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PREFACE

In accordance with the Protocol signed in Washington, D. C., on
28 March 1977 by the co—chairman of the U. S./USSR Joint Working Group
10.05 “Building for Extreme Climates and Unusual Geologic Conditions,”

representatives of the U. S. participated in a study to the Soviet Union

during the period 19 June—7 July 1977. The U. S. representatives were

Professor M. E. Harr, Department of Civil Engineering, Purdue University,
West Lafayette, md., and Mr. W. C. Sherman , Soil Mechanics Division,
Soils and Pavements Laboratory , U. S. ‘

~rmy EngJ.neer Waterways Experiment
• Station , Vicksburg , Miss. The primary purpose of the tour was to become

acquainted with the use of centrifuge and large—scale modeling tech-
niques employed in the design of foundations for structures under static

and seismic loading. Preceding the visit to the USST tessor Harr

and Mr. Sherman visited institutions in England and to obtain

background data on centrifuge testing technqiues . Following the visit
to the USSR , Mr. Sherman visited Japan to review current work on centri-
fuge testing in that country. Information obtained in the various

countries is summarized in this report.

~ACCE SIO~ for /
NTIS ~ ~ Section ~
DDC I Section 0
UNANW~r ’  i 0

BY
U~lil ~I~ (A~P ~~ _______
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STUDY TOUR, ENGLAND, FRANCE, RUSSIA, AND JAPAN

CENTRIFU GE INSTALLATIONS AND MODELING TECHNIQUES

IN STRUCTURE FOUNDATION DESIGN
19 June—I July 1977

Introduction

Purpose

1. The following report pertains to the study tour conducted by

Professor M. E. Harr , Purdue University , and Mr. W. C. Sherman, Soil

Mechanics Division, Soils and Pavements Laboratory , U. S. Army Engineer
Waterways Experiment Station (WES) during the period 11 June—7 July 1977
in England, France, and Russia. It also covers Mr. Sherman’s visit to

centrifuge installations in Tokyo, Japan. I~~~~~~the primary objective

of this study to become familiar with centrifuge installations and model-

ing techniques employed in the design of foundations for structures

under static and dynamic loading. In addition, attention was to be

directed toward construction methods in seismic areas and the evaluation

of various technqiues that have been employed in this regard. To be

added to these objectives is the information to be gained from the expo-

sure to new (if not different) engineering methods, needs, and proce-
dures. It is believed that all the objectives were amply satisfied, and

the .~be~~~could be characterized as an unqualified success. It is hoped

that the following coemnents can affirm this assertion.

Schedule
2. The schedule in chronological order was as follows:

~~~. 13 June ( a .m . )  — King ’s College , London
(p .m . )  - Imperial College , London

~~. 11~—l5 June — Cambridge University

c. 17 June — Laboratoires des Ponts et Chaussees, Paris

d. 20 June — NIIOSP, Moscow
e. 21 June (a.m.) - Fundamentproject, Moscow

(p.m.) — Hy-droproject, Moscow

t. 22-25 June - Baku , Azer baij an SSR
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V

~~~
. 22—29 June — Erevan, Armenian SSR

h. 29 June— 2 July — Tbilisi, Georgia SSR

• 1. 2~I~ July - Kishinev , Moldavian SSR

~~~
. 5 July — NIIOSP , Gosstroi , Moscow

k. 8—13 July - Tokyo, Japan (Mr. Sherman only)
Attitude and conduct of Russian hosts

3. Except for the confusion as to our scheduled time of’ arrival at

Scheremetjevo Airport in Moscow, all subsequent events, meetings, and

activities were conducted under friendly, professional, and extremely

hospitable circumstances . The initial difficulty was due in part to

last minute changes in Aerof].ot’s schedule. However, even though, at

the time, “not being met at the airport ” and its consequences were quite

traumatic-—subsequent events amended this early experience.

~~. We were accompanied on our travels by interpreters Katrina
Ivanova Suslova and Anatoli Alexandrovich Vashilevskil. The latter , in
addition to serving as part—time interpreter , also made hotel and air

reservations, set up meetings , and paid the bills . In accordance with

the terms of the Protocol , they did pay all expenses for the study tour

once we made contact in Moscow . There is little doubt that the success

of the tour owed much to the special efforts and ability of’

Mr. Vashilevskii.

5. Another factor that greatly contributed to the success of the

study tour was that contact within the separate republics was made at

the highest engineering level : that of’ the Directors of Gosstroi , who

hold the official rank of ministers of their republics. In concept ,

he is much more powerful than a Commissioner of Public Work s in the

U. S.,  as there are no private works in the USSR . The word “Gosstroi ,”

itself , even when used in restaurants, improved service.

6. Travel between the republics was by jet (Tupelov 1314, 1514 ,

Yak-140) and very comfortable , indeed. At each landing, we were met by

two or three high ranking engineers , generally with one at the deputy—
director level. They then acted as our hosts , guides, and contacts
throughout the visit in their respective republics.

7. In addition to the engineering meetings , visits to construction

3



sites, power station, hydraulic works, and field prototype tests (see

below), there were numerous cultural excursions to museums, ancient

churches, and general sight—seeing tours. On several occasions we were

guests at rather lavish banquets. In all, hospitality and friendship

(with best wishes for more between our countries ) were the bywords .

Visit to England and France

London, U.K.

8. The visits to King’s College (Professor R. E. Gibson and

Dr. Dick Bassett) and Imperial College (Professor A. W. Bishop ,

Dr. P. W. Vaughan, and Professor N. N. Ambraseys) were intended to

learn more about “what we might expect” and “what we should look for”

in Russia .

9. Gibson suggested that we try to see their soil mechanics labora-

tories. “We are well aware of their theoretical developments , but what

testing have they performed?” He also suggested we look into consolida-

tion of sands and sample sizes related to their offshore studies. Pro-

fessor Gibson showed us his own laboratories and the work he was doing

with models of’ “sand islands” to be built in the North Sea. Professor

Gibson , in accordance with previous correspondence , was invited to visit

and lecture at WES. He indicated that he would do this in October or

November 1977. We also met with Professor Bassett, who has five pack-

ages available for testing at Cambridge.

10. Professor Bishop suggested we look at “creep testing” in Russia.

Mr. P.mbraseys, who had visited Russia several times, said that he had

heard that foundation liquifaction may have occurred in Kishinev as a

result of the March 1977 earthquake. The earthquake was unusual in that

very violent ground motions had occurred at large distances, up to

280 km, from the epicenter. He recommended that we inquire about the

“shake table” work in Tbi].isi. He had heard about it but had not seen

it himself. He also suggested that when in Kishinev, because of its
proximity to Rumania, we pay special attention to the effects of and the
damage reaulting from the March 1977 earthquake.

14
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Cambridge, U.K.

11. Arrived at Cambridge in time to attend seminar by Professor
Lade of University of California at Los Angeles on constitutive relations
for soils.

12. Professor A. N. Schofield showed us his geotechnical centri-
fuge . The machine was designed by the late Professor K. H. Roscoe in

1969. It normally operates with swinging platforms which have a working

radius of 14 m . At the maximum rotational speed of about 186 rpm, the
acceleration is about 155 g. The swinging platform torsion bars are

adjusted to accomodate a package not exceeding 700 kg mass. Thus, in

its present operations it has 125 g x 0.7 tonnes 87.5 g—tonne capacity
at 14—m radius. The drive motor is below the machine, with the entire

unit setting below ground level. Photographic access permits observa-

tions during testing.

13. Professor Schofield offered th.e following thoughts in regard

to Russian centr ifuges:

a. He referred to the latest book (in Russian) on centrifuge
testing by Yo. N. Malushitsky, Kiev, 1975. A copy is
available at WEB. He noted that he was waiting for the
new book by G. A. Aliev (see below) and G. I. Pokrovsky
(in Russian), which he hopes to translate. He also looks
forward to receiving the book (also in Russian) by G. I.
Pokrovsky, I. C. Fedorova, and A. I. Teitelbaum. G. I.
Pokrovsky is the “father” of Russian geotechnical centri-
fuge testing.

~~. The Russians use “factor experiment planning;” that is,
they find integrated effects and then experiment changing
only one factor. This calls for a large number of tests.

c. He suggested that, if possible , we should find out about
the nature of the crews, the scale and crudeness of the
instruments, whether or not they use transducers and/or
make pore pressure measurements , whether they can control
temperatures during testing, and whether they have or can
use explosives during testing.

d. With regard to pore pressure measurements, if’ they do not
monitor them, they must run tests for very long times
(tens of hours) to allow them to dissipate before inducing
loadings.

a. He suggested we note the nature of the bearings of the
swinging payload and the photographic equipment.
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f .  He noted that in Russian centrifuges the drive motors were
above the ground . This offered a great advantage over his
own apparatus in providing direct access and simplifying
the receiving of electrical output .

Paris, France

114. Dr. B. Pilot and Mr. B. Pincent of the “Laboratoire Central

des Fonts et Chauss~ es ,” Paris , related to us the history of their use

of the (French) centrifuge for geotechnical testing and of their current

and future work plans. Plans are developing for the construction of a

new centrifuge closer to Paris. They have a small l-m-radius centrifuge

in their laboratory; however, generally they use a modification of the

centrifuge originally built by their atomic energy commission (Centres

du Commissait l’Energie Atomique, le Centre d’Etudes Scientifique et

Techniques d’Aquitance , CESTA ) near Bordeaux (designed by Lateco~re) .

The dev ice (also called CEA ) is operated by 14 350 horsepower engines.

It has a 10-rn arm , carries a package of 2 tonnes (1 m X 60 cm x 30 cm),

maximum acceleration is 100 g in one minute ( for 2 tonnes),  and can pro-

duce a maximum of 200 g. Unlike the usual centrifuge, this device oper-

ates on a circular track at approximately 3 m from the center of rota-

tion. The motors are below the apparatus. It cost them 200,000 francs

(in 1977 ) to modify the device so as to accommodate swinging buckets.

They have conducted experiments involving both excavation and embankment

construction. In addition to transportation and manpower costs, they

pay a user fee of 25,000 francs for each use. They claim they can exam-

ine 30 effects simultaneously. They consider the device to be particu-

larly valuable in exposing “modes of failure,” “rupture ,” and “phenomena.”

In this regard it is thought to be more qualitative than quantitative.

They plan to reduce the radius of their proposed device to 5 m , similar

to that of the present Cambridge centrifuge.

15. Dr. Pilot had visited Moscow recently , and he and his Russian

counterparts at NIIOSP, as part of a cooperative program initiated in
1969, were conducting tests (separately) to ascertain reproducibility

of results for a fine and coarse sand. Results are not yet available.

6
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Visit to the USSR

Initial contacts—20 June

16. After some initial difficulties and with the help of

Mr. L. Sell of the U. S. Embassy , contact was finally made with Gosstroi
at the Embassy , shortly after lunch. Messrs . Vashilevskii and Sadovskil
met us and drove us to NIIOSP (Research Institute of Bases and Under-

ground Structures), which is the main “soil research arm” of Gosstroi
in Moscow .
NIIOSP, Moscow

17. We were met at NIIOSP by Professor G. V. Porkhaev , who is

Science Director of the Institute and Deputy Chairman of the Soviet part
of the U. S./USSR Joint Working Group 10.05. We discussed in some de—
tail the proposed program of our visit to the USSR and the scheduling of
Professor Barr ’s lecture on 5 July at NIIOSP . Invitations would be ex-
tended to interested engineers and organizations.

18. Dr. Porkhaev explained that the Institute was the main scien—
tific center in the USSR for research concerning problems of foundation
engineering, soil mechanics, and underground structures. At the present
time the Institute has more than 700 employees, including 18 doctors of

science and 714 candidates of science (like our Ph. D. candidates). Of

present Interest are their theoretical and experimental studies of prob—

lems in soil dynamics and of’ seismic induced loadings. Large—scale

seismic experiments on various types of foundations are being conducted

at their proving ground in Kishinev as described below.

19. V. A. I].yichev, head of the Soil Dynamics Laboratory, stated

that his laboratory was the leading laboratory in the USSR on dynamics

effects on foundations. His work is primarily directed at developing

and improving construction codes and standards. “They do not use

models...do not believe in modeling!” He sees his group’s task as pro-

viding simple, but reasonable, procedures that most engineers can use;
for example, to suggest that the effect of earthquakes (in moderate
range) can be accounted for by simply considering an additional horizon-

tal force of say 0.1 g.

7
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20. For piles , they have developed standard procedures (see the
Russian Code). They use only vertical piles , not battered or inclined
piles , fo r seismic loadings . They have conducted full—scale tests at
Kishinev using vibrators and explosives for both single piles and groups

of 2 to 14 piles. Their procedure is to apply correction factors to
static capacities. They do not consider liquifaction induced by seismic

effects to be a very important problem in USSR——even though they acknowl-

edge its existence. They consider “dynamic creep” of thin silt layers

to be a much more severe problem!

21. Professor Poishin showed us around the large testing bins used

for model testing of foundations. Three present bins are 14 x 14 x 14 m ,
8 x 8 x 8 m , and 12 x 12 x 12 m. All parts and panels are interchange-

able, and they can construct units to desired dimensions. They have

conducted large—scale models and full—scale models and full—size founda—

t~on elements (including piles) under static and dynamic loadings. Bins

have also been used to investigate stress, strain, and deformation

characteristics under various contact pressures and shapes using load

cells (based on work of Gersevanov-Posadov).

22. Professor Polshln also showed us the NIIOSP centrifuge. It

was built in 1960 by Pokrovsky. The installation looks as though it has

been around for some time , but appears to be in good condition. The

unit is below the floor level, but the motor extends above the floor.

The equipment is shown in Figure 1. It is contained within the main

building of the NIIOSP laboratory! In fact, it was quite a surprise to

find it in what appeared to be a rather large laboratory room . It ap-

peared to have seen considerable use. The device is not used for pile

models and generally they consider only bearing capacity problems. Max-

imuni acceleration is 100 g. Generally, two tests are conducted——one in

the swinging buckets, and one teat being used for control. Most tests

are run on cohesionless materials and tests are not run for long periods ,

although they have run tests for up to three hours maximum with clays

for consolidation as required. No pore pressure measurements are made.

The radius of the centrifuge is 2 in. It can carry a weight of 200 kg at

a speed of 350 rpm . It can produce 100 g (maximum). Two samples are
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Fi~~ire 1. 100 g centrifuge at NIIOSP

always run to~ et~:er. The installation is equipped with an automatic

loading device and a closed—circuit TV system . They are considering

building a new centrifuge——they claim they do not need the high accelera—

ti~~n~; they previously thought necessary .

}~~und~itions Design Institute, Moscow

