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MAIN SESSION IV

PROBLEMS OF SOIL MECHANICS AND CONSTRUCTION
ON SOFT CLAYS ANDSS¥%gCTURALLY UNSTAHLE

(collapsibl e,expansive and others)

Chairman: Prof. Geheloonards (USA), General Reporters:
Prof.)L.BJerrum (Norway), Prof.G.D.Aitchison (Aust-
ralla).

Participants: P.La Rochelle (Canada), Ch.C.Ladd (USAg,
K.V.Helenelund (Finland), AJ.Bishop (U.K,
G.Ter-Stepanian (USSR), B.B.Broms (Sweden ),

JeLeJusto ESpain;, M.N.Goldstein (USSR),
V.Escario (Spaln), R.Rosen (Sweden), J.L.Kogan (USSR)

BeI.Dalmatov (USSR)

Chairmah Prof.G.A.Leonards (USA)

Main Session IV has two parts and two ge-
neral reports: part I deals with the in si-
tu properties of soft,saturated clays,and
prt 2 is concerned with the changes in pro-
perties of partly saturated soils especially
"collapse" and swelling phenomena upon imbi=
bing water. Due to its great importance, the
Organizing Committee has arranged for the
preaentatfon of a summary of the general re_
port prepared by the late Dr.Bjerrum. This
will be followed by some Comments by our es—
teemed President, Prof.Ralf Peck. We will
then proceed with the presentation of a summ-

of Dr.Aitchison's general report by his
:gileague from Australia, Dr.Gerrard. After
the intermission there wlll be discussion on
the questions railsed by the General Reporters.

In Chapter I of his refort,Bjerrum reviewed
the principles for identifying and classifying
deposits of Soft,saturated clays,including:

1/ The geological history,

2/ The variation of water content and Atter—
berg limits with depth,

3/ Deseription of the clay fabric based on
visual examination in the wet and partly
dried condition.

4/ The variation of
with depth; e.g.

undrained shear strength

the vane shear strength.

5/ The existence of a P, value ,indicating a
threshold in the compressibillty of the
clay,as determined by consolidation tests.

It is hoped that in the future all case re-
cords of structures on soft ground will inc-
lude at least this amount of information to
identify the clay deposit.

The exlistence of a Pg-value may be due to
an earlier effective a%reaa greater than the
overburden pressure. Pgp,i.6. an overconsoli-
dated clay; or, to the formation of brittle
cementing bonds /for example,the precipitation
of calcium carbonate/,i.e., cemented clays;
or to the effects of secondary compressions
groceeding over long periods of time, which

errum called "aged'", normally consolidated
olays., 'Young", normally consolidated olays
are deposits not affected by any of the above

”

factors; e.g.recent delta deposits,clays
consolidated by man~made fills, or marine
clays in the last stages of leaching which
are disturbed due to the resulting volume
change. A "Young" clay is characterized by
PcaPo. Bjerrum emphasized the importance of
aging effects, whioh depend upon the plasti-~
city index,as shown in SLIDE I.

In Chapter 2 Bjerrum considered the ef-
fects of sampling and sampling disturbance
Upon unloading,an uncemented clay is not ful-
ly able to resist swelling initially,and
this resistance is further reduced with time
due to creep effects. The swelling is accom-
panied by a redistribution of water from the
more disturbed outer pertions of the sample
towards the core so that even if the total
volume is maintained inchanged the proper-
ties of the sample are altered. For samples
of high quality, i.e.,thewmechanical distur-
bance of the sample is relatively small,
Bjerrum recommended reconsolidation under Ko
oonditions prior to shear testing. The effect
of such reconsolidation,and of time after
.sampling, are illustrated in SLIDES 2 and 3
A similar effect of time after sampling on
the measured value of Pc was published in
the Proceedings of the ASCE Settlements Con~
ference in 1964/, Cemented clays are relati-
zely insensitive to the above swelling ef-

ects.

On Chapter 3 Bjerrum turned his attention
to the 3hear strength of Soft Clays, a topic
which was the subject of his doctoral disser-
tation and which probably remained closest
to his heart throughout his active carreer.
He began with Hvorslev's /1937/ concept of
offective friction amd effective cohesion,
introduced the observations of Schmertmann,
ot al /1960-.64/ that the effective cohesion
is mobilized at much smaller strains than
the effective friotion and added his inter-
pretations of the effects of time and aniso-
tropy to develop an integrated mechenistic
picture of the shear strength of soft, satu-~
rated clays., This picture forms the baals of
his recommendations for selecting strength

parameters to apply in practical problems and



an attempt will be made to present i1ts essen-
tial concepts.

Although Hvorslev's effective friction is
proportional to the existing effective stress,
and the effective cohesion is proportional
to the equivalent cansolidation pressure, it
was demonstrated by Schmertmann,et al that
their characteristics are different in two
main respects: offective friction is mobili-
2ed at relatively large strains but is stab-
le with time, while effective cohesion is mo=
bilized at small strains but yields when sub-
gected to sustained shear stresses. Fram
tgese facts Bjerrum made the following deduc-

anaé:

1/ After a clay stratum is deposited, mobi-
lizad cohasion is gradually transferred to
effective friotion due to creep in the cohe-
sive bonds until, after a long period of ti-
me has elapsed,the exlisting shear stresses
are carried entirely by effective friction.
If a shear stress is suddenly applied,its
critical value-i.e,the shear strength-can be
formulated as follows:

t’c,.=’t',(+{(6§< fan¢e-fa)bm+k"’e} s

where, K and are the Hvorslev parameters,.

Ty and O are the existing normal and
shear stresses on the plane,

Pe is the equivalent consolidation pres-
sure=Po,

Dm 18 a factor which is a measure of that
fraction of the total available friction in
excess of Ty that has already been mobilized,
and is uaually leas than T,

The mobilization of effective cohesion is
assampanied by a breakdown of the soil struo-
ture. In undraihed shear excess pore pressu-
res develop and failure ocours; in drained
shear pronounce ylelding takes place at the
same stress level, Thus until a breakdown in
8oll structure occurs, the drained and un-
drained shear strengths are identical and the
maximum value of 3 that can be added in the
shoxrt term= the besmin egu A,

2/ If a shear stress A is added to TA
such that 14 +aT< Ter, AT will initially be
carried entirely by ebfective cohesion. How=
ever,creep Will begin at a rate that depends
on the mugnitude of AT in relation to k.Pej
the larger AT the faster the oreep rate.
4ith time there will be a gradual transfer
of shear stress from cohesion to frioction and
the oreep rate will decrease. If AT is the
available effective friction equilibrium will
eventually be established; however,if it is
greater,the creep rate gradually decreases
to a constant value until a oritical shear
strain is reached. At the critical shear
strain the soil structure breaks down,excess
pore pressures develop,and failure ocours.
This phenomenon, which Bjerrum called the
“time effect", can be considered simply in
terms of the time required for creep to reach
a oritical strains the time duration is rela-
ted to the shear stress level as shown in

SLIDE 4 .

BJerrum also used equation /A/ to explain
the effects of anisotropy. The initial stres-
8es in the ground an any plane are:

(a)

"wore compared, SLIDE

EaFPo(cos%#+Kosin%0
TPy (1-K ) sinol oos £

where, Po is the vertical overburden pres=-
sure and Ko 18 the, coefficient of earth pres-
sure at rest. K, and Pe=Po can be deter-
mined in the conveBtional way,and Dm can be
back figured from a eingle test in which

is measured. Bjerrum cited some results
of°% series of simple shear tests recently
carried out at NGI by Dr.Soydemir in which
predicted and measured anisotropy effects
» with good agreement.
Note that anisotropy depends on both dl rec-
tion and sense of the applied shear stress,
i.e.whether it 18 in the same or in the op-
posite direction as the existing shear
stress,and on the relative magnitude of K.Pe
to tan Pg - 1.6.the plasticity of the clay.
This is illustrated in SLIDE 6, which shows
the ratio of Su(K) To Su /vene/ as a func-
tion of £ and plasticity,

Based on the foregoing principles,it is
possible to take high quality undisturbed
samples, reconsolidate them the laborato-
ry under the exlisting stress oonditions,and
perform series of teats to evaluate the ef-
fects of time,and of anisotropy,on the evail-
able shear strength. However Bjerrum recommen-
ded in Chapter 4 that at the present time
practice should oconsist of applying empiri-
cally determined correction coefficients to
the vane shear strengths. His final Chapter
is a digest of case records which from the
basis for determining these correction coef-
ficients.

In this general report to th® ASCE Confe-
rence at Purdue in June of 1972 Bjerrum ana-
lyzed 14 embankment failures with the result
shown on §EID§ %. In the present refort be
collected ooting failures and S5 load tests
a8 shown on SLIDE 8, and 10 failures of tem-
porary cuts or unsupported excavations,

SLIDE 9. He demonstrated that in all these
cases neglecting the effects of anisotro

was inconsequential for highl{ plastic clays
and slightly on the conservative side for
olays of low plasticity. Accordlngly,for em-
bankments,fcotings and temporary cuts Bjerrum
recommended correcting the vane share strength
for time effects only, as shown on SLIDE 10.
A review of 12 bottom heave failures
strutted excavations led him to conclude that
the same correction factors are applicablee.

Bjerrum analyzed the results of passive
earth pressure measuraments on 4 strutted ex-
cavations in Oslo, where the applied shear
stresses, SLIDE 11, are oppoalte to the exis-
ting ones. result was that a correction
factor on the vane shear strength of about
0.5 had to be applied to obtain agreement
between the measured and predicted passive
pressures. A8 the plasticity of the soils
was low /Ip 25/, the correction factor must
be due mostly to the effecta of anisotropy,
without applylng the correction factor the
predicted passive pressures were on the unsa-
fe Bide by a factor of 2, a result which de-
serves careful attention in design practice,

Bjerrum also discussed the stability of
permanent cuts and of natural slopes,and he

(B)
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outlined some principles for predicting set-
tlements due to consolidation,but my summary
of his general report will conclude with a
few remarks concerning his interpretation of
the bearing capacity of friotion piles in
soft clays.,

Bjerrum maintained that the empirical shaft
adhesion faotor /a/ obtained from loading
tests,and generally assigned a value of I in
soft clayg by a number of investigators, may
NOT be used to prediot the long-term bearing
capacity of friotion piles, This is due to
the fact that a is dependent on the rate of
loading /decreasing at slower loading rates/
and that long-term creep effects result in a
transfer of stress from effective cohesion
to effective friction whioh,along with conso-~
lidatlion of the clay,increases the bearing ca
faoity of the pile. Bjerrum analyzed three

oading tests 1n which the short-term effect
of the rate of loading was measured, SLIDE
12, He recommended that similar relaxation
Tests be conducted routinely during load
testing of piles to obtain an indication of
the reduotion 1n adhesion at slower rates

of loading. In the long-term the bearing ca-
pacitinwill increase, especially-Bjerrum
felt-ln clays with high values of affective
friction /i.e., low plasticity/, but he made
no recommendations at this time ooncern

the prediotion of the magnitude of this ino-
rease.

In conclusion, I urge that
fulli this last report by Dr.Bjerrum. I beli-
eve 1t points out many avenues for fruitful
research and- as Dr.Bjerrum pointed out- no
responsible engineer should use an empirical
design procedure without fully understandin
the principles on which it was based, In reg-
rospect it seems to me that Dr.Bjerrum may
have had a premonition of coming events be-
cause be poured-every fibre of his energy and
of this penetrating thought into his last
general report, I thank you very much for
your kind attention . Now I wish to invite

%ou study care-

the delegates to tarte part in the discussion.

Before the beginning of the disocussion I
wigh to call upon Prof.Ralph Peck to make
some oomments,

Prof ,Ralph B.Peck

It 18 impossible to comment on this sessian
without feeling deeply the absence of Laurits
Bjerrum.When you have the opportunity to

read and atudy Bjerrum‘'s report,I am sure you

will agree with me that it is one of his
orowning achievements. It is surely not the
last word on problems of solil mechanios and
canstruotion on soft clay,because it raises
questions as yet unanswered. But in my judg-
ment 1t is the clearest and most oomprehen—
sive picture we now have of the subject,

The orderly development,so apparent in the

state-of-the-art report,was not easily achie-

ved. Those of you who attended the Purdue
Conference in early summer of 1972 and the
European Conference in Madrid earlier that
Jear will notice that many of the same ideas
were expressed by Bjerrum in his reports at
those conferences,but that the concepts were

8till in a formative stage with several in-
conalstencies and speculations. The report
to the present conference 1s based on seve-
ral additional field and laboratory inves-
tigations carried out specifioally to provi-
de basic information regarding some of the
concepta.

It was my good fartune, in the period bet-
ween the Madrid conference and Bjerrum's
death, to meet him in Montreal every two
months in oonnection with the James Bay Hy-
droeleotric Project. At each meeting he had
new thoughts or a new draft of his state-of-
the-art report,and we discussed them earnes-
tly and sometimes heatedly.Il wish I oould
oonvey to you how much of his life and ef-
fort went into the preparation of this report
and how carefully he examlned each aspect
from all polnts of view, .

