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Abstract

The road performance management system in pavement maintenance is based on the existing condition of the
road, both functionally and structurally. Various road performance indices were developed to determine the
quality of asphalt pavement and road maintenance strategies, such as the Pavement Condition Index (PCI) and
International Roughness Index (IR1) methods which provide an assessment of road performance conditions in
terms of damage and roughness. The main objective of this study is to analyze the relationship between road
performance using the Pavement Condition Index (PCI) and the International Roughness Index (IRI). Based on
the results of the two methods, the researcher processed the data by developing linear and non-linear regression
models to obtain the best relationship model for the East Ring Line of Lumajang Regency. The data shows that
on the Lumajang Regency East Ring Road, the average PCI value is 26.76 with the poor category, the IRI value
is 7.92 with the poor category. One of the sections on the East Ring Road section, namely the JLT Tukum
section with a segment length of 5.000 m, has a PCI value of 49 which is included in the poor category and the
IRI value for the JLT Tukum section is 5.6 which is included in the fair category. Based on the analysis results,
the best model for the Tukum East Ring Road is a non-linear exponential regression model with the equation
IRI = 200 (1 — 0.02)" and a value of R? = 0.94.
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1. Introduction

The implementation of a pavement management system is an important part of producing comfortable and safe
road infrastructure [1]. The determination of the pavement maintenance management system is based on the
existing condition of the road pavement both functionally and structurally. Structural condition is the ability of
the road surface to withstand vehicle loads, and functional condition is the ability of the road surface to provide

good serviceability, comfort and safety for its users.

Pavement condition evaluation is considered as one of the main components of pavement design and
rehabilitation in a pavement management system [2]. Various road performance indices have been commonly
used to determine the quality of asphalt pavement and road maintenance strategies, such as the Pavement
Servicebility Index (PSI), Pavement Condition Index (PCI), and International Roughness Index (IRI) [3]. The
PCI method is the most widely used index for assessing pavement conditions [4]. PCI is widely accepted to
describe the overall condition of the pavement surface of a road section [2]. However, its implementation takes a
long time and is not suitable for busy traffic because it causes traffic problems [5]. Apart from the PCI method,
the IRI method is also often used to evaluate road conditions [6]. This method can only record the value of the
flatness of the road surface passed by vehicles which indicates the level of comfort for road users, so it cannot

describe the overall condition of road damage [7].

In addition, there is another regression method regarding the relationship between IRI and PCI values in
Francisco that was developed by Dewan and Smith [8]. Road damage failure is a consideration in modeling,
such as alligator cracks, block cracks, longitudinal cracks, transverse cracks, groove cracks, and weathering. The
results of this study indicate that modeling with linear regression has a good value, with the formulation of

linear regression 1, namely:
IRI = 0.0171(153 — PCI)(R? = 0.53) ()}

The relationship between IRI and road damage is presented by Mactutis and colleagues on his research [9]. In
this connection, the value of IRI depends on the type of damage that occurs. Damage that is taken into account
includes fatigue cracks (alligator and longitudinal cracks) and rutting, while other pavement damage is not taken
into account. IRI values ranged between 0.825 and 3.454 the majority between 0.825 and 1.7. This study shows

the effect of the type of fatigue crack damage on IRI, while the type of rutting damage has no effect on IRI.

The linear regression model for estimating IRI based on the level of road damage was developed by Sandra and
Sarkar [10]. The types of damage considered in the estimation of IRI values are cracks, holes, rutting, raveling,
and patching. The results of this study indicate that the road with the greatest impact on the model on Indian

roads is potholed and decomposed roads with an R? value of 0.986.

Elhadidy and colleagues discusses the relationship model between PCI and IRI. As a result, the best relationship

was found between PCI and IRI with a coefficient of determination (R2) of 0.995 [4].

The main objective of this research is to investigate the relationship between the Pavement Condition Index
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(PCI) and the International Roughness Index (IRI). To achieve this goal, the location of the Tukum East Ring
Road, Lumajang Regency, which is an alternative route connecting Jember Regency and Surabaya City, was
chosen to be the research review. IRl data and road damage for several types of damage are supporting
parameters for analyzing the relationship between the PCI and IRI. The distinctive point of this study is the
analysis and comparison of the relationship between the PCI and IRI carried out on the Tukum East Ring Road

section, Lumajang Regency by considering several factors.

