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DYNAMICKE METODY HODNOTENIA
NEROVNOSTI CESTNYCH VOZOVIEK

COMPARISON OF DYNAMIC METHODS
OF ROAD PAVEMENT EVENNESS EVALUATION

Cldnok prezentuje prehlad dynamickych metéd pouzivanych
v Slovenskej republike na hodnotenie pozdlznych nerovnosti cestnych
vozoviek. Podrobne sa tu opisujii metody hodnotenia pomocou miery
nerovnosti C a medzindrodného indexu nerovnosti (IRI).

Meracie zariadenie JP VSDS (jednokolesovy prives Zilinskej uni-
verzity), ktoré hodnoti parameter C, bolo skonstruované na dynamic-
kom principe DMS (dvojhmotovd meracia sustava). Spésob
hodnotenia pozdlznych nerovnosti pomocou tohto parametra bol
vypracovany na zdklade tedrie staciondrnych procesov.

Porovnaniu redlnych priebehov pozdlznych nerovnosti hodnote-
nych zariadeniami JP VSDS, Profilograph a pévodnou metodikou
hodnotenia IRI je venovany zdver prispevkit.

1. Analyticky popis pozdiznych nerovnosti
cestnych vozoviek

Analytické vyjadrenie priestorovej nerovnosti cestnej vozovky
je problém znacne zloZity. Preto je ucelné zjednodusit priestorovy
problém na dvojrozmerny a hodnotit samostatne priecne
a pozdizne nerovnosti.

Pri vlastnom vyjadreni pozdiznych nerovnosti je potrebné
vychadzat z najjednoduchsieho pripadu a to, Ze v smere jazdy
jednej stopy vozidla je priebeh vySok nerovnosti harmonicky
(sinusoidalny).

h(ty=h, sin<27r%t> = h, - sinQ2afi) = h, - sin(wr) (1)

: h, -amplituda nerovnosti (m)

L - dizka vlny nerovnosti (m)

y  -rychlost (m.s™)

t -cCas(s)

f - &asova frekvencia (s1)

w - Casova kruhova frekvencia (rad.s™)

V skuto€nosti sa s harmonickym priebehom nerovnosti na

vozovke stretavame len vynimocne. Skutocné povrchy vozoviek

* Dr. Ing. Martin Decky

The paper presents the review of dynamic methods of road
pavement evenness evaluation used in the Slovak Republic. The
principles of assessment by parameters C and IRI (International
Roughness Index) are detailed here.

The measuring set called the Single-Wheel Vehicle of the University
of Zilina (JP VSDS), which appreciates parameter C has been designed
on the DMS (double-mass measuring set) dynamic principle. The design
of this system pavement assessment in term of longitudinal unevenness
was realised for a consideration stationary random process.

The conclusion of our paper is devoted to the comparison of
longitudinal unevenness evaluated by our equipment, measuring
vehicle , Profilograph* (IRI) and original parameter IRI.

1. Analytical description of pavement
longitudinal unevenness

An analytical description of spatial pavement unevenness is
a very complicated problem. On this account, it is advisable to
supply a spatial problem by a two-dimensional one and to evaluate
separately transversal and longitudinal unevenness. In the most
elementary case, a harmonic sinusoidal form in one trail, we can
express a longitudinal unevenness in time domain by equation (1).

() = h, - sin(Zﬂ'%t) = h, - sin(2mft) = h, - sin(wr) (1)

where: /1, - unevenness amplitude (m)
L - unevenness wavelength (m)
v - wheel velocity (m.s")
t -time (s)
f  -time frequency (s™)
w - time angular frequency (rad.s’l)

The harmonic process of longitudinal unevenness is rare and
real pavements have an unevenness of various wavelength and
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maju profil nerovnosti neusporiadany, kde nerovnosti o roznych
vlnovych dizkach si na seba superponované a na seba nadvézuju.
V zmysle matematickej Statistiky méZeme tieto procesy povazovat
za nahodné.

Pre technické aplikacie je dolezité, aby nahodné procesy
nerovnosti vykazovali stacionarne ergotické vlastnosti. Podmienku
stacionarity zabezpe¢ime vhodnou vol'bou posudzovaného tseku -
homogénneho z hladiska stavebného a degradacného.

