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Analysis of experimental pavement failure data using duration medels

by Jorge A Prozzi' and Samer Madanat®

Abstract

Predicting pavement performance under the combined action of traffic and the environment
provides valuable information to a highway agency. The estimation of the time at which the
pavement conditions will fall below an acceptable level (failure) i1s essential to program
maintenance and rehabilitation works and for budgetary purposes. However, the failure time of a
pavement is a highly variable event; terminal conditions will be reached at different times at
various locations along a homogeneous pavement section. A common problem in modeling event
duration 1s caused by unobserved failure events in a typical data set. Data collection surveys are
usuvally of limited length. Thus, some pavement sections will have already failed by the day the
survey starts, others will reach ternunal conditions during the survey period, while others will
only fail after the survey 1s concluded. If only the failure events observed during the survey are
included 1n the statistical analysis (disregarding the information on the after and before events),
the model developed will suffer from truncation bias If the censoring of the failure events is not

accounted for properly, the model may suffer from censoring bias.

In this paper, an analysis of the data collected during the AASHO Road Test is presented. The
analysis is based on the use of probabilistic duration modeling techniques. Duration models
enable the stochastic nature of pavement failure time to be evaluated as well as censored data to
be mcorporated in the statistical estimation of the model parameters. The results, based on sound
statistical principles, show that the failure times predicted with the model match the observed

pavement failure data better than the original AASHO equation.

! Research Assistant, Department of Civil and Environmental Engmeering, UC Berkeley, CA, 94720, Tel: 510-231-
9470, Fax- 510-231-9553, email jprozzi@uchnk4 berkeley edu {corresponding author)

% Associate Professor, Department of Civil and Environmental Engmeering, UC, Berkeley, CA, 94720, Tel 510-
643-1084, Fax 510-642-1246, email madanat@ce berkeley edu



1. Introduction

Predicting the actual performance of a specific pavement section under the combined action of
highway traffic and environmental conditions provides valuable information to the highway
agency for proper planning of maintenance and rehabilitation activities, budget estimation and
allocation of resources. Pavement failure 1s a highly variable event which not only depends on
layer material properties, environmental and subgrade condition and traffic loading, but also on
the specific definition of failure adopted by the highway agency. Failure is usually defined in
terms of amount of cracking, rut depth, surface roughness, skid resistance, or combinations of

these or other indicators of performance Two types of pavement performance are of interested to

the pavement engineer

o Functional performance a subjective measure of the quality of the riding condition of the

road from the users’ point of view, e.g. serviceability, nding quality, etc.

(ii) Structural performance a more objective measure which takes into account the

appearance of various forms of distress such as cracking, rutting, raveling, faulting, etc.

Observation of in-service pavements, accelerated pavement tests (APT), and laboratory and desk
studies are used to evaluate pavement response and performance and to establish failure models
for pavement life predictions. The best among these models have incorporated some kind of
mechanistic-empirical considerations of the fajlure process. Although these mechanistic-
empirical approaches include some stochastic considerations of material properties,
environmental conditions and/or traffic loading, their predictions are m general determunistic

(point predictions) and therefore, unrealistic.

The first full scale APT experiments were conducted in the United States in the late 1950s and
they consisted of specially built sections subjected to actual traffic loading. Three such tests

deserve special mention because of the influence they exerted on pavement design: The



Maryland Test, The WASHO Test and, the most important, the AASHO Road Test.

The objective of this study was to develop performance models to predict pavement failure time
based on the data collected from accelerated pavement testing facilities such as the AASHO
Road Test (HRB, 1960). These data are commonly known as experimental pavement failure data,
to differentiate them from in-service pavement data, such as the FHWA Long Term Pavement
Performance (LTPP) data. Paterson and Chesher (1986) have applied the same method to in-
service data as part of the development of the HDM III model (Paterson 1987).

2. Background

2.1 The AASHO Road Test

The AASHO Road Test took place in the late 50s and was located near Ottawa (IL) The site was
chosen because the soil in the area was umiform and representative of soils 1n large areas of the
country. The chimate was also considered to be representative of many states in the northern
United States (HRB, 1960). Hence, only one subgrade material was evaluated during the
experiment as well as only one chmatic region. Even though both condition are typical of large
areas of the United States, the use of the results outside these conditions should be subjected to
detailed assessment of their apphicability. Besides, estimation of the effects of other subgrade

material and/or environmental conditions cannot be attained with this data set

The test tracks consisted of four large loops, numbered 3 through 6, and two small loops,
numbered 1 and 2 Each loop was a segment of a four-lane divided highway whose north
tangents were surfaced with asphalt concrete (AC) and the south tangents with Portland cement

concrete (PCC) Only loops 2 through 6 were subjected to traffic, all vehicles assigned to any one



traffic lane had the same axle arrangement-axle load configuration. Table 1 shows a summary of
the traffic loading configuration applied to each loop and lane. Whenever possible, the traffic
was operated at 35 mph on the test tangents. A total of approximately 1,114,000 axle load
repetitions were applied from November 1958 until December 1960.