Some of the conclusions must be used with
caution. A major point is the necessity for
reoonsolidatingiundisturbed samples under
the stress conditions to which they were sub-
Jeoted in the ground. Bjerrum emphasizes
qulte correoctly that this procedure is valid
only for the very best undisturbed samples,
samples that bhave not swelled to the point
that any inelastic behavior has taken place.
Otherwise,the reoconsolidation will result in
reduction of water content, in higher stren-
gths than exist in the field,and in uncon-
servative results., Hence,the reconsolidation
procedure goes hand in hand with the most
oxpert sampling. In many parts of the world,
undisturbed samples of the necessary quality
are not custamarily obtained and use of the
recansolidation procedure will lead to seri-
OuB errors.

In the camparisan of field results with
safety factors camputed in accordance with
conventional procedures, Bjerrum stated
quite positively that there is nothing wrong
with the basic principle of the presentl
used methods of computing the stability.This

not be true,and errors in stability cal-
culation may be responaible for some of the
disorepancies pointed out in the report. The
ocritical oirocle determined in an undrained
stabllity analysis may not ocoincide with the
aotual failure surface. We rec ze that
the direotion of the planes of failure in an
undrained test are determined by an inherent
frictional resistance of the material,possib-
ly represented by Hvorslev's effective fric-
tion angle, Yet, in undrained atability ana-~
lyses, we proceed as if the position the
surface of aliding corresponded to a frioti-
onless material. The effect of this discre-
pancy does not seam to have been fully in-
vestigated as yet.

In the state-of-the-art re
points out that the full scale loading test
at Ellingsrud throws some light on the prob-
lem of grogreaaivo failure, The test embank-
ment did not fall at a faotor of safe of
l.12 based on laboratory peak values.
clay was highly sensitive. Hemce, Bi:rrum
ooncluded that progressive failure a fac=-
tor of minor importance. Nevertheleas, in
1971, in connection with the James Bay Pro-
Jeot,a test embankment orf sensitive clays

falled at a factor of safety of about 1,6 and

gort,B errum
°



Bjerrum felt obliged to recommend that emban-—
kments on the extrasensitive materials found
at that project should be designed with an
allowance for progressive failure,The cor-
reotions for the time effect and for aniso-
tropy were insufficient to account for the
discrepancy.

Henoe,as I pointed out earlier,the report
is undoubtedly not the last word with res-
pect to the stability of soft clays. Never-
theless, it demands the attention of eve
gerson who deals with such materials and it

eserves fully to be called a masterplece,
He are indebted to Laurits Bjerrum for this
magnificent contribution

Chairman Prof.GeA.Leonards

Thank you very much Prof, Peck. I would like
to ask Dr.Geard to present us with his re-
pOI‘to

Dr. Gerrard C.M. /Australia/

Mr.Chairman,Ladies and Gentlemen,as you are
aware Dr.Aitchison was unable to attent the
Conference because of some important unfore-
seen commitments. He asked me to extend his
deepest apology for this together with his
hope and desire far the success of the con=
ference and his personal greetings to the
many of you here who know him,

You will see that Dr.Aitohison's report is
largely of a philosphical nature and in pre-
genting this summary I will endeavour to
adbere to what I understand to be his maln
ideas. Because of the time requirements
the discussion will be general.and specific
papers will not be referred to as such.

By way of introduction we should firstly
oconaider what is meant by structurally uns-
table soils. For the purposes of this report
it is accepted that structurally unstable
solls are those that exhibvit significant de-

8 from the simplistic stress-deforma-
tion rules of basic soll mechanics. However,
the point should be made that it may be more
profitable for soil mechanicse communications
to be based on a recognition of the general
complexity of soil behaviour and the wides-
pread occurence of structurally unstable
solls,

Various authors have reported structural
instability in sands due to liquefaction
collapse,and internal erosion,the causual me-
chanisms being dynamic¢ loading,wetting and
loading,or leaching, In silts,trost heave,
collapse and expansion are reported due to
temperature change and nettinf and loading.

For clays structural inatability may be in
the form of expansion,shrinkage and cracking,
internal erosion, or iiquefaction these forms
being caused by moisture change,solute oon-
centration changes or flows,and localized
initiation of failure (A full desoription
lsrgiven in Table l).Attention in this re-
port is focuseed almost entirely on collapse

and shrinking and swelling.

The above descriptions of structural in-
stability lay emphasis on material suscepti-
bility. However,in developing a national
framework for communiocation,emphasis should
be placed on the processes of structural
instability inoluding the nature of discon~
tinuities in the stress=deformation behavi-
our. These processes involve the complex
interaction of the intrinsic soil properties,
applied stress levels and external faotors,
particularly environment. Structural insta-
bility may be categorized according to the
relative contributions made by the applied
stress levels and external factors as indi-
cated in Table 2 and Fig.l.

It cannoj be emphasised too strongly that
structura g unstable solils can onlz by de-
fined Yy reference to processes in terms of;
a) The structural awangement of the partio-
les, and composition of the constituents -of
the soil.

b) the history of the environtental status
including moisture content, pore pressure,
Eemperature,and the nature of the electroly-
;@,and .
¢) the history of previous loading together
Yitg a definition of the proposed applied

oﬂ L]

Not unexpectedly, a survey of the litera-
ture indicates a relactance by engineers to
accept the complexities of such a definiti-
on, particularly with regard to the role of
envirooment. Engineering Judgements are usua=-
1y invoked as expediencg measures and this
has limited scientific development.

Having discussed the question of the de-
finition of structurally unstable soils a
second and interrelated question should be
conslidered. This is wbather any speclal olr-
cumstances exlet that are inhibiting the evo-
lution of the state-of=the art of struoturally
unstable solls as oompared to that for struc-
turally stable solls.

Certain loglcal stages in the form of a
fully integrated study are necessary in the
refinement of s0il mechanics knowledge and
these are set out in fig,2A and summarized
below:

a) observations of a phenomenon or its

manifestations,

b) formulation of a hypothesis with quan-
tifiable parameters leading to ths de-
finition of a physical law that could
Quplicate such manifestations,

¢) gathering experimental evidence in terms
of parameters to confirm or modify this

law,

d) use of the physical law as a design pro-
cedure,and

e) observation of engineering structures
in terms of the above parameters,

Structurally stable soils have less complex
interactions and it is often possible to
introduce short cuts in the above proocedure
by introducing proven design methods and by
ueing soll identification test results di-
rectly in design. These short cuts are shown
in figures 2B and 2C. Hence,advances in the
state-of the art for structurally stable
sollse can often be obtained by the integrati=-
on of scattered results,
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The interaction of environmental factors
does not permit these types of short cuts to
be used for structurally unstable soils,
However,the conduct of fully integrated stu-
dies is very diffioult because of the lack
of precision in 80lil identification proce-
dures, the vanety and problem of adequately
quantifying external cantrols and solil prope-
rties, and lack of adequate lnstrumentation
for some field measurements. For this reason
appropriate short cuts must be used to solve
immediate problems with the penalty of seve-
rely limiting advances in the state-af-art.
The first of these short cuts,as used by many
of the authors, is shown in £1g.20 and oons-
ists of reooggizing the indices of gotential
s0il instability and removing or m ying
the offending soll layers.

A less drastic, and hence more versable,
approach is that of the stress-path method
is shown in fig.2E. Here the correct order
and the specific stress response is used d -
rectly in design. One of the features of the
stress- path method is that it allows the
Eroger use of the effective stress principle.

¢t 18 recommended that the effective stress
principle should not be discounted in struc-
turally unstable soils. The appropriate form
of this is givea in equation V,1,

We shall now briefly consider the particu-
lar forms of structurally unstable soils
known as collapsing soils and expansive and
shrinking soils,

Por oollapsing soils,although there is a-
cumulating data on methods of modification
or removal (l.e.following the stages shown
on £ig.20), there have been fow if any att-
empts to conduct a fully integrated study
such as illustrated in fig.2A. The state-—of-
the art is therefore not well advanced. One
practical way of improving .this situation
would be by the adoption of the stress—path
method as outlined in fig.2E. The data there
by obtained would allow the engineer to
choose ons of four possible courses of action:

a; to design for collapse as quantified,

b) to desifn for avoldance of collapse by
precluding the operation of the relevant
environmental control

¢) to induce collapse prior to construction,
or

d) to remove or modify the soil susceptab~
le to collapse.

In turning to expensive solls iv is impor-
tant to note the significant role that chan-
ges in solute suchon can play in producing
large deformations. This can be clearly seen
in fig.56. On the subjeoct in general there
has been a lack of progreas within recent
years and many unfounded assumptions are still
common. This appears to be due to the lack
of integration of site investigations,labo-
ratory studies and design procedures toge-
ther with a reluctance to gather data in qu~
antifiable stress-deformation terms,

Two areas of research on expanaive glays
sarticularly require further effort. The

irst is concerned with rate processes with
the development of an appropriate mathemati-
cal model and the conduct of fully integrated
atudy as in fig.2A. The seocond involves the
gathering of facts, in quantifiable stress—

stress~-deformation terms,which define the
intrinsic properties of the solls with res-
pect to each external cantrol and which also
define the mature and magnlitude of each
such external oontrol.

In conolusion it is recommended that fur-
ther disocussion be related to the following
topica: )

1. The present and potential availability
of facts in terms of stross-deformation
parameters concernlng:

a) the intrinsioc properties of structural-
ly unstable solls,including their fab-
ric,and

b) the nature,magnituile and ocourence of
each environmental control,

2. The present and potential availability
of mathematical or physical models capable
of representing the stress—deformation beha-
viour of stmoturally unstable soils as re-
lated to typical engineering projects. Mo—
dels should be available for:

a) collapsing solils, having due regard
to discontinuities in stress-deforma-
tion response patterns,and

b) expansive and shrinidng soils inclu=-
ding the development of physical dis-
oontinuities during volume change.

3. The feasibility of undertaking a num=
ber of fully integrated stulies on a range
of struoturally instable solils. Major re-
search oentres with sufficient capacity to
undertake such stulies could naminate theri
toplo of interest to the International So-
ciety who may decide to provide financial
aupgort for approved projects. As well as
conducting an integrated study each rese-
aroh centre would serve as a co-ordinating
centre for research on that topice

The recognition of a number of principal
research cent res should be coupled by a re-
gional approach to the problems of structu-
rally unstable soils. The definition af
land areas of similar environmental cont-
rols and intrinsic soll properties would
allow some extrapolation of the results of
the fully integrated studies. Such extra-
polation will be necessary because of the
cost of repeating integrated studies. How-
ever, 1t should be emphasised that any form
of regionalism should be accompanied by a
oommon of communication in terms of guan-
tifiable stress-~deformation parameters. This
should ensure that the current parochal form
of regionalism is not perpetuated. Thank you
Ladies and Gentlemen. '

Chairman Profo.Leonards G.A,

Thank you very much Dr,Gerrard for ma-
kinﬁiacquainted with the report of Prof,
Aitchison.

Ladies and Gentlemen, it is time for 15
Minutes intermission. After intermission
we shall begin our discusaion

Intermission



Chairman Prof,G.A.Loanards

I would like to call om Prof,La Rochelle
from Canada.

During the last years of his life,Dr.Bjer-
Tum became more and moré attracted by the
Canadian clays and by the differences in the-
ir behaviour when compared to the Norwegian
clays; this is evidenced by the elaborate
oomments on the cemented Canadian clays which
have been included in his General Report.

The Reporter has specifically expressed the
wish that the discussion on his report "be
devoted to a general illumination and enlar-
gement of the recent findings and advances
with special reference to their agglioation
in practioce", I certainly do not have the
pretention of shedding a gemeral illumination
on the General Report,however, I believe that
some of the recent findings of our group at
Laval University, Quebec,Canada, in relation
to the sampling techniques and eheir impli-
cations deserve to be brought to the atten-
tion of this audience,

It is only during the last decade that Ca-
nadian engineers became really aware of the
presence and the practical meaning of the
cementation bonds in the sensitive olays fo-
und in eastern Canada. e reason for such
a late appreciation of a fundamental charac-
teristic of our olays lies mainly in the faot
that, although the cementation bonds are
more resistant to the disturbance resulting
from a release to the confining in situ
atresses, they are probably more sensitive
to distortion than the ordinary bonds found
in non-cementsd clays. When somparing resulte
of tests made on blook and tube samples,lt was
found that even the thin-wall tube stationa—
ry piston samplor producsed a distortion lar-
ge onough to destroy most of the cementation
bonds (La Rochelle and Lefebvre 1971); ths
difference in brittleness was such that the
peak value of drained compression shear
strength measured on the tube samples corres-
punded more or less to the residual strongth
measured on block samples. The unconfined com-
pression strengths obtained on tube samples
were only half the value given by tests on
block samples,

The cause for such a large difference was
traced back to the distortlon which occurs
during sampling. A laboratory study on block
aaggles has shown that the lateral strain
produced by sampling when taking into account
the total volume ochange resulting from the
intrusion of the tube into the clay mass is
8ix times as high as the strain required to
destroy the cemsntation bonds. From these
data, it was evident that the area ratio of
the samplers should still be much lower than
the loﬂpuaually considered acceptable; there
are of course practical limitations to the
thinness of tubes which may be used,but other
possibilities for decreasing the area ratio
of the aamplini tubes exiat,