Kazdy centrovany stacionarny ergoticky nahodny proces
mozeme charakterizovat pomocou korelacnej funkcie, resp. spek-
tralnou hustotou. Korelaénu funkciu K, (1) mdZeme v linearnej
doméne pre tento typ procesov vyjadrit vo forme
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amplitude. These processes can be considered random from the
point of view of mathematical statistics.

An important requirement of technical applications is
a fulfilment of stationary and ergodic premise. This imposition
must be provided by the appropriate selection of evaluated road
sections which are homogenous with regards to construction and
degradation conditions.

Every centred stationary random process can be characterised
by a correlation function or power spectral density. Correlation
function K,(A), for this type of process, is expressed in linear
domain by equations 2:

K0 = [ [ 10 = B Ut = A) = Ej) Loy, o)y - 2)

kde: A - dizkové oneskorenie (s),
E, - ocakdvana stredna hodnota nerovnosti; £, = 0,
h(l) - nahodna nerovnost,

f,(hy, hy) - zdruZena hustota pravdepodobnosti

Nahodné nerovnosti spoCitané ako rozdiel teoretického a sku-
tocného profilu moézu byt kvantifikované prostrednictvom nor-
movanej korelacnej funkcie p,(A). Pre nas§ sposob hodnotenia
musime poznat vysky pozdizneho profilu kazdych 25 cm.

K, (M)
A)=——— 3
pr(A) D, (3)
kde: D, - disperzia nahodnych nerovnosti

Normovana korelaéna funkcia 500 m useku cesty v Ciéma-
noch je uvedena na obr. 1

where: A - linear lag (m),
E, - expected value of stochastic unevenness; £, = 0,
h(l) - stochastic unevenness,

f,(hy, h,) - combination density of expectation

Stochastic unevenness is computed as the difference between
the real and theoretical profile. We must identify elevations of the
longitudinal profile per 0.25 m. Longitudinal unevenness is
evaluated through the standardised correlation function p,(A):

K, (})

pi(A) = D,

(3)

where: D, - dispersion of an stochastic unevenness

The standardised correlation function of 500 m road section
Ci¢many can be seen in Fig. 1.

0,5

standardised
correlation function

0 50 100

150

linear lag [m]

200 250 300

Obr. 1. Normovand korelacnd funkcia ndahodnych nerovnosti
Fig. 1 The standardised correlation function of an stochastic unevenness

Pri rieSeni dynamickych tuloh spojenych s pohybom vozidla
po nerovnostiach vozovky je vyhodnejSie pouzivat vykonovu
spektralnu hustotu S,((), ktora je s KF viazana Viener-
Chinéinovym vztahom:

For our purpose of unevenness assessment, it is more
appropriate to use power spectral density S,({)), which we can
express from correlation function by means of the Viener-Chincin
equation:
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AR
S,(Q) = — f K,(A) - cos(QA) - dA 4)
T %0
kde: Q - drzkova kruhova frekvencia [rad.m™],
0= 2. )
7

L -dizka viny [m]

2 (e
S, (Q)=— f K, (A) - cos(QA) - dA 4)
T %
where: () - length circular frequency [rad.m-1],
Q=—-; (%)

L -unevenness wavelength [m]

Log S,

'4 \

i PR [

Power Spectral Density
S, [mé.rad']
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Obr. 2. Vikonova spektrdlna hustota ndhodnych nerovnosti 500 m iiseku cesty v Cicmanoch
Fig. 2 The power spectral density of an stochastic unevenness

Na zaklade teorie stacionarnych nahodnych procesov bol
vypracovany systém hodnotenia cestnych vozoviek z hladiska
pozdiznych nerovnosti podla parametra C, princip ktorého je
uvedeny v kap. 2.

2. Hodnotenie pozdiznych nerovnosti
prostrednictvom parametra C

Miera nerovnosti C cestného useku lubovol'nej dizky je poci-
tana podla vztahu (6), ktory bol ziskany z [1] modifikaciou pre
nas sposob merania rychlosti.

Dy

n

I'%ZV,

i=1

kde: D, -rozptyl vystupného signalu (m?s)
I - parameter dynamického prenosu (rad’'.s?)
C - miera nerovnosti (rad.m)

- diskrétne hodnoty rychlosti merania,
i=1,2 .1, ... N (msh

=

The design of a system pavement assessment from the point of
view of longitudinal unevenness was realised for a consideration
stationary random process and principle. This design is published
in section 2.