The difference between this study and previous studies lies in the modeling of the relationship between IRI and
PCI. Previous studies have analyzed the relationship between IRI and PCI using one model (linear or nonlinear)
without dividing the data into several segments. In this study, the relationship between IRl and PCl was
investigated by comparing several features and models, namely Exponential Regression, Power, Linear, and
Dewan & Smith Modeling.

2. Methodology
2.1. Study Location

The research location is on the East Ring Road section of Tukum, Lumajang Regency with a length of 5.500 m.
The East Ring Road (JLT) of Lumajang Regency is an important access that connects the North Lumajang
section with the South Lumajang section and connects Lumajang Regency with Jember Regency. The East Ring
Route is an alternative that is often used by motorists, including trucks with heavy loads, to pass through

Lumajang Regency without going through urban areas. Figure 1 shows the location used in this study.
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Figure 3: JLT Tukum linear regression.

2.2. Data Collection

The data needed in the analysis of the relationship between the PCI and IRI on the Tukum East Ring Road

section of Lumajang Regency was obtained through the Public Works and Spatial Planning Office of Lumajang
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Regency. As for some of the data needed, namely the Lumajang Regency road map which includes
administrative data and road classification, IRl (International Roughness Index) data, IRl (International
Roughness Index) values which are roughness indexes through direct measurements in the field using the
NAASRA (National Association Of Australians) tool. State Road Authorities), and road damage data in the
form of dimensions of each road damage, such as curling, grooves, subsidence and alligator skin cracks. Road

damage data obtained from survey results in the field.
2.3. Pavement Condition Index (PCI)

The Pavement Condition Index (PCI) is a method developed by the U.S Army Corp of Engineers which is used
to assess road pavement conditions [11]. PCI is based on the results of a visual condition survey [12]. The steps
that must be taken in determining the PCI value include determining the type of damage, the severity of the

damage, the amount or density of damage [13, 14]. PCI is a numeric index whose value ranges from 0 to 100.

Table 2: PCI value index.

PCI Value Ranking Category
85 -100 1 Excellent
70-85 2 Very good
55-70 3 Good

40 - 55 4 Fair
25-40 5 Poor
10-25 6 Very poor

2.4. International Roughness Index (IRI)

The International Roughness Index (IRI) is an unevenness parameter that is calculated from the cumulative
amount of rise or fall of the surface in the direction of the longitudinal profile divided by the distance/length of
the surface being measured [15]. There are several tools that can be used to obtain IRI values, including using
the NAASRA Roughmeter [16].

Table 2: IRI value index.

IRI Value Ranking Category
Very good
Good

Fair

Poor
Very poor

abhownN -

2.5. Regression Analysis

Regression is a measure of the relationship between two or more variables which is expressed in the form of a
relationship/function. A clear separation is needed between the independent variable and the dependent variable,
usually symbolized by x and y. In regression there must be a determined variable and a determining variable or

in other words, there is a dependence between one variable and another variable. The two variables in the
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regression are usually causal or causal, that is, they influence each other. Thus, regression is a form of a
particular function between the dependent variable y and the independent variable x or it can be stated that

regression is a function y = f(x). The form of regression depends on the function or equation it has [17].
2.6. Residual Sum of Squares (RSS)

Residual Sum of Squares (RSS) is the sum of the squares of the residuals (the predicted deviation from the
actual empirical value of the data) used to measure the difference between the data and the estimated model in

linear regression [18]. A good RSS value is one that is close to 0 [19].
2.7. Root Mean Squared Error (RMSE)

Root Mean Squared Error (RMSE) is the average value of the sum of the squared errors and can also express the
size of the size of the error produced by an estimation model. If the RMSE value is low, it indicates that the
variation in the value obtained by an approximate model is close to the variation in the observed value [20]. The
prediction model is said to be the best if the value and RMSE are 0 [21].

