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The investigation results on the dependence of the soil permeability coefficient on
soil mass are presented. Such investigations have been performed for the first
time in the hydrogeological practice. The soil permeability coefficient has been
found to fluctuate cyclically when the soil mass is increasing. The formula for the
estimation of the soil permeability coefficient was obtained by the method of
cyclic components, using the mass of different fractions of soil granular compo-
sition.
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INTRODUCTION

In order to determine the dependence of soil per-
meability (K) on its mass (m) the authors conduct-
ed numerous experiments in Kamensky’s tube, fol-
lowing a non-stationary scheme of filtration. Within
the sand soil mass oscillation range from 250 to
6750 g and the discretion step being 250 g, an
obvious cyclic dependence of K values on m was
determined with main mass oscillation periods equall-
ing 9600 and 1440 m. Besides, these values are in
good correlation with the fundamental values of
force oscillation period calculated by J. N. Sokolov
and equal to F = 0.96 - 10**- N. On the basis of
individual and certain literary data a model of cyclic
dependence of K on m of sand fractions was suggest-
ed. Fractions 0.5-0.25, 0.25-0.1 and <0.1 mm turned
out to be the major regulators of K oscillations in
dependence on m. The overall composition of the
masses of fraction from 0.5 mm and coarser shows
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in this model a linear trend. The coefficient of mul-
tiple correlation made r = 0.965. On the grounds
of experimental material and using the method of
cyclic components, a formula for determination of
soil permeability from the data on its granulometric
composition was derived.

A SHORT HISTORICAL SURVEY OF PREVIOUS
INVESTIGATIONS

Already in the 17th century Newton, “as a result of
an experiment, the point of which was to measure
the dependence of partial reflection of light on the
glass thickness”, demonstrated the phenomenon
called “interference” (deitman, 1988). “As the glass
thickens, the partial reflection of light passes through
repeated cycles from 0 to 16% without any signs of
extinction. At a further thickenning of the glass the
partial reflection of light would increase to 16% and
then return to zero. This cycle repeats again and
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again. Today the have lasers (producing a very clear
monochromatic light) which make it possible to ob-
serve oscillations after more than 100 mill. repeti-
tions” (Peiiman, 1988). We may look upon this ex-
periment from another point of view. Namely, with
increasing the glass thickness its mass also increases.
We may assert with a certain confidence that the
degree of partial reflection of light cyclically depends
also on the mass of glass.

At the beginning of the 50s J. Piccardi observed
and later proved that the speed of settling down of
colloid particles and, correspondingly, the mass of
settled ones differs in the time, the other conditions
being the same. Making references to Chizhevski,
J. Piccardi related the mentioned phenomenon to the
electromagnetic solar pulse (ITmkxapan, 1965). In
the beginning and middle of the 80s A. Achmedov,
I. Kerimov and A. Alisade have determined that
the level of electromagnetic radiation is in direct
dependence on the seismic field and in good corre-
lation with oscillations of the Earth itself (Ycelinosa,
1986).

Academicians A. Severin, V. Kotov and T. Tsap
discovered in 1975 that the Sun pulsates periodical-
ly, i. e., contracts and expands within the periods of
160 min (9600 s or 2.667 h) (Konromas, 1988).

A lot of scientific works in many fields of rese-
arch discuss the cyclic character of various pheno-
mena. Hovewer, few of them contain analysis of the
causes of cyclic character. Only in 1993 J. Sokolov
(Coxomnos, 1993) proposed a theory of cyclogene-
sis. According to this theory, on the grounds of fun-
damental physical constants (such as Plank’s cons-
tant, gravitational constant, etc.) by the method of
dimensional analysis he calculated the fundamental
values of the cycles of length, mass, time and force,
which are respectively equal to:

[ = 0143 - 10*M; m = 0.157 - 107 kg; ¢t =
=0.485 - 10*s; F = 0.96 - 10® N (Cokomnos, 1993).

Solar pulses periodically change the gravitational
force on the Earth, i. e., they are gravitational. The
Earth, in its turn, transforms the solar pulses into
its own oscillations. The parameters of these oscil-
lations are determined by geometrical and physical-
-mechanical properties of the resilient body of the
planet. In filtration (permeability) experiments, wa-
ter flows through pores under the effect of gravita-
tional force. The speed of water flow is regulated
by periodical changes of gravitational force. This
means that as a result of spheroidal oscillations of
the Earth, the mass of the sample being the same,
the speeding up of free fall also oscillates (Axu,
Puuapnc, 1981).