2. Assessment of unevenness measurements
by parameter C

The unevenness degree ,,C“ of the evaluated road section is
expressed from the relation according to [1], which was modified
for our mode of speed measurements.

D
c=—"2 (6)
A

1
N =

where: D, - dispersion of an output signal (m?s)
I - parameter of a dynamic transfer (rad'.s™)
C -unevenness degree (rad.m)
- digital values of a measured velocity,
i=1,2 .,0,..N (msh
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Jednokolesovy prives Vysokej skoly dopravy a spojov v Ziline
(JP VSDS) je skonstruovany na principe DMS (dynamicka -
dvojhmotova meracia sustava) a predstavuje model §tvrtiny osob-
ného automobilu [2]. Jeho mechanicky model a zakladné Casti su
znazornené na obr. 3.

2 150
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Our measuring set called the Single-Wheel Vehicle of the
University of Zilina (Slovak abbr. JP VSDS) has been designed on
the DMS (double-mass measuring set) principle [2]. This
equipment represents a model of a quarter of the passenger
vehicle and its basic parts are presented in Fig 3.

A/D

——
—

EB
ST
0
G0z

Obr. 3. Schéma zariadenia JP VSDS s meracou a vyhodnocovacou aparatiirou
Fig. 3 A scheme of the JP VSDS with scanning and assessment equipment

Nasa meracia zostava musi byt kalibrovana na cestnych
tisekoch dizky 50 m, u ktorych pozname vysky pozdizneho profilu
kazdych 250 mm. UrCenie miery nerovnosti vybraného kalibrac-
ného useku je prezentované v kap. 1 (rovnice 2-5, obr. 1-2)

Meracia a vyhodnocovacia zostava umoziujlica snimanie,
zaznam, vyhodnocovanie a archivaciu dynamickej odozvy pozdlz-
nych nerovnosti pozostava z nasledovnych hlavnych cCasti:

1 - predné koleso S 120

2 - spodny ram

3 - horny ram

4 - pruzina a teleskopicky tlmi¢

5 - vyvazovacia zataz

6 - Kardanov kib

SZ - snimac¢ zrychleni

A/D - analdgovo-digitalny prevodnik
NB - notebook 386 SX

SI, ZI - snimac¢ a zapisovac impulzov
EB - energeticky blok
Al2 and A6 - akumulatory + 12 V+6 V

Kritéria pre hodnotenie pozdiznych nerovnosti boli uréené na
zaklade teorie nahodnych funkcii a Statistickej dynamiky pri
zohladneni ich posobenia na vodicov a cestujucich. Pouzivané kri-
téria v tab. 1 st uvedené v zmysle [6] a boli odvodené v [1].

Zmena klasifikacnej stupnice, prezentovana v tab. 1, bola te-
oreticky spracovana v [3] pricom jej vhodnost bola overena celym
radom experimentalnych merani.

Our measuring set must be calibrated on road sections of length
500 m which have measured profile elevations at constant interval
250 mm. Determination of an unevenness parameter of a selected
calibrated section is presented in chapter 1 (equations 2-5, Fig. 1-2).

The measuring set enables the scanning, recording,
assessment and storing of dynamic responses of longitudinal
unevenness. It consists of the following main parts:

- front wheel with a S 120 charge

- bottom frame

- upper frame

- spring and telescopic shock absorber S 120
- balancing load

- cardan joint

SZ - acceleration transducer

A/D - analog-to-digital convertor

NB - notebook 386 SX

SI, ZI - pulse amplifier and pulse counter
EB - power block

A12 and A6 - accumulator + 12V+6V

= R N S S

To determine the criteria for an unevenness assessment,
a theory of random functions and statistical dynamics is used,
paying attention to the influence on the vehicle crew and influence
on passengers ( [1] - used criteria, and [3] - our change in Tab. 1).

