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PREFACE

In accordance with the Protocol signed in Washington, D. C., on
28 March 1977 by the Cochairmen of the U. S./USSR Joint Working Group
16.05 "Building for Extreme Climates and Unusual Geologic Conditions,"
representatives of the U. S. participated in a study visit to the Soviet
Union during the period 6~29 September 1979. This report was published
under Civil Works Work Unit 31173 '"Special Studies for Civil Works Soils
Problems," Task 30, "Centrifuge Modeling for Geotechnical Applications,"
for the Office, Chief of Engineers, U. S. Army. Special thanks are
given to the Russian interpreters Ms., Natasha A. Nelubina, Mr. Valarie
A. Alexandrovitch, Mr. Yuri Ivanov, and Mrs. Gala Barvasho, without

whose help the exchange would not have been possible. Special thanks

are also given to the companion to and organizer for the U. S. team,
Mr. S. V. Dovnarovich.

This report was written by Mr. Paul A. Gilbert, Soil Mechanics ,
Division (SMD), Geotechnical Laboratory (GL), U. S. Army Engineer Water- ;
ways Experiment Station (WES), under the general supervision of
Mr. Clifford L. McAnear, Chief, SMD, and Dr. William F. Marcuson 1II,

!
Chief, GL. i ’
The Commander and Director of WES during the preparation of this :
report was COL Tilford C. Creel, CE. Mr. Fred R. Brown was Technical : ﬂ
Director. ]
i
f . 2. 30! ’—;‘
RS [DHARS S
¢ ! WS j
K P e sunend ] \

I I T B T : M |

: e L +
P

DoMpeuritation/

————— 4

i veilal Tl1ine Cedes
) ,Av#!f cndjor

Speeinl




Preface . .

Introduction.

* o o =

Background. . . . . . . . .

Program and Itinerary . . .

Centrifuges Observed in the

Contents

.

Soviet Union.

Hydroproject. . « « ¢« ¢ o ¢ « o &
NIIOSP,
UkrNIIproject . . . . . .

Soviet Soil Testing

*» o 2 e

General Impressions .

Summary Remarks . . .

Conclusions .

References.
APPENDIX A:
APPENDIX B:
APPENDIX C:
APPENDIX D:
APPENDIX E:
APPENDIX F:
APPENDIX G:

SCHEDULE

Equipment .

AT HYDROPROJECT .
LIST OF ENGINEERS AND SCIENTISTS

.

AT HYDROPROJECT

SCHEDULE AT UkrNIIproject (IN RUSSIAN) . . . . .
SYNOPSIS OF VISIT.
ACTUAL SCHEDULE OF EVENTS.
APPENDICES D AND E IN RUSSIAN.

REFERENCE LIST, ARTICLES RELATED TO RAILROAD
ENGINEERING SOIL MECHANICS (IN RUSSIAN). . . . .

F:
[
[)

O~NWVL U & & W -

[ < I — B o T -~ B Y R R T
e s e e e O DN WV

«
—




-

|

e

R ~ ,l T W

A O YA,y 32 1w s oo N

GEOTECHNICAL CENTRIFUGES OBSERVED IN THE SOVIET UNION,
6-29 SEPTEMBER 1979

Introduction

1. During the period 6-29 September 1979, a team of U. S. geotech-
nical engineers visited the U.S5.S.R. to observe demonstrations of centri-
fuge devices and to discuss soil modeling techniques with representatives
of the Soviet Union. The visit was conducted in accordance with the
March 1977 Protocol under Working Group 10.05 Project 2 entitled "Centri-
fuge Modeling Used for Foundation Design."

2. The U. S. team participating in the visit and the agency af-
filiation of the members are as follows:

a. Paul A. Gilbert, Research Civil Engineer, Geotechnical
Laboratory, U. S. Army Engineer Waterways Experiment
Station, Vicksburg, Miss.

b. James A. Cheney, Professor of Civil Engineering, University
of California, Davis, Calif.

3. Members of the U. S. team departed the U. S. on 4 September
from their individual cities and met in London, England, on 5 September
from which they continued on to Moscow, arriving 6 September. They were
met at the airport by A. A. Vaselevskii and Candidate of Science (Cand.
Sc.) S. V. Dovnorovich, the technical contact who served as companion to
and crganizer for the U. S. team.

4. A schedule was given the U. S. team indicating that three in-
stallations were to be visited during the stay, two in Moscow and one in
Kiev. The U. S. team noted that a visit to the installation at Baku in
the Province of Azerbaijan was not included in the itinerary and re-
quested that it be added. The request was denied with the explanation
that enough would be learned from visits to the installations on the
schedule.

5. The three installations scheduled to be visited were:

a. Hydroproject Institute--an installation dealing with the
investigation, survey, and design, as well as testing and
analysis associated with water power and water resources
in the U.S.S.R.
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NIIOSP, Research Institute of Bases and Underground
Structures-~an installation dealing with experimerntal and
theoretical problems in basic soil mechanics, foundation
design, performance and evaluation, stabilization of crils,
problems in soil dynamics, as well az theoretical and ex-
perimental investigations of the behavior of frozen soils.

c. UkrNIIproject--an installation dealing with soil mechanics
problems associated with the mining industry in the
Ukraine.

Background

6. The technique of centrifuge modeling was originaily proposed
in the U. S. by P. B. Bucky in the early 1930's, but the concept was not
exploited for geotechnical uses by U. S. engineers. The Soviets, how-
ever, picked up the technique and have used it with apparent sucness for
almost 50 years. According to sources at NIIOSP, there are approximately
50 centrifuges with a rotation radius of at least 1 m in the Soviet Union
today; twelve of the devices are currently functional and operating.
Three centrifuges were observed during this visit, two in Moscow at
Hydroproject and NIIOSP and one in Kiev at UkrNIIproject. Two of these
centrifuges were operating; the device at NIIOSP was inactive at the time
of the visit because of the recent death of the researcher, N. Ya.

Rudnitsky.

Program and Itinerary

7. Except for NIIOSP, each installation visited gave the U. S.
team a tentative schedule of events, These schedules are included in
the appendices. Appendix A shows the proposed schedule at Hydroproject,
Appendix B shows the list of engineers and scientists at Hydroproject
scheduled to meet with the U. S. team, Appendix C shows the proposed
schedule (in Russian) at UkrNIIproject, Appendix D is a synopsis ..f the
visit prepared by the Soviet hosts, Appendix E is the actual schedule of
evenis of the visit also prepared by the Soviet hosts, and Appendix F is
a copy of Appendices D and E in the Russian language; copies of these

_d
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documents were given to the U. S. team.

