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PAVEMENT BODGHNRES SUBVEYS

One outstunding characteristic of the modern pavemenit in which the
public is greatly interested 1s the smoothness of the surface. The public
judges the guelity of & road more by its swoothuess than any other ﬁasiﬁ.
Also people are ulck Lo judge the efficlency of & highway adulnlsiration
on bhe general riding guslities of the Highwey system. Highway snginsers
cogﬂizﬂnﬁ_of this fact gtarted to give pavenent roughneses serious abttention
more than 25 years ago, This is clearly expresced in an article by the
Buresau of Public BRoads appesring in Public Hoads Magavlne in Sepbember, 1320:

"o argunent is needed o convince the user of our roads of the desgir-
ability of as swoobth a surfuce ag can be producsd. A rouph surface gives

rise to effects unplessant to the peeopenger end debrimentel to the vehinle.

Smooth surfuces mesn greaber milesge with less fatipue, with lesg damapge
to cargoes, and with lower operating cosmig for the vehlcle. Thus the subject
apsumes a very conslderable economlce aspect.

The highwey engineer ig vitally interestsd in bullding and weintaining
gmooth roads because of the eifects alresdy mentioneq and further on account
of the direct effect of purface roughness on the life of.the pavement. The
vagearch of the last few years heas clearly polunted oub that rosd roughness
produces impact and lmpact contribubtes to the esrly deteriorstion of any type
of road surfuace. |

he general wppreciation of the importance of this watiter by highwsy
angineers has creatsd & demend for sn instrumsnt with whieh the roughnses of
a road surface may be ﬁ&asureda With such sn instrument the snginesr would

find 1t posgsible to specify ithe yvality demanded 1n new work zad to obiain

aceurate data on the deteriorstion of the surface in time to apply proper



corrective messures. To he mopt useful such a device should not only be
accurate but should supply the informetion rapldly and in such form that it
can be used lmeedistely. Finally, it should be mechenically simple and
relisble and so deslgned that 1t can convenlently be ussed op an subomobile

At the pregent time highway engineers throughout lhe country ae
hecoming very much concerasd over the fact Lhat mapy concrete pavemehis Qohe
gtructed since the war ere sbnormally rough. As 2 counter meusure many
Stabe Highway Depurtments sre suulpping themseives with the lalest poughness
messuring spparatus with the view of not only @valuéting the riding yuallsiesn
of their exlisbing pevemenis, bubt to sccumulsle dets upon which eventually
they con establish smoothnesy sghtandards as & mespure of control,

At wvarious times in the past the Michigen Btats Highway Deparbment huas
ghudied the problem of pavement roughmess. Bub due to th% diffleulty and
expenge of acyulring suiteble egdpment, the work was usually shori-lived,
In 1947 an investigzation on pevement roughnese wag organized by the Regearch
Laboratory of the Departmesnt on a long—tern basls as & supplessnlt to s
- gurrent reﬁearcb-project geeociated with the plysical behovior of post—war
pavenents. The project wae also organized with the view of determining
whal conglruction processes were vesponsible for ewxceseive pavement Toughness,
in order that corrsctive measures could be recommended,

It ia the purpose of thie paper to digcuss the various aspescis of pave-
ment rovghness aod lbe weasursnsnis and to disclose dhe resulits of roughnesd
Ceurveys made on o lerge number of concrete pavements conglructed in Michigsn
duriog 1948 and 1942, These data were reeently compiled at the request of
the Road Divielon for thelr ilumedicte usge In encoursging the comgibruction of
smoother concrebs surfaces through the cooperation of the contrsctor and

hig personnel.



