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Session 1/19

Relation between the Mean Grain Size, the Size Factor 

and the Optimum Moisture Content of Compacted Soils

Relation entre la granulométrie moyenne, le facteur dimensionnel et la teneur en eau 

maximale des sols compactés

by M. S. Y o u s s e f , Assistant Professor, Faculty o f Engineering, Cairo University, Egypt

Summary

The degree of fineness was introduced by M. Burmister as the value 

of the mean grain size. He also introduced a term called the size fac

tor which is the logarithmic function of the mean grain size.

It was found that different soil mixtures can be made so that the 

mean grain size is the same although the values of effective size may 

be different. The effective size is the size at 10%.

Compaction tests of groups of mixtures of the same mean grain 

size but of different effective sizes were made in the usual way as 

defined by Proctor.

It was found that the optimum moisture content for the same 

value of mean grain size, in similar conditions, was the same what

ever the effective size may be.

Sommaire

Le degré de finesse a été introduit par M. Burmister comme égal 

à la valeur du diamètre moyen du grain. Le même auteur a égale

ment introduit le terme de «facteur de diamètre» qui est le loga

rithme du diamètre moyen du grain.

On a trouvé que l’on pouvait obtenir différents mélanges de sol 

dans lesquels le diamètre moyen du grain est le même, quoique les 

valeurs du diamètre effectif diffèrent. Le diamètre effectif est le 

diamètre à 10 %.

Des essais de compaction ont été effectués selon la méthode Proc

tor sur des groupes de mélanges présentant la même granulométrie 

moyenne, mais des diamètres effectifs différents.

On a constaté que la teneur en eau maximale pour la même valeur 

de granulométrie moyenne, et dans des conditions similaires, était 

la même quel que soit le diamètre effectif.

Il a été trouvé que l’humidité optimum pour la même valeur de 

dimension moyenne de grain dans des conditions similaires était la 

même quelque soit la dimension effective.

The mean grain size (dm) o f any soil is defined by D. M . Bur

mister (1938) as a measure o f the position o f that soil as re

gards the degree o f fineness. The value o f the mean grain size 

is equal to the length o f a rectangle o f the same area as that 

under the grain size curve o f the soil, considering the height 

o f this rectangle as the 10 0 % ordinate and its origin at dia

meter I" on the grain size scale.

Burmister also introduced a measure o f the degree o f fine

ness, called the size factor, which is the summation o f ordinates 

divided by 10 0 , measured at the mid-point o f elementary areas 

under the grading curve o f the soil, each area o f width log 2 , 

starting from the origin at diameter f" u p  to diameter 0.001 mm.

It was proved that
9 -4 2  9 -4 2

the mean grain size dm =  

and the size factor S F  =  £ » l100

It is therefore possible to have different soil gradings with 

the same mean grain size although the effective size, which is 

introduced by “A. H azen” as the diameter at 10% on the ordi

nate scale can be different in each case.

In order to investigate the relation between the optimum  

moisture content, the size factor and the mean grain size a 

series o f soil mixtures o f different mean grain size with size 

factor ranging from 0.0 to 7.375 were composed.

Each size factor ranging from 3.0 to 7.375 had three different 

gradings o f different effective size (Fig. 1).

The usual compaction tests were made for all these mixtures 

and the typical curve giving the relation between the moisture 

content and the dry compacted density were drawn (Fig. 2), 

each group o f soils o f 3 different effective size and o f the same 

size factor.

From these curves, it was found that the optimum moisture
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content was alm ost the same for a given size factor whatever 

the grading may be. This means that the optimum moisture 

content does not depend on the grading o f the soil, but on 

the degree o f fineness o f that soil.

Considering Hogentogler's theory of compaction, which says 

“ The moisture in a soil is found as films surrounding, the 

particles forming the soil. These films, in low water content 

are very adhesive to the particles and as water increases this 

adhesive force decreases, until the limit o f lubrication is 

reached. This limit is called the optimum moisture content” , 

we can explain the above mentioned phenomena by the fol

lowing:

The area under the grain size curve gives the total surface 

area o f the particles composing the soil sample and when we 

equate this area to that o f the rectangle whose height is the 

10 0 % ordinate and length equal to the mean grain size (dm), 

we consider a soil sample composed only o f  grains equal to 

( d j .

As the adhesive force between the films o f water and the 

soil particles decreases as water increases, i.e. as the thickness 

o f that films increases, until we reach the lubrication limit, then 

we can say that this thickness is limited for any given soil grain 

at the lubrication limit.

Therefore, the thickness o f the film o f water depends on the 

diameter o f the soil particles.

Then for a given mean grain size (dm) whatever the grading 

may be we get the same thickness o f film of water at the lubri

cation limit, which means that for a given (dm) we have a given 

optimum moisture content.

The above relation can be expressed mathematically in the 

following:

W
water content % =  w =  — — 100
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Fig. 3 O ptim um  M oisture C ontent in R elation  to  the Size Factor  

T eneur en eau m axim um  en fonction du «facteur de d iam ètre»

where

Ww =  weight o f water 

Ws =  weight o f dry soil.

Suppose that: 

r =  thickness o f film o f water

N  =  number o f soil particles at the max. density in a given 

volume

dm =  diameter o f the soil particle 

S w =  specific gravity o f  water

S  =  specific gravity o f soil particles.

W,„ =  N n d*rS ,„

W,
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Fig. 2 Proctor Curves for D ifferent M aterials with the Sam e Size Factor 

C ourbes Proctor pour différents m atériaux présentant le m êm e 

«facteur de diam ètre»

The value o f 6 —— 100 is constant for a given soil and
u

temperature and can be introduced equal to “ C ” and we get

w =  C  (1)
*̂m

From this relation we can say that the optimum moisture 

content depends on the thickness o f the film o f water around 

the soil particles and the mean grain size.

The different optimum moisture contents were drawn against 

the size factor, from size factor 1.5 to 8.7 (Fig. 3) and it was 

found that as the mean grain size increases the optimum m ois

ture decreases.

The thickness o f the film o f water is proportional to the mean 

grain size o f the soil.

The optimum moisture content depends on the mean grain 

size o f the soil, whatever the grading o f  that soil, i.e. it increases 

as the mean grain size decreases.
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