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Hypoplastic and elastoplastic modelling — a
comparison with test Data
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! Institut fiir Geotechnik Universitét Stuttgart
2 Ed. Ziblin AG, Hauptverwaltung Stuttgart, Technisches Biiro Tiefbau

Abstract. A large database on Hostun RF Sand containing the results of ax-
isymmetric and plane strain tests under drained conditions is used to compare the
performance of two entirely different constitutive models: an elastoplastic and a
hypoplastic model. On considering input parameters and formulations one might
expect completely different stress-strain behaviour. But from the present study it
will appear that model performances in relation to real soil behaviour bear a great
deal of similarity.

1 Introduction

After many years of research on constitutive modelling it is interesting to pose
the question: 'How far did we get in this field of research?’ Considering the
fact that research has been making progress in both elastoplastic modelling
and hypoplastic modelling we will consider models from both frameworks.

As a representative model of hypoplasticity, attention will be focussed on
the 8-parameter model by von Wolffersdorff et.al.. This model was designed
to model sand behaviour at all possible densities with one single set of eight
input parameters. Several of these model parameters are characteristic void
ratios, e.g. the minimum, the maximum and the critical one.

As an example from the school of elastoplastic modelling we will consider
the 8-parameter model by Schanz et.al. both in its original version as well as
in an extended 9-parameter version. This model was designed to match not
only sand behaviour, but also silt and clay. In contrast to the hypoplastic
model, however, a set of parameters refers to a particular soil density. Hence
two different sets of model parameters are needed when considering both a
loose and a dense packing of a particular soil.

The set of parameters for this so-called Hardening Soil model (HS-model)
includes conventional soil properties such as the peak friction angle and the
cohesive strength. Another kind of failure parameter is the peak dilatancy an-
gle. On top of that, the HS-model requires values for soil stiffness as measured
both in triaxial and oedometer tests.

On considering input parameters and formulations, both models are en-
tirely different and one might expect completely different stress-strain be-
haviour. From the present study, however, it will appear that model perfor-
mances bear a great deal of similarity. The main aim of this paper is not to



2 Th. MARCHER, P.A VERMEER, P.-A. von WOLFFERSDORFF

compare the above constitutive models, but the performance of these models
in relation to real soil behaviour.

2 Experimental data

All tests used the so-called Hostun 'RF’ Sand according to [13]. This kind
of quartz sand was studied extensively with different testing devices. The
main part of the tests were performed at Grenoble [14-16] and another part
of the experiments was carried out at Stuttgart [17,18]. The motive for all
these experiments was to use the results for the development and research
of constitutive models and to compare laboratory-results of newly-developed
testing devices with existing data.

In order to get a satisfying comparison between the complex numerical
recalculations and the experimental results, it was necessary to ensure that
the input data was of high quality. Moreover it was also necessary to classify
narrow ranges for the initial density to ensure comparable test results. There-
fore a so called "loose’” Hostun Sand with an initial void ratio range between
0,85 - 0,92 was specified and, under drained conditions, the following test
results remained for a comparison:

e 3 oedometer tests with unloading - reloading loops

e 1 triaxial compression test at 100 kPa confining pressure
e 2 triaxial compression tests at 300 kPa confining pressure
e 2 biaxial tests at 100 kPa confining pressure

e 3 torsional oedometer tests

The ’dense’ Hostun Sand was specified within an initial void ratio range
of 0,63 - 0,68 and therefore under the drained conditions the following test
results remain at our disposal:

2 oedometer tests with unloading - reloading loops

3 triaxial compression tests at 100 kPa confining pressure
2 triaxial compression tests at 300 kPa confining pressure
2 biaxial tests at 100 kPa confining pressure

3 torsional oedometer tests

The data from oedometer, triaxial compression and biaxial tests are sup-
plemented by results from a torsional shear device called ’torsional oedome-
ter’. In this new laboratory-device, developed at the Institute of Geotechnical
Engineering, Stuttgart, a disc-shaped sample with a diameter of 94 mm and
a height of 25 mm is first consolidated in one dimension and afterwards
sheared by torsional loading. The stresses are only measured and evaluated
on a ring-shaped section of the sample according to Fig. 1. This device en-
ables the stiffness as well as strength parameters to be evaluated within one
test. Other advantages are that this device enables tests to be performed on
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Fig. 1. Principal layout of the torsional oedometer box

undisturbed samples and that only a small amount of material is needed for
one test. Such test conditions enable also the effects of stress rotations to be
studied. For details of the device concept and design, the reader is referred
to [18] and the recent publication [19].

