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The first work concerning the influence of agricultural implements
on soil condition, which was published in Poland was ,,The Theory of the
Plough, Hiller and Harrow” by Prof. Zielinski [24] from the Agricultu-
ral Institute at Marymont. It was published in 1883 in Polish and Ru-
ssian. In this work the author deals with soil movement on the surface
of the tool by adopting a model of elastic isotropic body i.e., practically,
Hooke’s model, assuming that volume determination can be excluded.

His considerations resulted in the development of a method for
designing plough mouldboards which is treated as a twisted bar of rec-
tangular cross-section.

Prof. Zielinski also gave a method for determining the depth of
ploughing and stability conditions of the furrow, which resembles those
given in university manuals. He also dealt with the problem of the wor-
king depth affecting on the arms spacing of the cultivator, but the de-
formation zone was determined experimentally.

There are only a few Polish copies of Prof. Zielinskis’ book available,
whereas its Russian edition is quoted fairly often.

In the latter edition the author is presented as a Russian scientist,
which was probably caused by the spelling of the name in the Russian
edition.

The most outstanding scientific work, however, which was published
on Poland’s territory before World War I, was that of Tadeusz Gologur-
ski [6], professor of agricultural mechanization in the Jagiellonian
University. His work ,,The Work of Tools in the Ground” was published
in Polish in 1911, and in 1913 its translation in German. The Polish
edition of this work did not awake a great interest in this
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problem, because in those days there was lack of specialists
dealing with agricultural mechanization and tillage in Galicja
(Austrian occupation territory). The popularity of the edition of this
work in German, however, was great in those days, although it was
published in Austria and Russia. Scientists of such rank as Gariaczkin
and Bernstein not anly quoted Gologurski’s work, but they communica-
ted with him by lively exchange of letters. That was not surprising as
Gologurski’s conceptions were quite a revelation. He assumed in his con-
siderations that the Mohr’s hypothesis of the highest shearing stresses
can be adapted for soil. Gologurski constructed an experimental system
making the determination of plane stress condition possible. He defined
the directions of cleaving the furrow under the action of a simple wedge;
he determined the coefficients of internal friction and of that against
steel as well as instant soil resistance to crashing and breaking. From
the results of the measurements carried out the constructed a model of
zone of stresses and deformations for tools of flat, cylindrical and sphe-
rical surfaces. Studying the form of ,sliding surfaces”, as he himself
called them, he found a good coincidence of the calculations with the
experimental results. He also developed a formula for the angle at which
the furrow is left with a flat wedge
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where 2
o — scraping angle of wedge,

¢ — external friction,

¢ — internal friction.

This formula was introduced again in the USSR, in 1953 by Ajzen-
sztok, and in Poland — by Brach [3] in 1956. Although Gologurski did
not present a proper scheme in his work, he suggested a method for
studying cohesion and the angle of internal friction of soil according to
the method of Mohr’s circle as well as an apparatus enabling the perfor-
mance of such studies. The construction of this apparatus is approximate
to that of the contemporary apparati of instant shearing introduced into
practice only in the thirties. The methods of studying tools in a glass
soil channel making the determination of the kinematics of the furrow
and cleavage angles possible, which Gologurski applied are almost the
same as those used in USA, in 1925 by Nichols when he studied the work
of plough elements in N.T.L. Alabama.

It is noteworthy that Gologurski being an excellent mathematician
made his work very interesting from the mathematical point of view,
and some of the solutions of partial differential equations introduced by
him can be an interesting contribution to this branch of mathematics.
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It is to be regretted that Gologurski’s work being the first in the
field of studies on soil ‘deformation was his only one. Although he was
active till 1928, he did not work on this problem any more. He concen-
trated his studies on the process of cutting stalks by harvesting machi-
nes, which resulted from his close connections with the industry of agri-
cultural machines developing in Poland after World War I. Gologurski’s
studies were not unfortunately taken up by anyone of his students, the-
refore this direction of science disappeared in Poland for many years;
only building specialists dealt with soil mechanics. 7

