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MICHIGAN PAVEMENT PERFORMANCE STUDY 

FIVE YEAR SUMMARY 

PREFACE 

It is the purpose of this five year summary to assemble and re

view without duplicating a large number and variety of reports that have 

been submitted during this period for the information and use of' the 

Michigan State Highway Department and others who have had an interest in 

the study. The opening discussion is intended to present a resume which 

touches on the high points of the pavement performance study, its back

ground, objectives, results obtained over the five year period, and their 

practical application to the design, construction, maintenance, and opera-· 

tion of a state highway system. 

Three series of reports are included as an integral part of' this 

:five year summary. The published papers or those presented at meetings 

without publication in recognized proceedings have been assembled in their 

original form as a part of the review. The second series, Departmental 

Reports, with the few exceptions noted have had or are being given of'.ficial 

distribution to those connected with the investigation in one way or an

other. Reports submitted as part of' the five year summary have been bound 

separately to make them more readily available to those interested in the 

subject of any specific report. 

The third series, listed as Supplementary Reports, represents 

miscellaneous dissemination of information in several forms including short 

letter-reports on problems of immediate interest and papers submitted for 

preliminary review which may or may not have been published in final form. 
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Some of this information may have had only limited departmental distribu

tion and is not being included in this final assembly of reports other than 

by brief review. 

Information given in the listed reports has been considered in 

preparing the review although specific reports may not be designated. In 

other cases, reference to specific reports may be made by· number designa

tion and the reader may go to the report itself for more detailed informa

tion. Finally, it may be pointed out that this review and those supple

mentary reports which have been given only limited distribution may be 

obtained by those who may so desire by application to the Michigan State 

Highway Department. 
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11
} he human understanding when it has once adopted an opinion 

... draws all things else to support and agree with it. And though 

there be a greater n urn ber and weight of instances to be found on the 

other side, yet these it either neglects and despises, or else by some 

distinction sets aside and rejects; in order that by this great and 

pernicious predetermination the authority of its former conclusions 

may remain inviolate." 

Francis Bacon 
(1561-1626) 

11
lVhen you can measurethat of which you speak, and express it 

in numbers, you know something about it.
11 

Lord Kelvin 
(1824-1907) 



EVALUATION O.F PAVEli'..ENT PERFORMANCE 

AS RELATED TO 

DESIGN, CONSTRUCTION., MAINTENANCE, AND OPERATION 

INTRODUCTION 

Evaluation of pa.vement performance on a large scale by the pro

cedures used in this invest::igation was undertaken in the belief tbat care

fully controlled observations of ex:isting pavement under actual service 

conditions and enviro!ll1lent would provide the answers to some of the most 

perplexing problems facing the high><ay engineer. The first year, from 

September, 1957, through the first half of 1958, was devoted largely to 

selecting procedures a:nd designing, plarm:ing, and assembl.i:ag equipment. 

In spite of a disappointingly long e.hakedow:n period for the t:ruck-mounted 

profilometer, considerable mileage of pavement profil.e was recorded in the 

first year and a ha.lf. 

In the five years that the Michiga11 Pavement Perfo:t"lllance Study 

has been in progress, almost 10,000 lane m:iles of profile have been re

corded. ~'he progress by years is sb.own in the following table; the routes 

surveyed are shown on the small scale map following the t.able of c.ontents. 

On some o.f these routes only one l.a.ne has been surveyed, 1,1ormal.ly one of 

the traff'ic lanes. On a large pa:et of the m:ilea.ge, particularly on new 

construction and certain roads of special interest, all lanes, in.cluo.in.g 

both traffic and passing lanes_, have been surveyed .. 



TOTAJ" MILEAGE OF' RECORDED PAVEMENT PROFILE 

1958 
1959 
1960 
1961 
1962 

1,969.2 
2,128.2 
1,769.4 
2,366.8 
1,535.6 
9,769.2 

This large mileage of recorded pavement profile and supplemental 

data represent a volu.me of basic information on pavement condition and per-

i'ormance, the value of' which has been only partially utilized to date. Tttis 

review and the acc<Ympanying supplementary reports ;Jill illustrate the use of 

this information in design, construction, maintenance, and operation of the 

Michigan trunk line system. However, its value as a pavement inventory and 

a foundation on ·which to build future applications of pract:ical value can be 

real.ized only by i t.s continued use and by keeping it. up-to·-date and. growing 

as the highway system grows. 

In the open:i.ng discussion of the Michigan Pavement Perf•xrmancoe. 

Study it is appropriate and useful to supply some background information as 

a matter of record, Cond:i.tion surveys of existing pavements as a check on 

design and a basie. :for mo:r-e effective utilization of natnral ecnditio:ns and 

materials i't.1 highway c:onst:r,uctioil are not new~ As po.inted out in several. 

of the publisher). reports 3 this approach had been used for many yea-rf! and 

1-Tas the fundamental bas:is for Michigan d.esig:n o:f the roadway structure~ 

Prior to the c:urrent studyJ de.fin:it;e crite:r·ia f'\:)r mea,s·:J.riug r)ave~ 

ment perf'ormance in 8_. qu.a.:nt:i t.a:b:i v·e ma..:nne:r h.ad beer:;. sei:; up a:nd put. :into 

practice under .f:ield cond:i tions Q 1..., 2 ~.r.he primary fllWJt:ion of' a pavement is 

l W" So Housel, ~"~Report O::i the -'Evaluation of Service Beba.1r:io.r o.f PJ. .. :?.in vs o 
Rei:nf'orced Concrete Pa:veme:nt11 ; Un.iVersi ty of' M:ichiga,n Res ~:::-l:r.'r;;t~ I~~u.:rt . .i tut;e 
Repo:r·t. No. 20.53=1-SJ f'or Wire Reinforcement Instit·•.1te) ~a:r.~ 19.S:!-t." 

2 w. s. Housely 11 Pa;veme:nt Perfcrm~:tnce t.-L~i Rela.tec1 t:.o De.~dg::.tl?,, P:r\')(·.eed:l:ngE'·y 
Fortieth Annual Michigan H:ighway C•:onference, 1955· 
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to provide a smooth riding surface supplying safety, comfort, and economy 

to the highway user. Recognizing this, riding quality has been defined in 

terms of a Roughness Index (RI), expressing the cumulative or total inches 

of vertical displacement per mile measured from the recorded pavement pro

file. 

It was also recognized that the structural properties of the 

pavement would control its ability to endure under the combined stresses 

of continuous load repetition and the rigors of its environment. It seemed 

logical that failure to survive or inadequacy as a structure would be re

flected in cracking or loss of structural continuity even before riding 

quality was affected. Timely maintenance or corrective steps would depend 

on early identification of weakness, so a Continuity Ratio was adopted as 

an independent quantitative measure of structural adequacy. The continuity 

ratio was defined as the ratio of the uncracked slab length of a pavement 

divided by 15. The control length of 15 feet was selected as a measure of 

the normal subdivision of a rigid concrete slab due to shrinkage, warping, 

and curling under temperature, moisture, and other environmental influences. 

It was considered that such environmental effects did not reflect structural 

inadequacy; thus, slab lengths of 15 feet or more would not be considered 

evidence of structural weakness. 

The adoption of these criteri<J. and their application to cond:ition 

surveys of existing pavements in 1957 at the beginning of the current sur

vey was not a generally recognized approach, but definitely a minority 

viewpoint. Design committees of the Highway Research Board, as well as 

many others, had become committed to the road test approach. As a matter 

of f'act, the first published paper, P-1, included in this report was pre

sented by Mr. Stokstad and the writer by invitation in lieu of including 
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field surveys as an alternate to the satellite tests in the recommended 

procedures then being circulated by those committees to follow up the AASHO 

Road Test. 

Having established criteria artd··'gEmeral procedures f~r the pave-
- -';0~·,--

.c 

ment performance surveys, the truck-mounted,<·.profilometer with its electronic 

recording instrumentation was developed as.~he major piece of equipment. 

It was modeled after that designed by F. N. ~veem and used by the California 

Department of Highways. It was selected as the most practical under field 

conditions and state highway department operation to collect and record a 

large volume of pavement profile data. Many types of road roughometers 

have been described and used with varying success, but the choice had to be 

made from those which were readily available. There was little time to de-

vote to devising and developing instrumentation, and the California machine 

was operating efficiently and, with some modifications, met the needs of 

the Michigan study. 

Modifying the available provision for recording a continuous 

pavement profile in one wheel track, a double recording system was adopted 

which provided profiles in both·the outer and inner wheel paths in one 

operation. Electronic integrating instrumentation was added to record the 

cumulative roughness in inches of vertical displacement for each quarter-

mile. More details on the profilometer and its operation are given in the 

reports included as part of this summary. 

USE OF PAVEMENT PROFILE SUMMARIES 

The first objective of this review is to provide convenient access 

to the large volume of accumulated pavement performance data1.,p{le, ultimate 

value of which will be realized only in proportion to its continued use. 
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Summary of Pavement Survey Data 

The Control Section Log Records of all roads which have been sur

veyed during the past five years have been assembled to serve as the basic 

index to the Summary of Pavement Survey Data. These Control Section Log 

Records are the standard forms on which the history and present status of 

all contract sections in the Michigan trurlliline system have been recorded. 

They are in fact a physical inventory· of the state highway system and are 

in constant use by the Department in compiling highway statistics relating 

to the physical condition of Michigan roads and future needs. 

These records, while somewhat voluminous, are the most convenient 

and readily available means of identifyip_g and locating any particular see

tion of state trunkline system and obtaining the essential facts concerning 

it. In the compilation of Control Section Log Records included in thj.s re

view, all construction contracts for which pavement profiles have been re

corded are shown with the mileage, number of lanes surveyed, the date or 

dates of surveys, and the chart roll munber on which the pavement profile 

is recorded. There are 1700 rolls of pavement profile charts on file at 

the Willow Run Soils and Paving.Laboratory, with a total of some 32 miles 

of chart covering 9,769 miles of recorded pavement profile. At the present 

time, these basic records are in the custody o:f the University and are ade

quately housed and readily available f'or re!'erence as long as present space 

assignments are maintained. 

The next step in utilization of the pavement profile data :involves 

the use of the Summary of Pavement Survey Data. 1'his summary j.s compiled in 

five sections, one for each of the five years from 1958 through 1962, In it 

are tabulated in detail all of the data gathered in connection with the pave

ment profile surveys. A typical data sheet is included in this review as 
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Appendix B. In 1959 this table was revised to its present form, in which 

the first five columns give the identification information, including 

route number, contract number, pavement type, year built, and district and 

control number. The next nine columns give corollary information for each 

profile survey, including roll number, date of survey, weather conditions, 

pavement condition, temperature of air, pavement, and subgrade, length of 

survey, and direction and lane number. The next four columns give the 

wheel path and its three roughness index values, in inches of cumulative 

vertical displacement per mile: the average for the contract·section, and 

the minimum and maximum values for the smoothest and roughest ~uarter mile, 

respectively. 

The next column gives the ade~uacy classification established for 

pavement evaluation or rating used in connection with the pavement perform

ance study. (See Reports P-1, P-2, and P-3) The last three columns give 

the data on structural continuity of the pavement, including the continuity 

ratio of the orig;lnal or "as built" pavement and the continuity ratio and 

cracking index at the time of the survey. 

