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MICHIGAN PAVEMENT PERFORMANCE STUDY

FIVE YBAR SUMMARY

PREFACE

It ig the purpose of this five year summary to assemble and re-
view without duplicating a large number and varlety of reports that have
been gubmitted during this peried for the information and use of ths
Michigan Btate Highway Department and others who have had an interest in
the study. The opening discussion is intended to present & resume which
touches on the high points of the pavement performance study, its back-
ground, objectives, results obtained over the five year perilod, and thelr
practical application to the design, conglbruction, meintepnance, and opera-
tion of a state highway system.

Three geries of reports are included as an integral part of this
five year summary. The published papers or those presented at meetlngs
without publication in recognized proceedings have been sssembled in their
original form as & part of the review. The second series, Departmental
Reports, with the few exceptions noted have had or are being given official
digtribution to those connected with the investigation in one way or an-
other. Reports submitied as part of the five year summary have been bouné
geparately to make them more readily avallable to those interested in the
subject of any specific report.

The third series, listed ag Supplementary Reports, represents
miscellanecusg dissemination of informaticn in several forms including short
letter-reports on problems of immediate interest and papers submitted Tor

preliminary review which may or may not have been published in final form.
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Some of this informetion may have had only limited departmental distribu-
ftion and is not being included in this final assembly cf repcrts other than
by brief review.

Information given lun the listed reports has been considsred in
preparing the review although specific reports may not be designated. 1In
other cases, reference %o specific reports may be wade by number designs-
tion and the reader may go to the report itzell for more detailed informe-
tlon. 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 bhose whe may so desirs by application to the Michigan State

Highway Department.
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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 number and weight of instances to be found on the
other side, vet 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)

LA hen you can measure that of which you speak, and express it
in numbers, you know something about it." |

Lord Kelvin
(1824-1907)



EVALUATION OF PAVEMENT PERFCRMANCE
AS RELATED TO

DESICGN, CONSTRUCTION, MAINTENANCE, AND OFERATION

TWNTRODECTION -

Bvaluation of pevement performance on a large scale by the pro-
cedures used in This investigabtlorn was undertaken in the belief that care-
fully conbtrolled cbservations of sxisting pevement wnder sctual service
conditions and environment would provide the answers 0 some of the most
perplexing provlsms facing the highway enginser. The first yesr, from
September, 1957, through the first half of 1958, was devoted largely to
seiecting procedurse and designing, planning, and asgexbling eguipment.

In spite of a disappointingly loog shakedown period for the truck-meunted
profilometer, cooslderable mileage of pavement profile was recorded in the
first year and a half.

In the flve ysars thai the Michlgen Pavement Ferformence Study
has been in progress, almost 10,000 lane miles of profils have besn re-
corded. The progress by years ls shown in the following table: the routes
survéyeﬁ sre shown on the smell scale mmp follewing the table of contents.
On some of these routes only one laps has been surveyed, mormally . one of
the traffic laﬁesa On a large part of the mileage, particularly on new
congtruction and certaln roads of special iznbterest, all lanes, including

Lotk traffic and passing lanes, have been surveyed.



TOTAL MILEAGE UF RECORDED PAVEMENT PROFILE

1958 -=-- 1,969.2
1959 =-=- 2,128.2
1960 =--- 1,769.k
1961 ---- 2,366.8
1962 =--~w= 1,535,6

9,769.2

This large mileage of recorded pavement profile and supplemental
data represent a volums of basic information on pavement condltion and per~
formance, the value of which has besn ouly partially ubilized to date. This

review and the accompanying surplementary reports will 1llustrate the uge of

i

this dnformation in design, construction, maintenance, and operation of the
Michigan trunk line system. However, its value ag a pavement inventeory and
a foundation on which €o build fubture applicaticns of practical value cap be
raalized only by lts cootinued use and by keeplog it up-to-date and growing
as the highway system grows.

In the opsnlng dilscussicn of the Michigan Pavement Performancs
Study it is appropriate and usseful to supply some background information as
a matter of record. Condition surveys of exlsting pavements ag a check on
degign and a basis for move afféctive utilization of natural conditions and
materials in highway construction are mot new. As polntad out in several

of the published reports, this approsch had been used for many years and

Prior to the current study, definite criterda for messuring pave-

"

ment perforvmence in a guarntitative mancer had been seh up and put into

2

. : s o 1 v . . .
practice under field conditione.™ The primary Tupcetion of & pavemend is

-0



to provide & 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 Trom Tthe recordsed pavement pro-
file.

It was alsc reccgnized that the structural properties of the
pavement would control its ability to endure under the combined stresses
of contimious logd repetition and the rigors of its environment. IT seemed
logical that failure to survive or inadeguacy &8 & sghructure would be re-
flected in cracking or loss of structural continuity even before riding
guality was affected. Timely maintenance or corractive steps would depend

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

an independent guantitative measure of struecturel adequacy. The continuity
ratio was defined as the raitio of the uncracked slab length of a pavement
“dilvided 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 bLemperature, molsture, and other environmental Influences.
It was congsidered that such envirommental effects did not reflect structural
inadequacy; thus, slab lengths of 15 feet or more would not be considered
evidenee of struetural weskness.

The adoption of these criteria and their application to condition
surveys of existing pavements in 1957 at the beginning of the current sur-
vey was not & generally reeccgnized approsch, but definitely s minority
viewpoint. Design commititees of the Highway Research Board, as well as
many others, had become comnitted to the romd test approach. As a matter
of fact, the first published paper, P-l, included in this report was pre-

sented by Mr. Stokstad and the writer by invitation in lieu of including



field surveys ats an alternate to the satellite tests in the recommended
procedures then being circulated by those commititees to follow up the AASHO

Road Test.

T

Having established criteria and ééneral procedures for the pave-

ment performance surveys, the truck—mounﬁ profilometer with its electronic

recording instrumentation was developed gsiége major plece of equipment:.

It was modeled after that designed by F. N. Hveem and used by the Californis
Department of Highways. It was gelected as the most practical under field
conditions and state highway department operatlon to cellect 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 médifications) met the needs of

the Michigan study.

Modifying the avallable provision for recording a continuous
pavement profile in one wheel track, a double recording system was adopted
which provided profiles in both the ocuter and inner wheel paths in one
oparation. Electronic integrating instrumenpation was added to record the
cumulative roughness in inches of vertical displacement for each quarter-
wile. 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 firsﬁ'bbjective of this review is to provide convenient access
to the large volume of accumulated pavement performance data, the ulbtimate

value of which will be reallzed only in proportion to its continued use.



Summary of Pavement Survey Data

The Control Section Log Records of all roads which have been sur-
vayed during the past five yeérs have bean assembled to serve as the basgic
index to the Surmmry of Pavement Survey Data. These Control Section Log
Records are the standard forms on which the history and present status of
21l contract sections in The Michigan trunkline system have been recorded.
They are in fact a physiecal inventory of the state highway system and are
in constant use by the Depariment in compiling highway statistics relating
to the physical condition of Michigan rosds snd fubure needs.

These records, while somewhat voluminous, are the most convenlent
and readily avallable means of 1dentifying and locating any particular sec-
tion of state trunkline system and cbtaining the essepntial facte concerning
it. In the compilation of Control Section Log Records included in this re-
view, all construction contracts for which pavement profiles have been re-
corded are ghown with the mileage, number of lanes surveyed, the date or
detes of surveys, and the chart roll nmumber on which the pavement profile
is recorded. There are 1700 rolls of pavement profile charts on file at
the Willow Rup Solls and Paving.Laboratory; with a total of some 32 miles
of chart covering 9,769 miles of recordsd pavement profile. At the present
time, these hasic records are in the custedy of the University and sre ade-
guately housed and readily available for reference as long as present space
agsigmments are maintained.

The next step in utilization of the pavement profile data lnvolves
the use of the Summary of Pavement Survey Datae. This summary is compiled in
five sections, one for each of the five years from 1958 through 1662,  In it
are tabulated in detail all of the data gathered in conpection with the pave-

ment profile surveys. A typical data sheset is included in this review as



Appendix B. In 1959 this table was revised to its present form, in which
tﬁe first five columnsg give the ldentification information, including
route gumber, contract number, pavement type, year bullt, and district arnd
control npumber. The next nine columns give corollary information for sach
profile survey, including roll number, date of survey, weather conditions,
pavement condition, temperature of air, pavement, and subgrade, length of

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

vwheel path and its three roughness index valuss, in inches of cumulative
vertical displacement per mile: the aversge for the contract section, and
the minimum and maximum values for the smoothest and roughest quarter mile,
respeétively.

The next columm gives the adequacy classification established for
vavement evaluabtion or rating used in connection with the pavement perform-
ance study. {B8ee Reports P-1, P-2, and P-3) The last three columms give
the date on structural continuity of the pavement, including the continuity
ratio of the original or "as bullt" vavement and the continuity retio and
cracking index at the time of the survey.

At the beginning of the tabulations for each year, & special
listing has been compiled to serve as an index to the date sheets which
follow. The routes surveyed are listed by number, e.g., US-2, M-21, etc.,
foliowed 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 inventory. 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



survey &ata'have been assembled unde% this same grouping system for the
purpose of making more accessible the data related to specific sublects of
interest.