It was only in 1950 when further studies on the effect of aggricultu-
ral machines on the ground were undertaken in Poland. The first papers
were written in Wroctaw, where Martini undertook studies on kinematics
of the furrowslice turned up by the plough. He did not quite take into
consideration both the deformation processes and forces acting on the
implement. His studies had only an experimental character.
The studies conducted by Weres in Poznan, and the continued
by Kozicz were of similar character. Their purpose was to determine
the influence of soil pressing by the tractor wheels on plant yields. In
this case the experiment did not involve studies on changes of any phy-
sical features of the soil; only the effects of soil pressing were measured
from determinations of plant yields. Those observations were then utili-
zed by other authors to interpret some theoretical hypotheses, but no
direct practical results were obtained.

Some studies were carried out by Bernacki [1] in connection with
construction of ploughs for fast plaughing, and active tools. They con-
cerned above all the processes of cutting, not giving any information
about soil conditions.

Studies leading to the first descriptions of rheological models of soil,
which can be utilized in processes taking place on cutting or pressing
soil by agricultural machines, were started in Warsaw and Lublin in the
fifties. We would like to stress that general studies on rheological models
and on state equations (constitutive) for the soil are carried out by many
centres of which that in Wroclaw established by Prof. Igor Kisiel has
the greatest achievements. There, the universal prognostic model of
Maxwell-St. Venant was designed for soils, which, in addition to para-
meters expressing elasticity, viscosity and plasticity limit, included that
of volume viscosity. This model is that of Zener when plasticity limit
is not exceeded. Kisiel’s [12] considerations were utilized by Szwaj [18]
on developing his rheological model adjusted to conditions of soil cutting.
These studies, however, are of a speculative character, in which many
assumptions are adapted which are far from the conditions typical for
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the function of tools and agricultural ve-
hicles. Numerous fundamental studies on
soil physics are also conducted, the pur-
pose of which is either to justify the pro-
posed rheological models, or to learn the
phenomena connected with mass exchan-
ge in the system soil- plant- environment.
I As the time for delivering our paper is
Pt ) limited, these studies will be briefly dealt

Fig. 1. Kisiel’'s model M/V with. Some of them were discussed more

: extensively in the communications.

In the Warsaw centre three trends of studies can be distinguished.
The staff directed by Cz. Kanafojski [11] undertook investigations on
processes of soil shearing. Resistance of soil cut with a vibrating string
was studied. It was shown that resistance decreased the more so the
higher was the acceleration of wibrations, e.g.,, at a constant shearing
speed of 0.146 m/s, the vibrating string at the average speed of 0,5 m/s
with the amplitude of 7.5 mm decreased the shearing resistance by 28%b.
On increased acceleration at the same average vibration rate, i.e., by
decreasing their amplitudes, the resistance is decreased by 40%. The
authors attribute these results partially to tixotropy and partially to
changes of the shearing force direction.

Studies of the phenomena connected with the cooperation of mecha-
nisms of moving tractors and agricultural machines with the ground
started under the direction of Kanafojski are now continued by Soltyn-
ski and his staff. Soltynski published a part of his studies in the book
,Mechanics of the Vehicle-Ground System” [14] in Poland and USA.
They concerned above all the problems of adhesion of the wheel and ca-
terpillar to the ground. At present the purpose of these studies is to ob-
tain' the fundamentals for the theory of geometric modelling of simple
processes occurring on driving in a prop in simple soil shearing, soil mo-
ving and in the work of an elementary wheel and caterpillar. The aut-
hors of these studies do not tend to interpret the phenomena by con-
structing rheological models or by seeking the deformation zone under
the object studied. On the basis of numerous studies carried out on soil
samples in the soil channel they found that in order to estimate the
proper tractional parameters, i.e., traction and soil pressing forces, there
should be determined only the unitary shearing stress, soil cohesion, the
angle of internal friction and some modules correlating the value of dee-
pening a measurement prop with its dimensions. Taking advantage of
the demensions analysis, the authors seek proper scales for the para-
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meters mentioned, which would enable a geometric modelling of simple
working elements in the sense ground deformations, tractional and pre-
ssing forces. .

Another kind of studies of the implement-soil systems was carried
ocut by Stopyra [16]. He experimented on shearing resistances of tools as
a function of ground parameters, furrow geometry and speed of the
implement movement.

