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Abstract. This work studies the effect on the strength and other mechanical characteristics of 

hardening structures in the ”cement-water” system with a filler of identical chemical nature 

consisting of cement granules or cubes at different age and with their own characteristics. This 

study was performed in the light of a new paradigm in natural science and the unity and 

opposites of markovian and non-markovian processes with forming structures similar to own 

ones where the indicators are harmonic numbers, golden proportion and Fibonacci numbers. 

Moreover, structured modeling of the above mentioned systems was carried out, and effect of 

the ratio of adhesive and cohesive forces on the structure formation of cement systems was 

investigated. It was shown that it is necessary to have 238732 particles per 1 m of the sample, 

taking into account that the density of particles packing with a diameter of 1 cm is 100 %. If 

the density is lower, it is necessary to have 152788 particles. It was established that the 

strength of hardening structures depends on the age and configuration of filler granules. 

1. Introduction  
The problem associated with the creation of construction materials based on cement systems with the 

desired properties able to harden and accumulate strength under normal and extreme conditions is one 

of the most urgent in modern construction material science. It is known that some problems need 

further research [1]. These problems are as follows: the proportion of adhesive and cohesive contacts 

particles interaction accretion in cement systems, the variation of these ratio within the period of 

hydration of structure formation and finally the study of the role of adhesive-cohesive processes in 

cement systems and control methods of so called contact area in a conglomerate as the weakest part in 

the structure of cement systems [2-8]. The solution of these important problems is impossible without 

applying the achievements of fundamental science. 

Nowadays there is a rapid progress of a new natural-scientific paradigm. In accordance to this new 

paradigm any processes taking place in the world should be considered as the unity and opposites of 

interaction of markovian and non-markovian processes [9-11]. It is inessential for markovian 

processes what happened to one or another component in the past, i.e. what impact or processing 

method this component has experienced during its existence or it is also not important what was the 

role of this component in the evolution process. Only the antecedent system status is of great 

importance for markovian processes. On the contrary, the memory of the past system status is vital for 
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non-markovian processes. It is obvious that it is necessary to take into account the contribution of 

markovian and non-markovian processes to the evolution of the system. It is known that the indicators 

of these processes are the numbers of nature harmony, golden proportion and Fibonacci numbers [12, 

13]. 

Widespread fractal structures [14] are the reflection of non-markovian processes and completely 

follow the interpretation with the involvement of Fibonacci numbers. Fractal structures are classified 

into several types as one of the ways of the origin and formation of similar structures under various 

conditions typical for natural and artificial materials [15].  

This paper is concerned with so called fractal nested (embedded) structures [16] which ensure the 

maximum possible density of packing of the forming structure.  

The purpose of this work is to determine the features of the progress of adhesive-cohesive 

processes in cement systems, including the contact area, and to perform structural modeling of 

hardening on the model of fractal nested (embedded) structures. 

2. Materials and methods  
To achieve the specified goal, structural modeling of the cement stone was carried out under the 

hypothesis of absolute homogeneity on mass, volume, density and configuration of all particles 

composing this structure. The computer simulation showed that the densest packing is obtained for 

absolute density (100%) by the compulsory presence of 238732 particles per 1 m3 if assumed that all 

particles are ball-shaped and their diameter is 1 centimeter [17] (see Fig.1). If the density is 64%, then 

152788 particles per 1 m3 are required (see Fig.1). 

 

 

Figure 1. The sample of particle packing. 

 

Reducing the diameter two times (0.5 cm) and more (0.3 cm), the number of particles for obtaining 

maximum density will increase many times. It is necessary to pay attention to the fact that hollow 

spaces (holes) between balls are also ball-shaped and their diameter is in harmony with the diameter of 

the particle. The ratio of these diameters is in compliance with the theory of fractal nested (embedded) 

structures.  

A range of experiments with cement granules with a diameter of 0.3; 0.5 cm was conducted at the 

second stage of this work to find out the role of adhesive interaction. To perform these experiments, 

the samples consisting of cubes with the size of 5×5×5 ×10-2 m were formed. Cement paste with a 

water-cement ratio of 0.34 was used for samples formation. Then these samples were tested for 

strength by their compression which lasted 1, 3, 7, 14, 28 days and 3 months. Granules of a specified 

size were separately formed from the cement paste of the same composition and a water-cement ratio. 
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The cement concrete was obtained by mixing the cement paste with cement granules. It was 

established that all samples became hard under identical conditions: temperature, air and moisture. 

Granules were used as fillers in the chemically similar “water-cement” system. The idea to use a 

filler with different time of hardening and hence with different strength, porosity and other operating 

characteristics was used for the first time in the technology of the cement stone production. Storage 

conditions of samples were identical to the storage conditions of granules. It turned out that the age of 

granules has a considerable effect on their cohesive strength with the cement matrix. It was also 

established that the higher the age of the filler is, the higher the strength of the “cement-filler-water” 

system. It was concluded that the age, strength and other operating characteristics of granules (filler) 

must be higher than for the initial cement matrix.  

