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Abstract. The paper describes experimental measurement of pressure in marble chips placed in 

cylindrical reservoir subjected to weak impacting within a long time. It is found that pressure 

in the granular material changes non-monotonically but fluctuates relative to hydrostatic 

pressure with the amplitude equaling order of magnitude of the latter. The fractal analysis of 

the experimental curves of pressure and number of impacts is performed. The Hurst exponent 

ranges as 0.67–0.73, and the process of pressure variation is fractal and possesses long-term 

“memory.”  

It is common knowledge that geomaterials—rocks, soils, granular media—have various kinds of 

equilibria. This means that having barely the information on body forces and boundary conditions, it is 

impossible to assess stresses inside a domain. On the other hand, stress assessment is the basic 

objective of geomechanics. The question is that there can be self-balancing stresses in a medium  

[1–3]. When solving a linear problem on secondary stresses, it is allowed to neglect initial stresses. 

However in case that local damage or local transition to limiting state is probable, the role of the initial 

stress field may be critical, for instance, in a problem on weak impacts exerted on a medium. 

Experiments show that such impacts induce irreversible deformations in the medium. So, a medium 

evolves from one “intrinsic” state to another.  

This study focuses on the effect of weak but long-term impacts on a medium.  

Which impacts can be assumed weak? Initially, a granular medium has only one characteristic of 

the dimension of stress. This is the cohesion k . And, when a medium is in the limiting state, it has one 

more characteristic—internal friction angle  . The latter is dimensionless and is included in the 

limiting state conditions together with the uniform compression:  

 cossin k . 

Impacts may be characterized by a pressure 
*p . This allows a natural dimensionless combination 

of stresses  
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Accordingly, “weakness” of an impact is conditioned by a specific element of a medium, and by 

strength characteristic and stress state of this element. Consequently, an explosion load is high in the 

near and medium-range zones and is weak in the rest (major part) of rock mass.  
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A granular medium is composed of many discrete solid particles that can carry out translational or 

rotational movements under certain energy input. This motion can include both differential 

movements of individual particles and coordinated movement of particle clusters temporarily 

composed and decomposed. The detailed research has shown that particles in a granular medium 

under deformation make clusters (actually, blocks) [4]. Deformations mainly occur at the boundaries 

of the clusters and are comparatively low inside the clusters. Clusters of particles with flat faces are 

better observed. By way of illustration, the squashing test of a bunch of six-sided pencils tied up by an 

elastic rubber from outside can be presented [5].  

The evolution of stress state of a specimen composed of marble chips was studied in the 

experimental treatment of the specimen by weak impacts within a long time (see Figure 1). A steel 

cylindrical glass 1 with a diameter of 100 mm and 220 mm high, with the wall thickness of 0.3 mm 

was filled with marble chips up to the top using a funnel. Two sensors 3 were embedded in marble 

chips specimen to measure vertical pressure. The sensors were 32512   mm in dimension. The 

sensors were buried at a depth of 150 and 110 mm from the specimen top surface. The glass was fixed 

on a stiff basis. An impacting tool was arranged nearby. The nose-piece of the impacting tool was 

made of rubber. The distance between the glass bottom and the impact point was 60 mm.  

To avoid temperature effect on the sensors, the test system was placed in a thermostat. As soon 

as the system was heated and the sensors gave steady-state reaching, the impacting tool was 

actuated. The impact energy E  was constantly 31085.3   J during the test and the blow frequency 

was 80 impacts per minute. Sampling period was 10 s. Particles of marble chips were 1 mm in size 

on average.  

 

Figure 1. Schematic of the test: 1—cylindrical glass; 2—marble chips; 3—normal stress sensors;  

4—impacting device. 

