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SCALAR DEPENDENCES BY COMPACTION
FORCES ACTING ON SOIL

Andrzej Soltynski

Institute of Mechanization and Flectrification of Agriculture, Warsaw

CONDITIONS OF APPROXIMATE MECHANICAL SIMILARITY

In the case forces acting upon the soil, particular attention should be
given to interdependence of phenomena occurring between the soil and
a tool or a machine which acts with certain force upon the soil. The
interdependences is influenced by both properties of the soil as well as
design parametres of the investigated elements of tools or machines.

Preliminary measurements proved that results obtained from investi-
gation of two elements of the identical construction but of different sizes
can be comparable only when the conditions of similarity of the system
are preserved. They are defined by respective scalar dependencies of
such values as: velocity, stress, density etc.

Considering the fact that certain magnitudes of the system like: acce-
laration of gravity, density, and mechanical properties of soil, cannot be
practically scaled in the required range, the investigations of a model
and a prdtoty.pe are performed on the same soil, it means that the scale
of all magnitudes of soil is equal to unity. In such a case the real scalar
dependencies deviate from the assumed values and that means that
approximate condition of mechanical similarity occurs.

The values quoted in the Table 1 considerable influence preservation
of conditions of mechanical similarity of the system in the discussed
example of forces acting upon the soil.

According to the principles of dimensional analysis, interdependence
of magnitudes, assumed for the discussed case, characterising the system
can appear in the form of a function of dimensionless products
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Table 1

List of phisical values of the system ‘

Value Symbol Units
Geometrical dimension 1 L
Weight G F
Velocity |4 LT
Acceleration gravity g LT-?
Reaction of scil P F
Deformation of soil F L
Bulk density of soil y FL-3
Mechanical properties of soil M Fal®

The above assumption permits to determine scale of the considered
system subject to the geometrical scale

Sy = b2/b1 = A

EIEEE
0/ P [RV.SN

For example

therefore

K n [’ﬁ ]3

P, Y2 L b,
or

Sp = S}, . 13 .
Similarly

Sp e SM 12 and S'U — S;).S 3.5 .

Assuming that Sy = 1 then S, = 3, and Sy = 4.

But assuming that Sy = 1 we obtain S, = 12 and S, = 1-1.

As it has already been stated the scale model investigation of the
same soil does not permit to change mechanical properties M of the soil
to such an extent that they would correspond to the scale Sy = 1 or den- -

sity in scale Sy = 1~1. Therefore, the real scale of forces can be expressed
in the form of general dependence

Sp = 77,

while value of the exponent x will be depended on the influence of the
mechanical properties of soil. Value.of this exponent was determined

experimentally in series of measurements performed for various kinds
and states of soil.
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EQUIPMENT AND SOIL CONDITION

Experiments were realized at the laboratory in soil bin on which the-
re was installed both the hydraulic stand for soil compacting by plates
with different size and shape (Fig. 1) and the set of devices for soil pre-
paration and reproduction of soil state. The experiments were made on
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Fig. 1. The hydraulic stand for soil —% /——0
. f . . . - — 4

compaction: I — soil bin, 2 — fra- ——— — — =
me, 3 — hydraulic cylinder, 4 — ——— —— ————— |
engine and oil pumpe, 5 — strain- - — — —— |
gauge transducter, 6 — measuring [, A
plate, 7 — displacement transduc-

ter {

soils with different mechanical compositions, given in the Fig. 2 and at
different water contents m, running up to m = 31 per cent in the case
of clay, for example.

For sand the maximum water content was determined by soil
wetting rapidity at which practically constant soil water content can be
maintained during a series of experiments. In the case of the soil marked
50 L (50 per cent of loam) it was impossible to obtain proper recurren-
ce of the soil state in the range of humidity m = 2.5- 14%.

It was due to its lumping in clods during the mechanical preparatlon
The properties of those soils are gathered in Table 2.

