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SPECIALTY SESSION 5

DEIGN OF EARTH AND ROCKFILL DAHS

Chairman: V. S. niristov (USSR), Vice-Chairman: E. G. Geri ev
(USSR)

Partici pants :

Chairman Prof. Eristov V.S.
Ladiessnd Gentlemen!Dear colleagues andcomrades! '

First of all let me greet you at our' spe­
cial section- No.3. Before starting our ses­
sion, I request all those present to stand
in memory of our colleague,who has passed
away prematurely, I mean the immediate past­
president of our specialty session, one of
the outstanding specialists in the field of
design and construction of earth and rooldill
dams, a member of the Soviet association in
soil mechanics and foundation engineering,
professor A.A.N1chiporovich. It is a tragicloss for the Soviet Science.
(Members of the Conference stood for a few
moments).
m8Dk yO\-leThe activities of our section will be de­
voted to calculations and investigations ofthe earthfill and rookzfill dans. Unfortunate­
ly we are lack of ti.me,though 'we have two
and a half hours and we must use it as much
fruitful as possible.

You are aware of the fact that construction
of the dams of this type develops intensivelyall over the world,the possibilities for the­
ir erection in different geological conditi­
ons are great, and therefore they become the
most economical ln comparison with all typesof concrete dams. ­

This explains the fact that 90 percent of
all the dams constructed in the USA for the
dlist years are either earthfill or rockfillms with clayey cores and blankets, in Canada
this percent equals to 67.

In the USSR more than one hundred and fifty
dams of this type,more than 25m h1gh,have
been constructed or under construction now
includixg such dams as recently constructed
or being constructed the Viljui dams 75m high
the Sion- 86 m high, the Medeo, 115m high,
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the Kolymsk dam, 150m high, the Charval: dam,
168 m high and the hi%est in the world theNurek dam more than 5 m high.`The Soviet
Union designedand participated in the con­
struction of the High Aswan Dam on the Nile,
lllm high. Recently, :l.n the USSR the Hydro­
project Institute finished designing the Ro­
gun dam on the Valchsh River, the height of
this dam will be 525 m.

The height of the earth and rcclcfill dams
ccnstructed to-day in different countries of
the world are also rather great,e.g.the
Messaure dam in Sweden, 100m high, the Mibo­
ro in Japan, 125m high, the Serr-Ponson :Ln
France, 150m high, the Madmountain dam in USA,
I 130 m high, the Infiernillo in Mexico, 148m
high, the Gepathh in Austria 153m high, the
Gesheneralp in Switzeland, 156 m high and one
of the highest dams in the world, the Orovil­
le dam, in the USA 224 m high and Mika-Creek
in Canada, 255 m high.

Therefore, at the construction of such type
of dams and of a comparatively low heightsno difficulties of e theoretical character
have been arosed before but to*day the hei­
ghts and heads are so big and the volumes
amount to dozens of millions ou.m. very se­
rious and important problems arise, many of
them have not been solved yet. The right so­
lution of them is an extremely important mat­
ter for the modern dam construction and here
we stumble upon the problem of the soil me­
chanics. To this we refer the following:
l. Calculations of dams stability and its

parts with regard to the pore water pres­
sure in the clayey cores and blankets of
the roclcfill dams and in the body of the
homogeneous dams.

2. Analysis of consolidation of the clayescores and blankets.
5. Determination of strain-s trees condition

of the dams and their subsidence.



4. Revealing the relationships of the inter­
action of the cores and blankets of the dems
with the shells.

5. Measures to prevent from cracking inthe cores and blankets.
6. Filtration calculations taking intoconsideration crack formation in the cores

and the impermeability of them.7. Methods of conso idating the cores,
screens and shells in the process of erec­
ting them.

B. Seismic effect influence on the stress
and strain condition of the dams and their
stability.

9. Methods of determining the strength and
deformation characteristics of materials for
oores,blankets and nlprap.

In connection with these problems it is
necessary to carry out a wide range of soi­
entific studies both theoretical and e peri­
mental, including the field studies in the
process of dam construction and after it and
cogrelatipn oi the results of the analysisan exper men s.

In the Soviet Union due to the great pros­
pects of the hydraulic structures construc­
tion including in the seismic areas much at­
tention is paid to these questions.A number of scientific and research cent­

res are busy to solve these problems,among
them: the Hydroproject Institute named after
gcademicignaghuck, tgzmgyirotgognical Insti­ute name er aca c an e eneyev, n
Leningrad,the Institute "Vodgeo" in Moscow,
the Moscow Engineering Institute named af­
ter V.V.Kuibishev, Georgian Scientific and
research Gruzniiges in ilisi and others;Very important is the exchange of exper en­ce on an international scale and scientific
cooperation of all countries. And the acti­
vities of our section of the VIII-th Congressare devoted to this task.

A whole number of rather interesting and
important reports have been sent to the sec­retariate of our section on the above men­
tioned subjeot from the scientists of diffe­
rent countries, altogether there are twenty
three reports, including one report from
Australia, one- arg: Great Britain? four-fromn a, one- rom e co, ree- rom o an ,
one-from Purtugal one-from Roumania,two-from
France, one-from éhcckoslovakia, one-from
Sweden, one-from Japan and seven reportafrom
the USSR. Four contributions of Soviet spe­
cialists have been already published in theCollection in russian.. A l contributions
gill beipubliigeg in the Conference Procee­ngs n eng s .

Some of the authors of these reports will
report here the results of their investiga­
tions aud uaeir points of view. In a freeMmmnmwem£luwmytmemuhMe
of the job we do and shall exchange our opi­
nions.

The acquaintance with the received papers
demonstrates that they all are a valuable
contriggtion in our science and improve ourknow 6 9|

They show specifically that in order to
perform calculations on the stress-and-strain

cnnditicn of the dams the method of finite
elements with the use of computers has found
a wide use in many countries-such are the
reports of Eng.Toshikatsu Khwamota,Tetsura
Nivam, Tamonabu Miyabuta (Japan), of Dr.Kat­
ti and Sandram (India), Eng. Dolezalcfa
(Chechoslovakia), Eng. Constantinesku (Roma­
nia). Eng.Hahib, Luon , Nguygn (France) eng.
Penman (Great Britain? M. . sskascv, Vitten­berg and others (USSR , in which the non­
linear-elastio-plasticity problem is being
solved.

The major part of these reports is devo­ted to correlation of the results of model
and ilelds tests with me design ones.It is evident that the method cf finite
elements permits to consider all the neces­
sary initial data and good correlation with
the experimental data end a sufficient accu­
racy of the tasks solution is obtained.

A number of reports deals will the influ­
ence of pore water pressure on dam stability­
ropcrts cf engineers Mr.Dupa, Pari and Londe
(France) and D.S.I.Fyodorova, Eng.Dergachova
and M.S.Alipova (USSR). The engineer Ally­
stein from Mexico proposed a new method of
calculation of dam subsidence, the engineer
Koloscv M. (USSR) proposed a method of cal­
culation of the upstream shell deformation
and compared it with the results of field
observations.

M.S.KrEzhanovsky A. and Eng.Chevikin A.,Pikus Y. .and Pashenkc M. (USSR) analyse
the influence of deformation behaviour per­
ouliarities of the soils upon the stress-and­
strain condition of dams using the means
of the non-linear rock mechanics,eng.Ryshen­
ko A. (USSR) reports on the influe ce d
stress condition of grnvely soils upon the
angle of internal friction. The soviet spe­
cialists, M.S.Vutse1 V. and Eng.Sherbina V.
investigated cracking in the cure of a rock­
fill dam by a method of centrifugal model­
lj-Qc

A number of reports contains interesting
data of the field survey on the behaviour
of the dams and banks-eng.Msrane de Neves
and Guedes de Melo (Purt al), Dr.liedler
and eng.Nencewisc (Poland).

The reports of e . amamurti, Kanikshar,
Prokaah and Chav1an?India) and eng.KoganP.
and Zalezhnev Yu. (USSR) contains the data
on the behaviour of grained and coarse deb­
ris rocks at.low and high squeesing pressu­
res and eng. Tanikichalam and Saktivadavely
(India) present the method of calculation offthe transition zones.

At last in the reports of the Indian en­
gineers Shamshera Prakash, Handkumaran and
others the problem of seismicity influence
upon the stability of the slopes of earth­
fill dams is looked upon and a method of
model dynamic studies on vibroplatforms is
being proposed.

The problems of dynamic effects on the
dams have been already touched upon in the
above mentioned report of M.S.Resskasov L.
Vittenberg and others (USSR). As it is seen
from my breaf review all Une reports answer
the subject of our section and are of a
certain interest.

VPN'



I am sure that all the participants in the
discussion will also introduce much new and
interesting and that the activities of our
section will be quite fruitful and useful
for all the participants and specialists,
dealing with designing,investigation andconstruction of earth and rockfill dams.

In conclusion I implore my dear colleaguesto be stick to the time-limit during their
speeches. The time-limit has been fixed by
the organizing committee as the following:
7 minutes for the first fixed reports and 5minutes for the speeches in the free discus­
sion. In compliance with the instructions of
the organizing committee I am obliged to fol­
low the way the time-limit is kept to.
Thank You.

Now I pass the word to Vice-Chairman Mr.
Rasskazcv.

M.S.Rasskazov L.N. Vice-Chairman

Dear Chairman! Ladies and Gentlemsn,Comrades!
The activities of our section are devoted

to a rather narrow problem to be considered
at the Congress but very wide at the detailed
consideration of it. Essentially this is the
question that is closely connected with all
the fundamental problems of soil mechanics.

The fact that this problem is being consi­
dered at a special section of the Congress
speaks about its urgency and prospects.

To-day we must state that the numerical
methods of calculations of stress displace­
ments and stability of the dams are widely
applied at dam designing from the building
materials and various approaches for solving
the tasks are being used: method of finite
differences, and of variational-differences;
and a method of finite elements, which is mo­
re widely spread compared to other methods
here we must express our gratitude to those
who have worked it out and introduced, i.e.
to Mr. Argiris, Zinkevich and Cheng,C1ough,
Shorpa, Resin and to others.

At present there is a great number of stu­
dies on the improvement of the method of fi­
nite elements, i.e. on the increase of cal­
culations accuracy, etc. These studies are
very valuable but we should not forget thatall the above mentioned methods- methods of
linear theory of elasticity and their appli­
cation in its pure aspect for the soil struc­tures is deahz-with rather sericus`a1lowances.

It is necessary to remark that there are
some papers in which these methods are app­
lied for solving non-linear tasks by itera­
tion way introducing variable values of
Young's modulus and Poisson's factor regar­
ding dam construction in stages but the sol­
ving procedure is rather complicated and the­
refore it has not been so widely spread.

To-day the solution of non-linear plasti­
city tasks by other methods is very important
and it has nothing to do with the concept of
linear theory of elasticity. In this respect
a method proposed by Prof.Chernousko and de­
veloped by his collegues, the method of lo­
cal variations that can be applied couples

wiitx the method of finite elements. This
method is less responsive to a character of
stress-and-strain correlations. Its new ap­
plication puts new tasks before soil mecha­n cs:

l. it is required to establish relation
between stress and strain, but it is not
necessary to apply the deformation theory of
plasticity but to use the associated law offlow recording the function of loading de­
pending on the way of loading in a general
case, that makes the application of this me­
thod ver complicated and very difficult to
establish relationships between the incre­
ments of stress and strain from the experi­
ments;

2. passing from stresses to stability it
is required to chose the condition of
strength. Classic strength conditions
(Mohr-Kulcne, Mizesa-Botkin etc) applied tosoil do not take into account the effect of
Lode parameters and modes loading that is
extremely important.

Here we may use Mizess-Botkin's condition
but in its ma:Ln‘ aspect. The condition cf
strength is necessary not only for establi­
shing stability factor but as an indicator
showing soil state; before limit state or
ultimate state when the theory of plastic
for comes into force;

5. complex state of stress of soil in a
structure changes with the structure growingup and the sci may be variably loaded or un­
loaded in the points under review. And if we
do not apply the associated law of flow then
firstly, tne indicator showing the loading
condition in a given points is required
(straini energy increment may serve as an
indicatog§, secondly, it is necessary to knowthe correlation between stress and strains at
the unloading (that may be linear in the first
proximity), thirdly,at the repeated loading
we must know when we must come back 'to an
initial branch of loading from the linear
correlation and possibly a coefficient of
material condition at the beginning of loa­
ding of (Mizes-Botkin's theory in its pure
aspect may serve as an indicator).

All those problems are to be solved by
soil mechanics and we should not forget that
we meant conventional-instantaneous deforma­
tions but there are also questions of cree­
ping of different soils (including coarse
debris) under a complex state of stress.

Prof. Lomize G. and his colleagues develop
these problems experimentally. We must beaware of the fact that the task solution in
this field has not been presented at thesection.

Majority of the authors used the method of
finite elements very often in its pure aspect
and it might be of an lnterest especiallyin the paper Kawamcto etc.
(Japan) who correlated the calculations (non­linear task) and model studies and revealed
that at the approximation of soil condition
to the ultimate condition in a model the dif­
ference between the results of analysis andthe data of the model tests becomes inadmit­
tably great; the paper gives an explanation
to this phenomenon that the deformations of



soil sample investigated in a three-anal
device at the compression are being given up,
when values E and a are determined. The ex­
planation is connected with the above stated.

Coming to dam stability inve_stigation due
to seismicity it is necessary to remark that
the essential progress that may be observedin this field is also thanks to the method!
of finite elements.

To-day we already may successfully find
the proper values and proper vectors, pulsa­
tion of stresses in different points of the
dam, etc. but coupled with this, many new
problems have been found:

l. first of all choice of design accele­rogram; _. transiticn from stress pulsation to re­
sidual displacements and dam stability,

5. determination of design characteristicsand first of all of the coefficient of dec­rement :|.n the soils. ­
Accelercgram recorded during various earth­

quakes during the most unfavourable one a
structure is taken as a" design one.

Now we must learn how to p ot a designsynthetic accelerogram to meet the geo cgi­cal and seismic conditions of the damsite.
In "Vodgeo" the transition from stress pul­
satlon to residual displacements is performed
by applying the combination design-experiment
design. So, for the dam of pebble material
and with the inclined core 150 m high, we
might expect the residual displacements
equalling to &»20 cm due to the influence of
9 degree earthquake. The idea lies in the
fact of stress pulsaticn that have been found
from seismic analysis and new values of the
!oung's modulus and Polsson's coefficient is
applied to a soil sample.. ?arther static cal­
culations uske possible to'reveal the resi­
dual displacements.

In this respect the progress may be obtai­
ned in case of soil behaviour study with
time, when soil is in its limit coalitions as
it has been proposed by Lyatkher V.ll., Didukh
V.I. As a whole it may be stated that as
present we afford the sufficiently reliable
method of dam analysis for the seismic effect
that certainly needs to be improved. Compa­
rison of the analysis results with the model
tests data due to ssl smic effect showed a
good correlation.In conclusion I would like to note that tm
to-day's methods of analyhsis have_ left ba­hind the studies of sci properties and
therefore a great sphere of action opened
before soil mechanics on a qualitatively new
basis. Thank you!
chaiman Eristov V.S.
'Thankcigu Mr.Rasskazov. The next will beVice- iman llr. Gaziev

Erast G. Gaziev, Vic e-Chailman
Mr. Chairman,Dist1nguished Delegates,

I would like to say a few words about the ba­
sic aspects of the design and investigationsof earth and rock-fill dams.

lately wide mechanization of construction
works, development and use of highly effi­

cient machinery and mechanisms has createdfavourable conditions for the construction
of large earth and rock-fill dams involving
considerable volume of earth moving opera­
tions. One can trace a distinct tendency of
increase of the structures' height which
requires special responsability on its de­
siga study and construction.blems that are facing designers embrace
practically all fields of the soil mechanics,
but one should select the most important
problems solving which are of primary prac­tical use for the construction as a whole.

Especially it is important for our today
discussion taking into account very limited
time at our disposal.

Static and filtration stability of thestructure and forecast of settlements are
the basic engineering problems arising when
desilga and construction of the earth mdroc ill dams are being worked out:

In solving these problems numerical methods
of calculation find at gn-esent wide applica­
tion, and in particular the Finite Element
llethod which provides new unlimited possibi­
lities for engineering calculations. However
by using analytical methods for analysis of
the earth and, especially rod:-fill dame
one should' clearly appreciate the behaviour
of the material undor conditions of incipientfailure but to achieve this end one should
have possibility to track down dynamics of
transition to the incipient failure conditi­
ons wlth due regard for consol:Ldat:l.cn,rheo­logical propert es md methods of dam const­
ruction mean while the consideration of all
these factors makes calculations complicated
thus limiting the possibilities of practi­
cally using these calculations.

Therefore alongside wlth thc development
of new methods of calculetic-n and improve­
ment of the existing methods, simplified ex­
perimental and analytical relationships which
will permit securing reliable results at mi
nimum cost should be created.

But in all cases one should clearly see
the limits within which a method of calcula­tion can be applied. I

Since behaviour of the structure under
load is the main criteria in assessment of
the structure behaviour which enables cor­
rections of the theoretical assumption to be
checked, particular emghasize should be putnn the field in-situ o servations of built
d~amO

Wstematizaticn, _digesting and interpreta­tion of results of the in-situ observations
help to apprehand the basic laws and proces­
ses occuring in the dam bodg.I hope these issues will e reflected in
tcdav's discussion.

Another rather interesting and promisin
problem is a search for new types cf eartgand rock-fill dams as well as for new me­thods of amen-nation. ' »

The Soviet Union has interesting experience
in development and application of pin point
blasts to create dams in narrow gorges.

One of these dame, built in Medeo, saved
last mmth the city of Alma-Ata, blocking
13; gtivggrdful and most destructive rccky-wa­



Development of methods of creating groutcurtains in rock fills undertaken in France,
presents a great interest as applied to the
above said dams.

Particular attention should be given to an
effective method of reinforcing the earth
fills which makes it possible to built
earth structures, that is structures of rein­
forced earth, of a contracted section with
vertical slopes.

Recently such structures have been built
in France, Italy, Germany, USA, Canada and
other countries. In november 1972 Vallcn de
Bim Dam made of reinforced earth was comp­
leted in France. The dam is 10m hight with
water spilling over the dam crest. At present
a design is in progress for a dam of 40 m
hight..

It would be of interest to hear today about
new ideas and trends in this field.

Should we be able to touch on and discuss
even a part of the presented problems oursession will be fruitful and interesting for
all the participants. Thank you.
Va so Eri stov.
Thank you Mr. Gaziev. Mr.#ilsou will you in­
troduce your contribution

Stanley D.Wilson (USA)
STATEMENT OF PROBLEM

Analytical techniques used to predict
the ground response of a dam under earthquake
loading conditions require the determination
and use of the dynamic properties of the
embankment materials and underlying soils.

In situ measurement techniques presently
in use induce strains significantly smaller
than those produced by earthquakes in the
strong motion region, while conventional
laboratory tests are performed at strains
either higher or lower than those produced
by strong motion earthquake shaking. This
discussion describes apparatus now under
development for an in situ test procedure to
determine the shear modulus at depth at
strains equal to or approaching those in the
strong motion earthquake range.
APPROACH TO PROBLEM

A cross-hole procedure utilizing an
impulsive energy source is used. The signal
generating system consists of an in-hole
anchor and striker assembly which imparts an
impulse shearing energy to the soil.The anchor is raised and lowered into
the borehole by a tripod and rope shown in
Fig. 1.

~The objective is to generate a clear
repeatable shear signal in'a borehole, and
to measure in closely-spaced adjacent holes
the propagation velocity of the signal and
the maximum particle velocity. From these
determinations, it is then theoretically
possible to calculate both the shear modulus
and the corresponding strain level.
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Fig, 1 Soil Anchor and Tripod

ANCHOR AND STRIKER ASSEMBLY

Shear energy is transmitted to the soil
by striking with various drop weights an
anchor system, which is expanded tightly
against the walls of the borehole. Theanchor is seen in Fig. 1.

