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Abstract 
Examining the wires of an out-of work steel rope, they noticed that the local 

compression stress in between the wires had such high values that it produced an 
impression on the wire in the contact area. The contact stress appears between the 
wires of the same rope strand, of two adjacent rope strands and between the wires 
and the rope sheave. 

The level of stress is function of the load, the geometry of the common contact 
surface and the Young’s modulus. The practical observations are confirmed by the 
analytic calculations on the basis of Hertz’s theory. 
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1. Introduction  
 
 In order to perform a calculus at the contact between two rope’s wires there is 
necessary to know the curvature radius and the contact forces both between wires 
and between a wire and the roll in contact. The distribution of forces on a bended 
wire around a roll is presented in Fig.1, where r is the curvature radius of the rope 
strand. 

For the case of a wire rope composed from nt rope strands, the average 
contact force on a wire has to be calculated with the formula 
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 If a wire rope is wrapped up around a roll and is subjected to traction force F, 
then the interaction forces V and K actuate between the rope strands. The analytic 
relations in order to estimate the interaction forces are: 
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Fig.1. Forces distribution on a bended wire around a roll 

 
  

 The pressing force on the wires belonging to a rope strand when the wire rope 
is subjected to traction is: 
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 If the helix angles in a rope strand or a wire rope have the same value (ω1 = 
ω2), there will be obtained: 
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 For the characteristic case when nt = 6 rope strands, L = 7,5d;  L’ = 10d1;   ω1 
= 15040’; ω2 = 17028’;  γ = 600;  d - d1 = 2d/3, according to (2), (3) and (5) the results 
will be: 
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 The interaction force between wires in the contact point or on the contact 
generatrix, for the case when the wire rope is wrapped on around a roll with the 
diameter D, will have the analytic expression: 
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 For the usual values nt = 6;  L =7,5d; L' =10d1; ω1 = 15040’;  ω2 = 17028’;   d-d1 
= 2d/3; γ = 600, there will be obtained 
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  2. The calculus of the contact pressure  
 
 The Hertz’s theory is used to calculate the maximum p0, respectively the 
average contact pressure pm, in the framework of the elastic range: 
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where:   P0    - the pressing force between the two bodies in contact, [N]; 
          a, b – the half-axis of the elliptic contact patch, [mm]; 

 E*   - the equivalent Young’s modulus, ⎟⎟
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       E1, E2  -  the Young’s modulus of the two bodies in contact, [MPa]; 
         Σρ  - the amount of main curvatures of the surfaces in contact in the near 

vicinity of the contact point, [mm-1]         
i
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 The above-mentioned relationships may be adjusted (Fig.2) for the case of a 
wire belonging to a wire rope: 
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where:  R11 – the curvature radius of the deformed shape of the wire rope, [mm];  
             R12 – the nominal radius of the wire rope, [mm]; 
             R21 – the radius of the take-up roller, [mm];   
             R22 – the guidance radius of the take-up roller, [mm]. 
 

 
Fig.2. The main curvature radius in the wire-wire, respectively wire-roll contact areas 
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 If the following notations are used: d – the diameter of the wire rope, [mm]; δ - 
the diameter of the wire, [mm]; D11  - the diameter of the deformed shape of the wire 
rope, [mm];  Di – the diameter of the wire rope guidance, [mm]; D – the diameter of 
the wire rope take-up roller, [mm], the following mathematical relation will be 
obtained: 
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The value (ηχ) is graphically obtained from the Fig.3, in function of the angle 
θ, where θ is defined by the relation 
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 In the relation (11) it was noticed ω, the angle between the axis of the wire 
rope or of the component wire and the symmetry plane of the roller (Fig.2). 

 
Fig.3. The value (ηχ) in function of the angle θ 

 
For a general case, it will be obtained: 
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By using the notation                      
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for the case ω = 0, the maximum pressure will became 
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Finally, the following relation will be obtained                
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 For the external layer wires in contact with the guidance in the roll, the value of 
the coefficient k3 is dependent by the character of the material of the guidance roll, in 
accordance with the Table 1, [3]. 
 
        The value of the coefficient k3                                                                           Table 1 

Material of  Steel Cast iron Hard rubber Lining 
the roll    Leather Wood 

k3 280 230 13 2,8 7 
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3. The analytic relations to calculate the contact pressure for the traction 

wire ropes composed by rope strands 
 
 By using the relations (7), (9), (11), adjusted for the same type of wire rope, 
the following relations to calculate the contact pressure will be obtained for different 
contact geometries: 
  

a) The contact between the wires and the roll 
 

a.1) – Cross knitted wire ropes (ω = 0) 
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The usual values for the quantities between brackets are presented in Table 2. 
                                                                                               
                 The usual values for wire ropes                                                             Table 2 

Wire ropes 
with  

d1/δ  d1/sin2ω1δ Di/δ D/δ 

six rope 
strands 

 L'=10d1 L'=8d1  Roll Puttee 

7 wires in a rope 3 33 22 10...12  500...1000 
19 wires in a 

rope 
5 55 37 18...22 80…200 500...1000 

37 wires in a 
rope 

7 78 52 23...25 (100)* 500...1000 

        * - for parallel knitted wire ropes 
 
a.2) - Parallel knitted wire ropes (ω = 270... 300) 
 

The analytic expression of the pressure p0 remain as in the mentioned above 
case, but the value of cos θ has a different one: 
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The usual values for the quantities between brackets are found in the Table 2, 
and the values of the average contact force P0 has to be calculated according to the 
formula  (1). 
  

b) The contact between two component wires of a wire rope 
 
 For the both knitting methods (parallel, respectively in cross), the following 

mathematical relations for p0 and cos θ will be obtained: 
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The interaction force P0 in the formula (19) will be calculated according to the 
formula (6). 
 

4. Conclusions 
 
 After the level of the normal stresses in the wire is calculated, the equivalent 
normal stress will be obtained according to one of the strength theories. The 
mathematical expressions of the main stresses in the contact patch between two 
bodies will be, [2]: 
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In accordance with the shape modifying strength theory, the equivalent stress 
will be, [1] 
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 For the particular cases of wire ropes or even wires in contact, the maximum 
contact pressure p0 is accompanied by the traction stress σt and the bending stress 
σi. The bending stress σI has a negative value because on the contact area between 
the wire rope and the roll, the bending became compression. So, the main stress 

along the wire is                             ( it01 p
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 The researches of A. Dumas [3] conduce to the value of the average accepted 
pressure 

2
HBSp max0 = , where HBS is the hardness of the surface which has been 

estimated according to the Brinell’s procedure, or rmaxo 2p σ≅ , where  σr is the 
ultimate strength of the wire material.  
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