") mrmeiiemr CERTAIN workshop Brno 25. 11. 2008

COST354:

PARAMETRY STAVU VOZOVEK
POZEMNICH KOMUNIKACI

PERFORMANCE INDICATORS
FOR ROAD PAVEMENTS

Ing. Josef Stryk
Doc. Ing. Karel Pospisil, Ph.D., MBA

http://cost354.zag.si Seask



CQY. ") mmrammsmimme CERTAIN workshop Brno 25. 11. 2008

® Projekt byl iniciovan FEHRLem a
Rakouskem

B Trvani: 4 roky(+pllroéni prodlouzeni)
B Zacatek reseni: brezen 2004

B 24 zemi se ucastnilo reseni: 23
evropskych plus USA (FHWA)
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B Definovani jednotnych evropskych indexii vozovek jako
nastroje pro podporu rozhodovani spravct pozemnich
komunikaci na arovni celé sitée

B Zohlednéni rozdilnych konstrukci vozovek a rlizné tridy
dopravniho zatizeni

m Klasifikace a urceni hranicnich hodnot pro jednoduché
indexy vozovek (pro planované a existujici vozovky)

B Zaclenéni jednoduchych index@ do kombinovanych
indext

B z hlediska funkce
®m z konstrukcniho hlediska
B z hlediska dopadu na zivotniho prostredi

B Definovani souhrnného indexu vozovek (pro popis celkového
stavu) -> zaklad pro optimalizacni procedury
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PRINOSY
B Srovnani stavu jednotlivych silnicnich siti

a hodnoceni investic¢nich pozadavkii

B Zaklad pro pripravu mezinarodnich
standardtl v oblasti sledovani stavu vozovek

B Vyuziti pri auditech na narodni a mezinarodni Garovni
B RozsSireni trhu zavedenim jednotnych pravidel

B Moznost vyuziti indexti v analyze celkovych nakladi
LCA na narodni a mezinarodni arovni

B Vyuziti pfi hodnoceni rliznych strategii vystavby a
udrzby vozovek

B Vyuziti index(l jako objektivnich hodnoticich kritérii v
souvislosti s privatizaci PK (PPP a jiné modely)
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NAPLN RESENI
= WP1: Sbér adaju a vytvoreni

databaze index{i vozovek
(ZAG, Slovinsko)

= WP2: Vybér a hodnoceni
jednoduchych indexit
vozovek (Univerzita Florencie)

= WP3: Kombinace jednoduchych
indexti vozovek
(PMS Consult, Rakousko)

m WP4: Navrh souhrnného indexu
vozovky (LNEC, Portugalsko)

= WP5: Zavérecna zprava
(TU Viden - prof. Litzka)
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SBER UDAJU A VYTVORENTI

DATABAZE INDEXU VOZOVEK

® Vytvoreni
dotazniku

B Seznam
pouzivanych
indext{l vozovek v
Evrope a USA

B Zahrnuti vysledki
prizkumu do
databaze COST354

®m Zaklad pro praci
ostatnich WPs
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ZAKLADNI POIMY

Parametr stavu

v

:

Technicky

parametr

VOZOVKY
— > prevodni

Performance Indicator

A superior term of a technical road pavement characteristic
(distress), that indicates the condition of it { e g. transverse
evenness, skid resistance, efc). It can be expressed in the
form of a Technical Parameter (dimensional) and/or in the
form of an Index (dimensionless).

Technical Parameter
(TP)

A physical characteristic of the road pavement condition,
derived from various measurements, or collected by other
forms of investigation (e.g. rut depth, friction value, eic.).

Transfer Function

A mathematical function used to transform a technical
parameter into a dimensicnless performance index.

Performance Index (Pl)

An assessed Technical Parameter of the road pavement,
dimensionless number or letter on a scale that evaluates the
Technical Parameter involved (e.g. rutting index, skid
resistance index, etc.)on a0 to & scale, 0 being a very good
condition and 5 a very poor one.

Single Performance
Indicator

A dimensicnal or dimensionless number related to only one
technical characteristic of the road pavement, indicating the
condition of that characteristic (e.g. roughness)

(also called Individual Performance Indicator).

Pre-combined
Performance Indicator

A dimensional or dimensionless number related to two or
more similar (related) charactenstics of the road pavement,
combined into one characteristic (e.g. linear cracking and
alligator cracking combined into cracking) for further
application or combination.

Combined
Performance Indicator

A dimensional or dimensionless number related to two or
more different charactenstics of the road pavement, that
indicates the condition of all the characteristics involved (e.g.
PCI- Pavement Condition Index).