At the beginning of the tabulations for each year, a special 

listing has been compiled to serve as an index to the data sheets which 

follow. The routes surveyed are listed by number, e.g., US-2, M-21, etc., 

followed by page number and location where the particular section will be 

found. The tabulation also shows the month of the survey and the mileage 

surveyed for each route by month and the total for the year. In the index 

tables, the trunklines surveyed are assembled in three groups, designated 

as frost sections, special projects, and pavement inventox-y. This group

ing was not completely established in the first several years, but has 

been followed in the tabulation of data since 1959· The tabulated pavement 
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survey data have been assembled under this same grouping system for the 

purpose of making more accessible the data related to specific subjects of 

interest. 

The frost sections refer to projects included in special studies 

of frost displacement. Special projects are those selected by 0. L. Stok

stad in the last several years for special consideration because of design 

features of particular interest, as listed in Appendix A. Roads not fall

ing in either of the first two categories are referred to simply as part 

of the pavement inventory involved in the long range use of pavement pro

file data. As in the index summaries at the beginning of each year's 

tabulation, the tabulations of detailed data are assembled in the numeri

cal order of the route numbers. 

UTILIZATION OF PAVEMENT PROFILE DATA 

In the title of this review it is ind:icated that pavement per

formance data finds application in design, construction, maintenance, and 

operation of highways. It is not always recognized that a highwa.y depart

ment actually has four major functions which may be so delineated in des

cribing different phases of its operations. However, in planning this re

view of the pavement performance study, it did appear not only appropriate 

hut necessary to so classify highway activities in order to accurately il

lustrate the usefulness of pavement profile data. 

Design Correlation 

The primary objective of the Michigan Pavement Performance Study 

was to provide more accurate and discerning techniques for checking pave

ment design and detecting weakness in service performance. It seemed 
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entirely logical that changes in the pavement surface or profile would re

flect the integrated result of the various stresses and strains to which 

a pavement is subjected, originating from variations in the supporting 

subgrade below or from repeated load application and weather cycles above. 

While the uncontrolled variables of environment seem much more difficult 

to gauge than the more precise relationships of applied load and reaction 

in the pavement structure, they are nevertheless the influences under 

which paveme):lts must endure. Every one of these variables, controlled or 

uncontrolled, has its effect on the pavement surface; whether or not they 

can be identified is a test of the observer and the methods of analysis 

brought to bear on the problem. 

At first it was thought that an initial reference profile would 

have to be recorded and then, after a sufficient period of time had 

elapsed to produce a measurable change, a subsequent profile would measure 

the change. This meant that a period of years, perhaps many, would be re

quired before definitive changes would become apparent. It came then as 

an unexpected bonus when, after a considerable volume of profile data had 

been accumulated, it turned out that roads which had been in service for 

varying periods of time under varying conditions of service and environ

ment fell .into definite patterns of behavior that could be defined in 

terms of pavement roughness, structural continuity, and related character

istics of the pavement. This discovery opened. the door to a great store

house of valuable data when it became apparent that the entire high>m;y 

system was the final testing ground and the.t the many years these roe.ds 

had already been subjected to traffic was the ultimate road test, ~;hich 

was merely awaiting analysis. 
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From the standpoint o:f pavement design, the reports which are a 

part o:f this review contain many examples in which the responsible :factors 

in pavement performance have been clearly identified in terms which demon-

strate them to be subject to design control. The overriding importance o:f 

soil conditions and drainage stands out in many o:f these examples and demon-

strates the soundness of Michigan design, which :follows the unspectacular 

but time-tried principle that it is the subgrade which "does, in fact, 

carry the road and the carriage also". 

A :few ill.ustrations drawn from the supplementary reports and sum-

marized briefly may be used :for illustration. The :following table lists 

the correlation between riding quality and drainage taken from Report P-1. 

It should be noted that drainage as listed includes internal drainage as 

controlled. by soil texture and ground water level. 

Route Figure Service Roughness Index Drainage Riding 
Number Number Period. Inches per Mile Quality 

Years OWP IWP 

7A 32 72 75 Fair Very Good 
US-112 

7B 32 291 395 Poor Prohibitive* 

8A 28 91 66 Excellent Good to Very Good 
M-25 

8B 36 218 175 Poor Very Poor 

12A 22 383 365 Poor Prohibitive* 
M-41 

12B 22 73 75 Good. Very Good. 

16A 19 84 77 Excellent Good. 
M-36 

l6B 19 363 282 Poor Prohibi t:i ve* 

* Outside the tentative rating scale 
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Other design correlations presented in Report P-1 include the 

poor performance of short concrete slabs without load transfer at the 

joints (See Fig. 17), as compared to the performance of another road (See 

Fig. l2B), also having comparatively· short slabs, but with load transfer 

provided. While there were other factors involved to some degree, the 

contrast in these two roads was so sharp that the comparison is still 

valid, with the first pavement becoming extremely rough in its period of 

service and the second maintaining very good riding quality over a con

siderably longer period of time. 

The most interesting feature of the rough pavement in. the pre

ceding example is the characteristic saw-tooth pattern produced by tilting 

and faulting of the short slabs. This illustrates the unique value of an 

actual pavement profile which goes beyond the roughness index derived from 

it. Such a profile is a realistic picture of the pavement itself and a 

physical condition that has been produced by some specific factors among a 

variety of influences tbat me.y have been present. Such a profile is as 

indi vidualistj.c as a signature, reflecting charac.teristic.s that can be 

fully appreciated only by examining the profile itself and the phys:ical 

conditions associated with it in whatever detail is necessary to reading 

the pavement's past history. 

This leads to perhaps the most important. consideration :in evalu·· 

ating pavement performance from condition surveys. The roughness index or 

some other quantity derived from the pavement survey may adequately refleet 

the present riding quality or serviceability of the pavement. This .in it~ 

self is an important consideration and may be useful in severaJ. re.s·pectB. 

However, from the standpoint of pavement rlesig:n one must kncM not only the 

extent to which a pavement has deteriorated or lost. riding quality but v1hy 
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it has reached that particular level of serviceability. This is the crux 

of the si tuati.on and the point at which the actual pavement profile shows 

its real value, as it may provide an .insight .into events in the past his-

tory of the pavement which have left no other clues. (See Fig. 13 and 

Page 17, Report No. P-6) 

There are a number of other examples of the surprising consist-

ency with which accurate pavement prof:iles and the quantitative cr:iteria 

derived from them single out abnormalities in pavement behavior or unusual 

conditions which have affected ·pavement performance. For more complete 

study of all such information, reference should be made to the reports sub·-

mitted as part of the five year summary. 

The discussion of the evaluation of pavement performance as re-

lated to design may be concluded by summarizing some of the major findings 

on design correlation during the f:ive year study. 

l. Michigan 1 s current design standards for rigid pave
ments carrying present legal axle loads are adequate 
for all-season service without load restriction. In 
thousands of miles of pavement profile surveys of 
concrete pavements which by design or natural condi
tions meet these standards, there has been no sig
nificant evidence of loss in serviceability over 
periods up to thirty years due to unlimited repeti
tion of legal axle loads. 

2. On the other hand, concrete pavements that have 
been designed and built to these standards suffer a 
cumulative increase in roughness of 4 to 5 inches 
per mile per year due to environmental and cl:ima.tic 
factors. Chief among these deteriorating influ
ences are t.he temporary pavement displacements 
caused by frost action and temperature d.ifferen·
tials. Frost. displacement appears to originate in 
the freez,ing of moisture which accmmul.at.es in the 
subgrade and granular base.s and subbases Immedi
ately beneath t.he pavement surface. Temporary dis
placements, which reach a. max:imum in late winter, 
largely disappear in the summer but leave a. resid
ual roughness which is the prime,ry source of the 
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cumulative loss in riding qualit.y, (See Report 
P-4, Figs. l through 9) 

3. .Flexible pavements with bituminous surfaces 
built to equivalent all-season standards for 
present legal axle loads show e.omparable per
formance characterisU.cs and ev:ldence of cumu
lative changes of about the same order of mag
nitude. The mechanics of flexible pavement are 
such that cumulative loss of riding quality is 
not produced by the same type of residual rough
ness as in rigid pavements but, on the other 
hand, there is some evidence of measurable dif·
ferentials in roughness due to traffic. These 
considerations and results from short time 
studies are inconclusive J a1 though t.?.;,ey give 
some promise that the loss in riding quaJ.ity 
may proceed at a lesser rate than in :dgid 
pavements. Hm.Jever; sufficient data over 
longer periods of service and comparable condi
tions are still to be accmnula:ted to supplement 
the present study before these important ques,-
tions can be answered.. (Report P- 6, F'igs. 14 
through 18 and Table 2) 

Construction Practice and Pavement Performance 

It has been stated that pavement performance surveys have shown 

that current design standards provide adequate load-supporting capacity. 

However, these same surveys show that in terms of potential riding quality, 

the benefits of adequate design are not being fu.lly realized, Involved in 

this problem are plans and specifications and. construction control which 

fail to achieve the maximum potentia.l performancE from well-designed pave-

ments. This appears to fall largely in the field of construction ·practice 

so is being discussed under that. headi!lg. The accumulation of a large 

volume of pavement profile data has brought to l.ight, or perhaps empha-

sized by supplying the figures, several def:iciencies in construction 

practice. 

Granting that the end product :in bu:i.lding a pavement is riding 

g1.1ali ty, then current specifications s.nd. inspec.tion procedures fail to 
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conserve or protect a considerable ·percentage of a pavement's potential 

life, "Built-in" roughness has become a common term only since pavement 

condition surveys have included accurately recorded profiles and the 

roughness index associated with t.hem. One of the first observations that 

was somewhat surprising to those unaware of the problem was the sharp con

trast between the roughness index of bridge decks and bridge approaches 

and that of the adjacent roadway pavements finished with conventional pav

ing equipment. Another observation on "built-in" roughness is the almost 

universal characteristic of greater roughness in the outside wheel path 

or the edge of the pavement. This bas been taken to indicate that irregu-

larities in form setting were more completely reproduced close to the 

forms and damped out, to some degree, in the center of the co:ncrete slab. 

As data accumulated in considerable volume, they have been re

ported to the Department so that possible corrective measures could be 

studied. Departmental Reports D-2, D-8, and D-9 and Supplementary Reports 

S-1, S-5, S-8, and S-10 have all reported fi.eld survey data compiled on 

the roughness of bridge decks and bridge approaches. Summarizing of rep

resentative data from these reports shows roughness indexes ranging from 

about 100 to 300, averaging around 200 inches per mile. In terms of the 

tentative rating of riding quality, the average performance of bridge 

decks would be described as very poor to extremely rough. Bridge ap

proaches fall in about the same classification. 

Turning next to hand finishing of paving, which occurs in spe

cial cases where machine finishing is impossible or has been eliminated by 

special permission, the results are comparable to those obtained on bridge 

decks. Supplementary Reports S-16 and S-16B dealt. with the roughness of 

hand finished pavement on the ramps of the grade separation at the 



intersection o:f M-21 and 1~96, near Grand Rapids. The roughness on the 

first ramp, reported in S-16, varied from 167 to 191 inches per mHe, which 

would be rated from poor to very poor. The second ramp, reported in S-l6B, 

showed a roughness index varying from llf5 to 154, falling on the border 

line between acceptable and poor, but certa:inly not to be considered as 

high quality work. 

Occasionally some unusual conditions come to light as pavement 

profiles are being analyzed which may be related to construction methods. 

Such a case has been described in Supplementary Report S-19, and also in 

Report P-6 (See Fig. 13 and Page 17). In this case, a comparatively new 

pavement on US-131 was reported by the Department as being extremely rough, 

and a pavement profile survey was requested. On the basis of the profile, 

this section ·was rated extremely rough, with a roughness index of 233 inches 

per mile and a saw-tooth patt.ern, particularly in the outer wheel path, al

most identical to that caused by the tilting of short slabs previously re

ported on US-24A and Shown in Fig .. l3A in Report P-6. The close comparison 

in terms of roughness index and profile was not repeated on the inner wheel 

path of the US-131 pavement, where the saw-tooth pattern was damped out and 

the roughness index dropped to 105 .inches per mile. The sharp displacements 

in the outer wheel path were repeated at intervals of approximately 10 feet. 

