Earthen dams

SYMPOSIUM ON PORE PRESSURE AND
SHEAR RESISTANCE OF SOILS, MAY 67,
NEW DELHY.

EXPERIENCES IN SHEAR TESTING FOR PROBLEMS OF
EARTH DAM FOUNDATION AND EMBANKMENT MATERIALS

BY
Desai Mahesh D.

SUMMARY

A review of shear testing techniques has been described. Shear
Characteristics eof highly plastic clayey soils under natural and
remoulded conditions along with correlations of shear parameters {C' &
0) with void ratio for wndisturbed samples have been illustrated. In
general, test results have been found to be higher than values
recommended by various foreign standards.

It is seen that there is reduction in g for higher range of
confinement pressures for clayey and silty scils which points to the
necessity of triaxial shear testing being done under appropriate range
of confinement pressures. The need of reduction of rate of strain with
increasing confinement pressure for correct assessment of pore
pressure and volume chatge is brought out by the experimental results.

INTRODUCTORY

The difference between soil mechanics in theory and practice has been
increasingly felt since the introduction of subject in the country.
The practices wused by various laboratories and design offices in
Government have indicated more conservatism and resistance to adopt
improved new but untried concepts. This is but pmatural as the subject
involves materials which are rarely uniform In texture and behaviour
under different conditions. In order to understand the practice which
has stood test of time, study of history of organisation is essential.

HISTORICAL DEVELOPMENT

Necessity of feasibility studies for the irrigation and power projects
with reference to construction materials and foundation problems led
to creation of Directorate of Silt & Construction Materials under
Central Water & Power Commission in 1954. The subject of construction
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material and foundation investigation was considered mostly a subject
of routine testing and sampling which can be handled by scientists.
The approach was, more or less, scientific and limited to feasibility
studies. Gradually, for implementation of plam schemes, problems of
final designs and construction prointed to the need of more emphasis
on the engineering outlook. This end intreoduction of soil engineering
subject at University level in 1960 brought '50il Mechanics to action'
in ITndia. Special United Nations aid to equip the Directorate te carry
cut Investigations of 62 hydro-power schemes led to expansion of teh
directorate to a fullfledged Research Station named as "Central Soil
Mechanics Research Station". The function of the Research Station
include providing technical assistance and advice on the problems of
soil mechanics and foundation engintering encountered during
investigation, design and construction. '

Earth dams as old as B00 years are in this country, but scientific
approach to design and construction was introduced with Gangapur Dam
{Bombay) and Hirakud dam in Orissa. Use of highly plastic clays in
homogenous section i1s high light of most of old dams. Shear parameters
obtained by guick direct shear test (till 1958) had resulted in low
angle of internal friction and high cohesion and wide variation of
results. The design practice was to select an average low value and
reduce it to 66% for adopting in total stress analysis. The
pre-determined plane of failure and uncontrolled drainage condition
led to wide variation of results in direct shesr. This resulted in
development  and I1ntroduction of triaxial shear test all over the
world, This was introduced first in Central Water and Power Commission
in 1957-58. The tests carried out were undrained guick shear with the
time of failure of 10 to 15 minutes. Effective shear parameters
concept was iptroduced in 1962 when pore pressure measurements were
made during triaxial shear test. Though the introduction of effective
stress concept was lagging behind by about 20 years, it could not be
adopted for designs directly due to the difficulties of assessing
construction and drawdown pore pressures etc. The development since
1962 includes introduction of larger specimen sizes 4 to 6 inches
diameter higher pressure ranges for lateral confinement upto a maximum
of 2000 psi, wide range of application of rate of strain, proving
rings up to 10 ton capacity, pore-pressure measuring devices of
various types - Imperial College, Building Research, London and
Transducer for pressure upto 200 psi. ‘

TEST FROCEDURE

Tests are conducted on undisturbed samples from foundation and
remoulded samples for construction material. Coarse porous stones
(bubbling pressure < 2 psi}) are used for measuring pore water
pressure. The time of failure has now been kept at 2 hours minimum and
longer duration of 4 to 5 hours have been resorted to in some cases,

Foundation samples are tested usually of 1% inch diameter at natural
dry density and natural water content, though saturation by keeping
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samples in water for 8 te 10 days have heen attempted somtimes. The
test -on the foundation samples may vary from undrained to censclidated
undrained conditions depending on state of saturation, depth of
samples and type of samples. In partly saturated samples, capillary
pressure (Uc) will exert all round compressive stress and release of
© effective normal and 1lateral stresses due to sampling will create
tendency to expand. Volume change must occur for equilibrium te be
established. Undisturbed sampie will have no shear stress on any plane
identical to insitu state. Unconsolidated undrained tests are normally
applied to partly saturated samples of low depths. Consolidated
undrained tests are used for deep, saturated samples to assess
correctly the shear stress at different effective normal stress,
Normally consclidation of 24 hours is applied under &all round
pressure. Typical plot of test data is shown in Fig. 5A and 5B.

Construction material samples are usually remoulded to procter dry
densily at saturation moisture and covered by filter sitrips for guick
dissipation of pore-pressures. Tests conducted now are mostly

consolidated wndrained and some times drained tests for previous
soils.

SHEAR PROPERTIES OF CH SGILS

Classification of soils: Highly plastic clay forms a major part of
the earth crust in most of the high rainfall areas in our country.
Some of them are predominant montmorilonite whereas the others are
lateritic. These soils exhibit tendency of reduction in shear strength
on wetting and swelling on saturation. Undisturbed samples are very
difficult to saturate due to low turbed samples are very difficult to
saturate due tc low permeability thus making interpretation of tests
more difficult. Some tests of the typical highly plastic clays that
have been tested during the last two years have been analysed to
assess range of shear parameters,

The clay content of soils range between 30 to 53%. The liquid limit Is
greater than 43 to S50 whereas plastic limit range form 20 to 3¢
percent. The natural water content of these samples is found to range
between 16 to 32 percemt for void ratio range, 0.6 teo 0.9 and
saturation greater than 75 percent.

C' - ¢§' reilationship for undisturbed state: The above relationship
for saturation range of 75 to 100 percent and plastic limit range of
20 to 33 percent, the graph of void ratio against effective angle of
friction (@) obtaimed by triaxial shear test is shown in Fig. 2. It
also incorporates Russian and the USBR standard values (Design of
small earth damis}. It will be seen that there is a very clear trend of
decrease in d&ffective angle of internal friction with the increase in
void ratio at higher rate than stipulated by the Russian standards. On
an average #' decreases from 27° at void ratio of 0.65 to 14°t a void
ratio of 0.95. It is expected form the trend of the graph that with
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the increase in ti€ ¢void ratio, no further reduction will occur in
#'.The lowest value compares favourably with the Russian Standards
whereas the difference increases as the veoid ratio decreases from 0.9
to 0.6, USBR shows @' = 28.5 at e = 0.56 whereas our result indicates
on an averagge angle more than 28°. Hence for all the practical
purposes, the results obtained on undisturbed semples indicate higher
values of angle of internal friction for the Indian highly plastic
clays under effective stress conditions. Clayey soils having liquid
limit > 65 and PI > 30 rd < 1.38 g/cc and NWC > 30 percent have
exhibited @'= 0 by present method of testing.

Effective value of cohesion in undisturbed state: Effective cohesion
(C') is plotted against veid ratio In fig, 3. For the range of scils
tested upto a saturation of S0 percent, there is a tendency for the
cohesion to decrease with increasing void ratio for the full range of
plastjc limit. On an average, cohesion decreases from 0.45 to 0.1
Kg/cm™ for tgherange of vold ratio 0.6 to 0.9, For the saturation more
than 90% very steep reduction in cohesion is observed. An attempt made
to find out the effect of saturation on cohesion for given plastic
limit range did not show any relationship except that the increase of
saturation more than 80 percent has little or no tendency to reduce
cohesion further,

Typical Mohr circle envelopes for undisturbed state: The average ('
and @' values for undisturbed highly plastic clays obtained from
different projects all over the country have been plotted in Fig. 1,
for total and effective stresses under unconsolidated undrained
conditions. ’

The angle §' under undrained condition and total stress is 7° to 24°

as compared to corresponding range of 21° - 29° for effective
stresses. -
Shear properties under remoulded conditions: It has been found that

materials of construction of core are similar to those of foundation,
both of them being highly plastic clays in some of the projects.

The soils are remoulded at saturstion moisture content to the
proctor's density and tested by triaxial under wndrained as well as
consolidated undraimed condition., Fig. 4 (b} is plotted to show
variation of total stress shear envelop, whereas Fig. 4 (a) shows -
corresponding effective stress envelops. The range of undrained test
indicated lowest value of #' as 7° and highest value as 28° whereas
corresponding range for consolidated undraimed conditions is 149 to
26°. The range of effective angle of internal friction($') is 18.5 to
32°. Consolidatlon and pore pressure measurements have considerably
reduced the range of values. Remoulding was carried out at saturation
moisture content and it was expected that the arrangement of the
particles will be pearly normal to deviator stress. In most of the
remoulded soils, the strain at failure was more than 15 te 20% whereas
for undisturbed samples it was less than 15%. This may be explained by
difference in undisturbed and remoulded structure of samples.
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It can be stated that under the identical conditioms of testing, the
effect of remoulding has practically little effect on sheatr parameters
at maximum deviater stress. The variationm in the values may be due to
difference iIn state oF manner of deposition, consolidation,
desiccation and variation in mineral composition and grading of soils,

EFFECT OF HIGHER CONFINEMENT PRESSURE

The wusual practice is to test specimens up te maximum lateral
presssures of 60 to 80 psi. With intreduction of higher earth dams,
effective confinement pressure in prototype will be much higher then
the range stated above. In order to study the eoffect of higher
confinement pressures on the shear parameters, soil samples of ML
group from Beas Project were tested up ¢€o meximum confinement
pressutes of 250 psi. These test results have been illustrated in
Fig. 5A/5B. Confinement pressures more than 160 psi reduce g
considerable with the corresponding increase in effective cohesion.
Similar test on SH group of samples do not indicate such trend.

The preliminary tests for Beas soils indicates teh hecessity of
revising the concept that C - ﬂ are constant for rall ranges of
pressures for clayey and silty soils. The trend of pore pressure
development and volume change as well as deviator stress indicate
marked difference in pattern for pressure more than 80 psi. Adoption
of different values of C' and §' for different heights of dams will
have to be introduced for high dams to make design more realistic.
Further studies for high pressure behavieur are in progress.

THEORETICAL VERIFICATION OF PORE PRESSURE

Technigues of measurement of pore air and water pressures are still
imperfect. U.5.B.R. has evolved special low air entry porous ceramic
stones which do not permit transmission of air into pore pressure
measuring system. In a partly saturated soil, total pore pressure will
comprise of pore air pressure and capillary pressure. The coarser type
porous stones which are in use at the present will be measuring Uas for
soils having fairly low moisture content on Ua + Uc if ‘moisture
content is sufficient, Uc being negative, the results ohtained will
vary considerably depending upon moisture content of specimen and end
conditions. Therefore, Hilf (1956) recommended theoretical equation of
Ua = Pa x AV to check laboratory pore pressure measurements. In
VA + hv -4y

order to apply this egquation, a study was made on the ML type of soils
samples from Beas., The theoratical curves:and actual pore pressure
observations are shown in Fig. 6.

It can be seen from the results of 15,30 and 45 psi pressure conform

to values obtained theoretically. Test at 60 to 90 bsi at which larger
amount of air has gome in solution confirm te theoretical curves of
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Va + hvw = 5 to 7. The rate of strain used in faster thereby
under-estimating pore pressure at a given strain. This methed has been
very useful for arriving at rate of strain for the test by verifying
volume change and the pore pressure during test. It also iIndicates
necessity of slower rates of strain for higher confinement pressures.

.

