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Estimating the soil fabric: A fractal approach 
Estimation de la texture du sol : a un approche fractale

J.A.DIaz-Rodrlguez & P.Moreno-Camzales - Civil Engineering Department, 
National University of Mexico, Mexico

ABSTRACT: The objective of this paper is to examine the theory o f fractals in relation to soil fabric characterization. The present 
state o f knowledge o f clay microstructure indicates that the basic properties o f clayey sediments depend strongly on the fundamental 
nature o f fabric, composition, and interparticle forces. Understanding o f soil microstructure is an important prerequisite to 
understanding the physical behavior o f sedimentary deposits in response to static and dynamic loads. Fractal principles are ideally 
suited to modeling a variety o f  problems in geomechanics. Soil fabric is generally described qualitatively, but the method described 
here (the fractal approach) gives a quantitative description of the soil fabric.

RÉSUME: l'objectif de ce papier doit examiner la théorie de fractals dans la relation avec la caractérisation de la texture du sol. L'état 
actuel de connaissance d'argile microstructure désigne que les propriétés basiques de sédiments argileux dépendent fortement sur la 
nature fondamentale de texture, composition, et interparticle forces. La compréhension de sol microstructure est une condition 
importante pour comprendre le comportement physique de dépôts sédimentaires en réponse aux charges dynamiques et statiques. Les 
principes fractaux sont idéalement aproprié pour modelu une variété de problèmes dans geomecanique. Le texture d ’un sol est 
généralement décrit qualitativement, mais le méthode décrit ici (l'approche fractale) donne une description quantitative de la texture 

du sol.

INTRODUCTION

In nature one finds many patterns that are irregular and 
fragmented that they cannot be described by classical Euclidean 
geometry. Scientists became more and more interested in trying 
to find order behind such complex, and seemingly chaotic, 
systems in nature.

Natural objects, star constellations, coast lines, rivers, trees 
and fabric o f soils are composed of an apparent infinity o f 
superimposed structures on all levels o f detail.

A thin-section view o f a selected sample will typically reveal a 
wide range o f varying shapes and sizes o f pores and structural 
units. Soil fabric is often perceived as a chaotic spatial arrangement 
of particles and particle groups, and is generally described 
qualitatively.

Mandelbrot (1982) responded to the challenge to describe 
nature and so conceived and developed a new geometry. He 
identified the shapes o f nature as fractals (from the Latin 
adjective Fractus, meaning fragmented)

Then, fractal geometry offers the opportunity o f soil fabric 
quantification, and the possibility o f relation soil fabric to 
specific soil properties and soil processes.

SOIL FABRIC

The mechanical behavior o f a particulate material, consisting of 
individuals o f a number o f different components (including pores 
or voids) is, in general, not simply given by the sum o f reactions 
of the single individuals. Much more important for the whole 
system is usually the mutual interactions and interference 
between these individuals, which will be influence by their 
spatial arrangement, i.e., the fabric o f the system.

Then, the term soil fabric refers to the orientation and 
geometrical arrangement o f the particles or mineral grains.

The interest o f soil mechanics in soil fabric is certainly not a

recent development. Various investigators have studied the 
subject. The limited success in this respect o f the earlier studies 
is felt to be largely due to the lack of quantitative methods to 
describe even major aspects o f the arrangement patterns o f the 
main soil components.

The soil fabric and its close relationship to soil behavior have 
been studied intensively by several researchers since many years 
ago (Terzaghi 1925, 1941, Casagrande 1932, Lambe 1953, 1958, 
Rosenqvist 1955, Tan 1957, 1959, van Olphen 1963, Push 1973, 
Collins & McGown 1974).

In the last decade, considerable interest has developed in the 
study o f soil fabric. Soil fabric has been characterized by a range 
of complementary methods such as mercury porosimetry and 
image analysis at different scales or levels o f organization 
(Bhatia & Soliman 1990, Ibrahim & Kasawa 1991, and Frost & 
Kuo 1996).

