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Basic set of experiments for determination

of mechanical properties of sand
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Abstract. A basic set of experiments for the determination of mechanical properties of sands is described. This includes the determination of
basic physical and mechanical properties, as conventionally applied in soil mechanics, as well as some additional experiments, which provide
further information on mechanical properties of granular soils. These additional experiments allow for determination of steady state and
instability lines, stress-strain relations for isotropic loading and pure shearing, and simple cyclic shearing tests. Unconventional oedometric
experiments are also presented. Necessary laboratory equipment is described, which includes a triaxial apparatus equipped with local strain
gauges, an oedometer capable of measuring lateral stresses and a simple cyclic shearing apparatus. The above experiments provide additional
information on soil’s properties, which is useful in studying the following phenomena: pre-failure deformations of sand including cyclic
loading compaction, pore-pressure generation and liquefaction, both static and caused by cyclic loadings, the effect of sand initial anisotropy
and various instabilities. An important feature of the experiments described is that they make it possible to determine the initial state of
sand, defined as either contractive or dilative. Experimental results for the “Gdynia” model sand are shown.
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1. Introduction

In granular soils there appear various phenomena which are
not observed in other materials, such as dilation, compaction,
liquefaction, characteristic instabilities, etc. Such phenomena,
as well as other soil properties, like strength and deformabil-
ity, have been described by a constantly increasing number
of various models, more and more complex and difficult to
comprehend. Most such models produce “virtual predictions
in a computer game environment” [1], or they are such that
“no other researcher is able to work with them” [2]. They are
even less useful for practicing geotechnical engineers, who
need relatively simple and reliable models.

One of the basic difficulties in soil mechanics is that
each such model includes a large number of various para-
meters/constants, which should be determined experimental-
ly, most of them having no physical meaning. The number of
such parameters increases as the model becomes more com-
plex in attempting to be more universal. On the other hand,
geotechnical engineers have remained traditional, and they de-
velop their own tools, based mainly on empirical knowledge.
These two branches, that is, geomechanics and geotechni-
cal engineering, develop almost independently. However, they
have some problems in common, and one of them is “a min-
imal set of parameters” necessary to characterize mechanical
properties of granular soils.

The other problem is whether to develop universal mod-
els, which describe most phenomena, or to use a set of simple
models, each of them describing just a few of those phenom-
ena. An obvious candidate for such a set of models is the
limit states theory, which is well elaborated in geotechnical
literature, and leads to reasonable predictions of many prac-

tical problems, cf. [3, 4]. Various soil mechanics workshops
and even schools suggest that many attempts to develop suffi-
ciently general models have not been particularly successful,
see [5]. Therefore, it may be a more efficient approach to
develop a set of relatively simple models, and to select some
basic experiments, on the basis of which necessary parameters
could be determined or respective models calibrated.

In this paper, several experiments leading to the determi-
nation of various mechanical properties of granular soils are
proposed as a basic set, and some useful methods of deal-
ing with experimental data are shown. A particularly efficient
method is the one which makes it possible to present vari-
ous experimentally obtained curves in the form of a single
(common) curve. This set of experiments includes standard
geotechnical investigations aimed at determining the basic
physical and mechanical properties of sand, and some other
unconventional experiments performed in the following de-
vices: a triaxial apparatus capable of measuring local strains
(both lateral and vertical ones), an oedometer capable of mea-
suring lateral stresses, and a simple cyclic shear apparatus.
A set of basic experimental results is presented and discussed
in the context of their potential usefulness. This basic set
of experimental data makes it possible to calibrate various
models which describe the following phenomena: limit states,
pre-failure deformations and instabilities, static liquefaction,
cyclic loading compaction and liquefaction, etc.

2. Standard physical and mechanical properties

All experiments described in this paper were performed on the
quartz “Gdynia” sand characterized by the following parame-
ters: median size of grains D50 = 0.565 mm; uniformity co-
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efficient CU = 1.66; specific gravity G = 2.6545; maximum
and minimum void ratios emax = 0.746 and emin = 0.500,
respectively; angles of internal friction for loose and medium
dense sand φ = 31◦ (ID = 0.3) and φ = 34◦ (ID = 0.48).
Figure 1 shows the particle size distribution curve for the
“Gdynia” sand.

