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PAVE1~l';NT ROUGIINFcSS fiUHVEYS 

One outstanding characterietic of c;he modern pavement in which the 

public is greatly interer.ted is the smootlmess of the surface, The public 

judges the quality of a road more b;y its smoothness than any other basis .. 

Also people are quick to judge the efficiency of t~L hlt~)Pii&.y administration 

on ·t.he genernl riding qualities of ·the Highway systeu,. Highway engineers 

cognizant of this fCLet frtarted to give paveJuent rcmghnenc: serious attention 

more than 25 years ago, This is clearly expresc<ed in an ccrticle by the 

Bureau of Public Roads appeD-ring in Public Roads Magazine in September, 1;'326: 

11l~o argument is needed to convince thE-) user of our ro1'.ds of fue desir

ability of as smooth a ~,urface as can be produced.. Jl rough surface gives 

rise to effects unpletcsant to the pacsm1ger <md detrimentW. to the vehicle. 

Smooth surfaces mec.~n g!'et--~.te:r mileage with .lesfj fatigue, ·vdth lef:ls w'"''''.c;e 

to cargoes, and Wi'th lower operating coats for the veldcle, ThuE: the subj <Jet 

ascumes a very considerable economic aspect. 

"The highway engineer is vi t"lly interested in building and maintaining 

smooth roads because of the effects alre&dy mentioned &nd furt.h<or on account 

of the direct effect of surface roughness on the life of the pavement. The 

receurch of the last few years hccE clearly pointed out thttt I'Oc1d roughaess 

produces impact and impact contributes to the early deteriorc'.tion of' any typE! 

of road surface. 

11 The ceneral appreeia,Lion of the importance of this lilatter by hit;hway 

engineers has created a demcmd for an inst.rumen--L with which the rouglmess of 

a road surface may be measured, With such an instrulllent the engineer would 

find it possible to spoci:fy the quality demanded in m;v, work and to obt&in 

accurate data on the deterioration of the surface in time to upply proper 



corrective measures. 1'o be most useful such a device should not only be 

aceurate but should supply the information rapidly and in such fonn that it 

can be used immediately. Finally, it should be mechanically simple and 

reliable and p.o designed tbo.t it can comwniently be usBd on an tcutomobile. 11 

At the present. -Lime highvlay engineers throughout t.he country .::re 

·becoming very much concerned over the fact~ th.c;,t, l!lt.lny concrete pa.vemei:1"ts con

structed since the war are CJ.bnormally rougf.h lis a counter mea~rure ma:ny 

St<".1te Highway Dep;:;.rtments :,..Lre ~;·:K.;_uipplng the:tnselvor; with the lC<tE!S'L :Douglmess 

me<. suring apparatus with the view of' not only ev~.luating the riding 'luallties 

of their existing pe.vellientR, but to accumulat.c data upon which evr~nt.ual:LJ· 

tbey cun establish smoothness standards as a measure of control. 

At various times in the pust the Micltigcm State Highw.y Department hoes 

studied the problem of p&vement rouglmess. But due to the dift':iculty and 

c~xpense of uCL1Uiring suitable ec1uiprnent, the vmrk was usually short-lived. 

In 1947 a.n investigation on pavement rouglmess was organized by t.he Hesearch 

Laboratory of' the Department on a long-term basis as a supplement to a 

ct:trrent rESEw.rch project associated with the ph;;rsicnl behu.v.ior of post-war 

pavements. The project was IJ.lso organi"ed with the view of determining 

.,_:-;rhe.t construction proce~-ses were :responsible for excesfdve pc~vert.ent roughness, 

in order that ccrrecti ve measures could be recorrune.nded. 

It is the purpose of this paper to discuss the various aspects of pave

tilent rov.ghness and its measurs,mentn and to diBclo8e the results of rougbnt~ss 

surveys made on c. lta•ge number of concrete pavements constructed in Micllic;an 

during 19118 and Hl49. These d~.ta were r·ecent1y comp:Lled at the request of 

the Roctd Division for their iLWlledi,te use in encourai.int the conetruction of 

smoother concrete surfaces through tlle cooperation of the contruct.or and 

his per fjOrmel. 



PAVEt<iENT ROUGfJNESS J,S RELA'n:D 1'0 !ilGHVIitY SE:llVICE 

The past fifty yec.1r0 have vd tnes8ed three ma,j or changer. ln hlgh_y;ey 

construction progr~efl.P<~ rrhE~ first, designc;.ted ar1 the 11 li~ra o.f Dirt' Ro<:ldsn, 