Although there were no joints or cracks in the pavement to produce faulting 

at these intervals, spacing of these (\isplacements did coincide with the 10 

foot length of the sections of the paving forms, The evidence pointed to 

careless form setting and it was concluded that this was the source of this 

abnormal and unusual built-in roughness. Parenthetically, it may here be 

noted that the considerable effort devoted to grinding down high spots did 

not appear to have been particularly effective in :producing improved riding 

quality. 



Supplementary Report No. S-14 is of interest as an illustration of 

high built-in roughness resulting from a combination of conditions during 

construction, which may or may not be justified. Initial roughness ranged 

from 107 to 124 inches per mile, with an average of 115 for all lanes. This 

project was discussed with the project engineer who considered that the high 

roughness was due to inadequate equipment and inexperienced workmen. 

The principal item of objectionable equipmel)t was the "bull float" 

(longitudinal float) finishing machine which was also in poor condition. 

This type of equipment is not suited to finishing steep alternating grades 

(3 per cent) with short vertical curves and has been prohibited on subse

quent work of this nature. The "bull float" has a 10-foot long straight 

float positioned at a slight angle to the center line. This oscillates 

longitudinally as it moves back and forth across the pavement and simulta

neously advances. (See Fig. 2lf-ll, Page 24-21, Wood's Highway Engineering 

Handbook). The front end tends to gouge into the slab going uphill and the 

rear gouges going down. The finished pavement surface passes the 10-foot 

straight edge test easily, but may still be rough riding. 

In discussing examples where construction practice has resulted in 

abnormally high built-in roughness, it would distort the picture to ignore 

the equally numerous examples where high grade workmanship has produced supe

rior riding quality. The fact that there are such examples is particularly 

significant because it demonstrates that it is within the range of common 

practice in pavement construction to produce such superior results. There 

is then all the more reason why poor workmanship and inferior riding quality 

need not be accepted. 

Several examples of superior riding quality may be cited in both 

concrete pavements and asphalt pavements. In Fig. l in Report P-4 there are 
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identified a group of three concrete pavements, discussed on Page 13, built 

with roughness indexes of 50 inches or less per mile and five other projects 

which, allowing for normal increase in roughness, would have had "built-in" 

roughness of less than 50 inches per mile. It is significant that five of 

these eight projects were built by two contractors who had established a 

reputation for doing high quality work. Other illumi.nating examples were 

also cited in the same report in the discussion of quality of workmanship. 

Other examples of excellent construction performance were given in 

Departmental Reports D-5 and D-6, where the contractors made a special effort 

to provide superior riding quality. On US-31, the Muskegon - Grand Haven Ex

pressway, a heavy-duty asphaltic pavement, the initial roughness index values 

ranged from 20 to 40 inches per mile. On the Bay City - Midland Expressway, 

a concrete pavement, the average roughness index values ranged from 34 to 58 

inches per mile. In terms of maximum and minimum for any quarter mile, 

roughness index values ranged from 20 to 84 inches per mile, indicating less 

uniformity in finishing than on the US-31 flexible pavement. Supplementary 

Report No. S-21 presents data on a number of contracts totalling more than 

30 miles of bituminous expressway construction on I-75 or US-27 in which the 

job average of roughness index values ranged from 17 to 49 inches per mile, 

with only a few quarter mile maximum values above 50. 

Other observations of direct correlation between pavement perform

ance and construction conditions are given in several reports on special 

projects, some of which will be cited as examples to illustrate the more 

prevalent sources of poor performance which appear to be related to con

struction practice. 

The Fenton - Clio Expressway on US-23, now I-75, discussed in De

partmental Report No. D-ll, has been the source of comment by a number of 
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observers reporting certain sections south of Flint which have shown abnormal 

increases in roughness and other signs of deterioration. Mr. Stokstad first 

called this to the attention of the Pavement Performance Study group in his 

memorandum of March 14, 1960. At that time he commented on the number of 

pop-outs and numerous transverse cracks; he suggested frost heaving, settle

ment, and perhaps inferior aggregates as possible contributing factors. 

Subsequent surveys reported in D-ll confirm these observations and, 

as shown in Table III, there are significant differentials in both the rough

ness indexes and continuity ratios in the sections south of M-78, toward 

Fenton, and the sections north of Flint. In the same table, the grouping of 

contractors is indicative of their general performance on other projects and 

is further evidence that "built-in" roughness may be as much a reflection of 

the characteristics of the contractor as it is of physical conditions asso

ciated with the project. 

On the other hand, it is equally important to identify the particu

lar elements in pavement construction which provide the opportunity for poor 

workmanship and are thus a primary source of poor performance. Enough has 

been said of built·-in roughness as an immediate result of careless finishing. 

Attention may next be given to those factors which result in early 

and excessive deterioration in the pavement surface. Non-uniform compaction 

of granular bases and subbases and failure to provide uniform subgrade sup

port for the pavement structure are the most familiar sources of poor pave

ment performance. An abnormal dec.rease in structural continuity shown by 

excessive crack development and deterioration of the pavement surface may be 

due to inferior concrete, non-uniform settlement of the supporting subgrade 

and bases, or a combination of these two basic deficiencies. There are a 

number of examples of this in the series of reports submitted in the course 
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of the pavement performance study and doubtless many more in the pavement 

profile data that have not yet been analyzed. 

Several examples may be selected for illustration. Perhaps the 

most striking example is the rapid deterioration of the Detroit Industrial 

Expressway, from Willow Run to Detroit. Built during the war years, the 

sand subbase over clay was adequate in thickness; however, failure to pro

vide adequate and uniform compaction through field density control, com

bined with the elimination of steel reinforcing and further complicated by 

poor control of concrete mixtures, made the poor performance inevitable. 

These conditions were clearly revealed by comprehensive investigations sub

sequently made by the Department. Regardless of whether or not these con

ditions could be excused as emergency construction, the results were never

theless revealing as the consequence of poor construction practice. 

After this pavement had been stress-conditioned through years of 

service under heavy traffic, it was rehabilitated by bituminous resurfacing 

to recover acceptable riding quality. It was hoped that it could then pro

vide a period of years of improved service without rapid deterioration. The 

results presented in Departmental Report D-17 are rather fragmentary, but 

the abnormally high rate of increase in roughness of the plain concrete sec

tions is not an encouraging indication. As shown in Table l and Fig. 4, 

the newer reinforced concrete pavement shows an average increase in rough

ness of 4.5 inches per mile per year, while the older plain concrete, re

surfaced in 1955-56, shows an increase in roughness about three times as 

great. 

Another of the "Special Projects" selected by Mr. Stokstad for 

close attention was on I-75, the Detroit-Toledo Expressway, and is briefly 

reported in Departmental Report No. 15. Again, the early results are not 
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encouraging, although it isn't clear as yet whether the excessive cracking 

is due to deficiencies in design or in construction. The increase in rough

ness index has not yet been sufficient to reveal lack of subgrade support 

and it may be some years before comparative results become definitive. 

Application of Pavement Profile Data. to Maintenance 

Data from condition surveys of existing roads are of direct value 

in several phases of maintenance, with particular reference to the pavement 

structure. The rate of change in both roughness and structural continuity, 

when compared with normal cumulative changes, may reflect unfavorable physi

cal conditions or weakness in design and construction that may be possible 

to correct. Cracking in concrete pavements due to environmental factors or 

load repetition or to the combination of both is a natural development; 

hence, joint and crack maintenance is accepted as normal and considered a 

routine operation in the early stages of pavement life. In older pavements 

or in those which for one reason or another are subject to excessive crack

ing, filling of joints and cracks may become ineffective or prohibitive. 

Such conditions may be the signal for resurfacing or early reconstruction, 

beyond the scope of maintenance. 

In bituminous pavements, both roughness and loss of structural 

continuity have significance comparable to those in rigid concrete pave

ments, but the evidence of structural deterioration is not as easy to evalu

ate in quantitative terms. Identification and classification of cracking, 

patching, and other types of surface deterioration in bituminous pavements 

have been worked out by technical committees of the Highway Research Board 

and also in connection with the AASHO Road Test. The final reports from 

that test are perhaps the most readily available and the most authoritative 

for present use. Consequently, they will be considered in some. detail. 
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In the AASHO Road Test, the roughness index and continuity ratio 

used in the Michigan pavement performance surveys are combined in a single 

numerical index, defined as the Present Serviceability Index (PSI). In Ap

pendix A of Report p-6, submitted as part of this final report, the Michigan 

roughness :index and the cracking and patching as a measure of structural 

continuity in a flexible pavement "ere translated into terms of the Present 

Serviceability Index. 

Tbe first step in this procedure is illustrated in Fig, 20 of P-6, 

"here the Michigan Roughness Index (RI) was converted into a function of the 

AASHO Slope Variance (1/Sv) by a theoretical equation developed by Irick. 

Conversion of comparable data from a number of different projects is shown 

in Fig. 20 as representative of the general c.orrelation, In Fig, 21 is 

sho"n on a semilogarithmic plot the relationship bet"een the Present Service

ability Index and the Michigan Roughness Index derived from the rating of 49 

rigid pavements by a panel of observers selected to extend AASHO Road Test 

results to existing pavements. To test the validity of this relationship, 

comparative values of both measures of servic.eability or performance have 

been plotted from six flexib],e and six rig.id pavements in Michigan. 

The preced.ing disc.ussion of quantitative measures of pavement 

performance has two objectives. The first objective was to show that data 

from the Michigan Pavement Performance Study can be readily translated into 

terms of the AASHO Serviceability Index and conversely that useful results 

from that test could be put into practice in Michigan. The second object.ive 

was to apply the pavement performance criteria to :maintenance and point out 

relationships of important practical s.ignificance. 

Directing attention now to the second objective, it seems particu

larly important to take note of the fact. that deterioration of the pavement 
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surface, reflecting loss in structural integrity, is of primary importance 

as an independent guide to timely maintenance and should not be buried by 

the statistical combination involved in reducing pavement performance to 

a single numerical coefficient such as the Present Serviceability Index 

(PSI). Recognition of this fact has entered into some of the most recent 

discussion of this subject and it seems reasonable to suppose that pave

ment performance criteria may be adjusted accordingly. 

As a first example of the use of pavement condition data from 

field surveys as a guide to maintenance, reference is made to Report P-5, 

which is devoted largely to describing maintenance of the airfield pavement 

at Willow Run. Maintenance of the airfield paving was a basic responsibil

ity assumed by the University of Michigan when the University took title to 

the field in 1946. While the deed stated " . that the entire landing 

area 

tion 

. shall be maintained at all times in good and serviceable condi

. ", no standards or procedures were prescribed for judging what 

would be considered "good and serviceable condition". 

Report P-5 outlines the periodic surveys and procedures developed 

for maintaining a continuous recQrd of pavement condition. Prior to resur

facing, structural continuity as measured by pavement cracking in terms of 

the continuity ratio was the basic measure of pavement condition. Pavement 

roughness was not a serious problem in the ai:J:·field pavement and was not 

recorded during this period. Joint and crack filling and occasional slab 

replacement constituted the major part of the maintenance program and the 

pavement was never allowed to reach a state of disrepair. As the cracking 

pattern became more advanced, this type of maintenance became prohibitive 

and bituminous resurfacing was adopted on an annual incremental program. 
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After resurfacing and with availability of equipment to record 

pavement profiles and the roughness index, the measure of pavement condi

tion was shifted to cumulative change in roughness, supplemented by visual 

surveys of reflected cracking. Resealing of the bituminous surfaces before 

reflected cracking reached an advanced stage was the adopted practice, mak

ing timely maintenance the keynote of the program. 