Sandy soil and its granular composition may be
considered as a mass of fraction which becomes
lighter or heavier with respect to Earth, i. e., their

42

weight oscillates within definite cyclic ranges of force,
each of which represents an oscillation period of
gravity force. As was mentioned, among other fun-
damental values of cycle J. Sokolov calculated also
the fundamental value of oscillation period of force
which equals F = 0.96 - 10 N. If instead of the
value of speeding up of free fall (g = 9.81 m/s?) we
take the value 10, it becomes clear why the values
of oscillation periods of mass tend to divisible or
equal to F = K - 0,96 - 10" values, where K is the
quantum number, 7 is the indicator of the range of
the process studied. On the other hand, it is
impossible to carry out filtration experiments wi-
thout taking into consideration the temporal factor,
because with changing the mass of sample the time
of recorded results also changes. The fundamental
value of oscillation period in time, according to J. So-
kolov, is equal to 0.485 - 10**s and within =5 -
- 10 this value may be considered equal to 0.48 -
-10* s. From their individual experience the au-
thors come to a conclusion that in hydrogeological
processes the value 0.48 - 10" is closer to the main
periods of both mass and temporal oscillations.
However, a 45-year long observation of the ground-
water level in Lithuania’s territory revealed that one
of the major periods of oscillation in time equals to
4.85 years. Therefore, in any experiment there re-
mains a problem of distinguishing between the in-
fluence of mass oscillation periods and time oscilla-
tion periods, as the values 0.48 - 10**s and 0.96 -
-10* N are to a certain degree in quantum intere-
lation.

METHODS AND EVALUATION OF THE RESULTS

A quartz tube 105 cm high and 7.14 cm in diameter
is filled with marine sand (in portions of 250 g).
After adding a new portion of sand the previous
one is saturated with water from the bottom in or-
der to eliminate the jammed air. After that the spe-
ed of water level fall and its temperature are deter-
mined. The soil permeability is calculated according
to the commonly accepted formula (IllecrakoB u
ap., 1975). In order to ensure uniform conditions,
the sand is poured into the tube from the same
height and through a narrow tube with a pointed
cone-like terminal (the outlet diameter is 3 mm).
This allows the sand to pour out at an approxima-
tely equal speed and to achieve in the sample (con-
tained in the tube) almost equal initial porosity. Be-
fore the experiment the sand is dried at t° = 105 °C.
Besides, the experiments are carried out under the
conditions of a similar initial gradient of pressure
(1.30-1.33). To achieve a similar gradient of pres-
sure at the end of experiment is technically impos-
sible due to the height of the tube. For this reason
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it ranges from 1.25 to 1.02 (Table 1). The initial
pressure in the tube (H) was different for each sand
layer and changed from 5.2 to 97.4 cm seeking to
obtain the equal pressure.

While adding the next portion of sand (250 g) the
level of water in the tube is lowered till the sample sur-
face. Otherwise, the air will penetrate the sample and
will not be completely eliminated during the repeated
saturation. This was experimentally proved.

Twwelve series of described experiments were car-
ried out with the only difference that the time of
experiments and average water temperature (ranging
from 11.1 to 19.5 °C) varied in every series of ex-
periments, other conditions being the same.

The only common feature of all these experi-
ments was the fact that in the same ranges, at the
same pace of adding in mass (from 250 g to 6750 g)
the trend of soil permeability dependence on mass
revealed three peaks (extremes) with the only diffe-
rence that in some experiments (depending on time)
we could observe shifts of these peaks with respect
to the starting point in time, whereas the distance
between the extremes was almost similar in all ex-
periments and equalled 1440 g (96 - 15 = 1440).

Applying iteration (selection method) and the
method of cyclic components it is possible to find
the most important (major) cycles in the approxi-
mation of experimental values of K depending on
the sample mass. The following regression model
lies in the basis of the method of cyclic components
(JdobkeBuutoc, Kapmasunac, 1996):

Km)=K +C cosw-m-t+0)+e, (1)
where K is the average or the trend value of soil
permeability; C is the amplitude of K oscillations
depending on the sample mass (m); w - m is used
instead of w - ¢ [3] — analogy with time — where ¢,
in the primary understanding, is the time of oscilla-
tion process of K; w is the angle frequency in ra-
dians on mass unit (not on time unit); © is the
phase of wave; e is the residue (error) of the model;
n is the number of the cyclic component. The men-
tioned dependence of K on the sample mass (1) can
be demonstrated in another form:

K(m)=A_-sin2r-m/\ ) + B - cosmm/\ ) + e, (2)

where A and B are the

Table 1. Experimental data on dependence of soil permeability (K) on soil mass (m) amplltufies (.)f smuSOI.d al
1 Lentel¢. Filtracijos koeficiento (K) priklausomybés nuo grunto masés (m) eks- and cosmusmdal' constitu-
perimentiniai duomenys ents of the cyclic compo-
_ - nent with the number n; A
. | Soil mass Th1c.kness Pressure | Pressure Wl sl . is the period of oscillations
N m of soil layer H em cadient J temperature | permeability (cycle value) of the sample
' 8 I, cm » © gra T °C K, m/day Y p
mass.
1 250 4 8 2.00 114 105 The process of filtration
g 328 151;. 5 i? 128 ﬂg 2421 5 takes its course under the ef-
4 1000 152 20 130 11.5 78.0 fect of the force of gravity.
5 1250 19.0 25 1.31 11.5 77.0 Its unit of measure in the
6 1500 22.7 30 1.32 115 7 SI system is the newton. As
7 1750 26.3 35 1.33 11.6 69.5 was already mentioned,
8 2000 30.0 40 1.33 11.5 70.0 J. Sokolov has calculated the
9 2250 33.9 45 1.33 11.6 71.0 fundamental value of the
}(1] ;3(5]8 i;; 22 igg ﬂg ggg force cycle which equals F =
12 3000 45.0 60 1.47 11.8 66.0 = 0.96 - 10 N. Therefore,
13 3250 485 65 1.34 11.8 66.0 we can assume that in the K
14 3500 524 70 1.33 11.8 67.0 dependence (2)A =m - g =
15 3750 56 75 1.34 11.8 68.0 =0.96 - 10 N will be the
16 4000 60 80 1.33 11.8 66.0 major fundamental frequen-
17 4250 63.7 85 1.33 11.8 65.0 cy, where m is the soil mass,
18 4500 67.5 90 1.33 11.8 62.0 g is acceleration of free fall.
19 4750 71.1 95 1.34 11.8 62.0 Of course, there is no such
20 5000 74.7 100 1.34 11.8 63.0 .

21 5250 76.0 100 1.31 11.7 65.0 soil mass. However, there
2 55001 79.5 100 1.25 11.6 64.0 exists a multitude of harmo-
23 5750 83.0 100 1.20 11.7 62.0 nics divisible by many times

24 6000 86.5 100 1.16 11.3 62.0 to the given a value.
25 6250 90.2 100 1.10 11.3 63.0 Here follows the variant
26 6500 93.8 100 1.07 11.3 64.0 with different divisibles to
27 6750 97.6 102 1.05 11.3 65.0 number 9.6 - 10" values of
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cycles in the approximation K = f(m) calculated by
the method of cyclic components (Table 2). For this
variant we have concrete values of regression coef-
ficients in the model which, without the constant,
has the following expression:

K(m) = -7070.51 - sin(2mm - m / 192000) +
+ 1008.297 - cos(2m - m / 192000) + 243.065 -
sin(2r- m / 19200) — 956.899 - cos(21 - m / 19200) +
+ 123.248 - sin(21 - m / 9600) + 69.494 - cos(2m -
-m / 9600) — 1.147 - sin(21 - m / 1440) - 0.6997 -
-cos(21 - m / 1440); * = 99.98. 3)

The data aproximated following the model (3)
are graphically expressed in Fig. 1.

Here follow the statistical characteristics of ex-
perimental data (Table 3).

The dependence of permeability on the soil mass
K = f(m) may be interpreted using some major pro-
positions of fractal geometry in the application of
the theory and methods of the Norwegian physicist
E. Feder. His monograph (®enep, 1991) is a clear
and simple account of mathematical properties of
fractals and a description how this theory may be
applied in hydrodynamics, oceanology, hydrology, in-
vestigation of percolation processes, etc. Ac-
cording to a simplified definition of Man-

Table 2. Data of dispersion analysis of the model (3) without delbrot, the fractal is a structure composed
the cons'tant.for }\I' \'/alues ('1u.antiﬁed t'o the number 9.6 - 10" of constituents which, in certain sense, are
2 lentele.. D.ls?er.smes anallze.s modellow(.S). be konstantos )\n similar to integer. E. g, the crystal of com-
rezultatai reikSméms, sukvantintoms skaiciui 9,6 - 10" . .
mon salt of cubical syngonia may be taken
Depending Sum Fisher’s Level to pieces which, in their turn, are composed
variable of squares | criterion | of significance of smaller cubicles, i. e., the form and con-
sin(2m - m/192000)  85661.318  77840.31 0.0000 tent is preserved and only the size changes.
cos(21 - m/192000)  43167.83 39226.54 0.0000 On the example of the southern coast of
sin(2m - m/19200) 554.35 503.74 0.0000 Norway it was demonstrated that the more
cos(2T - m/19200) 272.43 24755 0.0000 precisely we measure the length of the sho-
sin(27t - m/9600) 138.303 125.68 0.0000 reline (L) the longer it will be; the coeffi-
cos(2Tt - m/9600) 6.402 580 0.0268 cient of propgrtlonallty is m‘the f.ollowmg
Sin(21T - m/1440) 15377 13.97 0.0015 way related with the fractal dimension (D)):
cos(2m - m/1440) 5.685 5.17 0.0355 1-D
Model 129821.69 = 99.984% L@)=a I ™', Q)
ol 12 where 0 is the length of dimension step; a

