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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 III,

Chief, GL.

The Commander and Director of WES during the preparation of this

report was COL Tilford C. Creel, CE. Mr. Fred R. Brown was Technical

Director.
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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.S.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 organizer for the U. S. team.

4. A schedule was given the U. S. team indicating that three it.-

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.

3
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b. NIIOSP, Research Institute of Bases and Underground
Structures--an installation dealing with experimeLtal and
theoretical problems in basic soil mechanics, foundation
design, performance and evaluation, stabilization oi cnils,
problems in soil dynamics, as well as theoretical, and ex-
perimental investigations of the behavior of frozen soils.

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

Background

6. The technique of centrifuge modeling was originally 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 suc:-ess for

almost 50 years. According to sources at NIIOSP, there are approximately

50 centrifuges with a rotation radius of at least I 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 UkrNllproject. 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 UkrNllproject, Appendix D is a synopsis .4 the

visit prepared by the Soviet hosts, Appendix E is the actual schedule of

evenvs 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

4
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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.

b. Rotational speed, 0 to 340 rpm.

c. Maximum acceleration, 322 g.

d. Internal dimensions of carriages:

(1) Height, 500 mm.

(2) Length, 900 mm.

(3) Width, 400 mm.

e. Carriage mass, 600 kg.

f. Maximum model mass, 200 kg.

j. Number of simultaneously tested models, 2.

h. Maximum height of prototype, 161 m.

i. Number of slip ring terminals for data collection, 107.

J. 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 a static horizontal
force of up to 10,000 kg to the model during flight.

5



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 (All-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 varying 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 1. The centrifuge bucket is shown in

6
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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.

NIIOSP

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

7
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Figure 2. Hydroproject centrifuge bucket

Figure 3. Centrifuge model in preparation
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Figure 4. Technician establishing datum on
centrifuge model

a discussion about centrifuge modeling with Prof. T. G. Yakovieva.

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-S~uerian 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

,9



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.

b. 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.

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. In 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 on 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 light, the centrifuge was used at

UkrNIlproject 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 is the zone

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

and K is the height of the scarp. Z is 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 UkrNllproject 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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LEGEND
------ - ORIGINAL CONTOURA

POST SLIDE CONTOUR I

Figure 5. Failure mechanism in tailings embankmients

CENTR1/FUGE BUCKET

SLURRY EX. SLOPENG

Figure 6. Section of the centrifuge model to
investigate tailings slides

in Soil Mechanics and Foundation Engineering, a translation of

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

Kuvaiy~v:

Centrifuge
(Scaled to Prototype) Field

A (mn) 5-40 Range/13.5 avg 1-42/15

B (mn) 6-40/24 1-57/27

K (mn) 1.5-5/2.5 0.6-6.6/2.0



There is certainly good agreement among the average values of the dimen-

sions, between model and prototype.

24. At UkrNIIproject, 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 to 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 UkrNllproject 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 UkrNllproject 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. S. 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. 1. 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 K consolidometer. There was ao

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

NIIOSP and UkrNIlproject 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 UkrNIlproject 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



centifue tchnlog. Fistit pperedand was acknowledged by the

Sovet cietiss tat hefundamental scaling laws have not been veri-

fied Itsees tat te eginershave 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

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. Our 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 it 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-

types may be made. One is 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

to 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 in1* ____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. It 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, soil 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
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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. S. 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. They require relatively large size. The transducers ob-
served were about 15 cm l~ong 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.

b. 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.

c. 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 technology 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.

Conclusions

39. Valuable work is being accomplished by the Soviets in the area

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 exam~ple, 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. All1, of course, are in the
Russian language.

18



b. A tremendous store of information 
has been accumulated

over 50 years of Soviet experienlce with 
centrifuges. M~uch

duplication of effort cani be avoided by using the 
Soviet

experience to advantage which 
they, at this time, seem

willing to share,
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AppENDIX A

SCHEDULE AT HYDROPROJET



PRO GRAM

of training of U.S. specialists in the

Laboratory of Centrifuge Modelling in the

Scientific Research Centre of Hydroproject

Moscow 7 to 14 September,1979

7 September The training program discussion.

Visit to the Laboratory of investigations

into soil 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.

10 September Introduction to the main principles of the

centrifuge modelling of the embankment dams.

II 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 materiali

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
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LIST 

OP EXPERTS OP THE SCIENTIPIC RESEARCH CENTRE

OP HYDROPROJECT PARTICIPATING IN THE MEETING
WITH THE US EXPERTS, 7 - 14 SEPTEMBER, 1979

I. Kirillov A.P. - Dr, of Techn. Sc., Deputy
Director of the SRC of
Hydroproj ect

2. Vutsel V.I. - Cand. of Techn. Sc., Head
of the Rock and Eartfill Dams
and Poundations Department
( R&EDFD )

3. Shcherbina V.I. - Cand. of Techn. Sc., Senior
Scientific Worker of R&EDFD

4. Radkevich D.B. - Eng., Head of the Instrumentation
Develpment Department

5. Samnarin V.G. - Cand. of Techn. Sc., Senior
Scientific Worker of the
Scientific-iethodical Department
of Power Investigations

6. Fedotova E.A. (Mrs.) - Eng.,Group Head of R&EDPD

7. Kanenkova T.N. (Mrs.) - Eng., Deputy Head of the Patent
and Information Department
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APPENDIX C

SCHEDULE AT UkrNlproject

(IN RUSSIAN)
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APPENDIX D

SYNOPSIS OF VISIT



MEMORANDUM

Visit of the USA Specialists to the USSR under

WG 30.05 "Building for Extreme Climate and

Unusual Geological Conditions"

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 - Engineer6Researcher, 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 (NIIOS-Scientific Research Institute of

Bases and Underground Structures and NqIS HEydroproject -Scienti-

fie and Research Division of Hydroproject Institute) and in

Kiev (UkrNIIprojeot) to become familiar with the laboratory

testing equipment and techniques of solving the various

problems by mesas of centrifuge modelling method.