By changing the weight and the h€1QhC
of drop of the striker at a given test
depth, the strain levels at which measure­ments of shear velocity are obtained, can
be varied.

Various striking pads ranging from wood
to various combinations of steel springs
are used between the striker and the anchor
to encourage a near elastic impact and thus
a more controlled energy output.
SENSING AND RECORDING EQUIPMENT

In each borehole, one velocity transducer
is used to measure the velocity/time history
in the vertical direction. Each transducer
attached to a holder is lowered into the
borehole wall. An air-inflated sensor
holder is used to couple the sensor to the
sides of the borehole.

Typical data obtained in 3 holes at
about 5-foot spacing are shown in Fig- 2­
The distance between each vertical line
represents 5 ms of time. The velocity of the
shear wave is about_l000 fps and the shearstrain about 5 x 10 E.



Fig. 2 Typical Soil Velocity Data

Chairman Prof. V.S.Erist;ev
Thank you very much Hr. llilson. for ourcontri utior.. The next will be Mr.Ur-lol

A. 0.U1'ie1 (Spain)

The possibility of cracking in the clay cc­
re of an earth-rock dam may be analysed by
mans of the Finite Element Method. In par­
ticular, solutions are available in the tech­
nical literature in which the possibility
of generation of vertical tension crooks in
the vicinity of the abutments, as a conse­quence of t eir steepness, is investigated.
But, at least as far as I know, clay is as­
sumed to be isotropic and elastic, which may
be greatly in error and may lead to conclu­sions on the unsafe side. .
In the situation of full reservoir, the

state of stresses and_strains in the exten­
sion zones of the core (F1g.l) is mainly
governed by a compression in the "x" and "z"
directions, and an extension (in terms of
strains rather than stresses) in the ui" di­rection. Due to the fact that the mod us
of elasticity in the direction of the applied
compressions and in the direction of the ex­
tension should not be the same,the clay beha­
ves anisctropically. In the last Internatio­
nal Congress on Large Dams, held in Madridin June Prof. De Me lo showed the results of
carefully conducted tests which confirm that
the elasticity mcduli of a clay in extension
and in compression are different.

Let us assume that the induced anisotropy
is of the transverse type,with its axis ofsymmetry in the direct on of the extension.
In zhis oaseE'there are'five egasfig cons;tans(Ex, y,{v|xxMx_yan lq,an
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two min parameters can be defined to exp­
ress the degree of anisotropy, n'=E'x/E'
and r'=(l-M111 -MQ?)/<n'-2N§;,). The rugs
one is the ratio of the elasticity modulus
in the compression direction to the exten­
sion direction. The second one is the comp­ressihility ratio under uniaxial stress in
the principal directions.

Cracking is a comple phenomenon associa­
ted with an increase in volume, which pro­
duces a loss of cohesion. So, if the volume
of soil remains unchanged during the defor­
mation process or, even, decreases, crackingwill not take place.

ExTENs\oN ZONE\' |
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(b)

F IG. I
The expression for the decreaselin volume

due to the oompressions6‘x and 6 Z and the
extension E7 iss:_ I _ 2 /
a -55 t_ff-_f;‘l"_!.¢ Z", HZGLLQQ*s” oc ' ""' " "I I' I ' _ n E I-I-(n -2 )E s1”

“"'f»v"E“§:'°*-1"
The elastic parameters cannot take any ar­bitrary values, but there is a limit to their

variation as a result of the strain energy
which must be positive. Some of tue restric­tions are:



(n|_nlH&x.2 Mix?) } 0E' 0
N50

Besides, ¢;'x,> 0, s"z>0 and €y<o, by
definition. Should the term (n'-294' ) be
negative, the volume change will ben posi­
tive, :Ln other words, volume decreases. This
is equivalent to r'¢ 0.5, corresponding tothose soils which dilate under un axial comp­ression in the "y" direction. 5

The worst conditions are in the crest,
where <5"x and6'z are zero and E y reaches
its maximum value. The expression for the vo­lum change reduces to:

_ D'-201'
af -T-£~ .5 I

If a certain amount of increase in volu­
me "a" can be allowed without generation
of cracks, the condition for no cracking
will be: ' Ill -294

/\ = _.__.._..lC7 5 _.L_n' Iéyl
The criterion' for cracking has been gra­

phically represented in Fig. 2. The parabola
An' A C" 5_, 'ey' ;­,  2

2 ~ § $5/
I 1 I - 7, A n'

li $ '*/ESS] NO cnAcK|Nc
n__u_§ /_/ ,L A `

2/C l,® :`\vo|_uMs oecnsnsss, , y ' A* /-3 -2 -I °' i é 5 ,Q
CRACKING POTENTIAL IN TERMS OF THE ELASTIC
PARAMETERS

is the limit to the variation of the Barome­ters n' and M' . All those soils wit the
same value of X7 the parameter ,\ are rep­
resented by a straight line passing throughpoint B. Below the ine/\ =0, there is adecrease in vollme. Between this Line and
the line ,\ =a/ Ii | , there is an increasein volume, but les; than allowed. so, for
those clays lying in the shaded area,cracking
under the conditions mentioned is not pos­
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sible.
If isotropy is assmed in a Finite Element

analysis, then n' :Ls equal to one. Taking a
common value of 0.5 for the Poisson's ratio

‘the parameteré is equal to 0.4. In this
cgase, th; con tion for no cracking isA 2. a.5, _

But really, n' is several times greater
than one, and with la realistic value of thePoisscn's ratio M , the parameter /\
approaches unity. my The limitation :tbr the
maximum strain 5 for no cracking :Ls thenrestricted to E Q a.

In conclusion! the induced anisotropy of
the clay of an impervious core must be taken
into account when analysing the possibility
of cracking. Otherwise, safety against gene­ration of tension cracks is not warranted.
Chairman V.S.Eristov.
Thank you Hr. Uriel. Prof.Lowe. will you
please

John Lowe ,]1I(USA)

Consolidated Undrainecl Tests on Coarse
Grained Core Material

I wish to .bring to the attention of the
Congress what I believe are tm first conso­
lidated undrained 'R' type triazclal tests
performed on large diameter specimens. These
are tests performed during the last severalyears on the core materia for Tarbela Dam,Pakistan.

The core for Tarbela Dam is inclined
upstream and connects with an upstream imper­
vious blanket as shown in Figure 1. The great
depth of alluvium in the foundation of the
dam, up to 200m, precluded the use of a po­sitive cut-off to bedrock.

The core material consists of a blend of
sand,gravel and cobbles with sandy silt.
The grain size of the blended 'material is
shown in Figure 2.The maximum size of par­
ticle in the blend is 15 cm. The average
percentage passing the No.200 sieve is 50%.

Tests were performed on specimens 0.61m
in diameter and 1.52m in height. A photograph
of Ta _specimen after test is shown in Figure 5Three triaxial machines were available for
testing. Chamber pressures up to 55 atmosphe­
res could be used. Generally back pressures
of 7 atmospheres were used during consolida­
ted undrained testing.

The pore pressure and deviator stress mea­
surements made during three tests are shown
on Figure.42 Test l had a chamber pressure
of 50 lb/&n . Test _2,60 lb/in2 and test 5,105 lb/in . Negative pore pressure developed
in Test 1 and positive pore pressures in
Tests 2 and 5. The deviator stress reached a
maximum va lue at 5% strain and experienced
only slight increase, if any,until 16% strain.The Mohr envelopes for total normal stres­
ses above back-pressure and effective normal
stresses are shown in Figure 5. The envelope
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of the effective stress circles passes throuzh I
the origin and gives _an effective anglewof 59°. 5°
Only slight degradation of the material tooki EPlace during compaction and testing as shown _ 4° _ s ,-_AAon__I-‘igure 6. ... G

'rests with 20% and 40% passing the No.200 S
sieve were performed also. In addition, tri- 2 3°
axial tests were performed on 'as compacted' §

specimens unsaturated, unconsolidated un- Qdrained or 'Q' tests as well as consolidated aodrained 's' tests. ­Progress photographs of the constrmtion 2of the Tarbela embankment dam are shown in I0
Figure 7 through ll. The view is from the
right abutment look.1.ng toward the left.

Although about only 80% complete, Tarbela °Dam is now the largest dam in the lorld. ""-fr-1> - .L.s
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Chairman V.S.Erietov
Thank you Prof. Lowe. The next will be Hum
Comsa from Romania

Comes, R.B. (Romania)

Dans une discussion publiee dans cette session specials nous avons souligne l'util1te de
l‘emploi des coefficients non-dimensionaux,calcules sur un modele d'elements finis, pour
l'analyse et ls ganeralisation des resultats des mesures de deplacement.

Les deplacements peuvent etre etprimes a l'a1de des coefficients non-dimensionaux utili­sant des schemas oorespondantes a charges appliquees (Figure 1.)

DUWNG THE DAM CONSTRUCNON
DEPLACEMENT5 PENDANT LA CONSTRUCHON41. 2a'&’

O Q_J g _--__­ uf?-c,
¢J

55 o|s|>|_AcEnsNrs AFTHER me_oAr1 cousmucnou
QE oemcenzurs Annes* UEXECUTION

_{.,-H* AE
“~°T°m'°b

I-NDROSTATICAL LOAD
PRESSION HIDQOSTATIQUE

UFEL. Qc
E E-AE

fb H2 AE/Q 12/f.
“T °a*mq°°b *YQQ

Fig.l

Par le suite on presenters deux ekemples d'app1ication de cette tehnique de calcul de
deplacements.

Dans le premier exemple (Figure 2) les deplacemente mesures au niveau de la fondation par
Kazda, 1971, ont ete utilises pour le calcul de module d‘elnsticite de la fondation. Le
rapport, n, entre les modules de la fondation et du barrage a ete obtenu a partir du rapport
entre le deplecement maximal dans le barrage et le deplacement de la fondntion.

Les deplacements rheologiques (la difference entre les mesures faites a le fin de la
construction du barrage et celles faites quelques mois apres) on ete equivales a une reduc­
tion du module d'elasticite en temps.

On a interprets, dana le deuxiem example (Figure 5), les mesures de deplacements du talus
amonte de barrage de Salt Springs (Steele, Cooke, 1958). La position du maximum des valeurs
mesureas a servi a etablir le rapport n, et per le meme le module d'elasticite du barrage.Les calculs faites a l'aide de la metode des elements finis, en utillsant cettes caracteris­
tiques, relevent une tres bonne coincidence avec les mesures, tant pour in temps court que
pour une longue periode de temps.
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®Bi1l&B Vo SaEI‘iBt°v
Thank you Mr.Comsa.lrs.Lipcvetskaya will '
you please

T.F.Lipcvetskaya (USSR)

Presented are the results of the investiga­
tions carried out by a group of scientists
at the B.E.Vedeneev All-Union Researdm Inst­
itute o Hydraul1c.Engineering for the impo­
undment of the cooling pond of the Uglegorsk
thermal power plant. The earth dam of the Ug­
legcrsk thermal power plant is a uniform
earth fill embankment of loam constructed bia la er-by-layer technique. The length of t e
dam is 2.6 km, its maximum height 52m, the
crest width llm, the slope angle l:5. The
downstream shoulder of the dam contains
a flat drainage zone connected to a drainage
shell. The dam foundation is composed of
quaternary deposits overlying the sedimentary
bed rock o the Early Permian formation. The
weakest alluvial deposits are loam layers 4
and 5 with consistencies ranging from liquid­
plastic to solid-plastic. Their maximum lay­er thickness is about l2m.

Fr m the engineering geological examination
the shearing resistance of loam in layers 4
and 5 is characterized by the internal fric­
tion angle :P = 19-20° and the unit cohesion
C= 0.20 kSf/cm2. Based on the above paramet­
ers a dam was designed of a reduced cross­
secticn incorporating a drainage shell in its
downstream shoulder.

However after stripping the upper layers
of the foundation pit the loam in layers 4
and 5 in the channel section proved to be
moist, unconsolidated and nearly impermeable,which would make erection of the earth embank­
ment impossible. The following characteris­
tics were obtained by in situ laboratory tests
of the.loam: moisture content up to 45%, unit
weight 1.48 t/m5, saturation coefficient near
to unity and consistence ranging from liquidto plastic. The shearing res stance of un­
disturbed loam was obtained from tests in a
she ring apparatus by the quicg shear method
( ]f=§°-70, C=0.$9-0.40 kgf/cm for w=25-30%and 3f=l.47 g/c ) in a triaxial compression
apparatus of 3 closed type ( jP=0, 3
0=0.2O kgf/cm for w=29% and gf=l.49g/cm ).Slope stability calculations or the above
characteristics of the slope stability reve­
aled that the safety coefficient for the
dam was well below untty.

Experiment also showed that consolidation
in the dam foundation would be rather slow
and consequently the stability of the dam
by the moment of its completion would be
inadequate.

To improve the stability of the dam one had
either to flatten the slopes or to providefor accelerated consolidation of the founda­
tion soil, as was the case with the Sauri
dam in Japan where the foundation was pier­
ced by a thousand sand piles. All these mea­sures would have led tc a considerable inc­
rease in construction costs,
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Fortunately an additional engineering ge­
ological survey revealed the presence ct
sandy and loam lenses in layers 4 and 5
facilitating seepage. Thus it was decided
to construct a dam with a reduced cross
section. Observations on the consolidation
of the foundation soil were undertaken to
assess the state of the soil nd the dam
stability at different stages of construc­
tion. In 1971-1972 when the dam was erected
to a neight of l5m _56 holes were bored in
two measuring section in the channel zone
of the dam to install 15 precison piezommh
ters and 36 piezcdynamo eters and to take
soil samples from the embankment and the fc­
undation. Testing of samples taken duringthe construction stage showed that due to
the effect of the weight of the alreadyconstructed section of the dam the sci s in
the foundation was compacted to a certain
extent and their shear resistance increasml
The average moisture content cf the soil
decreased to 24%. The dry weigh of soil
increased up to 1.57 g/cm5.

According to a quick shear tests,the 'she­
aring resistance of soil in layE§s 4 and 5was jP=l5° and C= 0.2-0.5 kgf/c , respecti­
valy. The triaxial tests showed the values=5° and C=0.5 kg/om2. As the conditions
of the consolidation of soil under the up­
stream and downstream dam shoulders were
different because of the plane drainage un­
der the downstream fill, different values of
strength characteristics of layers 4 and 5
were adopted in the stability calculations
of the upstream and the downstream fill of
the dam, higher values being adopted for the
downstream portion.

The slope-stabiligg was calculated by theinclined force meth of R.R.Chugaev and bythe general method of A.L.Mczhevitinov.
Calculation results have shown that for the
upstream slope of the dam KB=l.40-l¢44 and for
the downstream KB=l.22-1.51, with the stan­
dard msrgin of safety KS= 1.50. The analy­sis, design procedures and in situ inves­
tigations of the earth dam in complex engi­
neering-geological conditions have proved
that dams with a reduced cross-section can
be constructed without special measures
for speeding-up the consolidation of the
foundation soil.
Chairman V.S.Eristov.
Thank you Mrs.Lipovetskaya for your contri­
bution. Now I pass the word to Mr.Habib
P.Habib (France )

Apres la premiere mise en eau d'un barrage
en terra homogene, on voit parfcis apparait­re des fissures. Ces desordres exterieurs
sont faciles a surveiller mais il peut s'en
prcduire dans le corps de l'ouvrage dans des
zones cu l'cbservation est pratiquement im­
possible. Dans certains cas ce henomene peuts'expliquer par le macanisme sufvants lors
de la construction le barrage tasse sous 1'ac
tion du poids prcpre; lorsque les infiltra­
tions d'eau envahissent le barrage les parti­
gs humides deviennent plus compressibles et,assent a nouveau sous l'effct du oids ro
re. On peut dcnc calculer les contgainteg P­
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dans 1'ouvrage en supposant le barrage he­
terogene, avec un module d'elastioite plus
faible dans la zone humide qus dans la
zone seohe, et soumis au poids des terreset aux forces dues a l'eau.

Le calcul a eta fait par la methods des
elements finie et on a compare les cont­
raintes avec le critere de rupture du sol
pour determiner les zones do rupture com­
msngante. On peut definir le riaque dorup ure par le quotient du rayon du cercle

3,5
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EVOLUTION DES RISOUES DE FISSURATION EN
Fomcnow oe L’sxr£~s:o~ oe LA zone

oEFonmAs|.E

de Mohr divise par la distance du centre du
cercle de Mohr a la courbe intrinsequegon vo­it que lorsque ce rapport est inferieur s
l'unite on est dans le domaine de la stabili­
te;on voit aussi que le risque de rupture est
d'autant plus important que ce rapport aah
grand.Le caloul elastique n'est evidemment
acceptable que si les zones de rupture sontpeu etendues.
La rupture peut etre:
- ductile lorsque la contrainte moyenne est

granie,
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FIG. 2

EVOLUTION DES RISQUES DE HSSURATION EN

FONCTION DU FROTTEMENT INTERNE

- 1 s i e aveo lignes de glissement pour - Bur 18 °1‘6i=9 du barrage
Ees oon%raintes moyennes moderees, - au tiers suparieur du parement eval

- dans certains cas, dans le oorpe du
barrage an avant du front d':Lnvasion
La figure 1 represente 1'evo1ution des

courbes de rieque de fisauration avec 1'avan

- avec fissuration si 1'u.ne,au mo:Lns,des cont­
raintes prm' oipalea est une traction
Ceci permet de preciser le risque de fis­s‘u`°u°n cement de la zone d'infi1tration.
En faisiant ainsi le calcul pour une coupe La figure 2 represents 1'evo1ution des

de barraie simple nous avons vu apparaitre oourbes de risque de fissuration avec la va­trois po nts de danger de fissure on: riation de Dangle de frottennnt interns.

Ml
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Le calcul par la methode des elements finis
permet d‘obten:Lr les deformations. La figure
5 indique le deplacement de la crate de
.L'ouvrage avec l'avancament de la zone
Chairman yes:-Eristove
Thank you Mr. Habib . The next will be Hr.
Perlaa from Romania

Vlad D.Perlea (Romania)

In the case of rock-fill dams with sloping
or central ccra,usually it is assumed that
the failure can occur' along a slip surface
consisting in the cross section, of two or
three straight lines. (f1g.1).

F1g.1

dlinfiltration. On volt notament que le
mcuvement a commence vers l'amont,oe qui
a effectivemaat etc observe sur un ouvra­
SB reele

For solving the stability problem by limit
equilibrium method the potential failure
mass is broken up into two or three wedges.
A trial and error procedure is used,assuming
various safety factors until the force poly­
gon closes. Of couroe,the critical potential
failure surface must be determined by trials
too (:L.e. the angle cl, )(f1g.2).

Stability analysis can be greatly fad. li­
tated by the use of stability charts. &1ch
charts were prepared for the following three
hy othases: (l) the and of construction,
§2§ steady seepage with partial pool, and5 sudden drawdoun. These charts were pre­
pared by computer calculations, based upcm
a relationship (fig.2) rather com licate
and depending on the relative posgtion of
failure surface and water level in the pool,
where the coefficients A,B 0,3 and E depend
only on the dam geometrical characteristics,
and not on the position of. presumed slide
surface. For establishing the relationsh.1.psome experimental and theoretical interior
works were uti1ized_(Clugaev, 1964, Seed and
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where =

Vi-isthe purtof the active
wedge volume situated bei­
ween the leveis before und
often druwdown
'D'-unit weight nfter drow­
down

Fisubmerged unit weight

cos L-sin(Q-mi]sin(i.-oi.)