Table 1: axle arrangement and axle load configurations

Leoop Lane Axle . Weight in kips
configuration Front axle Load axle | Gross weight
2 1 1-1 2 2 4
2 2 1-1 2 6 8
3 1 1-1-1 4 12 28
3 2 1-2-2 6 24 54
4 1 1-1-1 6 18 42
4 2 1-2-2 9 32 73
5 1 1-1-1 6 224 51
5 2 1-2-2 9 40 89
6 1 i-1-1 9 30 69
6 2 1-2-2 12 48 108

Most of the sections on the flexible pavement tangents were part of a complete experimental
design, the design factors of which were surface thickness, base thickness and subbase thickness
The dimensions of the main factorial designs were 3x3x3, that 1s, three levels of surface

thickness combined with three different base thicknesses and three subbase thicknesses.

The material used for the construction of the AC surface, base and subbase layers were kept the
same for all sections, hence, the effect of the material properties on pavement performance
cannot be assessed form the data of the main experimental design. Other experiments aimed at

assessing different surface and base materials were also conducted during the AASHO Road Test




but were not part of the main experimental design and therefore, were not considered in the

development of the models presented in this paper

2.2 Regression models

The initial attempts at developing performance models made use of regression to develop
pavement damage functions. Damage functions are mathematical equations aimed at predicting
a specific distress, response or reduction in functional performance as a function of traffic
loading or time The first form of such function was developed based on the analysis of the data

of the AASHO Road Test. The form of the damage function was the following

(Es4
g =|— (1)
p
where g, : damage at time £,
ES4, number of equivalent standard 18 kips axle loads applied up to time ¢,

ESA required to produce a damage level defined as failure, and

B . power that represents the rate of damage increase.

The parameters p and £ (estimated by regression analysis) differ with the type of distress and are
functions of a variety of explanatory variables consistent with the form of performance under
consideration. In the AASHO design equation, the damage function is defined in terms of the

serviceability index ratio:

gtzpo_pt (2)

po_pf

Where p,and p, are the initial and terminal conditions as measured by the present serviceability



mdex (PSI), and p, is the value of PSI at time t. Based on the above definition of damage, the
form of the AASHO performance model was:

A
p=p,- (po -Py )[5%) 3)

The damage function given in Equation (1) resulted from accelerated testing in one environment
and essentially for one subgrade, so new damage functions applicable to other environments and
subgrades were needed Research incorporating mechanistic principles and new experimental
data (Rauhut et al, 1983) developed improved models for the prediction of the reduction in PSI,
rut depth and fatigue cracking. These researchers developed models that could be applied to a
wider range of conditions than those conditions prevailing during the AASHO Road Test.

Another improvement to the original AASHO Road Test performance model was due to the
assumption that an S-shaped curve would predict more realistic long-term pavement performance
(Garcia-Diaz and Riggins, 1984). That 1s, it was recognized that the pavement deterioration rate
decreases towards the end of the pavement life. This behavior 1s typical of pavements that have
received adequate routine maintenance in the past The same study alsc introduced the idea that

pavement distress 1s better represented by two separate components- extent and degree.

A similar basic approach has been used recently (Sebaaly et al, 1995) to develop nine
performance models for flexible pavement maintenance treatments The authors of this study
concluded that the nine models developed have very good fit to data as measured by the
coefficient of determination (Rz) of the regressions. It was also observed that the sign of the
variables’ coefficients were sometimes opposite to engineering judgment This situation was
attributed to the presence of outliers within the data set, without further analysis of the possible
statistical significance of these outliers. However, 1t is also possible that some fundamental errors

were committed during the statistical analysis of the data. Because each data set consisted of



pavement sections which recetved a specific treatment, and because the treatments were not
assigned randomly by the highway agency, 1t is likely that these data were selected and that the
resulting models suffered from selectivity bias (Madanat and Mishalani, 1998)

