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INTRODUCTION

The investigation of mechanical properties of a building site subsoil,.
which is composed mainly of granular material, are made in most cases:
in axial-symmetrical state of stress o; = 0, = a3. This is the only defined
space state of stress occuring in the soil sample placed in the triaxial
compressing apparatus. The results of these tests give us the strength
properties of the soil medium in form of an angle of internal friction
and the cohesion in case of cohesive soil, or an angle of internal friction
in case of loose soil.

The axial-symmetrical state of stress neglects an influence of an
intermediate principal stress o, which is equal to the minimum principal
stress a3. The strength tests of that kind satisfy Coulomb strength theory.
Many researchers [4] pioneered this kind of investigations, tried to explain
the problem of an influence of o, on soil strength and by that to verify
experimentally Coulomb plasticity condition. Athough the paper [4]
appeared in 1936 the full development of researches in combined state
of stress o; =~ 05 7% 03 was begun the 60th. Many a new research device
[1] have been invented the results confirmed an essential influence "of
stress o, on the strength of the examined medium. Those results, hogever,
were not utilized in the present day mandatory standards defining
strength of building soils. Applying high safety factors (n = 2.0) at
defining bearing cdpacity of the soil, indicates a small interest in the
correction of Coulomb condition. It seems that the problem of strength
increase of a granular medium examined in combined state of stress
should, first of all, be applied in the designing of top soil cutting tools.

In spite of advanced researches on defining cutting resistance of top-
soils we encounter in practice a quick wear up or transgressing the limits.
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of strength of cutting tools. One of the reasons of it could be a mise-
valution of strength of the machined material. The author, therefore,
tries to discuss his own and other researchers results of examining
strength properties of loose medium in a combined state of stresses.

THE CALCULATION OF CUTTING RESISTANCE
BASED ON TOP SOIL STRENGTH

The author, when discussing the method of calculating cutting agri-
cultural tools resistance, has in mind mainly analitical methods in which
the distribution of external forces on the working element of a tool is
defined. In those methods the calculation of the horizontal cutting force
depends on strength of the machined material — top soil. Strength
properties of top soil are taken into account in form of an angle of inter-
nal friction ¢, angle of external friction g or trigonometrical function of
those angles. The angle ¢ for a given material of a tool (steel) is the
function of the angle @. The unitary resistance of cutting ks used in
empirical methods obtained experimentally depends on mechanical
properties of to soil and they are, therefore, their function so they can
be obtained analytically if ¢ and c are defined experimentally.

There are many methods of calculating of the horizontal force of cutting
[8] based on equations of boundary equilibrium between a tool and soil.
Mechanical properties of soil are then defined by Coulomb strength
condition

tn=on-tgo+ec 1)

This condition expressed by the principal stress is of form

. 6, —05 _ 5
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“In case of non-cohesive top soils ¢ = ® and the equations take the

form »

T = 0n* tg g, 3)
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sin p — ————= 4
i’ 01+ 03 ( )

The strength tests of soil and top soil, triaxial and direct shear, are
fit to this theory. In the engineering practice and treatment of top soil
by cutting tool the axial-symmetrical state of stress scarcely occurs.
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Cutting elements of agricultural tools are shaped as combined forms. The
reaction of medium will be different depending on their position. A tool
causes the space stress in the medium which is more complex than the
state of axial symmetry. Therefore a basis of designing agricultural
cutting tools should be the strength of the examined medium in a state
similar to its real behaviour. |

SOIL TESTS IN ARBITRARY COMBINED STATE OF STRESS

Any space states of stress o; =~ 03 == 03 can be obtained in the apparatus
in which the samples of the tested medium have form of cuhe, cubicoid,
light-wall tube or thick-wall tube. In the paper [1] the author described
broadly the construction of those apparatus and methods of research tests.
The tests where the sample has cubic-shape [5], [6] have the following
disadvantages:

1. No possibility of causing the strain at which the soil reaches an
established yield.

2. The disturbances of stress state and strain on cube edges.

3. Non-homogenoues strain of surface transmitting loads, resulted
from disturbances on the cube edges.

In apparatuses of this kind the main directions of stresses .and
strains are, as constructonal assumption, in line what makes impossible
testing of the changes during loading process. Some of these dis-
advantages have been removed from the newest types of apparatuses
[3]. The above mentioned disadvantages occur only in the principal direc-
tion where the strain is nil in apparatus in which the cubicoid sample
is tested. In the sample of thick-wall tube type it is impossible to obtain
a homogeneous stress state in radial direction, no matter the way the
load is applied. ' ‘

The most homogeneous state of stress is obtained in a sample in form
of thin-wall tube. When the tube is loaded with torsion moment we can
i»nvestigate' changes of principal direction of stresses and strains during
the loading. A serious defect of this type tests is a complex technology
of preparing samples of cohesive soils and wet sands. Measurement of
radial strain e is not easy to be done too.

TESTS RESULTS

To illustrate the influence of intermediate principal stress o, on the
strength properties of the loose medium there are represented test re-
sults by the author [2] and the most recent tests by T. Ramamurthy and

P. C. Rawat [7]. : A
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The tests done by the author were carried out on samples in form of
light-wall tube (rw = 65 mm, 7, = 75 mm and h = 160 mm) loaded hy-
drostatically o = p, by vertical stress o, and by torsion moment M. Fine
sands of grains from 0.5 mm to 1.0 mm of specific gravity ys = 2.65 G/
/cm? were tested.

Maximum void ratio of the sand egax = 0.725, minimum g, = 0.538.
The tests were carried out on samples of density y,, = 1.67 G/cm3 what
corresponds the void ratio ¢ = 0.588. The author performed six tests of
triaxial compression o, > 0, = 03, eleven ,tension” tests o, = g, > o3 and
twenty five tests loaded with torsion moment o¢; 5% 64 = 03.

In paper [7] the tests were carried out on cube samples of edge mea-
suring b = 76 mm places in a modified triaxial apparatus. The construc-
tion of the apparatus allowed to make changes of values of principal
stresses into two principal directions and to keep a constant value in the
third direction. The samples were made from Ottawa sand of effective
size 0.43 mm, specific gravity ys = 2.66 G/cm3, maximum void ratio
emax — 0.695 and minimum void ratio egm;, = 0.486. There were done six
tests of compression o; > 0, = 03, one test of ,tension” ¢; <oy, = g3 and
sixteen tests at a moment when the plasticizing of the material existed
in any composite state of stress o, =% g4 5 a3.

In Fig. 1 there are recorded results of the tests carried out in the both
discussed papers. The results are presented in form of dependence of
internal friction angle ¢ on Lode parameter u. This parameter is of
from.
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Fig. 1. Internal friction angle versus u parameter. [[] — Ramamurthy’s results,
O — author’s results
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It describes the situation of the considered state of stress in 1/6 of
the pricipal stresses space. The parameter u varies from —1.0 to + 1.0.
All the states of principal stresses situated in the plane of triaxial com-
pression correspond to the value of 4 = — 1.0, and the states of stresses
situated in the plane of triaxial ,,tension” correspond to the value u =
= + 1.0. The points denoted by squares (Fig. 1) are the values of inter-
nal friction angle ¢; they were obtained in single tests and given in pa-
per [7]. The points denoted by circles are mean value of angle ¢; they
were obtained in five types of tests (at constant values of u) carried out
by the author. The curves connecting the points are the traces of the
plasticity surface of the tested sands. The theoretical trace of Coulomb
plasticity conditjon which is in accordance with the rasults of the triaxial
tests, are represented by straight lines of constant value of angle ¢ inde-
pendent on parameter u. For Ottawa sand the straight line corresponds
to the angle 40°, for fine sand tested by the author it corresponds to
the angle 33°. When we compare the experimental curves with the stra-
ight lines of Coulomb it is clearly seen a discrepancy even for the va-
lues x4 near to the axial symmetry.

