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ABSTRACT 

Flexible pavements are considered an essential element of transportation infrastructure. So, 

evaluations of flexible pavement performance are necessary for the proper management of 

transportation infrastructure. Pavement condition index (PCI) and international roughness index 

(IRI) are common indices applied to evaluate pavement surface conditions. However, the 

pavement condition surveys to calculate PCI are costly and time-consuming as compared to IRI. 

This article focuses on developing regression models that predict PCI from IRI. Eighty-three 

flexible pavement sections, with section length equal to 250 m, were selected in Al-Diwaniyah, 

Iraq, to develop PCI-IRI relationships. In terms of the quantity and severity of each observed 

distress, the pavement condition surveys were conducted by actually walking through all the 

sections. Using these data, PCI was calculated utilizing Micro PAVER software. Dynatest Road 

Surface Profiler (RSP) was used to collect IRI data of all the sections. Using the SPSS software, 

linear and nonlinear regressions have been used for developing two models between PCI and IRI 

based on the collected data. These models have the coefficients of determination (R2) equal to 

0.715 and 0.722 for linear and quadratic models. Finally, the results indicate the linear and 

quadratic models are acceptable to predict PCI from IRI directly. 

Keywords: pavement evaluation, International Roughness Index, Pavement Condition Index, 

pavement roughness. 
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تركز هذه  .IRIمع  مكلفة ومضيعة للوقت مقارنة PCI  لحساب تبليط المطلوبةمسح حالة العمليات ومع ذلك ، فإن تبليط. ال

 تبليطثلاثة وثمانين مقطعًا من التم اختيار  .IRIمن  PCI تمكننا من الحصول على قيمعلى تطوير نماذج الانحدار التي  الدراسة

مسح حالة عمليات  اءأجرتم  .IRIو  PCIعلاقات بين  العراق لتطويرفي الديوانية  محافظة ، في ترم 250المرن ، بطول مقطع 

ات باستخدام هذه البيان .المقاطع المختارةعبر جميع  المشي، من خلال  ضرر تمت ملاحظتهكمية وشدة كل تثبيت نوع و،  تبليطال

لجمع ( Dynatest Road Surface Profilerالاستعانة بجهاز )تم (. Micro PAVER) برنامجب لاستعانةبا PCI، تم حساب 

بناءً على  IRIو  PCIالانحدارات الخطية وغير الخطية لتطوير نموذجين بين معادلات  تطبيقتم  .المقاطعلجميع  IRIبيانات 

 0.722و  0.715هي  الناتجة ( للنماذج الخطية والتربيعية2Rمعاملات )أن  .SPSSباستخدام برنامج و البيانات التي تم جمعها

 مباشرة. IRIمن  PCI لحصول علىتشير النتائج إلى أن النماذج الخطية والتربيعية مقبولة لاخيراً،  .على التوالي

 ة التبليط, خشونة التبليط.تقييم التبليط, مؤشر الخشونة العالمي, مؤشر حال الكلمات الرئيسية:
 

1. INTRODUCTION 
 

Roadway pavements are constructed to provide safe, quick, and comfortable travel. The lack of 

these features refers to functional insufficiency in the pavement. The accurate and reliable 

evaluation of the pavement surface network condition is necessary for an effective pavement 

management system (PMS) (ASTM, 2017). However, the complete performance evaluation of 

pavement is wider than just an evaluation of the surface distresses. Other factors, such as friction, 

structural capacity, and ride quality, are also necessary components for a useful PMS. Presently, 

the ride quality is considered as an essential component of pavement performance and driver 

satisfaction (Elhadidy et al., 2019). Various indices, which are used for the evaluation of 

pavement performance, such as Pavement Condition Index (PCI), International Roughness Index 

(IRI), Present Serviceability Rating (PSR), Pavement Condition Rating (PCR), etc. have been 

generally utilized to specify maintenance techniques for the pavements (Shah et al., 2013). 
 

The PCI is a widely used index to pavement condition evaluation by the USA Corps of Engineers. 

It is computed through a visual inspection survey method that includes measuring the type, 

severity, and quantity of each pavement distress (Shahin et al., 1978, Garber and Hoel, 2009). 