The American Specialists visited KIS. Hydroproject where

they were acquainted with the laboratory of centrifuge model-

ling, the centrifuge installation sad the instrumentatiom,

the main principles of the centrifuge modelling of the embank-

ment dams.,

At the Scientific and Research Institute of Bases and

Underground Structures of Gostroy USSR the American
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Specialists became familiar with the techniques of preparation

and analysis of the experimental results with modelling the

settlements and stability of bases of structures and buildings.

The American Specialists were given the opportunity to talo

vae consultations of the specialists of Moscow Railway hagineez-

ing Institute on the problems of centrifuge modellijkg in ral-

way oonstructiono

At the UkrNIIproj et Institute in Kiev the American Specialists

were aoquainted with the main principles of centrifuge modelling

in coal industry

A detail program of the American Specialists visit is atta-

ched as Appendix I,

The aericaA pecialists were received on the principle

"Receiving Side Pays".

During their visit Prof.J.Cheney and IngP.Gilbert saw the

historical sights and architectural monuments of Moscow and

Kievbeoae familiar with the cultural life of the Soviet people.

The reception of American Specialists took place in a

friendly atmosphere, and the results were beneficial 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 visit in the USSR.

This Memorandum in written in English and Russian.

Both texts equally authentio Bach side has one copy of the

D3
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N~g1ish and Russian texts of this Meaozrsndva

?vom the Soviet side ljon the Warigag side
A.V'. SA.DOVSKIr J. 0EMLY33

Deputy Dietr Pzrofo, Universit: of

IIIOSP, Gosstroy USSR Cal if ornia
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ACTUAL SCHEDULE OF EVENTS
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PROGRAM

of the American Specialists visit

in the USSR

6 - 29 septenber

1979

6 september Arrival in Moscow, Airport Sheremtjoevo,
Hotel acoomodations,

7 september NIS Hydroprojeoo Discussion of the prog-
raa of study missiOno Visit to the labo-
ratory of investigations into soil engi-
noeering propertie .

8 september Cultural program

9 septenber Cultural program

10 september NIS Rydroprojeot. A general introduction
to the Laboratory of centrifuge odolling,
the centrifuge installation and the Last-
ruentationo

11 september NIS Hydroprojeot. Centrifuge experiment
for studying a rock. and eartatill dams
strains*

12 september NIS Hydroprojeat. Demonstrational o3poez-
monte on the oentrifuge with the final
soil sample failure.

13 septeuber NIS Hdroproject. Introduction 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
a rock- and eartfill dam aodel.

l september The centrifuge experiment and discussion

of the results. The final meting*

15 september Free time

16 september Cultural program

E2
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17 septomber NIIOBP, Visit to the laboratories of the
institute. General Introduction to themai princiJ~ples of the oentrifuge model-ling of the foundations under building

18 septeaber NIIOSP. Introduction to the theory of
modelling. Visit to the Experimental
Building.

19. september NIIOSP. Consultations with the spetalists I
of Moscow Railway E neering Institute

rof*Yakovleva T.Go) on the protlems of
centrifue odelling in railway construe-
tio Characteristcs of the centrifuge
machines in the All-UhLon Scientific and
Research Institute of Transport Construe-
tion, Dnepropetrovsk Railway Engineering
Institute and Moscow Railwaq Engineering
Institute.
Theoretical principles of modelling in
railway co natructiono

20 september NIIOSP. Continue consultation on the prob-
lem of modelling the settlements and con-
solidation of soils.

21 september NIIOSP. Consultations on the problems of
modelling the stability of slopes;
dynamics effect of train load on the sta-
bility of slopes in the railway formations.

22 september Cultural program

23 september Cultural program

24 september Kiev. Ukrzllproject Institute. General
introduction to the Laboratory of stability
of slopes. Introduction to the main prin-
oiples of the centrifuge modelling of sta-
blity of slopes.,

2,5 septeaber Kiev. Ukcrflhproj eo. Acquaintance with the
specific problems wioh are solved by means
of centrifuge modelling method.
Preparation to the centrifuge experiment
for studinig the stability of slopes on
a we foundatian.
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26 September XLev. U rmipro3eot. Centrifu.e experiaent
for stludy lng the stability of slopes on a
weak foundation.
Discussion of the modolling results.

2? september Departuare for Moscow

28 septesber Arrive in Moscow. Concluding meting.
Departure Prof. JeChene7 for USA.

29 september Departure &g. P.Gilberzt for USA.
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o BkI3XTe amepumaHcxxc~n neII~iaa1CTOB iipO(. ) .qkimea
If~ mm if.rzim~de3pTa B CCCP

6-29 ceHTq6pI
1979 roAu

B COOTheTCTBIH C TI~POTOCOOM i -ro 3ace~aH~.a coB~ecTio~l

COBeTCKo-ahepuxlaHcxol rpy= 10.05 "CTp)oxTemcTBo B paiax co

CAOHUki IKAHT4aTir4ecxmMuI x reoorimteciarxai yCAomsImi4" A~ Wdepx-

1~HcRLm ciewiLaAimCTa -.,AxelAc q',ai'± - npocbeccop ai4opaIgcKoro

YH~PC~~ A ilayjm £i'LJ7J]E1 - Aiime~ep axcnepxmeHTaLHOlA CTaH~iwim

BOjIHnc nY'rei k~ixeHepHoro KOPInYca Aprill, CWlA OUwm llPZHSITH B CCCI'

Ha CTaimpoBIxy c 6 rio 29 ceHTSadPA 1979 1'. c ile~~im msy1eH4. BOIOCOB

flpMhieHeHWI weTOXA iueHTPo~ezuoro MAO.ejahipoBaRHAA B 1IccjeegoBaumrmc no

hleXa~iie rpyHTOB.