MEASUREMENTS OF SOIL COMPACTION FORCES

The data obtained from measuring of soil compaction forces P by
rectangular plates, size F = 28080, 210X60, 140X40, 70X20 mm are
shown in Figs. 3—17. As the statistic analysis of correlation of soil compac-



A. SOLTYNSKI

190

8'8% 91°CY (A V% = — e1s [10s pazoedured Ajjure]
9y31 1e Ausorod d1njosqy

L'0e 6'¢cl 191 T'LT — Ajoedes prary IL1ep
) 1y3om jo
31U Jod
e'ch I'LC 0'8¢ cee 9'0C Koedes Axeqided 1o1eM
130 13d
88°0 L9°0 290 ¥Co — IUIUO0D SN
. : wono/3
99°C 89°C ) L9°¢C €9°¢ <9°¢C 1y3rom “O1yroadg
) wono/8
ILT PL°T 8L'T 16'T L8'T S6'1 L6'1 66'1 TIE'T LOC ¥#1'C I¥'T 90°C PL'T €T 9T 1S S¥'T €1 S9°1 sJudUWIIddX?
oyl Sunnp 1y3om JUmMloA
. 13U 1ad
Ie 0e 6C LT & €C 1cT S'6l 2 LT %1 ST 611 86 <9 LT 00T 0¢ Le¢ LO SIUSWILI

-adxs a3 Sunnp Aprungy

T 00T T 6L T 0% T6C T0 [ros

s[10s pa1sal 9yl Jo sanodosd swog

zo1q¢eL



SCALAR DEPENDENCES BY COMPACTION FORCES ACTING ON SOIL 191

Clay Silt ‘ Sand |
dsmail| Small | Medium |Llarge Wsmali| Small | Med, ng&

/"' . 100. L/ /

-~
S ®

3
8
S
S s p
Q I Ve
3 / — [ 75.L V°
3 60 — { , //
&40 / —1"50.L //
S 7~ _ 25t A
S 20 ////___._ ,

q002  0.005 002 005 07 025 05mmio

Liameter ¢ of soif pariicies

Fig. 2. Granularity of investigated soils
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Fig. 4. The results of soil compac-
ting forces measurements

m%o 17 65 98 119
k kG/em2  0.64 031 055 0.42
n 0.827 148 142 0.61
x 292 294 28 22

tion forces and the unitary soil deformation % shows, those dependences

may be defined by the aquation

L

P=F

z]"
— | or
b

P=F—k[3]".
b

For two plates with different size one obtains
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Fig. 5. The results of soil compac- '// A
ting forces measurements
m%o 2.5 14 17
k kG/cm?2 0.78 0.77 0.38
n 095 0145 041 106 08 706 08 106 08 706 08 7
x 3.22 1.92 2.4 z/b

For % equal to 1 the above dependences may by presented as scalar

S dependences of the above mentioned values

Sp = SF'Sk.

Expressing the scale of geometrical dimensiones as S, = b,/by, = A,
scale of surface as S = 42 and the scale of forces as S, = 1 we obtain

ky

Sk =

. k,
therefore

(x-2)
= A

Z n
= km l(x"z) —_— iy
? 5]
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Fig. 6. The results of soil compacting forces measurements
m%o 2 195 21 23
k kG/cm?2 0.58 0.32 0.26 0.15
n 1.2 0.226 0.25 0.325
x 3.26 1.91 1.95 2.02

where kpn, is a modulus of unitary soil deformation by a model plate at
the given surface (e, i. F, = 1 dem?).

The above equation in this case when x = 2 (plate surface doesn’t
influence upon soil deformation) and when 2 =1 (a model plate is of
the same size as the surface of a tractive element acting on soil) takes

common from
z n
=k|—] .
P [b]
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Fig. 7. The results of soil compacting forces measurements
m%o 26 28 29 30 31
k kG/cm? 0.33 0.23 0.20 0.17 0.12
n 0.183 0.183 0.32 0.403 0.33
x 1.73 1.63 1.72 1.75 1.66

Computer analysis (see Fig. 8) of dates given on diagrams in Figs. 3—7
permited to determine the scalar dependences and other parameters of
equation defining the unitary compaction forces.

Values of the parameters — x, k, », are given in respective diagrams
for different soils and humidity of soils (Figs. 9, 10). According to the
computed values of these parameters the best fitting of theoretical lines
were drawn on the same diagrams. Assumption of their parallel course
in the logarithmic coordinate diagrams, means fulfilment of requirements
for the exponent n = const. It is” evident from the diagrams that there
are two kinds of deviations of measuring curves from theoretical

logarithmic lines.

-

13*
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-Start Declarations

1. Reading of any free chosen information text
regarding one of measurement series.

2. Reading of data for one measurement series (date,
moisture content of soil, amount of plates pressed in,
amount of values z/b.)

3. Print-out of text
No. 1 and No. 2,

4. Reading: table of geometrical scales for plates, table of values z/b,
steering number STER.

STER >0 — STER<O0
—| 5. Reading of calibration and forces 8. Reading of table of
_ for serial plates and measurements. forces.

6. Computation of mean

force for serial values
z/[b.

