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1.0 EXECUTIVE SUMMARY 

The District Department of Transportation (DDOT) conducts pavement condition assessments to 
determine the physical health of its roadway network and to identify the need for improvements such as 
maintenance, resurfacing, rehabilitation and reconstruction. There are several types of pavement 
condition indices that are used by highway agencies to assess the improvement needs, two of which are 
the International Roughness Index (IRI) and Pavement Condition Index (PCI). IRI is typically determined 
by using specialized equipment for measuring variations in pavement surfaces that serve as input into 
established computer algorithms. Meanwhile, PCI is based on subjective rating of observed pavement 
conditions. Both pavement indices are very important since they collectively provide a comprehensive 
indication of the structural and functional condition of pavements. DDOT collects IRI and PCI data for the 
Federal roadway system on an annual basis and on the local system every other year.  IRI is the only 
index required as part of the Highway Performance Monitoring System (HPMS) reporting to the Federal 
Highway Administration. In addition to IRI, DDOT uses PCI as an input into the agency’s asset 
management and programming decision-making process, especially for local roads. 

In order to eliminate the subjectivity in reporting PCI while reducing cost and labor, several jurisdictions 
and states have modeled the relationships between IRI and PCI so that PCI could be predicted from the 
IRI (or vice versa). This research was aimed at developing a model for predicting PCI of roads in District 
of Columbia, using 3 years of IRI and PCI datasets. The data used was obtained from DDOT for 2009, 
2010 and 2012; IRI-PCI data for 2011 was not available. The IRI-PCI models were developed by functional 
classification and by pavement type. 

Analyses of descriptive statistics by functional classification (from the mean IRI and PCI values) suggest 
that freeways have a smoother ride than arterials, followed by collectors and local roads. Similarly, 
when the data was analyzed by pavement type, the results show that concrete pavements were 
smoother than composite pavements followed by asphalt pavements in the District. 

The regression models developed using Ordinary Least Squares (OLS) method to predict PCI from IRI by 
both functional classification and pavement type were determined not to be statistically significant 
within the margin of error (5% level of significance). This was based on the fact that the R2 values ranged 
between 0.008 and 0.0730, indicating that the models could explain very small percentages (up to 7.3%) 
of the variations in the data. In addition, the Root Mean Square Errors (RMSE) for the models were all 
determined to be greater than 1, indicating that the models do not accurately predict PCI values from IRI 
even though ANOVA tests showed statistically significant F values (p < 0.05). The latter only confirms 
that the regression coefficients (β1) are not zero at 5% level of significance.  
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Regression Models by Functional Classification 

Functional Class Model Equation R2 Adj. R2 
ANOVA t- Statistic 

RMSE F - 
value p-value β1 p-value 

Freeways log(PCIFWY)= -0.202[log(IRIFWY)]+ 2.336 0.073 0.054 3.8561 0.055 -0.202 0.055 1.250 
Arterials log(PCIART)= -0.101[log(IRIART)]+ 2.092 0.021 0.020 184.641 0.000 -0.101 0.000 1.243 

Collectors log(PCICOL)= -0.077[log(IRICOL)] + 2.030 0.008 0.008 37.507 0.000 -0.077 0.000 1.321 
Locals log(PCILOC)= -0.225[log(IRILOC)]+ 2.404 0.035 0.035 365.835 0.000 -0.225 0.000 1.387 

 

Regression Models by Pavement Type 

Pavement Type Model Equation R2 Adj. R2 
ANOVA t- Statistic 

RMSE F - 
value p-value β1 p-value 

Asphalt log(PCIASP)=  -0.115[log(IRIASP)]+ 2.131 0.013 0.013 67.623 0.000 -0.115 0.000 1.304 
Composite log(PCICOM)= -0.056[log(IRICOM)]+ 1.986 0.006 0.006 35.875 0.000 -0.056 0.000 1.227 
Concrete log(PCICON)= -0.222[log(IRICON)]+ 2.431 0.053 0.051 29.134 0.000 -0.222 0.000 1.288 

 

In addition, predicting segment level PCIs using the model yielded unacceptable level of variances between the predicted and observed values.  
Thus, it does not appear that the regression models (developed using the OLS method) can be applied in practice.  Further research can be 
conducted to determine whether a more sophisticated prediction tool, such as artificial neural networks, can be used to accurately predict PCI 
from IRI. 
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2.0 INTRODUCTION 

The District Department of Transportation (DDOT) conducts pavement condition assessments each 
year to determine the physical status of the roadway network. DDOT uses the compiled data to 
program improvements such as maintenance, resurfacing, rehabilitation and reconstruction. The 
type of pavement improvement is dictated by the extent of the distress severity. The annual 
condition assessment is typically conducted using specialized field equipment to collect distress and 
ride quality data. The specialized equipment comprises of a custom-designed camera mounted at 
the back of the survey vehicle, which takes photographs of the pavement at speeds no greater than 
50 mph. The distress photographs are reviewed by trained pavement engineers and technicians who 
classify the distress (if any) of each section of the pavement by type, severity and extent. The 
pavement condition index (PCI) ranges from zero to one hundred, with zero indicating a very poor 
pavement condition and one hundred a very good one. Using an established equation, and based on 
the engineers’ (or technicians’) subjective evaluations, the distresses found on the sections of 
pavement within a city block are combined to determine the overall PCI for that block. 

In addition to distress data collection, the specialized equipment is used to obtain road profile data 
that serves as an input to computer algorithms for calculating the pavement smoothness or 
roughness: the resultant calculation is known as the International Roughness Index (IRI). IRI is 
measured in in/mi or m/km, where a high IRI value indicates a rougher ride quality. IRI values may be 
categorized as shown in Table 1. 
 

Table 1: IRI Condition Criteria 
IRI scale (in/mi) Description 

 <=60 Very Smooth 
61 – 120 Smooth 

121 – 170 Fair 
171 – 220 Rough 

 >=220 Very Rough 
 

PCI and IRI are very important since they collectively provide to an extent a comprehensive 
indication of the structural and functional conditions of the pavement. Only IRI is required as part of 
the Highway Performance Monitoring System (HPMS) reporting required by the Federal Highway 
Administration (FHWA). 

The literature suggests that distresses in pavement surface (PCI) influence the smoothness (IRI) of a 
pavement. As a result, in order to eliminate the subjectivity in determining PCI, some jurisdictions 
have modeled relationships between IRI and PCI with the aim of predicting PCI from IRI. The aim of 
this research is to develop a model that would enable PCI to be predicted from IRI records for 
roadways in District of Columbia. 
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3.0 OBJECTIVE AND POTENTIAL BENEFITS 

The objective of this project is to use previously obtained distress (PCI) and smoothness data (IRI) of 
sections of roadways in the District to establish a relationship between PCI and IRI for various 
roadway classifications and pavement types. It is anticipated that the outcome of this research may 
reduce the time for collecting, reviewing and processing distress photographs for PCI determination 
and thereby eliminating the annual routine subjective rating of pavement distress. In addition, the 
expense for obtaining and analyzing the field data for determining the PCI could be eliminated, 
except for specific purpose of upgrading established relationships. 