INSITU SHEAR STRENGTH

In very soft saturated c¢lays, it is very difficult to carry out
undisturbed sampling to asess shear strength of the soil. In such
¢ases, the problem is tackled by in-situ measurement of shear strength
by using vane shear test. The equipment is to Norvegian design with
controlled rate of application of torque. The assembly is pushed by
Jacking into subsoil. The vame is then pushed out of the protectien
shoe to a depth of four times the diameter of the shoe. Torgue at the
controlled rate is applied te shear on a cylinderical surface of soil
subjected to effective overburden pressure. This Norvegian procedure
has a definite advantage in eliminating drilling, dummy test, lowering
and withdrawling of vane for each test. Investigations were carried out
by the Research Station for the Marine clays in little Rann of Kutch
and Bombay and have indicated the following additional advantages; -

1) The effect-of partial removal of overburden by drilling is.
eliminated which contributes to increase in the strength 50 to
100% depending on type of soil, sensitivity, depth etc. Thus the
strength obtained by above equipment climinates an
under-estimation of strength due to testing procedures,

2) Time required for conducting the test is reduced considerably.

The details of the studies carried out by vane shear test on marine
clays are being published in a paper on 'Foundation Investigation of
Marine Clays’' at 3rd ‘Regional Conference, Isrgel. '

TRIAXIAL TESTS ON ROCKS

The results of shear test dome on Tawa sandstones are plotted in Fig.
7. Tests have been carried out under higher confinement pressures.
Effect moisture absorption on @ is shown in the figure.

CONCLUSTIONS

1. Review of recent test results on CH soils in India indicates the

that value of @' is comparable to or higher than USSR and USBR
standards.

2. Necessity of study of shear envelope for high dams for fine
grained seils is felt due to likely reduction in 2' and
corresponding increase in C'.
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3. The measurements . of pore pressure should be verified by
theoratical calculation in order to eliminate error in
measurements,

4. Higher the confinement pressures for given seoil, lower rate of
strain will be reguired for correct assessment of pore pressure.
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Exploration of Embankments to Highlight Field Studies

SUPEARY:

Earthwork engineering ever now is an
art aided by the Judgement acquired by
use of soil engineering. The present
organisational setup menerally based
on devided recponsibility, has been
tlamed for cricls in Barthwork encine
eering. To save the situstion, meed of
a commolt experienced soil engineer re-—
sponsitle for all stages and need for
a gpaclalized observation cell have
been brought out. P

Over emxphasis on design and inade-
guate altention to field observations
have led to avoidable troubles,General
conviction that all is well if Proet— «
or's density is achieved by excellent
density control, is incorrect, It has
been shown that a coversafe conserva-
tive design satisfying wsual field
control has not eliminated probability
of failure. Soil behaviowr has o be
watched cortinuesly through out.

The dam deslgn is based on tests of
laborztery compacted samples. The fie—
ld coopaciion by sheepfoot roller nay
nat give same structure and hence the
sirength. 4 atudy made here showed
that the effect on ¢’ and f'are Qiff-
erert for CH soils of shalandi and 5%
sgils of Beas dam, In generazi there is
ne extra safety factor need be jJusti-
fied on this account.

A similar illustration of Jund - -
Kandla Rail link is used to emphasize
need for field tests. The rate of ce-
ttlepent and total gettlemerts were
overestimated by wsnal ecmputstions
for this project.

1,01 IETRODICTION:

Wide gap between veed and availabi-
lity of Irrvigation and power, and the
need of creatinrg ‘mase employment for
sexi-akilled workers and shortage of
conent presents an exeellent picture
of feature for earthwork enrineering,.
about 65% of the dams bullt in the
recent past in India and world are
azrth damp, Till 1960 earth dams of
even 60 m was considered no a rare
T‘ea¥ of plenming and Jdesign. In the
following 14 years advancemenrnts of
Sechniques and confidence gained inm
earth dam techrnology can he inferred
Trror irend of the vaximum height of

M D DESAL

the dams shown in the Tig,1.
2,0: ORGANISATIOWAL STTUP:

2.1: Gemeral: The increase in the cost
of the project and delay in its corpl-
tion are common featwres cf many nrro-
Jects in developing countries like
India. Tt has been atributed tc inade-—
quate investipmaticn and analysis in
time (Prakash-72}, Change In the desi-

£n, irrespective of any amount of ini-

tial exploraticons has teen reported to
te inevitable to sult the site condi-
tions, to economise or to expedite con-
struction (Furthy et1-7%), “ost of the
fajor projects of Irrigatior and dower
are conirelled and exscuted hy the
Corvernment. Cenerally such departments

- have an organisation hased on devided

responsibility and localizing credit
pattern.

20} 1 KISHAU DAM »
2TEHRI DAM PLANNG
3 RAM GANGA DAM NG 4
280 - ﬂ
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1e] e N 1]
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Fig.1: Waximum heifht of earth dans
from 1510 — 1370,
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£.2: Pield explorations: A preliminary
_project report based on a almilar st-
Peture ard meger exploration is pre-
pared, for the planning commissions
anproval, by non speclalized peneral
P%D office in that region, It takes
years to get final adminiatrative and
technical clearance, The final explo-
rations are then taken up by the con-
struction divisicon Inexperienced for.
suck job. The staff is generally una-
ware of availability and relative
merits of the tools and techniques for
cxploration. They have hardly any
coneepis time meeded and critical de-
sizn parameters for the-given project,
Seing ignorant of leogic and line of
attack they take czre of quantitative
progress mostly based on experditure
ircurresd, Zeporting Split Tube samples
as undisturbed, drivirng S5p test tool
without predrilling a cased hole, tak-
ing undisturbed samples in nieces of
thick casing pipes withoul a shoe of
a ball check valve in lengihs of 1
mztre and proviging only coarser fra—
¢ction after washing out of the fires
‘by the method of drilling like wash or
shell horing below water table as true
suchsoil sample ete, are net uncommon,

Z.3: Laboratory testing: The.samples
ihus collected are dispatched to a
spil testing unit of state or ceriral
=ezearch cell. Sometimes they are re—
ceived after months of collection in
drr cordition. They naver carry eny
details of the provlew, design requi-
»erents or the ingtruction for the
test. In one case tender specications
far the testing sizte that all relev—
ent test ard poasitle tests under all
wariable conditions he carried out.
The research cells are subordlnated to
the design cells, The latter zan only
eritize but rarely gulde. Thus to
-avoid any responsibility a wise rese-
arch officer will manage come tests
under scme conditions (of course,they
+i1l never be reported) and compete
for pregress, As he cannot blame fiedd
nor desigm cell hence orders to report
a result .of undisturbed sanplé tesied
by reaoulding (as undisturbed) are
igsued, Farticularly when analysis 1s
not their responsikility, the work can
we taken lichtly. Tke thinps gets st-
111 worst with the frequently changing
staff irrespeciive of apptitude and
1iking for such job, The percentage of
aignificent information, wiih such
organisation, can be zero to not more
than 50 pcreert, even with excellent
efforts. o .

The data from tke field and labor-
atorv are compiled by officer in cha-
ree of constructior for omward fran—
smiesior to design cell through proper

Earthen dams

channel hardly coniributing any thing.
This jungle of dada, to a novice desi-
gner, willi be more confusinz thern assi-
stirg. To pose as expert, he will,
after taking remarks, finalize Jdesigns
taking special safety factors for the
inadequate self confidence, litile con-
fidence in testirg, sampling and anti-
cipated poor execution, With this ponr
tasis, it is a fashion to adept Iatest
techniques and tools like camputers to
exhibit modernisation of the design
cell, /

2.5¢ Construction planning and Cbserv—
atlion: Mostly the conatruction
details are rarely accompanied by the
design logic and field staff iz compe-~
tert to make minor changes which will
infact violate basic phylosophy of des-
i1gnA 5" modifications are at iilmes '
Awnocent or motivateds Field staff fe-
eYrscontrol and instrumentation a hin-
drance to their output. Fith suech co-
operation most of projects have been
instrumented for name shake only.idded
to this instalation by untrained stall
and observation by juniors aimlessly
and irregularly and ‘oo late apalysis
by other staff for more or less acedemic
purposes have brought out legic to omm-
it them altogather a plant ther at few
gites with direct control by speciali-
zed cell at the center,

2.6: CSrissis in soil engineering: All
the specialists invelved In above suag-
es gets divorced fora the project mom-
ent they cruplete thair stage. Practe-—
ally nome is concerned with soil aspect
of project in erntirity znl its impact
on overall cost, The opportunity of re—
ducing gap betveen thory and practice
is lost, To add to this wmore than three
officers must have changed honds in each
stage as the cadre is tramsferable.Thus
inspite of mumber of projecis completed
and prorressive increase in height,the
present orgerisational set up has fail-
ed to rrovide real expreris deveted to
the field of earth work engineering,.Yast
experience has been broken up in pleces
and distributed te too many such that
it can never be assembled usefully.

Real expert as defined by Terzaghi
(59) is one who has a combimation of
experience, keer sight for cbservation
and insight into the performance of the
structures., To achieve suwch experness
effort alone is vot enough.It requires
$rrate qualifications over vhich one
hae no control (Terzaghi 59).Activities
of thome acting as experishave created
criasin earth work engineering.Desigrs
uging woil mechsnics have become uneco-
nomical to old enpirical designs.Fail-
ure of the sel up has been nassed on to
soil engineering by stating it to be
premature sclence.
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2.7: Remedy: Unless the setup of the

organisation is overhakleq and a stro-

Bg tentral apecializeq reserch cell
with status and non tranaferable spe-
cialists 1s given entire responsibi-
1ity of handiing g1l atares from the
initiation to study of behaviowr, sit-
uation camot improve, Cnly those hav-
ing apptitude ang devetion to the fie-
14 shall be recruited and delegated all
the powers to deal with earthwork com-
penent of the nrojeet,The past experi-
énce, new trends of deaign ag Fou cha-
erve and increasing cost of earth work
Justify a thorough overhaul of the pr-
esent pattern at an earliest. The new
sel up will act as data centre and
take earth dam technology back in the
" progressive direction., Comparedjto the
present waste, ccst of z new cell will
be neglipible, .

+0: NEED FOR FIELD OBSERVATIONS:

- 301l Mechanics is a suppliment to and
not a subsiitute for, common ‘sense egm—
bined with knowledge acquired by years
#of experience.Enz’neer has ¥o wse his
Trains 211 the timejeven if knows the-
ory by heart,(Terzadhf 59). The concept
that a conservative design with riria
cortrol of demsity 15 adgquate for avo-
1ding a disagter is incorrect, Soil
mechanics has to he in sction through

cut by watching every step of execution.

