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SVEN HANSBO, Chalmers University of Technology, Géteborg, Sweden

SYNOPSIS:

The General Reporter of this Session had a somewhat different task from that which is

usually the case. Firstly, a review in more general terms of the papers included in the Session was
already presented to the Conference by the Secretary of the ISSMFE Technical Committee TC 12, Dr
Carter, also acting as the Chairman of the Session discussions. Comments on the papers to the
Conference, if any, and discussions connected with the respective papers, had been divided up by the

Chairman in advance among four discussion leaders

- Prof. Akagi, Toyo University, Japan; Prof.

Joshi, University of Calgary, Canada; Prof. Verruijt, University of Delft, the Netherlands; and Dr
Wagener, Jones & Wagener Inc., South Africa. The obligation of the General Reporter in this case is
limited to delivering a summary of the discussion and to scrutinize the content of those papers
which do need further comments, besides those given in the TC 12 report.

REVIEW OF PAPERS

Among the papers to the Conference only those
will be commented on which include analytical
studies as these may be difficult to comprehend
without thorough knowledge of the subject, and
even so, the effort required to fully understand
the subject may not be considered worthwhile by
the reader. In my opinion, calculation formulae
always ought to be checked and understood in all
their details before being applied in practice.
The papers selected for an additional review
are those presented by Barends & Spierenburg,
Janbu et al., Placzek, and Rico-Rodriguez et al.
The paper by Barends & Spierenburg deals with
peculiar aspects in man-induced land subsidence.
The paper contains 27 equations which, partly
because of the limited space at the authors’
disposal, and partly because of confusion in de-
signations, tasks the reader. The authors mix up

void ratio changes with volume strain and do not
use the symbols agreed upon among the members of
ISSMFE. Although a choice of symbols different
from those agreed upon might seem a matter of
minor significance, it obstructs the reading
comprehension quite unnecessarily.

The authors claim that there is a peculiar
discontinuity in compression characteristics
when the soil passes from a non-saturated into a
water-saturated condition. This implies a sudden
volume decrease when the pore pressure increases
to a value where all gas bubbles become dissolv-
ed, and vice versa. According to my experience,
however, such a phenomenon has not been observed
in the field (the authors refer to experiments
by Schuurman where, if I understand correctly,
this phenomenon has been observed).

The effects of reservoir depletion on the en-
vironment is discussed and post-production ef-
fects are warned against.

The paper by Janbu et al. entitled "Back-
calculated creep rates from case records" con-
tains some basic concepts on how to analyze
long-term settlement. Janbu et al. introduce the
concepts primary settlement potential sp and

creep potential s, defined as the respective

rates of primary and creep settlement multiplied
by the total time of consolidation. The primary
potential is deduced for a homogeneous clay lay-
er in a state of one-dimensional consolidation
according to Terzaghi’s consolidation theory
assuming constant initial excess pore water
pressure throughout the layer. They show that
the primary potential can be expressed as a
function of the time factor through the relation
s = ps
P P
where 6p = final primary settlement

_.au
and p = TET

In the case considered (where the time factor
T = TV) this yields

p = VTV/n for n s 0.2
p = 2.0Tvexp(-2.47Tv) for Tv> 0.2

(These correlations can easily be derived from
the empirical relations U= 2VTv7n and U= 1-

- 0.8lexp(-2.47T), respectively)

As regards the creep potential, this is easily
derived from the well-known linear relation be-
tween secondary consolidation settlement and
logarithm of time. This yields the creep poten-
tial
s = &t = H/T,

c

which equals the relation € = 1n(t/tp)/r. in
all details except that creep is also taken into
account during the period of primary consolida-
tion.
Thus the total settlement potential is
s = s +5= pé + H/r
P ¢ P s
The authors present a number of case records
from different parts of the world. The thickness
of the soil layers which are strongly stratified
varies from about 200 to 3000 m. With one excep-
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tion only, the equivalent average creep re§is—
tance r_ is in the range of 140 to 210, typical

of clay.

