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Session 3

Slopes and Excavations

Talus et Fouilles

1. INTRODUCTION

The papers submitted under "Slopes and Excavations" 
cover an extremely wide range of materials, geo
graphical settings and technical concerns. In order 
to discuss them in a coherent manner it is helpful 
to establish groupings for the various submissions. 
This facilitates comparisons between the various 
papers and also permits references to them in a more 
general framework. In the following, a distinction 
is made between papers concerned with unsupported 
slopes and excavations and those treating supported 
slopes and excavations. Papers in the latter group 
are generally concerned with the design and perfor
mance of the supporting elements. It is also useful 
to distinguish between papers presenting primarily 
analytical studies, experimental studies or field 
studies. Hence a six-fold grouping has been adopted 
for the papers presented here, as indicated in Table
1. Some papers fit under more than one grouping.

All papers presented in the session on "Slope and 
Excavations" have been allocated to one or two of 
the groupings discussed above. The classification 
has been based upon the dominant contribution of the 
paper and is not meant to imply that, say, a paper 
concerned with a field study makes no use of analy
sis. Table 2 gives the allocation in detail.

It is of interest to note the distribution of the 
papers. The breakdown is given in Table 3. Over 
50% of the papers presented in this session are 
concerned mainly with the field studies. This is a 
good indication that it is now widely recognized 
that field studies are more likely to contribute to 
resolving problems of slope stability than those 
based on theoretical or laboratory work alone. Com
ments on individual papers are given below according 
to their grouping.

2. UNSUPPORTED SLOPES AND EXCAVATIONS - ANALYTICAL 
STUDIES

The analysis of problems of slope stability is 
usually based on methods of limiting equilibrium and 
to a lesser but growing extent on stress analysis 
making use of finite element modelling. In the pre
paration of the State-of-the-Art paper for this 
session, the Authors agreed not to discuss stability 
analysis to any extent but to concentrate instead on 
the behaviour of various materials as they influence 
slope considerations. This was a recognition, at 
least implicitly, that within the space limitations

Table 1

Grouping of Papers Submitted to Session 
"Slopes and Excavations"

Grouping Designation
A. Unsupported Slopes and Excavations

i) analytical studies A-l
ii) experimental studies A-2
iii) field studies A-3

B. Supported Slopes and Excavations

i) analytical studies B-l
ii) experimental studies B-2
iii) field studies B-3

of the paper, analytical matters were of a lower 
priority than other factors affecting slopes and 
excavations and that the State-of-the-Art with respect 
to analyses is satisfactory for most practical pur
poses. Our analytical capability, although imperfect, 
is not a major impediment to successful slope and ex
cavation design and construction. Nevertheless, 
analytical contributions remain of interest. They 
might provide novel insights into soil behaviour, 
they might provide solutions that are of special 
utility, or they might establish a better or more com
prehensive framework for the analysis of slope prob
lems.

Following classical slip circle considerations,
Baligh et al consider the undrained stability of 
cohesive slopes subjected to line loads of various 
lengths. Two-dimensional solutions corresponding to 
a line load of infinite extent are first obtained. 
Three-dimensional stability analyses of slopes sub
jected to a line load of finite length are then made 
and the results compared with the two-dimensional 
solutions in order to assess the influence of end ef
fects on the magnitude of the line load causing fail
ure. The results are presented in the form of charts. 
These charts will be of interest to those concerned 
with surcharge loading adjacent to rapidly excavated 
slopes and where (¡>=0 conditions apply. The Authors 
correctly point out that the results are approximate 
upper-bound solutions. Moreover, they exclude 
bearing capacity failure modes. The most common 
situations encountered by the General Reporter of 
slopes subjected to surcharge loads involve draglines 
and stockpiles in mining operations. Here bearing 
capacity and squeezing is an important consideration. 
Moreover, it is not likely that loading can be sensi
bly represented by a line. It is hoped that the



Classification of Papers Submitted to Session "Slopes and Excavations"

Grouping Title Authors

A-l Variational Approach to Slope Stability Baker, R. and Garber, M.
A-l Line Loads on Cohesive Slopes Baligh, M., et al
A-l The Calculus of Variations and the Stab

ility of Slopes Castillo, E. and Revilla, J
A-l Stability of a Deep Excavation Bottom Dolezalova, M., et al
A-l Bodies Falling Down on Different Slopes Hacar Benitez, M., et al
A-l Probabilistic Analysis of Excavated

Earth Slopes Kraft, L., and Mukhopadhyay
A-l Dynamic Decision Process of Slope Con

struction Matsuo, M., et al
A-l Variational Method for Slope Stability

Analysis Ramamurthy, T., et al
A-l Nonlinear Analysis of a High Rockfill Dam Sharma, H., et al
A-l, A-2 Investigation of Strain State of Slopes Vutsel, V., et al

A-2 Erosion Tests on Loess Silt, Banks
Peninsula, N.Z. Evans, G.L.