The area ratlo,as illuastrated in figure la,
is inoreased by the inside clearance whiah,
moreover,has the disadvantage of allowing a
lateral expansion of the sample inside the
tube. 48 a result, a great part of the change
of volume due to the 1ntrusion of the tube

the clay will taske place towards the inside
of the tube sampler so that the clay sample
will be squeezed in around the cutting edge
as illustrated in rigure 1lb. This effect was
thought to be one of the main causes of the
disturbance ocourring during sa ling. Some
fifteen iears ago,our Swedish colleagues
(Kalstenlus 1958) have shown that the angle
of attack of the cutting edge should be as
small as possible in order to avoid distur-
bance. It was decided therefore to shape the
cuttin edfe at a very small angle (figure
1c) and eliminatie the inside clearance. It
was thought that: most of the volume change
would thus take place towards the outside of
the sampler. As for the elimination of the
inside clearance no appreciable friction was
expected to develop inside the tube since
sensitive clays are self-lubricat « This
contention was confirmed by the small pres-
sure required to extrude the sample from
the samplor. However, anunexpeoted difficul-
ty appeared when it was realized that most
of the commercially available tubes had ei-
ther a slightly taper shape or a 8lightly oval
c¢ross-sectian with the main axis rotating
by up to 45° from one end of the tube to the
other. A careful selection of the tubea then
had to be made and anly those satisfying ri-
gorous geometrincal tolerances were retained,
Much better samples could be obtained with
these re-shaped 8 cm diameter sampling tubes.
However,the sams variability of quality
within the re-shaped sampling tube was found
a8 in the standard sampler; this variability
of quality was mentioned by the General Re-
porter. When the 80 cmslong usable Bample is
cut in 8 ten-centimeter long speoimens (Fig.2),
it is found that only the specimens numbered
4,5 and 6 on figure 2 are invariably good,
number 7 is often good, 3 is seldom good,
1,2 and 8 are always disturbed. Lhia distur-
bance may be attributed elither to the intru-
8lon of the piston into the ¢lay mass or
to the release of stresses with the suction
being applied in the cavity as the sampler
is pulled out. Continuous sampling only
reduced the disturbance to speocimen number 3

Yoop

The results of unconsolidated undrained
(UU) tests are compared in figure 3 with the
average vane strength obtained on the site
of Salnt-Alban in Quebec, Considering the re-
sults obtained at the lower level of 22 feet
deep, it is seen that the measured undrained
shear strength is nearly twice as great as
the vane strength. This ratio is moreover
about the same am that measured when comparing
block and standard vube samples from other
8ites. It has been the usual practice to con-
8ider that the standard tube samples were of
an agoeptable quality of the UU ‘tests on
thene samples gave shear strength values com=
parable to the vane strength. It is seen that
in the present case, UU tests on samples ta-
ken with reshaped tubes give much higher va-
lues of shear strength.

The results obtained at the upper levwel of
9 feet are not as good since a small upward
pulling force was intentionally applied to
the piston during the lawering of the sampling
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tube,thus inoreasing the "squeeging in" ef-

fect mentioned above. The peak of the stress-
strain curve was eliminated,as shown on fi-

Eure 4, with a drastiec reduction of the britt-—
eness of the olaK.

As the General Reporter has mentioned,a re-
oonsolidation of the sample under the in si-
tu stresses should rectify an appreciable
part of the disturbance due to sampling., How-
ever, in the case of the cemented clays it
was thouggt that the resonsolidation of the
clay would have a negligible effect since it
is generally agreed that,onoe broken,the ce-
mentation bonds will not reform. It was then
surprising to realize that a reconsolidation
of the samples under the in situ stresses re-
stored appreciably the brittleness of the
clay as illustrated on figure 4. In the pre-
sent case, the K, value on the site,as measu-
red by &raulio fracturing, was equal to
1.0, 8o that the isotropical consolidativn
corresponds to the im situ conditions. The

same effect was observed on samples from the
lower level (Fig.5) where the strains at fai-
lure are lower than 1% for both UU and CIU
tests, and where the reconsolidation of the
clay results in a marked inorease of the
brittleness. The changes of volume measured
during reconsolidation was much larger in the

upper level samples with an average of 4.1%
than in the lower level samples th an ave-
rage of l,2%, which 1llustrates the differen-
ce of disturbance at the two levels,

No direct comparison was made with stan-
dard samplers, however there is some eviden-
ce from our past studies where standard samp-
lers were used that the beneficial effect of
reconsolidation is far less important,probab-—
ly du to the partial destruction of the ceman~
tation bonds during sampling. It would then
seem that the re-shaped sampler described
above is more competent in preserving the ce-
mentation bonds in our sensitive clays.

The General Reporter has attributed the
decrease of strength of the samples to a mig-
ration of water from the outer more disturbed
and more oompressible zone to the central
core where negative pore pressure ‘results .
from sampling; some differences of 3% to 4%
wore measured in the water content through
cross=sections of clay samples from Drammen,
The migration of water was also evidenced in
the Norwegian clays by the fact that the
compression strength obtained from samples
which were trimmed and tested in the field
immediately after sampling were appreciably
higher than the values measured on samples

three days after aampling,
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Figure 2.Quality variability of clay speci-
mens within a tube sampler

A simlilar study made on a cementod Capadi-
en clay from Saint-Alban did not show simi-
lar tendencies} no cnsistent differences in
water content between the outer zone and the
central core of the samples could be deteo-
ted even after three weeks of storage and no
consistent differences in the compressive
strength were bbserved between the samples
tested in the field immediately after sam—
pling or few days later in the laboratory.
This may be attributed to the fact that when
the cementation bonds are preserved during
sampling,they prevent the swelling from ta—-
king plaoce,

Good quality sampling does have some impor-
tence mainly in problems of settlement, How-
ever, when dealing with stahility problems
on our sensitive c¢clays,it would seem that the
quality of sampling has much less practical
consequence, During the last few years,the
conoept that the residual strength is appli-

cable in stability problems in sensitive
clays has gained more and more weight in view
of the evidence being accumulated,

For example,figire 6 1llustrates the re-
sults of drained and comsolidated undrained
tests with pore pressure measurements made
on tube and block samples (La Roohelle ana
Lefebvre 1971). The tests on blook samples
show a pronounced peak strength followed by
a rapld decrease down to an approximately
constant value obtained at strains of 10%
to 15%. The peak value corresponds to the
hump-shaped envelope which represents the
bonded strength, while the constant vealues
of strength obtained at large stralns corres-
pond to the dotted line which is considered
to represent the residual strength envelope.
Tho tooto on spocimens trimmed from tube
samples taken with a standard sampler give
peak strengths only slightly higher or equal
to the residual strength measured on block
samples,and the residual strength of tube
samgles was agproximately the same as that
of block samples.

These results were obtained during investi-
gations of natural slope failures. When ap-

lying the effective strength parameters ta-

en from these two envelopes to the analysis
of four well-defined natural slope failures,
it was found that the use of the parameters
corresponding to the peak-strength envelopes
grossly overestimates the safety factors
while the residual strength parameters gave
realistic factors of safetyevery close to
\uﬂi‘:y.

More recently,the failure of a test embank-
ment built on a soft sensitive cemented clay
foundation in Saint=Alban was analyzed using
the same approach but with the undrained re-
sldual strength. When analysing the embanlk-
ment on the basis of vane strength with the
usual assumptions,a factor of safety of 1.3
was found where the plastici index of thse
clay is 23%. Hence the relatlionship between
the plasticity and the factors of safety
computed on the basis of the vane strength,
as suggested by the General Reporter,cannot
explain the observed discrepancy in the
present case. However when using the resiuual
undrained strength values measured by UU
teats on tube samples,the faotor of safety
obtained is equal to 1.00,.

Albthough Lhe valldity of the residual un-
drained strength approach as applied to the
short term stability problems is not yet
proven, 1t seems to offer some promise in
that regard. There are some unpublished
data which tend to show that embankment fai-
lures on higher plastioity clays could be
explained by that approach without having to
resort to the glastioity ve vane sBtrength
relationship. The results of these st es
have been submitted for publication ian the
Canadlian Geotechnical Journale

As the residual strength is not too sensi-
tive to sampling disturbance,useful results
may be obtained for stablility purposes by
testing standard tube samples whenever the
residual strength applies to the problem
under study. For that purpose,it 18 preferab-
le but not really essential that the cemen-
tation bonds be preserved.
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More work will be required before the re-
sidual undrained astrongth approach may be
considered validj however if thias proved to
be the case, it would eliminate many uncer-
tainties involved in the present methods and
techniques of design, at least in the case
of ocemented sensitive clays.
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Chairman Prof, G.A.Leonards

Thank you very much Prof, La Rochelle.

I would like to ask now Prof.Charles Ladd
from Massachusetts Institute of Technology,
Cambridge.

Prof, Charles C.Ladd /USA/

It is an honor to be invited by the Chair-
man of the Session to discuasa Dr.Bjerrum's
outstanding State-of-the-~-Art Report. My dis-
cussion is concerned with the field vane
test and the measurement of undrained
strength anisotropy as applied to embank-
ments on soft clay.

Application of the Field Vane Test

Part A of Table I summarizes theoretical
oonsiderations regarding the field vane
test. Because of these factors,it is conclu-~
ded that the field vane 18 a Streng%h Index
Tust Lhut requires a field calibration Ior
each clay deposit. Bjerrum (1972) developed
a correction factor to be applied to measured
field vane strengths based on data from 14
embankment fallures. Bjerrum's State-of-the-
Art Report to this Session recommends use of
the same correction factor for several other
types of stability problems,us listed at
the bottom of Table I,

Figure 1 plots Bjerrum's field vane corre-
ction factor versus plastiocity index of the
foundation clay. The field cases used to de-
velop the relationship are shown as circles.
Data from seven other embankment failures
are also plotted. The recommended correction
to measured field vane strengths becomes more
inmportant with increasing plasticity index.
Por exampls, the vene strength of a clay with
a plasticity index of 100% is multiplied by
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DERIVED FROM EMBANKMENT FAILURES
Table I Field Vane Test

A. THEORETICAL CONSIDERATIONS
l. Shearing on vertical cylindriocal
swrface:
(a) Causes severe rotation of princi=-
pal planes,
(b) Produces stress system unlike
any mode of failure of practical
interest.

2+ Fallure occurs in very short time
3+ Insertion of vane head may cause sig-
nificant disturbance to surrounding
clay
Conclusion

The field vane is a Strength Index Test requ-
iriog field calibration

0.6 to obtain the corrected f£ield strength,
This trend is attributed by Bjerrum to the
increased ilmportanoce of strain rate effeots
with highly plastic clays.

Table II summarizes the writer's recommen-—
ded use of the field vane test and outlines
some of its limitations for embankment sta=-
bility. The writer concurs with Bjerrum's
recommendation that field vane tests should
always be performed and would use his correc-
tion factor to obtain design strengths subject
to the restriotions set forth in part A3 of
Table II,

B, EMPIRICAL CORRELATIONS FOR SOFT CLAYS

1, Bjerrum (1972) developd correction
factor derived from embankment failu-
res (see Fig ..l)

( 8,)Fleld= 1x(s,) vane
where M =f(plastioity index of clay)

Bjerrum (1973) recommends Same cor-
rection factor for?

Ea; Bearing capacity of footings

b) Bottom heave of strutted excavabti-
ons

(c) Stability of temporary cuts and

unsupported excavations

2e

Thease restriotions are imposed because
there are oase histories for which Bjerrum’s
correction factor is in error by 25 to 50%
(see Figure 1). This can lead to unsafe or
uneccnomical designs. Also the field vane
test can not provide stress-strain data for
deformation analyses. Nor can it predict
changes in 8,, with consolidation that is re-
quired for embankment designs involving sta-
g6 construction. Under these situations,the
writer believes that one should turn to the
use of shear tests performed on samples re-
consolldated in the laboratory,



Table II, USE OF FIEID VANE TESTS IN
PRACTICE FOR EMBANKMENT STABILITY

A. RECOMMENDED APPLICATION #ITH SOFT CLAYS

l, Perform field vane tests in order to
obtain relative changes im 8, through-
out the clay deposit (variations in
vertical and lateral directions)

Determine average field vane s
depth within each similiar geo
deposkt.

Use Bjerrum's (1972) correotion factor
to obtain design B8, subject to follow=
ing restrictions fgr clay deposits
without prior experience:

(a) Cla{ 13 fairly homogeneous without
sbells,sand lenses,varves, etoc.

2e versus

Togic
3.

(b) Consequences of a failure are not
too important,
(c) Toe project is relatively small

B. LIMITATIONS OF ABOVE APPROACH

le There are clay deposits for which
Bjerrum's correction factar is in er-
ror by large amounts (25-50%). This
oan lead to unsafe or uneconomical de_
signs.

It does not provide stress-strain data
for undrained deformation analyses

I% can not predict changes in sy with
cansolidation for embankment designs
involving stage construction

2.

uagor Test Variables for Consolidated-Un-

Table III lists three major variavles that
must be considered in a program of K, conso-
lidated-undrained laboratory strengtﬁ tests,

Table IIT. MAJOR TEST VARLIAELES FOR K. OONSOLIDA-
TED-UNDRAINED (CK_U) LABORETORY TESTS

A. STRESS SYSTEM DURING SHEAR

1. Because of anisotropic stress-strain=-
strength behavior of clays,lab tests
should simulate the in sltu modes of
failure

The variables are:

itude of in di
(a) :zfnszgegso(olzgerne ate
1 (di-
Crade

(b) Rotation of principal
rection of 3 1¢ versus

Because -of limitations of shear equip-—
ment,can only simulate certain types
of in situ etress eystems.

RATE OF LOADING

1. Because of strain rate effects,stress-
strain-strength behavior ig a funetion
of rate of loading (rate of strain or
load increment duration).