3 Hypoplastic calculation

3.1 General remarks

The constitutive theory of hypoplasticity arose from the attempt to capture
the behaviour of soil in as simple a mathematical structure as possible [5,6].
It is distinctive in that the most important characteristics of the mechanical
behaviour of granular material are expressed in one single tensorial equation.

It differs from the elasto-plastic model in that the splitting of the defor-
mation into an elastic and a plastic part no longer occurs and neither do the
mathematical constructs such as plastic potential, yield surface, flow rule and
consistency condition.

The model as used here was formulated by von Wolffersdorff [11]. The ba-
sis for it is the theoretical work on hypoplasticity by Kolymbas [5,6], Gudehus
[3] and Bauer [2].

The general form for the constitutive law is:

o =F(o,e,é). (1)

Eqn. (1) provides the stress response o' for a given rate of deformation &
at one material point whose actual state is defined by stress o and the void
ratio e.

! An objective form of (1) is T = F(T, e, D) [8]. T is the co-rotational (JAUMANN)
stress rate. It is expressed as follows T =T - WT + TW where T is time
derivative of CAUCHY stress T. The spin tensor W is the antimetric part of
the velocity gradient gradv, i.e. W = (gradv — (gradv)™)/2, the stretching
tensor D is the corresponding symmetric part, i.e. D = (gradv + (grad v)T)/2.
The notation in this paper based on the linear theory of strains, i.e. € is the
infinitesimal strain and o is the stress.
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Fig. 2. The range of possible void ratios as a function of stress level. The upper
limit void ratios is denoted as e;, lower limit void ratios as eq and the critical void
ratios as ec.

The void ratio é relates to the rate of volumetric strain, i.e.:
é=(1+e)tre (2)

In the constitutive law, the influence of the pressure level and the density
on the behaviour of soil or granular materials is taken into consideration.
Stiffness, shearing dilitancy or contractancy and the peak friction result from
the actual condition of the soil elements and the direction of the deformation.

3.2 Hypoplastic model

The theoretical basis and the deduction of the hypoplastic relationship are
described in detail in [1-3,10,11]. Here, only the two most fundamental char-
acteristics of the material law will be explained.

The range of possible void ratios depends on the pressure (see Fig. 2).
The upper limit is e;, the lower ey, and e, is the void ratio at critical state.
With increasing mean stress both e;, eq and e, decrease in accordance with
one and the same law of compression (see Eqn. (12)).

Critical conditions can occur where the granulate has a particular void
ratio dependent on the pressure and the plastic flow is ideal. The critical stress
o fulfils the yield function according to Matsuoka/Nakai [7] (see Fig. 3). The
width of the opening of this cone-shaped limiting surface is determined by
the critical friction angle ¢, .

In Vermeers representation [9], it is as follows:

_J3 n cos? Ve
- Nid2 9—sin? o,

with the stress invariants

f =0. 3)

1
Jl = tI‘U’,JQ = 5 (tI‘ (0’2) — J12) 7J3 = det[o’].
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Fig. 3. The limit surface by MATSUOKA /NAKAL.

To implement the yield condition according to Matsuoka/Nakai in the hy-
poplastic model, the following form is more useful:

1, , 4sin® ¢,
=—tr(6**) —F°" ———= =0 4
f=3trer) 3(3 — sin p,)?2 )
with
1 2 — tan? ) 1
F=,/-tan?vy + — tan
\/8 v 2+ v2tantcos39  2v/2 4
and with the invariant angle functions
tany = V/3[|6* (5)
and
tr(6°°)
cos 39 = 7\/673 (6)
A2 /2
[tr (6~ )]

Fig. 4 shows the definitions of both angle functions in the principal stress
space.