A1mep1maHcme cniiaaACTH floceTIm COBeTocile Hay'IHo-frcciieo-

BaTeimbcxme opraHH3aUZZ B r .iiocHBe (H10fliCH l H ±ki rz~i.LipoeXTa It

r.(AeB (YxpHDaI~poeXT), rite diwan oaHaI~otueHu c oTejmhHwai~ ~iadopa-

TOPESLUa zx c ivieTO WXiOfl peiaemmr nIzpoxoro xpyra zaa~gani exaHiRZ

FpYHTOB C 11OIOVEAD UeaHTpodexciwro i4ogeuipoBaHii,.

B IIHCTiiTyTe liwiC Dkigou1 oexTa ampua~~i cnewia.jiCTuiOaw

i~iiircxo c upu-e~~e m~eccoza LueHTPo6eXHOro Jmo.Ie.7floBa-1Iq upi ripo-

eKTIZPOBaHLA' If CTPOIITeJihCTBe IYnUfl I1A0TUH.

.13 IL-51 oC-oBaHiiii it rioAI3emH1J coopJyaeHmir !OCCTp)O 0Cr'c amepKaH-

CK~ie cIICLi8aiCTN 6UIM o3I iaxJeH c meTo=uOfi no~rOTOB(H If a18.-

J1H38 pe3yJTSTOB 01UTOB nipi ~.UAeApoBaHMIa oca~ox If YCTOttqIBOCT1I
OCHOB8HuiR 3=11R~ If coopyxeHkl~ft.

Amepmxanlci Cflewi8amiCT8am 6ma flpeAOCTaBjxeHa BOWrAQEHOOTL

floxyvTi KoHCyJILTa,' y crieuia8jn:CTOB .1fltflTa no BnrPocam. rip-,d!JeHeHxRf

jjeHTpod.xoioro '1!o~ejI1)oBaHHIR B xeeHAOOHh CTpOXreJILCTBe.
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BYlq)ail'rqpocRTe B r. KxeBe wema~m cfi1tHaJUICTLU OUAUI osna-

xiuenu c upniemie-mem1 meTO~a ueHTPOdexioIo i.io.IemxpO:BaHHH B yrOjim-

Holli npor.u~u1JeHHOCTII.

1ijporpam im ipcduI~am~ abiepaneixx clueuaJUIOTOB B CCCP ]JaHa B

Aleepl'lRHcxme cneimimcm pImAc ripm a nno rrpianigry "ripmimnaR

CTopoHia nMTHT. "

3a npeiiia upe6unaiuui B CCCP ripO~. 4W ueimeii x~ =1i.rmbI~ej)T

ifl1'eJUiI BO3MOliMOCTL 03HaROITLCSI C KCoieu AOoTORnp ie'[aTeJr6-

HOCTMtIAII ii apc~iTexcTyp~w-af rim ix r.IJIOCRBL I Ji(i aeBa, KYJIhTYP-

HoiR Xi13HLIO COBeTCKOrO Hapoxta.

lipiez ai-.eprnaHcxmx cflefliaJWoTOB IIPOXOA;IJ 'B ApyrteCTBeHHoli aTmOC-

q)epe, a peyM~T BM3ATa Oyry' noeml-u I1Af ooeic OTOjPOH.

ka1epamcami.e cneLwamicmu BU~83XWIT y~loB~eTBopeHle pe3yJMhTaTa-

miI npoBe1aeHHo2 )aC5OTll x Bup8Z~OT iI3HaTeJihHocTL co~eTCHo0X OTOpO-

He 3a COTPYAgleCTBO BO Bperm IMC Bl13:ilTa B CCCP.

liDCTo.5li i l~eiAopaH,.il COCTaBxeH Ha pycCHomi. ii aHrjlicxoi-M Hi3U(ax,

Oda TeKOTa itJiOT ayTeHiTIMOe 3MaqeH1ie. i~aaA CTopoiia iflAeCT TOHOT

3Toro Atoxyraei-iTa Ha pyceoImo x alrimiio1 sinmax.

OT COneTCHOil CT0OIHN OT arepH iHoA CTOPOHLI

CAjiOB3Cit~ A .B. WER~ AMI*WC
:3amA ip:eMTopa Hay'nio- AmepmxiiKBcxkM C~azep
zc.iA~aeMXr Ipopeccop Katim~op~wiicmoro
iWHCTITYTa OCH0B1{uJ. YinmepCXTeTa
11 nioA3el-,U=w coopy-
aemift um~.1'epceBa-oBa

POCCTpoR QCCP

F3



I ;n'IIAox:eHleI

npedu~ammz am~epiiaicxoKD cyielIluaAiiCTOB

B C C P

6 cewriqdls1 - 29 ceHTSIOPSI
1979r.

Aa~a IA e , 0i pl iP 11 T i*e

6 ceHTRadpa 1IpiJOL~ie B i.IOCXBY. J3CT-,reta B aspono.,,Ty
iepememeBO. Pa3meigewaIe B roCT4Ue,

7 ceHTqdpq HiCh )2v4ponpoeXTa. O0cy),Aeiu~e nporpai-m
CTaxuIpoBmi. -bHaKOl-,CTBO c AaoopaTolheil
mcimCeoBamJill CTp)O~ITCJI~BHi'D CBOIICT.B rp)yHTO33.

8 ceHTadpaR KyJImTyIpHaq rnjorpawvaa
9 CeHTq~pq KyjmTypHasi nporpa~u ia

I0C) eHTq6pR H94C r1I~porpoeRTa. W)HaKowviemxe c OCHOBHLI;.;-,'
rpHHiriaNttl ieHTI)odjex~Horo mo~ejuinpOBaH~rH.

II ceHTqdpHz &IC 1M.1j/011oeXTa. iIoBeUeHiie onulTa Ha
ileHTPodemio~l Ima1Im~e c ileibi zccjiegoBaiuLH
ALe~opmaLii KiiEZeHHO-HaOpocHok flAOT14HL.

12 celITHOpa 1MIC fId~ILopqeKTa. flI)OBe~em~e ofluTa Ha
LteHpodex1 Ma1llH c pa3pyueieme r)YHTOBLUX
odpaSLX0B.