A-2 Kinetic Friction in Landslides Fukuoka, M., et al
A-2 A Study on Stability of Clay Slopes by

CentifUge Mikasa, M., et al

A-2 Failure of Embankment Slope using Silty
Sand "Masa" Uchida, I. and Hirata, T.

A-3 Failure of Waste Fill Buried Within
Soft Clay Barata, F.

A-3 Etude en Vraie Grandeur de Versants
Naturels Instables Blondeau, F., et al

A-3 Stability Problems of Slopes in Over-
consolidated Clays De Beer, E. and Goelen, E.

A-3 Stability of Slopes in Residual Soils Decourt, L.

A-3 Shoreline Erosion and Landslides in 
the Great Lakes

Edilj T.B. and Vallejo, L.E

A-3 Slide in Overconsolidated Clay Below 
Embankment

Janbu, N., et al

A-3 Heave Measurements Within a Large Ex
cavation Klym, T., et al

A-3 Seepage Through Mira Dam Embankments Maranha das Neves, E. and 
Folque, J.

A-3 Slip Failures in Bedded Sediments Sugden, M.B., et al

A-3 The in-situ Shear Behaviour of Fis
sured Soils Williams, A. and Jennings, >

B-l, B-2 Stability of Slurry Trenches in In-
homogeneous Subsoil Muller-Kirchenbauer, H.

B-3 Design and In-Situ Performance of a
Sheet Pile Wall Baggett, J. and Buttling, S,

B-3 Comportement d'un Soutenement en
Paroi Moulee Delmas, F., et al

B-3 Stabilization d'un Glissenent a l'aide
d'Ancrages Enderli, M., et al

B-3 Experimentation en Vraie Grandeur sur
Ecrans Souples Gielly, J., et al

B-3 Efficiency of the Structures Support
ing Tresna Slide Grabowski, Z. and Wolski, W,

B-3 Behaviour of a Prestressed Diaphragjn
Wall Gysi, H., et al

B-3 Behaviour of an Anchored Diaphragjn
Wall in Stiff Clay

Table 3

Sills, G., et al

Distribution of Papers by Grouping

Group Number %

A-l 9-5 29
A-2 4.5 m

A-3 10 31
B-l 0.5 2

B-2 0.5 2

B-3 7 22



Authors will extend their efforts to consider this 
more general case in due course.

In conventional methods of limit equilibrium analysis 
an assumption is made with respect to the shape of 
the slip surface and the Factor of Safety is calcu
lated making use of the equations of equilibrium 
and the failure critericn for the soil. In the case 
of a circle for purely cohesive soils and a logar
ithmic spiral for frictional soils the problem is 
statically determinate and calculations become 
straight-forward. However if some other shape is 
assumed, a circle for a frictional soil or some more 
general shape, the analysis is statically indetermin
ate and either assumptions or more physical state
ments have to be made about the behaviour of the soil 
in order to make possible the calculation of the 
Factor of Safety. It is the nature of these state
ments that distinguishes one method of analysis from 
another. Given a method of analysis, the critical 
surface is found by iteration. Although powerful 
computer programs exist to analyze sliding surfaces 
of arbitrary shape the calculation of the crltal slip 
surface by these methods would require an extensive 
trial and error procedure. The Calculus of Variations 
appears to provide a means of addressing this prob
lem directly because it is concerned with the deter
mination of functional forms for which definite inte
grals assume stationary values. Therefore if the 
Factor of Safety can be expressed in terms of definite 
integrals and an unknown function, the shape of the 
slip surface, the function that minimizes the Factor 
of Safety might be deduced. This would be the criti
cal slip surface and finding it would be analogous to 
the problem in the differential calculus of finding 
a point at which a given function has a maximum or 
minimum.

Three papers submitted to this session adopt varia
tional procedures to find the shape of the critical 
slip surface. Baker and Garber follow closely a 
formulation published previously by Kopacsy (1957, 
1961) and recently reiterated by Chen and Snitbhan
(1975). The three equilibrium equations are expressed 
in integral form. Both the shape of the slip surface 
and the normal stress distribution are left as un
known functions. The Fafctor of Safety is extracted 
from one of the integral relations and the problem is 
that of finding its minimum value subject to the 
other two integral constraints. This becanes a stan
dard isoperimetric problem in the Calculus of Varia
tions and is resolved by the application of the Euler- 
Lagrange equations. As did Kopacsy, the Authors find 
that the logarithmic spiral is the critical slip 
surface for a frictional material. They proceed to 
calculate the normal stress distribution but emerge 
with four non-linear simultaneous algebraic-trans
cendental equations in four unknowns and suggest re
sorting to numerical analysis with the aid of a com
puter. An alternate analysis would show that the 
normal pressure distribution is given by Kotter's 
equation (Kotter, 1888). In 1961 Professor R.E. Gib
son and the General Reporter submitted a similar 
development to Geotechnique for publication. Both 
normal pressure and shape of the slip surface were 
unknowns. The equilibrium conditions provided inte
gral restraints for the sliding mass and the Euler- 
lagrange equations were utilized. In essence one was 
seeking the normal pressure distribution for which 
the Factor of Safety has its least value for a fixed 
curve and then the curve for which the Factor of

