












 
 

Assuming the supporting medium with intensity q; deflection y; at a point can be written as: 

         (9) 

Considering load (P) and time (t) as factors in potholes deflection (y), we consider the Euler-

Lagrange equation for dynamic beam 
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First considering Eq. 11 
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Now considering Eq. 12 

   

   
   

Integrating equation (12), and further integrating the result gives Eqs 15 and 16 
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Initial conditions include (   )  
  

  
(   )    

Considering y = 0, when t = 0; substituting in Eq. 16 

G = 0 

Considering 
  

  
           ; substituting in Eq. 15 

0 = P + F 

F = -P 

Substitute for F and G in Eq. 16 

  ( )  
   

 
      (17) 
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Recalling Eq. (13), and substituting Eqs (14) and (17) 

   ( )  ( ) 

The final critical deflection is given by; 
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Since         (eqn.6) 

Eqn. (18) becomes   ( )  
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4.0 Verification of Model 

Wheel loading is acting on the edge of the crack. The following data is considered: 

Thickness of the pavement layer, h = 0.10 m 

Wheel load, P= 44.8 KN 

Tire pressure, p = 480KN/m
2
 

Wheel load acts on the pavement surface, it has a contact area depending upon the tire pressure. The 

contact area is calculated as follows: 

Contact area is load divided by the tire pressure. The contact area is assumed to be rectangular. 

Contact area = 0.093 m
2
 

Width of tire = 0.34 m 

Length of contact area = 0.27 m 

Consider a pavement strip of 0.025m and width 0.27mlength, 

Load on the strip = 3.33KN 

Breadth of beam, b= Width of tire = 0.34 m 

Elastic Modulus of pavement, Ep = 600.5 x 10
3
KN/m

2
 

Elastic Modulus of pavement, Es = 89 x 10
3
KN/m

2
 

         689.5 x 10
3
KN/m

2
 

Modulus of beam, k = 68346.6 N/m
3
 

Reaction of foundation,    23.27 x 10
3
KN/m

2
 

Cross - section of pavement layer 

w = 0.025m and h = 0.10m 
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Moment of inertia, I= 
   

  
             

  √
 

   

 
 = 7.87m

-1
 

Deflection,  ( )  
          

 (    
 (   )   )  

 
 (

   

 
   ) = 

          

 (     )  
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Verifying for the deflection, taking t = 2 - 21 days after crack for a 20 sample, assuming that the 

period of formation of cracks is considered as 1 and that there‟s a constant application of axle loads 

on the crack. This verification was carried out using SciLab software, and the results are presented 

below. 

 

Table 1: Verification of the model 

S/N Time (days) Deflection (mm) 

1 2 0 

2 3 0.162864387 

3 4 0.434305033 

4 5 0.814321937 

5 6 1.302915099 

6 7 1.900084519 

7 8 2.605830198 

8 9 3.420152135 

9 10 4.34305033 

10 11 5.374524783 

11 12 6.514575495 

12 13 7.763202464 

13 14 9.120405692 

14 15 10.58618518 

15 16 12.16054092 

16 17 13.84347293 

17 18 15.63498119 

18 19 17.53506571 
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19 20 19.54372648 

20 21 21.66096352 

 

 
Fig. 1: Graph of Deflection (mm) versus time (days) for constant load, varying time 

 

 
Fig. 2: Graph of Deflection (mm) versus time (days) for varying load, varying time 
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This model in comparison to the pothole deflection model without time (t) as a variable gave a 

deflection of 0.002mm with the same parameters as above, while we can see a progression in the 

values of the deflection as time (t) increases. 

 

6.0 CONCLUSION 

A framework for the prediction of the performance of potholes developed from transverse crack is 

formulated incorporating time as a factor for the development and the further deepening of the 

pothole, while also taking into account the elastic modulus of the supporting subgrade. It is important 

to have such a model to understand the rate of development of potholes as wheel load applies on the 

cracked pavement and the progression of the deflection as time passes by. This model helps to predict 

what happens to a road as it ages under a regular loading and prepares the road managers for adequate 

maintenance before roads become death trap.  

 

 

7.0 REFERENCES 

- Edwards, D. and Hamson, M. (1989). Guide to Mathematical modeling, CRC Mathematical 

guide, CRC Press. 

- Jimoh, Y. A. (2012). “Model and application for a pothole in a flexible pavement maintenance 

due to axle loads”. Epistemics in Science, Engineering and Technology, 2(1), 1–7. 

- Knappett, J. A. and Craig, R. F. (2012). Craig’s soil mechanics, 8
th 

edition, London, UK: 

Spon Press. 

- Kulbiz, S. J. (1998). Development of potholes from cracks in flexible pavements, MAS. thesis, 

Concordia University, Montreal, Quebec, Canada. 

- Madanat, S., Nakat, Z., Farshidi, F., Sathaye, N. and Harvey, J. (2005). Development of 

Empirical – Mechanistic Pavement Performance Models using data from Washington state 

PMS Database, University of California, Pavement Research Center. 

- Miller, J. S., and Bellinger, W. Y. (2003). Distress identification manual for the long-term 

pavement performance program, Washington, DC: Federal Highway Administration. 

- Neumaier, A. (2004). “Mathematical model building”, Chapter 3 in Modelling languages in 

mathematical optimization, J. Kallrath ed., Applied optimization vol. 88, Kluwer Boston. 

International Journal of Advancements in Research & Technology, Volume 9, Issue 1, January-2020 
ISSN 2278-7763 11

IJOART 
Copyright © 2020 SciResPub. 

IJOART



 
 

- Okigbo, N. (2012). “Causes of highway failures in Nigeria.” International Journal of 

Engineering Science and Technology, 4(4695 – 4703). 

- Saba, R. G. (2006). NordFoU Project – Pavement Performance Models, Norwegian Public 

Roads Administration, Road Technology Department. pp. 1-17. 

- Sadeghi, L., Zhang, Y., Balmos, A., Krogmeier, J. V., & Haddock, J. E. (2016). Algorithm 

and software for proactive pothole repair, Joint Transportation Research Program Publication 

No. FHWA/IN/JTRP-2016/14). West Lafayette, at Purdue University. http://dx.doi.org 

/10.5703/1288284316337 

- Sharma, U. and Kanoungo, A. (2015). “Study of causes of potholes on bituminous roads – a 

case study.” Journal of Civil Engineering and Environment Technology Conference, ISSN – 

2349 – 879X, number 4, volume 2, pp. 345 – 349, at JNU, New Delhi. 

- Wikipedia; Euler – Bernoulli beam theory, checked on 

www.wikipedia.org/wiki/Euler%E2%80%93Bernoulli_beam_theory (accessed on 18
th

 June 

2019). 

- Xu, L. (2019) “Typical values of Young‟s Elastic Modulus and Poisson‟s ratio for Pavement 

materials. www.academia.edu/LuxiXu 

 

International Journal of Advancements in Research & Technology, Volume 9, Issue 1, January-2020 
ISSN 2278-7763 12

IJOART 
Copyright © 2020 SciResPub. 

IJOART

http://www.wikipedia.org/wiki/Euler%E2%80%93Bernoulli_beam_theory