It must be emphasized that in the aproximation (i.e.,
in the model (2) K = 0) the constant was not used. For
this reason the actual sum of squares is the sum of
squares of experimental values of permeability and not
the sum of squares of differences from the arithmetical
average as is conventionally understood.

80

A = 1440

K, m/day
N.
[ ]

b

4000 5000

m,g

1 -experimen
2 - aproximat

60
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Fig. 1. Dependence of changes in permeability coefficient
values upon sand mass and its aproximations by method
of cyclic components

1 pav. Filtracijos koeficiento kitimo eiga priklausomai nuo
smelio mases ir jo aproksimacija ciklinemis komponentémis
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is the angle coefficient. In other words, the
shoreline may be called fractal with the fractal di-
mension D..

The inconsistency of any measure including the
length (as well as the wave length or the values of
cycles) may be considered as a function of dimen-
sional character of space where the length or any

Table 3. Statistical characteristics of experimental data
of 26 experiments carried out in Kamensky’s tube

3 Lentelé. 26-iy bandymu, atliktu Kamenskio vamzdely-
je, statistikos duomenys

Statistical characteristics | K, m/day | T °C | m, g

Number of experiments 26 26 26
Average 69.96 11.6 3375
Median 66.5 11.6 3375
Mode 62 11.8 3000
Standard deviation (5) 10.16 0.175 1912.13
Standard error 1.993  0.034 375
Minimum 62 11.3 250
Maximum 105 11.8 6500
Scope (R) 43 0.5 6250
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other measure undergoes changes (oscillations) mov-
ing from one scale to another preserving, however,
some coefficient of proportionality.

Fractal properties may be observed also in cyclic
processes, with the only difference that in them, ac-
cording to the theory of cycle (Cokomos, 1993),
these properties are regulated by fundamental phy-
sical constants such as the gravitation constant and
Plank’s constant. E. g., analysing the temporal dy-
namics of permeability it is possible to carry out
measurements every minute, every 10, 100, 1000,
etc. minutes. However, following the theory of cycle
in the process we may accept the presence of me-
aningful periods of oscillations divisible by the pe-
riod of 0.485, 48.5, 485 min, etc., because the fun-
damental value of time according to the theory of
cycle equals ¢+ = 0.485 - 10* s (Coxomos, 1993).
Thus, the elementary “brick” of the fractal is repre-
sented by the fundamental value of the cycle grow-
ing internally or externally, i.e., increasing or dimi-
nishing with a constant tendency by analogy with (4).

In Chapter 7 of his monograph Feder (®enep,
1991) discusses in detail the process of filtration
and fractal dimension as a quantitative characteris-
tic of a cluster formed by pores (porous space). It
must be emphasized that if the cluster is porous or
casual it does not mean that a is fractal. The fractal
property is stipulated by the fact that with increa-
sing the size the density of the cluster radius de-
creases according to the law of graduality. “The frac-
tal dimension of a cluster is a quantitative charac-
teristic of the mode how the cluster flies in the
space occupied by it” (Degep, 1991).

The statistical functional dependence k = f(m)
may be investigated by the method of rate fixed
scope (R/S) or by the method of Cherst (Penep,
1991), where R is the range, and S is the standard
devation. In such a case the sequence of the mea-
sured values may be characterized by the index H
(Herst’s index) which is releated to the fractal di-
mensions as:

D, = 2-H, Q)

where H is determined for temporal successions by
the empirical formula

RIS = (1)2)%, (6)

where T is the time span, called a delay, whithin
which the temporal successiones is analysed. While
aproximating the data following this empirical law,
Herst would usually obtain overestimated values of
H when H < 0.79 and underestimated the values of H
when H > 0.72. At large excerpts (T > 50 000) it is

possible to determine more precisely H by the me-
thod of least squares from the law R/S = (ar)".

Going back to the data of Table 4, we shall try
to apply formula (6) to our experimental data, ta-
king into consideration that each g of soil (sand)
add casual variations to the real values of K, the
other conditions being similar. The filtration pro-
cess in Kamensky’s tube represents a percolation
cluster with displacment and redistribution of gas
phase in the porous space of soil. Therefore, it is
interesting to know whether the Hersts index H and
the calculated by it fractal dimension D, can be de-
termined experimentally for such a type of clusters.