Centrifuges Observed in the Soviet Union

Hydroproject

8. The centrifuge at Hydroproject was perhaps the most capable
and well instrumented device observed during the visit. Its operation
was directed by Cand. Sc. (Eng.) Senior Scientific Worker of Rock and
Earthfill Dams and Foundation Department (R&EDFD) V. I. Scherbina, who
was quite knowledgeable about centrifuge testing. The device was
equipped with a video monitoring system so that the model could be ob-
served with the centrifuge in "flight." This centrifuge was driven by
a 260-kw constant current electric motor. The carriage was a swing box
in which removal of the model required removal of the swing pins. Speci-
fications of the Hydroproject centrifuge, as stated by the Soviets, were
as follows:

a. Rotation radius to the center of the carriages, 2.5 m.

|o

. Rotational speed, 0 to 340 rpm.

Maximum acceleration, 322 g.

e 1o

Internal dimensions of carriages:
(1) Height, 500 mm.

(2) Length, 900 mm.

(3) wWidth, 400 wm.

Carriage mass, 600 kg.

jrm {®

Maximum model mass, 200 kg.

Number of simultaneously tested models, 2.

Maximum height of prototype, 161 m.

Number of slip ring terminals for data collection, 107.

e e 15 R

Miscellaneous:

(1) Capability is provided to fill and empty water reser-
voirs behind the models on the carriages during flight.

(2) Gages are provided for measuring contact stresses and
strains.

(3) Capability is provided to apply a2 static horizontal
force of up to 10,000 kg to the model during flight.




9. Scherbina spoke to the U. S. team about the application of the
Hydroproject centrifuge. One problem investigated was the cracking of
dams with clay cores (Ail-Union Designing, Surveying, and Scientific

Research Institute 1973). The investigation is described as follows:

a. The technique used was to construct the core in three

layers consolidating each layer at a predetermined g-level
on the centrifuge. The rock shells were then placed, the
model was stressed by centrifuge flight, and the deforma-
tions were measured. By systematically varyiog the plas-
ticity (density and water content) of the core material,
deformation levels for each plasticity were determined
which would just cause cracking. The prototype can then
be designed based on the performance of a given core mate-
rial at a certain plasticity (Scherbina 1977). Another
problem under investigation at Hydroproject was that of an
unzoned rockfill embankment with an upstream asphaltic
membrane (Vutsel and Scherbina 1976).

b. Scherbina indicated that dams 50 to 80 m high of this type
are routinely built in the German Democratic Republic.
About 25 models must be prepared and tested in the centri-
fuge to optimize the design of a structure to be built of
a given material. A parametric study is accomplished
varying the parameters density, grain size, embankment
slope, and height. Grain size is not scaled in the study.
Instead, a model material is chosen which will match the
strength and density of the prototype material based on
laboratory and field studies. Indications are that inter-
pretive difficulties do not arise if the two parameters,
strength and density, are carefully matched between model
and prototype.

10. At Hydroproject, the U. S. team was given a qualitative demon-
stration of the value of the centrifuge. Two circular cylindrical
specimens of sandy clay were prepared at different molding conditions.
One specimen had a high water content and low density; the other had a
lower water content and higher density. The unconfined specimens were
put into the centrifuge and loaded by the gravity field. The specimen
of low density collapsed at 35 g's. The specimen of high density and low
water content required 95 g's, thus demonstrating the qualitative rela-
tionship between strength, water content, and acceleration level to
produce collapse.

11. A photograph of the Hydroproject centrifuge inside its con-
tainment pit is shown in Figure l. The centrifuge bucket is shown in
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Figure 1. Hydroproject centrifuge and containment pit

Figure 2 and a model in preparation is shown in Figure 3. The X marks
on the model of Figure 3 represent points where displacement will be
monitored during flight. Figure 4 shows a technician making optical
measurements on a model to establish the displacement field developed
during flight.
NITIOSP

12. Even though there was a fairly well equipped centrifuge at
NIIOSP, it was not in operation because of the death of its researcher,
N. Ya. Rudnitsky, about 1 year before the visit of the U. S. team. The
U. S. team was given only a cursory look at the device. The centrifuge
itself was smaller than the device at Hydroproject, having an arm with
an effective radius of 2.0 m powered by an electric motor of 100 kw. No
photographs were allowed of the device and little technical description
was offered; the explanation given was that there was no official centri-
fuge operator or expert at NIIOSP since the death of Mr. Rudnitsky.

13. The time at NIIOSP was largely spent having discussions with
Soviet experts about various aspects of soil mechanics, including a very

detailed discussion on the theory of plasticity by Dr. A. Stroganov and

L




Figure 2. Hydroproject centrifuge bucket
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Figure 3. Centrifuge model in preparation L




Figure 4. Technician establishing datum on
centrifuge model
a discussion about centrifuge modeling with Prof. T. G. Yakovleva.

14. Prof. Yakovleva is connected with the Ministry of Transport
and Transport Construction Facilities as well as the Ministry of Roads
under whose jurisdiction are highway and railway construction and main-
tenance. She worked, at the time of the visit, with the Institute of
Railroad Engineering. She had used the centrifuge to aid in the design
of embankments for the Trans-Siverian Railroad. A broad range of com-
plex foundation problems had surfaced because of the soft organic clays
and peat combined with the condition of permafrost which exists over
much of the Siberian tundra on which the railroad was built,

15. Prof. Yakovleva described three centrifuges that she had used
for her work, as follows:

a. A centrifuge built in Moscow in 1951 for the Research




Institute of Transport Construction. The effective radius
of this device is 2.5 m and the range of scaling is from
4.8 to 124 g's. The bucket is 40 cm wide by 80 cm long by
60 cm high.

A centrifuge built in 1955 for the Moscow Institute of
Railway Transport at Dneipropetrovsk. The device has an
arm of effective radius 2.0 m and a scaling factor of up
to 100 g's. The bucket is 50 cm wide by 100 cm long by
60 cm high. This particular centrifuge is used to simu-
late plane stress by inserting a model, 10 cm thick, be-
tween lubricated plates. M. N. Gol'dshtein, world-
recognized Soviet centrifuge expert, was stated to be a
co-user of this device.