•NV.B terminat.ecl about 1820 with. the clof~e of the first vmrld wHr. Tb.e 

birth of motor transport<'tion, a product of tllat war, launched the suc

ceeding "Era of EsBential Hlghway Construction", wbLch during the past 

thirty :yeard from 1920-1950, h:-tf;! resulted in thn complete h<':n•d Burfacing 

of most o.f the primrJ.r~y and secondu.:cy trunk lineD in the countr;y. We are 

now· bee;inning the third great period of hi~(hway advancement, vvhieh for 

;;-;ant of u better name ma;y be called the "Era of Refinemen.t in Highway 

Construction <:d1d Servicen 1 as manifestr:?Jd b~ the appet...rb.nCe of rural end 

urban expressways and great par\:v;a;~/· systems in met.ropolit<:.~.n areas. ln 

this new ern now in its infancy 1 specific attent.i on w.lll be r1irected 

toward the provl.$.ion of grr~dt0r highway service to the public th:cOUi-;)1 

refinement in dnsign, construction, maintenance, C-lnd operatit1n o:f the 

highw&y plant. In the future tho motorist in Michigdn1 as he pays high

way toll in the form of gtlfiOline tax to drive many miles of' highway, will 

expect, and rishtfully so, gre<:.O.ter safety and mobili-LJI vdt.h less driving 

fcttigue and lo~(er operaL':Lnb COf,ts. 

As may be clearly demonstrated, tlvo smoothness or roughness of a 

pc.vemnnt surface is inti:mtttely ~;.s-sociated v;rith -Ghe four fu,ctors mentioned 

above: - saf'ety, .moblli ty, f'a.tigue, and operating costs. As nto.ted by 

the Bureau or Publtc Ho<tds, a rough surface is a d.;r~riment to safety and 

the mohilUy of a vehicle in negotiating the traffic stream, li'ur-G!Jer

more, it h£is been proved throu.gh experimentation that ro'ut;;l1 pavemen.tf:: cauAe 

vibration f:reJ.;:uencies ancl_ noises a.t levels lil'hich arE: ur:tpleasn.nt. tO the 

p~:AHBenge~rs, thereby ultimately resultint; in fatigue that affects an 'indivi

dual, physically and psychologically, Excessive vibr,,_tions <tlso cmu;e 
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damage to vebicles and their cargo0H3. In acUi tion, it has been ,proved 

that roughness increases the operating costs of veh:lcleE' both in main

tenance as well BS in g2,soline con0umption. Pavemr::mt roughness also 

presents n :problem t.o !.,he highway engineer becc-J.ue.e of thf7; impact effect 

it produces. Impact is directly a;?socintc,d with load stresseR considererl 

in defJign requirewents ar.1,d it. also ho.s a mErkrrJ. irtfluence on the future 

behavior of a highWiiY structure, 

SOUHCES OF PAVEMEl~T ROUG!umss 

Pav,,ment roughness may be cc,used b;y· one or more of the following 

factors. It may be built into the road at the time of construction; it 

J.MJ,y be the .result of ·volume changes in the bafle mut~1ri.::tls; it may develop 

from surface fatigue; or' it may he the result of maintenance methods. 

Initial surface rougbn•3SS may be the result of improper construction 

practices. Poorly jointed or untamped paving f'orh1s contribute to a rough 

sur.f;,ice.. Delayed finishing in hot 'i'ieather producer:: a surface 'With a high 

rouglmess index. The Skill of the men who hand finish behind the machine 

and who form the pavement joints is also reflected in puvement roughness. 

Volume changes in base materials affect the ~mrface by causing dis

tortions in surface grc,cle, When differential heavi.ng occurs, sections 

of the slabs are lifted off from certain areas of the base, and ·;;hen loadB 

tra,rel over these voids permanent deformations are formed in the slabs. 

Progressive suhgracle con~Jolidation is seldom uniformly distr:Lbuteld along 

a highway, and considerable roughness is evident in older pe.vements at 

d.rainag:e structures, 

'l:he· fatiE;uing effect of heavy axle loads over joints and cr".cks tends 

to produce permanent relative deflection of the abutting slabs. This 

failure, called faulting, r&sult.s in prog-ressive and parmanont p2t.vement 



roughness, It is particularly annoying to the driver because of the 

monotonous regularity when it oecurs in a eection ol' pavemsnt of appreci

able length, Its cause may be base soil type, lack of baf,Hil consolidation, 

or inude1;uate design or installation of load transfer devices. 

Many smc:ll irregularities in eurface contour are canscJd by improper 

maintenance methods"' Som~'times patches are poorly made or ,jointEt H.re 

sealed w'ith a surplus of material. In genElral, however, main'i:.emmce. 

tends to decreaf'e the effect of a fault which is the re~1ult of one of 

the failures m'•ntioned above .• 

MErHODS OF lilEA£!J.lli!G PLVH:iJFNT HOOQ~ 

In general, apparatus <'-O far developed for ;ue<>ruring road surface 

roughness may be cl~ssified into two major Ca-tegories, des:tgnated 11Profilo

rneterEt <md Houghometers or Houglmess Indiccdoors1' 