PAVEGENT ROUGENESE 48 RELATED TO HICGHEAY SERVICE

The past fifty yesrs have witnszseed three msajior changes In highwsy
congtruetion progress. The [irsl, designeted as the "Bra of Dirt Roads",
woeg berminated aboult 1820 with the close of the firet world war. The
bilrth of motor trensportaticn, a product of that walr, leunched the sue-
ceeding "Era of Essentlal Highway Construction®, which during the past
thirty years from 1820-1850; hapg resulted in the'complete hard surfacing
of most of the primary and seconducy trunk lines in the country. We are
now beginning the bldrd great period of highwsy advancement, widceh for

want of & better name wmay be called the "Era of Helilpement in Highway

Construection end fervice’, ap menifegted by the sppeurance of rur&i and -
urban sxpressways and greab parkwey systemg in meiropoliﬁan arsag, ln
this new era now in ite lafancy, specific attentlon will be direetad
toward the provipion of grester ﬁighw&y'sarvica to the public throuzh
refinement in &aﬁign; construetion, m&iﬂtenance,.anﬁ'apération of the
highway plant, In the future the motorist in Michigen, as he pays high—
way toll in the form of gasollne tax to drive meny wilee of highway, will
gxpect, and rightfully so, grester safety and mmbility with l@ss(ﬂriving
futigue and lower operaling costs.

Ag nay be clearly demonstrabed, the smoothnesS'of roughness of a

pevenont surface lz intleately sgsoclated with the four fuctors mentioned

above: - safety, mobllity, fatigue, and operabing costs, &8 stated by -

the Bureau of Publlic Hoads, a rough surface is a detriment tosafeby and

the wobiliiy of a veblele in negotlating the trafiic stream. Further-
more, it has been vroved through experimentation thet rough pevemsnlis cause
vibration frequencies and noises st levels which ave unplessant to the

pasgengers, thereby ultimabtely resulilag in fatigue that affects an lndivie

dual, phyveically and psychologleally, Excesgsgive vibretlong sleo cause

- B -



damage to vehicles snd their cargoes. In addition, it has been proved
that roughness increases the operating costs of vehieles both in main-
tenance us well ag in gosoline consumption. Pavement roughness slgo
presents & problem to .he highway eaginear because of the lmpact effect
it oroduces, Impect lg directly arsociated with load elressges considered
in degign requivements and it also has & marked influence on.th@ futurs
behavior of a highway structure,

SOURCES OF PAVEHFNT ROUGHNEDS

Povement roughness may be caused by one or more of the following
factors., It may be bullt into the road at the time of constructiony it
wgy be the result of volume changes in the base matﬁriélﬁg it may develop
from surface fatigue; or it ney be the resull of waintenance wethods,

Initial surface rouglness may be the resuli of laproper construction
practices. Poorly jolnted or untamped paving forns contribute to a rough
surface. Delayed finilshing in hot weather produces asuff&c& with a high
rouglness index, The ghill of the men who band finish bebind the machine
and who form the pavemend joints ig alzo reflected in pavemant roughness.

Volume changes Iln bhase materlals affect the spurface by cousing dige

 tortione in surfuce grede. When differeatial heaving occurs, sections
of the slabg are lifted off from certain areas of the base; and when loads
travel over these voldg permenent deformatlons are formed In the glabe.
Progresglve subgrade consolidetion is geldom uniformly distributed along
a higheay, and conslderable voughness is evident in older pevements at
ﬁfainage strﬁctures.

ThQFfétiguing elfect of heavy axle loads over joluts and crucks bends

%0 produce permanent relatlive deflectlon of ithe sbutting slsbs. This

faillure, called faulting, resulis in progressive and permancnt puvenent

v



rougmesa, It le particularly snnoying to the driver becsuse of the
monotonous regularity when i1t oveurs in & section of pavemsnt of appreeim
abla lengih, Iis canse may be base soll type, lack of buge cnnaulid&tian,.
or inadeguate design or installaﬁianicf load transfer devices.

Hany smell irregulsritiese In esurface éonﬁour ars gauaed by-impropa$
meintenence methods, Somebimes patches are poorly made or joints are “
sealed with & surplus of wmaterisl. In general, however, mgintenance-
bends to decreape the efféct of a feult which 1s the result of one of

the fallures menlhlonsd above.

HETEODS OF MEASURING PAVENENT ROUCHHESS

In general, appareius so fur developed for meseuring road surface
roughnese may be clagsifisd into two major cateqoriég, desipnated "Profilow-

meters and Roughometers or Bouglness Indicators.