The results of the studies confirm the thesis that soil shearing resis-
tance is the function of the speed of movement; however, the power
exponent determining this influence is variable and it does not only de-
pend on the kind and condition of the soil but on the geometry of the
implement as well.

He obtained sufficiently exact relationships characterizing the work
of ploughs for deep plougling and moving at a relatively low speed.

Similar studies were carried out by Musial et al. in the Institute of
Mining, Wroclaw. They called their attention to the fact that the descrip-
tion of the forces appearing in the shearing process can change in rela-
tion to the kind of the soil shorn. The studies of the shearing forces were
conducted on a wheel bucket ladder excavator. |

It was found that in the case of loose soil shearing force can be
expressed as a function of furrow-slice cross-section; whereas on cutting
rocks of a high cohesion, the cutting force should be expressed as a fun-
ction of unitary length of the tool’s cutting edge. Wojtkiewicz obtained
results which indicate that shearing with a tool whose cross-section is of
U-shape causes resistances proportional to the unitary length of the
cutting edge.

Studies on material characteristics of soils when the ground is pre-
seed on by moving agricultural machines and tractors, are carried out
by Kotodziej. In his studies ground is treated as a continuous medium
assuming that the elementary volumes of the ground dealt with are very
large in comparison with the size of the particles. Such an assumption
virtually permits to use the condition equations for a continuous isotropic
medium.

Attention is, however, drawn to the necessity to determine the pa-
rameters in concrete boundary conditions but that requires studies to
be carried out in natural conditions. \

To solve concrete cases Kolodziej has been seeking equations descri-
bing the problem of Boussinesq and has found a differential equation
which describes the deformation of soils by a rigid prop. The form of
this equation confirms the results of Soltynski’s studies as regards the
possibility of geometrical modelling a deformation process of this kind.



26 ‘ J. HAMAN, A. PUKOS

The author campared the calculation results in soils of different types
and he obtained a high coincidence.

The studies carried out in the Department of Agricultural Mechaniza-
tion and then in the Institute of Agricultural Mechanization, Academy
of Agriculture, Lublin, went in a different direction. In 1953, on studying
the effect of ploughing speed and soil moisture on deformation processes,
Haman [9] found that due to a high air content in pores of arable soil
its infiltration is very rapid. As a result the time derivative of the sphe-
rical part of the deformation tensor is significant and it considerably
determines both the deformation work and the final soil compaction.

It decisively affects the conditions of plant vegetation the more so,
because no water filtration takes place in relation to short-lived loadings
in agricultural processes. Thus soil moisture undergoes significant chan-
ges. These studies initiated a whole cycle of investigation on rapid defor-
mations, which are still being conducted.

Szwaj [18, 19] has begun studies on rheological models of soil and
experimentally showed the significant effect of the rate of tension in-
crease and its duration on plastic volume deformation. To examine the
modules characteriziné the derivatives of deformation tensors, he construc-
ted a special triaxial apparatus in which the movement speed of the
piston realizing a higher main stress reached 1.5 m/s. During measure-
ments all main tensions, volume deformation of the sample and changes
in its length were recorded.

Szwaj’s studies resulted in defining the tensor of stress as follows:

S=S.+S,+S8,+8S,>

where

S; — 2GT — the part of the tensor producing constant deformation
of the form,
S — 3KT"—— the spherical part of the tensor producing constant
i volume deformation,
S; — 2,1]"’ — additional resistance of viscous flow (viscosity),

S;Z 2RT — additional resistance resulting from changes in volume

(volume viscosity).

In the formula T/, T” denote corresponding parts of the strain tensor,

whereas T”, T” their time derivatives, G and K — corresponding mo-
dules, whereas 17 and R — coefficients characteristic for resistances
resulting from viscosity. The values of these coefficients change with
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the value of the difference between the normal stresses, deformation
rate and soil moisture. It was simultaneously found that the increase in
deformation speed causes an apparent increase both in cohesion and
in internal friction resulting from a considerable filtration resistance.