2.
princi-~-

3

B.

2. Time and equipment limitations (prob-
lems with leakage and friction) gene-

rally preclude test dur

field loeding period.

atd Anm nave=l 4o
Yl wHE VYUAL WU

5. There ls evidence to show that strain
rate effecte are more promounced in tria
xlal tests than under plane strain con-

ditions.

0. CONSOLIDATION STRESSES
1.Should samples be reconsollidated to:

(a) In situ stresses,where effects of
sample disturbance are important ex-
oepE Tor very high quality samples;

or (b) Greater than in situ stresses,where
large strains cause changes in sall

struoture with cemented and quiock
clays

First,because moet clays exhibit anisotro-
plc strength behavior,the tests should si-
mulate the in situ modes of failure. Ths va-
riables are the magnitude of the intermedia-
te prinocipal stress and rotation of princi-
pal planes during shear. However, equipment
limiteations restriot the types of in situ
stress systems that can be dupliocated. Data
illustrating the importance of anisotropy
will be presented,

The rate of loading is important with
plastio clays,especially as measured in tri-
axial compreesion tests with times to fal=
lure of less than one day. However,there is

very little experience relating strain rate
effects as measured in the laboratory to ac-
tual in situ behavior.Also,the rale of loa-
ding appears to be more important in triaxial
tests tﬁan in plane strain tests. This area
1is still poorly understood.

Finally,one has to select the appropriate
consolida%ion stresses in order to minimize
the effects of sample disturbance while
still maintaining as closely as possible the
same s80il structure as exists im the ground.
A procedure for doing this will be presented,



Undrained Strength Anisotropy

Turning to undrained strength anisotropy,
Table IV presents data from various types

Cout -

of strength tests on a normally consolidated
marine clay of moderate sensitivity from
Boston,Massachusetts. In the first two tests,

5&1 acts in the vertiocal direction,the strain

Plane stragin active

PIITT

Plane stroin passive

o
(Trianial compression) " (Triawial extension)
ot
Direct - simple sheor
DETERMINATION OF S, Sy DEFINITION
BASED ON &vo OF S,
Awverage from plane strain aclive,
0.215 Sy = T
passive and direct - simple shear
Average of triaxial 0.205 Sy = T¢f
compression and extension 0.24 Sy = R2{o o)
Direct -~ simple shear 0.20 Su=(Th)max

For normally consolidated Boston biuve clay

Te = 05(0y-03)¢ cos P

FIG. 2 UNDRAINED STABILITY OF EMBANKMENTS FROM

LABORATORY

at failure is low, and the undrained strength
ratio is high (0.34 and 0.33) for plane
atrain and triaxial compression raespectively).
Rotation of the principal planes to produce

a horizontal failure surface, as in the di-
rect-simple shear test,reduces the strength
considerably. A 90 degree rotation of prin-
cipal planes causes a further reduotion in
strength and inorease in the strain at failwe,
with triaxial extension producing the lowest
atrength, 0,155, which is less than one-~half
of the vertical strength. Strengths from
field vane end strip footing testa (Kinner
and Ladd,1973) are shown for comparison,

it m

CKU TESTS

These data are typical of marine clays of
low to moderate plasticlty. The in situ un-
drained strength is highest far vertical
cuts and active earth mressures,and’lowest
for bottom upheaval and passive earth pres-
sure problems., Strengths for bearing capa~
city failures fall between these extreme va-
lues. Certainly no one test, either in the
field ox the laboratory,can be applied to
all types of stability problems,

How can one consider anlsotropy in deter-
ming the stability of embankments? Figure 2

shows the approach M.I.,T. has_ been usigg
quite successfully for several years,which
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is similar to that now recommended by Bjerrum
(1973). The three types of plane strain
tests shown at the top of Figure 2 are per-
formed, i.e. the active,the direct-simple
8hear,and the fasaive modes of failure., For
normally consolidated Boston Blue Olay,the
average strength from these three tests in
0.215. If plane strain equipment is not avai-
lable,triaxial compresseion and extension
tests might be used. Finally,laboratory data
and fie experience show that the direct-
s8imple shear test gives a good to slightly
conservative estimate of the average strength
along a eircular arc failure for non-layered
soft clays.

Figure 3 shows strength data from direct=
simple shear tests run on several normally

consolidated olays. ay/equal to (T p)max/

divided by the vertical conmsolidation stress

vo oquals 0.20 to 0.22 for lean claia
and increases to 0.24 to 0,28 for plastio
olays. As stated above these strengths are
thought to be equal to or slightly less
than the average strength along the critical
arc of an embankment failure,

Flgure 4 compares strengths measured in
triaxial compression and extension tests
/8y=0,5(G1- &'3)p/ with those from direct-
simple shear éests. For lean clays, triaxial
oompression tests yield much higher values
of 8,y and thus would greatly overestimate
the Stability of embanloments. Conversely,
triaxial extension strengths are much lower
and they would yield factors of safety that
are too low. #ith the more plastic clays,
anisotropy becomes fur less iuportant,

Y66, &



TABLE I UNDRAINED ANISOTROPY OF NORMALLY CONSOLIDATED
BOSTON BLUE CLAY

(LL=41%, PL = 2| %)

SHEAR STRAIN] S, “C"
"f ' (olﬂ) 6'\,0 P

Plane strain active Cut — E| 0.6 0.34

TYPE OF TEST IN SITU CONDITION

Circulor footing

Triaxial compression 05 0.33

3]

Direct - simple sheor 6 0.20

4

——r————
N
\LETR N
N
Plane strain passive Eﬁ" . oo

il Circular excavation
TR [ 7

4 b,

4

Trioxial extension 15 0.15%

[3
Field ‘vane ﬁ —_ 0.19
ﬂ Quit
""Model strip footing —_ 026
(Ng = 5:14)

Note: S, *0.5(0) ~ o3l except for DSS and field vane tests




Laboratory Consolidation Stresses

Pinally,the question arises as what conso=-
lidation stresses should be used for K, oon-
solidated~-undrained lahoratory tests.
Bjerrum (1973) and others recommend that
samples be reconsolidated to the in -situ
stresses. While this procedure may be the
best approach with high quality samples of
quick clays and naturally cemented soils, .
the writer does not recommend this procedure
for typical tube samples of other types of
clays,.

The upper plot in Fig.5 shows hypothatigal
in situ and laboratory compression curves for
a soft slightly overconsolidated cla{. The
in situ aondition is shown by Point l. Dis-
turbance during tube sampling reduces the
stresses to Point 2. Recompreasion to the in

situ stresses, shown by Point 3, causes a sig-
RECOMMENDED CONSOLIDATION PROCEDURE

FIG. §

nificant deorease in volume,typically 3 to
8%. The undrained strength of this sample is
therefore likely to be too high,

The procedure recommended by the wyiter is
to consolidate samples into the virgin comp-
resslian region, lnocluding tests on rebounded
gampies, as shown by The squares. The resul-
ting strengths are plotted in the botton
figure. Tests are run on several normally
consolidated specimens to chack that s, di-
vided by the vertical consolidation stress
is a constant. The testse on rebounded samp-
les ahow how the strength will inorease with
overconsolidation ratio. These data are used
in oconjunction with the in situ stress his-
tory to compute undrained strengths for de-
sign. This approach has been successfully
used on several major highway and flood cont-
rol projects involving a variety of soil ty-
pes (Ladd and Foott, 1973),

FOR LABORATORY CK,U TESTS ON SOFT CLAYS

Tube samples of uncemented clays of moderate to low
sensitivity

(=)

~—VERTICAL STRAN, e,

OCKgu tests

Ow=Fo

Lab curve -

| ]

\ / in situ curve

! Fem 15-2) P,

VERTICAL CONSOUDATION STRESS. &, (Log scale)

@) Tests vith Bz P,
[ Tests with &2 (15-2) P,
H Tests on rebounded samples

\

|- Constant S/&\¢

VERTICAL CONSOLIDATION STRESS, &,



REFERENCES

l. Berre,T.and Bjerrum,L.(1973), "Shear
Strength of Normally Consolidated Clays"
Proc.8th Inter.Conf.Soil Mech.and Fdn.
Engr. ,Moscow, vol.l,

2. Bjerrum,L.(1972). "Embaniments on Soft
Ground".Prooeediggs of ASCE Specialty
Conference on. Performance of Earth and
Earth-Supported Structures,Purdue Univer-
sity, vol.II, p.l=54,

3. Bjerrum,L,(1973), "Problems of Soil Mecha-
nigs and Conatruction on Soft Clays: Sta-
te-of=the-Art Report to 3ession IV",
Proc,.8th Inter.Conf.Soil Mech.und Fdn.Engr.

- Mosoowe .

Kinner,E.B.and Ladd,C.C.(1973), "Undrained
Bearing Capacity of Footing on Clay",Proc,
8th Inter.Conf.Soil Mech.and Fdn.ingr.,
Moscow, vol.la

5. Ladd,C.Ce.and tdgers,L.(1972). "Consolida-
ted~Undrained Direct-3imple Shear Teats
on Saturated Clays",Research in Larth
Physics Phase Report No.l6, Dept.of Civil
Engr.Research Report R72-83, M.I.T,.

6. Ladd,C.C.and Poott,R. (1973), "New Design
Procedure for Stablility of Soft Clays"
Paper submitted to the Soil Mech.and Fﬁn
Division of ASCE, Dept. of Civil Engre
Prof. Publ., P72-3, M.I.T.

7. Milligan,V. (1972), "Panel Discussion,
Sesgion i. Embankments on Soft Ground",
Proceedings of ASCE Specialty Conference
on Performance of Earth and Marth-Suppor—
ted Struotures,Purdue University, voleIII
p.41-48,

4,

Chairmman Profe Ge.A.Leonards. Thank you
Prof, Ladd, Mr,Helenelund, will you,please.

Mr.K.V, Halenelund /Finland/

The General Reporter Professor lLeonards has
asked me to give some comments on the appli-
cation of Bjerrums method in design and con-
struotion of foundations and eaixth structures
on soft and organic clays. In Finland we .
have generally used the reduction coeffici-
ents recommended by John Olsson as reported
by Ur.Broms in the discussion of Session 1,
This means that the undrained shear strength
determined by cone tests or vane tests has
been reduced by 20 to 40% depending on the
value of the s0 called “"fineness number",which
is about equal to the liquid limit (but de-
termined in a different way,by the cone
test). This redugtion oorresponds fairly well
to the method proposed by Bjerrum. However,in
our country,we have used reduced shear
strength vaiues as a rule -only in organic
clays with e fineness number of liquid limit
greater than 80,

1t has some times been questioned if such a
reduction is necessary in organic olays and
what are the special properties of organio

clays that make such a reduction necessary,
if no similar reduction is made in non-orga-
nic clays. From this point of view I think
that Bjerrum's method i1s a most logical ex-
tension and improvement of the old recommen-
dation,which was based mainly on experience
with railway embankments.

In the Speciality Session 6 Mr.Siunda pre-
pented some case recoras from three big
slope failurer during the comstruction of
the Saimaa canal on the boarder-line between
Finland and USSR. The deslgn of these slopes
in normally consolidated and slightly over-
consolidated varved clays was based on
fleld vane tests with a factor of safety du-
ring the oconstruction perlod Jf 1l.50. Accor-
ding to subsequent investigations by a spe-
olal oommittee, the main reason for the dic-
) between the calculated and the real
factor of safety (l.0) was that normal vane
tests (with high-diameter ratio =2) gave to
high values for the undrained shear strength
of the varved (laminated) clay and that the
scatter of the strength valuea had not been
taken properly into account.

If we use the reduction factor recommended
by Bjerrum the factor of safety would have
been l.23 in stead of 1.30 as the plastioclity
index the clay was about 25. If we ap-
ply the additionai anisotropy reduction fao-
tor according to figure no 9 in Bjerrums
general report, the factor of safety would
be a little less than 1,10 which already
presents a fairly good approximation.

It must be atressed, however,that there
are several types of anisotropic clays and
that it 1is not possible to cover them all
correctly by one single reduction factor. A
more detailed analysis of the influence of
strength anisotrop{ and the slope failures
at the Saimaa Canal can found in Slungas re-
port, which also discusses the application
of bthe probability theory in slope stabllity
predictiona., It may be mentioned that the
economic optimum value of the faotor of sa-
foety in this case was found to be 1,30...1.50
depending on the costs of dl ope s tabilization
and recomstruction,risik of human losses and
damage on heavy construction equipment end
human lives.

Chalrman Prof.G.,A.Leonards, Thank gou
Mr. Helenelund. The next will be Prof.
Bishop, tngland -

3

Prof. A.W.Bishop /U.K./

The Chairman has asked me to make a few
remarks about the problems of oreep.

At Imperial College we have ocarrled out a
series of very long-term creep tests on axial-
symmetrioally loaded specimens under both
drained and undrained oonditions. The maximum
test duration has been 3 1/2 years and the
rubber envelopes enclosing the samples have
been surrounded by mercury to prevent any
migration of pore fluid or gas. Some of the
teBt data were reported at the last Interna-
tional Conference in Mexi co (Bishop and Loven-



bury,1969). :

As we have carrlied out more tests on over-
oconsolidated soils I will begin with these.
They are alac more important as a cheok on
the concepts proposed by Dr.Bjerrum in his
State~-of-the—~Art Report to this Session,sin-
ce Hvorslev's cohesion term makes a much lar-
ger cantribution to the strength of a heavily
overconsolidated soil than is the case for a
normally consolidated soil,and the cohesion
term, in Dr.Bjerrum's view, is the term which
depends princlpally on time. This view was
also taken, if I remember ocorrectly, by Pro-
fessor Rowe,at the time of the 1957 Interna-
tional Conference.

