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ABSTRACT

This paper focuses upon a case study to conductdtmmation for pavement performance
curve using the archived highway pavement dathenstate of Sao Paulo. One of the most
important issues for the pavement asset managamtnkeep the accuracy of estimation for
a deterioration prediction model. The deterioratpediction model, based on the Kyoto
Model, formulates the regularity of the deteriavatprocess of pavement using hazard model
and represents the deterioration probabilities askbl/ Transition probabilities. This study
experiments the estimation for deterioration penfmnce based on Kyoto Model using
archived data of pavement inspection carried outHighway in the State of Sao Paulo and
the practical availability was investigated.
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INTRODUCTIONS

Recently, the idea of the asset management for gmal maintenance work on the
infrastructure system in which a huge stock is fednis promoted and a vast amount of
studies about infrastructure asset management bheee reported. Asset management has
been achieved by continuous accumulation of a tyané knowledge data generated from
annual maintenance works. Especially, the developrokthe inspection technology which
gathers information about deterioration of infrastures contributed greatly. Furthermore,
knowledge database, including deterioration dathrapair record, improved PMS functions
and made it possible to provide useful informafempavement management.

For infrastructure asset management implementatibnis important to formulate a
deterioration forecasting model of infrastructueility. In the case of road pavement
management, automatic data acquisition system ltectdhe pavement condition data in a
quantitative way has been introduced, therefons, piossible to acquire huge inspection data
quickly. The statistical methodology to forecastdeterioration model of road pavement
condition using archived inspection data has beea widely.
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Various methodologies for estimation of deteriamatiorecasting model have been proposed.
In this paper, above all, the methodology, namegotd Model”, is used to estimate a

deterioration forecasting mode. Kyoto Model formetathe regularity of the deterioration

process of pavement using hazard model and repsefiem deterioration probabilities as

Markov Transition probabilities using archived iespon and repair data. In addition, the

case study using Kyoto Model is described for tighwway in the State of Sao Paulo.

RESEARCH FUNDAMENTALS

Outline of the research

A large number of studies were conducted to devétepmethodologies for estimating the
deterioration prediction model of infrastructureilities. For example, HDM-4 is one of the
world-famous pavement management systems. HDM-dinexjseveral input data in order to
calibrate deterioration prediction curve suitaledctual road conditions.

The methodology, called as Kyoto Model, is proposedtatistically estimate a deterioration
performance curve using archived data including pepection and repair history data. The
deterioration prediction model, based on the Kydidel, formulates the regularity of the
deterioration process of pavement using hazard madd represents the deterioration
probabilities as Markov Transition probabilitiehéelspecial feature of Kyoto model is that it
aims at evaluating pavement performance and supphtie feedback for next planning;
therefore Kyoto Model has high affinity with PDCA(RN — DO — Check - Action) cycle for
pavement management.

This study experiments the estimation for detetioraperformance based on Kyoto Model
using archived data of pavement inspection cawigdor Highway in the State of Sao Paulo
and the practical availability was investigated.

In this research, it was concluded that the Kyotmd®! is capable to estimate a sufficient and
practical performance curve using the minimum dAtao, we described that a continuous
accumulation of archived data is important for aatihg the performance based on PDCA
cycle.

Highway in the State of Sao Paulo

In Federative Republic of Brazil, the total lengfitroad is approximately 1.6 million km, and
the road of 0.12 million km is paved. The way cddanaintenance is divided into two type,
one is direct control and the other is concessiontract. Concession contract will be
introduced strongly especially for main highway lwlarge traffic. In the management of
State road, concession contract will be populavels In the State of Sao Paulo, the paved
road in 5,000 km of the total road in 23,000km nggthby the State of Sao Paulo is managed
on concession contract. ARTESP(Public Services Regy Agency of Transportation
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Fig. 1 Whole Structure of Kyoto Model Pavement Management System

Delegates of the State of Sao Paulo) has a redplitysof management of concession
contract in this State and has periodical inspadii@mta of managed road.