The frost ssctions refer to projects included in specisl studies
of frost displacement. 8pecial projects are thoge selected by 0. L. Stok-
stad in the last several years for special consideration because of design
features of particular intersst, as listed in Appendix A. Roads not fall-
ing in either of the flrst two categories are referred Lo simply as part
of the pavement lnventory 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 btabulations of detailed data are assembled in the numeri-

cal order of the route numbsrs.

UTILIZATION OF PAVEMENT FROFILE DATA

In the title of this review it is indicated thal pavement per-
formance dats finds spplication in design, comstruction, maintenance, and
operation ef highways. It is not always rscognized that a highway depart-
ment actually has féur ma jor fuﬁctions which may be s6 delineated in des-
cribing different phases of 1ts operatlons. However, in planning this re-
view of the pavement performence study, it did appeer not only appropriate
hut necessary Lo so classify highway activities ln order to accurately fl-

lustrate the usefuiness of pavement profile dats.

Desgign Correlation

The primery objective of the Michigan Pavement Performance Study
was to provide more accurate and discerning technlgues for checking pave-

ment design and detecting weakness in service performance. It seemed



entirely loglcal that changes in the pavement surface or profile would re~
flect the integrated result of the varicus stiresses 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 unconireolled variables of enviromment seem much more difficuli
to gauge than the more precise relationships of applied load and reaction
in the pavement structure, they are nevertheless the influences under
which pavements must endure. Every one of these varisbles, controlled or
uncontrolled; has its effect on the pavement surface; whether or not they
cap be identified is o 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 & measurable change, a subseguent profile would measure
the change. This meant that & period of years, perhaps many, would be re-
guired bafore definitive changes would become apparent. It came thenh as
an unexpected bonus when, after a censidersble volume of profile data had
been accumulated, it turned out that roads ﬁhich had been 1n service for
varying periocds of time under varying conditions of gervice and.environm
ment fell into definite patterns of behavior that could be defined in
terms of pavemernt reoughness, structural continuity, and related character-
istics of the pavement. This discovery opened the docor to a great store-
house of valuable dats when 1t became apparent that the entire highway
system was the final testing ground and that the wany years these roads
had already been subjected to traffic was the ulbtimate road test, which

wag merely swaiting analyszis.



From the standpoint of pavement design, the reports which are a
part of this review contaln many examples in which the responsible factors
in pavement performance have besn cleafly identified in terms which demon-
strate them to be subject to design control. The overriding imporﬁance of
goll conditions and drainage stands out in many of these examples and ﬁemon~
strates the goundness of Michigan design, which follows the unspectacular
but time-tried principle that 1t is the subgrade which "does, in fact,
carry the road and the carriage also”.

A few illustrations drawn from the supplementary reports and sum~
marized briefly may be used Ffor illustration. The following table lists
the correlation between riding quality and drainage taken from Report P-1.
It should be noted that drainage ag listed includes inmternal drainage as

controlled by soil texture and ground water level.

Route Figure Service  Roughness Index Brainage Riding
Number  Number  Period Inches per Mile Qualiity
Years OWP WP
Th 32 72 75 Fair Very Good
Us-112 . .
T8 32 291 395 Poor Prohibitive#
8a 28 a1, 46 Excellent Good to Very Cood
M=-25
&R 36 218 175 . Poor Very Poor
124 22 383 365 Poor Probibltive
M-l _
128 20 73 75 Good Very Good
164 19 8l 77 Excellent Good
M-36

16B 19 363 282 Poor Prohibitive¥

* Qutside the tentative rating scale



Other design correlaticns presented in Report P-1 include the
poor performance of short concrete slabs without load transfer at the
joints (8ee Fig. 17), as compared to the performance of ancther road (See
Fig. 12B), also having comparatively short slabs, bub with load transfer
provided. Whille there were other fTactors 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
gervice and the second maintalnling very good riding quality over & 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. Buch a profile is a realistic picture of the pavement itsself and a
physicel conditien that hasg been produced by socme specific factors ameng s
variety of influences that mey have been present. Such a profile is as
individualistic as a signature, reflecting characteristics that can be
fully appreciated only by examining the profile itgelfl and the_physieal
conditions agscciated with it in whatever detall 1s necessary to reading
the pavement's past history.

Thig leads to perhaps the most lmportant copnsideration in evalu-
ating pavement performance from condition surveys. The roughness index or
some other quantity derived from the pavemsnt survey may sdequately reflect
the present riding quality or servicsability of the pavemsnt. Thils in it-
self is an lmportant conslderstion and may be useful in several regpachs.
However, from the standpoint of pavement design one must know vot only the

extent to which a pavement has deteriorated or lost riding guality but why
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it has reached that particular level of serviceability° This is the crux
of the situation and the poiut al which the actual pavement profile shows
its real value, ag it may provide an insight into events in the past his-
tory of the pavement which have left no other clues. {See Pig. 13 and
Page 17, Report No. P-6)

There are a number of other examples of the surprising congist-
ency with which accurate pavement profiles and the quantitative eriteris
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 degign correlation during the five year study.

1. Michigan's current design standards for rigid pave-
ments carrying present legal axle loads are adequate
for all-geason service without load regtriction. In
thousands of miles of pavement profile surveys of
concrete pavements whick by dezign or natural condi-
tions meet these standards, there has besn no sig-
nificart evidence of loss in servicesbility over
periods up to thirty years due to vwnlimited repeti-
tion of legal axle loads.

2. {n the other hand, concrete pavements that have
been dssigned and built to these standards suffer a
cumplative increase in roughness of 4 to 5 inches
per mile per year due to envirenmenital and climatic
factors. Chief among these deteriorating influ-
ences are the temporary pavement displacements
caused by frost acbion and bemperature differen-
tials. Frogt displacement appears to criginate in
the freezing of meisture which accumilates in the
subgrade and granular bases and subbages lmmedi-
ately bepeath the pavement surface. Temporary dis-
placements, which reach a maximum in labte winter,
largely diszappesr in the summer but leave a resid-
val roughness which is the primary source of the
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cumulative loss in riding quality. (See Report
P-l, ¥igs. 1 through 9)

3. Flexible pavements with bituminous surfaces
built to eguivalent all-sesson standards for
present legal axle loads show comparable per-
formance characteristics and evidence of cumu-
lative changes of about the same order of mag-
nitude. The mechanics of flexible pavement are
such that cumulative logs of riding quality is
aot produced by the same typs of resildual rovgh-
ness &g in rigid pavements but, on the cother
hand, there is some evidence of messursble dif-
ferentials in roughness due to traffic. These
conglderations and results from short time
agtudies sre inconcliusive, although they give
some promige that the less In riding guality
may procead at a lesser rate thsn In rigld
pavements. However, sufficlent data over
longer perilods of service and comparable condi-
tions are still to be acoumulated to supplement
the present study before these important gues-
tions can be answered. {Report P-6, Pigs. 1h
through 18 and Table 2)

Cgmstructien Practice and Pavement Perlormance

It has been shbated that pavement werformance surveys have shown
that current desigpn standards provide adegquate load-supporting capacity.
However, these same surveys show that in terms of potential riding quaiity,
the benefits of adequate design are not beling fully realized. Invalveﬁ in.
this problem are plans and specifications and construction control which
fail to achieve the maximum potential performancs from well~designed pave-
ments. This appears to fall largely in the field of construction practice
80 is being discussed under that heading. The accumulation of a large
volume of pavement profile data has brought to Light, or perhaps empha-
sized by supplying the Tigures, several deficisncies in congtruchicon
practice.

Granting that the end product in buildipg a pavemsnt ieg riding

quality, then current spscifications and inspection procedures fail to



congerve or protect & consliderable percentage of a pavement's potential
life. "Built-iln" roughness has become & common term only since pavement
conditicn surveys have included accurabtely recorded profiles and the
roughness index asscciated with them. One of the first observations that
wag somewhat surprising to those unaware of the problem was the gharp con-
trast Eetween the roughness index of bridge decks and bridge approaches
and that of the adjacent rosdway pavements finished with conventional pav-
ing eguipment. Another cobservation on "built-in" roughness is the almost
uvniversal characteristic of greater roughness in the outside wheel path
or the edge of the pavement. This has besen tsken to indicate that lrregu-
larities in form setting were more completely reproduced close teo the
formg and damped out, to stme degree, in the genter of the concrete slab.

As daté aceumulated In consilderable volume, they have been re-
ported to the Department so That pogslible corrective measures could be
studied. Departmental Reports D-2, D-8, and D=9 and Supplementary Reports
-1, 8-5, 5-8, and 8-10 have all reported fiesld survey data compiled on
the roughness of bridge decks and bridge approaches. Summarizing of rep-
resentative data from thess reports shows foughness indexes ranging from
about 100 to 300, averaging around EQO inches per mile. In terms of the
tentative rating of riding gquality, the aversge performance of bridge
decks would be degoribed as very poor to extrewmely rough. Bridge ap-
proaches fall in sbout 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 resulits are comparable to those obtained on bridge
decks. Supplementary Reports S-16 and $-16B dealt with the roughness of

nand finished pavement on the ramps of the grade separatiocn at the
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intersection of M-21 and I-96, near Grand Repids. The roughness on the
Pirst ramp, reported in 8“165 varied from 167 to 191 inches per mile, which
would be rated from poor to very poor. The second ramp, reported in S-16B,
showed a roughness index varying from 145 to 1535 falling on the border
line between acceptable and poor, but certasinly not to be considered as
high quality work.