~~~~~~ The Foundations Design Institute (Fundamentproject) in Moscow
car ries out engineering and geological investigations throughout the
Soviet Un ion . We were briefed on the activities by Dr. A. 0. Trofimen—

kov , Director , and his staff. The Institute carries out site investiga-

t ions , including borings and geophysical investigations , hydrogeological
investigations , field tests , and designs complex investigations , includ-

ing design of construction methods. Because of’ the short time available,
the br ie f i ngs were concerned primarily with work involving pile founda-
tions . The Ins t i tu te  relies heavily on pile tests using model piles ,
which are the same length as the prototype piles but of smaller i inieter.

Thi5 permits the use of smaller load test ing equipment than would be

9
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required with full—scale piles. Test piles are instrumented to deter-

mine point resistance and skin ‘riction distribution , and the results of

the pile tests are adjusted for the incree ~ed diameter of the prototype

piles. Data are also available for the redistribution of pile loads

with time . fr . Trofimenkov described some of the available comparisons

between settlements of single piles and groups of piles, including full—

scale structures on piles . These data are summarized in reports to be

submitted to the 9th International Congress on Sof Mechanics and Founda—

t1ur~ Engineering , Tokyo , 1977. They have done much experimentation

with slurry walls, including 60—m diameter caissons with precast ele-

ments. Although the majority of piles in the Soviet Union are precast

concrete piles , they have been giving increased consideration to cast—

in—plac e piles. Much consideration has been given to the seismic re-

sponse of pile foundations . Design procedures have been developed based

on analytical work and large—scale field tests at the Experimental Sta-

tion in Kishinev .

214. Among the additional items presented were various penetration

ri gs and apparatus used for site investigation , the use of shallow
“Gcrewed—in piles (8 m)” for TV transmission lines , not necessary now

bec ause they use Sputnik ‘or TV transmission . Very special efforts have

been made to render devices mobile. Dr. Trofimenkov described a partic-

ularly difficult problem with respect to a very high TV tower in Alma—

Ata ( b ess , 140-deg slope). There followed a home movie presentation of

site investigation methodology.

25. Subsequently , Engineer Flanin , Chief Design Engineer of “Funda—

mentproject ,” provided more details about their pile work. He estimated

the use of 8 x io
6 
m3 of piles per year in the USSR . They seldom use

anyth iri~’ but concrete . Because of transportation problems , only in the

North do they use timber or steel piles. Th y do not use air—entrained

cnncrete . Workability is determined by slump .

i{ydroproject Institute, Moscow

26. In the af ternoon we visited the Scientific Research Center of

the Hydroproj eet Inst i tute  and were met by Dr. V. I. Vutsel , Head Lf the

Department responsible for centrifuge testing , and his s t a f f .  This was

10
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to prove to be one of the more important events of the study tour with

respect to centrifuge testing . Their device was built in 1965 and has

been used for both practical problems and fundamental research in soil

behavior. It has a 2.5-ni radius , and can achieve 322 g, although gener-

ally they operate at 200 g. Maximum speed is 3140 rpm. Dimensions of’

test model were approximately 0.9 X 0.5 x 0.14 m; the maximum weight of

sample is 200 kg. The swinging buckets can accommodate a vibratory

driver for simulation of seismic loading .

27. Centrifuge tests have been performed for a number of condi-

tions : induced horizontal shearing forces, retaining walls, filling

and emptying reservoirs of dams, stability of soil slopes, seepage

through embankments and foundations, and piping phenomena. A number of

tests have been conducted to investigate propagation of’ cracks with time ,

and strains and deformation in soil slopes .*

28. A complete test demonstration of the modeling of a soil slope

(slope angle at 75 deg, 30 cm high, tan ~ = 0.72 , c 0.23 kg/cm
2)

was narrated by Mr. Scherbina. The progress was monitored very clearly

on TV. The development of cracking and of its propagation were easy to

follow. The clarity of the results and of the information gained were

very impressive. The ability to see the development of instability and

its manifestations is of extreme value from a theoretical point of view .