Fig. 1. The particle size distribution curve for the “Gdynia” sand

The angles of internal friction were determined from
triaxial compression tests. Specimens were prepared in a
membrane-lined moulder by moist tamping (loose specimens)
or dry pluviation (dense specimens). Triaxial compression
tests were performed in a computer-controlled device man-
ufactured by GDS Instruments, see [6]. The apparatus was
equipped with special gauges for the local measurement of
vertical and lateral strains.

3. Determination of the steady state line

The behaviour of granular soil strongly depends on its initial
state. One of the main parameters describing the initial state
is the relative density Dr, sometimes also designated as the
density index ID, which expresses the relationship between
the actual void ratio e and the limiting values of this para-
meter, i.e. emax, emin [7]. Low values of the relative density
correspond to loose sands, higher values to dense sands.

However, a single parameter, such as the relative density,
does not provide sufficient information about the initial state
of sand, as two samples characterized by the same values of
Dr (or e) may behave differently, depending on the respec-
tive values of the initial mean effective stress p′. In order to
include these two important parameters in the description of
the initial state of sand, the concept of a steady state line
has been proposed. This concept is based on steady state soil
mechanics, initiated by pioneering works of Castro [8] and
Poulos [9], and later developed by others, including Been and
Jefferies [10], Been et al. [11], Chu and Leong [12]. Recall

that the steady state is defined as a continuous deformation of
sand under a constant volume and constant stress.

The steady state line (SSL) is plotted in the (p′, e) plane,
as shown in Fig. 2, representing the “Gdynia” sand. An initial
state of soil is defined by a point in this space. Points ly-
ing above SSL represent initially contractive states, whereas
points below this line correspond to initially dilative states.
Basic differences between the behaviour of initially contrac-
tive and dilative sands will be shown in subsequent sections.

Fig. 2. The steady state line for the “Gdynia” sand

SSL is determined from a set of triaxial tests, performed
on saturated sand under both undrained and fully drained con-
ditions, for different initial values of the void ratio and the ef-
fective mean stress. Specimens are sheared along the standard
geotechnical stress path, i.e. the horizontal stress is kept con-
stant, and the vertical stress increases up to the steady state.
Under fully drained conditions, the steady state is achieved at
large vertical strains of up to 30%. Under undrained condi-
tions, for initially contractive soils, such a procedure leads to
static liquefaction.

After a few experiments, one obtains a set of points in the
(p′, e) space, which can be approximated by a straight line,
i.e. SSL. There are different opinions on the shape of SSL,
because for small and large stresses it may deviate from a
straight line, or it may even resemble a fuzzy strip rather than
a line.

Definition of the initial state of the granular soil in terms
of two parameters is of a great importance from the view
point of its response under shear load. This problem however
has been not addressed neither in classical Polish books such
as [13] nor in recent ones with new theoretical approaches
such as hypoplasticity, see [14].

4. Stress-strain relations for triaxial conditions

4.1. Introduction. The triaxial apparatus is the basic piece
of equipment in most geotechnical laboratories, see Fig. 3.
Recently, such devices have been equipped with additional
gauges for the local measurement of both vertical and later-
al strains, making it possible to collect a full set of data on
the pre-failure response of sands, both drained and undrained,
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and consequently to determine stress-strain curves and other
geometrical objects, such as the instability line.

Fig. 3. A soil specimen prepared for investigations in the GDS tri-
axial apparatus. Strain gauges are installed directly on the specimen

It is proposed that two basic types of experiments are per-
formed: isotropic compression (path 0A in Fig. 4) and pure
shearing at the constant mean stress (path ABC in Fig. 4).
Here, q = σ1−σ3 is the stress deviator and p′ = (σ1+2σ3)/3
is the mean stress; σ1 and σ3 are the vertical and horizontal
stresses respectively. Both types of experiments should be per-
formed for initially dilative and contractive sands, and they
should include loading (paths 0A and ABC) and unloading
(paths CBA and A0). Shearing tests (path ABC) should be
performed for different values of the constant mean stress –
at least three experiments are recommended. During all exper-
iments, both vertical and lateral strains should be recorded.
Under undrained conditions, it is necessary to measure the
pore pressure.

Fig. 4. Basic stress paths for the determination of stress-strain curves

A convenient method of the graphical presentation of ex-
perimental data is in terms of the mean effective stress p′, the
stress deviator q, the volumetric strain ǫv and the deviatoric
strain ǫq. Stress invariants have already been defined above for
total stresses. The same definition is valid for effective stress-
es. The soil mechanics sign convention is adopted, in which
the plus sign denotes compression. The strain invariants are
defined as follows:

ǫv = ǫ1 + 2ǫ3, (1)

ǫq =
2

3
(ǫ1 − ǫ3), (2)

where ǫ1 and ǫ3 denote vertical and horizontal strains, respec-
tively.

