

6

3

4

6

2

3

4

4

2

8

8

Soil Type
Class.

or
S.F.

SL FSL
LFS FS

LS FG FSL
and SiL

R.

Vatue

30

30-70

20-75

AADT

3665

4260

4260

4260

4260

2935

7370

4330

4330

2315

2800

HCAOT

266

89

89

89

89

76

853

517

517

73

79

Daily
N.18

85

18

18

18

18

36

237

J44

144

34

20

N18 x 10-3

Last
Surfacing

to
It

Benke)-

Beam

Ipring
restriction T

Measui
Tonnaoe T

0

9

9

9

9

7

10.0

14.6

21.7

17.2

21.7

Benkeiman Beam
Defiections x 103

x

>7.9

'8.0

>3.6

'9.3

'0.3

Std.
Dev.

6.7

7.0

2.6

6.1

a.2

Ran

16-51

21-40

21-27

18-49

15.27

PS R

2.9

2.5

2.5

2.5

2.5

2.5

3.0

2.5

2.5

1.9

2.6

SR

3.9
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INVESTIGATION 645
Research Implementation

PAVEMENT MAINTENANCE CRITERIA

SUMMARY

By Eugene L. Skok,3r.
St. Paul Technical Vocational Institute

Sponsored by
Minnesota Department of Transportation Project 645

INTRODUCTION

The cost of one inch of asphaltic concrete overlay is now approxi-
mately $10,000 per mile on the average. Pavement engineers therefore
want to make sure that, first of all, the pavement that is to be overlaid is
really in need of that overlay. Also, the engineer would like to be assured
that with the investment in an overlay or some other type of maintenance
the structure that is already there will withstand the expected traffic.
Questions such as, "Will the additional investment last long enough to be
justified?" or "Will a 2-in. overlay last 10 or 20 years, 10 or 20 months, or
10 or 20 days?", should be answered. Another question that could be asked,
"Is a 2-in. or ^-in. overlay necessary or could one get by with just a leveling
course or some other type of surface treatment?" There are many criteria

and factors that will be involved in making the decision on a particular
road. In fact the decision that is made on a given road will not only depend
on its condition but also on the condition of other roads under the same
jurisdiction.

In the last few years maintenance has become a much more important

part of pavement engineering because fewer new roads are being
constructed. With the many miles of surfaced roads that are now in
existence it is necessary to be able to judge which ones should be
maintained and what maintenance procedures are most appropriate. For all

except the very smallest of jurisdictions, some type of a maintenance
management system should be used to establish priorities.

It is with this in mind that the Steering Committee of Investigation
645 has chosen the subject of Pavement Maintenance Management. During
the last few years work has been done as part of Investigation 645 to
present rating systems and procedures which will make it possible to
quantify some of the parameters needed to help make a judgment as to
proper maintenance procedures.
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So far four presentations have been developed and been presented
around the State of Minnesota. These are:

1. Surface Condition Rating System
2. Rideability
3. Traffic
4. Strength

The Surface Condition Rating System presents a procedure for evaluating
the characteristics of the bituminous surface only. By observing these and
putting them into a rating scheme it has been possible to determine if a
given pavement is in need of a surface treatment or seal coat or some

other type of resurfacing.

The presentation on Rideability describes methods by which the
roughness of the pavement can be converted into a rating from 0 to 5. This
is defined in terms of the present serviceability concepts developed at the
AASHO Road Test.

In the Traffic presentation a method is described which makes it
possible to calculate the load effect on the pavement in terms of
equivalent 18,000-lb single axle loads.

The Strength of the road is defined using two procedures. The first
considers the type or strength of the embankment and the thickness of the
pavement section layers. The second uses the Benkelman beam deflection

test which gives a direct measure of the strength of the road at the time of
the test. With these procedures it is possible to estimate the life of the
road under the predicted traffic and also determine what the allowable load
should be on that road during the critical spring period.

Each of the procedures presented uses concepts and equipment that
are readily available to the cities and counties in the State of Minnesota.
The procedures presented are either those used directly by the Minnesota
Department of Transportation or are slightly modified from procedures
which are used on the trunk highway system. It is recognized that there
are other factors that will govern when and what is done to a particular
pavement section. However, the parameters that are presented will help in
the decision makers by making available more specific information on
which to base their judgement.

This summary presentation is a brief resume of each of the
parameters and procedures which have been presented. A method of

summarizing this information into usable form is then suggested.
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SUMMARY OF PARAMETERS

Surface Condition Rating System
The surface condition rating system includes procedures and sug-

gestions for making a set of surface condition ratings. This information
can be summarized on a surface condition rating form which has been
provided and is included with that presentation. The conditions considered
under this scheme are:

1.

2.

3.

fy.
5.

6.

General Structural Condition
Surface Wear
Weathering
Skid Resistance
Uniformity
Crack Condition
a. Opening
b. Abrasion
c. Multiplicity

Each of these eight conditions can be given a rating from 0 to 5 using the
suggested descriptions that are presented in Table 1.

The General Structural Condition gives the rating of how good that
pavement is performing structurally. The ride may be satisfactory, but it
may still have some cracking and patching developing.

The Surface Wear is a measure of how much the pavement is being
worn down by the effect of tires or how badly the pavement is bleeding.

The Weathering gives a rating of how deteriorated the surface is due
to the affects of temperature, water and wind.