Soil mechanics is primarily in the stress-strain relation o f soils. 
Generally, stress-strain relationships are only meaningful if they 
can be expressed quantitatively. Consequently, soil fabric 
analysis, as an ally to soil mechanics and ultimately to soil 
engineering in any form, must be organized on a quantitative 
basis.

The concept o f spatial distribution (fabric) describes the 
relative location o f the various components individuals or grains 
in a continuous, multi-component, structural pattern, i.e., their 
position or location in regard to the other individuals directly 
surrounding them.

FRACTAL MATHEMATICS

In nature one finds many patterns that are irregular and 
fragmented that they cannot be described by Euclidean 
geometry. In classical Euclidean geometry, a point has no 
dimension whereas a straight line has one dimension, a plane 
two and a volume three. But classical Euclidean geometry is not
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an appropriated tool for describing hazardous irregular lines, 
planes or volumes that exist everywhere in nature.

Mandelbrot (1967) introduced the concept o f fractals in a 
geological context. Noting that the length of a rocky coastline 
increased as the length o f the measuring ruler size decreased 
according to a power law, he associated the power with a fractal 
(fractional) dimension. The fractal dimension is a measure o f the 
roughness o f the features. Mandelbrot (1982) has used fractal 
concepts to generate synthetic landscapes that look remarkably 
similar to actual landscapes. Mandelbrot has written a large 
number o f scientific papers that deal with the geometry o f the 
phenomena observed in many fields o f science.

The central feature o f a large class o f fractal objets is self- 
similarity. Self-similarity implies that a structure is invariant to 
change o f scale, i.e., it possesses dilational symmetry and thus 
there exists no characteristic length associated with the structure.

Consider an irregular tortuous line. If it is fractal, then when a 
portion o f this line is magnified it will look (statistically) similar 
to the whole line o f which is a part. The rate o f increase of 
measured length with ruler size is characterized by fractal 
dimension, D. The implication is that D can be determined by 
measuring the length of the line over a range o f measured scales. 
The most common method used for this propose is known as the 
“box counting method”, which computes the length o f a line by 
covering it with square boxes o f side r. Using a range of values 
for r, yields the number o f boxes, N, required to totally cover the 
line. N varies with r according to

N = (k)(r)-D (1)

Where k is the constant of proportionality and D is the fractal 
dimension. A log-log plot o f N versus r yields a line whose 
negative slope is the fractal dimension D. The fractal dimension 
D o f a geometric domain is a measure o f the space-filling 
potential o f the fundamental geometric shapes of which is 
composed. Objects regarded as fractals are those that are porous 
and do not have a uniform internal mass distribution. For 
example soil is porous and the soil solids do not completely fill 
space. For a porous object, the value o f D will always be less 
than 3 for a volume. The value o f D for a soil thin section will be 
< 2, since 2 would be expected for a completely filled rectangle.

Interesting results have been presented for (Moore & Krepfl 
1991, Moore & Donaldson 1995, Vallejo 1995, Diaz-Rodriguez
& Moreno-Carrizales 1999).

Additionally, fractal geometry has the potential to be used in 
the modeling and scaling o f soil physical processes and to 
provide insight into factors controlling soil structure.
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Figure 1. Graphic representation of porosity at different stress 
level on a vertical plane. Pores are black and particles white 
(Delage & Lefebvre, 1984)
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Figure 2. Graphic representation o f porosity at different stress 
level on a horizontal plane. Pores are in black and particles white 
(Delage & Lefebvre, 1984)

MATERIALS AND METHODS

Data reported by Delage and Lefebvre (1984) were used in this 
paper. The soil investigated is a Champlain sea sensitive clay 
from St. Marcel, Quebec. The soil was cut into small sticks with 
a thin wire, quick frozen in Freon 22 cooled by liquid nitrogen, 
freeze-fractured, and sublimated. Observations were made on a 
scanning electron microscope

Graphic representation o f porosity for samples loaded until 23, 
124, 421, and 1452 kPa, for vertical and horizontal planes, are 
presented in Figures 1-2, respectively. Pores are in black and 
particles white.