General Performance
Indicator (GPI)

A mathematical combination of single and/or combined
indicators which describe the pavement condition conceming
different aspects like safety, structure, riding comfort and
environment (also called Global Performance Indicator).

Jednoduchy index
vozovky ¥

Kombinovany index
VOZOVKy v

Souhrnny index vozovky

promenny parametr popisujici stav vozovky
(napf. pficna nerovnost, protismykové vlastnosti
apod.) je vyjadren ve formé technickeho
parametru (napf. hloubka vyjeté koleje udavana
v milimetrech) a/nebo ve formé bezrozmerneho
iIndexu (udava se v intervalu 0 az 5, kde 0
znamena velmi dobry stav a 5 velmi Spatny
stav).
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VYBER JEDNODUCHYCH INDEXU VOZOVEK

B Podélna nerovnost PI-E: IRI (international roughness index)
® Pricna nerovnost PI-R: vyjeté koleje

B Protismykové viastnosti PI-F: SFC (soudinitel bo¢niho tfeni)
and LFC (soucinitel podélného treni)

B Makrotextura PI-T: MPD (méreni stredni hloubky profilu)

® Unosnost PI-B: R/D (zbytkova zivotnost / navrhova zivotnost)
and SCI (surface curvature index)

B Hluchost PI-N: v souc¢asné dobé bez indexu

B Znecisténi ovzdusi PI-AP: v soucasné dobé bez indexu

oSrosk
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cCOsT
;ll PERFORMANCE INDICATORS
FOR ROAD PAVEMENTS

1. Performance Indicator details

Sheet 1

Indicator Mame:

Longitudina! Evenness, PI_E

Cescription of Index:

Lengitudinal Evenness is the deviation of the longitudinal profile from a straight
reference line in & wavelength range of 0.5 m-50 m. The reference line is
uzually the intersection of the profile plans and the horizontal plane.

Possible TP=:

Internaticnal Roughness Index, Evenness, Wavelength, Spectral Density,
Longituding! Prefile Varance and others.

2. Proposed Technical Parameter(s)

Technical Parameter{s): Internaticnal Roughness Index, IR Units: mmfm
3. Proposed Transfer function(s), usage and Limitations

T T Pl _E = Max|0; Min|5; (0.1733-1R/? +0.7142- IR/ - 0.0316) 1]
Eanciizn(s). Pl _E = Max(0; Min{5;0.816 - IR/ ) 2]

Usage of Tranafer
Functions{s):

Transformation [1] was developed to create a more restrictive range than

transformation [2] {zee range and sensitivity below). The choice of transfer
function should be bassd on which range best suits the user's network.

Limitations of Propozed
Transfer Funciion{z):

Transformations [1] and [2] are both suitable for all pavement types (flexible,
semi-rigid and rigid}.

Transformations [1] and [2] are both suitable for motorways and primary roads.

4, Range and Sensitivity of Transfer functions

Wery Good > Wery Poor
Longitudinal Evenness, Fl_E Oto1 fto?2 2o 3 Jtod 4105
IR {mm/im) - Transformaticn [1] DD-11 1.1-19 19-26 26-32 32-37
IR1 {mm/im) - Transformation [2] 0DO0-1.2 1.2-25 25-37 37T-49 49-6.1

Figure 6: Sheet 1 - Longitudinal Evenness

KATALOGOVY
LIST:

E nazev indexu
B popis

®E mozné TP

® navrzeny TP

B navrzeneé
transformacni
funkce

B klasifikace a
hranicni hodnoty
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Jednoduchy index vozovky

TRANSFORMACE TP na INDEX (1)

hrani¢éni hodnot 9 | havarijni

4 | nevyhovujici

Index

3 | vyhovuijici

2 | dobry

Technicky Parameter (TP)
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Jednoduchy index vozovky

TRANSFORMACE TP na INDEX (2)

4 varianty - pouzit:

B navrzeny TP a navrzenou
transformacni funkci

B navrzeny TP a vlastni
transformacni funkci

B viastni TP a vlastni
transformacni funkci

B stanoveni indexu primo
(napf. pri lokalnich
merenich)

( Start ,

Create index values
fortechnical
parameter values (at
leasttwo)

Plotthese pointson a
graph (TP on x and PI
onY)

Determine the
line/curve of best fit

Determine new and/or
modified boundary
values

Calculate the range
and sensitivity forthe
line/curve

Is the range
and
sensitivity
suitable?

orosk



D : @ ror roso ravenents CERTAIN workshop Brno 25. 11. 2008

TR

DOPRAVNIHG

CDPR ANMIHC
VYKL

INDEX TRHLINY A PORUCHY

B Trhliny PI-CR: cracking rate (pre-combined PI)
B Poruchy PI-SD: surface defect rate (pre-combined PI)