The hypoplastic law of material is described completely by the tensorial
equation (7) together with (8), (9), (10), (11) and (12):

1
o= fstr ) {F2é+a2tr (6€)6 + faaF |6 +67] |é||} (7)
o N .1
with & = o/tro and 6" = 6 — 51.

The parameter a in (7) results from the analogous result (4) from

_ \/3(3 —sin @c)
‘= 21/2 sin g, ' ®)
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Fig. 4. The geometrical representation of the invariants tan and cos39 in the
space of principal stresses.

F is the stress function according to Matsuoka/Nakai

1 2 — tan2 ¢ 1
F=,[-tan?¢ + -
\/8 v 2+ +2tantcos39  2v2
with tan and cos 3¢ according to (5)and(6). The scalar factors

- € — eq *
a=(£252) (10)

and

he 1+ ¢ enNB [ tra\'" eio —eao \ 21
fo=le ( ) (7) <_ ) 3+ a2 — VBa 250 | (1)
n e; e hg €c0 — €do
are functions of the pressure tr o and the void ratio e. The law of compression
for the pressure-dependence decline of the void ratios e;, eq and e, is

€; e €d tro\"

1 (&

i fe_ | (- . 12
€io €co €do |: < hs ) :| ( )
In the oedometer test and in the conventional triaxial tests, the axisymetric
conditions, that is o9 = 03 as well as e5 = €3 are valid. Because of this, the

hypoplastic law is clearly simplified and can be expressed by the following
two equations:

tan 9)

0'12+2022 (O'1+20'2)2

150‘1—20‘2 /. .
fdaFgm E%+25§} (14)

2 2 . 9 .
o1 = fs(UlJFU?){F%-l L g2 (7181 +20262)0 (13)
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. (Ul+20'2)2 9. 2(0’11’::1-‘1-20'26'2)0'2
= fy—rn—— " F 15
72 f 0'12+2CTQ2 52+(l (O'1+20'2)2 ( )
1409 —01 /. .
F-— 2 4 92¢2 16
faa 301+202\/51+ €5 (16)
1 for 01 SO-QZUQ,

e — or o 09 = 0
O'1+20'2 1 2 3

In (14) and (17), the time derivates of the actual stress o; and the loga-
rithmic strain ¢; are ¢; and &;.

3.3 Parameters of the hypoplastic model
The constitutive relationship requires 8 material constants, namely,

hs: the granular stiffness,

n: the exponent of compression law,

et the critical friction angle,

eco: the critical void ratio for o = 0,

eqo: the void ratio at maximum density for o = 0,
e;o: the void ratio at minimum density for o = 0,
a: the pycnotropy exponent,

(B: the pycnotropy exponent.

They are closely connected with the granular characteristics of the soil con-
sidered and are valid for a wide range of pressures and densities. That means
that the laboratory tests carried out on densely packed sand as well as those
carried out on loosely packed sand can be analysed with one and the same
set of material parameters.

Herle [4] carried out extensive investigations to determine the parameters.
He showed that the hypoplastic model remained sound even when there were
variations to the input parameter. In addition, he developed simple methods
to determine the 8 model parameters. As a rule simple index tests are all
that are needed to be able to estimate most of the parameters sufficiently
accurately. Herle provides sets of parameters for a total of 10 different non-
cohesive soils, among others for Hostun sand. The material parameters listed
there have also been used for the analysis of the laboratory tests here (see
Table 1). Only ¢, and a have been slightly adjusted for better fitting test
results.
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e |°] | hs [MPa] n €co edo €0 o J¢]
32 1000 0,29 0,91 0,61 1,09 0,19 2,0

Table 1. Parameter of the hypoplastic model for Hostun-Sand

4 Elastoplastic calculations

4.1 Characteristics of the Hardening Soil model

The elastoplastic model used is the so called Hardening Soil model accord-
ing to [12]. The main characteristics of the HS model are the hardening
as observed in standard triaxial tests and the stress-dependent stiffness as
observed in oedometer tests. The general three-dimensional extension dates
back to [20]. Subsequently a summary of the most important assumptions
and approaches are given.