Kyoto Model

Kyoto model which is the methodology to be usedhie case study is described simply.
Kyoto model has a hierarchal structure involving thanagement cycle for budget control
and the strategic management cycle. The manageyeetfor budget control supports daily
maintenance work. On the other hand, the strategicagement cycle aims to control daily
work by monitoring from the view point of stratedevel and point out for improvement of
management work based on PDCA cycle. Road pavemanagement work is described by
this hierarchal management cycle and that wholega® of management work is formulated
by logic model. On the other hand, various kindiatia required by daily maintenance work is
accumulated into pavement database and they aexraef for decision making in
maintenance work and are used as evaluation indiexjic model for assessment. The one of
the most important function of Kyoto Model is theetimodology to estimate a deterioration
forecasting model using actual inspection and reggahived data.

Deterioration Forecasting Model

The methodology to estimate a deterioration forogsfor road pavement conditions is
explained briefly.
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Markov Transition Probabilities

The deterioration process of road pavement can dsmulated as Markov transition
probabilities. The deterioration process of pavenenncertain and forecasting future states
cannot be accomplished deterministically. The Markransition probability is used to
represent the uncertain transition of the condistate of a pavement segment during two
points in time.

The observed condition state of the pavement segatetimeta is expressed by using the
state variablé(tn). If the condition state observed at titaes i, then the state variablgta)=i.

A Markov transition probability, given a conditi@tateh(ta)=i observed at timé,, defines
the probabilities that the condition state at tifattime (g for example) will change th(tg)=].
That is

Prolfh(t; = j | h(t,)] =7, 1)

The Markov transition probabilities matrix can kefided by using the transition probabilities
between each pair of condition stéie j ) as

M= : "~ (2)

From the definition of transition probabilityr ;=0 (i>j). Then, it holds for the Markov
transition probability

T >0
m; =0(when i> j) 3)

PR

And in this caser ;;=1.

Multi-Stage Exponential Hazard Model

By using the exponential hazard function, it isgiole to represent a deterioration process of
a pavement segment that satisfies the Markov prpgedependency from past history).

The Markov transition probabilities;=(2) that a transition in the condition state frono j
(j>i) occurs between the inspection time potat@ndts =ta+z becomes

7;(2) = Prob[h(zg) = j [h(z,) =1]

imil 2 j-1 y) (4)
S *—expE4,z
[1 7 expcn2)

m=i s=i S_ﬁ“mﬁm s+l m
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Here the following notation rule is given.

I A 1 (when m=i)
yl/7‘3_/7‘m

H"*L:l (when m= j)

= ﬂ“sa-l - ﬂ“m

The hazard rate characterizing the deterioratiacgss of a pavement segment is considered
to change in relation to the vect®ras follows:

A = xB; (5)

where Biis a row vector of unknown parameters. And alsingishe parametest which

indicates variability characteristic of hazard ratemparative assessment of deterioration
speed can be formulated using mixture hazard ntbdely as follows:

A=A (6)

where 4 is the average hazard rate of grougk @nd heterogeneity parametef is a
stochastic variable which expresses the degressbdation from average hazard rate.

CASE STUDY

Archived Inspection Data for Estimations

In this case study, the performance curve of pamtroendition was estimated by using the
inspection data of the highway managed by ARTESBaa Paulo. Inspection archived data
managed by ARTESP has condition data, such adnRirfational Roughness Index) and QI
(Quarter-car Index), of each pavement segmentatetieby periodical inspection. Condition

inspection is conducted every year and its dag@atuated every 200m of pavement segment.

As data for estimation of performance curve in ti@isearch, inspection data collected from
2007 to 2010 on the roads of SP150 (Rodovia Ana)i€8P160 (Rodovia dos Imigrantes)
and SP 248(Rodovia Conego Domenico Rangoni) wad. Udee target condition index was
IRI.

In order to estimate a performance curve, two tingpection data are required. Unknown
parameters for calculation of Markov transition abilities is estimated using sample data
involving a pair of inspection data and the infotima of inspection interval. Some sample
data of the section where the condition rank ofitfRinproved are excluded because it can be
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Fig. 2 Route map and location of the target route

assumed that that segment was repaired. Finaynaimber of sample data for estimation is
3,707.

