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Abstract: In this short note we remark that the theory of Fuller & Tabor for the adhesive contact of 
rough random surfaces, once applied to isotropic fractal surfaces, gives a limiting zero pull-off 
force, for all fractal dimensions or amplitudes of roughness. 
 
Introduction 
That roughness “destroys” adhesion is a well known experimental evidence, and the most 
interesting result captured by the classical paper by Fuller and Tabor (1975), FT in the following, 
which is basically an extension of the Greenwood and Williamson (1966), corresponding case 
without adhesion (GW in the following), including the JKR model (Johnson, Kendall and Roberts, 
1971) for the single asperity contact case. As such, the FT model As it was pointed out by Tabor 
(1977) the JKR theory applies to large, compliant spheres, i.e., at large values of µ, while the DMT 
theory would appear more appropriate for small, stiff spheres, i.e., at low values of µ, the Tabor 
parameter. This is therefore a first strong assumption in the model, if we apply it to fractal surfaces, 
where the smallest scales certainly are problematic in these respects. The FT model also inherits 
from GW that there is no interaction, that the surface is described by parabolic asperities, which 
moreover are identical. Moreover, asperities theories cannot deal with the possibility of full contact, 
are intrinsically separated contacts.  In the GW model without adhesion, the limit contact area is 
zero, as noticed by various authors, is the correct limit for elastic contact of fractal surfaces (Borri-
Brunetto et al.,1998; Manners,2000; Greenwood,1996; Ciavarella et al., 2000, 2001; Persson, 
2001a,b; Greenwood and Wu, 2001) within of course the framework of elastic infinitesimal 
deformation theory. In particular, Ciavarella et al. (2000) show that the contact area in a plane 
contact case,at large enough resolutions tends to have a fractal dimension of 2 D where D is the 
dimension of the profile. Hence, the higher the dimension of the profile, the smaller and more 
‘‘lacunar ’’is the contact area. The final conclusion is that the ‘‘true ’’contact area for elastic contact 
between two perfectly fractal surfaces consists of an infinite number of contact spots of zero size, 
which are subjected to infinite contact pressure, and have a vanishing total area of contact. 
Ciavarella and Demelio (2001) have found that indeed this was already intrinsic in the old Archard 
paper with the spheres on spheres fractal “ante-literam” model (1957). 
 
It becomes interesting to see if adhesion gives less paradoxical conclusions. As GW, the FT model 
needs only three geometrical parameters for the solution of the contact problem: the standard 
deviation σ of the summit height distribution which is assumed to be Gaussian, the assumed 
constant radius Rm of the spherical summits and the area density of summits Dsum. For an isotropic 
surface the three parameters depend on the bandwidth parameter,  
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where 420 ,, mmm  are the zeroth, second and forth order moments of the PSD (Power Spectrum 
Density), known to be the variance of heights, slopes and curvatures, respectively. A much used 
simple description of fractal profiles is the Weierstrass series (Ciavarella et al. 2000) 
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where 0g  is the amplitude of the first sinusoid, 0q =
0

2
λ
π  is the circular frequency given by the 

wavelength of the first sinusoid, 0λ , and γ is a parameter (sometimes chosen to be 1.5 to have a 



non-periodic profile, but this is not sufficient to make the scales separated enough to apply the 
Archard procedure like in Ciavarella et al 2000). Finally, iφ  are random phases (not strictly needed 
for the Weierstrass series to be a fractal). For a Weierstrass series with n terms,  
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Using these parameters we can define the standard deviation of the summit height distribution 
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the constant radius of the spherical summits 
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and the area density of summits 
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In figure 1, we plot, in Log graphs, the three parameters in eqt. (5), (6) and (7), using the moments 
in eqt. (3) and the bandwidth parameter in eqt. (4), as a function of the number of terms n of a 
Weierstrass series with γ=2 for three different fractal dimensions D=1.05, 1.5, 1.95. 
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Figure 1 - The standard deviation σ of the summit heights, the constant radius Rm of the spherical 
summits and the area density of summits Dsum as a function of the number of terms n (from 1 to15) 

of a Weierstrass series with γ=2 for three different fractal dimensions D=1.05, 1.5, 1.95. 
 