This is 11lustated by an example,

;& composite 52 m. high and £18m, 1ong
gam involving 3.81 million eu.m, of
earthwork, section shownn in fig.2, has
been partly completed, Puring constru-
etion in 1965 sampling was dome bty a
contractor to assess permeablility of
foundation soll, Results of thiz aamp-
les for shear test led to revision of
design of down stream slope of dzm,To
correct design parameters & progranme
of arilling and sampling a%t 106,70 amd
137 ». déwn stream at two 2rogas sect-
iona was exectuled,ry drilling or sam—
pling at least im ivsitu condition
ras ained. 32 foundation and 92 emhan.
kment samples were collected with She—
1ty tube samplers of 37.5 mm dlameter,

Apalysis of the embanlment soil sa- -
mples and range of plasicity are shown
in fig.3. The impervicus zone ig made
of CH aoil. The field variation of tune
deneiiy and water content at a typical
tross gectlon are illustrated in fic. 4
417 samplea showed a dry density range
1.65 to 1,7 gfcc and rest showed a ra-
nge of 1.7 tg 1.85 gfec, The correspo-
nding Proctor's density range was 1.6
to 2.1 g/cc. Except for few dry pockets
€.g. at RL 222 the fleld ncictwre is 14
to 20% giving 65 to 92% degree of satu-
ration,

The results of the triaxial tests
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under different conditions shown in
fig 5 led to a recomendation of e'=0,3

cm,s3q. and £'= 25%,

Fig.b indicated foundation profile
with thre guhsoil properties.Thus above
details and design fector of safety by
ne chance indicate a disaster for this
dam,

TARIE.4
Layer Soil r ¥ ¢! '
ce % Kg/aq. deg.

cR,
A CH 1,55 22-31 0,07 19.5
B 50— 1.,52- 14-27 0,5 27

sy 1,92
¢ 8¢ 1.5~ 2025 0,07 32
: 1467 _
D. s¥ 1.8 - 0.07 . 40

Though the Imstructions were to col—
lect samples only, keen observation of
abnomal loss of water €.£. at different -
levels in down siream has brougkt out
abnormality. It was not a stratum ror
a wlayer in cross section, A% one place
coefficient of permeability was 10-lcm/
Sec. and loss was continuecus indicat-
ing that it cannct be a pocket. The
water content of this layer indicated
low value, (fig.4), Field observation,
pveriocd of construction, and details
noted above hinted at a prohability of
deep rain cuts formed on upsteam and
down siream. Path of such rain cufts on ,
non Aressed slopes is zic-zag. The spe—
cifdcations to strip surface befare
taking up earth work after monsoon mi-
ght have led to filling of deep cuta
by dry ¢lods of CH seoils, The cleds are

- practically metal arrregates and have

large cavities to permit percolation,
It was Ifpossible to locate number or
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f Ca0.32; geg g0
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L | ] 1 L .
og N N . . 1 N .
Cr 1 ? . o 7T o 23 56 af 1.2
+4; 2 .
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Fig,-7: SCIPARISICN 0P EFFRCTIVE SWOAR

CCMPACTED BY LAR, TSCHNIQUE

Peth of such cuts and then treat them
Ly froutine efc, Otherwise a aafe gt-
ruct.ae may have met with a digaster
due to seepape on filling of reservoir.
The- timalyy warring by common semse and
keen oheervation led 1o slow £illing
of the reserviir and constant need of
vipilancew IV was expected that clods
will ubsord water ard expand to become

water tight by itgelf,
4:"3: DIFFIREWCE IW TIOHNIGUES CF COM-
sMm

A0TICT:

™e rractice of remnclding burrow pit
36il b0 prepare specimens for iriavial
tzed may result in different structure
of the S0il then ohiained by fiell co-
2paction by gheep foot roller, It is
usial to reduce the design parametsrs
w0 this account. The soil sanples were
brepared by dyramic or static ¢ onpac t=
lon Tor the samples of Seas ang Shal-
andi dams, Jorresponding wmdisturbed
ssmples were obitzcined from the embanke
menta, The recults of iriaxial shear
tests are compared in Fig.T. CH soils .
of Shalandi dam zave lower values of
effective cohesion ¢* and higher value
ez of effective angle of shearing re-
sistance ', iIn c23e of S¥ scils of
Jeas fiald compaciion shnwed a higher
value of ¢* and lower value for B',
Suwh orservotions will permit shanpe
in the desirn durirg the conatruction
ard eliminate need of conservatism on
thiz acecurt, IV will increase degree
of cenfijence in desigm, i

5.03 CRESLCAIZY AVo TIEIS S2RIIIIEYDS:

Iaportance of field observatiéns of
envirymaent and thin stratifidations
is heigh=lighted %v case of Jind-Kand-
ia Rzil entankment, It is resving on
© thick soft marine Jepo3li attermated
3y thin sanl deposlits of floods., The

PARAVETZRS OF ENBAPRIENT SOIIS
AND BY SEEEP FCOT ROLIER,

fop Fm, of marirve elay “as descicated
- by altermute ayeles of-tidal variat-
fonz of floudins arnd drying.This layer
iz stiffer than lower laver{Desai 76I)
Theoriinelly tcial seitlewert of 56 co
after 150 vears ves estimated.To rel-
uce period sand drains were thought 2L
Triters suggestion of a test embhank-
ment with- filter at ground level has
indicated a maximuz of 30 cm. sebttle-
zent in a years, The trend of settle-
went do not indicate arpreziable set-
tlement thereafter., The fleld observa-
tione indicated that ¢harpe in streas
will net bYe as expected theorcotieazll:
and effect of thin cand stratifica-~
ticna ¢ould not be accounteld for.theo-
ratically. Thus soil “echanics applied
with Juilgemert could eliminate sand
drains ete.
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FROC. 39th ANNUAL MEETING OF CBIP, SYMP. ON STANGERDIZATION
OF RIVER VALLEY PROJECTS

STANDARDISATION IN RIVER VALLEY PROJECTS WITH REFERENCE TO
SOIL FNGINEERING PROBLEMS
BY

I.C. dos M. PAIS CUDDOU, Ph.D
Director

AND

MN.D.DESAI, B.E. (Civil)
Dy. Director CSMRS New Delhi

INTRODUCTION

Soil Engineer.ing has been a recognised field of Engineering which
cannot be overlooked in problems of large amount of excavation and
earthwork have been dome in irrigation and power projects in the
recent years, may it be for foundations, coffer dam or earthdams etc.
The method of selecting best site having .Ie;ast engineering problems in
first two plans have pointed to the necessity of clearer understanding

of each site. -

The data required for selected Foundation site was meagre such as
crushing strength of rock in foundation and durability of stone for
construction. The millions of cubic yards of earth which can never
have homogenecous character (like a stone) necessiated collection of
vast data for foundation and construction material. The subject being
empirical and not scientific more data during pre-construction and
past construction became obligatory. Br. Werzaghi has rightly stated,
. "Seilmechanics will not survive till practicing engineers come to
realise that it is a supplement and not a substitute for common sense

combined with knowlege digested by experience.

A compilation of Prof. M.D. Desai’s works 17



Earthen dams

Collection of large volume of data during investigation construction
and observation of behaviour has now been a normal feature for all the
projects The larger the volume of data, the safer the design has been
fashion of teday. The records of all the construction methods, pore
pressure pizometers, settlement gauges are plamned at every site but
its utility only depend upon its invelligent use. Br. Tezaghi's view,
that percentage of useful information may range from 0 to 995
depending upon the gualification and experience of man who did the
work does not seem to be any exaggeration. Even an excellent

collection may require weeks of concentrated efforts to thoroughly

digest and condense the data for use.
Thus standardisation of certaln steps and methods of bresentation of

data is a must for current use as well for keeping the information

handy for future where identical site conditions would be met with.

DEFINATION OF FROBLEMS

It Is necessary to define clearly the nature of investigations to be
carried out. The problem can broadly be of natural behaviour of soils
under additional stresses and release of stresses, or behaviour of
remoulded soils under different conditions. The c¢lear defination of
problem will also indicate all the Iimiting conditions such as
availability of particular type of earthmoving machinery etc. The
problem for construction materilal for instance can be very widely

classified as under:

1) Qualitative and quantitative survey of types of available earth

materials for embankment construction.

2) Quarry mapping and study of complete ranges of Engineering
properties of selected borrow areas for design of dams.

3) Study of ecohomics covering types of soils,loads, 1ifts and nature
of machinery te select the zoning of dam.

4) Study of field behaviour of soil under test embankment.

A compilation of Prof. M.D. Desai’s works

18



Earthen dams

EVOLVING INVESTIGATION PROGRAMME

On the basis- of above defination and site inspection, outline of
investigation programme can be " broadly defined. The rest of the
details will be evolved during the investigation. It is a chain
process and is very difficult to standardize. '

For foundation problem invelving seepage studies undisturbed sampling,
insitu testing can be planmed at 200' and 100' interval in general,
From the dat& if sand layer .is observed as shown in fig. 1 on bank, it
becomes obligatory to define its extent and its probable contact with
river saend. In that case emch hole drilled can only guide the
prograemme of another.

In general the programme will cover all the possible questions that
will arise to provide a constructive solution to problem. It is usual
to find & preject in which millions of cubic yard of compulsory
excavations have not been considered For utilising as borrow materials

for dam in the initial stages of design.

TESTING PROGRAMME

Large number of tests are reniuired under wide range of specifications,
which will never be identical for two projects. Even for identical
projects the methods of design are unfortunately not standardized
thereby resulting in wide range of test procedures within some
research units. Consul tants of different countries insist on different
test procedures which do not permit of onforcement of available Indian

standards.

The approach of simple statistics in avefag.ingr s0il properties are
an

most dangerous trends. The sampling of soils ﬁn'* special shear test

will have to be done on representative samples which will be selected

by suitable process.

A compilation of Prof. M.D. Desai’s works
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For borrow area material, bulk samples in few hundred are tested, They
may indicate range. of angle friction from 0° to 30°, The statistical
average in any case do not represent the average properties of
material in section of dam because_ the use is oot in planned way. In
such cases the field examination of borrow pits must be used as a

guide to produce sketchy guarry map giving -description of soil type

available in each quarry. The quarry map will show the extent of so.i.l_

in plan and will specify the depth of o::_t as well as the probable type
of equipment for cut in vertical (showel etc.) or horizontal (scraper
etc.). On the basis of thi:s 10 to 15 samples can be taken, for the
specified cut by identical process to recommended construction method
(ingividual sample "or composite sample for scraper o showel cut}, to
demonstrate the boundary, Depending upon the area few samples can be
taken by grid pattern and tested for classification tests. The data
‘thus collected can be compiled in form of a4 graph as shown in Fig. 2
te show range of grading limits and Atterberg's limits for the
material, Similarly for foundation, the identical soil profilo can pe
logged ‘and classificstion tests can be-used to plot the foundation
material at each layer on figure similer to Fig. No. 2,

SELECTION OF SAMPLES FOR ENGINEERING PROPERTIES

A. Compaction Test: .

Having covered the limits of grading of soil and Atterberg's limits, 2
samples of each typical extremes and average grading soil can be

tested for the proctor dry density and optimum water content.

Thus fig. 3 can be plc;tted to show the range of compaction curve for
the guarry. Thus a3 broad outline of maximum and minimum density with
range of OMC can be determined. The question then is to decide the
campabtion machinery and field moisture for achieving it. In an area
like Assam where natural water content is expected to be high above

the optimum and most part of year rains are expected, Laboratory OMC
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has no meaning., Similarly better compacting equipments can achieve

higher density at lower OMC. The design must take account of it from -

the preliminary stage.

On all the major projects it is worthwhile running test embankments to
find economical compacting device by combinations of equipments and
other peramefers as water content thickness of layer, number of passes
etc. The final study will then, give a range of possible Iimits of
density and moisturé content for construction stage. This will not
only help in correct estimate of strength but also will help in
evolving most economical specifications for compaciion. The data
collected will be available for use in other projects having identical

conditions and materials.

The procedure of specifing density at 98% of proctor etc. is not

normally advisable unless the uniformity of seoils for the total

regquirements of dam is assured., This process have resulted into-

heterogenous density and moisture condition within the section due to
different soils available for construction. The best way therefore is
to specify range e.g. 1.68 to 1.7 g/ce. at placement water 14 to 16%.
The placemént: water content has also to be decided in light of

construction pore presssure and settlement.

B. Consolidation Chai-acteristic:

The pext step is to compact the soil in odeometer and conmsolidate it
at placement water content to determine percentage consolidation. This
can be used to estimate construction pore pressure by Hilf Method. The
data obtained for average or most compressible soil sample under the

specified range of densities and poisture are given in Fig. 4.

Samples under idemtical condition can then be tested after allowing
full saturation to occur to estimate coefficient of compressibility
and permeability in odeometer. These values will be useful in

.estimating total settlement of daa.
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C. Permeability:

For the most of the soils it is possiblé to Jjudge 1n order to classify
the soil as Impervious, pervious and semi-pervious. Tests at range of
densities on compacted samples will provide accurate data for
calculating seepage Iesses and design of filters etc. It can be done

on average grading of soil sample.

b. Shear Properties:

This test needs to be done most carefully on the weakest sample. One
or two samples of weakest type 1.e. clayey and more plastic type and

one or two having average qgrading can be selected.

All the samples will be tested at lowest density and highest moisture
specified. The test can be done to represent placement or construction
conditions, seepage condition or consolidated undrained conditions
using lIdentical range of the pressures inconfinement identical teo
prote type. The chservations of bore pressure volume change during
shear and nature of failure as in the Fig. 5. The effective stress
Mohr circle or vector curves canm be plotted then for the various
conditions. The testing on 2 to 3 samples can be averaged for design
value under each condition.

