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Figure 16: Dewatering and recharging for an

excavation (from L. Zeevaert, 1972).

Guest speech on Sealing Conditions by Dr. Schulz

Dr. Schulz, who spoke about sealing problems,
graduated in 1965 from the University of Stuttgart
in Germany. He then worked on soil mechanics and
hydropower plants at the University of Stuttgart and
later on foundation engineering and soil mechanics.
He obtained from the same institution his Doctoral
degree in 1971. 1In 1973, he changed to the Federal
Institute of Waterways Engineering at Karlsruhe,
Department of Geotechnical Engineering and since
1976, he has been promoted head of the Department of
Geotechnical Engineering. His topics of interest
are over-consolidated soils, problems of muds in
coastal estuaries, sealing conditions and laboratory
testing.

Dr. Schulz observed that conditions for clay
sealings at joints perhaps may not be a point of
interest because clay has low permeability and good
sealing properties per se, and needs no further
investigation. Nevertheless, there exists a rather
great number of case histories from which we learn
that there is a difference of up to 2 to 3 orders of
magnitude in permeability between the results of the
laboratory testing and the in-situ permeability of
sealing projects. In the institute where he works,
they have been faced with the- problem of the
properties of clay linings for navigable waterways
that had to be built under on-going traffic for the
enlarging of these channels. During the investiga-
tions of the problem, the questions of leakage at
joints, for instance the joint of vertical wall,
arose and led to the assumptions below.

He started his discussion with the normal
conditions at the sealing problems that are given in
the sealing channels and stressed that the sealing
condition he was proposing corresponds to a relative
measure for the sealing in such a joint. The
criteria is only to examine if there 1is a
possibility to improve the tightness in clay joints.

The normal conditions in channels, are shown in
Figure 17: the water depth is given by h,, and the
head difference with respect to the ground water
table is denoted by 4r. This head difference is
released across the lining of thickness d and is
basically the net differential pressure acting in
the joint a-a, assuming hydrostatic conditions
prevail on both sides of the joint. On the other
hand, the effective horizontal stress distribution

in joint a-a results from the effective weight of
the clay liner and from the seepage forces across
the joint. These stresses are shown in Figure 17 by
respectively horizontal and vertical shading lines.
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Figure 17: Stress conditions for channel seal.

To come to a mathematical formulation (fig. 18),
one has to set up a formula for the water pressure
in joint a-a and for the effective horizontal
stress, using earth pressure relations in connection
with the known effective vertical stress. ‘

Steady-state conditions in a joint a-a:

Water pressure (assumed to be hydrostatic)
; . . 4h

0,=Yu hy+ty,(1-1).z with =7

Effective horizontal normal stress:

Q
>

o =k.(yd+iy,).z with K=—

&

Sealing condition:

o
~ 25 at one certain depth z:
K.y,(1+i)z

Yuho+y(l-1)z
For simplicity:
Y =Y,
Minimum value for K: z=d
h,/d+(1-1i
K> ( )
1 +i

Figure 18: Mathematical formulation of sealing

condition.

The assumed sealing condition requires that the
horizontal effective stress should be greater or at
least equal to the water pressure to have optimum
sealing conditions. As already pointed out, the
proposed criterion is a relative one and if there is
a possibility to influence the conditions, then one
can look at this criterion. Now inserting the
expressions for the water pressure and the
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horizontal effective stress in this sealing
condition and using the simplification: y'==y,, Dr.
Schulz arrived at a relation (cf. fig. 18) for a
minimum earth pressure ratio K for z=d that will
serve for comparison with the available earth
pressure ratio K from the shear strength parameters
of the used clay.

Figure 19 illustrates this finding: what can be at
first surprising is that the K value may decrease
with an increase of the hydraulic gradient. If you
consider indeed that when the hydraulic gradient is
increased the effective horizontal earth pressure in
this joint is increased too, then this allowance can
be understood. And it is quite clear that if the
water depth is increased compared to the thickness
of the lining, then you will have to increase the K
value as is shown on the diagram. This condition
for clay linings in channels can also be used for
waste deposits.
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Figure 19: Lateral earth pressure coefficient
necessary for a sealing condition (channel).

