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The problew of speclifring whadt suall de the saxlsusn ough=
ness to be pormitied in rosd sonsivyuction iz ons affoocted not
only by what is desirable and reasonabls but alss by what ia
possibla in the present staze of tns uards of <oastruetisne “hat
has setually bsen dJone in construction is shown very wall by
tho wide mange of roughness values and the averaces odtalned
in rouzhness measuremont of 3ll kinde »f rosds durins the past
three yeara,

The nmeasurements srs in turn affected by the probles of
maintaining the rellatiility and consistaney of ths raughometer,
80 that the éuaétian nay arise as to whothsy the nsasureazents

2. ars sufficisntly reliabla for use in deteraining tha axtent of
4 fulfiliment of speeificationa.

4 Turther questlion nay be asked by soma as %9 whether the
roughonster actually measurss the rouchuess ©f the roads, Jon=
fidenee in the naturs of the fisures obtained 1a3 necsssary to
satiafaetory spesification,

The spscification of road roughneés may slgo bring about
& need for very qulck mesasuremen?® of sash projeoct in the early
stages of oonstruction ia ordar %o satiafy the eontrastors and
angineers.

Thus, i¢ appears thﬁt aay spaciflieation for road roushness
ahould probobly bYe Based upoa {1} %hs bBoa% or $hs averaze which

ean ba agocomplished in actual practics, and supported by {2) roe

e li2ble measurenent, (3) vnalid measuresent, and {4) quisk and
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early measursmant,
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RELIABILITY OF THE ROLTEODT

"henever ilmzedizte succesaive tests of a road sre ands
the averages for sach rus are ordinarily #ithin a fraction of
1% of eac: othar, If the road is mcasursd in cuarter-aila
seotions, ths roughness for each seotion will not alweys be
ldentiecal in sucocessive tasts, probably becausze no driver san
follow exagtly the sans course eack tinme, but ths averages for
all the seetions will be aluost identicsl,

#hen succesaive tests ars spaced 2 week or a month apars,
or sven Betwasn noon and avening on one day, the results will
not be as close, but with proper cars the averazes will ordine
arily be witain prodably 2% or 3% of oach other, depending upon
conditions,

¥aintainencs of & certain standard from year to year is
largely a mattor of how nuch time, offort, asd money 1s spent
in servioing the differsnt parts of the roughometer,

The roughometer consista aagsentially of a standaiﬂized
system of springs, damping devices, and load with a msthod of
deteocting the azount of variation as it travels over the roads,
It is an anilog sompuler, and the variatioas in the msasurse
ments san ba affeotad by chengea in {1) the syatem itself or (2)
in the detectin: sysitan.

Srratic changes in the readings oan therefore be due to

............ any of the fTollowingi
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l, Changes in the load-deflection characteristies of
the springs. For greatest precision the springs
should be reuovad oance a year for testing, ‘ctu-
ally, with the system of transport which we hiave
the springs 2re in use only during sctunal ceasure=
mentss Thus, the springs ere normally in uss only
a fraction of each day, thereby prolonging their
1ife and naintaining unifofmity.

2. The sesaled Learings of the spring shackles =may becoms
loose but ean dbe replaced for about 225 and one-
day's work. |

3« The action of the damping devices, which ¢an be affec=
ted by the level of the oil, the depth of adjustment
of thg platons, or the condition of the ball or uni-
versal joints connestingz the damping deviees to the
aashine., Due to the dirficulty of keeping the orige
inal ball Joints in adjustment they have been re=-
placed with needle-bearing universal joints requiring
no adjustment, Ineidental;y; the amount of damping
oan be changed to compensaite for any ohange in the
load-defleetion charscteristics of the springs by
changing the size of the oriflees in the plstons or
baffls plates of the damplng devicss, This also
Tormmiskes a2 means of calibrating the roushomster to
mailntaln a certain standard,

______ 4, 7The roundness of the tire nust be maintained within
about 0.020" on the radius by occasional grinding

of the rubber.
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5. The meehanical inteagrator, which 1s part of the detection
syston, operates vsrr well when 1t i3 new or in good cone
dition, "“hen it becnmez worn after consideradbls serviae
£t will begln to slip, thereby glving readiags that are
%00 low, Ons improvement which was mads at the begine
ning of the present season is the installation of a microw
switch requiring only 107 as much mechanical power tc ope
orate as the orizinal switch; 1t is expeceted that this
will make the integrator wear much longer without zervice
ing than befors. Incidentally a digital integrator now
under devslopment is expected to zive virtually 100% in-
dication without ohange at any time., Thus, one important
sourcse of possible erratic variation may he eliminated.‘

In any event, ezadh of the above Tive sources of srratic be-
hsvior can ba ¢oatrolled when understood, With the proper ser-
viaing, the roughometer can be a very dependable instrument, en=-

tirely suitable to testing for specification fulfillment.

VALIDITY OF THE ROUGHOMETER

There are several points which copfirm the validity of the
roughomatear, 7The first of these 1s the graphic record which
the roughometar mekes, Fxamination of the record shrows that,
while it is not a true érofile of the road, 1t certalnly gives
a movement that is definitely related to the profile in a di-

reot variation. Further svidence oculd be produced, time and



effort nariisting, by 2 dateiled conparison of the graphle
record with & surveyod nrorile,.

The walidity is further ceonfipsed By tioe fact thal the
roughonster $ynloally detects changes in sonstruction procedurss
at verious pointe on the roads guite infepeadently.