Estimation Results

Table. 1 shows the definition of condition rankiofyIRI and the estimation result of the
hazard parameters in the case of bench-markinghémnore, the estimation result of
heterogeneity parameters by each target routessribed in Table. 2 and the performance
curves(expected life length of pavement surfacdjensich-marking and each route is drawn in
Fig. 3.

The average life length of pavement surface of tBlcondition rank 6 (IRt5) is
approximately 24 years. The deterioration speettheninitial stage of deterioration is faster.
On the other hand, the deterioration speed afterctndition of rank 5 (IR} 4) is rapidly
increasing.

The comparison of deterioration speed among roshesvs that the deterioration speed of
route SP150 is faster rather than the bench-markasg(k =1.21) and the heterogeneity

parameter of route SP160 is 0.83, which meansthieatieterioration speed of route SP160 is
gradual.

Table. 3andFig. 6describes the results of the comparison of detgiomn speed among lanes. In this
results, there are no differences of deteriorasjpeed among routs. Generally, deterioration spéed o
pavement surface is affected by some characteyisgticch as traffic volume, surface type, pavement
structure, etc. In this research, these facturesnat included in data to estimate the deterionatio
performance. Actuary marginal lane has some pavesegments which surface type is segment
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concrete. The issue that remains is the impactysisabf these characteristics of each pavement
segment.

Table. 1 Estimation Result (Bench-Marking Case)

IRI (mm/m) Condition Ranking Hazard Rate
0<IRI<1 1 0.9826
1<IRI<2 2 0.2025
2<IRI<3 3 0.1623
3<IRI<4 4 0.1202
4<IRI<5 5 0.4893
5<IRI 6 -
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Condition Ranking (IRI)
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Fig. 3 Performance Curve (Bench-Marking and Each Route)

Table. 2 Estimation Result (Comparison among Routes)

Route Name Epsilon
SP 150 121
SP 160 0.83
SP 248 0.93
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Fig. 4 Performance Curve of SP150 and SP160 (Comparison among Routes & Lanes)

Fig. 5 Pictures of SP150 and SP160
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Fig. 6 Performance Curve of SP248 (Comparison among Routes & Lanes)
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Table. 3 Estimation Result (Comparison among Routes & Lanes)

SP 150 SP 160 SP 248
Lane Name Epsilon Lane Name Epsiloh Lane Name &psil

NORTE_FX1 1.17 NORTE_FX1 0.92 LESTE_FX1 0.96

NORTE_FX2 1.15 NORTE_FX2 0.97 LESTE_FX2 0.94

SUL_FX1 1.07 NORTE_FX3 0.93 OESTE_FX1| 1.00
SUL_FX2 1.04 NORTE_FX4 0.95
MARG._NORTE_FX1 0.97 SUL_FX1 0.91
MARG._NORTE_FX2 1.01 SUL_FX2 0.88
MARG._SUL_FX1 1.05 SUL_FX3 0.93
MARG._SUL_FX2 1.03 SUL_FX4 0.94

CONCLUSIONS

This paper shows the importance of deterioratioriop@ance evaluation using inspection

data to achieve effective road asset managemeetpaper is a case study to estimate the
deterioration performance by using inspection dditdhe highway in Sao Paulo. In this case
study, the deterioration performance of IRl wasnested and the pavement segments which
has the deterioration speed greater deviating ftbm bench mark case based on the
comparison of deterioration speed among routeslamels are discovered. The methodology
proposed by this research is a part of the evalmatif the PDCA cycle of road asset

management.

It was shown that unusual segments of deterioragjpeed can be identified. The results
derived are useful information for maintenance piag. By changing the evaluation

segments, it is possible to find out a variety ailgpematic road segments. It is important to
improve the management system continuously foiirtiementation of effective road asset
management. The research results suggests a solistiocarrying out the continuous

improvement based on the PDCA cycle.
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