Prof:Llometerl The' term 11Profiiometer11 ref ere: to those instru\Uents wh.i.ch 

prodnce to GOlUe ncale a graphic profile alon0~, an element or paveu.entw The 

earlieRt devices of' this type U8-Bd for a reference· d&t.lUil fixed poiats on 

the surface of the pavement. This proo<odure proved slow and tediou/3 and 

was generally ab:mdoned for a more versatile machine emplo;yint. a flo<l.ting 

datum, In this latter apparatus the floating datum consis·l;ed of a long 

fra1i1e-work supported. by a system of wheels.. As in the flr::rt case, the 

profll!::: of the ror.:td surface vdth respect to the dutum, was traced on a 

continuous ribL,on of paper to somH suitable sc~le. This Si{Uipment t.tlf~·O 

proved awkward to maneuver, the d,,ta difficult to analyze, c.nd hu.s, in 

general, been displaced by more modern methods~~ Principles involved in 

the pro:.filcmeter ,just described ar13 illustrated .in Fie,u:r,.s lo Vienns of 

such instruments in use are shorm in J!'igureii)3 and 4. 
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Figure l. Principles of Profilometers 

Figure 2. Early Fixed Datum Profilometer 



Figure 3. 
Sulall Profilomclt.er 

with Fixed Datum 

Figure 4 • 
. no a ting Du tum 

Pro.filometer used :ln 
C.;:;.lifornia 



A simpler version of the Profilmaeter without the continuous recorder 

is commonly used by inspectors on construction projects to ch<Jck pavetClent 

roughness soon after construction a~;1 a control meo.sure, See JTigure 15. 

Rou,;hometer or Rou.s:.bnes-F Indicutor: Roughness mearmring devices in 

this category employ the principle of the vertically osdHd;in,, Yiheel 

wi.th respect to a vehicl~:, Chb~Sf>fs or he<:~vy 1'rame tovn~d as a trailer.. These 

two methodR are shovm schematically in Figure 6. 1'he fundamental pl"'inciple 

upon which :im•truments of this ·type depend .Lfl that Lhe vertical motion 

impa.rted to the ';>'heel by the irregulr:trities in thB rosd surface bHc~rz. a 

direct relation to the degrAe of rouc.hnerH;, The wheel motion is controlled 

by spring deflection and H is the S}lring deflection w1 th I'€Je.pec'G to the 

chas::~is that is mea~.ured G"s the wheel trAvarses the p<::~vement, 'I'he !'\:~corded 

deflection dc.ta can be tr-:·i_nsl£Lted lnto relt-;,tiye road surfc~ce x·oughness-

1.the deflection data i:::1 recorded af1 a continuous graph or o .. s £;, numerical 

accumul"\t.lon o.f thec:co moveutents in inchea of deflection per mile of p<>,vement, 

This pr:lnciple was fir2t applied to " standard automobile in which caee 

one of the front '"'rheels was used .::1s the oscillating wheel.. To tb.is wheel -~ias 

attached the mechanism wh:lch ope:r~tted the recordin€~ device 1Hon.ntc~r:., i.n the 

front seat of the vehicle. 1\.lthough rather popular becaup,e of eur<.e in 

operation end the rEktdiness with which comparat,i ve data could be obtained, 

these indicators had cert&.in fundamental deficicmcies in thLCt. the vehicle 

to •uhich the device WB.fl atta.ched became an essenti0.l part of the roughness 

apparatus and the;r,~;Jfore a.ny changes in the vehicle condition or perforruance 

would influence the r.-tccuracy of reRults. L dL:::<.g:ram of this roughomc;ter is 

drawn in Figure 7 ~~ To overcome thene deficiencies a trailer with a f.tingle 

oscillating wheel v;cw devBloped during the early t-wenties. ~:ems unit for 

measuring pavement roughnesf:J has now been extensively copled and used through-

out the United Stat8s, 
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Figure 5., Simple Inspectors Profilometf;r used in Virginia 

PRINCIPLES df 
ROUGHOMETERS 

EMPLOYING VERTICAL OSCILLATION 
OF' F'RONT WHEEL OF' A CAR 

EMPLOYING VERTICAL OSCILLATION 
OF' WHEEL OF' SINGLE-WHEEL- TRAILER 

Figure 6. Tr1o Fund::tmental l'ypes of Roughometers 



__ - ---, \\ ',,',, SPHDOMETER CABL£ 
\ \\ ',,', : ' 1"-") 

,./ '\\ ',',, J ........ --- ... ____ j L ___ _ 
I \1 '>y(._,; 
I \\ , 
I I\ / 

~ ,_,, ,'SHOWN ATTACHED TO CYLINDER 
----------- -- ~ - ~-- J BOLTS ON A V·TYPE BLOCK MOTOR 

BUT MAY BE ATTACHED HSEWHERE 

RACK AHO OALL CLUTCII 

Fw. 1.~-DIAGHAM oF 'J'HID RELATIVJ~ RouGHNESS DETEHMINA
'J'oH Mouwrmn ON AN AuTOMOBILE 

Figure 7. fioughouH3ter with Vehicle Chassis as li'loating Datum 

Figure 8. Bureau of Public Ro!lds Roughness IndicatQr 



Bureau of Public Roo.d.s Roughometer: 1'he rougllometer developed by the 

Bureau of Public Roads conr:ists of a rec'tar1e,ular frame vdthin ~~bich is a Bingle 