Results of many experimental measurements have been used
for the purpose of determining of the unevenness criteria, too.
The change of a qualification scale of the longitudinal unevenness
can be seen in Table 1.
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Klasifikacna §kala pozdiznych nerovnosti Tab. 1

cestnych vozoviek - parameter C

Qualification scale of the road pavement Table 1

longitudinal unevenness - parameter C

P . Klasifikacné rozhrania
Klasifikacny stupent p
parametra C (rad.m.10™)
Dial'nice Cesta a miestne
Uroveil Nazov komunikécie
pouzZivané | zmena |pouZivané| zmena
1. |vel'mi kvalitna <2 <1 <5 <2
I |kvalitna 2-5 1-2 5-10 2-5
II. | malo kvalitna 5-10 2-5 10-20 5-10
IV. | nekvalitna 10-20 5-10 20-50 10-20
V. |nevhodna
. >20 > 10 > 50 >20
pre premavku

3. International Roughness Index - IRI

Index IRI je ziskany matematicky pouZitim simuldcie modelu
Stvrtiny osobného vozidla uvedeného na obr. 4 [4].

Sprung mass

Unsprung mass
mu

Qualification degree Parameter C (rad.m.10°)
Highways Road and urban roads
Level | Quality name| used our used our
criteria change criteria change
1. | Excellent <2 <1 <5 <2
II.  |Good 2-5 1-2 5-10 2-5
II. | Poor 5-10 2-5 10-20 5-10
IV. | Very poor 10-20 5-10 20-50 10-20
V. | Unsuitable
. > 20 > 10 > 50 >20
for traffic

l displacement

ms
of the sprung mass
Zs
K, Cs

3. International Roughness Index - IRI

Parameter IRI is obtained using the Reference Quarter Car
Simulation (RQCS) according to [4] and Fig. 4.

ky = k/m,= 65352

ky=kJm, =633 s>
u=m,/m; = 0,15

C=CJm,=600s"

l displacement
of the unsprung mass
@ )
1 profile input

b y(x)

Obr. 4. Referencny model Stvrtiny osobného vozidla
Fig. 4 The Reference Quarter Car Simulation

Tento model mozZno matematicky popisat pomocou dvoch
diferencialnych rovnic druhého radu:

Zoomg+ G (4= 2,) Yk (z,—2,) =0 (7
Zoomg+m, Z,+kz,=k y (8)

Po uprave dostavame:

IZ.5+C'(Z.siz.u)+k2'(zsizu):0 (9)
Ztu-Z,+k z,=k -y (10)
kde:
mg, m, - hmotnosti odpruzenej a neodpruzenej hmoty [kg]

This model is mathematically defined by two second-order
differential equations:

Zioomg+ G (5= 2) t kg (2,—2) =0 @)
Zoomg+m,-Z,+k -z, =k y (8)

This system we can express:

.Z.s+C.(Z-Siz.u)+k2'(zsizu)20 (9)
Es+u.2u+kl-zu:kl.y (10)
where:
mg, m, - weight of the sprung mass and the unsprung mass [kg]
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- pérové konstanty pruziny a pneumatiky [kN.m!]
C, - suCinitel linearneho tlmenia timica [kN.s.m’l]

Z,, Z,, - vychylky odpruzenej a neodpruzenej hmoty [m]
i,=dzJ/d, -vertikalna rychlost neodpruZenej hmoty [ms']
%, =dz,/d, - vertikalna rychlost neodpruzenej hmoty [m.s™]
Z, = dzzs/d[ - vertikalne zrychlenie odpruZenej hmoty [m.s?]
Z,= dzzu/d,- vertikalne zrychlenie neodpruzenej hmoty [m.s’z]
(1) - vstupny profil vozovky [m]

Rovnice (7) - (10) platia pre ¢asovi doménu. Vzhladom na
rieSenia uvedeného modelu v linearnej doméne, pozname vysky
skutoéného pozdizneho profilu kazdych 25 cm, musime najst
vektor geometrickych derivacii Z7(x)(i) = (Z1p Zop Z3p Zag)
pomocou nasledovnych vztahov:

KOMNIKCCe
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ky, k, - constant of the linear spring and the tire [kN.m]
C, - coefficient of linear damper [kN.s.m]
z, 2, - displacement of the sprung and he unsprung mass [m]

Z,=dzJd, -vertical velocity of the sprung mass [m.s]
z,=dz,/d, - vertical velocity of the unsprung mass [m.s"]
= dzzy/d, - vertical acceleration of the sprung mass [m.s?]
zZ,= dzzu/d,- vertical acceleration of the unsprung mass [m.s’z]
»(1) - profile elevation input [m]