The data of Table 4 show that in 26 experiments
carried out in one tube the scope (difference between
the maximal and minimal values) is R, = 43 m/day,
standard deviation in variations of permeability values
S, = 10.16 m/day and R/S is 43/10.16 = 4.232. For 1
we take the scope of soil mass for the whole series of
soil samples. It was R, = T = 6250 g. It will turn out
that 4.232 = (6250/2)" and H = In 4.232 / In 3125 =
= (.1793. Having the value of H from (5) we shall get
D, = 2-H = 2-0.1793 = 1.8207.

Wilkinson and Williamsen (®enep, 1991) car-
ried out an experiment for computing and displace-
ment of air by a liquid from a two-dimensional po-
rous grid composed of squares with side L. and num-
ber of knots M(L) = AL, where D, = ranges
within 1.82 * 0.02. This is an indirect statistical
proof that in the process of filtration the air is eli-
minated not from all filtration channels. The rate of
filtration may increase only at the expence of dis-
placed air. If all air is displaced (all porous space
filled with water), which according to its physical
nature may correspond to the dynamic porosity, the
displacing cluster will not be fractal and presumably
the oscillations of the sun and earth will be less
pronounced in Kamensky’s tube.

The authors demonstrated that “fractal statistics”
may serve as an indirect proof that oscillations of K
depending on soil mass take place as a result of re-
distribution of air jammed in the porous space. As
regards K ascillations in time, the soil mass being the
same, their periods are in good correlation with the
oscillations of the sun and earth which affect the force
of gravity, under the impact of wich filtration takes
place. As is commonly known, the greater the mass
the stronger the force of gravity. For this reason the
redistribution of air in the porous space of soil is re-
gulated (along with all other factors) by the masses of
fractions constituting the sand soil.

The approximation of the starting series of digi-
tal data by cyclic components follows the strict ma-
thematical rules of search and calculation of these
cyclic components. Depending on the choice of the
rule of search we may get different values of cycles
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for which by the method of least squares the ampli-
tude and phase of oscillations is determined. The
greater the number of cyclic components in such a
model, the closer the values of starting data to the
calculated ones. Two main statistical indices serve
as the criteria of the quality of the model. They are
square of the correlation coefficient (+°) of multiple
regression, which shows in relative units the quantity
of dispersion, explained by the model, and the index
(D) of residual correlation of the model from the
initial series which is called Durbin—Watson statis-
tics. When the values of #* are high, the model may
be inadequate; when the value of D is somewhat
smaller or larger than two, this indicates the pre-
sence in the initial series of meaningful cyclic com-
ponents not taken into account by the model. This
means that the value of r° of the model may be
increased by adding a reccurring variabe (of cyclic
component) (Pepcrep, Penn, 1983; Xummensbiay,
1973). The rules of search of cyclic components are
contained in (Jde4, Knopunr, 1985).

Using this method, a model was created of the
dependence of K determined under field conditions,
on the mass of granular fractions of the layer
through which the water was filtrated. The aim of
this comparison was to find the value of the cycle
(d) from value of fraction mass.

The discussed regularities are obvious from the
matrix of correlative interrelation of permeability
with different fractions (Table 4). In the first col-
umn of the table fractions 0.25-0.1 mm (r = 80)
and <0.1 mm (r = 0.7) have the highest values of
correlation with permeability. They are followed by
fraction 1-0.5 mm (> = 0.17). We can also see that
only one fraction, 0.25-0.1 mm, is in direct propor-
tion with permeability, the other ones being in re-
verse proportion. The matrix also reveals a rela-
tionship between the fractions.

The obtained results allow to create a model of
permeability dependence on granulometrical compo-
sition. Fine-grained particles (<0.1 and 0.25-0.1 mm)
play the major role in the formation of the process
filtration. They move with the water filling in the
gaps between larger particles. Particles <0.1 diminsh
the values of permeability, whereas particles 0.25—
0.1 increase them. Particles of fraction 5-2 mm re-
duce the values of permeability only slightly (r =
= -0.17). Fraction 0.5-0.25 mm is relativey neutral
forming the “framework” of rock (its is found in
largest quantites) within which other particles move.
The corresponding proportions of all particles in a
rock (Table 4) determine the value of permeability.
In determining the value of permeability from the
values of masses (per cent) of different fractions,
the actual data were aproximated by the method of
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cyclic components. The results obtained lead to a
conclusion that the value of permeability depending
on the granular composition of rock changes accor-
ding to the following formula:

In K = 0.077 - sin(21t- m,/96) + 0.029 - cos(2m -

- m /96) — 0.273 - sin(21- m,/20) + 0.352 - cos(21 -
- m,/20) + 18.749 - sin(2m - m,/1920) — 2463

- cos(2 - m,/1920) + 0.0435 - (m, + ms + m, + m,).