automobile wheRl €H-1uipped with tJ. pneumatic tire- The axle of the Ylihet,d is 

a ttachDd to the cerrLeT of two singlr;;; leaf sprin,; s; one on each side of the 

wheel.. The ends .of t.he ,,prin~',s L re f.;;..st(;,ned to the fr'ont und rear cross 

members of t.he frame t.hrough baiL lt;taring fixtures. Over the wheel there is 

a cross frame or bridgA on which a bull clutch accumulator un.i t iE1 mounted, 

The accumulator is connec·t"'d to the wheel axle through a drum and cord arrange

ment, and in this manner the tc•tal upward deflec:tion of the sprlrci;S. for emy 

given section of pavement is sunu.w.rized. £_,_ view of this e·-iuip:mentl is shovm 

:Ln Figure 8. 

The Michigan State Highway Department Roughomet,Q 

In principle "the apparatus developed <md cons-truc·Led by the Research 

Laboratory is essentially the same m: Lhc:t of' the Bureau of :Public Roads 

except for one new innovation, In addition to obtaining a numerical record 

of road rouglmess in inches of deflection per mile of pavemcJnt, the apparatus 

furnisheE: a graphic record of the surface roughness. This hr::H-3 boen accom

plished by the adC:ition of an electr.b recording system which consists of 

a linear· differential trHns:forruer and a pen tJ~ pe recordint;; oBcillogrc:~.pl1. 

The trtcnsformer is attachr3d to thr3 ch6cssi& of Uw t:r:ailer and Utro core 

to the w'1eel axle, Electri<w.l impulses r;eDerated by the reh.t:Lve vertical 

displacement of the core with :respect to the transformer are fed into the 

oscillograph <.Nl-:ich in turn produces a tro.ce of the fluctut;.t.ions :in ve:~_~tical 

displacement of' thfJ r.theel. This trace provides a meH..llB for detailed t3tudy 

of <my section of -the pu.vement, :Lt. indicates the individuul bump heights 

and also provides "'· means :for determining bump frequency. Further 1'Jlectrical 

circui tH mhke it pos£;ible to measure directly in a. voltage ITJ.eter arerage 

values of bwnp heights. The Jt\ichi~:an roughometer is illustr·ated in Figur·cs 

9 and 10. 
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MICHIGAN 
ROUGHOMETER 
SCHEMATIC DIAGRAM 

DISPLACEMENT f.. FREQUENCY METERS RECORDING OSCILLOGRAPH 

F'igure 9.. Diagl'atll of Measuring Circuits in the Michigan 
ltoughometer 

Figure 10. The Michigan Roughometer 



USES OF ROAD HOUGHNEES DNril 

Although they do not record the true roughnees profile of the puvement 

surfa.ce. road roughness indicators produce c1uick dependable rc;lut:Lve surfuce 
' } ' 

roughness data whleh has many useso In the first pluce, t.he eY,uipment can 

be used as a research tool to provide d.,:t;a for improving the design &J1d per-

.fornmnce of highway structures. Second it could be a useful tool in deter-

mining 1Nhen existing puvemcnts chould be resurfaced or reconst.ruct(0d~ 'fhlrd, 

as is now the CD.se, it. can be useful in 8eto.rc1dng .. f'or construction factors 

vJhich are contributing to pu.vement roughness in order that. such f'a.ctors mL~y 

be corrected or eliminated, Fourth, the method ha'' the possibU.ity of prov-

iding a control for (iuality -~wrk and t~.lf~O for final acceptancH of new proj-

ects, and finally, it can be used in conjunction with studiafJ on motor vehicle 

operation. 

HESULTS OF RuUGllNESS STUDIES IN iHCW:GAN 

Early Roughometer Studies in lilichigun 

In the lute sUJnmer of 1925 the Bureau of Public Hoads(l) rrw.de roughness 

surveys on 48 sect1ons of concrete pavement in Michigan, "l;otaling 412 milres, 

The rouglmess consisted of a 1917 Model C&,dillac, equipped with recording 

device attached to front axle, The car was equipped with cord tires with 60 

pound pres. sure and tests vlere made at 30 miles !JEU' 1H)Ur 1ril th tvw men in the 

car. The average roughne~1:'' rc~ct.or inches per mi.te -- viaS 141. R.ecords 

of in·:H vidual projects e,re given below l'or comparing with similetr· records 

obtained on modern pavemcmts. 

