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Strength and compression properties of a range of cotton soils and 

relevance to soil management. 

J.M Kirby 

CSIRO Di7ision of Soils, GPO Box 639, Canberra ACT 2601 

Summary 

This paper summarises a large number of strength and 

compres sion tests ~n a range of cotton soils. The soils were 

sampled at a number of locations from Warren to Emerald and varied 

considerably in their characteristics. They were tested O?er a 

wide range of moisture con tents, dens ities and saturations. 

The results show that by incorporating liquid and plastic 

limits, a single set of management rules may be developed for ~11 

the soil types. Moisture content measurements will then be 

s ufficient to apply ~anagement rules. However, the measured 

parameters displayed considerable statistical variation and 

management rules will need to be set at appropriate l evels of 

risk. 

Materials and Methods 

The soils and testing procedures are described in detail 

elsewhere {Kirby, 1990 ), but a brief outline is given here. 18 

different soils were sampled and were ~ainly grey and black 

cracking cl ays (Vertisols} with one duplex soil (Trans itional Rzd 

Brown Earth) from ~he Trangie area. 

The hasic objective in the t esting prngr!m Na~ to see how 

well s~rBngth and co~pres~ ibility were related to simpler measures 

such ~s m~i s~ure :0ntent, 1ensity, liquid a~d plastic limits. 
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While v~rinus s~rPngth and compres~ib~~ity p~r1mst~rs were 
·i 

:r>e as 1_ired it wi ll bE :::u : ~i::i2nt her s;: tc discnss ~nsr ?n.; of !-he l 
~easures ~f ~trength ~1!led t he p r e-consol idati o~ ~tres~ <Pc ' . ~s 

~hovrn i1~ Fig. 1. wh:;n s ::- .:.l i<( ~cmp:-- •:<;--;<;- :i :: he :s'.1.ncthn in -;0i.d ] 
rati f' i c c1 l. ght -Fnr n,..~"'"' ' '"" "' "' i.. ,-, 1 ( 1'·' P h11t- 1. n'"'r~-.S ""S ,..,..,,..k~ dl•r 
... - - ..,. -; - i.. •• - -' .. - <:; - .,4 - - - ;..,/ ~ . ... Tl> • c I ~, '- ' • C .. l ~ 4" .1 I. C ::. 

~I once P~ i s exc eeded. {Note: 7oid r!tio is inversely related tc 

densjty.1 In ";Grms of ccmpacti')n 1--y ·~::hicles. thi s means t hat i.f a 
t he gr~und pressure exerted by the 7~hicl e is less than Pc then 

~ompact ion wi ll be limit2d, but will become progressively mere l 
severe as the 1round pressure exceeds Pc· (This is a simplified 

) explanation that leaves out the influen~e of shearing in the soil, 

as described by Kirby, 1988, but the same principles apply to the 

J 
~ore ge~~ral situation in which shearing i s accounted f or. ) 

a 
Res1.1l ts 0 

As expected, soils become stronger and the pre- a c0nso! idat i?n stress , Pc · i ncreases as they become drier 1nd 

denser (decrP~s2d void rat iol. Howev er, not all soils had t he sa~e D 
str6n~th ~t t he ~ame moisture conten t. Hea~ier clays, which have 

higher liqui d \nd plastic li~ir ~ ~~re stronger at a~y given l 
moisture ~ontent than lighter cl ays. It was found that instead ~f 

relating strength directl1 t~ ~oist ure cont ~nt ~~ was better to J 
use t~a fractional distance between the liquid aP.d plastic li~its. ,l 
This is called the liquidity index , L!, and is dcfinPd by 

LI = t·!C - PL l t LL - P!:. ) (1} J 
l 
] 
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(MC is the moisture content. LL and PL are the liquid and plastic 

limits). LI thus gives a moisture content normalised according to 

the distance between the liquid and plastic limits, a value of 0 

being the plastic limit, negative values drier than that and 

positive values wetter than that. 

The best relationship among Pc, LI and void ratio was 

given by following 

Pc = exp (5.69 - 3.23 LI - 1.02 e) (2) 

where e is the void ratio. This equation had an R2 of 0.682. 

Figure 2 shows the data of Pc as a function of liquidity index. 

Relevance to soil management 

The results show that by incorporating liquid and plastic 

limits, a single set of management rules may be developed for all 

the soil types. This prospect will be described using as an 

example the pre-consolidation stress roughly to assess when 

compaction will occur. It will be understood, however, that 

further work is required to develop more refined management rules 

for incorporation into SOILPAK. 

Once the liquid and plastic limits are known for a 

particular soil then a measurement of the moisture content is 

sufficient to calculate the liquidity index. This done, the pre­

consolidation stress may be calculated from equation (2) providing 

the density is assumed. Figure 2 shows the regression line for the 

average value of density. It will be noted that at the plastic 

limit (LI = 0) the line is at a value of Pc of about 100 kPa. This 
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used in the cotton industry . A~ ~t, ted pre~iously ~onp~~tion will 

be l imited if Pc i s hi gher than the ground contact pressure . The 

implication is that, for averagely dense soils and middl e of t he 

range vehicles, compaction wi l l be limited when the soil is much 

dri~r than the plasti~ limit. 

This rough example has in fact substantiated earlier 

evidence (e .g. Kirby , 1988) that soils drier than the plastic 

limit are not likely to be compacted badly. However, the extensive 

data that has been collect ed in this study allow a more 

sophisticated analysis, including some assessment o f the 

statistical variability of predicted compaction. Thus the level of 

risk of damage associated with trafficking soil under a r ange of 

~onditions (of moisture content, density, type of vehicle and ~n 

on} can be assessed . This is now being done and the results will 

be pr~sented to SOILPAK in due course . 
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I OJ 
rig. 1 Compression curve for soil s howing the pre-consolidation stress, 
Pc, whi ch divides limited compression behaviour at low stress from 
increased compression at high stress. 
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LI 
i~~; 2 Pre-consolidation stress as a function of liquidity index. The 

shows the regression equat ion at the average value of void ratio. 
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