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Chairman llr. Stanley D.W11son (USA)

I take great pleasure in welcoming you
to the first Specialty Session of the VIII
International Conference on Soil Mechanics
and Foundation Engineering. The topic of
this session is “Equipment for the Observa­
tion of Settlements and Stresses of Bases."
The vice-chairmen are Prof. G. Stefanoff of
Bulgaria and Senior Researcher D.S. Baranov
of the USSR.

The main aim of this session is to ac­
quaint those interested with the latest
advances in engineering developments, re­
lated to the design and construction of
instrumentation for the above purpose, the
technique of measurement procedures, and
the analysis of the data obtained from suchmeasurements. Since time is limited, it is
proposed to limit the discussion, insofaras is feasible, to the following two topics:

1. Up-to-date techniques and instruments
for measuring settlements, horizontal
m vements, and tilting of foundations
including foundations of soil struc­tures.

2. Up-to-date methods of measuringstresses in foundations, or at least
changes in stress resulting from the
applied loads.

with respect to topic No. 2, I have in­
formed Professor Gregory Tschebotarioff,
Chairman of Specialty Session 5, that I do
not propose to include the determination ofthe in situ stress of natural soils in this
session. However there is no objection to
the inclusion of discussions of this topic
in this session provided the technique is
also applicable to the determination of the
increased stress resulting from the founda­
tion loading.

I hope that these introductory remarkswill stimulate oral discussion at this
session which will be productive to further
improvements in instrumentation for obser­
ving the performance of bases and foundations.

In these opening remarks I shall first give
a brief review of the development of field
measurement techniques. This will be followed
by a review of the important points of the
various papers-submitted to the session. ThenI shall discuss some of the needs in this area
and the directions that will probably be taken
by the designers of new instrumentation.

BRIEF BEVIEW OF INSTRUM NTATION

Karl Terzaghi was a strong advocate of
the so-called “observational methods in
applied soil mechanics." This method con­
sists of: (l) predicting in advance the
performance of a structure in terms of
settlement, displacement or pore water pres­
sures; (2) making in situ observations of
the parameters during construction; and
(3) comparing the predicted and the observed
behavior and modifying the design as required.
For this method to be effective, the right
observations must be made and they must be
reliable. To be reliable, they do not ne­
cessarily have to be elaborate and costly.
I hope that the question of reliabilitywill not be overlooked in the discussions
this afternoon of new instrumentation.

when Dr. Terzaghi first developed his
observational approach, there were fewavailable instruments that had the sensi­
tivity, accuracy and reliability to obtain
the necessary data. As a consequence he
was often forced to design his own instru­
mentation systems and the installations
were not only costly, but often failed to
provide data of sufficient accuracy and
reliability to permit early detection of
variations between predicted and observed
movements.

This situation has now changed radically
as the result of new developments in in­
struments during the past decade. There
now exist a variety of devices for mea­
suring all three components of small
movements in foundations, as well as other
improved devices for measuring pore pres­
sures and tilting. Furthermore, the
availability and performance of these



instruments is being made known to the
practising engineer through publications
and conferences such as this one.

In June 1972, the American Society of
Civil Engineers sponsored a specialty con­
ference at Purdue University on the per­
formance of earth and earth-supported
structures. The proceedings of this con­
ference made available to the profession
a large amount of data from various instru­
ments which had been developed within the
past decade. Unfortunately, a substantial
period of time exists between the time a
new instrument is first designed and the
date records from an actual project become
available. Therefore, some of the instru­
ments described in the Purdue conference
were already obsolete by the time of
publication.

In May 1973, the British Geotechnical
Society sponsored in London a Symposium
on Field Instrumentation, at which the
latest developments in instrumentation
were presented. Although not intended as
an international meeting, the symposium
was well attended by engineers from manycountries indicating the great interest
in this subject.

In the USA, and I think to considerable
extent in Great Britain, the present trend
is for the development of instrumentation
having not only the capability of greater
precision, but also of being recorded auto­
matically, or at least semi-automatically,
by means of punched tape or magnetic tape.
These records can then be numerically
analyzed and plotted by electronic compu­ters. It is important to appreciate,
however, that the output of a computer does
nut constitute a critical analysis nf thedata. It appears to me, indeed, that the
greatest deficiency at the present time is
no longer in the instru ents themselves,
but in our capability to review and analyze
the data. Perhaps it is not so much in our
lack of ca abili as it is a lack of appreP tY 'ciation of the need for such critical reviews
REVIEW OF PAPERS SUBMITTED TO THIS SESSION

Twenty scientific reports from this
Specialty Session have been accepted for
publication in Vol. IV of the conference
proceedings. These papers represent con­tributions from nine countries and cover
a variety of types of measurements, which
in general can be subdivided as follows:

Type of Measurement No. of Papers
Horizontal displace­ment or verticalbending 4Vertical settlement 8Pore pressure 2Total soil pressure 7Strain 4
With respect to horizontal movements or

deflections of foundations, precise surveys
are a completely satisfactory procedure
provided reasonable care is taken to obtain
the necessary precision. When the distri­
bution of horizontal movement with depth

is required, a precision inclinometer, such
as that shown in Fig. 1, normally provides
sufficient accuracy which is of the order
of 5mm per 30m of depth.
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Fig. 1. Digitilt Inclinometer with Magnetic
Tape Recorder

The inclinometer shown in Fig. 1 has a
control box which records the inclination,
depth, and other pertinent data on magnetic
tape. The output of this tape may then be
converted directly into digital readings
or read into a computer which is programmed
to provide plots of deflection with depth.

In one of the papers to be included in
the proceedings, Jamiolkowski and Marchetti
from Italy describe an example of the use
of the Digitilt Inclinomefer in connection
with lateral load tests on piles, in which
they evaluate the variation of soil moduluswiLh depth. ‘

Escario from Spain describes an optical
method for measuring the deformation of con­
crete diaphragm walls for which an accuracy
of better than lmm in 15m of depth isclaimed.

Settlement, of course, is of major im­
portance in evaluating the performance of
bases and foundations. As with horizontal
movements, precise surface surveys are
often the most inexpensive way of obtaining
Lhe required information. Gerrard and
Kurzeme from Australia describe surveys to
measure settlements of raft foundations
under multi-story buildings. The distri­
bution of settlement with depth was deter­
mined by means of anchor plates with isola­
ted rods extending to the surface.

A number of new devices have been
developed for the measurement of settle­
ment. R. & E. Diamenti from ltaly used
photoclinographs obtained from bifilar
suspended horizontal pendulums with great
sensitivity, to measure small tilting of
an important Italian monument while grouting
of the foundation was being accomplished.

Peignaud fron France describes an
apparatus having a compressed carbon dioxide­
water interface which makes it possible to
measure settlement as large as 6m with an
accuracy of lcm, and this accuracy can be
improved for structures. Lamasson and
Carlo, also from France, describe a unique



hydraulic settlement amplifier for which
they claim the accuracy of measurement was
of the order of 0.l0mm for 2cm settlement
ranging over two years. Certain compensa­
ting circuits must be used to minimize
temperature effects.

Overflow weirs or inverted siphons have
been used for many years to measure settle­
ments in dams. Tominaga and Echigo from
Japan present data on settlements of an
ore storage yard, using such devices.

Burland describes a simple borehole
extensometer developed at the BuildingResearch Station in Great Britain. This
device consists of buried circular magnets
which surround a central guide tube, and
which actuate a sensor containing a reed
switch attached to a steel tape. Accuracy
of about 0.5mm is reported.

Jewsbury of the USA describes a differ­
ent type of vertical extensometer consisting
of linear potentiometers connected by steel
rods to anchors at varipus depths in aborehole. The device is particularly well
adapted to measure the vertical distribution
of heave during foundation excavation, as
well as the subsequent settlement.

Baranov, et al of the USSR investigated
the effect of the footing configuration and
of the preparation of the sand base by means
of l50cm diameter circular load plates and
by 60x300cm rectangular load plates. Pres­
sure cells with hydraulic transformers were
used.

Kheifits, of the USSR, summarizes the
results of extensive testing at the Scien­
tific Research Center of Hydroproject
Institute and on the basis of new specifica­
tions, a detector has been constructed which
comprises a thin rubber sheet penetrated by
channels filled with a low compressibility
fluid. Hopefully, this new pressure cell
will prove to be fa; more selective for nor­mal stresses than rigid disc-type detectors.

Kleshev and Muller, also from USSR, des­
cribe their experiences in measuring the
interaction of a building with a settling
foundation, using stringed dynamometers
between the footings and the building.

Mindich and Vyalov, USSR, used 33mm
diameter pressure gages with an unique
sensing element to investigate the stresses
developed in a layer of clay on a rigid
base, when subjected to loads from a rigid
strip-type footing.

Although pore pressure observations are
often an essential part of any foundation
instrumentation program, no really new
developments are reported. Perhaps this
is because there are available a variety
of devices, which, when properly installed,
will measure pore pressures with acceptable
accuracy.

Silva, from Mexico, provides details of
a pneumatic type pore pressure transducer
having a stainless steel diaphragm.

The determination of in situ stresses
prior to new construction is not considered
a valid topic for this session, however,the
measurement of stresses imposed by new
construction is desirable in many instances
and a number of authors describe either

the application of available stress cells
to specific projects, or the development
of new sensors.

Peignaud, from France, describes pneuma­tic total stress cells of 50 and 215mm
diameter with a diameter deflection ratio
of the order of 5000, which can be increased
to 10,000 in continuous operation with
slight permanent leakage of air past the
valve.

An application of the well-known Gloetzl
cell is given by Haws and Tabb, Great
Britain, who also describe B000kn capacity.
pile load cells which utilize eight individu­
al photoelastic load columns.

The importance of measuring ground strains
has been emphasized in papers by several
contributions to this session, including
Titov and Chromov, USSR, who describe an
apparatus for measuring resilient settle­
ments in highway subgrades. Dietrich and
Salley, USA, describe horizontal dynamic
strain measurements under an embankment.

Mursenko and Revenko, USSR, describe an
automatically controlled testing complex
for experimental investigations of founda­
tions.

Miller and Brown, describe remote reading
instrumentation used in conducting large
plate bearing tests against the vertical
side faces of an elongated test pit at a
depth of 5B feet below ground surface.
Loads of up to 1000 psi were applied to
34-inch diameter Freyssi flat jack flexible
pads. Maximum deflections at the center
of the pad of 0.10 inches were obtained,and all data were recorded at the ground
surface.
FUTURE DEVELOPMENTS FOR INSTRUMENTATION
FOR BASES

The two greatest needs for improvementsin instrumentation for bases and foundations
are, in the opinion of the chairman, related
to (1) greater use of automatic recording,
especially with regard to deep excavations,
and (2) improved techniques for installinginstruments to ensure that the observed
behavior of the ground is not caused by
the method of installation.

With respect to increased use of auto­
matic recording equipment I would like to
use several illustrations. Fig. 2 is the
control console containing semi-automatic
recording equipment which monitors the
stability of a reservoir slopes The out­
put from each of the sensing elements,
which are in boreholes up to 500 feet in
depth over an area 3000 feet in length
and 2000 feet up the slope, is conducted
through electrical cables to the central
control panel shown in the illustration.



Fig. 2. Master Control Console for Slope
Stability Instrumentation Monitoring

Here the data from 134 extensometers, 14
rock noise detectors, and 55 electrical
piezometers are centrally recorded. Thedata can then be put directly onto a tele­
type and transmitted to an office several
hundred miles away for analysis and review,
all within a matter of minutes.

An even more completely automated system
is shown in Fig. 3. Referred to as an in­
place inclinometer, this device consists of
multiple accelerometers mounted on series­
connected rods installed in near-vertical
boreholes.
Changes in inclination from the vertical
are detected by a master control unit,
Fig. 4, which samples as many as 20 sensorseach 2 seconds. The changes can either be
observed visually or recorded in any of
several different ways. Furthermore, by
means of a long-distance telephone and the
unit shown on Fig. 5, it is possible to
obtain in a few seconds a print-out tape
of the changes at any desired time, even
from locations several thousands of miles
distant.
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With regard to installation techniques,
many improvements are needed, particularly
with regard to total pressure cells. Re­
gardless of the capability of the cell
itself, the readings may be completely
erroneous unless the backfill immediately
surrounding the cell has identical proper­
ties with that of the rest of the embankment.
SUMMARY AND CONCLUSIONS

The papers submitted to this specialty
session include a variety of new instru­
mentation and improvements to well esta­
blished types of instruments. It is sig­
nificant to note the increased emphasis
being placed on instrumentation to observe
the performance of bases and foundations.

These papers demonstrate that there
are in existence today, techniques and
instruments for measuring settlement,
horizontal movements. tilting, pore pres­sures and strains in foundations. Further
improvements will occur particularly with
regard to reliability, ease of installation,
and increased use of automatic recordings,

With regard to measuring stresses in
foundations, the state-of-the-art is not
so clear. Progress is being made, but
there does not yet exist a simple way of
installing such devices so as to obtain
uniformly reliable data.
Chairman Mr.Stanley D.Wilson
Ladies and Gentlemen I wish now to invite thedelegates to take part in the discussion.
Mr.Baranov, please, deliver your contribution

D.S.Baranov, Vice-Chairman, (USSR)

Mister Chairman, Ladies and Gentleman,
The problem of strain measurements in foun­

dations and footings can now be considered
as principally solved and further improvements
in reliability of the results are mostly a
matter of an appropriate design of the test
instrumentation.

Stress measurement is a much more complica­
ted problem closely c nnected with a methodo­
logy of estimation of the interaction between
soil and measuring device which can be assumedas an inclusion into a soil.

Some investigations carried out in the USSR
in recent years clearly showed that neglec­ting this interaction can result in noticeab­le errors of measurements /l/»

Here I should like to dwell on some prin­
cipal methodology aspects of the problem.

It has been proved experimentally that ma­
ximum reliabillty of the stress measurements
can be reached only with comparatively rigid
gauges. This principle is of particular im­
por anoe_when measuring varging and dynamicstresses. But in the case o a rigid gauge
involved the stress concentration normally
takes place in a surrounding soil, its rate

being in a direct proportion to the ratio
of height h to diameter D of the gauge. It
has been found that in soils with high ang­le of internal friction the stress concentra
tion is asimmetric. This asimmstry as a
result of negative friction acting under theconditions of soil consolidation can reach
25-50 per cent of the measured stress value,
The maximum asimmetry takes place when mea­
suring stress in the direction of maximum
soil deformation while in a normal
to direction the asimetry is minimum.

The value of stress concentration in a
surrounding soil depends also on a general
stress state of the soil or,to be more cor­
rect,on a principal stress ratio GQ/TY.In a figure 1 are shown the results of the
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tests of pressure sells in sand at various
ratios6§/EQ . with approaching by the soilstresses a critical leve1,tne stress concent­
ration along thecL direction steeply growsas a result of formation of undeformable
rigid areas in surrounding sand which incre­
ase the eguivalent height of the gauge.(Fig.2). his growth o the stress concent­
ration has not been observed for the gauges
measuring 61 and Gqr. The described above
data show that results of gauge calibrating
tests under uniaxial compression can not be
considered as sufficient. The test arrange­
ment should provide more realistic loadingconditions.

The last aspect, I should like to draw
your attention to, ie a substantional influ­
ence of soil non-homogenity' on measurement
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results. Non-homogenity can be-produced ei­
ther b some irregularities in filling (up to
25-50%§, or in the process of the gauge ins­
tallation. For example, even a slight grind­
ing of the ga e down to the sand resulted
in noticeableu?up to 20%) increase in varia­
tion of the readings. Influence of the soil
non-homogenity should be particularly takeninto account LU field measurements where the­
re is often no opportunities to repeat the
17931730

The special teohnlq e for stress measure­
ments in soils has been developed in the USSR
in recent years which allows to obtain a high
level of reliability by means of the aplica­
tion of the method substantional decreasing
of stress concentration in a surrounding
soil. This allows to determine experimentallyall of the components of the stress tensor.

A strain gauge pressure sell developed at
the Gentral Research Institute for Building
Structures (GOSSTROY THE USSR), has pasted a
complex of metrological tests /?/ and is sue­
cess fully used for laboratory and field
tests including dynamic and long term tests.