Orther authors have established that AASHO’s functional specification and statistical estimation
of the coefficients in the deterioration model were seriously flawed due to inappropriate
treatment of censored observations (Paterson, 1987; Small and Winston, 1988) and proposed
new estimates based on Tobit analysis (Small and Winston, 1988) The latter study also
established that the origimal AASHO models overestimate the life of thicker pavements (those
with large structural number) and concluded that this is a possible reason for higher traffic
highways not performing as expected It should also be recognized that prediction of the
estimated life for thick pavements (based on the AASHO Road Test data) involves extrapolation
well beyond the range of direct observation (Recall that during the AASHO Road Test just over a
million axle load repetiions were applied) Although several researchers have proposed
mmprovements to the original AASHO equation, these improvements never enjoyed the

widespread applicability that the original equation did

2.3 Duration models

The initiation of pavement distress 1s a highly variable event, that is, distress occurs at different
tumes at various locations along a homogeneous piece of road Hence, the time of failure should
be represented by a probability density function rather than by a point estimate Because data
coliection surveys are in many cases of limited duration, in addition to the considerable
variability in failure times, there 1s the difficulty of unobserved failure events 1n a typical set of
pavement condition data (Paterson, 1987). Often, only the distress events observed during the
survey are included imn the statistical analysis Therefore, important information about the

stochastic and mechanistic properties coming from the before and after events are excluded



causing a bias in the model. These excluded events are known as censored data (Greene, 1993).
Both the stochastic variations and the censoring of the dependent variable can be addressed by
using an estimation procedure based on the principles of failure-time analysis (Kalbfleisch and

Prentice, 1980, Paterson and Chesher, 1986, Paterson et al, 1989). The procedure makes use of.

(i) the statistical method of maximum likelihood estimation to take into account both censored

and uncensored data (as described m Section 3.2), and

(ii) a distribution that enables the variability of failure times to be estimated from the data. As
explained further in Section 3 3, a Weibull distribution was selected for this purpose because

it was considered 1o be representative of the failure process.

Due to the randomness of pavement failure and the fact that information is usually available over
a Iimited period, duration models accounting for censored data seem to be a sound approach to
deterioration modeling. This 1s specially the case when experimental pavement data are used,
because such data sets consist of continuous observations of pavement performance, allowing the

analyst to obtain precise measurements of failure times

3. Modeling approach

3.1 General

Terminal pavement conditions will be reached at different times at various locations along a
homogeneous road. If we refer to this time as 7, we can consider 7 as a random variable with a
given density f (7) In general, pavement engineers are interested in the probability that the
pavement will not have failed by a certain age , this 1s represented by a survival function S (7=¢)
= § (t) By definttion, S (¢) = Pr (z> 1) = 1 - F (1), where F (1) is the cumulative distribution

function of 7



As indicated earlier, data collection surveys are usually of limited length and, in general, they do
not start at the begmmng of the pavement life. That is, for a given data set, some pavement
sections will have already failed by the day the survey starts, others will reach terminal

condrtions during the survey period, while others will only fail after the survey is concluded.

If only the failure events observed during the survey were mcluded 1n the statistical analysis
(disregarding the censored imformation on the after and before events) the model developed
would suffer from truncation bias. If the censoring of the failure events is not accounted for
properly, then the model may suffer from censoring bias. The information on the affer events is
of particular importance in representing the stronger, long-life pavement sections; while the
information of the before events reflects the performance of the lighter pavement structures By
using probabilistic duration techniques, both the stochastic variation of failure tuimes and the
potentiality of censored data are incorporated in the development of the model (Kalbfleisch and

Prentice, 1980, Paterson and Chesher, 1986, Paterson et al, 1989)

3.2 Censored data

To give the analysis general applicability, the random variable 7 will be defined as the time from
initial construction of the pavement section until a preset terminal condition level 1s reached If
the collection data survey extends from 1 = 1y years after construction (or rehabilitation) until T =

t; , then the following conditions are mutually exclusive:
@ 7 < 1y, the pavement has failed prior to the mitiation of the data collection survey. In this
case, we define D; = /, otherwise D; = 0

(ify 2y < 7 £ ty, this condition mmphes that failure has occurred during the observation period

In this case we define D, = 1, otherwise D; = 0. We also define ¢ as the observed value of 7



(i)  # < 7, failure has not occurred by the time the data collection survey concluded. In this

case we define D3 = I, otherwise D; = 0.