So, this index is a numerical indicator that gives an amount of the current condition of pavement 

based on observed distresses on the pavement surface. PCI varies between 0 and 100 (where 100  

represents pavements in perfect condition) (Shahin, 2005, ASTM, 2017). The condition of the 

overall pavement section has been obtained by an average of the PCIs for several sub-segments 

(Attoh-Okine and Adarkwa, 2013). 
 

The IRI was a product of the International Road Roughness Experiment (IRRE), managed by 

research groups from several countries (Brazil, United States… etc.) to recognize such an index. 

Therefore it is called international roughness index. IRI values is ranging  between zero  and 

sixteen, where zero refers to a smoother pavement while sixteen represents a rougher pavement 

(Sayers, 1995). The IRI is defined as a ratio of the accumulated suspension vertical movement of 

a vehicle divided by the distance traveled which is obtained from an athletic representation of a 

simulated quarter-car traveling a measured profile at eighty km/hour (Sayers, 1998). Also, the 

measured profile is obtained using a road-meter installed on a vehicle (Shahin, 2005). Due to the 

IRI (stability over time and transferability throughout the word), it has become a widely used 

parameter, presumably, the most employed road index worldwide (Zamora Alvarez et al., 2018). 

So, for IRI determination, AASHTO and ASTM recommend that the test section's length should 

be not less than 0.1 miles (AASHTO-R43, 2013, ASTM-E867, 2002). 
 

Many devices, procedures, and systems are used to calculate and represent pavement roughness 

worldwide. These techniques are different in many aspects, such as technical complication, 

accuracy, cost, and use speed. Dynatest Road Surface Profilometer (RSP) system is one of these 
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techniques and is designed to provide high-quality, advanced, automated pavement roughness. In 

addition, this system is regarded as a measurement solution for engineers in the world. It can 

operate by one person and collect data at speed ranging from 25 to 110 km/hour. Consequently,  

the RSP could be used in various types of roads effectively (DYNATEST, 2005). 
 

The pavement condition evaluation provides important information about the pavement used to 

pave performance analysis, determine maintenance priorities, expect maintenance requirements, 

and fund allocation (Timm and McQueen, 2004). 
 

Accordingly, the pavement condition surveys provide an evaluation of the condition acceptability 

of a pavement section and details that need to create a decision relating to maintenance needs and 

methods. 
 

In Al-Diwaniyah city, the flexible pavement network suffers from the absence of an appropriate 

pavement management system, and effective maintenance techniques are absent. Also, the 

application of pavement condition indices is absent, whereas the selection of the best pavement 

maintenance time and technique depends on the evaluation of the pavement situation. Therefore, 

a determination of PCI is required to identify the proper technique of pavement maintenance and 

rehabilitation. However, the pavement condition surveys to calculate PCI is costly and time-

consuming as compared to IRI. 

 

2. OBJECTIVES 
 

The objective of this study is the development of reliable and accurate models between PCI and 

IRI. Accordingly, the development of these models is necessary to guide the agencies and 

engineers to proper scheduling of flexible pavement maintenance and reduce the need for working 

hours and data collection costs.  

 

3. LITERATURE REVIEW 
 

(Saleh et al., 2008) presented a relationship to predict pavement condition index from observed 

pavement distresses of flexible pavement. Eighty flexible pavement sections in 4 sites in the study 

area were selected to build this relationship. The collected data included eleven pavement distress 

types: alligator cracking, longitudinal and transverse cracking, block cracking, slippage cracking, 

patching, rutting, bleeding, pothole, depression, and polishing. The PCI values were computed 

using the Micro PAVER software system of all pavement sections. A stepwise regression method, 

using the SPSS computer package, applied to determine this relationship. The resulted relationship 

is obtainable in the following equation: 

𝑃𝐶𝐼 =  85.336 − 0.4416 ∗ 𝑆𝑙𝑖𝑝 − 37.2875 ∗ 𝑅𝐷 − 2.3254 ∗ 𝑃𝑜𝑡ℎ                             (1) 

where: 

R2 = 0.787  

Slip = slippage crack (m2), RD = Rut depth (in mm), Poth = potholes (in number). 
 

