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Introduction 

The bending pressure zone of a pressed beam is limited by the pressed side and the neutral axis, 

where the strain 𝜀 is zero. If one takes, as is shown in figure 1, a prism , limited by these two 

boundaries, out of the beam and brings an eccentric loading to the ends, so that the strain 𝜖 on the 

section-side is zero, then one has in the prisma a copy of the disribution of the loading in the bending 

pressure zone ([3], p.1). See figure 1. 

 

Fig. 1: Equivalence of the bending pressure zone of a beam and an eccentric pressed prism 

In figure 2 a sketch of such a prisma is given (copy of [3]). For comparability I also use the symbols 

and measures of [3]. 

The problem of the extensive experiments in [3] was to find for different values of cube-strength 

W(kg/𝑐𝑚2; side length 20 cm) and 𝜅 = 𝜎̅/𝜎̅𝐵 (B for break/Bruch) the values of 𝛽0, the measure of 

eccentricity of the loading of the prism in [3] and center of the distribution of the stress, and of the 

(relative) stress 𝛼0
𝑃=𝜎̅/𝐾𝑏, where 𝐾𝑏 is the strength of the prism. These values 𝛽0, 𝛼0

𝑃 and 𝜀0(=𝜀1) are 

found, when, by varying W and/or 𝜅, 𝜀2 becomes zero. 

To this at first for a fixed value of W and a fxed value of 𝛽 a series experiments was done with 

growing stress until break. 

Then the same was done with prisms (of the same W)and other values of 𝛽. 

At last step 1 and 2 were done with other values of W. 

In detail see [3], figures 48-88. 
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Fig. 2: Details of loading the prisms 
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With these data the results 𝛼𝑃(𝛽), 𝜀2(𝛽) and 𝜀1(𝛽) for different values of 𝜅 𝑤𝑒𝑟𝑒 𝑝𝑙𝑜𝑡𝑡𝑒𝑑 for 

different values of W (see [3], figures 94-107). The essential results are the values 𝛽=𝛽0,, where 𝜀2=0. 

Then 𝛼𝑃=𝛼0
𝑃 and 𝜀1=𝜀0. See figure 3. 

 

 

Fig. 3: Parameters strain ε, (rel) stress αP=    /κb (κb is strength of prism) and measure of eccentricity β 

of loading. Eccentricity e=d(0.5-β); d=150mm 

 

These results are given in [3], Bild 113, 112, 114 , repeated here as figures 4a, 5a, and 6a and listed in  

tables 1, 2, and 3. They are the experimental basis for the following analytical hypotheses. 

 

To get truthworthy results it is of decisive importance to disregard non-truhworthy experimental 

data. Of this sort are are the experiments with high loading 𝜅 > 0.9. See e.g.[3]. p.24, or [2],p.74. 

For this reason experimental data with 𝜅>0.9 were ignored in the tables and in the computations.  

Hypotheses 

Hypothesis H1  for 𝛽0 (and the center of loading (1-𝛽0)) 

𝛽̂0(w,𝜅)=1/3+(1/2-1/3)𝑒− 𝑎(𝑊/100)𝜅𝑏 

The parameters a and b are computed with Gauss‘ method of least squares: 

Q(a,b)=∑(𝛽0𝑖 − 𝛽̂𝑜𝑖)
2

 → Min. (i=1,…49);  the mimimum is found with the iterative nonlinear simplex-

method of Nelder and Mead [1]. We get: 

𝛽 ̂0=1/3+1/6  𝑒−0.3374(𝑊/100)𝜅3.757 

The results are given in table 1, lines 2 and especially in figure 4b : 𝛽̂0 (𝑊) for fixed values of 𝜅 and in 

figure 4c: 𝛽̂0((𝜅) for fixed values of W. Notice the good correspondence of the hypothesis (curves) 

with the high number (n=49) of experimental points! Dotted curves are extrapolated. 
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Fig. 4a: Experimental results β0(W, κ) according to [3] 

 

Table 1: first lines: Experimental values β0;, second lines: hypothetical values of     0 
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Fig. 4b: Experimental points (W/100, β0-0.333) and hypothetical curves (W/100,     0-0.333) 

 

Fig. 4c: Experimental points (κ, β0-0.333) and hypothetical curves  
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Hypothesis H2  for the (relative) loading 𝛼0
𝑝

=𝜎̅0/𝐾𝑏: 

𝜶 ̂𝟎
𝑷(W,𝛋)=(2/3)𝜿+(1/3)𝒆−𝒂(𝑾/𝟏𝟎𝟎)𝜿𝒃 

The analogous calculation as with hypothesis H1 , now with the 49 data of table 2 gives: 

𝛼̂0
𝑝

=(2/3)𝜅+1/3 𝑒−0.4052(
𝑊

100
)𝜅5.846 

The results are given in table 2, lines 2 and in figures 5b and 5c. Especially in figure 5b 

correspondence of data-poins and hypothetical curves is very convincing– with one exception!  

For high loading (𝜅 = 0.9) and small values of W. For this also see [3], p.24. 

 

Fig. 5a: Experimental results       (W, κ) according to [3] 
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Table 2: First lines: experimental values         , second lines: hypothetical values 

 

 

 

Figure 5b: experimental points (W/100,       ) and hypothetical curves (W/100,     ) 
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Fig. 5c: experimental points (κ,        ) and hypothetical curves (κ,        ) 

 

Hypothesis H3  for the stress-strain relation with non-centric loading: 

𝜅̂=a𝜀0𝑒−𝑏𝜀𝜊 

„The stress-strain relationship for non-centric loading is the same as that for centric loading“. 

See [4]. 

The (now 63) experimental data (𝜀𝜊,𝜅) are given in table 3a, lines 1 and 2, the hypothetical results 𝜅̂ 

in line 3. The parameters a and b for 7 values of W are given in table 3b. Figure 6b shows the 

correspondence of data and hypothesis. 
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Fig. 6a: Dependence of the edge compression ε0 on the strength of the cube and the degree of 

loading κ of the bending pressure body 

Table 3a: first lines: experimental values ε0, second lines: experimental values κ, third lines: 

hypothetical values  
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Fig. 6b: experimental points (ε, κ) and hypothetical curves (ε0,    ) 

 

Table 3b: Parameters of hypothesis 

 

In a following part III I will bring a theory of the distribution of the stress across the bending pressure 

zone – on the basis of these hypotheses. 
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