Under conditions (i) and (iii) above the actual failure time 1s unknown so a new random vanable

T is defined such that:
T=tyif D;=1
T=¢tif Dy=1,and

T=tf1fD3=]

By taking a sample of pavement sections values for D;, D;, D; and T are obtained and then, the
joint probability is considered in order to develop a maximum likelihood estimator. The joint
probabulity consists of the product of the probability mass function of the discrete variables Dy,
D, and D3 and the probability density function of the continuous variable 7.

The discrete variables D;, D; and D; have a multinomial distribution with the following

probability mass function
PD;=1)=F(ty),
P{Dy=1)=F(t)-F (1) and

P(Ds=1)=1-Fyy) =S(y)

Conditional on D; = / or D3 = I, t is respectively #, or # with probability one in each case

Conditional on D; = 1, t has the following truncated probability density function given by:

f<zlt0<t<tf)=—1?(;;{:—ft_)}y(—t5 (4)

10



Multiplying marginal and condrtional probabilities the joint probability for each section is

obtained as follows:

P(D, "D, "D, nt)=F®O> &> S®)> S

The pavement failure model can be developed by expressing the conditional failure time n terms

of exogenous variables X (such as traffic and pavement characteristics) and parameters § as

follows:

P(D, A D, "D, n1X,0) = FUX.0) f({HX.0)" SX.0)™ ©

The estimation of # can be achieved by using maximum likelihood estimation. The maximum
likelihood estimator of @ is the value of @ which maximizes the likelihood function. 1.e, the

product of the joint probabilities of the # observations in the sample:

L(@)=P(D,,D,...D,;t,,t,. 1,|X,0) = ﬁF(r, X,.0% Ft]X,.0™S¢X,.0%> ()
F=1

Equivalently, the log-likelihood function can be maximized:

InL(g) = i{Dl, log F(1,|X,.0) + D, log f(1,|X,.8) + D, log S(t,|X,,6)} (8

=]

é 15 obtained using numerical methods Under general conditionsé 1s consistent and efficient.

1



3 3 Variahility of failure time

The time to failure of a given pavement section depends also on the definition of failure used. In
the AASHO road test, a pavement section was considered to have failed when its present

serviceability index reached a value of 1 5. Our discussion of failure 1s given 1n this context.

The hazard rate function A(z), a concept used in reliability theory, i1s proportional to the

probability that failure will occur mm a short time interval given that 1t has not occurred

previously. It 1s defined as:

_ SO _f@®_ dlaS@
A(’)”i—F(r)‘S(r) T ar ©

Hence, the hazard rate 1s the rate at which failure will occur after a time ¢, given that 1t has not
happened yet at time 7. For our purposes 1t may be preferable to model the hazard function rather
than the density function, the cumulative density function. or the survival function In any case,
all four are related as indicated in the previous equation. Another useful equation for working

with the hazard function is the integrated hazard function.

AR = ]’A(r)dz, hence  S(f)=e O (10)

Modeling hazard rate

As indicated previously, it seems more appealing to model the hazard function directly and then,
for estimation purposes, differentiate to obtain the density. For instance, in the case of
pavements, 1t could be argued that the hazard function 1s increasing or decreasng. However, it is

more likely that the hazard function increases, i.e. that the rate at which failure occurs increases

with pavement age

12



Therefore, a variable rate hazard function that results in a Weibull distribution was used in this
study In this case, the rate can either increase or decrease depending on the value of the

parameter p, (p = 1) that is estimated from the data. The Weibull hazard function 1s given by.

) =Ap(A)y*,  hence  S@t)=e M’ an

The parameters € = (4, p) of this model can be estimated by maximum likelihood. Assuming that

the data set does not mclude left-censored observations, the log-likelihood function is:

nL(g)=) D, Inf(t|8)+ YD, nS,|6) (12)

Exogenous Variables

The parametric model described above can be extended to account for the effect of exogenous
factors in shaping the survival distribution. In the case of the prediction of pavement failure

time, the extension of the Weibull model will be considered:
A, =e % (13)

Where 8 1s a vector of parameters, and X, 15 a vector of exogenous variables for pavement

section : which are assumed not to change from construction time (7 = ¢ ) to the failure time (T
=t) Making A a function of a set of exogenous variables is equivalent to changing the umts of
measurement on the time axis For this reason these models are sometimes called “accelerated

failure time” models The following transformation is used-

nt, -9X,

c=— and w, = pln(dt) = 1 (14)