This method seems to be more reasonable than to have 12 or 15
different samples tested at different OMC - MDD. The average of this
test can be misleading whereas such contingency will not arise in the
above process. Also these limited tests on a few samples can be dene

more systematically and under different conditions,

REPORTING OF DATA

The complete data can be summarised on one drawing as shown in the
Fig. 6. This cam be standardised to evove uniform pattern of

compliation and reporting. The data can be studied at a glance and it
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gives complete picture of ranges.’

Similarly separate drawing for hearting soils, casing soils and

foundation soils along with the figures showing the site plan and

borrow areas as shown in Fig.j»6 will enermously simplify the design
studies and will not leave anything to doubt.

CONCLUSIONS

Standardisation of methods of reporting data will be very useful
for the designers. It will serve as useful record for keeping
data handy for similar problems in future.

The procedure of recommending the statistical average for stué‘y of
behaviour of mass earth work is not at all suitable method but it
has element of risk covered in it.

Large number of tests at different densities moisture conditions
as usually been provided in project reports is not a good
practice. The preocedure of selecting samples seems to be more
reasopable and sound.

The fruits of standardisation of course are not direct for this
type of works but can reduce censiderable amount of labour at
varicus stages and various levels in understand.ing_, digesting and

interpreting the data.
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Earthen dams

DRAWDOWN IN EARTH DAMS

- M.D. DESAI*

T.B. DESAI**

D.D. PARMAR®**

SYNOPSIS

The review of working of dams in India

is used to bring out common characteristics
1 such as flat cores and heavy toral drawdowns,
Such cases necessitates flatier upstream slope,

The condition of a rapid drawdown in
The common coricept of drawdawn is

discussed and modified to incorporate factors like time, porosity, water conductivity and
upstream slope angle. Attempt hats been made to provide a critical value of coefficient of
: permeability for a given slope made of earth fill having knows porosity for a given rate

of depletion of the reservoir,
the range of the validity of results.

INTRODUCTION'

Bbave been planncd and executed. Most of zoning and
designs were still based on empirical approach with Jittle
scientific bias. The behaviour of dams bailt and
experience of scieatific approach in other countries have

P major concepteal modifications jn the recent
past. The design practice requires checking of upstream
slope stability under the drawdown condition. The basic
concept of drawdown and its effect on slope stability is
critically discussed in the paper.

CHARACTERISTICS OF DAMS

Types of Earth Dams

About 65 per ceat of . the dams built in India are
carth or rockfill dams. All of them are roBsil type.
Hydraulic fill dams have not found favoar 3o far.
few dams like Kota, Sharavathy and Salal are rockfiil

type. Even homogeneous dams like Sharda and Tawa
are negligible in numbers. Most of the dams are zoned

Data of behaviour

of Ramganga dam is used to verify

with acom and a casing, latter usvaily js higher strength
prism but not Becessarily pervions.  Inclined cores with
chimeny filters have been receatly introduced as in the

case of Beas, Ukaj and Ramganga,
Core Zose

The core of dams made of highly clayey .impervious
soils occupies major postion of dams buill in the pasr.
Thinning of cores, use of transitions and randomfill on
the downstream of cores have been introduced recently.
The hearting or core zoned occupied 40 to T per cent
of total cross section in most of projects completed
after 1948. The core is made from low shear resistance
clayey soils having low cocfficient of permeability (10-%
to 10-* cafsec) prohibited soils of SC.GC-SM-ML
£roups for core by convention in the past kave now been
used at Beas i

quality control techaiques and earthwork engincering.
This high resistance soils in core Jed to introduction o!‘
thin inclined core receatly for Salal, Kishau and Teha
dams.

Casiag Zeue

Casing or shoulder zone was aonexistance  in
cailier sections. It has been introduced as stropger

* Professor
** Leciurer
*** Junior Engineer, Damanganga Dam Circle, Surat, lodiz.

} S.V. Regional College of Engincering, Strat, India.
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supporting zones on  both upstream and downstream.
The zone invariably had more permeability than core
(18~1 to 10-* cm/sec) and is commonly termed as semi-
pervious zone. Sandy and gravelly clays, loams and silty
sails or disintegrated rock {locally known as Murrom}
have been deployed.  In general casing soils have been
more helercgeneous. Conventional practice of avoiding
sand and gravel and rockfill in shoulders has been
broken with Beas, Ramganga and Salal. The casing
zone varied from 30 to 85 per cent of the dam section.

DESIGN OF DAMS

The earth and rockfill dams having height varying
from 20—124 m required 3 (Sharavathy) to 23 million
cubic metre (Ukai; of total carthwork. Recent design
of Beas {107 m) and Ramganga (132 m) contained 32
and 19 million cubic metres of earthfill. The upstream
slope of conventional flat cores dams varied from 1:3
tol:4 in most of the cases. In the case of Beas,
Ramganga and Salal it varied from 1:2.2 to 1:2.5
(Yokovlev 1947).

Drawdown, conventionally defined as height of
drop of reservoir from full reservoir level {FRL)to mini-
mum reservoir level, varied from 30 to 80 per cent of
the height of the dam. Such a high drawdown with
nearly impervious casing zone on the upstream affected
stability of the upstceam slope. Need of reducing the
effect on upstream slope was feltin the case of Tawa,
Xota and Sharavathy projects. Some measures to reduce
drawdown pressures like horizontal sand filters have
been introduced in the projects like Tawa and Daman-
ganga but it seemns that the advantage of such measures
to minimize the earthwork has not been availed.

DRAWDOWN

The commoniy used definition for the drawdown
ie. drep of FRL to a minimum reservoir level is
assumed 10 be instaniancous or rapid in the design of

" wpstrenm stope of earth dams. The assumption implics
that reservoir water level drops so Fast that the water
in voids of the dam has no time for draining. The soil
mass in slip which had submerged unit weight will act
as saturated. Also it will resolt in hydrostatic pressure
and reversal of seepage pressures, thereby reducing the
factor of safety under steady seepage state. In fact
reduction is mostly due to development of high pize-
metric pressures. )t is common to negkct change in
pore volume during rapid drawdown, the pore pressures
will be dominated by gravity scepage. In any case this
pore pressures cannot be independent of the rate of
drop in reservoir and soil permeability.

Thus concept of drawdown is an extremely conser-
vative assumption. Physical probability of such rapid
drawdowe would mean wash out of majer part of the
dam 1o release millions of cubic meires of storage,
Even for such remote critical design criteria uswvally
specified factor of safety is 1.5 sounds to be illogical.
In normal operation, the reservoir will drop probably
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from maximum to minimum in a year or two if there
is no inflow. Then assuming year as unit of time for
drop are we justified in taking drawdown of 6 m at
Panset Hill, 10 m at Hirakund, 20 m at Tawa and
Tepughat. 24 to 25 m at Sharavathy, Balliwella and
Ukai and 43-45 m at Beas and Ramganga at par i.c.,
very rapid drawdown? 1t not only sounds illogical but
also inexplainable scientifically. The drop of reservoir for
a maximum draw of water from all cutlets will vary as
illustrated for Ukai capacity curve in Figure i. For a
fixed withdrawal of 50,000 hectarc metres/day drop
increases from 0.7 m to 5.2 mf{day when reservoir level
drop from FRL to minimum R.L. The rate of drop
is a function of characleristics of reservoir (Elevation-
capacity curves) and normal drawdown is very small at
FRL. Itis therefore desirable to consider rate of drop
and not total drawdown in analysis.

LIMITING STATE OF TRANSIENT FLOW

For a drawdown against unnconfined aquifer, the
drop of free surface will be a function of porosity, rate
of drawdown, permeability and geometry of upstream
slope. Using Glovers (1964) work for a saturated bank
subjected to cyclical empting and flling after initial
transients have died out (Figure 2). Parmar (1977)
derived the following expression for limiting case
when the reservoir water surface is same as piezometric

~RRLWE M

+ ELEVATION 1N MELRES
B .

DROP N R, FORA FILED

E
DISCHARGE. ¢ WE TRES) CAPACITY 1N 1500 HECL METRES

FIGURE I Elevalion capacity curve showing level drop required
for 50 bect. metres discharpe/unit time

WAL, R Wy A . -..-_-russuaw)
H

FIGURE 2 Limiting state of ransicat Bow
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free surface at x > 0.
X

f— = _ =1
© va4 ar o
where &= kin' x I
The equation caa be simplified as

k= _51.;4;:: ; Whete x=f(h 8 (@)

Taking the upstream slope as phreatic line just after
drawdown, 8 = slope angle as shown in Figure 2.
Thus the value of k so obtained will be that limiting
value beyond which no residual piezometric head can be
expeeted in the bank. Thus the drawdown will not
crealc mere adverse state than the steady seepape state
of slope. The values of k for different slope angles @
(ied:i1, 1:1,2:1), rate of drawdown hft (varying
from 1 to 4 m/day) and porosity n’ (varying from 5 to
30b1]:-cer1 cent) has been worked out and arc shown in

- Tal .

TABLE 1 Deialls showiag permeability for different slopes,
differest rates of drawdown and different
porasity

. Permeability & for different rates of .

. ) e n
slul!x porosicy (in x 10-% cmysec) C“f"u'{

Ol n
/s per cent -
] [ (! mfday) [ (2 mday) { (3 wyday) | (4 myday)
i:1 5 4.50 390 13.40 17.86
10 390 17.86 26.79 ki % 7]
135 13.40 2579 40.19 53.58
20 17.86 35.72 53.58 7145
25 2233 44,65 66.98 8931
30 279 53.58 8038 ° 10717
1:1 5 112 2.23 3.35 447
10 223 4.46 6.70 8.93
15 135 6.70 10.05 13.40
20 447 893 13.40 17.86
25 5.58 1116 16.75 2233
30 6.70 13.36 20.04 26.72
2:1 5 028 0.56 084 112
10 0.56 112 1.67 22
15 0.84 1.67 2.51 335
20 112 2.23 335 447
25 140 2.80 419 5.58
30 167 .35 5.02 £.70

(Manglik ef af 1977) have been

Earthen dams

CONCEPT OF RATE OF DRAWDOWN

Using the above analysis, for a given slope having
kpown porosity, coefficient of permeability a safe rate
of drawdown for no piezometric pressuce condition can
be worked ont. The actual rate of drawdown for a
given reservoir characteristics can be worked out as
shown in Figure 1. Comparing the two, the scasitivity
of slope to drawdown condition can be assessed,

FIELD VERIFICATION

Data available on observations of Rampanga dam
used for an approximate
verification of a theoretical concept evolved here. The
slope of Zonc I i.e. crushed rock zone is 0.5:1. The
reservoir level dropped rapidly at a rate of 0.3 m/day
during 1975. The porosity was about 30 cent
and k was 21105 cmfsec. The k critical for zero
Ppiezometric head from the Table 1 will be around 6 x 10—

- cmfsec, It can be seen from figure 6 of reference (Manglik

et 2] 1977) that omly small residual piezometric head
Temained. The trend confirmed the concept of rate of
drawdown though results may need more refinement and
further work to reduce the gap between theory and
practice, )

CONCLUSION

The concept of rapid drawdown in design of
upstream slope of earth dam is discussed and was found
to be too conservative, illogical and unscientific.

A new concept to mtroduce rate of drawdowa has
been suggested. With the help of a theoretical deriva-
tion, correlation of k, slope angle 8, porosity »’ and a
critical rate of drawdown for 4 upstream slope can be
estimated. If actval rate of drawdown is less with ade-
quate factor of safety drawdown condition will not be
critical for stability of slope.
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Earthen dams

Discussion on Evolution of Design during Construction of -

River Valley Projects

Amar Singh (Member)

The discusser congratulates the authors for bringing
forth the evolution of designs in a very nice way.

In ‘Introduction’, the authors have mentioned that:
‘civil engineering is not an exact science’. The discusser
thinks that it is partly true. The problems in civil engi-
neering can be broadly classified in following categories:
(i) problems which can be mathematically defined;
(ii) problems which cannot be mathematically defined
but can be solved mathematically by making suitable
assumptions with good judgement; and (iii) problems
which cannot be mathematically defined at all even with
desirable assumptions.