There is an important methodo ogioal problemwhich need a profound study.That s the deve­
lopment of a method for pressure sell inser­tion into natural; structure soil. As the in­
vestigations have shown the pressure sell in­
sertion into a bore-hole followed by its tam­

Chairlan lr.Stanley D.Wilson
Thank you lr.Baranov tor your interesting
c ntribution. The next will be lr.Cocks
(9161-Rnd)

R.l¢Cooke (England)
IQUIPIENT FOR THE OBSERVATION OF SETTLEII TB
ARD STRESSEB OF BASES

Inclinometers measuring deviation from the
vertical are now used to detect the deforma­
tions of sheet pile walls, the lack of
straightmess of long, small-displacement
piles and earth movements occurring close to
deep excavations. As far as I am aware
there is no published dntn on inclinometers
for measuring small angles to the horizontal
such measurements being capable of integra­
ting with respect to length to give values
of foundation settlement or vertical ground
movement. At the Building Research Station
in England we have developed a ranve of
horizontal inclinometere for this purpose,
Cooke, R w and Price, G (1973). and observed
vertical ground movements around and beneath
experimental piled foundations. Two of the
instruments were used to provide the data
described in our paper to this Conference,
'Stralns and Displacements around FrictionPiles .
The inclinometers, which are based on elec­
trolytic liquid levels, are used in horizon­
tal boroholes lined with plastic tube, 50 mm
in diameter, drilled from a trench outside
the soil zone affected by the loaded founda­
tion. The resistance between three electro­electro­

the
plane.

des partially immersed in the level
lyte changes as the tube containingelectrolyte is tilted in a vertical
By using precise resistance measuring_Brid­gee, sensitivities better than 5 x 10
radians (or 1 second of arc) can be detected
A section through the head of one model of
the inclinometer incorporating a sliding
wedge for initially zeroing the instrument
is shown in Fig 1. Adjustments of the wedge
are obtained by rotating a drive shaft which
passes through a universal coupling to ter­minate in a fine screw-thread at the thicker
end of the wedge.

ping causes considerable disturbance of the s‘""'° “'"“'°"°' °°“*’""0natural state of soil stress condition round °°"°°"°'" *° °'°°"°“°° DH" 'MH
the sell gud which in most cases does not re- J, »~turn s ormer state.Pushing the pressure 9 - 7H;¢E, “
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The distance from the observation trench
over which this instrument can be operated
is limited by the length of the drive shaft
that can be conveniently formed and by thewidth of the trench used to install the in­
clinometer. This difficulty has been over­
come in two subsequent developments. In the
first of these the drive shaft is eliminated
and one end of the level tube rests on a cam
driven by a remotely-controlled, low-speed
motor. The instrument can therefore be
pushed to any position in the borehole by a
flexible rod or pulled by a cord from a sub­
sidiary trench at the opposite side of the
foundation under study. This model of the
inclinometer, Fig 2, was used to obtain the
curve of vertical soil displacement beneath
the pile point shown in Figs 5a and 5b of
paper 3/9 in vol 2.1

.-- ' ' ._ '»‘ \, . * ' 3-:Li -',V  _r,&.  qt).-,_¢' .: if,, wi ``\-- an I '
Fig 2

The most recent work has been carried out
with trains of simpler inclinometers (Fig 3)
incorporating electrolytic levels having a
much larger operating range. Because of the
extended range, no method of zero balancing
is required as long as the borehole and
lining tube can be installed to within a few
degrees of the horizontal.

~.=; ; , _lvll
Fig 3
Once installed the trains of inclinometers
remain unmoved for the duration of the ex­
periment and errors associated with moving
and replacing instruments in the same P°Bi'tion are avoided. Individual trains of up
to 13 inclinometers are being used. They
are connected by universal couplings and are
supported on feet radiused about the
coupling centre. Accurate measurements of
the soil displacement profiles around groups
of two and three instrumented piles are being
obtained and some data for a two pile group
will be presented in Main Session 3 of the
Conference.

REFERENCE

Cooke, R W and Price, G (19/3). Horizontal
inclinometers for the measurement of verti­
cal displacement in the soil around experi­
mental foundations. Proc Symp Field
Instrumentation in Geotechnicab Engineering.
Butterworths, London, pp 112-125.
Chairman Hr.Stanlsy D.Wilson
Thank you very mu h, lr. Cooke,
than I pass the work to lr.V°d¢r
from Austria

Ch"=tisn VEWER (Austria)

The soil under a freight yard in Western
Austria consists of layers of peat and silt,
with some intermediate layers of fine sand.
Only at depth from 6 to ll meters is gravel
found. It appeared highly important and
necessary to measure not only the total
amount of the settlement due to the precon­
solidation load as a whole but also its
distribution respective to the depth. Pre­
liminary experiments had proved he insuffi­
ciency of conventional telescopic depth
gauges. Therefore, a new method of measuring
the settlement at different depths was
applied: by means of drilling equipment,
measuring plates (F1g.1) were drilled into
the soil at different depths. A jerky back­
ward movement of the drilling rod released
the bayonet fitting (or scew cap), and the
plate remained in the soil at the desired
depth. To keep the drilling hole free for the
measuring sound, a flexible plastic pipe was
left in the ground,golng trough the middle of
the plates without being attached to them.
Thus the plates (Fig.2) could follow every
vertical movement of the different layers of
soil. The measuring sonde fixed to a cali­
brated cable, consists of a plastic covered`
coil winding which produces an electrostatic
field. If this electrostatic field is changed
by one of the iron plates, an indicator at
the other end of the cable shows a deflexion
of pointer. Thus the depth of the different
plates can be exactly determined with an
accuracy of plus/minus l mm.
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Chairman Mr. Stanley D.Nilson
Thank you very much, Mr. Veder for your
c ntribution.
The next will be Mr.Jezequel,France

Jean Francois JEZEQUEL (France)

La mesure des relations contraintes-defor­
mations dans les futs des pieux,charges sta­
tiquement necessite la mise en place de moy­ens de mesure delicats et onereux.

On presents ici un appareillage nouveau,
experiments en France de uis deux ans
(JEZDQUEL et autres l962S et dont l'interet
essential est d'etre recuperable apres mise
en oeuvre dans n'importe quel type de pieu.
1. Principe

Un ruban metallique portant des Jauges dedeformations collees est tendu entre divers
points d'un pieu a l'aide de dispositifs spe­
ciaux appeles "bloqueurs" (figure 1). On de­F|g.1 -E e­

Q -Runtim­
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termine ainsi des tronqons de pieux de longu­
eur variable AB,BC ... .

Sous l'acticn de la charge §Q) le pieu secomprime. La compression /42. de chaque tron
gon elementaire de longuour /.2 / est donnee'rectement par la jauge collee sur le ruban.
2. Realisation pratigue

La mise en oeuvre du dispositif necess te
la mise en place prealable d'un ou de plusi­
eurs tubes logements de 5 cm de diametre in­
terieur. Les tubes sont: soit noyes dans le
betcn, soit soudes directement sur les pieux
mstalliques. Cette operation ne presente pasde difficulte pour les pieux H. Elle est plus
delicate pour les pieux tubes non visitables
de irande longueur. Dans ce dernier cas on
sau d'ailleurs utiliser une autre methodsecrite dans la reference.

Un train de rubans et de bloqueurs est des­

»-Y

Le blcqueur,situe juste au-dessus de la
pointe du pieu, est alors dilate seul Erace
a un circuit pneumatique independant.L'ensemble du train de rubans est alcrs
mis en traction depuis la surface, tracti n
controlee par les jauges et dont le niveau
est fonction du type d'essai de pieu (char­
gement ou arrachement).

Les autres bloqueurs sont ensuite dilates
simultanement grace a un deu ieme circuit
hydraulique et l'ensemble est alcrs pret afonctionner.
3. guelques points technologggues

Le succes de la methode est lie au respect
d'un certain nombre de precautions technolo­
giques:

- le ruban doit etre de caracteristiques
geometriques un1formes,faute de quoi la
mesure a la jauge de deformation ne sera
pas representative de la deformation
d'ensemble et un etalonnage sera neces­saire. '

Le module du ruban et sa section doivem
etre auss faibles que possible afin que
sa variation de longueur n'induise quede faibles variations de f¢rces sur les
bloqueurs.

Par contre sa limits elastique doit
etre elevee afin de pouvoir extrairel'ensemble sans difficulte sans avoir
recours au cable de sauvetage (fig.2).
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- La conception des DLOQHGDIB est particu­

lierement importante puisqu'ils assurent
la liaison rubans-pieu. La surface de con­
tact bloqueurs-piau doit etre faible afin

ceadu par simple gravite dans le tube logement d'eviter les C0mPP953i0Dh parasites de
contact a



Grace a oe nouveau procede il a ete possib­
le de diviser par deux le prix de ces mesuree
car la mise en oeuvre est rapide et le materi
el recuperable.

La mesure n'est perturbee par aucun pheno­
lene de fluage ou de relaxation et,dans les
betons, elle conduit a des resultats plun
fiables que ceux obtenus par les extensomet­
rel olassiques car la base de mesure estbiin plus importante.

La mise en place de l'appareillage ne neces­
site pas de preparation particuliere de la
tete de pieu - a 1°exception d'une echancrure
pour le passage des fils-_ Elle peut se faire
avec un espacement reduit d'un metre environsous massif de reaction.le

Isis le precede, tel qu'il a ete decrit,
n'est pas adapts au! essais a longs termes
(etude du frottem nt negatif par example)en raison de la necessite d'alimentation des
circuits pneumatiques.

REFERENCE:
J.Jezequel,E.Lemee,J.N.Guegan at P.Liberge.
”Appareillage amovible pour 1a mesure deere ations contraintes-deplacements dans leeeu: .
Bhlletin de Liaison-des Laboratoiree des
Ponte et Chaussees No.57-Janvier-Fevrier 1972

Ohairlan lr.Stsnlei D.WllsonThank you very muc lr.Jezequel for your
interesting contribution.
Nol,Ir.Seiffert,please,
Seiffert,Herst Dr.ing (DDR)

At present the construction of technical
devices is being more and more improved; the­
refore the measuring equipment for soil
stresses has to meet two essential conditions,
o fering great difficulties:

During sustained loading the measuring ins­truments have to indicate constant calibra­
tion characteristics over a very long period,
for instance over one year or even several
years and, moreover,their installation mustnot disturb the stress conditions in soil.

Some years ago the team Dr.Martin, Dr.Seif­
fert As mann of the "Forschungsanstalt fUr
Schiffahrt, Wasser- und Grundbau" developed
a pneumatic measuring equipment, based upon
the principle of compensation; meanwhile we
have collected sufficient experiences with
it /l,2,5/. This equipment measures directly
the mechanical stresses in any medium. The
external stresses are compensated by pneuma­
tic pressure in the following methods compres­
sed air, coming from a pressure tank passes
through a pressure reducing valve, flows into
a main l1ne,then through a nozzle into a sup­
ply-line to a double-membrane valve- auge con­
taining a pressurerelief valve (Flgj)

The relief valve is closed by the external
stress which is to be measured; the pressu­
res set ug in the lines are graded such thata constan raise of pressure takes place in
the valve-gauge until the pressure-relief val­ve opens. hen, when the valve is open, a
stati nary flow forms,and the external stress
is compensated by the pressure in the valve­

.r,;'§>1;, 1'
Fig. 1System of the pneumatic measuring device

gauge and indicated on a pressureqgauge as a
ynamic pressure,analogous to the higrauliccompensation. The air flowing off t gauge

is ccnducted through a discharge line into a
glass filled with water, so that an opera­
tion control is possible by observing the
alrbubbles. The equipment can be installed
with any member of gauges.Analogous to the wel -known simple valve­
gauge operated hydraulically,we developed aouble-membrane valve-gauge (DNPVG) (Fig.2
and 5). Due to its relief pressure-valve,

17 funaugfs 181753
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IP 13141116
Fig.2. |S9°V1°° of a double-mambrane-valve­

gouge \Dl|-VG)
Iegmda (F:|.g.l and 2)
1 pressure tank 10 grooves
2 pressure reducing valvall supporting body5 main line 12 membrane4 nozzle 15 membrane5 feeding line 14a lamina6 double-membrane l4b laminavalve-gauge 15 relief valve16 hole

17 overhanging e dge18 hole
7 pressure gauge
8 discharge line9 water-f lled vessel

which is elastic and acts in a laminar way,
it shows an operation security of valve ac­
tion contrary to the gauges operated hydrau­lically. Therefore it is suitable for the use
of air as a pressure compensating medium.
By containing two membranes the gauge canmove in both directions. Stress conditions
in soil are less disturbed and detected more
correctly.

For several years pressure cells ty
DM-VG (40 and 70 mm ¢ and 2,5 mm highgevd th
flexible synthetic lines (¢a=5mm, E =1,5mm)
were installed for model measurements. The
were exposed to sustained load for a period
of more than three years. After this time they
showed calibration characteristics superior
to all known electrical measuring instruments.
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F_1_g,5, A double-membrane valve-gauge withits constructional parts
For estimating the quality of the measured
values, in all tests the applied load was
compared ivith the measured soil stresses,
using different load increments and removals.Differences cf 0.0 to 8.0% were found.

Some essential specialities of calibration
characteristics are represented on fig.4,
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Fig.l+. The calibration characteristics of
a double-membrane valve-gauge

Legenda :

1) Calibration medial air,we.ter,dry ang wet
sand measurfig accgracy 10.02 kp/cm for->0.0é 10.0 Icp/cm maaclmal deviation 2
from nominal value: 26,-d‘=o-0.20 kp/cm
for 0.12 S 100 kp/om 2
zero point: 0.3% kp/cm , valve operating>1xl0-5¢lxlO" mm
No hysteresis on calibration in air and
water
leasuring range og Dll-VG for model testeskp/cm
maximal measuring range for DM-VG withcapillary hoses: a0. 630.0 kp.{cm'~
Behaviour after sustained loading over3 years: 6, _ 6 / l
maximal deviation H66 “69aO.l5 kp an
average dev:l.ationCf “6';6' "sg:-0.15 kplcma

2) Calibration August,l966
- air, water ­
before test begin

5) Calibration 0ctober,1969
- air, water ­after test finish

4) In this range the calibration curves for
Dll-VG lie in
a) dry sand
b) wet sand
c) uncovered sangrubber membrane :Les on on the gauge

5) Influence of a wedging in sand steel
plate 9150 cm, pressure c linder G 40cm
rubb_er membrane, deformation in bcttan
of pressure cyl:I.nder~ l mm, 4 cm sand
cover

6)6’“ tc6'A rises due to dynamic actions
7) loading and removal of load
B) further run of(5'"- curves

taking a valve gauge as an example. Therealso is to be seen its behaviour after a
sustained load of three years. Besides we
refer to two interesting results of the
calibration tests, represented on fig.4. In
a pressure cylinder we measured wedging
effects in the soil, which could be removed
by external dynamic actions, as for instance
knocking. They were caused by small irregu­lar degrees of compactness. he example
shows, how much the stress in soil depends
upon slight differences of compactness. They
must be supposed under every footing. It maybe mentioned that the ccnstructional measu­
ring accuraci of devices, amounting to +0.02kpcm-2 (fig. ), depends above all upon the
accuracy of pressure gauge measurement.

The measuring equipment,designed upon the
principle of compensation with valve gauges,
is,with ccnstructicnal mcdifications,also
adaptable for measuring the compression stre­
sses in soil, ccncrete,gas,water,and the pore
water pressure.

The mentioned team developed a shearing
Stress Pressure cell,which works as a valve­



gauge on the above described measuring prin­
ciple of pneumatic compensation. The shearing
stress,acting horizontally on the surface of
a flat pressure-cell, is compensated by pneu­
matic pressure through an elastic meander­
shaped hose, which is arranged horizontally
in the pressure-cel1,and by a valve.The mea­
sured value is indicated on a gressure gaugein the same way as on the DI-V . The valve
opening, the extension of the hose,and the
movement of the pressure-cell surface effect
a_compensation of the shear stress,which is
to be megsured. Movements are in the rangeo 1110* to lxlO~2mm. The accuracy of measu­
rements equals that of the DM-VG.

The tests performed in the "Forschungsan­
stalt fir Schifffahrt,Wasser- und Grundbau"
have chown that the pneumatic measuring aqui­
pment meets the measuring requirements, which
are nscessary to perform stress measurementsln S0 o
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Chairman \Ir.Stan1ey D.li1son
Thank you llr.Seiffert for your discussion.
Now please Mr. Heifitz, USSR

V. Z.K11e1f:l ts (USSR)

The output signal of a stress detector
always reflects the averaged, in a certain
way, value of stresses acting on its sen­
sing element area and being distorted bythe detector itself.

So the output signal, being a random value
can be characterized by the value of its me­
thematical expectation and coefficient ofvariation. The coefficient of variation can
be calculated beforehand if we know disper­sion and autocorrelation function of the
deformation properties of a soil mass or its
density the dimensions of the detector andthe 1 luence surface area of its sensing
element.

The value of distortion contributing to
the main~part of the mathematical expecta­
tion shift and resulting from the stressconcentration on the detector do ends onP
the extent of difference between the dggornn­

tion characteristics of ‘the detector and
the soil displaced by it,upon the soil'
stressed state and the loading condition
including the ;rocedure of the detectorinstallation.
The distortion value can be predicted onlyon the basis of the results of the detector
testing under the known beforehand stressed
states, at different loading conditions.
The tests should speo:l.fy one of the most
important metrological detector characterig.
tics- its sensitivity to variegated phys1_
cal conditions of its interaction with 3011,to the principal stresses ratio,strains
load:Lng cond:l.tions,stress gradients (which
are sometimes called "effeot of crientationvv)Qt¢e

Statistical processing of results of 111.3%years of studies carrie out by the Scien1;i_
fic Research Centre of "llydroproject" reve_aled that the coefficient of variation' of
the measured in the field values of the avg..
rage stresses on the detectornabout 150 mg
in dia,equals 0.5-0.5. This value can be
decreased only -by increase of the detector
size. For reliable forecasting of the requi­
red increase of dimens:Lons,:\.t is necessary
to accumulate knowledge about the dependence
of the nonuniformiw of the soil deformationproperties on the soil type and procedure
of the soil placement.

However the determination of the sensit1_
vlty of large detectors to different conditi­
ons of their interaction with soil is a time
consuming procedure requiring bulky insta1_
lations. But this limitation is easy to be
avoided by testing a detector model, becausethe stress concentration on the detector
does not depend on its size. The test dev1_
ces used can be not very large, with the
soil specimen volume from 0.05 to 0.05 m5,Mode tests should comply with two requ1_
rementsx

creation of boundary conditions providinghigh soil specimen uniformity in the tag­ting apparatus cell; '
ensuring geometric similitude and complete
conformity of the deformation properties
of the detector model and prototype.
Experience in development of apparatuses

providing uniform stressed-strain state
(with central symmetry :Ln any point) in a
soil specimen has demonstrated, that only in
an apparatus with symmetric boundary cond_~|_1;1.
ons, which exclude strain and stress gradj__
ents fomation at'the specimen boundaries,it is possible to achieve reasonable unifcp.
mity, one of the criteria of mich being
the absence of the "effect of orientation",
For this, the cell walls contacting with tha
soil should deform together with the spe¢1_
men and the condition of the walls interag..
tion with soil should not depend on the spa­cimen strain.