(a) 

 

(b) 

Figure 2. Normalized plots of vertical pressure in marble chips package versus multiple 

weak impacts: (a) upper sensor; (b) lower sensor. 
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The pressure–impact curves plotted based on the test data were processed. At the first stage, linear 

trends adjusted to the experimental curves using the least square method were withdrawn from the 

plots. The second stage of the processing was normalization of the plots through dividing of pressure 

readings by standard deviation. The resultant normalized curves are presented in Figure 2. 

Evidently, the pressure curves in Figure 2 are non-monotonic. There are peaks and troughs. The 

same pressure pattern was experimentally obtained in quartz sand tests [6], and the tests showed that 

stress deviation from uniform compression could reach 20–150% in the course of the experiment.  

By this time, researchers have found that many time series, although looking random, are not 

random actually. Using many model and natural series, it has been shown that they often contain 

information on begetting mechanisms. For example, the SR /  analysis reveals the fractal nature of a 

process and the process “memory” [7–9]. The SR /  analysis was introduced in the practice of the 

empirical analysis of time series by hydrologist Harold Edwin Hurst in 1960s. He discovered that for 

many experimental time series, the ratio SR /  grows exponentially with an increase in the series 

length L  

)(const~/)/( LLSR H
LL , 

where LR  and LS  are, respectively, the series amplitude and the standard deviation dependent on the 

series length L ; H  is the parameter of the self-similarity of a time series (Hurst exponent).  

For a time series tX  at Lt ,...3,2,1 , the amplitude LR  is determined as the difference 

between the maximum and minimum deviations of tX  from the average 0X  

 ]|)(min[]|)(max[ ..1..1 LktLktL kYkYR   ,  

where tY  is the sum of the deviations from the current average 0X  over the interval from 1 to L  

 )...()()()( 0030201 XXXXXXXXY kt  . 

Hurst analysis is intended to find slope of the plot 
HSR ~/  in a log–log frame, where R  is the 

amplitude of the time series in the given time interval  ; S  is the standard deviation in the same 

interval.  

(a) (b) 

 

Figure 3. Normalized pressure amplitude versus the width of interval  (number of impacts):  

(a) lower sensor; (b) upper sensor.  

For a random (stochastic) process, with independent increments and finite dispersion, 5.0H . 

Deviation of H  from 0.5 takes place when the analyzed processes possess “memory” and is the 

  
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evidence of fractal properties of these processes. When 5.0H  time series have a sustainable 

tendency (persistency). When 5.0H  the increase in the observed value changes to a decrease and 

vice versa (anti-persistency). The Hurst method is very stable and needs no a priory assumption on the 

character of distribution of values. For many natural processes, e.g. river flows, river and lake stages, 

amount of precipitation, thickness of bedded precipitation, thickness of growth rings, number sunspots 

etc., H  range is 0.6–0.8 [7, 8]. 

The outcome of the SR /  processing of the experimental pressure curves from Figure 2 is depicted 

in Figure 3. 

It is seen that the curves of SR /  and the interval width (number of impacts)   are well 

approximated by exponential functions. This implies the fractal nature of the studied process, the 

Hurst exponents for the lower and upper sensors are 0.73 and 0.67, respectively.  

Thus, the time series under analysis have a stable tendency (persistency) while the process that 

induces them is fractal and possesses long-term “memory.”  

Apparently, this is connected with that the impulse given to particles under percussion depends on 

arrangement of the particles at any specific time. Mutual arrangement of particles is changed from 

blow to blow and, consequently, conditions of contact interaction between particles (orientation of 

interfaces, contact stresses) are altered, too. For this reason, it is possible to state that displacement of 

a particle under each impact is more or less random. The result of this process is continuous re-

packing of material, with formation of stable clusters of hierarchical (self-similar) structure here and 

there. Under long-term impact, clusters are decomposed and originated again.  

These research findings conform with the results obtained in [10–12], where t is shown that 

movement and deformation in granular media are characterized by fluctuations and jumps of pressure. 

Deformations localize and block structures similar to fault-and-block systems are formed. The  

fractal distribution of sizes of blocks formed in a granular medium under external impact was 

observed in [13].  
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