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Abstract

Thet drnati onal Roughness I ndex (I RI) has be
i nddxeast most clohynmome yr ascedmanagement autho
throughout the world since the World Bank h
I n recent years, road administrator of Hokek
in China are especiahbhlymapqoésteddt aet weake
surface conditions and asked to conduct pay
more quantitatively. I n order to respond t
mai nl y ofnoswidlevs npgavemegt i memesor i

Therefore, during the | ast three years of ¢
eval uation and comparison study of road ro
affected by the roughness ar e tdwvealctouwittrh es
I n this case, efficiedevaenlddyp ¢kbi traarda d | mrsafiitl
Technol ogy (KI'T), was usendt hoemat heal wprtdc
software.

Al ong with the detvgepepmeat oduRbBBesmEsSmeasur
( RTRRMS) , many countries have dewealnoped t
measuring the |l ongitudinal p.Kd fTi deevet opRH
new, -e¢bdbectistabl ies-tmainednodipya c t mobile road pr
to address the &yesmaenndTwkikdodven e a © mMet aesrusr i fnayr
Pr o f Enlaeb,IRe athi me data coll ectiono (STAMPER) .

with two conventional smal | accelerometers,
an amphidf aeper sonal computer.

Since 1995 to the present, Xinjitahtegt &EX pr e s
m | eag300fki4 omenteyears | ocal road agenci e

suitabl e PMS f or r ergeigoanrad ia awgeuast enresr scaovnidni gt ifoor
I n order t o res paontdhlndt e secadeimad d so,ut roac
measurement in August 2016 at one of the t



mi |l eage of 874 km, bwehgicrdividdseti rcietnitaitreged at t

On the other hand, in Japan, road net wor ks

point of road networ k. From 2013 to present

on the municipal road of t e scaisf, f eroeardt da irtei
wheel paths and various conditions of the
carnogut a comparison study.

GI'S technology is considered for i mplement

management Sy sttse msy p eorwiionrg stpoatii al data han

study, we used GI'S to carry out the spatia

based on collected roughness dat a.

I n conclusions, new ufmmadaisrzgésd lilnowsh:i s paper
STAMPEBERs proven a significant advantage
measurement in real time without a speci a

, It i s recognized that visualization usi ng¢
Map (DRM) to evaluate andeshowi roas consl
seasonal changes is a power ful t ool t 0o me
PMS.

., Suryvesults of the road surface condition
the 1 SO 2631 standard r epr(esoeontt smetahne sdgiufa

value of wverti,cawh iacchcrelsecrbaaifeodfnroadna fia xt r e me
uncomf oirt améeans that ride quality at the
for passengers.

|l mcordance with the naatnidoaradl “RBIOTHERF8a0@Lf e v a

China and testing results of I RI t hr eshc
Compdanyni(tNeEDXCO) e t &oesigni fbhectamnete nr etl haet i loRls
pavement serviceability rating (PSR) . T

countries expressway proved thavwas | evel

closely common to the both countries.
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1.Background and purpose

Theoncept of road sur f aceduorra bplaev enmaetnetr iiasl, |t
omn area to support vehicul ar olrn ftolhoa pa satf,!
many <countries cebdtlecansel vahyg @nsamheer.sebadwa
According to the riomaelc ecnotn sytaaircs,i ome rhmesda olr g
arieni tticomtlea usiedp d ootr rl mavd wa yRso aadn ds uw af | akcwea ydsi. v

I nto asphalt, concrete and composite paver
dubial ity and resilience since the 1920s, a |l
't quid asphalt. Concme tae cpawcapmd red eninxla otfe d |
coarse aggregat e, sand and wadreesulCtompibst h

portl and cement casphatteads ubl anyert | wi tulrsed t
construction of the existing roadways rathe

Pavement roughness or smoothness is definec
the road, samd ai 't I's one of the major tect
conditions to evallR@fe nelwe amidder etpadli il t y at
Pavement roughness is closely related to t
has a ditecttarmpaag capacity and I|ife cycl
surfaces wuhiriemsg catreathescee ease the | ife cycle
and tire wear, fuel consumption and direct]l
Road rosghndesed by vehicle vibrations that
aftenog driving .Eroemngfuoerntt avnido rsaatfieotny wti heé i ncr
pavement, and sitthe aldsaommage c alsselriwatyedd | ea so fr etdlhue
pavem&nince the introduction of intldrinmtion

haltecome one aofostheommoex s usoed eivmal tutad | wagr
managing roadway systnadmx. rwdhhreehsleRlt si st he hes
conidoints owaya sheaogtditen obtained from measur ed
profi ITehsm sl Rlal cul at ed -cbayr uvseihnegmd & mada&iimt e r

whose response is accumul at edoft oslyaped d( ian/ri
m/ kent €2 ) .