Such apparatuses were used for testing ge­veral so l stress detectors of various typeswhich have different ratio of principal di­
mansions and different deformation properties
Among the detectors tested,thin low-comp;~eB_ °
sibility non-rigid rubber detectors (their
thiclmess to diameter ratio is less than 0,03)



produces the least distortions in the widest
range of stressed state and loading conditi­
ons. Their errors did not exceed 15%, irres­
pective of the type of the stressed state or
loading conditions.
Chairman Mr.Stanley D.W1]son
Thank you Mr.Kheif1tz. Now, please,
ur.Lsaebn1k, Ussn 4

c.Lase n1k (USSR)
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Fi5.1a»Diagram of laboratory set up and re­sults of the errors of earth pressure
cells in the laboratory
a -schematic section of setup with

soil and equipment installed
Cells of various design, the error of which

las determinated,wre placed one by one in
the centre of the soil specimen (Fig.i,a).
The sensibility of cells in the tests withoutlateral expans on of the soil constituted 100%

I9

Figs. lb and lo list the test results.

‘F%7%j&7é /‘T440 , |1'/ I150 , |
Imo l ¢
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weme CHZ; fo 6ma 4 4 -23; 2 T a “%f~2Figs. lb and lc» ,
b- diagrams of the dependence of the er­

rors of various earth pressure cells on
the value of vertical pressure with the
possibility of lateral expansion of soil
and its relatige radial strain beingequal to 2.1O' .

c- the same for cells type PDGS-5
l- shell; 2- cover, 5- reference pres­
sure gauge, 4- connecting pipe, 5- rub­
ber diaphragm, 6- soil, 7- cell under
investigation, 8- miniatu e cells type
HCM-2, 9- porous comprossible material,
10 at a relative strain of soil 12 theradial direction, equalling l.l0` , ll­
at a Eelative radial strain constituting2.lO' . '

The data on the considerable concentration of
stresses in the cells in the case of uniaxial
compression and the possibility of lateral ex­
pansion of the soil are confirmed only par­
tially. Only in diaphragm cells (with cent­
ral and annular membranes) did we observe
an appreciable increase of the output signal
(UP to 45%).

Cells with a hydraulic multiplicator react
to a decrease of lateral pressure much less



noticeablye
The procedure _of carrying out check tests
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F;Lg,2¢ Location of stressmeters in round foo­ting and earth pressure cells in soil
under a footing,as well as pressure and
settlement diagrams obtained in tests
qg_1-_\|_~1§g,O\lt in a large tank

a-, schematic diametral section of footingand soil basement with stressmeters and
earth pressure cells mounted;

b- charts of distribution of pressures for
first loading,

c- the same for second loading,
d-diagrams of relative stresses and settle­

ment of footing
1- under conditions of an uniformly-distrib

ted load on tho foot:Lng,equal in 1 kg/omg;
2,3,/+ and 5- the same at loads of 2,5 4
and 5 kg/cm2 respectively; 6- ratio rf
readings of cells located in a soil massand stressmeters located in a footing at
first loadillsi 7- the same at second loa­
ding; B- footing settlement at first loa­
ding; 9- the same at second loading.

in a large soil testing tank is made clear
in Fig.2 a. Fifteen contact stressmeters for
soil type SDKS /l/, /2/ are mounted in the
toe of the reinforced ccncrete footing; Five
flat cells type PDGS-Ib /l/ located in a zonewhere as a result of the footing being loa­
ded the forcing out of soil and a consequent
decrease of lateral pressure occur are placed
under the footing.

Starting with presmres of 5 and I+ kg/cm2
during the first ani seccnd loading,respecti­
vely, owing to the formation of displacenent
zones in the plane of location of the earth
pressure cells,th.e values of the ordinates ob­tained according to the cells (black dots)
begin to fall behind the values measured bythe contact stressmeters (white dots). The
side ordinates of the chart of distribution
deorease,wh:Lch is recorded both by the con­
tact stressmeters and, particularly percep­tibly, by the cells (1-'ig.2‘o,o,and u). Tm
formation of displacement zones is confirmed
by the steepness of the footing settlemmt
diagrams (lines B and 9 :Ln F:lg.2,d).

Analysing the results of the tests in the
tank, we conclude that, regardless of theredmtion of lateral pressures in displacem­

YI/f

ent zone under the fdoting,the sensibility
of cells located in this zone does not inc­
rease. On the contrary they record a reduc­
tion of stresses in this region.

Therefore,the check tests in the laboratory
setup and in the tank showed that flat rigid
cells do not produce the considerable errors.
REFERENCE
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Chairman Stanley D.Vl:l.lson
Thank you Mr¢Lasebn:\.k for your contribution.
The next will be Mr.Gruber, FRG.



Figure 2 Bhk a chimney and boiler tower
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Dipl.Ing.Ncrbert Gruber /FRG/
We take this opportunity to present the

various methods and equipment used for tie
last few years for measuring settlements of
foundations in southern part of Germany.
1. Optical Method

Figure l shows the optical method. Thepcin of reference - with respect to which
settlements are measured - is anchored at
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a depth where no measurable settlements are
expected. At this depth a rod-base was ce­
mented in. On top of this base a precision
level was fixed, which remained in place
for whole of the observation period.

The settlement readings are made cn gradu­
ated staffs fixed in the ringfoundation. The
accuracy of the readings is 0.05mm. Such a
set-up is advantageous in observing differen
tial settlements especially for ringfounda­
tions. The device shown in Fig.l was used
for obsennng settlements of a foundation for
a large rotating areal. The specificationsdemanded that the differential settlement of
the construction was not to exceed ilmm.The observed total settlement was 2.8 mm and
the differential settlement 0.6 mm.
II. Electrical Method

cf a power plant constructed on the banks
of river Danube. The total weight of the
plant is as great as the total weight of the
Moscow Television Tower,that is 55000 metric
'UOHB 0

The P“rP°B° of th6 measurements was
a) to measure compression of each layer below

and at the center of the foundation up to
a depth of 60m (points l-3).

b) to measure total compression below the
edges of the foundation as a result of
wind loads (points 4-7)
For thezfiret case a flexible corrugated

PVC-pipe with copper rings at a distance
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of 2.5m center to center was used (Fig.5)
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The pipe is connected to the soil with the
help of cement-benu nite grouting. A trans­
mitter is lowered in the pipe and a change
in frequ ncy is signalled in the receiver
every time the transmitter passes the copper
rillsse

The accuracy of this set-up (System Idel)is of
stems

the order of a few mm which primilary
from the mechanical parts of the set­

\1 e
plt is printed out here,that the used corru­

Fig.4 can tales up
to 20-50% and because
pipe is prone to
such a pipe is not

gated PVC-pipe shown in
compressibility only up
of it being brittle the
damage. For that reasonsuitable for installation in deep bore holes
for measurements at greater depths and where
large settlements are to be measured.A more suitable flexible pipe as shown in
Fig.5 and 6 is made of plastics covered steel
wire spiral around which synthetic foil is
pasted on. Till now it was feared that such
a pipe will act as Faraday*s screen thus
preventing measurements of change in frequen­



Fig. 4 Flexible corrugated PVC-p°I3e
_UO0 mmd|a_) with copper ring

F:|.g.5. Flexible pipe with plastics covered
ateel-wire spiral ani copper rings

Fig.6. Flexible pipewith plastics covered..
steel-wire spiral and copper rings­
rate of compressibility.

oy when the trammitter passes the copperrings fixed outside of the pipe. But vdth
experiments such an effect was not noticed
because of the fact that the two ends of the_
steel-wire spiral are not connected together.

The experience has shown that, where large
settlements are to be measured and where pi­
pes resistant to special strains are to be
installed in bore holes, a flexible pipe
shown in Fig.5. and 6 combined with the Elec­
trical Method (System Idel) is most effecti­
ve.
III . Mechanical Method

For comparison a simple mechanical method
shown in Fig.7 was adopted. This was done
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with the help of invar wire anchored at the
bottom of the bore hole and Kept in stret ­
ched condition by weight suspended at the
other end.. The invar wire is protected by a
two inch PVC-pipe. The amount of relative
movement of weight with respect to foundation
level equals the compression of the soil lay­
er for the length of the wire up to the an­
chored md. ‘ The movement of weights is measu­
red with an accuracy of one over one hundred
rm-n.

For the observation of settlement due to
wind loads automatic drums with record sheet
instead of dial gauges were installed at the
four edges of the foundation base.This way
the settlement due to dynamic loads is to be
measured .for the top thirty meters. Automatic
recording takes place when the wind velocity
exceeds a predetermimd value.
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Chairman l||.r.Stanley D.Wilson.
Thank you lr. Gruber for your report.The next will be l|r.Per1ea from Romania.
llr. Perlea will you please.

lr. Vlad D.Perloa (Romania)

Monsieur le President a suggere une discus­
sion sur le probleme de la precision des me­sures de tassement dans les massifs en terra
et sur les moyens d'augmentation de cette
precision.

Un_dispositif de mesurage des tassements
en profondeur est l'appareil electro-induc­
tif dont le principe d‘utilieation est mont­
re dans la figure 1; en deplacant le traduo­

cable vers un
ampbrmeire
tube defproieciion
ie puroi d'un
forage
niveau qu'on doiiI .Ll iTdeierminer
anneau métalique ""

I(mA)

traducieur
massif en1erre_..

|'iniansiié du
couroni mesurée
tune ceriaine
prafandeur

Fig. 1. La principe de la methods electro­inductive
teur par l'interieur d'un anneau metalique,
solidarise avec le terrain a un niveau donno,
on determine la position de l'anneau corres­
pondant a ls valeur maximum G6 l'intensite
du courant d'induction magnetique.

On ne peut faire la determination du picde la courbe de variation de l'intens1te du
courant qu'a une precision d'environ 5 m .

La precision des mesures peut etre sensib­
lament amelioree en utilisant un couple detraducteurs solidarises a une distance deter­
minee, lies du point de vue electrique de
snrtes que les intensites des courants d'in­
duction magneitique ee soustraient (fig.2)

C‘est ainsi qu'au lieu de chercher le maxi­
mum d'intensite, on doit determiner la posi­
tion du couple do traducteurs lorsuq l'inten­
site est nulke; on oonstate qu'a proximate du
point de nul la variation de l'intensite est
tres nette, donc la precision des mesures est
bien accrue.

I(mA)__

lu courbe cor­
ff`Ud- respondaniN0-1 au iroducieurL.. No.2 ’ /_| |_» ///' /,/'
1r~qd_ ___/ _____ , Ia courbe deNo] variation de
L_ .1 I’in1ensiiéiotale
la position relative des lu courbe cor­deux traducieurs ei de respondani
Vanneuu pour Iaquelle
Vintenslié du courani
iuial esinule

Figozc

au iraducieur
No.1

Le moyen propose pour l'amelioration
de la precision des mesurements (pour
la demonstration du principe on a
considers le couple des traducteurs
fixe et l'anneau mobile).

Chairman Mr.Stm ley D.l1lsm
Thank you l|r.Porlea.And the last :Ln but dis­
cussion will be Dr.Toheng. Dr. Toheng, llll
you please.
Dr.!. Toheng /France/

We have ,just been listening to a certain
number of lecturers who have presented the va­
rious techniques of stress measurements.

We intend to point out the interest of the­
se measurements in practice.

Effectively,wh1le testing the passive earth
pressure we have measured from behing a retai­
ning wall,the stress doun the soil and thedeformations in surface .
_ The results of this survey are summed upin the following diagrams.

Figure No.1 gives the value of the verticalstresses recor ed by the captor have appearedwell ahead the failure of the soil.
Effectively, A1/h rises over 5% at failure

while, the captors disposed inside the dislo­
cated mass of earth show a maximum value as
soon as A1/h reaches 2% ( Al is the displa­
cement of the wall and h it's height)

2-Therefore,it is valuable to notice that
coN1'RAiN'rEs i-ioR|zoNrA\_Es EN BARS

6 r
‘~ <~~`§.\ `TT<$ -; _surfa libre‘ ` " ui\ Q ` \ "°3..°"\ Q 3 euTI lw /4 1'\  ' _ surface aa

1 5 ecrcn
i deplocemeni du rnur, Al, sur lg
h houieur , h , du mur

Fig.1



the captors embedded down the soil for measu­
rements may help forewarn the danger of fai­lure well ahead devaster.

The surface deformation measurements have
come up to the same results but we cannot
give them in this paper for luck of place.

The figure No.2 gives the valuc of tho
stresses recorded by the captors disposed al­

VARIATION oss coN'mA|NT£s EN FONCTION
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6" llgne de rupture
(MINI

B de
UPG

BCPGD \ P

s , . . ,m f I2 e -Ln =' -  _
\ ll V ,lt_ / _ \

1 \ »  _\- \
4-4 \\0 / \|

\ / \
\ /
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Fig. 2

eng a BIIJSLB horizontal allgnement origina­
ling from the wall.

The exact location of the two peaks on the
curve corresponds to the deformation of the
lines of rupture.

Thus, we have ascertained that measurements
on the site could forewarn in time of the rup
ture of the soil and even locate the failure111959

Chairman iir.Stanley Ihhlscn
Thank you 1J1°.'1\ohenS. for your discussion.
New at the ond of the work oct' oi1r'5eseion
I want to say some words.

P1‘Of¢ Stanley D.'ii1Bm (USA)

In my opening remarks I pointed out that
there existed a variety of excellent devices
for measuring settlement and heave founda­tions. Most of the discussion this afternoon
was connected sith settlement devices and it
is evident not only that improvements to pre­
sent devices are being made, but also that
maui new devices are still being developed.I t ink the reason for this interest is that
settlement is the most important measurement
that needs to be made with respect to all
structures. Irlfferential settlements produce
cracks and high stresses, and the ability ofthe structure to resist these stresses de­
pends not only on the magnitude of the sett­lements but a so upon the rate with which
they develop. Therefore,great precision is
needed in most cases to pick up the rate of
differential settlement at an early date.

In my opening remarks, I stated that
there were many unsolved problems relating
to pressure cells. Therefore, I was very
pleased to note the interest shown in these
problems by many of the speakers. However,
most of the attention was focused on the

design of the cell itseJ_f. In the opinion
of the chairman, however, the greatest defi­
ciency is in the method of installation, andit is in this area that much remains to be
done. I understand that this specific problem
is being studied intensively here in theUSSR at the Research Institute for Bases and
Underground Structures, and I hope that some
of their results will be published in the
near future.

In conclusion, I would like to express
my thanks to the speakers this afternoon and
to our hosts of the U$R in sponsoring this
session. My vice-chairman Mr.Baran0.r, and
the recording secretary Mr. Mamonov have been
most helpful in arranging the detailsof this
session. Their keen interest in instrumenta­
tion and their fruitful work in progress at
the Institute will certainly lead to impor­
tant publications in the future.I now close this first technical Session
of the VIII International Congress.



WRITTEN CONTRIBUTIONS

STRESS MEASUREMENT METHOD, EFFECT OF THE
§1ND BASE FORMATION TECHNIQUE. n.s.Baranov,§TV.Downarowicz, D.E.PO s in, V.F.Sidortchuk
(USSR)

Effect of the footing configuration and the
sand base formation technique upon stresses
and settlements of the base was experimen­
tally studied on circular load plates I5O cm
in diameter and rectangular load plates 60x
500 cm. All the load plates had on equal
area and were not deepened into the soil.
The tests were carried.out in-special boxes
8x8x8 m in which the 4.5 m deep sand bases
were prepared. The sand was of medium coar­
seness with 67% of 0.5-0.1 mm fraction and
moisture content W within 5.7 and 4.2%.
Although the bases were formed by two diffe­
rent techniques, the unit weight of the sand
was kept constant in all of the tests. By
the first method a test box was filled bymeans of a clamshell bucket from the cons­
tant height H = 4 m above the sand surface.
The unit weight was checked for each layer 5
of sand and was equal in average to I.65 t/m
On the second method the sand was placed by
letting in fall from the height H = 0.5 m
with subsequent vibrator compacting of the
layers from3initial u it weight of I.5I upto I.65 t/m .
Stresses in the soil and on bottom surface
of the load plate were measured by means of
pressure sells with hydraulic transformers.
The device were 70 mm in-diameter and I0.5
mm-high and had their eqgivalent modulus ofE = (2 + I0) x 104 kg/cm . Previosly the
pressure sells had been thoroughly tested/I/ and as a result the values were found of
sistematic and random errors caused respecti­
vely by soil stress concentrations within
pressure sell location area and non-homoge­
neity of the soil.
Curves on a Fig.I confirm earlier obtained
by Downarowicz data showing that the settle­
ments of oblong load plates, are slightlyless than those of more compact y s sped ­
square or circular - Elates of the same area.It is also seen from he Fig.I, that the de­
formations of the base depend-not only on
the porosity of the sand but on the techni­
que of its placing.
Initial stress state of the base produced
by its dead weight depends on placing techni­
que either. Thus, with the free fillingthrough the height of 4 m the ratio of side
pressure was of J = 0.42 1 0.13, while with
the.vébrator compaction it was of J = I.I6+0051
Diagrams of stress QP produced by externalload I show that is also af ected by
the base placing technique. Igiluence of theooting shape is noticeab e o y down to 5 m
WQBEG GL is greater for the circular load 'p a e.
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Fig.I. Relationship between the load
plate settlement S and average pres­sure P at the bottom surface of the
load plate.

||| - rectangular load plate 6Ox5O0 cm
on the sand base compacted layer by
layer,
0.|Z- circular 150 cm dia. and rectan­
gular 60x3OO cm load plates on the
sand base filled through the height of
4 m.