Equations (7) - (10) apply for the temporal domain. We solve
this model in linear domain, know real longitudinal profile per
0,25 m, whereupon we must find a vector of spatial derivations -
ZT(x)(i) = (21 Zyp» Z3p Zs4;). The values of this vector are
calculated as:

’ ’ ” s 7 ’

Zoi=8n Ty TS 2y TS Dy TS 2 TV (11)
v s 4 Lo - oy

A S-SR o UV AR B o S T S Tl VI S B ol S (12)
’ — . ’ . " . ’ . ” . ’

2 =831 g1 TS50 2 g1 T S35 2y 83 2y T3 Y (13)
” _ . ’ . 7 . ’ . s’ . ’

20 =Sq Zgim1 t S T T Sa3 2y T Saa 2 T (14)

Systém rovnic (11) - (14) moZeme vyjadrif v maticovej forme
pomocou (15):

Z(X)y =S Z(X)y-1) + RV (15)

kde:

” ’

ZT(X)(,') = (215 205 235 Z4) = (le,i; Z i Zuis Z”u,i) =
= (dz, ldx; d’z, ,/dx; dz, |dx; d’z,, ;] dx)
- vektor geometrickych derivacii (16)

S - stavova prechodova matica koeficientov 4 * 4,
R - vektor parcialnej odozvy 1 * 4,

y’(,) - smernica vstupného profilu,

i - aktualny krok, i-1 - predchadzajtci krok

Systém diferencialnych rovnic (7) - (10) moézeme vyjadrif
nasledovnou maticovou formou:

Z(t) =4 K@ + B-y@®) (17)
kde:
7' = (., 2., 2., 2,) = (dz,/dt, d°z/dt, dz,dt, d*z,]dt)
- vektor ¢asovych derivacii
KT(t) = (z,, Z, z,, Z,) - pomocny vektor ¢asovych derivacii
0 1 0 0
| K, -C K, C
K)Ju Clu —(K;+ K))/u—Clu

The presented system can be expressed in the following
matrix form:

Z(x) =S ZW) 1y + RV (15)

where:

” ’

ZT(X)(i) = (215 2045 2345 Zag) = (Z/s,i; s Zuis Z”u,i) =
= (dz, Jdx; d’z, ] dx; dz,, Jdx; d’z,, ] dx)
- vector of spatial derivations (16)

S - state transition matrix 4 * 4,

R - partial response matrix 1 * 4

Yo - slope input

i - present step, i-1 - previous time step

The differential equations (7) - (10) can be expressed in the
following matrix form

Zn=4-K@o+B-y0) A7)

where:

750 = (2., %, 2,, £,) = (dz/dt, d°z/dt, dz,)dt, d*z,)df)
- vector of temporal derivations
K'(1) = (2, 2, z,, 2,) - additive vector of temporal derivations

w

0 1 0 0
| K -C K, C
4=1 0 o 0 1 (13)
KJu Clu —(K, + K)lu —Clu
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(19)
Kilu

Pre konstantnu dizku kroku, na ktorom predpokladame kon-
Stantnu '), modzu byt matice S a R vypocitané z 4 a B matic:

S=et * (20)

R=4""-(S-D-B (21)
kde:

dt(s) = dx(m).3600(s/h).0,001(km/m) | v(km/h) (22)

I - jednotkova matica typu 4 x 4

Na zaklade vztahov (7)-(22) bol vytvoreny v Microsoft Excel
97 program pre hodnotenie pozdiznych nerovnosti na zaklade
znameho pozdizneho profilu. Uvedeny program je v sulade
s povodnou metodikou [4] a pozostava z nasledovnych krokov:

- wpocet lokdlnych smernic (spadov)

Smernica vstupného profilu je pocitana pre kazdy merany
bod (musime poznaf vysky pozdizneho profilu v konitantnej
vzdialenosti - najCastejsie 25 cm)

y,(,') = (Vo1 =V | dx, (23)
kde:

Yy - vyrovnana lokdlna smernica vstupného profilu
Y -Vyska pozdizneho profilu (m)
dx - meraci interval dx=b =0,25 m