I

c. A centrifuge built in 1962 for the Laboratory of Railway
Engineers in Moscow. The arm is 2.5 m, speed is 0-340 rpm,
with an acceleration of up to 322 g's. The bucket is

40 cm wide by 90 cm long by 50 cm high. The bucket with
soil can weigh a maximum of 1050 kg with a maximum model
weight of 170 kg. The driving motor has a power of

320 kw to start with a working power level of 200 kw.

16. Prof. Yakovleva discussed errors inherent in centrifuge
modeling due to variations in the g-field and time of load application.
It was suggested that some of the time effects may be minimized by
scheduling the rate of increase in g-level to coincide with the con-
struction period. 1In connection with centrifuge modeling, Prof. Yakov-
leva was investigating stochastic methods for predicting responses due
to a large number of independent variables using the theory of systems.
In this connection, she mentioned the work of S. W. Director at the
University of Florida and R. A. Rohrer at the University of California,
Berkeley. The U. S. team was presented with a reference list contain-
ing 334 entries of articles pertaining to railroad engineering soil
mechanics; the list is presented as Appendix G. About 140 of these
references pertain to centrifuge studies, but unfortunately only a few
are available in the western literature.

17. Prof. Yakovleva informed the team that Soviet centrifuge
pioneer, G. I. Pokrovsky died on 15 January 1979.

UkrNIIproject

18. The UkrNIIproject in Kiev is a research and design center

dealing with problems of the mining industry in the Ukraine. Research

10
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there was geared toward finding methods to improve open pit coal mining
operations. The director of the centrifuge was Nicholai Nicholavich
Kuvaiyev and the experiments were run by A. Pavlovna.

19. The centrifuge in this installation was being used to deter-

mine safe operating positions for bulldozers and motor graders om soil

] structures formed by dumping dry mining spoils over a soft plastic silty
clay foundation. This foundation was formed as clay was hydraulically
transported into a pit and allowed to settle so that the transport water
could be recovered. Serious accidents involving machinery and personnel
had resulted from slides in the dry tailings triggered by movement in
the soft material underneath. In this ligh:, the centrifuge was used at

UkrNIIproject mainly to identify impending failure so that certain asso- :

ciated dangers could be avoided. ;
20. Centrifuge studies showed that there were three parameters of

interest identified in Figure 5--distances A, B, and K; A 1is the zone

of severe collapse, B 1is the zone of limitation for crack formation,

and K 1is the height of the scarp. Z 1is the depth of penetration of

the tailings material into the slurry after sliding.
21. Figure 6 shows in section the centrifuge model used to inves-

tigate the tailings slides,
22. The work at UkrNIIproject was of special interest to the U. S.

! team from the standpoint of hands-on experience with the centrifuge.

(The device at Hydroproject was only demonstrated and the NIIOSP centri-

fuge was only observed.) The data observed at Kiev was especially

valuable in that the tests shed light on the validity of scaling laws

between model and prototype at least as far as the investigated type of

failure is concerned. At other installations visited, centrifuge models

were used to design prototype structures against failure. If the proto-

type did not fail, then no data were gained to establish a scaling

correlation between model and prototype. For the mining operations in
the Ukraine, it is accepted that there will be failures of the proto-
type again and again, so ample data have been collected to establish a
statistical relationship between model and prototype.

23. The data presented in the tabulation below will be published

11
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Figure 5. Failure mechanism in tailings embankments
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Figure 6. Section of the centrifuge model to
investigate tailings slides

in Soil Mechanics and Foundation Engineering, a translation of

Osnovaniya, Fundamenty i Mekhanika Gruntov, in a paper by Pavlovna and

Kuvaiyév:
Centrifuge
(Scaled to Prototype) Field
A (m) 5~40 Range/13.5 avg 1-42/15
B (m) 6-40/24 1-57/27
K (m) 1.5~5/2.5 0.6-6.6/2.0
12
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There is certainly good agreement among the average values of the dimen-
sions, between model and prototype.

24, At UkrNlIproject, models were prepared and then loaded in the
artificial gravity field of the centrifuge until failure was detected
with a deformation gage. (There was no visual monitoring system.) The
model was then removed and the after-failure profile plotted with an
instrument very similar in operating principle o a device used in the
woodworking industry in the U. S. to duplicate irregular contours. The
device is called a profile transfer or contour gage, and uses rods held
in a metal bar which may be moved to follow the contour of an irregular
surface. The mapping of the deformed model surface was accomplished
with such a device as shown in Figure 7.

25. The UkrNIIproject centrifuge is described in a textbook by
Yu. N. Malushitsky (1975) which has been translated from the Russian
by D. R. Crane and Andrew N. Schofield. (A copy of this book in Russian
was requested by Prof. Cheney, and a copy was furnished by A. Pavlovna.)
The device has an effective radius of 2505 mm. Maximum acceleration is
320 g's with a maximum speed of 340 rpm. The centrifuge has a perma-
nently installed swing platform, onto which the payload box is attached
for flight. The size of the payload box is 140 cm long by 50 cm wide
by 75 cm high. The centrifuge is powered by a 160-kw electric motor.

26. All centrifuges observed could be accessed only through a
door opening to the containment pit below. An interesting suggestion by
the technicians at UkrNIIproject was that a tunnel allowing horizontal
access to the centrifuge would be advantageous for the reason that
models are lowered into place by an electrically operated crane which
jerks and possibly damages the models. Horizontal access would minimize
such damage.

27. The centrifuge observed by the U. $. team in Kiev was 17 years
old, but three additional centrifuges are planned by the Ukrainian
Academy of Sciences for geotechnical uses. One of the devices will be
dedicated exclusively to earthquake studies under the direction of
Yu. N. Malushitsky and is planned for 1982 to 1983.

13
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Figure 7. Mapping of the model profile after flight

Soviet Soil Testing Equipment

28. The most advanced general soil testing equipment observed by
the U. S. team was at Hydroproject. THe laboratory was under the gen~
eral direction of V. I. Vutsel, head of R&EDFD. Some equipment observed
was quite impressive. There were large-diameter triaxial chambers with
the capability to test specimens up to 30 cm in diameter and 60 cm high.
Observed also was a large-diameter Ko consolidometer. There was a
true triaxial device which allowed independent loading of the three
mutually perpendicular axes, The specimen tested was a cube, 100 mm on
a side.