Ceeasionally some unusual condltions come to light as pavement
profiles are being analyzed which may be relsted to construction methods.
Such 2 case has been described in Supplemesatary Report 5519, and alse 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 beling exiremely rough,
and a pevement profile survey was requested. On the basis of the profile,
this section was rated extremely rough, wiﬁh ﬁ roughness index of 233 inches
per mile and a saw-Tooth pattern, 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. 13A in Report P-6. The close comparison
in terms of roughness index and profile was not repeated on the inner whesl
path of the US~L13Ll pavement, whare the saw-tooth pattern was damped out and
the roughness index dropped Lo 105 inches per wile. The sharp displacements
in the cuter wheel path were repeabed at intervals of approximately 10 feet.
Although there were no joints or cracks in the pavement to produce faulting
at these dntervals, spacing of these displacements did coincide with the 10
foot length of the sections of the paving forms. The evidence pointed to
carelegs Torm seiting and it was concluded that this was the sgurce of this
abnormal and wnusual built~in roughness. Parenthetieally, 1t may here be
noted that the considerable effort deveobted to grinding down high spots did
not appear to have been particularly effective in producing improved riding

gquallty.
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Supplementary Report No. S-1k is of interest as an illustraﬁion of
high built-in roughness resulting from a combination of comditions during
congtruction, which may or may not be justified. 1Initial roughness renged
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 eguipment and inexperienced workmen.

The principal item of objectionable eguipment was the "bull fleoat”
(longitudinal float) finishing mechine 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-
guent wprk of this nature. The "bull float™ has & 10-foot long straight
float positioned at & slight angle to the center line. This oscillates
longitudinally as 1% moves back and forth acrosé the pavement and simulta-
neously advances. (See Figa 24-11, 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 lO-footr
straight edge test easily, but may still be rough riding.

In discusging examples where consgtruction practice has resulted in
abnormally high built-in roughness, it would distort the picture to ignére
the equally numerous examples where high grade workmenship has produced supe-
rior riding quality. The fact that there are such examples is particularly
gignificant because it demonstrabes that it is within the range of common
practice in pavement construction te produce such supericr results. There
is then all the more reason why poor workmanship and inferior riding quality
need not be accepted.

Several examples of guperior riding quality may be cited in both

concrete pavements and asphalt pavements. In Fig. 1 in Report P-4 there are
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identified a group of three concrete pavements, discussed on Page 13, bullt
with roughness indexes of 50 inches or less per mile and five other projects
which, allowing fTor normal increase in roughness, would have had "built-in"
roughness of less than 50 inches per mile. It is significant that five of
these elght projects were built by two contractors who had established a
reputation for dolng high quality work. Other illuminating exampies were
also cited in the same report in the discussion of guallty of workmanship.

Qther 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 gquality. On US~33, the Muskegon - Grand Haven Hx-
pressvway, 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 3k 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-3) flexible pavement. Supplementary |
Report No. 8-21 presents dats on a number of conbracts totalling more than
30 miles of bituminous expressvay construétion 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 sxamples 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-T75, discussed in De-

vartmental Report No. D-11, 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 atiention of the Pavement Performance Study group in his
memorandum of March 14k, 1960. At that time he commented on the number of
pap~outs and numerous transverse cracks; he suggested frost heaving, settle-
ment, and perhaps inferior aggregates ag possible contributing factors.

Subsequent surveys reported in D-11 coufirm 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
ig further evidence that "built-in" roughness may be ss much a reflection of
the characteristics of the contractor as it 1s of physical conditions ssso-
clated 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 primery source of poor performance. Enough has
been sald of bullt-in roughness as an immedlate result of carelegs finishing.

Attention may next be given to those factors which result in sarly
and excessive deterioration in the pavement surface. Non-upniform compaction
of granular bases and subbases and fallure to provide uniform subgrade sup-
port for the pavement structure are the most familiar sources of poor pave-
ment performance. An abnormal decresse in structural continuity shown by
excessive crack development and deterioration of the pavement surface wmay be
dus teo infericr concrete, non-uniform settlement of the supporting subgrade
and bases, or a combination of these two basic deficilencies. 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 gelected for illustration. Perhaps the
mest striking exampie is the rapid deterdoration of the Detroit Industrial
Expressway, from Willow Run to Detroit. Bullt during the war years, the
gand subbase over clay was adequalte 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 conecrste mixbures, made the poor performance inevitable.
These conditions were c¢learly revealed by comprehensive lnvestigations sub-
sequently made by the Department. BRegardless of whether or not these con-
ditions could be excused as emergency consiruction, the results were never-
theless revealing as the consequence of poor construction practice.

After this pavement had been stress-conditioned through years of
gervice under heavy traffic, i1t was rehabilitated by bituminous résurfacing
to recover acceptable riding quality. It was hoped that it could then pro-
vide a period of years of improved service without rapid deterior&tionq The
resulis presented in Departmental Report D-17 are rather iragmentary, but
the abnormally high rate of increase in roughness of the plain concrete sec-
tions is not an encoursging indicaticon. As shown in Table 1 and Figf h,
the never 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 "Spacial Projects” selected by Mr. Stokstad for
close attention was on I-75, the Detroit-Toledo Expressway, and is briefly

reported in Departmental Report Wo. 1i5. Again, the early results sre not
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encouraging, although it lsn't clear as yet whether the excessive cracking
ig due to deficiencies in design or in comstruction. The increase in rough-
ness index has not yet been sufficient to reveal lack of subgrade support

and it may bhe 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 phasesg of mainterance, with particular reference to the pavement
structure. The rate of change in both roughness and structural contlinuilty,
when compared wlth normel cumulative changes, may reflect unfavorable physi-
¢al conditions or weakness in design and coastruction that may be possible
to correct. Cracking in concrete pavements due to envirommentasl factors or
load repetition or to the combination of beth ig a natural development;
hence, Jjoint and crack maintenance is accepted as normal and considered a
routine operation in the early stages of pavement life. 1In older pavements
or in those which for one reascon or another are subject Lo excessive crack-
ing, filling of Jjoints and cracks maj become ineffective or prohibitive.
Such conditions may be the sigmal for resurfacing or easrly reconstrucition,
beyond the scope of maintenanéeu

In bituminous pavements, both roughness and loss of structural
continuity have slgnificance comparable to those in rigid concrete pave-
ments, but the evidence of structural detericration is not ag easy to evalu~
ate in quantitative terms. Identification and classification of cracking,
patching, and other types of surface deterioration in bltuminous pavements
have been worked out by technical committees of the Highway Research Board
and also in connection with the AASHO Road Test. The final repcrts from
that test are perhaps the most readily available and the most authorlitative

for present use. Consequently, they will be considered in some detail.
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In the AASEO Road Test, the roughness index and continuity ratio
used in the Michigan pavement performance surveys are cornbined 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 were translated into terms of the Present
Serviceability Index.

The first step in this procedure is illustrated in Fig. 20 of P-6,
where the Michigan Roughness Index (RI) was converted into a function of the
AASHO Slope Variance (J%%) 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 correlation. In Fig. 21 is
shown on a gemilogarithmic plot the relationship between the Present Service-
ability Index and the Michigan Roughness Index derived from the rating of 49
rlgid pavements by a panel of observers gelected to extend AASHO Road Test
results to existing pavements. To test the validity of this relationship,
comparative values of both measures of serviceability or performance have
been plotted from six flexible and six rigid pavements in Michigan.

The preceding discussion of quantitative measuresrof pavement
performance has two objectives. The first objective was to show that data
from the Michigan Pavement Performance Study can be readily transliated into
terms of the AASHO Serviceability Index and conversely that useful results
from that test could be put into practice in Michigan. The second objective
was to apply the pavement performance criteria to maintenance and point out
relationships of important practical significance.

Directing attentlion now to the second objective, 1t seems particu-

larly important to btake note of the faclt thai deterioration of the pavement
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surfece, reflecting loss in structural integrity, is of primary importance
as an independent guide to timely malnbenance and should not be buried by
the statistical combination involved in reducing pavement performance to
a sgingle numerical coefficlent such as the Present Serviceability Index
(PSI). Recognition of this fact has entered into some of the most recent
digcussion of this subject and it seems reasonable %o suppose that pave-
ment performance criteria may be adjusted accordingly.

As & first example of the use of pavement condition data Ffrom
field surveys as a gulde 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 tock title to

the field in 1946. While the deed stated ". . . that the entire landing
area . . . 8hall be meintained at all times in gocd and serviceable condi-
tion . . .", no standards or procedures were prescribed for judging what

would be considered "good and serviceable condition".

Report P-5 cutlines the periodilc surveys and procedures developed
for maintaining & continuous record of pavement cenditicn. Prior to resur-
facing, structural conbtinuity as measured by pavement cracking in terms of
the continuity ratio was the basic measure of pavement condition. Pavement
roughness was not a seriocus problem in the airfield 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
ravement was nhever 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 availlability of equipment %o 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 tlmely 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 equivaient in evaluating pavement performance, with
particular reference to pavement maintenance. Several other examples may
be cited from the data being submitted with this finel 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 Repori No. P-6 that failrly
substantial amounts of cracking, patching, and rutting have an almest neg-
ligible effect in the computation of the Present Serviceability Index.