TP, = Min (100; TP, + TP, + TP £)

zpUusob vypoctu technického parametru liniove trhliny TP :

. 1
Tl:)t:r,L = Min (100; Aper Zn[wn [with,l Zi(scr,],i Li)] 100)
A je celkova sledovana plocha vozovky (referencni),
W, je vaha prislusného typu trhliny (v intervalu 0 - 1),
| it je aktivni Sifka pro pfisludny typ trhliny (napf. 0,5 m),
Serli je zavaznost vyskytujicich se trhlin typu i,
L. je délka vyskytujicich se trhlin typu i.

podobnym zpUsobem se postupuje pfi vypocCtu TP, , (plosné trhliny) a TP, ¢ (trhliny

vztahujici se k ur€itému prvku)

cr.E

pro dalnice: PI-CR = Max (0; Min (5; 0,16 TP_,))

pro silnice prvni tfidy: PI-CR = Max (0; Min (5; 0,1333 TP,,)) P—
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TVORBA KOMBINOVANYCH INDEXU
VOZOVEK

® Vybér vhodnych jednoduchych index{ vozovek pro
tvorbu kombinovanych indexi, tak aby byly
pokryty oblasti

B Bezpecnost jizdy

B Pohodli jizdy

B Stav konstrukce

B Dopad na zivotni prostredi

® Navrh ,,slucovaci™ funkce pri zohlednéni vah
jednotlivych jednoduchych indexti vozovek - 2
zplisoby

orosk
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Kombinované indexy vozovky

Vstupni parametry

o W Bezpecnost Stav Zivotni
s g Pohodlijizdy o T
uroven : jizdy konstrukce | prostredi
minimalni | PI-E PI-F PI-B -
standardni | PI-E. PI-SD. PI-R ?I_P’ PG PI-B.PI-CR |-
timalni PI-E. PI-SD, PI-R, | PI-F, PI-R, PI- | PI-B, PI-CR, | PI-N, PI-AP, PI-
OPUIER | PLT, PLCR T.PI-SD PI-R, PI-E |T,PI-E,PI-SD
Pl-E: podélna nerovnost, PI-F: protismykové vilastnosti, Pl-B: unosnost
PI1-SD: poruchy, Pl-R: pfiéna nerovnost, PI-T: textura
PIl-CR: trhliny
PI-N: hlu€nost PI-AP: znecisténi ovzdusi

orosk
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TVORBA KOMBINOVANYCH INDEXU
VOZOVEK

Pristup 1:

CPI, = Min(S; |+ P latltet 'nj
100 n-1

Pristup 2:
CPI. = I\/Iin(S; |+ |2j

100
kde:
I,=W,PI; I,=W,Pl,; I,=W,Pl;; . I =W Pl a I,2I,2I,2..21I,
p je tzv. faktor ovlivnéni, jehoz hodnota se zpravidla voli 10 az 20 %,
n je pocet indext PI zahrnutych ve vypoétu kombinovaného indexu,
W je vaha indexu zahrnutého do vypoétu kombinovaného indexu.

Kazdy spravce si mize vytvaret své vlastni kombinované indexy, dle potfeby a na
zakladé dostupnych informaci.
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Kombinovany index vozovky

Kombinace dvou jednoduchych indext

m0.00-1.00 H1.00-2.00 02.00-3.00 03.00-4.00 W 4.00-5.00
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TVORBA SOUHRNNEHO INDEXU VOZOVEK

B Pouziti 4 (3) kombinovanych indexti vozovek

® Pri vypoctu jsou pouzity vahy jednotlivych
kombinovanych index, které se lisi na zakladé ciloveé
skupiny pro kterou se souhrnny index vytvari a
kategorie PK:

B spravce PK B dalnice
B uzivatel B silnice I. tridy
B vyzkumny pracovnik B ostatni PK

B 2 pristupy

GPI, = Min5: 1, 1P '2+'3+'"+'nj I, =W, CPL,; I, =W, CPL,;
100 n-1 I, = W, CPL,; I, = W, CPI,
>
GPI. = Min| 5; |1+L |2j a I,21,21;21,
100
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Souhrnny index vozovek