Profilometers Thartérm "Profilometery refers bto thosze instrumenis which
produce 1o some scale & graohic profile along an elemant of pavewsnt. The
earliest devices of thle {ype used for a refersnce detun flxed polnte om
the surface of the pavement. This ﬁr00$ﬂurﬁ proved slow snd tedicus and
was generally abendoned for a more versatile machine euploylng a floating
datum. In this latter apparatus the floating dalun conslisved of a long

frame-work eupported by & system of wheels. As in the first case, the

proflis of the road surface wibth respesct to the datum, was traced on a
continuvous ribion of paper Lo gome sultuble spceule, This eyuipuwent also
proved awkward o maneuver, bhe dete difficult to analyse, and has, in

general, been displaced by wmore modern melthode, Principlss involved in

the profilometer just described arve lllustruted in Flgurs L. Views of
¢

suech Instrusents in use wre shown in Figures’3 and 4.
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Figure 1. Principles of Profilometers

Figure 2. Barly Fixed Datum Profilometer




Figure 3d.
Small Profilo
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A pimpler version of the Profilometer without the coantinuous recordsr
ig commonly used by inspectors on constructlon projscts to check pavenent
roughaess soon after congtruction ag a conbrol messurs, See Figurve 5.

Roughometer or Roushnegs Indicsiors Roughmess messuring devices in

this cetegory employ the principle ol ihe vertically ocsciilating wheel
with reepeet to a vehicle chassis or heavy frame towed as a trailer. These
two methods are shown schemstically du Figure 8. The fundamental principle
upon which instrumente of thie type depend ig that the verticel motion
lmparted to the wheel by the irregulerities in the rosd surfacs hearsg a
direct relation to the degree of roughness. The wheel motion is conirolled
by spring deflectlon énd it is the spring deflsction with vespeet to the
chageis that le meapured &5 the wheel twaverses the pavement., The recorded
deflection data can be translated Into relative road surfoce roughnegs,
The deflecbion data ig recorded ap a continuous graph or se & nunerical
accumulution of these movements 1o inches of deflecbion per awile of pavement,
This princivle was firet applied to a standerd automobile in which cage
one of the front wheels was used as bhe osclllating wheel. To this wheel was
attached the mechenlsa which bgerated the recording device mownbed in the
front seet of the wvehicle. Although rather populsr bécause of eaps in
operétioa aud the resdiness with which comparative data eould be obtained,
these indieators had eertain fundamental deficiencies in thet the vehicle
to which Lthe device was altiached became an eggential part of the roughness
apperatue and therafore sny changes 1n the vehicle condition or performance
would influence the sccuracy of results. A dlagrem of this roughometer ia
drawn in Figure 7. To overcome bthese deliclencies a trailer with a single
ogseillating wheel was developed during the early twenties. This wmit for
measuring pevement rouglmess has now been extensively copled snd uged through-

ot the United Statesn,



. Figure 5. Simple Inspectors Profilometer used in Virginla
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Figure 6. Two Fundamentel Types of Roughometers
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Bureay of Public Roads Roushometers The roughometer developed by the

Bureau of Public Roads consiste of a recbangular frame witlin shich lg & single
aubomobile wheel equipped with & pneumetic tire. The axle of the wheel is
aftachad to the cenbter of two elngle lead springs, one on each gide of the
wheel, The endsg of the springs cre Pusbened to bhe front and pear cross
members of the frame through ball bearing fixtures. éver the wheal there ig

a crogs frame or bridge on which & ball clutch accumulator wiit ie mounted;

The accumulator is connected to the wheel axle through & drum end cord arrange=
ment, @nd in this menner the trtal uwpward deflection of bthe sprisgs for auny
given section of puvement le eunseriszed., & view of this eyuipment is showmn

in Figure &,

The Michi

Lghway Department Houghoweier

faﬁ Sta
In princiﬁle the apparatus &eveioped end gongiructed by the Hegearch

Laboratory is essentially the sawme as that of the Bureau of Public Hoads

encspt for one new innovation. Ipn addltion to obtalning e numerical record

of road rougimess in inches of deflection per wile of pavement, the apparatus

furnishes o graphic record of the surfsce roughness. Thig baog been accome

plished by the addition of an electrb recording system which congists of

& linear differential traneformer and a pen type recording oscillograph.

