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Abstract 
 
In the paper are presented two calculus methodologies in order to study an extensible cable loaded with 
different external forces : first of one start with the hypothesis that the externalforces are uniform 
distributed on a horizontal length and the second one admits the hypothesis that the forces are uniform 
distributed directly on a length of the cable. The results obtained are analysed in a calculus example. 
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General Equations 
 
It is considered an extensible cable (fig. 1) having the suspension points A and D. The 
horizontal distance between A and D is l and the vertical one is h. The cable is loaded with three 
uniform external pressures located respectively in the intervals [0, a], [a, b] and [b, l].    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The horizontally distributed forces are q1, q2, q3 (fig. 1a) and the forces distributed directly on 
the cable are p1, p2, p3 (fig 1b). 

In the case that the external forces are horizontally distributed (fig. 1a), the general equations of 
the deflection and of the slope of the cable are [1] :  
 

Fig. 1. The cable supported at the ends 
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In the above relations, H represents the horizontal component of the force from the cable. 

The limit conditions have to respect the imposed displacements in A and D and to allow the 
continuity of the deflection and of the slope respectively in B and C :  
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Usually in the theory of cables it is imposed also the condition that the deflection at the middle 
of the horizontally distance between the suspension points to be f. If the middle point is 
considered to be on the B-C  arc of the cable it results : 
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Solving the (3) system of equations the constants Ci (i=1,6) can be written function of the 
unknown H, under the forms : 
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Replacing all the above constants in (4) the expression of the horizontal component of 
the force of the cable is :  
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The difference between the final and the initial length of the cable can be calculated 
with the expression [1] : 
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The final length of the cable is expressed by the relation [3] : 
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If the external forces are distributed directly on the cable (fig. 1b) the equations of the deflection 
and of the slope (first derivative of the deflection y in respect with x) can be written as : 
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Using the (3b,c,d,e,f) limit conditions the constants C2, C3, C4, C5, C6 can be expressed as 
functions of C1 and H, under the forms : 
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Using the (3a) and (4) limit conditions the following system of equation can be written : 
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Replacing (11) in (12) the (12) system of equation will have only the unknowns C1 and H in an 
implicit form. The numerically solving of the above system can be made by fixing an initial 
value for C1 (for example zero), calculating the value for H as the first positive root of (12a) and 
verifying the (12b) equation. If (12b) is not identically satisfied, the initial value for C1 is 
increased until the (12b) relation will be verified. 

A Numerically Example 

A cable made from OL 37 with the cross sectional area A = 3,36 cm2 is considered. The cable is 
loaded with three uniform external forces q1= p1=29 N/m, q2= p2=58 N/m, q3= p3=29 N/m, each 
of them acting on a third of horizontal abscissa. The horizontal and vertical distances between 
the suspension points are respectively l = 150 m and h = 10 m. The imposed deflection at the 
middle of the horizontally distance between the suspension points is  f = 40 m. 

Solving numerically this example using (6), (7) and (8) relations the following values are 
obtained : m 577.168 ;N 3625 == oLH  
In order to solve numerically the (12) system of equations a specialised programme has been 
used and the following values for the unknowns have been obtained : ;8169816,01 =C  

N 55.3827=H . Using the (7) and (8) relations the initial length of the cable is 
m 774.168=oL . 

Analysing the results obtained above it can be noticed that the both methods of calculation reach 
nearly the same results. 

However when the imposed deflection at the middle of the horizontal distance between the 
suspension points is higher ( 3/1/ ≥lf ) the differences between the two methods of 
calculation became significant. 

 

Conclusions 
 
In the paper are presented two calculus methodologies that can be used for extensible cables 
loaded with different external forces. Thirst of them admits the hypothesis that the external 
forces are distributed on the horizontal distance between the suspension points. The second 
method of calculation admits the hypothesis that the external forces are distributed directly on 
the cable.  

The both methods admit also the hypothesis that each of the external forces is uniform 
distributed. The results obtained are analysed in a calculus example. From the presented 
example it can be noticed that for a current distance between the suspension points (150 m), a 
vertical distance between the same points (10 m) and an imposed deflection in the cable 
displacement (40 m), the initial lengths of the cable are nearly the same.  

The differences between the results obtained become significant if the fraction f/l is higher than 
1/3. 

In the same time the second method contains a numerical algorithm that make the calculus very 
efficient. 

It can be also appreciated that the second method allows the calculation of an exact length of the 
cable that is an important issue. The methodology that is presented in the paper can be applied 
in any situation, for any dimensions of the cable and any geometry of the suspension points. 
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Calculul firelor extensibile solicitate  
cu diferite forţe exterioare uniforme  

Rezumat 

În lucrare se prezintă douǎ metodologii de calcul al cablurilor solicitate cu mai multe forţei exterioare 
uniforme. Prima metodǎ admite ipoteza conform cǎreia forţele exterioare sunt distribuite in lungul 
deschiderii orizontale, pe mai multe tronsoane. Cea de-a doua metodǎ utilizeazǎ ipoteza în conformitate 
cu care, forţele exterioare sunt distribuite uniform pe mai multe tronsoane situate în lungul deformatei 
cablului. Ambele metode de calcul sunt analizate pe un exemplu de calcul, din carese observǎ cǎ 
rezultaele sunt diferite numai dacǎ raportul dintre sǎgeata maximǎ impusǎ la mijlocul deschiderii este 
mai mare decǎt o treime din deschiderea orizontalǎ a cablului.  
În plus, metoda în care forţele  exterioare sunt distribuite direct pe cablu furnizeazǎ un algoritm numeric 
extrem de eficient, care permite determinarea necunoscutelor prin utilizarea unui program specializat de 
analiza numericǎ. 
 
 