Further studies of Szwaj conducted in the Institute of Building
Mechanization resulted in developing the adapted rheological model per-
mitting to niodel spatial systems realizing ortothropic properties. This
is a model of an elastoplastic-viscous medium consisting of Maxwell’s
and St. Venant’s elements. Such a system corresponds to the euggestion
preseated by Kisiel. Taking, however, into consideration that the process
of soil cutting as well as its deformation by the mobile elements of the
tractor consists in reaching periodically the limit state, Szwaj suggested
to introduce into the model two leaning walls being able to move when
the force acting on the piston reaches the value corresponding to the
state of limit equilibrium in the soil. Such a model adjusted to the spatial
system permits to take into consideration all modules and coefficients
previously presented in the tensory equation.

It also enables to take into consideration a slower increase of the
highest main stress, as deformation of the soil develops, which has been
proved experimentally.

This can be realized by a proper formation of the element @ of the
model.

The proposed model was applied by Szwaj on taking into considera-
tion the process of shearing the furrow and made the determination of
the surface af soil cleavages occurring upon the action of the tool
possible. \

This is probably the most developed soil model at present, which
reproduces the real shearing process, utilizing, however, the state equa-
tions for a continuous isotropic medium.

In order to study experimentally the influence of the deformation
rate on its value better, i.e, to determine, the parameters 4, R more
exactly, studies in the soil bin are conducted on a large scale in Lublin.

Miczynski and Worona studied the resistances of the flat element of
various dimensions at various angles in relation to the direction of the
movement, at considerable speeds.

The results obtained confirmed the laboratory studies of Szwaj, l.e,
the decrease in the energy of volume deformation as the speed of the
tool movement increases.

A secondary result of these studies was the confirmation of the
- presented conceptions of Soltynski [14] of modelling working elements.

At present studies on soil compaction under a rigid Wheel rolling at
various speed on the soil are conduced. These studies have been under-
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taken by Karczewski by using the isotopic method of soil compaction
measurement. The source of radiation is cesium isotop Cs!¥7, and the
indicator — scintillation counter. This method is on the one hand accurate,
because it makes the measurement in points distant about 1 c¢cm from
each other possible, and on the other hand it is safe, because Cs!37 emits
radiation of a relatively small energy and is a safe source. The studies
have not been finished yet, but it is known from the present results
that an increased speed of the wheel movement not only causes a decrease
in compaction but a decrease in the deformations zone as well. At the
wheel movement of 0.09 m/s the volume deformation statistically signi-
ficant can still be found at the depth of 20 cmn whereas at the speed of
2 m/s it is found at the depth of about 8 cm. This confirms the hypothesis
of the filtrating character of volume deformation which is thought to be
not of a too high rate.

It can be assumed from the results that an increased speed of the
movement of vehicles and tools can significally contribute to limit the
harmful process of soil pressing. '

Because of the existing difficulties in carring out measurements which
mainly hamper the development of studies, Gawda undertook an attempt
to apply the method of ultrasonic examination of soil compaction. Her
work had a methodical character and it followed from its results that
temporal changes in soil compaction can be examined by using ultra-
sounds of 50 KHz. In contrast to the isotopic method, this one is not sen-
sitive to moisture changes. This method is of a goot distribution enagling
measurements in points. We can expect that in future studies will be
carried out using simultaneously both methods.

Studies on furrow cracks conducted in 1958 called attention to the
fact that they are accompanied by vibrations of the tool blade which
are not generally produced by the furrow breaking itself, but the
negative friction between the furrow and moudboard. In order to study
this phenomenon Haman [8, 9] designed a special plough of a constant
friction angle and a system for studying the influence of speed on friction
coefficients of steel on soil.

These studies and the later ones of Zdanowicz [23] resulted in finding
that the course of friction is not linear and results from overlapping dry
and viscous processes of friction. Hence the term of mixed friction was
adapted in considerations about friction of soil against the tool. In the
case of low speeds only dry friction occurs, the value of which, as shown
by the studies, decreased with speed increase. The reason of the pheno-
menon has not been adequately elucidated. At high speeds viscous fric-
tion is significant, the value of which increases proportionally to the
speed. Thus the curve illustrating the changes of friction forces versus
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the movement speed has a distinct minimum, the position of which
depends on the kind of soil and its condition. The general friction forces
can be determined by the equation

F = Freo + Aoy (— AV) + BV*

where Fre. corresponds to friction forces at exactly given speeds, A, B, 4,
u are positive coefficients, whereas V is the speed of furrow movement
on the tool.