The transformer is atiached to the .chessis of the trailer snd the core

to the wheel oxle. Electriecsl impulsess psererated by the raletive verticsl

dlegplacement of the core with respect to the transformer are {sd into the

oseillograph which in turn produces & tracs $r the fluctuations in vertical

displacement of the wieel. This trace provides a means for detailed study

of any section of the puvement, 1t indicates the individusl buup heights

and sleo provides @ means for determining bump frequency. Further slectrical

clreuits meke 1t possible fo measure directly in a voltage usler aerage

values of bump helghts. The Michigen roughometer is illustrated in Figures

9 and 10.
-7 -
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USRS OF ROAD ROUGHNESS DATA

Although they do not record the true roughness profile of the pavement

be used ag a resesrch tool to provide deta for Llmproving the desipn snd per—

formence of hlghway structurss. Second it could be a useful tool in deter-

mining when existing povements should be resurfaced or reconstructed, LThird,
a8 1s now the cose, 1t czm be useful in ssurching for construction facbors
which are contribubing to pavement roughness in order thatl. sueh factors muy

be corrected or eliminated. Fourth, the method hag the possibility of prov-

iding & control for guslity work and slgo for Final acceptance of new proj-
ects, and finally, 1t can be used in conjunctlion wiith studize on moltor vehicls
operation,

RESULTS OF BOUGHNESS STUDLES IN MICHLGAN

Berly Roughometber Studies in Michisan
In the late summey of 1925 the Bureau of Public Roads(i) made roughness
gurveye on 48 sections of concrete pavement in Kichigan, totaling 412 mlles,

The roughness consisted of a 1917 Hodel Cadillazce, syuipped with recording

device attached to front exle. The cor wap eguipped with cord tires with 80

pound presgure snd tests were mude at 350 miles ner hour with two men in the

cer. The averape roughness factor —— inches per mile —- wae 14l. Records
of individual projects are glven below for comparing with zimiler records
obtained on modern pavensnta.

TEBLE 1,

Boughnees Readings on Hichlgan Pavenents
Built Prior to 1925

Avg. per mnile Yeur Built

Foho Project 27 Petoskey to Charlevolx 275 Al
Fo.hs Project 118  Grand Rapide to Lansing 89.5 1925
M-11 Grand Raplds to Holland 155 1925
Fobo Project 73 fionroe to Toledo 6.7 1926
Fody Project 117  Huskegon South on M-1L 64,7 1925, 1924

bLverage for 1948 projects (with traller roughonetar) 94
Average For 1049 projects (with trailer roughoneter) B5,5

-8 -



Michigan Tegi Road Studigs

In September, 1841, =znd again 1o 1949; & series of pavement surfuce
rougﬁnesa tests wers conducted on the enbire Test Road by persomnel of the
Bureau of Public Rosds using thelr roughoueter. Vhe gltudy wee nade pri-
merily to cowmpare the riding guallities of various ssctioneg of te pavement,
egpeclally of those having veried expsngion and contraction Joinbt spacing
‘end to determine change in rouphnsss with time. In conducting the tesis
epach #gection of each geries wag taken &8 an lncresament to compare rough-
nesg condition for bthe different jolnt specings and concrste mixturs vari-
shlong. In 1941, additionsl tests ware mude on nearby projects, one of
the same age &p the Tesi Road snd amother project X0 yesrs old, to af-
ford & comperison with stendard construction and to determine sn expec—
tant roughnezes fectors The roughnees date obtsalned frow the twoe seriss
of tesle are presented grephically in Flgure 11,

Two factors motivate the Qresentatioﬁ of this daté here, firgt, the
data indlcate that the original roughness factor for the =antlre project
ranged from 78 te 101 inches per mile, an indication, in general, of good
workimsnship end excellent riding qualities, and gecond, to show Lhe incraa#e
in roughness of the pavemsnd gurfzees wlth time. The penersl incrsase in
roughness for the entire Design Project of the Test Rosd is approzimately
58 percent for the 8 year period or 7% per yeur.