Pavemamtagement system (PMS) has become inc
continue to age and deteriorate while func
funding or increased competition for funds

systematciesspfor gener ati nrg psaM eumda mtn s ma nma gnee
Questimencsor ding to the present conditions
Ministry of Land, I nfrastructur e, Transpor



strategyf uifros petchte on of road stockgorand an

municipal rolatdd sBassiendceom 0m8ni toring road s
muni ci pal roads, this strategy has motivat
I mprove theira PM$tted prawi cdeavironment .

On the other hand, i n China, the ministry
I ntroduced a basic framework of i nformatio
surface. The | MS consi sts odt itohne dpaetraf boar smea
predicti emaarce ma&icntsi on on the pavement

During t he devel opment of pavement mai nt
communications highway research institute,

research unibhwayspabémsehedmai gtletnanmcamed/ st ¢
Hi ghway I nformation MB&SWwag eme rdte mShyediti enra B MS

road manadyreememtedhaa new | evel he |l go\wearsremeonft
of ficially began to invest in expressway de
Expressway has been built for total mi | eag:

I mpl emented for the entire arteoa aacncdo urnd q utih
weat her conditions and from standpoint of r
Duri ngceanthwmrlf of devel opment, engineers and
techniques and methods for meastur daengi cesadc
be di viodefdouirn gener-aype ypead resgbnsess mea:
(RTRRMS), direct profile meassur eamedtsybij endti
pamealtli®nMjo shti ghway agencies coll ectahi-®h dat a
speed profiler. Thi s equirpengeinitarnnfeiacs us pese dsu
provides excellent results for use in net wc
devi cemsunatreed minz eaa M amighbi lag r aod eeg , dit fhfeiyc wlrt

use on @6adwmaoyd] Alnstoetrhveasles dbeir cexpansi vat ¢
del i cdtne order to s atKiidfaysittihtdesed meefqougy e(meinT
provi decdosa Iroomad profile meaensi sgs sygbt emo
accel er omemugr st os ea vehicle suspetsiioonml sys
higpeedemshadf idse | HlsefThisensyssem enables th
surface profiles wusing the Dbackthealnteua sautrieo
acceleration of a vehicle without empirical
vehicle motion. Then, the measured profil
i mmedi ately converted into a sunomaghynersosughr
i nformation is instantaneously di slpilkaeyed o
with a conven® i olmails RTTRIRIMS f ocuses on a met



i nformation about r cbiafdf erroeungthoneedisgs s saehsdf o ERrl e not|
t wo coumnwhriicechs may assi st and | mpatovenltyhef arr
expressways but also for municipal roads.

1. Conceptr oodfdintfheece characteristics

For ptalred in@auluar of t fthee rdoad edhemfeadend es and
deri ved fneeacteusrseasr yi égtToh eu rhdeeioss ¢ t@a mt onfent he pa
characteriigdtrie®shi ch itmeobwesc characteri st
geometrieveshaps, texAtsumnohtsasdevehaearss of t
characitéreireniho seied wlaa liwva ntshh idphd vesedy eami ¥ eness
drainage quadickei,es efs$licttt emwea siestamer rioé s, ng
of the derivied characteristics

As | mpiosrddwmentt he final eval uathiesami gii f hesatc
relationship with the traniefnitc psraofteetcyt,i omi, d |
saving, pavement pr ot eWet i aorne aactonnonvedtithiecdl e pr

evenness.i Aabsdvegnt ei s pcoosnsfitibrane , tt ldei nka s
with thel el meos vaal uat henrelaeonsitstes sof s

Influences l Design | | Construction | Treffic | | Environment

~/-—
7 >

Basic
characteristics
Geometric Evenness | Roughness! | Brightness Material
features texture properties
~ A =
)
// / XS
~ -
Derived - /A DI V=
L - s < N\ 4 \\- ~
Characteristics - y | <N\ Q SN
Driv. dynam. || Orainage || Skid Reflection || Tyrefroad | Rolling Thermodyn. || Wear
effectiveness || qualities || resistance | properties || noise resistance | qualities
\\_ _ ) ”
Objectives ING X < e e
Treffic | | Riding Environment. || Energy || Pavement || Vehicle
safety || comfort || protection saving || protection || protection

Figui@omnMcept of the du%Wface



1.H8i storical back ground of the road

According to the | atest scientific explana
terrestrdiame nosri otnharleeposi ti on of points and
t hem. Thase pbiwmyns tsheeatsur face of the Earth
used to establish | and maps and bowndari es
buil ding or the surface | ocation of subsur
gover nmevnitl olraw.