Finally, if successful, this research aimed to develop a predictive tool or model that could reduce the 
need to collect PCI data as frequently. Under the assumption of a 4-year cycle for data revalidation, 
for the first three years of the cycle only IRI data would need to be collected; in the fourth year, both 
IRI and PCI data would be collected and analyzed. By reducing the required data collection and the 
labor hours for obtaining PCI values once every four years, this research project could potentially 
save DDOT an estimated $750,000 over a four year cycle (in 2014 dollars, assuming no cost 
escalation). This is a savings of almost 30 percent over the current collection schedule. 
 

4.0 LITERATURE REVIEW 

Pavement smoothness or roughness can be expressed as the extent of the non-existence or 
existence of surface irregularities that affect the ride quality of road users. Research has shown that 
smooth roads, on the whole, cost highway agencies less over the life of the pavement resulting in 
decreased highway user operating costs, delay costs, fuel consumption and maintenance costs. 
Pavement roughness is measured by various automatic multifunctional measuring instruments or 
devices and is quantified using the International Roughness Index (IRI), an internationally accepted 
parameter. IRI was first defined in the late 70’s by the National Cooperative Highway Research 
Program (NCHRP) Report 228 and was adopted by the World Bank (Gillespie 1980) as a universal 
scale. IRI is one of several pavement indices required for annual reporting to FHWA by each state on 
the annual HPMS report.  

IRI is measured by automation using a road profiler, which produces a series of numbers to 
represent the profile of the road by combining a reference elevation, height relative to the 
reference, and longitudinal distance. Examples of road profilers include the Profilograph, Dipstick 
Auto-Read Road, and Inertial Profilers (Sayer et. al.1996). Response-type road roughness meters or 
profilers are typically used to collect IRI data and are usually mounted on specialized vehicles with 
computer technology to monitor pavement roughness as shown in Figure 1. The device records the 
displacement of the vehicle chassis relative to the rear axle per unit distance traveled, usually in 
terms of counts per mile or foot (Shalfizaden et al. 2002).  Other instruments measure pavement 
roughness in terms of the number of inches per mile that a laser, mounted on a vehicle, jumps as it 
is driven across roads at speeds of over 30 mph. These instruments are connected to calibrated 
computer models which are used to calculate and report a corresponding number indicating the 
roughness or smoothness of the roadway driven. This ensures that the IRI values reported are 
comparable and repeatable, regardless of the test vehicle (Shalfizaden et al. 2002).  
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FHWA recommends a threshold of 170 in/mi (2.7 m/km) for acceptable ride quality in its 2006 
strategic plan for the National Highway System. The lower the IRI value, the smoother the ride and 
vice versa. Table 2 provides the pavement condition criteria for all functional road classifications in 
the national highway system (Dewan, 2012). 

 
Figure 1: Specialized Van for IRI Data Collection 

 
 

Table 2: FHWA Pavement Condition Criteria 

Road Quality Terms IRI Threshold (in/mi) 

Good < 95 

Acceptable < 170 
Source: Dewan, 2012 

Park et al. (2007) established a power relationship between PCI and IRI using data from nine states 
and provinces in Northern America. The IRI-PCI data set used in the study used were extracted from 
the DataPave program for the regions of Delaware, Maryland, New Jersey, New York, Vermont, 
Virginia, Ontario, Quebec and Prince Edward Island and spanned the period from 1991 through 
2000.  The power model proposed was 

𝑃𝐶𝐼 = 𝐾1 ∗ 𝐼𝑅𝐼𝐾2 

which led to a transformed linear regression model as follows: 

log 𝑃𝐶𝐼 = 2 − 0.436 log(𝐼𝑅𝐼) 

The R2 value of the model was determined to be 59%. The plots of the residuals and normal scores 
were used to confirm the normality and homoscedasticity of the model’s distribution.  

In 2012, Shahnazri et al. (2012) estimated PCI values from other pavement indices (other than IRI) 
based on different types of distresses and severity levels using two optimization techniques: artificial 
neural networks (ANN) and genetic programming (GP). The models were developed based on PCI 
data gathered from more than 1,250 km of highways in Iran. A feed forward ANN was used with the 
network being trained using the back propagation method. In addition, the root-mean square error 
(RMSE) fitness function was used for the GP approach. From the results, the ANN- and GP-based 
projected values were determined to be in good agreement with the field-measured PCI values. The 
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reported R2, RSME and mean absolute error (MAE) for the ANN-based models were respectively 
0.9986, 0.99, and 0.49, whereas they were equal to 0.9898, 2.63, and 1.79 respectively for the GP-
based model.  

Another model for IRI as a function of PCI was developed for the Bay Area cities and counties in 
California with the intent of using the model in estimating user costs/benefits in their pavement 
management system. SAS statistical software was used for the modeling and regression validation 
resulting in the following equation: 

IRI = 0.0171(153 - PCI) 

where IRI is in m/km. The model's R2 value was 0.53 with a coefficient of variation of 28 percent. The 
actual and predicted values of IRI were compared graphically to depict the dispersion of data and for 
model validation (Dewan 2012).  

A 2002 study conducted using data from varied roadway pavement sections from the North Atlantic 
region in the United States and Canada resulted in the development of a relationship between the 
PCI and IRI. The model confirms the acceptability of the IRI as a predictor variable of the PCI based 
on the existence of the resulting strong correlation between the two variables (from the ANOVA) 
and an R2 value of 0.66 for the model. In addition, the results showed acceptable corresponding p-
values from the ANOVA and t-tests for this model which also suggest the acceptability of IRI as a 
predictor variable of PCI at a 99% significance level. The model is depicted in Figure 2 (Dewan and 
Smith 2002). 
 

Figure 2:  PCI – IRI Model 

 
Source: Dewan, 2012 

Concerned about its inability to make pavement repair and maintenance decisions that are 
supported by motorists’ perception, DDOT launched an exploratory study in March 2007 (Noel and 
Arhin 2007). Three roadway classifications were considered in the study: freeways, arterials and 
collectors. The study utilized IRI averages for both directions of travel on the selected segments of 
roadways. The perception of subjects who traveled in one direction was also observed. The 
correlation between IRI and motorist perception for freeways and arterials, based on the R2 statistic, 
were 0.56 and 0.63 respectively. The R2 value for collectors was determined to be 0.24, which is 
considered to be relatively low. Although the exploratory study showed some promise from a 
statistical perspective, the report recommended an expanded study, with more segments where 
direction of travel would be considered for the specific lanes selected for each road segment. 
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In 2013, a neural network model was developed to estimate IRI from PCI. The model was however 
only based on data obtained for construction work zones. The predicted IRI values from the model 
were compared with the actual IRI values measured using MERLIN (Machine for Evaluating 
Roughness using Low-cost Instrumentation) along the construction work zones. The researchers 
used Levenberg-Marquardt back-propagation for the estimation of IRI from PCI. The neural network 
model developed was trained and tested resulting in an R2 value of 0.86 and MSE of 0.041 which 
indicate that the performance of neural network is satisfactory and feasible for the prediction IRI 
(Vidya et al. 2013). 