(ond similar for zones No.2 ond 3),where=

A-@@~9‘?i@ 0-Sant-mi-0 c-mm-et-Sintra-it-0sini cosu
=(lonc¢)/F-Lnn(@-L) _ . __ __ _ = . ._ ._tun(L-o\)°(Lnnc§)/F

D inunifi-it-iiunoct/F 5 °'"‘5 ~’*=°=‘/5 L’ D 5 "'“ °°“ 1-ton(i-ou)-(tones)/F

D`i3.2

Sultan, 1967, Sultan and Seed, 1967, Th\11‘D°1‘»
1970).
` Using the charts (e.g.fi5~5)¢ °D° can °b'

tain the necessary cohesion for the care ma­
terial (cc); if all the following parametersare given: H-the heigh of the dem; F-the fac­
tor of safety; _,B -the slope of the care;
¢ mfths mobilized internal friction in core
(gan oo = mm ¢¢/F); mam- the mobilized in­
ternal friction in sh le (tan ¢sm=tan ¢am/F);i-the angle of external slope which is
equal or less than the mobilized internalfriction in the cohessionless material. Also
one can.obtain the critical slip surface
(i.e.the critical G( angle) and the critical
position of the water level in the pool after
drawdown (i.e.the critical X to H ratio).

It is interesting to note that for the two
cases shown in fig.4, the clas cal Swedish
method xwith circular failure surfaces gives
a factor of safety which is smaller than
the one obtained by the wedge method. Thus,
the factors of safety calculated by Swedish
method for different values of the parame­
ters corresgonding to a factor of safety of1.5 obtains by wedge method, were smal erthan the above mentioned value. These factors
of safety are shown in fig.4 next to each
corresponding point.
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Chairman Prof.V.S.Er1stov.
Thank you Mr. Perlea for your discussion.
Now we'd like to listen to Mr. Hoskingfrom Australia

Hosking A.D. (Australia)

Four years ago at the Seventh Conference in
Mexico City the authors of the State of the
Art pa r on Earth and Rockflll Dams remarkedas follgwss _
"At the present time, very little _quanmtative
data exists concerning the development of

strains and cracking in embanlments".
It may be of interest to them and to this

Ccnferenoe, to know the results of strain
measurements takm since then in the crest
of Talbingo Dam, an earth-rock structure
over 160 metres high, built as- part of the
Snowy Mountains Scheme in Australlain theyears 1968-1970. 4

It is well known that enwerience at most
other high dams of this type,Round Butte,
Cougar, El Infiernillo and Mattmark, to men­
tion but a few, had shown that they were sus­
ceptible to transverse cracking at crest
level, especially if there were any signifi­
cant irregularities in the abutment profile.

Although there is no record of the fal. lure
of any large dam as a result of transverse
cracking it is an obvious hazard which can­
not be neglected. Every conventional defen­
sive maasure against cracking had been in­
corporated in the design of Talbingo Dan,
particularly as a marked irregularity, of
geological origin, exists in the upper right
abutment. However at the time of the design
in 1966-7 finite element methods of analysis
were not generally available. when the dam
was within a very few months of topping out,in late 1970, it was decided to install an
extensometerr system 122 metres lorg, over
the irregularity to monitor the actual stra­
ins which would develop at this point. Fi­
gure l shows that the dam was already substan
tially instrumented and included horizontal
movement installations on both upstream and
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downstream faces. However, use of this type
of system in the crest would have required a
shaft down to the terminal reading~point and,
morecver,the considerable distances botween
reading points (7 metres) may have caused astrain ocncentration to be overlooked.

A new system was quickly devised consisting
of 40 telescoping sections each 5.04 metres
long as shown in Figure 2. Each of these was
connected to a crossarm. Movement between
the crossarms actuates a rotating precision
potentiometer by means of a bow string arrany
gemsnt. The readout is by means of a Carlson
bridge. There are two ball Joints in eachsection to follow the curved crest of the dam
and to ensure that m ments do not affect the
system. The installation is at a depth of 5
metres below the crest of the dam and it was
placed entirely within a single day, a Sun,­
day. It has operated faultlessly ever since.

Figure 5 shows how the system was arranged
over the irregularity. It also shows, as e:­
pected, that s all initial oompressions de­
veloped at the ends of the system with ten­
sion in the middle. with time,and especially

on first fi1ling,these tensions developed
considerably and reached a maximum of nearly
0.18 per cent before stabilising over the
last year. This is almost exactly the same
strain at which other experimenters have
found cracking to start. However no cracks
have been observed in the crest of Talbingo
Dam yete

A laboratory tensile test was performed on
the Talbingo core material which is a weathe
red andesitic basalt containing an average
of 15 per cent clay with a mean liquid limit
of 56 per cent, a plasticity index of aknut
15 and with a Unified Classification of SC.
The test spea mens,which were #5 centimetres
long and approximately 7.5 centimetres squ­
are, cracked at tens le strains in the range
0.22 to 0.51 per cent, depending upon mois­
ture content and plasticity. These failure
strains are thus slightly higher than those
given in the 1969 State of thé Art paper
and elsewhere,and may reflect the fact that
the tests were performed at a higher speed
than most others. Talbingo Dam will continue
to be monitored for cracks. Figure 4 shows

\ u§
\\~

Figure 2
One of the 40 sections with two crossarms and the readout bridge.
The telescoping unit is to the left of each crossarm.
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the completed dam,the headraoe channel which
was the main source of rockfill,and the ne­
arly completed 1 500 MW power station.

Following this experience four auch sys­
tems will be installed by the Snowy Mountains
Engineering Corporation,for the State Rivers
and Water Supply Commission of Victoria, inDartmouth Dam. onstruction of this dam which
will be over 180 m tres high is about to
commence.
Chairman Prof. V.S.Eristov.
Thank you Mr. Hosking for your discussion
The next_will be Mr.Hsu(Brasilia)

Serge J.C.Hsu (Brazil)
Mr.Cha1rman Colleagues!

I wish to present a brief information on
the design and construction experience at Il­
ha Solteira dam on Parana River in Brazil,
located some 700 km NW of the industrial ci­
ty of Sao Paulo.

This hydroelectric project now nearing com­
pletion is the largest in Brazil,involving
5.200.000 kw when completed.

The first slide shows the plan and typical
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sections of the earth dams with a maximum
height of 65 meters in the river channel.T e right embankment is a homogeneous
earth dam with built in sand drainage layers
("chimney drains"),typical of Brazilian design
for sites where granular and sand materialsare scarce.

The left embankment is an earth and rock­
fill dam.

The material used for the dam is a reddish
brown, fine grained clayey sand or sandy
clay of low plasticity and plots as CL type
on the plasticity chart.
'Known as lateritic soil,it is the mixtureo colluvial and residual soils derived fr m

sandstone and basalt. It is an ideal mate­
rial for earth dam of this type as it has a
high shear strength (¢ =50°), low permeabili­
ty and is easily compacted to the required
optimum density and moisture content.The second s ide shows the final river di­
version made in May 1972.The earthfill in the river channel was bulk
between the two cofferdams "In dry", after
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Sl. 2.
the final diversion of the river was done

through 17 out of 20 partially completed
power house units.

The 4 units were sealed off for erectionwo .
In order to perudt early power generationo the first units,filling of reservoir was

inieieted 6 months ahead of schedule.
Therefore the construction schedule of the

earth dam became critical so that the mini­
mum reduced section of the dam in the river
channel was built at this stage keeping the
crest of the dam just a few meters ahead ofwater level.

In drastically reducing the cross sectionof the dam certain risks were assumed that
seepage line might have emerged on the down­
stream slope before the full section couldbe builte

In such a case plans were made to place
roekfill filter on the slope where seepage
would emerge.

The next slide shows the construction con­
diUi0D BB of April 1975. You can see riverchannel section earth fill is well advanced

\.1~* A ­

Sl. 3
and the full section of the dam was rapidlybuilt without adverse effect.

The next slide shows the project as of the
same date from another angle.



Sl.4.
At present the work is progressing satis­

factorily.
There remains only lj meters of the dam to

be raised until reaching the final crest
elevation.

The first unit was placed in operation
last month.

The project is owned by the State of Sao
Paulo government-Centrais Eletricas de Sao­Paulo in B azil.

General Contractor on the job is Camargo
Correa and THEMAG Engenharia has done the
executive design. Thank you.
Chairman Pro . V.S.Eristov
Thank you Mr._Hsu for your contribtuion.
you have made. Mr. Akimov will you please

Akimov A.A. (Uses)

The availability of clayey ground with co­arse filler of crushed rock,gravel,stone and
boulder is characteristic of the mountainous
part of the Crimea. The strength characte­ristic and seepage capacity of such a soil
for the core and body of a high dam (69 me­
ters) depends in the first place upon the
ratio of fine (less than Zmm) and coarse
(more than 2mm) fractions. The investigation
ascertained that a sharp jump towards the
increasg of the coefficient of permeability( > 10" cm/sec) and the angle of internal
friction ( z» 50°) is observed when the fine
fractions content is less than 55%. Procee­
ding from the above-stated a soil with 40%fine fractions content was designated for the
core of the dam, it secures the seepage ca­
pacity ( 4- l0'5 cm/sec). The strength pro­
perties in such soils depend on the clay
bond and coarse fractions (our assumption)
are in a 'floating' state.

By means of rheological calculations on
the basis of laboratory investigation of thesoil viscosity it is ascertaine for the ex­
ploitation case the biggest permissiblefractions in the core of a dam- 200mm (under
existing conditions).

The selection and designation of strength
characteristics of soils were made by us

depending on density-moisture content­
stress condition. The investigation of soilswere made in the laboratory w th the help of
Maslov-Lourier direct shear apparatus and a
specially designed big shear apparatus (600
mm working ring diameter) with zone shear '
plane,enabling to determine at the weakest
cross-section the s earing strength of soils
with coarse inclusions.

The research technique of strength charac­
teristics from density-moisture content-straw
condition proceeds from the determination of
boundary conditions of soil density by the
standard packer apparatus of the Road Rese­arch Institute and with the correction of
this density depending on the stress condi­
tion by the consolidation devices and more
precise definition by recalculation or by
an experiment of optimum values of humidity
providing non-admission of pore water pres­
sure during the period of the ultimate stress
condition at the investigated cross-section
of the dam for the existing type and minera­
logical composition of the soil. Knowing the
boundary conditions of density and moisture
content_ one can determine for them the mi­
nimum and maximum possible values of the ang­
le of internal friction and adhesion and by
them one sets the design characteristics
from the stress condition and the way of work
production. p

Je raise a problem of determ ning the li­
miting maximum value of strength characte­
ristics under possible optimum values for a
given stressed-strained state and by them
we select the methods and technology of et­
ting reliable ultimate values of the angieof internal friction and adhesion which se­
cure the stability of a given earthwork du­
ring the periods of construction and opera­
tiOllo

The procedure in our opinion gives an op­
portunity to control strength characteristics
o the soil, to reduce the volume of investi­
gations and to raisf their quality.
Chairman Prof. V.S.Er1stov
Than you Mr. Akimov. The next will be Mrs.Buren ova(USSR)

Burenkcva V.V. (USSR)

Dear Chairman,dear participants of the
Congress, You have just listened to a number
o interesting reports concerning stress­strained state of earth and rockfill dams de­
livered by prof.Eristcv, Rasskazcv and others.

As for the stability of dams from the le­
kage point of view it is the most important
thing to be aware of stress-strained state
in antiseepage installations i.e.clay cores
or diaphragm walls.

Some cracks are known to have been opened
in clay cores of dams. Among them are the
most dangerous ones such as transverse cracks,
running in different directions,mostly from
upstream to downstream direction. More than
two decades ago prof.Casagrande drew attentionto the fact that under certain conditions
the impervious cores of dams can develop



transverse cracks and that probably the most
frequent cause of the phenomena is the com­bination of tension and shear forces resul­
ting from differential settlements. He war­
ned that this complex phenomena f;n\_;]_¢1 not
be detected easily.

So, neither the advantageous methods of
designing nor well graded materials could
lend themselves to a simple solution and
guarantee against the propagation of cracks
in clay materials.

The available methods of calculation help
to reveal the zones of critical stresses
where cracking may develop to a predicted
depth. B t we are not yet in a position to
predict the number or width of cracks that
is why designers still have to rely largely
upon precedent in seepage analysis.

At the VODGEO Institute,following the tra­
ditions established by prof.A.A.Nichiporovich
we are carrying on a complex investigations
for designing embankment dams. These include
physico-mechanical properties and deformabl­lit of clay and rockfill materials under
static and dynamic loads, stress-strained

analysis using the finite element method as
well as photo-elastic method and annysis
of leakage through shoulders and transition
zones of embankment dams with particular
attention paid to antiseepage strength of
clay cores. We consider transition zones to
be the most important elements in earth and
rockfill dams when cracks would tend to pro­
pagate in cores and diaphragm walls.

We have worked out some specifications on
better gradirg of filter materials for dams
with a clay core or a membrane.The work has
been done under guideness of V.S.Istomina
Drasceo

Several high dams are under construction
in the Soviet Union such as Nurek Dam, Vilui­
skaya Dam and others. Clay materials are
widely ucod ln thouo dams that is why we are
in need to assure positive protection against
piping failure through these dame. In thisconnection I would 1 ke to mention Thanika­
chalam and Sakthivadivel's paper "On the ap­
plication of queueing theory to design ofilter thickness". in which the authors deal
with the probability analysis which consid­
ers migration of the fine particles in the
filter pores. The phenomena must be a very
influencing one in designing the filter
width. So, the method used in the work of
the Indian authors is a perspective one.

At the VODGEO Institute we also dealt with
this phenomena both in the field and labora­
tory investigations and our proposals of thefil er thickness based on the above assump­
tions gave us considerable economy. Thank you.
Chairman Prof. V.5.Eristov
Thank you very mush Mrs. Burenkova for yourdiscussion. The next will be Mr.Mojevitinov
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Mojevitinov A.L. (USSR)' l-\\~|- All# -PMon href disccurs a pour -a. a lnlcrmcr
les participants du Congres de ce que la
methode generale, proposes par moi et
M.Chintemircv, mon Jeune collegue du Kazaks­
tan, pour le calcul de la stabilite des
talus de barrages est valable, en particuli­
er pour la resolution de tous les problemes
principau relatifs a la stabilite des bar­
raées en terre.ette methode est publiee dans ”Izvestia
VNIIG", 1970, vol.92. La methode generale se
caracterise par ce qu'elle peut etre employee
pour les sols heterogenes, pour les forces

actives inclinees, pour les surfaces de
glissement ds forme arbitraire. Cette metho­
de se rapporte aux methodes bien connues
dans lesquelles le plisme de poussee est
divise en elements bidimensionnels (plans),
mais ccntrairement aux autres telles metho­
des elle respecte rigoureusement, dans son
entier, les conditions d'equlibre du prisme
en etat limits. A cause de sa simplicite re­
lative cette methode donne,en cas de necessi­
te la possibllite de calculer les talus sans
avoir recours aux calculatrices electroniques.

Etant donna la grande varictc des schemas
de calcul des barrages en terre,nous pensonsqu'il faut les calculer a l'aide de cette
methode ou de methodes pareilles a carac­
tere general en ce qui concerne les metho­
des de calcul statique, elles doivent desetre unifees dans tous les cas.

Les problemes classiques de la stabilite
des talus aval ou amcnt du barrage,compte
tenu des forces de capillaires et de filtra­
tion, y compris les forces dues a l'abaisse­
ment rapide du niveau dans le bief amcnt
ou aval qui se rapportent aux schemas de
calcul principau sont resolus par notre me­
thode generals. Ces problems peuvent devenir
plus compliques en cas de presence des cou­ches de sol tendre dans les fondations des
barrages. Les forces capillaires et de filt­
ration, comme toutes les autres forces,doi­vent etre determinees dans telles methodes
pour chaque element du prisme de poussee se­
parement.Ce sont les calculs de la stabilite d'une
recharge aval du_barrage avec un noyau etles oolouls d'un rcvetement du talus amcnt
du barrage avec une masque en terra qui peu­
vent etre consideres comme les problemes par­
ticuliers. La resolution de tels prcblemes
devient plus compliquee dans le cas de la
consolidation iuachevee du noyau et de la
fondation du barrage ainsi que de la pression
interstitielle exedente. Ce cas exige un
calcul prealable de la filtration non perma­
nente imputable a la consolidation du sol et
au remplissage du bie . Cependant, cela
n'empeche pas l’application de notre methode
generals.

Le calcul du barrage aux actions seismiqu­
es peut etre reduit au calcul statique a l'ao­
tion des forces d'inertie ayant une orienta­
tion defavorable, compte tene des variations
de pressions d'eau dans les biefs. Il faut



dire que l'application rapide des forces sei­
smiques est suivie par les oscillations si­
multanees de la pression interstitielle dansle corps et la fondation du barrage ce quidonne l'attenuation de l'effet des forces
seismlques. Pour un tel calcul on peut emp­
lo er aussi notre methods generals.

is diversite des schemas ae caloul decrlte
ci-dessus ns permet pas de se borner a l'emp­
loi d'une des vieilles methodes bien connues
qui n'analysent que les surfaces de glisse­
ment cyllndrique a directrice circulaire ou
les forces verticales actives. Je repete que
la methode de calcul uoit avoir un caractere
general,le critere de stabilite stent unifie
pour tous les schemas de calcul. La methode
de caloul de tels ouvrages importants qu'un
barrage en terre doit etrc exempts d'erreurs
statiques caracteristiques pour les methodes
approchees bien cpnnues.
Chairman Prof. V.S.£ristov.
Thank you Mr.Mojevitinov. Now we'd
like to hear Mrs.Avakian (USSR)

Avakian L.A. (USSR)

The Georgian Scientific-research Institute
of Energetics and Hydrotechnical Constructi­
ons has been studying for a number of yearsthe structural properties of the coarse was­
te ground as the body material for the earth­fill and rock-fill dams.

Nearly in the whole districts under study
the quarry material is presented by coarse
waste grounds of different origin.

In the present paper we offer the results
of the above mentioned studies of the physi­cal and mechanical properties of the coarse
waste grounds, some of their quantitive
characteristics for a number of constructions
such as the high-head Inguri Dam, H=500
(the earth-fill version). The examined grounds
were mostly presented as aggregations of a
clumpy and rock debris or a boulder and
pebble composition with different fillers
from sandy loam to clay.

The studies were carried out both in the
natural quarry materials and on their arti­fioial mixtures.

Due to the lack of basic physical and tech­nical characteristics of the coarse waste
grounds in the existing standards and insuf­iciency of their research methods,we have
developed special methods enabling us to
carry out experiments on the grounds contai­
ning the skeletal component with the diameter
up to 8Omm. Special large instruments,sing1e­
axial and threeaxial were designed and made
for the study of the pggsical and mechanicalproperties of these ki s of grounds.

The study of the physical and mechanical
properties of the coarse waste ground wasbased on the external as well as internalcaracteristics.
The internal characteristics are:

1. diameter of a stone,
2. amount of the skeletal component,5. composition of the filler.

ISI

The external characteristics are:
I. densiqy, humidiiq and loading under

which the investigations were carried out.
In accordance to the existing standardsthe fractions less than 2mm were considered

as alcurite, while the fractions over 2mm
belonged to the ccarse waste formation.

The percentage of the skeleton added tothe aleurite in the artificial mixtures va­
ried from 10 to 90.

The ground studied was mainly of the
rounded type-the terrace and floor plain
alluvium; more seldom there were the debris
cones, debris tabus.

The bearing power was investigated for va­
rious fillers, from sandy loam to heavy loam.
Experiments have demonstrated that the havier
the composition of the filler,the greatereffect of the skeleton. Peaks are obser­the
ved within 50-60% content of skeleton for
all kinds of fillers,while for the growth
of the skeleton curves became flatter; how­
ever, the curve for the ground with a heavyfiller tends to go up with its content inc­
reasing over 50-60%.