29. D. B. Radkevich, head of the Instrumentation Development
Department at Hydroproject, showed the U. S. team some very interesting
instruments, including a very iigenious surface deflectometer which also
measured rotation, thus giving two components of displacement in a

single instrument. Also shown was a rubber soil pressure gage whose

14
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design was based on the theory of elasticity and which eliminates many

of the problems associated with soil pressure gages such as the differ-
ence in stiffness between the soil and gage. The problem of miniatur-

izing this device for centrifuge use was being studied.

30. On the other hand, some aspects of Soviet soil testing were
not so advanced. Generally, in the area of electronics, this writer ob-
served a certain deficiency in Soviet technology. Measurement instru-
ments were not observed in plentiful supply and those instruments ob-
served to measure pressure and force were based on the mechanical reso-
nance (vibrating wire) principle. Mechanical resonance transducers are
neither more advanced nor more primitive than the equivalent bonded or
unbonded strain gage instruments used in the U, S.; they are simply
based on a different mechanism. Certain economic advantages are appar-
ent in a system using mechanical resonance transducers, however. The
most obvious advantages are the ease, simplicity, and economy of the
construction and maintenance of the instruments as well as the fact that
they require minimal electronic support. These devices suffer disadvan-
tages described below which limit their overall versatility. By compar-
ison, miniature strain gage load and pressure transducers as used in
many U. S. laboratories are complicated structures requiring complex and
expensive construction equipment run by highly skilled personnel. Exten~-
sive electronic support is also often required. If such transducers are
damaged, they most probably would have to be discarded and replaced.

31. Less sophisticated soil testing equipment was observed at
N110SP and UkrNIIproject than at Hydroproject. At NIIOSP, very large-
scale bin (8 m by 8 m by 16 m) tests were being used to investigate
pressure distribution in a soil mass due to plate loads at the surface
(Dovnarovich 1977). Consolidation and ring shear tests were being con~
ducted at UkrNIIproject with no evidence of electronics. Even though

the equipment was performing the required task, it seemed antiquated.

General Impressions

32, The U, S, team received several impressions regarding Soviet

15




centrifuge technology. First, it appeared and was acknowledged by the

Soviet scientists that the fundamental scaling laws have not been veri-

fied, It seems that the engineers have been pressured by program-
oriented research for the past 40 odd years and have little documented

data which confirm basic modeling laws or establish the limits of valid-

}
ity in centrifuge modeling. The reason for this state of affairs became é
clear in Kiev when N. N. Kuvaiyev said, ‘“We are always pressed for )
answers to current project problems so that we have little time or bud- )
get for basic research. OQOur basic research, what little is done, is
pirated from development projects." Along a related line, it was the
impression of this writer that Soviet scientists, in general, do not )
deviate from rigidly prescribed programs. It almost seemed that if an
area of great interest or potential were incidentally touched on in a
research program, it would not be pursued further simply because 1t was
not a part of the program.

33. The pertinent question "Do you have data comparing model and
prototype?" was put to every installation visited by the U. S. team.
Many articles in the literature make the qualitative statement that the
correlation is good, but no data are shown. An answer to this question
came first in discussions with Prof. Yakovleva. She pointed out that
variations in field conditions make it extremely unlikely that a proto-
type could be exactly modeled in the centrifuge and therefore even if a
single prototype test matched a set of model test results, the verifica-

tion would be unconvincing.

34, There are two possible ways in which verification with proto-

W‘m ey T

types may be made. One 18 to use centrifuge model tests to verify a
theory of soil behavior and then apply the theory to many full-scale
tests to obtain verification of the theory at full scale. The other is
tv obtain a large number of full-scale (prototype) tests and determine
statistical averages of response and then run a similarly large series
of tests in the centrifuge and compare statistics between model and
prototype. The latter approach was used by Yakovleva in verifying cen-
trifuge results of railroad bed fills on soft peat foundations for the
Trans-Siberian Railroad, and the results of this work were presented in

16
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the Proceedings of the Eighth International Conference on Soil Mechanics

and Foundation Engineering (Polshin et al. 1973 and Polshin et al. 1977).

35. 1t should be mentioned that there appears to be controversy
among Soviet scientists within the Gosstroy regarding the value of cen-
trifuge modeling. The greatest expressions of doubt came from the scien-
tists at NIIOSP. A memorable statement made by S. V. Dovnarovich of
NIIOSP in Kiev was translated as "Centrifuge modeling will no more accu-

rately predict soil behavior than the aching bones of an old woman will
predict changes in the weather." Needless to say, the Ukrainian re-

searchers A, Pavlovna and N. N. Kuvaiyev disagreed.

Summary Remarks

36. The visiting U. S. team exchanged ideas with several promi-
nent Soviet engineers and scientists, notably Cand. Sc. (Eng.) V. I.
Scherbina, Cand. Sc. (Eng.) V. I. Vutsel, Dr. D. B. Radkevich, Prof.
T. G. Yakovleva, Dr. A. S. Stroganov, Mr. N. N. Kuvaiyev, and Mrs. A.

Pavlovna.

37. The Soviets are very advanced in certain areas of theoretical
soil mechanics and centrifuge modeling as was confirmed by the sessions
of the U, S. team with Prof. Yakovleva and Dr. Stroganov, but they are
less advanced in development and use of laboratory equipment and experi-
mental techniques. Soviet laboratory equipment was adequate for the
work being performed, but was somewhat rudimentary and antiquated com-
pared to laboratory equipment and instrumentation used in the United
States. The centrifuge devices observed were adequate for the work
being performed, but were basic and austere in that they lacked all but
the most necessary instrumentation. For example, only one of the de-
vices observed featured a visual monitoring system.

38. The approach taken to centrifuge modeling was also rather
simplistic in terms of the types of problems being investigated. That
is, so0il was modeled as a one-phase system with no attention paid to

the more interesting soil-water interaction problem. This could, how~

ever, be due to the conspicious lack of electronic instrumentation which

17
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would be required to investigate more complex problems. Only mechanical

resonance transducers were observed in the U.S.S.R. by the U. §. team.

Although these transducers offer some advantages, they also suffer dis-

advantages, making them unsuitable for certain applications. For in-

stance, the following problems might be encountered in centrifuge model

measurements using vibrating wire transducers:

a.

o

They require relatively large size. The transducers ob-
served were about 15 cm long and 2.5 cm in diameter. Such
an instrument placed in a centrifuge model and accelerated
to say 100 g's would scale to become a structure 15.2 m
and 20 cm in diameter in flight.