The decreasing friction in the range of lower speeds is particulary
interesting because it creates conditions for the appearance of self-
-excited vibrations of the tool, which can be the reason of damages or
they can decrease the working resistance of the tool in definite conditions.
Zdanowicz [22] studied this problem in detail, finding the conditions
producing such vibrations. The results of the studies were utilized in
constructing the working elements of such implements as cultivators and
ploughs patented by Orzechowski.

The studies of Stowinska-Jurkiewicz on friction coefficients of steel
against soil showed that they vary in a wide range in relation to moisture
and humus content. These functions are on the whole non-monotonic
and often have several extremes. This can lead to the appearance of quite
unexpected dynamic effects in tools, the more so that the coefficients
of internal friction and cohesion undergo similar changes.

The physical reasons of this changes have not been adequately defined
yet, and studies to elucidate them are being intensively conducted in
Poland.

In this case those of Stepkowska are the leading ones which are being
conducted in the Institute of Hydroengineering PAN at Gdansk. They
concern the influence of the internactions of London-van der Waals and
the repulsion pressure of diffusion layers on mechanical property of soils,
i.e., on cohesion and the angle of internal friction. The authors express
 the opinion that cohesion is mainly produced by effects of a long distance
interactions, whereas internal friction is produces by contact forces.
However, this problem is very complex and the number of variables
effecting the characteristics is very big. The results obtained, confirmed
the thermodynamic interpretation of shearing, from which it appears
that on pure extension the change of potentiol energy of repulsion forces
is transformed into heat and undergoes dissipation.

The studies carried out so far did not result in obtaining a proper
constitutive equation expressing the conditions of stress and strain and
operators determining the bonduary conditions for a homogenous granu-
lar medium not to mention soils which are a complex medium. Hence
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models of continuous media are used in the conceptions of interpretative
and prognostic models, which always appears in the conception presen-
ted. .

Nevertheless, the physical connections obtained so far permit to
determine, adequately from the practical point of view, deformations
and dislocations of the medium, particulary in the case of limit state.
The knowledge of this relations makes a fairly accurate prognosing of
the mechanical effect of tillage.

From the point of view of agrophysics, however, the final purpose
is to determine the effects in the system of the living organisms (plants
or animals) and the medium. Therefore, more and more attention is paid
to the effects of soil on plants. The studies are-concentrated on such
problems as water availability for plants (Trzecki, Kowalik, Zawadzki),
gas economy in the soil (Kowalik, CieSla), and thermodynamic processes
taking place in the soil. However, only the last years have given the
first results of studies on the dynamics of these phemomena, which
results from deformation processes of the soil in natural conditions and
those caused by agricultural machines and vehicles. This studies are
concentrated now in the Institute of Agrophysics in Lublin, the activity
of which we would like to present in the last part of this paper.

One of the chief problems of this Institute is realization of studies
on theoretical fundaments and methods for measurements of physical
phenomena in the soil. One direction of its studies is devoted to designing
new apparatuses used for studies in soil mechanics and modifying known
measurement methods and laboratory and field equipment. The appa-
ratuses used for such studies are almost unavailable and are characterized
by many faults, the main one of which is their adjustment for statical
measurement. Also theoretical studies on the proper choice of investiga-
tion methods and combining mechanical treatment of soil with its
physical and physico-chemical properties are conducted. The construc-
tional data of the new apparatuses are the subject of seperate
communications. )

Two prototypes of soil penetrometers and adhesiometer were cons-
tructed in the Institute of Agrophysics and the triaxial apparatus of the
Norwegian type was adjusted to pedological studies.