The literature review uncovered a variety of statistically significant models or relationships between 
the IRI and PCI (and other pavement indices). Most of the studies reviewed indicate the acceptability 
of IRI as a predictor variable of PCI with variations in the confidence level. IRI, which is a profile-
based statistic, is shown to be an ideal predictor (or independent variable) since it has the advantage 
of being repeatable, reproducible, and stable with time. More importantly, IRI is not a subjective 
measure, compared to PCI.  The statistical significance of some of these relationships or models 
developed also suggest that one variable can be predicted or estimated from the other, depending 
on data availability and quality.  

Several relationships involving other pavement indices have been developed by several jurisdictions 
whose environmental conditions differ. The following is a summary of the models previously 
mentioned in the literature review: 
 

Jurisdiction Model R2 MSE 
US Mid-Atlantic States and 
Canada  log(PCI)=2-0.436.log(IRI) 0.59 - 

California  IRI=0.0171*(153 - PCI) 0.53 - 
Washington, DC ln(IRIFreeways)= 6.672 – 0.42.PSR 0.55 - 
India Artificial Neural Networks (Vydia) 0.86 0.041 
Iran Artificial Neural Networks (Shahnazri) 0.99 0.99 
Iran Genetic Programming 0.98 2.63 

 

In addition, some of these models may have been developed based on data compiled in suburban 
areas, and data from dense areas within that jurisdiction and may or may not have been included. As 
a result, a model developed for one jurisdiction is often inappropriate for another jurisdiction, 
especially the District of Columbia, which is a dense urban city. As a result, unique IRI-PCI prediction 
models for the District of Columbia are justified. 

5.0 RESEARCH METHODOLOGY 

5.1 IRI-PCI Data Acquisition 

Recent PCI and IRI data for years 2009, 2010 and 2012 were provided by DDOT for this study. The 
IRI-PCI data sets for pavement types and functional classifications for each year were sufficiently 
large (>30) and were classified according to the following scenarios for each year: 
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By Pavement Type 
Concrete Pavement Asphalt Pavement Composite Pavement 

PCI IRI PCI IRI PCI IRI 
Y1 X1 Y1 X1 Y1 X1 
Y2 X2 Y2 X2 Y2 X2 
… … … … … … 
Yn Xn Yn Xn Yn Xn 

By Functional Classification 
Freeways Arterials Collectors Local 

PCI IRI PCI IRI PCI IRI PCI IRI 
Y1 X1 Y1 X1 Y1 X1 Y1 X1 
Y2 X2 Y2 X2 Y2 X2 Y2 X2 
… … … … … … … … 
Yn Xn Yn Xn Yn Xn Yn Xn 

 

In all, 7,920 data points were used for each of the years. It was ensured that the IRI-PCI data sets for 
the same street segments were used in each of the years. 
 
5.2 Statistical Analysis 

Standard statistical regression methods were employed in the development of the PCI-IRI model for 
Washington DC. The statistical analysis was conducted using SPSS and confirmed with Microsoft 
Excel based on the OLS method. The statistical significance of the regression coefficients of the 
resulting model were tested at 5% level of significance. In addition, the overall statistical significance 
of each regression model for each roadway classification was tested using the F-test (ANOVA) at 5% 
level of significance.  
 
5.3 Regression Model Validation Methods 

The following were employed to validate the models developed for each category. 

Three statistics are used in OLS regression to evaluate model fit: R2, the overall F-test, and the Root 
Mean Square Error (RMSE). All of these measures are based on two sums of squares: Sum of Squares 
Total (SST) and Sum of Squares Error (SSE). SST measures how far the data are from the mean and 
SSE measures how far the data are from the model’s predicted values. Different combinations of 
these two values provide different information about how the regression model compares to the 
mean model. 

R2 and Adjusted R2: The difference between SST and SSE is the improvement in prediction from the 
regression model, compared to the mean model. Dividing that difference by SST gives R2. It is the 
proportional improvement in prediction from the regression model, compared to the mean model. It 
indicates the goodness of fit of the model. 
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R2 has the useful property that its scale is intuitive: it ranges from zero to one, with zero indicating 
that the proposed model does not improve prediction over the mean model and one indicating 
perfect prediction. Improvement in the regression model results in proportional increases in R2.  

One pitfall of R2 is that it can only increase as predictors are added to the regression model. This 
increase is artificial when predictors are not actually improving the model’s fit. To remedy this, a 
related statistic, Adjusted R2, incorporates the model’s degrees of freedom. Adjusted R2 will 
decrease as predictors are added if the increase in model fit does not make up for the loss of 
degrees of freedom. Likewise, it will increase as predictors are added if the increase in model fit is 
worthwhile. Adjusted R2 should always be used with models with more than one predictor variable. 
It is defined as the proportion of total variance that is explained by the model. 

F-test: The F-test evaluates the null hypothesis that all regression coefficients are equal to zero 
versus the alternative that at least one does not. An equivalent null hypothesis is that R2 equals zero. 
A significant F-test indicates that the observed R2 is reliable, and is not a spurious result of oddities in 
the data set. Thus, the F-test determines whether the proposed relationship between the response 
variable and the set of predictors is statistically reliable. This is useful particularly when the research 
objective is to develop a predictive model. 

Residual Plots: The regression model was checked for homoscedasticity (constant variance) using 
residual plots. The residuals from a fitted model are the differences between the observed variables 
and the corresponding predicted values using the regression function developed. Mathematically, 
the definition of the residual for the ith observation in the data set is defined as: 

𝑒𝑖 =  𝑦𝑖 −  𝑓�𝑥𝑖, 𝛽̂� 

with yi denoting the ith response in the data set and xi the vector of explanatory variables, each set at 
the corresponding values found in the ith observation in the data set. If the model fit to the data 
were correct, the residuals would approximate the random errors that make the relationship 
between the explanatory variables and the response variable a statistical relationship. Therefore, if 
the residuals appear to behave randomly, it suggests that the model fits the data well. On the other 
hand, if non-random structure is evident in the residual plots, it is a clear sign that the model fits the 
data poorly.  

Normal Probability Plots: The normal probability plot was also used to validate the model which is a 
graphical technique for normality testing: assessing whether or not a data set is approximately 
normally distributed. In a normal probability plot, if all the data points fall near the line, an 
assumption of normality is reasonable. Otherwise, the points will curve away from the line, and an 
assumption of normality is not justified. 

