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Summary 

Pavement naturally are deteriorating and eroding due to many traffics and 

environmental conditions. The prediction of pavement performance has an 

important role in efficiency of pavement management system. By understanding the 

process and the manner of reduction of pavement service can predict the necessary 

resources and arrangements to avoid accelerating process of degradation and 

deterioration. The deteriorated models are tools for predicting the future failure of 

pavement based on the current status, the causes of failure and the effect of 

different techniques of repair and rehabilitation for maintaining the level of 

performance and the status of its structure. In this paper, after stating the concepts 

of performance and deterioration of road surface, studies has been done in the past 

decade researches in the world, about Computational-Probabilistic Markov 

models,  transition probability matrix extraction techniques, predictive models and 

their application in management of the road surface. 
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1. INTRODUCTION 

Pavement naturally are deteriorating and eroding due to many traffics and 

environmental conditions. Doubtless, without adequate and timely maintenance, 

highways and roads in city and suburban severely will be declined and deteriorate.  

A good pavement management system requires a predictive model, an accurate and 

effective performance pavement [1]. By understanding the process and the manner 

of reduction of the pavement service can predict the necessary resources and 

arrangements to prevent from the accelerate degradation and deterioration. The 

mean of deterioration can be the type of changes for the status of pavement or 

changes in surface roughness or an indicator of a particular kind of damages such 

as during time. After the construction and implementation of the road surface, 

several factors depending on the type and severity of the effect, began to destroy and 

to decrease its ability to provide service. These factors can be divided in two general 

categories: load (loads of traffic) and the environment conditions (weather and 
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drainage conditions). The factors related to the design and implementation of road 

surfaces, including the type of materials, the correct design, methods and quality of 

implementation, also have considerable effects in accelerated pavement deterioration 

[2]. 

2. APPLICATION MODELS OF PAVEMENT DETERIORATION 

PREDICTION 

The most important part of pavement management is the exact prediction of 

pavement failures during the pavement life cycle analysis; therefore, prediction 

failure of road procedures is a key factor in pavement management system [3]. 

The prediction rate of the road surfaces deterioration due to complexity identify the 

rate of pavement status or difficulty of collecting accurate data, especially in the 

absence of sophisticated equipment or highly skilled technical force, is very 

difficult. Various pavement maintenance systems are used around the world but, 

unfortunately, all these systems do not use a systematic method to determine the 

rate of pavement condition or determined experimentally the probabilities of 

transition state pavement [4]. A pavement performance prediction model has the 

different types which depending on management objectives, the richness of database 

and ease of use. Three main categories of these models include certain models, 

probabilistic and easy computational. The deterioration processes of pavement 

generally result from five parameters: pavement structure, traffic load, weather, 

modification history and quality construction. Many of these parameters are changed 

randomly and are not predictable; on the other hand, the interaction between these 

factors is uncertain, so the deterioration of pavement is completely random 

phenomenon and the probability [5].  

Accurate models of predicted pavement performance and optimization models that 

properly designed are the key elements in a successful management at the network 

level. For the proper schedule in maintenance of road surfaces need to identify the 

behaviour of pavement & it’s vanish model and predict the pavement condition. So 

the level of network management, predictive models of pavement status to 

schedule inspections, life cycle costing, analysis, benefit / cost and budget planning 

and optimization are used and requires less accuracy [6]. 

3. THE APPLICATION OF MARKOV PROBABILITY 

COMPUTATIONAL MODEL IN THE DECADE 2004-14 

Some people related the start discussion of pavement management to tests of Osho, 

in 1956 to 1960 that led to providing the concept of performance and capability of 
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serving road surface. Halbrok and Vanhokov in 1974 measure and predict the 

performance of welded structural concrete pavement performance in the 128 

projects with performance more than 15 years in Michigan State, used a variety of 

techniques such as Markov model. They concluded that the Markov chain approach 

has the best correlation with field data and in general not only for wide cracks but 

also for pavement of suture concrete is also a suitable method [7]. 