The element must vibrate in order for the transducer to
function. This could be a major disadvantage since vibra-
tions themselves obey a certain scaling law in the gravity
field of the centrifuge. This, combined with the inherent
nonlinearity of the device, could make it difficult to use
in conjuction with centrifuge modeling.

The devices will be severely influenced by temperature
changes unless the thermal properties of the frame and
vibrating wire are carefully matched, and even with the
most careful matching, temperature transience will ad-
versely affect measurements.

It is the opinion of this writer that because of the availability of

very versatile electronic instrumentation and techmnology in the U. S.,

investigators using geotechnical centrifuges would be able to explore

more complex problems and achieve more complete results than their Soviet

counterparts.

39.

Valuable work is being accomplished by the Soviets in the area

Conclusions

of geotechnical centrifuge testing and it would be mutually advantageous

@ to continue scientific exchanges for the following reasons:

a.

The Soviets are very advanced in certain theoretical con-
cepts that may prove valuable in proposed geotechnical
modeling in the U, S. For exawple, the U. S. team was in-
formed of several texts devoted entirely to the theory of
centrifuge testing and one textbook devoted to the thermo-
dynamics of the centrifuge. All, of course, are in the
Russian language.

18
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b.

A tremendous store of information has been accumulated
over 50 years of Soviet experience with centrifuges. Much
duplication of effort can be avoided by using the Soviet
experience to advantage which they, at this time, seem

willing to share.
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PROGRAM
of training of U,S. specialists in the
Laboratory of Centrifuge liodelling in the
Scientific Research Centre of Hydroproject
loacow 7 to 14 September,I979 1?

7 September The training program discussion.

Visit to the Laboratory of investigations
into s0il engineering properties, forming
a part of the Rock- and Earthfill Dams
Department of the SRC of Hydroproject.

A general introduction to the Laboratory
of centrifuge modelling, the centrifuge
installation and the instrumentation.

8 September Free day.
9 September Free day.
I0 September Introduction to the main principles of the

centrifuge modelling of the embankment dams.

11 September Centrifuge experiment for studying; a
rock- and eartfill dam strains. The model
demantling, measuring of the model residual
strains, discussion of the experiment resulte

12 September Demonstrational experiments on the centri-
fuge with the final soil sample failure
( methodical experiments ),
The experiments discussion.

13 September Introduction to some results of a number
of centrifuge model studies of soil material:

Preparation to the second experiment of the
centrifuge studies of the strains in a
rock- and earthfill dam model,

14 September The centrifuge experiment and discussion of
the results. The final meeting.
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LIST OF ENCINEERS AND SCIENTISTS AT HYDROPROJECT




1.

2,

3.

4a

5

6o
Te

LIST

OF EXPERTS OF THE SCIENTIFIC RESEARCH CENTRE
OF HYDROPROJECT PARTICIPATING IN THE MEETING
WITH THE US EXPERTS, 7 - I4 SEPTEMBER, 1979

Kirillov A.P,.

Vutsel V.1.

Shcherbina V.1,

Radkevich D.B.

Samarin V.G.

Fedotova E.A. (Mrs.)

Kanenkova T.N.

(Mrs.)

B2

Dr. of Techn. Sc., Deputy
Director of the SRC of
Hydroproject

Cand., of Techn. Sc., Head

of the Rock and EBartfill Dams
and Foundations Department

( R&EDFD )

Cand, of Techn. Sc., Senior
Scientific VWorker of R&EDFD

Eng.,, Head of the Instrumentation
Develpment Department

Cand. of Techn. Sc., Senior
Scientific Viorker of the
Scientific~-liethodical Depgrtment
of Power Investigations

Ing. ,Group Head of R&EDFD

Eng., Deputy Head of the Patent
and Information Department

—
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[IPOTPAMMA
CTAXEPOBAREA cnemmaxmcTos CHIA B zadoparopmx
yorolNEpOCTE GOPTOB N OTBAXOB RHCTETYTA
YxpifMupoexr B cearadpe IS79 r.

Rara } HameemoBazRe meponpagrai
1 ! 2
22 cenracpR lipmesx cnemmaxncTos CHA » r.Kmep m passemesms Nx
cyooora 3 T'OCTRENXS.
23 ceBTICPE Osmaxomx cnemmaxscro CliA ¢ mocrompmsevdarexs~
BOCKPECeHLO EOCTHAME I.
24 ceHTAl, NeM cheumarmctTol CUA BOLCTBOM oro_otrne-
TSl dhmas. oo ReloraatacD Sactasserss pasor Y-
10-00 - I2-00 DOPOSKTA NO QGHTPOOGSXEOMY MOXGANDOBAHNN.
OGcyxneEne Nporpas CTAXNPOBARRA .
I2~00 - J5-00 e Ha 00exX.
I3~00 - I7-00 amem ¢ xasoparopuef ycroRUEROCTR OOpPTOB X
OTBANOB.
25 cedradpk OsEaxromionNe cge 708 ClIA ¢ KOHKDeTHEMA SaxaAva-
BTODENR M, DOmBCMIMR ETOM C HOMONBD QOHTDPOOGKHO-
Iu-00 -~ I3~00 IO MOXSARPOBaHNH.
I3-00 -~ I4-00 [IlepepuB Ba OGex.
14-00 -~ 17-00 LoproToBEKA ONNTA IO GATDPOCEXH MOXEGXNDOBAERD
ycToflNNBOCTE OTBANOB na%oolw OCHOBAHNN,
HN6 MOTONREM HOIIOTOBKE MOIGAN,.
26 ceHTACPE [IpoBeneane omwra U0 USHTPOOERKEOMY MOXSAHDPOBAHED
cm yCTORUNBOCTE OTBAXA HA CXA0OM OCHOBAHEE, DAsDOpPEA
I ~ I3~00 MOXOXE.
I3-00 ~ I4~00 Ilepeps® Ba OO6X.
14-00 ~ I7-00 UGCYxEOENS" DOSYALTATOBR MOKGXNDOBAHRL .
27 ceHTECDR Orourne cneumaxmcrod ClA ms YxphHWopoexva.
qeTBOpr
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MEMORANDUM !