Rouglness of Pavements Congtructed between 1948-1948

Sinee 1945, pavement condition surveys have been wmede on all important
concrete pavemsnt projects for the purpose of evaluating bthelr physical
behavior in relation to construcilon practlices. In conjunction with this
work, an abtempt has been made to include rouglmess date ag deterained by

the Depsrtoentts new Roughometer. At bthis time the roughmess datsa has not

-9 -
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been obtained for all vrojects included in ths condition surveys butb
rouglness values for bhose compleled bave been presgented gravhically

in Figure 12 for comparative study. In this flgure 1t may be observed
that the projects fall into three categories of roughness, nawnsly, good,
avarage, and poor. The classification is dependant upon roughness valus
in incheg per wile and the limits have been arbitrarily selecled ag
follows: wp to 60 ilnches per mile as goodjy 80 to 100 iaches per mile

as average;y and 100 inches per mile and sbove ag poor. Experience
indicates thal & new concreie puvement should have & rouglness Toclkor

of 100 inches per mlle or legs. Houglmess deba from seversel sources

indlestes that this value for rougmess iz not too difficult to atiain
srd should nob necessarily ilmpose amy undue havdehip on the pard of

the fontractor. The roughness data in Figure 12 further indicates

thet 2 msjority of the Hichipan contraclors are able to achisve this

1

degree of smootimess repeatedly.
& voughnese value of 100 inches per mils for concrels surfaces hag

also been swggested and recomnsuded as s possible sgtandard by Professor

Helph A, Moyer, formerly with lowa Btate College, alter amany stulies of

pavement rougimess in the lentral Western Ststes,

In the winter of 1248 and 1949 ithe Construction Divigion mads rough~

negs deteruinations on many projectes ueping & vehicle roushometer bLulld
by the Wayne County Hosd Commlssion from & previous design by the Dow
Chemical Co, at Midland. The date obiained Trom their survey parallel

very closely the results obtalned by the roughomeier equipment develapsd

by the Hegearch Laboratory.

Houghness of Pavements Congtructed in 1049

Similar roughness studies were conlinued on concrete psvement project ¢

o constructed in 1949, It was not posaible to cover all of the projects,

- 10 -




gapeclally those completed at the close of the ssason beceuse of
upsatliafoctory opervating condibions. However, the roughness dale fopr
£ ? =1
hoae i 8 sred ars praganted e, eal : Figun e 5
those projects covered ars pregsnbed graphicslly in Figure 13, A
peneral comparison of roughness date Tor pre-1049 and 1049 projechs

ig prepented in Taple 2, The duta presented in Fipures 12 and 13
and Table 2 are bamed on average roughness values including both
lanes of esch puvement projech.

TARLE 2

COMPARLEON OF PRE-1O49 ARD 1948 ROUGHURESS DATA

Pro-1949 Proiscis 1949 Projecths
Degree Inches Avg. bump No. of Total % dvg. in/ Ho. of lotal # Aveg. in/
of  per Wils Height Projects Mileg wl, per Projscis liles uls per
houghneas inches , project project
Good 0~ 60 C - .08 12 81 B0 45 8 40 B4 48
Fair 81 - 100 089-0.1% 7 % B5 T8 14 58 50 7O
Poor 101 + Oold+ 1 5 B 157 B 18 s e
Total 20 102 100 B0 lig 100
Yearly Averase all Projecte 24 85

In the analysis of roughness data it was observed Lthat on certuln proj-
ects the roughness valueg for different laneg of & two lane pavemént varied
considerably. Thls digcovery led to furtner snalysis of roughnese datu for
1942 by individual lenes and a gummery made in graphlc oo e shown in Flg-
ure 14, Here it nay be observed thsat individual lane rouglmess For any two
lane povemsnt varied ag much we 42 dinches per mile, the averape ranging
around 9 to 17 incheps per mile. Exgerisnce indiezateg that this vweristion
in lane rouglneess could be associatbed ﬁith the relabive sxperience and
ability of the two concrete flnishers working on their respective gides of

the pavement or 1t could be due To certaln maladjusiuenis in bull floabt or

-1l -
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finishing equipment. Other defliciencles in comstruction practices
such a8 form setting and goll conditiocng could casuss major d4iffer—

enceg in lane roughness,

Peeuliorvities in Puvemnsnt Bovgslness Patberns

Certain peculiacities in roughness pattern of different projecis wers
digclored by the continuous graph records. Bxamples of four churacteristic
types of puvewsnt roughnecs ave presentud in Figure LB,