Fig 1 shows that for undistrubed London
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for various stress levels: drained
tests on undisturbed London Clay.

Clag of PI 47%, only the sample under the ve-
ry highest stress level showed a breakdown

of structure leading to rupture, At streas
levels below the range B80-94% (or weighted
average 89%) the creep rate was decreasing
stoadily after 3 1/2 years. Yet much of

this 89% of ak strength must have been con=-
tribvuted by oohesion, either of the Hvorslev
tzpe or due to some other form of interparti-
cle band,

If we conalder the increase in strain with
time (Fig.2) and accept the view that for
dralned conditions there is a critical strain
at whiob rupture would occur,then it is pos—
sible to suggest that the etrain rate of some
of the samples at lower stress levels must
at some future date increase and failure must
ooccur. However, on the present evidence this
date might not be reached within the life
span of those of us in this hall. Ne may bave
to distinguish between creep of geological
significance and creeg of significance with-
in the planned life of engineering works,

In the latter connection I would like to
refer to the undrained creep of the overcon-
solldated Lias Clay,which forms the founda-
tion of a large dam under construction in
the UK. Here a 20 metre high trial embank-
ment has been constructed within the profile
of the proposed dam to test the strength and
time dependence of the foundation and fill,
whioh are of the same clay.

Fig.? shows the decay of strain rate plot-
ted against logarithm of time for this clay
under undrained conditions in the laboratory,
ocompared with the drained value for London
Clay. The strain rates for the undralned
tests are a little higuer,but decay im the
same way as for the drained tests. We have
not yet carried out drained creep tests on
the lLias itvselt.

When we had raised the trial bank almost
Yo a critical helght,we allowed 1t to oreep
at oonstant load and observed the deforma-
tions within the foundation. These are of
course under plame strain coanditions. Howe-
ver, the decay of the strain-rate was very
similar to that observed in the laboratory
triaxial tests, and the actual rates of stra-
in were almost within the experimental scat=—
ter of the laboratory results (Fig.u).

Although the shear strain was of the order
of 8% for a depth of the order of 7 metres,
no overall failure ocourred within the test
period of about 4 months, and the embankment
has now been incorporated in the permanent
work of the dam, whioh has a factor of sa-
fety against undrained failure some 50%
greater than the trial embankment.

#e have al 80 carried out long-term drained
creep tests on the elmost normelly consgli-
dated highly plastic clay from the foundation
strata of the leaning tower of Fiza (Fig.5)
PI=47%. You will notice that even for samples
at the B5% stress level (based on 1 week
strengthd the strain rate was decaying after
2 years. The fact that the Leaning Tower of
Piza i1s still standing is conslstent with
the trend indicated by this observation. It
may also ouggest that oohesion 1s not entire-
ly time-dependent as Bjerrum suggested. How-
ever, between 30 and 100 days all the samples
at all stress levels and strains showed a
change in strain rate which deviated from
the standard logarithmic or other laws and
whioh extended over several months.Extrapolu—
tion from sgortterm tests would have been
no%ﬁigig%ggoéegﬁulty has been noted on other
normally consolidated soils, and also on a
rockfill made of mudstone (Flg.6). Here
there is clearly imterparticle contact, and
it makes one question Bjerrum'a assumption
that atress and partisularly strain related
to interparticle contact are not signifi-
cantly time-dependent.
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Chairman Prof, Ge.A.Leonards. Thank you
Prof, Bishop. Now I pass the word to Prof.
Ter-Stepanjan.

Prof.Ter-Stepanjan G. /USSR/

The late Dr.Bjerrum in his general report
to the present conference has drawn the at-
tention of experts in this sclence to the ef-
fect of time in the shear strength of clays.
I like to present a summary of creep inves-
tigations carr:ed out during last years,

eory of creep of clay at shear is propo-

sed, corroborated by experiments and illustra-

ted by a rheological model. Process of creep
under the constant shear stress 7T consists
of two phases-mobilization and rupture. A
succesalve series of solil structures are for-
med and destructed in the process of creep;
they are characteriged by definite arrangem-
ent of particles,contacts between them and
stresses that act in these contacts. Defor-
mative properties are determined by a relati-
onship between fluiditz and rigidity of soil
structures; these qualities are estimated by
tangential F and normal R veotorlal sums of
corresponding components of interparticle fo-
roes. ansition from one structure to the
other takes place jump-likely. In the mobili-
zatlon phase the strain ratefdecreases direc-
tly with the stress age t

cal=_Tp1l
f== 7 t

where a is a structural coefficient depend-
ing on soll deformability /R, which is cons-
tant for each structure, £, is the creep li-
mit andd - static viscoslity equal to relation
of 1¢c viscosity to the stress age, The-
refore the stress-strain curve in the mobili-
zatlon phase consists of pieces of logarith-
mié curves; each of them 1s described by
equation (Fig.l)

=2 %'-CJ log, t+C

In tbé rupture phase the strain rate lnc-
reases directly with the stress age
T,__ .f_;:c t

b

19

¥m

0 tm

Fige.ls Creep curve for a clay at shear,
M- mobilization limit

where tp is the mobilization time correspon-
ding to transition from mobilization to rup-
ture phases. Therefore the stress—strain
curve in the rupture phase conslsts of pie-
cea of parabolas; each of them is described
by equation (Fig.l)

T- a :C—L_R t2+c
2y tﬁ
The mobilization 1limit M corresponds to
transition from one phase to the other; it
occures after a certain mobilization strain
a takes placej this atrain depends on the

stresa level

]rm= 322;22 ,

m
where Gll is modulus of mobilization. A dec-~

rease of the strain rate takes place in the
rupture phase at middle and low stress le-
vels; the transition point is the stabili-
zation limit S. The corresponding atablliza-
tion strain rs is linear with the stress

T-Tp
Jeo—=g
-]
where Gb is modulus of moblilization. The

relationship between strain and strain rate
is plotted logarithmic scale on Fig.2
these intrinsic curves are characteristi
for the rheological behaviour of c¢lays. In
the coordinate systemT- for the given
normal stress test resulth are represented
by straight lines described by equation

T= T+ ;ft]f

The creep process in clays is determined
by four quantities which are linear with the
pormal stress: oreep limit T

ty o, mobilization Gy and stBbilization G
moduli. A rheologioal model of creep of ths

,statlc viscosi-~
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olay at shear is proposed (Fig.3). The model
consists of an elastic Hook body connected
in series with a pair, where a plastic St.

Fig.3. Rheological model of a clay at shear

Venant body is parallelly connected with an
elasto—viszoua relaxating destructible body
having variable viscosity. It has a damper P
with a coil Q through which cooling or hea-
ting liquid may flow thus increasing or dec-
reasing the viscoslty of the liquid in this
damper. The rheological body models both pha-
ses-mobLlization and rupture of the creep
and the probabilistic character of the soil
structures which are originated and destroyed
in the creep process. Equutions of the mecha-
niocal behaviour of the model in the mobiliza-
tion and rupture phases are deduced; these

a uati ns ageguately reflect the behaviour
o288 f at crdep,

Chairman Prof,G.AsLeonards.

Thank you Prof. Ter-Stepanjan. The next will
be Dr.Broms from Swedish Geotechnical Insti-
tut, Sweden

Dr.Bengt B,Broms /Sweden/

The following comments concerns a new type
of drain which has been developed at the
Swedish Geotechnical Institute (SGI) and
the results from a large scalg load test
where the drain has been used.

The drain described in this report is a
further development of the Xjcllman card-
board drain (Kjellman, 1949) and it con-
sists in principle of a grooved poly-
ethene core which is wrapped in a wet-
strong paper ag shown in Fig, 1. The paper
serves as a filter and prevents clogging
of the canals formed by the grooves. The
total thickness of the drain is 4 mm and
its width is 100 mm.

i

B T PP F ISP

Fig. 1. Photograph of drain
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The drains are inserted into the soil by a
flat thin walled steel tube or mandril
which is mounted on a standard front wheel
loader as shown in Fig. 2. The maximum pene-
tration force is 0,4 MN (4.0 metric tons).
The maximum penetration depth is 12 m.
Approximately 40 drains each 10 m long

can be installed per hour. No special
preparation of a site is normally re-
quired since the wheel loader can be pro-
vided with tracks with low contact pressure.

Fig. 2. Installation of drains

The drains are folded at the bottom of
the flat steel tube when they are pushed
down into the soil. Thereby the drains
are kept in place when the driving tube
is withdrawn.

The behaviour of the drains has been in-
vestigated at the SGI test field at Sk&-
Edeby located 25 km west of Stockholm.

At this site the soil consists from the
surface of a 1.0 m thick dry crust of
stiff fissured clay, 3.0 m of postglacial,
slightly organic clay and 10 m of glacial
brown to grey varved clay. Bedrock or
dense glacial moraine is normally found
at a depth of 9 to 15 m below the sur-
face. The shear strength as determined

by field vane and fall-cone tests is
about 7 kN/m2 just below the dry crust.
It increases to 10 to 20 kN/m2 near the
bottom. The water content of the clay
decreases with depth from about 100 per-
cent below the dry crust to about 60 per-
cent at the bottom. The sensitivity of
the clay is about 10. The soil properties
have been described in detall by Hansbo
(1960) and by Holtz and Broms (1972).

About 950 drains, each with a length af
10 m, were installed in the summer of
1972 within an area with 31 m diameter.
The drains were placed in a triangular
pattern at a spacing of 0.9 m. After

the drains were installed a 1.5 m high
clrcular gravel fill was placed in three
Jifts over the area. The fill was comp-
leted in nine days.

Settlements have been measured at the sur-
face and at various depths under the fill
during the loading and the subsequent con-
solidation of the clay. The pore pressure
distribution below the fill and the dissi-
pation of pore pressures were measured as
well as the lateral displacements of the
soil around the edge of the fill.

The observed surface settlements across
the diameter of the test fill are shown

in Fig. 3. The maximum settlement 141 days
after the placement of the fill was 350 mm.
It can be seen that the settlement at the
center of the fill was slightly less than
that at the quarter points.
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Fig. 3. Settlements below test fill

In Fig. 4 the settlement at the gquarter
point (Point E) of the drained area has
been plotted as a function of time as
well as the settlement of an adjecant
1.5 m high undrained test £ill. The un-
drained fill, which was constructed in
1957, has the same height (1.5) as the
drained fill. Its diameter (35 m) is how-
ever slightly larger. The behaviour of
the undrained fill has been described
in detail by Hansbo (1960) and by Holtz
and Broms (1972).

The settlement rate of the drained £ill

has been analyzed by the method proposed
by Kjellman (1948). A value of c, = 2.5 Cy
as indicated by oedometer tests was

used in the analysis. Under this conditions
the agreement between calculated and

measured values was good.
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It can also be seen from Fig. 4 that the
settlement rate of the drained f£ill was
approximately ten times that of the un-
drained fill which indicates that the
drains were effective. Analysis of the test
data indicate that the draining effect of

a plastic drain is equivalent to that of

a 16 to 18 cm diameter sand drain.

The plastic drain was developed at SGI

by Mr Oleg Wager in cooperation with
rebro Pappersbruk AB and Perstorp AB.

The field tects wete pPlanned and supervised

by Mr Per Beman of SCI.
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Chairman Prof.A.GeLecnards,.

Thank you very much Dr.Broms for your inte-
reeting discussion, the next will be Prof.
Justo from Spain.

Prof. J.L.Jus%0/Spain/
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In his excellent Genmeral Report, Profes—
sor Aitchison has mentioned our paper by
aaying (I quote him):

A totally different viewpoint 1s that
Bgigested in the paper by Salas et al in
whioh collapse is shown to have occured
in a gypseous soll following wetting by pure
water-whereas wetting by-water saturated
with gypsum produced relatively minor
effects

de should like to disagree in one small
respect with the statement made by Dr.Ait-
chison by saylng that collapse with water
saturated with gypsum was rather important,
although less than with distilled water.

In other words, it seems that in these
gypseous solls there is an important collap-
se produced by wetting and another collapse
produced by solutian.

Chairman Praf.Ge.A.Leaards. Thank you Profs
Justo. The next contribution will be in
charge of Prof. Goldstein.

Prof, M.N.Goldstein /USSR/

The lack of time doean’'t allow me to con-
sider many of very interesting items relating
to this problem and so I would like to make
only someé remarks.

The most important of these questions is
the inadequacy of present methods of settGle-
ment prediction. Por instance on one of in-
vestigated bullding site the designed settle-
ment of the collapsible layer with the thik-
ness of about 16-18 m was under 1ts own
weight equal 30 cm, whereas the experimental
woetting causes the reul settlement 64 cm. Bub
the caBes are known shen the theoretical set—
tlement was more than real one.

The causes of such uiscrepancies are not
yot known. One may suppose that the appearan-
ce of some wetted part in the soll body may
essentially change the stress distribution in
the soil comparing with the present theories.