There are many devices for measuring road
most basic concept of the meadursamerety 0y es;
t hiat i s the kind hefl dt eoodhawifq usag,e avelgi cho imseeas ur
the surface conditi descobdi wge d @itxlipdh atnda y@emis
about road roughneshheygmasepedngndevioes, gen
based on the profile measurement or the | RI

Tabll&€llassification of theé®lprofiler anct
Equi pment CI a Cl ass Characte

() Requires precision
profiles and computha
caccufeecyw accur ac(Bl®R
repeatability of r ol
roa&dso. 5 m/ km on all
Requires measurement
ORI TN o A -\ K FRON I comput ati on of the |
1 accuracy
W ncludes all respol
O Sl el S sl necessary meas@@bevi o
©6o (= 2 ag-calibrated by correl
values on specific r
Ro ughnneesass ur e i s not
GRSV ETY- AN Nl st able with time, a
subjective rating




1. £l lass 1:RoRr e& dlLsevvioed e

The rodevaeestidshdwmU® @rter adisturovneayli n gl etvoeoll s, t
provides the elevatadnngsefetremaea,kethreogtt p
relative to the reference, and aMbape mea
people call the fsotdé@barc ulsev dlhemeétnlsdd uanent s

when the elevatiodtmeaghr dshearse atf daakne re.gah pi
mo st engif oe d ogenaanermn t by r od ,iatnsle cl eesvsed r yt otod
pagttentiake el evation measure at close int
spechéignttn eoebdes accurate .to O0.5mm or | ess

1. Reference elevation = instrument height

—
L

2. Height relative
to reference = rod

longitudinal

reference point

i - . - L [
3. Longitudinal distance
measured with tape or laser

Fi gu?2Rodad &l2level



1. T.hd hat adeivc c e

There i s anot hears psrhoofwnl i gt hheguccoenf Dbr m t o
reqguirements for Class 1 devices and wusual
cal i brat, omhiselctiDopsdlilckd t he

The Di ptshremdk rbsghness mevds cthe men ti whd kiede a
l ine beidng Theofdielvda ce contains a precision
heighhe two support feetl2dtThedsee bfaset odan hla

20 to 500 mm apart. The Dipstick is moved I
front foot, and then pivoting the rear foo
the i1 nstrument has stabsl anedmatheakchwngec
"beep" 1is sounded. The Il ongitudinal di stan

of measures made with the kndwihsp®cpeygi bkt
record at approximately 200 m in per hour.

stodepst

Fi guBRrRoad profiling device fADipsti



1. £l Asksi Rpeed road profiling devices

Accordi nygeeeapt hb®dShsoppssed pro&s | shdwnitcesfiog
14 are capabl e of measuring ahpebkovhailds pr o
moving amorsep edefl& @A k m/ h. The first high sp

devel oped?l i 8i nlc9e6 0t hen, significant advanc
technol esagy fhh @aaaedteldy t he design ahddac@mt Isypee
these devices are used for roadti glporeedi I | an
profiling devices are also called t® as | ne
to deteemr mimerti al reference which provides
measurement base at all ti mes when the veh

Il nstant height of the measur eamemnmiothasne at a

-‘&'3.\.'."--

Fi gu4dkei ¢ilpeed profiling devices
The high speed profilingTheeseiltagiss haa ga bsloeme
measuring the surface profile very accur at €
a fixed computer algorithm, the processing
the measured I RI is consistent over ti me.
Accordisgabolthg and accuracy of I RI values
profiler, these | RI values can be used to t

one year |Itios tdfet emmexdabl éd ongi medsoné Baoadhl at
whe | providing roughness andme uof assemissment



provhdglkeadinition videdupotifmhgavemeayi sagrface

Li ke some other devices i;hbh€basaind; niot al sv
successpubfiling gravel roads,.Omnec aous et hcef

pri mhiryyadvant ages of these devices i s, rel
deviideesw net work agencies can afford to pu
Whil e taet umaewruf c sslpielerda tperlsafrigleehrnsuumber of ver
test and control procedures are stiyl not f
mu c h |l ess than resul ts of the <calibrated

val indagricocedures are expensive and require
time and money on.Tthhee oupe rraotnito n navneds t areemttr o |
higpeed profiling devices are rather compl
devotoetei me to understand and participate
procedures

1. Ll 4Bsksesponseadypeofiling devices

Response type road profiling devices are t
obtain road royghase sosf. dTehvei scee s al most al v
accelerometer installed i Randlowehimovementt o
the suspension system, which is called the

weraeppeared at t hendeagriennsitnigl lofi nl 9Wwi0Odesapr ead
Response type road devices belong ttyap CIl ass
road roughness measumasng heswsat-&mslfni RAURdMRMSLS )
estimate roughnesdiirmgpéemeRDbynwhiach olma® qa at
ot her vari abl es, and these systems can co
quickly than the other [d&vARmsstof ndlsas sofl
RTRRMSshasvdeidmmon probl em, whiimlveiss i glaé i spee
necessary for these systems to upwiatthei rm cor
a cemhg@&h

There ar e dahsbb atgheessepooin o ad r o a g hsouecshs ads
Response type rowadepryofuisleelr thaoulgdemt the
and the engineers from al/l over the worl d
out put of theskentgeesr alf, dtetvg poetss tdpeuvti cefs tif



known to be conmaeaesrnt@E@ntromwighndsss aeemdgiroad co
Response type road roughnessfdeancsetl afe r
response type a&ly/sltOetnns ciosspte eodfs pat bhéi nglho met er .
Al t hough, these tymes madewniteaandcdemarnd ofpree qu ¢
cal i bration it al ways remains valid for a
equi pment 1iBha nealpiemrsatviean process of respo
and cheap to perfoomsohaeechkebraettonuseatnd
One of ¢ ihenifadsvtaamttages of the response type
gravel roads but idertial profil ometer cann
Al t hough, t hese types of devices have SO0
didvaant ages s ame ;talse sl harse:un aadnydr e2peat abi | i
response typeneo ®aldoweroft ha@ atshsatl tphreo ftiylpien go