This ability alone renders centrifuge testing a very necessary source to

uncover the complicated interaction of soil structures under load. This
simple test demonstrated phenomena never before reported in the
literature.

29. Hydroproject has compared centrifugal results favorably with

fi nite element methodology . When examining suitability of some dam

models , they experimented with remedial measures in the centrifuge be-
fore advocating solutions for prototype.

30. Hydroproject is a first—class operation with respect to per-

sonnel, equipment, planning and use of results of centrifuge testing.

* V. I . Vutsel and V. I .  Scherbina , “Experimental Investigations of
Slope Deformations ,” Proceedings of the 6th European Conference on
Soil Mechanics and Foundation Engineering, Vienna , 1976.
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Mr. Scherbina came across as being extremely knowledgeable. Staff mem-

bers are interested in exchange programs with the U. S., and it appears

that a visit of three to four weeks by a U. S. specialist to this Insti-

tute would be extremely worthwhile. They stated that they had invited

Pokrovsky to meet us, but he was too ill to come . They informed us that

they had translated Professor Harr ’s book “Groundwater and Seepage” into
Russian and were well aware of his work.

Baku, Azerbaijan

31. We arrived on the afternoon of 22 June in Baku (which means

“wi nd ” ) ,  the f i f th  largest city in USSR. The population is 1,200 ,000

out of a total of 5,500 ,000 in Azerbaijan (which means “land of f ire ” ) .
Baku is located along the western edge of the Caspian Sea, in the heart

of the U~JSR oil fields. We were met at the airport by Dr. H. A. Alley,

who was a student of Pokrovsky . Dr. Aliev had designed the Baku centri-

fuge, reportedly the largest in the world. We were told we would be the

first “Westerners ” to see i t .  Baku was very hot and humid.

32. On the afternoon of 23 June , we met with Ya. Izmaibov, Chair-

man of the State Building Committee of the Azerbaijan SSR , and with the

various Chiefs and Directors of the subsidiary organizations. He ex-

plained the role of Gosstroi in Azerbaijan and of its special responsi-

bility to the great oil fields. Of particular interest in this regard

are the man—made islands in the Caspian Sea which contain thousands of

workers. Granted more time, he would have shown them to us. He hoped

we would enjoy and profit from our visit to Baku and would also feel
free to inform them of anything which we saw that could be improved.

In response to the question as to the exchange of information between

Republics, he stated that he met with his counterparts at least twice

a yeer. His people meet regularly with others as the need arises. He

was pleased that we are interested in the Baku centrifuge.

33. Baku, ai is all of the Caucasus, is in a seismic area. To

date no problems are noted in precast structures. On the afternoon of

23 June, we visited the construction site of a l6—story precast building

founded on piles. To please engineers, we went to the top of the build-

ing (by construction elevator); it was scary but we had a magnificent

12
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view of the city and bay. Construction work was only fair.

314. In the evening on 23 June we were taken on a tour of the city ,

including Metro Station, Ancient Palace of Shah, and monument to 26

Commissars executed by White Russians during revolution. We had a tradi-

tional banquet of Azerbaijan food in ancient dome-shaped Caravansarai.

35. On the afternoon of 214 June, we visited F. Z. Musabekov and

AzNIISM (Azerbaijan National Institute of Construction and Building

?..laterials). This is the location of the Baku centrifuge. The Director

of the Institute, F. Z. Musabekov, told us of the natural wealth of

Azerbaijan in petroleum , stone, rocks , valuable minerals, bentonite,
mercury, and gold. He noted some major construction problems : the

world has 12 climate zones, Azerbaijan has 9 zones (from Tropic to

Alpine). The Institute has 1.5 scientific laboratories——mainly dealing

with rock, ceramics, and soils. They have a staff of 100 scientific

workers, 32 candidates, and 1 Doctor of Science (Alley) . Building

construction involves consideration of seismic effects. Building

heights are limited to 16 stories, although they are planning a 50—

story building to be founded on rock.

36. Dr. Alley, a student of Pokrovsky, said that they were very

familiar with the literature on earthquake design from other countries.

They are aware that accelerations of greater than 1 have been measured,

and this has precipitated a crisis in existing theories among Soviet

engineers, as obviously no buildings would stand under the measured

accelerations. They felt that there was a greater need for understand-

ing which could only be obtained by observations of structures during

earthquakes and mechanical modeling . They considered it more rational

to study soil structure interaction by modeling as they feel they can ’t

predict earthquakes yet . They have used shake tables but haven ’t been

able to get good results. They consider that the centrifuge was the

best technique for studying soil—structure interaction problems under

seismic loading. For this reason they constructed a centrifuge of 11-rn

radius which presumably is one of the largest in the world. The outside

housing is shown in Figure 2, the sample pod and arm are shown in

Figure 3. It took six years to construct and was finished in about 19714.

13
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Figure 3. Interior of 500—g centrifuge facility in Baku



Design co nsiders the aerodynamic loading to be proportional to the speed

of loading . Tests are conducted under a partial vacuum of about 0.5

atmospheres. This lessens the resistance by two or three times. An

elaborate control room is located in an adjoining building. Tests can

be monitored on two TV screens. They have tested soil samples; however,

most of’ the work has been done on soil structure interaction using

models of concrete constructions (see Figure 14) .  The chamber is 1.5 in

in length by 80 cm wide by 1 m high. A maximum of 500 g can be imposed

at 300 rpm. Two 1500-kg samples can be tested at a time in the stream-

lined pods. Provisions are made for 170 measurements with electrical

slip rings. Dr. Alley found that conventional (Russian) slip rings did

not work well so he designed his own. A test was conducted during our

visit ; extremely little vibration was noted.

37. In the afternoon we were taken on a guided tour through a new

home-window air-conditioning factory which was designed and equipped by

the Japanese. It now produces 800 units per day. They expect to

j I ~‘

Figure 14. Example of model structures tested in 500—g centrifugeJ 15



produce 1500 per day within a year. Afterwards, we were taken to the

shore of the Caspian Sea for dinner and swimming. The water was very

salty and warm, but refreshing.

38. Dr. Alley has written a new monograph on centrifuge testing

which he will send to the U. S. and to Professor Schofield , who will
have it translated and will publish it in English.

Erevan, Armenia

39. On Saturday, 25 June, we flew to Erevan, Armenian SSR. We

were met at the airport by H. A. Bada.lyan, Director of ArniUISA

(Armenian Institute of Construction and Architecture), L . Koorbanian
(of’ Armenian Gosstori) and Dr. E. E. Hachiyan (of ArmNIISA). After

arranging for the arrival of the baggage, they took us to our hotel.

In the evening we were taken on a sightseeing tour of the city of Erevan

(the monument to Armenians killed by Turks, 2,000,000 in 1915; the

Victory monument; the statue of Mother Armenia; Victory Park).

~O. On Sunday, 26 June, we were taken to see the Sevan—Razdan

Cascade Hydroelectric Stations. This system consists of six hydroelec-

tric stations on the Razdan River, which connects Lake Sevan (2000 in

above sea level) to Erevan, approximately 80 km south. Both underground

and aboveground stations were inspected. The gradient is approximately

1:60. The system was completed in 1962 and the annual output is 2.3 bil-

lion kwh. In addition , the water Is used for irrigation. Construction

quality was particularly good. In the evening we were taken to see the

famous Armenian opera “Anush” (based on a Romeo—Juliet theme).

141. On the afternoon of 27 June , we met with G. G. Agababyan ,
Chairman of Gosstroi , Armenian SSR . He showed us a seismic map of
Armenia which designates regions of 7, 8, 9 (Soviet 12—point seismic

intensity scale similar to modified Merca lli): 9 is equivalent to a

horizontal acceleration of 0.1 g, 8 to 0.05 g, and 7 to 0.025 g. The

maximum in Armenia is 9. If In highly populated region , they add 1

point , that is, say for 9, horizontal acceleration would be 0.]. + 0.1

0.2 g.
142. Dr. E. E. Hachiyan has placed and activated heavy vibrators

on buildings (up to 1.6 stories). In suimnary he found :
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Number of Period of Ambient Velocity
k Ty~ - Structure 

- 
Stories Vibrat ions~ sec in/sec

Large sto 2—block walls 5 0.2— 0.3 600—750
Large panel construction 9 0.3—0.14 800—900

Reinforced concrete 9 0.6 600

10 0.8 200
114 - 1.1 210

1.3 330

Steel framed i6 1.35 228

He also published a book (in Russian) on his findings.

143. In the afternoon we went to the Institute of Geological

Science where Dr. Aslanian, Director, went into considerable detail on

the geological nature of Armenia. These are active faults. There ex-
ists much ~rpsum——and , hence , there are many problems if water is also

present. There are also many (very active ) landslide areas which we

were later shown by Dr. G. I. Ter-Stepanyan . Landslide activity has

been generated by earthquakes, particularly along faults.