()

From top to bottom: coefficients of pair correla-

tions and levels of significance, where m is the ave-
rage mass (m) of particles of concrete fraction. This

Table 4. Matrix of pair correlations of soil permeability
with fractions of granular composition

4 lentelé. Filtracijos koeficiento poriniy koreliaciju su
granuliometrinés sudéties frakcijomis matrica

>5 5-2 2-1

K m, m, m,

K 1.0000 -0.3545 -0.1715 -0.0837

0.0000 0.1148 0.4572  0.7184

>5 m, —-0.3545 1.0000 0.2375 -0.1272

0.1148 0.0000 0.2998 0.5826

5-2 m, -0.1715 0.2375 1.0000  0.6135

0.4572 0.2998 0.0000  0.0031

2-1 m, -0.0837 -0.1272 0.6135 1.0000

0.7184 0.5826 0.0031 0.0000

1-0.5 m, -0.3295 0.1949 0.7086  0.7819
0.1447 0.3973 0.0003 0.0000

0.5-0.25 m, 0.0041 -0.2192 0.3405 0.7975
0.9858 0.3397 0.1309 0.0000

0.25-0.1 m, 0.8086 -0.5164 -0.3662 -0.2452
0.0000 0.0165 0.1025 0.2841

<0.1 m, -0.7057 0.5080 -0.0087 -0.3512
0.0004 0.0187 0.9702  0.1185

1-0.5 0.5-0.25 | 0.25-0.1 <0.1

m, m, m, m,

K -0.3295 0.00 0.8086 —0.7057

0.1447 0.98 0.0000  0.0004

>5 m_ 0.1949 -0.21 -0.5164  0.5080

0.3973 0.33 0.0165 0.0187

5-2 m 0.7086 0.34 -0.3662 -0.0087

0.0003 0.13 0.1025 0.9702

2-1 m, 0.7819 0.79 -0.2452 -0.3512

0.0000 0.00 0.2841 0.1185

1-0.5 m, 1.0000 0.70 -0.6002 -0.0011
0.0000 0.00 0.0040  0.9963

0.5-0.25 m, 0.7005 1.00 -0.1150 -0.5377
0.0004 0.00 0.6198 0.119

0.25-0.1 m, -0.6002 -0.11 1.0000 -0.7636
0.0040 0.61 0.0000  0.0001

<0.1 m, -0.0011 -0.53 -0.7636 1.0000
0.9963 0.01 0.0001 0.0000
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formula may be used for sandy-clayey rocks, the
value of permeability of which is >0.1 m/day.

The correlation coefficient of this dependence
(w)r = 0.965, the index of Durbin—-Watson D = 1.5.
The values of permeability calculated by the for-
mula differ from the actual ones by 0-30% (Tab-
le 5).

The analysis of the contribution of cyclic compo-
nents to a dispersion of K values is given in Table 6
from which the mass period (d) equals 96 g. Other
fractions are not significant.

It should be noted that formula (7) was derived
using the data on the granular composition of rocks
determined in 100 g of mass. If the granular com-
position was determined from the other amount of
rock, the coefficients included in formula (7) were

1. The most important role in the value of soil
permeability of sandy-clayey rock is played by frac-
tion <0.1 mm ([070%). A increase of this fraction
in the rock causes a decrease of soil permeability in
exponential dependence. About 20% of significance
in the value of permeability belongs to fraction 0.25—
0.1 mm. Other fractions are of minor importance.

2. By the method cyclic components, using the
data of granular composition it is posible to calcu-
late the value of permeability to 0 + 30%.

For determination of soil permeability by the da-
ta of granular composition, the empirical formulae
of Hasen and other scientists are used. As was
tested, in practice the calculations by these formu-
lae of permeability values in some cases differ from
the actual ones by 200% and more.