Safety has its least value when the normal pressure 
distribution has the form found in the previous 
stage. A logarithmic spiral was found for frictional 
materials and a circle for purely cohesive materials. 
In spite of the apparent simplicity of the analysis 
and recovery of unexceptional results, the paper was 
declined for publication. The variational procedure 
breaks down unless in the first stage of varying 
the normal pressure distribution it is found that 
the Factor of Safety has a lower bound for every 
arbitrary slip surface. Hie Reviewer proceeded to 
prove in a most elegant manner that the functional 
emerging from the analysis defines a family of curves 
on each of which the Factor of Safety has a value 
which does not depend on the normal pressure distri
bution but on any other curve was unbounded. Since 
there is no a priori reason for limiting the dis
cussion to this particular set of curves the method 
breaks down. This criticism would appear to be 
generally valid to all variational solutions to 
stability problems that make use of only equilibrium 
considerations.

Ramamurthy et al formulate the stability problem in 
terms of an unspecified slip surface and a "shear 
mobilizing factor function", both of which must be 
determined in the minimization of the Factor of 
Safety. The "shear mobilizing factor function" is a 
distributive relation concerning the internal 
forces between slices. Minimization proceeds making 
use of Ritz techniques but appears to ignore the re
straints associated with moment equilibrium. It is 
not possible to assess further the material in the 
paper without access to some references in the paper 
which are not available to the General Reporter.

Castillo and Revilla also employ the Calculus of 
Variations to find the shape of the critical slip 
surface, and are particularly concerned with 
changes in strata which are handled with the trans- 
versality conditions. However, in stating the 
equilibrium conditions, the shear forces between 
slices are neglected as is the requirement of 
monent equilibrium. Therefore they appear to be 
seeking the shape of the slip surface that minimizes 
the Factor of Safety based only on force equilibrium 
and neglecting the shear forces between slices. This 
is an excessively restrictive view of stability 
mechanics. Large discrepancies are found compared 
with Taylor's <(>=0 analysis based on slip circles. 
The new analysis requires greater shear strength for 
equilibrium. Since the slip circle analysis is 
already an upper bound, the new analysis provides 
more conservative results which should be tested by 
analysing appropriate case histories.

Finite element methods of analysis have greatly ex
tended the ability of geotechnical engineers to 
make numerical calculation of deformations, stresses, 
and pore pressures. Ihe availability of powerful 
computer programs is widespread and this in turn has 
spawned an increasing number of efforts devoted to 
modelling the performance of earth structures with 
increasingly complex constitutive relations. Com
plete conferences and review papers have been de
voted to this activity and it is not possible to 
discuss it in detail here. It should be noted how
ever that the validation of this effort in practice 
has been left far behind by the more theoretical 
studies. In order to encourage the geotechnical 
practitioner to learn to use effectively these



powerful tools, special attention must be given to 
the interpretation of field data and the simulation 
of actual construction history must be undertaken 
with great care. The paper by Sharma et al is typi
cal of the analyses that can be undertaken to calcu
late the stresses and deformations in dams. This 
paper is an extension of earlier work and should be 
read in conjunction with it. In the earlier studies 
referenced by the Authors, the stresses and deforma
tions at the end of construction of a high rockfill 
dam were calculated. Hyperbolic stress-strain rela
tions were adopted and joint elements with non-linear 
material properties were used to simulate the inter
faces at the transition zones and core. The paper 
presented here begins with the end-of-construction 
condition as the initial stress state and continues 
the analysis to the reservoir full condition. This 
is modelled by applying the water load on the up
stream face of the core and treating the shell and 
upstream transition as submerged. There appears to 
be no consideration given to the development of pore 
pressures in the core during construction, their 
subsequent dissipation and the implications of reser
voir loading on pore pressures in the core. The 
structure has not yet been built and it remains to be 
seen whether the predictions of these studies are 
supported by the actual performance. A novel feature 
of the calculations is the use of joint elements at 
interfaces. The accurate calculation of stresses at 
interfaces is often made difficult by the large 
stress gradients at the interface and it is clear to 
the General Reporter that specifying joint elements 
will influence the ultimate results. However it is 
not clear to the General Reporter that obtaining 
parameters from direct shear tests is at all charac
teristic of the behaviour at interfaces. The Author 
should demonstrate this before advocating the use of 
joint elements as illustrated in their papers. Ihe 
paper by Dolezalova et al also presents the results 
of calculations before observations. In this case 
the excavation of an open pit coal mine subjected to 
artesian pressure conditions is being modelled, with 
special concern for the stability of the floor of 
the pit. No material properties are given, parti
cularly those pertaining to jointing and permeability 
of the rocks. The analysis appears to be a total 
stress analysis with the water pressure simulated by 
boundary nodal forces. While the problem is undoubt
edly an important one, it is not possible to assess 
the validity of the results on the basis of the 
limited information given here.