1 asymptote

1 _ _ . —="""" failureline

ur

axial strain €

Fig. 5. Hyperbolic stress-strain relation in primary loading for a standard drained
triaxial test

One basic idea of the HS-model formulation is the hyperbolic relationship
between the vertical strain and the deviatoric stress in standard drained tri-
axial tests with constant confining pressure as illustrated in Fig. 5 (according

o [21]). This relationship is described in (17):

_ qa (01— 03)
2E50 qa — (01 — 03)

€1 (17)

Ry is the ratio between the ultimate deviatoric stress, g, and the asymp-
totic stress ¢, according to (18). As a standard setting there is Ry = 0,9.

6 sin ¢,
3 —sinp,

“(p+c-cotyy) with ¢, = 9 (18)

qfr = R,
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Equation (18) for ¢; is derived from the Mohr-Coulomb failure criterion,
including a strength parameter for the cohesion ¢ and the peak friction ¢,,.

An other essential feature of the HS-model is the highly nonlinear stress-
strain behaviour for primary loading and the varying stiffness for un- and
reloading compared with the first loading. The FEs5g-stiffness is formulated
according to [22] as a function of the actual stresses.

m

re o3 + ¢ - cot

Eso = EZ/ (H) (19)
o3 " +c-cotyy

The parameter Fsg is a stress-dependent stiffness modulus as illustrated
in Fig. 5. B¢/ is determined from a standard triaxial stress-strain-curve
using the stiffness value for a mobilization of 50 % of the maximum shear
strength qy. The amount of stress dependency is given by the power m, using
either experimental or empirical values. For sand, the value m is somewhere
between 0,35 and 0,75.

The function 17 relates to triaxial compression conditions, but it can be
extended to include general three-dimensional conditions of stress and strain.
However, it is not the intention of this paper to explain models in full detail
and we will not go into details of the shear-hardening formulation.

Equation (17) can be used to develop a yield function within the concept
of hardening plasticity. In fact the HS-model comprises two independent yield
functions and two independent yield surfaces as illustrated in Fig. 6. The most
important yield function is the so-called shear yield function that relates to
(17). For triaxial conditions of stress and strain the shear yield function reads

Fr=F= (20)
with:
f: L 7 27(1 (21)

where E,, is Young’s modulus for elastic unloading and reloading and -, is
a plastic shear strain related hardening parameter. For f, = 0 and a fixed
value of +y, one obtains a shear-yield locus as indicated in Fig. 6.

In p-g-plane, the shear yield surface shown above is slightly curved, but
nevertheless open in the direction of the p-axis. This implies plastic strain-
ing in deviatoric loading and fully elastic behaviour in isotropic loading. One
possibility for modelling plastic straining in isotropic loading would be to
modify the shear yield surface so that it intersects the p-axis. The drawback
of such a single hardening model is that it gives no realistic response for over-
consolitated soils. Indeed, overconsolidation would create an expansion of the
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Fig. 6. Representation of total yield contour in principal stress space

entire yield surface and such models would even predict elastic behaviour in
deviatoric loading. As overconsolidated soils show significant plastic straining
in deviatoric loading, the idea of a single yield surface is rejected. Instead,
the shear yield surface is closed by means of a yield cap, which moves inde-
pendently from the shear yield surface. The shape of the cap is defined by
means of the yield function

fe=r—np (22)
with

o E
fe= 2t (23)

where « is an auxiliary model parameter that relates to K¢ In fact o is
chosen in such a way that K¢ = 1—sin¢,. p, is the preconsolidation pressure
in isotropic loading. Between the plastic volumetric strain ¥ and p,, there is
the relationship

1+m
= s (25) 1)

(I+m) \pref

The constant (3 is not a direct input parameter. Instead we prefer to use
a (tangent) oedometer modulus as an input parameter as explained in the
next section.
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The yield cap is combined with an associated flow rule to define plastic
straining due to a shift of the yield cap.