Dr. Schulz further used the same principle to
examine whether a joint with a small opening width
4s, will close again by the imposed load if the
active earth pressure is larger than the water
pressure. It is assumed that this opening is still
small enough to have hydrostatic pressure distribu-
tion within it. It is then possible to examine the
sealing capability of clay layers or layers of low
permeability behind retaining structures when
dewatering is taking place beneath that layer. It
is moreover possible to examine the condition of
sealing between a vertical wall and the clayey soil
at the bottom of an excavation. This condition
should be met if one wants to reduce the amount of
water seeping through this joint, which has to be
pumped out of the excavation. As this case was of
special interest to this session, Dr. Schulz applied
the 1idea of optimal sealing conditions to this
particular boundary condition.
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For the simple case represented in fig. 20, an
excavation down to a certain depth will leave in
place a clay layer of remaining thickness d. The
ground water table within the perimeter of this
excavation shall be at the bottom of the excavation
and beneath this clay layer will be an aquifer with
water head h,. The same considerations as before
lead to the expression for the minimum value of K as
given in fig. 20, taking into consideration that in
this case the head difference reduces the bulk
density of the soil. The same assumptions and
simplifications will lead to an expression for K
which is independent from the depth z and is a
dimensionless expression. Therefore, one can obtain
a very simple diagram (fig. 21) which shows the
needed value of this dimensionless quantity for a
given hydraulic gradient.
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Figure 20: Sealing condition for an excavation.

For wvery small gradients, the optimal sealing
condition will be satisfied for K=h,/d; for gradients
moving towards a value of one, the case of uplift,
this K-value will approach infinity.



From the stability analysis of the excavation, the
mobilized K-value should be known and should provide
the possibility for comparison. So the sealing
effect can be checked. It should be mentioned that
for a quick excavation the soil will swell and the
suction that will be set up during the process may
overrule the hydrostatic pressure conditions in the
first phase of excavation. Therefore, the above
results are only valid for steady-state conditions.
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Figure 21: Lateral earth pressure coefficient
necessary for a sealing condition in excavations.

Guest speech on Wall supported excavations and

philosophical thoughts by Dr. Creed

Dr. Michael Creed graduated in 1973 from the Civil
Engineering Department of University College, Cork,
Ireland. Having worked with Professor Simons at the
University of Surrey on the analysis of wall
excavation behavior, he was awarded a Ph.D. by that
institution in 1979. Since that time, he has been a
lecturer at his alma mater in Cork. His research
interests may be summarized as soil-structure
interaction and embankments on soft ground. Dr.
Creed’'s speech 1is transcribed below in order to
convey the freshness and informality of his
presentation.

"Mesdames et Messieurs, Ladies and Gentlemen, I
would first like to thank Dr. Holeyman for inviting
me to say a few words to you this morning on the
subject of earth retaining structures. I do not
wish to detain you nor to blind you with technical
details. I merely wish to raise some questions of
personal interest and I hope that some of those
questions may interest yourselves.

My themes take the form of questions. Firstly,

.discussion - is it real or mythical, important or

not, is it alive or dead? I think it may be alive
here today. Secondly, design of walled excavations
- where are we going? Ground movements - are we
hopeful or helpless?

We have been bombarded with an ever increasing
rate of publication of technical papers. In our
quest for knowledge, we are often frustrated when we
try to derive real and useful benefit from reading
these papers. What we really need is discussion.
We have quite a literature already. I ask again -
is the art of discussion dying or indeed has it died
already? I would like to bring you back some 43
years to see a classic example of discussion at its
best. Again we go back to the old man himself,
Terzaghi, 1944, Stability and Stiffness of Cellular
Cofferdams. In this paper, Terzaghi was very
critical of contemporary practice in the design of
cofferdams. The paper provided an outstanding
discussion that included very diverse points of
view, from scepticism to good engineering. The
paper was 32 pages long; the discussion ran to 83
pages. I ask - could this happen today? The
quality of certain aspects of the discussion is best
summed up in a quotation which I take from Terzaghi,
his reply to the discussion: ’‘Considered as a whole,
the procedure for designing the Kentucky cofferdam,
as described by Mr. Hedman, is an outstanding
example of sound engineering. This procedure
discloses a thorough grasp of all the theoretical
principles involved combined with mature judgement,
and it deserves the attention of every engineer who
faces the problem of designing a cellular coffer-
dam.’ There were not many theoretical principles in
those days and I would think that it would be
stimulating reading for anybody even today. The
point I would 1like to make is that it was the
complete discussion that followed the paper rather
than the paper itself that illustrated the state of
the art. I think that rarely happens today.

The second example also relates to cellular
cofferdams. I will move forward quickly. 1981,
Journal of Geotechnical Engineering ASCE: a 14 meter
high cofferdam, dewatering of the cell fill to
prevent bursting of the sheet pile interlocks,
artesian pressure relief using pumps located some
200 meters away to prevent base uplift failure.
This is of much relevance to .an earlier topic,
ground water control. It seemed a very magnificent
project. Everything went well, according to the
paper. In the discussion, some other engineers drew
attention to a cell failure that occurred in an
otherwise very successful project. They suggested
that over-reliance on the Standard Penetration Test
may have been a major contributor to the cell
failure. Again, my point is that very critical and
pertinent discussion enhanced considerably the
original paper.