The next example of surface deterioraticn which may be cited as
indicating a possible need for early maintenance is given in Bepartmental
Reports No. D-13 and D-14. The projlect involved is the previously discussed
heavy duty flexible pavement on US-31, the Muskegon - Grané Haven Expressway,
which has been given intemsive 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. IFf 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 inberesting example that has been studied ies discussed in
Departmental Report No. D-10. 1In thils case, a recently bullt reinforced
concrete pavement on I-9% Expressway from Brighton to Novi has been sub-
Jjected to a concentration of heavily loaded gravel trucks traveling east
from the Green Oak Plant of the Amerlcan Aggregates Corporation, toward
Detroit. There has been no more than a nofmal increasge in pavement rough-
ness due to envirommental factors or construction cenditions, and none
which can be identified as due.to repetition of heavy loading. In fé%t,
the westbound traffic lane, which carries only ncermal 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 then normel
cracking and structural deterioration and there have heen some slab re-
placemants not expected in a pavement no more than five years old. Fileld
investigation has not been carried far enough to ldentify the cause or
cauges of this early structural detericration and there is some evidence
indicating that the unusual concentration of heavy loading is a centribut-
ing factor. Regardless of the factors associsted with the perfarmance of
this pavement, the purpose of discussing it in this susmery is to peint It
out as another example that timely.maintenanca may reguire condition sur-
veys that evaluate the structural behavior of pavements before the loss of

structural conbinuity can be reflected in loss of riding quality.

The Value of Pavement Performance Data to Qperatlons

In the intreductory discussion of the utilization of pavement
profile data, the operation of the state highway system as & public facil-
ity was set forth as one of the four major functi@ns of & stabte highway

department. While this may be recognlzed by hlghway engineers and
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administrators, 1t does not appear to have been glven sufficlent 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 1s 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 psriod covered by this reviev provides an excsllent
example of the value of accurate pavement evaluation in the operation of
the highway network to cbtain the maximum economic benefit as a state-wide
transportation facllity. 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 sgelection of a network of
highwaye on which the spring load limitations could safely be eliminated
and then to expand that network as rapldly as possible. Since 1940,
Michigan's design standards for trunk line construction have been gsuged
to provide all year service for legal sxle loads, without spring lead limi-
tation. Consequently, by 1958, a substantial mileage of such roads had
been built. The first pavement evaluation, of January 1, 1958, shown in
Fig. 1 of Report P-1, was prepared as & state-wide evaluation of the trunk
line system from the standpoint of adeguacy 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 ((lass
l), and those roads which had beesn Ilmproved with drainsge and granular sub-

bases to compensate for seasonal loss of strength (Class 2).
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The fTirst pavement evaluation, of 1958, provided an integrated
inventory of adeqguate roads which classified approximately 55 per cent of
the state trunk line system ag adequate for legal axle loads abt all times.
Baged én this evaluation, the first so-called "frost-free" network was esg-
tablished and public notice given of ﬁhe'raising of spring loaa restrictions
on this network as of Janvary 1, 1958. Including additions made as the re-
sult of gpecial studies, the unrestricted network during the 1958 "spring
breakup” consisted of some 4545 miles, or abou£ 50 per cent of the state
trunk line mileage. Judged in ferms of public benefit, it was estimated
that the cost of spring load restrictions to the stéte'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 gince 1958, without significant
damage to the roads.

The gacond phase of the pavement evaluation was the expansion of
the unrestricted network as the result of new construction, bettermenf, and
reclasaification. 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 undsr year-round cperation. Under this controlled operation of
the state trunk lire 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).
8ince 1960, the Department has continued the upgrading of the trunk line
system by continued replacement of Inadequate reads and some reclassifica-
tion, for which pavament profile surveys provide part of The data. The
"Third Pavement FRvaluation” was made ag of January 1, 1961. This was the

last published map presenting the classificatien of the complete state trunk
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line system with respect %o adequacy for carrylng legal axle loads. Qther
revisions were made as of January 1, 1962, for use by the Department but
this particular map was not published.

Based on the state-wilde pavement evaluation, twe maps are prepared
and issved annually, particulariy for the guidance of commercial transporta-
tien. These maps are the "All Season Trunkiine Highways" ana the "Truck
Opsrators’' Map". The expansioﬁ of the "All Season Trunkline Highways" is
graphically illugtrated by the annual maps that are issued, which are listed
below with references and the consistently increasing mileage in the unre-

stricted classifications given irn the following tabulation.

ALL SEASON TRUNKLINE HIGHWAYS

Length
Date Miles Per Cent Reference

1 Jan 58 - Lshs ho Fig. 2, Report P-1
1 Jan 59 5519 59 Files Only

1 Jan 60 5985 el Fig. 3, Report P-3
1 Jan 61 630k 68 Files Only

1 Jan 62 7031 , 76 Files Only

1 Jan 63 Th55 81 Fig, 1

The mileage of unrestricted highways reported in the above table
was the subject of Supplementary Report 5-T, at which time revisions wers
made to eliminate duplication resulting from overlappiang trunk line routes.
Consequently, this mileage may not agree with mileage previously given in
Reports P-1 and P-3. In Figs. 1 and 2 of this report are reproduced the
latest maps, published in January, 1963. Full scale copies of the twe maps
have been ingerted in a limited number of copies for official aisﬁriﬁution.

The map of "All Season Trurkline Highways", Fig. 1, designates the network
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ever which full legel axle loads may be operated at all times. The "Truck
Operators' Map", Flg. 2, shows s network of highways caleulated to provide
conbinucus roubes leading o any destinatien in the state. Wobt all ¢f these
routes are unréstricted in the spring of the yesar, thus the operators must
use the YAll Season” map to check leadings.

The "Pruck Operators' Map" alsc shows "Special Tanden Routes" on
which & maximum load of 32,000 pounds on oné set of tandem axles or 16,000
pounds per axle ls permitied. This losding applies when load restriciloens
are not in force, including the "All Season” highways at all times. When
restrictions are In force, all tandem axles are limited to 26,000 pounds or
13,000 pounds on each axle.

The publication in January of each year of these two waps repre-
sents a permit to truck cperators and all other hilghway users for unre-
stricted use of the designated routes under the suthority of the Michigan
State Highway Repartment. They represent the uliimate result of pavement
evaluation of state trunk lives in the operation of the state highway sys-
tem as a transportation facility. *What this means in terms of savings to
state industry spd agriculture has been pointed out and has been cited heée
to 1llustrate the lmportance of well-informed operatien of a state highway
system and the value of p&vememﬁ performance data In the support of that

type of operatien.

SPECTAL STUDIES

fne sectlon of the finel report was e have been devoted to the
special studies which are listed oo the first page of Appendix A under unine

different headings. The flrst subject, Study A, was to be the gathering of

¢
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profile data from 14 projects selected by 0. L. Stokstad for special obser-
vation. Some field surveys wers made on all of these projects, but oppor-
tunity was not available to carry 6n these observations over a sufficlently
long period of time to obtain conclusive results. Available data have been
reported in the Pavement Profile Summaries and In some cases analyses have
been made and resulbs 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 wasg contemplated that these projects
would have %o bé observed over longer periods of time before final conelu-
siong could be drawn.

Study B was directed to gathering and analyzing data on the tem~
porary displacement at joints due o curling and warping resuliing from
frost action or temperature differentials. The study originsted from in-
guiries concerning the megnitude and source of ftemporary roughness develop-
ing in the winter on both recently built concrebe pavements and oid concrete
pavements that had been resurfaced. In the case of the latiter, particular
attention was to be given to the guestion of the extent o which deforma-
tions from the old coancrete slab were reflected through the bituminous re-
surfacing. Attention was focused on certain sections of old US-12 (I-9k)
vest of Ann Arbor and on sections of the Detroit Indusirisl Expressway in
the vicinity of Willow Run where certain speclsl conditions made these
projects of gpecial interest. Departmental Report No. P-17 presents some
early results on the latiter project; these resullis are only indicative, but
they do nol appear to support the hope that these pavements had become stress-
copditioned 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, €, I, E, and F, are covered by the
indicated Deparitmental Reporits, 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
Benkelmen beam were first undertaken on M-55, west of Tawas City, in 1960 and
were later extended to other projects as a supplement %o 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 ipadeguate and adequate
capaclty. The resulis indiceted a direct correlstion between pavement defliec~
tion and the roughness index, but the significance of this correlation had
not been cleariy established at the time these observations were discontinued.
Continued study of psvement deflection measurements is ccnsideréd necessary
before the present procedures are sccepted as a relisble measure of pavement
strength over a period of many years. Elastic deflection alone, unrelated
to the type of deformaticon, age>af the pavement, and seasonal change, seems
to be an incomplete basis for pavement evaluatlion. Present procedures which
ignore permanent deformation and fail to consider the different types of per-
menent deformation are questioned as being a reliable and generally applicable
measure of pavement behavior.

