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In equation (7), ρ  is the air density, v  is the air speed, d  

is the external pipe diameter, 
2 S v

d
πω ⋅ ⋅

=  is the pulsation of 

the periodically force Fp, kc  is an bearing unitary coefficient 

with values between 0, 45 1÷ . For ( )4 510 10eR ≈ ÷ , the 

bearing unitary coefficient is 1kc ≈ , f dS
v
⋅

=  is the Strouhal 

number, f is the separation frequency of the swirls. 
For wind speed between 20 and 40 m s , the separation 

frequency of the swirls is ( )40 83 Hz÷ . For this frequency over 
the pipe is generated a dynamical force that takes values 
between 25 105 N m÷ . 

The force ( )pF t  is perpendicularly to the pipe and is 

having the same direction as the air flow. The force ( )pF t  
generates in the pipe a bending stress that is variable function to 
the air flow conditions. The resulted normal stress is computer 
with equation (1). The moment iM  is calculated as effect of the 

dynamical force ( )pF t , supposing that is uniform distributed 
on the pipe length (Birkoff, 1953). 

In conclusion, the forces that affect a transportation pipe 
are: the pipe own weight, the internal pressure, the temperature 
difference between inner and outer surface and the air flow 
effect. 

There are two more interesting case studies: the effect of 
the wind (air flow); the effect of the internal pressure cumulated 
with the thermal effect. 

The action of the air flow must be analyzed separately 
because this load can affect the pipe during tens of hours, wile 
the effect of other loads can be insignificant. 

The effect of the internal pressure and the thermal effect 
can be studied simultaneously, both of them being variable and 
periodically. 
 
3. NUMERICAL SIMULATION AND RESULTS 
 

For the numerical simulation it is considered a pipe with 
outer diameter of 400D mm=  and two different thickness of 
the pipe wall, 10 and 18 mm. The numerical simulation has 
been done using the NASGRO 5.01 software (NASGRO 5.01, 
2007). 

The pipe is made from low carbon steel having the 
following characteristics: strength stress: 2310.3r N mmσ =  

and yield stress: 2172.4c N mmσ =  
The initial dimensions of the elliptical shape crack (fig. 1) 

are: the small semi axis 0.508a mm= ; the large semi axis 
2.54c mm= . 
 

 
Fig. 1. The initial crack shape 

 

 
2N mmσ ⎡ ⎤⎣ ⎦  

Fig. 2. The pipe durability function to the stress  

Cases that has been studied: 
a.If the pipe is loaded simultaneously with internal pressure and 
with thermal stress (different temperature between inner and 
outer pipe surfaces), summing of the pθσ  stress and the tθσ  

stress has the effect of no crack propagation.  
b.If the pipe is loaded only by the cyclical variation of the pθσ  

stress, the pipe durability it is function to the different values of 
the pθσ  stress (corresponding to internal pressure p) and to the 

different values of the wall thickness. The results are illustrated 
in figure 2. 

4. CONCLUSION 
 

The theoretical study and the simulation that have been 
cared out conduct us to the following conclusions: 
‐Combination of the fourth loading forces it is complicated 

their interaction affect directly the durability estimation in case 
of the aerial transportation pipes. 
‐The thermal stresses caused by the temperature difference 

between inner and outer pipe temperature do not affect to much 
the pipe durability (Pintilie & Albut, 2009). The explanation for 
this phenomenon is that the temperature difference generates in 
the wall thickness tensile stresses and compression stresses. 
‐The durability of the pipe is manly affected by the load 

generated by the internal pressure, as is shown in figure 2. This 
effect it is more pronounced if the pipe wall is thicker. 
‐The effect of the wind can be very important if its speed is 

between 20 and 30 m s  (Pintilie & Albut, 2009). 
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