There is a continual interest in the role of probabil
istic methods in geotechnical analysis and design. 
Several conferences and specialty sessions have been 
held on the subject and while the literature contin
ues to expand, its inpact on practice remains slight. 
The paper by Kraft and Mukhopadhyay presents an ex
tensive bibliography related to probabilistic ana
lyses of excavated earth slopes. Their studies show 
that increases in the coefficient of variation of the 
strength of a soil increases the Factor of Safety of 
an earth slope which has a given probability of 
failure. The main thrust of the paper is concerned 
with the deformation behaviour of excavated earth 
slopes in statistically heterogeneous cohesive soil. 
Hyperbolic stress-strain relations are adopted and 
deformations are calculated using finite element 
methods. Soil profiles were generated by a Monte 
Carlo technique assuming the properties to be log 
normally distributed. Normalized deformations also

increase with increased variability in soil prop
erties. Improvements in reliability due to in
creases in the number of soil tests are predicted.
The paper makes a useful effort in translating 
probabilistic concepts into terms of more immediate 
concern to geotechnical engineers and should contri
bute to the ongoing evolution of the role of these 
concepts in practice. Matsuo et al recognize the 
empirical nature of much geotechnical engineering 
and are concerned with integrating decision theory 
with observational procedures of embankment construc
tion, in particular, embankments constructed on 
saturated clays where <J>=0 analyses are appropriate. 
The Authors have observed from a number of cases 
that a relation exists at the onset of failure be
tween the horizontal displacement at the toe of the 
embankment and the total vertical settlement beneath 
the centre of the embankment. This empirical rela
tion is by itself a valuable contribution, but the 
Authors go on to integrate this data, a probabilistic 
stability analysis and a Bayesian risk analysis into 
a procedure to optimize the construction of an em
bankment. An example of an embankment constructed 
in stages is given. The General Reporter finds 
this paper particularly illuminating in its quanti
fication of the role of observational data in geo
technical risk analysis.

Rock falls are a troublesome and even dangerous 
hazard when rocks reach a right-of-way. Unless the 
route is relocated, it must be protected from rock 
falls. This can be done in several ways as dis
cussed by Ritchie (1963), Meams (1976), and 
Piteau and Peckover (1977). An analysis of the 
mechanics of rock falls is undertaken in the paper 
by Hacar Benitez et al. Using an energy formula
tion, the motion of a body sliding, rolling or 
falling freely down general surfaces is calculated 
and a computer program has been constructed to 
permit the prediction of the reach of a falling 
rock. An evaluation of reach and tracejtory is 
necessary in order to select the appropriate stabil
izing measure. The analysis also employs a coeffi
cient of restitution and the results are undoubtedly 
sensitive to its magnitude. Little is known about 
this coefficient for natural conditions in soils 
and rocks. The rebound process may itself depend 
upon the change of momentum and it seems that exper
imental support is needed to justify the mechanical 
model put forward by the Authors. The analysis can 
be used to evaluate field experiments and hence 
extrapolate to more extreme conditions, using stat
istical methods.

Centrifugal testing is receiving increasing atten
tion in the geotechnical literature. The paper by 
Vutsel et al is concerned primarily with the theor
etical analysis of a series of centrifugal loading 
tests on slopes with increasing gravity forces.
Tire experimental data have been reported previously 
(Vutsel and Scherbina, 1976) but this has created 
some difficulty for the General Reporter because 
very different strength parameters are given in the 
two papers. The paper presented here is concerned 
primarily with the observation that in some tests 
discrete failure surfaces were not observed and 
therefore an analysis based on limiting deformations 
should be developed. In the view of the General 
Reporter this objective is laudable regardless of 
whether or not a slip surface forms. However the 
Authors then reconmend that deformations be calcu



lated on the basis of an ideally elastic-plastic 
formulation with an associated flow law. It is not 
clear how the plastic deformations are calculated 
and it has been known for a long time that the con
stitutive model advocated by the Authors is at best 
a crude approximation for real soil behaviour.
There is no consideration of pore pressure phenomena 
in the paper.