TPJ3LE 1 
Roughness Readings on Michigan Pavements 

Bunt Prior to 1925 

F,A, Project 27 
F' ,A. Project 113 
iVi-11 
J<" .A. Project 7'3 
F,A. Project 117 

Petoskey to Charlevoix 
Grand Hepids to Lanr,ing 
Grand Rapids to Holland 
Monroe to Toledo 
MuBkegon South on M-ll 

Avg,. per mile 
2'76 

89.6 
155 
86.7 
6C. 7 

J1verage for l9xJ8 pro~ject.s (vdth tr?:dler roughome'Ler) 94 
Aver''cc.,e for lG'\9 projects (with trailer rougholitet>.or) B!o,1\ 
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Michigan Test Head StudieJ\\ 

In SeptHJnber, 1941, 2nd again in 19t,9, a seri.es of pavement surface 

rouglme~s tests were condueted on the entire Te~'t Hoacl by personnel of tlw 

Bureau of Public Roads using tlleh' roughometer, The study Vi<'i.S 1aade pri-

maril:y to compare the rid:lng qualities of v&r.ious e.sctions (Lf i:!lH pavement, 

especLally of those having vnried expansion and contraction joini; spaclng, 

end Lo deteru1ine ch~:~.nt:,e in roughnens with time. In conducting the Lests 

each section of each series waB. taken as an increment to cmupare rough-

ness condition fo:r the different joint spe.cings End concrete mixture va:ri-

;_;:!:;,ions. In 19<1:1, addition;;Ll tests were !Hade on nearby projects, one of' 

the f)ame cq~e af~ the Test Road and another project A:o yest·s old, t,o af-

ford. a collipa.l'inon with e.ttmdard construction and to determine an expec-

of teste aTe pres;~_mt.od graph1ea.l1y in li'igure 11. 

Two factors. motivate the prBmmtation of thCts dat~, here, ~. the 

data indlcate that the original rouglmess factor for ttv.~ ~ntll"' oro J e;ct -- ~:;. J; • ~ 

ranged from 73 tc 101 1noh8S per mile, an indication, in general, of good 

workmanship and excellent rirlinc quElitles, and Ql~cond, to show the incr1~ase 

in roughness of the pavement surfaces wl'th time. 'rhe e;eneral :increase in 

roughness for the entlre Denlgn Proj oct of the 'rest Hoad is appro::r.imately 

[;6 percent for the 8 year perlod or 7% per year. 

llouglmess of Pavements Co110tructed between 19{·6-1948 

S:i.nce 1945, pavement condition surveys have been me. de on all important 

concrete p<'tvemEmt pro,i ects for the ,,urpose ol: evaluating ·theLr plzyslcal 

behavlor in relation to construction practices, In conjunction with this 

worJ.;:, an attempt has been made to include :r.ouL;hness data .:1s deter£(lin·cd b;y 

t.he Depfj,:ctm.ent' s new Roughometer. At thir-t time the rou~:;_bner:;s data han not 
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Figure 11, 

"' ... 
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r 
Hoad E.nu[)mess 

Comparison of Roughness Records on M~ll5 Test Road 

INCHES PER MILE 

PPKAAKFQLRNSEGTEDLGUV 

CONTRACTORS 

ROUGHNESS. PRE _1949 PROJECT SURVEY~ 

12, Roughness Comparison on Projectl•' Constructed in 1946 to 1948 



lH?.en obtained for all p:roj ects incl-~ded l:n th<:; cond.i tion survey-s }Jut 

rougJ:mess Vt{luee for thof\8 complFd:,E:d ll.~tvt been presented graphically 

.in Figure 12 for eomparative study.,. In th.is figure 1 t may be observt~d 

tha.t ·the proj oct," fall into three cat<ogor:Les of roughness, namely, good, 

average, and poor.. ~flhe c1£,sr-dficati.on if, dependant upon roughnet:.s va.lue 

in in chop, per ::rile ancl the limits have been tl,:rbitre,rLLy sel{:~e LeO &.0 

follows; up to GO inclJ.e,s per mile £1,s good; f30 to J,OO inches per mile 

as average; and 100 inches per m:Lle and above as poor. Experience 

indicaten that a neYl concrete pa .. vewent shoLLld httve a roughness f~;;tetor 

of 100 inehes per mile or lef~s. Roughness data from several sources 

indicotes that this value for roughness is not too difficult to etttain 

ELnd sl1ould not nece::Jsar.ily impose an;y undue hd.rdship on the pt.:crt of 

the Cont.I·actor" The rougl.mefJS data in Figure 12 furt_her in.dicatjes 

thnt 2. majority of' the Michi.ec.m. contr~1.eto:r·s Hre c.bls to u.eLd.eve t1:d.s 

degree of smootbnesf~ repe.:r.ted1y. 

l~ :rougbns.s::1 value of 100 inches per mile for concrete surfacee. has 

also been Sl..Jt;gasted and recomxn>:-;nded ·as n p0ssible standard by Professor 

Ralph A. Moyer, fo:rtfllBrlJ-'' with Iovta State College, after many .studies of 

pavement rouglmess in the Central Western States, 

In the winter of 1D48 and 1(149 the Construction Di vlsion mac_\~, rough

ness determina-CionB on many proJects us.ing a vehicle :rout;homeL~;n• built 

by Lhe Wayne Count.y Boad Commission from .a previoUB design b;y the Dot~v 

Chemical Co, at Midland, The data obtained from their sur·ve~' parallel 

very closely the results obtained by the rout;hometer ec"uipment developed 

by the Research Laboratory. 