Rico-Rodrigues et al. in their paper on "Fric-
tion pile foundations in a soil undergoing re-
gional subsidence" deal with the safety condi-
tion required to avoid a pile emerging from the
ground, and secondly with the safety condition
required for a partially compensated piled raft
foundation to avoid the piles from emerging ( i.
e. to avoid the formation of an open space be-
tween the raft and the subsoil).

In the first case, they show that the safety
factor should not exceed (1+2F;/Q) where Fn =

total negative friction to be expected along the
pile and Q@ is the pile load in working condi-
tions.

In the second case they show that the total
failure load of the piles to be applied in the
design can be determined as the total working
load divided by (F}-zx), where F, is the ratio

of long-term to conventionally determined short-
term shaft friction (adhesion) and x is the ra-
tio of expected additional pile load from nega-
tive friction to total failure load (x=ZF;/ZQH.

This is shown to X}eld an overall safety fac@or
of [(1-Co) (Fl-zx)] , where Co is the reduction
factor due to compensation, i.e. ¢, = weight of
excavated soil divided by total load of the
structure.

Placzek in his paper entitled "Methods for the
calculation of settlements due to groundwater
lowering" ascribes land subsidence to four caus-
es - increase of effective stress, increase in
capillary stresses, chemical and biological de-
composition of organic matter, and dehydration
via the roots of plants and trees. He also pre-
sents theoretical solutions to the three first
mentioned effects of groundwater lowering. How-
ever, some of these seem to be impaired by prin-
ting errors, e.g. Egs. (8) and (9), and in Eq.

(11) p is defined as mean density whereas it
should be mean density of organic substances.
Placzek does not quantify the effects of the
different causes.

The resulting settlement due to effective
stress increase (and to capillary forces which
are coupled with effective stresses) represents
a classical problem. It would have increased the
value of the paper if the resulting settlement
due to other causes mentioned had been exempli-
fied. Just to mention one example from Sweden,
shrinkage of the surficial clay layer caused
around 70 mm of settlement during the two dry
summers 1982 and 1983 and another 40 mm during
the dry summer 1989. Ordinarily, an oscillating
settlement and heave of around 10-20 mm during
the annual seasons can be observed.

DISCUSSION

The discussion, which included comments on the
papers to the Conference by the selected review-
ers, was started with a presentation by Dr Wage-
ner in which he summarized the physical and me-
chanical causes of sinkhole development in solu-
ble rocks and sensitive soils. He also showed
some dramatic examples of the catastrophic con-
sequences of sinkhole formations. Prof Yudhbir,
India, in the following discussion, pointed out
the subsidence problems met with in the case of
collapsible soils (windborn sand, etc). The de-
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struction of the suction forces in these soils
due to flooding will result in large settlement.

In the next presentation, Prof. Joshi summa-
rized the highlights of the papers presented to
the conference by Wagener et al. and Carillo et
al. He also presented a case history of 1land
subsidence at a coal mining site in Lathbridge,
Southern Alberta, Canada. In this case, large
surface settlement was observed after that the
extraction of coal had arrived under the point
of observation. Prof. Joshi reminded us of the
fact that the remote mines, like today’s sanita-
ry land, are tomorrow’s development sites.

Prof. Saxena asked whether any fool-proof
method of avoiding subsidence due to mining
exists or not, but no definite answers could be
given to this question.

Prof. Akagi, in his presentation, gave an
example of the subsidence experienced in the
Tokyo area due to heavy depletion of groundwa-
ter. There, a maximum drop in the groundwater
level by 60 m resulted in no less than 4.5 m of
settlement during a period of 80 years with a
maximum annual rate of 0.42 m. With powerful
control measures tightly enforced, the groundwa-
ter level has been restored throughout the city.

In consequence, the 1land subsidence has been
brought to a stop and in some places even turned
into a heave of several cm.