As it is seen from Fig.2 a distributation
of the contact pressures is close to uni­
form. At the values of P beyond the cer­tain level a transformation of the stress
distribution was observed. For the rectan­
gular load plates its begining coincided­
with the begining of an intensive extrasionof sand surface.

3=;5rr 8111565 _ thqsn;
n

FJ

nv _ ` ‘ , ' /
g EQEL‘° J; 6; a;

Fig.2. Contact stress 5mw.diagrams.
a,b - for the sand placed through the
height of 4 m, c - for the sand com­
pacted layer by layeg.--- £orP = I kg/cm , jorl’ = 2kg/cm , -~------~ for P = 4 kg/cm .
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A SII LE BOREHOLE EXTENSOIETER FOR THE
OBSERVATION OF SETTLEMENT OF BASES
J.B.Burland (United Kingdom).
The application of load to the ground by a
structure provides an opportunity for obtain­
ing values for the in-situ properties of the
ground,in particular its compressibility and
its response to loading with time. The mea­
surement of these properties in the labora­
tory and their application in practice arenotoriously unre lable.

Provided the strata are sufficiently well
defined and the structure is not too complex
the effort spent on taking detailed measure­
ments of settlement can provide information
which will be of value in the design of fu­
ture structures on similar geological forma­t 01155

Even when the structure is particularly
simple in plan and the ground conditions rea­
sonably straight forward the interpretationof settlement observations is difficult.
This is because both the compressibility cf
the ground and the stresses induced by the
foundation vary with depth. The value of
settlement observations are greatly enhanced
if the compression of various descrete lay­
ers beneath the foundation are also measured
An example of the value of such detailed
measurements in evaluating the ccmpressibi­
lity of the ground at various depths is gi­
ven in a paper to this Conference by Burland,Sills and G bson (1975).

As part of its research programme into ground
movement the Building Research Station has
recently depeloped a simple and accurate
method of measuring relative displacements
along a borehole which should prove very use
ful for settlement studies (Burland,Moore,
and S ith 1972). The system has two basic
components: a permament circular magnet axi­
ally magnetised which acts as a marker eww
bedded in the ground and a reed switch which
is used as a sensor. As the reed switch mo­
ves axially into the central field of the
magnet it snaps closed thereby activating an
indicator light or buzzer. This system appe­ars to be well suited for incorporation n
field measuring equipment since it is simple
reliable and accurate and is very cheap.

A number of magnets may he installed along
a borehole. A central guide tube runs down
the centre of the borehole and the position
of each uagnet can be determined b mans cf
a sensor (containing a reed switch) attached
to a steel tape. This sensing system gives
an accuracy of about O.5mm. A much more ac­
curate system is to install a permanent
datum rod down the guide uube with a reed
switch mounted opposite each magnet. Only
small axial movements of the measuring rod
are required to sense each magnet and these
can be measured at the surface by a screw
micrometer. Accuracies of the order of
0.05 mm can be achieved with this system.
By installing magnets at various depths down
a borehole beneath a foundation not onlycan the settlements at various levels bene­
ath a foundation be accurately determined but
if the bottom magnet is embedded in a firm

stratum the installation can also be used
as a deep bench mark. By installing pore_
pressure gauges beneath the foundation aswell the in-situ values of both the comp­
resslbility and the coefficient of consoli­
dation of each layer of soil can be evalua­
ted. It is only by making such direct mea­
surements that the accuracy of laboratory
methods can be reliably assessed.

Finally, it is worth noting that the sys­
tem OBE also be used to determine the

heave occurring at various depths beneath
excavations. The widely used method of
grouting a sleeved rod into the bottom of a
borehole and levelling to the top is very
vulnerable. With the system described here
any magnets located. in the ground DBDOBTD
the excavation will be safe provided access
down the guide tube is maintained.

References
BURLAND,J.B.,Sills,G.C.and Gibson,R.E.(1975)

"A field and theoretical study of the inf­
luence of non-homogeneity on settlemen .
Proc. 8th Int.Conf.Soil Mech. & Found.Eng
Moscow 1973

BURLAND J.B. Mccre,J.F.A.and 3mith,P.D.P.
(1972), "A simple and precise borehole ex#
tensometer". Geotechn1que,Marcn 1972,
PP ° 174-177 0



The observed raft performance, as indicated by the in­

STRESSES AND SETTLEMENTS MEASURED UNDER RAFT RDUNDA­
TIONS OF MULTI-STOREY BUILDINGS. C.M. Gerrard,
M. Kurzeme (Australia).

The CSIRO Division of Applied Geomechanics is currently
conducting a study of the performance of raft founda­
tions of five multi-storey buildings in Perth, Austra­
lia. The study integrates the interacting phases of
the measurement of material properties, prediction of
the performance of the rafts and field observation of
this performance with the aim of defining methods of
improved design and analysis. This report is concerhed
with the field observation phase of the broader inte­
grated study (Gerrard et al, 1971).

The area on which buildings are sited is a Quaternary
alluvial terrace subsequently covered by sand of aeo­
liah origin. The total thickness of the desposits over
a calcareous shale bed rock is about 30 m, and the
water table is about B m below the natural surface.
The soil profile consists of 5-9 m of the aeolian sand
in the top layer,followed by 4-10 m of stiff silty clay
with the remainder being an extremely variable inter­
bedded system of sands, silts and clays.

The five buildings range from 13 to 30 stories high,
including one or two basement floors. They are of
steel and reinforced concrete frame construction and
all contain some stiffening walls. The reinforced con­
crete foundation rafts vary in size from 30 m x 30 m
to 50 m x 60 m with thicknesses between 1.3 m and
2.5 m. Design estimates of the average gross contact
pressures for the five buildings range from 210 KPa
to 350 KPa, the net pressures being less than these
because of the excavations for the basements.

The main problem in the design of these rafts was the
interaction between the settlement behaviour of the
layered deposits and flexural behaviour of the rafts
as stiffened by the building structures. Considera­
tions of the total settlement and the effect of the
limited seismicity of the area were secondary.

The type and distribution of instruments installed to
measure the performance of the foundations were ori­
ented towards the main design problem. Vertical settle­
ments were measured at the raft surface and at soil
layer interfaces together with the pore pressures,
occurring within layers, and the lateral movements down
the profile. The bending of the rafts was assessed by
measuring contact pressure distributions, column loads,
and deformed shapes.

The numbers and types of instruments installed are sum­
marised in Table I.

In addition, column loads were measured in fifteen col­
ulns on four of the buildings, while within one of the
foundation rafts three arrays of concrete stress and
strain measuring devices were placed.

struments, has given some confirmation of the expected
trends of behaviour. The earth pressure cell readings
increased in proportion to the total load applied as
determined by the stage of completion of the buildings.

TABLE I

No.of Av.No.of
Founda- Instru­

Response Type of tions ments perParameters Instrument Instru Instrumen­
mented ted Foun­

dation

Gross Contact 170 ml dia.Carl­
Pressure son type, and 450
(Earth Pres- mm dia. oil filled S IBsure Cell) with bonded strain

gauge pressure
transducer

Pore Pressure Casagrande type, 5 6(Piezometer) and Carlson type

Deformed shape Surface mounted(Precise stainless steel 4 30
levelling) plugs
Vertical move- Anchored plates
ment in pro- with isolated 3 9file (Precise vertical rods
levelling)

Lateral move- Pendulu acti­
ment in pro- vated bonded 1 2file strain gauge

transducer

The general distribution of contact pressures under
the raft indicated concentrations of pressure near the
raft edges of up to twice the average values. The
piezometers indicated that excess pore pressures were
negligible. This innediate dissipation was expected
because of the very short drainage paths resulting
from the interbedded system of layers. The vertical
settlement through the profile showed a tendency to­
wards constant vertical strain. A trend in this dir­
ection, although not quite so marked, was expecfed on
the basis of applying simple elastic theory to pro­
blems involving rigid bases at finite depth. Although
the deformed shape of the rafts was generally concave
upwards with minimum settlements at the corners, a
non-linear response to increasing load was indicated
by changing patterns of deformation. For example, on
one foundation raft at low load there was a tendency
to axial symmetry about the centre point whilst at
higher load the symmetry tended to be about the verti­
cal plane through one of the raft axes.

The construction period for the five buildings will ex­
tend over five years. To date three buildings are
complete and one is only at foundation level. The
measurements to date indicate satisfactory functioning
of the instruments giving data that will be essential
to the broader integrated study.
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@DlFORCB|EN'I' OF FOUNDATIONB OF THE ST. FRANCEBCD
‘BASILICA IN ASSISI MTD CHECKIRU ITS REULTS WITH
HIYPOCLINOGRAFBB.

n. Diamanti - Erma Diamantl ner-can (muy)

The Basilica of Ut. Francesco in Assisi is one of
the most important gothic monuments in Italy, not
only because of its architecture but also because
it contains frescos by two of the greatest painters
of the time: Giotto and Cimabue.
Construction of the Basilica began in 1228, and du
ring the centuries continuous strengthening and
repair works were required.
.In spite of the repairs, in 1960 there were wide
spread capillary cracks and also macroscopic crav­
oks in the walls and floor of the Upper Church.
Analysis of the cracks showed an increasing move­
ment of a rotation of the whole facade towards the
front square. `
First, an aoourate geological survey of the founda
tion ground was carried out, and the condition of
the foundation walls was verified. Thereafter the
strengthening began.
The Church is built on a spur of Mount Subasio.
The geological strata, `whioh date 'between the infg
rior Llas and the Eocene, are oonformand change
with continuity from limestone to marly--limestone
and sandy limestone. The Juro-Liassio strata can be
considered the central core of the Subas1o's anti­
olinaie, above it, there are the oretaoeous softer
limestone. The Church'e foundations lay on this lg
It formation, which appears in two different and
distinct ways! "rosy limestone" is small thickness
strata., then "rosy scaglla" representing the supeg
ficial and degraded side of the formation. The gag
logical survey showed the existence of numerous o­
pen fissures and a great release of the strata, with

'B

The photoclinographs are bifilar suspended horizon
tal pendulums with a vexfv high sensitivity, function
of period, which can be fixed, as required. by vary­
ing the inclination of the axis of the pendulum;
thus registering even micromovements of the ground
and buildings upon which they have been installed.
They are used in pairs and arranged orthogonally in
order to obtain, through the composition of the two
orthogonal movements, the actual movement of the con
struction of which they are a solid part. Each regi­
stration cf the photoclinograph projected on photo­
sensitive paper (photoclinogram), can include for eg
ample a period of one month. By develoging the dif­
ferential equation of the photoclinograph movement,
from the photoclinogrsm variations, we obtain the
micromovements of the construction.
The results can be given in arc seconds or radiants
or in diagram.
The group of photoolinographs were placed in the
two towers alongside the facade of the Upper Church.

"~¢‘ -IJ||"
“ _ 1 _ _ Sie.;

Wi _/»-\..¢<-,-l//.f.».»€ _

5 ri.:

subvertical cavities which were sometimes venv big. l, |
The -strenghtening consisted of a series of cement­
water injections. The grouting was carried out throg
gh vertical and raked boring around and through the
foundation masonery itself. 153 holes, totaling e­
bout 2500 m. were drilled, and 1§)0 t. of cement
was injected.
Photoolinographe, highly sensitive regiatrating e­
quipment, used also for controlling movements of
dans, were used to oheok the effinoiency of the
grouting.V
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Recording began in February 1961. 'I‘he relative phg
toclinograms showed variations of inclination :Ln the
facade towards the square in front of the Church end
to the right.
Owing to the g-routing work the movement noticeably
decreased untill it disappeared completely after 3
months. By the end of the control, about two years
later, the recordings made showed no angular nove­
ment of the facade connected to the settlement of
the building.
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HORIZONTAL DYNAMIC STRAIN Msnsunsrmwrs Fon
EMBAIIKMENTS. Rudy J. Dietrich and
J. Ronald Salley (U.S.A.)

General
The United States Department of Trans

portation (DOT) and the Atchison, Topeka,
and Santa Fe Railway Company (ATSF) are
jointly sponsoring an investigation into
methods of providing more stable railroad
track structures for high speed, heavily
loaded trains. A test embankment has been
established adjacent to the main line of
the ATSF system for this investigation.
The test embankment is nearly two miles
long and is comprised of a minimum thick­
ness of six feet of compacted, highly
plastic clay. The embankment is divided
into nine test sections, each with a
unique track support system. The support
systems include concrete ties at four dif­
ferent spacings, a concrete slab, a con­
tinuous concrete beam, a precast beam,
stabilized ballast, and a control section
of the standard ATSF design. Each test
section has identical embankment instru­
mentation.

Embankment Instrumentation
The response and performance of the

track structures will be influenced by
subgrade performance. A system of instru­
mentation was developed to observe the
embankment behavior in order to assist in
the evaluation of track structure perfor­
mance. Emphasis was placed on reliable
measurements of dynamic embankment strain.
Measurement of long term deformations and
volume changes in the highly plastic clay
embankment was also provided.

Each of the nine test sections has
che principal instrument array supplemented
by additional instruments spaced to verify
that the performance at the main arrays is
typical for that test section. The main
array instrumentation includes vertical
extensometers, portable horizontal extens­
ometers which will be inserted in flexible
horizontal tubing embedded in the embank­
ment, pressure cells, and moisture-temper­
ature cells. The instrumentation was spe­
cifically designed for this project. A
special consideration was to eliminate the
requirement for operations from the top of
the embankment which would interfere with
rail traffic. The portable horizontal
extensometers are considered particularly

unique and are discussed in this paper.
The use of accelerometer sensors and

a magnetic tape data acquisition system
was considered but was eliminated because
of the high capital cost of instrumenta­
tion and recording equipment. Consequent­ly, it was decided to adopt a system ut­
ilizing LVDT transducers for sensing per­manent and transient deformations. This
equipment will measure displacements di­
rectly, and recording equipment will con­
sist of digital readout and chart recor­
ders.
Horizontal Extensometers

At each main instrument array, hori­
zontal four-inch diameter, relatively
flexible, corrugated polyethelene tubing
was placed in the embankment at four
levels during construction as shown in
Fig. l. The tubing has relatively rigid
PVC couplings at 2.5 and five-foot
spacings which are anchored in the embank­
ment. Strain rods with a hooking device
to engage the anchored couplings are usedto measure the static horizontal deforma­
tion of the embankment relative to the end
of the tubing.

Dynamic horizontal deformations in
the tubings are measured with portable
extensometers with gage lengths of 2.5 and
5.0 feet, see Fig. 2. Hydraulically-op­
erated anchor shoes (pistons) at the endsof the extensometers extend and lock into
the tubing couplings. An LVDT at one end
of the extensometer records dynamic de­
formations caused by passing rail traffic.
Three portable extensometers were con­
structed for the project. They can all be
temporarily installed in the same casing
or in any of the four casings
instrument array. Recordings
ment strain at many locations
initial testing will serve as
for selecting a few locations
lar signifi¢an¢e for subseque
measurements.

in one main
of embank­
duringthe basis
of particu­nt strain

The horizontal tubing also provides
openings in the embankment which would beavailable for insertion of other instru­
mentation, if desired. It wo
possible to insert a portable
ter package into the interior

uld also be
accelerome­
of the em­

bankment for displacement measurements inthree directions.
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AN OPTICAL METHOD FOR MEASURING THE DE ­
FORMATIONS OF CONCRETE DIAPHRAGM WALLS
AND SIMILAR STRUCTURES. V. Escario (Spain)

Slurry trench concrete diaphragm walls, due to their
high stiffness, ulay requirc spccial procedures to ­
measure their small deformations. The principle of
the method we have developed is the following: a ver­
tical pipe with longitudinal grooves is cast in the cog
crete of the wall to follow the deformations. A cylin­
der provided with four wheels is lowered along the ­
longitudinal grooves; a regular flashlight is located ­
inside the cylinder and, on top of it, a target formed
by a glass with circles drawn every l mm is illumina
ted (fig. 1). With an optical plumb (fig. 2) placed on
its tripod above the pipe, t.he lateral displacements ­
suffered by the calibrated glass as it is moved along
the whole depht are easily determined.
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Fig. l. - Wheel guided iluminated target

As it is the first prototype, instead of constructing a
separate guided cylinder. we have adapted it to the ­
top part uf a cornerciul slope indicator, It in raised ­
and lowered by two lateral nylon strings so that they
do not interfere the visibility of the target. The depth
is measured with a graduated steel tape which is fixed
at one side of the cylinder. The inside diameter of ­
our pipe is 7, 5 cm, corresponding to the slope indie;
tor used. The cylinder is 63 mm outside diameter ­
and 160 mm long, The best results for a clear res. - ­
ding of the graduated glass were obtained by having ­
the divisions and figures transparent in a shaded field
with properly diffused light.

The optical plumb is of a commercial high precision
type, directly adaptable to the head of the level. Actug
lly it does not define a vertical line, but a vertical ­
plane and that is why the graduations in our glass are
circles, where the tangents projected by the plumb ­
give the readings; but a set of parallel lines might ­

also be used. By placing the level in two perpendicu­
lar directions the displacements in both of them are
obtained (for piles for instance).

The maximum deflection which can be measured is ­
equal to the inside diameter of the casing used. ­
Actually it is a little less, since the graduated glass
is somewhat smaller in diameter. If the deflections
expected are large, a larger diameter pipe might be
used. In order to take full advantage of the available
range, the casing should be placed perfectly vertical,
what can be attained in several ways. If the level is
provided with stadimetric lines, they may be used as
reference lines instead of the vertical, what conside­
rably increases the range of measurement.