Dong Yang and Chang in 2004 on the basis of the analysis and data the status 

pavement highway, Shin-da China, Markov probability predicting techniques and 

the use of regression analysis was used to predict pavement performance. They 

concluded that the exponential function, pavement performance decreases with 

time and Markov’s predicting possible model has the range of application and 

specific limitations [8]. T.John and Pytalka in 2005 with a review of a 1000 km 

hypothetical networks and predict the future state of pavement base on Markov 

probability model and solve equation AX = B, with a deviation of 5.5 to 6.10 per 

cent (Figure 1) was obtained. The following figure shows differences between the 

values of the current pavement status and the predicted status. 

 

Figure 1. The real length and predicted the pavement status [10] 

Ortiz Garcia and Associates extracts the transition probability matrix of the data 

bank in 2006, proposed three nonlinear optimization problem and they asses by the 

six special artificial data bases: the first method assumes that the past data of 

pavement status for each part of the network are readily available [9]. 

The second methods uses regression curve derived from the original data and a 

third method assumes that annual distributions of pavement status are available. In 

this method, the aim of minimizing the difference between the actual distributions 

of cases derived from the recorded data with predicted modes by possibilities 

Transfer Matrix. 
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Minimize subject to: 

  (1) 

where 

at (i): the predicted state vector by transition probability matrix and 

a't (i):  actual state vector obtained of the recorded data at time t [10]. 

Chow and colleagues in 2008 compared with predictive models pavement 

conditions, by comparing the predicted conditions with observed actual conditions 

for a period of 5 years (2001-05) and use the database Ohio Department of 

Transportation, they concluded that Markov model has the highest prediction 

accuracy compared to other assessed models in addition to it can predict the 

amounts of PCR (the rate of pavement condition), damage road surfaces in the 

future. 

Figure 2 shows the difference between the predicted values of PCR (which is 

derived from the Markov model) and show real PCR values.   

 

Figure 2. The predicted PCR and PCRA real value (2002-06) [11] 

The accuracy of model has expressed by the root mean square error (RMSE) and 

coefficient expressed. RMSE is defined as follows: 

  (2) 

where PCRP the predicted value of PCR, PCRA real value of PCR and n is the 

number of observations. The Smaller values of RMSE indicate more accurately 

model. The correlation coefficient indicates the rate of compliance between actual 

and predicted the PCR.  Full compliance has the coefficient of correlation [11]. 
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Abazai in 2011 with a case study on low-traffic roads, use Markov model to predict 

the failure rate road surfaces in the future as well as predict the required thickness 

of flexible road surfaces [12]. Lthan and Eddie in 2012 with an experimental study 

and by using real data in the world, use the hidden Markov models for modelling 

deterioration hide pavement (deterioration that is not directly measurable) used 

[13]. 

Uchwuat and MacLeod, in 2012 with comparisons between regression models and 

Markov chains in modelling the performance of road surface, achieved the 

following results:  

1. Advantage Markov models are that it can be calculated with a minimum of 2 

years of pavement condition data while regression models need more data.  

2. Markov models have the possibility that the expert’s opinion or Bayesian 

methods used in the development of pavement performance curves.   

3. The predicted data analysis with the actual performance data of pavement 

during the period of 6, 9, 13, 19 and 23 years showed that Markov models 

estimate the lower pavement performance. This issue is well shown in the 

figure (3) [13]. 

Figure 3. Comparison of Markov models and Regression by real data [13] 

Wang and colleagues in 2013 developed and implemented a network-level 

optimization model into a pavement management data system for the Ohio 

Department of Transportation as well as they predicted future status pavement 

based on past data and Markov’s transition probability model. This combined the 

optimized model, linear programming model and Markov’s transition probability 

model and has the following features [14]:  

1. Calculating the needed minimum funds to achieve the desired level of 

network status road surface,  
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2. The creation of maximum improvement in the status of pavement network of 

the allocated budge t, and 

3. Identify the relationship between optimized development policy and allocated 

budget. They concluded that the highway agencies can use this model as a 

decision support tool used to manage network-level road surface. 