The authors’ observation is applicable to problems
falling under category (iii) only; and not to problems
falling under categories (i) and (1i}. Dr Dhillon’s observa-
tions are, of course, applicable to categories (i) and (ii).
The problems falling under categories (ii) and (it) can
¥ given a scientific touch, if suitable experiments are

Aducted; and results so obtained, are applied with
correction factors.

The authors aliso stated in ‘Introduction’ that: ‘It is
generally felt that once the designs bave been prepared,
at the imnital stage after project investigations, they
should be final and any change in the design at a later
stage or during construction is probably due to lack of
original concept of design.’ This concept will prove a
big asset, if the designer aims at it while working cut his
designs. It is experienced that change, if needed because
of field conditions, will not affect the designs to a great
extent in most of the cases. It is, however, admitted that
the possibility of a big change cannot be ruled out in
rare and exceptional cases. But, if the designer frames an
impression in his mind that the design has to change at
later stage, then he will not exert fully in his initial designs
an undesirable attitude.

In case of Nagarjunasagar Dam, the authors have
nicely described the failure of ribs in tunnel. The discusser
would point out that it is a practice with the Bhakra
and Beas Designs Qrganization to classify the geological

ata alonmg centre line of the tunnel as ‘very good’,
_.od’ and ‘poor’ reaches, because the strata which are
always met in all cases vary in this order. The designer
then produces typical sections for each strata accordingly,
and these sections are incorporated in field in consulta-
tion with the geologist at the project.

Further, the discusser, while studying Fig 3, observe
that penstocks embedded in the dam are cheaper (stated
by the authors also) and safer proposition in view of
damages which are likely to be done to penstock by
possible cavitation. The monolithic behaviour between
blockout and masonary, may be achieved by provision
of shear connectors etc.

The discusser takes an opportunity to present some
salient feaiures of a lecture ‘The Assessment of Load
Factors’ delivered by him. In this lecture, the discusser
had mentioned that ‘The designer’s best assessment
will be obtained from information based on a careful
statistical study over a large number of years; his worst
assessment will be when he has to guess.” The second
important point in the lecture related to the main factors
which influenced the possibility of collapse as enuncia-
ted by ‘The Committee of Institution of Structural En-
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gineers’. The discusser experienced that the designs do
stand nicely in most cases, if the aforesaid points are
kept in view by the designer.

The discusser would like to further present that a con-
fusion is made between ‘correct assessment of load’
and ‘correct analysis of structure’ by some designers.
These two aspects of detailed designs should bz separately
dealt with; and the results so obtained, should be
considered by a designer with sufficient expenence.

O P Datta

The authors should bz congratulated for the exhaustive
information contained in the paper. The following parti-
culars regarding the Beas-Sutlej Link Project are men-
tioned in this connection:

Dehar Steel Penstock

Medium streagth steel, conforming to ASTM-AS537/
67a Grade ‘A’ has been used in the fabrication of surface
penstocks and Wye. The physical properties of steel are
given in Table 1.

TABLE 1 PHYSICAL PROPERTIES OF STEEL

ULTIMATE YiELD POINT
TYPE OF STEEL TENSILE STRENGTH,
STRENGTH,
kg/cm? kgfem?
ASTM-A-537/6Ta
Thickness < 31.75 mm 4920 3520
Thickness >>31.75 mm 4 570 3230

For the design of penstocks of Dehar Power Plant on
Beas Sutlej Link Project, ASME Boiler and FPressure
Vessel Code (Section VIIT) has generally been followed.
According to earlier 1963 edition of the code, the allow-
able design stress was based on factor of safety of 4 on
minimum ultimate strength of steel for all categories of
steel plates, In 1968, the ASME Code (Section YIII}
was split into two sections namely Divisions 1 and 2.
As per practice followed by USBR, the straight penstock
sections are designed according to Division 2 of the
above code which allows a factor of safety of 3 over the
minimum ultimate strength of steel. This is not only
applicable for high strength steels but for mild steels
also. The complicated structures like bifurcations (wyes)
are designed according to Division 1 of ASME Code
which allows a factor of safety of 4 over the ultimate
strength of steel. The same criterion was adopted for the
design of penstocks of Dehar Power Plant.

Dehar Power Plant

Although not mentioned in the paper, the earlier
project report of Dehar Power Plant envisaged installa-
tion of six units of 106 MW each. However, with rapid
growth of load and likelihood of additional thermal
units coming up in the region, the possibility of increasing
the size of the units was explored. Ultimately it has been
decided to install in all six units of 165 MW each. This
increase in installed capacity was achieved without any
substantial increase in the cost of civil engineering
structures.
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‘Dr M D Desai (Member)

The authors must be congratuated to evolve clear
hypothesis suggesting concurrent design during construc-
tion as obligatory for fast developing country. This,
against orthodox ‘no change’ attitude is a bold attempt
which is undoubtedly excellent one, provided all the rele-
vent changes are brought out to make the new approach
a success. Frequent changes in original design are often
attributed to lack of initial design comcepts and inade-
quate explorations or ideas of site conditions. These are
pot totally baseless. There are a number of cases to illus-
trate. In fact, every project will have certain fixed features
settled after detailed explorations and certain features,
will be kept flexible for developing on the basis of ex-
perience of actual construction. If axis of dam or height
of dam is to be altered during some stage of construc-
tion it has to be attributed to lack of adequate initial
concept and minimum data.

The authors experience that however exhaustive be
the investigations, the designs for the projects have to be
" modified during the construction is a fact; but the rea-
sons: namely, to suit site conditions; and to achieve
economy and accelerate construction programme are
not equally convincing. Let us not hide basic fact that
most of our projects are undertaken on designs based on
preliminary explorations or even occasionally without
any explorations. Such frequent major changes in lay-
out and designs have not only resulted in loss of time but
of money and development at Barauni Refinary, Heavy
Electricals, Bhopal, Heavy Engineering Corporation,
Ranchi, Namiup Fertilizer Factory, a navigation lock
and many river valley projects for the want of investiga-
tions of site conditions in time. This list can be enlarged
and mostly the trouble in irrigation and power projects
can be ultimately attributed to omission of the stage of
detailed investigations or proper compilation and utiliza-
tion of the exploration data. Ever Dr Rao* agreed that
investigations are not systematic.

The aspect of changes to suit site conditions is 2 best
illustration of our method of analysis. Many designs are
prepared by those who are niether conversent with the
site nor have developed critical points to be analyzed
during site inspections. The provision of high retaining
walls to protect abutments of rock and provision of
negligible dewatering for sandy river bed are example
of lack of oneness of designer to the site. Foundations
are designed as raft and pile supported rafts on basis of
assumptions that safe bearing capacity is 0.5 kg/cm?
During construction, the construction engineer feels that
the assumption needs to be checked for safety. But the
soil engineer finds the safe bearing capacity more than
2.5 kgfem®. Can such changes be considered as changes
to suit site conditions

Changes for economy again are found to be mostly
based on short term comparison of alternatives of a
component of the project, for example, cuteff for a
earth dam ignoring many factors affecting the long term
economy of the project as a whole. Occasionally, the
chain reactions of changes in component on other part
of the project are missed completely. A project envisaged
in 1960 finds that it is economical and obligatory to
provide canal lining in one canal as late as 1971 when
canal construction was undertaken. The basis is again
assumptions like weed growth; loss of command and
waterlogging, which seems to have been written from a
book rather than expetience, Could ten years’ time not
provide data of the permeability, soil characteristics and
the observation of groundwater table or waterlogging
in similar canal system nearby? Concrete lining is
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specified without any cost comparison with experience
of other types of lining used for various projects in India.
The area has mostly expansive soil deposits and lining,
as provided, will cause such problems which may be
worse than expected otherwise. Also economy cannot
tgnore cost of resurveying, relignment, redesign of
siructures and interest on capital cost over years till
canal starts utilizing reservoir storage. Often the excuse
of economy is used for making changes to cover initial
deficiencies etc. In present stage of development with
unpredictable availability of engineering goods and
machinery, economical analysis is rarely justified. There
may be water in reservoir but no turbines {planning
since 1965) to avoid power crisis. There are projecis
where water is not available in reservoirs and hence
there is a power crisis and condition of dravght. Also
modified design on the grounds of economy on present
rates becomes almost otherwise by the time the revisions
are techmically approved, administratively sanctioned
and budget provisions are made available. The number
of stages involved are bound to take time.

Necessity of publishing the experience has been rightly
emphasized by Dr Rao?. The meager literature inspite of
Rs 12 000 crores inventment on projects may be due to
contradictions of data and desigan philosophies and
continvity of the pzrsoas in specific fields. There may-«.
good decisions but no data are available to support.
Also, there may be sufficient data available but the
analysis will not justify the proposal.

The current techniques of project design can be classi-
fied as: (i) rigid based on worst expected conditions,
and (ii) fiexible based on average anticipated conditions
or combination of (a) and (b). The proposed method of
zuthors evolving design during construction is similar to
‘learn as you go’ ot ‘exparimental’ design introduced by
Terzaghi in 1945. In any design of earth structures engi-
neering, physical constants representing average anti-
cipated behaviour with variable time need aproximation
and high congervatism. Inspite of refined methods of
analysis, ultimately au empirical design based on average
experience is used. This ‘average’, widely used all over,
led to major disasters duc to a minor geological fault or
factor like effect of saturation. This method is wasteful,
not at all fool-proof and does not generate useful ex-
perience,

In design, as we proceed, actual observations and ex-
perience during the construction of same project ate u
to produce economical designs scientifically. The process
involves deficing of design param=zters, anticipating
behaviour of structure on the basis of average properties
and providing field instruments to continuously com-
pare the anticipated and actual behaviour of certain
factors governing the design. These observations permit
constrant changes in design to take maximum advantage.

This observational technique and the proposed
authors’ method may successfully bs employed only
under certain circumstances. There are certain limita-
tions of our existing system and set-up for making the
observational method a sucess.

The current design method do not generally indicate
critica! parameters and their estimated values are assu-
med in the design. Dasign of earth dam showing ex-
pected settlements and pore pressures at various stages
will be an exception.

If design is to be based on cbservations, the technique,
personnel and processing will have to be sclected with
great care. In general, the work is left to very junior
technical assistants who hardly understand the im-
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acadon of observations. Inspite of large-scale instru-
mentation in all river valley projects, it may be difficult
to find a team of expert workers devoted to this field.

From stage of design to analysis of observations, exis-
ting set-up of frequent change in staff, leaving observa-
tions to semi-skilled workers as a routine, and analyzing
data by officers not conversant with field and that too
after long periods have elapsed, is bound to dig a grave-
yard for the proposed technique. The reliability of the
observations, therefore, is a function of personal interest
and bence unless expert cell specialized in this field is
organized, observational design technique has more
disadvantages. It is usual to find a helper, pumping water
at pressure more than expected pore pressure at tip for
dearing piezometers. It is difficult to imagine the fate of
observational technique if present set-up is not over-
hauled. Though attempt was made to make a central
cell, it has not brought out much impact on the projects
executed by the States. :

This technique is rot suitable for problems involving
sudden collapse. Such components of projects will have
to be carefully isolated and designed by rigid design
technique.

Yn gontractual works, any major deviations in designs,

.l benifit the contractor gven though the cost of the
work may be reduced. Also, on major projects deviations
in parts, when all items of planning are in short supply,
will upset the time schedule, cost and many occassions
prove penny-wise pound-foolish. 1n a project, shear zone
was met with at a depth more than the head of stored
water. The zone was found impervious. In order to avoid
its treatment and analysis, the site was shifted upstream,
This resulted in loss of all previous explorations of
borrow arcas and foundations. During construction,
tight schedule of diversion, necessitated guick decisions,
positive cutoff with two diaphragm walls to reduce
dewatering were excuted. The exploration latter showed
that shear stringers do exit along new site. Test grouting
was then attempted to confirm that it is almost imperme-
able.

Observational method has to provide for slow down of
work in the event of unusual behaviour of structure
initially. Also, the designers will have to be prepared for
worst eventualities. In present set-up, designers are
divoreed from the projects as soon as construction starts.
4o field staff are competent to make minor changes

ich may actually violate the basic philosophy of desig-
ner.