Now wher the rate of oconstruction is cons-
tantly accelerating all the methods of foun-
dation preparation which demand much time
are unacceptuble. So it seems to me that the
present methods of wetting of soil priar to
construotion does not correspond to the in-
dustrial style of construction. But there
are many possibilities of improving and ac-—
celerating this method as was shown by prof.
Litvinov. The em{loyment of long piles when
the thikness of loessial soils is large is
to my mind a very troublesome and unecono—
mical method of construstion. Many experimen-—
tal investigations must be carried out be-
fore this problem will be solved.

I have already published the opinion that
all the man-made deposits of cohesive soils
must be regarded as collapsible ones. Such
fills are the typical examples of unoonsoli-
dated soils by prof. Denissov terminolEy.
It is significant that the collapsibility of
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such 980ils gradually vanishes as the deposit
is wetted by rainfall for a long time in na-
tural conditions. So the mailn point in tes-
ting such soils is the determination of their
settlement under wetfing. The large and se-
rious investigations conducted in our count-
ry by many engineers and geologists made it
possible to solve many probleme of construc—
tion on the loessial soils. The problems put
forward by the general reporter will attract
great attention of investigators and we
may be sure that they will be successfully
solved in the nearest future,

Chalrman G.A.Leonards,
Thank you Prof. Goldstein. The next will be
Mr. Escario from Spain

Mr, V.8scario /Spain/

Collapse of s0lls is a phenomenon which at
least originally had the meaning of a sud-
den settlement originated by flooding in cer-
tain soll types. There are different causes
assoclated with this type of soil behaviour
that I am not going to discuss. It seems
nevertheless accepted by many investigators
that one of the main reasons in many cases is
the elimination of capillary foreces due to
saturation. As flooding supress very quickly
the apparent coheslon originated by caplllary
forces, it is reasonable to expect a sudden
soil deformation or the so called collapse,
Nevertheless there may be situations in na-
ture where complete flooding does not ococur,
but a gradual decrease of suction should
produce the corresponding settlement without
having to arrive to the maximum value due to
full immersion.

For instance a house founded on a collapsib-
le soil may settle after comstruction at
least something dpe to the increase in mois-
ture content, which will tend to achieve a
new equilibrium value even if no flooding is
followed, ,

I am also convinced that the settlements
which undergo dry and poorly compacted emban-
kments and which in some cases may last for
many years are due, not onl{ to conventional
consolidation effects,but also to the gradual
molsture content increase originated in the
body of the f£ill when in tends to its equi-
librium moisture, what may take many years to
achieve,

It is therefore lmportant to study the
complete phenomenon by determining the whole
curve relating settlement with suotion decre-
agse and not only the point corresponding to
full submergence. Furthermore the influence
of the stress history on the final result
should also be possible to simulate,

As the same problem exdsts with swelling
several years ago (Escario,V.,1965) I star%ed
to apply suotion to the 50{1 samples by means
of a mercury column, As this systém is limi-
ted to a_maximum negative pressure of
-1 kg/om2 I had to develop a differeat type
of device (Bscario,V.,1967) which has under—
gone several succesive improvements (Escario
V., 1969) and in fig.l 1s shown in its latest
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design as presented in the recent Halfa
Conference on Expansive Soils. (Escario,V.
and Saez, J.,1973),

APPARATUS FOR MEASURING
SWELLING AND COLLAPSE

OF SOILS UNDER CONTROLLED
SUCTION
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As 1t may be seen the design 1s essentially
based in the prinoiple of the pressure memb~
rane apparatus. A semipermeable membrane se-—
parates the sample from a source of water at
atmospheric pressure, while an air (actually
nytrogen) pressure equal to the desired suo=
tion 1s applied to the chamber. Vertical
forces and deformations of the laterally
constrained sample are measured through the
vertical plston. With the design shown, suc-
tions up to about-120 kg/om? may be applied
and we have now five units working in our
laboratory.

I am not going to enter in the details of
how we have solved the problems originated
by the deformability of the apparatus itaself
and of the membrane,which may be seen in the
above mentioned report. I am only going to
show you some of the results obtalned in stu-
dying the phenomenon of collapse,

The tests have been carried with a. clayey
sand of Madrid (arena de miga) of the follo~
wing oharacteristics:

Liquid Limit 32
Plasticity Index 15
% passing no.200 sieve 15.5

Proctor max,densi
Prootor optimum molsture

All the samples have been compacted to the
same density of 80% max. Proctor. The mois-
ture content has been different in the three
series of tests: 3%, 6% and 8%, all of them
below the 11% optimum Proctor.

1,98 /n’
11%
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In Fig.2 the 3% series 1s shown. Each curve

corresponds to a sample whioh was initially
oonsolidated undor the corresponding surchar-
ge at the after compaction suction value:
then the suction was progressively decreased
until completely flooded. As it may be Been,
the settlements originated by the suction
decrease process (initiated at the origin of
each curve which includes soil plus membrane
deformation) are not large until a relatively
low suction value is attained,were upon the
process is considerably acceleratod leading
to what might be perhaps called collapse.
This tendency is more accentuated in the fol-
lowing set of curves (figs.> and 4),
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By comparing the three sets of curves with
each other after discarding the lnitial sett-
lement it may be scen that, for sach given
vertical pressure,the settlements correspon—
ding to a tertain suction are larger the dry-
er the sample was compacted as it would be
expected; but when complete flooding is atta-
ined they reach practically the same value,
what Anes not appear so obvious for us,

D; 80 % PROCTOR
H;=8 %

6
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FIG. 4
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Curves of this kind are neceasary to de-
fine the soil behaviour at a given site and
under given environmental conditions,either
for swelling or collapse. As Dr.Aitchison
eays in his General Report,apparatus of the
type shown are today the best approach to
study the problem. But it is very surprising
for us to see that Dr.Aitchison did not even
mention the device we have develcped in our
laboratory since we have presented the re-
sults in well known International Meetings.
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Chairman GeAsIonards.
Thank you Mr.Escario for
The next will be Mr. Rolf

our contribution.
ogen, Sweden.

Mr.Rolf Rosen /Sweden/

The new Psrliament building of Sweden 1is
situated in the central part of Stockholm
on the west slope of the esker of Brunkeberg.
Phe soil consists here mainly of sand and
gravel, To examine the soil the Swedish pe-
pnetrution test was mainly used. The new Par—
liament building was prepared to be founded
on firmly stratified sgnd and gravel with a
pressure of (5.0 kp/cm<). In the south-west
of the building site, i.e. near the central
part of the esker, where the original
groundlevel was around 20 m higher than the
foundation level, was an area of ca 40x60 m
found,where the sounding rod sank easily up
%o 12 m and up to 3 m without any turns on

the rod, see fig.l

It was supposgd fhat a so called dead ice
hollow filled with clay had been found, and
aedimentarg gsolls from the higher parts of
the esker had been strat;fied over the clay.
However,samples of the material showed that
it consisted of very uniform sand,which was
very loosely stratified, see fig.2.
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It was thus necessary to strengthen the
loosely stratified sand. "ith regard to the

thickness of the loosel

Fig.

stratified layers,

more than IO m., the soll was gradually com—

pacted by concrete piles ( 25x25 cm,)., The

plling work started by driving the piles

¢/¢c 3.0 m. sach pile had a length correspon-

ding to the thickness of the looaeli stra-
y

tifled sand. In some parts especial

in

the outer garta of the area was this frequ-
?

ency enoug

but for the greater part it

was necessary to double the number of piles,

see Fig. I.
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For the entire compaction by piling, more
than 200 piles were used to get the ne-
ogsgary compactness for foundation on
8S1a08.
The following geological explanation of
the origin of the loosely stratified sand
is given. When an esker is formed it re=-
quires a tunnel with a very high water

pressure in the ice , see Fig. 3



Just outside the ice,the pressure ceases com-
pletely with the consequence that all the ma-
terial transported by the ice river is depo-
s8ited. The esker of Brunkeberg was formed ca
150 m below the water level. Probably a lot
of material was deposited also into the ice-
tunnel, 56 that a stopper arcse, 0n =2scunt
of the hig water pressure two waterstreams
arose, one over and one under the stopping
material. Through different speeds for the
ice to melt,e.g. during summer and winter,
and of the following different waterpressu-
res a lot of esker hills were formed. Between
the eskerhills could e.g. sand be stratified.
Through the strong upward water stream that
followed of the stopping the skeleton of the
sand became very loose. Consequently,the way
of forming is equivalent to the origin of
quicksand. The loosely stratified sand has
since kept its loosely stratifaction through
the protecting archean, formed by the over-
lying sedimentary soils,

Higede

Chairman G.A.Leonards. Thank you Mr.Rosen.
Now I pass the word to Mr. Kogan from Moscow.

Mr.J.L.Kogan /USSR/

INFLUENCE OF MICROORGANISMS ON STRESSED
STALE OF 50IL

Mioroblological processes in soil are known
to influence its mineralogical composition
structure and dispersion. However,V.Radina‘s
investigations /1,2/ carried out in the Sci-
oentific Research éentro of the "Hydroproject"
Institute have shown that microorganisms may
have a considerable effect on the soil stres—
sed state and therefore be the main cause of
development of earth slides,damage of struce
ture stability,formatlon of quick soil,volu-
me expansion of soll eto.

Thus according to V.Radina's investigations
the formation of a true quick soil is deter-
mined not only by the accumulation of new so=
lid and fluid products of the microorganisms
life activity in a water saturated dispersed
medium,but it is also due to excess pore pres—
sure,being the energy factor of the soil
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movement,

Acoording to the medium conditions, the
increase of gas content in soil released by
microorganiams can be explained by the fol-
lowing:

a) soil pores dewatering-increase of

relative humidity;

b) increase of soil volume-porosity ince-

rease;

d) increase of gas content in pore water,

The increase of pressure in restrailned
bubbles and thus,in a partioular functional
relation,the increase of pore pressure,are
caused by the intensity of the microbiolo=-
glcal process of gas formation and by the
drainage conditions. And if the pore pres-
sure reaches the value of the total pres-
sure,the soll expansion should take place.

V.Radina's experiments with the s0il spe~
cimens from different reglons of the Soviet
Union inocluding soils with characteristio
properiies showed that microorganiays deve-
loppd pore pressures-up to 4 kg/an< under
conditions favourable for their life acti-
vity.Our further investigations suggest
that the pore pressure value may be even
larger,

Other experiments with water saturated
speoimens of pure alluvial and eolian sands
allowed V.Radina to show that at sowing .the
microorganisms and adding in them nutrient
substratum,the undrained sand gelned pro-
prtles typical for true quick soil in the
course of time (3-5 years), and its pore
pressure increased up to a considerable va-
lue, Thus quick s0il conditions of water sa-
turated dispersed rock was for vihe Lirst
timé reproduced in the laboratory,and there-
by the possibility of cantrolling the pro-
cess was proved,

The results of {the iuvestlgations have
opened up the possibility of solving a num-
ber of important problems in the field of
goeological engineering and in the different
branchers of construction, They permit to
develop rational ways of improving structu-
ral properties of true quick soils procee-
ding from the revealed conditions of their
formation, from creating more effective me-
thods of controlling the earth slides and
other phenomana based on the appearance of
excess pore pressure produced by microorga-
nisms,

Unfortunately in this short communication
I cannot dwell on the desoription of the
exgeriments and the illustrative material
and give examples showing that, to our mind,
the life aotivity of microorganisms was the
maln cause of tus development of slides and
the formation of backpressure in the struc-
ture foundations,

fith a great interest I have read the re-
port of the canadian colleagues: [E.Penner,
W.Egen, J.Gillott /3/, who describe a case
of the heave of a structure floor, erected
on shale contalning pyrite and some organic
material. Comprehensive investigations re-
vealed that the structure floor deformation
was due to bacteriological weathsring of the
shale,The Authors write that they do not

o; pressure ilncrease in restrained bubbles;
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understand all the peculiaritles of the
weathering process that have led to the
floor heave.

The effect of modern oconstructian on the
environment including the microstructure
which is playing a significant role 1n the
formatian of the soil properties and its
stressed state demands serious consideration.
Study in this directian should provide a real
possibility to bend enormous seoloiioal ac-
tivity of microorganisms to the will and mind
of Man.
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Chairman G.A.Leonards., Thenk you Mr. Kogan.
Now, at the end of our Session Prof,Dalmatov,
Vice~Chalrman will make summarizing remarks
on the work of our Session., Prof. Dalmatov,
will you please.

Prof.B.I.Dalmatov /USSR/

Dear Mr,Chairman, dear colleagues!

In his general paper submitted after his
death Prof.L.BjJerrum presented profound ana-
lysis of the problems related to the mecha-~
nics of soft clay and structurally unstable
soils as well as the questions connected, with
construction on these soils, Expounding brief-
1y his paper in a most excellent way Prof.
G.A.Leonards has thrown much light on the
tasks facing the specialists in soll mecha~
nics and foundation engineering which deal
with the IVth session subject-matter,

An interesting paper of Prof.G.DeAitohison
which wase kindly presented by Prof.C.M.Gerard
raises also a great number of highly impor-
tant problems,.

The reports delivered by the major partici-
pants to the discussion have been complement-—
ed by very valuable information in the course
of the discussion,

It is well known that there are an immense
number of problems related to the solution to
the questions of construction on soft and
etructurally unstable soils,Their enumeration
alone would have taken a lot of time. 80 I
would not rather go beyond the most general
summary of further research tendencies. This
sumnmary included in the IVth session recom=
mendations reads:

7

"It is necessary to carry out further col-
lection and summing up of practical data on
the behaviour of various structures on
structurally unstable soils,to develop fur-
ther the theoretical basis.aml fleld rese-
arch procedures,designing and construction
with due regard to partioular features of
aeolian settling,heaving,campressible and
the similar types of aoii".