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

The increasing interest in load-deflection measurements in connea~

tion with pavement evaluation has stimulated development of methods and
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equipment for obtaining more reliable date and making more comprehensive ob-
gervationg. 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 intenticn of building it if 1ts feasibility could be demonstrated.
Three engineering organizaitions 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=1l are the reports of these three organizatiénsﬁ 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 obher so that the differentisl deflection could be reliably
meagured to *0.002 inch. The conditions under which the measurements were
to be made and the specified accuracy imposed such severe requirements that
the eguipment became so complex and the cost such that the proéect was con-
sidered lmpracticable, at least at the present time. Preliminary sstimates
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. Xearns and Law carried their aguipment 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-

volvad.
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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 deviatlions of a pave-
ment surface from a datum such as a 30-foot fleating base line has certain
limitatlions. For exémple, 1f such & recording device were run over a pave-
ment profille consisting of a regular sine wave of 30-foot wave length, the
cumulative vertical ddisplacement recorded would be double its actual value.
Similarly, a pavement surface configuration consisting of 15-foot waves
would produce & cumulative vertical displacement or roughness index of zero.

In actual pavement profiles containing compensating randomization
(in other words, an egual number of both 15-foot and 30-foot wave lengths),
such errors would be balanced in terms of the numerical value of the rough-
negg Iindex but there could gti1ll 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 predominsnce of irregu-
laritles or deviations of a specific length.

There are two general. approaches to eliminating or m;nimizing this
type of experimental error. Profiling equipment can be designed to aveid
these errors te varying degrees and some such equipment has been built. A
second method is Lo record the pavement profiles with available equipment
(for example, profilometers such as Michigan has used) and then set up a
computer program Lo eliminate or compensate for these errors.

Report D-18 cutlines briefly a special study in progress ag the
time the Michigan Pavement Performasnce Study was terminated, the objective
of which was to set up a compuber 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 & program is predicated on the fact that the pavement profile‘now re~
corded can be computed from elevatiené taken along the pavement wheel path
at specified intervals. It follows then that elevations at specified inter-
vals glong the pavement can be deduced from a recorded profile. OQOnce the
elevatiens of the pavement at a lipe of control points are available, a true
profile can be compubted with respect %o any base line length or any desired
reference plane or surface. The mosi useful contfoi cr reference datum with
respect o which pavement deviations could be measured would be the plan
grade to which the pavement was presumably buiitn If "as~bullt” plans or
grades are not available, measured elevationg st a relatively small number
of points may be introduced into the program to reproduce a profile with
devisticns or roughness with respect to the avarage.line of travel that a
vehlele traveling the road would follow. This endeavor had reached 8 stage
at which it seemed certain that the necessary program could be developed but
the work was not completed. It iz being continued by Mr. G. Ragnar Ingimars-

son ags g part of his doctoral thesis research.

F - Report B-19 - Equipment Opeﬁating Manuals

During the building of the truck-mounted profilometer, no complete
gset of plans was ever drawn and many medifications in measuring and record-
ing equipment have been made from time to time. ©n geveral occasions during
the past five years, some time hag been devoted To bringing together s com-
plete set of drawings giving the detalls of the squipment. The cbvious nesd
for such information led Lo a concentrated effort to complete thisg werk and
the result is presented In Report [-19 as a "Manual for Operating and Servic-
ing the Truck-Mounted Profilometer”. This was cne of the final assgignments
to be completed as a Special Study and is intended to facilitabe the future

uge of this equipment.
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PAVEMENT PERFORMANCE IN MICHIGAN AS AFFECTED BY
STEEL REINFORCING ANDL SAND SUEBASES

Three "Special Studles", listed as G, H, apd I on the first page
of Appendix A, have by forece of circumstances become so closely related that
they will be discussed together in this review. They ineiude the correla-
tion of AASHO Bozd Tesgt procedures with Michigan pavement design and per-
formance criteria, comparative performance of plaln and reinforced concrete
pavements, and the role of granular subbases in Michigan pavement comstruc-
tion. Taken togsther, these three phases of pavement research deal with
the most important factors in Michlgan pasvement design, the evaluation of
which ig the primary objective of the Michigan Pavement Performance Study.
Steel reinforcing to provide structural conblnuity and grénular subbases to
compensate for soils of high susceptibility to woisture and frost action
are the cardinal features of Michigan design standards.

Both of these features have bheen incorporated in concrete pave-
ment comstructicon for some years and it is believed that the State's design
engineers would strongly support the cwmteﬁtion that these twe features are
the major contributing factors in successful performance of coﬁcrete pave-
ments in Michigan. By successful performsnce, refersnce is made to the
pavement profile surveys presented in Reports P-4 and P-6 and the Ffact that
several thousand miles of Class 1 and Clasg 2 concrete pavements show ne
measurable or significant damage atbtribubable to axle leadings up to legal
limits and over service pericds up to 30 years. On the other hand, there
is definite evidence to show that unreloforced concrelbe pavements and pave-
ments without granular subbases where these features would now be reguired
have suffered measurably from these deficiencies in a manner that'appears

to correlate directly with traffic or load repetiticn.



Michigan Roughness Index and AASHD Present Serviceability Index

As cited on Pages 19 and 20 of this summary, the Michigan Rough-
ness Index can be readily corrslated with the AASHO Present Serviceability
Index and vice versa, This correlatlon was worked out in some detail din

Report P-6.

In addition, some abbention was gilven Lo am&lySig of AASEC Road
Test results, with particular refevence to the value of steel reinforcenent
and subbases under concrete pavements. Inasmuch as these studles were ln-
complete at the Lime that the five year program was hermlcabed, the present
report was limited to presenting the results of the Michigan Pavement Pep-

formance Study.

Michigan Roughness Data

There are some data from the Michigan Pavemsnt Performance Study
on resurfaced concrete pavements which provide a comparison between rein-
Torced and nonreinforced pavement over long periods of time. From the com-
bined data on both reinforced and nonreinforced pavements (see Report P-6,
F:‘Lg° 18, Page 22), it was ohserved that bituminoig surfaces over plain con-
crabe pavements were ganerally rougher than those over comparable reinforced

conecrete slabs.

Roughness of Biltuminous Cverlays: A further amelysie of these

data has been made and the resulbs are shown in Figs. % and 4.  In both
cases, bthe roughness index hes been plotied sgainst ags or years in service

of both the bitumincus suwriface and the wnderlying concrebe slab. Fig. 3
shows the data for the recapped reinforced concrste slabs faken from 59
contracts covering 194 lane milss of pavement with an average 1ife of 2k

years. In Fig. 4 are shown the data from recapped plain concrete slabs
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from 63 contracts and 243 lane miles of pavement with an average life of 32
years.

While both typesrof regapped_pavem&nt are represented by falr size
samples, It may not be enough over a spread of 2C years to establish a reli-
able measure of the rate of ingr§ﬁ§igg roughness. For this reason, compari-
sons between plain and reluforced concrete slabs which have been resurfaced
will be mads using the bands of nmxmal performance agtablished for Class 1
and Class 2 rigid pavemsuts as a frame of reference. This bacd of normal
performance has been shgwn in”Figsu_3 and 4 with intercepts on the horiszon-
tal axis at roughness ipdexuyalues of 30,_ 5, and 10%, respectively, for the
lower limit, average, and upper limit el povesl performance.  The slope of
these lines or the rate of cumulative roughuess iz I.5 inches per mile per
year for (Class 1 aund Glaesm27§avem§nﬁgﬁ_

Most of the pliain cmngrgﬁa pavements, bullt more than 20 years
ago, have been retired from service; only & remuant of this type of pavement
ig still in service after having beag resurfaced. This group of projects
has thus been selected by natural c@nditiéns which made pessible thelr sup-
vival; therefore, they must represent the msximom of ﬁerviaeaﬁiliﬁy in glain
concrete under Michigan emvir@nmenﬁ with all contributing factors included.
The reinforced camcrete;mﬁgltﬁe otherrbanﬁﬁ includes those projects which
have been resurfaced comparatively early in thelr service life. These proj-
ects have been segragaibed by natural conditions, from Bhe total mileage of
reinforced pavement built, as thoss most vilnerable to ths deteriorating
effects of service and envipomnend.

In the first comparisons to be mede, in Figs. 3 and b4, age in
service lg measured from the date of the last regurfacing, soms of the

clder projects having been resurfaced twiece snd in o Ffew cages three times.
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The average roughness index of overlays over ithe reinforced slabs is 77
inches per wile as compared to 103 inches per mile for nonreinforced slabs.

In Flg. 3, for reinforced slabs, the line showing the average
cumulative roughness is offset below thalt for rigid pavements, indicating
better performance than that of Clase 1 and (lass 2 pavements; the rate of
increase is 4.5 inches per mile per year, apvroximately the same as for the
rigid pavements. In centrast, the line showing average performance of over-
lays over the nonreinforced slabs, ia Fig. U, is offset above that being
used as a gtandard and the slope of the line is 5 inches per wils per year,
indicating performance somewhab poorer than that of the Class 1 and Class 2
rigid pavements.

Ancother indication of pavameni performance from the data shown in
Figg. 3 apd 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 reiaforeced concrete, there are quite a nunber of projects
showing better than normal performance and oniy & few rougher than normal.
In Pig. 4, for the plain concrets slabs, the situation is reversed, with a
larger group of projechs much rougher than normal and fevwer thaﬁ are bebtber
than normal.

In Figs. 3 and Y4, the roughness index valuss of the overlays have
also been plotted against the age of the underlying concrete sladb in the
upper grovp of points. This hae been done to sghow the age of the underly-
ing concrete slabs as compared to the length of service since the last re-
surfecing, as well as to provide another basis of compariscn between rein-
forced and nonreinforced concrete pavements. The age of the conorete slab
is & special condition to be noted in such a compariscn, as this will modify

the relationship bebween roughness and age in service. The reinforced
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conerete slabs vary in age from 10 to 35 years with an average life of 24
years, while the plain concrete slabs range from 24 o 40 years with an
average life of 32 years.