From the standpoint of the Michigan study and accumulating exper

ience, it appears desirable to retain both the roughness index and the con

tinuity ratio or its equivalent in evaluating pavement performance, with 

particular reference to pavement maintenance. Several other examples may 

be cited from the data being submitted with this final report which indi

cate that needed maintenance may frequently be reflected in structural de

terioration of the surface well in advance of loss in riding quality. In 

this connection, it may be noted in Appendix A of Report No. P-6 that fairly 

substantial amounts of cracking, patching, and rutting have an almost neg

ligible effect in the computation of the Present Serviceability Index. 

The next example of surface deterioration which may be cited as 

indicating a possible need for early maintenance is given in Departmental 

Reports No. D-13 and D-14. The project involved is the previously discussed 

heavy duty flexible pavement on US-31, the Muskegon - Grand Haven Expressway, 

which has been given intensive study from the standpoint of pavement perform

ance. While it has retained excellent riding quality, there have been areas 

of a peculiar type of longitudinal cracking, the cause of which has not been 

definitely determined. If this type of cracking persists, early sealing may 

be necessary to protect the surface even though the cracking has had no ef

fect as yet on pavement roughness. 
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Another interesting example that has been studied is discussed in 

Departmental Report No. D-10. In this case, a recently built reinforced 

concrete pavement on I-96 Expressway from Brighton to Novi has been sub

jected to a concentration of heavily loaded gravel trucks traveling east 

from the Green Oak Plant of the American Aggregates Corporation, toward 

Detroit. There has been no more than a normal increase in pavement rough

ness due to environmental factors or construction conditions, and none 

which can be identified as due to repetition o.f heavy loading. In fa'ct, 

the westbound traffic lane, which carries only normal traffic, and both 

eastbound and westbound passing lanes have roughness index values as great 

as or greater than the eastbound traffic lane. 

However, this pavement does show signs of more than normal 

cracking and structural. deterioration and there have been some slab re

placements not expected in a pavement no more than five years old. Field 

investigation has not been carried far enough to identify the cause or 

causes of this early structural. deterioration and there is some evidence 

indicating that the unusual. concentration of heavy loading is a contribut

ing factor. Regardless of the factors associated with the performance of 

this pavement, the purpose of discussing it in this s~~ary is to point it 

out as another example that timely maintenance may require condition sur

veys that evaluate the structural behavior of pavements before the loss of 

structural continuity can be reflected in loss of riding quality. 

The Value of Pavement Performance Data to Operations 

In the int;roductory discussion of the utilization of pavement 

profile data, the operation of the state highway system a.s a public facil

ity was set forth as one of the four major functions of' a state highway 

department. While this may be recognized by highway engineers and 
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administrators, it does not appear to have been given sufficient emphasis 

as a separate phase of highway responsibility to gain it the public atten

tion its importance deserves. Pavement performance and pavement profile 

data have to do specifically with the pavement surface itself, the sole 

purpose of which is to provide superior riding quality for the comfort, 

convenience, and economic benefit of the highway user. 

The Michigan Pavement Performance Study as organized and operated 

during the five-year period covered by this review provides an excellent 

example of the value of accurate pavement evaluation in the operation of 

the highway network to obtain the maximum economic benefit as a state-wide 

transportation facility. One of the major objectives of the sponsors of 

this project was to provide all season operation for full legal axle loads 

and demonstrate the practicability of such operation by carefully controlled 

observations of pavement performance. 

The first step in this program was the selection of a network of 

highways on which the spring load limi-tations could safely be eliminated 

and then to expand that network as rapidly as possible. Since 1940, 

Michigan's design standards for trunk line construction have been gauged 

to provide all year service for legal axle loads, without spring load limi

tation. Consequently, by 1958, a substantial mileage of such roads had 

been built. The first pavement evaluation, of January l, 1958, shown in 

Fig. 1 of Report P-1, was prepared as a state-wide evaluation of the trunk 

line system from the standpoint of adequacy to carry legal axle loads with

out restriction. It included those roads on natural granular subgrades and 

with natural conditions making them adequate for year-round service (Class 

l), and those roads which had been improved with drainage and granular sub

bases to compensate for seasonal loss of strength (Class 2). 
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The first pavement evaluation, of 1958, provided an integrated 

inventory of adequate roads which classified approximately 55 per cent of 

the state trun_l<: line system as adequate for legal axle loads at all times. 

Based on this evaluat.ion, the first so-called "frost-free" network was es

tablished and public notice given of the raising of spring load restrictions 

on this network as of January 1, 1958. Including additions made as the re

sult of special studies, the unrestricted network during the 1958 "spring 

breakup" consisted of some 4545 miles, or about 50 per cent of the state 

trunk line mileage. Judged in terms of publ.ic benefit, it was estimated 

that the cost of spring load restrictions to the state's industry and agri

culture was some $20,000,000 a year, of which a substantial part has been 

saved during the spring season each year since 1958, without significant 

damage to the roads. 

The second phase of the pavement evaluation was the expansion of 

the unrestricted network as the result of new construction, betterment, and 

reclassification. The pavement profile surveys entered directly into the 

reclassification and provided the supporting data to demonstrate that Michi

gan design standards did provide· roads that. would not be damaged by legal 

axle loads under year·-round operation. Under this controlled operation of 

the state trunk line system, the unrestricted mileage had been increased to 

6240, or about two-thirds of the total trunk line mileage, by 1960, when the 

"Second Pavement Evaluation of 1960" was compiled (Fig. 3, Report P-3). 

Since 1960, the Department has continued the upgrading of the trunk line 

system by continued replacement of inadeg,uate roads and some reclassifica

tion, for which pavement profj_le surveys provide part of the data. The 

"Third Pavement Evaluation" was made as of January 1, 1961. This was the 

last published map presenting the classification of the complete state trunk 
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line system with respect to adequac.y for carrying legal axle loads. Other 

revisions were 1nade as of January 1, 1962, for use by the Department but 

this particular map was not published. 

Based on the state-wide pavement evaluation, two maps are prepared 

and issued annually, particularly for the guidance of commercial transporta-

tion. These maps are the "All Season Trunkline Highways" and the "Truck 

Operators' Map". The expansion of the "All Season Trunkline Highways" is 

graphically illustrated by the annual maps that are issued, which are listed 

below with references and the consistently increasing mileage in the unre-

stricted classifications given in the following tabulation. 

ALL SEASON TRUNKLINE HIGHWAYS 

Length 
Date Miles Per Cent Reference 

1 Jan '38 4'345 49 Fig. 2, Report P-1 
1 Jan '39 '3519 '39 Files Only 
1 Jan 60 598'3 64 Fig. 3, Report P-3 
1 Jan 61 6344 68 Files Only 
1 Jan 62 7031 76 Files Only 
1 Jan 63 74'35 81 Fig. 1 

The mileage of unrestricted highways reported in the above table 

was the subject of Supplementary Report S-7, at which time revisions were 

made to eliminate duplication resulting from overlapping trunk line routes. 

Consequently, this mileage may not agree with mileage previously given in 

Reports P-l and P-3· In Figs. 1 and 2 of this report are reproduced the 

latest maps, published in January, 1963. Full scale copies o.f the two maps 

have been inserted in a limited number o.f copies .for of'.ficial distribution. 

The map of "All Season Trunkline Highways", Fig. 1, designates the network 
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over which full lega.l axle loads may be operated at all times. The "Truck 

Operators' Map" J F:ig. 2, shows a. network of highways calculated to provide 

continuous rout.es leadj.ng to any dest.ination in the state, Not all of these 

routes are unrestricted in the spring of the year, thus the operators must 

use the "All Season" map to check loadings. 

The "Truck Operators' Map" also shows "Special Tandem Routes" on 

which a maximum load of 32,000 pounds on one set of' tandem axles or 16,000 

pounds per axle is permitted. This loading applies when load restrictions 

are not in force, including the "All Season" highways at all times. When 

restrict.ions are in force, all tandem axles are limited to 26,000 pounds or 

13,000 pounds on each axle. 

The publication in Jar;uary of each year of t.hese two maps repre

sents a permit. to truck operators and all ether highway users for unre

stricted use of the designated routes under the authority of the Michigan 

State Highway Department. They represent the ultimate result of pavement 

evaluation of state trunk lines in the operation of' the state highway sy.s

tem as a transportatj_on fac:ili t.y. • What this means in terms of savings to 

state industry and agriculture has been pointed ou·t and has been cited he:re 

to illustrate the :importance of well-informed operation of a state highway 

system and the va.lue of pavement performance data in the support of that 

type of operation. 

SPECIAL STUDIES 

One sec,tion of the f'inal report was to have been devoted to the 

Eipecdal studies which are lj.sted on the first page of Appendix A under ni.ne 

different head:ings. !I'he f:Lrcrt; subject_, Study A, w1s t.o be the gathering of 
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profile data from 14 projects selected by o. L. Stokstad for special obser

vation. Some field surveys were made on all. of these projects, but oppor

tunity was not available to carry on these observations over a sufficiently 

long period of time to obtain conclusive results. Available data have been 

reported in the Pavement Profile Summaries and in some cases analyses pave 

been made and results presented in Departmental Reports as shown in Appen

dix A. As noted in most of these reports, the results are generally con

sidered to be rather fragmentary as it was contemplated that these projects 

would have to be observed over longer periods of time before final conclu

sions could be drawn. 

Study B was directed to gathering and analyzing data on the tem

porary displacement at joints due to curling and warping resulting from 

frost action or temperature differentials. The study originated from in

quiries concerning the magnitude and source of temporary roughness develop

ing in the winter on both recently built concrete pavements and old concrete 

pavements that had been resurfaced. In the case of the latter, particular 

attention was to be given to the question of the extent to which deforma

tions from the old concrete slab were reflected through the bituminous re

surfacing. Attention was focused on certain sections of old US-12 (I-94) 

west of Ann Arbor and on sections of the Detroit Industrial Expressway in 

the vicinity of Willow Run where certain special. conditions made these 

projects of special interest. Departmental Report No. D-17 presents some 

early results on the latter project; these results are only indicative, but 

they do not appear to support the hope that these pavements had become stress

conditioned in service and after resurfacing would retain their good riding 

quality for extended periods of time. 
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The next four Special Studies, c, D, E, and F, are covered by the 

indicated Departmental Reports, which will be summarized most briefly in 

this review. 

C - Report D-14 - Load-Deflection Observations 

Load-deflection measurements on a comprehensive scale by use of the 

Benkelman beam were first undertaken on M-55, west of Tawas City, in 1960 and 

were later extended to other projects as a supplement to other pavement pro-

file data. M-55 was a road known to be deficient in load carrying capacity. 

The pavement deflection tests, under an 18,000 pound axle load, were con-

ducted at different seasons both before and after reconstruction to establish 

the range of pavement deflection characteristic of inadequate and adequate 

capacity. The results indicated a direct correlation between pavement deflec-

tion and the roughness index, but the significance of this correlation had 

not been clearly established at the time these observations were discontinued. 