Visit of the USA Specialists to the USSR under

WG 10.05 "Building for Extreme Climate and .
Unusual Geological Comditions" '
6 September - 29 September
1979

In conformity with the Protocol of the Third meeting of
the USA-USSR Joint Working Group 10.05 "Building for Extreme
Climates and Unusual Geological Conditions™ two American Spe-
cialists : James A.Cheney, Ph.D.-Civil Engineer, University
of California, and Paul Gilbert - Engineer-Researcher, The
Waterways Experiment Station, U.S.Army Corps of Engineers,
visited the USSR from 6 September to 29 September 1979 to study
the problems of application the centrifuge modelling method
in the investigations of soil mechanics.

The American Specialists visited scientific and research

institutes in Moscow (NIIOSP-Scientific Research Institute of
Bases and Underground Structures and NIS Hydroproject -Scienti-

‘fic and Research Division of Hydroproject Institute) and in

Kiev (UkrNIIproject) to become familiar with the laboratory
testing equipment and techniques of solving the various
problems by meams of centrifuge modelling method,

The American Specialists visited HIS Hydroproject where
they were acquainted with the laboratory of centrifuge model-
ling, the centrifuge installation and the instrumentation,
the main principles of the centrifuge modelling of the embank-
ment dans.

At the Scientific and Research Institute of Bases and
Underground Struotures of Gosstroy USSR the Americam

D2




YT Rt

Specialists became familiar with the techniques of preparation
j and analysis of the experimental results with modelling the
settlements and stability of bases of struotures and dbuildings.

The imerican Specialists were given the opportunity to take
the consultations of the specialists of Moscow Rallway Engineer~
ing Institute on the problems of centrifuge modellimg im reil-
way construction,

At the UkrNIIproject Institute in Kiev the American Specialiasts
woere acquainted with the main principles of centrifuge modelling
in coal industry .

A detail program of the dmerican Specialists visit is atta-
ched as Appendix I.

The American Specialists were received on the prinmciple
"Receiving Side Pays".
During their visit Prof.J.Cheney and Eng.P.Gilbert saw the

historical sights and architectural monuments of Moscow and
Kiev,becane familiar with the cultural life of the Soviet people.
The reception of American Specialists took place in a

friendly atmosphere, and the results were bemneficial to both
sides.

The American Specialists express satisfaotion with the
results of the study mission and are grateful to the Soviet
side for the cooperation during their vigit in the USSR,

This Memorandum is written in English and Rusasian, 1
Both texts equally authentio. Each side has one copy of the




English and Russian texts of this Memorandum

om the Sovie From & erd side
4.V, SADOVSKIY J .CHENEY
Deputy Director, Prof,, University of
NIIOSP, Gosstroy USSR California

] %\JJ"&/
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PROGRANM

of the American Bpecialists visit

in the USSR

6 -~ 29 september

1979

6 3cptember

7 september

8 september
9 september

10 september

11 september

12 september

13 september

14 september

15 aeptember
16 september

Arrival in Moscow, Airport Sheremetjevo,
Hotel accomodations.

NIS HEydroproject. Discussion of the prog-
ran of study mission. Visit to the lebo-
ratory of investigations into soil engi-
neering properties.

Cultural program
Cultural program

NIS Bydrogro;joot. A general introduction
to the Laboratory of centrifuge modelling,
the centrifuge installation and the inst-
rumentation.

NIS Hydroprojeot. Centrifuge experiment
for studying & rock.and earthfill dams
strains,

NIS Hydroproject. Demonstrational experi-~
ments on the ceatrifuge with the final
80il sample failure.

NIS Hydroproject. Introdustion to some
results of a number of centrifuge model
studies of soil materials,

Preparation to the second experiment of

the centrifuge studies of the strains in
@ rock- and eartfill dam model.

The centrifuge experiment and discussion
of the reaults. The final meeting,.

Free tine
Cultural program

E2
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17 septeaber

18 septeamber

19. september

20 september

21 september

22 september
23 september
24 september

25 september

NIIOSP, Visit to the laboratories of the
institute. General introduction to the
main principles of the centrifuge model-
ling of the feuadations under building
structures.

NIIOSP. Introduction to the theory of
modelling. Visit to the Experimental
B\I.tlding.

NIIOSP. Consultations with the specialists
of Moscow Railway Enginoering Institute
(Prof.Yakovlieva TeGe.) on the problems of
centrifuge modelling in railway construc-
tion. Characteristics of the centrifuge
machines in the All-Union Scientific and
Researoh Institute of Transport Coanstruo-
tion, Dnepropetrovsk Railway Engineering
Institute and Moscow Railway Engineering
Institute.

Theoretical principles of modelling in
railway oconstruction.

NIIOSP. Continue consultation on the prob-
lem of modelling the gsettlements and con-
solidation of soils.

NIIOSP. Consultations on the probleas of
modelling the stability of slopes;
Qynamics effect of train load on the sta-
bility of slopes in the railway formations.

Cultural program
Cultural program

Kiev. UkrNIIproject Institute. Gemeral
introduction to the Laboratory of stability
of slopea. Introduction to the main prin-
ciples of the centrifuge modelling of ata-
bility of slopes.

Kiev. UkrNIIgro;ject. Adcgquaintance with the
specific problems which are solved by means
of centrifuge modelling method,

Preparation to the centrifuge experiment
for studying the stabilitvy of slopes on
8 weak foundatiom,

E3
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26 September

27 september
28 september

29 september

Kiev. UkrNiiprojeot. Centrifuge experiment
for studying the stability of slopes on a
weak foundation.

Disoussion of the modelling results.
Departure for Moscow

Arrive in Moscow. Concluding meeting.
Departure Praf. J.Cheney for USA.

Departure Eng. P.Gilbert for USA.
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MEWOPAHLY

O BU3UTE SMEpUKAHCKIX CHellialucToB Ipod. Lx.4YuHed
u uax. ll.Twmwdepra 8 CCCP
6-29 ceHTAODA
1979 rox

B coorseTcTRIN ¢ lIpOTOKOJION L~PC 3acelaHisA COBMECTHOII
COBeTCKO-amepuKkaHcko rpymor 1I0.05 "CTpomTesmCTBO B paiioHax coO
CJOXHLNMK KJMMATIYECKIMI K IeQNOTHYECKMMH YCJAOBUAMK" IBA aMeph~
KaHCKuX clemmaiucTa -uxeimc Y/HEN ~ npogeccop Kamudopuuiickoro
yHuBepcuTeTa u llaynmp [VJIBBEPT ~ dHEeHED SKCIEPMMEHTANBHOH CTaHILK
BOOHHX nyTeil ViHxeHepHoro Kopmyca Apitiu CliA Owym npuHATH B CCCP
Ha CTaAxUPOBKY C 6 00 29 ceHTAOpA 1979 . ¢ uesb M3YUIEHUA BOHPOCOB
NpUMEHEHsA MeTOIA UEeHTPOGEeRHOI'0 MOILEJMPOBAHMA B UCCJEIOBAHMAX IO
MeXaHuKe I'DYHTOB.