The Skid Resistance rating is suggested as a means of estimating skid
resistance when a number from a skid trailer is not available.

The Uniformity rating gives an indication of how blotchy, streaked or
nonuniform the surface looks generally.

The Crack Condition rating is a measure of how big the cracks are in
width, how much they are abraided and whether there are associated
multiple cracks along with the transverse or longitudinal cracks. Table 2
gives a brief listing of the descriptions of the general structural rating,
Table 3 a brief description of the surface wear rating, Table 4 the weather-
ing ratings, Table 5 the skid resistance ratings, Table 6 the uniformity
ratings, and Table 7 the crack condition ratings. In the surface condition
presentation some examples are given showing pictures of pavements which
have been rated at the various levels of these conditions.

It is important that those who would wish to use this rating system do
some practice rating before surveying a system of roads.
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TABLE 1

GENERAL DESCRIPTION OF NtJMERICAL RATINGS

Rating Degree

5 None

4 Slight

3 Moderate

2 Severe

1 Deteriorated

TABLE 2

DESCRIPTION OF GENERAL STRUCTURAL CONDITION RATINGS

Rating Description

5 " New pavement, good condition, no cracks.

4 Cracking beginning to develop as longitudinal

cracks in wheelpath.

3 Large pattern of cracks developed (map cracks)

2 Pattern smaller (alligator cracks) .

1 Small pieces of pavement are thrown out by
traffic (erosion).
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TABLE 3

RATING FOR LEVELS OF PAVEMENT SURFACE WEAR
(a) ABRASION WITH NO SEAL COAT

Rating

5

4

3

2

1

Description

Mat uniform and original color across surface.

Coarse aggregate shows in wheelpath but not protruding.

Coarse aggregate shows in wheelpath and protrudes up to

1/16 in. or wheelpath is worn down up to 1/16 in.

Coarse aggregate protrudes in wheelpath more than 1/16 in.,
or mat is worn down more than 1/16 in.

More than 20 percent of coarse aggregate is kicked out in

the wheelpath.

Rating

5

4

3

2

1

(b) ABRASION WITH SEAL COAT

Description

Surface uniform original color of seal coat across the

surface.

Color lighter in wheelpath.

Up to 25 percent of seal coat aggregate kicked out in

wheelpath.

Seal coat aggregate eroded away, showing original surface

in the wheelpath.

Aggregate from original surface being kicked out in wheel-

path.

Rating

5

4

3

2

1

(c) BLEEDING WITHOUT AND WITH SEAL COAT

Description

Mat uniform and original color across surface.

Surface dark in wheelpath due to mix appearing richer in

wheelpath.

Bituminous material filling surface in wheelpath over 25

percent of length.

Surface richer and bleeding somewhat along more than one-half

of the length in wheelpath.

Wheelpath rich and bleeding along entire length of pavement.
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TABLE 4

RATINGS FOR LEVELS OF WEATHERING
(a) PAVEMENTS WITH NO SEAL COAT

Rating

5.0

4.0

3.0

2.5

2.0

1.0

Description

Bituminous surface original color except possibly in wheel-

path.

Surface is color of surface aggregate, especially between
wheelpaths.

Coarse aggregate protrudes between wheelpaths.

Random small cracks beginning to form, mostly between

wheelpaths.

Random cracks developed into a pattern or blocks (not

related to loading).

Coarse aggregate or chunks of surface being eroded out.

(b) PAVEMENTS WITH A SEAL COAT OR SURFACE TREATMENT

Rating _Description
5 Seal coat aggregate intact and in condition as constructed.

4 Seal coat aggregate appears "drier" between wheelpaths (up
to 10 percent eroded off).

3 10 percent up to 50 percent of seal coat aggregate eroded
off (both wheelpaths).

2 Seal coat aggregate is more than 50 percent eroded off be-

tween wheelpaths, leaving only bituminous material covering
the original surface.

1 Seal coat is essentially all eroded off and the original
surface is beginning to erode.
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TABLE 5

RATINGS FOR LEVELS OF SKID RESISTANCE
BASED ON VISUAL EXAMINATION

Rating _ _ __ ___ _Description

5 Good, coarse surface texture.

4.5 Good, gritty surface texture.

4 Fair, coarse surface texture.

3.5 Fair, gritty surface texture.

3 Aggregate slightly polished or wheelpath slightly darkened
with excess asphalt.

2 Aggregate polished or wheelpath darker due to excess asphalt.

1 Bleeding condition.

RATINGS

Rating

5

4

3

2

1

TABLE 6

FOR LEVELS OF UNIFORMITZ

Description

Good

Streaked

Crack-filling

Blotchy

Multiple Spot Patching
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TABLE 7

DESCRIPTIONS OF RATINGS FOR TRANSVERSE AND LONGITUDINAL CRACKS
(a) OPENING

Rating _Description
5 Hairline or filled.

4 1/16 to 1/8 in. open

3 1/8 to 1/4 in. open

2 1/4 to 1/2 in. open

1 More than 1/2 in. open

(b) CRACK ABRA.SION OR EROSION

5 No wearing back of cracks.

4 Slight wearing of edges (mortar).

3 Some coarse aggregate eroding out.

2 Crack eroded back 1/2 way through the surface mix.

1 Eroded more than 1/2 way through the surface mix.

(c) MULTIPLICITY

5 No associated cracks.

4 A few associated random hairline cracks.

3 Map cracks developed, along with transverse and longitudinal
cracks.

2 Alligator cracks developed, along with transverse and longi-
tudinal cracks.

1 Multiple cracks have broken away from surface.
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The ratings can be recorded on the surface condition rating sheet and then
entered in Table 21 (page 2.1 ) which is a summary of the pavement
conditions.