RMSE = |yn Giv)® @)

=1 4,
2.8. Mean Absolute Error (MAE)

Mean Absolute Error (MAE) is one of the methods used to measure the accuracy of forecasting models. The
MAE value shows the average absolute error between the forecasting/prediction results and the real value. MAE

calculates the average error by giving the same weight to all data intuitively [22].
1
MAE = -3%.1f; — vil 3)

3. Results and Discussion
3.1. IRl and PCI Values

IRl and PCI values are two benchmarks for assessing pavement performance conditions. IRl and PCI have
different levels of variation in values. The range that is owned on IRI is relatively smaller than the range of

values on PCI. The recapitulation of IRl and PCI values can be seen in Figure 2.
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Figure 2: Recapitulation of IRl and PCI values.

The Tukum East Ring Road section has an average PCI score of 49 which is included in the poor category.

While the IRI value on the Wonorejo East Ring Road section has an average value of 4.1 which is included in

the medium category. To find out the comparison between road conditions based on the PCI method and road

conditions based on the IRl method can be seen in Table 3.

Table 3: IRI value index.

Section Parameter Number of Unit Mean Min Max
Section
PCI 50 m/km 49 10 96
LT Tukum 2y 50 m/km 5.6 2 10

3.2. Relationship of IRl and PCI Values

The results of the evaluation of road conditions based on the PCI value and the IRI value, a statistical test

analysis was carried out to determine the relationship between the road damage value (PCI) and the road

unevenness value (IRI). The statistical test analysis was carried out on IRl and PCI data using the 5 models that

have been developed. As can be seen in Figure 3, this is the distribution of the initial data in modeling the

relationship between IRl and PCI values.

Jalur Lintas Timur OP (Tukum})

25 50 75 100

Figure 3: JLT Tukum linear regression.
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The relationship model between IRI and PCI values was developed through 5 models, of which 3 models were

non-linear regression and 2 other models were linear regression as shown in Table 4.

Table 4: Non-linear regression models.

Non-linear regression

Equation Models

Geometric y=a.el™
Exponen y=a(l+hb)
Power y=a.1l/(x"
Linear y=8,1-(0.05x)

Dewan & Smith y =0,0171 (153 — X)

The coefficient that best fits the data can be obtained from the initial estimated value of a and b. The tool used in
determining the initial estimated value of a and b is using the desmos graph calculator. Furthermore, by using
the nls function with the Gauss Newton algorithm, the a and b values that best fit the data can be obtained which

can be seen in Table 5.

Table 5: a and b coefficient.

a b Equation

10 -0,014 IRI =10 . eC00M47FCD

200 -0,02 IRI =200 (1 -0,02)°
860 1,8 IRI=a.1(PCI")

8,1 - 0,05 IRI = 8,1 (0,05 PCI)

Based on the regression results on the Tukum East Ring Road section, the estimated value is negative.

This shows that the greater the PCI value on the road section, the smaller the IRI or roughness value that occurs

on the road segment.

Cross validation is data resampling that uses different parts of the data to test and train the model in different
iterations. In this analysis using 10 data divisions. The following are the results of the RSS for each model on

the Tukum East Ring Road section which are shown in Table 6.

Table 6: RSS results.

Section Models RSS
Model 1 1,51
Model 2 1,46

JLT Tukum Model 3 2,16
Model 4 1,75
Model 5 134,12

Based on the RSS value that has been obtained, the smallest RSS value is selected to proceed to the test using
previously sorted test data. On the Tukum East Ring Road section, model 2 was chosen with an average RSS of
1.46. After selecting the model with the smallest average RSS value, then proceed with testing using the test

data that was separated at the beginning.
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3.3. Model Validation

It has been mentioned that 20% random data is set aside at the start of the modeling process. The randomization
of the selected data is set aside for the model validation process. Furthermore, the predicted IRI values or
modeling results are compared statistically with the data IRI values. Validation is carried out by considering the
RSS, RMSE, MAE and R? values, where the concept of validation is the value of the difference between the IRI
data value and the predicted or modeled IRI value. Table 7 is the result of the recapitulation of the accuracy
value of non-linear regression modeling using exponential equations on the JLT Tukum segment and in Figure 4
is a data plot of the distribution of IRI values as a result of modeling or prediction with IRI values. The R? value

in table 9 shows that the predictor variable x (PCI) is able to explain the response of the variable y (IRI) of 0.94.