Penetrometers are used for practical purposes in rapid determinations
of tractional properties of soils as well as ploughing resistance. It is
difficult to determine theoretically what soil properties affect the value
of the force needed to introduce the penetrometer cone into the soil;
however, the results obtained make an approximate determination of
the strength of the soil and its resistance to agricultural machines
possible. Sottynski [14] quotes the results of the studies of American
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authors, which confirmed the utility of the measurement method
described.

In the apparatuses constructed in the Institute of Agrophysics the
chief fault has been eliminated which appeares even in the latest penetro-
meters, i.e., the impossibility of accurate determination of penetrability
in all points of the soil profile, guaranteeing an accurate registration of
results. The soil penetrometer with a manual drive has been widely used
in field studies and it is used in many scientific institutes in Poland.

Furthermore, there has been designed an apparatus for determining
the coefficient of adhesion between soil and materials of which agri-
cultural tools and wheels of vehicles are built. The tests carried out
showed a far more higher repeatability and accuracy of results, as
compared with Kaczynskl’s apparatus. This effect was obtained by
constant increase in the force breaking the disc of the material examined
off the soil and by using an electric control enabling the registration
of adhesion.

The registration penetrometer with the manual drive and the
universal steered meter being a part of the adhesiometer are protected
by Polish patents.

As far as rheology is concered, Pukos and Walczak [13] surveyed
the existing rheological models and their physical basis. The authors
showed by example of the models of Hooke, Newton and Kelvin-Voigt
how linear rheological models can be justified by means of linear
thermodynamics of irreversible processes. It was also pointed to the
possibility of eliminating the assumption of continuity and homogeneity
of the soil medium by utilizing statistical methods studying stress-strain
histeresis. The considerations on the applicability of the research methods
used in ground science and civil engineering to the dynamic problems
of soil loading resulted in adapting the triaxial apparatus to kinematic
programmes of studies. ,

Out of the apparatuses used in Poland the Norwegian type was
chosen which is an improved apparatus of Bishop and Henkel — the
English classicists of triaxial studies, and it guarantees a constant
deformation rate and a high precision of measurements. The use strength
machines in civil engineering is adapted for quasi static programmes of
studies. An exception were the papers of Szwaj [18, 19] previously
presented.

In studies on mechanical properties of agricultural materials the
requirements of present construction technics postulate, as it was stressed
in the paper of Haman and Zdanowicz [10], the necessity of learning the

rheologic:\al properties of materials, i.e., the influence of the strain rate £
and that of loading, i.e. increase rate of the stresses o. For this purpose
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a hydraulic drive for a serial triaxial apparatus was constructed by exten-
ding the existing range of strain velocity (0.3 to 12 mm/h) up to the value
of 3.9 m/s with the possibility of its further increase.

Stress and deformation are registered by means of a loop oscillograph
with ultraviolet or photographic recording. The kinematic programme
of studies, when a definite rate of sample shortening is applied, has two
advantages, as ¢ompared with the statical programme, in which stress
programme is applied at a time (e.g. classical studies of triaxial compress-
ing at 6, = o3 = const. and stress o, is realized by direct loading of the
sample). Firstly, the kinematic programme gives a more complete in-
formation about the properties of the material, because it can cause
a change of the stress — or deformation state (loading, decrease of
loading) in a wide deformation range, and in the statical process, after
reaching a certain point we have a damage, and disruption of deformation
becomes impossible. .

Moreover, there exist measurement possibilities beside stress and
strain, of the derivatives of these values after the time, that is indis-
pensible in experimental verification of rheological models with viscosity,
in which the mechanical condition of the material is an evident function
of time.

As in granular material such as the soil the action of the stress devia-
tor produces formal changes, initial studies were carried out with the
action of the constant spherical part of the tensor stress through a
successive increase in the axial stress and decrease in the hydrostatic
- pressure in the chamber and also with a constant deviator of this tensor.
| This enables to eliminate the rela-

tion between the isotropic stress and
the change in the sample volume
and to separate deformations volumi-
nous and formaloues.

Study programmes with decreasing
sample load at required deformation
or stress values are being prepared

= which will make the separation of
elastic and plastic features possible.