Continued study of pavement deflection measurements is considered necessary 

before the present procedures are accepted as a reliable measure of pavement 

strength over a period of many years. Elastic deflection alone, unrelated 

to the type of deformation, age of the pavement, and seasonal change, seems 

to be an incomplete basis for pavement evaluation. Present procedures which 

ignore permanent deformation and fail to consider the different types of per-

manent deformation are questioned as being a reliable and generally applicable 

measure of pavement behavior. 

D - Report D-16 - Feasibility Study of Equipment for Recording Continuous Load
Deflection Profiles 

The increasing interest in load-deflection measurements in connec-

tion with pavement evaluation has stimulated development of methods and 
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equipment for obtaining more reliable data and making more comprehensive ob

servations. The obvious advantages of' a continuous load-deflection profile 

over spot tests led to a well-intended effort to design such equipment, with 

the full intention of' building it if its feasibility could be demonstrated. 

Three engineering organizations who specialized in the design of measuring 

and recording equipment and complex instrumentation were retained to make 

feasibility studies. Report D-14 is a summary of' these studies; Appendices 

B, C, and D of' D-14 are the reports of' these three organizations, namely: 

Special Projects Group, University of Michigan Institute of Science and 

Technology; Strand Engineering Company; and Kearns and Law, Engineers. 

These reports will not be reviewed here; those seeking more de

tails on suggested procedures and equipment are referred to the reports 

themselves. Kearns and Law made the most complete study and carried the 

design of' equipment the furthest. The objective in all cases was to record 

continuous pavement profiles in the unloaded and loaded conditions superim

posed on each other so that the differential deflection could be reliably 

measured to ±0.002 inch. The conditions under which the measurements were 

to be made and the specified accuracy imposed such severe requirements that 

the equipment becan1e so complex and the cost such that the project was con

sidered impracticable, at least at the present time. Preliminary estimates 

of cost varied from $223,000 to $300,000, and previous experience with pre

liminary estimates on this type of' development would indicate that they are 

usually low rather than high. Kearns and Law carried their equipment de

sign to the most advanced stage; the schematic design at the end of' their 

report (Appendix C of' Report D-14) gives some idea of' what could be in

volved. 
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E - Report D-18 - True Profile by Means of Digital Computer 

It. has been recognized for some time that the truck-mounted profil• 

ometer or any other equipment. of this type that records deviations of a pave

ment. surface from a datum such as a 30-foot floating base line has certain 

limitations. For example, if such a recording device were run over a pave

ment profile consisting of a regular sine wave of 30-foot wave length, the 

cumulative vertical displacement recorded would be double its actual value. 

Similarly, a pavement surface configuration consisting of 15-foot waves 

would produce a cumulative vertical displacement. or roughness index of zero. 

In actual pavement profiles containing compensating randomization 

(in other words, an equal number of both 15-foot and 30-foot wave lengths), 

such errors would be balanced in terms of the numerical value of the rough

ness index but there could still be distortion in the recorded profile. 

While these limitations do not destroy the value of comparative pavement 

profiles taken with the same equipment on the same pavement, they do intro

duce serious experimental error in projects with a predominance of irregu

larities or deviations of a specific length. 

There are two general approaches to eliminating or minimizing this 

ty~e of experimental error. Profiling equipment can be designed to avoid 

these errors to varying degrees and some such equipment has been built. A 

second method is to record the pavement profiles with available equipment 

(for example, profilometers such as Michigan has used) and then set up a 

computer program to eliminate or compensate for these errors. 

Report D-18 outlines briefly a special study in progress at the 

time the Michigan Pavement Performance Study was terminated, the objective 

of which was to set up a. complrter program to obtain a true profile from that 

recorded by the profilometers with a 30-foot base line or reference length. 
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Such a program is predicated on the fact that the pavement profile now re

corded can be computed from elevations taken along the pavement wheel path 

at specified intervals. It follows then that elevations at specified inter

vals along the pavement can be deduced from a recorded profile. Once the 

elevations of the pavement at a li.jle of control points are available, a true 

profile can be computed with respect to any base line length or any desired 

reference plane or surface. The most useful control or reference datum with 

respect to which pavement deviations could be measured would be the plan 

grade to which the pavement was presumably built. If "as-built" plans or 

grades are not available, measured elevations at a relatively small number 

of points may be introduced into the program to reproduce a profile with 

deviations or roughness with respect to the average line of travel tha,t a 

vehicle traveling the road would follow. Th.is endeavor. had reached a stage 

at which it seemed certain that the necessary program could be developed but 

the work was not completed. It is being continued by Mr. G. Ragnar Ingimars

son as a part of his doctoral thesis research. 

F - Report D-19 - Equipment Operating Manuals 

During the building of the truck-mounted profilometer, no complete 

set of plans was ever drawn and many modifications in measuring and record

ing equipment have been made from time to time. On several occasions during 

the past five years, some time bas been devoted to bringing together a com

plete set of drawings giving the details of the equipment. The obvious need 

f'or such information led to a concentrated effort to complete this work and 

the result is presented :in Report D-19 as a "Manual for Operating and Servic

ing the Truck-Mounted Profilometer". This was one of the final assigrunents 

to be completed as a Special Study and is intended to facilitate the future 

use of this equipment, 
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PAVEMENT PERFORMANCE IN MICHIGAN AS AF'FECTED BY 
STEEl· REINFORCING AND SAND SUBBASES 

Three "Special Studies", listed as a, H, and I on the first page 

of Appendix A, have by force of circumstances become so closely related that 

they will be discussed together in this review, They include the correla-

tion of AASHO Road Test procedures with Michigan pavement design and ·per-

formance criteria, comparattve performance of :plain and reinforce<l concrete 

pavements, and the role of granular subbases in Michigan pavement construe-

tion. Taken together, these three phases of pavement research deal with 

the most important factors in Michigan pavement design, the evaluation of 

which is the primary objective of the Michigan Pavement Performance Study. 

Steel reinforcing to provide structural continuity and granular subbases to 

compensate for soils of high susceptibility to :moisture and frost action 

are the cardinal features of Mic,higa.n design· standards, 

Both of these features ha.ve been incorporated in concrete pave-

ment construction for some years and it i.s believed that the State's design 

engineers would strongly support the contention that these two features are 

the major contributing factors in s•J.ecessful performance of concrete pave-

ments in Michigan, By successful performance, reference is :made to the 

pavement profile surveys presented in Reports P-4 and P-6 and the f'act that 

several thousand :miles of Class 1 and Class 2 concrete pavements show no 

measurable or significant. damage attributable to axle loadings up to legal 

limits and over service ·periods u·p t.o 30 years, On the other hand, there 

is definite evidence to show that unreinforced concrete pavements and pave-

ments without granular subbases whex·e t.he.se features would now be required 

have suffered measurably from these de:ficiencdes in a manner that. appears 

t.o correlate directly with traffi.c or load repetition. 
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Michigan Roughness Index and AASHO Present Serviceability Index 

As cited on Pages 19 and 20 o:f th:te. smmnary, the Michigan Rough-· 

ness Index can be readily correlated with the AASHO Present Serviceability 

Index and vice versa. This correlation was worked out in some detail in 

Report P-6. 

In addition, some attention was given to analysis of' AASHO Road 

Test results, with particular re.f'~,rence t.o the value of steel reinf'orcement 

and subbases under concrete pavements. Inasmuch as these studies were in

complete at the time that the five year program was terminated,, the present 

report was limited to presenting the results of the Michigan Pavement Per

formance Study. 

Michigan Roughness Data 

There are some data f':rom the Mich:igan Pt::i.Ve:me:nt Performance Study 

on resurf'aced concrete pavements which provide a e:omparison between rein~ 

forced and nonreinforced pavement mmr long periods of' time. From the com

bined data on both reinforced and nonreinforced pavement:s (see Report P-6, 

FigQ 18, Page 22)., it was obse:c:ved t,lm:t bituminou:::1 surtaceE!'. over pla.in eon= 

crete pavements were generally rougher t:ha1:1 t.hose ove:l' c::omparab1e reinf'orced 

concrete slabs. 

Roughness of Bituminous. (lV<'C.:':1ays: A further a.na.1;ysis of these 

data has been made and the resu1t:s ar£; ahmm. in Figs. 3 and 4. I:n both 

cases, the roughness index has t .. ee:n pl<:Ytted, .s,g.g,1nst 1:-~oge O:t" years :in service 

of' both the b:i t1.uninous surface :9,nd. the u.nd.erlyi:n,g co:ncret.e slab~ Fig o 3 

shows the data for the recapped. reinforced conc:ret.e: slabs taken f:rom 59 

contracts covering 194 l.a.ne mil.es of' pavement. '1i th an average life of 24 

years. In Figo 4 are shown the data .f'ro:m re·c.apped pJJSJ,'in ecmcrete slabs 



from 63 contracts and 21>3 lane milee of pavement Hith a.n average life of 32 

years. 

While both types of recapped pavement are represented by fair size 

samples, it may not be enough over a spread of 20 :years to establish a reli

able measure of' the rate of' iner;.::,,a,sing rcrugbnee,so For this reason_, compari

sons between plain and reinfc:,re:ed. concrete sla.bs which have been :t"e:surf'aced. 

will be made ue-i:og the ba:nds of nor:mg,.l pe:rfo:Jrmance eBtabl1shed :for Class l 

and Class 2 rigid pavements as a frame of reference. This band of normal 

performance has been shown in :?igs Q .'3 and 4 wt th int:::;;rcept.s on the hcrc:izon-

tal axis at roughness index values o.f' 30, 65, and 105, respectively, for the 

lower limit, average, and upper .l:imit o:r norm9,1 pe:rfo:rm9,:ncec, The slope of' 

these lines or the rate o:f cumulative rn1J.gh:ness :is. 4" 5 :inches 1.-'er mile ·per 

year for Class 1 and Class 2 pavements. 

Most of the plain concrete pavements, built more tha,n 25 ;veers 

ago, have been retired from service,,; only a remnant. of' t.b:is type of pavement 

is still in service after having been resurfacefL This group of projec~ts 

has thus been selected by natural cond.i tions whi<~h msile possible the:ir s:ur

vi val; therefore, they :must represent the maximnm c:,f aerv:ic.eabil.i ty in plain 

concrete under Michigan, enviro:oment •Ntth cl-1.1 co:nt:r-ibu:ting factors. includeCL 

The reinforced concrete, o:n the other hand; ineludes those pro~jects which 

have been resurfaced compar,!9.t:i"\r;e_~ly ea.rly in their serviee 11fe" These proj

ects have been segregated by natural cor.td:itione,Y from tlte tot.s.l. mileage o:f 

reinforced pavement built, as those moe:L vcc1nera.ble to the deteriorating 

effects of service and enviroD.ment:, 

In the f:irst compa:r.isr;,:ns to be m:e,de.1 :in. Figs, J and 4, age ::Ln. 

service is :measured from the date ot tl1e l.ast :ref{Ct:t'.fa.c::lngJ ,s.ome of' the 

older projects having bee:n. ref2,urfaced twice ~'3.n.d in a, f'ew cases three times 0 



The average roughness index of overlays over the reinforced slabs is 77 

inches per mile as compared to 103 inches per mile for nonreinforced slabs. 

In Fig. 3, for reinforced slabs, the line showing the average 

cumulative roughness is offset below that for rl.gid pavements, indicating 

better performance than that of Glass 1 and Class 2 pavements; the rate of 

increase is 4.5 inches per mile per year, approximately the same as for the 

rigid pavements. In contrast, the ll.ne showing average performance of over

lays over the nonreinforced slabs, in Fig. 4, is offset above that being 

used as a standard and the slope of the line is 5 inohes ·per mile per year, 

indicating performance somewhat poorer than that of the Class 1 and Class 2 

rigid pavements. 