Morepvéehe annual deterioration of | RI on a
tdan the measurement error of response type
hi gh precision, and al so because withrrors

|l Rt means that response type dewiew®s kcanno
annuiad lggener al

The transformation process iltRhtsvdeegphgenmtin r es
on t he suspoefn stihoen vseyhsitcelne. Thkhe i cetse temidfft t h

over time and not stabl e. Because of these
once I nAsaneyedr .t heamosgesdicsfadvheseé ©Twpe odeé
measure road roughness. But surivedpei ae £, son

whi dbnot onl vy meéasate anlde | babguitt udl 9al olptr @
hidlefinition photographs or videos of the
and it also convenient for decision makers.
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Fi guBSRTRRMS with [its algorithm
1. £l 3Aasvs sdal ionfs pleRelt 1 o n

Becawfset he currenmearsuadpgrenagbnes ass 4 mee
met hoddgwiad ek gar ded as [eesitn goafs utiohnea bl @ad omroug
at the networek Itédwelapelrhosmmadhfinonist wirtyh onl vy
professionalcawo&beerasdvianttahgies of thi s met hooc
price and only work with eymaosstiagmni fiinctaunitt
di sadvantages that, no taccwglcgxphanasttiadn e
why.

1. Mew road dem@g hm@smpact r ooande dbmeorbi | e |

The conventional profilerdraemqaemoetd yugedetr g
weelk@gcause dainaddwol Ineuccthi omno st and time for
year s, with the devel opment of pavement s u



their cwreli gmofil ers, whsehsaretmahnbyogey:
profiles havepigahldywmemome easy to -opge at e,

profilers ar&edaghiel lacdiufrfaicyulatndt smave the el
calibration. Against t hiechmolkoggyo uday e |Ka ptead
coseffecttisviea,bl i, meampm | eenaesnot hapbal cet mobil e prof
(MPM90 @address the dgmbech TWorADIwal earsonfet er s

Me a s ubriorf gnlaeb,IRe athi me data coll ecti csrycsst(eIMTAMPI
consists of t wo small accelerometers, a gl
amplifier and aspehobabl-@ ncAd smguatl &r GPS senso
pl aced at any corner of a vaghiscpeed dmaodn
me a s e neonctat i on

1710 N

(a) Accelerometer (b) GPS sensor (c) Transducer and computer

Fi guB6®ysltem instrumentatio

Fi gur7lewol accel erometers inst:

Two small accelerometers are mounfttende on t|
suspensi on syst emddfr psawrfvdy Jeh-ccaallecgul |laatti eodn
met hod wiotrlr ethéeng , velsiowlne i si/p Eleidgiugrneilf i cant
I nfor mati @miodargyhel tdwad rssodlu cart E&bl e 1



Tabl2zMal n speci ficati

AS 10HBSprun AS2HB Unsprin
Rating ¢ 98. 0% m/0Gs 196.31mM/0 Gs
Respon

0 560Hz 0 650Hz
frequend

56¥¢£V1125F1

Rated o _ |56%¥¢£V1124FP0i0st o
Di storti
Nonline Wi tHhi.mRQ) Wi t hli. MRQO)
Cali br g 0. 017eN8 W/ 0. 0358W W/ 1
coefficd 0.00888¢G/ 0.01779°%G/ 11
. l nput 120. 1 Il nput 120. 9q
Resi st a
OQutputldg?2. OQutputl20. 9q

Atransducer converts the strain of accelero
i nformation of road esermaerstsi.didsr sdd ksyd taggm dc a
benstalled in any autaosmaosbhiolwens-8iTnh eftipgesiornea rlk e t
to facilitatecamdifMoinonrsoadn@dmoadstrators of

theeoview of says tsdmo st @idirece rulr reanrfyor mat i on of
survelhinBlIl SHORINIOHe ber nb @bl e

Fi gu8%urlvey vehicl es: |l suzu Motors Li mi



Sprung mass . s 7
Prng Noise rejection

. A2 — " - . 2 Acceleration measurement IR T
S;“'Q-w g . - (sprung-unsprung) ] 1. i.

f Vehicle speed dependent ol g
Measurement Componentremovel  Calculation '-’—J'-‘.':’ bortr
_" By a0 @ Calcul;tion of IRI
Usienringasss Integration of acceleration Real-time display I
Road patrol car, etc. (commercial
vehicles, regardless of model) | Road surface profile Inverse analysis of road

Inverse calculation surface irregularities
?\”0 acceleromet.ers Immediate calculation and
The faithful reproduction of the QC standard model applied display an indication
calculation principle of IRI l | of arbitrary

