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By the term agricultural soil the uppermost, tilled layer of the earth
shell, several decimeters in thickness is meant. The types of mechanical
load of the soil in course of tilth can be divided into two main classes:

1) The soil particles are ruptured by the tillage tools, their continuity
is broken down (such as ploughing).

2) Machines running on the soil as well as soil- compactors cause ’
deformation of the soil, but generally do not produce discontinuity.

Our main aim was the qualitative and quantitative description of the

secondly mentioned process. By considering the soil continuous and
isotropic, the results of the mechanics of continuous media can be applied
for investigating deformation problems, that is to say, the so-called
geometrical, dynamical, and material equations are available for the
description of the phenomena. These latter equations offer a relationship
between the stress and the deformation and, unlike the first two groups
of equatlons reflect the physical properties of matter. Formulae used
by classical mechanics were valid mainly for elastic bodies, According
to the results of soil research, soil was proved not to be regarded as an
elastic body. Its deformation behaviour reminds to that of highly viscous
fluids, thus falling into the framework of rheological researches. Our
aim was to seek for a rheological model describing well the deformation
properties of a certain type of soil (clayey soil).
Rheology constructed a great many of models from three fundamental
components (elasticity, viscosity, plasticity). From among these we have
taken into account only those, which are linear and do not contain more
than three elements. By increasing the number of elements, the mathe-
matical treatment of the models becomes more and more complicated
and their practical application encounters great difficulties.

For choosing the appropriate model a measurement procedure was
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elaborated. The measuring equipment was capable to assure the conditions

¢ = constant, da/dt = ¢ = constant, ¢ = constant, and de/dt = ¢ = constant
necessary for the rheological investigations in case of uniaxial stress.
The measurements were made on cylindrical specimens. In the- first stage
of our experiments we wanted to be acquainted with the deformation
properties of the solid skeleton of the soil, therefore nearly one-phase,
geometrically regular specimens were prepared from the soil by pressing
andy drying. By this means the reproducibility of the
measurements was assured too.

The specimens were subjected to creeping test (o =
" 0o = constant) and relaxation test (¢ = ¢, = constant) and
the creeping curves ¢ = ¢(t) as well as the relaxation
curves ¢ = o (t) were plotted. Based on the shape of
the curves, from among the above mentioned rheological
models containing not more than three elements it can
be selected the one, that seems to be the most appro-
priate with respect to the mechanical properties. Accor-
ding to our measurements the creeping and reldxation
curves of the soil under investigation could be best fitted
to those of the Poynting—Thomson model.

The differential equation of the model is
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Fig. 1. Soil o=E¢+ le— Yo,
sample conso-

L where E, 4, ¢ are coefficients specific to the material,
lidation

usually termed material constants.
Our further experiments aimed at determining the numerical values
of these material constants and controlling the accuracy of the model
in reflecting the values measured on soil.
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The material constants can be determined in two ways:
1) From the results of the creeping and relaxation tests, since the
material constants are contained in the equations

& = 0o/E + (8o — 0o/ E)e """
and

o = Eeo + (6o— Ego)e ™"
obtained from the solution of the differential equation of the model under
the conditions o = 0, = constant and ¢ = ¢, = constant, respectively.

This method has the drawback that the numerical values are obtained
from measurements on two separate specimens.
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Fig. 5. Test programs

2) Following an increasing load with ¢ = constant, the stress o is
fixed at values ¢ = 0o, ¢ = ¢, t = to, that is to say, the specimen is
subjected to creeping test at o = o,. The material constants required
are now contained in the equation

e =¢/E[t 4+ (8—ME)(1—e =),

valid for the period of constantly increasing load (5 = constant) and the
formerly mentioned equation of the creeping-curve. This method has the
advantage that a single specimen is sufficient for performing the measure-
ment, moreover the technically much more complicated relaxation test

can be avoided.
The numerical determination of the material constants was carried

out by the least squares method of curve fitting. Using the calculated
values

exl = eal (2;, E,A0),(0 = constant),

il = gl (t,', E, ;u) (O‘ = 0o = constant)
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Table l
The material constants
Signof g pjem?]  Alkphjem?]  8[h] H
specimen
T3 534 -100 1.073-10° 1.696 6.3 -10-8
P1 - 1357-10°  2599-10¢ 212 2.91-107
P2 1.105-10°  4.340-10* 259  1.25-10-
G1 4734-10° 1.170-10°  0.952  3.65-10°7
G4 2.386-10°  4.054-10° 0,109  1.86-10-¢

and the measured values of &, the sum of the squared deviations was
formed:

4=2(ext — &)+ Z(ﬂ;" — &)
The necessary condition of the minimum is

o4 o4 o4
5—E—0,-5_,9—0,_5—A'— Oo

The solution of this system of equations yields the sought-for material
constants. Because of computational difficulties the functions e — & in
the brackets were linearized by expansion into power series, and in order
to perform the vast number of numerical calculations an ALGOL
program of the evaluation procedure was constructed for an ODRA 1204

type computer.

Table 2
Rheological constants
Signof  Moisture E A 9
specimen cor;/tent [kp /cm?] [kp h/cm?] [h]
0

P, — 1.357-10*  2.599 - 10 2.12
P, 7,15 2.315-10° 1.876 - 10¢ 2.69
P, 18,7 6.87 -10? 2.46 -10* 2.64
P7 18,8 4.11 -10 1.39 -103 10,37

The fitness of the model was characterized by the numerical value

2 (er— &)
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On the basis of our measurements the Poynting—Thomson body
proved to be an appropriate model for the deformation of solid particles
of clayey soils (dried specimens).

The question was raised up, whether for case of wet clayey soils the
same procedure is applicable or not. Measurements were made on speci-
mens of various moisture content and in case of moderate loads (cor-
responding to the pressure values caused by agricultural machines) the
chosen rheological model proved to be applicable. Naturally, due to the
alteration of deformation properties, the material constants in the
differential equation changed too.

In addition to the moisture content the values of E, 1, and ¢ are
influenced by some other factors too. The research of the relation between
these changes and their causes necessitates further measurements.

CONCLUSION

The Poynting—Thomson body yields sufficiently precise results for
the technical practice for the mathematical description of deformation
properties of perturbed specimens of clayey soils under uniaxial stress
and moderate loads. Considering the problems being raised up examina-
tions are to be extended also to unperturbed specimens for case of spatial
stress.

L. Csorba
REOLOGICZNE POMIARY GLEB ROLNICZYCH

Streszczenie

Praca zawiera wyniki badan reologicznych gleb przy pomocy urzgdzenia
skonstruowanego na Wydziale Mechaniki Uniwersytetu Rolniczego w Godollo.
Wysuszong probke gleby gliniastej poddawano jednoosiowemu obcigzeniu. Wyniki
badan pelzania i relaksacji dopasowywano numerycznie do modelu reologicznego
ciala Poyntinga-Thomsona. Stwierdzono, Ze na stale materialowe wplywa wilgot-
no$é¢ i naprezenie, dlatego efekty te warto $ledzi¢ oddzielnie.
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JI. 9opba
PE}OJIOI‘I}I‘IECKI/IE U3MEPEHVSI CEJBCKOXO3AMCTBEHHEBIX IIOYB

Pe3wwMme

-

B mpyne nyOJamMKyrOTCA pe3yJabTaThbl PEOJIOMMYECKUX WMCCHEeNOBaHMI II0OYB C TIO-
MOIUBIQ YCTPOMCTBA KOHCTPYMPOBAaHHOIO B MexaHudeckoM akyabTere CenbcKo-
XO03AMCTBEHHOI akKaaeMmm B I'énénné. BrIcylleHHBIT oOpa3el] IVIMHMUCTOW MOYBbI IIOX-
Beprajyt OQHOOCEeBOJ Harpyske. Pe3ynbTaThbl MCCAEAOBAHUI MONA3YUECTU M PeJaKcaumu
HyMepy4ecKy npyucrrocabamBalay K peoJiormyeckoir mopenaym tuna IloviHTMHra-ToMco-
Ha. YCTaHOBJIEHO YTO Ha MaTepymallbHble KOHCTAHTbI BO3JEMCTBYIOT BJAXKHOCTh M Ha-
OPAXKEHHOCTh M II0O9TOMY 9T BO3JENMCTBUA CJEAYET pPacCcMaTpuBaTh OTAEJbHO.