Compression curves defined a 54 kPa preconsolidation 
pressure. The first point (23 kPa) was chosen below 
preconsolidation pressure; the second stress level exceeds the 
preconsolidation pressure and has induced a large decrease of 
void ratio, corresponding to a high compression index Cc. The 
other stress levels represent points on the last part o f the curve, 
where the local compression index is smaller. Delage and

Lefebvre (1984) have described the geotechnical characteristics 
of the St. Marcel clay.

The box-counting dimension DBC is measured by filling the 
pore space with progressively larger boxes, or pore m-pixels. A 
pore m-pixel is an m by m square that is all pore pixels. The size 
of m begins at I and increases to maximum pore pixel size. The 
number o f pore m-pixels or boxes that fit in the pore space as m 
is increased is counted. As m is increased, the number o f boxes 
that fit within the pore space is decreased. This method is shown 
diagrammatically in Figure 3.

The value of DBC is estimated from a plot o f log (number of 
pore m-pixels) vs. log (m)(Fig. 4). The DBc is estimated from the 
negative slope. The line shown in Figure 4 is the result o f a least- 
squares regression.

To estimate the fractal dimension a computer program was 
developed in Borland C++ builder. The program “Fractal BC” 
implements the box-counting procedure. Binary image the cell 
size is expressed as number of pixels.
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Figure 3. The method used to measure the pore space fractal 
dimension. The pore space is filled with progressively larger 

boxes or pore m-pixels.

log (m)

Figure 4. Plot o f log (number o f pore m-pixels) vs log (m), used 
to estimate the fractal dimension, DBC, which is equal to the 
negative o f slope o f the line.

Table 1. Values o f the Box Counting dimension, DBC, for the 
different graphical representation of porosity (Figs. 1-2)

Figure Stress level, kPa Fractal dimension

la 23 1.61

lb 124 1.60

lc 421 1.55

Id 1452 1.32

2a 23 1.82

2b 124 1.71

2c 421 1.71

2d 1452 1.67

values identify two patterns o f soil behavior defined by the 
preconsolidation pressure.

It can also be observed in figure 5 that the variations o f DBc 
for stress level in excess o f preconsolidation pressure (indicated 
by the arrow) produces higher changes in the fractal dimension 
than the stress level below the former.

The vertical plane has fractal dimension values higher than 
horizontal plane, indicating that the stress level produces more 
compression in the horizontal plane of the sample.

Stress level, kPa

RESULTS

Delange and Lefebvre (1984) have shown that the clay fabric at 
various levels o f one-dimensional compression shows that the 
collapse of the structure is progressive, the largest interaggregate 
pores being the first affected. As the consolidation proceed, 
smaller and smaller pores are affected.

The graphical representation o f horizontal planes (Fig. 2) 
shows preferential pore orientations. Some longitudinal 
horizontal pores may be observed, indicating some anisotropy.

Results from analysis o f the graphic representation set at four 
different levels o f porosity show a clear trend in the fractal 
dimension values (Table 1). As the porosity is decreased, the 
value of Dbc  generally decreases.

From the point o f view o f soil strength and compressibility, 
one would expect a soil with low porosity has low fractal 
dimension to be stronger and less compressible than one with a 
high fractal dimension.

The variations o f fractal dimension DBC are plotted against stress 
level in Fig. 5. A consistent decrease o f DBC is observed. 
Although the variation of fractal dimension is non-linear, the

Figure 5. Fractal dimension as a function o f stress level.

CONCLUSIONS

Fractal geometry has been shown to be a useful quantitative 
measure o f soil fabric. Soil fabric is generally described 
qualitatively, but the method described here gives a quantitative 
description.

The concept o f fractal geometry allowed the complex data 
obtained from graphical representation of porosity to be 
interpreted simply.

The application of fractal geometry to soils is in its infancy, 
therefore, fractal geometry has an important role to play in the 
future of quantitative soil fabric description.
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