Roughness of PavmnHntf-: Constructed in lt149 

Similar roughnes~3 s-tudies 'i'Yere continued on concrete p:?,vement p:co;j ect s 

constructed in 1949. It was not possible to cover all of the pro,jects, 
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espec.ially t·hose completed at. tho close of the Genson bece_nse of 

unsatisfa.ctory operating eondit.ions., HO\'>'ever, the rougbnesr:~ datec for 

those projects cove~ced arB presented graphichlly in J:l'igure 13. A 

general comparit::on of roti.ghnest. dato. lor pre-lG4B and l~l49 pro;j nets 

and Table 2. 1.::tre based un a:verage roughness values including both 

lvnen of eo_ch pnvs-mPnt project.,. 

COMPA!USON m• PRE-191,9 AND l9,t9 l10UGHNES8 Di\TL 

...,.,. _ _.p_.1.:s'e;,:-=:'lC'9::.4:29,-P._r,_,o,_·.wi e"'. C,.;'t'"'*'-' --, -,--- J, 949 Pro j e ct s 
No. of ~·otal % llvg. in/ No, of 'lotal ~c: Avg. . ' J.nj Degree 

of 
houghn~.::ss 

Inche8 Avg. bump 
per Milf;;1 Height 

Inches 
Pro,j octo Miles mi. per 

proj <Jet 
Pro~] ects Miles mi"' per 

project 

Good 0 - 60 0 - .08 12 Bl 60 45 8 40 48 

fair Gl - 100 ,09-0.13 7 36 55 79 14 58 50 75 

Poor 101 + 0.14+ _J, J. _ _JL 157 .JL 18 16 1C·2 

Total 20 102 100 30 116 100 

Yearly Avera(;e all Proj ec"l;s 94 85 

favemen"l; Aougbness by Lanes 

In t.h(~ analysis of rout_:;h.nBSS data it \VHH obf.;erved that on certtdn proj-

ects the :rougbner1s values for different lanes of o. two lan1~ pelverrH:-m"L VfJ.ried 

consl.derably, This discovery led. to furti.,er am1lysis of rm<eJm.ens datn for 

1949 by in•:i_l vidual ltmPS and a summa.:ry made in gra:pLic fortl.i aB shown in .Fig-

ure 1·4 • He:r·e it may be obr!ervecl tho. t individual lan(~ roughness .for any two 

lane p;:::.v~3ml3nt varied c~s much c.LS tJ2 inches per mile, the average ranging 

around 9 to 17 incheG per mile. Experience indictJ .. tes that this v.SJ.riation 

in lane roughness could be a' soc.Lated with the relative oxperhmce and 

a hili ty of' t.he tv:.ro co:acrE'd:.e finJ.sher{:J ~wrking on their rr~speeti ve f1ides of 

tr.u'' pavement or it coul.-1 bG due to certain ma1ad,jue.tments J.n bull float or 
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Figure 13. 
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finislli:ng equipmr:mt ~ OtlH'JJ.'' (~~~ri cJ.e~:I.Cib s in const.ruction practices 

such a::. f'or:m. setting &nc1 soil (>~mcJ.i tio.tH~ cou:Ld caup.e Itla~j or differ-

Certain pecu1iar:i tic:s in roughness patte:cn of di.fferr.-::nt proj cctr \\'E!re 

diselof'Je\l b;T tht: cont.inuoup. gra.ph records.. Examples of foux· ch~·-J\~_tct,Brif-~tic 

-Lyp(3S of p.t_cV!.wtent :coughness are presontud in Figut•o lb .. 

':ehe frequency of inodulat1on in all case::; rang~:r.1 from 500 to 700 c;y clet 

per mlJ.e, In Genr:rral, low amplitud(:; is evidence of smoo'Lhr1ess, ar1d high 

Lout··,hr±..~s~ of Drid.ge Docks 

Durtnr-·: th.e: courGe of CJ. pavement :r:-ough:n.e£:s surve;~/ D.n o<:cat~.lonv.l bridLe 

struetu.:rs or r:.;d .. lroc,.d cros[dng w:-:;.f.: encountered.. ln a,LL cr:.tfJBS ·the rougln1ens 

pc;.tl-_,e:rTl of tbPEt-=o fd:.r:_-,ctlLre r; we:re ma.rkti.b1y di fforent fr:J.m thE: i:. of the adJ a-

cent p1:.VRP.tf~'n.t ctrueture.. 'f.hin ir· clearly illucli:.rated in FigurrJ lG in v1hich 

are shov,n reproductio:ee of L::raphr.: from several pro.j eets.. 1'his indicates 

the need for more detailed ctudios of' bridge d.eck roughnesr; .in connr:~cti on 

wit-h construction prac Li(~ep and meintena.nCfJ because of the influence of 

roughn-ass on the live lo~d. ~;tresfJBS in bridge structures, 

FAC'fORS RELATED '1'0 PAVE:i\iEN1' ROUCErmSS 

It is believed that the construction or development or roughnef:s in 

pavements can be assoc:la'ttK1 v.rith Illdny fuct.oi'r:J a,)peu.ring under one OI' morB 

of tll_e following ma,jor categories: (1) State Supervision; (2) Contr1.1c·Lo11A 

personnel; ( 3) Contract.ort s equiprrtent; ( 4.) \Vorkrnanship-; ( 5) i¥Iaterials used, 

and (6) Foundation conditions .. 