Thus, Tthe normal relationshlp bebwesen roughness and age ip service
may be changed by the sequence of svanbe in the pavement 1life, While this
particular group of projects has been subjected Lo speoizl conditions, there
may still be a significant compariscn in terms of the cumilative lucrease
in roughrness. In Figs. 3 and b this has been shown, with reference to the
age of the underlying slab, as the slope of a straight line through the
average points for each five year period. Thus, in Figs. 3 and b, the aver-
age rates of increass or cumulative roughness are 2 and L inches per mile
per year, respectively, for the reinforced and nonreinforced concrete when
referred to the age of the underiying slab.

Effect of Steel Reinforcing: In summarizing the performance of

bituminous surfaced concrete slabs, the datm in Filgs. 3 and L ghow that the
pavements with steel reinforcing are measurably smoother, thus demonstrating
that they retaln thelir riding quality l@nger than the plaln concrete.

Thege findlings ¢onfirm results of earllier pavement éurveys in
Michigan reported in references cited on Page 2 of this summary, in which it
was found that pavements with steel reloforcement wers messurably smeother

and had measurably less cracking than did unreinforced pavemente {(See Report

P-1, Page 2).

Effect of Subbases on Pavemsnt FPerformance

The function of a subbase is to nenlralize or compensate Tor the
loss of subgrade support in fins-grained soils suseepbible to loss of
strength or digintegration in the pressnce of water. In poorly construchbed

pavements, the most sggravated type of logs in subgrade support is pumping,



which may oecur in the original subgrade seoil or in the mesterial Introduced
ag & gsubbase. The factors which produce punping in concrete pavements are
g0 well known that thers ghould be no need to recite them.

In order to perform thelr function, subbasses for concrete pave-
ments must be constructed of materials which in themsslves do nolt punp and
they must be thick encugh to protect the subgrade from pumping and from
stress concentration greater than its decressed Strengtho Michigan hés met
this problem on Its Class 2 roads by the use of Tree~draining granular bage
courses because of the availability of such wataerial in the sgtate. (ali-
fornia,; on the other hand, used cement-trested baszes which have accomplished
the same objective in a different way.

Michigan's granular subbaszes combine bexbure and drainability in
order to fupctlcn effectively. Hither the material must be coarse anough
to not pump in the presence of water, be poroug enough to permit the water
to drain out, or provide the optimm combination of these characterisiles.
In order to drain, an outlet must be made aveilsbhle and the base must be
thick enough to provids the reguired gradient for water to move from the
center of the roadway te the slide ditches. These are nob very profound
statements of the physical laws which cophrol the movement of water through
porous medla, bulb they are the practicel regquirements to prevent pumping
which must be provided.

Michigan practlee bas been developsd over o perlod of years during
which subbage thickness has been adjusted by experience t©o compensate for
variation in available materials. Bvidence thal it hae bsen successful has
baen gathersd ln the Michigan Pavement Performapce Shudy. The faet that
many miles of Class 2 concrebe pavement have sxhibited performance eqgual o

or bétter than that of the Class 1 pavements on well-drained patural granular



subgrades is the major test. The bulk of these performance records have
been presented in Report P-b in tervms of & compilation of cumulative rough-
nesg on both classes of pavement. A pumber of spescific asxarples of both
good and bad performance produced by improved z2nd uninproved subgrades are
contained in the series of reporks, P-1 to P-6. This evidence stands as
the regult of "established practice” in Michigan which bhag been succesaful
over a sufficient peried of time znd veriely of natural envirommental condi-

tions that it is hard to see how ibts validity could be denied.

CONCLIESION

Termination, on December 31, 1962, of the last of & series of an-
nual contracts with the Michigss Highwsy Plaoning Survey maried the end of
a Tive year program of the Michigan Pavemant Performsnce Study. After five
years of fleid surveys of existing pavement in servies, providing 1C,000
lane miles of pavement profile, it has been a difficult task to assedble and
present the results of such a large volume of 4ata in ussble form. Thisg
"Pive Year Summary" has been pf@pared a3 an index to these data and & sum-
mary of the findings. In conclusion, it is even more Ailfioult bul neceg-
gary to restate in concise form the priacipsl conclusions drswn from ths
study, as follows;

1. Pavement performsncs bas heen avaluatad in termg of two
basic measures of the physical condition of the pavement
defined as the roughnses iy U the contineity rabio.
Both of these guaptities are raguired to evalusbe the pave-
ment condition at apy given time. The roughness index, din
conjunction with the recordad pavewent profils, msssures
the riding gquality or esrvicsability of the pavement; the
pavement profile supplies an insight into the source of the
prograessive changeszs which have taken ylace during the 1ife
of the pavemest. The combinuity rablc swpressss in guanbi-
tative terms the structural conbtinuity of the slab and en-
ables one to anblolipate Ite ability to conbtimis dn service




without excesgive
It indicates the
forestall exesss

i due To load application.
for maintenancs or inprovements to

v

ive logs of riding gquality.

The data compilstions mads a pard of the final sumary have
been listed in the table of conbents and described in more
detail in the section of the text ocn "Use of Pavemept Pro-
file Summariss" (FPages b through 7). The larges milesge of
recorded pavement profile and supplementary dabe constitute
an accurate and realistic pavement ivvenbtory, the valus of
which has besn coly partially ubilized to dabte. Ths full
value to design and consi sion practice and in the opsre-
tion of the stabte highway syetasm 28 a bransporbtabion facil-
1ty can be realized only by ibs contlousd use and by keeping
1t up-to-date and growing asg the higbhway system grows.

standards for wigld, Porblend
quate for lsgal axle Toads,
out load restrictica.” This
2R pwvememt prefile

& % atural op
ng gigpifi-
1 application

prov1é1ng all-s TS
conclugion iz supporied by ¢
surveys of thousands of milas
modified subgrades mesting thos
cant loss of riding guality

over service psrleds up to

Somewhat in comtrast, these surveys provided evidence that
aonerete pavements deteriorate due to spvironpental and coli-
metic Influencs, 10%1%g riding gquality lo terms of roughness
at an average rate of 4 to 5 inches per wile rer year. As-
suming a rovghness index of 200 bte 250 inches per mile as
the limit of acceptable riding guwlity, an initisl roughness
index of 50 would seb the useful pavement life gt 30 bo 4O
years until resurfacing or reconsiruchtion would be reguired.

Flexible pavcmwtt :
lent all-geasun 'anﬁ1(,; how oomparable pepformancs
Tlexible p%vaﬁntS dli@ s a8 cummlative less of
quality of comparable ugh the mechanies of
a flexible pavement prndMVL different relaticn be-
twean cause and effect. Qoo % ing the perform-
ance of flexible pavements h@ uidll in the Michigan
study by the fact that pr profile data are limited both
in mileage and periods of gervias.

With full realization thab povensph Life and serviceability
are controlled mere by envipommenial effects than by load
application, pavement design pra may be podinted in the
future nwore directly to faiiy] ng for thase natural
destbructive influences The r&mga ef pavamwnt periormance
covered by the presan cufficiently large
and the contrast bhebween gt performance
guch a8 to indlcate that Rt o on thase snviron-
mental faotors may produce anhuf improvensnts,
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praduceﬂ mnﬁh evﬁdence thaﬁ pave=

to rﬂdlng qu@llny pf
tices which are the ngmﬂ PV SOUDGE nf w\uY illeW gbﬁLle
Initial roughness btulilt inbo the pa vrlﬁqt prasently takes up
too much of the rangs svailabls to abzorb the cumulative
roughness over the years, which may be reflected direchly in
g8 reduced useful life of s pavemsnt.

Pavement profile surveys apd the two factors for evaluating
pavement conditiﬂng the Tmus ndex and the conbinulty
oriteria for gauging
serV1ceab111ty aud debm s ng when and what malnbenance
should be provided. To g.; rorm bhils functicn mffeotivplv,
profile data as a pavemsnt loventory should be kept up~fo-
date and thege records meds readily avallable to the Depasrh-
ment. The development of cracking, as a measure of strue-
tural eontinuity, and obther dirsct evidence of gtrucbural
deterioration are necessary and timsly indicatioms of nesded
maintenance which anticipate losg of riding guality.