It seems that other types of appa-
rati realizing the complex stress
conditions, i.e., when o, == 05 =~ 03 (e.8. the apparatus of Bojanowski and
Drescher in which the shape of the sample is that of a thin-walled pipe)
useful for statical studies, are too complicated for realization of the
programme of kinematic studies, particularly for ”undisturbed” samples.
The planned studies are to elucidate this problem in future.

Static program

Kinematic program

Fig. 2. Programmes of the triaxial
test
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The second direction of the work in this Institute are studies on the
influence of multiple mechanical treatment and loading of the soil by
vehicles and agricultural machines in a year’s cycle of cultivation. These
processes virtually affect physical properties of the soil, among others
such as aggregation, unit weight, porosity distribution. These features
affect water-air relationships, water retention and other properties. Wal-
czak studied the influence of compaction on energetic condition of water
in loess and proper chernozem formed from heavy loam. It was found
that mechanical compaction affects water content per 1g of soil for
pF values smaller than 3. It follows that mechanical compaction for loess
up to 1.7 g/cm3, for chernozem up to 1.655 g/cm3 does not cause changes
in the content of pores smaller than 3 .

The characteristics of moisture-suction was obtained in processes of
wetting and drying of soil in the pF range 0—2.7. It was found that
the surface of histeresis loop increased considerably with the decrease
in volume weight. Hence it follows that it is necessary to take into
consideration the histeresis effect in the description of water transport,
particularly in soils of a small compaction degree. A theoretical inter-
pretation of this phenomenon was prepared and universal domain theory
of hysteresis was applied to the description of soil pores distribution.
It enables a description of pores distribution in three-dimensional system
of coordinates (the smallest pore radius, the biggest pore radius and pore
volume of definite dimensions mentioned above).

It was found that in soils of low mechanical compaction a great
number of pores exist with a considerable difference between rm., and
Tmin-

With the increase in mechanical compaction the shape of pores
becomes more regular.

Konstankiewicz studied the influence of pressure on pores distribu-
tion in the soil of various moisture. Air-dry soil formed from loess was
studied, for which water characteristics (suction-moisture) were deter-
mined. After the equilibrium was established on each suction applied,
the soil sample was loaded in the oedometer with outflow of water.
For the three pressures used (1, 2 and 3 kG/cm?) consolidation curves
were drawn (dependence of sample settling at the time t).

For each of five moisture values three straight lines were obtained,
the slope of which was smaller for higher ballasts. At lower moisture
values the difference in the slope is smaller. For different moisture
values with the same ballast the straight lines comprise a larger range
of settling as sample moisture decreases.

At each moisture and after each deformation the distribution of pores
in the soil was examined using a mercury porosimeter. The total volume

3 — Zesz. Probl, Post. Nauk Roln. nr 168
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of pores decreased with ballast increase at each moisture. The highest
differences occurred between 1 and 2 kG/cm? ballasts, and for 2 and
3 kG/cm? ballasts the differences were slight. At the same ballasts but
at different moistures a decrease in the volume of pores occurs as
moisture decreases with only one exception of pF = 2.0 (the upper limit
of water available for plants). The percentage participation of pores of
the same dimensions at different ballasts distinctly varies between the
ballasts 1 and 2 and 3 kG/cm? The differences between the two last
ballasts are very small.

It can be concluded from the review of the studies on the influence
of machines and vehicles on soil condition that further studies will be
conducted in Poland. The opinion whether it is worth-while to concentrate
efforts to develope more accurate rheological models in search for state
equations for complex media is very controversial. There are many
scientists who maintain that experimental and mathematical difficulties
connected with studies of such a complex medium as soil are enormous
and they will demand large resources incommensurate to the practical
value of the results for which many other valuable and technically
useful data could be obtained. It seems to us that the actual progress
of theoretical studies on the mechanics 6f continuous media and prognos-
tic models in Poland induced to their continuation; however, it should
be taken into consideration that a success in the nearest future can be
expected only in cases of simpler systems. .

Theories of shearing and tractional processes are also believed to
develop fairly rapidly. These studies will require a considerable con-
centration on the methodological problems and searching new apparati
useful for studies on rapid deformations and enabling evaluation of "lo-
cal” phenomena. Studies on physico-chemical interpretation of mechani-
cal characteristics are also needed. _

A further development of studies on geometrical modelling of more
and more complex working elements as well as processes of multiple
deformation typical for agricultural conditions is also expected. This is
connected with correlated utilization of research possibilities of agro-
physicists and scientists dealing with the problem of building, mining
machines and founding.