Root Mean Square Error: The Root Mean Square Error (RMSE; also called the root mean square 
deviation, RMSD) is a frequently used measure of the difference between values predicted by a 
model and the values actually observed from the environment that is being modeled. These 
individual differences are called the residuals, and the RMSE serves to aggregate them into a single 
measure of predictive power. The RMSE of a model prediction with respect to the estimated variable 
Xmodel is defined as the square root of the mean squared error: 
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where Xobs is observed values and Xmodel is modelled values at time/place i. 

The RMSE indicates the absolute fit of the model to the data indicating how close the observed data 
points are to the model’s predicted values. Whereas R2 is a relative measure of fit, RMSE is an 
absolute measure of fit. The RMSE can be interpreted as the standard deviation of the unexplained 
variance, and has the useful property of being in the same units as the response variable. Lower 
values of RMSE indicate better fit. RMSE is a good measure of how accurately the model predicts the 
response, and is the most important criterion for fit if the main purpose of the model is prediction. A 
perfect model fit will result in a RMSE value of 0. The smaller the RMSE value, the better the model. 

5.4 Model Development 

After a series of data transformations within the generalized regression model was determined to 
assume the following form: 

log PCI = A log(IRI)+ K + ε 

where IRI is the independent variable and PCI is the dependent variable with A and k being 
constants. The model was assumed to have an associated error of ε [ε~ N (0, σ2)]. 

6.0  RESULTS 

6.1 Descriptive Statistics 

The summaries of the descriptive statistical analyses are presented by year, by functional 
classification and by pavement type. The detailed results of the descriptive statistics are presented in 
Appendix 2. The key descriptive statistics are the means, standard deviations and 95% confidence 
intervals. 
 
6.1.1 Overall Descriptive Statistics 

This section provides the summary of the descriptive statistics of the IRI-PCI data for the combined 
3-year datasets (2009, 2010 and 2012) by functional classification and pavement type. 
 
By Functional Classification 

The summary of the means of the IRI values in the years 2009, 2010 and 2012 by functional 
classification is presented in Figure 3. From the figure, the highest mean IRI was 361.77 in/mi on 
local roads, with the lowest being 211.73 in/mi on freeways. This indicates that the ride quality on 
freeways was better than on arterials, followed by collectors and finally local roads. 
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Figure 3: Overall Mean IRI Values (in/mi) by Functional Classification 

 

Figure 4 shows the mean PCI values by functional classification in 2009, 2010 and 2012. From the 
figure, the lowest mean PCI value was 71 on local roads, while the highest mean PCI (76) was 
recorded on freeways. This indicates that freeways had lower irregularities than arterials, collectors 
and local roads. 

Figure 4: Overall Mean PCI Values by Functional Classification 

 
 

By Pavement Type 

The summary of the means of the IRI values in the years 2009, 2010 and 2012 by pavement type is 
presented in Figure 5. The results showed that the highest mean IRI was 284.32 in/mi for asphalt 
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pavement, with the lowest being 271.14 in/mi for concrete pavement. This indicates that the ride 
quality of concrete pavement was better than that of asphalt or composite pavement. 

Figure 6 shows the summary of the mean PCI values by pavement type in 2009, 2010 and 2012. The 
figure shows that the lowest mean PCI value was 72.03 for composite pavement, while the highest 
mean PCI was recorded for concrete pavement with 80.79. This indicates that, on average, concrete 
pavement had lower irregularities than asphalt and composite pavement when all the years are 
considered. 

Figure 5: Overall Mean IRI Values (in/mi) by Pavement Type 

 
 

Figure 6: Overall Mean PCI Values by Pavement Type 
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6.1.2 Descriptive Statistics by Year 

This section provides the summary of the descriptive statistics of the IRI-PCI data by year (2009, 
2010 and 2012). For each year, the analysis was conducted by functional classification and pavement 
type.  
 
Summaries for the Years 2009, 2010 and 2012 
 
By Functional Classification 

Figure 7 presents the mean IRI values by functional classification for the years 2009, 2010 and 2012. 
From the figure, it can be observed that the ride quality on freeways was better than on arterials, 
followed by collectors and finally local roads. Thus, it can be said that freeways were smoother than 
the remaining functional classes over the three years. On the other hand, arterials and collectors 
showed deterioration in ride quality from 2009 to 2010, while locals showed a continuous decline 
over the three years. Finally, freeway segments showed a consistent improvement trend in ride 
quality over the 3 years. 
 

Figure 7: Mean IRI Values (in/mi) by Functional Classification for 2009, 2010 and 2012 

 

The summary of the mean PCI values by functional classification for years 2009, 2010 and 2012 is 
presented in Figure 8. From the figure, it can be observed that most of the PCI values are consistent 
with the IRI values previously presented. Also, freeways were the only category that showed gradual 
improvement along the three years. Arterials and collectors showed some deterioration from 2009 
to 2010, and then a small improvement from 2010 to 2012. Finally, local roads showed a continuous 
deterioration trend over the three years. 
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Figure 8: 2009-2010-2012 Mean PCI Values by Functional Classification 

 

By Pavement Type 

Figure 9 presents the mean IRI values by pavement type in the years 2009, 2010 and 2012. From the 
figure it can be observed that values for concrete, composite and asphalt did not differ much from 
each other from year to year. In addition, for the three years analyzed, all the three pavement types 
showed some deterioration from 2009 to 2010, with modest improvements in ride quality from 
2010 to 2012. 

Figure 9: 2009-2010-2012 Mean IRI Values (in/mi) by Pavement Type 
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Figure 10 presents the mean PCI values by pavement type in the years 2009, 2010 and 2012. From 
the figure, concrete pavement had lower irregularities than asphalt and composite pavement during 
all three years. From 2009 to 2010, all pavement types showed deterioration. Finally, the PCI values 
improved in 2012 from 2010. 
 

Figure 10: 2009-2010-2012 Mean PCI Values (in/mi) by Pavement Type 

 
 

6.2 Regression Analysis 

Regression models were developed by functional classification and by pavement type using the 
combined data for 2009, 2010 and 2012. The regression models for four functional classifications 
were developed: freeways, arterials, collectors and locals. Those developed by pavement type were 
asphalt, concrete and composite. The adequacy and significance of the regression models were all 
tested at 5% level of significance. The summary of the regression analysis indicators by functional 
classification and pavement type are respectively presented in Tables 3 and 4. In addition, regression 
models were also developed by functional classification and by pavement type for each of the years, 
the results of which are presented in Appendix 3. 

The results shown in the tables indicate that the regression models could explain very low 
percentages of the variations in the data, based on the R2 values (7% or less).  The RMSEs for the 
models were also relatively high (greater than 1) indicating that there is a wide variance between the 
observed and predicted PCI values. On the other hand, the p-values for the F-statistics for the 
regression models were determined to be less than 0.05 (except for freeways), indicating that the 
coefficients of the regression models are not equal to zero, at 5% level of significance. 