A complete and accurate inventory of the siate highway sys-
tem has direct value in several wavs in +be fperafzen uf th
highway system ag a2 btransporhaticn f. ; If pfﬁVidﬂ% =Y
factual basgis for eliminating :

the ugse of the highways, with ecopomi b\heflts Nxoeeﬂlng
many times the cost of providing a md inbaining that dlnven-
tory. It provides the basils for mxte_ g bhe unresbriched
network of state highweye and the evidence that debarmines
whether or not the unrestricted use and the continuation of
this time when pave-
abry, 1% provides
realistic and inconbrovertible evidence of the soundness of
Michigan design standsrds apnd polnts the way to furthsr im-
provement. in carrying oulbt thege standards under verying
Tield conditioms.

that clesgification is Justifisd. Iu
ment design is on trisl sll over the

¢

4 number of special studies were underiaken and in progress
when the five-year program of the Mlchigan Pavament Perform-
ance Study wasg terminated. Reports op thess studies are
listed in the Table of Coptents and thelr prasent status is
indicated in Appsndix A and in fh@ raporte themselves., No
attenpt will be made Lo fur - gummarize these special
studies bayond calllug athepbion to o A veview of the
reports and the discussion of them in the text (Pages 27
through 32) will best determins the valus of the work done
to date and what might be expached if they ars continued.
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MICHIGAN PAVEMENT PERFORMANCE BTUDY

FIVE YEAR SUMMARY

APPENDIX A

SPECIAL STUDIES

Departmental Special
Report HNuwmber Studies Degeription
A Special Projects: 14 Projects Which In-
ciude Speclal Design Festures, Seleched
by 0. L. Stokstad (List Attached)
D-17 B Winter Joint Study: 16 Selected Pavements
(List Attached)
Dp-14 ¢ Load~Deflection Chservatiocns
D-16 D Feasibility Study of Eguipment for Record-
ing Continuous Load-Deflection Profiles
D-18 E True Profile Computer Progranm
D-19 F Equipment COperating Manuals
.G Correlation of AASHO Road Test Results
with Michigan Pavement Design and Per-
formance
H Comparative Performance of Plain and Re-
inforced Concrete Pavement
I Role of Oranular Subbages in Michigan

Pavement Design and Construction



A - SPECTAL PROJECTS

Departmental Special
Report Number Project Number Description

Flexible Pavement Designs

D-5, D-13, i U8-31, Grand Haven to Muskegon
and D-14 {6 miles)

This project was the first of the
modern dual roedvay expressways
built In the state ueing Tlexible
degign. Purpose of a performance
study was (1) to study the influ-
ence of modern comstraction bech-
nigues on the smoothness and dura-
bility of flexible designe and {(2)
to compare the performance of mod-
ern flexible construchtion with
modern rigid pavement constructicon.
The intent was not only to sbtain
records of pavement smoothress as
buiit, but alss o study the influ-
ence Oof time, use, and enviroenment
on pavement behavior.

2 I-96, Coopersville-Nunica to
Muskegon (12 miles)

This project involves both sandy
and clay soils, with the latter
including silty frost-heaving ma-
teriale. This project, therefore,
presents opportunities to study
the adequacy of undercutting fopr
the control of frost heaving and
alsoe to sbudy the adequacy of the
Lo-ineh overall flexible pavement
thickness for expressway use.

D-12 and D-14 3 I-94, State Line to Stevensville

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



Departmental Special.
Report Number Project Number

Flexible Pavement Designs

I

D-7 and D-1ih 5
Rigid Pavement Designs

6

Degeription

caused by the gelection of a flex-
ible design, the heavy traffic te
be carried, the aggregate problems
which developad, and the combina~
tion of poor and good foundation
conditions involved. A cobntinulng
record of pavement performance of
this highway could prove to be of
special value,

M-79, West of Charlotte (6 miles)

This project was included in the
pavenment performance shudy program

"because it represents modern low

cosh design of flexible pavemsob
construction for the more lightly
travelled trunklines.

M-55, Tawss City (6 mileg)

This project provided an oppor-
tunity to study the performance
of a weak, failing vavement be-
fore recoustruction and then an
opportunity o study the adeguacy
of the reconstruction, consisting
of a grantglar 1Lift with asvw hase
and surface.

I-9%, Stevensville to Hartford

(24 miles) '

This pavement was added primarily
to combine with Project 3 above,
for the purpcse of comparing the
performance of rigid snd fiexible
pavement designs under similar
conditions of soll, climate, and
traffic.




Departmental Special

Report‘.mumber Project Number

Rigid Pavement Designs

D-6 7
D-10 8

9
D-15 | 10

Descrigtion

M-20, Midland to Bay City

This pavement and the Grand Haven -
Muskegon pavement were built the
same summer. Performance surveys
were first made to study the "ride
character” of ftwo well-bullt pave-
ments of competitbive designs.
Pericdic performance surveys have
been made to study the effect of
aging on these rigid and flexible
pavement designs.

I-96, Brighton to Novi (12 miles)

This project was included to study
the effect of an ugusuval traffic
condition., The easthound roadway
is subjected to a steady parads of
trucks haullog maximm legal loads
from the gravel pit at Green Oaks
to Detroit. Pavement performence
surveys should demcastrate the
character and extent of the infliu-
ance of such traffic on modern
pavement design.

I-94, Detroit Industrial Express-
way, Wyoming to Lilvernois (2
miles)

This heavily travelled highway was
added because it was felt that any
pavement performance study in this
state would be Incomplete without
including & portion of a capacity-
taxed big clty expressway.

I-75, Detroit-Toledo Expressway,
Rockwood to Monrce (12 miles)

This is another heavily travelled
corridor highway carrying heavy



Departmental Special
Report Number Project Number

Rigid Pavement Designs

1L

D-20 12

13

Description

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

M-b3, Grand Ledge West (6 miles)

This project includes & section of
plain pavement without steel rein-
forcement. Goil and foundation
conditions are very uniform over

the entire length of the read. This
proeject, therefore, cffers an excel~
lent oppertunity to study the influ-
ence of steel reinforcement on pave-
ment performence.

T-96, Portland toc M-66 (12 miles)

This project invoives an experi-
mental section of continuocusly re-
inforced Portiand cement concrete
pavement. Pavement performance
records on this project are needed
to obtain numerical values for use
in comparing continucously relnforced
with conventional pavement designs.

I-96, Pine Tree Road East teo Ingham-
Livingston County Line (12 miles)

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



Departmental

Report Number Project Numbar

Specisal

Rigid Pavement Desiagns

kb

Description

I-75, 8t. Ignace Worth (6 miles)

This road in northern Michigan en-
compasses a wide range of founda-
tion copditions in & severe climate.
It drcludes a section of svwampy clay
so soft that peat swamp type dis-
placement took place below the high-
way embaykment during coastruchbion.
Pavement performance records would
be useful, especially in studying
the influence of foundation condi-
tiong on pavement service.



B - WINTER JOINT STUDY

Number Route
1 Us-12 Detroit Industrial Expressway
2 I-94 Between Jackson and Chelsea
3 Ug-112 Ypsilanti to Wayne
b Us-~23 M-17 towards Milan
5 Us-23 Fenton to Brighton
6 ys-1i2 Ypsilanti teo Hillsdale County
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-112 © Hillsdals County
11 0ld US-12 Detroit Industrial Expressway
12 M-17 Ecorse Road - Denton te Beck Road
Wl 271 Willow Run Airport
W2 TWB Willow Run Airport
W3 27R Willow Run Alrport
Wh 1k Willow Run Airport

A-T



SPECIAL PROJECTS

SUMMARY OCF PAVEMENT SURVEY DATA
JUNE, 1962 SURVEY I-75: 5t. - Ign=ce - North
SHEET MO :
o = = SURVE- d ORIGINAL | EXISTING | CRAGK-
" E o DlS:S'DGT ROLL | DATE &S | aIr jrave. G;LAEE ~YED é F! oz [ROUGHNESS INDEX=R.L CONTI- | CONTI- | —INg
Eg |EQ | PAVEMENT TYPE | <2 ! cqurroL | CHART | OF WEATHER S5 |TEMRTEMR L CILENGTHIO Bwl wi | iNCHES PER MILE | % | NuiTY NUITY INDEX
= |3 ¥3 ! deemion | NO- | SURVEY =2 | | P fe | m JE<E|FL < | Ratio | RaTIO e
< B MILES jm - FYE. | WMIN. | MAK. 1o | C.Re C.R:. %,
1576 [6-16-62 Hezy oey | 72 | 83 70 | 0.616 | s-1 %‘g %?,? N : 2| 6.0 3.33 -
a-hgoas | 1578 [6-16-62]  Cloudy ey | 75 |88 | 70 | 0.616 | s-2 ?Iwwi ff;g i Col2} 6 3.28 -
25-02| Reinforced Ceoncrede (1957 | Mile
1575 |6-12-62]  clear ey |t | T2 65 | o.629 | m-1 ig i;; - - 2| 6.54 2.1k -
1576 {6-16-62] = 2 |8 o | 1. oy | OWP | 121 | 158 | 156 ) . .
57 sezy Dry | 7T 70 | 1eas3 | sa | IO B E 00 2| s 3.64
2-higoes | 1578 16-16-621  Cloudy Dry | Tk 70 |1es1 | s2 | P | a8 | e (2] s 412 -
25-05| Reinforced Concrebe |1960 | Mile
0.6-1.% | 1577 (6-16-62 Ba D 2 o | 1.213 | gez | Twe | M5 [ 116 | g2 | o .56 b3l -
= =T T 3 owP | 130 | 108 | 172 2450 3
1575 |6-12-62| Clesr ey | 7h 173 66 | 1.211 | ¥-1 g‘g %3_6{ ﬁg i’i‘g 21 6.03 3.83 -
I-75
S owe | 108 80 | 1m0
1576 |6-16-62 Hazy Dra.rr j’g 779 70 | 2.882 | s-1 oo 08 72 | 10 2 6.32 3.70 -
p-igops | 1578 |6-16-62]  cloudy vry | 74 | BB 70 | 2.877 | -2 ggg %Oﬁ gg' %gg 21" 6,33 3.70 -
25-03| Reinforced Coucrete {1960 | Mile :
1.9=4.8 ' WP 135 108 20L
1577 |6-16-62 Eazy Dry |72 80 70 | 2.901L | w2 oup 120 s 180 2 6.27 3.4 -
1575 |6-12-62 Clear bry | 73 75 &7 | 2.899 | B1 ﬁ ﬁg gal" . ?,_'gg 2y 6,30 3.68 -
1576 (6-26-62|  mey |y |72 |77 | o fuaek s | O% ) 54 B0 %12 68 | 3w .
anhoops | 1578 |6-16-62]  Cloudy bry |75 188 | 70 | 1.k | se2 g‘g g?{ g lgg 2 | .63 3.70 -
25«03 Relnforeed Comerete (1957 | Mile
$8-33 | 1o l616-62]  fezy pry |72 |80 | 70 | 1.kkz | wea | OO % % l'é’g 2| &.55 3.k1 -
1575 |6-12-62| oloudy ooy I73 |76 | 86 |10 | ma (I):g gg gﬁ 22 21 6.35 2.91 -
o
O.W.F = OUTER WHEEL PATH
L.W.P ¢ INNER WHEEL PATH APPENDIX B
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TRUCK OPERATORS’ MAP