In India, a relationship between IRI and pavement distresses was developed by Prasad (Prasad et 

al., 2013). Bump Integrator was applied to collect pavement roughness data, which was calibrated 

by MERLIN (machine for evaluating roughness using low-cost instrumentation). The 

determination coefficient reached 0.66. 
 

A study by Mubaraki was conducted, which focused on a correlation between IRI and some 

distress types (Mubaraki, 2016). The distresses involved raveling, rutting, and cracking. Three 

correlations have been developed involving IRI against raveling, rutting, and cracking. The 
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analysis results indicated the raveling and cracking correlate with IRI, and it might be specified as 

ride quality distress. At the same time, the rutting did not show a significant correlation with IRI. 
 

Abdelaziz et al. developed ANNs and regression models to predict IRI as a function of pavement 

distresses depend on the LTPP database. The developed models were IRI prediction as a function 

of age, IRI initial, transverse cracking (all severities), alligator fatigue cracking (all severities), and 

standard deviation of the rut depth (SDRUT). The R2 of regression analysis was 0.57, while the R2 

was 0.75 of the ANNs model (Abdelaziz et al., 2017, Abdelaziz et al., 2020). 
 

The presented studies displayed that PCI and IRI are both functions of the pavement distresses. 

Consequently, relationships between and PCI should be developed. Few researchers developed 

this relationship with acceptable statistical validity. 
 

A study was conducted by (Dewan and Smith, 2002) to develop a model between the international 

roughness index and pavement condition index for asphalt pavement. The length of the test section 

is equal to 500 ft (152.4 m. The resulted relationship is as the following:  

𝐼𝑅𝐼 =  0.0171(153 −  𝑃𝐶𝐼)                                                                                               (2) 

where IRI is in m/km  
 

(Park et al., 2007) presented research to develop a relationship between PCI and IRI. Data-Pave 

software provided the roughness data of pavement sections from the North Atlantic region, which 

inspected LTPP research. Moreover, PCI values of the same sections calculated by using Micro 

PAVER software depend on distress data, which are provided by the LTPP database. The resulted 

models are obtained in the following equations:  

𝐿𝑜𝑔 𝑃𝐶𝐼 =  − 0.437 𝑙𝑜𝑔 𝐼𝑅𝐼 +  2                                                                                     (3)     

𝐿𝑜𝑔 𝑃𝐶𝐼 =  − 0.481 𝑙𝑜𝑔 𝐼𝑅𝐼 +  1.94                                                                                (4) 

R2 values are 0.59 and 0.66 for Eq. (3) and Eq. (4) respectively. 

 

IRI-PCI relationship was developed using neural network modeling by (Vidya et al., 2013). Forty-

three sections were surveyed, IRI values were measured manually by using MERLIN and PCI 

values calculated by a visual inspection method. The R2 of the developed model is 0.86, which 

indicates satisfactory predictions. 
 

In Columbia, (Arhin et al., 2015) presented relationships to correlate PCI with IRI according to 

functional classification and pavement type. Throughout this study, specialized equipment was 

used to acquire IRI values, while PCI values were collected depending on the subjective evaluating 

of the pavement distress. The R2 values of the resulted models are ranging between 0.56 and 0.82. 

These models are presented in Table 1. 

 

Table 1. PCI- IRI models according to functional classification and pavement type. 
 

Equations according to functional 

classification 

Equations according to pavement type 

Freeways: 𝑃𝐶𝐼 =  110.73 −  0.215 (𝐼𝑅𝐼)   Asphalt: 𝑃𝐶𝐼 =  120.02 −  0.224(𝐼𝑅𝐼)  
Arterials: 𝑃𝐶𝐼 =  114.15 −  0.206 (𝐼𝑅𝐼)   Composite: 𝑃𝐶𝐼 =  113.73 −  0.203 (𝐼𝑅𝐼)   

Collectors: 𝑃𝐶𝐼 =  115.32 −  0.217 (𝐼𝑅𝐼)   
Concrete: 𝑃𝐶𝐼 =  110.01 −  0.172(𝐼𝑅𝐼)   