The study of deformation of the coarse
waste ground has shown that the more ‘the
skeleton in the ground, the less the comp­
ression modulus. A sharp drop of the modulus
is observed within 60-90% content of the
skeleton for all the compositions of the
fillers under study. Addition of a skeletal
component to the sandly loam doesn't lead
to such a reduction of the compression modu­
lus. At a normal pressure, 5.0 kgs/sq.om,
for all kinds of fillers with the sandy loam,
the moduli reduced by 9-10%.

It would be interesting to present here the
results of experiments on the compression of
the coarse waste ground containing stones
with 80mmdiameter,compressed to 50.0 kgs/sq.
cm and containing the skeleton from 50 to
70% for various fillers. The experiments
show clearly the regularity of the effect of
the filler‘s composition on the compressionmodulus.

It should be noted that the compression
degree for time,as well as coarse waste kinds
of ground is affected by their preliminary
consolidation by the dynamic or other kind
of a consolidating load, i.e.,the degree of
the dense packing before the static compres­sion, as well as the account of stones and
their 1ocation_in the working chamber. We
have carried out a series of such experi­
ments in the study of the quarry ground for
the rock-and-earth version of thelhgury power
station dam being erected now as on arch dam,
H=270m. Such data have been obtained both for
the rolled and angular skeletal material.
However,the properties for different fillers
and sinular-skeletons are different,though,
all the curves display a common regularity.The growth of the ske etal amount is accom­
panied by the growth of angles,the reduction
of the compression; moduli, the growth of the
filtration ratio. The optimal skeletal content
for all the c mposltions is 50-60%. However
with the addition even of 50% of the skele­
ton, the properties characteristic for the
coarse waste material are developed.



Thus the physical and mechanical properties
have been investigated for different genetic
varieties of the coarse waste kinds of ground
These data are now being generalized for
their further classification according Lu the
requirements of dam construction.

Eristov V.C. (USSR) , Chairman

Ladies and Gentlemen! Dear colleagues and
comrades!

The time of session of our section is up
and unfortunately I am to break up the mee­
ting. I am saying "unfortunately" because
not everybody who wished have had this op­
portunity to report and therefore not every­
thing have been reported.But all that have been said manifests about
great investigating work which is being car­ried out in all countries in the field of
construction of earth and rockfill dams.A.nd
this fact may be justified. The thing is that
dam construction is tightly connected with
the multipurpose utilization of water resour­
ces by filling great reservoirs with fresh
water for the purpose of irrigation, genera­tion of power, water supply, ish economy,
transportation and construction of recreation
zine for rest, going in for sports and tou­r sms

AndI'm sure you know that the expedientutilization of fresh water resources is
"Problem No.l" to-day in all countries.

And our task is to solve this problem by
the most reliable and economic way for the
prosperity of all mankind.

We are dealing with construction of earth
and rockfill dams and it is very important
that they should be reliable absolutely andmost economic. Therefore it is no more chance
that the problem of these dams was included
to the agenda of the VIII-th International
Congress on soil mechanics. All we have ma­
naged to hear today shows that many compli­
cated problems of designing and analysis of
such dams are being successfully solved as
a result of the investigations. New, more
improved methods of analysis and investigati­
ons are being worked out and 1ntroduced,that
make us be sure of the reliability and stabi­
lity of the highest dams erected of various
c nstructing materials both at'dae static and
dynamic loads.

Everywhere field surveys and studies of
these dams behaviour in Une process o their
construction, at the period of filling reser­
voirs and com issioning are being conducted
and the same time they serve as the basis for
checking up and refinement of design prere­
quis

At
ites and methods of analysis.the session a number of rather interes­

ting things have been spoken and reported
some data of a great interest.

It may be stated that the work of our sec­tion
full ay be considered as an extremely fruit­

because we have got much useful and va­

liable information that will certainly be
used by specialists in their further work.

I must inform the participants that all
the reports made on the session that have
boon hundcd ovor to the Congress secretari­
ate and drawn up properly b the authors
(600 words per offset sheet; and the mate­
rials of the to day's discussion will be
published in volume IV of the Congress pro­
ceedings, that will be issued in some time
when the Congress is over.

You are aware of the fact that according
to the Congress itinerary a number of tours
to various parts of our country will be or­
ganized when it is over.

I strongly recommend to the participantsof our section to visit the construction
site of the Nureck gydroelectric Power Sta­tion on the Vakhsh ver in the Tadjick
Republik, where the highest in the worldrockfill dam is under construction as I have
already told you. The height will be morethan 500m with clayey core, of 60 mln m in
volume, the capacity of the power station
will be 2.7 mln. kN.

In conclusion let me thank you for active
participation in the work of our section,
wish you good health, success in your Job
and happy return home to your relatives.
|'l\\-.4-.nlr 1-vnu.»¢»\.~.¢¢» J vnu



W CONTRIE2I0§§
MEASUREMENTS PROCESSING IN ROCKWILL DAMS

Al.Fonstantinescu, R.S.Comse (Romania)

l. Measurements conducted in rockfill
dams are often limited to displacement measu­
rements because they are direct measurements
of values depending on the average characte­
ristics of the material available over a re­
latively comprehensive zone.

The existing equipment permits the
measurement with satisfactory accuracy of
both horizontal and vertical displacements
st any point in the body of the dam.

2. The possible direct comparison
between design data and the resets obtained
from measurement is of the highest interest.
Such a comparison may help to specify the de­
formability of materials while the,dam con­
struction is in progress, wich is rather dif­
ficult to be determined by other means.

The finite slem=nt method permits si­
mulation of the dam construction on succesive
layers as well as the taking into account of
certain complex_charecteristics, such as: non­linear stress - strain relation, rheologicsl
properties, e.t.c.

3. To introduce in computation such
properties means both to increase the number
of parameters to be considered and to meet
with difficulties when determining the para­
meters by measurements, More over, grouping
in different ways the values of these para­
meters may result in the same value of the
displacement.

4. The computation according to the
assumption of a linear - deformable medium is
advantageous as it requires few parameters to

characterim the materials, i.e:
E4 - deformebility modulus duringdam construction (succesive

layers),
AE_- reduction of dam deformsbility

modulus related to time - depen­dent deformations after the dam
completion,

h - ratio between the foundation and
the dam deformability_moduli,

°J,\`|f- |"oisson's ratios,
~L,i‘_- unit weights.

is suitable to use dimensionless5. It
coefficients for the processing of the results,
they being appropriate for any network simi­
lar to the design one as well as for similarratios of zone characteristics. In this case
the displacements are given by:

u=  , <1>
where E is the modulus of ogg zone, conside­rid 89 a reference zone and is the unit
mei ht either of the material in the dam body
Y *E ) or of the water ( fy ) according to
whether the displacements are due to the dam
dead load or to the hydrostatic pressure. In
the case of a non-homogeneous section the unit
weight and the modulus of one zone are to be
¢0H51d€T@d, the problem being characterized by
the Patios between the unit weights and the
1`Bt1°S 591-Ween the moduli of the different

zones (Constentinescu, Comsa and Otea, 1972,
1973).
6, The final displacements of the construc­tion consist of:

a - displacements due to dead load
during the dam construction,

b - displacements due to dead load
occuring after dam construction,
caused by alteration of the pro­
perties in time,

c - displacements due to hydrostati­cal load.
Using dimensionless coefficients determi­

ned on finite element configurations appro­
priate to each loading and taking into acco­
unt the deformability modulus adequate for
each situation, the final displacements are
calculated by:

-_*_u2 a AE/E I + t#% u C
u__E C“+ 1+AE/E C: 1+A5E C" (2)

7. The distribution of the three types of di­
mensionless coefficients for vertical diaph­
cements in a dam cross - section isgiven in
Fig.1, for |'\=E;/E4-=i8 bCu Q CUaz I as "z,

°#"'! as0}___,»!#

.ll C,1' U/ :1' ' I02 / 0.1 11' I1" I)___ If/
Pig. l

d. The displacements during the construction
of the dem are given by the first term of the
equation (2). If the foundation is used as
reference zone diagrams similar to these in
Fig.2 are obtained for the values of the ver­
tical displscement coefficients in the axis
of dam cross-section. It is to be mentioned
that the values of the coefficients at the
foundation level do not practically depend onthe ratio n . The modulus of the foundation
can be determined by awmlable measurements atthe foundation level.
9. The modulus of the dam can be established
by determining the ratio n from vertical dis­
placement measurements made in the dam body.
The ratio between the nmximum displacement
and the displacement at the foundation level
depends on the ratio of the moduli, n (Fig.3)
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10. The measurements made after the construc­
tion is accomplished can be used to determine
the equivalent reduction of the modulus ming
a finite element modal charged with dead loadall at once over the whole structure. The
best way to determine this reduction is to
use the maximum vertical displacements, re­
corded at the crest. The effect of the hydro­
stetical load on these displacements is ge­
nerally negligible.
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ll. For evaluating the effect of the hydro­
statical load the maximum displacement are
the normal displacements on the impervious
element (blanket, sheet, core,e.t.c.). In
this case both ~ C3 and C.: typs coeffi­
cients are involved. As the values E and
AE may be determined in advance from ver

tical displacements in the axis, these mee­
surements can be used for a direct compari­
son between measured end computed dats.
R  F E R va N c  s:
coxsa-Armwzascu, Al.; coa-am, rms. and OTEl\,V
(1972), "Stress-strain Analysis of Earth­
and Rockfill Dams" (in roumsnian), Hidroteh
nice, ll, 3, pp 407-416.
CONSTANTINESCU, Ai.; comsn, P.s. and o1‘F:A,v
(l973), "Computation of Rockfill Dam Defor­
mations" (in roumanien), Hidrotehnica, lg,
l, pp 20-?3.



PREDICUON or CRACKTNG IN THE nwnsnvrous
cons OFYEARTH AND Rockman DAMS usmc THE
FINITE ELEMENT METHOD (PEM), M.Dolezalova
Zcaeehosxovakm)

Over the past years , programs for solving plane
problems of continuum mechanics by FEM (on an IBM
7o4o computer using Fortran IV and on Bensor»»Lehner
coordinate recorder for graphical output) have been
developed at Hydrcprcjelrt in Prague,

The utilization of FEM has led to further development,
and to practical application of the method (1) for pre-9
dieting cracking in the impervious clay core of rock»
fill dams,
In the designing practice of the Hydroprcjekt, Prague
a procedure is being implemented which is based upon
determining the states of stress and strain of the dam,
corresponding with the maximum values of differential
settlements that may be encountered in post.-construct-»
ion period of the dam, For this purpose, FEM is used
to examine the mentioned state in two instants of time!

1) immediately upon completing the construction
under the condition that the progress of filling has been
rapid so that no filtration consolidation of the core has
yet been effected; the corresponding strain characters,
istios of clay are determined by UU.¢type tri/axial
tests;
2) in the moment when the process of filtration oonn
solidatlon of the clay core will have been completed;
the appropriate characteristics are determined by
Cl]J~|-type tests,

Solutions of multlnllft nonalinear problems for those
states of loading are obtained to yield integral dis;
placement curves whose difference may be interpreted
as the poshagconstruotion deformations of the dam (cf,
results of "in situ” deformation measurements by means
of inclinometers).
Plane problems are employed for preliminary prelimirt--:­
nary predictions, The maximum settlement obtained
from transverse problems, is projected into the longin
tudinal direction to determine the effect of steep rocky
canyon slopes on the development of failure zones i.n
the core, Then the values obtai.ned by calculation are
compared with experimental data,

In assessing the danger of cracking in the impervious
cores of rockfill dams at Rimov (H-\51,om) and at Sta#
novice (H-62,0 m), the soil strain characteristics were
carefully examined, Compressibility tests of filters
and of rockfill materials were carried out in a large
oedometer (Da 9o cm),and clay characteristics in ten­
sile zones were determined on beams in bending tests,
The brittle behavior of clay soils under tension was
respected by considering a transversally isotropic ma.­
terial in the tensile zones.
The solution results confirmed that some novel view-»
points must be implemented in designing dams in Order
to make the structure safe from cracking.

1) The degree of compaction of individual materials is
to ensure homogeneous mechanical properties of the
fill,

2) Design of the impervious core as well as of the
filters depends on the filtration properties but also
on the stress _ strain properties of materials used,
3)
The type and state of soil in the tensile zones are to
be adapted so as to conform with the expected strain
values,
Great attention is being paid to further development
of FEM, Within the framework of development projects,
new experimental research of the strength and strain
characteristics of soils and rocks is being conducted
to obtain input data for FEM (stress-»paths and stress-9
level, volumetric strain relationships, test! under
plane strain conditions, determination of Poisson ratio
for tension, methods of determining the characteris-9
tics for a transversally isotropic materlal,eto,),

The proper programs are further developed to render
the non-olinear solutions more perfect (respecting
dilation and contraction phenomena, plasticity and
strength conditions), to solve three Q dimensional
problems and to automatlze the computer inputs,

Confrontation of computational results obtained by the
means of FEM with results on physical models and
measurement “i.n situ‘! on completed structures is
being prepared,

This mentioned work introduces a higher quality in
the solution of the states of stress and strain of earth
and rockfill dams, this being a prerequisite for more
reliable predictions of tho danger of cracking.

REFERENCES:
DoLE:zALovA,M. (197c),"Effect or steepness or
rocky canyon slopes on cracking ol' clay cores of rock
a.nd earthfill dams",Trans,loth Congress cn Large
Dams, l,215»224 (Q 36/R 13),



STABILITE AU GLISSEHENT DES OUVRAGES EN TERRE ­
METHODES DE CALCUL. JH Dupas, JF Dies, M. Farhi,
H. Londez lFra ce§.
Ce gujet :res general a deja fait l'objet dc tres
nombreuses communications. Notre but est de montrer
comment le bureau Hecasol a abordé ce problémedepuis
1964, etles solutions apportees pour tenir compte
des difference parametres. On rappellera briévement
les forces qui interviennent dans l'equilibre d'une
tranche de terrain (poids, forces intergranulaireset
forces de l'eau en base et en bord de tranche). Les
courbes de glissement étant supposees etre des cer­
C1eS, les calculs, baiés Sur 1A méthode des trangheg
sont effectues par un programme sur ordinateur dont
la principale originalite consiste en une recherche
automatique du coefficient de securite minimal. Un
autre programme permet le calcul des pressions intes­
titielles; il est base sur la resolution de l'equa­
tion de Laplace par la methode des differences finies
Il permet de faire intervenir des terrains de permea­
bilite et d'anisotropie differentes. Les resultats
obtenus sont directement assimilables, sans interven­
tion de l'ingenieur, dans le programme des cercles
qui calcule les forces de l'eau en base et en bord
des tra ches. Independamment d'une plus grande rapi­
dite de calcul et de la possibilite de tenir compte
de nombreux parametres, ces programmes ont permis de
mettre en evidence un certain nombre de constatations
qui an-6 Jian-.A-kan ul-nn '1-\ »-'Ann-uunln-.6-Jawa‘ua _.vue »....¢\..\a\c~....» -.“»...» ..._ \..~¢.-...mu-~~-...~..»

Plusieurs methodes permettent de determiner la repar­
tition de la pression interstitielle u, A u instant
donne, dans les digues en terre soumises A unevidan­
ge. La methode de Bishop est frequemment employee,
elle interesse uniquement le talus situe sous le plan
d'eau initial, sans tenir compte de l'existence de
zones de permeabilites differentes dans 1'ouvrage.
Celles-ci interviennemt directement sur la reparti­
tion et la dissipation de u .
Une autre methode, souvent utilisee, repose sur l'ap­
plication des lois generales de l'hydraulique; u est
generalement calcule aux noeuds d'un reseau maille
par resolution de l'equation de Laplace a l'ordina­
tmmlucmMdmsMMwHwuenmfn&sNr
l‘ingenieur : perméabilites, anisotropies, conditions
aux limites.
L'application de ces méthodes suppose le sol sature,
donc des vidanges survenant assez longtemps aprés la
m se ea eau, et ne tient pas compte de l'air dissous.
Dans ces conditions, les deux methodes ne sont vala­
bles que s'il y a compatibilité entre la vitesse de
vidange et le délai d'expulsion de 1'eau liberee par
les variations des contraintes neutres et intergra­
nulaires.
Dans les vidanges presque instantanees (intumescences
dans les canaux) ou tres rapides (station de pompage)
l'expulsion d'eau et d'air n'a pratiquement pas le
temps de se produire, Pour approcher ces cas, les
auteurs proposent une méthode de calcul de u qui
consiste a analyser la relaxation du complexe forme
par les grains solides, 1'eau et 1'air occlus et
dissous.
L'ingenia1r peut ainsi disposer d'un éventail de me­
thodes permettant de mieux tenir compte des rapports
entre la vitesse de vidange et les perméabilites do
1'ouvrage.
Les methodes décrites ci-dessus ne tenant pas compte
des forces intergranulaires en bord de tranche, un
troisiéme programme a été mis au point pour etudier

leur influence. Il est basé sur les considerations
developpées par M. Sherard dans son livre "Earth and
Rock fill Dams". Malgre un certain nomhre de condi­
tions supplementaires permettant de restreindre le
domaine de variation possible du coefficient de se­
curite, le probleme reste hyperstatique, et le coef­
ficient de securité minimal est obtemu A l'aide d'um
programme d'optimisation lineaire dans le cas ou
l'inclinaison des forces intergranulaires est varia­
ble d'une tranche A l'autre. _
Le co0t d'une eruae de stabilité est fonction de nom­
breux parametres, en particulier de la plus ou moins
grande complexite du talus, de la largeur de tranche
utilisee, etc. A titre indicatif, le coat d' ne ex­
ploitation se situe actuellement entre 1 000 F et
2 500 P, compte non tenu du temps necessaire A la
programmation mais qui est faib1e,.Le nombre de cer­
cles calcules par exploitation est souveit de 1'or­
dre de 3 000 A 4 000. Le prix de revient d'u .cercle,
qui depend éviddunent du nombre de cercles calcules,
est generalement de 0,40 F a 1,00 F
L'utilisation de ce programme depuis 1964 nous
conduit A formuler quelques remarques.
Si l'on trace l'ensemble des cercles ayant un coeffi­
cient de sécurité au plus egal A 1,05 fois le coeffi­
cient de securité minimal, on constate qu'il couvre
une zone qui doit Etre effectivement la plus criti­
mvn Yau- |~nv\|!~»~»~»~ An we-'nl-neu- »-#vu--1 -.énnr nu -nw1-.ca ~~...- ..-..-...~..-..» _._.. .-_,_-.. c,| ~..-.».-...-- -.. -U. nv...
situees a l'interieur de cette zone, devraient
conduire aux coefficients de securité minimaux.
Il nous a paru intéressant de comparer la methode ci­
dessus A celle se basant sur les courbes de rupture
polygonales. Un des avantages souvent avance n fa­
veur de cette derniére méthode est la possibilité de
faire passer la ligne polygonale dans une couche de
faible epaisseur, alors qu'un cercle ne pourrait s'y
insurire. Dans le cas ou 1'on travaille en rupture
circulaire, on peut remédier a cet etat de fait en
introduisant dans les calculs une couche de plus
forte epaisseur qua la couche ree11e.'Cet artifice
nous paraft A recommandcr dans le cas dc talus natu­
rels pour lesquels la stratigraphie est moins biex
definie que dans le cas d'un remblai realise par
l'hom e. Nous n'avons pas effectue d'etude compara­
tive systématique des résultats obtenus par la metho­
de des glissements circulaires et par celle deslignes 5
polygonales A titre indicatif, pour un barrage zone,
le coefficient de securité du talus aval en regime
permanent est en glissement circulaire (méthode stan­
dard des tranches) F5 = 1,57 alors qu'en lignes poly­
gonales il est FS = 1,72. Le profil semblait favora­
ble A 1'utilisation d'une ligne polygonale (couches
assez minces en fondation de caractéristiques plus
faibles) et pourtant la méthode des glissements cir­
culaires a conduit a un coefficient de securite assez
nettement 'ir\I`ér~'ie\1v‘ sans majoration 'de-1'épaisseur des
couches faibles. Il ne faut évidemnent pas genéraliser
ce résultat.
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COMPACTAGE; DES SOI/S COHEREJNTS PAR LA*
CHARGE CYCLIQUE.
A.N.Ermo1aeva. B.F.Reltov, U.R.S.S.