Vahy kombinovanych indext dle cilové
skupiny a kategorie PK

0,50

Relative importance factors - Average values

0,40

0,30 -

0,20 -

0,10 A

0,00 -

> € | e < > €| € i< > €| e c > €| e 1=
g 25 g5 ¢ B Pgs|sft| g | & Ps 5| ¢ B Ps|st ¢
© S E|ER S © S E|ER S © S E|ETR IS © S E|ER €
» 'x8/¢2 5 2 23 ¢2 5 | 2 |83 /%2 5  © x§|¢:s &
o O ® 5 = o Ol ® 5 = o O | ® 5 = k> O | ® ﬁ =
o) o = ) o = e o g o o =
o w o w o w o w
Motorways Other Primary Roads Secondary Roads Other Roads
@ Road Administrator @ Road Operator O Road User O Researcher

oSrosk



D J:;:Fs::;:.ii:::::::’“ CERTAIN workshop Brno 25. 11. 2008

Moy l
DOPR AVMIHO

LA # (4 Ly o
WVYZEKUMLI

Analyzy v Excelu

Analyza citlivosti — srovnani obou pristupli
pri riznych vahach CPI - Rakousko

AT example - General Pl - Comparing Alternatives 1 and 2 with different weights

o 5,00 4
© 4,50 -
4,00 -
3,50 -
3,00 4
2,50 I\
2,00 -
1,50 -
1,00 -
0,50 4
0,00

—— WP4, A1 —— WP4, A2 A+O mean, A1 A+O mean, A2 A+O median, A1 Chainage
A+O median, A2 —— U mean, A1 — U mean, A2 ——— U median, A1 e U median, A2
\ R mean, A1 R mean, A2 R median, A1 R median, A2 J

oSrosk



cCOsT
PERFORMANCE INDICATORS
. FOR ROAD PAVEMENTS
CENTRUM

DOPRAVNIHO

CERTAIN workshop

Brno 25

. 11. 2008

VYZKUML

Analyzy v Excelu

Podklad pro primeé uplatnéni

Length (krn} Width {m)

7.0
7.0
7.0
7.0
7.0
7.0

Proposed CF| Weights

| Comfort Index rC |
Road Sediocn Homogeneous sedtion
Road Categony 10 Mr. Desmipticn From {(Em) To {(kmj
| Erimary 1= |1121 3,000 0,550 0 550
I'—_"D== —elmgmy 1181 0,550 1,200 0,850
——— 1181 1,200 3,880 2,750
ka,m__ 1181 3,950 5,100 1,150
Primary T 1181 5,100 5,050 0,250
Primary ¥ 1181 8,050 8,700 2,850
Frimary ¥ 1181
Erimary F 1181 11
. i r E
Primary - 1181 Chosse CFl waights combinstion —
Primary 1181 | Riding Comfort Rosad Safety
Primary ¥ 1181 1 070 T.00
Frimary ¥ 1181 i i
Motoreay ¥ o010 0.70 1,00
Motorway ¥ 0010 o 1o
_ "f_ r 0.70 1,00
Motoreay 0010 0,70 1,00
0.70 1,00
0.70 1,00
0.70 1,00
0.70 1,00
0,70 1,00
0.70 1,00
0.70 1,00
0,70 1,00

Administrator = Operalor mean
Agimini=tralor— Oparalor madan
Lssr mean

L median
Fesmancii=r mean
Smemarciimr madian

0,80
0.80
0,80
0,80
0.80
0,80
0,80
0.80
0,85
0.85
0.65
0,85

0,20
0,30
0,30
0,30
0,30
2,20
0,30
0,30
0,25
0,25
0,25
0,25
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COST354 Webova stranka

CcCOST

PERFORMANCE INDICATORS
FOR RDAD PAVEMENTS hosted by mi

Home Sclutions Objectives Benefits Work programme Organisation Timetable Members Deliverables

Home

Welcome

The specification of perfarmance criteria from the perspectives of both road users
and road aperators is a key prerequisite for the efficient design, construction and
rmaintenance of road pavements, Particularly the increasing use of life-cycle
analyses as a basis for the selection of road pavements and the decision of
whether or not to implement a systematic road maintenance scheme calls for an
exact definition of the goals to be achieved andfor the performance criteria to be
satisfied, The extent to which goals are reached or performance criteria satisfied
can be guantified by calculating special indexes characterizing the road
pavement, which in turn permits an assessment of the efficiency of certain
approaches from both a commercial and a macro-economic standpaoint,

For a Europe-wide harrnonization of standards to be met by road pavements it
therefore appears useful and appropriate to specify pavernent characteristics in
terms of uniform “performance indicators® for different road categories.

Download project overview (POF)

This COST Action was initiated by

FEHRL
T http://cost354.zag.si
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~ European cooperation in the field of scientific and technical research

COST 354
FINAL SEMINAR

The way forward for
pavement performance
indicators across Europe

The way forward for pavement
performance indicators
across Europe

July 7, 2008, 6:15 PM

Final Report 3d Eyropean Pavement and

Asset Management Conference
EPAM3

COST Action 354 Performance Indicators for Road Pavements

coar
S -

Coimbra, Portugal

further information see: http://www.epama3.org
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