Locals: 𝑃𝐶𝐼 =  110.31 −  0.186 (𝐼𝑅𝐼) 
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4. STUDY METHODOLOGY 

The following chart explains the methodology of the present study:   

 

 

 

 

  

 

 

 

 

 

 

 

 

5. PAVEMENT SECTIONS SELECTION 
 

A total of eighty-three segments of flexible pavement in Al-Diwaniyah, Iraq, was used to develop 

PCI-IRI relationships. The pavement section length is equal to 250 meters. These sections are 

distributed in fifteen roads in the study area. The selected sections were uniform in numerous 

characteristics such as climate and topography. The selected sections also have the condition and 

roughness pavement variety from poor to good and have the same lengths. 

 

6. DATA COLLECTION 
 

6.1  Pavement Condition Index Data 
 

Each observed distress's quantity and severity were collected depending on surveying by visual 

inspection of each section. A datasheet, hand odometer wheel, and tape were used in the surveying, 

as shown in Fig. 1. The manual of (ASTM, 2017) was adopted during the survey. Many types of 

distresses varied in severity and quantity, were observed in each selected pavement section. The 

observed pavement distresses were alligator cracking (all severities), block cracking (all 

severities), lane-shoulder drop off (low and medium severities), bumps and sags (all severities), 

corrugation (all severities), depression (all severities), transverse and longitudinal cracking (all 
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severities), rutting (medium and high severities), patching (all severities), potholes (all severities), 

polished aggregate, and raveling (all severities). Based on these data, MicroPAVER software was 

used to determine PCI values for all sections in the present study. 
 

6.2 International Roughness Index Data 
 

Dyna-test Road Surface Profiler (RSP) system was used to collect the longitudinal profile 

elevations. The roughness measurement of all sections was conducted using the RSP system, 

which was installed on a pickup truck, as shown in Fig. 2. Each section's left lane was used to 

conduct the roughness measurements because it represents the most trafficable lane in the study 

area. Profile Viewing and Analysis software, version 3.61, (PROVAL, 2016) was utilized to 

calculate IRI for each pavement segment by analyzing data achieved by the RSP. 

 

 
 Figure 1.Pavement distresses measurements. 

 
Figure 2. The RSP installation. 

 

7. ANALYSIS OF DATA 
 

IRI and PCI data were collected to determine the relationships between IRI and PCI. Fig. 3 

demonstrates the PCI values of all the selected sections. It can be shown from this figure that the 

condition of all the pavement sections ranging from serious, very poor, poor, fair to satisfactory, 

which means the pavement conditions of the selected sections were varied through these sections. 
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Also, the most frequent PCI values are between 55 and 41, which are frequent 35 times. While 

PCIs between 25 and 10 is the least frequent, which are frequent two times. The average PCI of 

all sections in the present study is equal to 53. 
 

Fig. 4 demonstrates the IRI values of all selected sections. As shown in this figure, the IRI values 

are ranging between 1 and 9 m./km. Besides, the IRI values between 4.9 and 4 m/km are the most 

frequent, which are frequent 24 times. While IRI between 8.9 and 8 are the least frequent, which 

are frequent two times. The average IRI of all sections in the study area is equal to 4.346 m/km. 
 

From the collected data, section number 47 has the highest value of IRI in the present study. Also, 

it suffers from very poor condition of the pavement. It has the least value of PCI. While, section 

number 9 has an acceptable roughness of pavement, where the IRI value is 1.951 m/km, with the 

highest PCI value. Section number 79 has a satisfactory condition of the pavement, where the PCI 

value is 76, and it has the least value of IRI in the study area. 
 

 Accordingly, while the pavement roughness is increasing, the pavement deterioration is 

accelerating. 

 

 
Figure 3. PCI values frequency in the present study. 