!\\tate Supervision 

Thit~ includes the activities of thu project Bn&~inee:c _c:.nd pu.v.ing 

inspector as vv-ell a:::: other administratl ve officerE\ directly responsible 
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TYPICAL ROUGHNESS PATTERNS 

Figure 15 .. Typical Samples of Ro<-1.d Rough.ne~s 

o 1 or 7o-.s-4,C2,-314 MI. worE END or PROJECT 70-4G 1ct,- M'~'J:i'tl'8~ooNVILLE 

8 I OF 73-3-61-8 MI. WOF REESE; PROJECT 73-6,C6 M-81 

B I OF 11-13-5,C2;4.2 MI. N.Of' NtLE$ 1 PROJECT II-24,C4 M-40 

8 I OF 81-7-1 1C\,-I.I Ml· N. US-16 1 PROJECT F61-41 1C4 MUSKEGON E. BELT. 

BRIDGE ROUGHNESS 

Figure 16. Samples of Bridge Roughness Hecords 



for the fina.1 condi t.ion of Uv·.; fin-Lr:::hecl pavew.ent.. Conscientious super-

vision of all paving hctivities and r1gid enf'orcem::~nt of specification 

rr:Jciuirements are lliu.nd.atot~' to _;~ne.nr·(~ a '·iWJ<lit.-;y pr·oduot, In 1926, Com

!HiSAioner Charles M~ 2:iegle:r( 2) then District EnginfJer se.id: n_[t .is 

tho re8ponsibility of' the field ent::,ine''~r o.nd, through hirn, of the in epee-. 

concrete placed CJ.TH1 fini;;_~t;.ed strictly in ,:LCcordG.uce ;:d-th th~J plans ccnd the 

materials to get, the reL,~.uired grc,.de of construction. The amount, of nJ.oney 

involved in the mHteri&lf;, labor and profit in Llw construction of & cement 

The f'i(.\ld engineer 1n chhrii;e of construction should, theref'or·e, be select0d 

wiLh care. He should be a ~~ood capable man of sound judgment, honc;st b.nd 

neering orgnn.i:?,at.ion undor him so th<::.'L his iru:~tructions will be C<-ci·ried out 

a.ccurately Dnd so th:.:.t he will hc1.ve enoll{:~h time for tho &enex·sl ;::'.ttpervlsion 

of the work, The inspectors must be select.':d for their intellir.;euce, 

integrity, experili:1nce and personali t.y 01 Good inspection is neceBsury to a 

smooth-functioning orgf\.Ui:t.ation, which in turn, is necessar;y for agwd 

and uniform ~.uali i;y of. work." 

Contractor's Personnel 

It is believed that the overall experience, attitude, und efficiency 

of the contractor's personnel has more to do 1·rith the production of smooth 

pavements them any other single f.rtctoi'. Proper supervieion of' tho.s{;; men 

by competent superintendentB is also " necessity, A reliable contractor 
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contrv .. ctor and hir1 orr,o.ni:6c:.tion mv.c;t. be honostl;y irrLo.rc~~tE".;O. in prod:u.cint; 

a good job" Unler.~s he ir; ITH:i~,:ing a fair legitimnte profit on his lHbor 

and money invested, be v;ill. be, \lorldn,, under· a hundi.cap and i.n p.pit<0 of 

all the efforts of th.e engineer to maiu:Gctin the sta:r.td0.rd of good construe-

t.ion the or·gecni;oation will not function properly, and the general CjUCtl:Lty 

of the ¥'tork aimed at it-' l-lablP t.o suf'fBr. 

Contractor's Equipment 

IJ.1he contractor's BliUipment must be first cluss o.nd L'tdel .. _;_l.:teo.te for }1l:J,ndling 

all phafles of ·the -vwrk. The make, age, and physical cowJition of thr-l con

tractor's spreading ~;:_nd finishin£; eL1uipment and its adjustment eon n.o doubt 

influence the quality of u puvement f'UrfaceA Condltion of the p~;)ving .fo!.'IUS 

and consolidation of tlle Aoil beneath t.lH.ml are c-;.,lr0 of vital iltlport.::mce .. 