76.3 

73.0 

79.8 

71.2 

70.8 

79.1 

71.9 

72.4 

83.4 

60 65 70 75 80 85

Asphalt

Composite

Concrete

Asphalt

Composite

Concrete

Asphalt

Composite

Concrete

20
09

20
10

20
12

Pa
ve

m
en

t T
yp

e

Predicting Pavement Condition Index from International Roughness Index in Washington, DC 

Final Report September 2014 
 



 

16 

Table 3: Summary of Regression Analysis by Functional Classification 

Functional Class Model Equation R2 Adj. R2 
ANOVA t- Statistic 

RMSE F - 
value p-value β1 p-value 

Freeways log(PCIFWY)= -0.202[log(IRIFWY)]+ 2.336 0.073 0.054 3.8561 0.055 -0.202 0.055 1.250 
Arterials log(PCIART)= -0.101[log(IRIART)]+ 2.092 0.021 0.020 184.641 0.000 -0.101 0.000 1.243 

Collectors log(PCICOL)= -0.077[log(IRICOL)] + 2.030 0.008 0.008 37.507 0.000 -0.077 0.000 1.321 
Locals log(PCILOC)= -0.225[log(IRILOC)]+ 2.404 0.035 0.035 365.835 0.000 -0.225 0.000 1.387 

 
Table 4: Summary of Regression Analysis by Pavement Type 

Pavement Type Model Equation R2 Adj. R2 
ANOVA t- Statistic 

RMSE F - 
value p-value β1 p-value 

Asphalt log(PCIASP)=  -0.115[log(IRIASP)]+ 2.131 0.013 0.013 67.623 0.000 -0.115 0.000 1.304 
Composite log(PCICOM)= -0.056[log(IRICOM)]+ 1.986 0.006 0.006 35.875 0.000 -0.056 0.000 1.227 
Concrete log(PCICON)= -0.222[log(IRICON)]+ 2.431 0.053 0.051 29.134 0.000 -0.222 0.000 1.288 
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6.3 Residual and Normal Probability Plots 

For a valid regression model, the residuals would approximate the random errors that establish the 
relationship between the explanatory variables and the response variables. Therefore, if the residuals 
appear to behave randomly, it suggests that the model fits the data well. The normal probability plots 
were also used to determine the validity of the models. If all the data points fall near the line, an 
assumption of normality is reasonable, otherwise, the points will curve away from the line. Figures 11 
and 12 are the respective residual plots and normal probability plots for the regression model for 
freeways. The remaining plots by year are presented in Appendix 3. 
 
By Functional Classification 

Figure 11: Residual Plot for Freeways 

 

Figure 12: Normal Probability Plot for Freeways 

 

For each functional classification and pavement type, the residual plots did not show evenly distributed 
random plots about the zero line which confirms that the models do not fit the data sets well. Also, the 
normal probability plots do not generally show a line along the all points, thus an assumption of 
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normality would not be necessarily reasonable for the data sets. From the figures, it can be concluded 
that the models do not adequately predict PCI using IRI.  

 

7.0  DISCUSSION 

From the literature review, a variety of statistically significant models or relationships between the IRI 
and PCI (and other pavement indices) were identified for various jurisdictions. The studies also reveal 
the notion that it is acceptable to use IRI as a predictor variable of PCI.  IRI, which is a profile-based 
statistic, is shown to be an ideal predictor (or independent variable) since it has the advantage of being 
repeatable, reproducible, and stable with time. The vast variations of models developed between IRI 
and PCI is a strong indication that models can only be developed exclusively for each jurisdiction.  The 
statistically significant relationships or models developed for these variables also suggests that one 
variable can be predicted or estimated from the other, depending on the availability of one dataset. 

From the results of the analyses, it can be suggested from the mean IRI and PCI values that freeways 
have a smoother ride than arterials, followed by collectors and local roads. The lowest mean IRI value 
was 211.73 in/mi for freeways when all the 3-year data was combined with a corresponding mean PCI 
value of 76. Similarly, when the data was analyzed by pavement type, the results show that Concrete 
Pavements were smoother than Composite Pavements followed by Asphalt Pavement. Concrete 
Pavements recorded the least average IRI value (271.14 in/mi) with a corresponding mean PCI value of 
approximately 80.79 when all the 3-year data was combined. 

For the 3-year data considered, the mean IRI values appeared to be declining for freeways for 2009, 
2010 and 2012 (219.6, 213.5 and 202.1 in/mi respectively), indicating an improved smoothness of the 
roadway type. For arterials and collector streets, however, an increase was identified in 2010 compared 
with 2009, while the 2012 mean IRI values were determined to be less than those in 2010. The average 
IRI values for local roads showed a continuous increase from 2009 through 2012, indicating a decline in 
the smoothness of the roadway type. The increases in IRI values could be attributed to the increased 
number of work zone and roadway rehabilitation projects which commenced in the 2010-2011 
timeframe. The average PCI values showed a similar trend as the mean IRI values. 

A review of the results of the analysis by pavement type revealed that, overall, concrete pavement had 
the lowest mean IRI values over the period considered. The mean IRI values ranged from 255.4 to 277.5 
in/mi. This was followed by Composite pavement (average ranges between 244.2 and 287.1 in/mi) and 
then Asphalt pavement (average ranges between 255.8 and 300.7 in/mi). The average PCI values 
showed a similar trend as the mean IRI values. 

The regression models between the IRI and PCI values yielded very low R2 values with relatively high 
RMSEs indicating that the regression models do not adequately predict PCI from IRI accurately within 
the margin of error (5% level of significance). The R2 and Adjusted R2 values were no more than 7.3% 
indicating that the models explain a very low percentage in the variability of the models. The results of 
the ANOVA tests, however, showed statistically significant F - statistics (p < 0.05) for most of the models 
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implying that the models’ coefficients are not necessarily equal to zero. The residual plots for all the 
models also did not show the randomness about the zero line while the normal probability plots showed 
points near a curve instead of a straight line. 

 

8.0  CONCLUSIONS AND RECOMMENDATIONS 

The OLS method used on predicting PCI from IRI did not yield statistically significant regression models. 
Within the margin of error, the regression models developed could not be adequately used to predict 
PCI from IRI. A more sophisticated prediction tool, such as artificial neural networks or genetic 
programming, could be explored to determine if PCI values could be predicted from IRI more accurately 
(yielding low RMSEs, for example). 