13 ceHTR6pl 1{AC J7MAgpoRpoeKTa. O3Haouie1xe C HexOTO~bIiMM
pe3yAlBTaTah! PgHga II0~eJIBHmLL IICCJeetoBaHiri km
rpyHT0BLUX maTepH8JOB Ha Lue1TpHRtyre.
ilo~uroTonxa BToporo KDiccepwtIeHTa no ilcciiego-
BaHMfl .Iepopmaat 1i I~IO~ejni Km-,reHHo-iadJpocHoil
RLIOTI4HU Ha t4eHTp]HJre.

14 oeHTadpR 11poBe~geHae axcunepiihleHTa. Odcyxi.Ieiuie pe3yJMhTaToB.
3aXJWqITemHaa BCTpeqia.

15 celiTaOpR CBOoA~Hoe BpetMH
16 ceiiTdpR KyjmTypiiaa Nporauma

17 ceHTZI6pA M3iIM~I. OaHaxomxmeH1e c AiadOpaTOPLVU4 l~iCThTYTa
It C Flp4HILIIIaMUI m0.geAilOB.H4Aq OCHOBaH4Zi 3A8HKR
x~ coopy; :eHiuit ia 1geHTpodeKiog :a.*a!llffle.

18 CeHT~dPA &GliOCfI.OeHaxcov~eHme C Teopmeii tMogeAmpoBaHUH.
OCMOTp axupmH~J r XOpiiyCa.
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19 ceHTH16pS lfi400II. £fOHCYABTaLXuz co cnILWaAHCT0M 1,1111,1a
(npot. Rxon.1eBoft T.r.) no0 BoInpocy ileHTpo-
OexHoro mo~ejImp0BaHMu 3eMmmo±' IIOJIOTHa
xeje3Hojft AZoporx.
Xa-aHTPePkrCTXKa LleHTpodexKHix YCTaH0B0IC

MMI~, 4fra,'fl4Ta.
Tepeimcm OOBU M0.IeAmp0BaHMiS 3ehumoro

IIOAOTHa xexeBHLO IA0POr.

20 CeHTSI6psT illOCil. 1fo~gojmeHme 1HOHCyALbT8LUgI H10 BO1IPOCY
hiougJmpoBaHH ocaAox r~ xoHcojII=gLuwi rpyHTOB.

21 ceHTadOps HIfMOCII. I(0HCyJbTaLwmi 110 BO11I-OC31A mo-le.fipOi-jo
BaHHST YCTOtliBOCTX OTROCOB Hacunal m BuelAOH,
yq6~Ta AllI8MiKK Bo3AeRCTBHH inoe3AHOlt Hal'py3K
Hia YCTOti'IHBOCTB OTROCOB Hacwueti.

22 ceHTRdpH KyjmtTyp)HaR nporpama
23 celiTadpa Kyjrwrypaa rporpaia

;4 ceHiTH~p h14ei3. YxpiflffpoeXT. ObujaS1 iIH~opaixmS 0 HaiipaB-
JiiHumI padOT YRPiiiiI'npoeHTa 110 teHTpodeHmy mo-
AIeAmpoBaHRxo. 3H8XOMCTBO C AadopaTopmeit YCTOI-
qMIBOCTI4 OTROCOB.

25 ceHTS1p5I luxeB. YxpAhripoeRT. 3HaROMvCTBo amepx~HEHKHix
cneiwaimCTOB c -,toHKpeTBL31 3agaxlaEI, pemeMNMi
YxphU4InpoeKToMv C IIomouth LjeHTpodexHoro mo~te-
JimpoBaHiIR.

lo0,rOToBxa OIIMTa 110 ieHTpod(e4MOMy f.IAejwmpoBa-
Hill YCTOflIMOCTR OTROCOB Ha cia~dom OCHOBMHH.

26 ceHiadpH KiieB. YxphlriL'mpoeXT. iIp0OBe~eHkie OIHTa 110 geHTPO-
Oe~limy hioAe.jflpoBaHkaD YQT0IflHBOCTHj OTHOCOB 118
ciadom ocHoBaHmid. Odcyr~eHme p7e3yJMbTaTOB mogejnm-
POBaHkiH.

27 ceHTqOP~R OTme3A B i-IOCKBY.

2b ceHTq6pFI lldUTe B IAO00RBY. :3aqX)MTeimHaR deceAja.
0r~e3A H3 liOCRBbl iipOC9. %meq Aml.

29 ceHTqdpR O~rse3A ma ilOICXBH KHR. 1li'Hmdel)T.
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AtpPENDIX G

REFERENCE LIST, ARTICLES RELATED TO

RAILRoAD ENGINEERIN~G SOIL MECHANICS
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uacuiiel. - lTpaiCflopmroe CTPOSTeDLCTDO", 1956, I.

202. flyraqeB B.C. CTaT~ACTmqecIut meTOAbl B Tenexi'oo *cxdepga-

TILCO. U., "CoBe~cKoe PaASO", 1971.

203. Paudepr X. UoAeamipoD8HMe AeOopMaUHI aSulioR XOPu C UJIM-

HeHIme U4liTpMx3yF. flep. c allr. M., "Ump", 1970.

204. PacqeT 033MeCKRtX nonel meTOA&MI Mo~eMNPO~aBE. floA peAa-

iigXeg JOC~ep~uxe A.A. a Boiliucxoro B.A. M., "UauuRoo~poe-

Hite", 1968.

205. PelHep M. Polormn. Reop. a ai~mn. M., "Hayicau, 196.

206. Pauicuu Z 4., Sanoxscicaa B.H. Atannemme O6P.VlOMBHX GOpOA Ma

PYAHWMI M8CCXB. - "ropibd Zyplu, 1952, WS,

207. Pxuicita N., Sanoxboxagi B.!]. OnWT pOWONS aita8 yapsx-

Han rOpHUM ABN3IeHIOM MCTOAOM MOAeXKpOBaHuu. C6. BHIN,

"lMeTaxxyprxaJ3A&, 1962.

208. PozjteCTBefclcak A.B3., g6dOTSpeB A.M. CTaTUC~itqeczcue MOOAN

B rMAPONOruI. A., "IrXAPOMeOOM3AaT", 1974.