Rideability
For the pavement management procedures developed in Minnesota

the rideability has been defined using the present serviceability concept.
With this concept the rideability is defined as the ability of a section of
road to serve the traffic that it was designed for. The rating is actually an
average of the opinions of a group of individuals on how well that road rides
based on a scale from 0 to 5. In the rideability presentation two procedures
are suggested for determining the rideability of a given section of road.

1. Use of a rating panel.

2. Use of the PCA (Portland Cement Association) road meter.

The rideability can be estimated using as few as three raters.
However, if more ratings or opinions are obtained this will give a better
estimate of the rideability. The following nine rules should be followed if
the rating panel system is to be used.

1. Use the following descriptions to define the ride as related to
the numerical ratings.

^ - 5 very good
3 - ^ good
2-3 fair
1-2 poor

0-1 very poor

Ratings between these descriptions (i.e. 2.4) can be used to indicate
levels between those shown. The rater should ask himself how he or she
would like to ride on a pavement like this all day. This guideline may not
strictly apply to shorter county roads or city streets. However, an
indication of how well that road is serving the public should be made.

2. The rater should disregard grade, alignment, right-of-way
width, shoulders, ditch conditions, etc. and other conditions
which do not directly affect ride or are governed by the struc-
ture of the pavement.

3. Ride the pavement sections at the posted speed limit.
tt. Ratings should be made for each 1/2 mile in rural areas, and 1/4

mile in urban areas as it is difficult to remember the level of
ride for longer distances.

5. There should be no discussion of ratings during a session if there
is more than one rater in a car. There could be some discussion

after a session, but it should be remembered that there is no
absolute right rating. Two people will not necessarily judge the
ride in exactly the same way.

6. The average rating for each 1/2 mile or l/tf mile should be
recorded as the present serviceability rating for that portion of
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road. These distances need not be exact and if there are other
limits which are appropriate they should be used.

7. Raters should go on practice runs periodically to help calibrate
themselves. It would be good to have a series of roads in the
area which are examples of high and low ratings to ride over

periodically.

8. Ratings should be done in passenger cars in relatively good
condition. The raters should also be in relatively good
condition, (not tired, etc.)

9. Ratings on roads in good condition (3.0 to 3.5) or higher need
only be taken every 2 or 3 years, whereas those with lower
ratings (less than 3.0) should be rated about every year.

Use of the PCA Roadmeter
The PCA roadmeter is composed of a set of counters which

accumulate the number of 1/8-in. deviations between a car axJe and frame
from a null position when driving over a section of road. The rating is done
using a standard automobile. The PSR is determined using a relationship
between counts and serviceability established for that vehicle. There are
ten roadmeters available throughout the State of Minnesota, one in each

Mn/DOT construction district and one in the Mn/DOT central office. When
the roadmeter is used it should be recently calibrated. Rules to follow in
the operation are included in an appendix to the Rideabillty presentation.
Usually a Mn/DOT district will be able to run roadmeter ratings for cities
or counties if enough lead time is allowed for scheduling. It may also be
possible for three or four counties and/or municipalities to cooperate to
obtain their own roadmeter. The devices are available commercially or can

be built and installed in any standard car using plans available from
MnDOT.

After the present serviceability rating is determined either using a
panel or the PCA roadmeter this value should be entered in the appropriate
place on the Summary of Pavement Conditions Sheet which is Table 21
(page 2^7 ).

Traffic
On the Summary of Pavement Conditions Sheet there are four entries

for traffic. The first is the AADT which is the total two-way average
annual daily traffic. This value can be obtained either from a traffic flow
map for the city of county, or can be determined by a traffic study on a

road considered to have similar traffic or if it is an existing road, on that
given road. To calculate the one way AADT the two way value is usually
multiplied by 0.5 for two-Jane roads or 0.45 for four-lane roads. The speed
on that road should also be recorded.

The equivalent 18,000-lb single axle loads (S.N18) should then be
determined using one of the methods given in the traffic presentation. The

procedure is summarized on the calculation sheet which has been provided
with that presentation and as Table 8 herein. The parameters that are

required for this calculation are the AADT, the distribution of vehicles, the
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TABLE 8

VEHICLE TYPE DEFINITIONS FOR EQUIVALENT LOAD CALCULATION

Vehicle Type
Number Description

1 Passenger Cars

2 Panel and Pickups (under one ton)

3 Single Unit; 2-axle, 4-tire

4 Single Unit; 2-axle, 6-tire

5 Single Unit; 3 axle

6 Tractor Semi trailer Combination; 3 axle

7 Tractor Semitrailer Combination; 4 axle

8 Tractor Semitrailer Combination; 5 axle

9 Tractor Semitrailer Combination; 6 axle

10 Trucks and Trailers Combinations plus Buses
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average effect of each vehicle at that location, and some indication of a

growth factor for that area. The AADT can be determined as indicated
previously using a traffic flow map. The distribution of vehicles can be
determined either by making a vehicle type study on the road being
proposed for maintenance, on a similar road, or an assumed distribution

could be used.