A present les valeurs optirnales de la compacite
et de l'humidite des disposilifs d'etancheite (noyau,
masques) des barrages en terre mis en place par
couches sont determinees prealablement en labora­
toire a llaide de la [nethode de Proctor. Dans un
nombre de cas les valeurs prealables de ia compa­
cite et de l'humidite different considerablement des
valeurs reelies obtenues lors du compactage du sol
par les rouleaux. Cela s‘explique par le fait que '~
lors du roulage la charge de compactage a un ca­
ractere cyclique, et outre cela la dilatation laterale
du .sol est possible. Les parametres de la charge
cyclique dependent du type de l'engin compacteur
employe et du regime de roulage. Dans l'appareiI
de Proctor le compactage du sol est assure par les
chocs d'un certain poids, le sol etant enferme dans
une enveloppe Iigide qui elimine la possibilite de la
dilatation laterale. Les recherches de labonatoire
portaient sur la rn.ise en evidence de 1'inl1uence
d'un des parametres les plus importants de la char­
ge cyclique, c'est-a-dire de sa valeur rpaximale
dans les conditions ou la dilatation laterale est pos­
sib1e,`sur-rla compactibilite du sol. On a essaye la
terre argileuse loeussique en etat perturbe (sans
remaniement) mais ayant quelques mottes et agre­
gats de structure naturelle. L'humidite initiale du
sol compacte variait dans les limites de 17% a 30%.
Les valeurs maximales des contraintes dues a la 2
charge eyciique arteignaient 1.5; 3.0; 5.0 er 7.0!-cg/cm
La variation de la vitesse du chargement avait un
caractere lineaire et etait egale dans les essais a
1 kg/cm2 en seconde. On realisait le dechargement
immediat apres le chargement, les intervalles entre
les cycles etant egales a 15 min. Pour chaque va­
leur de l'humidite on eifectuait 10 cycles charge­
decharge. La l.ig.1 represente les courbes de varia­
tion de la compacite du sol en lonction cle l'humidite
pour ditferenles charges de compactage. Les relate­
tions donnees montrent que la compacite clu sol
croisse avec l'humidite jusqu'a une valeur mardmale
deterrninee qui depend de la charge. Lors de l'aug­
mentation de la charge de 1.5 jusqu'a 7.0 kg/cmz on
a une augmentation de la compacite optimale (poids
volumique du squelette) de 1.44 a 1.64 g/cn-13, l'hu­
midite optirrinle diminuant de 29 a 21%.

YU., 9/gm’
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Fig. 1 Variation de la compacite en fonctlon de

l'humidite pour ditterentes valeurs de la
charge de compactage
1. charge de compactage egale a 1.51-cg/cm2;
2. dite, a 3 kg/cm2; 3. dite, a 5 l-gg/crn2;
4. dite, a 7 kg/cm2

Les recherches effectuees ont demontre qu'a l'humi­
dite inferieure ou egale a cel.le_optima.le pour la char­
ge cyclique maximale donnee, le compactage du sol

|57

n'est pas suivi d'une dilatation laterale considerab­
le. Ceci indique que dans ces conditions la resis­
tance du sol ne diminue pas. On a constate que
l‘a\.gmentation de l'humidite seulement a 1.0-3.5%
par rapport a celle oplimale (en Ionction de la
charge de compactage) mene a la perte de- la capa­
cite portante du sci qul se traduit par son e_xpulsion
de dessous la plaque. La tangente aux courbes de
variation de la compacite en fonction de l'humidite
(£ig.1) correspond aux valeurs limites de l'humidite
audessus de laquelle la perte de la capacite por­
tante a lieu. Aux valeurs optimales de l'humidite et
de la compacite du sol sous diverses charges, le
coellicients de saturation d'eau est egal a 0.85-0.B9
la per-te de la capacite portante ayant lieu pour le
coeflicient egal a 0,92-0.96. La l.ig.2 donne les cour­
bes de variation des valeurs optimales de la compa­
cite et de l'hum.idil.e en fonction de la charge de
compactage. Comme on voit ces valeurs dependent
essentiellement de. la charge de compactage.

Q MH’/cm'7, pl 2
5.
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Variation des valeurs optimaies de la
compacite et de l'humidite du sol en
fonctlon de la charge de compactage
1. variation de l'humidite en fonction de
la charge; 2. variation de la denslte
optimale en fonclion de la charge.

Fig. 2

Les investigations accoirplles ont montre aussi que
les conditions optimales n'ont Lieu que pour une
telle cornbinaison de la charge et cle l'humidite qui
assure la structure monolithe du sol compacte (sans
macropores visibles et agregats) ayant une resis­
tance considerable. Plus petite est la, charge de
compactage, plus grande est la valeur de l'hu|nidite
du sol a compacter qul est necessaire pour assurer
la structure monolithe. On peut obtenir aussi la struc
ture monolithe pour les valeurs de l'humidite plus
grandes que celles optimales (pour une charge don­
nee), mais dans ce cas une perte de la capacite
portante du sol aura lieu. Les essajs cb laboratoire
relatits au compaction du :nl sous l'action de la
charge cyclique (a parametres donnes) dans les
conditions de la dilatation laterale possible donnent
la possibllite de faire un cholx prealable du type de
l'engin compacteur en conlormlte avec les conditions
reelles de construction des ouvrages en terre, ou
de determiner les valeurs optirnales de la compacite
et de l'humidite du sol pour le type de l'engin com­
pacteur choisi et le regime de corrpactage (c'est-a­
dire pour les parametres' de la charge cyclique don­
nes). La methode de Proctor ne perrnet pas de re­
prjesenter en similitude les conditions reelles du lon­ctronnement des engins compacteurs.



PROCED§ DE CONTRGLE DES DIGUES EN CENDRE.
K. Fiedler /T51ogne/

Pour deposer d enormes quantites de`cen­
re provenant des centrales thermiques a cha­
rbon on utilise souvent le transport hydrau­
lique. Les cendres sont ainsi deposees dans
des bqssins de decantationrdont la superfi­
cie depasse des dizaines d hectares. Les ba­
sslns sont crges par des digues en terra,
fpequemment Q une longueur de quglquee kilo­
metres. A/pres quolquos anqogs d exploita­tion ces digues sont surelevees, en general
par remblai en,cendre. Tenant compte de la
conneissance mediocre des prioprietes des
cendres et du manque q experience dans leur
utilisation comme matgrlau de construction,
on eesgye divers procedes de controls de laqualite du remblai en cendre.

Un penetro-scissometre B percussion-rota­
tion,/fig. 1/,utilise-en Pologne /Wi1un,1967/
a ete applique pour controler lg qualite des
remblais des digges en cendre d un bassin
de qecentetion d une centrale thermique. La
penetration do la sonde est assures par_1achute d un poide avec uneenergieegale a
55 m. Le nombre de_coups par cheque dizai­
ne de centimetres d enfqncement de la sonda
donna une image de la resistance H.-s-H. H"
degre de oompaota e du,so1 ou de la cendre.
En mesurant a 1 aide d un dynamometre le mo­
ment des forces necessaire pour tourner le,croiesillon du scissometre on obtient la re­
sistance au cisaillement globale.

i Kms
l
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Y rig. 2. Relation entre= 12 le nombre de chocs par10 cm d enfoncement de

la qonde /n/ et la den­
site apparente seche de
la cendre /U'/. 1-inf­luence d autgcimentation

Fig, 1. Pénétro-sciseometre /type ITB-ZW/.
1-croissillon de ciseillpment, 2- poids,

3-chassis du dynamometre
, I1 feut souligner que aee,pn6nom§nee

d autoqimentation peuvent ameliorer-les pri­
oprietes meoaniques de la gendre dans le
temps. Un,sondage de controls doit donc suc­
ceder im ediatement aux travaux de construc­
tion. Dane le cas contraire les resultats
du controls obtenus peuvent signaler'unequalite exageree de ces travaux. L influen­
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ce'de 1'autocimentation des cendres Stu­
diges est visible sur la fig. 2, qui re­
presents la re1ation,eqtre le nombre de
chocs par 10 cm_de penetration de 1a son­
dg et a densite apparente seche de la ce­n ree

Les risultats des sondages,dans,une zonefaible du remblai en cendre etudie sont vi­
sibles sur la fig, Ba. On y voit, sur une
profondeur de 2 g 4 m dee couches lnsuf­
fisamqent oomp ctees. §e1on,une enquete
supplementair ette zone a ete construite
et compagtee ans des conditions atmosphe­
riques defavgrab1es.Une mise en eau d ess­
ai a provoque dans cette zone des tease­
mentg locaux d environ 40 cm. Ce.phenome­ne verifie done entieremen11es resultats
du sondage. rigs 30

n-o 25 50 G) §gf1;.§§i\=­mn 25 x remblai
ep cendre.e avan
b/ spree'des trava­, ux de ron­

D, ,_ foroement., rr-“ n-nombre
ma 25 M Q) de cngcs‘< := Q =° °° §‘*§..f¢nZ’§.
.§ "‘"~1 ’ 5° mgnt, i-so­ll; n a es

i;>< _____ f?' fl; 2- §assem­1 ent spree
la mise
en eau d'es

sei, 3-remblai supplsmentaire en cendre, _
4-remblai en cendre recharge.

Apres une restauration et un renforcement
du remblai en cendre /fig. gb/ on ne note
pas de perturbations dans,1 exploitationdes digues du bassin de decantation.
CQNQLUSIONS. Les essais d'app1ication d'un
penetro-ecissgmetre a percussion-rotation
sour le controls de la Qua1ite,deq remblqises digues en cendre ont montre 1 utllite
de cet apparqil. Le eondage permet 1 esti­
mation de 1 stat du compactage de la cen­
dre et de'sa resistance au cisaillement.On peut reveler ainsi des zones faibles du
remblai en cendre.

L'§pp1ication du penetro-scissometre peut
donc etre constate comme un precede assez
simple de controls des digues en cendre,
mais sous condition que le sondage succede
immediatement aux travaux de terassement.
REMERBIEMENTS. L'auteur remercie WM J. Wea­
cewicz F. Szczygiorski et W. Wieckowski
qpi ont participe aux travaux de eondage ins u.
R E F E R E N C E S 8
WILUN Z. /1957/, "Mechanika gruntéw i grun­
toznawstwo drogowe”, Wydawnictwe K/omunikac­
ji i Lqcznoéci, Warszawa 1967, p, 331.



FIELD INVESTIGATIONS OF EARTH AND PORE WATER
PRESSURES IN PATCI-IKAMAR DAM. I.‘I.FJodorcv,l
P. V.Dergatchov, V. V.Al:i.pov, USSR.

The Patchkamar hydraulic structures on the
Guzar-Darja river were constructed under
complicated geological and h drcgeological
conditions in a mountain reg'{on.The seismic
degree is 9.'1!1e hydraulic structures consist
of the 70m high dam the outlet works situated
at the left abutment of the dam and the emer­
gency chute splllway. The cross section of
the dam is shown in fig. 1. The purpose of the
dam is to form the seasoznl storage with ca­pacity 280 mill m for irrigation and water
Supply.

The Vodgeo Institute carried out the complex
investigations "in situ" from the constructi­
on period /l965-196'7/ till 1971. Their prog­rame included the.determ:Lnation of settlem­
ents and displacements of the dam; the cont­
rol of seepage through the dam,beneath a
dam base, both sides of the dam as well as
the measurements of pore water pre ssures
within the core and earth pressures within
the core and on the surface of the outlet
works.

The electrotensiometric transducer-typeapparatus was designed for the earth and
pore pressures to measure and to record as
well as the technique of cell placing and
measurement conducting wa.s developed. On the
whole there were the earth pressure cells-55
and the pore pressure mes- 16 to place intothe dam /Fig. /. ,

The earth pressures within the core were
measured on three levels in the middle chan­
nel part of the dam. When an embankment above
the instrument level was of h=l5-20m distri­
bution cf the §rtical earth pressures waspractically un orm.As the embankment heightwas increasing up to #Om the distribution
line got convex, me average pressu.re over
the ragga of core width amounted to a fewless Y ](` -the bulk density of core material/
During the operatlm period the pressure re­
distributions can be observed as a result of
storage water level elternations_, the average
pre sure magnitudes decreasing further in _
comparison with fh. Sc the pressures on the
first and second levels have decreased to 0.7fh on the average, but the third level- to
0.8fh, it seems to be due to arching effect

between the core and the slrlls. On the se­
cond and third levels the horizontal pressu­
res were measured together with vertical
cnes at three points-at tm central atis and
at core edges. During the construction peri­od ratios between horizontal and vertical
pressures /J' / were 0.14-2-0.45 with h up to7-l0m at the given points whereas with h=20­
l|Om91! =O.5-0.55 at the core edges andf =0.42­O.l+ at the axis. During the operation period
5 is 0.4-0.54 on the second level and 0.12­O.58 on the third level.

When measu:|:ed,the significant concentrati­
on of the earth pressure was registrated on
the vertical facing at the outlet warks.The
average pressure value over the range of the
outlet width was above fh in the constructi­
on period. During the operation period dec­
reasing of the pressure have been observedin comparison w th yh that may the the result
of the arching effect between the core and
the shells as well as the bank.

The pore pressures were measured cn ‘the
same, levels of the same cross section as with
the earth pressures. The rise of ~the pore
pressures was fixed not long after the cell
placing at h=l5-2Om. The ppre pressure chan­
ges over the range of the core section and at
all times were reguJ.a.r.

The maximum pore pressure were developed
at the bed in the middle core part. Whm the
construction works were lmdgr completion itsvalue amounted to 2.6 kg/cm or'0.2-0.25 fh.
The maximum pore pressgre on the 20m abovethe base was 0.6 kg/cm or 0.1-0.15 fh. Theexcess pore pressure was dissipated more in­
tensively within the period of the 5-6 months
when the dam ccnstruction had been over. The
period of the ccmplete dissipation of the ex­
cess pore pressure lasted almost a year.

The experience cf organization and 'the re­
sults of the field investigations at the Patch­
kamar dam can be used in designing of similarstructures both for more accurate calcula­
tions and improvements of placing and de­
signing the control apparatus.
FIG.1. The cross section of the Patchkamar thu
1-a loesslike-loam core;2-transition zones;
5-sandy-gravel shells;4-a rockfill toe;5-an
area of cement grouting;6-a low pervious lays:
(clay);7-a concrete facing; 0-earth pressure
cells; 0 -pore pressure cells.

42 '~ oo far!/1 azauau :cafel “H ` ~ ,. 'Tp 4 "2 2° '9/cm’-“ “_ _ ° mais. ~- 6'V *VH ` ' 10
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CONDITIONS DE FORMATION DES FISSURES DANS LES BARRAGES

EN TERRE~ P. HABIB, M.P. LUONG, Q.S. NGUYEN (FRANCE)

Les barrages en terre, aprés construction et mise
en eau sont le siege des deformations differeea de
tassement acoupagnees parfois de fissurations visibles.
La presente étude montre qu'avec des hypotheses relati­
vement simples, on peut representer avec une assez
bonne approximation des effets constates sur des ouvra­
ges reels et prévoir la position et 1'amplitude des
desordres en surface. Elle permet aussi de suivre la
progression des désordres A 1'interieur du barrage
dans des zones oi l'observation est pratiquement
impossible.

Le sol, E l'instant initial, est caracterisé par
des coefficients d'é1asticité E et v . Sous l'action du
poids propre et lorsque l‘eau d'infiltration en prove­
nance de la tetenue hmmidifie le sol, on constate une
diminution de volume, qu'on peut assimiler B une aug­
mentation de la compressibilite. On definit ce nouvel
etat par E' et v', et cet effet est suppose instantsne.

Le coefficient de Poisson semble peu affecte par la
teneur en eau (v-v') ; les variations de densite sont
evidsmment faibles, la resistance au cisaillement eat
donc pratiquement constants. Le critere de rupture
rests alors cslui de l'etat initial defini par une re­
lation de Coulomb t I c + n tg¢.

On determine par le calcul les deplscements et les
contraintes en tous points sous l'effet du poids pro­
pre et des forces extérieures sppliquees B l'ouvrage
en envisageant des zones humides de differente etendue,
fonction du temps ; on compare ensuite les contraintessu critere. '

Pour 1'exploitation du calcul, on choisit une cour­
be intrinséque et on evalue le danger de rupture RF en
chaque point par le rapport du rayon R du cercle de
Mohr H la distance D du centre de ce cercle a ls droite

de Coulomb.(Figure I). Courb%t inlrinseque_ R '
Rr' 5 C R D\ A1' \ _

0
Cercle do Mohr

fiq_I CRITERE DE TURE

Pour RF<l, l'etst de contrainte est elastique.

Rr>l, le critere de la courbe intrinseque est
viole ; le risque est d'autant plus grand que RF estplus eleve.

Mais la rupture n‘est pas la fissurstion : il peut
simplament as produire des deformations plastiques. Si
la contrainte moyenne est forte, les deformations sont
du type ductile. Si elle est faible, des lignes de
glissements peuvent apparaitre tout en maintensnt en
contact les levres de la cicatrice ; par contre, l'ap­
parition d'une contrainte principale de traction lsisse
crsindre l‘ouverture d'une fissure. Ceci montre la ne­
Cessite de distinguer dans l'appréciation de la rupture
les :ones de fissuration et les zones de plaatification.

Ffssures possibles
RF I 3.5

zone ou apporo|s»

déformable _ '"°'n::;__?fon
\\`

‘%;.`_`,_»;\. _  ""` `*"“ " ' " `-\._‘:_% \.zone de zone ds
plqsfiflcotion fi 2 flssurotlon(R M) °' (R bl)F F .
SCHENA DE CALCUL EI D'EXPLOITAT|ON DES RE­

-SlLTAT$

La figure 2 schemstise un barrage homogene en terre
B base impermeable soumis H la presaion d'eau de ls
fetenue. Sous l'action des tsssements de la zone d'in­
vasion plus deformable, on peut voir se former des
zones de plastification (RF>I, critere de rupture vio­
lé en compression) et des zones de fissuration (RF>l,
critere de rupture viole en traction). Les fissures
peuvent se former li oh la valeur de R¥ est grande.Les résultats obtenus ont clairemen mis en evidence
les influences dues aux variations de l'etendue de la
zone humidifiee, des caracteristiques mecaniques (elas­
ticite et rupture) et ils donnent des tsssements tout
E fait concordants avec les observations.

Pour serrer de plus pres la realite, des s eliora­
tions sont possibles en tenant com te par example de la
construction par couches pessntes successives.