209. P038HoB D.A. Cfiyq~agbu Upo~eCcu. M., "Hayxa", 1971.
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210. Po3oBcKU94 A1.S. BBOeeme B Teopxbw reonoraiecicoro noAo6mn

Ri UO2eA1Hpo~aHMRl (npimeHeume nPRPOAHUX allanoroB x SOfl1gLO-

cTBeHux KjJMTeQ~eB flOAOOIfi B Feonormil). U., "HeApa",1969.

211. Pouaieuko A-0., CepreeB P.A. Bonpocu ulpuKnA8Aoro aiuanaaa

cny'iakHuzx lpoLgeccoD. M., "CoBeTcIxoe paAHiO", £968.

2102. PO~aHenico A CepreeiB I'.A. AunpoxccnUaTNBHHe MeTOAH 838-

311t3a CfYlylIUX rIpOUOCO3B. U., "6~Heprull, 1974.

213. PY~~m H.fl. .( pacq8Ty OO8AOiC 4,H~ameHTO3 B PHXIX ne-

CKB2C. - "OCHonaklni, IYH~aeHTH Ai mexaHxkca rpyHTEOB", 1968,

k~2.

214. PyAtHagKH9~ H.H. 40HTpodexnoe moAe7IMpO3aHxe oca~oin necqsno-

ro OCHo~aHHH~ seCTCOR byHA8MuliTHO4 llfiTH C yqTOU 062,MBO-

rO Baca. - "OCkoBauHR, ( YHABL48HTEI H uexannica FpyHTOB",

1972, k1i.

215. CdopaHNc: "YCTOka4B4OCTL nopoA~nux macc ua ocyuienae IapepoDu"

KUeB, "TexHlica"l, 1968.

216. CBenumXoB A.A. pz~xnaAuue ueTOAV Teoplin Clzy'alu " 4 Yui-

QNM.- !!., "Haykca", 1968.

2-17. CuewHiuioB A.A. OCHOBU 'reopli oUIM6ol. I., 93A- 3enxfrp.

Yki-Ta, 1972.

218. CeAOB A.MI. MAeTOAU fOAOOHH m pa3uepitCTR B MeXaHMKO. M.,

nroCT8XI32BaT, f(J57.

919. CeAoB A1.M. MeToAH nOA0odnR K paauepliOOTel B mexamuce.

113A. 7-oe. IA., "Haykca", 1972.

220. CuApHoB II..1. 1ccleAonaHie nPj~qKHl W~pax ocHoBnol nxo-

u48AJ{ 3eullRHoro fONOTHSI. - "TpYAW UNIk1Ta",s 1954, Bim. 116,

U4., "TpaucxeJIAop93A8T".

221. CHill Il-B. I-02. OCHaHRa 3A8HK1I K coopyxenil. Hopum

npoeK'rHpoBBHM8. roCCTPOI CCCl. U., "CTpOINBABT", 1964.

222. Coiconoz B.N. L4euTpitoyrx. U., "UaMuCTpoSIOAUT", 1950.
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223. CoxoloD B.M. CoBpeueliuue npouuwmzemae IgeHTpz~yrm- M.,

"MOU~TpOIN3Aa!", 1967.

224. CozcoxoD B.fl. X BOflPOCY yROTS ASUROCKIX Harpy3OT 0! O-

2ABumxoro COOTB npH paC'zeTe YCT0MqRD0CTI BOMI2li0rO n03b-

THSB. ±py~M H1IiT al, 1955, Bun. XLL, M., "TpaKC2OOP-

225. Cups~oiix mxHeiepa-nyTelfta. RoA peAsxgueg Becuaxo~a

13.B. x 'lepHuBS M.A. To I, U., ITpalicnopT", 1972.

226. Teopl floAo6mH m4 IoAefapoBaHLm. MI., Cd. AR CCCP.

227. TmnoDme nonepO'liu8 lPOOKUIN 651aOTHOS Upiauu. AWLOM.

M., "lTpaHMiPT", 1970.

228. TRXOiloB A.R. a CamapcxR# A.A. YPaS~eHOBR M8TeMefT~(OCXOl

oxa1mkCm. m., roc. X3A. TexHM14O-TeOp. AR1T-PH, 1953.

22P. TxoqeaIo A.A. i(zACCMI9laLtXMa 6O32T Mt OCa~lCR HSoUne 118 do-

7lOTaX. B 06: "lBonpocu coopyzeums it s1~ico8!UiIx iiaounal

Bea doNOTaX". - "TpYAu KomXTeTa nlo aeMi1m0my noxouay". ,

"TpaHdnopT", 1965.

230. TpeAep r. TeopHil rBMTat4M X4 flPRHAKU 3XBIBBJO!OOUM.

Lt., "IATouIOAS~tT", 1973.

231. Tpeaegxiaa U.KI. [i BOflpOCY CYO4OOO0 yCTOI'lU300! a Uco-

JISHM~X rxncom rPYHTOD B rHAP0!8xxHmqeom10 CTP0K!6IO.

- "TpyAm BHiMK Bo~rE0", 1957, M., IroCOTpoMIAWi~T.

232. TpYAu YII MezAyHapoAioro Koarpecca no mexauiuco rpyHToD i

OYH~ameHTOCTpOeiIMV, T. 2, Mexxxo, 1969.

283. TycinbMoB B.M., O)AeflbWTeMU HM. MccaeAoJBUIIO yo!olquBoc!

OCHoB8HUkd ClXR8AOB CUinY'LX 9aTepmaxoD. B c6: Bonpocv rec-

TeXHHtiCM, 19.74, 1-23, AHenponeTpoBCK, 143A. AMKTa.

234. Typoacxaa A.fl., :OCT~roB A.B. MCCeAoDBHXe Ra MO~eanx

BAMHIHMM ApeuBzel Ha YCTO3'IKBOCTL MOIXPWC 3IbCOBUX BUSOO.