3. UNSUPPORTED SLOPES AND EXCAVATIONS - EXPERIMENTAL 
STUDIES

Uchida and Hirata express a concern over the use of 
"Masa", a residual soil derived from weathered gran
ite, as embankment material and have conducted an 
extensive series of physical model tests of the 
failure of an embankment in order to investigate its 
properties. Bearing capacity failure is induced by 
loading a plate near the edge of the slope. Only 
limited information is given on the actual properties 
of "Masa" and the interest in the paper lies more 
in the observations of the failure process than the 
discussion of "Masa" as a construction material. 
Observations are made on the sequential development 
of the slip surface which are of general interest. 
Quantitative interpretation of physical model tests 
in geotechnical engineering are notoriously difficult 
for a number of reasons and therefore the conclusions 
of the Authors with regard to the shear strength 
mobilized in the failure of their tests should be 
inspected with care.

The paper by Mikasa et al is the latest in a series 
of contributions illustrating the role of centri
fugal model tests in geotechnical engineering. The 
models are re-constituted Osaka Clay consolidated 
under self-weight in the centrifuge and subsequently 
failed by increasing the gravity stresses. Markers 
on the side of the model give development of the 
failure pattern. The strength of the clay is 
measured using a cone test in clay subjected to 
various accelerations in the centrifuge and a "total 
stress analysis method" is used to calculate 
Factors of Safety. However this method does invoke 
pore pressures determined by ground water conditions 
and the General Reporter has reservations about 
whether the strengths measured are representative 
and whether they can be used in the analysis sug
gested by the Authors. The observations on the 
development of failure show that it is progressive. 
This is amenable to finite element analysis parti
cularly since the clay is reconstituted and a com
parison between measured and calculated strains 
would reveal much. More realistic centrifugal test
ing of slope failures are discussed by Lyndon and 
Schofield (1976).

While a great deal of research has been undertaken 
concerned with the initiation of landslides, much 
less is known about their subsequent motion. There 
is considerable field evidence for a variety of mass 
movements from snow avalanches to rock slides that 
as velocity increases, the debris becomes fluidized 
and its mobility increases. During this process 
the frictional resistance is also undoubtedly 
altered. Understanding these processes is essential 
for the evaluation of natural hazards. It is often 
not enough to say that a slope is unstable. Many 
situations require an estimate of how much material 
will move and how far will it travel. Therefore 
Fukuoka et al who are studying the kinetic friction

in landslides are addressing an important, albeit 
difficult, problem. Using prisms of soil compacted 
near optimum they have undertaken experiments to 
measure the friction as the soil slides down a 
chute. Substantial changes are observed but the 
reasons for these changes are not known. The General 
Reporter believes that even greater changes are pos
sible if the sliding mass can disperse at higher 
velocities. This is a difficult area for experimental 
work and it is hoped that more studies and discussion 
will be forthcoming.

Evans draws attention to erosion processes in loess 
in New Zealand. Subsurface tunnel formation can 
occur which ultimately results in collapse into 
gullies. Shallow slides are also found. The Author 
shows that potential erodibility can be assessed 
with a modified pinhole erosion test coupled with 
density measurements and field observations. This is 
a neglected aspect of geotechnical evaluation al
though the phenomena are widespread. Subsurface 
tunnel formation in the lacustrine silt and colluvium 
of the South Thompson Valley, Canada have been dis
cussed by Evans and Buchanan (1976) and a comparison 
between experience in these different materials 
would be of value to distinguish what indices are 
generally applicable to assessing these problems.

4. UNSUPPORTED SLOPES AND EXCAVATIONS - FIELD 
STUDIES

It is a matter of some surprise that considering the 
extensive literature on the behaviour of soft clays 
only one paper suomitted to this session discusses 
field performance of unsupported soft clay. This 
paper by Barata presents a case history of a failure 
of a large waste fill buried in a very soft organic 
clay. The spontaneous failure is described vividly 
in the paper and an explanation is given that the 
failure was due to an increase in earth-pressure due 
to a mud wave that rose adjacent to the fill.
The resistance of the clay to movement would be 
very small because of the large strains developed 
during burial of the fill. The General Reporter is 
of the view that lateral pore pressure migration 
might also have contributed to the failure. Dis
placement techniques are commonly used to construct 
embankments across swampy or muskeg terrain and it 
is of interest to know whether comparable failures 
have been observed elsewhere.