From inverse analysis of the acceleration
to calculated vertical displacement

Fi gu®@verview of the compMRM) road

Tabl3eMain specifications of

i 3.-0iter intercooled t
Engine .
di esel DOHC16 va
Transmis 4A1T
Vehicle w 2170
Length ( 4750
Wi dt h (n 1745
Hei ght ( 1840
Lotus tuning doubl e
Fr osnuts pen : :
bar spring indepen
Lotus Tulniimlkhg d oiulr g
Rear sus| _
axl e suspensi on
Shock abs Lotus t-tnl hgdaged e unbgl eh y
before a cylinder
Ti ¢teront ¢ 245/ 60R16

B

mo b i

GHORI



1.4Computing | RI using the compact |
monitoring

Regartdiiengl RI  al gorithm, theaerdgdamrofrkepodn
vehiandest hen simulat{&®€) by Aacgluaratirormrairs m
accelerometers attachadcltootfhea medyuamndgf vae
When using the road displ acaementhepearccledreira
is the response acceldemaadi.onl heefovtah ed euw @ hvieal e

from the sampling time and the speed of th
The QC model l ncorporates theg vvéhiatcli en TPl
foll owing procedure shows how I RI is calcul

l1PpDetmeme t he speexanas tamel mdsspdsacements fro
accel ercaandn MNeéaxltcculcate the wpattadkwpl dc eing
t he equnaottiioonn o(falEl @i matFiagont ai nameher violhr & thie
measured QC model

2)Convert the horizoobhbalt hei ftoa nzandgte (tehrey &1t a
vehicle &médd dhed80 add this toutrlkleplequat.i
which has the vibration parameter of the st
by determespomgs ¢ hei s pdaancdee. ment val ues

Measured dat a Preprocessing
Accel eration off sprueDenoising, filtering
WV
Back anarloyasdi sprooff | I|e Integr al of acceleratio

Surface evaluation clall&¥el atetdybwpffepl awpgn g

equat zons: & Xy, X4
mo ¥, + el — i)+ ky(x,—x,0=0 (@) Di spl acement of spru
myi,+ el — )+ kg, — 2 )+ kpxp = kyxg Xy, X,
"4
Calculation of motli | Relal cul ati on
Di spl acements of sprunl RI obtained by QC simul at

unsprung mass of QC m4

foll owingzzggiuat i ong: f [y '

_ Y TE e (5) IRI = ( , ] — .f'zidt)‘.t"i.
my ¥y + 'l — 2 )+ kylxi —x3) =0 o -
my¥s+ ' — 2 )+ ki xi— 2l )+ kixh = kixg

Figuit&tEtps of I RI calculation.



l1.S$peci al road iroonu'ghkdnoEBS" eval uat

A | ot of driving simulators (DS) have beer
since the begi ndowing DS slh9o9wde.d Sacna liempr ov e me |
i ntroduction to a driving school asdoci at eo
in J&Apan

DS examines various topics, slfdh asr sdd eitgn

and devéd opwmiagh Hesegal uati on for physiolog
291 TIdand so on.

I n the past, the road data were mainly useE®e
Technol ogy introduced a new DS (KITDS) I n
evaluate road dJd4AfeTlye ammrotcootnyfpoer tof KI TDS
convenmMS oumseaekdstdrsessf f i ¢ safety for driver trai
Since then, KI TDS acquired many advanced f
surface characteristic data and vehicle mot
replay of vieualriivimaged owleival uate the c¢omf

stability, and controllability of the vehi
associated with the roughness of actual rc
surface evaeaheatiost deviese in the world th

bet ween the road surface characteristics ai
factFogétrz2hows the overview of KITDS

(@)

Figuit® Yiodwthe KIDS in the Experi me



1. @Gomposition of the research work

I would |ike to write down each chapter (o
cont.ent s

Chapt,ermali nly explain the research Dbackgr ol
characteristics, and it also includes some
road roughness profiling deviceBheanmdew t s
compact road mobi | epaprtarfoaldearmoahed: icaadesh godf t h
ASTAMPEaR@Dr i vi ng o®%i ml| attesro be expl ained, w h
Kit ami I nstitute of Technology.

Chapt,erex®!l ains some of the different road
roughness indexit (WIiRII'l) @tmeloeaexypslvainsaet i on about
roughmaeasses, whidm havwwo Beoamtits esgedscul at i on

Chapterinroduces some of the key sof tware,
road roughness | ndext hleRlot hietr wsiolflt waalrseo iinnto
and analyze the other road roughness indice

Chapt,ershdows one of the resear chwhwarhksi,s an
named: Measuring and evalwuating of road ro
prbér and ArcGIl S

Chapt,ershiobws the comparison and evaluation

to explain abofuitde ognd alrittaypiiln tdgi fferent two

Chapéeummast heet hessscwnthusions and referen



CHAPTEZR

Basintor mati on
Ro u g h mnedsisc e s

cteison o



The definition of the roughness I's the vae

vi brations i n traversing vehicles and hi s
i mportant measur @ ofT hreoraed apreer frmarnnya necvea | u at i
suc @aien use i n di3ufcehr eanst, cionunretrrniaetsi on al rou

the standard deviati ¢Gp ®f¥ermemtgi ¢ amddintail o oiu
and npearvte ser vi ceaBadausge itnldexe (iPisdi)ces have
with the ride quality of road surface. The
refers the protection degree of of fered ve
road surface.