B c6: Bonpocu rooTexumxm~. 1970, 0w, AHeupoue~poBog, Raj.
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235. TpsxaA.B., i;8diuucaa C.C., [KOCTuroBa A.B. Oijoazca yc-

TOI'LMBOCTU fOBePXHOCTHOrO cROR 0CXOHWE BpR HapyweiiU

CTpywrypi rpyHTB a ero nepey3~BaeHam. B cd: Boupocu re-

OTexumMLx, 1974, 143, RtkiaipOflOeiOBCX, &AjA. AUIMTa.

236. YemoB A.M4. lorxmeclcxe ocMoBw meTOA8 mO~e3Ixpo~aaMBn. I

"UMucn~l, 1S71.

237. yxaaauH nio upoeNTHpoB8AMi semaRflOro flOfOTHB 3831881MX I

SBTO0I6fLHLIX Aopor. CH 449-72. Lt., "CTPOII3AST", 1973.

238. YicaaaHXa no TeXHoAor~X Bos38~eHUR Racullel ieaav x 83-

TOU06RAILHUX Aopor HS do0ROTaX K YCTpOIICTB7 fOCTPO8qliMX

Aopor. BCH 134-66. M., "OprTpaaccTpolt", 1967.

239. YCToggLMOCTL OTLCOCOB mt ononsBux C1CJoMoD. B c6: wBonpo-

cm reOTeXHURNc, 1967, K~09 U., "Tpajicuop-f".

240. yuucano~a M.N. Ate0opImlaMu ZxbccoBux rpPTOD 3 OTHOCaX DUO-

MOM. B cd: Boupoem reoTexHua, 1965, *9v Aionpone?pozcx,

kt3A. AZZlTa.

241. YMaN8o0 M.N. teopgaglt OTICocoB raydom x zcco~ux Buo-

MOx. B cd: Bonpocu reoTex~a~t, 19689 KI29 A~eaponeTpobcx,

asA. 2flNkTa.

242. *OOOPOB Il.C. vccaeAo~aHK ae PSneROH~IR apasaul s rpy-

H20 A OC8AOiC OYHAaMOHTOB ilPR nOuoiAi UOAoi*I. - "KYPual

TOXM8CH0COX ~3XXX"v 1935, T. Yo Bun- 6.

243. *OeOPOB N1.C. MCCAeO~AO8uN A0eOopu8IAM B OCHOB8HIAX a0 MO-

AAZIX.- ")KYPliJI TeXfMittOCXK §*31M"g 19S6, T. Y1, Bauu.5.

244. OOAOPOB M.C. frCCRAOBHHO pacflpeIO3IOHma apaseuhI a 00-

HOB8HUM Ai ZASBD~mM rpyH~a R8 BOR2MK8 RhIO C021K flIOTRHM

Ceilico& npR nOUOiKu XoAeOeI. - "lYPlial TOXMM'IOCXoI 41181MM",

1936, T. Y19 Bun. 6.

245. *OAOPOB MrlC. OUPeAezelUo OC8AKKCi OOPYbeuul aa MOASS1X 1191
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flOUOU9A 1auaTpx4'yrH. - "HoBoOT TeXH IdICK 1936, I160.

246. OeAopoB li.C. 0apaeneuiie api InouoiAK UOHTPMtIyrX TaliresuLX-

SBIMUX Mi HOpgaHJbHb[X HanlpaxeiIMM OT rpyilT8 He floBpxHOCTM

MoAeneMe Tpy~jb. - "iqpHAi TaXHM'LOCXOA ON3MIC11", 1936,

T. YI, BUB. 10.

047. OeAOPOB Ii.C. e~oe~f mawnia AARa HCnUT8HmM rpyHTOD M

C00pyleHMA. - "HOBOCTE TeXHi1IKI", 1936.

248. 0eAOPOb NI.C. NCCneAoB8Hme oca2LKm aaBOACKMX AUBNX Tpy6

Ha 90OAJIX uiPl IIOAOU tQeHTPHcIyrK. -"IypH8ai 'eXHiqoCico

249. 4OAOPOB Ni.C. 24eICTBMe B3puBa i3.B. He rm~pOTeXHxqecICMO

coojpyzeiiklH. - "rMAPoTexxitecicoe CTpOMTe3IbCTBO", 1948,k4.

20. cDeAopoB II.C. 'jIoAeAIMpJB8ae I1pOHOCTa rpPHTOB 11DM DUubB-

HNN BOAOj~aCTBOJHUMX conll. CO. BHINH BumrE, m., ,roo-

CTjPOA143AST", 1957.

2W. eAopoB H.C. OnpeAeneH~d He IqeHTpxtyre YCTOIqMBoCTI OT-

LiOCOS 113 "XIUOCTOB" ouo~rSTedAbfiUX iJaOPNX. 9.,"CTpoIM3-

AaT", i9G'2.

25.9. Oxan'agoB nl.4). q&IeneHHve m rpa(4jMqecxcM8 MOTOAM lPKlSA-

H09 MaTemaTUNK1. CflpaBqHXIti. K(meB. "HeyicoBa xyMuca", 1970.

2b 3. XaIicmu C-:i. CknU KHepa~mm H H8BeCOMOCTB, RL., "Hayica",1967.

2154. XaJlixim C-u. Dinaliecune OCHOBuI mexamiciK. M., "Hayica"9I971.

%,t XanomaH P.A1. AHIHMM1Ca. 110P. C asrn. ~I.,Hayxa"l, 19720

256.* Xeuuiuir P.B. icesnue meToAM. flep. c asur. M., "Hayixe"

1972.

257. XeCKH r.i. U1JLaueueHbe 4 oToynpyroCTKH a3JIOKTpoTem3omeTpN-
j)OBBHHIH RPM bCCflAOBaHK HaflpflKekII B rHAPOTeXHiqeCKcMX

CoopyleHHRX. !13BeCT&1H BwcwtA uhoflu, "CTp-BO I apXITfTe~'y-

.Z.XeCini v.A., AnneiioB B. NcneloBsumHe 58 AeflRX Imnpa-
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sOHUoro COCTOHHMII HAIOT&HU H8 TpOxCflOAHOU p83HOUO0AyfLHOM

octio~amhl. - "'1py~m MM1CM'", 19J61, B~n. b5.