The stability of saturated overconsolidated clays 
is discussed in a number of papers. Janbu et al 
present a well-documented important case history of 
a slide that took place during construction of an 
embankment on a clay slope. The clay is intact 
stiff overconsolidated material and a careful invest
igation was carried out after the slide to obtain 
shear strengths and pore pressures. The testing pro
gram was sufficiently extensive to permit a stat
istical assessment of the variability of the strength 
parameters. The key conclusion drawn by the Authors 
is that the short-term undrained stability of the 
overconsolidated clay beneath the entoankriBnt was 
accurately revealed by the effective stress analysis 
while the total stress analysis gave misleading 
information about the location of the critical shear 
zone and safety. Even though the Factor of Safety 
was 1.2 to 1.3 based on the average undrained 
strengths, failure still occurred. There is evidence 
that rate effects associated with undrained testing



can result in over-estimates of strength as large as 
this and it is regretable that the Authors did not 
discuss this aspect of the problem. The State-of- 
the-Art paper for this Session has drawn attention 
to the limitations in practice of undrained stability 
analyses, even where intact clays are involved. The 
State-of-the-Art paper for Session 1 defends total 
stress analyses as the most practical and reliable 
method for evaluating the majority of undrained load
ing problems involving soft clays. While this part
icular case involves a stiff clay, it is intact and 
the A value is 1/3 or greater and the General Report
er is of the view that if total stress analyses are 
defensible for soft clays, they are almost equally 
defensible for this material. Discussion of this 
issue will have to give due regard to this excellent 
case record.

The stability of cuttings in stiff fissured clays is 
discussed at length in the State-of-the-Art report.
A distinction is made between processes of delayed 
failure and processes of progressive failure. Ex
perience from a variety of materials suggest that 
the peak angle of shearing resistance is mobilized 
in a first-time movement but that failure can be de
layed by pore pressure equalization and softening. 
Softening results in a reduction in the effective 
cohesive resistance. The paper by De Beer and Goelen 
is a valuable contribution to this discussion. It 
reviews the general behaviour of large cuttings in 
stiff clays in Belgium and discusses in detail the 
stability of a 21 metres deep cut in an Eocene clay. 
This cut was designed on the basis of the peak angle 
of shearing resistance, and a reduced cohesion, 
although not zero, with a Factor of Safety of about 
1.4. The Factor of Safety depends upon the assumed 
cohesion and extrapolating on the basis of data given 
in the paper it appears that the Factor of Safety is 
about 1.1 even if the cohesion is zero. In the de
sign, care was taken to employ worst long-term assump
tions about the water pressure in the clay. The 
performance of the cutting has been good. Moreover, 
other cuts are cited that have shown no sigps of 
distress over several decades and must be mobilizing 
peak angles of shearing resistance. The General 
Reporter concurs With the view of the Authors that 
provided that there is no previous shearing, peak 
frictional strengths can be used in design. However, 
the economics of a design are intimately associated 
with the cohesion that is available and it would be 
of interest to leam more about the long term cohe
sion exhibited by cuttings in Belgium.

Sugden et al describe failures in interbedded sand
stones and shales that have been folded in a mono- 
clinal manner due to the downward warping of the 
eastern coastal strip of the Province of Natal. 
Failures occur during period of water surplus and 
recharge so that ground-water conditions undoubtedly 
act as the trigger. The widespread occurrence of 
flexural slip features in folded sedimentary rocks is 
stressed in the State-of-the-Art report. This paper 
provides a further example. The Authors note that 
the failures occur along seams of clay that have 
already been sheared and certainly several of the 
examples are consistent with the view that the 
shearing is likely associated with the folding. This 
is not so clear in the case where detritus slides on 
hard shale. Sliding at transition zones in the 
weathering profile in shales has been documented 
elsewhere. A more detailed description of the shear 
zones might contribute to deciding whether or not

some of these shear zones are formed in the 
weathering process. Stability of natural slopes 
are also discussed by Blondeau et al. Their ex
amples have been discussed elsewhere but they are 
characteristic of such extensive instability that 
it is worthwhile presenting them here to a larger 
audience. The natural slopes that they consider 
are in the Lias clay and the movements are re-acti
vated shear zones, at residual strength. Movements 
depend upon the increase in water pressures asso
ciated with precipitation and freezing-thaw effects 
which influence the recharge conditions. The region 
had been subjected to a periglacial climate which 
undoubtedly initiated much of the instability.

Coastal erosion problems in the presence of steep 
slopes involve both hydrodynamic and geotechnical 
considerations. While these problems are difficult, 
they are of increasing economic importance and it 
is appropriate that more geotechnical engineers are 
addressing them. Edil and Vallejo describe coastal 
bluff retreat on the shore of Lake Michigan in soils 
of glacial origin. Where instability occurs, it 
can be explained in a rational manner by a process 
of delayed failure. Undrained analyses tend to give 
Factors of Safety well above unity while drained 
analyses give Factors of Safety equal to or less than 
unity. The Authors rigfrtly draw attention to the 
role of wave action at the toe of the slope and 
transport down the slope influencing the style of 
degradation and its rate. Workers in this area 
should refer to comprehensive studies of cyclic 
erosion and instability published by Quigley et al
(1976). Their studies of erosion along the north 
shore of Lake Erie, Ontario, have resulted in a 
specific semi-quantitative understanding of the 
relations between slope height, rate of recession, 
the energy of the wave attack and other factors which 
may be equally applicable to the location studied 
by Edil and Vallejo.