The main fault of

these empirical formu-

Table 5. Actual (Kf) and calculated (K) values of permeability depending on (6) lae is that they use the
5 .levnte.lé. Faktinés (Kf) ir apskaiciuotos (K) pagal formule (7) filtracijos koeficiento percentage of rock frac-
reikSmés tion, whereas, according
K, | 34 | 1.84 | 0.68 | 9.6 | 2.68 | 0.57 | 0.47 | 0.47 | 3.9 | 0.35 | to the law of Newton,

K 355 208 057 931 232 0,76 046 040 299 035 we should use the va-
lue of mass, because it

Eror, % 4 9 13 3 13 13 2 15 23 0 is the gravitation force
K/ 17.9 18.0 2.2 24 014 43 0.28 10.5 0.17 028 0.13 that determines the

K 1716 1696 258 282 014 56 020 102 020 027 0.6/ motion of water in soil
Error, % 4 5 17 17 0 30 28 18 18 4 23 and of soil in water,
The gravitation force

changes in time. For

different. Therefore, in order to determine the va-
lue of permeability using this formula but having
the granular composition calculated for other than
100 g amount of rock, it is necessary to make new
calculations for 100 g of mass.

CONCLUSIONS

On the grounds of the presented results we may
draw the following conclusions:

I - - - - - this reason filtration is also a cyclic pro-
:‘2 (2) . Dispersion analysis of variables included in the dependen- cess and may be aproximated using the
6 lentelé. Kintamujuy priklausomybés dispersinés analizés duomenys method of cyclic compgnents (Cripa-

. BOYHMK [0 NPUKIATHONH CTaTHCTHKE,

Variable Sum of Variance, % Significance |  1990). This is proved by the results ob-
squares | Model | Actual level tained by the authors during the experi-

sin@m - m/ 96) | 3172 | 6920 | 65.06 0.00 m?lmfnlcamed O‘Et “_11 a tube filled Wlltlh

cos(2mt - m,/ 96) )53 0.00 soil. (:1 ma(sis 0t soi (\ivas't%ropcirtloléa y

sin(2m - m,/ 20) 0.35 834 | 7.4 0.22 inereased and saturated With water. =ve-

ry time soil permeability was determined

cos(2m - m,/ 20) 3.77 0.00 . ,

- following G. Kamensky’s scheme. The da-
sin(21t - m,/ 1920) 5.31 21.83 20.53 0.00 . .

> ta obtained (Fig. 1, Tables 2, 3) reveal
cos(2m - m/ 1920) |  5.48 0.00 : R
Z — — 55 s the cyclic process of filtration.
RioHe] gli i 7 : : . — 0 - Using the method of cyclic components
ode’ C1spersion 20 Lige | @ =240 (CpaBOYHUK MO MPUKIATHON CTaTUC-
comel diygenion S tuke, 1990), the values of permeability,

determined by the method of pouring in-
to diggings and by data of granular composition of
samples taken from these digings where modelled.
With the help of the correlation matrix of inter-
relation between permeability and different fractions
it was determined that the finest rock particles play
the most important role in the value of permeabi-
lity. On the grounds of experimental material and
by the method of cyclic components a formula was
derived for determination of soil permeability by the
data of granular composition.
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FILTRACLJOS KOEFICIENTO PRIKLAUSOMYBES
NUO SMELINGOS UOLIENOS
GRANULIOMETRINES SUDETIES FRAKCIJU
MASES APROKSIMACIJA CIKLINIU
KOMPONENCIU METODU

Santrauka

Nustatant filtracijos koeficienta pagal granuliometrines su-
deties duomenis yra naudojamos Hazeno ir kity mokslinin-
ky empirinés formulés. Filtracijos koeficiento vertés, nusta-
tytos lauke ipylimy i Surfus ir laboratorijoje Kamenskio
metodu, labai skiriasi nuo apskaic¢iuoty pagal minétas for-
mules.

Pagrindinis Siy formuliy trikumas yra tas, kad jose yra
naudojama granuliometrinés sudéties procentine iSraiSka, o
pagal Niutono désnj reikia naudoti frakcijy mases, kadangi
tiek vandens judejima uolienoje, tiek ir daleliy judéjima
vandenyje nulemia gravitacinés jégos, kurios cikliskai kei-
Ciasi laike. Taigi filtracijos procesas yra ciklinis ir ji galima
aproksimuoti cikliniy komponenciy metodu. Ta patvirtina
autoriy gauti eksperimento duomenys panaudojant smeliu
uzpildyta vamzdelj. Nuolat didinant smélio kieki, pro ji bu-
vo filtruojamas vanduo, ir kiekvieng karta buvo nustatomas
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filtracijos koeficientas pagal. Kamenskio metoda. Gauti
duomenys (1 pav., 2, 3 lentelé) rodo ciklinj filtracijos pro-
cesa.

Panaudojus cikliniy komponenc¢iy metoda, buvo sumo-
deliuotos filtracijos koeficiento vertés, nustatytos jpylimy j
Surfus metodu pagal uolienos pavyzdziy i§ Surfy granulio-
metring sudéti.