In his comments on the papers to the conferen-
ce, Prof. Akagi particularly pointed out that
the paper by Placzek would have been more valu-
able had he presented case histories demonstrat-
ing how significant the respective causes of
land subsidence mentioned in his paper could be
in relation to each other.

Prof. Yamanouchi concluded by giving informa-
tion about regulations to prevent land subsi-
dence due to withdrawal of groundwater from deep
aquifers in Japan.

Prof.Verruijt commented on the effects of oil
and gas exploitation and pointed out that there
are three aspects which deserve to be consider-
ed, namely (1) the basic physical phenomena be-
hind subsidence due to oil and gas exploitation,
(2) creep of reservoir material, and (3) public
and private liability. Prof. Verruijt’s comments
can be summarized as follows:

The basic physical phenomena are the same as
those occurring when the groundwater table is
lowered and they can be expressed in the famili-
ar terms of classical soil mechanics. The ex-
traction of oil and gas is governed by Darcy’s
law and the principle of continuity. Discharges
and pressure drops are predicted by reservoir
engineers, and are measured in the field. The
pressure drop causes an increase in effective
stress, and this leads to compression of the
reservoir followed by subsidence of the soil
surface, possibly with a certain reduction due
to arching, especially in the case of small re-
servoirs. The deformations may be expected to be
rather small because of the stiffness of the
rock, but on the other hand, the pressure drop
in a deep reservoir may be very large, up to
about a thousand meters.

An example of the creep of reservoir material
is given by the huge gas reservoir case near
Groningen, in the North of the Netherlands. The
reservoir consists of sandstone, and is located
at a depth of 3000 m. From the results of load-
ing tests on rock samples at various 1loading
rates it can be stated that the initial rate of
subsidence observed in the field may be consid-
erably smaller than the final rate of subsiden-



ce. This also implies that predictions based on
early field measurements may be much too low. In
the 25 years during which the Groningen field
has been exploited (a very short time on a geo-
logical scale) subsidence measurements appear
to confirm the theoretical predictions based on
creep theory.

An important aspect of o0il and gas exploita-
tion, and the resulting subsidence, is public
and private 1liability. In the case of the Gro-
ningen gas field a subsidence of about 0.50 m is
expected. This may be a small amount, but it
occurs in an area located just above or just
below sea level. The water and land levels are
carefully controlled by a system of dikes and
waterways. All these infrastructural works have
to be adjusted to the new situation. The gas
production company bears the cost of all adjust-
ment works.

Prof. van Weele raised the question regarding
the effect of horizontal in situ stress changes
on settlements. It was agreed that horizontal
settlements in certain cases contribute consid-
erably to the vertical settlements.

In answer to Prof. Verruijt’s question whether
or not there was somebody who had other experi-
ences of o0il and gas induced settlement, Mr
Leddra presented the findings of a research
group, formed at University College, London, to
investigate subsidence of the sea floor and com-
paction of the reservoir chalks in the Greater
Ekofisk Area in the Norwegian Sector of the
North Sea. The results of their study indicate
that by the year 2010 (predicted end of produc-
tion) the Ekofisk reservoirs would compact by
about 8.5 m while the sea floor would only sub-
side by 6.4 m due to arching. Displacement vec-
tors indicated the development of both vertical
and horizontal movements, decreasing both up-
wards and outwards from the centre of the reser-
voir.

Mr Leddra also mentioned a number of oil
fields where fault activities as well as seismic
activities have been recorded.

In summary, it can be stated that the diffi-
culties of having a meaningful discussion seem
more or less insurmountable. At a conference
like this the time for discussions is by neces-
sity very limited, and this in combination with
fear of demonstrating ignorance, and unjustified
respect for, and belief in, authorities refrain
people from taking part and expressing their
views. As can be seen from this report, only a
few people took active part in the discussion -
as is usually the case - although the chairman
of our Session certainly did whatever could be
done to to stimulate the attendants to discus-
sion.
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