The accuracy of our optical plumb is of about l" ­
(O, Z5 mm in 50 m) and the amplification of 32 times;
nevertheless there are other factors which reduce ­
this high 'precisionras 'for instance- the play Voflhef .1
wheels. ln the tests carried out up to this moment ­
with concrete diaphragms of about 15 m depth,the ­
maximum differences obtained when repeating seve ­
ral readings \yere under l mm and very often of less
than 0, Z5 mm. A correction may be necessary in so­
me cases becau_se the target is not in the middle of ­
the four wheels.

This method may also be applied in somewhat diffe ­
rent ways, as by placing fixed points in the pipe, cog
veniently iluminated, For instance S. Uriel is using
an targets the filaments of computer type minibulbs.

Agknowledgmgnts. Several persons have collaborated
in this project but specially E. Castillo Ron, J.A. ­
Sahelices, J. L. Martfn and L. Vela.

FQ, 2. - Optical plumb used



FDUNDATION INST UMENTATION FOR TH NATIONAL
WESTMINSTER DANK TOWER. E.T. Haws, R. Tabb
‘Great Britain;

The 185m high National Westminster Bank tower will
be supported by a total of 370 No. 1.22m dia. under
reamed bored piles 26.5m long, constructed com­
pletely within the London Clay. The pile cap con­
sists of a duodecagonal reinforced concrete raft
Shm equivalent dia. and up to h.5m total thickness.

Instrumentation sponsored by the Construction
Industry Research and Information Association
(CIRIA) and the Building Research station (ans),
has been installed to investigate the pile/raft
loading distribution and settlement profile under
both short and long term loadings. Four pile load
cells and twenty Gloetzl total pressure cells are
installed approximately along the radius of pre­
vailing winds. Results from this instrumentation
should lead to greater design confidence and
economies for large piled foundations.

The 1.2m dia. 8,000 kN capacity pile load cells are
positioned near the tops of their pile shafts.
Within each cell are located eight photoelastic
load columns spaced evenly around an inner per­
imeter, through which all the 8,000 kN load is
transmitted. Reading is by lowering an endoscope,
light source and polarizer down the 150mm dia.
central access tube. The light source and polari­
zer are positioned behind each load column in turn
using a hinged rod attached to the endoscope. The
fringes are read through an analyser at the endo­
scope eyepiece at basement level, some Sm above
the cell.

A 'backup' measuring system is incorporated in the
cell design and consists of recoverable displace­
ment transducers measuring cell compression at
two diametrically opposed positions. The resolu­
tion of this 'backup' system is better than 5$ of
the full, evenly distributed load range, but
should large loading ecccntricities occur, resolu­
tion is lower.

The Gloetzl total pressure cells are installed at
the raft/clay interface and covered with the high
strength raft concrete. Five have surface
temperature sensors to assess the effects of heat
of hydration within the massive concrete raft.
The twin hydraulic leads and temperature sensor
cables run up to an instrument house located just
outside the foundation area. To obtain a better
understanding of how the Gloetzl cell‘s measured
pressure relates to applied load under differing
installation conditions, a Finite Element study
was undertaken. Results indicated that for the
proposed installation an overread of several per­
cent could occur. Experimental verification of
this estimate is being undertaken by placing a
mock-up of the proposed installation inside a
900mm dia. pressure cell, the test being performed
under pore pressure dissipation conditions.

The foundation's response to dynamic rocking will
be recorded by a displacement transducer mounted
on a deep datum anchored 50m below raft level into
the very dense Thanet Sand. It is located at the
outer perimeter of the raft along the direction of
prevailing winds, and with the transducer attach­

ment angular rotations can be interpreted with
better accuracy than could be obtained using
commercially available tiltmeters.

The BRS have installed a settlement gauge recently
designed by them. The gauge, anchored 6h below
the underside of the raft and 6m into the chalk,
contains magnets mounted in plastic holders which
are sprung into the sides of a 150mm dia. drill
hole. Grout, with a modulus matched to that of
the surrounding in-situ strata, is pumped down
a central grout tube thus completing the
installation. Under loading the gauge lengths
compress and magnet positions are detected using
reed switches mounted on a stainless steel datum
bar sliding within a central guide tube, (Burland,
Moore and Smith 1972).

R E F E R E N C E S :

BURLAND, J.B., MOORE, J.F.A., SMITH, P.D.F. (1972)
"A simple and precise borehole extensometer",
Geotechnique, March 1972, pp 17h-177. (Also
BRS Current Paper 11/72 (May)).



IBTROLOGY AND TECHNIQUE OF STRESS MEASU-). . e s _
In I967-I97I the Scientific Research Centre
of Eydroproject conducted a number of stu­dies dedicated to creation of measurement
means and to improvement of procedure and
technique of stress measurement in a soil
mass of high dam cores I . They resulted
in the following:

I. Development of metrological methods
for testing of soil-stress detectors (SSD)2 based on their interaction with soil mass
at stressed states and stressed paths which
exceed all possible range of their futureservice conditions.

2. Introduction of new test devices enab­
ling simulation, with a specified error, rf
any predetermined conditions of uniformstressed state on the boundaries of the soil
sample nnntaining the detector within (USSR
patents NN. 2h7577, 286307, 296970). The
specific feature of these devices is the de­
sign of their cell walls concurrently defor­
ming with the soil sample. Due to this shearstresses between the cell walls and the
soil are absent, and the principal stresses
planes conditions on their contact are rea­
lized. The cell providing for simulation ofone-dimensional strain conditions was deve­
loped ccntemporaneously with and indepen­
dently of the similar annular cell of E.Pu­
migalli 3 , it comprises a set of rigid
and non-rigid rings placed between the di­
rect-stress machine plates. To prevent the
shear stresses appearing on the sample endsdue to some insignificant radial de orma­
tidns of the ring walls, thin rubber discs
are introduced between the soil sample and
end plates. They are penetrated by channels
filled with low-compressibillty fluid. For
creation of any axis-symmetrical stressed
state, the annular cell has a rubber enve­
lope separating the soil from the side walls
The cell of an apparatus used for creating
in the soil sample the three-dimensional
stressed state with 3 independent principal
stresses has the shape of a cube constructed
of deformable walls which are compressed
via rigid plates by Jacks in three mutually
perpendicular directions,

3. Performance of metrologicnl testing of
different types of SSD showing that errors
of tens of per cent occur when the data ofthe detector error obtained at one stress­
straincd state is applied to other conditionof the detector-soil interaction. Metrolo­
gical tests cf rigid thin disc-type detec­tors (the thickness to diameter ratio 0.2
and §he reduced modulus of deformation3.10 Pa) revealed that their output signals
depend on:

- soil deformations developed in detector
plans (the formation of "associated rigidsoil nuclei” due to friction causes stress
concentration from +80 to -50%);

- stress gradient (when the sensing ele­
ment is asymmetric relative to the middle
plane). So the sign of its error depends
upon the direction of the detector planenormal in relation to the direction of the
radius of curvature of the deformed section
and the value of error depends on the radius
of curvature, and it amounts to several tensof per cent (the so called 'effect of ori­
entation").

A. Evaluation of dependence of coeffici­
ent of variation of measured stress values

upon the ncnunifcrmity characteristics
of the soil deformation properties i.e. coe­fficient of variation of its modulus or
density , grain composition and detectorsize . In this case at radius of stress
correlation , value will be:

(2)
where I Lap1ace's integral.

For loose soil and its maximum uniform pla­
cement radius of stress correlation is pro­
portional tc the mean size of particles and
is 5-I0 times larger.

5. Findings to the effect that for ensu­
ring the detectors accuracy, ln case of
measuring stresses in nonhnmngeneous soils
in three-dimensional stress-strained state,
it is not sufficient to satisfy the require~
ments for the maximum stiffness at the mi­
nimum thiokness which were earlier imposed
upon the SSD. According to the new specifi­cations the detector should have minimum
volume oompressibility, minimum thickness,
the ability to alter its shape (to extend
and to bend) together with the soil and ­for the cases of stress measurement on non­
homogeneous soils - its area should be suf­
fic1ently_large.

On the base of these specifications a de­
tector has been constructed (USSR patent
N. 3OI58h) which comprises a thin rubber
sheet penetrated by channels filled with low­
compressibility fluid. Metrological testshave shown that it is several times more se­
lective for normal stresses Lhan are rigid
disc-type detectors.
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Exrsnrsncs or MEASURING REACTIVE nBPuLs§u;§A ' LP
UF`ST§INUED FYNKHUEFTEFS. KIesEcEev P.E.,
Huller §.A.fU§5§I.

In order to measure stra1ns,arising from
the contact of structures with the ground
bedding,meters of various construction foun­
ded on the stringed method of measuring
deformations and strains,being simple in
construction and proving stability of rea­
dings in tina are used on a much larger
scale at the present time.In part1cular,to
such instruments,as experience of their
usage in investigating the nature of charac­ter of redistribution of reactive repulse
of the ground along the foot of the belt
foundations of buildings in the Karaganda
coal basin has shown,stringed dynamometera
of DS-10 type,conqtructed by VNIMI with
hoisting capacity of 10 tons may be refer­namometers in the rocess of construc­red.Dy p
tion of buildings were mounted along the
foot of the foundations upon supporting
armoured concrete slabs(psds) according to
the diagram on fig.1.In the result of which
the building rested completely upon dynamo­
metric blooks(pads) and had no free contact
with the bedding.
This allowed to obtain a continuous picture
of the epure of the ground repulse along
the foot of the foundations up to a comp­
lete stabilization af uneven settlings ofthe bu11ding(fig.2) to determine the quan­
tity of generalized moments of deflection
and torsional moments and transversal for­
ces actually acting upon the building and
to investigate the interaction between the
building and the deforming foundation.
The index of trustworthiness of data ob­
tained from the read1ngs,of the instruments
arranged according to the diagram,is quite
a close(fig.3) coincidence of actual weight
of the buildingfdetermined in the processof its construction by weighing al its
construot1ons,¥ith summary measured epureof repulse of he ground,obtaIndd by sum­
marizing the readings of all the dynamome­
ters at the moment of each observation.
As it is easy to be convinced by examining
fig.3,discrepancy between the actual and
the measured on the dynsmometers,ind1ca­
tions of the weight of the build1ng,from
the moment of completing its construction,
amount on the average to S%.The investiga­
tions carried out confirm the suitability
of using stringed dynamometers for car­
rying out prolonged investigations on the
interaction of'a building with a deforming
foundation and give grounds to be credible
to the data obtained with their help.

“Un fTg.2` the epures of actual repulse of
the ground under all the main walls of a
building on individual characteristic dates
of observation are shown.
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AN EXAMPLE OF USE OF INCLINOMETER IN CONNECTION
WITH LATERAL LOAD TESTS ON FILES.
H.B. J miolkowski (Italy) and S. Marchetti (Italy)

Two full lateral load tests on open end driven
steel tubular piles penetrating into the soft N.C.
marine clay were performed in Manfredonia (Southern
Italy).
The characteristics of one of these piles and soil
properties are:
- Pile geometry: 0.0. - 122 cm: wall thickness =

2.22 cm. Penetration = 22 m. Distance load-mud line
- 15.4 m.

- Soil properties; Undrained shear strength. cu '
0.02 + 0.00022 z kg/cm2| Compressibillty modulus
sed - 0,5 Evo. Atterberg Limits, |_.L. = 75, P.I.
= 55.
being: z = depth below mud line in cms: Ebb =effective overburden stress.

Each of these two piles were lnstrumented with incli­
nometer tubes in order to measure the pile axis rota­
tion during each step of loading. using high preci­
sion Digitilt Inclinometer - Model 50301.
Interpretation of inclinometer readings was done by
means of regression analysis using polynomials of
degree varying between 5 and B.
One integration and three derivations of the inter­
POIBTBU polynomial functions to obtain for each step
of loading pile deflection (y). bending moment (Ml.
shear (T). and sull reaction (PJ voluoo with depth

In figures 2 is given the soil modulus E5 - § [FL'2)
versus depth, as evaluated from inclinometer readings
In the same figure, values of initial tangent soil

Jlus EBt[2) as extrapolated from P/y curves are
o shown.

The following considerations may be drawn:
1. The use of inclinometers can give results useful

in the study of interaction between soft soils
and laterally loaded piles nf problems connected
with tubes installation(3], and equipment calibra­
tions are carefully examined.

2. Further work should be done regarding the validity
of different interpretation methods to be used in
the interpolation of inclinometers readings in
the study of soil-structure interaction.

3. Values of soil moduli obtained from interpretation
of inclinometera readings are in agreement with
general soil properties previously given and with
results of similar studies reported in the exi­
sting literature.

4. For all the examined cases the soil modulus in­
creases more than proportionally with depth.
The load dependent shape of E3 = f (2) as shown in
figures 2 and 4 clearly indicates non linear soil
behaviour even for small loads.
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STRAIN METER Fon MEASUREMENT or VERTICAL
DEFORMATION BBNEATH EXCAVATIONS AND
STRUCTURES. B111 Jewsbury (u.s.A.)'

GENERAL: It is not always possible to erect
modern structures on completely ideal foun­
dation materials. In most cases, excavation
is necessary to remove unsuitable materials.
This is followed by construction of the
foundation elements and then the erection of
the structure. Accurate measurements of
heave during_excavation and subsequent
settlement during construction are very
important to the engineer to validate design
assumptions.
An instrument has been developed for this
purpose and has been utilized on several pro­
jects over the past few years. This service
has demonstrated achievement of the intended
design objectives. These are: l) Remote
reading electrical sensing and readout; 2)
Relatively inexpensive; 3) Simplicity;
4) Reliability; 5) Ease of installation.
DESCRIPTION: The instrument described in
this paper is shown in Figure l. It utilizes
an electrical sensing element which is a
linear potentiometer. This variable resis­
tance element is conductive plastic material
and not subject to the limitations of wire­wound elements. The movable contact is
mounted on a 1/4-inch stainless steel shaft
which slides within the housing sealed by an
O-ring.
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Standard displacement range of the instru­
ment is 6 inches. Linearity is 21% of the
range. Other ranges are at the user's
option.
The potentiometer and its electrical connec­
tions are potted and sealed within a protec­
tive enclosure of PolyVinylChloride pipe. A
rod 1/4-inch in diameter connects the poten­
tiometer shaft to the anchor point. The rod
material is normally stainless steel. To
eliminate temperature effects on long lengths,Invar rod is used. The rod is enclosed with­
in polyethylene tubing.
When the 51703 strain meter is used for

measuring heave under excavations, it is
coupled to PVC riser pipe to the surface.Coiled electrical leads are enclosed in this
riser pipe and can be extended more than six
times the closed length. This allows the
leads to be lowered into the pipe when not in
use and they can be retrieved for reading.
In case the riser pipes are damaged by exca­
vation equipment, the leads are recoverable.
The readout, Figure 2, used with the strain
meter is a portable, battery-powered unit
with a digital indicator reading from 1 to1000 dial units. It utilizes a Wheatstone­
bridge circuit which is manually balanceduntil a null condition is achieved as indi­
cated on the panel mounted galvanometer. At
this point, the reading of the dial indicator
is recorded. The dial reading for 6-inch
range is .006-in. per dial unit. The strain
meters are connected to the portable indica­
tor by multi-conductor cables either directly
or through a terminal box.

,iézg

Z7
FIG. 2 STRAIN IQIGATOR

INSTALLATION: The 51703 vertical strain
mEEEf§'§fE_Hbrmal1y installed in drilled
holes prior to excavation. The extension
rods and tubing enclosure are assembled asthe-device is lowered into the hole. The
units are grouted in place with a weak
cement/lime grout.
The minimum size hole or casing for a single
unit is 3-inch diameter. A typical installa­
tion is shown in Figure 3. Many variations
are possible.
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AMPLIFICATEUR DE TASSEHBNT A VBRIN POUR LA
MESURE DES TASSEMENTS SUR OUVBAGBS.

H. Lemasson et JC. Carlo - (France)
Dans le but de mesurer avec une bonne préci­
sion les tassements des ouvrsges d'art, qui
sont généralement de faible amplitude, nous
avons congu et expérimenté un nouvel appa­
reillage qui est décrit sur la figure sui­
vante.
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Un corps de verin, de section S, est fixé 3
la structure que l'on veut suivre, générale­
ment su niveau de la semelle. La tige du
piston de ce vérin Par rplién par nnp rrans­
mission rigide a un point fixe, que l'on
réslise par forage puis scellement d'une ti­
ge sur un horizon incompressible. Le corps
du vérin est relié par un tuyau souple (I) 5un tube de lecture de section s en surface.
Un tsssemenr do la srrnnrnre se traduit par
une expulsion d'un certain volume d'hui1e
du corps de vérin et se manifests en surface
par une elevation du niveau dans le tube de
lecture. Le rapport d'amplification du tas­
sement est donné par le rapport des sections
5.
s

Les perturbations causées par les phénoménes
atmosphériques, tels que dilatation ou con­
traction des tuyaux souples de junction, ou
évsporation du liquide antigel au niveau du
tube de lecture, sont corrigées par une se­
conde lecture, faite sur un circuit (2) i­
dentique en tout point su premier, mais ne
communiquant pas avec le corps du vérin, dit
circuit de compensation.

Par ailleurs, le systéme doit étre parfaite­
ment étanche, aussi pour éviter les fuites B
long terme sous les joints du piston, prend­
on la précaution de faire travailler le vérin
5 pression nulle en appliquant une contre­
pression par le circuit (3).
Le liquide de remplissage de l‘ensemble des
circuits est du liquide antigel plut5t que de
l'hui1e, car les purges sont plus faciles Eréaliser.
L'intérét de la méthode réside dans les
points suivants :
- la precision peut étre compsrée A celle des
meilleurs nivesux optiques actuellement con­
nus. Les limitations de ces méthodes opti­
ques, comme la diffraction par forte chaleur
oi les vibrations transmises aux appareils
par le vent ne génent pas ce type de-mesure.

