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A consulting engineer’s views of the objectives 6.7
of soil constitutive models
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ABSTRACT: The ideas presented in this paper may appear obvious yet they can easily
be overlooked in a workshop attended almost exclusively by people with academic
backgrounds. The baper emphasizes some requirements which the necessity to solve
engineering problems imposes on the orientation of theoretical thinking.

1 INTRODUCTION if large, must be clearly bounded.
Apart from their ability to stand
There is in my view only one purpose in automation within existing computers,
working on soil constitutive models: constitutive models must fulfil a second
namely, to make it possible for the requirement if they are to be useful in
engineer to solve geotechnical problems. the engineering field. The models must
It may be rather difficult to achieve embody a limited, preferably small,
this goal in one direct step. Hence, number of parameters, Further, as
work may have to be conducted on model s experimental techniques progress slowly
which cannot be used immediately for and rely on correlations with other
solving geotechnical engineering techniques which are only built over
problems but which may help us to many years, it is practically mandatory
understand soil behaviour. Work on that such parameters be measurable with
these models is then performed in the equipment which is well known and
hope of generating the useful models generally accessible to industry, both
sought at some time in the future, physically and economically, Finally,
Whether the model is being developed as it would be most helpful, although not
a tool which solves engineering problems absolutely necessary, if these
or as a step towards another which will, parameters had a clear physical meaning
Some requirements are imposed on the instead of simply optimising a curve
models by the goals being pursued. fit,

It is worth mentioning also that it is
not necessary for any model to cover

2 MODELS FOR SOLVING ENGINEERING all possible histories and
PROBLEMS configurations, providing the range of
applicability is clearly specified., A
Geotechnical problems rarely consist of model may not be universal but still
uniform states of stress and strain in constitute a useful tool when applied to
homogeneous soils. Hence, an immediate solve the right class of problems.
requirement of a constitutive model for Finally, it would be desirable in
solving geotechnical engineering principle to deal with models which,
problems, is that it must be amenable to together with the field equations and
algorithmie representation within a the relevant boundary and initial
computer program able to solve boundary conditions, gave rise to well posed
value problems, A corollary of this problems, i.e: problems where the
requirement is that it must be possible solution existed, was unique and
to carry out the caleculations with depended continucusly on the model
reasonable amounts of computer time and parameters, boundary and initial
storage. In particular the latter, even conditions,
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3 EXAMPLES

I will try to clarify the above concepts
with examples, including some from the
present workshop. "Models based on
discrete kinematic hardening surfaces
typically yiolate in my view the storage
eriterion, It is not unusual for them
to require storage of 150 or 200
parameters per stress point (eg: Sture
et al) to describe the current state.
This is an order of magnitude too high
for present day computers and makes the
model inapplicable to any realistic
engineering problems.

Other models share similar storage
problems albeit for different reasons.

I refer in particular to models in
which the previous history of
deformation plays a major role. The
previous history can be used to update
incrementally a small number of
descriptors (eg: endochronic Times,
plastic volume change, deviatoric strain
path length, etc). This 11umped’
influence of the history gives 1ittle
reason for conceri. However, in general
viscoelastic and endochronic
formulations, the complete six-
dimensional deformation history must be
remembered at each stress point for
integration against a kernel. Again,
storage requirements are clearly
unbounded and excessive. In general,
non-linear models of this kind are of
1ittle use unless they admit a rate-type
formulation.

There are also models in which history
plays 2 smaller conceptual role, but
which are just as 1liable to suffer
similar storage problems. These are
models which need to remember stress or
strain reversals (eg: Mroz et al,
Ramberg-Osgood with memory, ete). Even
though 2 reversal at a given deviatoric
stress/strain erases the memory of all
smaller amplitude reversals, histories
which include many reversals of
progressively decreasing amplitude would
require unlimited amounts of storage.
There are computational as well as
philosophical reasons wWhy this is
neither acceptable nor warranted.

On the number, origin and meaning of
their parameters, critical state models
are usually Lowards the sensible region
of the spectrum while, for example, Ccap
models tend to use relatively large
numbers of parameters with less clear
individual physical meanings. Iin most
models, there are some parameters which
simply optimise a curve-fit put lack 2
clear jndividual meaning in physical

terms. This 1is certainly allowable but
should be minimised as much as possible.
On this basis alone it is difficult to
condemn any specific model, but the
criterion is worth keeping in mind.

On the guestion of generality of
application, Lade's model may have some
difficulties in complex reversing paths
put has often shown to be very suitable
for progressively increasing
deformations. Other models (eg critical
state models) appear especially suitable
for axisymmetric situations.

Finally, well posed problems are
mathematicaly very reassuring. However,
there is a little hope that such strong
statements about the problem, even if
true, will be proved for most models of
interest in the near future. one of the
few wide ranging ways of guaranteeing
well-posedness is the acceptance of
associative flow rules which,
unfortunately, do not seem to be well
accepted by soils themselves. Moreover,
with recent advances in chaos theory, we
are learning about more and more
physical situations where the behaviour
must be expected to pe chaotic. This
applies particularly to strongly non-
linear dynamic problems. It might be
advisable ©O place as much emphasis in
recognising and characterising chaotic
pehaviour 2s in trying to show whether 2
problem is well-posed or not. In any
case, there is little to pe gained from
modifying a naturally not well-posed
problem into one which is.

1, MODELS FOR RESEARCH

Within the 1pesearch’ 1abel, I gather
all constitutive models which are not
immediately applicable for solving
engineering problems, je: they require
too much computer time or memory, or
they rely on parameters which are Loo
numerous or esoteric for the engineering
world.

In_my opinion, the only point in
developing these models is to pe able to
ascertain which part of their complexity
must be maintained if they are to
represent soil behaviour and which part
can be shed in the future. such models
are not a product in themselves but a
1ink in an evolutionary process. It Is
essential that their developers are
conseious of both the very temporary
character of their model and 1ts
eventual progression towards a more
useful formulation.
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5 SUMMARY AND CONCLUSIONS

It is proposed that soil consitutive
models are Justifiable only if they can
be used immediately to solve engineering
problems or if they are a planned step
towards broviding a future medel which
can eventually be used to solve
engineering problems,

To be useful for solving engineering
problems models must:

1. Be amenable to algorithmic
automation,

2. Be embodied in a computer program
able to solve boundary problems,

3. Require reasonably small amounts of
storage and time,

4. Include a reasonably small number
of parameters (if possible, determined
from traditional testing and vested with
physical meaning)

By contrast, being of general
applicability and leading to
mathematically well-posed problems are
deemed to be useful but far less
important characteristics of soil
constitutive models,
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