Quoi qu'il en soit, les resultats obtenus sont en
accord avec les constatations des désordres reels
observables. Mais ils signalent en plus des possibilites
de desordres dans des zones mal observees ( le talus
sval) ou inobservables (l'interieur du barrage) oi des
organes comme des filtres ou des mssques d'etancheite
peuvent se trouver.
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me problem regarding possible development
of longitudinal and ransverse cracks wasfaced in case of a 600m long and n
heigat dem planned :gg congtructeg acrossriver Garvt in Cent Ind a. 111 s was
due to the presence of a nearly vertical
quartnite band of wldth 15-301| wide runn­
ing paraléel tocghe dam aizisfixcept get­ween (21.1 and .13 and s anked y
alluvium underlain by Kaolinitio clay of
thiclcness 10-20m having compressibility
inggx zlarying getweuen 0.05tandt§>.16.f'meme ri use or e cons ruc on o
zoned dam, was locally available silty orolayey sand, $1-SG or GL materials an
poorly graded GP-GC material. ~

Three sources of settlement were envisaged
in the dau: (a) compression of the dam
structure, (b) volum change on initial
filling of the reservoir and (c) foundation
settlements. Computation based on considering
materiel characteristics and period of
construction including monsoon break etc.,
in general showed that the settlement due
tc condition mentioned under (c) would be
crggical due to the presence of quartzlteb .
Stresses in the foundation were ctmputed
using Pol'sh1n solution (Florine, 1959).
special computer programmes were developed
to evaluate the total settlement using
finite difference technique incor-Bora ingequivalent step loading, monsoon reak and
variation in the compreseibility of the
foundation material. &t'tlell|ent contours
are shown in Figure below:-1 u/sso-----""`-` _..-_---___ ` __‘a....--..-- --""`:\` , '-_-.-§___--:;~~~ \ " -*' ' -`\ ,* `~- _.--.. ___ ` _ _ * __» \`_`~ " " v f -_ »"`~` ..._-.-_. _ ` ` `____/ _f ,n \\ //__``\ \ /' f' \\¢ I `_____ \` __- , » -` ,"`~~` \ n' gh' ‘ 1 »-`~` ` `--- \ \\ ,lf `` / I,-:ou :\ `) 1 ‘\" I'. iif lbiil ' M7 _ im#V" _"" ""' "" \ 1,-__ ) \ ,’/ `\g°._-_..__-»»' `~__1 ____ \_, I \`,______.._______-»'* ~__-__/_."~` "'

_...__ ____ ____ ___, -_ ____ ____________`_ ___ ___._________ ______-_---___ _____--______ __/;,,
* o/s

FOUNDATION SETTLEMENT CONTO\RS

Evaluated differential settlement values
viewed in the light of stress deformationcharacteristics of materiel used in the
dem indicated ossibility of development
of longitudinal and transverse cracks in
certain parts of the dam, which could pass
through core, shell or both. Static sta.­
billty, considering tension cracks was

checked for critical sections.
he design alterations and protective
measures considered consisted of (1) widen­
ing the core width with more plastic
material but of low ccmpressibility,
compacted to slightly on wet side of the
optimum, (11) provision of thick gradedf ltsrs on either side of the core and
(111) use of GP-GC material in certainport on of the shell and cover it up withsand.

End of construction settlements observed
in certain instrumented portion of the damare in close agreement w th the predicted
values, as shown in Table below:

Ch.5.50 @.12.5O
1. Construction riod 6 24
2. mid of con­struction predicted 12 21

settlement in observed 10.'50 15.50
cms

3. Total embank-)ment settle- predicted 105 B4
nent in cms 3

4. End of construction 12 6 9 7
pore pressures (per- ‘ 'cent of total so l head)

Until recently (1973), the dam is perform­
ing satisfactorily and there is no undue
increase in the seepage quantity.
The authors aclmowledge the Director,
IIT Bombay for his keen interest.
REFERENCES:
FLORIN, Y.A. (1959), ‘P\l:ndamel'lts_1_g of 8011
mechsn1os', (Russian), Vol.1, Gosstroizdat,
Moscow, pp. 10?-110.
KATTI, RJ. (1968), 'Report on differential
settlement and stability characteristics
of Itiadoh earth dam', IIT Bombayv submitted
to the Government of Mah8rashtra, India,
pp. 10-15.

HILP, J.I.(1948), 'Estimating construction
pore pressures in rolled earth dsms’,
Proceedings of the Second International ~
Conference on Soil Mechanics and Foundation
Tmgineering, Rotterdam, Vo1.IlI, Lvb 5,
pp. 234-240.



ON AN EXPERIMENTAL STUDY AND NUMERICAL
ANALYSES ON STRESS AND DEPORMATION OF FILL­
TYPE DAM. T.Kawamoto, T.Niwa and
T.Miyaguchi (Japan)

In order to research the nonlinear
deformation behavior of fill-dams, the
results obtained by the small-scale ex­
perimental approach were compared with those
computed from the finite element analysis.

The dam model with a cross-section of
right-angles triangle ( 2 m in height, N m
in base length and 1 m in width i composed
of Toyoura standard sand is filled in a
test box considering that the hydraulic pres
sure is applied to the upperstream face of
center core partz The dam model was loaded
horizontally through 200 pieces ( 20 rows
x10 columns ) of loading Jacks. The dis­
placement of vertical loading face and the
stresses in dam model were measured for
various stages of loading and for severaldensities of sand of model.

The non-linear stress analysis was
carried out by the incremental procedure
using the hyperbolic approximation of thestress-strain relations based on the tri­
axial tests for the material of model. At
the same time, the elasto-plastic analysis
was performed under tne assumption of
Drucker-Prager‘s yield criteria. The
results of both analyses presented the
similar tendencies and the load at failure
of dam model became to be 1.8 times hydrau­
lic pressure for full reservior ( described
by l.BH ) in the former case and l.6H in thelatter case.

The deformations of dam body, however,
were_smaller wholly for the experiments thanfor the numerical analyses. The calculated
displacements of the crest of dam model
became to be about three times the experi­
mental ones, It was recognized the differ­
ences of incremental rate of horizontal
displacement between the experiments and thecalculation. Such differences seem to be
resulted from that the stress pathes in
ordinary triaxial compression test can not
represent the variations of stress in the
dam model subjected to the load below 0.TH.
The state of stress in the vicinity of the
loading vertical face is to be 0| > U3 ,
where 0| 11s the maximum principal stress, a
nearly vertical component and U3 is the
minimum principal stress, a nearly
horizontal component, for only the body
force of embankment and then U; increases
gradually whereas U;keeps to be almost con­
stant with the increases of hydraulic pres­
sure. Furthermore, after passing throughthe states of stress of 0| = U; ( at the
loading stage of about 0.7H ) , ol becomes
to increase gradually with the hydraulic
pressure. On the other hand, the stress­
strain relations in triaxial compression
test are obtained for the increments of
0| from the state of 0| = U; .

It is clear from the results mentioned
above that the numerical analyses should
require to investigate the stress-strain
relation of the material under consideration

of complecated patterns of stress,paths
occured practically in models or prototypes.

For instance, let's group the stress
changes into the four conditions like the
followings as regards with the rupture
envelope of materials ( Fig.l );
Condition A; is fixed and increases.Condition B; increases and is fixed.
Condition C; decreases and is fixed.
Condition D; is fixed and decreases.

Pig.2 shows the stress-strain relations
of Toyoura
the stress standard sand corresponding to

conditions of A, B, C and D,
respectively. It seems that the stress
change from A to B roughly corresponds to
the stress changes near the vertical load­
ing surface on the experimental model or
behind the center core of a rockfill dam.
It is noted that the tangent to the stress­
strain curve in the condition A in spite of
the decreasing of the the principal stress
defference. If such a deformation proper­
ty dependent on a stress path is introduced
into the finite element analysis, the
deformation behavior of the experimental
models of the prototype dams may be
explained.

T envelope
re
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Fig, I
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O5 = I kg/cm': oonnhing.E stress2
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In the report there is a method of calcula­tion of vertical shrinkage strains of the
up-river rete.in.1.ng prism of a dam and
accompanyhég them horisontal displacementsof the cre , arising during the procedure
of the fill of the reservoir. The worlclngout of the method has followed thefezpcr ­
ments to investigate shrinkage characteris­
tics of large fragmental material. It was
done :Ln laboratory of construction of
Krasnoyarsk Water Power Station. The er­
geriments were done in a steel cyl:Lnd¢n'.~-205 m.lll:Lmeters I=237 millimeters under
gravitation load.

According to the results of the experi­
ments linear dependence of shrinkage
strains on material density, taken into
consideration for calculation was establi­

¢°l=(£°€.)  (1)
in which C- relative shrinkage strain;

£ - test material density,
mrpresscd through porosity
factor;

E,- material density :Ln the
presence of which shrinkagestrains ere equal to O ,k - test ratio.

Density change- according to the depth of
an embanlcment was accepted in accordance
with the nature of compression curve of
material and is expressed with exponenti­
al formula

in which £,- material density on thesurface of cmbanlnnent
after compression;

P - 10ad.;
qns- test ratioes, obtainedunder the working of

compression curves.
Load influence on the magnitude of shrink­
age was noted during the experiments, oftwo from s:Lx mixtures of test materials,
during the increase of load the increase
and decrease of shrinkage have taken place.
The influence of load was counted up with
the exponential formula as additional
change of shrinkage.

Sheds

€~fr°°¢/°'° .. .... (2)

A'_'taf” ocn~»_nn¢»(3):Ln which p- loa ;
a,n- test ratioesWithout the account of the load influence

on shrinkage strains the megzxitudc of
shrinkage of up-river prism under the level
of submergence 5' is determinedall 1/-°" - M
A(g¢)=ky¢(6~f.)* ,_ K/'gil -1] ...<4)
in which: H - dam high;

8q.%_.- degree of its submergence;,{- volume weight of prismmaterial.
In the report there are formulas of

shrinkage of up-river prism deduced with
calculation of load influence under both
partial and complete submergence, as well
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as formulas of shrinkage with the calcula­
tion of density change of prism material
owing to strains of creep, if filling of
the reservoir with water takes place not
after flllinimadam :Lmmed1ate1y, but insome years t e.

Due to irregular shrinkage strains :Ln
prism some horisontal displacanents of dam
crest take place: transverse displacements­
- to upperwatcr, longitudinal ones - from
borders to axis of canyon. The experiments
:Ln a trough with transparent wallside and
observation of strains embanlcments :Ln the
zone of submergence of Krasnoyarsk Water
Power Station have helped to find out the
procedure of horisontal strains. It was
established that horisontel displacements
take place ln two cases:
1) under submergence of embankment with a_
saliope, that leads to displacenent of slopeBel '
2) under submergence or embankment laid on
the inclined foundation - bed, that leeds
to cracking ,on its surface.
The first case corresponds to the crest
displacement to upghcr water, the second_onc­- to longitudinal isplaccmcnts of crest.

Taking into account that horisontal
strains are the result of turniaginof rismad.r_y body wg to zlrgalar str s o¥ itssubmerged p we fo the formulas of the
magnitude of displacements to the upper
water and longitudinal displacenents of
crest from borders to the axis of canyon.

Compared calculations made for embank­
ment H=50 m from tested compositions and
calculations for displacanent Infernlllo
dam give rather similar results to natural
data both :Ln quantitative and qualitative
5.5Pe¢'t3o



ANALYSIS OF THE EFFECT OF THE MAIN FEATURES
OF DEFORMATION BB-ULVIOUR OF SOILS ON -THE
STRESS-STRAIN CCNDITIONS OF DMB OF LOCAL
MATERIALS.A.L.Kryshanovskij,A.S.Chevikin,
E.G.Pikus, M.M.Pashchenko.

As differed from the model of linearly de­
formable medium the most frequently used in
the engineering calculations,fine]y-dividedand coarse-skeleton soils exhibit a number
of features of their deformation behaviour:
the shape and volumetric deformations are
non-linear with the linear (I ) and square
(II ) invariants of the stress tensor.Fur­
thermore, there is substantial influence of
the Nadal-Lode parameter of the type on thre
dimensional state ( )_the loading path andthe rotation of the principal stress axes
in the course of deformation /1,2,3/.

The loss of the local stability and crack
formation ma be predicted in those zone
of a dam of local materials,where the ul­timate equilibrium stqte is established.
Therefore, the most critical points in the
calculation of dams by the methods of thelinear soil mechanics are of the least re­
liability. Where the main features of the
deformation behaviour of the dam, soils are
but partially reflected in the calculation,
the analysis of the effect of the factors,which have not been taken into account is
required. Yet there are no sufficient full­
scale observation data (especially as to the
crack formation for the purposes of such an
analysis.

For that reason it is necessary to develop
the methods of calculation which would per­
mit to more accurately reflect the deform ­tion properties of the dam soils.

The studies show that the role of the pa­
rameter and dilatancy phenomena ls very
important in the deformation regularities.
Thus, under the pure shear deformation con­ditions the invariants I and II can be
increased by 5-10 times (4) due to the mani­
festation of the dilatancy properties.

The main principles of the calculation are
the following. The mechanical properties of
the material under the quasi-equilibrium
deformation have been determined using the
apparatus ensu ing the application of three
independently variable stresses under the
pure deviatoric loading conditions.The coa­
xiality of the stress and strain conditions
during the teat.was ensured by the structureof the apparatus which is ref ected in the
calculation. In addition,the similarity bet­ween the stress and strain conditions was
assumed in the calculation. The resulting
relationships have been.approximated.The
moduli of deformation (Lame parameters)
depending on the stress-strain conditions
have been determined as reported by I.A.Bir­
ger /5/ as extended to take into account theinfluence of and the volumetric deforma­
tion under the action of a stress deviator.
The plain strain case of the dam having an
incompressible base has been considered.The
calculati n has been made by the finite
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difference method using the BESM­4 computer.
The boundar conditions have been predermi­
ned as earlier reported /5/.The calculation results will be corsidered
taking as an example the simplest case nfthe dam built of one and the same material.
In the first example the deformation proper­
ties are taken into account including the
dilatancy phenomma; in the second example
the dilatancy phenom na are not considered.The solution has been obtained for the Nurek
(18111 (H:504 lIl)»

The calculation results show that Lhe
effect of the dilatancy attains 50%.

This results in the conclusion th tthe
dilatancy must be taken into account in the
engineering calculations.
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OBSERVATION OF EARTH DAnS IN PORTUGAL.
Es Maranha das Neves and F. Guedes de Aelo(Portugal) `

Having begun more than ten years ago toins
tall observation equipment in earth dams the'
Laboratério Nacional de Engenharia Civil has
collected data, whose interpretation seems of
interest to make known.

The structures observed can be divided in
two main types: dams made up of weathered
schists with a clay core (Mira and Monte-da­
-Rocha dams); and clay fills in composite
dams of both the earth-buttress (Caia andRMo
dams) and the earth-multiple arch types (Odi­
velas dam). The latter, in addition to the
usual interest of observation results, sup­
plies data on the behaviour of earth fillsin contact with concrete blocks. In Mira and
Monte-da-Rocha dams the shells are made up
of materials with a wide range of grain si ­
zes and a high percentage of coarse aggrega­
te (SO to 150 mm). These fills were compac ­
ted by vibration rollers in layers aboutl,0m
thick. The study of the behaviour of these
fills rendered field measurements indispensg
ble, mainly of pore pressure and soil deformability. _

The observation equipment used included
among others: electric and hydraulic piezome
ters, internal movement devices (U.S.B.R.and
slope indicator types), and surface settle ­
ment points. The good performance as regards
both response and durability is especiallyno
teworthy. Even when installed in zonesof the'
earth fill where pore pressures due to2 theimpounded water easily exceed h kgf/cm ,they
remain in good operating conditions sevenyears after their installation. It is also
important to notice the extremely strong
trend to the installation of negative pore
pressures duringconstruction, which subsist
in considerable zones of the earthfill even
after years of water impounding inthereser­voir.
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FIG. 1
Typical behaviour of 3 electric piezome ­

ters is presented in figure 1. They were also
choosed in such a way that they are from the
tree principal zones of the dam: core,upstru
and downstream shells.

The data on the characterization of the dg
formability in earth fills are mainly drawn
frométhg observation of Mira dam (90 m high,
L|_x10 rn of eartg) gud iflonte-da-Rocha dam(52 m high, 2x10 m of earth). These are

earth dams with a core, in which both the
materials and the construction (compaction)methods are different from those used in the
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FIG. 2
shells. Figure 2 presents the observed inter
nal vertical displacements measured with the
instaled U.S,B,R. assemblies type.The resulmare shown as the modulus of vertical defor­
mation in function of the vertical pressure,
considering this one as the weight of the
overburden soil.

In both dams two zones are observedzthe cgre and the downstream shell. As can be seen
in the figure, there is a wide range of de ­
formability depending on the soil type and
on the relative stiffness of neighbour zonea

As a normal behaviour the coarse material
in the shell of Mira dam (curves 2 and 3) ismore deformable than the weathered schist of
the core (curve l);`but a higher differencia
tion might be expected between curves land2T
In fact, given the large deformabilityof the
coarse schists, the stresses on theshellzo­
ne near the core are greater than thosewhioh
would occur in a homogeneous fill. So,if the
correct stresses were used in the plot,curve
2 would move tothe vicinity of curve 3.

In the Monte~da-Rocha dam it happens theig
verse situation: a clay core (curve u) have
higher deformability than the schitous shell
(curve 5).

A global analysis of the deformabilities
points out the good performance of the well
graded weathered schist employed eitherin dm
core or in the shell zones. The referred ang
lysis is also of the utmost interest,notably
as - owing to the differences displayed - dg
formabilities give rise to a considerab1y'redistribution o stresses between thecoreand
the shell.

In Roxo dam,the important settlements obsdr
ved in the earth-concretecontact, shows that'
construction details and seepage conditions
in that zone must be carefuly studied.

Finally the results of the observation of
surface settlement points and the displace ­ments measured are related with certain so ­
licitations on the completed structure. The
most important facts are a sort of a little
global circular motion in Mira dam resulting
from water impunding in the reservoirand the
upwards movement measured near the concrete
in Odivelas dam. The magnitude of these dis­
placements, measured before the firstfiuing
up, is dependent on grout\s pressureindlized
on foundation‘s treatment,



DISPLACEMENT OF EARTH SIDPES DUE T0 SEISMIC
SHOCKS. Sh.Prakash, P.Nandakumaran,V.Chand­
rasekaran, p.K.Mitra, B.V.K.Lavan1a /India/
The present day (1979) techniques of analy­
tically determining the deformations of
earth slopes due to earthquakes are indeed
noteworthy steps in the right direction,
but over-simplifications in these methods
leave much to be deslred. Model testing of
dams with proper similitude gives more reli­
able results though some difficulty is ex­
perienced in proper model preparation.
At the School of Research and Training in
Earthquake Engineering,model testing of Ram­
ganga Saddle dam and Pandch dam both 61 met­
re high have been successfully completed. Mo­
del analysis of the proposed Salal dam (l00m
high) is being done.The models of the dams
are excited by impact of a heavy pendulum
striking a shake table (4.8Bm x 2.74m). Theacceleration of the table and the deformati­
ons of the model material are recorded. Ano­
ther pclnt worth considering is the shock tobe simulated.Due to undertainties involved
in the exact simulation of the materials,a
more severe shock than would be required
from similitude requirements is applied.Forthis hnth elastic and inelastic response cha­
racteristics due to ex ected ground motion
are considered.
To throw more light on the draw-backs of the
model testing,work on models of the same sec­
tion with different scale ratios is being
taken up. These models will be used to inter­
pret the behaviour of each other and scaled
up (cr down) results will be compared with
the observed ones.
At present studies on yield acceleration of
ochesionless slopes which is a function of
the nature cf the ground motion to which it
is Bubjuuiiutl, ure lu |_.u.'ugl‘u:»s. For e G0h63i­
onless slope, tested on a smaller shaking
platform, it was found that a smaller value
of yield acceleration results when subjected
to steady state vibration than when simplytilted to cause failure. This has been inter­
preted as the effect of loss in strength
when subjected to repeated loads. Attempts
have been made in this study to know the de­
formed shape of the slope analytically and
experimentally and compare the two. The vari­ables considered are (1) slope ungle (ii)
number of cycles (iii) frequency and magnitu­
de of exciting harmonic motion.
The analytical approach adopted is based on
the yield acceleration concept proposed b
Newmark (1965) and Goodman and Seed (1966).
It is assumed that the sliding mass moves in
the form of two wedgee.The extent of move­
ment ls controlled by the strength-deformati­
on characteristics of the slope material and
the nature of the base motion. The deformed
profiles are obtained considering rigid body
movement of the sliding mass. The observed
and computed deformed shapes for one of the
cases are given in Fig.l.
The results of the experimental investigation
on different cohesionless slopes subjected to
steady state horizontal base motion reveal

_ _____ oss seven DEFDRMCD SURFACE
om¢.uwu_ sun

_ __ _ -ruccnsr/cu. nuonran" .sumsaca ,r/
Accusnnrrcrv =0'a59» 5.\";=R¢¢y¢~¢y f . sag: ,_=\ ¢."‘ THLORITICALfue of-cvcres = as /- ' D/SPI-A¢l"¢N'

.X '/,'/
oessnvaoy; ’/I
’/'/ 'THIOIETICAL

-_U-*5.|51|.|-1Chl

Fig.l.Comparison of theoretical and actual
deformed sha e cf a slope0.ID FREQUENCY :5CF|ij' g93 0.8 s¢_~4°L dc*~' e 5°z~5:| me cvuuYa.; ,,z\¢,‘F ._\ 5-_\ z.z.5|l-v_,_.'lg\ ,fi _'J-\ an0 / V *V 2. /;/ /Q

§ 0.2
3` | I | | | y I0 40 80 /zo /so 200 z

Dispbremenf /$7 CM
F1g.2. Effect of number of cycles on displa­

cement

‘§ OJO N0 OF CYCLES :ZS`d 0.3 _ p? ,s" 9* 5“'t r S’
.2 or ¢_?§,,§( _vw W§ ‘I-`§ / ._\  _ié__,_
Q &4 ¢5f%fE;;57f-"Z;»-*B _--"'"'_ _ a
Q /l.5':I= 3 ;l'&3c'H`€YZ.3 “= ==' _
V
1' 0 I I I | |2° 40 eo Bo /au

Displncemenf fn. CM
F1g.5.Efféct of frequency on displacement
that the displacement increases with increase
in the level of base acceleration frequency
and number of cycles.Some indication of these
effects are shown in Fig.2 and Fig.5.