The density and survival functions in terms of w become:

fw)= (i) exp(w, —e™) (15)
o

13



S(w,) = exp(-e™) (16)
The log-likelihood function becomes:

InL@)=>" [D,Inf(w,)+D; InS(w,)] (17)

The hazard function depends on 7, p, and X The signs of the estimated coefficients suggest the
direction of the effects of the variables on the hazard function when the hazard is monotonic In

the case of the Weibull model, the expected duration is easily computed as:

Elx, |= exp(p8X,) (18)

It should be noted that in the failure time models, the goodness of fit cannot be properly assessed
by the coefficient of determunation. Furthermore, because the model used is not a linear
regression model, there is no obvious equivalent to the conventionally reported standard error.
In order to assess the significance of the parameters, the Berndt, Hall, Hall and Hausman
(BHHH) estimator or actual derivatives can be used to estimate asymptotic standard errors for the

estimates (Paterson 1987).
4. Application

In Section 2, the form of the selected deterioration model developed during the analysis of the
AASHO Road Test data was presented (Equations 1-3). During the original analysis of the
AASHO data, it was proposed that the values of £ (deterioration rate) and o (number of
repetitions to failure) should be expressed as a function of pavement and traffic characteristics

(HRB, 1960). The resulting equation for p was-

14



_A4,(D+hAL*

19
L+ Ly ¢
where D : structural number of the pavement section,
L; : axle load 1 kips,
L . dummy variable (L,=1 for single axles, L,=2 for tandem axles),

A, .4, : parameters

3

The data used for the estimation of the parameters of the above eguation are given mn the
appendix to Report 5 of the AASHO Road Test (HRB, 1960). The parameters of the above
equation were originally estimated using an ad-hoc stepwise regression procedure, and the
following equation was developed (HRB, 1960):

_10°®(D+1)°% L,

(L + L) 0

Further details of how the parameters of this equation were estimated are unclear 1n: the literature.
In particular, it is uncertain how the censored data were accounted for. Despite all its known
flaws, this equation (or slight variations of it) has been the main tool for the design of bituminous
roads in the U.S. and around the world for almost half a century It 1s also well known that a
number of studies have reported great variations between the predictions of the above equations

and the performance of actual pavements (Paterson, 1987; Small and Winston, 1988)

In the present study duration models were used to develop a counterpart to the above equation. In
the context of the AASHO Road Test data, the observation pertod started with new pavement

sections. Therefore, none of the pavement failures occurred prior to the observation period and

15



thus the problem of left-censorihg was not observed On the other hand, several sections had not
reached failure at the end of the experiment (approximately 1,114,000 axle repetitions). Thus,

there are a number of affer events, which are right-censored observations

An extension of the Weibull model was used, in which the hazard rate was a function of
exogenous variables. These variables were the same regressors used in the AASHO model,
namely D, L; and L,. The details of the estimation are presented in Table 2 and Figures 1 and 2,
which show the plots of the hazard and survival functions estimated in this study, respectively.

Table 2: Estimation Resuits

Variable Estimated parameter t -statistic
Constant 12.15 50.93
log(D+1) 6 68 37.03
log(Ly) 262 12.30
log(Li+Ls) -303 -23.47
c 0.75 17.62

Dependent vaniable. number of axle load repetitions to failure ( o). Number of observations 284

Thus, by using duration models, the resulting equation is:

E|p]=exp(12 15+ 6.68In(D +1)+2 62In(L,) ~3.03In(L, + L,)) 1)

Which, transformed into a similar form as the AASHO equation, results in the following
exXpression:

10528(D+1)668L2262

22
(Ll-i-l,z)ws 22)

16




It can be seen that the parameter estimates 1n equation (22) are smaller in magnitude than the
corresponding estimates in equation (20) It is also important to notice the high statistical

significance of all the parameter estimated based on the t-statistics given in Table 2.
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Figure 1: Hazard rate function.

The use of duration model enables the estimation of pavement Iife as well as 1ts probability
distribution. By using the distribution of pavement life instead of a pomt estimation, a reliable
sensitivity analyses can be carried out in order to estimate the impacts of different maintenance
and rehabilitation strategies, and the effects of different budgets on the conditions of the road

network.

Thus, from the engineer point of view is more relevant to know the probability that a given

pavement section will fail given that it has not failed to a given date. This is given by the hazard

17



function and is represented in Figure 1 The hazard function is used for assessing the reliability of
the various pavement sections The estimated value for the parameter p of the Weibull model was
1.34 (i.e bigger that one) so the rate at which failure occurs is expected to increase with

pavement age (Figure 1).