 

 
Figure 4. IRI values frequency in the present study. 
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8. DEVELOPMENT MODELS 
 

The PCI and IRI data have been utilized for modeling and validation to develop a PCI-IRI 

relationship. IRI values have been taken as an independent variable, while PCI values have been 

considered as a dependent variable. Kolmogorov-Smirnov (K-S) test using SPSS software was 

applied to check the normality distribution of PCI and IRI values. A confidence level of 95% is 

used. From (K-S) results, the P-value is greater than 0.05; thus, the null hypothesis is proved. So, 

the distributions of PCI and IRI data are normal. 
 

75% of the observed values, data of 63 sections, were used to build the models which were 

randomly selected by SPSS software. At the same time, the data of the remaining sections were 

kept of a validation process. SPSS software was used to determine a correlation degree and 

recognize a suitable relationship between IRI and PCI. Many trials have been conducted to identify 

the relationship forms, as shown in Table 2. 
 

From Table 2, correlation coefficients of all the suggested relationships are varied from 0.768 to 

0.849, which indicated an acceptable correlation of IRI with PCI. Also, the P-values of ANOVA 

(Analysis of Variance) test of all suggested relationships are close to zero, indicating that all these 

forms are acceptable as relationships correlate to PCI with IRI. Accordingly, (A) and (B) 

suggestion relationship forms are selected because they have high correlation coefficients (R) and 

determination coefficients (R2).  

 

Table 2. Suggested relationship forms. 

Relationship Type 
Suggestion  

Relationship Forms 
R R2 P-values 

A Linear. PCI = x + (y * IRI) 0.846 0.715 < 0.001 

B Quadra. PCI = x + (y1 * IRI) + (y2 * IRI 2) 0.849 0.722 < 0.001 

C Inver. PCI = x + (y / IRI) 0.769 0.593 < 0.001 

D Log. PCI = x + (y * ln IRI) 0.836 0.696 < 0.001 

E Comp. PCI = x * (yIRI) 0.821 0.674 < 0.001 

F Power PCI = x * IRI y 0.781 0.606 < 0.001 

G Grow. ln (PCI) = x + (y*IRI) 0.821 0.674 < 0.001 

H Exp. PCI = x * (e(y*IRI)) 0.821 0.674 < 0.001 

          Note: x, y are constants 

 

Linear regression analysis was applied to build the model (A). In addition, the nonlinear regression 

analysis was used to build the model (B). Tables 3 and 4 illustrate the statistic results for the 

developed models. The final models between IRI and PCI are presented in Eq. (5) and Eq. (6): 

A:  𝑃𝐶𝐼 =  − 6.647 𝐼𝑅𝐼 +  80.878                                                                                     (5) 

      B:  𝑃𝐶𝐼 =  − 9.031 𝐼𝑅𝐼 +  0.283 𝐼𝑅𝐼2 +  85.119                                                            (6) 

 

Table 3. The statistic results for the A model. 

 

Rs 0.846 

Rs squares 0.715 

Adjusted Rs squares 0.713 

Standards errors of estimates 7.059 
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ANOVA 

Sources Sum of squares Df 
Mean-of 

squares 
.  P-values 

Regression 7630.822 1 7630.822 153.175 0.000 

Residual. 3038.894 61 49.819   

Total 10669.714 62    

parameter 

Estimated 

Parameters 

B 

t P-value. 

(constant) 80.878 32.530 0.000 

IRI -6.647 -12.376 0.000 

 
 

Table 4. The statistic results for the B model. 

 

Rs 0.849 

Rs. squares 0.722 

Adjusted Rs squares 0.713 

Standards errors of estimates 7.036 

ANOVA 

Sources Sums of squares  Df. Mean of squares F. P-values 

Regressions 7698.217 2 3849.107 77.723 <<0.001 

Residuals 2971.499 60 49.526   

Total 10669.713 62    

Parameters 
Estimated Parameters 

B 
Std. Errors 

(constant) 85.119 4.4 

IRI -9.031 2.113 

IRI2 0.283 2.43 

 

9. MODELS VALIDATION 
 

A validation process of the developed models is a significant step in the building of the regression 

models. This process aims to evaluate developed models' ability to predict PCI and identify a 

prediction accuracy. The validation data, the reserved data of twenty sections, were used to 

determine PCI by substituting IRI values in (A) and (B) models. 
 