2.Devel opmentntheirsntaotriyo noafl iffloRIlghness i n
The Il nternational roughness I ndex (I RI') W
roughness experi ment (I RRE) , which was hel

research teams composed of many countries
Frande, United Bumtedgheamai Beidpagdripnods et hoef bl eRsF
practi cssvhmethhad e suitable for the different
devices now in use. At the same ti me, It

compg@rroughness data obtained by different
the methods used to characterize road rough
To obtain eyrhavwe diRvi, ddehg uihpmeaneta siurrteanetnwo
Firstly tuhfegceuspepdofisihenyg umsead oldetsht amawcual
met hods -sapnede dhipgrhof i | ometers to measure the
the road surface and then analyzed to obtai
Secondl| ys eStelveeyn REvsp®n Ke ad Roughness Me as u

( RTRRMSs) , five of them consi st with road
passenger ovor sa,r-comseeddnledr roadmeter [/ traile
conduct repeadleld ofeatshue esi tomms at di fferent
obtai ned Iy otfh et hree svuethribcvlaeg ¢ nmoet isaomragdahcee

esults of the collected data, which is act
ests speecdcoshewathan thlkee ween the measur ed
hemsgavéaigh degreanadfalcloroel abhbemnmat ched
cal eutwictohnopr omi sing their accuracy.

m:—i-f—l-ﬁ



On the other hand, t he resiundd oy ushien gprdif
pr @ofmelt ri ¢ met hods da soaudpaleodd utchea te xscoenhel e nt res

al | of t hem. I n additi-basedeveughneypesnad
showed good correl ati on dwif trhhe mt RiTeR R MSusg. h nLeassst
tlye proposed a single roughness index, whic
(IRI') . As it has been proved that, the | RI
roughness measuring deviREsgsndvhiitc halhsao es hhpwd
it IS al most compati bl e with al |l types of
wor |l d®Wi de

According to the | RRE, | Rt hhears rsoeuwgehrneels ss til

Which 1 s summarized thattiime cdadblmrdt chang
wi th manual met hodo®»ffiobe ¢bitanmspuaghten brbedf )l pect
road conditionéjcamtd et fodpeetssasdmgv eloisclse roi
and safety (relevaetyesuontitist obdaai sedwfrtben ¢
equi pmestamen r rtofael sections (valid).



2. Distriabnugtei oonf rl R

The 1 RI summari zes telse trhaad i rmpuwghinievwsesh i U el
mo st appr oprrouaghen ewshsenmeaasur e i s desired t he
operating cost, overall ride quality, dyna

from heavy trucks and braking and corneri n
and overabhdsurbaceThe-1f slhloavwi 1M Rl Firgaunrgee s2 r
by different c¢classes of road.

IRI speed of
(m/km) (in/mi) normal use
20 - 30 km/h (19 mph)
—— 1200
83 1100
16 11000 ¢ o5i0n gulleys and
il 1§ deep depressions
1 800
2 - 700 frequent shallow
= depressions, some
101 gop deep rough 60 km/h (37 mph)
g unpaved
= roads
8 —_ 500 frequent minor
¢ 400 depressions 80 kmv/h (50 mph)
=] EX damaged
- 300 Surdace pavements
4 imperfections
£el b unpaved roads
21 100
—1_ l\ older pavements
0 \ new pavements
0 = absolute airport runways

perfection and superhighways

Fi gutleRI2 [PEtal e



2. 1.R2 obtainedarf rom quarter

Si ntcheeevel opment sb¥,it8! Rila si nbveddd®deo gani zed st an
for the measurement of road roughness
The main advanthaegiengabf et bgelt Rt i meeand tran:

the world. The I RI is an index ®ESafyiefresd by &
to a measured realization of the | ongitudin
The | RI i's a mathemati cal model applied to
model simul-adaesmadealudijs e®® o wnh ei -ogaura rmoedre |

predicts theesmwmdtiaals udsepreinvsatoin stroke i n r

standard settingisclfeordysnpaeneidc and t he veh

Xy

Yp= surface evalwuati on

B
Xq— i
€y If:l %kl 1 di spl acement of sprung mass
i

2=z di splacement of wunsprung mass

Ply= sprung mass

m X,

Mz unsprung mass
k> k= suspention spring rate
Xo k2= tire spring rat

Fi gu2Q@u Rrctaerr mdsd e |

During the simulation, the quarter car Sy
measured in the fokl 80aki bBhoomertTehitea mpaugmeaed s
this surface induces dynamic excitation to
verticdappeedacclR&lBmndathenspfunmasases unspr L
a result, a relative movement 1is produced
vehicle. Tfbe BRIgi vehus@Ctmpni $engmpbuied ac
foll egiuazli.on

L
IRIZﬁ; |Zs Zuldt
L (Eq. 2-1 )

Wher e;
L= Traveling distance (m).