Some .form of st&ndhrdl~~tltion or specific<·.itlon mUJl be noccsr>Lt:r·'y- -Ln tbe ftrLu:ce 

to HBsure ad~:J·~-~uate eL1u::Lpm<::-~nt which, when operctHd by exporionced pf~rsonnel, 

v:ill build smooth RurflilCeB. 

lf{orkmtLDi3hip in r;eneral 

The ~.1uality· of' 1vorkmr • .nei.!lp in t1ll phaBeS of the t'-tork '-'.f~flociated in 

pa.rticulc~.r with 'Lhc~ rettinr; of the~ form.s 1 placing, nprB-s.dint~, und finiHhing 

of thE: concrete as well as ·t,he final 5 ointing pr~tc'Lices no doubt hhB a 

profound influence on the rid:lng 'iualit:lec1 of the fini~lwd surfecce. Good 

workm<mf'hip can be expected only from artiBe.ns int.erentcoel :ln their >iol'k lind 

not f:rom itiner<;utt workers wb.o are coneerned only with the pt1.y eht:Jck. 

Mli..terialp Us·nd in 'the Surf~::.co 

Ph;:,rr-::Lcul ch&racd:.ex·letics of th~J ing:rodient;::.; such ap ~.ggrego.Le t~.nd. cen1ent. 

may tmdt~r?~O autogenous volume chan.ges in the eettink_; up poriod •,:hi.eh could 

contribute in a certain extent the inherent rou;;rmr2srJ of the surface. Such 

changes muy take pl~J.ce during and immedie.tel~/ c_c,.fter fir.ta:Ll _finishing opero.

tion and tJbe:refore could not be correctod by the f'inis.hers ~vhile in a wor11:r 

able cond.it:ion. 



Foundation Conditions 

1'he:re can be no G;,rgurnent but thc;.t non-uniformity in ;::_toil conditions 

and lack of proper comJol1datlon cun contributG materic,lly to the; subse-

Lhat pl'Oper found&,tion conditions u,re reali:oed before pouring oparutions 

t:tb>·tJ. Although the selection of ·bhe bar1e materit:tl upon ·vvhich t~he t:\lhb 

is lnid is fundament®-1, the drainat;:~e etnd consolidation methods are of 

e4ual importance. Too often the advantage of grcmullir b:,cf;e material is 

offset by flill\lre to biVe it: any treatllwnt lifter cutting :L't to ;,;rade, 

Further evidence of negligence in bac:e consolidation is f',holi!rl in 

the crack pattern appearing on condition survey maps. Breaks are often 

.found ov-er under-dre.:Ln8 'cmd cv.~jacent ·to drain~:.ge struct.ureE.t.~ i:fiore utrin.gent 

regulation of backfill consolidation will romedy this fault, 

SUMMliHY 

Highway pavements mu.st bs built and maintained with <::t minimwn of 

surface rougl'mess. So.fety, driver f~tigue, vehiclf3 VIear 1 c;tructural 

deterioration, and the psycological effect. on the public are factors 

";-hich make smooth highw.stys neceesary .. 

A satisfactor;y- instrument for measurement o.f road :cou~)mess is thta 

roughomet.er, Tbeindependent floating datura type pioneert,td by the Burtcau 

of Public Heads has proven reliable, and the Miehigan indicator w<cs pat

terned tSter that model, An additional fev.turto of the NLichi;;an rougho

meter is a continuous oscillograph record of road roub;ho.eoz,. 

Rm-1.d rougbness ind.iee~1 m&y be UAed to improve ldt;hway (1e~:;ign methods, 

to detormin~;J t.h_e need for resurfacing, to ;;:dr3. in tb? ;:;ee.rcb for~nntruction 

factors contribu-hin~~.: t.o rout)l pu.vements, and, to control ·bhe tj,V.ulit.:y of 

pnvement finiBhing. 
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Michigan studiej;:\ hu.ve shov;n some improvemeYtt in 11built tnlt smooth-

ness in highways ~3ince 1D2Gq They hf:LV't:J alt}O shovm thnt: surface rough-

ness progressef\ vdth ago, the increctse in index being about T)~ per year 

on the 1~1-115 tef!t road~" 

The effect of~ HkLCi:tinFJ fin.isJ1ing on improved rirJing ta.Uality is ehown 

b;l the fact thn.t bridge deek~3 m1ive:r:aally ~·how hiLl:.t roug1mtws indicerJ .. 

It is belifnmd that smoother pavemente. can be built when construe-

tion is controlled by more rigid ste.te r·upervision, improvr_;.cl con"trt;;LCtor3s 

personnel, workman::thip by c,;.ualified artlsans, Q.lld bLt)l qua1i't;/ machinery. 

Control of foundations and surface material CJUGLlit-y is es8e:rrt~i8.l 'to lt:csting 

smoothnecs. 

{1) J. T, Voshell, D.Lctrict Engineer, Bureo.u of Public lloads1 The Hough
ometer and Its Ut:Lliz,ation, 12th Annu&.l Conference of lli~;hway Engi
neGrs, Univ. of Michlg<m, 1926. 

(2) C, M~~: t~iegler, "1 .F'undament~ls of the Mixing and Layint~ of Ccillent Con
crete," Proceedings of 12th Annual Conference of Highwa:y Enginer~rs • 
University of Michigan 1926, 
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