7. Print-out of force values for serial
plates and serial values z/b

9. Logarithmation of: geometrical scale values,
values z/b,
values of forces P.

10. Computation of moments of the forces P,
geometrical scales A, values of z/b and their|-
combined moments.

11. Composition of matrix T for linear
equation system connecting para-

meters x, k, » with adequate moments
P,/ and z/b.

12. Final layout of
matrix T

13. Standarization of data and
print-out of parameters k, x, .

Fig. 8. Flow -diagram illustrating the computation programme for soil compaction-
parameters
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Fig. 9. Scale-forces exponent versus moisture for different soils
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Fig. 10. Parameters kn and n for different moistures

The first of them is caused by approximate fulfilment of conditions
of mechanical similatrity and is reflected in the diagrams by shifted
curves in relation to the logarithmic lines resulting from scalar dependen-

cies on the basis of the value .
The second kind of deviations is illustrated in the diagrams by

different inclination of measuring curves in relation to the logarithmic
lines whose inclination is determined by the value of the index n.
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While deviations occurring in scalar dependencies are accidental,
deviations of the value of the index n are proportional to the size of
measuring plates. In other words the bigger measurmg plates the greater
are the real values of the index n.

It means that assumed equation only approximately defines character
of the measuring curves. However, before more precise mathematical
model defining interdependence of stresses and deformation of soil is
introduced in future, now it is necessary to refer the analysis to the
given range of loads and deformations.

CONCLUSION

The carried out analysis has shown that:

1. The measured properties of soil defined by the parameters x, k, n
remain under greater influence of the state of soil, and specially humidity,
than the kind of soil described by mechanical composition.

2. In the case of compaction forces acting upon the soil it should be
considered the scalar dependencies of this forces specially when humidity
of soil does not exceed 12 per cent (x > 2).

3. The velocity of soil deformation v = 24 =+ 30 mm/sec has not prac-
tically influenced on the obtained values' of forces (Fig. 11).

kG / h
® | 270 | 60
7100
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Y-v v
20
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000 35%— K
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Ve/acﬂ:y of so/l deformation y

Fig. 11. The influence of deformation velocity on soil characteristics
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A.- Sottynski
'ZALEZNOSCI SKALARNE PRZY DZIAEANIU SIE ZAGESZCZAJACYCH GLEBE

Streszczenie

W przypadku plyt (narzedzi) o réznych rozmiarach dzialajgcych na glebe wy-
niki dziatania sit w dwu ukltadach (np. model i proces rzeczywisty) mozna pordéw-
nywaé¢ tylko w warunkach mechanicznego podobienstwa ukladéw. Czesto przy
konstruowaniu modeli proces6w w skali geometrycznej zapewnia su: tylko przy-
blizone podobienstwo mechaniczne.

W pracy poréwnano sily i ich skalarne zalezno$ci w serii testbw zageszczenia
zrealizowanych na glebach o réznych wilgotno$ciach i sktadzie. Badania numerycz-
ne pozwolily wyznaczy¢ matematyczne zaleznoSci i parametry r6é6wnan.

A. CoaTvlHbCKY

CKAJSAPHBIE 3ABVMICUMOCTU IIPU JEVICTBUM CUJI YILJOTHAIOIIUX
[IO4YBY

Pe3zwwMme

B cay4yae mimr (OpyAwuit) pasHbBIX pPa3MEpPOB, AEMCTBYIOLUMX Ha NOYBY, PE3yJb-
TaTbl JEMCTBMA OMJ B ABYX CHUCTEMax (HAOp. MOAENb ¥ AVCTBUTEJNBHBIA Hpolecc)
MOXXHO CPEBHMBATh TOJIBKO B YCJIOBMAX MEXaHU4YECKOTO CXOACTBa CcucreMm. 4dacro
P KOHCTPYMPOBAHMM MOJENM IIPOLECCOB B TIEOMETPMYECKOM MaciuTabe obecreyu-
BaeTCA TOJbXO NPUOIMMKEHHOE MEeXaHUYeCKOoe CXOACTBO.

B Tpyze CpaBHMBAIOTCH CHMIIBI M MX CKaJNapHbIe 33BUCUMOCTM B cepuyt TECTOB
CTyILIeHMsI BBIMOJHEHHBIX Ha noysaxX ¢ Pa3iMYHBLIM YBJAXKHEHHEM M cocTaBoM. Hy-
MepMHecKMe MCCIEAOBAHMA MO3BOJMAYM ONpPeReNMTh MaTeMaTU4ecKue 3aBUCHMMOCTUA U

IapaMeTpbl YPaBHEHMA.