With the suggested technique it is shownthat reasonable estimate can be made of the
magnitude of repair work involved in embank­ments to D9 constructed in seismic zones.
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DESIGN OP' EARTH AND ROCKFILL DAMS.PeDmBn A.Dl.
/U.K./

The design of earth and roclcfill dams to have
a factor of safety against complete collapse
gives little prediction of the amounts ofmovement which will occur in the actual
structure. In addition to providing an ede­
qus te factor of safety,design should ensure
that both during construction and during
the impounding of water behind it, the de­
formations of the dam will D8 within accep­table limits.
Recent work of the Dams Section at the
Bu1.lding.Re.search Station has been aimed at:
(a) developing a method of analysis to pre­

dict the movements of embankment dams,
and

(b) measuring the actual movements which
occur within the fill to compare with
predicted movements and to obtain evi­
dence of magnitudes of movement which
are acceptable.

s) An analysis, using n finite element
technique,has been developed to predict
the movements from the results of large
size laboratory tests on samples of fillmaterial. An oedometer has been built to
measure the deformation of samples of
roclcfill lm diameter x l/2m high under
a stress of 5.2 N/mm2 (520 tonnes/m2).
Tests have also been carried out in the
Department of Civil Engineering at Impe­
rial College, London, with samples 0.75m
high x 0.51m diameter in triaxial comp­
ression and with oedometer samples 0.61m
diameter.
We have been fortunate in being able to
study the behaviour of both Scammonden
Dam (7Om high) and Llyn Brianna (9011
high) currently the two highest dams in
the UK.

b) Movements of a large number of steel
plates buried in the two dams have been
measured with a horizontal plate gauge,
similar to that used at Gepatsch Dam in
Austria. Movements of the surface of the
dams, at the ends of the gauges,have been
measured both by triangulation and bythree-dimensional trilateration from an
array of stable reference pillars placed
some distance from the dams. A Kern
DKMZA 1 second theodolite was used to
measure horizmtal and vertical angles
from the pillars, and distances were mea­
sured by both the NPI. Mekometer (accuracy
5 ppl _tO.1mm) and by a Tellurometer MA
100 (accuracy 2 ppm ;l.5mm). The accura­
cy achieved Dy the horizontal plate gau­
ges in measuring both vertical and hori­
zontal displacements of the steel plates
was 1-_2m. The accuracy of both triangula­ticn and three-dimensional trilateration
in measuring vertical and horizontal mo­
vements of points on the surface of the
dams was also +2mm, and the overall accu­
racy in measuring the movements of me
buried plates in relation to the stable
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pillars is of the order of 1-_5mm.
Agreement between the predicted and obser­
ved movements for the two dams has been most
encouraging and has caused us to suggest
that our method of analysis is sufficiently
accurate for design purposes.
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T. Ramamurtny WSIS dkadnftlcar, KZTraka§Ti"a c. cnawla (imma).

For analysing the stability and Predic­
ting the behaviour of earth and rockfill
dams using finite element technique, stress­
strsin relationships for soils and rockflll
materials will have to be known under appro­priate boundary stress or strain condit ons
on the representative materials. Testing of
large rockfill materials consisting of rocks
as large as 1m3 would require very elaborate
and costly equipment. A central facility of
testing such a material would not be adequa­te. In order to estimate the stress-strain
relationship and other design date modelling
of the field material, as suggested by Lows
(1964) for laboratory investigations appears
to be very promising.

To study this aspect of modelling of
rockfill materials four fractions having
very nearly parallel gradings were obtained
from White Badarpur sand quarried from Fate­
pur, Delhi. The grading curves for the o r1­
ginal sand passing through B.3. Sieve No.7
;;-__-1 gg,-;~ the £9-5 fl-ggi# nna selected for the
study are shown in Fig. 1. Two coarse and
one medium sands having mean diameters (d50)
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of 1.7 mm, 1.0 nm and 0.5 mm were obtained
by sieving through successive sieves. A fine
sand with mean diameter of 0.096 lmn was obt­
ained by grinding the original sand. The
mean diameter of the coarser sand was 17 ti­
mes that of the fine sand. Both the coarse
sands were sllghtly angular than the other
two sands. The tensile strength of particl­
es decreased with increasing size.

F°r conducting triaxial tests cylindri­
cal specimens of 3.3 cm dia. and 7.5 cm ht.
were prepared as dense as possible by rodd­

:lng and tanping methods. Initial porositi­
es for coarse sands varied from 401 to 425
while for the other two sands 44.5% to 461.
The rate of strain was 0.125 mm/mt. These
sands were tested undor full saturation in
isotropic consolidation and consolidated
drained condition in triexial compression
upto s négimum confining stress (6 3) of127 KB/ . The gradation analyses of the­
se sands before and after shear suggested
considerable crushing of particles. F:lg.2
shows such changes for the coarser sand.|00 L
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The magnitude of crushing exlplressed as thepercentage passing through t e sieve on
which the sample was initially 1005 retain­
ed, increased with increasing particle size.
The magnitude of crushing in the coarser
sand was about 901 while in the fine sand
about 401 when these sands were consolidat­
ed and sheared upto 305 axial strain under
an effective confining stress of 127 kg/cm2.
The mllformity coefficient of coarser sand
changed from 1.3 to about 11 and that of the
fine sand from 1.3 to 3 at the end of sggsr­
ing. The grndinssesroduced at the endshearing were mark ly different from one
sand to the other. Althoum the magnitude
of crushing was larger in coarser sand but
the specific surface area produced in allthe sands were identical for similar ener­

ies given to the specimens dur:l.ng shear
gllamamurtln' et al 1973)»

During isotropic consolidation, the vo­
lumetric strains due to recoverable and non­
recoverable compressions of the specimens
after separating the membrane penetration
increased with increasing particle size
(Ramamurthy & Kanitkar 1972). The effective
stress ratios at failure varied between 6-3
and 5.6 for 6 3 -I 1.4 kg/cm2, between 3.85
and 3.65 for gs = ae ks/cm2 wig between
s.:-3 and 3.4 for 63 -= 127 kg/c . A11 1=h°four sands indicated effect ve angle of o
shearing resistance at failure within 44
t 470 at 10W confining stresses. The COB'o d h ed lightly higher values.
The gggrger gwand :mobilized lowertsnglle 01'shearing resistance with axial B 1°

if/J'



the fine sand. For 25 and 55 axial strains
coarser sand mobilized 10° and 16° while the
fine sand mobilized 17° and 23° respectively.
Since the coarser sand was crushing morethan the fine sand some of the adsl strain
was absorbed in crushing similar to plastic
strain. The effective angle of shearing re­sistance at failure for all the sands at
high confining stresses varied between 33°
and 32°, inspite of the differences in part­
icle size, particle strength and magnitude
of crushing. Generally failure strains in­
creased with increasing particle size, con­
fining stress and magnitude of crushing.
The strains at failure were as large as 301.
The coarser sands exhibited large volumetric
contraction (about 191) than fine sand (about
12%) xmder high confining stresses. The co­
arser sand showed lateral contraction of
the specimen (-ve po1sson‘s ratio) during
shear for confining stress greater than 63.4
kg/cm2 upto axial strains varying from 5$ to
105. The dilatancy rates at failure were
about 1.8 at 6' 3 I 1.4 k /$2 and decreased
rapidly upto g 3 ' 23 Rage and thereafterremained cons ant having values between 0.7
and 0.65. Some of the above findings were
also observed by Marachi et al (1972).

The stress-strain curves for all the four
sands tested upto 127 kg/cm2 confining stre­
ss were found to be lwperbolic in shape and
could be represented by €1/(G 1-63) = a +
bf 1. Such a constitutive law was proposed
and verified by Kondner and Zelasko (1963)
for granular soils sheared at low stresses.In addition to the different forms of this
relationship suggested by Hansen (1963), nu­
merous other relations were tried but only
hyperbolic representation of stress-strain
relationship was foxmd to define reasonably
a simple constitutive law for granular soils
subjected even to high stresses. Fig. 3
shows such a representation for merser send.1 ' ' ' .
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These studies revealed that the consti­
tutive law, peak effective stress-ratio,
ultimate deviator stress, and dilatancy rate
at failure are not likely to be influenced
by modelling of the materials but mobiliza­
tion of strength with strain, axial and vo­
lumetric strains at failure, the magnitude
of crushing and elastic and plastic compre­
ssione during isotropic consolidation will
be influencedi initial tangent modulus andpo1sson's rat o are also likely to be effec­ted to same extent. In the absence of a
generalized constitutive law hyperbolic
stress-strain relationship my be adopted
to predict the behaviour of granular mate­
rials even if considerable crushing occurs
under high stresses.
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STRESS-STRAIN ANALYSIS AND SIEABILIEY OF
EARTH AND ROCKFILL DAMS UNDER STATIC AND
DYNAMIC LOADS. L.N.Rasskazov, ll.V.Vitten­
berg, D.V.K.1.ranov, hl.N.Volclmova, I.S.Klein
/UBSR/

Earth and Rcckfill Dams are complex three­
dimensional Structures made of materials
having non-linear, elastic-plastic proper­ties. At VODGEO Institute the solution of
roblems connected with stress-strain state

in earth and rockilll dams has become pos­
sible with the aid of finite element method
similar to the one described by O.C.Z:Lenki­ewicz,  and Reweclow which isused alo side with the method of local va­
riationsngeveloped by F. L.Chernousko and
Nonemnchunke

In solving non-linear, plastic-elastic
problem it has become necessary to workout a new definition of the matrix proper­
ties of soils, to show that the iteration
procedure is accurate enough as well as toconsider the plastic properties of soils
by a new method.

The stress-strain state and stability ofa rock-fill dam with a central vertica
core may be solved by separation of across-section into 306 elements. The soil
characteristics have been carefully exami­
ned in a triarlal apparatus and the test
data are presented in Fig. l (loam has wa­ter content =l5,5 p cent and f soil
skeleton = 1.7 5/omg

Coarse gravel and limestme showed cor­
respondent characteristics. It is only na­
tural that the modulus of deformation for
rock-fill materials is l0 to 15 times higher
then for cohesive soils. Poisson's ratio
for rockfill materials is two times lower
for roclcfill materials than for pebble­
gravel materials though the stress statewas identical.

Fig.2 shows the distribution of stability
nL\|Ilb0r K z
along th? cross-section of a dam (The instant
process of construction and plain strain are
assumed), 50 assllm and ynatuml being
derived from llohr's stability analysis.

The eri.ste.nse of ultimate zones inside
the upstream part and the core (K, =I) of a
dam is not dangerous for the dieplacemmt

vectors are directed downstream.
It must be pointed out that if E=E(t) and

E=(u(t) we can incorporate creep effectsto omlysis.
The dynamic analysis of dams was also ba­sed on the finite element method for both

one phase and multy phases vibration. All
the procedures were associated with the mass
matrix equivalent to the mass distributed
throughout the elensnt. Also the integration
of the response of a structural system to
the transient damping force was carried on
in a variety of ways.

The aim of the ginamic problem is to findout the res:\.dual splacements inside the
dam after earthquake being over.

To assist in solving the problems mention­
ed above :l.t was necessary to modify a compute
tional technique and to verify the results
with the tests in triaxial apparatus under
vibration.

It was required that the residual displa­
cement should be determined and compared
with both dynamic and static characteristics.

Three-dimensional problem could be trea­
ted with ths method of local variations,
fgiunded on prgxgigle of minimum energw ch ma eso e as

Efyvegfre,ff/v-_gJ>;;./v-.gxxu ds (1)
in thiB? and' Ci," are stress and straincomponen s :Ln an' element having V value
S- unit weight of soil
f- displacements inside a certain point of

an element
R- outer distributed forces
u- displacements of the applied outerforces
s- the region of the application of outerforces

The minimization procedure requires node
to node displacement while finding the ml­
nimum "u" along xyz ans with the step va­
lue being h]_-h1o.

The displacement components ei; have to be
ggfined by dividing the region into tetrahe­ons.

With this method the problem can be solved
for constructims in stages inspite of the
stress-strain relationship is a very compli­
cated one.
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Expressions 'I'=T(e,|" ) and 6=6£e,/") wereround experimentally where G,2,7`, are thefirst stress and strain matrix invariants
respectively and the seomd :Lnvariants of
stress and strain deviation (Siinand Ei;|).The strains are assumed to be 1 ear in so­
il during unloading.

Beyond the ultimate load the yielding was
gizpressed in terms of Prandtl-Reiss's candi­cn.

° KB: u¢"'S6dgfsg­
Ihere UO- cohesion energy of the materialthis expression the state of soils is ea­
sily obtained.

Thub

The main aim of the further investigationsis to find out the summarized stress-strain
relationship.

In order to evaluate the stability ofearth and roolcfill structures; more relia­
b1;hu.sing the stress-strain state.e progress in dynamics may be obtained
by proper choosing of design accelerogramsand proper analys ng of structure stabilityd
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viers suivant

L'INFLUENCE DE L'ETAT DES CONTRAINTES SUR
»M"`I1vTERmE`D?nus S. . e o

Parmi plusieurs facteurs, qui influencent
sur la valeur de 1'ang1e de frottement in­
terne ¢ , il faut souligner celle, qui con­cerne 1'étst des contraintes du sol. Pour
dévelopger la correlation ¢=-;'(5)1'auteura essay sur le §rand appareil triaxialhydraulique Tzhl S les trois especes des
sols graviers avec les dimensions des parti­
cules 10; 40 et 60 mm, les échantillons
avaient le diametre 30 cm et la hauteur 70
cm (A.P.RiJenko, 1968). On a varié la pres­
sion éatérale sur 1'échanti11on de 0,6 h 10
kg/cm ce qui correspond au changement dela pression normal de 1 h 17 kg/cm _ La com­
pacité des sols était moyenne. Poids unitaire
de squelette du sol et la porosité sont con­
formément égales 1,6O; 1,83; 2,00 t/m3 et
39,6° 31,0; 26,7%. A la figure sont repre­
sentees les valeurs obtenues comme la rela­
tion entre l'ang1e de frottement interne Q5
et la mineure tension principsle E; .
D'apres ces données, h 1'side de la machine
digitale, on s trouvé les équations corre­
latives comme des paraboles currées uu cu­
biqucs. On n obtenu pour cheque esphce des
sols étudi quatre equations suivantes=C1+6 6% < >

Q,=a +5;'1g<p‘5 , cg)= 2 5 ( )
‘&=gIg;’i§;’¢Ig$%j <§>

On trouve la meilleur coincidence des don­
nées experimentaux pour 1a courbe (3).Ecsrt
carré moyen des valeurs d'essais et ceux
calculées d'aprbs ces équations était dans
les limites 0,203-0,294, 1'étriotesse de la
liaison relative changeait de 0,968 h O,888.
L'équation (3) Pour cheque espece du sol
grnvier examiné se distingue essentiellement
par la valeur du membre premier. En le dé­
signsnt comme 95 on peut remplacer les trois
équations par une seule équation corrélativesuivante 2 3

¢51=¢-2,1s6_,+o,266_,-o,o16, , (5)ou Qg- a moyenne de 1'ang1e de frottementinterne.
On a verifié la ossibilité de remplacer les
trois équstions FB) par ne équation (5) en
confrontant les valeurs , culculécs selon
cesesquations pour les vu eurs differentesde 5. Cette confrontation a montré, que
1'erreur msxima1e,_qui resulte de cette ran­
placement, est 4,5%; ue qui ne dépasse pasl'sxactitude de détermination des caracté­
ristiques mechaniques du sol obtenues h
1'aide de 1'apparei1 triaxial.
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La brandeur €§on cstimc souvcnt dans la mé­
chanique des sols comme le produit du poids
unitaire du sol sur la_profondeur de la
fondation, c'est-h-dire UD. Dans ce cas on
peut représenter l'équation (5) comme
¢~=¢-2,1HzD+O,26<zf1»>2-<>=o1Qrm? fm
P`5ur 1'uti11sat1on pratique on la reduith la formule suivante

06 456- valeurment interns;
¢ - valeur

ment interne,
reil triaginl

%=¢K-Kka
corrigée de 1'ang1e de frottc
moyenne de l'angle de frotte­
déterminée h l'aide de l‘appa
lors la pression latérale est

0,6 kg/cm : avec cela le diametre de 1'échgn
tillon dépasse le moins 5 fois la dimension
la plus grande des pnrticules de gravillong

K - coefficient de 1‘homogéuéiLé du sol,
tenant compte de la possibilité de diver­
gence des valeurs obtenues;K - coefficient correctif, qui estime
1‘in¥1uence de 1'état des contraintes du
sol sur la valeur¢; on le trouve par le
tableau suivant la valeur du poids mort dusol au niveau de la base de fondation.
La relation, obtenue lors dee essais (7)
permet tenir compte du changement de
1'ang1e de frottement interns des sols gra­1'état des contraintes h ls
base de fondation, c'est-h-dire on introduitdans les formules de calcul la valeur corri­
gée de caracteristique fondamental calculé.
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physico-mecaniques des sols graviers".Proc_
of the 3-rd Budapest Conf. on Soil Mech.and
Found. Eng.,dungarian Academy of Sciences,
Budapest, pp. 275-287.

Valeur du poids mort du sol au
niveau de la base de la fondation

IDX), t/m2 6 10 20 30 40 50 60 70 so 90
Valeur du coefficient Kk 1 0,985 0,951 0,925 0,909 0,896 0,890 0,886 0,884 0,882

x)Le poids unitaire du sol est estimé sans 1'effet hydrostatique d'eau.
|72



LIME FIXATION OF DISPERSIVE CLAY, MERRIMU
DAM AUSTRALIA. M.G. S eedie and
V.S. Michels (Australiag.
Introduction. Dispersive clay soils extendover substantial areas of the State of
Victoria. Being readily erodible, they
present a piping hazard in the construction
of homogeneous and clay-core dams required
to store low-salinity water. Because
alternative materials are rarely available,
such clays commonly require treatment to
reduce their erodibility.
Herrimu Dam, an earth-and-rockfill
structure 37 m high and 128 m long, is
located on Coimadai Creek in southern
Victoria, andcore. As the

has a central impervious
clay for the core was

dispersive, the downstream 3.7 m of its
horizontal width was treated with hydrated
lime. The resulting partial replacement of
sodium ions with calcium, converts the
potentially er6sion-prone clay to a more
stable material, but with a lower density,
higher optimum water content, and greater
permeability.
As piping duethe interface

to seepage can start only at
between the impervious zone

and the downstream filter, it is the
downstream face that should be treated:
This prevents initiation of a pipe, and
simultaneously maintains the minimum
overall seepage gradient over the whole
width of the impervious zone. On the
other hand, if the upstream face were
treated, thisinitiation of
face. Suph a
untreated dam
treated zone.
head would be

would not hinder the
a pipe at the downstream
pipe could form as in an
and progress upstream to the
Then the whole hydraulic

acting over the limited width

Classification, MI/C1 to CH;

of the treated zone, subjecting it to a
much more severe gradient and a greater
possibility of failure than for the case
of downstream treatment.