G= Vehicle speed (m/s).

6= vertical speed of the sprung mass.

&w= vertical speed of the unspring mass.
dd=t i me i ncrement.

2. T2he standard deviation)of | ongitudi
Since 1960, in case of quality control af t
one more statistical roughness i ndex, whi c
deviation of the |l ongitudinal pr oftihlee t ake
wheel paths, by th% dniti snamesd ateéwe scad 2" t
roughness regarding standalrhdei &secvaid atsauo @ do oy
3metperrof i | oméitier .seBurts i nappropriate to expl
of pavement perfor mafdlter d asrea ®mherhien ¢ 2 o e ant
of data to calculate the index is 1. 5m.
2.PRavement condition index (PCIl)

Sever al numbenndoft | saawdmaimstc paavement condi t |

are obtained and used to pavementP@bhniagemenr
the basic results of the subjective rating
has ranged Zeoom Oeproesldmts the poor/failed
being excellent. I n addition to distress d:¢
gual ity infor matlinont hdee cphatiseto mea mee ¢ @ amec her s |
conductedssomg isnhuedyeto finePCtl hd ocorervall aitait
their pavement s modtinken eosfs tahnedn riisd e faguoar itthye
throughn20Oo6aurcke'd@usiang data from nine state:
Northern America established a powCGl rel at |
dat a, which dStsudgsdd orded hi s ofnp rt dhger aDm t fadPra v
hi ghways in the sevamwalr erre Maoryd ;antdho Newarde



Ver mont , Virgini a, Ontari o, Quebec and Pri
power correl at irPoOnls sbheotweede-d .nt heeq ulaRIli on 2

I ROl *¥0 24 AR I ( Ex2
On the other hand, in 2l@kXts ormd erde PeCdr whad rus
on different types of pavement di stress a
optimization techniques: Artificial Neur al

( GPThypcol | econmd e th&Em df2H0ghway asdatihens i
develmapernde mati cad eamotird BClieed & or ward ANN wi
net wloatrk ait meg¢g atdhoeptheadc k pr opagati on umeddc od.
ro-méean square etmnmess (RMBE)Yi dn fLastltyheheP
concl udeice tAet-b@GBR ed projected values were d
agreement wmet ahs utr reed fPiCd | dval ues. The report
absol ut ®MAEY rbor-bashed AMdNdel s were respecti ve
0.49, whereas they were equal t o -Da V8D 8, 2
model

I n 2015, Sesphéehi eshedala model t hat PClI fr
cl assidndaldhy omhe pavement type in the Dist:i
years of surf d® e Trhoeu gherseusl st sd aotfa t hihe meéamy o
| RI and PQs nygalvwudnd tdlmg d soceng f e sndhée n . Egstl vy,

gotfohkeowi n33 eqfuatthenregression model

PCl = A KU RI) ( EBJ)

Wher e;
PC¥dependent tlceoinashlAe awidt Ik
| R denpendenwi tvharstskodgcliemt@®d error of



2 PAlavemnseenrtvi ceability index (PSI)

Since the development of the Present Servioc
[2% has becomeeshabbfshée wedéxes that ass

qguality. Pavement Serviceability represent
struct uroead eafsf.erThi s indicator ftihuesdr sapprear
the state of the road, particularly the r.
subjective index called Present Serviceabil
objective index called PSI. PSI Ihsi ahhei sdef i
obtained from individual observation of the

of an observer a$ tboet paveuveenernatfofailsce rive yitsh
ser¥®o To produce the originambsAASHE®sRoad
around the test tgamakshgntheagedntnheiantri ved:
figuBe 2T he range of this subjective scale
(excellent). Al thougde PSRt demgne b arissedddddi no np, a siste
mai nly reports t he r o amd o urgohungehsnse s Is a rbgeecl ayu s &
comf ort abtirlaview ¢diidotndsehi ghway.

Acceptable? 3 | Very Good
& =i
Good
Yes 3 T e
No 5 __Palr
Undecided 1 —— oot
Very Poor
0 —l
Section Identification Rating
Rater Date Time Vehicle

Fi guBlend®i vi dual presentl2derviceabilit



2. Boot HegagrRe WM. S

I n perpofBnal-mpesasmuiaseeat definition of solve ev

vi bration signal, by squaring.

Roone asnquias ei denti cal standard deviation i f

signal . The unit om/%s . m. S . of accelerati

Mat hematically, r.fomll ewicgihepeaexpmnedsed
) 3 88 =. ® 0QO0 ( Eq

2-4 )

Wher e:

W gg& frequeegbhyed r . m .s. acceleration

T= measurement duration

w 0= frequency weighted acceleration at tim

2. @Grest Factor (CF)

The crest factor is aadgimbasranl essefqguhpet pt
to r . m . s. The | owest possible crest fact
wave has a crest factor ofacted4t Gawcsdirarmfr
any of these sigeashtskconhanntdeacsesngl act
the r. m. s. might not be substantially aff
Therefore CF is useful i n assessing the app
CF can be feoxlplroevsisregd: eagsuat i on 2
oO—888 ( EBb5)
Wher e:
w= frequeemgbyed acceleration.