- wypocet vektora geometrickych derivdcii vstupného profilu

Pre vypocet Stvorzlozkového vektora odozvy ZT(x)(,-) = (21,3

” ”

Zyi3 235 240) = (255275 20005 27,;) sa pouziva vztah (15):
Z(x)(;) =5 Z(x)(i—l) +R- y/([)
- urcenie opravenych lokdlnych smernic (spadov)

V kazdom kroku i sa vypoCtom stanovia opravené smernice
(spady) podla vztahu:
T, =(z3— 237,

i=2,3.,N (24)

- vypocet parametra IRl
Index IRI podla [4] reprezentuje aritmeticky priemer

smernic T; na celom meranom useku dizky L pri poéte odéitani
N obr. 5.

IS
Il

(19)
Kilu

For a constant length of the step, on which y’(,.) is a constant,
the S and R matrices can be computed from the 4 and B matrices:

S=et (20)

R=4""-(S-D"B (2D
where:

d(s) = dx(m).3600(s/h).0.001(km/m) | v(km/h) (22)

I - identity matrix 4 x 4

Originally, the program for the valuation of longitudinal was
created with Microsoft Excel 97. This program was created follow-
ing the equations (7)-(22) and it consists of the following steps:

- calculation of profile slopes

The profile slope input is computed for every measuring point
(we must known elevations of longitudinal profile per 0,25 m):

J/(,') = (y(;71) _y(,')) / dx, (23)

where:

y’(,.) - smoothed profile slope input

Yy -elevation of longitudinal profile (m)
dx - measurement interval dx=b=0,25m

- computation of the vector of spatial derivations Z(x),

The computation of vector ZT(x)(,.) = (21,3 2953 2355 Z4) =
(z%;5 27 ) is realised by equation (15):

P 4
s,i’Zu,i’Z

u,i

Z(X)y =S LX)y T R~ y’(i)

- determination of the corrected profile slope

T,= (25— 21,) . i=2,3,..N (24)

- calculation of the IRI parameter

IRI represents arithmetic average of the corrected slope.
Values of parameter IRI can be appreciated for a window of
a discretionary length (conveniently 1, 10, 20, 100 m - Fig. 6).
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~
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I P |
L f}“ﬁ"ﬁ t il 1tk H
WA il
250 400 450 500

length [m]
‘ —Ti-0,25m — IRI - original methodics ‘
Obr. 5. Priebeh opravenych lokdlnych smernic - Ciémany mdj 1993
Fig. 5 Corrected profile slope per 0.25 m and original parameter IRI - Cicmany May 93
1 N 1 N
IRI = m; T, (25) IRI = ﬁ; T, (25)

V naSom programe je mozné hodnotit parameter IRI pre
lubovolnu dizku hodnotiaceho okienka (obycajne 1, 10, 20, 100
m - obr. 6).

Na obr. 6 je uvedené hodnotenie pozdiznych nerovnosti eta-
lonového useku Ci¢many pre simulovani rychlost 80
km/h a meraci interval 25 cm. Ciastkové vyhodnocovacie inter-
valy (okienka) dizky 1, 10, 20 a 100 m su teoreticky prechadzané
za €as 0,045; 0,45; 0,9 a 4,5 s.

This program evaluates the road pavement longitudinal
unevenness for the Reference Quarter Car Simulation. The
program simulates ride speed 80 km/h and the measurement
interval is 0.25m. The evaluation of longitudinal unevenness of the
road section Ci¢many can be seen in Fig. 6. The single evaluated
windows of the length 1, 10, 20, 100 m are theoretically ridden in
time 0.045, 0.45, 0,9, 4.5 s.

£
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0
0 100 200 300 400 500
length [m]
—IRI-10m —— |RI-20 m == |IRI-100 m

Obr. 6. Parameter IRI - Cicmany Mdj 93
Fig. 6 Parameter IRI - Cicmany May 93
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4. Porovnavacie merani? zariadeni
Profilograph a JP VSDS

Slovenska sprava ciest vlastni meracie vozidlo Profilograph
umoznujuce presnu registraciu premennych i nepremennych para-
metrov cestnej siete.

Profilograph hodnoti pozdizne nerovnosti indexom IRI [5]
a zariadenie JP VSDS parametrom miery nerovnosti C.