1414. The landslide region is about 25 km from Erevan. The slopes

are very steep and the region is complex, from a geologic point of view ,

river valley. Movements of 60 cm/year are regularly recorded over one

landslide which covered an area of’ 50 to 60 ha. Road maintenance is

a constant problem. On the return trip, we visited an ancient Armenian

monastery, cut into the mountains, and recently reconstructed 1st
Century Greco—Roman temple . In the evening , we were taken to an Arme-

nian Folk concert .

145. On 28 June, we met with Dr. Ar~rityunyan of Gosstroi and dis-

cussed groundwater problems. They have developed special aluminum veil-

point filters, details of which were not available. Standard procedure

is to use vacuum drawdovn for temporary control of groundwater. The

major seepage problems occur in tunnel construction in mountains; some-

times under as much as 500 ft of rock. In the afternoon , we visited

Armenian Vatican at Ecmiadzin , the domicile of the Armenian Patriarch :
the “Catholicos .” In the evening, Mr. Agababyan hosted a magnificant

farewell party for us.
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Tbilisi, Georgia

146. On 29 June, we flew to Tbilisi , Georgian SSR. We were met at

the airport (the most elaborate and most attractive air terminal we saw

in the USSR) by T. K. Kutateladze, Deputy Chairman (Chairwoman) of Goss—

troi Georgian SSR and two assistants. They were to be our guides in

Georgia. After checking into our hotel, we were taken to meet Lado
Gudiashvili , who is a world-renowned painter , and Koba Guruli , who is

equally renowned for his metaleraft . Both men were extremely hospitable

and very friendly. In the evening we were dinner guests of Georgian

geologist s , agronomists, and city engineers.

147. On 30 June we met with I. N. Tsitsishvili, Chairman of Goss—

troi Georgian SSR. He told us about Georgia: 1,000,000 people in

Thilisi;  5, 000 ,000 in Georgia, 140 percent of republic is rock with seis-
mic Intensities of 7 to 8. If they build on rock, they decrease horizon-

tal accelerations by one point (paragraph 141 above); there is also

considerable peat to be found in Georgia.

148. The city of Thilisi is in a long, narrow (Kura) river valley.

New construction will center around a new reservoir to the left of the

river . They do have a subway now which they intend to extend into new

areas. They anticipate considerable seepage problems. Buildings in

Thilisi are limited to 20 stories .

149. Gosstroi has complete design responsibilities for all new

buildings, railroads, roads, transmission lines, nuclear power plants,

and location of airports; but they have no maintenance responsibilities.

The chairman conceded that this and very low rental charges could be the

reasons for the apparent poor maintenance level of dwellings one sees in

the USSR. He noted that they can build better quality structures, but

they had decided some time ago that the need was for providing the cheap-

est and fastest buildings. Each year there is a marked increase in

space allocated per family. He stated that the next thrust will be di-

rected toward better quality control.

50. We then visited the Georgia GeographIc Institute, which houses

a large shake table. The Director of the Institute, Professor K.

Zabriev , welcomed us. A number of people sat around a table telling us
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various things . One told us that the use of piles has often been prohib-

ited in Tbilisi because it was thought they would cause too much settle-

ment. (This was a strange statement , later shown to be wrong.) The

Soviet code prohibits friction piles in seismic regions of intensity 9.
They have used the El Centro earthquake records extensively. They have

used the shake table among other things to investigate the stability of

slopes for road construction.

51. Professor Napetvaridze, who does much of the seismic design ,

stated that the shake table was 6 x 6 in with 3 deg of freedom. It was

activated by hydraulic jacks and could get 50 Hz. Unfortunately , it
was being worked on , and, hence, we could not see it. They had no expe-

rience with liquefaction. They are doing some finite element work, but

apparently not on an advanced level. They have put 20-ton vibrators,

5—50 Hz on buildings , but no results are available .

52. In the afternoon , we visited the Georgian Research Institute

of Energetics and Mydraulic Engineering Construction (GrozNIIEGS). The

Director, Dr. G. I. Schogovadse, described the responsibilities of his

organization. His was one of only two such agencies in the USSR ; the

other was in Leningrad. They had the responsibility of all energy re-

sources in the Caucasus . The Institute consisted of 36 departments
and laboratories. Of all energy, 75 percent is hydroelectric; the rest

are nuclear , coal, oil , etc . They also have some thermal springs

(30 to 100 deg c). He estimates that the USSR uses only about half

Its present potential. They are presently very much interested in a new

arch dam (about 270 in high ) in Western Georgia: Inguri Dam ; we would

see models of dam later.

53. Professor Djiev, the head of’ bases and foundation work , told

us his main interest is In b ess soils, which are plentiful in Georgia.

He is also doing work with soil anchors and cement stabilization. He

did not volunteer to show us his laboratory.

514. Professor Gugidze told us very briefly about some theoretical

and model studies of the dynamics of arch dams. When asked his opinion

of the relative stability of rock—fill dams versus earth dams with re-

spect to seismic effects , he replied that rock—fill dams were better .
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They had observed some seismic activity upon filling of reservoirs. In

a high seismic risk area they recommended two types of dains: rock—fill

or arch.. .the preference is a matter of economics.

55. Professor Chanishvili showed us two scale models of Inguri Dam
(1:100 and 1:30) which were being used to study the erosion of the down-

stream banks and channel due to discharge . The 1:30 model was very
impressive.

56. In late afternoon we visited the new stadium of Tbilisi
( 75,000 seats ) , which was built on short piles. We then met with the

Chief of City Planners and his staff. In the evening we were dinner

guests of GrozNIIEGS.

57. On 1 July , we were given a guided tour through the newly ren-

ovated city opera house. The old building had been completely gutted

and completely rebuilt. The quality of construction was at a very nigh

level. In the afternoon, we were taken on a cultural tour of the envi-

rons of Tbilisi , including some ancient churches (under repair) and the
ancient capital of Georgia. The city engineer of Tbilisi was our guide

and our host at dinner.

Kishinev, Moldavia

58. On Saturday, 2 July, we flew to Kishinev, capital of Moldav ia

(formerly known as Bessarabia). We were met at the airport by V. Litviak

of Gosstroi, Moldavian SSR and V. G. Taranov, Chief of NIIOSP experimen-

tal station. Kishinev (1480,000 people ; 14 ,000 ,000 in Moldavia) was al-

most completely destroyed in World War II. It is a very modern city

with row upon row of high-rise dwellings interspersed with large parks

and tree—lined boulevards . Foundation soils consist primarily of b ess

which tend to collapse when wetted .

59. After lunch we were taken to the site of a future duck farm .

It is estimated that 750,000 ducks will be processed per year . The

buildings are founded on bored cast—in—place piles , 10 in (±) deep . The

foundation appeared much too elaborate for the buildings . They probably

could have gotten by with spread footings ; when asked , they said that

the pile boring equipment was availaMe, henc e , was used. They have

experimented with forming footing foundations by dropping a heavy cone
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shaped hammer in the ground and filling the hole , thus formed , with
concrete.

60. The countryside around Kishinev was covered with vineyards ,

fields of corn and fish ponds . All appeared very well kept. We were

taken to the “Romaneshti” winery , where we were given a number of local

wines to taste. They were the equal of the better wines of France.

61. On Sunday , 3 July, we were taken to the Moldavian Institute
of Construction (Moldgiprostroi). P. 0. Shipko, Chief Engineer of the
Institute, began the conversation in very good English. Two—thirds of

the soils of Moldavia are b ess soils (sil ty—sands) .  Rock is very deep ,

and , hence , they make considerable use of friction piles , generally 8 m

cast—in—place. For high—rise buildings , 20 stories , they use raft foun-
dations. They are aware of potential liquefaction and make special

efforts to drive through those layers where the potential exists. In

response to our question , they stated that there had been no experience
with liquefaction failure during earthquakes . Adobe buildings did not
fare well at the time of the Rumanian earthquake of March 1977. Modern

structures showed little or no damage. The Rumanian earthquake, with

its epicenter 500 km for Kishinev , produced an intensity of 6.~ .

62. Mr. N. S. Fisher, Chief of the Technical Branch, took over the

discussion. He spoke perfect English (he had been in England during

World War II). Subsiding soils were a severe problem for them before

developing ramming with heavy weights (2—1/2 to 3 tons, falling 14 to

5 m). They are able to get very good compaction to depths of 1 to

1—1/2 in. Sometimes they ur’ 14 to 5 tons through 6-rn drop to compact to

depths of 2—1/2 to ~ in. They found that piles (30 to TO tons) solved

the problem of saturated sands. They do not use battered piles. Their

major responsibility is the construction of 15—story structures. They

believe the use of basements, for inspection and maintenance, has re-
duced the effects of earthquakes. They have located active faults in

Moldavia, although most epicenters are In the Carpathian Mountains.

They have prepared seismic intensity maps which are used to give lateral
accelerations. They favor the Chilean construction procedure where they

excavate material below the structure, then drive piles and backfill the
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excavation with granular material. The structure is placed on the sur-

face of the ground with the granular soil providing a cushion between

the bottom of the structure and the top of the piles. They have used

explosives at the bottom of boreholes to provide lateral compaction .