For the standard deviation of the summit height distribution we have a rapid convergence to the 
asymptotic value: for the fractal dimensions D=1.05, 1.5 we need only 6 terms in the series while 
for D=1.95 we need all the 15 terms. Even for the large fractal dimension of D=1.95, the difference 
between the value for a single sinusoid, and the converged value is only a factor 2. The constant 
radius of the spherical summits decrease at increasing number of scales, for the superposition of 
terms with lower amplitude and wavelength, and it decrease also at increasing fractal dimension for 
the presence of a higher number of asperities. The area density of summits increases with the 
number of scales and it is the only geometrical parameter which is not influenced much by the 
fractal dimension. 
 
Considering the model of Fuller & Tabor, for a Gaussian distribution of the asperity heights the 
total force exerted between the two solids is the sum of those one exerted by the single asperity, so 
the expression of the load is 
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where N is the number of summits in the nominal area, Pc is the pull-off force for the JKR model 
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3= , where ω is the energy of adhesion and the relation for the force Pi exerted on an 

asperity as a function of its approach δi is 
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In the next figures, we show the trends of the ratio between the total load and the product of the 
number of the summits in the nominal area N and Pc as a function of the dimensionless separation 
d*=d/σ  for a rubber having E=6.8*105 N/m2 and ω=40 mJ/m2. The results shown are obtained for 
Weierstrass series with γ=2 at increasing number of scales n=4, 6, 8, 10, 12, 14 for three fixed 
fractal dimensions D=1.05, 1.5, 1.95 and at three fixed n with increasing D. 
 
The graphs show very well the effect of the increasing roughness of the surface, adding new scales 
at fixed fractal dimension or increasing D at fixed number of scale, which cause a reduction of the 
adhesive pull off force, particularly for large fractal dimensions.  Although the latter part was 
expected, because the “rougher” the surface, the more likely roughness becomes effective, the limit 
of zero pull-off force, theoretically even with arbitrarily low amplitude of roughness, is perhaps 
counterintuitive. 
 
From the plots in figure 2 we obtain also the locus of minima of the ratio P/NPc and of the 
corresponding value for the separation distance d* for each fractal dimension. The values of the 
ratio are obtained from the integral equation  
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obtained by differentiating eqt. (9) after a change of variables. 
 
In figure 3 we plot in Log graphs the trends of the two quantities as a function of the number of 
scales and in Log-Log graphs the same quantities are represented as a function of the parameter 

α=σ/δc, where 
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original paper of the FT model, and indeed a truely significant decrease of the pull-off is only likely 
for high fractal dimensions --- notice the curves in Fig. 3 in terms of α stop early in the plot, 
suggesting the paradoxical trend only occurs very slowly in the limit, when other factors may stop 
the fractal “process” well before the original FT assumptions break down anyway. 
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Figure 2 - The trends of the ratio P/NPc as a function of the dimensionless separation d* for a 
rubber having E=6.8*105 N/m2 and ω=40 mJ/m2. The results shown are obtained for 

Weierstrass series with γ=2 at increasing number of scales n=4,6,8,10,12,14 for three fixed 
fractal dimensions D=1.05, 1.5, 1.95 and at three fixed n with increasing D. 
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Figure 3 – The trends of the locus of minima of the ratio P/NPc and of the respective values of d* 
as a function of the number of scales n and of the parameter alfa=σ/δc, for the fractal dimensions 

D=1.05, 1.5, 1.95. 



Discussion & conclusion 
 
The FT model gives paradoxical results, although mostly in terms of the fractal limit (and not in a 
practical application if one defines the smallest scale in some physically “correct” sense), as already 
found for the non-adhesive case in the GW model. The extension of Fuller and Tabor to deal with 
the Maugis-Dugdale model by Morrow et al (2003), may give some improvement by considering 
the local behaviour to deviate from JKR, but it is not necessarily sufficient. Other models using the 
assumption of arbitrarily defining asperities from the geometrical intersection at a given height of 
the surface (usually, the Weierstrass-Mandelbrot series), assuming it follows the power-law Korcak 
law, and integrating on the various sizes, have been developed by Sahoo and Chowdhury (1996) or 
Komvopoulos (2003), Morrow and Lovell (2005), but seem not capturing the actual physics. Other 
theories have been proposed (Persson, 2002, Persson and Tosatti, 2001), but they seem to be based 
on other strong assumptions and are not rigorous as they appear at first (see Manners and 
Greenwood, 2006).  
 
The question remains largely unsolved. It would be nice to open a discussion into iMechanica! 
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