Suman and Sinha in 2013, Markov chains and application of pavement quality 

index (OPQI) were used to predict the future state of road surfaces. The index is 

obtained based on a theoretical concept that includes all conditions process of the 

road surface: 

  (3) 

where OPQIk - indicator of the overall quality of the pavement with a scale of 1 to 

10, CI - status indicator or malfunction indicator with a scale of 1 to 10, K -index 

of the pavement performance,  k mi,- index of status or failure of I, Out of the total 

number. n -Status Indicator = the total number of different types of failures or 

status indicators which is on the performance index, and Wi, k - the weight of any 

damage or index of status. 

Comparing the observed rate of status in 2011, with the predicted status rate in the 

same year was used for validating the model which is obtained by the developed 

failure model. The figure (4) demonstrates this problem.  

Figure 4. A performance of pavement predictive model [15] 

In 2011, the rate of pavement status was 8.6 that the observed value is 1.6 for the 

same year. This result shows that the developed model has the ability to predict the 

rate of future state of the pavement with an acceptable degree of accuracy [15]. 

Surendra Kumar & assoc. use the Markov possible process to develop a decision 

support system to predict future situation of pavement in 2013. They use Poisson 

method to calculate consecutive transition matrices and x2 inference test to assess 
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the rate of compliance. Finally they conclude that the possible process of Markov is 

a tool for finding the manners of future pavement conditions in any given year, and 

it will help to find the optimal maintenance policy (due to budget constraints and 

the current state of the road surface) [4]. 

4. CONCLUSIONS 

A good pavement management system requires a predictive model and accurate & 

effective performance of road surface. By understanding the process and the 

manner of reduction the pavement service can predict the necessary arrangements 

and resources to prevent the accelerated process of degradation and deterioration. 

The deteriorated models are tool for predicting future pavement failure base on the 

present status, the cause of failure and the effect of different techniques of repair 

and maintenance to maintain the performance level of structural condition the road 

surface. By reducing forecast error of deteriorate road surface, organizations can 

save the cost of a lifetime with intervention and careful planning. So the accurate 

models to predict deteriorate are very valuable tool for the road departments and 

organizations related to pavement maintenance. Some of results of this research are 

presented as below: 

- Since many researchers are interested in predicting the status of piece and  to 

acquire the deteriorate process of  special piece, in addition to innovation in 

the network should be analysed the length of road including many pieces of 

different indices, and the prediction process by Forecasting the desired length 

lead in the future. Accordingly, the analysis of cost of future repair and 

maintenance is also easily done. 

- Markov transition probability matrix is assumed to be constant over time that 

the assumption on the pavement does not conform to reality (homogeneous 

matrix). Therefore it is suggested to use the heterogeneous matrix with the 

ability to change over time due to the limitations of homogeneous Markov 

method, offered by the network is divided into different parts and defines the 

time zone for each of these segments and time intervals (period), extract 

matrix separately and combine them together to use to remove this limitation 

of the homogenization Markov method. Since the semi-Markov model, 

pavement repair operations also considered that it would be more compatible 

with the actual situation of road surfaces, the use of this model is 

recommended for future research. 

Acknowledgements 

This article is extracted from the final report of the first author’s M.Sc. Education 

by title “Using a Markov Chain in Predicting the Deterioration of the Pavement” 



Behzad Kazemi and Mohammad Mehdi Khabiri 

Article No. 3, Intersections/Intersecţii, Vol. 13 (New Series), 2016, No. 2 26 ISSN 1582-3024 

http://www.intersections.ro 

  
 

under the guidance of the second author, which is done in the Faculty of 

Engineering, Yazd University. 