If a vehicle type survey is to be made, it is conducted for 16 hours on
two consecutive weekdays other than Monday or Friday. The survey should

be made from 6 AM to 2 PM on one day and 2 PM to 10 PM on the next.
Vehicles are classified according to the types listed in Table 8 which are
used for classification by the Planning and Programming Section of
Mn/DOT. The results of the 16-hour count are listed in Column 2 of Table
9. These values are then modified with the seasonal adjustment factors

listed in Table 10. The appropriate factors are entered in Column 3. The
seasonally adjusted number of each type vehicle (Column 4) is obtained by
multiplying Column 2 by Column 3. The seasonally adjusted percentage is
then calculated by summing Column 4 and taking each truck type as a
percent of the total.

If it is not possible to run a traffic survey, then assumed percentages

listed in Table 11 can be used. Some judgment should be used in modifying
these values if it is felt there is some appropriate variation to use. The

design lane AADT has been determined and entered in Column 6. The
design lane distribution is then calculated for each vehicle type by
multiplying Column 5 by Column 6 for each vehicle type.

The average effect of each vehicle type on the performance of the
road is called the N18 Factor. This can also be considered the number of

equivaJent 18,000-lb single axle loads on the average imparted to that
pavement each time one of that type vehicle passes a location. Table 12 is
a listing of average N18 Factors for 7-ton and 9-ton roads in Minnesota.

For specific situations these factors can be modified in consultation with a
knowledgeable traffic engineer. The N18 Factor for each vehicle type is
entered in Column 8 of Table 9. To calculate Column 9 which is the Design
Lane Daily N18 for each vehicle type each entry in Column 7 is multiplied
by the respective value in Column 8. The summation of Column 9 is then
the total Daily N18 at present for that road.

The number of years to be used for design is then entered along with
an estimated percent growth on the bottom of Table 9. Time-growth

factors for 10 and 20-year periods are listed in Table 13 for various rates of
growth. As indicated in the table a growth of 0.5 percent is suggested for
7-ton roads and 3.5 percent for 9-ton roads. Again, if the conditions
warrant it, other design periods and/or annual growth rates can be used.

The time-growth factor is an annuity factor and thus can be found in
standard annuity tables.

The ^N18 for the design period is then calculated by multiplying the
daily N18 by 365 and multiplying that product by the Time-Growth Factor.
This value should be entered in the appropriate location in Table 21.

In the traffic presentation there is an example worked out to show

how the calculations for S N18 can be made. This example calculation is
included on pages 21 through 7.H- of the traffic presentation.
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MHD T-60 (11-75)
TABLE 9

CALCULATION SHEET FOR

EQUIVALENT 18,000-Ib AXLE LOADS
Date.

Road Location No. Lanes Design Lane

Design Lane AADT;. Map Q

Vehicle Distribution; Assumed Manual Count

Count I—I Other

Machine Count I i Other

J_
Vehicle
Type

1

2

3

4

5

6

7

8

9

10

Totals

_2_

16 hour
Count

_3.

Adjustment
Factor

A.
Seasonally
Adj. No.

_5_

Seasoi. Adj
Percert

6
Design
Lane ADT

x

x

x

x

x

x

x

x

x

x

7
Design Lane
Distribution

8

XN18 Factor

x

x

x

x

x

x

x

x

x

x

9
Design Lane
DaUy N18

Design Number Years

Percent Growth.

Design ^N18 =365 x (Dafly N18) x (Tune Growth Factor)

=365( )x( ) =



TABLE 10

SEASONAL ADJUSTMENT FACTORS FOR VEHICLE TCPES

Data Taken

Jan.-April

May-August

Sept.-Dec.

1-3

1.45

0.96

1.27

0

0

0

4

.81

.78

.78

1.

0.

0.

Vehicle

5

68

76

92

0.

0.

0.

Type -

6

88

77

73

0

0

0

7

.87

.73

.91

8-9

1.01

0.96

0.95

0

0

1

10

.95

.90

.07

Vehicle Type

1

2

3
/.

5

6

7

8

9

10

TABLE 11

ASSUMED PERCENT DISTRIBUTIONS

7-Ton

76.5

15.2

2.0

0.7

1.0

0.1

0.1

0.5

9-Ton

78.1

10.0

1.4

3.9

1.3

0.3

0.5

3.0

1.5
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TABLE 12

AVERAGE N18 FACTOR BY VEHICLE TYPE

Load Limit
Vehicle Type

1

2

3

4

5

6

7

8

9

10

7-Ton

0.0004

0.007

0.01

0.17

0.55

0.37

0.43

1.00

0.33

9-Ton

0.0004

0.007

0.01

0.19

0.48

0.60

0.84

1.50

0.33

TABLE 13

TIME-GROWTH FACTORS FOR 10 AND 20 YEARS

Annual Growth 7o

0

0.5*

1.0

1.5

2.0

2.5

3.0

3.5**

4.0

4.5

5.0

5.5

6.0

10 Years

10.00

10.23

10.46

10.70

10.95

11.20

11.46

11.73

12.01

12.29

12.58

12.88

13.18

20 Years

20.00

20.98

22.02

23.12

24.30

25.54

26.87

28.28

29.78

31.37

33.07

34.87

36.79

* Suggested annual growth for 7-Ton roads.

** Suggested annual growth for 9-Ton roads.
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Strength
In the fourth presentation the strength of a pavement section is

defined using two methods. These include using either the structure of the

pavement section or usin^', a direct measure of strength which for the State
of Minnesota has been defined using the Benkelman beam deflection test.