For validation purposes, a paired T-test was conducted between the predicted and measured PCI 

values of the validation data. From Table 5, the t tabulated value, which is determined as explained 

in the Appendix, is more than the t calculated value. Subsequently, the null hypothesis is accepted, 

which means there is no significant difference between the predicted and measured values of (A) 

and (B) models at the 0.05 confidence level. 
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Table 5. Paired T-test of predicted and measured PCI values for A and B models. 

 A Models B Models 

 Average No. Std. dev.  Correlation Average No. Std. dev. Correlation 

Meas. PCI 49.85 20 13.576 
0.920 

49.85 20 13.576 
0.919 

Pred. PCI 51.8 20 9.574 51.65 20 9.325 

t. Calcu. 1.438 1.294 

t. tabul. 2.09302 2.09302 

 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 

Figure 5. The validation of the A model. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 6. The validation of the B model. 

 

As presented in Fig. 5 and Fig. 6, plots were drawn between the predicted and measured PCI of 

the validation data with a view to validation. Lines in 45o have been drawn to explain the 

distribution of points. From Fig. 5 and Fig. 6, it can be observed that most of the points are close 
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to this line, and the other points are not very far off. Also, R2 values are 0.8438 and 0.8468 for (A) 

and (B) relationships, respectively. Thus, (A) and (B) models are considered to be valid. Therefore, 

these models can be used to predict PCI from IRI for flexible pavement. 
 
10.  DISCUSSION OF RESULTS 
From the analysis of results, it can be understood that when the pavement condition was 

deteriorating, the PCI values were decreasing, and IRI values were increasing. But, a variation 

pattern between PCI and IRI is unsteady throughout the selected sections in the present study. This 

pattern has happened because the noticed pavement distress in the study area has various effects 

on PCI and IRI, where many distress types have an impact on IRI more than PCI and vice versa.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7.  The correlation coefficients between the distresses and IRI, PCI. 

 

As obvious in Fig. 7, most of the noticed distress types are correlated in an adverse correlation 

with PCI and a direct correlation with IRI. In contrast, the correlation coefficients (R) of these 

distress types with PCI differ from that of IRI. From Fig. 7, the high severity corrugation has the 

R equal to 0.269 and -0.095 with IRI and PCI, respectively. That means the high severity 

corrugation has a magnitude of the adverse effect on PCI less than an amount of the IRI's direct 

effect. Also, the raveling (low severity), polished aggregate, and transverse and longitudinal 

cracking (medium severity) are correlated in a direct correlation with PCI and in an adverse 

correlation with IRI, and the R of these distress types with IRI differ from with PCI. Whilst, there 

are distress types that have almost the same effect on IRI and PCI, such as longitudinal and 

transverse cracking (low severity), corrugation (low severity), depression (high severity), and 

bumps (low severity). 
 

Based on the above, there are no steady patterns of the distress types that are effective on IRI and 

PCI. Therefore, the coefficient (R2) values decreased when A and B models had developed, to be 

0.715 and 0.722 for A and B relationships, respectively. 
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11.  CONCLUSIONS 
 

The present study focused on developing relationships between PCI and IRI using eighty-three 

sections for flexible pavements selected in Al-Diwaniya city. The conclusions of this study can be 

drawn as the following: 

 The linear and quadratic relationships are adequate to predict of pavement condition index from 

the international roughness index. 

 The variation patterns between IRI and PCI are not steady because the noticed pavement 

distresses in the study area have various effects on PCI and IRI. 

 The prediction of PCI from IRI by these models has reduced the need for PCI's subjective 

measurements, then reduced the need for allocating funds and working hours.  

 The resulted models of this research can be applied to prepare the priorities of pavements 

maintenance and rehabilitation. 
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Appendix A 
The T-tabulated of the paired t-test is determined from Table (A-1), where the validation sections 

(n) are twenty sections. Also, the confidence level is 95% in the present study. 

So, 𝑑𝑓 = 𝑛 − 1 = 20 − 1 = 19 and  𝑃 =
0.05

2
= 0.025   t-tabulate = 2.09302 
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Table (A-1). The t-tabulated values. 

 