Another indication of pavement performance from the data shmm in 

Figs. 3 and 4 can be found in the number of projects or plotted points in 

each case that fall above or below the band of normal performance. Thus, 

in Fig. 3, for the reinforced concrete, there are quite a number or projects 

showing better than normal performance and only a .few rougher than norwal. 

In Fig. 4, for the plain concr'C'te slabs, the situation is reversed, w:Lth a. 

larger group of projects much rougher than normal 1md f'ewer that: are better 

than normal. 

In Figs. 3 and 4, the roughness index values of the overlays have 

also been plotted against the age of the underlying concrete slab in the 

upper group of' points. This has been done to show t,he age or the underly

ing concrete slabs as compared. to the length of servJ.ce since t.he last. re

surfacing, as well as to provide another basis or comparison between rein

rorced and nonreinf'orced concrete pavements, The age of the corwrete slab 

is a special condition to be noted in such a comparison., as this will modify 

the relationship between roughness and age :in service, The reinforced 



concrete slabs vary in age from 10 to 35 years with an average life of 24 

years, while the plain concret•c slabs range from 2Lf to 40 year e. with an 

average life of 32 years. 

Thus, the normal relationship between roughness and age in service 

may be changed by the sequ.ence of event.s in the pa,vement life., While this 

particular group of projects has been subjected to special conditions, there 

may still be a significant comparison in terms of the cumulative increase 

in roughness. In Figs. 3 and !1 this has been shown,, with re.ference to the 

age of the underlying slab, as the slope of a. st.ra.ight line through the 

average points .for each five year period. Thus, in F:igs. 3 and 4.,, the aver

age rates o.f increase or cumulative roughness are 2 and 4 inches per mile 

per year, respectively, for the re.infor"E":l. and nonreinforceil concrete when 

referred to the age of the underlying slab, 

Effect of Steel Reinf·orcing: In summarizing t.he performance o:f 

bituminous surfaced concrete slabs, the data in .F':tgs. 3 and 4. e.how that the 

pavements with steel reinforcing are measurably smoother, thus demonstrating 

that they retain their riding q_uality longer tban the plain concrete. 

These findings confirm results of earlier pavement e:urveys in 

Michigan reported :in references cH:ed c1n Page 2 of this s1.mrmary,, in which it 

was found tha.t pavements with steel reinforce~nent were measurably mnootb.er 

and had measurably less cra,,k.ing than did unrein.forced gavements (See Report 

P-1, Page 2). 

Effect of Subbases on Pave:men·t Perfo:~~ncco. 

The .function o_f a sub'base is tcJ neutralize or eompensa.te :for the 

loss of subgrad.e support in fine-g:ra:i:o.ed. soils suscept.ible to loss of 

strength or disintegration :ln the presence of crater" In poorly eo:nstructed 

pavements, the most aggravated. type o.f loss in su;i)grade support is pumping, 



which may occur in the original subgrade soil or in the material introduced 

as a subbase. The factors which :produce :pump:ing in concrete pavements are 

so'well known that there should be no need to recite them. 

In order to perform their function, su.bbases for concrete pave

ments must be eonstructed of materials which in themselves do not :pump and 

they must be thick enough to :protect the subgrade from pumping and from 

stress concentration greater tliEt:n its decreased strength. Michigan has met 

this :problem on its Class 2 roads by the use of free-draining granular base 

courses because of the availability of such m"lterial in the state. Cali

fornia, on the other hand, used cement·-treated bases which have accomplished 

the saJne objective in a different ;my, 

Michigan's granular subbases combinE• texture and d.ra.ina.bility in 

order to function effectively. Either the m'lterial !mist be coarse enough 

to not pump in the presence of water, be porous enough to :permit the water 

to drain out, or provide the optimum combination of these character:istics, 

In order to drain, em outlet must. be made available and t~w base must be 

thick enough to provide the required. gradient for 1iiater to move from the 

center of the roadway to the side ditches. These A.re not very profound. 

statements of the physical laws which control the movement C•f ·water through 

porous media., but they are the :practical requirements to prevent pumping 

which must be :provided. 

Michigan :practice has been developed over a period of years during 

which subbase thickness :has been adjusted by exper:ience to compensate for 

variation in available materlals" Evidence that it bas successful bas 

been gathered. in the Michigan Pavement Perf'or:nL8.nce St;udyo :r;he fact that 

many miles of Class 2 concrete pavement ba:ve exhibit,:ed performance equal to 

or better than that of the Class 1 :pavement:3 on we.ll~drained natural granular 



subgrades is the major test. The bulk of these performance records have 

been presented in .Report P·-4 :i.:n terms of a compilation of' cumula.ti ve rough-

ness on both classes of pavement, A nurriber of spee .. I:fic exa:m:ples of both 

good and bad performance produ.ced by improved and unimproved subgrades are 

contained in the series of reports 5 P-l to P-6, 'I'his evid.enee stands as 

the result of "established practice" in Michigan which has been successful 

over a sufficient period of t.ime and variety of natural environmental condi-

tions that it is bard to see how its validity could he denied. 

CONGLUSION 

Termination, on Deceniber 31? 1962.~ of the last of' a series o:f an= 

nual contracts with the M:ichigan Highwa,y Planning Survey marked the end of 

a five year progra.m of the Michigan Pavement Perform'J.nce Study, After :five 

years of field surveys of existing pav,8ment in se:rvice, providing 10, 000 

lane miles of pavement profile, it has been a difficult task to assemble and 

present the results of such a large volumE' of data in usHble form. This 

"Five Year Summary" has been prepared. as an. index to these data and a Bl:un~ 

mary of the f.indings, In conclusion, it; is 6Ve:n more diff':i,~ult hut neces-

sary to restate in concise form the princ.Ip.3,1 ccncdus:ions dra:;rn :from the 

study, as follows! 

1 * Pavement perform:s.:nc:e has been evalu.a.ted in terms of two 
basic measures of the ph;y-2,ical condit:Lon of the pavement 
de:fined. as the roughness index and. the cr;:;ntdnui ty r.s.t.io o 

Both of these qusnt:Lties are reqt1i:red. to evaluate the pave
ment co:nd:i.tio:n at a:ny g:i.ve:n tdme ,, !J,'he roughrLess index_, in 
conjv.ncti.on v.r:i.th the reeorded :pavement profile J :measlJ.res 
the rid.ing qualit.y or Be:rviceabilit,y of the pavement; the 
pavement profile sup:pllee. an insight. into the source of the 
progressive changes whieh have taken pla0.e du:r1ng the life 
of the ·pavement~ The co:n.ti:rrc;.1 ty ra"'Gio eX:J/t'S.'ss:eQ' :in quanti~ 
tat1ve terms the struct.u.ral contir.nxi ty o:f the slab and en
ables o:ne to a.ntic:tpate its ability ·t.:~:. conti:nue in service 
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without e:x:cess:lve detE:l":1J)J.\3,t:icrn Clue to load a,.pplicat:iono 
It indicates the need :for mn.:intetJ.ancf.~ c>r im:provements to 
f'orestall exc:efS',s.i ve loss o±" :ridtng quality" 

2. The data. compilat:Lon.s made a part ot' the final su;tmllary have 
been listed :in the table of' C()t.~.tents a.:Jd d.esc.r:ibed in mo:re 
detail in t,hc· secti.o~c. of' the t·~!xt c,n 11 Use of' Paveme:nt Pro~ 
file Sv .. mmaries 11 (Pages l1. thrtJI.J.gi-1 The large :mileage o:f 
recorded paveme:o.t ·profile and Em.pr;11ement~9..ry CL·3:t.!:L constitute 
an accurate and realj"s·tic ·pH.vement _9 t.he ve_J.lJe of' 
1-Jhich h.a,s been only £.artia11;y 1..rtJJ.i~,~ed to d_J-.-:t:be o Its f'u1l 
value to destg:n a.:nd (~o:nstruc";t:iun. 'pra,c;t:ic:e: and in the opera~ 
tion of the st,ate highv.ray s.y,~;-t,-::m as; a trans1JOr-tat:io~1 f"acil~ 

i ty can be realized. only h~!' :i.t;s con.ti.:rxued lJ.Se and by keeping 
it up-to-date and g:ro1;in,g as the hig:h>m,y system grows. 

3. Michigan' s current <Ieslgn 
C emeii-£--· c·on ci',--et"e :pa vemer:(:E's 

surveys of thousands o:f miles r.:)f suc~h pav-:s·me:ct O:t:J. natural o:r 
modified subgrades meeti.ng these standard.s s}:t(.n~Ied nc' sig::cdfi = 

cant loss of r:i.ding cruali.t~r -due to l.l:U.l:lmit::-~a, load applicat:i.cm 
over serviee periods up to t}d.rty years~ 

4. Somewhat in contrae,t;, enrldenee that 

5· 

';rlayerl'lge ............. ~ , .. , 
sum:1ng a roughne,ss l.:wj"e.x as 
the limit o:r acceptable r:ldi:ng qual:i ty1 an ird tial roughcness 
index of 50 would set t.he usef'ul pavement l:if'e at 30 to 40 
years until res:urfaci.:ng o:r recoro.st;,::r,""~_~ction J,\,u:nxJ..d he, require:d, 

pavement ·_p:r-od.uee a, 
tween cause ancl ef':fec;t o Cre>.oJ:~lus.:.ic;;.ns 

relati.on be~ 
tlw perform
t,he Michiga.n 
limited. both 

ance o:f flexible p.fl:w:;m.ents n·n.1J3"b be qual:if.'.:ied in 
study by the :faet. t.hs.t profile \1c1.ta .a.re 
i:n mileage a.nd periods o:f' sel''VJ __ c:e o 

6q With f"ull realizaticn'.'!. tb.s;f;; paverrg3t1.t lJ.:fe a.nd se:r·1riceab:ility 
are controlled mor-2r 'l::'1 ~ir E:!?1VJ.l""(.":r:,xne::nt-B.l ef:f'e-c~t-s "th9.n by lead 
applicationJ pavement design m~y be pointed :i.n the 
future more direct.ly t;,.:-;·wa_T"d. cc'(•'Y11Y?ns.::tti:ng .f"o:r these natural 
destructive i.nflrtenc:es o lJ:':'tte range of pav:s·~m.e:nt. ·performance 
covered by the I)l"ef!-e:J.t :prcJfi.le survey_c, .is su.f'f':ic:i.ently large 
and the contrast betwee~:n t:!J.t.~: best, axv3 ·perf'c!rmance 
sueh as t-o indicate.- tb.at. emp:tm.s1E; :h2. dc:::s:ign. r..Jl.l. thJ~:se e:o.viron
ment.al :fact;.c;rs m.q.y p:roCb_tr;:e s"l.ibr::::ta.r,:i::;:L'~I.:l :tm:p:_t"/)vemen t;s o 



7. Pavement pro:f:ile data have produced much evidence that pave
ment construction p:ractice can be impeoved 'by mo:ee. attention 
to riding qua.l:i ty ·pro,'il:u:.ed a.r::d to those cruestionable ·prac
tices which are the r;rr:ima.ry soure:e of' pc~or riding qua.lity o 

Initial roughness built .into the :pa.vement pre.se:ntly takes up 
too much of' the rang;:5 ava:i.laJ)1e to ,B.bso.rb the cu:mulati ve 
:roughness over the years, 'INhich may be reflected directly in 
a reduced use:fll.l life o:f B. pavement,-~ 