References 

1. Butt, A. A., Shahin, M. Y., Carpenter, S. H and Feighan, K. J, Pavement performance prediction 

model using the Markov process. Transportation Research Record, Journal of the Transportation 

Research Board, No.1123, pp.12-19, 1987. 

2. Carnahan, J. V., Davis, W. J., Shahin, M. Y., Keane, P. L and Wu, M. Optimal Maintenance 

Decisions For Pavement Management. Journal of Transportation Engineering, Vol. 113, No. 5, 

pages 554÷572, 1998. 

3. Tabatabaii S.A. and Khorani,H., Transfer matrix method in predicting future state Markov 

pavement using MATLAB, Quarterly Transportation Technology Journal,No.18, Road and urban 

ministry of Iran,2013[ in Persian]. 

4. Surendrakumar, Katkar., Prashant, Nagrale and Mayuresh, Patil, Application Of Markovian 

Probabilistic Process To Develop A Decision Support System For Pavement Maintenance 

Management, International Journal of Scientific & Technology Research Volume 2, Issue 8, 

pages 295÷303, 2013. 

5. Ziadi M. ,Tabatabaii, N. and Aqajani,R. Markov probability transition matrix update road networks 

in developing countries using Bayesian inference, and considering the uncertainty parameters, 9th 

International Congress of Civil Engineering, Isfahan University of Technology, 2013 [in Persian]. 

6. Holbrook, L. F and Kuo, Wen-Hou, General Evaluation of Current Concrete Pavement 

Performance In Michigan. Final Report on A Highway Planning and Research Investigation 

Conducted in Cooperation with the U.S. Department of Transportation, federal highway 

administration, No. R-905, 1974. 

7. Dong-Yang, FU and Chang-bin, HU, Markov probability forecasting of performance of asphalt 

pavement in expressway. Journal of Fuzhou University (Natural Sciences Edition), 2005. 

8. Tjan, A. and Pitaloka, D., Future prediction of pavement condition using Markov probability 

transition matrix. Parahyangan catholic university, Proceedings of the Eastern Asia Society for 

Transportation Studies, vol. 5, pp. 772 – 782, 2005.  

9. Ortiz-García, J., Costello, B.,Seósamh S. and Snaith, M, Derivation of Transition Probability 

Matrices for Pavement Deterioration Modeling. Journal of Transportation Engineering., vol. 

132, no. 2, 2006. 

10. Y. Chou, Eddie, Pulugurta, Haricharan and Datta, Debargha, Pavement forecasting models. 

FHWA/OH-2008/3, University of Toledo Department of Civil Engineering mail stop 307 

Toledo, OH 43606-3390,Ohio Department of Transportation, Columbus, Ohio 432, 2008. 

11. Abaza, Khaled, Stochastic Approach for Design of Flexible Pavement. Road Materials and 

Pavement Design, Volume 12, No. 3, pages 663 to 685, 2011. 

12. Lethanh, Nam and T.Adey, Bryan,A Hidden Markov Model for Modelling Pavement Deterioration 

under Incomplete Monitoring Data. International Journal of Civil and Environmental Engineering, 

2012. 

13. Uchwat, Chris and MacLeod, Case studies of regression and Markov chain models. Paper 

prepared for presentation at the pavement performance case studies, Session of the 2012 

Conference of the Transportation Association of Canada Fredericton, New Brunswick, 2012. 

14. Wang, Shuo., Y. Chou, Eddie and Williams, Andrew, Development and Implementation of A 

Network-Level Pavement Optimization Model For Ohio Department Of Transportation. TRB 

2013 Annual Meeting, 2013. 

15. Suman, S.K and Sinha, S, Pavement Performance Modelling Using Markov Chain. Proceedings 

of the International Symposium on Engineering under Uncertainty: Safety Assessment and 

Management (ISEUSAM), pp. 619÷627, 2013. 