4.2. Isotropic compression. Figure 5 shows the stress-strain
curves obtained from isotropic compression tests (path 0A0).
The shape of these curves is similar for both initially loose
and dense sands (or initially contractive and dilative sands).
Note that the deviatoric strains were recorded during isotrop-
ic compression, which means that the specimens were not
ideally isotropic. This phenomenon has also been observed
by other researchers, but is generally ignored in modeling as
insignificant, see [15].

Fig. 5. Stress-strain curves for the isotropic compression of the “Gdy-
nia” sand

The curves shown in Fig. 5 can be approximated by analyt-
ical formulae, which is a matter of convenience. For example,
the following formulae can be applied:

ǫv = Av

√

p′ (3)

ǫq = Aq

√

p′, (4)

where Av and Aq are certain coefficients, the values of which
are different for loading and unloading.

It is also convenient, for practical reasons, to introduce
the stress unit 105 N/m2 and the strain unit 10−3, as shown
in Fig. 5. Thus, if p′ = 200 kPa = 2 × 105 N/m2, only 2 is
introduced into Eqs. (3) and (4). If, for example, one obtains
ǫv = 3 from Eq. (3), it should be remembered that ǫv is ex-
pressed in the above unit, i.e. ǫv = 3 × 10−3. An advantage
of using these units is that the stresses and strains are of the
same order of magnitude, which is convenient in algebraic
manipulations. For the curves shown in Fig. 5, one obtains
the following values of the coefficients for loading: Av = 9,
Aq = −2.

The values of the above coefficients depend on the initial
relative density of sand. For example, Sawicki and Świdzińs-
ki [16] have shown that for another model sand (“Skarpa”),
the values of Av are in the range of 3.7–7.3 for an initially
loose sand (0.016 ≤ ID ≤ 0.445), and in the range of 2.2–
4.5 for an initially dense sand (0.71 ≤ ID ≤ 0.86), with the
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average values of 6 and 3.5, respectively. The average values
of Aq were −0.95 and −0.53 respectively for initially loose
and dense specimens.

4.3. Pure shearing. Figure 6 shows deviatoric strains that
develop during the pure shearing (path ABC) of an initially
contractive sand, as a single, common plot for three experi-
mental curves corresponding to different values of the mean
effective stress. The plot is presented in terms of new vari-
ables: ǫq/

√
p′ and η = q/p′. The following analytical approx-

imation of this plot is convenient:

ǫq√
p′

=
cη

η′′ − η
, (5)

where c is a coefficient, and η′′ corresponds to the criti-
cal/steady state. Usually this condition is identified with the
Coulomb-Mohr criterion. Therefore:

η′′ = 6 sinφ/(3 − sin φ), (6)

where φ is the angle of internal friction.

Fig. 6. Deviatoric strains that develop during pure shearing (path
ABC in Fig. 4) – a common plot for three experiments performed

at different values of the mean effective stress

The shape of the plot shown in Fig. 6 is similar for ini-
tially loose and dense specimens, or initially contractive and
dilative specimens. The following values of parameters were
determined for an initially loose “Gdynia” sand: c = 2.6,
η′′ = 1.35 and for an initially dense sand: c = 1.2, η′′ = 1.55.

Figure 7 shows a single, common plot for volumetric
strains that develop during the pure shearing of an initially
contractive “Gdynia” sand. The shape of this function can be
approximated by the following expression:

ǫv√
p′

= c1η
4, (7)

where c1 = 3.

Fig. 7. Volumetric strains during the shearing of an initially contrac-
tive “Gdynia” sand – a common plot

Recall that at the critical/steady state, the plastic flow takes
place at a constant volume. This means that the maximum
value of compaction during shearing can be determined from
the state parameter s, which is defined as a distance from
the initial point on the plot log p′, e (say point A in Fig. 2)
to SSL [15]. Consequently, there should be c1 = c1(s). This
also means that there is no single material constant character-
izing volumetric changes during the shearing of an initially
contractive sand, but rather a function of a given shape, the
maximum value of which depends on the state parameter.