AvepHUKaHCKHE CHelLMaJMCTH OOCeTHJi COBETCKHE HAYIHO-UCCJIERO—
BaTeJbCKie opraimsaimi B I'..iockBe (HIDIOCH u HiiC Tuuponpoexra u
r.{ues (YxplilinpoekT), THe OHJM O3HAKOMIEGHH C OTIEJBHHMM Jajopa-
TOPLAM 4 C METOUMKOR pelleHIs WHMEOKOrO Kpyra 3amay MeXaHLKY
TDYHTOB C lIOMOWBKD LESHTPOOEKHOI'0 MOIEJMPOBaHLA.

B uHcTuTyTe HMC IMuj.Onp0CKTa amepuKaHCKue CIEILIaJUCTH O3HAaKO-
MILIICH C MNpHMeHeHkeh MeTOoZa UEHTPOOERHOI'O MOLEJMOBaHKA LDk IIpo-~
eKTUPOBAHKK U CTPOUTEJHCTBE K YIHLX ILJIOTHH.

3 Huli{ ocHoBamuil ¥ nozseMHHX coopyxeHuil {'occTpos CCCr amepiKaH-
CKiie CHELYaJMMCTH OuJi O3HAKOMJEeHH C METOOMKO# NOUTOTOBKM M aHa-
Ju3a pe3yJbTaTOB OVHTOB NPM MOIEJMPOBAHUUA OCANOK M YCTOHIMBOCTH
OCHOBaHMit 3maHuli ¥ COOpyReHuit.

AmepikalCKUM crielajyucTaM OuJa NpefoCcTaBsleHa BO3IMORHOCTD
NOJYYuTh KOHCYJbTauMKk y crnempaJsoicToB .[MiTa nmo Bonpocan mpuMeHEeHUA

HEeHTPOOSRHOI'O OLEJMPOBAHNA B KeJe3HOLOPOKHOM CTpOoUTEJILCTBE.
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; B YrpilifmpockTe B I'. KieBe amepHKaHCKHMe CIellMaJssiCTH OHJOI O3Ha-
KOMJIEeNH C NpIMEHEeHken MeTola UeHTPOGEXHOrO LiOZe/RIPOBAHUA B YT OJb—
HOii IpOMEMWIEHHOCTII.
liporpantia NpcOHBAHIA ameplKaHCKuX cueruasmicToB B CCCP nana B
punoxcuun 1.
AwepiKaHCKie CHelaJMCTH NPUHMMAJMCh o OPMHIKOY ''NulHiManlias
CTOpPOHA ILIATUT."
3a Bpema npeounanusd B CCCP mpod. Lx.Dmeit n mwz il.ITunedept
1ieJii BO3MOEHOCTE O3HAKOMUTBHCS C LCTOPHYECKMMM IOCTONpIMEeYaTelhb—
HOCTSMM I apXKTEKTYPHIM NaMATHMKaMH I'.llockBr u Kiepa, KyJbTYp-
HOIl #M3HBO COBETCKOI'0 HAPOZA.
[lpren aMepUKAHCKMX CHELLaJMCTOB MpOXOMII B LPYyRECTBEeHHOil aTmoc-
depe, a pe3yNbTATH BU3ATA COYLYT IOJAC3HH XA 00ELX CTOLOH.
AriepliKaHCKIie ClNelMasiiCTH BHpamalT YILOBJIETBODEHME De3yJbTaTa-
L NpoBeneHHoll paCoTH M BUPAXART NPL3HATEJNBHOCTH COBETCKOX CTOpPO-
L He 3a COTPYIHIMECTBO BO BpemMA KX Bi3iita B CCCP.
liacTosmpgl sleriobaniynl CocTaBJ€H HA PYCCKON i 8HDJVIHIICKOM A3LKAX.
UCa TexcTa I12iel0T ayTeHTUYHOe 3HAYeHile, Xaxmas CTOpOHA IGIECT TCKCT
3TOr0 IOKYMEHTa Ha DYCCKON M aHIVIN{iCKOM sA3HKAX.

Or copeTckoil cTOpOHH 07 aMepMKaHCKO# CTOPOHH
CAuOBCILLI A.B. QHEA TEELIC

3ar. miipekTopa Haywio- AmepuraHCKMiE cTagep
HCCNENOBaTeNbCKOI0 [Ipogeccop Kamudopruiickoro
MHCT:iTyTa OCHOBaHil YHuBepCcuTETA

il NOZ3EMIEX COopy~

seHHil m.l'epceBaroBa &

Tocerpos GCCP oresn
/ 0{} tLW
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oiroxeniie 1
IPOTPAIWWMA

NpeOHBAHUA alieplKaHCKLX ClieliaiicTOB

8 CCCP
6 ceHTaAOLA - 29 ceHTACpA
1979r.
dara deponpuAaATI e
© ceHTAOpA lIpuGHTHE B LIOCKBY. BCTpeda B aspomoyTy
wepemeTbeBO. PasMellerne B IOCTLHIULE.
7 CceHTAlDA HAC TwmponpoexTta. O6CymueHkie Iporyaik.H
CTAXIIPOBKL. BHAKOMCTBO C JadopaTopkeil
HUCCJNEROBaHii CTPOLTEJLHEX CBOIiCTB I'pPYHTOB.
& ceHTACPA KyssTypHasa moporpamiia
9 ceHTHO0pA KyJnTypHas mnporpamia

I0 ceHTadpa

1I ceHTadpa

12 cenradpa

I3 ceHTsabps

14 ceHTAGDPA

IS cexTacps
16 ceHTAODR

I7 ceHnrsbps

I8 ceHTaAGPA

HUC linponpoexTa. O3HAKOMIEHLE C OCHOBIL..
IPHHIMOAMY UEHT0GeXHOr0 MONEeJMPOBAHIIS,

HiC l'ugponpoexTta. llpoBeneHiie onHTa Ha
UEHTPOOEKHO:. MaLllHe C LeJbO MCCIENOBaHMA
nefopuaniii KareHHO-HaOpPOCHOM MJIOTHH:: ,

HAC I'mpponpoexTa. [IpoBeneHue onHTa Ha
UEHTPOOEXHO MauHe C paspyuieHWeM IDYHTOBEX
00pasLoB.,

HAC TmnpompoekTa. O3HAKOMIEHNE C HEKOTOPHMI
pesysnbTaTalM DANA MOMLEJNBHHX WCCJENOBaHWL U3
TPYHTOBHX MATEpuajoB Ha LeHTpudyTe.

ilofroTOBKA BTOPOTO 9KCIENMEHTa NO iCCJEHO-
BaHUW Iedopmamiii 1omesu KalMeHHO-HAGDOCHOI
IWIOTHHH HA LIEHTPHEYTE.