L

CAUTION

REFER TO THE 1963 “ALL SEASON" TRUNKLINE
HIGHWAY MAP FOR ROUTES ON WHICH THERE

1963

Laws governing vehicle size, weight and

Special designated routes on which greater than normal maximum al-
lowable weights will be permitted from June 1 to February 28, inclusive.

o 10 20 30

SCALE OF MILES

LEGEND

40

SPECIAL TANDEM ROUTES

EENS RIGID PAVEMENTS
[ES§38 FLEXIBLE PAVEMENTS
OTHER ROUTES
S RIGID PAVEMENTS
FLEXIBLE PAVEMENTS

OVERHEAD CLEARANCES

@ BRIDGES WITH SPECIAL WEIGHT LIMITS
EXPLANATION OF ROAD TYPES

Rigid Pavements:

Flexible Pavements:

Concrete Base.

Bituminous Concrete, Sheet Asphalt or other Bituminous Sur-
faces on a Gravel or Similar Type Base.

ARE NO SEASONAL LOAD RESTRICTIONS.

50

Concrete, Bituminous Concrete, Brick or other Surfaces on a

TABLE OF MAXIMUM ALLOWABLE GROSS AXLE LOADINGS

\

\

8

1

TABLE OF STRUCTURES WITH OVERHEAD CLEARANCES LESS THAN 14'-0"

Trunkline Overhead
Number Location Clearance
TW RR 1.9 Mi. N.W. of Pontiac Ct. Hse.......... 13°-9"
. W. Belt Line in Pontiae. .............. . 13%-10"
T E DT T T A 14’-2" N.Bd.
13°-11" 8.Bd.
US-12 BR E.Bd. Wiard Rd. 3.0 Mi. E. of Ypsilanti. 13'-11" (Lower Level) |——}
.| W. Bd. US-12 @ E. Bd. US-12 BR, 4 Mi. E uprsﬂlmu 13'-10" f
1.9 Mi. E. of Hillsdale Co. Line........... 13’-11" E.Bd. el
13'—11' W.Bd. N
d Hines Rd. 3.0 Mi. E. of Plymouth....... ... 13'-9" A
i P < s R R A 13-11" \
SMi.E ofEwen................... 1311 o
.2 Mi. S.E. of Hawey 138" K
in Mio (Braci ﬂhstmctmn) ,,,,,,, 1.3" C
C&NW RR in Elegﬂunea (Silver St. ) 13-11* }
. (1900 Blk-Alpine Ave.). . | 12%-11"
NYC RR in Niles (N. 5th St.)—Truss Type......... 13'4" 3
C&0 BR E. Lis. of Sagmnw ....................... 139" N
DT&I RR 2.6 Mi. E. of Dundee. ......... 13-11" b,
.| C&0 RR 3.3 Mi. E. of Livingston Co. Line 3'-10" N
S. Huron Dr. in Rockwood. . ...................... 13-11* N.Bd. “
13'-10* 8.Bd. 0 i
..|NYC BR 2.4 Mi. S. of Sherwood. . 11'-3" N\
.| Grove St. @ S. Lts. of Ypsilanti. . 131" E.Bd. "
13'4" W.Bd.
.|E. Bd. @ W. Bd. US-12 BR, 1.0 Mi. E. of Ypsilanti .|13"-9"
NYCRRW.Lts.ofHudson. ..................... 13’-8" N.Bd. 2
13'-11" 5.Bd.
.| C&0 RR 2.5 Mi. E. of Div. Ave. in Gd. Rpds. . ..... 13'-10" ~
C&NW RR 1,7 Mi. S.W. of Quinessec.............. 13-11* f
C&0 & GTW RR 24th St. in Port Huron........... 14'-0" N.Bd <
13-10" S.Bd -
GTW RR W. of Int. M-218 & M-59 in Pontiac......|10-8" \
..| DT&L RR 3.5 Mi. S.E. of Blissfield 37"
| GTW RR Laraway St. & Division in n Grand Rnp)dﬂ 13-11°
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Normal Loadings When Loadings When Restrictions . 4
Restrictions Are Not In Are in Force s
E Force (speed limit 50 MPH) (speed limit 35 MPH) 7 /
| Spacing e /
i Between Rigid Flexible =
Axles ’ G
Special Special Special \ Wiali
Tandem Other Tandem Other Tandem Other o
Routes Routes Routes Routes Routes Routes - \
9 feet or over 18,000 lbs. 18,000 1bs. 13,500 Ibs. | 13,500 lbs. || 11,700 Ibs. | 11,700 lbs. - tontagen |3
More than 314 ft.| *16,000 Ibs. *12,000 Ibs. ?\
but less than 9 (See 13,000 1bs. (See 9,750 lbs. ||10,400 lbs. | 8,450 lbs. \
feet Footnote) Footnote) sy
| When less than fﬁlﬁ;ﬁ‘
E 314 feet the com-
bined weight 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 on.l¥ one (1) tandem assembly shall be permitted at this gross
weight and no other tandem assembly shall exceed the loadings as listed.
NOTE: SPECIAL TANDEM ROUTES OR sections thereof may be revised as needed. Lej
TABLE OF BRIDGES WITH SPECIAL LOAD LIMITS
Tons on Any Axle| Gross Weight (in tons) N
Bridge Trunk -
Number Line Location g Less
On Map Number or more| than 1 2 3
Apart (9" Apart |*Unit | *Units | *Units
18 | US-31BR| (S. Dykman) in South Haven. . . .| This bridge is limited to one lane traffic for
vehicles with any axle load over 514 tons. .
23 | M-36 4.3 Mi. E. of Pinckney.......... 5 3 — — = <
38 | M-138 1 Mi. W. of Fairgrove........... — —_ 13 22 31
39 | M-138 2.2 Mi. W. of Fairgrove......... - — 1514 2314 31
46 | M-51 S.Ruth Rd. in Ruth............| 813 6 — - —
62 | M-35 1.2 Mi. W.of Gwinn............ 7/ 5% 22 26 31
66 | US-8 2.2 Mi. of 8. of Norway......... Y 5
73 | M-26 In Eagle Harbor. . ............. This bridge is limited to one lane traﬂic for |
vehicles with any axle load over 414 tons. w—
74 | M-20 In Big Rapids.................. — — 16 20 24
75 | M—40 I Niles s v v seaseme 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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DETROIT AND VICINITY (OVERHEAD CLEARANCES NOT POSTED TO MAP)

i Overhead
Number Location Clearance
US10. .. coeeevannns DT RR in Highland Park. . IR |-, | | o
USs-12 ...| Scotten Ave,, in Detroit.... ... 13’111" E.Bd.
US-12 |NYC RR in Detroit. .
I96BL.............. NYC & GTW RR in Detroit. .
| 2 I R DT&IRRinAllen Park. .........................
M-17 |Ecoree Rd&. @ 194 W.Bd..........................
MELT coiinin v dunans Ecorse RA. @ M4 E. Bd..........................
US-24.....ocevniannn Ecorse Rd. 1.0 Mi. 8. of I-94. . ... ................
B ..covncnasuiad C&ORR(]E‘V]LN [ 5 T (R —
2y | ‘Wabash RR 0.1 Mi. S. of M-17.
OB e e Penn RR in Lincoln Park. ........................
US-25 & M-17........ ‘Wabash RR in Melvindale. . .... .................
L £ R ! Schafer Hwy., in Dearborn. .. ... .. R p—

.| Lumley Ave. in Detroit. .. ..

Rotunda Drive in Dearborn. .. ....................

Miller Rd. in Dearborn

.| Grand River Ave., l;'::]Dul.mlt—

Ent. Ramp. W Brl
Frontenac A.ve in Detroit ..
Miller Rd. in Dearborn. .

I'. Ramp E

.| Holden Ave.,inDetroit. ..........................

Waverly Ave., in Detroit From W. Ent. Ramp S. Bd.

13'4" E.Bd.

12'4" W.Bd.
13'-0" E.Bd.
13’-3" W.Bd.
.113-9" E.Bd.
138" W.Bd.

11°-10"
10°-11"

134" W.Bd.
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