There is no doubt that full advantage of this method
cannot be realized unless the engineer is throughly con-
versant with problem, makes continuous alterations of
designs and procedures as the observations are obtained
and has authority to act quickly upon his own decisions.
Above requirements would practically mean placing
direction of project in hands of one or two individuals.
Terzaghi’s success was due to authority and ability to
take the responsibility.

The cases cited by the authors also do not actually
fall in category of plan as you construct from the incep-
tions of project.

Therefore, it is felt that before venturing on to apply
the experience, a vigorous attempt may be made tosireng-
then most neglected research cells. Even if 0.2% of the
cost of projects would have been invested and conducive
atmosphere provided for research, the country would
have today seen technological revelution.

Earthen dams

How far the existing set-up can be overhauled? Can
changing coordinator keep an up to date knowledge
to coordinate specialized construction activities on major
projects. Particularly when the present sysiem is based
on dividing responsibilities and localizing credits?

Flexibility cannot be adopted in design midway. It
has to be planned from the begining. Earthmoving
machinery, for example, has limited availability in our
country and designer’s abrupt change will have to be
rejected outright for want of suitable machinery. Diver-
sion scheme in a project required excavation of millions
of cubic metres of earth. The soils in depth of 20-30 m
cut were not for use in dam initially, when diversion was
planned. Later on its compactibility posed problems
which necessitated use of pneumatic rollers. As the work
could not wait for importing these, the designer has to
accommodate with available materials.

For various reasons, inspite many completed projects,
experience of construction is limited to few and mainly
to those belonging to contracting firms. The strain of
satisfying the needs of audit and accounts is more on the
engineers than the strain in executing technical jobs
syslematically. Technicals mistake can be covered but
the failure of accounting and ted tapism may ruin
career of an engineer. This phobia cuts the very root of
the new design method.

Now technological revolution will be like green
revolution. Research requires devotion and devotion
cannot be expected from all employed engineers. Thus
it is not too late even now to start building up of research
stations with proper personnel having aptitude and
devotion to field of applied research.

With this base, above technique can at least be used
with full benefits for same parts of projects in Fifth or
Sixth Five-Year Plan.
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Prof M G Jog (Member)

The discusser cengratulates the authors for producing
such an excellent paper. However, he would like to offer
the following comments.

Nagarjunasagar Project

When a single unit of 60 MW was proposed what was
the change in the specific speed of the unit? What was
the effect of this change on the setting of the turbine to
avoid cavitation? How were the draft tube dimensions
modified?

When the power plant was modified to serve as a
pumped storage plant, the machines must have been
changed. What was the effect on the power station
layout?
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Sabrigiri Project
What is the centre line of the runner?

If the columns had been of RCC, what would have
been the additional expenditure?

Lower Sileru Project

Would it not have been safer to locate the valves in a
separate cavern though the cost might be increased?

If the shaft can be so lifted that its topmost point is
in level with the topmost point of the crane trolley,
could the height of the power house be reduced?

Would providing for downward dismantling of the
runner reduce ultimately the overall costs?

How would the draft tube gates be operated?

Y K Murthy, K Madhavan and (Km) E Divatia {Authors)

‘The authors are very thankful to all the discussers for
taking keen interest in the paper and raising certain
queries. The replies to their queries are as given below:

Shri Amar Singh has made observation that the state-
ment made by the authors that : ‘civil engineering is
not an exact science’ is partly true and he classified the
design problem into three categores. There are many
varying parameters to be considered in civil engineering
design and mathematical solution of any type of prob-
lem. Suitable assumptions for various parameter within
permissible limits are required to be made.

He has also stated that the designer may not put his
best initially if he has an impression that the design has
to change at a later stage. However, the authors feel
that no designer would like to go on changing his
designs unless essential.

He has also pointed out that the practice with the
Bhakra Beas Design Organization is to classify the
geological strata along central line of tunnel as ‘very
good® ‘good’ and ‘poor’ reaches. This type of classi-
fications is hypothetical and will not help to assess the
load exactly. In fact, it is well recognized by tunmnel
designers who have studied tunnels under different
geological conditions that classifications of rock loads
on the basis of some well known classifications like that
of Terzaghi and ‘Protojadikonon are liable to great
variations.

The point mentioned by Shri Amar Singh about
cavitation is not clear since the penstocks are usually
designed under positive pressures. As indicated by him
the design load factor is finally fixed on the basis of the
probability and this concept has already appeared in
most of the design codes in the world.

Shri Datta has amplified the design criteria adopted
for the penstocks of Beams Sutlej Link Project.

Dr Desai has emphasized the need for field investi-
gations before projects are undertaken for construction.
He also feels that there should be good coordination
between the design and research in order to obtain the

Earthen dams

Y
maximum benefit from obsetvations of the behiiviour
of the structure. Research organizations should be
strengthened and manned by specialists in the fields. He
has also emphasized in general terms the need for a
coordinated thinking in the planning, investigations,
designs and construction of major river valley projects,
He expects that all the aspects enumerated above could

be beneficially utilized at least in the Fifth and Sixth
Five-Year Plans.

The authors agrez with the views of Dr Dasai as
these are the essential aspects for executing major pro-
jects.

The authors are thankful to Prof Jog for taking keen
interest in the paper and raising the queries. The various
peints raised by him are replied as below :

Nagarjunasagar Project

The specific speed of turbine was kept same and it

was approximately equal to % Since specific speed

[
is same, the setting level was also not changed.

The draft tube opening was changed from 2 of 7.62 m
to 3 of 7.925 m (Fig 1).

The machines for pumped storage scheme are revei=
sible pump turbines and to reduce cavitation, while
operating as pumps, these require lower setting, The
change in the layout is still under study in consultation
with manufacturers.

Sabrigiri Project
The centre line of the runner is 195.372 m.

Steel superstruciure was already constructed. The
instability of the steel frame superstructure was ob-
served during EOT crane operation. The question of
comparing the cost with RCC structure did not arise.

Lower Sileru Praject

The present practice is to locate the valves in the
machine hall itself irrespective of an underground
power house or surface power house. Lower Sileru
being a semi-underground power house, for the pressure
shaft a minimum rock cover will have to be ensured.
Further speparate cavern for valves would involve
instaliation of a separate heavy crane. :

The crane beam elevation is fixed for untanking of
transformers in the erection bay at an elevation of
94.000. The service bay is located at an elevation of
86.000. The conditions as mentioned by the discusser
was not critical in this case.

The downward dismantling of the runner does not
effect the overall cost. However, it facilitates the removal
of runner for inspection and repairs without disturbing
the generator and rotor alignment.

The draft tube gates will be operated from draft tube
deck at an elevation of 94.000 by gantry crane which is
not shown in Fig B.

Paper by ¥ K Murthy, et al, Journal, vol 53, pt CI 3, January 1973, p 113,
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ANALYSIS OF DISPLACEMENTS WITHIN EMBANKMENTS FOR DESIGN

OF INSTRUMENTATION

MAHESH D. DESAI

S.V.A. College of Engineering and Technology, Surat. India

TARUN B. DESAI
Fh.D. Studert, 85.G. University, Surat, Indis

1 INTRODUCTION

Though methods for computing average fac-—
tor of safety of embankmants have been fa-
irly atandardised, it can ba wvisualized
that the seil in a portion of the slip
plane may have been stressed beyond its
strangth, This will initiate progressive
failurs. In additien to the slope stabi=
lity, the stress displacement study will
be requirad to complate the analysis.

An sarth embankment is  heterogansous
anisotropic, Finite mass having soil in
any state from elastic to plastic state
of equilibrium. To initiate tha stress
analyais, defurmations which control the
mobilized shear resistance as well, will
provids an indirect key.

2 DLEFDRAMATIONS IN EMBANKMENTS

Any soil element in an ambankment would
be subjected to three_ deformations verti-
cal, upstream - down = stream and axial.
The analysis of these displacemants alona
could give an idea of the damage to core,
outlet works and embedded structuras and
prograasive failurs, The sarth pressures
on ambadded retafning structures cannot
be correctly avaluated without the knowl-
edge of displacements.

Theoretically, predicting deformatiocns
in the embankments with wide range of the
s0il along length, width and height, com-
pacted by different plants at variable
placemant OMC, will not be easy uniess an
idealized model ia avolved. Thus an ind=
irect approach of pradicting the deforma=-
wall
instrumented structures has been attempte
ad hers to initiate tha process to svolve
a model.
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The increasing cost of sarthwork in ambe=
ankments is bound to influence the design-
er to accept "Dosign as you obsarve” or
"Casagrands'e calculated risk" approachaa.
In both the cases weasurementa of the imp-
ertant design parameters is a must. This
in turn requires prediction of the proba -
ble rangs to select instruments having de-
sirable accuracy. :

Kot only the proper selsction of the
instruments having maximum sensitivity but
also applications of the modern tools of
analysis such as finite elements will dep=
end on the availability of models which
parmits prediction of deformations, pora
pressures, stc.

3 SCOPE OF WORK

The scopa, censidering the introduction
has bean limited to evoilve an empirical
model to predict deformations in embankme-—
nts based on the performance of well inat—
rumented dams of the warld. The details
of deformations recorded by cross arms, in-
clinometers, slops indicators and surface
gauijes for Five dams have been compiled
from the published reports and papars, All
important details of the embankments have
been summarised in Table 1.

4 VERTICAL DISPLACEMENT

The vertical movement rocorded at differ-—
ant haights { abova the base ) ara analy-
sad for (a) Construction stage (Sc) and
(b} total settlement (St} for Ffiue dame.
Parcent vertical deformation is expresaed
by

AR =

S

Th-1)

e aae s af1)
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ement factor }\ with height {a) Construct-
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A= % Vertical defarmation total and
4 during construction

H = Total height of dam

Vartical deformation in cm.

The observation af }10 and ;\tehﬂ have
been plotted against h/H for above proje-
cts in Figure 1 {2) and 1 (b) respective=-
1y, The variation of the tatal wertical

- deformation; aven for heterngeneous cen-
ditions, exhibit a regular pattern as sh~
pwn in Figure - Z, the ‘'weximum St being
shown at almost mid-hsight of the dam,

The correlation of the results have be~- '

en statistically worked out‘for upper and
lower boundaries as given bolow :

At = 0.00376 o - 008588 0

+0.772 n® = 3,466 n°

+8.124 n° - B.B635n

+ 4,83 D 3
_Rt {Lowar bound) ‘
' =-0,00018 n® + 0.00629 o

- 0.0745 n® + 0.411 0

- 1.11 n® + 1.7678n

2028 e e aesa e (3)
where n = 8 x I, T, = h/H

T
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To wverify tha applicability of sequation
(2) and (3), case records of Beaa dam
{ verma, R. K. 1978 ) are used to compute
maximum, minimum sattlements for differant
height h ( H = 110 m )} abowe the base. The
Fiald observations of parformance compa —

‘red with computed wvalues in Figure - 3

shows that above aguations are fairly resa-—
sonable in predicting the value and trend
of wertical daformation in ambankmants.

5 MAXIMUM VERTICAL SETTLEMENT

The results of analysis for tha five emba-
nkment dams gave following expression for
estimating total vertical settlement for
the core ¢

S5 = 0,053 x h P

‘The haight of embankment has to ba fixed
taking into account settlemant St such th-
at even when it has come to equilibrium,
the design fres board remains unaffected.

The commaon praciice is to use Gould's
{49%4) chart for 40 m high fills. There
are .ng other recommendations for higher

pubar*‘mants .

If the modified eguation (4) St = 9,06 h
is adopted, the Tabla - 2 below will just-
ify ite use with adequate safaty.