Table 7: Results of non-linear regression modeling.

Ruas Equation RMSE MAE R®
JLT Tukum IRI =200 (1 —0,02)™ 0,6031 0,4132 0,94
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Figure 4: IRl model with IRI data.

3.4. Analysis

As mentioned earlier, the development of this research is in data processing carried out in several sections and
the development of IRI and PCI relationship models in the form of Exponential, Power, Exponential, Linear
Regression and Equation of Results of previous researchers. Research conducted by (Dewan & Smith, 2005)
(Sandra & Sarkar, 2013) (Elhadidy and colleagues 2021) uses the Linear relationship model. The estimated
value obtained in the regression model is negative. This shows that the greater PCI value on the road section, the
smaller IRI or roughness value that occurs on the road section. In some ranges, PCI and IRI values have no
acceptable relationship. In the data collected in this study, the majority of the PCI data range according to IRI 2-
4 is 85 - 100.

At JLT Tukum, Lumajang Regency uses RSS per section which states the value of the difference between the
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IRl model results and the IRI data. Based on the best RSS value of the exponential model, the smallest RSS
value is used as the basis for selecting the best model and model validation. Model validation reviews several
values, namely RMSE, MAE and R2. The modeling results state that the average value of the sum of the
squared errors is 0,603, the average error error is 0,413 and the effect of the PCI value on the IRI value is 0,94.
The relationship modeling plot using IRI = 200(1-0,02)PCI between IRl and PCI can be seen in Figure 5.

Several things affect the IRI and PCI relationships on each section, namely:

- Classification of the type of road chosen affects the relationship between IRl and PCI values, research
(Dewan & Smith, 2005) predicts IRl and PCI values without considering the type of road classification,
only considering the type of damage that occurs.

- The influence of the type of pavement failure in each area has a low impact on roughness. Examples of
failure or damage in question are edge cracks, because they can increase the level of damage but do not
provide a high degree of roughness.

- The range of IRI and PCI used is limited to the regulations of the Ministry of Public Works of

Highways, further analysis is needed on the need for appropriate IRI and PCI ranges.

PCl
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Figure 5: Relationship between IRI and PCI.

4. Conclusion

The PCI value considers the type of pavement damage or failure on each road section and the IRI value is
obtained based on the road roughness obtained through the NAASRA tool. Each road section has different IRI
and PCI values due to the different types of pavement damage that occurs in each section. Aiming as a reference
in making decisions related to maintenance and repair of road pavements, this research was conducted to
develop the relationship between two pavement qualities, namely IRI and PCI. The relationship model for IRI
and PCI uses the Tukum East Ring Road section, Lumajang Regency, which was obtained through the Public
Works and Spatial Planning Office of Lumajang Regency. The PCI value for the JLT Tukum section is 49

which is included in the poor category, while the IRI value for the JLT Tukum section is 5.6 which is in the fair
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category. Judging from the edge cracks on the road, it can be seen that the higher the edge crack value, the
higher the PCI value obtained and the lower the IRI value.

The exponential non-linear regression relationship model has the highest correlation value with the fewest errors
compared to other linear and non-linear regression models. Therefore, in terms of the RMSE, MAE, and R?
values, exponential regression was chosen as the best model for connecting IRI and PCI in thes JLT Tukum
section. Based on the results of non-linear regression analysis, the equations obtained from the two methods are
IRl = 200 (1 — 0,02)"® and the value of R? = 0.94. The meaning of the determination value obtained is the

magnitude of the accuracy of the PCI relationship modeling on the IRI value of 0.94.

Suggestions in future research need to do a thorough review of the variables that affect road damage such as
weather, traffic density and road pavement implementation methods to produce more accurate relationships and
results.

5. Recommendation

This research was conducted on several sections of the Lumajang East Ring Road with the same classification.
It does not consider other variables that affect road damage, such as weather factors, implementation methods,
and traffic density. Recommendations for future research need to compare the IRI and PCI relationships on
several sections with different road classifications and a thorough review of variables that affect road damage,
such as weather, traffic density, and road pavement implementation methods, to produce a more accurate IRI
and PCI relationship.
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