- la lecture peut étre suivie par un person-'
nel non spécialisé.

- le prix de revient d'un tel appareillage
est relativement modeste.

- le priucipe de lecture directs peut permet
tre de suivre certains phénomenes en dynami
que.

Il est possible, si plusieurs points de mesu­
res sont 5 pfendre sur un méme chantier, de
concevoir des panneaux de lecture pouvant a­
limenter plusieurs amplificateurs avec une
aculc contre-pression et uns seule mesure de
compensation, comme le montre le schema ci­
dessoua 3 3 smplificateurs.

ll] m m
ii)
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Il faut néanmoins que tous les circuiLs de
mesure et de compensation aient le méme che­
minement, dans la partie hors de la terre
surtout, si l'on veut que la mesure de com­
pensation ait un sens.
Le dimensionnement du vérin, longueur de
course et section, est fonction de l'amplitu­
de du tassement 5 mesurer et de la précision
que l'on désire obtenir.
L'expErimcntation dc cc typc d'upparoil do
mesure a été effectuée sur un ouvrage impor­
tant 5 MORLAIX. La course du vérin était de
5 cm et le rapport d'amp1ification de 20. La
précision de la mesure a été en pratique de
l'ordre du l/l0éme de millimétre pour des
tassements de 2 cm échelonnés sur deux an­
nées.

Ulu”
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Large plate bearing tests were conducted against
the vertical side faces of an elongated test pit at a
depth of 58 feet below street level, to determine the
defonmation characteristics of a poorly cemented sand­
stone, and to verify the acceptability of a bearing
pressure of 25 tons per square foot recom ended for
the design of a large tower footing for a planned
multi-storied building. To obtain the greatest
amount of information from the tests, deflections were
monitored at 18 locations simultaneously, or 9 posi­
tions each on opposite test faces. This paper de­
scribes the test equipment and the unique remote
reading instrumentation used for monitoring rock de­
formations under this restricted urban site.

The bearing tests incorporated two 35-inch diam­
eter Freyssi flat jack flexible pads positioned on
opposite rock faces and reacting against a rigid sys­
tem of bearing plates and four 10-inch diameter ad­
justable pipe struts. The details of the test set­
up are shown in Fig. 1. Fine adjustments of extra
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Fig. l Bection Through Jack Test Set-Up

space between the bearing plates and the pipe struts
were accomplished by four screw Jacks. Load was
applied to the rock face by pumping hydraulic oil
into the two flexible flat Jacks.

Deformation of the sandstone under applied pres­
sures was measured by electrical extensometers,
equipped for remote read-out at the top of the test
pit. Five of these extensometers were placed to
measure deformation within the loaded area on each
face, one at the center point through a 2-inch
diameter hole in each flat Jack, and four at the
quarter points on the perimeter of each Jack. Four
other extensometers were also placed at the quarter
points around each Jack, but at one diameter from the
edge of the loaded area. The locations of five of
the recording points are shown in the cross section
in Fig. 2. The remaining four points are positioned
the same distances apart but perpendicular to point 3.

At the' nine recording points on each test face,
extensometer deformation anchors for measuring de­
flection were set approximately 3 inches into each
rock face. These anchors, shown in Fig. 1, con­
sisted of 6-inch long, 1/M-inch diameter expansion
blplts, which were placed and expanded in l/2-inch­
diameter holes predrilled in the sandstone. For
those points in the center or on the edges of the
bearing pad, metal plates were also placed over the
expansion bolts and extended under the loaded area.
The upper end of the bolts were threaded so that the
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Fig. 2 Cross Section And Deflection Of Rock Face
plates could be tightened firmly to the face of the
rock with a nut. These plates provided added assur­
ance that the anchor point would remain fixed in the
rock wall even if the anchor expansion bolt were to
slip when large stresses were applied to the sur­
rounding rock. In the head of each expansion bolt,
a small hole was drilled and a screw-tapped head was
mounted to fix the extensometer wire firmly to each
anchor bolt.

The electrical portion of each extensometer as­
sembly consisted of a potentiometer mounted to either
vertical or horizontally-oriented 5-inch steel chan­
nel beams, which served as a reference base. These
channels were bolted together in the center between,
and free from the Jack-reaction struts, and on the
ends at points at least 7.5 feet from the test center­
line. Each extensometer was connected to one deforma­
tion anchor point with a fine, flexible, stainless
steel wire about 2 feet long, passing perpendicular to
the test face around a wheel on the potentiometer.
Tension was maintained in each extensometer assembly
by attaching the other end of the wire to a constant­
tension negator spring also mounted on the reference
base. Each spring had a calibrated 10-pound pull.
The change in distance between the reference base
extensometer assembly and each anchor point was mea­
sured by balancing a Wheatstone bridge circuit, the
reading being indicated on a digital readout poten­
tiometer contained in a portable unit at the ground
surface. Each dial unit on the readout was equiva­
lent to two thousandths inch (0.002") of face de­
flection. The maximum range of each potentiometer
was 1000 units, or 2 inches of total measurable de­
formation for each anchor point, without resetting
of the potentiometers.

All electrical leads attached to the potentiometers
were extended to the surface above the test pit where
all deformation readings were taken nemotely. Work­
ing from the surface provided extra safety to the
recorder from possible caving during loading, enabledreadings to be taken rapidly and in a consistent
sequence, and eliminated the risk of disturbing or
bumping the test equipment as the tests were con­
ducted. In addition to remote recording, this type
of deformation instrumentation also has the advantage
of enabling deflection measurements in the loaded
area to be made directly at the rock surface. For
this flexible loading system, direct measurements
eliminate corrections for deformation of the bearing
plates and plaster leveling pads.

A typical plot of deflections obtained at various
loading pressures is presented in Fig. 2. Except
for minor variations the pattern of deformations of
a flexible plate appear reasonable, further indicat­
ing that this method proved to be an excellent ap­
plication for measuring deflections for these large
plate bearing tests.



AN INSTALLATION FOR DETERMINDWG STRESSES AND
DEFOIMATIONS OF A LAYER OF CLAYEY SOIL ON A
RIGID BASE. A.L.Mindich,S.S.VyB.10v (USSR)

The installation was devised for inves tlga­
ting the stressed-strained state developed
:Ln a layer of clayey soil of finite thickness
when _loaded by a rigid strip-type test plate.
The set of instruments employed in the instal­
lation provide for the investigation of the
followingsthe contact stresses at the bottom
surface of the plate and at the surface of
the rigid base,the stress at various points
within the layer of so:Ll,the displacenent off
points within the layer and on its surface
and the displacement of the test plate.

The installation consists of a tray,test
plates,stress gauges and a device for deter­
mining the displacement of particles of soil
in the layer.

The tray is 194-0x820x600mm :Ln size. The
width of the test plates B=l50,225 and 500mm
The length of the plates corresponded to the
bottom of the tray was used as the rigid base

Pressure gauges were mounted in the bottoms
of the tray and test p1ate,flush with the s

face.They were used to observe the variation
in contact stresses during the tests.At cer­
tain points of plane XZ, normal to the axis
of the test plate (axis Y) gauge§ wer% embed­ded for measuring the stresses ;, Uy, 9. and
U4 (in a direction inclined at equal angles

to axes X and Z).For layers 75 and 150 mm
thiok,the gauges were arranged in the middle
of the layer along the axis of summetry of
the test plate and at distances of 150 500
and 450mm from this ax1s.For layers 506 and
14-50mm thick,the gauges were arranged, res­
pectively, at two and three levels.

Tests were conducted on lconlin (unit weight1,86 g/cm/,water content 56%,consistency ln­
dex 0.41 inigial modulus of total deforma­tion 25 fcg/om angle of internal friction
l8°, cohesion 0.07 kg/cm2).The soil layers
were H=75,l5O,500 and 1|-50 mm thick.

St1‘6BB M6B.B\.U."6m9lltB

The instrument,whose design was developed
together with Yu.K.Tkachev, consists of two
identical disks, 55mm in diameter and l.lmm
thick,having an annular bead on their peri­
meter.The two disks are joined on their peri­
meters by soldering. This enables both sides
of the instrument to participate to an equal
extent in determining the parameter being me­
asured, owing to which the effect of orienta­
tion is practically excluded. The deformation
of the disks is transmitted to the measuring
m mber, an elastic blade 0.1mm thick on both
sides of which sensing elements are glued.
The span of the measuring member is 2,5 m
Ccnsequentl{,1ts curvature upon being deflec­ted is equa to the sum of the deflections
of the two disks and considerably exceeds the
curvature of the latter. As a result the ggu­ge has a sensitivity of 0.01 to 0.02 kg/cm .
The deflection of the centre of Ehe disk is2.7xl0' cm for a load of l kg/cm .

tray wi th.The metal plate serving as the

ur­
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Determining the Displacement cf Particles
of die Soil Layer

This dev:Lce,developed together with
L.B.Glezin,consictn of two thin flat screens
arranged :I.n the plane of motion of the sail
particles. During the tests one screen is
stationary and the other moves together with
the test plate.This enables the motion of
the soil particles to be inrestigaed simulta­
neously in two systems of coordinates. Thetwo screens are ocated in an elastic latex
cover envelope which has needles inside and
rigid elements, moving together with the
soil, on the outside. Upon variations in the
pressire inside the envelope,the needles ap­
proach or are retracted fran the screens,eaving traces on them. The pressure is chan­
ged by connecting a vacuum pump to the en­
velopes at given instants of time. This enab­
les the mean velocity vector of particle
displacement to be determined.

The Result B
The application of the above-described ins­

truments enabled a picture of the develop ­mmt of the stressed-strained state to be
obtained for a layer of clayey soil on a rig­id bane.

l. Thechsracter of the development of the
contact stresses and die component of the
stress tensor depends both on the reduced lay-'
er thickness (/I =H/B) and on the degree with
which the load on the test plate (Pm)appro­
aches the limiting value ]_;|_m)at which the
soil loses its bearing ca ity. With an inc­rease in load the deformation of the soil
proceeds in several stages,from an "elastic"
stage to a "p1astic"cne: the interval of loads
corresponding to the "elastic" stage depend
on /l . For comparatively thin layers of soil
(}<l),the diagram of contact otrcosoc under
the bottom surface of the plate and the
stresses inside the layer' corres ond to the
elastic solution at loads up to §m(0ol to 0
0.15) P]_;|_m. As the. load increases to P (0.5
to 0.6)P1j_m,the shape of the contact stress
diagram changes. It becomes "paraboJ_i.c"with
a maximum along the test plate ax1s.As the
load approaches the limiting value,the diag­
ram approaches a shape corresponding to the
theory of plasticity. The stresses within
the layer are characterized by a considerable
increase in the horizontal components. This
leads to a substantial turning os the axes ofthe principal stresses (up to 70 ).

The experiments showed that the distli bu­ticn of the contact stresses over the sirface
of the rigid base approximates the well-knowntheoretical solution.

2. The pictures of the displacement of po­
ints within the layer and on its surface in­
dicated considerable develo ment of displace­ment in a horizontal directgon from the axis
of the test plate. The winner the layer,the
greater the displacement. The configuration
of the stationary zones under the bottom
surface of ihe test plate and on the surface
of the rigid base was revealed, as well as
the boundaries of the protrusion zone.



AUTOMATICALLY CONTROLLED TESTING COMPLEX
USING A DIGITAL COMPUTER DESIGNED FOR ON­
THE-MODEL EXPERIMENTAL INVESTIGATIONS OF
GROUNDS AND FOUNDATIONS. Y.N.MurZenko,
V.V.Revenko (USSR)

In the laboratory of grounds and foundati ns
of the Novocherkassk Polytechnical Institute
there is accomplished an automatically cont­rolled testing complex using a digita compu­
ter ( BBM) intended for carrying out experi­
mental investigations of grounds and foundati­
ons upon the large-scale models.

The testing complex includes the following
units (see appendix): a tésting machine (MW-I)
instruments and pick-ups;automatic measuring
unit and a specialized digital computer.

at the contact and in the mass of the ground
as well as in other parameters.

The automatic measuring unit is accompli­
shed as a stationary and multichannel one
and is provided with a highly stabilized po­
wer source (CTH ),units of tensometric brid­
ges with the sensitivity governors (Pq)c
rough and recise balancing (I'TK'EB),Btand&1d
pick-up (3i)and the automatic recorders (SH)
with the control desk assembly (H P),By means
of the automatic recorders the results at me­
asurements are registered and the analog sig­
nals to be introduced into the digital compu­
ter are formed simnltaneously.A governing di­
gital computer permitting processing results
of measurements immediately in the course of
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The testing machine is designed for carry­
ing out experimental on-the-model investiga­
tions of grounds and foundations.Three-dimentional chute of the machine has
the following dimensions:5x5x2,2(height). It
is filled with ground.The power frame o the
machine is equipped with three specially desi­
gned hydraulic jacks intended for loading mo­
dels of foundations.The remote control panel
includes as follows: a hydraulic system pum­
ping unit;dynamometer and the elements of au­
tomation providing normal rating of the machi­
ne and stabilizing loading with time.

D°Vi°0S and pick-ups are developed for mea­
suring and the remote-controlled registrati­
on of a model loading,general shifts and def­
lections,stresses inside the model,stresses

an experiment is installed in the testing
complex intended to solve the problem of au­
tomatic performance of all the process.A-num­
ber of problems are settled to enable a digi­
tal computer to be applied in the testing com
plex.They are as follows: a)the principle of
forming necessary level of the analog signal:
tensounit-computer (by means of rheostats
with slide P1P2)|b) program-circuit conjugati­
on of the computer with due measuring unit
(by means of the contact K,relay P the com­
puter "on" and "off" unit and the correspon­
ding control program);c) choice of throughout
the complex rating and the operation program
projecting.



Here are the two parts of the digital com­
puter operation programzthe pick-ups calibrar
ting program and the program of an experiment.

At every Otago of calibrating instruments
and pick-ups to be used in the experiment the
computer performs the prqgram inquiry a sig­
nals and memorizes them.

On finishing calibrating the calibration
characteristics are calculated for each pick­
up by the method of the least square,the lat­
ter being kept in the operation memory and
simultaneously produced for typing.

In the process of the experiment the compur
ter keeps inquiring the pick-ups' eignals,eva­
luates their increment decodes the readingsfrom the calibration characteristics of each
ick-up and using an automatic type writer

glnl) self-actingly produces the obtained re­
sults of the measurements per stage of loading
in the shape of a systematized table of wide”
digital writing.

In the_progress of accomplishing the experi­
ments there is ascertained high efficiency of
operation of the automatically controlled tes­
ting complex as well as the possibility of so­
phisticated tests accomplishment alongside
with the synchronous measurement of various
parameters of a foundation model and the gro­
und working jointly.

Analyses of the time expenses indicated Hmm
the labourconsuming of the primary processing
of the measurement results with the digital'
computer used reduces 270 times roughly as amp
pared with the conventional methods of proces­sing.



Y!/J'

MESURE EN PLACE DES TASSEMENTS SOUS LES REMBLAIS ET

OUVRAGES D'ART - LE TASSOMETRE M. Peignaud (France)

L‘appareil mis au point au Laboratoire Regional des
Ponts et Chaussees d'Angers (France) permet de mesu­
rer le tassenent du sol pendant et apres la construc­
tion des ouvrages.

Une cellule de prise de niveau, placée dans le sol,
sous l‘ouvrage, suit tous les mouvements imposes a
celui-ci. La position en altitude de cette cellule,
par rapport a un repere fixe S, hors de la zone sou­
mise au tassement, est suivie a l'aide d'un panneau
de mesure reposant sur ce repere fixe S.
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Paincige de £a meaume - mise en pression : reserve de gaz - détendeurs ­
regulateur ;La cellule etant a demi remplie d'eau, on applique

sur le liquide une pression po (en general du gaz
carbonique) de facon a refouler le liquide dans le
haut du tube de lecture T on la lecture, apres sta­
bilisation du niveau du-liquide, sera t sur une
échelle graduee en nm.'Lors de la premigre mesure,
apres chargement du sol (le panneau reposant 8 la
neue place sur la borne-repere S) on applique dans
la cellule, la neue pression po et la lecture dans
le tube T sera tl.
Le deplacement de la cellule, donc le tassement,sera:
H=to-tl (en nm).
Quand le tassement est trop inportant, (la lecture t
étant en bas du tube T) on change la pression appli­
quée dans la cellule, P1 > po.

Aggancillage
Les cellules, perdues dans le sol, sont en chlorure
de polyvinyle. C'est un cylindre de 160 mm de diame­
tre et de 90 mm de hauteur. Elles sont equipées de
raccords a serrage rapide pour les canalisations de
gaz et de liquide. Il existe un modele special “cel­
lule de profondeur" qui peut étre place dans un forage
pour la mesure du tassement a differentes profondeurs
aux interfaces des différentes couches.
Le panneau de mesure, facilement transportable d'un
point fixe 3 un autre, pese environ 15 daN. Il conr
porte les organes suivants :

- dispositif de mesure de la pression : manometre a
mercure avec lunette de visée sur vernier au 1/50e
de mn ;

- tube de lecture du tassement : (echelle graduee en
mm);

- la liaison entre la cellule et le panneau est assu­
rée par deux tubes souples en matiere plastique de
4 mm de diametre interieur munis de raccords rapi­
des.