Remiantis filtracijos koeficiento rySio su atskiromis
frakcijomis koreliacine matrica nustatyta, kad didZiausia
itaka filtracijos koeficiento vertei turi pacios maziausios da-
lelés.

Eksperimento medziagos pagrindu panaudojus granu-
liometring uolienos sudétj ir cikliniy komponenciy metoda
gauta formulé filtracijos koeficientui nustatyti.

Muxkoaac JlookeBnuroc, bornanac Kapmasunac

AIMPOKCUMALIUSL 3ABUCUMOCTU
KOB®OULIMEHTA ®UIbTPALIMU OT
MACCBI ®PAKLUN
IT'PAHYJOMETPUYECKOI'O COCTABA
MECYAHOM MOPO/IbI METOJIOM
LIUKINYECKUX KOMITIOHEHT

Peszmowme

IIpu ompenenenuu ko3bduiueHTa GUIbTPALMK O AaH-
HBIM T'PaHYJIOMETPUIECKOTO COCTABA UCIIONB3YIOTCS IM-
nupryeckue Gopmynsl XaseHa M ApYyrux yu€HbIXx. Kax
MMOKAa3bIBACT MPAKTUKA, PACCUUTAHHBIE 1O 3TUM (hopmy-
JlaM 3HaveHus KodpdunreHToB ¢uabTpanuu Ha 200-
800 mpoueHTOB U 6oJiee OTIMYAIOTCA OT PEAIBHBIX, OIl-
penenéHHbIX METOJOM HAalluBa BOMABI B LIypQBI B IMOJE
u MetogoMm KameHckoro B mabopaTopuu.

OCHOBHBIM HEIOCTATKOM 3TUX IMIHUPUYECKHX (Pop-
MyJI SIBIIICTCSL TO, YTO B HUX HCIOJB3YIOTCS MPOLIEHTHI
¢bpakuuii moponsl, a GhakTUIecKH Mo 3akoHy HproToHa
3/1eCh HYKHO MCIOJI30BaTh Maccy (paxiuii, Tak Kak
IBUKCHUE BOJBI B TPYHTE WU IBHKEHHE TPDYHTa B
BOJIC OIIPENENSIOT TPABUTAIIMOHHBIC CHIIBI, IIMKITHIECKU
U3MEHSIOIUECs BO BPEMEHH, MO3TOMY M IIpoIiecc
GbUWIBTpAIUK ABJSIETCS LUKIMYSCKUM U €r0 MOXHO arl-
MPOKCUMHUPOBATH, TPUMEHSSI COOTBETCTBYIOIIUI 3TOMY
MPOIIECCY METOJ IUKIMYECKUX KOMIIOHEHT. DTO MOJI-
TBEPXKIAIOT PE3yJIbTAThl OIBITOB, BBHIIIOJHEHHBIX aBTO-
pamu B TpyOe, 3amoiHeHHO! TpyHTOM. [ToCTOSHHO yBe-
JIUYMBAsi Maccy TPyHTA, Yepe3 Hero MpoIyCcKalu BOAY,
U KaXAbld pa3 mo cxeMe. KaMEHCKOTo ompeaensics
ko3 duumeHT ¢rbTpanuu. [lomydeHHbIe JaHHEIE (pHC.
1, Tabn. 2, 3) MOKa3bpIBAIOT IUKIMYECKUN Mpoliecc
(buabTpanu.

MeToq0oM IUKIMYECKUX KOMITOHEHT OBLTH CMOJIEITH-
pOBaHBI 3HaUeHUs KO3(P(UIINEHTOB GUIBTpAINH, OIIpe-
JIeNEHHbIE METOAOM HaJIMBa B IIYPQBbI, IO IPaHyIOMET-
PUYECKOMY COCTaBY 00pas3IOB, B3SATHIX U3 3TUX HIYP(OB.

C moMombpi0 KOPPENSIIMOHHOW MaTPULBI B3aUMO-
cBsA3u KodhduuueHta GUABTPAUUHN C OTACITbHBIMU
(bpaxIsIMU YCTAaHOBIICHO, YTO HAMOOIbIIIee BIMSIHUE Ha
BEeMMUNHY KO3(h¢uiueHTa QuIbTpallui UMEIOT CaMble
MeJIKHEe YaCTHUIBI TTOPOIBL.

Ha ocHoOBe 3KcIIepUMEHTAIBHOTO MaTepuala U C Ipu-
MEHEHHEM METO/a IMKJIMYECKNX KOMIIOHEHT IMOJIyueHa
dbopmyna s onpeaeneHus koabduireHTa GUIbTpaluu
[0 JaHHBIM IPaHYJIOMETPUYECKOTO COCTaBa.