Instability of slopes in partly saturated soils are 
discussed in two papers. The paper by Decourt 
describes briefly the properties of a residual 
soil derived from a sandstone in Brazil and the 
failure of a cutting in it. The cut failed five 
years after excavation. At failure it mobilized 
strength less than the partly saturated undrained 
value. Failure occurred at the end of the rainy 
season when the extent of infiltration is maximum.
The occurrence of the failure is consistent with 
views on the role of infiltration initiating insta
bility that are referred to in the State-of-the-Art 
report. It is regrettable that more details sur
rounding this failure have not been given. Williams 
and Jennings have presented an important paper.
They review the origin of discontinuities in clay 
and then discuss in detail the macrostructure of a 
typical dessicated alluvial clay in South Africa.
Of special interest are the slickensided discontin
uities that are shown to have a mean dip of about 
45° with essentially a random dip direction. 
Techniques of line mapping that are used in assess
ing discontinuities in rocks are found to be equally 
effective in deciphering the discontinuity pattern 
in this clay. Comprehensive data management facil
ities exist in a number of countries to -handle the 
results of line mapping and it is of interest to 
know that these facilities are equally applicable 
to this kind of soil. The strength of the intact 
clay is much stronger than that along the dominant



discontinuities where it is close to residual. A 
trial slope failure is also described and it is 
pointed out that failure can only be understood in 
terms of the pattern of discontinuities and the mech
anical properties along them. It should be noted 
that the spacing between the joints discussed here 
is in the range of 150 to 500mm and in the view of 
the General Reporter it would be useful if agreement 
could be reached as to whether this should be called 
a fissured soil or a jointed soil. In the light of 
the performance of the material the General Reporter 
favours the latter term. Other examples of jointed 
soils are discussed in the State-of-the-Art Report.

Klym et al are concerned with predicting the heave 
in glacial till and interglacial sand and gravel 
deposits following a large powerhouse excavation.
The movements involved are small and predictions 
are made using a linear finite element analysis. 
Moduli were obtained from various in-situ and labora
tory tests. Experience with dense tills and granular 
deposits elsewhere supports the acceptability of the 
general procedures adopted by the Authors. Accurate 
prediction of small movements also depends upon 
the boundary conditions. The Authors correctly dis
card the view that the boundary between the soil and 
the bedrock should be rigid and instead replace this 
boundary with a system of elastic springs which 
contribute stiffness components to the boundary nodes 
that depends upon the modulus of deformation of the 
bedrock and its area of influence. It would be of 
interest to have more details on this procedure and 
sane evaluation of the sensitivity of the results 
to variations in the boundary stiffness.

Seepage through an embankment is the subject of con
cern in the paper by Maranha das Neves and Folque.
The permeability variation and anisotropy in the 
Mira Dam are found by assuming distributions and 
mateling the calculated pore pressures to those re
corded by piezometers. The values found this way 
are lower than those obtained in various tests and 
likely reflects differences in degrees of saturation. 
The General Reporter can find no data in the paper 
supporting the very extreme anistropy suggested by 
the Authors and wonders what is the sensitivity of 
matching the observed pore pressures with other distri
butions .

5. SUPPORTED SLOPES AND EXCAVATIONS - THEORETICAL 
AND EXPERIMENTAL STUDY

The paper by Muller-Kirchenbauer is the only one 
assigned to this grouping. It is concerned with the 
mechanics of the stability of slurry trenches in 
non-homogeneous soils. If a slurry is designed to 
support certain particle sizes difficulties arise in 
soils such as layered sands and gravels. The process 
of penetration of slurry into granular soils and the 
support of single particles are discussed in detail. 
The significant point is made that if, say, gravel 
particles are unsupported and slide out, an overhang 
will form that can still be supported by slurry. 
Figure 12 in the paper is a very striking demonstra
tion that local failure can be tolerated in trenches 
supported by slurry.

6. SUPPORTED SLOPES AND EXCAVATIONS - FIELD STUDIES

The papers grouped here may be further subdivided as 
follows:

i) those concerned with support systems to stabilize 
slides

ii) those concerned with support systems for excava
tions with special reference to soil-structure 
interaction and associated deformations

Two papers deal with slide stabilization by means of 
support systems. Enderli et al describe reactivation 
of an old landslide by excavation into a slope for 
highway construction. The slide was stabilized by 
building an anchored retaining wall at its toe and 
adding a toe weight up to the level of the wall.
This has worked in a satisfactory manner and the 
Authors suggest that the technique is applicable to 
slides with a depth of 10 to 15m. The construction 
is described in detail but design information is 
meagre. It is difficult to accept the generalization 
of the Authors without this information. In some 
instances the same effect migjit be achieved without- 
tie-backs while in others drainage may be preferable. 
Grabowski and Wolski discuss a slide that occurred 
over the intake tunnels for the Tresna Dam in Poland 
and that clearly required stabilization. This was 
achieved by anchoring a concrete retaining block to 
the rock and constructing a toe load over the fill. 
The concepts are similar to those employed in the 
previous paper. A recent drawdown of the reservoir 
exposed some of the reference points for measuring 
movements which revealed that only very small 
movements have occurred since the stabilizing meas
ures were constructed. No movements have been evi
dent for the last five years.