For more details regarding the formulation of the HS model the reader is
referred to the recent paper [23].

4.2 Parameter of the HS model

The Hardening Soil model uses a total of 8 material parameters. Three of the
parameters, which are the parameters to describe the Mohr-Coloumb failure
criterion, coincide with the classical Mohr-Coulomb model:

¢p:  the peak friction angle,
c: the cohesion,
Yp:  the peak dilatancy angle.

For the soil stiffness 3 basic parameters are used:

EZLET: the secant stiffness,
E;:g : tangent stiffness for primary oedometer loading,
m:  the power in stiffness law.

This set of parameters are completed by the following parameters for un-
reloading:

Eref: un/reloading stiffness,
vyr:  the Poissons ratio for un/reloading.

The model presented here is developed for a geomaterial at a single initial
density. This means that it does not describe the density-dependency of the
strength and stiffness-parameters. For the back-calculation of the mentioned
tests with the HS model one needs to define two sets of parameters, one for
the calculations of the loosely packed Hostun Sand and one other for the
densely packed Hostun Sand.

The HS model was calibrated by calculating triaxial compression tests
and oedometer tests. The set of parameters for the ’loose’ Hostun Sand is
given in Table 2.

o [°] | e [kPa] | oy [°] |5y’ [kPa][Ege] [Pa]]  m |Ey (kPa]] v

oed

34 0 0 12000 16000 0,75 60000 0,25

Table 2. Parameter of the elastoplastic model for ’loose’ Hostun Sand

Considering the experimental data for the densely packed Hostun Sand
one can see that after reaching the peak strength strain-softening occurs.
The following gives an extension of the general formulation of the HS model
in order to describe the softening process in sand. Only thereafter will the
second set of parameters be presented.
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4.3 Approach for softening

The softening rule used is based on experimental results carried out at the
Institute for Geotechnical Engineering, Stuttgart [24]. Drained triaxial tests
were carried out on a Rhine River Sand to determine the shearing resistance
of the sand. The tests were performed with different confining pressures and
for varying initial void ratios. As a result, a relationship between the friction
angle and the void ratio can be observed using the linear relation given in
Fig. 7.

Using this observation, one can apply a basic approach for the friction
softening rate according to (25) where a superimposed dot is used to denote
time rates:

(p:hga'é (25)

This is a linear softening rule between the degradation of the friction angle
and the rate of the void ratio. The void ratio is related to the volumetric strain
according to (2) in rate form. The inverse relation is described in (26):

e
T 1+4e

Ev (26)

Applying this equation, the degradation of the actual friction can be con-
trolled by the volumetric strain rate instead of the void ratio rate. In order to
avoid the actual void ratio as a state parameter, this parameter is replaced
in a first approach by the initial void ratio as indicated in (27):

¢

1 + eo
(28) expresses the softening rule applied in the following back-calculations

of experiments with densely packed Hostun Sand and implies a linear rela-

tionship between the dilation (using the volumetric strain) and the friction
softening, which can be formulated in rate form as:

Es (27)

@ =hy-(1+eg) -y (28)

Due to the fact that the calculations are only related to one material point,
the behaviour of the material is modelled in a homogeneous way. Therefore
inhomogeneous deformations, as shear banding and bifurcation, are not in-
cluded.

The sets of parameters for the densely packed Hostun Sand, as shown in
Table 3, is extended by the softening parameter h.,.

Using the two set of parameters out of Tables 2 and 3 all experiments
can be recalculated. A comparison of the experimental and the two different
numerical results will be presented in the next chapter.
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Fig. 7. Relation between friction angle ¢ and void ratio e

op [°] |c kPa]| ¥, [°] [EL” [kPa][EL) [kPa]| m  |EysS [kPa]| v, he
44 0 14 30000 30000 0,55 90000 0,25 0,35

Table 3. Parameter of the elastoplastic model for ’dense’ Hostun Sand

5 Comparison

A large database containing the results of tests under drained conditions
is used to calibrate and verify two different constitutive models enabling a
detailed comparison to be made between experimental and numerical results.