The frequency of modulatlon in &ll casep ranged from BO0 tq 700 cyeles
per mile. In general, Low amplitude le evidence of swoothness, and high

anplitude with lrvreguler pulse lg indicative of a very vough surfuice,

)

Bouchnese of Bridpe Docks

Uyring the couree of a pavemend roughnese survey on occapionsl bhridee
phtructure or rallrowd crogsing wee encountered. In all cuses the roughusss
patbhern of these struclurse wers markebly difforent from thst of the sdja-~
cent poeveneal gbructure. Thie 1 clearly illuehrated in Figure 15 in which
are shown reproductions of graphs from several projects. This indiaateg

)
L

the need Tor more detailed studies of bridge deck roughuess in coansction
with congtruction practices and meinitepence because of the infilusncs of

roughnegs on the live load ptresses in bridge structures,

FACTIORS RELATED 10 PAVEMENT HOUGHRESH

It ie bpelieved thal the construction or development of roughness iﬂ
pavements can be assoclated with many factores appsaring wdsr one or mors
of the following major cutegories: (1) State Supervision; (2} Contractore
perponnals (%) Contractor?s eyuipment; (4) Workmsnsiips {5) Materials ussd,
and (8) Foundation eonditions.

Blate Sunervigion

This includes the activitles of the vrojsact snglnesy sud puving

ingpector as well as obther sdministratlve officers directly responsible

- 15 -
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for the finsl condition of {the finiched pavement. Consclenitions super—
viglon of &ll paving scilvities and rigid enforcement of dgpecification
reguirewents ave wandsbory bo ingure & yuality product, In 1928, Com-
nisggioner Charles M. JLQ%LPT(ﬂ) then District Fnginser saide Wit isg

the responsibility of ths field enpinesr and, through him, of the ingzpec—

s

tor to see that tho materis

> are 80 handled and uixed, znd the resulting

coporete placed end finighed strictly in accordence wilh the plans end Bhe

intent of the specifications. The specificetions generally ropresent the

best known proetlees ot the time of The handling ond coubinlng of these

B

materiales to gel the required grade of construction. The amouwnt of money

involved in the materials, labor and proflt in the comstruction of & cement
conerete pavement ars sufficient to employ the highest class of workmanszbip.

The leld engloser in charge of consbruction should, therefore, be gelected

bo:y

ith -pare. He should be & good capable nmen of sound judgment, honest sod
goneclentious, He must have pood rellsble inspectors wnd sufiicient engi-

neering organization wnder bim so that hls lnsbruciions will be curried oul
accurately and so thed he will have enough time for the peneral supsrvision
of the work. The ingpecbors must be selected for their intelliipgence,

integrity, experisnce and personality. Good inspection is necessary to &

smooth~funetioning organization, which in turn, is neceasss ary for agpod

and unlform ualily of work."

Contractor!s Personnel
It ip believed that the overall experience, attitude, und efficilency

of the contractor's personnel has more to do with the production of smooth

povamente than any other gingle factor. Proper supsrvielion of thase men
by competent superintendents 1ls aleo & necessity, & rellable contractor

with an experisnced organization is necessury for the bast resulie., The

- 13 -




gontractor and bis organizebion wush be honestly interested in producing

good job. Unless he is meking & fair legitimate profit on hls lubor

N

and poney invested, he will be working under & hundicep snd in epite of

all the efforts of the enginesr to maintsin the gtandurd of good consbruce

tlon the orgsrizetion will not Punetion yroperly, and the geneval quality

5

of the work aimed at ig llabhle to sulfer,

Contractor!s Byulpment

The conbtractorts syuipment must be firet clase and adeguate for handling
&1l phases of the work. The meke, age, and physical condition of the con-
tractorts spreading end finishing syulpment and lte adjustns nt cun no doubtb

influence the guality of & puveuent surface. Conditlon of the peving Forms

and congolldation of the soll beneath them are also of vital lLuportuence,
Some form of stenderdlzation or specificatlon muy be ne vy Lo the future

to assure adequate eculpuent which, when opsrated by experisnced persomncl,

will build smooth surfaces.