A viable prediction model would help to eliminate the need for annual routine subjective determination 
of the PCI values and reduce or eliminate the need for allocating several man-hours for its 
determination. Under the assumption of a 4-year cycle for data revalidation, for the first three years of 
the cycle only IRI data will need to be collected; in the fourth year, both IRI and PCI data will be collected 
and analyzed. By reducing the required data collection and the labor hours for obtaining the PCI values 
to once every four years, this research project will potentially save DDOT an estimated $750,000 over a 
four year cycle (in 2014 dollars, assuming no cost escalation). This is a savings of almost 30 percent over 
the current collection schedule. 
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2009 IRI-PCI by Functional Clasification 

Freeway 2009 

 
IRI 2009 PCI 2009 

Mean 219.588235 70.23529412 

Standard Error 14.1143072 4.527310437 

Median 210 74 

Mode 177 64 

Standard Deviation 58.1947794 18.66657913 

Sample Variance 3386.63235 348.4411765 

Kurtosis -0.8594014 -1.037156257 

Skewness -0.0794475 -0.42846672 

Range 199 57 

Minimum 110 37 

Maximum 309 94 

Sum 3733 1194 

Count 17 17 

Confidence Level (95.0%) 29.9209946 9.597469386 

Collector 2009 

 
IRI 2009 PCI 2009 

Mean 302.5485893 71.38244514 

Standard Error 1.793138244 0.462106526 

Median 299 71 

Mode 278 100 

Standard Deviation 71.61337093 18.45535677 

Sample Variance 5128.474896 340.6001935 

Kurtosis -0.802640323 -0.330618942 

Skewness 0.050407787 -0.336913929 

Range 321 90 

Minimum 126 10 

Maximum 447 100 

Sum 482565 113855 

Count 1595 1595 

Confidence Level (95.0%) 3.51715701 0.906400391 

 
Arterial 2009 

 
IRI 2009 PCI 2009 

Mean 281.16859 71.561863 

Standard Error 1.3063105 0.2712348 

Median 275 71 

Mode 233 100 

Standard Deviation 70.854551 14.711833 

Sample Variance 5020.3674 216.43803 

Kurtosis -0.662717 -0.068384 

Skewness 0.1961334 -0.122374 

Range 343 85 

Minimum 104 15 

Maximum 447 100 

Sum 827198 210535 

Count 2942 2942 

Confidence Level (95.0%) 2.5613756 0.5318294 

Local 2009 

 
IRI 2009 PCI 2009 

Mean 345.3743316 75.29174094 

Standard Error 1.079109633 0.310653241 

Median 350 78 

Mode 411 100 

Standard Deviation 62.60696129 18.02324329 

Sample Variance 3919.631602 324.8372988 

Kurtosis -0.36595248 0.320338412 

Skewness -0.463199036 -0.785325128 

Range 320 93 

Minimum 127 7 

Maximum 447 100 

Sum 1162530 253432 

Count 3366 3366 

Confidence Level (95.0%) 2.11577704 0.609088248 
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2009 IRI-PCI by Pavement Type 

Asphalt 2009 

 
IRI 2009 PCI 2009 

Mean 255.801301 76.33885275 

Standard Error 1.021906063 0.412355768 

Median 264 77 

Mode 306 100 

Standard Deviation 42.02258647 16.95679922 

Sample Variance 1765.897773 287.5330399 

Kurtosis -0.174312617 -0.187100527 

Skewness -0.724637384 -0.523079312 

Range 209 80 

Minimum 104 20 

Maximum 313 100 

Sum 432560 129089 

Count 1691 1691 

Confidence Level (95.0%) 2.004334549 0.808781691 

Composite 2009 

 
IRI 2009 PCI 2009 

Mean 244.2263258 72.98958333 

Standard Error 0.931449303 0.314748496 

Median 248 73 

Mode 239 100 

Standard Deviation 42.806151 14.46473964 

Sample Variance 1832.366564 209.228693 

Kurtosis -0.306414709 -0.116421456 

Skewness -0.517144909 -0.142494968 

Range 212 85 

Minimum 101 15 

Maximum 313 100 

Sum 515806 154154 

Count 2112 2112 

Confidence Level (95.0%) 1.82665441 0.61724962 

 
Concrete 2009 

 
IRI 2009 PCI 2009 

Mean 255.4375 79.83523 

Standard Error 3.551080467 1.303893 

Median 266 87 

Mode 307 93 

Standard Deviation 47.11040604 17.2981 

Sample Variance 2219.390357 299.2241 

Kurtosis 0.389285543 0.61452 

Skewness -0.967617792 -1.18507 

Range 221 76 

Minimum 91 24 

Maximum 312 100 

Sum 44957 14051 

Count 176 176 

Confidence Level (95.0%) 7.008456663 2.57338 
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2010 IRI-PCI by Functional Clasification 

Freeway 2010 

 
IRI 2010 PCI 2010 

Mean 213.4705882 75.82352941 

Standard Error 15.5733836 3.437718222 

Median 210 79 

Mode NA 79 

Standard Deviation 64.21070554 14.17407534 

Sample Variance 4123.014706 200.9044118 

Kurtosis -1.145705401 -0.283651225 

Skewness 0.015443517 -0.341007006 

Range 202 53 

Minimum 110 47 

Maximum 312 100 

Sum 3629 1289 

Count 17 17 

Confidence Level (95.0%) 33.01409842 7.287637076 

Collector 2010 

 
IRI 2010 PCI 2010 

Mean 371.173 69.38244514 

Standard Error 3.66724 0.432191272 

Median 345 69 

Mode 322 100 

Standard Deviation 146.4602 17.26061778 

Sample Variance 21450.59 297.9289263 

Kurtosis 18.43427 -0.170625373 

Skewness 2.751937 -0.222903792 

Range 1940 87 

Minimum 42 13 

Maximum 1982 100 

Sum 592021 1100655 

Count 1595 1595 

Confidence Level (95.0%) 7.193119 0.84723016 

 
Arterial 2010 

 
IRI 2010 PCI 2010 

Mean 340.0649218 69.9503739 

Standard Error 2.232479309 0.268443019 

Median 321 70 

Mode 266 68 

Standard Deviation 121.0901387 14.56148958 

Sample Variance 14662.82169 212.036958 

Kurtosis 3.556376606 -0.005506704 

Skewness 1.367455953 -0.023625961 

Range 1063 85 

Minimum 94 15 

Maximum 1157 100 

Sum 1000471 205794 

Count 2942 2942 

Confidence Level (95.0%) 4.377380535 0.526394484 

Local 2009 

 
IRI 2010 PCI 2010 

Mean 369.8740345 68.85680333 

Standard Error 2.317441374 0.327352696 

Median 346.5 70 

Mode 289 100 

Standard Deviation 134.4515496 18.99209955 

Sample Variance 18077.21919 360.6998452 

Kurtosis 33.72049667 -0.106694405 

Skewness 3.550673418 -0.459449353 

Range 2276 95 

Minimum 99 5 

Maximum 2375 100 

Sum 1244996 231772 

Count 3366 366 

Confidence Level (95.0%) 4.543735966 0.641830355 
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2010 IRI-PCI by Pavement Type 