3. The study of the structure of the modified lead-tin-base bronze  

The results of performed experiments are shown in Table 1. This table demonstrates the data for the 

cement stone obtained from Portland cement of the grade 400 (check sample) and cement stone with 

granules used as a filler with a diameter of 0.5 cm and different time of hardening. 

 

Table 1. The characteristic of the cement stone based on the cement of the grade 400 and the cement 

with a filler consisting of granules which diameter is 0.5 cm at different time of hardening 

 

System types  
Density, (), gr/cm3 Strength 

by compression,  

(Р), MPa. 

(after 7 days of 

hardening) 

Ratio of strength 

to density,  

(Р/), 103 cm 

 

«Cement-water». Check 

sample 

2.1 20.97 10.0 

«Cement-water-granules». The 

time of granule hardening–  

1 days 

2.6 11.1 4.2 

«Cement-water-granules». The 

time of granule hardening–  

3 days 

 

2.6 

12.8 4.9 

«Cement-water-granules». The 

time of granule hardening–  

7 days 

2.6 14.8 5.7 

«Cement-water-granules». The 

time of granule hardening–  

14 days 

2.6 15.9 6.1 

«Cement-water-granules». The 

time of granule hardening–  

28 days 

2.8 16.4 5.8 

«Cement-water-granules». The 

time of granule hardening–  

3 months 

2.9 20.1 7.2 

 

It is obvious from Table 2 that the ratio of strength to density reaches the reference values at the 

age of 3 months. There is a general tendency that the formation of structure is being kept by the 

reduction of granules diameter while the indices of structural-sensitive parameters are getting worse.  
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Table 2. The characteristic of the cement stone based on the cement of the grade 400 and the cement 

with a filler consisting of granules which diameter is 0.5 cm at different time of hardening 

 

System types  
Density, (), 

gr/cm3 

Strength 

by compression,  

(Р), MPa. 

(after 28 days of 

hardening) 

Ratio of strength 

 to density,  

(Р/), 103 cm 

 

«Cement-water». Check sample 2.1 42.0 20 

Cement-water-granules». The time of 

granule hardening–  

1 days 

2.6 22.5 8.6 

«Cement-water-granules». The time of 

granule hardening–  

3 days 

2.6 25.0 9.6 

«Cement-water-granules». The time of 

granule hardening–  

7 days 

2.6 30.0 11.5 

«Cement-water-granules». The time of 

granule hardening–  

14 days 

2.6 31.0 11.9 

«Cement-water-granules». The time of 

granule hardening–  

28 days 

2.8 33.0 11.7 

«Cement-water-granules». The time of 

granule hardening–  

3 months 

2.9 42.0 14.5 

 

The study of the effect of filler granules on the strength of the hardening structure was also of great 

importance. The data of the cement stone on the base of Portland cement of the grade 500 and the 

configuration of granules as elementary cubes with a diameter of 0.3 cm are presented in Table 3.  

One can see from Table 3 that the ratio of strength to density makes up 51%. The comparison of 

indices of the samples produced on the basis of different cement grades (Table 2 and 3) shows the 

tendency of properties changes. By the increase of the particles diameter (0.5 cm and greater) and the 

change in the configuration (compared with balls), the structural characteristics are becoming worse.  
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Table 3. The characteristic of the cement stone based on the cement of the grade 500 and the cement 

with a filler consisting of granules which diameter is 0.3 cm at different time of hardening 

 

System types 
Density, (), gr/cm3 Strength 

by compression,  

(Р), MPa. 

(After 28 days of 

hardening) 

Ratio of strength 

to density,  

(Р/), 103 cm 

 

«Cement-water». Check 

sample 

2.2 49.6 22.5 

«Cement-water-granules». The 

time of granule hardening–  

1 days 

2.5 15.0 6.0 

«Cement-water-granules». The 

time of granule hardening–  

3 days 

2.7 17.2 6.3 

«Cement-water-granules». The 

time of granule hardening–  

7 days 

2.8 21.6 7.7 

«Cement-water-granules». The 

time of granule hardening–  

14 days 

2.8 22.0 7.8 

«Cement-water-granules». The 

time of granule hardening–  

28 days 

2.9 22.4 7.7 

«Cement-water-granules». The 

time of granule hardening–  

3 months 

2.9 23.1 7.9 

4. Conclusion  
The feature of these experiments is in forming a “cement granular- cement stone” contact area, where 

the strength behavior on the boundary is purely cohesive in terms of chemical bonds. However, 

experiments showed that the difference in age, strength and other sensitive characteristics of the 

cement stone and cement granules leads to the transformation of the part of cohesive contacts in a 

mixed  substance in a form of cohesive-adhesive accretion contact. These data allow us to state that 

studies concerning adhesion, classification of adhesion and cohesion forces, the nature of their 

interaction require some updating and development. Their interaction is a complicated and hierarchical 

process. Fibonacci numbers serve as indicators by formation of these structures provided that 

maximum density is reached, since the ratio of particles size and their content in a system correlate as 

harmonic numbers [18]. 
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