259. XecaH r-ji., CBBOCTLsHOB B.H. m ilty3bmxH8 H.H. BIIMHHIO Tpe-

uKKHOOOjJ830BBHKRma Ha MflReHHoO cocTOHHxe rpaBHT89MOHHMX

[I3OTKH C YWH9eHMViIl WBamu. - "Tpy~iu UNCIA, 1962, BVun. 40,

M.-J1., "roc3HeproH43AaT".

260. XeCHH v.a., CaBOCTLHHOB B.H. Mo~e3ImpOBaame HanpazeHMoro

COCTORHHKH rpPBHTBLIHOHHHX flfOTMH B YCfOiBHX IIO3TSilHorO BO-

3Be~6HHkli. - " 1PYAW MIICI", 1962, j40, M. , "lrocs8epFoV3A8T'.'

261. fBexoAy6 6-H!. m tqepHaBCKI~ B.fl. TeXHL1qecxmg uporpeoc B

O6IHaCTI& coojpyJeHXH 3eunHoro flOIOTHa zeneBHHX AOPor. UI.,

"OprTpaHCCTpoA1", 1972.

262. UHi POBafi BU'LHcnHTenhH8Rl mawJmHa "Ibip-1", iCmara 16, ilaTeva-

TH'iecxoe odeaeeHIme.

963. 1luTOBAi' H.A., 3apeitkad L.LC. H119 AP 190prH03 CKOPOCTR OC8alOI

OCHoBaHMM COopyICklga. U-., "CTpo2iHaAaT", 1967.

264. q8BV8HAu~le B.B., re3IbUaH 0.1. IAle7IKpo~aH~e 3 Hayi~e K TO-

265. qepKacoB M.Nl. LUexMau4ecKae CBOICTEB FpyHTOBUX OCHOaul.

U., "ABTOTpaHCitaAaT", 1958.

-66. qepxaoB Ml.N., IBapes B.B. Ha'qana rjpyHToBeAeHUa Aynu. U.,

"IHayKa", 1971.

267. qepx8OOB M.N., LMuceeB 3.B. V AiP. BRXRHHO CRAMI TftZOCTI H8

MeXSHxqec1xte CBOIACTBa rpyHTOB. - 1"OCHOatian, OYH~aM8HTV

ai meXSHaxaC rpyHTOB", 1970, &-1.

268. qepToB A.P. kbeXtYHaPOAH~aR CHOTeUB eARHHHU asu898H11. I.,

"POCBya113AaT", 19633.

269. tlmzxuoB n-r. M4ccneAoa1Ie Hecytei CRioc06HocTR csal na

ueHTpiK'yre. - "'IpYAl iRHIC", 1960, BUnI. 38, IA., "TpaHC-

ZeIAOPM3AaT".
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270. 'LxzxxoB ri.r. 3a31BMOCTH MeSAY HarpysKamu m ocasaLCms no-

AeILHOrO Ki HaTypHoro OJyHA8MekTOB. - "TpalcnopTHOe CTpOMI-

TeALCTBO", k92 6.

271. tlMILKOB 11.1. Kccne~toBaH~e 3aDHCMMoCTel m61217 napaueTpaMK

"lt!yHAameHT - rpyiiT". ABTope~ePST AffccepTaIMN HS COKClca-

HI&6 yiiHOR CTeIIeHz i.T.H., H3AL. 11HMHC, M., 1962.

2729. qamxMoD n.r. Hecynisa CHOC06HOCTB X OCSAICS 11Ocqa8Ux ocno-

BaHk1I -YHA8meHTOB KpyrAOro CeqeuNia. - "TrpaCHopTHOe C'Zpo-

UTenLCTBO", l'b,&, ieb.

9-7b- 4'4XIdiiOi.o l.P. WCCJI(;AOBaHHe npoqliOCTH Id ocaAOic nflHBlX

OCHOD8Hi1l. - "T.PYbIu UIH4Ca", 1963, BUR. 47, M.6 Tpaac-

xeAAOPA3A8T",

274. qxzmrcoB ii.r., 91COBnneBa T.I'. OcHorniue flpeAUfOCNRldH MO~O31N-

ponaHin ocaAoK Heacuniei. - "Tpy~w WOW4Ta, 1965, Bun. 20,

M., "ipaHUfOpT".

275. qmxKXIOB 11.1. lI~CCnOAOnanHR Hecyuqel CIOCOOHOCTI OCHODUHI

mi yHAaueHToB rnycoKcoro 3aozIeHHH. M., "TpaxCrzopT", 1971.

%7 6. qXKKOB U).M. 1eojiiiifl o~oOu H moAeaxpo~aHX8 11PO1~eCCOS

OdpJ~dOTKK meanmioB AaDIeftmem. M., "UeTaJIfiYPrxH", 1970.

277. MarIHHRII c.r. Aicdle~oBaHmie ceACMOCTORHOCTI KpynKodJ~oqHVX

AOIAOB Ha MOAeaflx. MA., M3A. ARHT. flO CTP-By, 1967.

:27 8. W1a~iaiu '.Mf. it pac'IOTy 1XOHTP OpCHHX coopyieHMI. B CO: BO-

njaOCiA rOeoTXH~iHM, 1962, 14, H3A A.M1Ta.

2179. U~a~y~ii i.U. bKCiIejjxueHTa3I1bIUe mccneAOBaHlMR Ae~opmU8Ial

Hacmael. B cd: Bonpocu reoTexaLmlH, 1965, *99 iBA. AMMTa.