The definition of strength is related to the number of equivalent
lS,000-lb single axle loads that the road can take before the serviceability
is reduced to some level defined as failure. For most state highways this
level is taken as the PSR or serviceability level of 2.5. However, for lower

traffic city and county roads this level may be taken as a serviceability
level rating of 1.5.

Strength Defined Using Pavement Section
One method of measuring the strength is using the pavement

structure. The pavement structure is made up of the embankment and the
various layers of base and surfacing. In order to determine the structure by

this method it is necessary to know the type or strength of embankment
and the thickness of the layers broken down into subbase, base and surface.

This information can be obtained from records or by making borings.

For the embankment the stabilometer R-value must be determined.

If the R-value has not been run on the given soil in the laboratory, it can be

estimated using the AASHTO classification or the textural classification
with Table 14 which is Table F of the Mn/DOT Road Design Manual.

The layer thicknesses are converted to granuiar equivalent thick-

nesses for the section using the G.E. factors listed in Table 15 which is
Table D of the Mn/DOT Road Design Manual. The granular equivalent can
then be calculated with the following formula: G.E. = a, D, +a^> D^, + a.
DT The values of a,, a-,, and a-, can be obtained from Table 15. If a

pavement section is deterforating,'then some judgment has to be used to

estimate what factor is appropriate for that layer. The R-value and

granular equivalent thickness should be entered in the appropriate location
in Table 21.

Using the R-value and the granular equivalent thickness for a given

pavement section the present Mn/DOT design chart for flexible pavements
can be used to estimate how much traffic the section should be able to
withstand before the serviceabiJity level has dropped to 2.5.

Estimation of Strength Using the Benkelman Beam Deflection Test
One of the direct measurements of strength using a load test is the

Benkelman beam defJection test. For this test a known axle load can be

run over the pavement section and the deflection under that load measured.

An advantage of this approach for estimating strength over the granular
equivalent method is that moisture conditions and other local variations are
taken into account. A disadvantage is that there are different levels of

flexibility of pavements and therefore what would be a critical deflection
level for one may not be for another.

The testing equipment and operational procedures for running the
Benkelman beam dcflection tests are given in Appendix A of the fourth
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TABLE 14

STABILOMETER R-VALUES BY SOIL TYPE*

There may be occasions, such as small projects, where it will be impractical to
obtain and run R value samples. In such cases it may be possible to assume an R-

value if the AASKIO soil type and geologic origin of the soil is known. The following
is a tabulation of suggested values and comments.

A-2-4

&
A-2-6

Textural

Sands

Gravels

Sands

Sandy Loams (non

plastic)

Assumed
R-Value

75

70

Sandy Loams (non 30

plastic, slightly (70 for LS
plastic, or and LFS)

plastic

A-3

A-4

A-6

A-7-5

A-7-6

Fine Sands

Sandy Loams

(plastic)
Silt Loams

Silty Clay Loams
Loams

Clay Loams
Sandy Clay Loams

Clay Loams

Clays
Silty Clay Loams

Clays
Silty

7S

70

20

12

12

10

Comments

Excellent confidence in using assumed value.

If percent passing number 200 sieve is 15 to
25 percent, R-value may be as low as 25. In

such cases, it is highly desirable to obtain
laboratory R-values.

Loamy Sands and Loamy Fine Sands commonly
have R-value of 70. Laboratory R-values range

from 10-80 for the entire A-2 classification.

It is highly desirable to obtain laboratory

R-values for the Sandy Loams. See Table E

for sampling frequency.

Excellent confidence in using assumed value.

Laboratory R-values range from 10 to 75. It

is highly desirable to obtain laboratory R-

values. See Table 12 for sampling frequency.

Laboratory R-values commonly occur between 8

and 20.

Data available are limited.

Laboratory R-values commonly occur between 6

and 18.

* Based on data collected by MHD through 1974.

NOTE: In using the above assumed R-values for flexible pavement design it is essential

that the subgrade be constructed of uniform soil at a moisture content and density in
accordance with I''In/DOT £tpcG.2105. To minimize frost heaving and thaw weakening it is

also essential that finished grade elevation be placed an adequate distance above the
water table. This distance should be at least equal to the depth of frost penetration.

In the case of silty soils the distance should be significantly greater.
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TABLE 15

GRANULAR EQUIVALENT (G.E.) FACTORS

All bituminous and aggregate courses are converted to an equivalent thickness of

Class 6 Aggregate Base (denoted as granular equivalent = G.E.) using factors listed
below.

Material

Plant-Mix Surface

Plant-Mix Surface

Plant-Mix Binder

Plant-Mix Base

Road-Mix Surface

Road-Mix Base

Bituminous Treat. Base

Bituminous Treat. Base

Aggregate Base

Aggregate Base

Selected Granular Material

Specification

2341, 2361

2331

2331

2331

2321

2321

(Rich) 2204

(Lean) 2204

(Cl. 5, Cl. 6) 3138

(Cl. 3, Cl. 4) 3138

G.E. Factors

2.25

2.00

2.00

2.00

1.50

1.50

1.50

1.25

1.00

0.75

0.50*

* May be used in design when so approved by Central Office Soils Section.