[IpoBeneHne sKcnepieHTa. OGCyRneHue Pe3yJIbTATOB.
SaKJWYITeJbHaA BCTpeva.

CBoGofHOe Bpems
KysasTypsasa nporpaima

Hi{0CIl, OsHakomneHKe ¢ JadopaTopumid HHCTHTYTa
U C NpuHULNAMK MOLeJIIPOBSHMA OCHOBaHidi 3maHMii
U coopy:ieHuf Ha LeHTPOCeXHof .iaruiHe.,

HGi0CIL, OsHaKorIeHe C Teopueli MOREJMPOBAHUA.
OcMOTP 3KCIiepHMEHTaJbHOI'O KOpILyca.
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AaTa

leponpudaTue

19

20

22
23
<4

<26

27
<b

CEHTAODA

CEeHTAOPA

CEHTACpA

CEHTAODPA
CEHTACDA

CEeHTACPA

CEeHTACDPA

CeHTACDA

CEHTACDA
CceHTACpA

CEHTAODA

HviliOCll, KoHCyJBTALMK CO cHelmaymMcToM ilidlTa
(npog. fixosaeso#t T.I'.) mo BOmpOCY LIEBTPO-
OeXHOI'O MOIEJMPOBAHUA 3EMIAHOL'O IOJOTHA
XeJIe3HOit Joporu.

XapaKTepUCTHRA UEHTPOOEXHHX YCTaHOBOK
JHiliCa, uliTa, ddiTa.

TeopeTuyecK!le OCHOBH MOILEJMPOBAHKA 3eMIAHOTO
LOJIOTHA XEJIe3HHMX LOPOT.

HOCI, lfpomoskeHMe KOHCYJbTalMii 1O BONpOCY
MOIEJMPOBAHUA OCANOK I KOHCOJMIALW I'PYHTOB.

HiMOCIl. KoHCyspTauuu IO BOLPOCAM MOTNE/BILO-
BaHug yCTOIIUkBOCTH OTKOCOB HacHIEH 1 BHEMOK,
yué€Ta IUHaMuKM BO3HEHCTBUA NOE3HHON HArpys3Ku
Ha YCTOIYMBOCTE OTKOCOB Hachueii.

KysnbTypHasa nporpamma
KymeTypHas nporpakma

Rues. Yxpﬁnﬁgpoenr. O6mwas uH@opMAIMA © HalpaB-
JeHuu patoT YKpHiMmpoekTa IO LEHTPOCEXHOMY MO—
IeJEpoBaHuw. SHAKOMCTBO ¢ JadopaTopuei ycToii-
YMBOCTU OTKOCOB,

Kiiep. YkpHAinpoeKT. SHaKOMCTBO aMEPUKAHCKIX
CleIMaMCTOB C XOHKPETHHMM 3alavyaMi, pemaeMuMii
YRpHAMNpoeKToM ¢ NOMOLBD [IEHTPOCEXHOI'O MOIe-
JIIPOBaHNA.

llonroToBKa OIHMTa N0 LEHTLOGEXHOMY MOIeJmMpora-
HMI0 yCTORUMBOCTM OTKOCOB HA CJaGOM OCHOBaHMMU.

Kitep. YxkpHiiimpoekT. llpoBefieHME OIHTA IO LEHTPO-
CeXHOMY MOXeJMPOBAHMIO YCTOHIMBOCTH OTKOCOB Ha
cladoM OoCHOBaHMKH. OCCYyXIeHUe e3YyJbTaTOB MONeJH-
POBaHLfA.

Orbe3x B uloCKBY.

I mouTHe B WOCKBY. SaKJNUMTEJHHaA Oecepa.

OTse3s u3 MOCKBH Lpod. LuHEs ux.

Orbesn u3 sloCcKkBH MHK. ll.IHedepra.
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Hacwneidd Ha conowux. - "ipyaw Mi{lLa", 1972, Bum. 383, .,

Uah. Wldilra.
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CowsZiOPHUN, 1973, kGS, u3x. Cows/OPHUH.
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XaHWKe PpyYHTOB u (iynmameHTocTpoenuw. I'n. ceccusa, II, M.,
: "Crpolluanar", 1973.
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AOM UBHTPOOERHOIO WOjASNupOoBanyuna. C6. Cow3LOPHMN, 1974,
w74, usx. CowsiCPHIIU.
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NAHOTO lONOTHEB. - "Ipynu MUlra" 1974, suwn. 462, M., u3sz.
ildnTa.

31v. flgopnesa {.[. 0 lUapauerpe, yHUUTuUBaWiEr AUHEBMUKY BO3ZeHcTr-
LUH UOQINOB Npi pacyerax ycroYMBOCTU OTKOCOB HacuielHl.
- "/pancuopriuoe crpourenbecTBO™, Lu74, h2.

320. flgopnesa .., KUvaHoB L.W., iyZuioB B.B. Usyuenue ycrolt-
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- "flyvs 1 nyrepo¢ xoaakcreo", I975, 8.
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e320B IIpi NpPOBepikd YyCTOWYUBOCTU OTKOCOB BHCOKUX HacHnelh.

- "lpyxu lomurera no 3ewldaHouy nonorny. d., “"Tpaicnoper",
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fikoBneBa T.I's YueT AUHAMUYECKUX Bo3Zelicrsuli nmomBuxEOro co-
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In accordance with letter from DAEN-RDC, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Gilbert, Paul A.

Geotechnical centrifuges observed in the Séviet
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