Misc an oeuvae - Pengonmancza
Les mesures peuvent étre faites avec des distances
panneau - cellule depassant 100 m. Le nouveau modele
permet de mesurer des tassements atteignant 6 m avec
une precision absolue de 1 cm. En prenant des precau­
tions speciales, pour les ouvrages d'art, la preci­
sion absolue peut étre de 2 mm. Les cellules et cana­
lisations de raccordement'sont enterrees a l'avance,
donc ne génent pas les terrassements et les mesures
peuvent étre poursuivies apres mise en service des
ouvrages.
Le panneau de mesure, livré dans une valise de trans­
port et de protection; est utilise pour plusieurs
cellules, sur differents chantiers. Il est raccorde
juste au moment d'effectuer les mesures. Le premier
appareil , fonctionnant depuis 1965, a permis de mesu­
rer des tassements de 2,20 m d'amplitude, sous un
remblai routier.



LA MESURE DES CONTRAINTES SQUS REMBLAIS ET OUVRAGES

0'ART M. Peignaud (France)

CAPTEUR DE PRESSION TOTALE DE SOL A CONTREPRESSION

PNEUMATIQUE ET UEBIT CONTROLE

Les mesures de contraintes dans les sols et, notam­
ment, des pressions appliquées par les ouvrages sur
le sol de fondation, durant plusieurs mois ou néne
plusieurs années, exigent l'enplo1 d'appaveils fideles
ne présentant pas de variations de leurs caractéris­
tiques dans le temps (dérive). Pour faire de nonbreu­
ses nesures ces capteurs doivent étre bon marché,
aussi le Laboratoire d'Angers a-t-il cherché une solu
tion évitant l'emplo1 de l'électronique.

Pnincipe de gonctionnement du capteun de paeaaion
Locale

L'ensemble de mesure comporte une cellule de prise de
pression (capteur) et un panneau de mesure transpor­
table. La cellule est placée sous un ouvrage ou contre
une paroi (butée - poussée). Elle comprend un support
rigide et une membrane tres mince, fixée sur le sup­
port. La cellule se présente sous la forme d'un dis­
que, tres plat, de 215 nm de diametre et de 7 mm
d'épaisseur, en matiere inoxydable. Au repos, la mem­
brane obture l‘orifice d'arrivée (4). Une contrepres­
sion de gaz est envoyée par cet orifice, le gaz se
répartit uniformément sous la membrane et lorsque la
pression appliquée dans le capteur équilibre la pres­
sion du sol, le gaz s‘échappe par l'orifice de fuite
(5) et retourne au débitmetre du panneau de mesure.
La pression appliquée se stabilise 5 une valeur p,
lue sur le manometre du panneau, égale 3 la pression
du mrmsa.

Cclpteur de pression tofale de sol El contre-pression pneumarique et débit conrrolé
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Arrwee dela Tuyau Support
conl'ra-pression relour rigide
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Deux modeles ont été realises ayant 215 mm et 50 mm
de diametre (épaisseur 6 mm et 3 mm). ils sont réali
ses en acier inoxydable. La liaison cellule -panneau
de nesure est assurée par deux canalisations en ma­
tiére plastique de diametre 4 mm (intérieur).
Le panneau de mesure comprend les organes suivants :
- mise en pression : reserve de gaz - détendeurs ­

régulateurs ;
- debitmetre de precision pour controle du debit de

fuite ;
- manometre de lecture de pression.
L'ensenble est réuni dans une valise de transport.

Misc an oeuvna - Peaganmances
Le capteur est enterré sous l'ouvrage ainsi que les
canalisations de raccordement. Pour effectuer une
mesure, on raccorde la cellule au panneau (raccords
rapides) et, apres réglage du régulateur, un peu
au-dessus de la pression a mesurer, on ouvre une
vanne aiguille. La pression lue au manometre crolt,

Models: dc 215mm ct 50mm de diornitres

puis se stabilise 5 la pression des terres s'exercant
sur la cellule. D'une mesure 5 l'autre, le debit de
fuite est contrélé par un débitmétre.
Le capteur peut mesurer des pressiuns jusuu'& 5 bars,
la precision est celle du manometre, c'est-5-dire de
l‘ordre de 0,5 % (de l'étendue de mesure). Il peut
marcher en continu, avec une légére fuite permanente,
on peut alors adjoindre un enregistreur. En function­
nement discontinu, la fléche de la membrane, sous
pression, est de 4.10'2 mm, soit un rapport diametre­
fleche de l‘ordre de 5 000. En continu, avec fuite
permanente, ce rapport dépasse 10000. Uappareil est
tres fidele car la membrane se défonne tres peu et
demeure soutenue, au repos, par le support rigide.
Des essais sont actuellement en cours pour tester la
réponse des capteurs dans les milieux granulaires 3
l'aide d'une enceinte de 0,8 m de diametre et de 1 m
de hauteur. Le matériau est contenu par une enveloppe
de caoutchouc et il est possible d'appliquer un champ
de contraintes connu et de mesurer les deformations
latérales.



A lllGll SENSITIVITY PIEZOMETER
C. Silva E. (México)

INTRODUCTION

The apparatus described herein is a membrane piezometer
operated by a compressed gas. The design is based upon
ideas developed by Marsal and Ram lrcz de Arellano (l965).
The reliahility of this instrument with a total volume dis­
placement of 0.3 cu cm was determined by means of lab­
oratory test. Its behavior has proved satisfactory and it
has been installed at La Angostura dam. Chiapas, México
(Silva, l97J).

DESCRIPTION

The rnain hotly of the instrument is composed by two cylin­
ders. parts A and ll (Fig I). made of stainless steel, or poly­
vinyl chloride (l’.V.('.l joined by six screws; the operating gas
lines arrive to cylinder /\, while the porous stone and the pro­
tective litter are attaehetl to cylinder B. The thin diaphragm
is sealed by means of 0-rings between parts A and B, and piece
C. is lined to the diaphragm (Fig 2). The latter is die-stamped
and made of 0.002 in. --thick stainless steel shim or 0.007 in.­
thick tctlon sheet, type TFP. The shape of the diaphragm no­
tahly reduces edge-effects. and the close tit of the seal compo­
nents allows the use of very thin membranes, even for rather
large differential pressures.

OPERATION

Measurements are made by injecting an inert, dry compressed
gas into the intake line until the diaphragm flexcs, thus allow­
ing the passage of air through the outlet line, which is connect­
ed to a set of pressure gages. The gas supply is then shut off.
Cas is thenfbled through a valve connected to the intake line.
Whercupon pressure drops at a rate of approximately
I0 gr/sq cm/sec. When the diaphragm subjected to the pore
presure retums to its original position, the outlet line is sealed
off and the pressure reading is taken.

TESTS

The prototype was subjected to both weathering and structural
strength tests. Following each test, the apparatus was calibrated.
The results obtained were satisfactory in all cases, since calibra­
tion changes were insigniticant (less than 0.002 kg/sq cm).
The weathering tests consisted of:

a) Submerging the diaphragm in pore water extracted from
lexcoco Lake clays (pH = IO) for 30 days. '

hlSubjccting the apparatus to S 000 cycles of wetting in the
above water and drying at a temperature of 40 "C.
The structural strength tcsts were as follows:

nl A pressure of 40 kg/sq cm was applied for 30 days on the
porous stone sirle, while the other side was connected to the
atmosphere.

b) Under the ahove pressure, the diaphragm was subjected to
2 O00 loading-unloading cycles, each representing the process
of taking a reading.

c) A pressure difference of 5.0 kg/sq em was applied between
the inlet and the porous stone sirle representing an accidental
rise, not likely to occur during nonnal operation.

CALIBRATION AND SENSITIVITY

Meastrrements below 6 kg/sq cm were tnade with a mercury ma­
norneter; for higher pressures an tl I/2 in. Helieoid rnanometer
was used.

The minimum detectable pressure is of 0.0l kg/sq cm.
The maximum difference between various readings for the same
prcsure was t 0.003 kg/sq en1.
The above results correspond to the testing of ten different di­
aphragms of both stainless steel and teflon.
The pressure ranges for which the instrument was designed Ire:

0 to 40 kg/sq cm (Stainless steel diaphragms)
0 to I0 kg/sq cm (Teflon diaphragms)
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NUCLEAR AND RADIOISOTOPE TmCHNI'UES FOR DE­TE _ ATI N F I O N
iT§¥Smorod1nov,I.V.Lavrcv,VTIHRcmanchuk,
M.N.0kulcva, c.s.coskeva, (USSR)

Nuclear and radioisotope methods have a
series advantages comparatively with the ap­
plied now methods of determination of soil
properties: the possibility of soil investi­
gation without distortion of their structure
and in a greater volume than for the well­
known methods; fastness and reliability of ob­
taining of the information, the possibility
of repeatable and regime observations.

Investigation and application of the ra­
dioisotope methods in the construction in
USSR promotes in some lines:

1. Designing c the radioisotope devices
for determination of density and moisture content in bore holes and on the surface of
soil, including the designing of specialized
gauges for soils with obvious specific featu­
res. All the types of gauges must combine
the high sensitivity to measuring parameters
with small output of radioactive oouroes. From
number of depth gauges for measurement in
bore holes the assemble of radioisotope
gauges, consisting of PB -36 (neutron mois­
ture meter), PB -56 (gamma-density meter)
and counting device ought to be mentioned.
Diameter of the depth probes-36 m, the length
of cabel-20m. the gamma-ray source- is of
0.25 mg/eqv.Ra., the plutonium-berillium ne­tron source is of 1.105 n/ces. From number
of gauges for measurements on soil surface
or at the depth till 50-5Oom, we can call
the combined radioisotope density-moisture
meter PB -l (for homogeneous soils) and
gamma transmission density meter (for deter­
mination of density of coarse-rubbled soils
and other soils of heterogeneous structure).

Under the conditions of field measurements
adhering to calibration ones,the guaranteed
accuracy of soil density determination is
about +0,05 g/cm? and accuracy of moisture
content determination is about 0.5% in the
range l-10% of volumetric moisture content

(Uv), about 1%-in the range 10-25% Wv, andabout l,5% for the higher moisture contents
2. Designing of mobile specialized machi­

nes, which combine the drilling of bore holesor penetration with investigat ons by means
of radioisotopes. For example, we point out

two types of such machines:
type of "Penekar" (elaborated by Institute
for Engineering geology and Hydrogeology)
by means o which the density and moisturecontent measurements are carried out duri­
the penetration process.

g§ more light-weight machine of type of "Bu­
zonkar", by means of which the radioiso­
tope measurements are carried out in theho low tubes after their plunging (or dri­
ving in by any way) into the soil to nee­
ded depth. Both types of machines are
destined for engineering investigations.

5. Development of now mothodics,allowing
to use the radioisotope gauges in various
conditions, and also the new techniques of
calibration of density and moisture meters.

at
a)

Some advances in this activity are achieved

as yet only for the neutron moisture meters
of depth types and for gamma-density meters
of transmission subsurface types.In reference of neutron moisture meters
some methods permitting to transfer from
definite conditions cf measurements to other
conditions, are developed, (for exam le, from
one diameter of bore hole to anotherg.

The techniques eliminating the effect ofvariable concentrations of some chemical ele­
ments (chlorine,ircn, manganese) which dis­
tort the results of moisture, is developed,
( The method of complete calibration c neut­
ron depth probes using the measurements intwo soil mediums with different values of
volumetric moisture content, and in water, iselaborated. This method is based on the in­
vestigation of neutron field in the soil-or
water medium around the bore hole. The fac­
tors making influence on the results of den­
sity determination in surface layers of soils
(c111 une depth of 50-60 cm) for die gamma­
transmission density meters, are investiga­
ted, the ways of eliminating of these fac­
tors are developed.

4. Use of radioisotope and nuclear techni­
ques in:
a) engineering;

geotechnical control of basement quality.
scientific investigations in the construc­
tion,e.g. in the investigations of effi­
ciency of various installations and sets
at the constructional sites, regime obser­
vations during the investigations of slide,
consolidation, slumping and deformation
processes, etc. One of the ways of further
development of radioisotope and nuclear
techniques is tae use of betatrones, mio­
rotrones and neutron generators instead of
stationary radioactive sources.
These devices allow to obtain Une great
flows of irradiation in needed time; in
some cases they can be more appl1cable.forinvestigations. For example,
we shall describe the experience of use of
a portable betatrone for investigations of
soil defonmability (Tomsk civil-engineeringInstitute).

The experiments were carried out in a tray
c dimensions 30x5Ox2l cm, where the lead
grains of
net 2x2om.
increased
marks was
tion from

4 m, were put in soil over thaThe load on stamp of 25+5Ocm area
up to the ultimate. The soil with
examined with brake gamma-irradia­
betatrone. The positions of marks

and stamp was fixed on the roentgen film,
with exposition time -10-20 min. Dimensions
of betatrone are 52x40x40om, weight-100 kg,
power -l,8kw, maximum electron energy- 6 mev.

By comparison of films, it became possibleto define the form of soil deformation zones
and estimate their sizes.Increase of energy
of accelerated electrones to 30-60 mev,will
allow to use the betatrone not only for labo­ratory tests, but for the "in site' experim­
ents.



SOIL CLASSIFICATION NITH STATIC CONE.
Manuel Tapia G. (Venezuela)

The sedimentary soil classification based
on_the Cone Penetration test ("qc"
as used in Holland, Belgium France

vs llfsll)
and U¢SoAa

(Florida) has been found suitable to the se­
dimentary soils of Venezuela.­

Specific values for a classification of
residual soils have.been developed
a research! carried on by myself.­
ced report over these results I am
to you.­
Research On Residuals Soils And

Schists.­
A Dutch Static Cone oftion capacity carrying a

DB (Begeman) was used in

during
An advan­
presenting
Weathered

17.5 tons,.penetra­
friction jacket co­
more than 50 soun­

dings, each. of then coupled with StandardPenetration Tests.­
These borings were performed in the resi­

dual souls and weathered schists existing in
Caracas and Valencia, cities of Venezuela.­

The results are exposed in the table No.1­
It is remarkable that the positive or ne­

gative friction acting ou the piles can be

A comparison with the sedimentary soilsshow that the residual soils have local fric­
tion of higher values.­

'Residual Soil (SfM) hive:fs: 0.40 to 5.0 K5/cm , and a the sedimen­
tary silty sands have:

fs < 1.00 Kg/cm2.­
The weathered schists also show_local fric­tion of 5.0 to 12.0 Kg/cm.
These higher values of local friction could

be originated by the foliated structure of
the parent schists._

Notice that the readings of local lateral
friction are 50% highs than their actual
values in sands, gravels, residual soils andweathered schists.­

We emphatically recomend to use the Static
Cone Penetration Test as a means to classify
the_ sedimentary and residual soils.­

The characteristics_of weathered schist
gre also determinablea with the Static Cone'est.­

calculated with the values of local frictionw T8b].6 N00 1
CLASSICIATION OF HESIDUAL SOIIB

I Soil Type qc, Kg/cmé fs, Kg/cm2
fLoose silty fine sand sometimes with f 8 to 50 S 0.40 to 1.00jscarse organic matter (SfM) ° ::-111-niz-*1 ;1;1 -1111‘ a to 50 4 1.00 to 5.00Residual :Loose clayey fine sand (SfC) t..-__--..--_.-_-_.._..__----_--__-3---__-_....._.
:Medium dense silty fine sand sometimes x ::with scarse graphitic materia1.- t :

Soils

;<§fl4>_ _______________ _ 1
:Medium clayey fine sand (SfC) ‘_ _________ _..;_....._.___..|

9-&0_t2 2-99.§0_‘§o_1QO_ _ _=_ _‘ 5.003 50 to 100 '
6.00 to 12.00:Talc-micaceous schist (Silty sand, : 100 to 120 =

U1tra-weathe- stexture)red schist : ---- ---­ _.._..-..-..__.--3-._--___.4
:Micaceous-schist (Silty sand or clayey : l: 100 to 400 2- - -- -:-- - - - - - + 5.00 to 12.00gsand, texture)_______________________

Weathered Sch1st= Quartz-schist (Silty sand,texture) ’ 7 500 5 ­
: -__.__;_-.._..-_.|.........._... .__.

Results in The Fills Over the Studied Soils
uY r .

0.20 to 100Young Filks :Mainly loose talc-schist material 2 5 to 20 f_._ _._ _ _ _ _‘I _ _._ _ _ _ _ _ _ _._ _ _._ _ _ _ _ _ _ _ _ _ _ _
‘Graphitic-micaceous-schist.-Loose or Q 20 to 60 .‘medium dense material

Ancient Fills
#dense material.=Micaceous and graphitic schist.-Medium f 60 to 120

' ';' '0725 to-1-OT) ° "

_ _ _ _ _ _ _ _ _ _ _ ‘ 1.00 to 5.00
with occurrence of

_____1____ __ia~»ar;=z_z_5.0Q_
;Quarzt schist.- Dense material :l2O to 200 ; 1.00 to 6.00

_...;¢.._.__..._

-_._-_.-__¢......_



AN APPARATUS FOR MEASURING OF RESILIENT
, V,P.TItov, VTI.Khromov (U§SR)

The apparatus was developed and tested on a
number of the operating railroads. The use
of this apparatus helps to define elasticdw
deformed consistence of a subgrade under
different types of rolling stock in real
conditions, what is significant step for
investigation of undesirable effect on
grounc because of traffic.
The apparatus (Fig.1) is column 1 placed in
boring hole and fastened there by means of
its end 2. A cross section of column is
tube. The elastic elements 3 supplied with
tensoresistors are plased in cross holes
drilled in column by certain intervals
along it, lhe special anchors (Fig.1b) are
jointed to them, The anchor consists of a
body 4 and flexion cambered springs 5,which are fastened to its cdgos in
diametrically opposite order. The anchor
body is a hollow cylinder which has internd.
diameter several more external column one.