In a first step, the results of triaxial compression and oedometer tests were
used to calibrate the models for the ’loose’ Hostun Sand as well as for the
"dense’ Hostun Sand. Then the models are applied to stress-strain conditions
as encountered in biaxial tests and simple shear tests. Unfortunally simple
shear tests have not been performed on Hostun Sand, but we have data of
‘near’ simple shear tests (torsional oedometer tests).

5.1 Comparison of results with the ’loose’ Hostun Sand

Oedometer tests: For calibrating the models, data from three oedometer
tests has been used including unloading-reloading loops as presented in Fig.
8. The elastoplastic model includes three un- and reloading loops at 50, 100
and 200 kPa axial load. The hypoplastic calculation includes one unload-
ing loop at the maximum load only. In contrast to the elastoplastic type
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Fig. 8. Oedometer test — comparison between the numerical and experimental re-
sults on ’loose’ Hostun Sand

of model, the hypoplastic model (according to [11]) cannot consistently dis-
tinguish between loading and unloading. By extending the model with the
so-called ’intergranular strain’ this shortcoming can be solved [25].

Drained triaxial tests: Figs. 9a and 9b contain two different sets of
curves. One for the stress ratio as a function of axial strain and one set of
curves for the volumetric strains as a function of axial strain. Fig. 9a shows
data for a constant confining stress of 100 kPa whereas a confining stress
of 300 kPa is considered in Fig. 9b. Unfortunately only one experiment has
been performed for the lower confining stress with o3 = 100 kPa and this
test has produced relatively large strains, at least when comparison with the
data for confining stress o3 = 300 kPa. Nevertheless this data has been used
for calibrating the input parameters of the elastoplastic model.

Biaxial tests: Fig. 10a illustrates biaxial tests with 100 kPa confining
pressure. Compared to triaxial tests with the same confining pressure, biaxial
tests tend to give a stiff response as also observed in Fig. 10a. Recalculating
this plane-strain-problem with the two different constitutive models one can
see that the stiffnesses at the beginning fit well and the maximum strength is
within the range of the experimental data. Both models perform reasonably
well by yielding a relatively stiff response. The hypoplastic calculation slightly
overpredicts the volumetric strain.

Torsional oedometer tests: Fig. 10b presents the results for the tor-
sional oedometer. Within this diagram, the stress ratio o, /0y, is plotted
on the left vertical axis and shear strain is on the horizontal axis. On the
right axis the volumetric strain is indicated. Both models use simple shearing
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b) Triaxial compression test with confining stress o3 = 300 kPa

Fig. 9. Triaxial compression test — comparison between the numerical and experi-
mental results on ’loose’ Hostun Sand
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a) Torsional oedometer test with confining stress oy, = 100 kPa

Fig. 10. Biaxial compression test and torsional oedometer test — comparison be-
tween the numerical and experimental results on ’loose’ Hostun Sand
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Fig. 11. Oedometer test — comparison between the numerical and experimental
results on ’dense’ Hostun Sand

for the recalculation of the test-data. A comparison shows that both calcu-
lations overpredict the real soil stiffness significantly , but the hypoplastic
model performs better, both on the stiffness and the volumetric strain.

5.2 Comparison of results with the ’dense’ Hostun Sand

Oedometer tests: When the numerical calculations are compared to the oe-
dometer test performed using the ’dense’ Hostun Sand according to Fig. 11,
there is a high degree of conformity. For the elastoplastic model, one unload-
ing loop at o7 = 200 kPa was performed and with the hypoplastic model one
unloading loop at the maximum vertical load was calculated. As usual, data
from tests on dense sand tend to show relatively little difference between first
loading and unloading-reloading. In general recoverable strains tend to be of
the same order of magnitude as the irrecoverable strains. In elastoplasticity
this is well modelled, but the hypoplastic formulation is slightly off.