Sheet pile walls are very flexible structures and due 
to the interaction of the piling with the wall the 
earth pressures that develop differ greatly frcm 
classical theories. The pressure is reduced on some 
parts of the wall but increases on others. The net 
result of this redistribution is a reduction in the 
maximum bending moment developed by the sheet pile. 
Bjerrum et al (1972) were perhaps the last to review 
anchored sheet pile wall problems at length and they 
listed the large number of conferences and symposia 
at which earth pressure problems have been discussed. 
The principles of anchored sheet pile wall behaviour 
are fairly well understood and the failures that do 
occur are not the result of inadequate earth pressure 
theory (Sowers and Sowers, 1967). While the design 
of anchored sheet pile walls has generated a very 
large amount of research, comparisons between calcu
lations and full-scale behaviour remain of interest. 
Baggett and Buttling describe observations on a wall 
designed by the free earth support method and they 
compare designs based on various alternatives. The 
design method adopted by the Authors is commonly 
held to result in a very conservative design. Never
theless the observed stresses and deformations are 
in reasonable accord with the design values and do 
not support other less conservative design methods. 
This case history deserves careful attention by those 
concerned with the design of anchored sheet pile 
walls. Even the large variation in results of design 
calculations by accepted standard methods is discon
certing (see Table 1 in paper). The General Reporter 
notes that most of the fill was blast furnace slag 
and wonders whether the properties of this material



influenced the general character of the results.
The Authors cite another case that performed in a 
manner consistent with the Danish Code but this case 
was a hydraulic fill. Observations on strutted ex
cavations are discussed by Gielly et al who describe 
the behaviour of a sheet pile wall strutted at one 
level and a concrete diaphragjn wall strutted at 
three levels. Both were instrumented for deforma
tions in various ways. The Authors conclude, as 
have other studies, that the response of a strutted 
excavation is dominated by installation practice 
and that this is more significant than differences 
in alternate theoretical interpretations. The 
General Reporter wishes to emphasize that this is 
not peculiar to strutted excavations alone, but is 
characteristic of all soil-structure interaction 
problems.

Anchored concrete diaphragjn walls have beccme a main
stay of urban construction practice. They have 
facilitated the construction of numerous building 
foundations and rapid transit systems. Systematic 
recording of experience with the technique will add 
to increased reliability and economy. Three papers 
make contributions in this way. Gysi et al describe 
the support of a 15.5m deep excavation mainly in a 
dense moraine. The bottom of the excavation is more 
than 12m below the ground-water table. The wall is 
supported by one row of anchors but due to the high 
bending moments it is prestressed itself by vertical 
cables. Problems were encountered in obtaining 
adequate anchor resistance and a redesign was 
necessary. This redesign made use of support from 
the bottom slab. Adjacent settlements were surpris
ingly large in the view of the General Reporter who 
wonders whether a second row of anchors might not 
have been appropriate. An anchored diaphragm wall 
in stiff London clay, supported by four rows of 
anchors is discussed by Sills et al. The anchors 
are the multi-belled under-reamed type. Detailed 
observation of anchor loads, pore water pressures 
and movements behind the wall are reported. Of 
special interest in this case history are the magni
tude and distribution of the movements. During 
excavation, surface displacements were initially 
mainly horizontal and extended back from the wall 
four to five times the depth of the excavations. 
Subsequent settlements close to the wall were attri
buted to the downward pull of the ground anchors.
The Authors conclude that it appears that a block 
movement of ground has occurred with translational 
and tilt components. Within the block, the horizon
tal movements have become quite high, notwithstanding 
the satisfactory performance of the anchors. This 
paper illuminates some of the inherent problems of 
tie-back support systems in clays. A very deep 
(21m) excavation supported by a diaphragjn wall is 
the subject of the paper by Delmas et al. The wall 
supports a face composed of a sandy gravel alluvium, 
a clayey fine sand, and marl. There are four an
chored tie-backs. Observations have been made on 
the earth pressure acting on the wall, the deforma
tions of the wall, and the anchor loads. Theoreti
cal studies have also been undertaken using elastic 
plate theory and finite element analyses. Agreement 
with observations is modest. The Authors also note 
that the zone of deformation extends to a distance 
more than three times the depth of the wall. This 
is similar to the observations of Sills et al cited 
above and it will be of interest to clarify the 
factors determining the extent of the deforming 
zone in this class of problems.
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