In the programme of future studies, however, special attention should
be paid to consequences of the effect of machines significant from the
point of view of -agricultural processes. Whatever the development of
basic studies would be, it should be remembered that the losses suffered
from ignorance of the effect of soil cultivation technique on the future
crops are of the highest importance and it should be expected that the
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knowiedge of these phenémena will require enormously extensive and
systematic studies on which particularly big efforts and resources should
be concentrated.
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WPLYW TECHNIKI ROLNICZEJ NA STAN GLEB
PRZEGLAD BADAN POLSKICH

Streszczenie

Przedstawiono historycznie rozwéj badan w zakresie mechaniki gleb w Polsce.

Szczegdlowo omdéwiono wyniki badan uczonych z os$rodké6w warszawskiego i lu-
belskiego, gdzie ten rodzaj badan byt zainicjowanys w latach pieédziesigtych oraz
osiggniecia Instytutu Agrofizyki PAN w Lublinie.

Autorzy zwrécili uwage na badania wplywu maszyn i pojazdéw na stan gleby
oraz fizyczng interpretacje tego wplywu z punktu widzenia proceséw rolniczych.
Na podstawie wynikéw dotychczasowych badan mozna wnioskowaé, Ze pomimo
duzych trudnos$ci matematycznych i eksperymentalnych oraz koszté6w badan zja-
wisk mechanicznych w glebach, nalezy je kontynuowaé¢ wobec nieznajomos$ci wptly-
wu zmechanizowanej uprawy na plony.

A. Xaman, A. ITyxoc

BJIUSHUE CEJLCKOXO3AMCTBEHHOV TEXHUKUM HA COCTOAHUE IIOYB.
OB30P IIOJBCKUX UCCIELOBAHUMN

Pe3zwwmMme

IIpuBoguTCA MCTOPUMYECKUI 0030p pPa3BUTUSA MCCJIefoBaHMII B 00JacTyM MEXaHUKU
nouys B IloJbliie. f

ITogpoGHO oOCy’RAaaroTcsa pe3yJIbTaThbl MCCJAENOBaHMII YYEHbLIX M3 Hay4HO-MCCJIe-
JOBaTeJBCKMX LIeHTPOB B Bapmase m JliobnuHe, rage 9T MccaenoBaHMUA ObLIM HadaThbl
B NATUIAECATBLIX I'oJlaX, a TaKiKe poctuikeHus MHctutyrta arporexHuryu ITAH e Jlio6-
JuHe.

Ocoboe BHMMaHME aBTOPbI YAEJAKT MCCIEHOBAHUAM KacCalIUMMCS BJIUSAHUIO Ma-
LIMH M CPeJCTB TpPaHCIIOPTA HA COCTOSAHME IIOYBBLI, a TaKkKe (PU3INMYECKOoi MHTepnpe-
TauMUyM 9TOTO BJIMUAHUA C TOYKM 3PEHUA CEJIbCKOXa3AMCTBEHHbLIX MpoleccoB. Ha ocHO-
BaHMM PEe3yJbTAaTOB IPOBENEHHBLIX N0 CUMX IIOP MCCJIEeAOBaHMUII MOXKHO 3aKJIOYaTb, UTO
HECMOTPS Ha 3HauuTeJbHbIe MaTeMaTHudecKyue U SKCIepMMEeHTaJslbHbIe TPYAHOCTH,
a TaKKe BBICOKME M3JAEPIKKM CBA3aHHBIE C MCCJIEAOBAaHMAMM MEXaHUMUYECKUX SABJICHUN
B II04YBaX, 9TU pPaboThl AONXKHBI IPOAOJKATHCA BBUAY HEANOCTATOYHOTO W3yYEHUA
BJAMAHMA MEXaHMYECKO) o0paboTKM MOYBBLI HA YpPozKay KYJbTYPHBIX PaCTeHMIA.