My summary of the design of wall supported
excavations, simplistic perhaps. The main consider-
ations: stability of the base, design of the wall
and support system, ground movements. The tradi-
tional approach has been to consider stability, then
move on to design the wall and forget about the
movements. But I think in the 1960's movements
became a bit of a worry. Peck, in 1969, suggested
that movements could be considered empirically as an
interim measure. At that time, or perhaps a few
years earlier, we saw the development of soil-struc-
ture interaction. There has been much analysis and
observation of full scale excavations during the
past 20 and especially during the past 10 years. It
is important at an international gathering such as
this to raise questions relating to the real
benefits of such research, to try to establish the
state of the art without becoming too involved in
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the detailed relative merits of various analytical
approaches. Again, I quote from our provocative
reporter case histories form the basis for improved
understanding of the role of ground water in
geotechnical engineering’. A non-controversial
point, I suppose.

Recent research has involved a cyclic operation,
prediction, performance, re-analysis and more
prediction. This has occurred for a large number of
sites worldwide. I ask - have we made the great
leap to produce useful design tools? Are we able to
make a priori predictions about the behavior of wall
supported excavations? Are we able to predict the
movements using these techniques? Is indeed engi-
neering judgement, based on our experience, a better
tool? Again I ask - have simplified design methods
come out from all this research? I think one may
consider it to be very enjoyable being inside in the
circle. One is swimming around in the swimming pool
for a long time and perhaps when the time comes to
get out, one is worried. We are afraid that, when
we come out, our clothes may be gone and we may be
exposed!

I refer to one case history, a type of
back-analysis prediction, Roti and Friis, 1985, San
Francisco Conference, a good recent example. They
used a fairly simple coefficient of soil reaction
approach. The results were quite good. Can this be
turned into a useful design tool applicable to soils
other than the Norwegian soft clays?

Ground movements. Causes of settlement. These
have been discussed quite a lot. I group them wall
movement, base heave, and ground water lowering.
The effect of these can be estimated to some extent,
at least, using quasi-elastic or elasto-plastic
methods. In granular soils, we have seepage
occurring; can this lead to further settlements due
to the passage of fines through the so0il? Lastly
but not least, the little problem with which the
geotechnical engineer 1is rarely concerned - the
broken pipe. In a paper to this conference Rethati
suggests he produces convincing evidence that broken
pipes, etc., 1is the main cause of damage to
buildings; in fact, over 50% of 800 cases. One must
ask what 1is the mechanism? Is it seepage erosion?
Where are the particles going? Is it collapse or
wetting? Is suction raising its head again?

I think contributors to this conference have
already considered base stability, whether it be
piping, uplift, or base heave. In conclusion, may I
suggest that for wall excavations, the interim
approach should be simple calculation using the most
unfavorable interpretation of ground conditions and
a factor of safety of one, approaching one, let us
say. Wall design, again I ask - can use be made of
the modulus of subgrade reaction? Here there could
be a role for the new Technical Committee on
Numerical Methods? Should their brief be not to
continue to move in the analysis circle but to
actually make the great leap from the analysis
through to some useful design which is acceptable to
the practicing engineer? Indeed, the Technical
Committee could draw together the work from many
countries, Norway, for example. I am aware a lot of
work has been done in the U.K. Aussi, je ne dois pas
oublier nos collégues frangais qui recherchaient ce
sujet depuis longtemps."

The discussion leader thanked Dr. Creed for his
analysis of the late mechanism of publishing.
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Floor Discussion
A. Holeyman, Franki, (B)

"As we have done for the first theme of discussion,
I would like to break here for a few moments in
order to ask the audience for questions. We said
that we would give priority to questions and direct
comments from the floor before we would move on to
presentations from the floor. So May I ask if there
is anybody wishing to comment or to ask questions to
any one of the three presenters of this second part
of the discussion? Yes. Mention your mname and
affiliation, please."

Mr. Cashman, Cashman (U.K.)

My name is Cashman and my affiliation is Cashman.
The 1last presenter, Dr. Creed has proposed a
philosophy: prediction, performance, re-analysis.
That also dovetails in with what the reporter said
for session 2 of a step-by-step approach to a ground
water control installation. Having been in the game
for 30 odd years, I entirely agree with this
philosophy. However, Gentlemen, as, until 18 months
ago, a specialist sub-contractor who had to live in
the real world, may I now pose to you a
philosophical question. The sub-contractor is
required to put forward his proposals for, let us
say, 10 wells, 25 meters deep, equipped with 15 kW
pumps and put a fixed price to that. How in that
case can you reconcile that contractual requirement
with the step-by-step philosophical approach?