Figure 8 shows a single, common plot for volumetric
strains that develop during the shearing of an initially dilative
sand (path CD in Fig. 2). During the first stage of shearing,
the sand compacts, and after reaching η = η′ the process of
dilation begins. Since it is difficult to approximate the plot
shown in Fig. 8 by a single analytical expression, it was ap-
proximated by the two following functions:

ǫv√
p′

= a1η
2 + a2η, 0 ≤ η ≤ η′, (8)

ǫv√
p′

= (a3η + a4) exp(a5η), η′ ≤ η ≤ η′′, (9)

where a1 = −0.5, a2 = 1, a3 = −0.0716, a4 = 0.0897,
a5 = 3.3.

Fig. 8. Volumetric strains during the shearing of an initially dilative
“Gdynia” sand – a common plot
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Note that the functions (8) and (9) are continuous at η = η′

and have a continuous first derivative. Recall that Eqs. (5),
(7), (8) and (9) approximate the strains that develop during
loading, i.e. when dη > 0 or dq > 0.

4.4. Some remarks.

• The above experiments provide a picture of the pre-failure
behaviour of dry or fully drained sand subjected to isotrop-
ic compression and to pure shearing. Such a distinction of
two basic types of loading follows from the classical de-
composition of stress and strain tensors into spherical and
deviatoric parts. Each of these parts is responsible for char-
acteristic phenomena observed in granular soils. Note that
the role of the spherical part of the stress tensor is “con-
structive”, since the soil skeleton becomes stronger as the
mean effective stress increases. The role of the stress devia-
tor is “destructive”, since it is responsible for a progressive
weakening of sand and its failure.

• The presentation of experimental results in an analytical
form and in the form of common plots facilitates the analy-
sis of experimental data. It also makes it possible to con-
struct new theoretical models of sand and to validate the
existing models. For example, on the basis of such results
obtained for another model soil (“Skarpa”), Sawicki and
Świdziński [16] have proposed a simple incremental mod-
el describing the pre-failure behaviour of sands. That model
leads to predictions of the pre-failure behaviour of granular
soils, both drained and undrained, which are conformable
with experimental data, see [17]. It also makes it possible to
study various instabilities that are experimentally observed
in sands, cf. [18].

• An important aspect of the experiments proposed is that
the initial state of sand, defined as either contractive or
dilative, was taken into account. Figures 7 and 8 show the
basic difference between the behaviour of sand, being in
either contractive or dilative initial states. The behaviour of
an initially dilative sand is peculiar, as it first compacts and
then strongly dilates. The non-dimensional stress η = η′,
corresponding to this change, can be identified with the in-
stability line, which is a relatively novel geometrical object,
only recently introduced into soil mechanics, see [19–22].
The relation between η′ and the instability line has not been
discovered before, although many plots, similar to that in
Fig. 8, have been published.

• It will be shown later how to determine the instability line
from other experiments. For example, the experiments un-
der undrained conditions, performed on initially contractive
sands, lead to the so-called static liquefaction. The maxi-
mum shear stress that can be supported by the soil skeleton
in this special case can be identified with the instability
line.

5. Oedometric behaviour

The oedometer is a simple geotechnical device used for col-
lecting basic data under specific conditions in which the hor-
izontal displacements of the soil are prevented by rigid walls.

Such conditions often occur in real-life geotechnical situa-
tions, and that is why such experiments are very important.
Most geotechnical apparatuses are not equipped with gauges
for the measurement of lateral stresses which develop during
such experiments, so they provide only limited information
about soil behaviour.

Note that the oedometric conditions can also be simulated
in triaxial apparatuses equipped with gauges measuring later-
al strains. However, such experiments are rather complicated,
as the stress path corresponding to these conditions should
be incrementally adjusted to the general condition ǫ3 = 0.
Oedometric experiments can serve as a kind of verification of
the corresponding triaxial investigations, and they are also a
basis for the determination of basic mechanical properties of
soils.

5.1. Basic experimental data. The experiments were per-
formed in an oedometer capable of measuring lateral stresses
(Fig. 9, see [23]). The vertical stress σz was incrementally
applied and the vertical displacement was measured directly.
The lateral stress σx was measured indirectly with a strain
gauge installed on the cylindrical wall of the oedometer. The
basic set of experiments included a few (usually 3–5) cycles of
loading and unloading. Typical experimental records, corre-
sponding to the “Gdynia” sand, are shown in Figs. 10 and 11.
Figure 10 illustrates the relation between the vertical stress
and vertical strain, and Fig. 11 shows the relation between
vertical and lateral stresses. These relations correspond to an
initially loose sand, characterized by ID = 0.217.