They perform tests at every site, usually cone penetrometers with

sleeves, and they often instrument new structures. They like to use box

panel foundations to reduce seismic effects (this is like a cellular

basement).  The record of the Rumanian earthquake surprised them . It

showed small periodic displacement followed by rather large periodic

displacements. The maximum recorded horizontal acceleration in ~wn~i~~~i

was 0.1 g; in Moldavia , 0.05 g was recorded . Stone bu ild in~~ showed

some distress , rigid structures performed well , and box t t r ~~1 design was
best performer. Messrs. Fisher and Shibko were very impres. ye. We

were most appreciative of their  spending Sunday morning wit r~ us.

63. We were taken to a food processing plant under construction

which employed cast—in—situ concrete piles. The superstructure, includ-

ing trusses, were reinforced concrete. The foundation was set on groups

of 14 piles. Piles were installed at the rate of 14 to 6 per day . Each

pile contained 7 percent steel reinforcement to resist seismic loadings.

614. We were then taken to the site of a new structure . The build-

ing was to be constructed by using vertical slip—forms . The structure ,

22 x 142 in , rested on a raft 1.3 ru thick . The walls were 18 to 22 cm of

reinforced concrete . The structure was to be 26 stories. Another

method , soon to be tr ied , will build a story, then jack it up,  placing

another under it , etc . They estimate that 40 men can provide two

stories per month using slip—form construction versus 12 men producing

the same for precast construction. That is because of less familiarity

with monolithic construction. However , this type uses less steel.

65. On the afternoon of 14 July , we met with Mr. 0. K. Lintvarov ,
Deputy Chairman of Gosstroi , Moldavian SSR. He apologized to us for

the Chairman not being present to meet us. He repeated much that we

had already learned about Moldavia and its construction problems. He

did note that 30 percent of dwellings in the republic were monolithic .

According to USSR codes, panel construction Is limited to nine stories;
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that is why they are turning to monolithic construction . Much of the

construction involves small structures for agricultural purposes.

66. In the afternoon we visited the NIIOSP experimental station

where we were met by V. i;~ Taranov , Chief of the Laboratory . Unfortu-

nately , it began to rain quite heavily as we arrived at the site.
Taranov noted that the site was set up in 1912 to conduct prototype ex-

periments on different types of foundation materials and designs , with
particular emphasis on seismic effects and foundations for vibrating

machines. They also conduct similar work at other sites in USSR

(Zagorsk, for example). They perform tests and check calculations when

methods are available . Otherwise , they develop new procedures. They

have conducted many tests with tapered (pyramidal) piles, 3 to 5 m long.

They registered increased bearing capacity for same voluxne of concrete

over rectangular uniform piles. They have no soil t#~sting facilities .

They also perform pile tests on jobsites. They have often tested

groups of three and four piles , maximum static load of 100 T. They have

also performed vibratory tests (simple harmonic motion) and have tested

piles to failure. They have recently completed a study wherein they in-

duced realistic seismic effects by using combinations of explosives at

various lateral distances and depths. Due to the heavy rainfall and

lack of time , we were not able to visit the field installation .

6~. In the evening we flew back to Moscow . Professor Harr pre-

sented a lecture on “Reliabili ty of Soil Structures” at NIIOSP in Moscow

to about 100 people on 5 July; Mr. K. I. Suslova translated . Professor

Harr left Moscow on 6 July.

68. Mr. Sherman reviewed results of study tour with representa-

tives of NIIOSP on 7 July and signed off icial  memorandum , summarizing

J 
results of study tour. He left for Tokyo, Japan , on 7 July. The memo—

randuin (in English and Russian) is shown in Appendix A.

Japan

69. Mr. Sherman met Professor M. Mikasa, Osaka Ctty University ,

who has been conducting centrifuge tests since 1966. His equipment and

program are described in the technical literature and involved tests for

both basic research and practical design works. He recently increased the
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rotational radius of his centrifuge from 1 to 1.55 m , and the con-

tainer enlarged to 50 x 30 ~ 16.5 cm. Samples with weights up to

200 g can be tested in swinging buckets. Water tanks are provided on

the buckets to permit water loadings on the models. Professor Mikasa

considers centrifuge model testing to be a reliable and effective means

for investigating practical problems ~f slope stability an! bearing

capacity. There was no opportunity to visit Professor Mikasa ’s centri-

fuge; however , he suggested a visit to the centrifuge at the Tokyo

Institute of Technolo~~r which had a more advanced model of his

centrifuge.

70. The centrifuge at the Tokyo Institute of Technolog~y is oper-

ated under the direction of Professor T. Kimura. It is used primarily

for research by graduate students. It has a diameter of 1 m and

handles two swinging buckets of relatively small size. Research on con-

solidation of clays has been performed , although most tests have been

with dry sand . Unusual features include a device for conducting in—

flight bearing capacity tests with small footings , dual arms with pro-

visions for tilting the specimen to simulate a horizontal loading for

earthquake conditions , and radiographic equipment for monitoring devel—

opinent of internal deformations and slip surfaces. The instrumentation

and recording equipment appeared to be well designed and apparently give

excellent results. Some of the techniques could profitably be consid-

ered for application to future centrifuge construction in the U. S.

Recomnendat.ions

V 71. There is , at the presen t time , no large centrifuge for geo—

technical studies in the U. S. This is a very serious shortcoming. Ex—

periences in Western Europe , Russia, and Japan have demonstrated the

applicability of such devices to provide information as to the perform—

ance of soil structures at phenomenological as well as quantitative

levels. Many problems facing the U. S. Corps of Engineers are amenable

to this approach; for example , the liquefaction of Mississippi River

banks, the stability of new and existing dams under seismic loading , etc .
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72. In France and in Russia designs are being developed for the

next generation of centrifuges. Their value is beyond question . It is

the opinion of the wr iters that a concerted effort  should be made to
ameliorate the present situation and provide centrifugal testing capabil-
ities in the U. S.

73. Future technical exchange visits under the U. S./USSR Joint

Working Group 10.05 should inr’lude visits by U. S. specialists to insti-

tutions in the USSR with large centrifuges. A visit of two months to

work with the centrifuges at Hydroproject Institute in Moscow and the

AzNIISM Institute in Baku would be exceedingly profitable.
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APPENDIX A: MEMORANDUM

1. In conformity with the agreed programme of scientific—technical

co-~ peration and the resolutions adopted at the Second meeting of the

joint Sfl~ - -~~P Working Group 10.05 “Building for Extreme Climatcs and
Unusual ~eolo~ ical Conditions” (Protocol , signed on April 28th, 1977)
there was received on the equivalent exchange terms ( the principle “ re-
ceiving side pays”) at NIIOSP, Gosstroi USSR , a group of U. S. experts ,
namely:

a. Mr. W. C. Sherman - Supervisory Civil Engineer , the U. S.
Army Engineer Waterways Experiment
Station.

I. Mr. M. H. Harr — Professor , School of Civil Engineering,
Purdue University.

2. Within the period from June 19 up to July 8, 1977 the U. S. ex-

perts visited Moscow and took part in a study tour to Baku of the Azer—
baid.jan SSR , Erevan of the Armenian SSR, Tbilisi of the Georgian SSR and

Kishinev of the Moldavian SSR. V
3. Itinerary for the group of the U. S. experts is given in

Appendix 1.

4. The purpose of the U. S. expert trip was to become familiar
with various design methods , based on utilization of the centrifuge mod—

eling method , and also with the practice of pile foundation , engineering
under different geological, conditions.

5. During their stay in the USSR the U. S. specialists had all
the opportunities to become familiar with problems which are as follows :

a. Centrifugal modeling techni ques , used for investigations of
bearing capacity of footing foundations for industrial and
hydrotechnical constructions (NIIOSP , Institute “Hydropro—
ject” , Moscow).

b. Centrifuge modeling studies concerning the seismic stabil-
ity of structures , erected under various geological condi-
tions in the Azerbaidjan SSR (AzNIICM after Badashev, Baku).

e. Investigations in the field of geology, structural geology ,
soil mechanics, rheology and vibrocreep of soils (Geologi—
cal Institute, Academy of Sciences ArmSSR , Erevan).
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d. Techn iques for lowering ground water table ui1 hydroisola—
t i i r :  for foundation parts of structures (ArmNIIS , Erevan).

e. Techn iques for construction of multistory dwelliw.~.: on w~-~tk
soils , their stability t~~~t ir w , and also methods for study-
ing friction pile behaviour (ISM&S Academy of ~ci nc’~
Georgian ~~H, Thilisi).

1. Calculcation methods , field and model inve~:~~i,~ i t i ’ r  of hy—
drotechnical structures (Georgian NIIEGS, Thilisi).

£~ Technique s fo r improving the engineer ing properties of sub-
siding and expansive soils as foundations used in construc-
tion of rural , industrial and dwelling structures under
various geological conditions of the Moldavian SSR ~M~~~I’ i-
prostroy , Kishi nev).

h. Design and construction techniques for building 18—20
stores administrative and dwellings in the city of Kishinev
(Minseljstroy Mold. SSR , Minstroy Mold. SSR).

1. Investigations of various pile design s for geological con-
ditions of the Moldavian SSR (NIIOSP Experiment Station ,
Kishi nev) .