I would like to dwell also on the problem
of constructing buildings and structures on
soft soils.

In his report Prof .M.N.Goldstein drew our
attention to the fact that "structurally
unstable soll" idea 1s of relative character.
Struoture unstability depends upon a type
and force of stresses developed in the struo-
ture foundations.

The idea of "soft and compressible seil"™
is relative in not less degree. The heavier
the structure 1s and the more is it sensiti-
ve to settlement non-uniformity,the ater
number of medium quality soils should be re-
garded the construction engineers as
soft solls because these cannot be used as a
natural feundation unless proper measures
either to consolldate soils or to adapt the
struoture members to predicted non-uniform
settlements are talmn.

The Soviet Union standardg recommend to
design structure foundations on the basis of
the etrain limiting etate, i.e,taking into
account the limit non-uniformities of settle-
ment. 1his point in our standards has enab-
led us in Leningrad to gather considerable
experienoce in constructing the buildings
with the height of up to 50 m. In some cases
these tuildings develop settlements of 40 cm
and more,

It became possible to sum up this experli-
ence in construotion due to the instrumental
observations for soil deformations under the
bulldings under construction as well as in
thelr vicinity. These observations carried
out by Assistant-Professor S.N,Sotnikov
(Leningrad Civil Engineering Institute) have
showed that when erecting the 9-12-storeyed
buildings on thick layer of saft soils
(25-30 cm), these soils get defommed at a
depth of more than 27 m below the foundation
bed and at a distance of more than 30 m from
the outer walls of the building erected an
tiﬁ)founaation plate (observed by A.A.Sobe-
n

It proves best of all the unacceptability
of Winkler's hypothesis for evaluating the
foundation plates although there were suppor-
ters of this hypothesis at the 1IIa session.

Research into the deformations of soft
s0ils under the model foundations which was
carried out by A.V.Golly (Leningrad Civil En-
gineering Institute) has shown that residual
deformations of solil consolidation take
place only within the layer approximately up
to one width of the model square foundation,
Below it the reversible deformations alome,
1,6. elastic deformaticns and those of elas=
tic aftereffect are developed. In Fig.l the
curve I is the graph showing total vertical
displacements (settlements) of the ground
benoh-marks located at different depths un-
der the foundation bed center; ourve 2 is



the graph of reversible deformations; dotted
line 3 shows the/ lower border of the layer
being conBolidated,

The observed phenomenon can be taken into
account when working out an evaluated echeme
of the atructure and foundation intersection.
This scheme may be represented as an elastio
semi~space with elastioity ratio of s0il be-
low the consolidation zone and as the soll
limited layer undergolng the cansolidation
deformations.

Soft clay s0ils may sometimes cause a lot
of trouble to the builders as a result of
the foundation soil stability loss and the
disturbance of s8o0il natural structure when
excavating pitas for foundations.

Soft s80il structure may be disturbed even
under the buildings construoted scores of
years ago. The observations show that in ad-
dition some gettlements may develop even when
comparativelly small soll orumpling takes
place. So in Leningrad it proved to be neces-
sar{ to drive plles into the soil at a depth
of 18 m at a distance of 3~4m from the buil-
ding of the Kirov Academic Opera and Ballet
Theater.

Hollow -piles with the diameter of some 80cm
were pressed into soll under static load. All
the same there developed outer wall additi-
onal settlements which kept increasing over 3
yoars and have exceeded 10 om.

Therefore it is necessary,to carry out
alleround research into the deformations of
foundations made up of soft and structurally
unstable soils with due regard to the condi-
tions which appear when arranging the founda-
tions and ereoting and loading the atructures
a® woll aus during vhe maintenanoce of the
latter.

Thank you for your kind attention!
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Written contributioms.

Dr.Ing,Rene VAN GANSE /Belgium/

My paper in Volume 2.2 of the Proceedings
of this Conference, puges 253-257, has been
mentioned by Prof.Altchison, rather surpri-
8ingly as bringing out the value of lime
gtabilization in a loess in Belgium.

I would like to point out that the paper
mentioned does not deal wish a partioular
Belgian loess soil, but with a wide variety
of collapsible fine grain soils.

I have found neceasary to underline the di-
stinction which is always to be made between
two different oategories of affects brought
about by lime in wet clayey solls,namely,the
immediate amelioration of the soll properties,
and eventually,later on, a long-term gain in
strength after curinge

In earthworks operations in these soils,
the important phenomenon is the immediate
amelioration of the soil by a very small ad~-
dition of lime, usually 1%.

This immediate amelioration is the conse-
quence of a modification of the structure of
the soil by the formation of sand~-grain sized
soll agglomerates which are stable in the
presence ot freé water.

The notion of soil structure implicates

the relative arrangements of soil particles,

the bonds existing between particles,and the
macroporosity between the soil aggregates.

The collapse phenomenon is known to be
closely connected with the soil structure
and with the tendency towards parallel ori-
entation of clay particles under shear
strains. These matters have been dealt with
in the Main Session no.l of this Conference,
namely the structure of fine grain soils by
Vyalov et al., Ter=Stepanian et al.,Kulks—-
rni, and Peda ot al., a8 well us Lhe cousoli-
dation of loess soils by Nuyene and Huergoe.

The stability of the structure induced by
lime in fine grain solls is a consequence
of an instant adsorption of calcium and by
droxyl ions on the faces and edges of clay
particles, linking these by water-resistant
bonds which oppose parallel alignment.

The same instant effect has been found in
the Centre de Recharches Routieres to be
evolved as well by the hydroxides of other
earth-alksline elements,namely strontium and
barium,which however do not produce long-term
gains in strength, the pozzdlanmic reactions
being different.

Carl Redel /USA/
Time-Strength Relationship in Remolded Clays

The action of kneading or remolding olays,
alters thelr structural arrangement and re-
Aults in the decrease of their shearing re-
sistance. This phencmenon 18 known as svnsi-
tivity and is expressed as the ratio of the
strength in the undisturbed state to that
in the remolded state (Lambe and Whitman,
1969), at the same water comtent. The loss
of strength is probably due to two different
factors: the destruction of the orderly ar-
rangement of the molecules in the absorbed
layers and the injury to the clay structure
(Terzaghi and Peck, 1967).

‘'he sensitivity is generally determined
in the laboratory by uncanfined compression
tests,and by vane shear tests in the field.
The pumeriocal values determined by the two
procedures mentioned are not strictly com-
parable (Terzaghi and Peck, 1967).

A somewhat inverse phenomenon known as
thixotropy, is the gain of strength with
time, after remolding,at constunt water con-
tent. This acoording to some (Terzaghli and
Pock,1967) is due to the rotation of the
clay particles at constant volume to a more
stable configuration, and according to others
(Leonards, 1962 for example) is due to the
development of an oriented absorbed water
structure. .Thixolropy cause some remolded
clays to regain their full original strength
(Tschebotarioff,1951), whereas others appear
to regain only a portion of their original
strength (Wu, 1966). Further,according to
Terzaghl and Peck (1967), the regain of
strength is limited to the loss caused by
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the disturbanoe of the absorbed layers,while
the remaining loss, probably caused by per—
manent alteration of the struoture,is irreco-
verable,

Sensitivity and thixotropic effects have
been reported at length by Moretto (1948)
Skempton and Northey (1952), Mitchel (1960)
and others, but the implications of the
shear strength recovery, of disturbed clays
with time, on the solution of practical prob-
lems have been somewhat neglected. Depending
on the material,the gain of streagth may vary
between negliglble recovery to full recovery
and the time required to complete the thixot-
ropic effect may vary over a very wlde range.

The writer has experimented by performing
field vane shear tests in cohesive soils in
the undisturbed and remolded states,plus
additional tests after permitting the vane
to rest umperturbed in the remolded soil for
various increments of time. Is was found,
for example, that the sentitive soft cohesi-
ve solls in the port of Ponce, Puerto Rico,
regain their full undisturbed shearing stren-
gth within 15 minutes after remolding, whereas
the sensitive soft cohesive deposits along the
creeks and rivers in the vicinity of the City
of Sao Paulo, Brazil, regain only a small
portion of their shearing strength (about 8%)
after 14 hours of rest. The available informa-
tion 1s very scant and the influeace of clay
minerology, lLiquidity index, consolidation
history, confinling pressure and possibly
other factors on the regain of stremgth of
the rewmolded clays are not fully understood,

The practical importance of determin
the undisturbed and remolded strength a
the time=strength relationship after the
disturbance or remolding has occurred, is
illustrated below:

Example 1

Fill 18 to be placed on a gensitive soft
cohesive soil and soon thereafter plles are
to be driven. These would be driven from the
newly placed £ill, through the soft soil,
remo{ding it, and into an underlying compact
sand. Negative skin friction is expected to
be imposed on the piles by the soft solle
Should the static analysis of negative fric-
tion on the piles be based on undisturbed
strength, remolded strength or some value bet-
ween these? Also, should there be a diffe-
rence in the edopted shear strength of the
soft soil, for piles to support a permanent
or a temporuary structure?

Example g
A contractor is to cut into semsitive soft
cohesive soll on which he is to place a fil-
ter course. Is the contractor to place the
filter oourse immediately after excavation
or will the disturbance, caused by excavati-
on, mean excessive contamination of the fil-
ter and possible shear failure? Or is he to
walt for the soil to regain strength, and then
for bow long is he %o walt?
The practical problems to be aolved
are «any and a great deal of research
and field observation is required to
further understand the phenomenon of
time-strength galn of remolded clays.
Special field vane shear tests, as

described above,and similar laboratory vane
shear tests copled with records of identi-
fication testing, overcomnaolidation ratio,
confining pressures and mineral analyses
will surely shed further light on this phe=
nomenon .
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Mme EREMAKOVA-EKARAPTCHARSKA, /Bulgarie/

En Bulgarie,les sols de loess couvrent de
vastes surfaces. Ils occupent environ 1/11-
eme du territoire du pays. Leur epaisseur
moyenne est de 15 a 20 m.

La construction diverse et intensifiee sur
cea 80ls durant les dernieres 15+20 annees
en Bulgarie,a renforce l'interet pour leur
etude plus approfondie,

S'appu{ant sur un grand nombre de recher-
ches en laboratoire et in situ,sur des ob-
gervations systematiques des deformations
des batiments et des ouvrages,sur l'experi-
ence acquise dans la pratique de construc=
tion et d'exploltation,de realisation de
nouvelles solutions lors de la fondation,
nous sommes arrives a de nouvelles concep~
tions dans les "Conditions techniques pour
la projection dans des sols de loess" depuis
1966 ot a l'elaboration de nouvelles normes
et regles, qui sont en vigueur depuis 1972,

Nous nous arreterons en particulier sur
quélques changements importants et quelques
nouveautes dans ces NOrmes,

Avant tout, les normes de projection dans
des sols de loess sont etroltement liees aux
normes de fondation dans d'autres sols. La
pression admissible de 80l n'est pas definie



dtapres le degre de saturation d‘'eau,mais en
fonotion de l'indice de porosite et la conal-
stance comme chez les autres sols.

Lors du ocalcul des deformations du sol de
fondation, on prend en vue naon . seul ement
ltaffaissement du gol, mais aussi le tassem~
ent des batiments. L'experience acquise par
la pratique de comnstruction et les resultata
d'un nombre considerable d'essais en labora-
toire montrent que le tassement dans la plu-
part des cas depasse l'affaissement. Cela s'
observe dans 57% des cas envisages: Le tasse-
ment varie dans de larges limites de 1,5 a
17%, le plus souvent de 2 a 10%. Des observa-
tions faltes a partir des essais effectues
sur des batiments et des ouvrages, nous pou-
vons confirmer les conclusions faites d'ap-
res des analyses en laboratoirs. Par exemple,
des tassements ont ete enregistres dans des
silos de l'ordre de 12 a 40 cm, ce qui indi-
que que ces deformations sont incluses dans
le calcul des deformations du sol de fonda-
tion.

En general, ol faut souligner que nos sols
de loese se caracterisent par une structure
relativement fragile et par une petite den=-
site qui, prises en combination avec d'autres
facteurs comme par exemple— la charge verti-
ocale, le degre de saturation d'eau, la vites-
g8e de pression etc., manent a de considerab-
les deformations verticales. Un tableau est
introduit dans les nouwelles normes concernant
les deformations-limite totales du sol de
fondation (tassement + affaissement).

On a note de meme quelques procedes nou-
veaux de fondation appliques avec succes ches
nous, comme fondation de pieux (prefabriques,
d'un ecran a semelle en loess-ciment.

On a introdait plusiemrs modifications lors
de la realisation des travaux de prevention
d'eau.

Dans les normes est relate un nouveau cha-—
pltre, dans lequel sont donnes des examples—
solutions concrets de fondation dans la cons-
truction de quelques batiments et ouvrages
largoement effectues chez nous. Pour 1l'illust-
ration de la methodologie de calcul sont don-
nes des exemples-solutions,

Prof. Molisz R. /Poland/

I would like to add some remarks concerning
to the paper under the title "Field Studies
of Embankment over Peat'" which was written by
Prof .Molisz as the senior author, Mr,Baran,
Mr.Najder and me. In this papsr was disgusssd
among others comparison of long term consoli-
dation coefficient in peat lazer. Coefficient
value calculated from the settlement observa-
tions of the test f£ill was twelwvefold more
than value obtained from laboratory tests.