Asphalt 2010 

 
IRI 2010 PCI 2010 

Mean 300.6587818 71.18864577 

Standard Error 2.387534632 0.414752005 

Median 281 71 

Mode 288 100 

Standard Deviation 98.17965093 17.0553367 

Sample Variance 9639.243856 290.8845101 

Kurtosis 6.359123069 -0.05444742 

Skewness 1.849209345 -0.319202401 

Range 900 91 

Minimum 107 9 

Maximum 1007 100 

Sum 508414 120380 

Count 1691 1691 

Confidence Level (95.0%) 4.682835659 0.813481594 

Composite 2010 

 
IRI 2010 PCI 2010 

Mean 302.0700758 70.74526515 

Standard Error 2.15214692 0.297753911 

Median 285 70 

Mode 262 68 

Standard Deviation 98.90514246 13.68372798 

Sample Variance 9782.227205 187.244115 

Kurtosis 5.275322693 0.6168469205 

Skewness 1.607543839 -0.004051624 

Range 896 87 

Minimum 72 13 

Maximum 968 100 

Sum 637972 149414 

Count 2112 2112 

Confidence Level (95.0%) 4.220550327 0.583921737 

 
Concrete 2010 

 
IRI 2010 PCI 2010 

Mean 280.4943182 79.09659091 

Standard Error 6.464985598 1.277672371 

Median 277 85 

Mode 266 95 

Standard Deviation 85.76772601 16.95023943 

Sample Variance 7356.102825 287.3106169 

Kurtosis 8.87174559 0.373907547 

Skewness 2.097966794 -1.070010491 

Range 630 73 

Minimum 91 27 

Maximum 721 100 

Sum 49367 13921 

Count 176 176 

Confidence Level (95.0%) 12.75937614 2.521630113 
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2012 IRI-PCI by Functional Clasification 

Freeway 2012 

 
IRI 2012 PCI 2012 

Mean 202.1176471 81.94117647 

Standard Error 16.41844424 3.021334177 

Median 175 81 

Mode 153 80 

Standard Deviation 67.69497983 12.45727994 

Sample Variance 4582.610294 155.1838235 

Kurtosis -1.451031953 0.076057854 

Skewness 0.30234424 -0.51842812 

Range 204 46 

Minimum 111 54 

Maximum 315 100 

Sum 3436 1393 

Count 17 17 

Confidence Level (95.0%) 34.80554696 6.404942332 

Collector 2012 

 
IRI 2012 PCI 2012 

Mean 356.2752351 72.36363636 

Standard Error 3.247310199 0.395136619 

Median 334 72 

Mode 334 100 

Standard Deviation 129.6892923 15.78074941 

Sample Variance 16819.31253 249.032052 

Kurtosis 10.38566057 -0.139802668 

Skewness 2.1887189933 -0.220404574 

Range 1520 87 

Minimum 51 13 

Maximum 1571 100 

Sum 568259 115420 

Count 1595 1595 

Confidence Level (95.0%) 6.369447457 0.775042044 

 
Arterial 2012 

 
IRI 2012 PCI 2012 

Mean 317.3031951 72.39496941 

Standard Error 1.965061151 0.266907467 

Median 300 71 

Mode 280 68 

Standard Deviation 106.5853226 14.4771161 

Sample Variance 11360.43099 209.5868907 

Kurtosis 7.033912829 -0.312892852 

Skewness 1.755919415 0.107216051 

Range 1236 77 

Minimum 77 23 

Maximum 1313 100 

Sum 933506 212986 

Count 2942 2942 

Confidence Level (95.0%) 3.853034784 0.523344402 

Local 2012 

 
IRI 2012 PCI 2012 

Mean 370.0505051 68.85145573 

Standard Error 2.322847464 0.327278351 

Median 346.5 70 

Mode 289 100 

Standard Deviation 134.7651961 18.98778624 

Sample Variance 18161.65807 360.5360261 

Kurtosis 33.42897563 -0.106035315 

Skewness 3.539560251 -0.45977489 

Range 2276 95 

Minimum 99 5 

Maximum 2375 100 

Sum 1245590 231754 

Count 3366 3366 

Confidence Level (95.0%) 4.554335521 0.641684588 
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2012 IRI-PCI by Pavement Type 

Asphalt 2012 

 
IRI 2012 PCI 2012 

Mean 296.5162626 71.91188646 

Standard Error 2.311743423 0.396547775 

Median 279 72 

Mode 284 100 

Standard Deviation 95.06298225 16.30674655 

Sample Variance 9036.97093 265.9099829 

Kurtosis 7.424464882 0.055286674 

Skewness 1.971475062 -0.343774742 

Range 956 91 

Minimum 51 9 

Maximum 1007 100 

Sum 501409 121603 

Count 1691 1691 

Confidence Level (95.0%) 4.534181156 0.777776387 

Composite 2012 

 
IRI 2012 PCI 2012 

Mean 287.0610795 72.36505682 

Standard Error 1.838739605 0.28628283 

Median 274 71 

Mode 246 65 

Standard Deviation 84.5020388 13.15655723 

Sample Variance 7140.594562 173.0949982 

Kurtosis 6.426223655 0.179222342 

Skewness 1.683721114 0.11321016 

Range 891 87 

Minimum 77 13 

Maximum 968 100 

Sum 606273 152835 

Count 2112 2112 

Confidence Level (95.0%) 3.605930882 0.561425933 

 
Concrete 2012 

 
IRI2012 PCI 2012 

Mean 277.4829545 83.42045455 

Standard Error 6.317518287 1.316391249 

Median 272.5 92 

Mode 285 97 

Standard Deviation 83.8113105 17.4639034 

Sample Variance 7024.342565 304.9879221 

Kurtosis 6.556884829 0.033899557 

Skewness 1.516469651 -1.156603061 

Range 630 68 

Minimum 91 32 

Maximum 721 100 

Sum 48837 14682 

Count 176 176 

Confidence Level (95.0%) 12.46833282 2.598046174 
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Descriptive Statistics Summaries per Year 

 

By Functional Classification 
Functional 

Classification Year Variable Mean Standard 
Deviation 

Conf. Level 
(95%) 

Highways 

2009 
IRI 219.59 58.20 29.92 
PCI 70.24 18.67 9.60 

2010 
IRI 213.47 64.21 33.01 
PCI 75.82 14.17 7.29 

2012 
IRI 202.12 67.70 34.81 
PCI 81.94 12.46 6.40 

Arterials 

2009 
IRI 279.02 70.78 3.01 
PCI 71.46 14.08 0.60 

2010 
IRI 340.06 121.09 4.38 
PCI 69.95 14.56 0.53 

2012 
IRI 317.30 106.59 3.85 
PCI 72.40 14.48 0.52 

Collectors 

2009 
IRI 302.55 71.61 3.52 
PCI 71.38 18.46 0.91 

2010 
IRI 371.17 146.46 7.19 
PCI 69.38 17.26 0.85 

2012 
IRI 356.28 129.69 6.37 
PCI 72.36 15.78 0.78 

Locals 

2009 
IRI 345.37 62.61 2.12 
PCI 75.29 18.02 0.61 

2010 
IRI 369.87 134.45 4.54 
PCI 68.86 18.99 0.64 

2012 
IRI 370.05 134.77 4.55 
PCI 68.85 18.99 0.64 
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By Pavement Type 