6. During their study tour the U. S. specialists had opportunities

to meet with responsible members of the staff of the State Building

Committees of the above—said Union Republics and to discuss problems of
mutual interest.

7. The list of Soviet participants in these meet ings is presented
in Appendix 2.

8. The U. S. expert s also were given all the opportunities to

familiarize themselves in detail with the history , culture and art of

the peoples in the Caucasus and Moldavia and to visit architectural mon-

uments , historical places and Museums pertaining to the folk arts in
Baku, Erevan, Tbilisi and Kishinev.

9. The U. S. experts expressed their deep satisfaction with the
results of the study tour and also expressed their gratefulness to the
Soviet Side for the excellent and well—organized preparations for their

visit in the USSR.

10. The present memorandum is written both in Russian and in Eng—
lish languages.

11. Each side will have one copy of the Russian and English texts

of the Memorandum.
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12. Signed in Moscow , USSR , on 6 July 1977 in Russian and English ,
both text s equally authentic.

For the American Side For the Soviet Side

~~~~~
.. c .  -_— 

-

Mr. W . C. Sherman , Jr. , G. V. Porkhaev ,
Supervisory Civil Engineer Professor , Dr. Sc. Deputy
U. S. Army Engineer Waterways Chairman of the USSR side
Experiment Station of the joint USSR—USA
Member of the U. S. side of the Working Group 10.05
joint USA—USSR Working Group
10.05

U S A  U S S R
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APPENDIX 1: SCHEDULE OF VISIT OF TWO U. S. SPECIALISTS
(MR. SHERMAN AND PROFESSOR HARR ) TO THE USSR

FOR THE PERIOD 19 JUNE—8 JULY 1977
ThE USSR-USA WORKING GROUP 10.05

Date: Flight :
Day : 1977: Departure: Arrival : N : Daily Programme

2 3 14 5 6
Sun. VI-l9 London Moscow SU-58l Meeting at the airport

“Scheremetjevo” , Visiting
the U. S. Embassy in Mos-
cow. Hotel accommodation .
Free time.

Mon. VI—20 Moscow Visiting NIIOSP. Meeting
with Deputy Co-Chairman
of the USSR—USA Working
Group 10.05 . Coordina-
tion of the schedule of
visit. Familiarization
with Soil Dynamics Labo-
ratory, Centrifugal Mod-
elling Laboratory and Ex-
perimental Station.

Tues. VI—20 Moscow Visiting Institute “Funda—
mentproject ” , Familiari-
zation with designing and
testing methods for pile
foundations. Visiting
Institute “Hydroproject ” .
Familiarization with Cen-
trifugal Modelling Labora-
tory. Discussions with
the Lab, staff.

Wed. VI-22 Moscow Baku SU—861 Wheels up for the Azerbai-
jan SSR. Meeting at the
Baku Airport. Hotel ac-
commodation. Sight-
seeing about the city .

Thu. VI—23 Baku Visiting Gosstroi Az. SSR .
Visiting Engineer Re-
search Institute Familiar-
ization with Bases and
Foundations Lab. Discus-
sions with Lab. staff. 4

Fri. VI—21e Baku Visiting Projects completed
and under construction.
Cultural outing.

1—1
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Date: Flight:
DaVy : 1977 : Departure : Arrival : N : Daily Programme

1 2 3 14 
_ _ _  

6
Sat. VI—25 Baku Erevan su—66 14~ Wheels up for the Armenian

SSR. Meeting at the
Erivan Airport. Hotel ac-
commodation . Sight-
seeing about the city .

Sun. VI—26 Erevan Visiting the Razdan hydro-
power complex. Cultural
outing.

Mon. VI-27 Erevan Visiting the Erevan State
University, Institute of
Mechanics of the AS Arm.
SSR Familiarization with
the studies in Soil Me-
chanics , Soil Rheology ,
Soil Vibro—Creep and
Slope Dynamics.

Tues. VI—28 Erevan Visiting Projects completed
and under construction.

Wed. VI—29 Erevan Tbilisi E—2l Wheels up for the Georgian
SSR. Meeting at the
Tbilisi Airport . Hotel
accommodation.

Thu. VI—30 Thilisi Visiting Gosstroi GRRS .
Visiting the Georgian
Polytechnical Institute.
Familiarization with stu—V dies in Soil Mechanics
and Soil Dynamics.

Fri. Vu —i Tbilisi Visiting projects under
construction .

Sat. VII—2 Tbiiisi Sight—seeing about the city .
Cultural outing.

Sun. VII—3 Tbilisi Kishiriev SU—7726 Wheels up for the 4odavian
SSR. Meeting at the
Kishinev Airport . Hotel
accommodation. Sight-
seeing about the city .
Cultural outing.

Mon. vii—~ Kishinev Visiting Gosstroi Mold. SSR.
Visiting NIIOSP Seismic
Experimental Station .
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Date: Flight:
Day : 1977: D~parture: Arrival : N : Daily Programme
1 2 3 

_ _ _ _  5 6V 
Kishinev Moscow SU—l750 Wheels up for Moscow. Meet-

ing at the Airport
“Vnukovo” Hotel accommo-
dation .

Tues. VII—5 Moscow Visiting NIb S?. Lecture
by Prof. Harr.

Wed. VII-6 Moscow London 12:00 Departure of Prof. Harr for
a.m. London, England.

Moscow Mr. Sherman ’s visit to
NIIOSP Final negotiations.

Thu. VII—7 Moscow Visiting NIb S?. Signing
of Protocol.

Fri. VII-8 Moscow Tokyo Subject Departure of Mr. Sherman
to for Tokyo , Japan.
defi—
nit ion
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APPENDIX 2: LIST OF THE SOVIET PARTICIPANTS
IN THE MEETINGS

1. Porkhaev, G. V. Professor, Deputy Chairman of the Soviet
part of’ the joint USSR—USA Working Group
10.05.

2. Izmailov, Ya. P. Chairman of Gosstroi Azerbaijan SSR .

3. Agaguseinov , B. Ya. Deputy Chairman of Gosstroi Azerbaijan

14. Mtisabekov, F. Z. Director of AzNIISM after Dadashev.

5. Aliev, G. A. Chief Laboratory AzNIISM after Dadashev.

6. Rzaev, S. A. Chief GlavBakstroya.

7. Agababyan, G. G. Chairman of Gosstroi Armenian SSR.

8. Badalyan , R. A. Director of ArmNIISA.

9. Hachi yan , E. E. Chief Laboratory ArmNIISA.