NOTE: Where the subgrade consists of granular material the District Materials and/or

Soils Engineer may recommend the treating of the upper portion of the selected
granular material with 1" or 2" of stabilizing aggregate (Specification 3149.2C) or

treating the upper 3 inches with 0.2 Gallon/Square Yard/Inch of Asphalt Emulsion,
SS-1.
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presentation. These procedures are taken directly from MHD Investigation
603 in the 196S Summary Report entitled "Flexible Pavement Evaluation
with the Benkclman Beam" pages 11 to 16. The procedure outline gives the
equipment and procedures required to obtain deflections every 500 to 1,000
ft.

With the deflections determined by the method given in Appendix A it
is then necessary to calculate the design deflection which represents a
given section of road (usually taken as a mile). In order to do this the
following variables are considered.

1. Temperature

2. Time of Year
3. Load
^t. Thickness of Layers
5. Strength of Embankment
6. Variability Measurements

The temperature is corrected by using Table 16 which shows the
temperature correction to 80 F for deflections run at other temperatures.
The deflections are corrected only for tests at a temperature less than 80
F.

Deflections are converted to a critical spring value using the factors
in Table 17. The ratios are dependent upon the time of year and the thick-
ness of the asphalt layer in the pavement section.

The axle load on the test vehicle used is typically a 9-ton or a 7-ton
axle. It is important to know what the load is. Then deflections can be
calculated for other loads by taking an arithmetical ratio of the loads.
Using the spring ratios a spring deflection for that section of road is
determined.

Table 18 shows allowable deflections for various thicknesses of
bituminous surface and levels of traffic. The allowable spring axle chosen
from the table, the axle load used for the deflection test and the design
spring deflection are substituted in the following formula to calculate the
allowable spring axle load in tons.

allowable deflection
L^ = Ln x
'A ~ *"B " design spring deflection

Where: L „ = Allowable axle load

Ln = Test vehicle axle load

This calculation can be made for each of the deflections run on the
section of road.

It is also possible to estimate the life of a flexible pavement section
based on the design spring deflection. The first steps of Appendix B yield
the design spring deflection for each mile of road. Again, if the deflection
is run using a 9-ton axle load, 7- and 5-ton deflections for the same section

of road can be obtained by multiplying by 7/9 and 5/9ths respectively. The
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TABLE 16

TEMPERATURE CORRECTION TO 80 F FOR BENKELMAN BEAM DEFLECTIONS

Range
Defl. in

.000 -

.010 -

.020 -

.030 -

.040 -

.050 -

of

Inches

.010

.020

.030

.040

.050

.060

to^^

.005

.007

.010

.010

.012

.015

Temperature
36-45-

.004

.006

.008

.008

.010

.012

in Degrees

46-55

.003

.004

.006

.006

.007

.009

F
56-65

.002

.003

.004

.004

.005

.006

66-75

.001

.001

.002

.002

.002

.003
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TABLE 17
(

BENKELMAN BEAM DEFLECTION RATIO TABLE

Deflection ratios to approximate critical spring deflections from

deflections taken during other non-frozen times of the year for:

PLASTIC EMBANKMENTS

>8 in. 1.45

Asphalt Surface
Thickness

Conventional

Construction

s= 3-1/2 in.

^ 3-1/2 ^ 5-1/2 in.

^5-1/2 ^8 in.

>8 in.

Full-Depth
Construction

Aug.

Sept.

1.73

1.68

1.49

1.37

Juli

1.64

1.54

1.28

1.16

Date of Test

June

1.52

1.40

1.25

1.14

May 16
to

May 31

1.32

1.24

1.25

1.18

May 1
to

May 15

1.14

1.14

1.17

1.13

1.12 1.13 1.16 1.12

Asphalt
Surface

Thickness

^- 5 in.

•^5 in.

Asphalt
Surface
Thickness

Z- 2 in.

^> 2 ^ 5-1/2 in.

>5-1/2 ^. 8 in.

SEMI-PLASTIC

Aug.

Sept.

1.46

1.68

NON-PLASTIC

Aug.

Sept.

1.88

1.48

1.10

EMBANKMENTS (L,

Jul^

1.52

1.56

EMBANKMENTS (S,

Jul'

1.83

1.57

1.05

Sil, and sl. pl

Date of Test

June

1.45

1.48

S & G, FS, and

Date of Test

June

1.76

1.50

.99

. SL)

May 16
to

May 31

1.35

1.40

LFS)

May 16
to

Ma^ 31

1.41

1.36

1.02

May 1
to

May 15

1.16

1.29

May 1
to

May 15

1.30

1.21

1.00

NOTE: Critical deflections correspond to maximum deflections which occur in the

spring, during which the pavement is most likely to be damaged by heavy loads,

This ratio table is based on a continuous ten year record (1964 - 1973) of
measured rebound deflections taken throughout the year on various Minnesota

pavements.
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Traffic
two-way

two-way

ALLOWABLE

HCADT*
ADT**

TABLE 18

SPRING DEFLECTIONS

^ 50 50-100
< 500 500-1000

100-150
1000-3000

> 150
>- 3000

Bituminous

Surface Thickness

less than 3 in.

3 to 6 in.

greater than 6 in

0.075

0.065

0.055

Allowable Deflection, inches

0.070

0.060

0.050

0.060

0.050

0.040

0.045

0.040

0.035

* HCADT = heavy commercial average daily traffic volume

(excludes passenger cars and 4-tired trucks).