2. Plower SpectAFSP Density

Power Spectr al Density (PSD) I's a functi ol
statistical representation of the 1 mportanc
PSD shows t he agtiraegmeptngsy (f as ha function of f
It septe at wlviach afts ®opese ggec a&nd ayv awhiacth ofnrse c
are weak. The wunit off P&Sduwmiskctyehn(e ragayd (i vt a rpioast
obtain energy within a specific frequency
f reqyuernaBheggea.r di ng ride quality evalwuation, t
show irregular shape with a chan@egien ampl i
t his casper fP&SrDm ctam eval uate rough road surf
PSD sal cul at ede dwazf6igdnd owi ng

OO0 Op UM Fc“U ( Egq6) 2
Wher e;
‘O0=Power spectfuwmcdendsmty (m
U=Pul se number (cycl e/ m)
‘O=Uneven parameter (uneven | evel)
V=Cutoff wave number
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Th &Ro u g h hnedsisc e s
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According t o t he presenti ndeweradpangeenntie n$ i t U

Technol ogy, there are so maaweadvantedtsaf
engineersinguclaraser Aut o a@AD,t h@l S,t hRrrsVAaLnd t
still solved some di ff i cfuolcpuosipmtihtehsins iod ttd ¢

asst in the aeasbabli mahpPiBectsniafadp®B8t r odus
argument used some advanced software to ca
evaluating it on the net worreks dligetpyleil c a tTihoen f oo
this software in road surface evaluation.

3.utilizing GI'S together with DRM

The digital road map (DRM) database is the
supported by Japhiin BRKcAssbenatiidn plays a
systems for road managementbimbkadveaelkt owioe kna\

geographical information.

GI'S is a computerized spati al data managem
used fomuthtimgcustorage, retrieval, analy
condition at the network | evel, together w
l' i nkiwgel amd road classification of the | oc
3. DRI at aibmspavement monitoring

DRM database has been initially introduceod
I ntelligent Transportation System (I TS),
System (VICS), Nati onal | nt eog roant. e dT hlen ad aytsai b
i ncludes signifi canmtmpiomfguatvearmafrotn man adg erde rt t
as road administrators, |l ane widths, and
contributes to visualize theesusf a@aoempoeedh

nodes and | inks in Friogaud ene3t wor ks as shown i



» )
0 50 100 200 m o
I T T (N SN N T B

Fi guitRe®@r esentation of the road networl
3. Spatial data management system " GI !

The ArcGIlI S | ssednrmedvicni aGllS (b@é¢ogmaphion Syst
A GI'S i's computerized database management

and compiling geographic data, analyzing ar
di scovering geogmédpmacadgi ngpfogeamgoapminaai sPa
dat alBase

GI'S includes two different broad types of

attributeaesfecatetaaceBGespati al datiae ndteaftiinoen oabnjc
relati eanwdhiopdiitmemese on al space. Attributes r
mi ght include i1ts width, number of | anes,

and traffic vol umes. A topol ogtrceaflerreemicatdi o
geomeetnrtiictc i es represented bwilbaismsto,ci lait e wor
| ocats mmewhere on the surface of the earth
topol ogi cal rel ationshi psoi ns)cuwbthetaa dhjnemen ci)
me a b & avth,a t encl oses what hownd| @gdkbegmtiy ¢l



somet hildg el se"

The system al so provides an infrastructure
avail able throughout an organi zatWedn, acros
Fol | diwg Bi38-3an3ddar e esoafmptichéel Arf eat ures, which
road categories, | ane width, and each road
i n Hokkaido popul ation more tlkanhedgo0n0i, 80ar
classified based on the following criterion
Noets for road &ategory in Figure
Expressway is not included in national hi gh
Major | ocal roads mean arteri al prefectur a
Mi ni ster ofucltamce, Mmfamsptort and Touri sm ( ML
Prefecturalanooéaidnanteampisefectur al hi ghway, w
exceptional roads.
Anot her road: Munici pal roads or road exemp
2
7L

E— e onal

s - Mailmocal road
B

j/ / messomees Pref ercaan
AT Ot her ro

Fi gul2Ro&dassi fication

Notes of Hoag@3rwi dt h in

Width is mmre than 13.0
Width is between 5.5 and 13.0
Width is beibwbken than 3.0
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Swi.dst h
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Fi gu8rRoa&d dt h

Notes of <classificatfiioghwlr ef3 road admini stra
Nati onal hi ghway government .

Pref elcitguhrgglwe r nment .
Another <city,hitgohguawamaa meinl lsage

Nati onal govt.

Prefectural govt.

A Ot hneurni ci p

Fi gudrRo&dmi ni stration





































































































































