10. Aryutyunyan, B. N. Chief Laboratory ArmNIISA.

11. Ter—Stepanyan, G. I. Chief Laboratory, Geological Institute,
Academy of Sciences , ArmSSR.

12. Tsitsishvili, I. N. Chairman of Gosstroi Georgian SSR.

13. Kut ateladze , T. K. Deputy Chairman of Gosstroi Georgian SSR .

114. Chkuaseli, N. P. Chief branch Gosstroi Georgian SSR.

15. Djabua, Sh. A. Vice—director ISMIS Ac. Sc. Georgian SSR.

16. Kareselidse, N. B. Vice—director Georg. NIIEGS

17. Gogichadze, G. I). Manager of building trust Minstroya
Georg. SSR.

18. Lintvarov , 0. K. Deputy Chairman of Gosstroi Moldav. SSR.

19. Shipko, P. G. Chief engineer institute “MOldgiprostroi”.

20. Fisher , N. S. Chief of technical branch institute
“Moldgiprostroi”.

21. Taranov, V. G. Chief’ of NIIOSP experimental station
Kishinev.

22. Sadovskii, A. V. Secretary of the Soviet part of the joint
USSR—USA Working Group 10.05.
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ILAJvt~1THMJ 3AJII1CKA

B COOTBeT CTBMW C C0r.maC0BaHHo~4 nporpaMMo~4 Hay’4Mo—TexHl4—

~ecxoro coTpy~HH’~ecTBa M pewe~~~~ w BTO~O~ BcTpe’~M C0BMeCTH0L~
coBeTcxo—aMep}!xaHcKo~k Pa6o~e~t rpymiii 10.05 “CTpowre.imcTBo B
pafloHax Co CJIo~KHW~~ ~~~~~~~~~~~~~~ 14 x r~aT~ lecxm~.u~ yc.noBMsiMlf”

(ilpoToRwI oT 28 anpe~~ 1977r.), HMMOCII rocc!rpoE CCCP npMHaJI
Ha yCJIOBI4RX Oe3BaJnoTHoro ~KBMBBJI~HTHO~O oóMeHa ( npiou~in “nplnn —

~aioiijag CT0~OH~ rIJIaT14T”) rpynriy ~M~~ MX8HCK1OC 3KC~1~~T0B B C0CTBB~
I. r—~ Y.K.1llepMa~I — MHZeHep—MHcneKTop JcCnep14MeHTaJr1,Ho~

CTam~f}1 B0.1IHI~X ny~e2 Açt~u~ JIIIP .
2. r-i M .E.Xapp - flpo~eccop Bblcme~t nnco~~ rpa~~aiwxoro

CTpo}lTeJrbCTBa, Tep~~ioccxi~ YmIBepcwTeT.

B nepMo,g c 19 ~oa~ no 8 ~o.,ig 1977r . aI~1epm aHcxwe cneiwa.imc-

~ri~ flOC~THJ~14 r .MocKBy 14 COB~~U1HJflI 03H~1C0? T~JThH~K) flO~3wCY B

r.Baxy A3epdai~,I~ aMcKo2 CCP , r.EpeBaH A wmcxo~ CC?, r.T61un!c14
I’py3~o4CxOi~ CC? ~i r.K14ummeB Mo~iij~aBcxo2 CCP.

flporpai~~a npe&IBaHHR rpyrrrw 8M~~ 14X8HCIC~1X 3XCfl~~TOB IIp14BO-

~MTC$I B Ilp}uIozeHwR I.
Ue~~ noe3.g~~ 8M~~11R8HCKMX aiccuepToB ~~~~~~~~~~ B 03H8140M—

J~ HBM C MeT0J~aMM poexmpoBaHstH , OCHOBBHHHX Ha MCflOJTh3OB~H14M
pe3yJLIT8TOB z~eHTpo5exnoro M0~eJWpOBaH1tH, a TBX3!~ fl~8XT~UCO~
COBeTCKOI’O ~1Y}U~ M5HTOCTPO~HMH B pa3Jm’iHblx reo~iorw~ec~uix YC—
AOBMRX .

3a B~~MJ( npe6i~ awu~ B 0CC? aMep~n aHcKw~ cnew(aJn4cTaM dana
npe.gocTaBJzeHa BO3MOZHOCTb O3H~EOMRThCJI Co CJ1~~y1W~14MM Bonpoca—
“14:

- MeTo)~8Jvn4 I~eHTpOdeZHoFo Mo.I~eJ1xpoBaHxH, p}IMern3eMNMH ~~~
McCAe)~oBaH 142 HeCyULe~ CIIOCOdHOCTH OCHOB8NMA (~)YHJZ~M~HTOB ~P~—
MUflLJI~HH1~IX 14 rM.gpoTexluNecxlix coop31~KeHMA (H 40Cfl ,HI cT~~y’r “I’iV~-
ponpoexT” , r.MocicBa);



— MoJ~eJth Hbu43~ ~ICCJI~~OBBHUSiTh14 C no~ou~ io rieHTpH~yru fl~ O~ HOCTH

Ha,g3e?~s~~ KOHCTP3rK W4Ik rpa,~vJ~aHc1c14x coopy~eHMA , BO3BO~14MNX C ytie—

TOM reo~or~qec~i~x yCJI0BMA A3ep6a~~ ccaHcxo~ CC? (Aa1*~40i~ 1,~i. .1Igz~a—
lu eBa , r.Baxy);

— MccJIe~oBaH145~M14 B od.nacpH reoAorM14,TeKT0HHKW , MeXaH1~tKM ,

pewior w ~i B14dp01I0JI3y’~ecT14 I’pyHTOB (MHCT14TyT reo.nor w AR Aj i~umc—
xo~l CC?, r .Epenau);

- MeT0,I~aMM flOH1VlC~HI~1S~ 3~POBHR rpyHTOB~J1X BO~ 14 ~I4 )OM3OJIJ~lUlM

aI~euTH o~ ~~CT14 coopyzemdt (Apt~HMMC , r.Epesaii);

— M~TOJJ~MM CTPOMT~J!~CTB~ r~U1Oro~Ta~KHHX 2i~~.7il~X 3~ aBMA Ha c~ia-

Oblx rpywrax , 14X I1CflHT~H~U~ Ha yCTO~ 114BOCTh , a TaJOKe M~TO~~M14 MC-

CJI~J~OBBRMR paOOTN BHCR~J1X cBa~ (MCMMC AR rpy3kmCxol! CCP,r.TO 14-

— MeTO gBMM pac~eTa , Mo~e)n H1IM14 14 H0JIeBFLMI4 14ccJIe,goBaRMs31~114
rH.u~poTexuwqecK14x coopy~emdt (rpy3 . 1~3I’C, r . Tdii.imc14);

- cnocodar~~ yJ1y’~meH14a CTpOWTeJIJ~}WX CBO~CTB npoca~o~~ux ~
Hadyxalc*1u1x rpyH’rOB , a ~ax~e ~~~~~~~~~~~~~ TMDaMM ~JH.g8MeHT0B

ceJII.CKOXO3MACTBeHHWC , fl~OMLWLfl~HH~X 11 WNX 0&beKTOB ~~~ reo~io—

r14’~ecx~1x yCJIOBMA MOJUWBCKO~t COP (Mo~~rMnpocTpoi ,r.Kmiun eB);

— M~TO~BMM ~~~~~~~~~~~~~~~ H Bo3Be.I~ern1sI I8—20—3Ta~H}3X 06—

ziv~~ 3ø.aHMA B r.K~ 1un~eBe (MmiceJu cTpo~t MCCP ,
M141Ic’rpo~t MCCP) ;

- — MccJ!e.O~oBaH14RM14 ~~3 IW4H}AX TMHOB CBaf1 B ~~O.flø~W4~CK14X yc io—

BMHX MoJul.aBcxo~ CC? ~~~~~~~~~~~~~~~~ CT~H1~W HMI1OCI1,r.KiilInu-ieB).

Bo BPeMJI 03HaX 0M TeJrbHO~t noea~ ci~i a~epm~a~cx~e CneU.Ma.JIHCTN
}Tht~JI14 BO3MO*HOCTh BCT~~T14ThCK C 0TBeTCTBeRH~LMI4 ~~~~~~~~~~~~~~
rocy~UapcTBeMH1Ix KOMMTeTOB no j~ejra~ CT~OMT~JI1CTBB H~3B~HHNX C0103-

iiwc pecriyd.nux x odr~e,uimcg r~iuemu~u~ no BonpocaM , npe~gcTaB L~ua(gNM 
V

B3a~ii~O{MA 1~1Tepec .
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Cmicox 3~~~CTH~1XOB BCTP~~ OT CoBeTcxo~ CTOpOHiA 11PI1BO~J4TC$i B

TI uio~ ei~~w 2,

Ai~1epI4KaHcK14M axcnep~a~ ~ai~~e dana rlpe.goCTaBJIeHa BO3MOZ—

HOCTh fl0~p06H0 o3HalcO rLcs~ c McTopl4elt , xy~m~ ypoLt x I4CKyCCT—

BOM HapO.I1~OB KaBKaSa Ft MoJT,gaBMx ; apX14TeKT3rpHFmlH na~~~~rmca~n~,

14CTO~H~~ CXHM14 ~.1ecTaMM 14 My3~ $IMM np14K.ma)~Horo I4CKYCCTBS B rr.
Bal y, EpeBaRe ,TOiuu4CM t KmuwxeBe.

k~iepIiHaHcx14e 3KCfl~~ TH Bh1~~ 3W1~~ no nioe Y~OBJI~ TBOP~H14~ pe—

3~JLbT~T~MH CBoe~ flOe3J~KM 14 BFA~~3MJTh1 rJWdoKy~ ~1~H3HST~J11HOCTb

CoBeTcxo~t c~ opone 3a xopouiyio ~ coJJ~ep~KaTeJ!I~Hy~o opraiu~~arw~ tix

npe6uBarn~w B CCC?.
HaCTOEujag IIBMHTHaS 38JEMCK~ COCTaBJIeHa Ha ~YCCKOM Ft 8.111’-

.71M~ CKOM $L3ELK ax. Ka~.ga~ CTO~ OH~ dy~geT ~i.iem no O~HOM~ 3K3eMfl.7Ls1~
pyccxoro ~t aHrJrMAcKoro T~KCTOB IIaMHTHOt4 sarulcxH.

flognMcaMO B r.MoCKB.~, CCCP , 6—ro i.uoj isi 1977r. Ha ~~ CCKOM

11 aMrJIMAcxoM R3UK8X , oda TeKCTa 14~eHTW1HH.

OT J4ep14~aHCKO2 CTopOHkl Or COBeTCKOLk CTopoHN