** Use AADT only when HCADT is not known.
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design equation presently used to predict pavement life based on the
Benkelman beam deflection is the following:

Log ^N18 = 11.06- 3.25 D^

Using the 9-ton, 7-ton and 5-ton deflections it is possible to calculate a
SN18 value for each of the load restrictions. The assumption in each

case would be that the maximum deflection represents a situation where
the load would be restricted to 9, 7, and 5-tons during the critical spring
period.

Table 19 shows the solution to the performance equation for various
design spring deflections. As would be expected if the road is restricted to
a lower load during the critical spring period, it will theoretically be able
to carry a greater number of total equivalent 18,000-lb axle loads.

By comparing the number of ^N18 predicted from the deflection
tests with the number of years to accumulate that level of traffic from the
previous calculations, the number of years of life to a serviceability level
of 2.5 for that section of road can be estimated.

Table 20 is a worksheet which can be used to summarize the cal-
culations for design spring deflections, allowable tonnages and estimated
road life. This table is set up to use each deflection measured. By using
this procedure the variation in pavement strength in terms of tonnage and
predicted life can be observed. It is also possible to calculate the average
and standard deviations of the deflections in one mile and calculate
tonnages and road life for an average plus two standard deviation values.
This could also be done for the calculated tonnages within each mile. It is
suggested that the latter procedure be used because it would then be
possible to see what areas within the mile are low in strength. It may be
possible to upgrade the whole section by strengthening relatively short
segments of the roadway.

Summary of Conditions

So far in this presentation procedures have been summarized for
determining the surface condition, calculating the traffic factor in terms
of equivalent 18,000-lb single axle loads, determining the rideability in
terms of serviceability rating of a pavement section and estimating pave-
ment life or strength using the pavement structure and a direct measure of
strength of a pavement. Table 21 is an example of how this information
might be summarized. An attempt has been made to put as much
information as possible on one sheet of paper for a given pavement section.
A brief discussion of how to fill out this table follows.

Under the heading of General description of the pavement section the
approximate date at which the evaluation is being done, year the road was
constructed and the year it was overlaid are entered.

Under the Structure the type of surface base and subbase are listed,
along with the thicknesses of each. These can be obtained from either
records in the office or by measuring with borings in the field. The
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TABLE 19

SOLUTION TO PERFORMANCE EQUATION PREDICTING
EQUIVALENT LOADS TO PSR =2.50

Log S.N18 = 11.06 - 3.25 log D,

Where €. N18 = Equivalent 18,000 lb single axle loads

D_ = Design Spring Deflection, 0.001 in.
s

Deflection,
0.001 in.

20

25

30

35

40

45

50

55

60

65

70

6

3

1

1

£ N18

,800,000

,300,000

,800,000

,100,000

710,000

490,000

345,000

253,000

191,000

147,000

116,000

Deflection,
0.001 in. ?N18

75 92,500

80 75,000

85 61,600

90 51,100

95 43,000

100 36,300

105 31,000

110 26,600

115 23,100

120 20,100

125 17,600
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granular equivalent factors are obtained using Table 1-5 as a guide. The
granular equivalent for each of the layers is then calculated by multiplying
ttic thickness by the respective •factor. The total pranular equivalent is

calculated by adding up the values lor each of the layers. The embankment
R-valuc can be either obtained by running an R-value test on the soil in the
lab or by estimating the R-value using either the AASHTO soil classifica-
tion or a texturai classification from Table 14.

The Traffic Factors listed are first the AADT which can be obtained
as indicated in the traffic presentation either from a flow map or by
making a 16-hr count. The speed ol the section of road is the speed limit.

The equivalent loads in terms oi 18,000-lb single axle loads should be
determined since construction or the last structural overlay. This can be
done using the techniques and the calculation chart from the traffic

presentation. The traffic to 20 years of age or any other age can be

obtained using those procedures. The road conditions are first of all
defined using the present serviceability rating which is obtained either with
the PCA roadmetcr or a panel using procedures outlined.

The surface conditions are those obtained with the surface condition

rating scheme which is summarized in this presentation and discussed more

fully in the first presentation.

The rut depth can be determined using either the A-frame or by
running a stringline across the road to see what the depressions are in the

wheel path.

The Strength and Life Predictions portion of Table 21 summarizes the
two methods suggested for estimating the years of life with the existing
pavement section. The first part uses the structure and the embankment
strength to determine first the N18 that this structure could withstand
according to the present Mn/DOT Design Chart. This can be read directly
from the chart when the granular equivalent and the R-value of the

embankment are either measured or estimated. To determine the number
of years to accumulate this *^N18 a table or plot of the predicted
accumulation of 22.N18 can be used which compares the predicted number

of loads to 2.5 serviceability level with the accurnuiation predicted with
time. This can be obtained using the calculations from the traffic
presentation. In the next part of Table 21 the Benkelman beam deflection

information is used to predict the life of the pavement again without any
structural overlay or improvement. The 2.N18 predicted in this manner is

the SLN18 for The total life of the pavement. Therefore if the pavement
is presently JO years old and its total life is estimated to be 22 years, then
it can be assumed there is 12 years left before the PSR will drop to 2.5.
The 9-, 7- and 5-ton deflections are calculated as given in the fourth

presentation. The S2.N18 values will be greater for the 5-ton deflection
than for the 9-ton cicllcction because the lower deflection will result in a

longer predicted life. The years to accumulate this traffic then can be
obtained in the same \vny as for the prediction or life for the structure by
looking at the relationship of the accumulation of traffic with years under
the traffic level using the traffic calculations.
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TABLE 21. SUMMARY OF PAVEMENT CONDITIONS

GENERAL

Location

Year Constructed

STRUCTURE Type

Surface, (D,)

Base, (D^)

Subbasc, (D-,)

TOTALS

Date

Last Overlaid

Thickness in G.E. Factor G.E.