Pavement Type Year Variable Mean Standard 
Deviation 

Conf. Level 
(95%) 

Asphalt 

2009 
IRI 255.80 42.02 2.00 
PCI 76.34 0.41 0.81 

2010 
IRI 300.66 98.18 4.68 
PCI 71.19 17.06 0.81 

2012 
IRI 296.52 95.06 4.53 
PCI 71.92 16.31 0.78 

Composite 

2009 
IRI 244.23 42.81 1.83 
PCI 72.99 14.47 0.62 

2010 
IRI 302.07 98.91 4.22 
PCI 70.75 13.68 0.58 

2012 
IRI 287.06 84.50 3.61 
PCI 72.37 13.16 0.56 

Concrete 

2009 
IRI 255.44 47.11 7.00 
PCI 79.84 17.30 2.57 

2010 
IRI 280.49 85.77 12.76 
PCI 79.10 16.95 2.52 

2012 
IRI 277.48 83.81 12.47 
PCI 83.42 17.46 2.60 
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APPENDIX 2 

REGRESSION ANALYSIS 
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2009 Log (IRI)-Log (PCI) By Functional Classification 
 

Freeways 

 
 

Arterials 

 
 

Collectors 
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Locals 

 
 
2009 Log (IRI)-Log (PCI) By Pavement Type 

 
Asphalt 

Composite
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Concrete 

 

2010 Log (IRI)-Log (PCI)  By Functional Classification 
 

Freeways 

 
 

Arterials 
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Collectors 

 
 

Locals 

 
 
2010 Log (IRI)-Log (PCI) By Pavement Type 

 
Asphalt 
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Composite 

 
 

Concrete 

 
 
 
2012 Log (IRI)-Log (PCI) By Functional Classification 

 
Freeways 
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2012 Log (IRI)-Log (PCI) By Pavement Type 
 

Asphalt 

 
 

Composite 

 

Concrete
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Regression Models by Year  
 
 

By Functional Classification 

Functional 
Classification Year Model Equation R2  Adj 

R2 
ANOVA T- Statistic 

RMSE 
F - value p-value β1 p-value 

Freeways 
2009 log(PCIhwy09)= -0.349[log(IRIhwy09)]+2.642 0.113 0.054 1.909 0.187 -0.349 0.187 1.311 

2010 log(PCIhwy10)= -0.181[log(IRIhwy10)]+2.290 0.085 0.024 1.396 0.256 -0.181 0.256 1.203 

2012 log(PCIhwy12)= -0.044[log(IRIhwy12)]+2.009 0.009 -0.058 0.130 0.724 -0.044 0.724 1.169 

Arterials 
2009 log(PCIart09)= -0.127[log(IRIart09)]+2.153 0.022 0.022 65.968 0.000 -0.127 0.000 1.248 

2010 log(PCIart10)= -0.078[log(IRIart10)]+2.029 0.014 0.013 40.701 0.000 -0.078 0.000 1.249 

2012 log(PCIart12)= -0.108[log(IRIart12)]+2.118 0.026 0.025 77.692 0.000 -0.108 0.000 1.229 

Collectors 

2009 log(PCIcol09)= -0.146[log(IRIcol09)]+2.196 0.014 0.014 23.031 0.000 -0.146 0.000 1.352 

2010 log(PCIcol10)= -0.051[log(IRIcol10)]+1.954 0.004 0.003 6.119 0.014 -0.051 0.014 1.329 

2012 log(PCIcol12)= -0.073[log(IRIcol12)]+2.032 0.010 0.009 15.319 0.000 -0.073 0.000 1.274 

Locals 

2009 log(PCIloc09)= -0.269[log(IRIloc09)]+2.541 0.032 0.032 110.514 0.000 -0.269 0.000 1.341 

2010 log(PCIloc10)= -0.205[log(IRIloc10)]+2.338 0.033 0.033 116.190 0.000 -0.205 0.000 1.402 

2012 log(PCIloc12)= -0.204[log(IRIloc12)]+2.336 0.033 0.033 115.729 0.000 -0.204 0.000 1.402 
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By Pavement Type 

Pavement 
Type Year Model Equation R2  Adj R2 

ANOVA T- Statistic 
RMSE 

F - value p-value β1 p-value 

Asphalt 

2009 log(PCIasp09)= -0.015[log(IRIasp09)]+ 1.905 0.0001 -0.0005 0.177 0.674 -0.015 0.674 1.291 

2010 log(PCIasp10)= -0.115[log(IRIasp10)]+ 2.119 0.015 0.0140 24.937 0.000 -0.115 0.000 1.318 

2012 log(PCIasp12)= -0.101[log(IRIasp12)]+ 2.092 0.012 0.012 21.218 0.000 -0.101 0.000 1.297 

Composite 

2009 log(PCIcom09)= -0.054[log(IRIcom09)]+ 1.982 0.002 0.002 4.906 0.027 -0.054 0.027 1.239 

2010 log(PCIcom10)= -0.025[log(IRIcom10)]+ 1.902 0.001 0.001 2.800 0.094 -0.025 0.094 1.230 

2012 log(PCIcom12)= -0.078[log(IRIcom12)]+ 2.043 0.013 0.012 27.080 0.000 -0.078 0.000 1.209 

Concrete 

2009 log(PCIcon09)= -0.348[log(IRIcon09)]+ 2.724 0.077 0.072 14.506 0.000 -0.348 0.000 1.294 

2010 log(PCIcon10)= -0.200[log(IRIcon10)]+ 2.372 0.047 0.042 8.604 0.004 -0.200 0.004 1.289 

2012 log(PCIcon12)= -0.190[log(IRIcon12)]+ 2.370 0.051 0.046 9.411 0.003 -0.190 0.003 1.275 
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APPENDIX 3 

MODEL VALIDATION BY FUNCTIONAL CLASSIFICATION 
AND PAVEMENT TYPE 
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2009-2010-2012 Combined Residual and Normal Probability Plots 

Freeways 2009 2010 2012 

 

Arterials 2009 2010 2012 
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Collectors 2009 2010 2012 

 

Local 2009 2010 2012 
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Asphalt 2009 2010 2012 

 

Composites 2009 2010 2012 
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Concrete 2009 2010 2012 

 

2009 Residual and Normal Probability Plots 
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Arterials 2009 
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Locals 2009 

 
 
 
 

Asphalt 2009 
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Composite 2009 

 
 
 

Concrete 2009 
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2010 Residual and Normal Probability Plots 

Freeways 2010 

 

Arterials 2010 
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Collectors 2010 

 

Locals 2010 
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Asphalt 2010 

 

Composite 2010 
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Concrete 2010 

 

2010 Residual and Normal Probability Plots 

Freeways 2012 
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Arterials 2012 
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