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An equation to represent grain-size distribution

Murray D. Fredlund, D.G. Fredlund, and G. Ward Wilson

Abstract: The grain-size distribution is commonly used for soil classification; however, there is also potential to use
the grain-size distribution as a basis for estimating soil behaviour. For example, much emphasis has recently been
placed on the estimation of the soil-water characteristic curve. Many methods proposed in the literature use the grain-
size distribution as a starting point to estimate the soil-water characteristic curve. Two mathematical forms are pre-
sented to represent grain-size distribution curves, namely, a unimodal form and a bimodal form. The proposed equa-
tions provide methods for accurately representing uniform, well-graded soils, and gap-graded soils. The five-parameter
unimodal equation provides a closer fit than previous two-parameter, log-normal equations used to fit uniform and well-
graded soils. The unimodal equation also improves representation of the silt- and clay-sized portions of the grain-size
distribution curve.
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R6sum6 : La distribution granulom6trique est utilis6e couramment pour la classification des sols; cependant, il est pos-
sible d'utiliser 6galement la distribution granulom6trique comme base d'6valuation du comportement du sol. Par
exemple, beaucoup d'emphase a 6t6 mise r6cemment sur la d6termination de la courbe caract6ristique sol-eau. Plusieurs
m6thodes proposdes dans la litt6rature utilisent la distribution granulom6trique comme point de d6part pour 6tablir la
courbe caract6ristique sol-eau. Deux formes math6matiques sont pr6sent6es pour reproduire les courbes de distribution
granulom6triqe: nomm6ment, une forme unimodale et une lbrme bimodale. Les 6quations propos6es fournissent des
mdthodes pour repr6senter avec pr6cision des sols I granulom6trie uniforme, 6tal6e et discontinue. U6quation
unimodale i cinq parambtres fournit une meilleure concordance que les 6quations ant6rieures log normales i deux
parambtres utilis6es pour reproduire les courbes des sols ir granulom6trie uniforme et 6tal6e. L'6quation unimodale
am6liore aussi Ia repr6sentation des portions de silt et de grosseurs argileuses de la courbe de distribution
granulom6trique.

Mots clls : distribution granulom6trique, analyse par tamisage, analyse h l'hydromEtre, classification des sols, fbnction
de dens i td  p robab i l i s t ique .

[Traduit par la R6dactionl

Introduction

The grain-size distribution is a simple, yet informative test
routinely performed in soil mechanics to classify soils. Re-
cent research has made use of the grain-size distribution as a
basis for the estimation of other soil properties such as the
soil-water characteristic curve through mathematical analy-
sis (Gupta and Larson 1979a, 1979b; Arya and Paris l98l;
Haverkamp and Parlange 1986). Mathematically represent-
ing the grain-size distribution provides several benefits.
First, the soil may be classified using the best-fit parameters.
Second, the mathematical equation can be used as the basis
for analysis related to estimating the soil-water characteristic
curve. Third, a mathematical equation can provide a method
of representing the entire curve between measured data
points. Representing the soil as a mathematical function also
provides increased flexibility in searching for similar soils in
databases.
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American Society for Testing and Materials standards
Dl140-54 and D422-63 (ASTM 1964a, 1964b) provide a
basic testing and reporting method whereby the results of a
sieve and hydrometer analysis are plotted on a semilog-
arithmic graph. An interpretation method for the series of
plotted points is specified in the procedure. Manual interpre-
tation methods, such as sketching in a complete curve, have
often been used to provide a complete grain-size distribution
curve. Gardner (1956) proposed a two-parameter, log-normal
distribution to provide representation of grain-size distribu-
tion data. Both methods are feasible but have limitations that
are discussed later in the paper.

This paper proposes two new models to fit grain-size data,
namely, the use of a unimodal and a bimodal mathematical
function. The two new equations provide greater flexibility
for fitting a wide variety of soils.

Background

Numerous methods have been developed for particle-size
analysis in the laboratory and field. These include the
elutriation method, the test tube shaking method, the
Wiegner sedimentation cylinder, the photoelectric method,
the pipette method, and the hydrometer method, in addition
to the sieve analysis. Of these methods, only the pipette and
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