As mentioned in our paper existing disore-
pancy in long term consolidation coefficient
was due to sturbing of peat sample during
sampling,extruslion and trimming. In addition,
settlement effect of soft orzanic clay which
is underlain peat was ignorated as well as
influence of old fill,

In 1972 on the same area not far from the
highway /approximately 400 m/ was built
other test fill., It was constructed as a
squure shaped fili wivh side extends to 35a
and 2,5m in high above ground level. Typical
geotecbnical profile shows 6.6m thick peat
layer. Below peat occurs sand.

eat was characterized with the same pro-
gerties as peat which build subsoil under

escribed highway. .

The test £ill wes placed in layers rather
regular.

'he average long term consolidation coef-
ficient taken from this test £ill is equal
0.124. From laboratory tests the coefficient
is equal 0,033. Such results indicate that
coeffioient obtained in situ is about four-
fold more than obtained fram laboratory.

In result of applying preloading layer l.2m
thick wkich remained on place about 70 days
and reduotion of load being equal 20% have
been obtained reductian in the long term
consolidation coefficient equal about 50%.

Suming up presented results can be stated
that elimination such factors as initial loa-
ding on peat layer by old £ill, and settle-
ment which bad beem occured below peat cau-
sed important decreasing in difference bet-
ween long term oconsolidation coefficlients
from field and laboratory tests,

The rest existing difference ¢an be explai-
ned as I have mentioned, by disturbing of
peat sample during samplinge

Dr. R.K.EATTI and DI‘.S.K.KULKARNI /Inda/

In this short report an attempt is made to .
highlight on certain important effects ob- °
served during the researoch work on expansive *
soils at IIT Bombay in relation to depth of
80il mass and also with respect to the im-
portance of clay minerals on swelling, swel-
ling pressure and their interactian. To ex~-
plain these effects a microstructure physi-
cal model coupled with micro~anchor concept
is indicated.

Slide-l shows the variation of dry density
with depth during both extreme summer and
rainy season canditiona. It is eclear that
the density remains comstant beyond a shallow
depth of around 1 m or so. It is seen that
the alteration in moisture content at a depth
below about 1 m from summer to reiny season
condition is not accompanied by change in
dry density. The awelling pressure during
saturated condition at this depth for the
initial conditiona corresponding to those
in summer is around 1.6 kg/cm=. 'This indica-
tes that in rainy season condition even-
though there is an opportunity for the soil
to saturate and swell the phenomenon of swel=-
ling "is not observed beyond a depth of around
1l m. In other words, this high magnitude of
swelling pressure 18 balanced duvw to reasons
other than weight of overburden soil mass.

Slide~1 also shows the depth effects ob-
served in the large scale tests conducted in
the laboratory for varying cley contenta. The
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results indicate that the depth at which
constant volume condition exists decreases
with clay content. The lateral pressure with
depth is a significant phenomenon to be no-
ted since it deviates considerably from that
for the oconventional soils, viz. at a depth
of about lm only, the lateral pressure of
the order of 3.3 kg/cm2 is observed in case
of natural soil. The vertical swelling pres-
sures at the corresponding depths are nearly
same as the lateral swelling pressures. These
effects clearly indicate that the balancing
of such high pressures may be attributed to
the interaction of clay particles within the
soil media.

The physical model conceived to explain the
effect is shown in 3lide~2. In this case ani=
sotropy of expansion of lattice of montmoril-
lonitie clay particle is used to conceive
development of swelling pressure in various
direoctions. Using the mechanical analysis
and idealizing the clay particles-— in the
present case 2 micron size-vertical and la-
teral equivalont pressure conditions are
worked out for individual clay particles.
Slide~-2 also shows the relationship between
Bwelling and swelling pressure of the indivi-~
dual cla¥h£article as computed by the above
method. 8 shows that a clay particle,_can
exhibit a swelling pressure of 43 kg/cm? or
more. Decrease in swelling pressure with ino-
rease in void ratio as observed in the tests
may be attributed to expansion of clay par-
ticles in the void sgaeea.

Resistance to swelling of laterally orien-
ted particles is conceived as a mioro-anchor
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guahing againat the soil as shown in Slide-2.
esistance to movement of the clay partioles
in the 80il media as conceived by using
Terzaghi's theory is also shown in Slige-2,
This shows that resistance of 65 kg/cm< can
develop even at a shallow depth of 60 am

for an anchor size of 0,05 x 0.05 cm. For
the case of clay particles it may b» even
more.

In the light of the above theory,experi-
mants were comucted both in theriaboratory
and the field to evaluate the efficacy of
cohesive nonswelling soil layer to counter-
act the swelling pressure of a swelling
soll media, Slide =3

CANAL LINING IN DISTRESS, WITHOUT COMESIVE NONSWELLING
SOIL LAYER BACKING

CANAL LINING STANDING, WITH 1M. THICK COHESIVE
NONSWELLING SOIL LAYER BACKING



shows the effectiveness of 100 cm thick co-
hesive nonswelling soil layer in preventing
the damage to lining of a canmal slope. In
the same slide the place where cohesive non-
swelling solil iayer is not used for lining
and the distress has taken place 18 also
shown,

These studies help in focussing the atten-
tion towards the fact that stress distributi-
on in expansive soils is altogether diffe-
rent from conventional soils. This further
may have oonsiderable effect in developing
the mechanics of expansive solil media.

Aldo R.REGINATTO /Argentina/

After paper 4/30 was submitted for publica-
tion additional research was carried out to
determine how liquids are chemically modified
by soils upon saturatian,and viceversa, and
the effect of suoh changes in collapse,

Results of this research oconfirm that the
collapse phenomena upon saturation,for the
solle analyzed,is due to dispersion of the
clay fractlon which makes up the bonds bet-
ween the particles of macroporous collap-
sible soils. Test results shown on Tables 1A
and 2A have been selested to illustrate the
chemical interaction which took place between
soils and saturating liquids.

Variation of Soil Chemical Characteristics
oer oatura

Results of tests before and after saturation
with different liquids indicate the follo-
wing changes in the chemical characieristics

of collapsible soils:

1) A marked reduction in the amount of solu—~
ble sodium cations occurs with saturation
the other cations vary in a muoh lesser per-
centage. Consequently the SAR of the soil
diminishes,

2) For the exchange cations, Na increases
while Ca remains fairly stable after satura-
tion with minor variations for other cations.
The % exchangeable sodium of the so0il inc-
reases after saturation.

3) The calcium carbonate content remains in-

variable, It iz pointed cubt that in the soils
tested this substance occurs mainly as small

isolated concretionse

Table 1A shows results of tests on a typlcal
collapsible soil sample from the Cordoba area
in Argentina, before and after saturation.

Variation of Cgemical Characteristics of
9 8 er Yavuravlon

The oollapse susceptiblility of the solils
studigd was measured with double oedometer
tests? (1), using fixed ring devices. The sa-
turating liquids entered the samples through
the bottom connection only,seeping upwards
through a thickness of soil of about 20 mm.
The samples of liquids after saturation were
obtained with a hypodermic syringe from the

(1) See references on page 183,vol.2,2

132

upper part of the fixed ring devices, after
seepage through the soil within the ring.

The following changes were noted in the li-
quids used to saturate the collapsible soil
samplest

1) For drinking water,soluble Na cmtent
increases markedly, while K and Oa content
increases to a much lesser extent. Consequ-
ently the SAR value of the liquid increases.
PH levels change from slightly acid or alight-
ly alkaline,to alkaline,

2) For domestic sewage,the increase in so-
luble sodium content is larger than for
drinking water. Consequently the increase in
the SAR value of the liquid is larger. pH
lovels remain more or less constant, well
within the alkaline range.

%) Por acidic waier,the range of increase

in soluble Na is similar in magnitude to
domestic sewago, but there is also a marked
inorcace in the soluble Ca contenl. There-~
fore the increase of the SAR value is the
largest. A remarkable change in pH takes
{i:oe, and the liquid becomes strongly alka-

Qe

Table 2A Eresenta results of teats per-
formed in liquids before and after satura-
ting collapsible soil samples.

OONCLUSIONS

The main conclusions derived from the results
obtained are:

1l- An important exehange of soluble Na takes
place between collapsible soils and satura-

ting liquida., There is a marksd reducticn in

the amount of soluble Na in the soil, and an
increase of similar magnitude for the same
oation in the liquid. Variations for other
soluble cations are minor.

2~ There is a marked increase in pH values
for liquids which are acidic or slightly
alkaline before saturation. If the initial
pH value of the liquid is high before satu-
ration it remains in the same order of magni-
tude after saturation.

3- The calcium carbonate oontent of the
80oil remains invariable before and after sa-
turation.

4~ The soluble sodium content of a soil,and
the sodium dissolving capacity of a satura-
ting liquid, play an important role in rela-
tionship to the susceptitllity to collapse.

Ycs o

5= It ia obvious that as a liquid solubilizes
the soluble sodium in a soil, becoming strong-
ly alkzlinc or remaining sc if the initlal

pH is high,the clay dispersing properties

of the solute are greatly increased.

6~ Thus,the collapse noted for the soils tes-
ted is caused by dispersion of the clay frac-—
tion which makes up the bond between the par—
tioles. Therefare the sensitivity to disper-
sion or deflocculation of a s0il in relation-
ship to a glven liquid governs the possibi-
1lity and magnitude of collapse.
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TABLE 1A

Varigtions of Chemica) Characteristics of Collapsible Soil Upon Saturation With Various

Liquids
CONDITION CATIONS IN SATURATION EXTRACT
OF SOLUBLE CATIONS me/liter EXCHANGE CATIONS me(lOOg [ SAR
SOIL Ca Mg | Na K £ Na¥% Ca Mg Na K 5 T [Na%
Bafore saturation|14.0 8.0 8.0]0.8/30.8]25.019.4] 1.0] 0.6] 1.0]12.0|12.0| 5.0] 2.2
After saturatlon |,g of 4 g 4.1(0.931.3[13.1]8.0f 1.7] 0.7] 1.0|11.4[11.4] 6.0[2.1
er g
w/Ddnking water 17.2 7.9] 5.2(/1.0¢31.3[16.618.8| 0.9 0.9 1.4(11.4]|11.4} B.0]1.5
TABLE 2A
Variations of Chemical Characteristics of Liquids After Saturating Collapsible Soils
TYPE OF SOLUBLE CATIONS r
LIQUID Ca [ Mg | Na K | € Na¥% | RAS | pH
Drinking water
before saturation 1.9| 3.1| 0.65| 0.084 5.7 11.3 o.3|7.6
Ditto, after saturd 3.2)] 3.3 |26.0] 1.1|33.6] 77.4 10.0|7.9
Drinking water
before saturation 1.9| 3.1/ 0.5/0.1]| 5.6 8.90 0.316.8
Ditto, after saturd 2.5| 1.0 4.5|/ 0.3| 8.3)] 54.00 3.4|7.9
Domestic sewage
before saturation 2.5/ 0.4]11.4]0.4)14.7] 30.9 1.0/8.5
Ditto, after saturd 3.6| 1.2] 9.3|0.514.6] 63.0] 6.0|9.0
Acidic water
before saturation 0.9/0.4|]0.37 0.61 2.8 16.1] 0.5/5.7
Ditto, after satur) 3.1)] 3.4(34.0] 0.52|41.02] 82.9{ 13.0]/8.0

E.T.BANRABAN /Ireland/

‘Soft ground must be strengthened by oonso—
1idation to render it capable of supporting
heavy leads. Consolidation is normally ef-
teotea by mechanical loading. The cansequence
of this loading may be a substantial reducti-
on in volume of the subsolil and possibly
large settlement of the surface and super-
structure. However an undesirable component
of the surface settlement may be movement due
to overstressing or shear failure of the sub-
soil and it is important to avoid as far as
possible this type of settlement. Also for t
this reason it is essentlial that forecasts
of settlement at the design stage make a cle-
ar distinction between the two types of sett-
lement. The method of forecasting based on
the e and ey parameters (ref,l) has been
found®setisfactory for this purpose. During
the construction period it is essential to
agoelerate the cmsolidation or strengthening
process. This objective can beet be achieved

using the expedient of small-diameter
slotted plastic pipes which function as clo-
pely-spaced sand-piles gslide 1). This expe-
dient has the further advantage that in deep
déposits the strengthening process can be
confined to a shallow surface crust, and the

surface settlement is carrespondingly reduced.
In certain organic soils the consolidation
process persists for extended periods follow-
ing construction, and may be of sufficient
magnitude to cause excessive distortion of
the superstructure., The most satisfaotory
méthod of terminating this secondary asettle-
mont is undoubtedly precansolidation, i.e.

the removal of part of the load used for de-
veloping strength in the subsoil.

Organic soils frequently occur in ill=
drained or low=lying locations.The loss of
elevatiaon which is associated ‘with the par-
tial removal of load may give rise to further
problems, notably flooding. The use of light-
weight £i11 (slide 2) as a replacement for
the heavy material employed du.rinf the ini-
tial construction period is usuallya satis-
factory solution because it permita a reduc-
tion of load without loss of elevation,

Hanraban, E,T., The eg and ey parameters.

Proc.Roscoe Symposium. Cambridge Univ
England. Mar. 1971 i ’



