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Introduction 

This paper deals with technical measures amung at restnctmg the 
detrimcntal soi! compaction by loaded whcels from the very beginning - the ma
nufacture of agricultural machinery. Soil condition is expressed in terms of soi! 
dry hulk densily Pu (kg·nr3). The up-to-date attempts to legalize measurcs redu
cing soi! compaction were based either on the stress limits at certain depths [Ru. 
SANOV 1988] or on a generał wheel loading limit [HLKANSSON, PETELKAlJ 1994] At 
present, the stress state is stili not conclusive for soil deformation, nor is the soil 
compaction without specifying the condition of soi! prior to loading; the problem 
is that !ocal changcs of soi! hulk density in the undisturbed ground are of the 
same order as the increments of density duc to cxternal loading. 

A reasonablc way of how to overcome this nuisance and produce convin
ci.ng arguments is to mcasure soi! compaction under controlled conditions. Our 
rcsearch programmc in 1993-1995 under the sponsorship of the Grant Ageucy of 
the Czech Rcpublic [GIU,CENKO et al. 1997] studicd the soi! compaction incre
ments due to wheel loading i.n the field and then modelled them i.n the labora
tory compactor with encouragi.ng results, so that the logical consequencc was to 
proposc the modclling technique as an autonomous procedure to cvaluate 
the compaction potentia! of the off-road tyrcs i.n terms of compaction number 
(CN) rating, which is the mai.n object of this paper. 

Fundamentals of the compactor modelling technique 

Basic components of a laboratory compactor (Fig. 1) are the cyli.ndrical 
testing soil-bin (inner diameter 460 mm, inner height 435 mm) and the compac
ting head with dynamomctcr holding round exchangeable compacting plates, 
marked a (diameter 150 mm), b, c and d (diameter 300 mm). The compacting 
force is produced by a hydraulic cylinder. 

A model of soi! compaction has to satisfy the following conditions with 
rcspcct to the situation in the field: 

a) the same soi! type, 
b) very similar initial soi! hulk density and moisture con tent, 
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Fig. I. 

Rys. 1. 

h g. 2. 

Rys. 2. 

A Grcccnko 

Con!Jguration of the labora to ry compactor: fro m lcft to right: testing soi l-hi n 
and !ower part of thl'. compacting head. measuring instrumenls. hydrau lic ui i 
generator 

Układ stanowiska labora toryjnego do zagc;szczarna gleby od lewej do pra wcr 
pojemnik glebowy z dolnym fragmentem głowicy zagc;szczająccj. aparatura po
miarowa, aparatura hydrauliczna 

Detail of the testing soil-hin. lilled with pre-compactc:J St)il and of the cornpac
ting head ho lding the compacting plate size h 

Fragment pojemnika napełnionego glebą wstc;pni c zagc.;szczo11 :1. wraz z glowiG\ 
i zamocowaną płytką zagc;szczającą o wymiarze b 



hg. 3. 

Rys. 3. 

I·i'\RMIAND PROTECl'ION TIIROUGH TYRE LOAD RATING 

An imprint of the loadcd tyrc Mi tas 14.5/80-18 on hard ground (1 994) 

Odcisk obciąi.oncj opony Mitas 14.5/80-18 na twardym podlo7.U (1994) 

c) compacting platc versus tyre : the same mean contact pressurc, 

279 

<l) the Jeplh ratio testing bin / field dcpends on the ratio o f contact areas 
plate/tyre : 

The tcsting bin is fille<l with specified soil processed to the specilicd mois
ture con tent ( our soi! is clay loam, required m.c. 19.6-20.7% ), which is gradually 
pre-compactcd by the pia te d to th e limit dry hulk density P ct i ( critical density, 
!f JIOT SKY et al. l<J84 1) satisfying the specified density corridor over the hcight of 
the forrne<l soil profile (in our case, the average p01 = 1400:t tO kg·nr3). Thcn 
a chosen srna ller plate makes the modelling imprint with the mean contact pres
surc q, equalling that of the cvaluated tyre on hard ground (Fig. 2) . Next follows 
the procedure of taking soil samplcs a long the axis of the compacted soil column 
to evaluate the dry hulk density pd = f (zp; qJ termed compaction function. 'fo 
cvaluatc the compaction number CN o f a tyre, it is possihle (not necessary) to 
transform this function into the compaction profile pd = f(z,; q.), which serves to 
calculatc the „abovc-avcrage" dry hulk density pd,: 

Pu, = (sum of the Pu values at z, = 20, 30, 40, 50 cm plus twice the maximum 
Purn value within this dcpth interva l) / 6. 

hnally, the CN equals: 
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CN = O would rate the tyre as absolutely soil-friendly, whereas CN = 100 may 
stand for a tolerable limit at present (meaning that Pcts is 10% higher than Pct1). 