Fig. 9. An oedometer for the measurement of lateral stresses, con-
structed at IBW PAN

Fig. 10. Vertical stress-strain curves in oedometric conditions for the
“Gdynia” sand
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Fig. 11. Vertical-lateral stress curves in oedometric conditions for
the “Gdynia” sand

5.2. Interpretation of experimental data. Experimental re-
sults, summarized in Figs. 10 and 11, are the basis for deter-
mining various mechanical properties of sand, including stan-
dard geotechnical interpretations. For example, for the virgin
loading (first cycle) shown in Fig. 10, one can find the fol-
lowing analytical approximation of the vertical stress-strain
curve:

σz = Aǫ2z, (10)

where A = 0.045. Recall respective units.
The loading parts of the stress paths shown in Fig. 11

make it possible to determine the coefficient K0, which in
the case considered is equal to 0.37. Recall that σx = K0σz .

The unloading parts of the curves shown in Figs. 10 and 11
can also be used to estimate the elastic moduli of sand, as-
suming a bilinear approximation of these curves [23]. Such
an approximation is shown for the data presented in Figs. 10
and 11. The first sector of unloading, AB, represents the elas-
tic response of sand which follows from the analysis of cor-
responding sectors in subsequent cycles. The slopes of these
sectors are the same as the slope of the AB sector in the first
cycle.

Experimental data shown in Figs. 12 and 13 suggest that
the first part of unloading can be approximated by a model of
linear elasticity. The elastic modulus E and Poisson’s ratio ν
are given by the following formulae:

E = E∗

[

1 −
2

a(1 + a)

]

, (11)

ν =
1

1 + a
(12)

where E∗ and a denote the slopes of the AB sectors in
Figs. 12 and 13, i.e.

E∗ =
σA

z − σB
z

ǫA
z − ǫB

z

, (13)

a =
σA

z − σB
z

σA
x − σB

x

. (14)

Fig. 12. A bilinear approximation of oedometric unloading, cf.
Fig. 10

Fig. 13. A bilinear approximation of unloading, cf. Fig. 11

For the data corresponding to Figs. 12 and 13 one obtains
the following values of these moduli: E = 2.85 (×108 N/m2)
and ν = 0.16. Experimental results obtained from the oedo-
metric tests with additional measurements of lateral stresses
can also be used for other interpretations of the mechanical
behaviour of sand, for example, an elasto-plastic interpreta-
tion [24].

6. Cyclic loading properties

6.1. Simple cyclic shearing. Cyclic loading soil mechanics
has been developed for half a century, and there already exists
an extensive literature on this subject, including [15, 25, 26],
to mention but a few sources, in which hundreds of further
references can be found. Cyclic loadings cause the densifica-
tion of dry or fully drained sand, and under undrained con-
ditions, they lead to pore-pressure generation and subsequent
liquefaction.

The cyclic loading properties of sands have been investi-
gated experimentally mainly in triaxial apparatuses, but also
in some other devices, such as the simple cyclic shearing
apparatus, the oedometer or the cyclic hollow cylinder appa-
ratus. In this section, some very basic experiments performed
on dry sand in a simple shearing apparatus will be described.
Figure 14 shows the basic idea of such a device, which has
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been constructed at the Institute of Hydro-Engineering, see
also Fig. 15.

Fig. 14. The basic idea of a cyclic simple shear apparatus

Fig. 15. A cyclic simple shear apparatus constructed at IBW PAN

A rectangular parallelepiped sand specimen is subjected
to cyclic shearing at a given cyclic shear strain amplitude γ0.
A vertical force (stress) is applied to the rectangular plate that
is placed on the top surface of the specimen. The vertical dis-
placement of this plate is measured as a function of the num-
ber of loading cycles N . The aim of this simple experiment
is to obtain compaction (densification) curves as functions
of cyclic shear strain amplitudes and the number of loading
cycles.

6.2. Typical experimental results. Figure 16 shows typical
experimental records, where the volumetric strain ǫv is plotted
against the number of loading cycles N , treated as a contin-
uous variable, and for different values of cyclic shear strain
amplitudes. These results support some original findings that
the cyclic loading compaction of dry sand depends on the
cyclic shear strain amplitude and the number of loading cy-
cles, see [27]. It was also found that the compaction does not
depend on the mean effective stress (i.e. vertical stress), nor
on the frequency of cyclic loading.