Drained triaxial tests: Figs. 12a and 12b illustrate data for confining
pressures of 100 kPa and 300 kPa respectively. The models match the begin-
ning of loading reasonably well, but deviations can be observed at and beyond
peak strength. The present elastoplastic model suffers from the shortcoming
that it does not include stress level dependency of the shear strength, so that
the peak stress at confining pressure o3 = 300 kPa is significantly overesti-
mated. On the other hand, the present hypoplastic model overestimates the
amount of softening directly beyond peak.
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b) Triaxial compression test with confining stress o3 = 300 kPa

Fig. 12. Triaxial compression test — comparison between the numerical and exper-
imental results on ’dense’ Hostun Sand



Modelling compared with test data 19

c 3 =100 kPa
7 -0,06
-0,05
-0,04
™ -0,03
©
-~ g
o -0,02
-0,01
tests
hypoplast 0,00
elastoplast
0 - T T T 0,01
0,00 0,05 0,10 0,15 0,20

€1

a) Biaxial compression test with confining stress o3 = 100 kPa
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a) Torsional oedometer test with confining stress o, = 100 kPa

Fig. 13. Biaxial compression test and torsional oedometer test — comparison be-
tween the numerical and experimental results on ’dense’ Hostun Sand
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Biaxial tests: For the beginning of loading both models (according to
Fig. 13a) do extremely well on the stiffness, but both of them overpredict the
initial compaction of the sample. Remarkable differences occur at peak. As
the present elastoplastic model involves the Mohr-Coulomb failure criterion,
it underpredicts the shear strength of a sand in the biaxial mode of planar
deformation to a significant extent. For a proper prediction of biaxial peak
strength, one needs curved convex yield loci in the deviatoric plane of prin-
cipal stress space as illustrated for the hypoplastic model in Fig. 3. As the
hypoplastic model involves such a yield locus it performs much better on the
biaxial strength.

Torsional oedometer tests: Finally, Fig. 13b presents the results for
the torsional oedometer. A comparison shows that both calculations over-
predict the soil stiffness, but the maximum strength is well predicted. Both
the softening and the associated volumetric strains are poorly predicted. On
the other hand, we have some doubts about the experimental data. The rel-
atively soft response for the very beginning of loading is expected, as it has
already been experienced in simple shear tests in clays, but we question the
relatively low shear strength. Considering a nearly planar deformation below
the measuring ring as indicated in Fig. 1, one would expect to measure high
strengths just as for a biaxial test. A possible explanation would be that the
bifurcation-sensitive dense sand experienced significant shear banding near
and beyond peak.

6 Conclusions

On comparing a hypoplastic model with a elastoplastic model, it is imme-
diately clear that they are formulated within entirely different frameworks
of constitutive modelling. From a theoretical point of view they are thus
completely different. On making a practical comparison by considering the
performance of two such models, we find no basic differences at all. In fact
the models we considered performed equally well for the stress and strain
conditions observed. No doubt differences occur when focussing on a partic-
ular type of test, but globally speaking they performed equally well on the
test data considered.

A clear operational difference between the models concern the input pa-
rameters. The hypoplastic model implies typical sand data such as void ratios.
As a result one set of data suffices for all densities of a particular sand. This is
an advantage when considering sands, but a disadvantage when considering
other soil types, i.e. silts and clays.

Finally we have to consider the question: 'How far did we get in this field
of constitutive modelling?’. Considering the data as used and produced in
this paper, one would be able to give a very positive reply as our models
performed reasonably well. On the other hand, it should be realised that we
considered relatively simple stress paths for our comparisons. On including



Modelling compared with test data 21

undrained triaxial tests, the models may still perform quite well, but this is
possibly not true for triaxial extension tests. Indeed, most researchers have
developed their models with special view to triaxial compression rather that
triaxial extension. For Hostun Sand, we are not even aware of data from
extension tests. Similarly we did not consider data from true-triaxial testing
and hollow cylinder tests. In fact, consideration of sand data is needed and
this might show that we still need a good deal of research in constitutive
modelling.
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