A. Holeyman, Franki (B)
Would Dr. Creed like to comment on that?
Dr. Creed, Cork University (Ir.)

I think somebody yesterday gave a solution for that
- a change in contractual practice. That is really
the only solution. I am very much of the opinion,
even though I am an academic, that contractors get a
raw deal.

A. Holeyman, Franki (B)

I would agree also that the solution lies in the
contractual arrangement and a fixed price is not
probably compatible with an active design approach
and one would rather look at other forms of
contracts such as fast track contracting that allow
to take into account data that is gathered on the
site as construction is proceeding. But I think
that if you had to convince financial people that
the amount of spending could vary by the same amount
as the coefficient of permeability, that would be
very difficult.

There was another request. Yes?
Hartwell, Golder Associates, (U.K.)

Just to add to Dr. Creed’'s suggestion that we adopt
a factor of safety of one in considering such things
as plug failures, may I add my own thoughts to that.
I feel very strongly that is the correct way to
approach the problem. It is really one of the very
simplest calculations anyone could do, and the most
accurate, to consider the weight of the soil and the
uplift pressure. We do not have to worry about
permeability. As long as we make a safe assessment
of the soil density and put our factor of safety in
assessing the underlying hydrostatic pressure, then



1 suggest that is the place for a factor of safety,
and not in doing the calculations and then applying
a factor of safety, as a number of cases I have been
involved in recently where consulting engineers have
imposed an arbitrary factor of safety after doing
the calculations. Thank you.

A. Holeyman, Franki (B)

Thank you. Any other comments or questions from the
floor? Yes? Do not forget to mention your name and
affiliation

Martens, Smet Boring, (B)

What I want to say about the step-by-step approach
in the ground water lowering is that one of the most
important problems is the time delay between the
installation of the ground water lowering and the
start of  the foundation works. I saw  the
step-by-step approach in most cases impossible. If
it were possible to have a larger time between the
installation of the lowering and the start of the
foundation work, then the contractor would be able
to design the ‘dewatering capacity on permanent
regime.

A. Holeyman, Franki (B)

Thank you for this comment, Mr. Martens. I believe
that indeed when you 1look at the step-by-step
approach, either your schedule must take that factor
into account, which means that you must allow
yourself some time to re-direct the solution, or
otherwise if you do not want to take that risk in
time, you must over-design, and that is the
judgement that you have to make. Are there any more
comments on the presentations?

Bridge Davis, Bridge Davis, (U.K.)

We all talked about the observational method and how
it can be used, but at the end of the day, you have
what you have, whether you like it or not. And it
still has to be paid for. Now unfortunately,
contracting these days, the person who gets the job
will put in the cheapest price and he has made the
most optimistic assessment. And then when something
does go wrong, he can only fall back on unforeseen
ground conditions and that is always an argument. I
do not think if we are to advance, we have to tackle
this contractual issue, how one could set up a
proper contract with people you trust. It must
involve the owner, the engineer, and the contractor
to work together to deal with the problems.
Otherwise we should never make any advances in this
area.

A. Holeyman, Franki (B)

Coming from the contracting world, I cannot but
agree. I think it is very sound. I do not know how
it would be easy to convince people to work
together. I think it must be wunder somewhat
restrictive competition or negotiated work rather
than going for bidding, lowest bidding.

GENERAL CONCLUSIONS

In spite of the complexity of the interaction of
water with the performance of foundations and
excavations, the following general conclusions can
be drawn from the discussions:

- It is unlikely that piles in general will suffer a
significant downgrading of their performance from
changes in the ground water 1level; uplift
pressures must, however, be dealt with when
considering deep basements founded on deep
foundations.

- The performance of shallow footings can be more
significantly affected by a variation in the water
level. When the degree of saturation of a silt
increases from 75% up to 100%, the limit load can
be decreased by 20%, the settlement doubled, and
the creep coefficient quadrupled. A unified
adimensional representation of the load-settlement
curves seem to apply at all degrees of saturation.

- The design of excavation and dewatering against
uplift does not raise critical theoretical issues,
and well known textbooks deal in detail with this
issue. Failures seem to be rather the result of
insufficient soil investigation combined with
inadequate constructional practices.

- More thorough approaches to the detailed interac-
tion between soil and water behind a retaining
wall and to the sealing conditions of a natural
clay layer are now available.

- A mneed for more intense discussions among
geotechnical engineers has been identified, either
at conferences or in publications.

- The active design approach has overall advantages
recognized by all parties, but fails to be applied
due to current contracting practices. Imaginative
and revised contractual agreements should be
sought.
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