The tyre mean contact pressure is determincd from the imprint of the loa
ded tyre on hard ground (perimetric arca), which requires the appropriatc equip
ment and technique (Fig. 3). 

Compaction number (CN) rating of off-road tyres 

In fact, the CN evaluation procedure for a group of tyres is a lot more sim
plc, bccause a limited number of compaetion functions for different q, can serve 
to determine the CNs of the whole group, cach tyre at different load Q / infla
tion pressure p combinations according to the data in the tyre catalogues ( c.g. 
specifications of the European 1yre and Rim 'fochnical Organization, Brusscls), 
so that the CN rating is capable of becoming an integral part of these catalogues 
for agricultural tyres ( example given in 'fabie 1 ). 

'fabie I; 'fabela 1 

Cataloguc data (inflation pressure p, load Q) of the Czech-made transport 
tyre Mitas 14.5/80-18 complcmented by the CN rating of the tyre compaction potentia] 

Dane katalogowe (ciśnienie p, nośność Q) opony Mitas 14.5/80-18 oraz wartość CN 

p (kPa) 150 200 250 300 325 350 375 400 425 

O (kg) 2035 2365 2690 3010 3175 3330 3495 3660 3850 

CN 34 55 74 93 101 107 114 121 128 

High load capacity and big tyres can havc an acceptable CN rating if their 
mean contact pressure is reasonably low. 

Conclusion 

Furthcr dcvclopment of this technique would henefit from the coopcration 
of enthusiastic research teams carrying on along the lines as indicated in this pa
per and with similar size of basie cquipment. This may lead to an adoption of 
tyre CN specifications, which would hold liable the manufacturers of tractors and 
machinery and thus help to safeguard the ecological situation of a farmland. 

A detailed and comprehcnsive description of this novel approach accompa
nied by the necessary reasoning will soon appear in the Journal of 'lerramecha
nics, Pergamon Press. 
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Summary 

The state sponsored rcsearch project, designed to study the increments of 
soil compaction by loaded whcels in the field and laboratory in the years 1993 -
1995, corroborated the idea that physical modelling under controlled conditi.ons, 
complementcd by an adcquatc evaluation procedure, has a promising potentia! 
to predict a full-scale ground compaction and become a sound basis to practical 
measures. This paper describes the laboratory equipment, testing technique and 
the way of evaluating the compaction potentia! of tyrcs in the terms of soil dry 
bulk density, leading to Compaction Number (CN) rating of individual tyres. 
Practically, the CN rating for soft ground is assigned to complement the load 
capacity / inllation pressure values on hard ground in agricultural tyrc catalogues 
(e .g. ETRTO specifications). 

OCHRONA GLEBY PRZED UGNIATANIEM 
POPRZEZ SZACOWANIE NOMINALNEGO OBCIĄŻENIA OPON 

Słowa kluczowe: opony rolnicze, modelowanie, ugniatania gleby, wskaźnik CN, 
ocena opon 

Streszczenie 

Sponsorowane przez państwo badania nad zwiększeniem zagęszczania gleby 
prze1. obciążone koła, prowadzone w warunkach polowych i laboratoryjnych w 
latach 1993-1995 wskazują, że pomysł fizycznego modelowania w warunkach kcm
trolnwanych, uzupełniony przez odpowiednie sposoby oceny daje możliwość wyz
naczania pełnowymiarowego zagęszczania gleby wykorzystywanego dla celów 
praktyc1.11ych. W artykule opisano wyposażenie laboratorium, techniki badawcze 
oraz sposób oceny mo:i.liwości ugniatającego działania opony, wyrażanego gc;stoś
cią objętościową gleby i wartością liczby CN dla poszczególnych opon. W prakty-
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ce wartość CN oceniona dla podłoża miękkiego jest pomocna przy wyrnac,,aniu 
nośności i ciśnienia w oponach dla twardego podłoża zamieszczonych w katalo
gach opon. 
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