The recommended wvalue by Gould for the
above embankments sra 40 to 60% higher then
actually cbserved total vertical settleme-
nts. The results have also indicatsd that
the maximum vertical deformation occurrad
argund 0.44 h from the basa,
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Yable = 1. Datails of embankment dams : . -

Dams Mannoth EL-infiernillo NetZahual- Muddy- Askasmoba
pool Coyoh Tun
Haight
{matres) 98.50 148.0 137.5 76.2 112.7
Langth ‘ :
(metres) 250 344 480 1463 £70
Type Zaned Zoned thin Rackfiil Earth Rockfill
RockFill cara rockfill and
rockfill
Conatru-
ction
period 1958-5% 196263 1963-64 1966 1961=65
Cora Fine silty Highly plastic Latteritic Clayey Highly
materlal sand soil soil ailt Plastic clay
Foundation Alluvial Rock Rock Siloping Rock
rock ufs  ateop
to d/s vallay
Instru- Slope Vertical . Incling- Alignment Slopes
mante indicator, Cross arm, mater, warkers, . Inclino-
vabadded useRr Inclino- Surface Inclino- . meter
cross arm, meter, monuments matar
Surface Horizental
monuesnta sxtensomater,
Surface
manuments
200r
Field observations
175 of proiolype
) ].0].
150r
8-
I m- ‘ 0‘
. x .
Liooy 06
) 04
PURY B €
v Equallon{d) ozt
504 (Lower) -
5 05 30 W N 60 10 80 N
. . . N /g —
0 S w00 12s /
h-metres —=
Figure = 3. Comparision of computed Figure - 4. Variation of co-efficient 91
upper, lowsr pvound values of 5t with For axial daformation with h/H

actual observations of . Beas dam.
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Table - 2.

Earthen dams

Total vertical deformation of soma dams.

Dan Haight (H)M Stc Stn st
computed observed St
]
Baas(Punjab) 110 6,08 4.56M 1.3
Ramganga (U.P} 67 4,0M 3.86M 1.03

A dam in USSR N
{Vutsel '78) 150 9.0 5.90 1.52

& AXIAL DEFORMATION

Tha axial deformation or cross vallay
displacemonts wore analyssad and hava bemn
" converted into a factor 9] .as under:

% =

The results are plotted in Ffigure - 4.
in zome cases displacaments in two secti-
ons scrosg the axls showed wide variation
at somo alevation, -This is bound to cr=
sats different stats of stress in BoMe
parts of the embankmants.

The wariation of tha axial movemant al-
ong h exhibited symmetrical parabaolic
trend with zaro displacemanta at top, bo-
ttom and maximum around mid-height.

The dasign of Junctions of rataining bi-
ocks and sarth dam will have to account
for cross valley movaments of variable
magnituda at various heights, The forces
generated aill have to be accounted for
three dimansional slip circle analysis,
-For all practicel purposea¥ = 0.025 x h
would be recommended conservative assump-
tion.

5 .
T whera S is in cm,.

7 WORIZUNTAL DEFORMATIONS

The horizontal movemant i.e. upstream dow-
natream displacements, "during construction
ara small at the top and tha base. During
filling of ressrveir snd thereafter horiz-
antal movements have been noted in top 2/3
portion of the embankment. The saximum
wltimatemovewent has besn observad at mid-
height of the section, Using identical
notations Fector®™¥% - S horizoatal pag

He="nh
baesn svaluated and analysed along hefght,
The variation for core and casing is high-
ly erratic and covers very wide range. Ma-
"ximum displacemant ranged from 50 mm  to
500 me for embankment heights 60 to 90 m.
The uppar values of‘%% varies from 1.5

for rara te 2.0 for graval and rockfill.

8 CONCLUSIONS

Approximate empirical method, based an
parformance of five dama, have providad

basis of estimating maximum vertical and
axial displacesenits and its depthwiss wva-
riations. The results of upstream down-

" atrasm displacewent enalysia indicate tr-

end of variation along height but the ma-
ximm walue varies conaiderably with the
rata of Filling of reservoir, tha casing
material, etc,

Thwe work has to be continuous evaluation
to evoive rallnbla}pﬂl.ff factors for &
glven set of conditions.” This will prov-
ida base for the deformation-etress tran—
sformation and stress analysis of embank-
mants.
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PFEM;M

Paper: for Warkshop on Investigations
and Treatment for dam Foundations,
DE-RADUN J'ulr 1§, 1992,

R!VI!H ‘OF EXPERIENCES OP GEOTEC!!CICJ\L
* EXPLORATIONS FOR .DAM FOUNDATIONS. .

By . t Dr.Mahesh D.Desai L
a - Professor, .V.R.(:ollegp, Sl
. Surat=395007, . e

. momxon :

Assoclation of 30 yeara wj.th e'xploratiot; in qeot.edmical
ehgineering has been: ha;:l.n to pregent a phylosophy of subso:uL

© explération: for dam foundations. 18- Codeg on pmgra.me and
-methoda of explmt:lms, ascx recmuanﬂations and mapy practices

have been in vouge, Briefly a founclatim des.tgxmr needa 4
desiqn deta.tls f.run geobechn:l.cal axpert, 'I‘hey are 1

(1) zmmg of area of s:l.n:l.lar subso:l.l problema in plan *
for a site. ¥

A (2_) Profile or stratlﬂcattm {muon) far each Zone.
{3) Properties & type gi 801l of each: stratification
e m a. .

- forrdesign & ana;
f4) Creond uater :Eluctuations..

"I'hese basic detaila are u:sually vauge hiddal or nonupecific
" in most of i'.he subsoil exploration reporta. -

-~ The ob jective theteforg to, uhtgin 4 deaign dei;ails mst be

enphasind 4in planning progl:mme.

EVOLVE EEIGN FRG‘! M%TION 1

By and large, the bcenetio 15 that designer: asgimos
probable problemq/‘pltmtqu from similarity of site with
projects executed and “proceds with design Of treaments/

'structwas}iom:dauonak Vj.aj,ts by few, eacpertq to sites adda

certain probahilities bagedion their. x k8.  The sand is
'.l.oose and may iiqQuify or~.o.i.15 are Jpesaic anﬂ uy conapaz

C 7 ot sa;n:at:lon or poft clays ‘appear. mgigive etc wi,]l]. be

imposing” rmmainta to adopt. safety ‘against aapumed behaviour
As expert is sometimes autha.tty, f.ruq but, com;ra'y data of
investigationg may have t-.o be sug:ressed. If officer :l,s
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prepared to face facts he may have difficulty to convince
experts of repute. Thie background of ax;ticipated troubles.
predetermines exploration programme, The constraints of
agencies, equipments, personals, working conditions at remote
sites, doubtful integrity '6f field enginecrs will decide cut-
come of exploration, ‘The designers have hardly faith in data
presented, The time taken by large exploration justified
designers assuming parameters apd prooeeding w:ﬁ:h-_'design and-
scme times with construction which were to be confirmed safe
by exploration i.e. design is rarely evolved on basis of
goclontific exploration in past, The report in annexture
indicates that désign-assimlptions-are*safer; The soll explo-
ration has been force in many cases. -

Now in present better facilit.ies and less contrainsts
enviromment, one must preak chain to es{:ablj.sh correct cycle,
First exploration, then identifigation of r_-r.lti al parameters
ard problems for site based on exploration sbould lead to
best econcmical and time saving- desfgn »alternative. The soill
' exploration dats shall be basis to -identify weather shear,
differential settlanent., piping, nmifaction seepage etc.are
likely. Individual openjons or doubts could be evaluated on
basgis of investigations and if “need be some. special explora=

_+10ns be gonducted to remove contradictions. - For ecanamy,
safecty and time aaving sequence of preliminary- exploration,
analysis to establish critical aspects for site, reconfirming
aritical design parameters and ‘selecting best alternative
design/treatment must be regtored, .

3,0 DESIGN p' v smsnmw Ys':l:'é‘ e

80il ‘éxploration report will. present digeated data on

four aspects of design det.ails. The foundat::l.oha design for
shean:, sl:ldj.ng. settlauent, seapage, piping, liguifaction
could be evaluated using senaitivity. analysis of # 10% errors
in design parameters, For example taking + 10X of shear para=
meters ééahil:l.ty of ‘foundation slip circle changes from unsafe
to safe value, it is desirable to-recheck the exploration data
on shear parameters, This will be spéi:’!jj.al— Ynvestigation on
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eritical location in zane and layer by one or more direct
indirect as well as lﬂbaratory and field tegts'to ascertain
mindimm safe parameter. Sengitivity analys:l.s will rest.rict
area of exploraticn for detailed stwdy,

To site an eucample, based on profi].e, the- shear paras
meters the safe bearing capacity is evolved. Using this bearing
capncity if design indicates provision of raft foundations

- mazginally sensitivly analysis could be.carried out-using 5%
increase in cohesion makes footings feasible, rechecking the

shear parameter for stresa ulk zone only ig advisible,
Recheéking results of UCC by trimeial or plate.load or pressu-
rc:meter at critical point selected from. preliminary data can
not only provide econamy hut. save time of construction as well.
In short all sensitive paxameter which can alter degign/ground
treatment. need to be reevaluated by alternat:l.w or sgme method
precizely, . S T £

RIGID & FI.EXIBLE PROGRAMME ;

e

It is q.tite caomnin to adopt printad "common’ “specifications
for exploration of site irrespective of the geologj.cal formg=
tion and geographical locations, Each consul;bant or organi sa-—
tion. has a draft in which depl-.h, ‘nunber of bores, tests are

. entered for a site to suit budget, time and sometimés’ feqzire—

ments. . Such universal draft is essential‘ for cmlpetit.iwe bids
and financial audit, This system includes many redudent tests
and points from utility point. Also job is to be sompleted
by contract till final report no analysis is- feaaihle. Huge
amount. of samplinq and testing will present.a thick foreat of
data having many discripancies .(SPT contradigting density %
value or sand showing low K etc,). Once designers finds faulta
and Iooses faith he will go by worst, unecom:l'nica]n;e,lmirical
Aesgign, . e s

'I‘his has to be changed by system in which each’ exploration
programne is analysed and used to evolve further program&e
Exploration will be flexible and will be evaluated for 4 objp-
ctives. continecusly.  Here sesmic/Dyn cone penctrometer {S50mm)
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could be used to cover 4 corners of the zone and centre. The
depth eersus N, or seismic velocity is interpreted to evolve
soil profile, soil properties Ground water, liquification
potential by app. sximate empirical charts., This data ‘it basis.,
To refine it one or more bores are used. The profile, prope-
rties, W.T. etc, are revised again., In this system testing
sampling is specific and not mechanically SPT/sampling at 2m
interval sampling dis ¢lays and SPT in sand will be used, The
critical factoers could be furtheér checked by specdal investi-
gationg of spe¢ific layer by vanec, pressureometer, perneameter,
static cvone ete. All*the’ special exploration have specific
objective to narrow down range of predicted design parameters
or problems., You can eliminate unwanted SPT in clays or UD -
sampling in sande’ and K test’ in dry sand strata below building
foundation, Exceptional -cost sensitive sites, extra ordinary
explorations by blasting, 1pdd testing, groutability tests as
well as insitu.density by neuclear probes are suggested to
reconcile different behav1oural predictions. Objective of each
special exploration will be to predict paramegers to ‘predict

performance as aocurately as possible.
i

STATISTICAL AVERAGE EARAMETER 1
.——-—_-—*__‘ﬁ_

'_:?: It is common practice to ccumile results of number of
samples of .a stratum for all- properties to derive statistical

average pargmeters for design parameters.: This could be
pisguiding,. o | |

~1.  »For a stratification of a given zone, average coefficient

of. permeability (K) from results of tests on 20 samples gave

-3
-Fange.of l10m/sec to 10 - cm/sec is absurd to eValuate seepage

or groutability, ' Similarly sHear parameters of’ scft to nedim
clay lranging from 1.0 kg/'cm2 to 0.4 kg/cm for’ 30 undisturbed

"samples (based on UCC on samples of variable degree of satura—

tion) as 0,56 kg/cm” would lead designer nowhere, - geo—

. engineex will have to discard results of distrubed samplea,

dried samples, samples of low degree of saturation ‘insity
(after reserwoir is full it will be saturated) and sBamples
having local fajlure plane ete, - The acceptible data when