The experimental results shown in Fig. 16 can be plot-
ted in the form of a single, common compaction curve if the
following new variables are introduced:

z = γ2

0
N/4, (15)

Φ =
1 − n0

n0

ǫv, (16)

where n0 denotes the initial porosity.

Fig. 16. Compaction curves as functions of the cyclic shear strain
amplitude and the number of loading cycles

Figure 17 shows the plot Φ = Φ(z) in which the three
distinct curves from Fig. 16 form a common (or universal)
compaction curve. An analytical approximation of this curve
is the following:

Φ = C1 ln(1 + C2z), (17)

where C1 = 9.08 and C2 = 0.055 for the “Gdynia” sand (re-
call respective units). Such a curve can be a basis for theoreti-
cal investigations aimed at establishing respective constitutive
relations, cf. [28].

Fig. 17. A common compaction curve for the data from Fig. 16

The common compaction curve shown in Fig. 17 is
a good approximation of experimental data for a relatively
small number of loading cycles, say N < 100. For a larg-
er number of loading cycles, up to the order of 105, oth-
er approximations are necessary, see [29, 30]. However, the
formula (17) is very useful in many applications, including
earthquake geotechnics, see [31].
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7. Experimental determination

of the instability line

It is a common practice in soil mechanics to use various geo-
metrical objects that help in the analytical studies of empirical
results, such as yield surfaces etc. One of such characteristic
objects is the instability line, defined in the effective stress
space for the triaxial configuration. It was already shown (cf.
Fig. 8 and remarks in Sec. 4), that the instability line can
be determined from the pure shearing of an initially dilative
sand. This line can also be determined from other experi-
ments, which will be briefly described, see [17, 18].

7.1. Spherical unloading. Figure 18 illustrates the basic idea
of an unstable behaviour of an initially contractive sand dur-
ing a spherical unloading of the “Gdynia” sand, investigated
in a triaxial apparatus. The specimens should be dry or water
saturated, but under fully drained conditions. First, a speci-
men is isotropically loaded (path 0a) and then sheared at a
constant mean stress (path ab). Then, the spherical unloading
(path bcd) at a constant deviatoric stress takes place. A char-
acteristic feature of the sand behaviour during the spherical
unloading is that it first dilates (path bc) and then suddenly
compacts (path cd). The point c corresponds to the instabil-
ity line. Similar experiments should be performed for a few
values of a constant deviatoric stress.

Fig. 18. The instability of an initially contractive “Gdynia” sand dur-
ing spherical unloading

7.2. Static liquefaction. Another interesting, and well-
known, experiment deals with the shearing of an initially con-
tractive saturated specimen under undrained conditions. First-
ly, the specimen is isotropically pre-loaded (path 0a in Fig. 19)
with the initial pore-pressure u = 0. Then, the cell pressure
is kept constant, and the deviatoric stress increases. During
the experiment the pore-pressure increases (it should be mea-
sured), and the mean effective stress decreases. The maximum
value of the deviatoric stress is reached at the instability line.
After reaching this line, the deviatoric stress suddenly drops
and the phenomenon of static liquefaction takes place.

Fig. 19. The static liquefaction of an initially contractive “Gdynia”
sand

8. Discussion

1. A set of experiments that make it possible to determine
basic mechanical properties of granular soils is proposed.
Subjective as it may look, this set of experiments collates
some basic findings of contemporary soil mechanics. The
proposed experiments make it possible to determine the ini-
tial state of soil, its pre-failure behaviour, including some
instabilities, up to the limit/steady state.

2. The results of the proposed experiments make it possible
to formulate or calibrate partial models of soil behaviour.
Such an approach, that is, the formulation of partial models,
may well be the only way to deal with extremely complicat-
ed problems of soil mechanics, at least at the present state
of knowledge. Soil mechanics still needs its own Newton
to formulate a unified theory.

3. Admittedly, the experiments proposed require equipment
that is above average geotechnical standards, and they are
also rather laborious, which makes them expensive. It is our
task to reduce these costs and to make the basic geotech-
nical investigations as simple as possible.

4. The experimental results presented in this paper have
served to formulate various models of the behaviour of
granular soils. They may also serve as a basis for the val-
idation of other models, particularly as these experiments
were performed on a single model sand “Gdynia”.
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