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B) Single Axle/ Rutting Failure
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A) Single Axle/ Fatigue Failure
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C) Dual Axle/ Fatigue Failure D) Dual Axle/ Rutting Failure
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F) Dual Tandem Axle/ Rutting Failure
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E) Dual Tandem Axle/ Fatigue Failure

 
Fig. 1. Relationship between the Axle Load Value for Different Tire Pressures and the Number of Load Repetitions to Failure; Due to Different 
Axle Configurations and Failure Modes: (A) Fatigue Failure Single Tire, (B) Rutting Failure Single Tire, (C) Fatigue Failure Dual Tire, (D) 
Rutting Failure Dual Tire, (E) Fatigue Failure Dual Tandem Tires, and (F) Rutting Failure Dual Tandem Tires. Note: 1psi = 6.895kPa. 
 
from single axles with single tires to tandem axles with dual tires. 
From these results, the use of dual tandem axles is recommended 
since trucks with this configuration produce less strains and stresses 
on the pavement and therefore causes less damage to the pavement. 
The combined effects of varying tire pressures and overloading on 
the number of load repetitions to failure are also presented in Figs. 
1(A) through 1(F). For single axles, it is noticed that when the axle 
load increases by 200%, this results in a reduction in the number of 

load repetitions to failure by more than 50%. For both single dual 
and dual tandem tires, the number of load repetitions decreases by 
approximately 70% or more when increasing the axle load by 
200%. Meanwhile, increasing tire pressure results in a reduction in 
the number of load repetitions to failure due to fatigue. For a single 
axle tire, the number of load repetitions decreases to 87% of its 
value as the tire pressure increases from 80 to 150psi (551.6 to 
1,034.3kPa). 
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Table 3. Estimated Critical Load Values Lcritical (Lcr) and Corresponding Number of Load Repetitions to Failure Ncritical(Ncr) for Different Truck 
Types and Tire Pressures. 

Truck Load(ton) Fatigue Rutting 
Truck Type 

Allowable Representative 
Tire Pressure 

(psi*)  Lcr Ncr(×E5)  Lcr Ncr(×E6) 
80 35 16.5 23 64.0 

100 35 14.0 23 63.0 
110 33 7.9 23 65.0 
125 31 7.0 22 62.0 
140 32 5.5 23 63.0 

  
  
1 
  
  

  

20 29 

150 31 3.1 22 61.0 
80 74 6.8 58 6.0 

100 73 4.3 58 6.0 
110 73 3.7 58 5.5 
125 70 3.0 58 5.5 
140 67 2.3 57 5.6 

4 46 75 

150 66 2.0 57 5.3 
80 73 13.6 61 14.0 

100 73 8.5 60 11.0 
110 74 6.7 60 10.0 
125 70 5.0 61 11.0 
140 68 4.6 58 10.0 

6 47 76 

150 67 4.2 59 11.0 
80 85 8.5 91 4.2 

100 80 4.5 96 3.7 
110 78 4.0 92 3.7 
125 78 3.2 95 3.7 
140 77 2.4 93 3.8 

7 53 85 

150 76 2.2 92 3.9 
80 98 5.9 85 2.3 

100 96 3.7 85 2.5 
110 94 3.2 88 2.2 
125 98 2.3 87 2.3 
140 95 1.9 87 2.3 

  
  
8 
  
  

  

66 102 

150 95 1.7 87 2.3 
80 104 5.8 66 21.0 

100 103 3.8 66 20.0 
110 98 2.4 66 19.0 
125 97 2.1 65 18.0 
140 97 1.8 65 18.0 

  
9 

  
  
  
  

66 70 

150 96 1.15 66 18.0 
80 71 6.8   6.0 

100 73 4.3 58 6.0 
110 73 3.7 58 5.5 
125 70 3.0 58 5.5 
140 67 2.3 58 5.6 

  
  

11 
  

  
  

46 75 

150 64 2.0 57 5.3 
80 78 7.8 58 40.0 

100 84 5.8 58 38.0 
110 81 3.4 58 39.0 
125 80 3.2 57 37.0 
140 82 2.4 57 40.0 

12 53 62 

150 87 1.25 57 39.0 
67 91 9.0 67 16.0 
67 96 6.8 67 15.0 
67 92 4.8 67 13.0 
66 95 4.0 66 14.0 
66 93 2.4 66 15.0 

 14 60 70 

66 92 1.3 66 15.0 
*1psi = 6.895kPa  
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Table 5. Fine Estimation for Truck Type 1. 

Tire 
Pressure 
(psi*) 

Truck Load 
(ton) 

No. of Allowable 
Load Repetitions 

(×E6) 

Estimated Fine 
(LE/km) 

20 3.75 None 
21 3.53 0.22 
22 3.34 0.23 
23 3.17 0.24 
24 3.02 0.25 
25 2.87 0.27 
26 2.74 0.28 
27 2.62 0.29 
28 2.51 0.30 
29 2.41 0.32 
30 2.32 0.33 
31 2.23 0.34 
32 2.15 0.36 

80 

33 2.07 Unload 

20 2.20 None 
21 2.10 0.36 
22 2.01 0.38 
23 1.94 0.40 
24 1.86 0.41 
25 1.79 0.43 
26 1.73 0.44 
27 1.67 0.46 
28 1.62 0.47 
29 1.57 0.49 
30 1.52 0.50 
31 1.48 0.52 

100 

32 1.43 Unload 
*1psi = 6.895kPa 
 
value of (100psi (689.5kPa)) in summer and a high tire pressure 
value of (150psi (1,034.3kPa)) in winter. The representative number 
of load repetitions is taken as the least between those from fatigue 
and rutting as the most critical one to estimate the optimum fine. It 
should be noted that such fine estimates should only be considered 
in the penalty grading zone. Above the critical load, such formula 
should not be applied and the violating trucks must be unloaded by 
authorities to prevent premature pavement deterioration.  

It is worth mentioning that fatigue has more significant effects 
than rutting in reducing the pavement life. Therefore, it is 
recommended to design against overloading by considering a 
suitable factor of safety. The fines calculation for truck Type 1 is 
illustrated in Table 5. Such calculation takes into consideration the 
variation of tire pressure that affects both the critical load and 
number of load repetitions. Applying those estimated fines will help 
solving the overweight truck problem by discouraging truckers to 
upload overweighs. It develops a controlling system that stops the 

violating trucks from continuous deterioration of the pavement. 
 
Conclusions 
 
Based on this study, the following can be concluded: 
 For the same axle load, the allowable number of load repetitions 

to failure increases with changing the configuration from single 
to dual tandem, respectively. Based on that the use of dual 
tandem axles is recommended. 

 A new concept has been developed, namely the critical truck 
load (Lcr), based on which the trucks are either to be allowed, 
penalized or enforced to unload the overweight load before 
crossing the roads. 

 The fatigue cracking at the bottom of AC layer is likely to be 
controlling factor for estimating penalty due to its sensitivity to 
both overloading and tire pressure, while rutting is sensitive to 
overloading but not to tire pressure. 
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