A8 for what She roughencter ieasures, many Lave annted
withous supgortiang evidsncs thet 1t =meusures only “surface leXe
turs™ or just quiek risss ia tus surf&éu “nown a3 “"humpat,

That i% neesures cunsilderably wore is shown by Vas fach that
tn many osses where a high rousiness resding ls obtained 2ith
the roughomster the iaspectore thers had boen extresmely con=
sajentious in uslaz 4he tan-foot surfass chaskar, Thase Iin-
apactors typloaily state that the ehaoker nad revenled almost
no rises higher thaa 1/3" within any tan-Co9% langth 91 aay
pars of the xad,

The meaning of %his 13 thai Sus roughomster hss rsapondad
o rises ia tis surfacs over 4 lsagth of more thaa tan Teol,
The roughometer frase 1s heavy a2a2d oan not rise qulekly, on a
relative inartia banls, with the lenssy vsriatlions in tre rsad.
The roughometer reglsters these rises fully or partizlly up S0
2 limiting lsnsgth. Tals is alao shown oa the graphic racords.

AT AR ATV T TRNTR
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sprort nas already besn made towsrd the seasursmsut of the
eonstruction in the early stasss. oJuring both laat year and
this year many projects nave desn neasured as soon a8 Lha firat

two or Shrea wiles wers casploteds
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iowaver, s culckest nsasurasnant of all will be obts inad
y providins each resident sneineer with ons or =ors snmall mane
ual roushonebters a0 that one 2an be easily available {or sack
Job at all tires.

There is every reason o balleve that this type of roushoe
aster will siva 8 relisdls rsading saliadble for tasting the
early coastruetion. It can be uads To give a rraphie racord
and a deflnita averaze index in inches nar =ils on the sana
standard scnle 2a wiih the regular roughometer Tor any length
desired, It is idsal for sarly testing lnaszuch aa t¢ aonid be
used on portland genest conerete within 48 hours aftey pouring
and on ssphalt izmediately followlng ths rolling operations,

me maohine iz light, and the cost la low,

STATDARDS ¥OR RODCHNESS

seasurassnts curing the past three ysars have besn mads on
a1l kinds of roads in Iowa. Thes® have 3hown 2 range from 50
£o 150 iashes per mile and havs permitted the econclading of ave
erages for verious kinds of roads. '

From the rengss and the aversgss it has baen poasible to
agtablish soze informal standards, Ffor ezample, it has been
tosirad to have all aspralt roads measure less than adout 60
%E_ég inehes per uilie aad all portland cement roada asasnrs
iasa thaa about ﬁzmig~£22 ineras par mile. On this basls the

conbtrPscbard have bsen csazidared garmondable whan neeting those

) :
TLaU08.
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A2 1o one will have any doubt aa to which 1t will be,
“he noint hors iz Shat it ig not possible to %ell how rosod
a lob any partioular ccotrashor 418 on any martlculsr orojsct
13 zlvon %o thae aondistions with wiieh
ne bpd to work, if m contractor onds up with an avsreze of 100
inohes peor zile oa nze job us 3ay avs dona excelleant werk if
thers wers many nasursl obstaclsse n tus other 22ad, 1T he

nakss 20 ineres ner mile on smother jobd e way Lave dose very

A standarﬂ for asch srojeet, 1z sonirast o 2ny single

p gtazdard for 2ll roaée, gan de 2etermined by Saeking into 20-
count tfs lenvihg end alizes of curves aand hills ralative Lo
thas straizht. flst lemptbs in sech srofset,. This can He 20~
aordiag to = simpls sebesdule of allowences, and each “esident
ingineer or County Inginser could thersfore detersine the stande
ard :aag:hess f5r sach of uis projoets in a msitser of minutes
by sxamining the plans. The scheduls of allovmnces aould be
srizinated by ~essurisg 2 nasber of hills and curves %o Aatare
mine their rances =2 averngss %o riad out what i good and
asceptable work for tiem. OSther allowencws, such as VOr ssason
of the rear, ralns, cizy‘:crx, =and work, o8c.,, could ba mada if

desired, Alsa, as tha art of roed construction Inoroves tno

allowanesns can ,0 ciansed,
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*lat terpain 25 inchas ner uile
‘lopes 0 1o 2.9% 90 * " )

® 3 to 6% o G B e 2
curves 2° ta 13° 92 » nooe
Curves 4 8lonas O - 269% 95 = "o

L] @ # 3 - 6% 100 " " *

Tne plans nr Iroject ¥IZ=22{3) ln Foot iinot County, 7.340
milaes, have zhewn the Tollowing compoaitions, for which the
following allowances e2a L9 nade:

i1las Allowance Treduct
flat paving 2423 85 172.55
2lopes D 1o Z.7% 1,59 30 - 170,12
i 3 to 6% 2.35 935 22325
Curves 2° to 10° .78 92 71476
Curves & glopes 3 = 5% « 29 100 27,00
Te34 - 666,56

Standard Zoughness = 666566 = 91,0 inechea nar aile

In other words, the contractor on this projeat will heve
done good work if hlg rcad eversrass 91 inches ver mils or below,
but it will be zoor wcr& adove that fijure, I ¢ho average is
above 91 inches ser zile tho esntrastor aan not nlals that e
wag -andicznred by $13 lrresulzr Serrain, Tor this tas already

bsen taken ints acoesunt.



It 1s redormmundad that tha ayofen af voushnassa atandnrds
for variable terra’n be given a trial, “tandards Tor evrves,
hills, and lavel povine sculd da detarsined without Anlasv ap
interrupticn of present neasnring, e ztardard for ene” nrte
Jeet could ba shown on anch roushness ranort oo that 452 Sgasew
ured roushnass eonld he evelunted by somparionn, After a
pericd of tiss, conalderaticn conld he given to the desirme
bility of establishing eactusl spacifications incorperating the

variadle standorda,