fovikmanshinp in ceneral

The guallty of workmanshlp in all phases of the work anpsociated in

particulay with the setiing of the forms, placing, spresding, snd Finishing

af the conurete us well ag the final jointing praciices no doubt hasg a

orofound influence ou the riding qualities of the finighed surface. Good-

workmanchip can be expected only frowm artisens interseted in thelr work and

not from itinerant workers who arve concernsd only with ths pay check.

Babterisls Jaed in the Burfece

Phyveical characteristics of the ingredients such ar segrepsate snd cesent

may wnderge autogenous volume changes in the esetting up peried whieh could

contribute in s certain extent the Inherent roughness of the surface, Such

changes muay teke pluce during and inmediately afier final Finishing opera-—

tlon end therefore could not be corrected by the £

able condition.
LA



Foundation Conditions

There can be no srgument bul that non-uniforwity in soll conditions

and lack of proper consolidatlon cun contribuite naterisily to the subse-

yuent roughnese of any pavemsnt surfsce, Sheps should be laken to insure

that nroper foundebtion conditions ure reslized before pouring ogeratlons
P P g o

atacb, Although the selection of the base maberial upon which the sleb
£ P

ig loid ig fundamentel, the drainage snd consolidsetion methods are of

sgual imoortancs. Too often the advantage of grenuler buise meterisl is

offeget by failure bto give it any tresatuent after cutbing 1t to grade.
Further evidence of negligence in base consolidation is shown In

the crack patbern appearing on condltion éurvgy HEADE o Bre&ks“are of'ten

found over under-draing and scjacent bto drainsge structures. #Hore siringent

ragulation of backfill consolidetion will remedy this Tault,

SURMARY
Highway paveisnts must be bullt and mainteined with # wminimum of
gurface roughness. Safety, driver fatigue, vehiele wesr, structural
deterioration, and the psyeological affeﬁt on the public gre Factors
which mekse smooth highweys necespsyy.

a

A matisfactory lunstrument for messurement of road roughness Ls bhe
roughometers Theindependent floating datum type plonsersd by the Buresu
of Public Hoade has proven rellable, and the Mlcohigan indicatof wag pab-
terned witer that model., An additional feeture of the Michigen rougho-
meter is a continuous oscillegraph record of roud roughnope,

Rond vougimess indices may be used bo luprove bdghbway desiyn methods,
o deternine the need for resurfacing, bto wid in the sesrch fOTQQnﬂtruetion

factore contribubing to rough puvewents, snd, lo control the quelity of

pavenent finishing.




Michigsn studies hove shown some lumprovement in "puilt in® smooth-
negs in highways since 1925, They heve also chown thet surface voughe
ness progresses with zge, the increese in lndex being about 74 p@f yeer

o the #-115 test rowd.

The effect of machine Pinlsghing on imprmved riding yuallty i shown
by the fsef thal bridge decks wniversaliy show high rougimess indices.

It ig belisved thal smoother pavements c¢an be bullt when construe—
tion is controiled by wore rigid state =supervislon, luprowved contrac£oﬁs
personnel, workmsnsehip by qualified srtisans, wnd high gquality machinery.
Control of foundations and surfacs wmaterisl quality is sagential to lasbing

smoothie s,

(1} J. 7. Voghell, District Enginesr, Buresu of Public Roads, The Rough-
opeter and Its Utilization, l2th Annval Conference of Highway Engl-
neers, Univ. of Hichigoe, 1926,

(2) C. Mo Ziegler, "Fundementsls of the Mixing and baylog of Cement Con—
crebe," Procsedings of l2th Annual Conference of Highway Engineers,
Univergity of Michigan 1925,
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