2b0. maxyHH r.u. 0 MeTOAm1ce lpoeKTKpoBaHOR MepOnpURTIM no

CTadonLiagL! aeul~aloro noJIOTHa. - "TeXHZuICa zele3HUlX AO-

281. WSXYUHHu r.ij. YCTpOUCTBO zieIOAopoIHoro flyTI, To 3

U. IrpaHcxeAOPAUaTI, 1944.
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282. MaxyHpHL r.L. 0"emuiie flofOTHO. U., "TpaHCZeIAOpu82a-!",

283. waxyHHHa 1'.m. flYTL X Hy~eioe XO3HACTBO. [A., "TpaicxezIAop-

UsAaT", 1949.

284. lmaxy~am rdi. CoBjpeueHaue Tpe6OBaHfl4 x 3emanHomy fOAOTHy

xexe3HMX Aopor. B XH: "IpoeKTnponafme xI BoaBeeHxzO Seilim-

Horo flONOTHa EXflC3HNX H1 8BTOOdLHiX iAopor"', M., 13A.

All CCCP, 1950.

285. U18XyHJHLa r.m. 3emRHoe HO3IOTHO zenleaux Aopor. M., "TpeHC-

IeflAOPil3AaT", 1! 56.

286. MaxyHluL r.m. Xe1e3HOAOPOEHU2 IHYTB. M., "TpauczexAopa3B-

987. IlaxynHA 1'.I. Pac'ieT yCTOM'LMEOCTK cCROHOB X OTKOCOB npo-

THB cKollbxeHHHl HOPOA. USTepmanu C038018HMH1 nO zonpocam

il3yqeHfl oHORiae K MejJ dopbd~u c ummU. KueB, 93A. KxeBC-

icoro YumBejJCHTeTa, 1964.

288. Ulaxytuiuu Pr.1.- be3ocaAoquue Ixfle3HOAOJXO H80HRMK. 1100-

TORM LeXAYHaPOAuM iourpecc no mexa~axe rp7BTOB X .H8

meHTOCTpo6Bk1v. Mok~poanL, 1965-

289. MBiXYHHau 1.11. H83li8'lelae pSOIIOTHUX xXB9lTepIc!31 rpyIToz
- "TpYAu MITae", 1968, Bun. 273, M., tTpaonopH.

290. Mazyuliu r.m. le~ia3OAOPOiuuI flyTb. M., "TpaHianop?", 1969.

291. MaXYHHa r-m- Caocodu oapeAGeHeaa pac'aeTHuu XAPeXTopuCTuzc

rpyaHTOB. - "TpYAtu UM4Ta"l, 1972, snl. 357, 1., "Tpaunopiu.

292. UMaXYHsu' r.m., Hiconnena T.I'. Y'eT AliaMecKxa BOBAO#C'2-

nut nOABk1IHoro coc~ian8 ripx pac'ero yCTOM'LMBOO!E OTiCOCOR

Iefle3HOAOPOXHhIX iiacuneI4. - "Tpynu MENlTa", 1978, Bnl. 443,

M., JldA. UNKITa.

29i3. UaXYHflHq r.m., Hionena T-r. Cflocod yqeTa ANH8UMVOCX
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Boj~ei9CTBK9 nOAB1k iHOr0 C0CT8Ba 11pM jJ8CqeTe YCT0gqltB0CTU

3euJiRfHoro flOfOTHS (Hacunefi. - "TpalCIcopTuoe CTpOMtTeflbcT-

294. MaxyHFIHu r.KI. CTaT~cTMziecxcme oIaeHKM p8C'LOTHUX napame~poB

rpyHTOB. -"YIPYAUz C0103 10PIIIIL4", 1974, Bun. 74, MJ.
29b. Meiiic X. Teopaii xlizeleplior 3iccnepJmueHTa. flp. C allri. M.,

'Ui~p", 1972.

296. MiTOO.4 B.A. MOA-enAPOBaH~e x xnoco~ma. M.-A., "Hayica",1966.

297. I 6pOimH 13A1. fljotueiiae 11iTpm~yrx 11PM MCCflAOBBHLIBX B0B-

MOSHIOCTI4 nORBneHRn gpe-uAH B HApax IHIOTHH. - "TpY~w rWAPO-

IHjOerT8", 1073, BbUR. 32, Mi., m3A rMHjJOflp06T.

298. igroficoii J.C. Mo~eampo~an~Ie. 1.1., "Co~eTCH8aa MaByHa", 1952.

299. fl3OPCKM9 b.i., 4LeTflaO A.A. Cfl98D0qHM1C 110 OM3M1C ARES aMzO-

He90B M OTYAeHTOB By3OB. M., "Haytca", 1964.

300. HXkOD31eBa IE.A. PeINVU c r41LTP8LUMH 14 BflMHHle XX HE yCToMqv-

BOCTb UlOgMq3HkUX HaCleg. Coodueme *1i2O ijHI4C. M., 113A.

r301. )HKOBue~a E.A. 0cAHc BKOBB ROCTIJOeHHUX Iefleaao;40poXHux

uacunaZg. B co: Coopyzezime aeMARIHoro flOJOTHS lzleSHOA AO-

pori HOBo~y3He i-Ab8Xa8H-TalWeT. - " rpYAU KomaTeTS no 86M-

11HHOMY flOlOTHy", 11V70, BUll. 9, NI., "TpeucnOPT".

30O2. HKOBn8e8 T.P., I4BSHOB A-.1. IMaW14a AIH tj6PrpodeXaoro MOAO-

flapoBalikl, ee napaueTpu xI x8pax1epCTH41C. - "TpyAUi UKHTa",

1963, BURl. 177, u., "Tpauicxejrnop3AaT".

bi03. flNOBne~a TJr. OnpeAeneH~e ocaxox see3eHoAopoXHWx HaCunel.

113A. UKHT14, cepimH "fnYTib 14 flyTeD~ XOBRgcTBO", 1965, Bnun.

17, W .

504. fliCOBROna T.r., 'dP8HlOB Al.14- I.eTOdeli~oe MOAelimposaaze Ha

CH.ye Y llyTOMLeB. -"flYTL Ki nyTOnoe XO3RMICTBO", 1565,
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305. HkcoBJL3"Ba 1.1'. VWCCh32IoB8HIe B03LiOAzHOCTHM0uAefltpoBuiH~uI
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