8. Pavement prof:ile 8tJ.rveys a:nd the t.,.t~ID facto:es for evalu;a.ting 
pavement conclitionJ the rouglrc··,ess h1dex ~!:JJ:.~,d tl".te conti:r.m.:ity 
ratio, provide reliable a..21.cl aee1.:J.r:srt.e criter:ia for gauging 
serviceability and d.eter:mi.nir.1,g "trhen and -:~;hat :ma.intenanee 
should be provided" Tc, ·pe:cform "this fuxwtJon effectively, 
profile data as a pa,veme:tJ,t i:nvertto:ey .should be kept U}l-to~ 
date a.nd these records ms,de res,d.i.l;y- ava11abl.e t.o the Depart~ 
ment. The development c:::-f c::rack:i:r:tg" as a mea.mJxe cf ;:;true= 
tural continui tY.J and other -direct eviden.ce of stx·uetu:r.~tl 

deterioration a:re necessary a:G-d t:i.rnely indicat:itJ:r:w o:f" :needed 
maintenance which antic:i.:pate loe.s of riding quality, 

9· A complete and accurate inventory cf the state highvm.y sys
tem has direct value in several ¥Jays. in t1:u3 operation c>f" the 
highway system as a transpor+;ation f'aci.li t;y, It provides a 
factual basis for e.l.imi.nat.ing ·ux:t.:necessa.ry restrir:~tions on 
the use of the highways> with econ.::,mie be:cef:its exceeding 
many times the cost of' ~provid:ing and ma.:tnta1:n:ing tb:s,t inven~ 
tory. It :provides the basis :for extending the unrestricted 
network of state h:i.ghv,ra.ys BX!.d the ev:lder\CE tb.a.t d.''::'termi:nes 
whether or not the unrest:c:icted -u.se and. the co:ntinua.tion of" 
that classification :i.s justif:ied. In this time whe:n pave
ment design Is on trial al,l over the ()(:;untry, it provides 
realistic and incontrovr::-;rtible e:-.r:id.eD.ce .of the E't:<u:r:td.:r:tess of 
Michigan design .standards acJd "the "tilay to :further im,
provement in carrying ou.t t:hese sta:ndard.s v.nde.r va,rying 
:field condiUone.. 

10. A number of' special studies were undertaken and in progress 
when the :five-year progr2m o.f' t1Ho Michigan Pavememt Pe:rf'orm
ance Study was te:tminated. R-eports on these .sttldies <_:.t:re 
listed in the Table o:f u~:xntents env:l their pr.:s-sen.t status is 
indicated in Appendix A and in tb.e reports t:iJ.emselveso No 
attempt will be made to furtt,e.·r stnn .. "llEt.r:i.ze tlxese s:pecdal 
studies beyo!vi eal1:i:og attenti-on to tfJ_.~~rn" A revJ.e·~T c;:[' the 
reports and the diseu.ssion of' them i:':1 the text. (Pages 27 
through 32) wi.ll best det-e:r:mi:ne t~:J.e vs.l:qe o:t"' the worJ~. done 
to date and wha.t mig:b.t be if' they are contir.med~ 
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Departmental 
Report Number 

D-17 

D-14 

D-16 

D-18 

D-19 

MICHIGAN PAVEMENT PERFORMANCE STUDY 

Special 
Studies 

A 

B 

c 

D 

E 

F 

G 

H 

I 

FIVE YEAR SUMMARY 

APPENDIX A 

SPECIAL STUDIES 

Special Projects: 14 Projects Which In
clude Special Design Features, Selected 
by o. L. Stokstad (List Attac.hed) 

Winter Joint Study: 16 Selected Pavements 
(List Attached) 

Load-Deflection Observations 

Feasibil.ity Study of Eq_uipment for Record
ing Continuous Load-Deflection Profiles 

True Profile Computer Program 

Eqllipment Operating Manuals 

Correlation of MSHO Road Test Results 
with Michigan Pavement Des:ign and Per
formance 

Comparative Performance of Plain and Re
inforced Concrete Pavement 

Role of Granular Subbases in Michigan 
Pavement Design and Construction 

A - 1 



A - SPECIAL PROJECTS 

Departmental 
Report Number 

Special 
Project Number 

Flexible Pavement Designs 

D-5, D-13, 
and D-14 

D-12 and D-14 

1 

2 

3 

A - 2 

Description 

US-31, Grand Haven to Muskegon 
(6 miles) 

This project was the first of the 
modern dual roadway express·ways 
built in the state using flexible 
design. Purpose of a pertm1nance 
study was (1) to study the influ
ence of modern construction tech
ni~ues on the smoothness and dura
bility of flexible design~- and (2) 
to compare the performance of mod
ern flexible co"struction with 
modern rigid pavemen.t construction. 
The intent was not only t;o obtain 
records of pavement smoothness as 
built, but also to study the in:nu
ence of time, use, and environment 
on pavement; behavior. 

]-96, Coopersville-Nunica to 
Muskegon (12 miles) 

This project involves both sandy 
and clay soils, with the latter 
including silty frost-heaving ma
terials. This project, therefore, 
presents opportunities "to study 
the ade~uacy of undercutting for 
the control of froe.t heaving a.nd 
also to study the adequacy of the 
lJ-0-inch overall flexible pavement 
thickness for expressway use. 

I-94, State Line "to Stevensville 
(24 miles) 

This project was added to the list 
of special. projects because of its 
strategic location, the concern 



Departmental 
Report Number 

Special 
Project Number 

Flexible Pavement Designs 

4 

D-7 and D-14 5 

Rigid Pavement Designs 

6 

A - 3 

Description 

caused by the selection of a f]_ex
ible design, the heavy traffic to 
be carried, the aggregate problems 
which developed, and the combina·
tion of poor and good foundation 
conditions involved. A contintiing 
record of pavement perf'ormance of' 
this high;ray could prove to be' of 
special value, 

~-79, West of Charlotte (6 miles) 

This project was included in the 
pavement performance study prcJg:ram 
because it represents modern lo;r 
cost design of flexible pavement 
construction for the more lightly 
travell.ed trunklines. 

M-55L Tawas City (6 milesl 

This project provided an oppor
tunity to study the performanee 
of a weak, f'ailing pavement be
fore reconstruction and then an 
opportunity to study the adequacy 
of the reconstruction, consisting 
of a grarrular lift with new base 
and surface. 

I-94, Stevensville to Hartford 
(24 miles) 

This pavement was added primarily 
to combine with Project 3 above, 
for the purpose of comparing the 
performance of' rigid and flexible 
:pavement designs under similar 
conditions of' soil, climate., and 
traffic. 



Departmemtal 
Repott Number 

Special 
ProJect Number: 

Rigid Pavement Designs 

D-6 7 

D-10 8 

9 

D-15 10 

A - 4 

Description 

M-20, Midland to Bay Citl 
(12 miles) 

This pavement anq the Grand Haven -
Muskegon· pavement were built the 
same sUlll!ller. Performance surveys 
were first made to study the "ride 
character" of two well-built pave
ments of competitive des:igns o 

Periodic performance surveys have 
been made to study the effect of 
aging on these rigid and flexible 
pavement designs. 

1-96, Brighton to Novi (12 miles) 

This project was included to study 
the effect of an unusual tra,ffic 
cond:ition. The eastbound roadway 
is subjected to a steady parade of 
trucks hauling maximum legal loads 
from the gravel pit at Green Oaks 
to Detroit. o Pavement performance 
surveys should demonstrate the 
character and extent of the influ
ence of such traffic on modern 
pavement design. 

This heavily travelled highway was 
added because it was felt that any 
pavement performance study in this 
state would be incomplete without 
including a portion of a capaci.t.y·· 
taxed big city expressway. 

I- Detroit-Toledo Ex resswly, 
Rockwood to Monroe 12 miles 

This is another heavily travelled 
corridor highway carrying heavy 



Departmental 
Report Number 

Special 
Pro~ect Number 

Rigid Pavement Designs 

n 

D-20 12 

13 

A - 5 

Description 

connnercial ·traffic. It was in
cluded in the study to learn more 
about the long range rate of change 
in serviceability of a modern de
sign subjected to intensive use and 
thereby to check the adequacy of 
present strength design methods. 

M-4.3 1 Grand Ledge West ( 6 mil<::_U 

This project includes a section of 
plain pavement withont steel rein
forcement. Soil and foundation 
conditions are very unifo·mn over 
the entire length of the road. This 
project, therefore, offers an excel
lent opportunity to study the influ
ence of steel re.inforcement on pave
ment performance. 

I-96, Portland to M-66 (12 miles) 

This project involves an experi
mental section of continuously re
inforced Portland cement concrete 
pavement. pavement performance 
records on this project are needed 
to obtain numerical values for use 
in compar.ing continuously reinforced 
With conventional pavement designs. 

I-96, Pine Tree Road East to Ingh~m
Livingston County Line (12 miles) 

This project also contains an ex
perimental section of continuously 
reinforced pavement. Here again, 
pavement performance records are a 
necessary part of the study. 



Departmental 
Report Number 

Special 
Project Number 

Rigid Pavement Designs 

14 

A - 6 

Description 

I-75, St. Ignace North (6 miles) 

This road in northern Michigan en
compasses a wide range of founda
tion conditions in a severe climate. 
It includes a section of swampy clay 
so soft that peat swamp type dis
placement took place below the high
way emba!lkmen:l; during construction. 
Pavement performance records would 
be useful, especially in studying 
the influence of foundation condi
tions on pavement service. 



B - WINTER JOINT STUDY 

Number Route 

1 US-12 Detroit Industrial Expressway 

2 I-94 Between Jackson and Chelsea 

3 US-ll2 Ypsilanti to Wayne 

4 US-23 M-17 towards Milan 

5 US-23 Fenton to Brighton 

6 US-ll2 Ypsilanti to Hillsdale Count.y 

7 US-127 US-112 south to Hudson 

8 M-50 Jackson to south of US-112 

9 M-60 Concord northeast to divided highway 

10 US-ll2 Hillsdale County 

ll Old US-12 Detroit Industrial Expressway 

12 M-17 Ecorse Road - Denton t.o Beck Road 

Wl 27L Willow Run Airport 

W2 TWB Willow Run Airport. 

W3 27R Willow Run Airport 

w4 14 Willow Run Airport 

A - 7 



SUMMARY OF PAVEMENT SURVEY DATA 
SPECIAL PROJECTS 

JUNE, 1.962 SURVEY I-75: st. - Ignace - North 

SH ET NO: ... I ... ,. SURVE- il ci I ORIGINAL EXISTING CRACK· 
" DISTRICT "o sus 
<( ROLL DATE AIR PAVE. -YEO - " ~ ::x:: ROUGHNESS INDEX= R.I. CONTI- CONTI- -lNG 

"' , ... AND '"- GRAOE S 0 w ~0 ~6 PAVEMENT TYPE <!-' CHART OF WEATHER "'= TEMP. TEMP. LENGTH .., ... INCHES PER MILlE "' NUlTY NUlTY INDEX zZ CONTROL "'O TEMP. w"z ""' "' 
I 

o" 0 ~~ SECTION 
NO. SURVEY >z F• P' F• IN "'"'"' .,.~ "' RATIO RATIO CJ. 