SURVIVAL FUNCTION

0 A S U
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Figure 2: Survival function.

Other important mformation, which is directly available when using duration models, is the
probability that the pavement will last longer that a given time T =t. This information is given by
the survival function (Figure 2). Once the hazard and the survival function are known, the
probability distribution can be determined by the product of the two, as indicated by Equation 9.

The predictions of pavement lives obtained by using this new equation match the observed lives

better than those obtained by using the original AASHO equation (Figure 3) This can be

18



objectively measured by the estimates of the standard errors of the two models, which are given
by the square root of the average squared residuals. The standard error of the AASHO equation is
0.65 while the standard error for the duration model equation 1s 0 42 This represents a reduction
m the standard error of the forecast of about 35 percent Thus, the new equation is not only

statistically sound but also fits the data better than the original AASHO equation
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Figure 3: Observed versus predicted pavement performance.

An important aspect to be noted in Figure 3 is the fact that, in general, both equations (the
original AASHO Equation and the new based on duration model techmiques) seem to
overestimate the performance of those pavements that had failed during the test That is, there are

many more points above the equality line than below it

Figure 4 shows the performance of a random sample of 56 sections (20 percent of total); the

section have been numbered in order of ascending observed pavement life. It can be seen that for

19



light pavement structures, the duration model over-predicts more that the AASHO model. For
those sections of average strength, both models prediction are similar. Finally, for heavier
pavement structures, the AASHO model tends to over-predict pavement life while the duration

model yields fairly good predictions.
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Figure 4: Comparative performance of both models.

By the end of the test, 237 out of 284 of the sections of the main experiments design had actually
failed The original AASHO Equation predicted that 215 would fail, while the duration model

predicted 253. That is, an error of -9 3 percent and +6.8 percent respectively.

The exponent of the variable (L; + Ly) is of particular interest since it indicates the sensitivity of
the pavement sections to overloading Hence, it is an indicator of the damage coefficient of the
well-known power law. It should be noted that the new exponent is 36 percent lower that the

original one. Because this exponent has a significant influence on the design of heavy traffic
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pavements, this difference is expected to have important economic consequences. This aspect,
which has been observed for many researchers over the past 35 years, has never been paid the
necessary attention. One the one hand, the effect of heavy loads on pavement damage is over-

predicted but, on the other hand the effect of lighter loads is under-estimated.

The use of duration models enables a more comprehensive assessment of the stochastic nature of
failure time. Not only the expected life of the road is determimed, but also its probabilistic
distribution The hazard rate function and the integrated hazard rate function are determined in
the process too The survival function, which represents the probability that a given pavement
will exceed a given life, is also obtained, thus providing valuable information to the pavement

engineer 1n charge of managing the road network.

5, Discussion

In this study, an analysis of the data collected during the AASHO Road Test was conducted This
analysis 1s based on the use of probabulistic duration modeling techniques Duration techniques
enable the stochastic nature of pavement failure time to be evaluated as well as censored data to
be incorporated 1n the statistical estimation of the model parameters Due to the nature of the
road failure phenomenon, the presence of censored data is almost unavoidable and not

accounting for such data would produce biased model parameters

The model developed in this paper has two main advantages over the oniginal AASHO model.
First, 1t is based on sound statistical principles, and therefore 1t is free of any subjective
judgment. Second, the failure times predicted with the newly developed model match the data

better than the original equation; as the results show, there was a reduction of about 35 percent in

the standard error of the forecast
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The estimate of the coefficient of the axle load obtained in this study is significantly lower than
the estimate obtained by the AASHO researchers. This finding indicates that the exponent of the
power law used by pavement engineers in the computation of load equivalency factors may be

overestimated Further analysis of the data should be conducted to verify this finding.

Prediction of facility performance is a critical component of the pavement management process
at both the project and network levels Previous research has demonstrated the cost-benefit of
accurate prediction of pavement deterioration (Madanat 1993). In a set of simulation
experiments, the minimum expected life-cycle costs of a pavement section were found to
increase rapidly with the standard error of the deterioration model forecast. This paper has
shown that probabilistic duration modeling methods have the potential to improve the accuracy
of pavement deterioration prediction. Using such models in the context of pavement

management should therefore lead to tmportant lifecycle cost savings.
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