~~~~~. C .

Y.K. II1EPi~tA1-i
~1wI~eHep—HHcneXTop ~KcnepM?4eH— flpo~eccop, I~OXTOp TeXHH’I. nayx

TaJmHo~4 CT8H1U4M BO.IIJWX ny~ e~ 3ar4ecTl1TeJtb flpe~gce.ILaTe.nii CoB—
Apivs~t CiliA ~TCKO~ ~8CT11 COBMeCTHO~1
tineM AMepMKaHcKofl ‘48.0TH COB- CCCP—CIIIA Pado’4e~k rpyiirm.~ 10.05
M~CTHO~ QllIt-CCCP Pado’ie~ C C C P
I’pyrrnN 10.05

C 111 A
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flp1’LJJ o~KeHH e I

H P 0 r P A IA M A
npeO~aa11I1.a B CCCP ai~iepiixa~cxnx Cfl~ IW~Jfl1CTOB
r—Ha B.K.1llepi~1aHa ~ npo~ . M.E.Xappa , np1VIHw~a_
eMux no .mu-nui pado~e~ rpynrr~ 10.05 B nep~oj~

C 19 iio~si no 8 irno.n.~i 1977r.

JIaTa MeponpMsiTHe H M~ CTO npoBe.u~eH1uI

19 molVuI

~ocxpeceme flpHduTirt e B MOCKBy , BCT~~~8. B a~pon~p~y
iliepeMemeBo. floceu~exMe I1OCOJThCTBR CiliA.
PaaMeu~eHHe B rocTM}n4Ixe. OT rU~x,

20 iimtg flocelgexFte 11M140011, o3HaKoMJIeHl4e c .nadopa—
fl~H~~~JI1HM1< TOpMeIt HH~ MMXI1 r’pyHTOB , ~KCnep1U4eHTaJIL —

HHM KoprlyCoM , C yCT8HOBMOI4 UeHTpoOe3iCHo -
ro MO~~JI14~OB8.H14R

21 mo~~ Hoceu~eH14e I’1114 “~‘yR.IJ~ax~eHTnpoexT ”
BTO~H}fl( O3Ha11o~vzeHMe C f~~TOJJ~8.i.U~ npoeKTi~tpoBaHFu~

11 FtcnHT aHMR CB8IkHNX ~yH.gaMeHToB.
lloceWeHMe H~4C flIJ,~por1poexTa. O3Hal owIel-LFIe
C M~TO~8.MH L~eHTpode~Horo MO.fl eJmpoBallM$i.

22 ~iioiiii BaneT B r.EaKy ~BH&~~~COM 861 (11.35 sac)
cpe~a HpMOHT}te B r.~ axy, ~~~~~~~~~~~ B rocT mm~e,3Ha[COMCTBO C rOpOZ~OM.

23 IIIOHR 11oceu~eH~e roccTpos1 A3CCP. IloceWei-iHe ~H~e—
~e~~epr HepHO—c’rpOwreJrbHOrO }UIcTMT7Ta. O3HaxorMe—

HH~ c padoTaJ~a~i xa~e.gpii “OCHOBBHMs~ ~ —
.ILaMeHTu ” .

24 ~~OHB
V IIJTTHFI1La llocenIeHxe CT~OMT~Jtb~ iX O6~beKToB.

25 ~txnui BNJIeT B r .EpeBaB aBllapeflcoM 6645 (II.30’iac)
cyOOo~a flp~tOHme B r.EpeBa l , pa~~tewe~~e B POCTfl~ fl~8

26 ~.rio ia OcMoTp rM,II~po3JIeKTpOCTaHw414 Pa3,~aHcxoroBOCxpeCeKbe xacxa,ga..
$ 27 }IJOHJI lloceigeHHe EpeBalicxoro

no~ej i~ejmmi~ Ym~~epcMTeTa ~ mICTwTy’ra M~X8HFtK14 MI APMCCP
O3Haxor~tJIeH14e C MCCJ1eJJ~OBaHH$1].1M B odj iacTx Me—

— xalu1xM, peoj lorMH 14 BMdponoJz3y’4ecTM rpywroB.
14 .U.}tH8MHKM CKJIOHOB.

28 i~~ni~ Iloceigernie CT~OMT5JThHNX oio~,exToB ,o3HaXoMJIe—
BTO~HMX H148 C rOpO.1~oM

29 i~nous~ BaneT B F.T6MJIMCM aB14apei~coM E—21 (15.40)
cpe.i~a flpMOuTFt e B r.T61vrncM,pa3~ieigeHHe B roc~ ini i~~e

L . .



I 2
30 ~ o~si floceu~esi~ie roccTpoa rpyø~cP. floceateH14e
‘~eTBepr rpySl4Hc}Coro noJrFtTexHM”~ecxoro 14BCTWF~ T~iiiv~.B.k!.JIeHin-ia. 03Hai~oM.nem1e C WCCJI~~O—

B8.HMJIMM B O6JI8CT}1 T~XHF1KH rpyRTOB , OCHO—
B8UMA 14 ~yII~aMeHTOB .

I ~~~ OCMOTp cTpowreJmHLIx odJ ewroB
fl5ITHMLi~
2 ao.ng Ttht.nlIcH. 3HaKoMcTBo C P0~O~OM. OT.iu~xcyddoTa

3 i~iojtg BwieT B r.KilmluieB a~~ape~co~ 7726.
BoCxpeceHbe (7.20) llpMdwrHe B r.KMIIII4BeB, yCTpO~-CTBO B r0CT1O{14I~e. OcMoTp ropo~a.

4 rno.im HoceigeMMe roCcTpoa Mo~~,CCP , o 3aaxo!~1.71em1e
noHe.1~e.JIbHMX c cet4cMonoJIRToHOM HMI4OCH.

BNJIeT B iAOCKBy aB~tape~coM 750.
flpiidNTHe B MocKBy , pa~~ eiuem~e B rocTHH}aLe.

5 i~oAsi IeKL1~u~ rIpo~ . Xappa B I~H~40CH.
BTOPHWH

6 i~o.n~ Baner npo~. Xappa B J1oB.]~oH (12 qac.)
cpe~a O3HaKo~u1eRHe r-Ha ulepMaHa c MOCKBOL

7 Hio.iu~ floCeigeHlle H~I4OCfl, CorJIaCoBaHI1e x no~n~—
~e~~epr cam~e flpo~oxo~na.

CBodo~ Ioe BpeM~i.

8 mo.n~ BWIeT r-Ha IilepMaHa B r.ToxHo.
flRTH11L~ (Bper~w pe~ca yTo~4HBeTcH)

—2—
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HniL1T o~:wme 2

CIIIICOIC
y’~acTrnn(oB ~c~pe~ OP coBerc}CoI~ CTO~0H~

I. JIOPXAEB r .B. — Hpo~ecco~ , 35r.lecTwreJrb flpe,i~ceji~ap ej isj
CoBeTcKo1~ ‘4acTII COBM~CTHO~ CCCP—CIiIAPado~e~k I’pyiini~ 10.05.

2. I~3i~1A~JIOB LH. — Hpe,i~ce~a~e.ni roccTpoH A3epOaik,i~ a1-tcKo~ CCP.
3. ArAIYCET&IOW P. R. - SaMeCTHTeJLb flp e.n~cej~a~e.iui rocc’rpoR A3ep-

Oa~~~ca!1cxoi~ CCP.
4. J~WCAEEK0B ~.3. — Mpewrop A3epöai~~~aHcKoro HIII4CIA ~i~ .JLaj ~a-

weBa.

5. AJII’tEIB F.A. — 3aBe nou~~ JIa~onaTopMe~1 A3. HJ’B1C A iu~i..fl~a,n~a1ueBa

6. P3AEB C.A. Ha~ari tx rJlal3oaxcTpog

7. A~AEAB~IH Li’. — I1pe~cei~a~ e.in rocc~po~ Apr~u1HcKofk CC?.
8, BAJI.AJIHII P.A. - )i.MpeKTop ApMHi4I4CA.

9 . XA’~IMf1H 3.E . — 3aBeny1oigFt~ ~iaOopaTop~•~e~t Api~iHMi4CA.

10. APYTKE~IH P.H . - 3aBej~yIowFt~t JraOopa’ropHei~ Apr~iHMJ4CA.
II. TEP—CTEfIAB~TR rJ1. — 3a13eniy1onz~~ JIaOopaTopFtei~~1’1HcT14TyTa rewio-

rrn~ All Ap~~CP
12. W’1I.U1IIIBFIJII4 iLH. — Hpe,r~ce.gaTe.1rb Tocc~poii I’py3FmCKO~k COP .
13. KYTATFJIA.fl3E T.K. — 3a~ ec~wre~ii Hpe~ce~a~e~nsi roccTpoH

I’py31n{CKO~ CC?.

14. ‘4KYACEJI14 H.H. — 3aBe~tyioIi~F1~k oT~eJIoM roccTpo~ Tpy3~ icKoii CCP

15. )~IAI~’A IIi .A. — 3a~ ecni~re.im ~u.FtpeKTopa HCri1i~C All I’py3CCP

16. KAPECFJB4JI,3E H.E. - 3aw - “TI4TeJTh .Iu(pexTopa I”py3}1141431’C

I? . rOI’WIAJI3E r .ii. — Halia.TIiHmc ~pec~a ~Iuhi cTpOH I’py3CCP.

18. JIIIHTBAPOB O.K. — 3aMec’rwreJr~ flpei~ce.ga~e~~ rocc~posiMo.n.n~aBCxoik CC?
19. UMI1KO n..r . — rJIaBHu~i ii~~ e~ ep I~HCTMT~ T~ “i.1o~i,gr~ irp oc~ poi1”

20. c~441llEP H .C. — Haqa~n,rntx TexllFrqec}coro OT,I1~eJ1a 14HCTWF~T~“M0JTJJ,rl4npocTpoit”
21. TAPAHOB B.r . - 3aBe oigi~4 3xcnep 1tMeHTaJmHo~4 cTaH wieii

L }[MOCH, r.KnwlaleB.
22. CAAOBCKM~ A.B. — CexpeTapB COBeTCKO~ ~8.CTM cMewamioi~

V CCCP—CIiIA PacSo~ie~t Ppyn rmi 10.05.
23 BAC~4JLgB C K M h A A  : CTap11F~ t 11H~ PHep P~~0CH