G.E. =

Laboratory
Embankment R-Value

Estimated

TRAFFIC Equivalent Loads (S.N 18)

AADT Since last O.L. or construction

Speed

CONDITIONS

PSR

Surface Condition

Structural

Surface Wear

Weathering

Skid Resistance

Future

5 yr. 10 yr. _ 20 yr.

Roadmeter
Uniformity

Panel

Crack Conditions

Abrasion
Abrasion

Bleeding
Mult.

Rut Depth, in.
Number

\_Rating

Benkelman Beam
Deflection Predictions

STRENGTH AND LIFE PREDICTIONS

Structure

N18 from Design Chart_ Spring Defl. (.001 in.) ^N 18 Yrs.

Years to accumulate

Assuming O.L.
9 T

7 T
Recommended Action 5 T

Est. Cost

Present Restricted Tonnage based
on Mn/DOT 603 Procedure

tons



SUMMARY OF PROCEDURES FOX COMPLETING
TABLE 21 SUMMARY OF PAV12MENT CONDITIONS

GENERAL:

The location of the road should give the number, designation and
define tlie Jiiiiito .-mci lc:;nj';,Tii oj: road bsin(', considered. The length
considered should represent a lo^iccil portion which wouSd be maintajncd or

reconstructed as a unit and is reasonably constant t'eJative to conditions
and trafl'ic.

Tlic date should represent the date on which the evaluations and

traffic are determined. These will not be necessarily the same day, but

could represent a month or so period in which Ihc work was done.

Ttie date constructed ancl/or overlaid c'yn be obtained from records.

STRUCTURE:

The thickness of surface, base and/or subbase and any additional layer

can either be d<?terrnincd from construction records or measured when

augcrmg.

The G.E. Factor is dctennined from Tab^e 15 for the particular
material in each of the Inyer;;.

The G.E. is cnlculaled by iTiulliplying the thickness by the G.E.
Factor. The G.E. column is tl-ien added up to give the total structure for
that pavement .section.

The embankment R-vaJuc is determined either in the laboratory or

estimated for ihe soil cla.ssilication using Table 1^.

TRAFFIC:

The AADT is obtained either from a traffic flow map or a traffic
survey as described on page 14. The speed Is the po.stcd speed limit.

The equivalent loads ( C'.N 18) cnn be calculated by first calculating
the present daily r^N18 usin,r; the pi-ocedui-e and tables on papes lll-20 and
summarized in 7'abJe 9. This information may also be obtL'Jned from the

Planning and Programming Division of Mn/DOT or the District traffic
cngjnccr.

The total *£LNJ8 since last overlay can be calculated usinf, tcibles of

"Present Vc'iJuc of Annuity". A percent decrease ini.o the pcist and the

number- oJ ycuis are used to dcterrninc a faclor which whc-n mt'ltiplJcd by
the present daily N18 times 36-5 will f,ive the summotion. The future

traffic can be r,.ilcukitc-d in the some inp.nncr with an annuity table using

the rnimber of years ..uxl an assumed percent increase in N18. This total

can be deter mined lor 5, 10, 20 years or other tiines inlo the future.
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CONDITIONS:

The PSR is determined using either a panel or the PCA Roadmetcr
using the procedures presented on pages 11-13.

The surface condition ratings are established using the procedures and
descriptions outlined on pages 4-10.

STRENGTH AND LIFE PREDICTIONS:

To make a life prediction based on structure, the *r^,N18 from the

Mn/DOT design chart is first determined using the G.E. and embankment
R-value from the upper part of the table. This is an estimate of the

N18 this structure should withstand before the PSR is reduced to 2.5 or
a level where an overlay would be considered.

Using this value the years to accumulate this traffic assuming the
pavement is overlaid now is determined by comparing the accumulation of
equivalent loads from the present time to the total from the design chart.

An estimate of the number of years until an overlay would be needed
can also be made by accumulating the ^N18 from last construction or
overlay and seeing when this value equals the value from the design chart.

The spring deflections, (9T, 7T and 5T) are determined using the
procedures and tables on pages 24-27. This value should be a reasonable

design value for the section of road. The variation in deflection along the
length of road should be considered when determining the design deflection.
It may be that there could be two or more deflection values which
represent different segments of the road possibly where different soils
occur. Table 20 could be used to summarize the deflections for these
comparisons.

Predictions of the <2?,N1S to a PSR of 2.5 from the deflections can be
estimated using Table 19. This value will increase as the deflection goes
down for the lower loadings.

The number of years to accumulate this traffic can be estimated by
comparing the ^.N18 to a serviceability level 2.5 with the calculation of
traffic accumulation estimated in the Traffic portion of Table 21.

The restricted tonnage based on the Mn/DOT procedure is determined
using the measured spring design deflection and the allowable deflections
listed in Table 18.

The information summarized in Table 21 can be used to determine if
some type of maintenance is needed on this length of road and to some

extent what procedure would be most appropriate. The criteria for how
these are applied are based on other conditions such as finances and

relative conditions of other roads under the same jurisdiction.
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