Clay Properties. The core material,
obtained from elevated slopes of Recent
and Tertiary hillwash, was a reddish brown,
sandy or silty clay of medium to high
plasticity, with the following properties:

= 2.71 to 2.78,
E75 = 0.1 x 1O'6 cm/s or less;
IP = 24 to 7O%;
fl' = 1% to 21%°, design value 60;
c' = 48 to 21 kPa, design value 46 kPa;
w optimum for 40-blow Proctor test,

16.8 to 23.6%'’
ir; = 1.80 to 1.59 tonnes/ma.
Following treatment with 2% of
hydrated lime:
w optimum, 23 to 29%;

2"d = 1.57 to 1.46 tonnes/m3;
k = 0.5 to 2.4 x 10-6 cm/s.

Dis ersion Tests. Two types are normally
performed: a Crumb Test (Emerson and
Northcote, 1964); b) Quantitative Test
(Reilly, 1968), whereby the soil is
dispersed in hydrometer jars, with and
without a deflocculant, and the resulting
suspensions are sampled 8 cm below the
surface after one- and three-day settling
periods. The weight of solids in suspension
without deflocculation, expressed as a
percentage of that obtained with a deflocc­
ulant, is reported as the Percentage
Dispersion (P.D.). This test was devised
by Mr. L.A. Reilly, and has been used in the
laboratories of the S.R.&V.S.C., Victoria,
since 1964.

Clay-deflocculation piping failures in the
banks of earthen channels and urban storage
basins in Victoria, have occurred in soils
with P.D. values exceeding 70% and 50% at
one and three days, respectively. At
Merrimu, of 48 tests on borrow-pit samples,
two-thirds had P.D. values exceeding both
these limits. However, of the 14 tests on
compacted samples from the untreated clay
placed in the core, the corresponding
proportion was only one-seventh for both
settling periods, possibly due to the
slightly greater salinity of these samples.
§pecification for Hydrated Lime. Mechanical
Analysis: Passing B.S. sieve No. 52, 99%
min; No. 200, 84% min. Chemical Analysis:
Lis; on ignition, 22i2¢; Ca0, 6Bi4%; Mg0,5 2 .
Field Procedure. The lime was spread
uniformly in the borrow-pit at the rate of
2% of the clay UQ, adding water to obtain
optimum w, and premixed together by rotary
hoe. The mix was stockpiled in the borrow­
pit, well ahead of placement, to avoid any
interruption of work on the dam, and
protected/against moisture changes.
Costs. The extra cost of lime fixation per
cubic metre, i.e. in excess of the normal
overall clay cost, was $1.05 for supply and
spreading, plus $0.80 for mixing and wetting,
totalling about $2.00/m3 after allowing for
additional handling.
Performance of Dam. The dam was
1969. The reservoir half filled
overflowed in 1971. No seepages
under the dam have been observed
1972.
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Tests; Soils Laboratory Procedure No. 3
(revised)", State Rivers and Water Supply
Commission, Melbourne.



DESIGN OF FILTER THICKNESS BASED ON THEg 1- g g » . Thani­
kachalem (India), R. Sakthivadivel (India)

Protective filters which form an integ­
ral part of the high and massive earth and
rockfill dams demand large quantities offilter materials, and un er certain condi­
tions, have created a need for using crush­ed stones to economies the cost of filter
construction. Although filters have been
in use for more than half a century, as of
now, no rational design procedure for pro­tective filters is available.

The design of filters mainly consistsof choosing the gradatlon of the filter
material, its breadth and thickness. The
filter materials chosen, has to satisfy
two contradicting requirements namely that
it should be more pervious than the base
.soil to allow freely the seeping water with­
out causing excessive head loss; and at the
same tim? it should be able to retain the
rains o base material and arrest piging?i). These requirements are satisfiepartly by the grain size criteria which

gives the gradation of the filter material
for a given cohssisnlcas bass material.
The width of a filter is generally taken as
multiples of the size of the earth moving
equipments used for construction (5). If
the grain size criteria is completely
satdsffed, than only a nominal thickness is
sufficient to account for the segregation
of the filter materials and/or the settle­
ment of earth mass. On the other hand, ifthe required gradstlcn of the filter mate­
rial is not available, than for the use of
such materials, thiknees of a filter becom­
es an important parameter and requires care­ful consideration.

Presently the thickness of a filter is
determined from two approaches: 1. Seepage
analysis which provides adequate cross­secticnal area o drain the seeping water
without oaus1ng_e1cessive seepage stressi2. Probability analysis which considers he
random movement of the base particles in
the filter pores and provides the required
thickness to arrest the washing out of thebase soil from the filter (3).

In the present investigation, the ran­
dom movement cf base particles and its
clogging of a filter pore channel are tre­
ated as a stochastic process. A theory is
formulated based on the 'Queueing Process'to determine the filter thickness for a
given base and filter materials. The appli­
cation cf the queueing process is based on
the assumption that the washing out of the
base particles will be stopped, only when
the leading particle in the queue is arres­
ted from further movement. In this theory,the arrival of base particles into the fil­
ter ls characterised by Poisson rate>..
The clogging of the pores of a filter bybass so 1 is assumed to be exponentially
distributed with depth. The required solu­
tion of the problem is than to determine

the number of particles in the queue when
the system reaches equlibrium. Equilibrium
of the system refers to the clogging of a
pots channel by the leading particle at time
t, tending to infinity. uonc1dcring the
probability of n base particles in the sys­em at time (t +At), time dependent equa­
tions for 'n' number of particles are obtai­
ned. The steady-state solution is consider­
ed tc determine the mean and the variance of
the number of particles in the queue. Thethickness of t e filter is determined by
assuming that a finite number of base parti­
cles are held by each layer which is repre­sented by the average size of the filter
article. From the number of layers compu­ged, the filter thickness ls obtained.

The computed thickness of a filter ba­
sed on the queueing theory compares well
with that obtained by Markov Chain (3). The
main advantage of queueigg theory is thata knowledge of the pore ze distribution,
the flow velocity are indirectly taken into
account through the two parameters and where­
as in Markov Chain, the actual pore size distribution is re uired which is difficult to
obtain in practice. From the solutions ob­
tained by queueing theory, it is noted that
by increasing the thickness beyond a certain
range does not marked by commensurate incre­
ase in the efficiency of trapping the baseparticles.
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INVESTIGATIONS OF ROCKFILL DAM CORE CRACICING
BY CENTRIFUGAL MODELLING. V.I. /l.1`|.7SB1,
J. I. Shcherbina. U5'J'£.

Centrifugl modelling is thought to be the
most promising method of studyning the rock­fill dam core cracking.The ma advantage of
this method,gaining lately a wide recogniti­on is that it enab es the geometrically si­
structure model,made of the prototype
material,to be studied under the stresses
conditions similar to that of the prototype
structure as regards the magnitude and thepattern of stress distribu on. The fact
that the model is loaded only by internal
(volumetric) forces without using any exter­
nal loading devices,as occurs in real struc­
tures, is of particular value.

Cracking was tested on a model core of a
roclcfill dam 66.0m in height,located in a
symmetric rock canyon. In the first stage
the longitudinal core section was studied,influence of shells was not ccns:Ldered.For
model tests soil_ was used with the moisture
contents: W =l9%, W =l5%, WA =4.

The soil §1eeea inpthe model ned une ep­
timum moisture cggtent W=ll% and density
{=2.05-2.07 g/c .It was compacted by 2cm
ayers with a faux rgm having a rectangu­lar load plate (S cm ) with the weight of

2.5 kg.Du.ring the model preparation the soil
density and moisture content have been cont­
rolled by sampl:Lng,which was also performed
after ccmpleting the test.

The core model was made in a special form
with transparent sids walls.The canyon wall
slopes of 40° were made of massive organic
glass. A double layer of polyethylene film
interspaced with vaseline was provided torevent the side wall friction.The model
ggeometric scale l:200) was tested in the
centrifugal force field at acceleration of
200g, which was adequate for achieving stres­
ses identic to those existing :Ln the full­scale structure.

Both the core crest vertical and horizon­
tal defcrmations were measured with the help
of specially developed transducers. The con­
ducted tests revealed that in the upper part
of the dam core adjacent to the canyon walls
tensile zones were developed,while in the
core centre a compressive zone appeared. Ittensile strain value exceeds the ultimate
one for this t pe of soil, then brittle frac­
ture (crackingg occurs. Model cracks were
symmetric to the canyon aJr_is,and their loca­t on was rigorously following the points of
ma1:|.mu.m tensile strains (Fig.a)5)
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Fig, a Vertical deformations of core crest,
b Horizontal displacement;

The cracks were developed at the distance
of (0.2-0.5]B from the canyon walls (here B=
crest width of canyon),their depth was 45­50mm which after recalculation for the full­
scale dam yielded the value of 9-lOm. Detec­
tion of the moment when the cracks appeared
on the model crest permitted to determine
the value of the ultimate extensibility of
soil. It should be noted that the general
pattern of distribution of tensile and comp­ressive zones, crack formation and their
depth are in full conformity with the field
results for a number of dams (Rector Creek,Peroucha Gepatsch, El Infiernillo).

Centrifugal model studies helped to re­veal the deformation characteristics of the
core material. On the basis of settlensnts
measured in different sections with various
heights mean deformation moduluses were de­
termined. Moduluses distribition over the
depth is thought to be non-linear: in the
upper zone moduluses smoothly increase withdepth from 100 to 500 kg/om , and in the
lower part of the model they sharpl increa­
se and at the aepun of o.sH reeen ago kg/cm;Indicative is that these moduluses corres­
pond to the construction period of a rapid­ly bu.1.1t structure.
QNCLUSIONS

Centrifugl model testing for the first
time permitted to determine in laboratory
the behaviour of core prototype soils at
stressed-strain state,c losely approximatingthe field one.Conditions and zones of crack
formation as well as the depth of their
distribution were determined on a core model
in a symmetriccanyon.Study of deformatlon
characteristics of soil material is suppo­sed very promising.
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INFL NCE DU DRAINAGE SUR LA STABILITE DES

J.Wencew1oz /Pologne/
Les cendres un materiau de decnet des cent­
rales thermlque>sont deposees hydraulique­
ment dans des bassins do decantation, ces
bassins sont entoures de digues en terre ou
en cendre. Certains accidents des digues ont
attire notre attention sur le probleme de
leur stabilite. Et par ce fait cn a dono de­cide d'etudier:
- le fonctionnement des drainage! in situ
- les manieres de construction des bassins

de deoantation des diverses oentrales
thermiquee

- les proprietes physicc-chimiques et meca­
niques des_oendres en tant que materiau
pour la formation des digues- La filtration sur le modele d'analogie
visqueuse.

Les bassins de decantation pris en conside­
ration spnt tres differencies ag pgintde vue superficie /50 - 380/x10 m , volume
/240-2000/xl05m5, hauter d'end1guemant et
par la solution de la construction des drai­
nages. Toutes les digues cnt ete surelevees
par dan remhlnis de la II-ieme et III-ieme
etape oonstruits en cendre.
Les cenures par elleu memes ont des proprie­
tes physicc-chimiques bien variable /table­
au 1/, influencees par divers facteurs
notamment:
- par la sort de ohsrbon brule et sa granu­

lometrie
- par la distance entre 19 deversoir de

1'eau decantee et le jet du melange eau­°°°°’°° TBDIGIH 1.
Propriete physics-chimiques dee oendres

Proprtetes Centrale tnermique No1 2 5
densite g/om; 2,15-2,24 1,70-5,15 1,95-2,55
densire
apparente gnu? 1,oa-1,25 1,10-1,50 0,88-1,15densite
ap.=e¢ne g/em5 o 71-1 O1 o 80-1,05 o 7a-o 90
humudite % 26,2-4§,6 2§,0-50,0 l§,6-2§,2ooeficient
de compactage 0566-0,88 0,70-0,90 0,82-0,95coefficient _2 _5de filtration on/s - l,65xl0_5 10x10 _45:45-10 9»9¥l0
Les observation in situ cnt demontre que le
fonctionement des systemes de drainage
l'eta1t pas partout parfait»Dans certains cas ou l'on a ccnstate des
glissements du talus les drainages n'ex1s­
taient pas.
Les etudes sur modele a l'analog1e visqueuse
de la fitration a travers une dlgue deja
construite ont verifie une conclusion preoe
dente, qu'un emplacement du drainage au
pied du talus donna des effects insuffisants.
Un drainage de superficie pose sur le talus

assure l'absence des phenomenes defavorab­
les pour la stabilite de la dlgue tels que
suintements, glissements etcJfCe type de
drainage dont la construction, liexpoita­tion et les travaux de restauration eventu­
ele sont simples, commodes et protege aussi
le talus contre l'erosion. L'ex1geanoe de
quantites considerables de materiau fultrant
peut etre admis come un desavantage peu
signifiant de ce type.
Une etendus relativement faible des etudes
aocomplies ne permet pas formuler des
conclusions preliminaires ccncernant l'app­
lioabilite des certains types de drainage.
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solidation takes place; also no traces of

CDIPARISON Ol" THE DEFORMATION OF '.l‘H.E TRESNA
DAM, OBSERVED AND COMPUTED BY MEANS OF THE
FINITE ELEMENT METHOD.WOJ0ie0h WO1Bki(Po1a.nd)

The 58 m high Tresna Dam /Fig.Nol/ on the
Sola River was constructed between 1962 and
1964. The earth and mclcfill type dam has
a central core made of silty loam with mois­
ture content considerably exceeded the Proc­
tor Standart optimxm /wn=l,2 -414+ w /.
Owing to the significant compressignit y ofthe core material an unusual deformations of
the dam was anticipated. However investi­
gations and observations made in the course
of construction and during five years of ex­
ploitation, has shown that the deformation
are in usually encountered limits. The obser­
ved deformations were compared with those
computed by mans of finite e].ement method .

aj...­

, 1 2

it should be stressed, that on account of
the neglect of the time factor, it is only
possible to evaluate final displacementsThe finite element method was also used
to check if there are possibilities of
the development of the tension cracks in
the core of Tresna Dam. It was found that
\ninimum compressive Stress occur in upper
portion of the core in plains inclined at
45° to the horlsontal line /Fig.No3/, ­tensile stresses did not occur',it could
be therefore assumed, that there is no
conditions for developmmt of the cracks.
This conclusion was confirmed by the borings
performed in the dam core /2/. Undistrubed
soil samples taken from the core, demon­
stratod the lower water content md higher
density in comparison to ihose estimated
during construction, what proves that con­
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FIG.l. CRCBSECTION OF THE TRESNA DAM

l. impervious core, 2. transitive filters, 5.shell,
4. alluvium, 5..bedrock

The comparison has demcnstrated good agree­ment between theoretical results and observa­
t10l1Be

The displacements and state of stresses in
transvers section of the Tresna Dam was com­
puted by means of finite element method /4/,
using the quadrangular elements.
wing assumption were made:
- plane strain conditions exist- the materials of the dam were

elastic,
- the foundation of the dam were ri:gid,owingto the high modulus of compressib lityof the bedrock.

Computation were made for two cases:
I- end of construction /empty reservoir/ .

II- maximum storage pool. In case I the only
load considered was the weight of the embank­
ment; in case II the water pressure from the
pool acting on the upstream slope of the core
were assumed., and a submerged soil weight of
upstream shell was used. The results of the
computations for both cases embled to eva­
luate the displacements of the dam caused
by pressure of the water. The comparison of
the horisohtal displacements of the crest
of the dam, evaluated by the above mentioned
method and displacements of the benchmarks
located on the crest of the dam,surveyed
using precision method, demonstrated a fairly
good agreement /F:|.g.2/. It could be therefo­
re ooncluded that it is possible to evaluate
the horisontal displacements of the dam bymeans of tts finite element method. However

The follo­

linearly

|71

omcks or fissures was
turbed samples.

It diould be pointedof tm lowest stresses
Dam coincided with the

encountered in undis­

out, that locationin the core of Tresna
observed cracks zones

in the I-lyttejuvet Dam /l/ and Bolderhead
The results of observations and computa­

tions presented in this comunique proved
that by application of finite element method
it is possible to predict the displacennnts
of tm parts of the dam and to locate zones
within dam cores where tensions cracks are
likely to develop .
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FIG.2 CDIIPARISON OF THE DISPLACEMENTS SURVEYEDJLND OOMPUTED

1. displacements surveyed, 2. displacements computeda) D)
.-. L0/:E/cm’
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FIGJ. RESUI/TS OF 'PHE ANALYSIS WITH FINITE ELEMENT IETHOD
a.prin¢ipe1 stresses; b. isolines of compressive stresses
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nnimr ummm nmmuon. Il.Wolski, A.rura1=en­berg /Poland/

The 38 m high Tresna Dam on the Sola River
was constructed between 1962 and 1964. The
earth and rockfill type dam has a central
core made of silty loam with moisture content
considerably exceeded the Proctor Standart
optimum /w = 1,2 % 1, 4 w /. Owing to
the signiffcant compressibfffty of the ,corematerial, an unusue deformations of the
dam was anticipated. However investigationsand obserwations made in the course of
construction and during the five years of
exploitation has shown that the deformation
are in usually encoutered limits,

The observed deformations were compared
with those coputed by means of finite element
method. The comparison has demonstrated goodagreement between theoretical results an
observations.

The displacements and state of stresses
in transvers section of the Tresna Dam was
computed by means of finite element method,
using the quadrangular elements. The follo­
wigs assumption were made: - plane strainco itions exist, the foundation of the
dam were rigid, owing to the high modulus
of compressibility of the bedrock.
Computation were made for two cases; I - end
of construction / empty reservoir/ II­
- maximum storage pool. In case I the only
load considered was the weight of the
embankment; in case II the water pressure
from the pool acting on the upstream slopeof the core were assumed, and a submerge
soil weight of upstream shell was used. The
results of the computations for both cases
enabled to evaluate the displacements of the
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dam caused by pressure of the water. The
comparison of he horisontal displacementsof he crest of the dam, evaluated by the
above mentioned method and displacementsof the benchmarks located on the crest of
the dam, serveyed using precision method,
demonstrated a fairly good agreement /Fig.No 1a/. It could be herefore concluded that
it is possible to evaluate the horisontal
displacements of the dam by means of thef te element method. However it should be
strassed, that on account of the neglect ~
ate finale displacements.

The finite element method was also used
to checke if there are possibilities of the
development of the tension cracks in thecore o Tresna Dam. It was found that mini­
mum compressive stress occure in upper
pogtion of the core in plains inclined at5 to the horisontal l ne /Fig. No 1b/,- tensile stresses dit not occure /Fig.
No 1o/ it could be the refore assumed that
there ls no conditions for development ofthe cracks. This conclusion was confirmed
by the borings performed in the dam core/Mioduszewski, olski 1968 /
Undisturbed soil sammples taken from the
core, demonstrated the lower water content
and higher density in comparison to those
estomated during construction, what proves
that consolidation take place; also notraces of crakks fissures was encountered
in undisturbed samPles.
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Fi .1. R ults f th analysis with finite element method: a/ com rison of the displace­
megt survgyed and coe utod / 1 - impervions core, 2 - shell, 5 - §:dT0¢k» 4 - diSP1l°0­
ments surveyed, 5 - ggsplscement computed/, b/ principal stresses, C/ 12011208 of ¢0mpr0­sive stresses.
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