4. Comparison measurements of the equipment
Profilograph, JP VSDS

Slovak Road Administration owns a measuring vehicle
,Profilograph®, which enables an exact registration of the road
network’s profile and surface condition.

The Profilograph can evaluate longitudinal unevenness in the
form of a parameter IRI [5]. Our measuring set produces
parameter C.

parameter C and IRI

Compared section - Stre¢no

0,2 0,3 0,4

0,5 0,6 0,7 0,8 0,9 1

lenght [m]

IRI - Profilograf [mm/m]

— Parameter C [rad.m 10E®]

Obr. 7. Porovnanie parametrov C a IRI pre hodnotiace okienko 10 m - Strecno 30. 10. 96
Fig. 7 A comparison of parameters C and IRI for valuation window 10 m - Stre¢no 30. 10. 96

Obidve zariadenia hodnotia rovnaky premenny parameter
v roznej forme, a preto by ich vysledky mali byt porovnavané.

Both measuring equipment evaluate the same parameter in
a different form, whereupon their results should be compared.

Parameters C and IRI

0 0.1 0.2

0.3
length [km]

IRI - Profilograf [mm/m]

—— Parameter C [rad.m.10E®]

Obr. 8. Porovnanie parametrov C a IRI pre hodnotiace okienko 20 m - StrdZov 23. 3. 99
Fig. 8 A comparison of parameters C and IRI for valuation window 20 m - Strazov 23. 3. 99
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Rozdiely hodnotenych parametrov C a IRI pre okienka dizky
10 a 20 m nie si vyznamné (obr. 6 - 8) a preto moZeme konStato-
vat ich realnu kvantifika¢nu sposobilost.

Na zaklade prezentovanych skutocnosti bolo uskuto¢nené
porovnanie hodno6t parametra IRI zisteného Profilografom
a nasim programom len pre okienko dizky 10 m.
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C O MMUNICATION:S

The differences between windows of the length 10 and 20
m are not considerable (Fig. 6), therefore, they can be used for
real valuation of the road longitudinal unevenness. Following
these presented facts, we compared measurements of road
longitudinal unevenness evaluated by the ,Profilograph“ and the
original parameter IRI for window length 10 m- Fig. 8.

IRl [mm/m]

100

Qualification degree

length [m]

200 300 400

— Profilograph - accerelation transducer No. 3 —— IRl - World Bank

Obr. 9. Porovnanie parametrov IRI cesty I/11 pre hodnotiace okienko 10 m - september 1996
Fig. 9 Comparison of the longitudinal unevenness of the road 1/11 for window 10 m

Klasifikacna stupnica na obr. 9 bola uvazovana podla [6]. Na
zaklade uvedeného porovnania mozno predpokladat ekvipolenciu
porovnavanych parametrov IRI avsak uvedenu premisu bude
potrebné potvrdif dalsimi meraniami.

5. Zaver

Analyzu nerovnosti cestnych vozoviek mozno povazovat za
substancialnu ulohu v oblasti inZinierskeho diagnostikovania
cestnej siete, a preto kvantifikacia pozdiznych nerovnosti cestnych
vozoviek tvori fundament uspeSnej implementacie systémov hos-
podarenia s vozovkami.

Porovnavacie merania umoznili predbeznu verifikaciu ampli-
tudovej ekvipolencie dynamickych kvantifikacnych parametrov
pozdiznych nerovnosti cestnych vozoviek C a IRI. Na zaklade
hore uvedenych skuto¢nosti mozno konstatovat vhodnost pouzi-
tia vysledkov JP VSDS pre ucely systému hospodarenia s vozov-
kami [7], [8].
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Following Fig. 9, we can assume that compared parameters
IRI are equivalent. This premise will have to be verified by the
next measurements and comparisons. The qualification scale of
the parameter IRI in Fig. 9 was used according to [6].

5. Conclusions

Analysis of road pavement unevenness can be considered as
one of the ,first aid“ systems to the highway engineer in the
survey of road networks and maintenance diagnosis, whereupon
we can state that the quantification of the longitudinal unevenness
is an essential attribute to the implementation of any Pavement
Management System.

The comparison measurements enabled the preliminary
verification of the unification of road longitudinal unevenness
qualification scales for the parameters IRI and C. Therefore, the
results detected by the JP VSDS can be used for Pavement
Management System [7], [8].
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