The maximum difference occurs when the parameter u is between
the values —0.4 and +0.2. The maximum difference in value of angle
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Fig. 2. Plasticity condition on the octaedral plane
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@ for Ottawa sand is 6° 30". It is an increase by 16%. For fine sand the
difference is 9° 20" and the increase reaches 28%. To ilustrate fully the
obtained results they are showed in Fig. 2 in the octahedron plane oy =
= 05y = 1.0 kG/cm? For the sake of comparision the traces of the spa-
tial form of Coulomb plasticity condition are denoted in the intersection
with the octahedron plane. These are the traces for angles ¢ = 40° and
@ = 33°. For the sake of simplification the results of the test are plotted
only in 1/6 projection of principal stresses space on the octahedron plane.
It is clearly seen here that plasticity conditions of both the soils — ob-
tained experimentally are outside the trace of Coulomb condition. This
proves that tests done in accordance with Coulomb condition in samples
loaded axialy-symmetric state of stress present a lower strength of the

medium than an estimation of the strength in any combined arbitrary
states of stress.

CONCLUSIONS

The test results of sand soils carried aut in two different types of
apparatus converge. Both the papers [2, 7] confirmed influence of inter-
mediate principal stress o, =~ 6; 7~ 03 on an increace of strength of loose
medium in comparison with Coulomb plasticity condition. '

An increase of strenght of fine sands is expresses by an increase of
internal friction angle by 16 to 28 per cent. Such an increase of strength
of soil medium should not be neglected at calculations of cutting resi-
stance.

An introducing a new estimation of top soils strength into practical
calculations requires doing quantitative tests for different kind of top
soils and the establishing the coefficients increasing values of friction
angle as it is defined in traditional triaxial measuring apparatus.
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W. Bojanowski

BADANIA WEASNOSCI WYTRZYMALOSCIOWYCH OSRODKA GRUNTOWEGO
W ZARLOZONYCH STANACH NAPREZENIA

Streszczenie

Autor opisal badanie gruntéw w dowolnie zlozonych stanach naprezeh tzn. gdy
wszystkie trzy naprezenia giéwne majg rézne wartosSci. Z wyniké6w badain mozna
wnioskowaé, Zze pomiary prowadzone na prébkach obcigzonych osiowo symetrycz-
nym naprezeniem dajg nizszg wytrzymalo§é oérodka gruntowego od oceny tej wy-
trzymaloSci w dowolnych zloZonych stanach naprezenia. Moze to byé przyczyna
szybkiego zuzycia lub przekroczenia wytrzymaltoSci marzedzi skrawajgcych glebe.

B. Bosxoscku

UCCIEIOBAHHMA OBYCJABJIUMBAIOINUX COIIPOTUBJEHMUE CBOMCTB
IIOYBOTPYHTOBOM CPEIBI B CJOXKHBIX COCTOSHUAX HAIIPAXEHUN

PeswwMme

ABTOp OIIMCBIBAE€T XOJA MCCJENOBAHMUI IIOYBOTPYHTOB B ITPOM3BOJBHO CJIOKHBIX
COCTOAHMAX HANPAMKEHMII, T., KOI'Aa BCE TPM TIJaBHble HANPAXKEHMS MMEIOT pPa3Hble
BeJMYNHBI. Pe3ysnbTaThl MCCIEAOBAaHMI IIO3BOJIAIOT 3aKJIOYaTh, YTO M3MEPEHMA IIpo-
BOAMMble Ha oOpa3slaX C HArpy3Koil OCeBO-CHMETPUYECKOr0 HANPSXKEHMA II0Ka3bI-
BalOT 3aHMIKEHHOE COIITPOTHMBJIEHME IIOYBOTPYHTA B CPABHEHMM C OLI€HKOI STOro co-
IPOTUBJIEHMA B ITPOM3BOJILHO CJIOXKHBLIX COCTOAHMAX HAaIPAXKEHMI. OTO MOXKeT Ipu-
BOAUTE K 00Jiee OBICTPOMY M3HOCY MUJIM NPEBBILIEHUIO YCTOMYMBOCTM PEXYIUMX HOYBY

OPY UL,