" «o 0 -' d " ~" MILES AVE. MIN. MAX. C. Ra C.R~ % 

1576 6-16-62 Hazy Dry 72 83 70 0.616 S-1 OWP 169 - - 2 6.4o I 3·33 -IWP 177 - -

1578 6-16-62 88 0.616 
OWP 14o - - 6.4o 3.28 2-49025 Cloudy Dry 75 70 S-2 IWP 143 2 -- -

25-C2 Reinforced Concrete 1957 Mile 
0.0-046 

1577 6-16-62 Hazy Dry 72 80 70 0.627 N-2 IWP 147 - - 2 6.35 3.70 
124 -OWP - -

1575 6-12-62 Clear Dry 74 72 65 0.629 N-1 IWP 12l - - 2 6.54 2.14 -OWP 127 - -
1576 6-16-62 Hazy Dry 72 81 70 1.253 S-1 OWP 12l 198 156 2 5·99 3.64 - I 

I IWP liD lo4 14o 

125-05 
1578 6-16-62 Cloudy 74 88 70 1.251 s-2 

OWP ll8 I 92 144 
2 5·99 4.12 2-49025 Dry IWP 122 104 14D -

Reinforced Concrete 

1

196o Hile 
0.6-1.9 1577 6-16-62 Hazy Dry 72 80 70 1.213 N-2 mP 145 116 192 2 5-96 4.31 -

OWP 130 108 172 

1575 6-12-62 Clear Dry 74 73 66 1.2ll N-1 IWP 136 124 176 2 6.03 3-83 -
I I-75 

OWP 127 u6 16o 

1576 6-16-62 Hazy Dry 72 79 70 2.882 S-1 OWP 108 80 14o 2 6.32 3·70 -IWP 102 72 14o 

I 2-49025 1578 6-16-62 Cloudy Dry 74 88 70 2.877 S-2 OWP 1o8 88 152 2 6.33 3·71 -IWP 12J. 80 16o 
25-C3 Reinforced Concrete 196o Mile 

I 1.9-4.8 
1577 6-16-62 Hazy Dry 72 80 70 2.901 N-2 IWP 135 108 204 2 6.27 3.41 -OWP 120 92 180 

1575 16-12-62 Clear Dry 73 75 67 2.899 N-1 IWP ll9 84 176 2 6.30 3·68 I OWP 119 92 192 -
' I ' ' OWP 87 80 92 ' 1576 6-16-62 Hazy Dry 72 77 70 1.444- 8-l 6.63 3.70 mP 74 68 76 2 -

I ' 2-49025 1578 6-16-62 Cloudy Dr'J 7lt 88 70 1.442 S-2 OWP 79 68 84 2 6.63 3.70 

119571 
IWP 87 80 lo8 -

25-C3 Reinforced Concrete Mile 
4.8-3·3 1577 6-16m62 Hazy Dry 72 80 70 1.442 N-2 IWP 85 64 116 2 6.55 3.41 OWP 79 76 80 -

I 

I 6-12~62 IWP 83 80 88 
' 1575 Cloudy Dry 73 76 68 1.450 N-1 2 6.39 2.91 -I OWP 90 84 96 

- -0. W. P. OU' ER WHEEL PATH 
\ .W. P. !NNER WHEEL PATH APPENDIX 13 
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CAUTION ' ,_ 

REFER TO THE 1963 "ALL SEASON" TRUNKLINE 
HIGHWAY MAP FOR ROUTES ON WHICH THERE 

ARE NO SEASONAL LOAD RESTRICTIONS. 
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I MICHIGAN 

STATE HIGHWAY DEPARTMENT 

John C. Mackie 
State HigiJway Commissioner 

TRUCK OPERATORS ' MAP 
1963 

For use in accordance with the Provision• of Michigan Highway 
Low• governing vehicle •ize, weight onJ looJ. 
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SCALE OF MI LE S 

LEGEND 

SPECIAL TANDEM ROUTES 

50 

Spt!cial de.lsnated route. on which sreater than normal rnaxhnurn a] . 
low able wdl!lhlll will be permitted rrom June I to Feb ruary 28. i n cluai""· 

- RIGID PAVEMENTS 

IIIID.FLEXIBLE PAVEMENTS 

OTHER ROUTES 
-RIGID PAVEMENTS 

~FLEXIBLE PAVEMENTS 

IIO'..s"' I OVERHEAD CLEARANCES 

® BRIDGES 1VITH SPECIAL WEIGHT UMITS 

EXPLANATION OF ROAD TYPES 

Ri~d Pa,.em enUu Concrete, Bituminous Concrete, Brick or other Surl'&cell on a 
Concrete Base, 

FleDble Pavem ent&: Bituminous Concrete, Sheet Asphalt or other Bituminous Sur
faces on p Gravel or Similar Type Base. 

TABLE OF MAXIMUM ALLOWABLE GROSS AXLE WADINGS 
Normal Loadings When 
Restrictions Are Not In 

Loadings When Restrictions 
Axe in Force 

Force (speed limit 50 MPH) (speed limit 35 MPH) 
Spacing 
Between Rigid Flexible 

Axles 
Special 
Tandem Other 

Special 
Tandem Other 

Special 
Tandem Other 

Routes Routes Routes Routes Routes Routes 
9 feet or over 18,000 lbs, 18,000 lbs. 13,500 lbs. 13,500 lbs. 11,700 lbs. 11,700 lbs. 
More than 3)1 ft. *16,000 lbs. *12,000 lbs. 
but less than 9 (See 13,000 lbs. (See 9,750 lbs. 10,400 lbs. 8.450 lbs. 
feeL Footnote) Footnote) 
When less than 
3)1 feet the com-
hined we:!fht shall 18,000 lbs. 18.000 lbs. 13,500 lbs. 13,500 lbs. 11,700 lbs. 11 ,700 lbs. 
not exc 

•on any combination of vehicles onlJ one (1) tandem assembly shall be permitted at this gross 
weight and no other tandem assemb y shall exceed the loadings as listed. 
NOTE: SPECIAL TANDEM ROUTES OR sections thereof may be revised as needed. 

TABLE OF BRIDGES WITH SPECIAL WAD LIMITS 
Tons on Any Axle Gross Weight (in tons) 

Bridge Trunk 
Number Line Location 9' Less 
On Map Number or more than 1 2 3 

Apart 9' Apart *Unit *Units •uruts 
18 U8-31BR (S. Dykman) in South Haven . This bridge is limited to one lane traffic for 

vehicles with any axle load over 5}'2 tons. 
23 M-36 4.3 Mi. E. of Pinckney. 5 3 - - -
38 M-138 ll Mi. W. of Fair~ve ... ... . - - 13 22 31 
39 M- 138 2.2 Mi. W. of Frurgrove . ..... .. - - 15)1 23)1 31 
46 M-51 S. Ruth Rd. in Ruth . . . . .. 8)1 6 - - -

62 M- 35 l.2 Mi. W. of Gwinn . . . . . 7Y, 5)1 22 26 31 
66 US-1! 2.2 Mi. of S. of Norway . .. 7J.;i 5 - - -
73 M-26 In Eagle Harbor ... ... This bridge is limited to one lane traffic for 

vehicles with any axle load over 4}1 tons. 
74 M-20 In B~ Rapids ... . . . ... .... . .. - I - I 16 I 20 

1 
24 

75 M-40 Jin N"es ........ ..... ... 8 6 14 22 29 
•one Unit- Single Truck or Bus. 
Two Units-Truck and Trailer or Tractor and Semi-Trailer. 
Three Units-Tractor, Semi-Trailer and Trailer. 
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TABLE OF STRUCI'URES Wlm OVERHEAD CLEARANCES LESS THAN 14'-0" 

Tnmkline 
Number Location 

13'-9" 

Overhead 
c"""""" 

13'-10" 
14'-2" N.Bd. 
13'-11" S.Bd. 

: \!~ if,q' ~~-.::[!:~~:~· ~~-\lj~li ;iii p;;;;;~ 13'-11" CLower Level) 1 ---~""' 13'-10~ 

13'-ll " E.Bd. 
13'-11" W.Bd. 
13'-9" 
13'-11" 
13 '-u~ 
13'-8" 
11 '-3" 
13'-ll" 
12 '-11 ~ 

13'-4" 
IS'-9" 
13'-11" 
lS'-10" 
13'-ll" N.Bd. 
13'-10" S.Bd. 
11'-3" 
13'-1" E.Bd. 
13'-4" W.Bd. 

. 1 """'~"'W. Bd. US-12 BR, 1.0 Mi. E. of Ypailanti . 13'-9" 
W. Lt.a. of Hudson. 13'-8" N.Bd. 

13'-11" S.Bd. 
. ... 13'-10" 

13'-ll" 
. H'-0~ N.Bd. 

13'-10" S.Bd. 
10'-8~ 

13'-7" 
13'-ll" 

DETROIT AND VICINITY (OVERHEAD CLEARANCES NOT POSTED TO MAP) 

Tnmklino 
N""""' Location 

Ovuhead 
Clearllllce 

US-10 ... . ....... . . . . DT RR in Hi~hland Park . . . 13'-10" 
US-12.. . .... .. Sootrten Ave., m Detroit... . .. . . 13'-11" E.Bd. 
US-12 ....... . ....... NYC RR in Detroit . . ... . ... . ... .. 13'-10" E.Bd. 
1-96 BL ... . . ... . .. . . . NYC & GTW RR in Detroit ....... . ...... , . . .... 13'-9" E.Bd. 

M-17.. . 
M-17 .. 

M-17 . . 

US-24 . . 

US-24 .. 
US-24 .... 
US-25 .. 

... DT&I RR in Allen Park .. 
. . . . .. Ecorse Rd.@ 1-94 W. Bd .... .. ..... . 

. ... . . Ecorse Rd. @ 1-94 E. Bd .. . 

. Ecorse Rd. 1.0 Mi. S. of 1-94 . 

. .. C&O RR 0.5 Mi. N . of M-14 ... 
. Wabash RR 0.1 Mi. S. of M-17 . 

. . Penn RR in Lincoln Park . 

13' -9" W.Bd. 
13'-10" 

. .. 13'-4" E.Bd. 
13'-5" W.Bd. 

. .. . 13'-6" E.Bd. 
13'-5" W.Bd. 

. 13'-ll" N.Bd. · 
13'-9" S.Bd. 

. . . 13'-9" S.Bd. 
13'-8" 

US-25 & M-17 ... ..... Wabash RR in. Melvindale . 

. . 13'-10" E.Bd. 
13'-10" W.Bd. 

. 13'-8" E.Bd. 
13'-8" W.Bd. 

1-94 .. 

I-9L 

1-94 .. 

l -94 .. 

l-9t.. 

. Scl1afer Hwy., in Dearborn . . . 13'-3" E.Bd. 
13'-1" W.Bd. 

.... ... .. . . Rotunda Drive in Dearborn . .... ...... . . . . . . .... 13 '-4~ E.Bd. 

. Miller Rd. in Dearborn . 

. . .. . . . . .. Lumley Ave. in Detroit . 

. Grand River Ave., in Detroit-
Exit Ramp E.Bd .. . . 
Exit Ramp W. Bd . . . ... . .. .. . . 

. . J()S(lph Campau Ave., in Detroit

12'-4~ W.Bd. 
. . 13'-0" E.Bd. 

13'-3" W.Bd . 
13'·9" E .Bd. 
13'-8" W.Bd. 

ll'-10" 
. 10'-11" 

EDt. Ramp E . Bd.. ........ ... . . . 13'-10" 
Ent.. Ramp. W. Bd. . . . ... . .............. 13'-9" 

l-94.. . ..... .. .. . .. · ·rontenPc Ave., in Detroit .•.. . . 13'-10~ W.Rd. 
M-153 .. . .. Miller Rd. in Dearborn . . . 13' -9" E.Bd. 

13'-8" W.Bd. 
l-696 BL ....... . .. .. . Holden Ave., in Detroit ......... .. . . .. . . ....... ... 13'-10" N.Bd. 
1-696 BL ..... .. . . ... . Wa,·erly Ave., in Detroit From W. Ent. RampS. Bd. 13'-4~ 
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