(07 GENE"/*L WW 05| INCHOR fd Asssuaua _A'
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_F|C.1. SCHEME OF APPARATUS

In loose consistence external size between
anchor spri ends _'D is more boring hole
diameter dn?Fig.1c). A support 6 with
spring 7 holds the elastic element in a
middle, In internal column hallow there are
a covered wires, which connect gages to
tensometrical apparature. Besides-of main
elements above noted there is a mechanism,
which regulates a position of the anchor
spring ends as it is shown with dotted line
in Fig. 1c. It is operated by means of wire
cords, which pass along the column. In
present figures this device is not shown,
When the apparatus is used a sequence of
operation is such. The apparatus is plased
in boring hole and driven in its end. when
it is in process the ends of anchor springs
are deflected to surface of column (Fig,1b,
dotted lines), Then, they are released by
means of mechanism and the anchors are
engaged with surrounding ground (Fig.1b,

continuous lines), The wires of gages are
connected to the apparature,
When transport acts un a Lrack each layer
of subgrade h between the anchor and column
end is compressed and the anchor is
displaced relatively column, Obv1ously,thatin this case the deflection of elastic
element is equal to the displacement of
anchor, A signals pass of sensitive
tensoresistors to apparature and are fixed
by oscillograph tape,
After the measuremeht was finished the ends
of anchor springs is defelected to column

of mechanism noted above andby means
apparatus is elevated~from boring hole,
Cont mporary use of number of the apparatusdisplaced in certain order in 'a cross_
section of subgrade gives a distribution ofrcsilicnt scttlcmont in this section when
cars pass by it,
A real values of settlements were obtained
by means of this oscillograms and
calibraiting coefficients for each elastic
element, As experience shown an accuracy of
measurement equal 0,05 mm could be reached
by means of use of this apparatus and
standart tensometrical spparature. Fig,2shows maximum values of resilient settle­
ments which occured in observed cross
section of subgrade (embankment) when
burdened and empty cars passed by it,

_ _\z*0»0
msTANc£ FROM Axis or TRACK, m

0/¢ a_$2 4 o 1 2 _3,,;|,_ !_»g!
E P -_ _ ““!!!I.!'”'!'|!!!===- T ' ?;m

SW" iburdenedcar
- - - empty car

F`lC.2. DISTRIBUTION OF SETTLEMENTS



A NIH I§Tln@lT WB HHSURING SETl'lE|@'l5­
M. Tominaga and Y. Echigo (Japan)

ln a steelwork vida and firm ground is required
for storing ores, coals and other raw mterials to

reaching up to 110 tons/m2
raw mterials causes a
of settlements and lsteml
to mention, an accurate

support a load intensity
'Ibe great weight of such
considerable degree both
displacements. Needless
measurement 'of settlements and lateral displacements
has a great significance in design, perfornmncs,
operation and laiatenance of ‘these yards. Settlement
plates, settlement bars and continuous settlement
gauges have been used conventionally. However, each
has disadvantages 'lhey are not durable enough to
meet an in-situ measuring requirement for two or
three years. I-hrthermore, they are not flexible
enough for speedy measurement even if the raw
mterials are on the yard.

The new instrument introduced in this paper
utilizes the principle of the siphon as shown in
Hg. l(a). Agly dependable for its accuracy, it is
designed to meet measuring requirement at any level,
whether surface or underground (about 20 m).

A trial use of the eutoalltically recorded
vmter-pressure gauges turned out to be a success.
This method will be put into wide use in the near
future. A square-shaped stainless steel tube which
was specially manufactured was inserted into the
ground as shown in Fig. l(b). For the measurement
of lateral diaplacemnts the roller type inclino­
meter was devised and adopted. Gelstinoua asphalt
emulsion around the tube in Fig. l(b) functions both
as the filer of the square tube inserted in the
boring hols, JC cm in diameter, and as the buffer
'bstween the square tube and the surrounding soil, so
as to adapt itself to lateral displacements of the
surrounding soil. Fig. 3 shows an GXGQIQ of the
lateral displacements observed by means of this
inc linometer.

R E F E H E N C E 1
fum, K. 1 ncmefxsv, M. and TOMINM3, 11. (1979).
"Analysis of observed embankment performance in
term of effective stress” , ASCE SMFD Speciality
Conf. on Perforumnca of hrth and Fsrth Supported
Structures, Purdue Univ., Lafayette, Indiana,

A covered t\1be type (Fig. 1(e)) will be beet for an U’ S’ A*
underground measurement.

Settlements were observed in a test embankment
performnce with the new instruments shown in
Fig. l(a). Fig.2 shows an example of the observed
settlements.

on
" I0/ IMBANKUIIIT 2»< 5

""i.‘¥'§1H." . ....__......._  ...._. ‘“'- _.... f" \\ E] 2 e 4° ‘° e G9 59 1 '90 DHSF/ "‘ "~--_ tsl0.1. " `*' -°* - - -~--.__,,,,,,,,, J" 11 BTAlNLYl!§S ‘W E ( )) ' 'run ,_,5° "(a HSAID =
U1

I01||c1.111osr'r|11 1 <"3SILT °¢|'*"“';‘i;""UL Fig.2 Observed Settlement Curves~ --==f­
(D)

Fig.l (a) The new Sipbon Type Settlement Gauges
(b) The Roller Type Inclinometer
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APPAREILLAGE D'ETUDE DYNAM QUE DES SOIB PINS
ROUTIERB. Vgrstraeten J. Vsverke V.,
Iagaoul A., B011o.A, (Boigiqus)

RESUME. Dans le cadre de la mise au point d une méthode générale de dimenaionnement des chaussées, le Centre
de Recherches Routiires (Belgique) a confié A l'UniversitE de Liege (Professeur A. Fagnoul) 1'Elaboration d'un
appareillags d'études du comportement des sols sous des charges dynamiques.
Le présent article décrit tout d'abord le principe et les buts de cette recherche.
Une éprouvette triaxiale est soumise 3 une pression hydrostatique constante et A un déviateur d'a1lure sinu­
soidale. Les grandeurs mesurées sont ls deformation irreversible, la deformation reversible, en amplitude et
en phase, et la teneur en eau. On désire sinai comparer le comportement dynsmique de différents sols et Even­
tuellement-mettre au point des essais simples permettsnt de prévoir ce comportement.
Ensuite, l'sppareillage est décrit dans son état sctuel,avec une breve évocation des développements ultérieursenvissgés. 5
Finalement on donne un résultat extrait de la premiere série d'essais réalisés.

BUTS DE LA RECHERCHE

I. Déterminer de maniére quantitativg les grsndeura
nécessaires pour apprecier la contribution des
sols au comportement des chaussées.
a: Comportement réversible pour le dimensionne­

ment B ls rupture.
b. Comportemsnt irrévorsihle pour le dimension­
-'nement aux deformations permsnentcu.

2. Comparer’les sols entre eux sous l'angle du point
(I) ci-dessus.

3. Chercher E mettre au point des essais simples
pour juger rapidement du Compnttement mécanique
den sols sur la base des réaultats du point (I).

PRINCIPE DBS ESSAIS

I. Sols considérés
Lea #asain pnrtent actuellement sur un sol non-cohé­
sif (sable de Mont-Saint-Guibert). Ils seront ensui­
te étendus i d'autres sables caractéristiquea, puis
1'étude envisagera des sols cohésifs, principalement
des limons, rencontrés habituellement en construc­
tions routieres-en Belgique.
2. Conditions d'esaai

a. Les sols sont définis par leurs csractéristi­
ques géotechniques : porosité, degré de aa­
turation,...

b. b. Les conditions de sollicitations sont les sui­
vantes : apres une consolidation sous les
pressions minima d'essai, on réalise le ci­
ssillement trisxial (actuellement drainé)
avec les contraintes suivantes :

oz- 03- Constance,
oi- Constante + fonction sinuaoidale

(sctuellement); fréquence - 5 Hz.
L'essai est poussé jusqu'i 106 cycles ou lini­
té 5 une déformation verticale de 20 Z.

3. Meaures effectuées
a. Avant et sprés 1'essai proprement dit : dé­

termination de p, w,...
b. En cours d'essai, mesure du tassement vertical

- irreversible,
- réversible (en amplitude et en phase).

Cea mesures permettent de déterminer l'évolu­
tion de la déformation permanente E Bt du DD*
dule complexe E', en function du nombre de ré­
pétitions N.

c. Mesure de la variation du volwme d‘eau dans
1'éprouvette. Cette mesure nous donne une es­
timation valable de ls variation du volume de
1'éprouvette dans le css particulier des sols
non-cohésifs saturés. Pour le~cas des sols
non-ssturés, 1‘apparei11age de mesure des va­



ristions de volume doit encore etre conqu,
ainsi que l'appareil de mesure de la pression
interstitielle pour les sols cohesifs.

APPAREILLAGB

L'appareil1age edt installe dans un local climatise.
Ceci permet d'obtenir une excellente stabilite de
tout le materiel electronique. De plus, cela permet
de limiter les erreurs lors des mesures des varia­
tions de volume d'eau.

Application des sollicitations
Eprouvette et cellule
Les essais sont realises sur des eprouvettes
cylindriques (6 I 50,8 mm, h I |00 mm) enro­
bees d'une membrane de caoutchouc et plscees
dans une cellule triaxiale. Le drainage se
fait psr des pierres poreuses superieure at
inferieure.
Pression laterale
La pression laterale est appliquee par 1'eau
contenue dans la cellule qui est en communi­
cation avec un reservoir soumis A une pres­
sion d'azote reglee par un detendeur de pre­cision. \
Mise en charge verticale
Une vanne electromagnetique alimentee par de
l'hui1e sous une pression de 100 bars action­
ne mn verin 3 double effet. Celui-ci applique
l‘effort A l'eprouvette par l'intermédiaire
d'un element souple et d'un capteur d'effort
place R l'interieur meme de la cellule: Ce
capteur fournit une mesure de la force reel­
lement appliquee R l'eprouvette et cette me­
sure alimente en retour la commsnde d'asser­
vissement de la vanne. Cette solution.e1imine
le probleme de frottement B l'enttee de la
cellule et permettrs peut-etre de mesurer de
msniere assez simple les variations de volu­
me de 1'éprouvette, meme dans le cas de sols
non-satures. L'e1ement souple permet de ren­
dre le systeme independsnt`des variations des
caracteristiques mecaniques des eprouvettes.
Logique de commande

Le demarrage d'un essai comprenant l'applica­
tion simultanee pour une duree predeterminee
de la pression laterale et de la pression ver­
ticale de consolidation ainsi que le debut du
cisaillement sous charges repetees, commengant
au point bas de la sinusoide, est entierement
automatise, dans le but de resliser des condi­
tions d'essai le plus reproductiblea possible.
Performances

En restant dans des limites scceptables au
point de vue de la precision d'application et
de mesure des efforts, il est possible d'ap­
pliquer des deviateurs vertigaux (ol - Q3) de
iorme sinusoidale ou triangulaire variables
entre 0,050 kgf/cmz et 5 kgf/cmz avec une er­
reur de t 0,002 kgf/cmz dans le domaine de
frequence de 0 A IO Hz.

2. Equipement de mesure
Mesure du deviateur
La mesure de la force verticsle alimente la
chaine d'asservissement et est egalement in­
troduite dans les circuits de mesure pour la
determination du module complexe.
Mesure du tassement

Le tassement de l'eprouvette est mesure par
1'enfoncement du piston dans la cellule A
l'aide de capteurs inductifs de deplacement.
La precision necessaire pour la mesure du
tassement reversible imposant l'uti1isation
d'un capteur de course tres reduite (t 0,6 mm)
il a ete necessaire de rendre celui-ci soli­
daife d'un support mobile qui le maintient on
permanence E l'interieur de son domaine li­
neaire de mesure. Le deplacement de ce support
mobile, entierement automatique, est mesure
par un capteur de tourse plus longue (1 12,5
mm) et le tassement est calcule A partir de
ces diux mesures. La precision obtenue est de
5.l9' mm pour la deformation reversible etI0 mm pour le tassement total.
I1 estpcependant necessaire de tenir compte
des deformations du capteur d'effort place 3
1'interieur de la cellule.
Pression laterale
La pression laterale appliquee est contr5lee
par un manometre A mercure. Cependant, dans le
but d'etudier les variations de pression in­
duites dans un systems ferme par la variation
du deviateur, un capteur de pression B jauges
ohmiques, raccorde sur la cellule et connecte
aux circuits de mesure permet de mesurer la
pression laterale dana la cellule isolée.
Variation de volume d'eau
Un reservoir cylindrique relie aux circuits
de drainage permet, grece a un flotteur dont
le deplscement est mesure par un capteur in­
ductif, d'obtenir\la mesure des variations
du volume d'eau ds 1'eprouvette avec une pre­cision de 0,05 cm . Cette precision est obtenue
grace aux tres faibles variations de tempera­
ture (t O,l°C) realisees par la climatisation.
Contreles

Le contrele des divers parametres de 1'essai
et du bon fonctionnement de l'installation
est assure, soit par des circuits automatiques,
soit visuellement pour la partie haute pres­
sion. Un depassement des limites préreglees
entraine soit le declenchement et l'arret de
l‘essai en cours, soit encore une correction
automstique comme dans le cas du support mo­
bile du capteur de deplacement.
Affichage des parametres
Un oscilloscope a double trace permet le con­
tr31e de la forme de le mise en charge et du
bon fonctionnement de la chaine d‘asservisse­
ment. Il permet egalement ls visualisation de
la deformation verticale reversible et de la
fonction (€,E).



Divers amperemétres connectés directement sux
appsreils de mesure ou raccordés 5 l'ordina­
teur fournissent A tout instant e.a. la valeur
de la pression lstéralc, le tssssment total
irréversible (valeur cslculée), etc,...
Un traceur de courbes X-Y sur papier permet A
1'ordinateur de tracer en fin d'essai les di­
vers résultsts sous ls forme désirée.
Un compteur électromécanique permet de visua­
liser le nombre de cycles révolus. Il ne joue
cependsnt aucun r5le sctif dans le systéme de
mesure.

Développements ultérieurs
Outre ls mise au point d'un systems de mesure
des variations de volume valable mEme pour
les éprouvettes non-ssturées, il faudrs Ega­
lement envisager'ls mesure de la pression in­
terstitielle dans les sols cohésifs.
D'autre part, une automstisation plus poussée
Hu point de vue contrale et sécurité afin de
permettre A l‘apparei1lage de fonctionner
sans surveillance et en toute sécurité, ce
qui est indispensable pour les esssis de lon­
gue durée.

3. Trsitement digital par ordineteur intégré
s. Présentstion du matériel

Lors de l'étude des systémes de mesure, il est
appsru assez rspidement que la complexité des
mesures 5 réaliser ainsi que ls fréquence de
celles-ci rendaient impossible la lecture di­
recte. Les enregistrements oscillographiques
U.V» sur papier photosensible réslisés au dé­
but manquaient de precision, ne permettaient
pas ls mesure du module co plexe et requer­
rsient ls présence eonstsnte d'un opérateur.
Ls solution idéale était l'intégration su
systéme d'un petit ordinateur connecté 5 des
appsreils de prise de mesure et permettant de
commander, en temps réel, des processus exté­
rieurs. Nous utilisons donc actuellement un
ordinsteur Hewlett-Packard de 8 K mots de
I6 bits de mémoire centrale, connecté 2 une
base de temps programmable, A u voltmetre
digital H B canaux, B une-sortie double
“digital-analog", 3 une sortie "relsis",
ainsi qu‘§ un lecteur optique de bundes pei­
forées et A u téléscripteur. Ce systéme per­
met le contr81e continuel du bon fonctionne­
ment de l'appareillage, ls co msnde du pro­
cessus de démsrrsge, la prise des différentes
nnnures, leur traitement et leur stockage, le
trscé des courbes obtenues, etc,... La sou­
plesse de ee systems permet de modifier 3
volonté le processus.
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Figure 1. Appareillage.-Apparatus.
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Procédés de mesure et trsitement
Les signaux fournis par les divers capteurs
sont amplifiés, si nécessaire, et sont mesurés
par le voltmétre digital A 8 canaux. La fré­
quence de commutation et de conversion de ce
voltmitre (35 KHz) est telle qu'e11e permet
la mesure d'un nombre suffisant de points ré­
partis sur un seul cycle de chsrgement. La
rapidité de 1'ordinateut permet d'effectuer
simultanément ces mesures et de calculer en­
suite, sans interruption dans les lectures,
les diveraes valeurs désirées. De plus, il
surveille simultanément certains paramétres
et intervient`au besoin directement pour les
corriger. Apres 1'esssi, 1'ordinateur est
disponible dans les limites de sa capscité
de mémoire pour effectuer tout trsitement dé­
siré des résultats.
Développements ultérieurs
Dans le stsde ectuel, la aortie "digital­
analog", qui fournit deux tensions électriques
générées par l'ordinateur, et la sortie
"relais" qui fournit 16 contacts indépendants,
ne servent qu'§ 1'affichage de certains para­
métres, au tracé des courbes et aux interven­
tions de controle ou de correction. Elles per­
mettront, dans un stsde ultérieur, de résliser
des cycles de chargement plus complexes (sm­
plitude variable, formes non-sinusoidsles,
te ps de repos entre les cycles, etc,...).
De plus, la souplesse de ce matériel est telle
qu'un remaniement complet du processus d'esssi
ne nécessiterait qu'un effort de programmation,
sans modification sensible de 1'

EKEMTLB DE RESULTAT

Les conditions d'esssi sont :

p I 0,40
S ' IY 2
U2 - 03 I 0,050 kgf/cm
al - 0,100 - 0,400 kgf/cmz
Fréquence = 5 Hz

A la figure 2 sont représentés en fone
de cycles N :

- le tssseunnt irreversible
- le module complexe E' ,
- le déphsssge (3,E) .
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