A compilation of Prof. M.D. Desai’s works 43



Earthen dams

average gives Cu = 0.48 kg/cm2 against statistical average of
0.92 kxg/em « Such analysis based on senéitivity study of
design procedure would jhstify the confirmation of Cu by vane
or static cone test at location where subsoil is saturated now.
Even results of specimens showing abnormal low or high density
will have to be scrutinised by Engineeriﬁg ihdgement, In short
use of staktistical averages widely used, even for large number
of samples could be disastrous or uneconcmical, It shall be

replaced by geotechnical-engineers idgement based on experienze

subject to confirmation by other test in laboratory or insitu,

CROSS CHECKING RESULTS :

It is cumberscme but essential .to cross check all results
of investigation of dam foundation., For clayey sand partly
saturated, very high K or for sand With Ns'= 40 blows dry unit
weight of 1200 kg/m3, clay with nat.water content equal to
Plastic limit cu very low illustrates need for ecross checking
and retesting, SPT less than 10 indicate low - Relative density
but density of sand inaity gavé very high relative density.
Former may = pose problem of liquifaction for site at which
latter indicates no ]:fuif;éaLfan. In 2ll marginal ‘cases
prototype field *rial of blasting or groutlng are justified
as special check tosts., We have come across soil log sand att
dam site which did not accept cement grout and low N value of
obra/Ukai sand did not liquify by seamicity much mere than
expected under a insitu blasting testa,

A contineous exploration with systematic cross checking

can permit repeat testing/alternative ér exkra 1nvestigati=n
to provide designer a true design factor, s

e

CONTINUING EDUCATION :

Learning from mistakes/wrong interprétations cannot be
published from the possible vietimdsation by administration,
CBIP/CBRI & national socileties ean hold a aession at annual

-meetings to discusa experiences without naming project/person,

This will provide continuing education and repesting silily

mistakes 2gain and ggain by different persons at different zite
could be eliminated,
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CONCLUSIONS :

(1)

(2}

(1)

(4}

(5)

(6)

The rigid preplanned blueprint cof exploration for mejor
projects needs drastic review. A flexible ap'proach to
evolve parameters by DCP/Cecphysical methods to be confirmed
by borings planred ‘on basis of analysis of each bore will
provide safer and economical designs,

Each explorat:.on prograrrme must be analysed to aement.ially
evolve further progranme/mthod of exploration in continuecus
process to evolve zoning of site, soil profile in each zone,
properties of soil in each strata and G,WT,: The presect
tender programme provides vast jungle of data with wide
ranges of values making a scientific selection impossible,
Vast data ccllection takes s0 must of time & agencies that
oross varifications or checking is also not possible.

S0il exploration for ma jor projects must guide design for
economy and safety and not form annexture of a design as.
Eormality.

Never use stast.ical'averages of parameters in 'design. Use

' géotechnical ekill to eliminate non repr_‘_zséntative/m':res-

liable data to cbtain reliable range.- This "range shall

'.be reconfirmed in field by independent cross éhecking
‘insitu test condgcted precusely in limited number.

All critical design parameters rmast be obtained by one
test, checked by another and reconfirmed by £ield tests if

it shows persistant analomics. Assuming loweét/worst need

not be safe always in geotechnical engineering..

A firel for discussing silk mistakes without names of project
persons will hellp providing continuing educaticn to dam
Engineers, '

rkk
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—

By:

Prof. Mahesh D. Desai (ph.p)
Ex. Dy. Director, CWPC
Visiting Prof. SVYNIT, Surat.

Of Civil Engineering Structures, built by Engineers since
independence, Earth Dams constitutes — largest, most
complex structures with least scientific and maximum
empirical design parameters.

Qur Green revolution and temples of Nehru’s dream are
reality thanks to Earth Dams — around 5000 Nos.

No foreign technology

Least steel, cement and plant and machinery,
maximum use of manpower. (1950-1990)
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Basic design Inputs are Natural and based on

Observations — Experience — Judgment

Y V ¥V V¥V Vv

v

River Course, History

Construction materials & its behaviour
Foundation — Geology — Seismicity

Natural forces — Earthquake, Floods, Drawdown

Remote inapproachable sites (1958-1980) & meger
history & data for sites selected.

Case studies rarely published (Confidential)

Investigation, Construction agencies not available —
Department skill is only source.

Challenges:

>

>

Assessment of variability of Input for Design.

To predict parameters during life span of 100 to 300
years under unknown future environment.

Factor of safety, factor of ignorance or inability to
predict and lack of knowledge / experience based
confidence.

Controls of material, construction specifications,
plants & compaction equipments handled by
inexperienced changing technical staff  of
Department of irrigation.

Continued. ..
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> Project planning, designing, execution,
maintainance changes hands as period of
execution from conception is 20 to 25 years.

» Project administration setup has not been able to
pool the experience based data from thousands of
dams built.

WE HAVE FAILED TO LEARN FROM
FAILURES & SUCCESSES.

Thanks To:

In spite of above nonscientific non-engineering design,
planning, construction failure rate of 1 in 2000 or so is
outstanding achievement of Earth dam Pioneers:

To remember few in field:

»

Dr. A.N. Khosala, Dr. K.L. Rao, Y.K. Murthy,
Dr. C.D. Thatte (CWPC)

G.G. Dhanak, M.N. Jathal, J.F. Mistry, M.U. Purohit
(Govt. of Guj.)

Academician: Dr. V.J. Patel, Prof. Govind Rao

Politicians: Planning minister Shri Ashok Mehta &
Pandit Nehru.
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Constraints:

» Assessment of forces, static, dymamic to predict
properties of millions of cubic meter of soil used at
different levels and parts over 10 to 20 years for the
critical conditions over life of 100 to 200 years of dam

» Predicting behaviour of foundations for dams by
extrapolation and limited history, geology, seismology
and weathering under submergence

» Optimize cost inspite of oversafe design.
» Cater and adjust to State of Art of materials,

observations during construction, technology, plants
availability etc.

Concepts of “Design as you Construct or Proceed” was

evolved by me. Also ecalculated risk in parameters,
is unavoidable.

(Ref: Evolution of Design of river valley prejects, journal
of institution of engineers, Vol. 53 July 1973, Pg - 288 )

e.g. Construct P.P. measured at Beas / Ukai was less than
design ... reviewed, slope for reduction

Borrow area of Ukai dam reviewed to use 1 MCM of
random fill seil, available from excavation of power
channel. Section of dam revised.

Silt stone as core for Beas / Black cotton seil clods in Ukai.
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Ukai Dam

History:

Though century old technology (Art), slow steady
progressive development can be seen over past 60 years

Ycar | Global Max Height {(m) | Indian dam planned Remarks
1920 60 L
20 Oldest (100 yrs or 50)
1970 280 Fkruk dam (Maha)
Kishau (232 m)
1980 260+ Tehri (260 m)*

Inspite of technical, environmental, ecological, social
political odds dams have started serving society in 2000.
Beas and Ramganga dams have stood test of time (Seismic
zones VI to X) Richter scale 8.6 earthquakes.
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Evolution & Updating:

Pre 1960 dams planred with 4H : 1V slopes (Gangapur,
Ukai, Panset etc.) have been replaced by 1.5 to 2H : 1V u/s
slopes. D/s slopes have decreased from 3H: 1V to 2H : 1V.
More than 5000 dams with hardly 3 major failures (Panset,
Morbi and Tiddi) shows unusual success rates inspite of
empirical approach, department execution, poor quality
control and changing of In-charge Engineers over 20 -30
years period of execution,

Thin inclined core was introduced for dams in north India
as cohesive soils are rare. The “Design as you Construct”,
philosophy permitted use of materials of compulsory
excavations improved plants and technelogies available
during long period of construction.

The topo sheet, site selection, the horse back visit to
evaluate site data_bx—wisit, visual observations and
experience based "judgment. Feasibility and economical
viability for dams in 1960 — 70 were based on meger
scientific data of survey, geology, construction materials,
design and cost benefit ratio. The communication,
contracting firms, expert services investigation facilities
and foreign exchange for construction plants, as on today,
cannot be dreamt. The credit of what serves us today goes
to Public Works Department of Irrigation & CWC (now
discredited as P.W.D.)
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L
Ghaghar Dam (1963) Salad Dam (1966)

Photos shows typical site investigation based on observations on
typical pits, trenches, kotar & tunnels by Junior Engineer. The
slopes of materials in field were angle of repose & cohesion was
assumed low at saturation, drawdown conditions.

Design:
Major Design Criteria:

»

Stability based slopes of dam. Properties of materials of

construction (30 - 40 M.Cubic in Ukai) critical in life

span of 100 — 200 years. ¢ - & - k — Compressibility.
ITOW areas)

- core - casing, Rock-fill, Filter — Constfruction, Steady

seepage, drawdown,

Control of seepage through foundations & embankment
— piping, sioughing, boiling, liquefaction

Control of deformation w.r.t. construction, drawdown,
over life period under static — dynamic states.

» Control of erosion by rains

Sliding

» Over toppling by floods.
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Beas Dam:

There was shortage of impervious core material. Excavated
silt stone in area after a rainfall crumbled to silty sand. It
was adopted as core material after hot debates. Field
observations provided a economical core material,

A compilation of Prof. M.D. Desai’s works

55



Earthen dams

Construction pore pressure Tor
design of dam is estimated by Hilf
method. For Beas dam. construction
of core consisls of wide rapge of
soils, different mode and degree of
compaction {Desai '67). Figure

- 1 shows pressures. predicted and
{  adopted for design 68, *93. (Desai)
: o ~ Obscrved P.P. are also shown. The
| ,/ ,; e ! deslgn was very con_setn-'aﬁve and
.____}'/éf_(_ﬂu,‘.g,_ i during laler hall’ redesigned based
i s i on observations.

l Ukai, Damanganga dams m first
I phase confirmed obscrved ’
;

construction P.P. are 60 io 70 % of
theoretical.

Beas Dam
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Rapid Drawdown:

oS,

Wil OF K mgmmm

* FREEGRAE O n

STAEMITY OF LUPSTEAM SLOPE

For cohesive core & semi-pervious casing dams, rapid drawdown condition
is critical. The rapid state is undefined and hence criteria applied to all
cases. Author has studied porosity rate of drawdown m/day, slope of core of
dam upstream with critical coefficient of permeability k value. If actual k is
higher than critical value drawdown stability is not critical.

e.g. For earth dam n = 30 %, core slope 1:1, rate of drawdown 4 m/day,
critical k = 25x10* cm/sec. If actual k for soil is higher, stability of
drawdown condition is not critical.

Shear Parameters — Field Compaction:

The field compaction by different plants gives different
structures for soil in field compared to samples compacted
in laboratory.

Our R & D shows:

The ficld parameters gives different parameters for
different soils & techniques of compaction. Thus factor of
safety estimated could vary actually.
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SM Soil at Beas — Effect of Compaction

% xaubplﬂmm
2 [ EX R .
5 Ce D28 o [ DESH TR |
S 5 ACU i BASED Ok BORROW
. . g 1 AREA SURVEY
ﬂn A~ AR P L' 0.0 kydoen?
"] e ’/l:' Dopen®
o, vl
. . W W
b3 3 F 4
(&z P
H T-SHALANDI
SHEAR
Al

- (Desai’75), shear parameters

Shear Parameters:

Lab compaction vs

Field Compaction

Samples compacted at OMC
to MDD was saturated to
evolve ¢’ - & for stability
analysis.

Actual constructed  fill
samples CH of Shalandi and
SM-ML of Beas were
evolved by author

inspite of wide range of soils
compacted to range of
densities, probably due to
different structure showed
higher parameters.

by Sheep foot roller
u % !\;8//‘ o - - »
Need for Personal Observations in Foundation studies:
Bs) Field engineers observed
different subsoil profile in
. foundation than adopted in
el sllry |w 3. ] § . .
— = i perarral design. Executing agency
. E;H,., P reported low ¢ - J, high k
© ysc i fonlow jur and high SPT N values:
D fow:pe | — :aor feg®

DaTA OF FOUNDRTON SO S

Recommended Flattering of
slopes and grouting,
CSMRS checked data by 3
bores: Profile of foundation

is shown. Stability
satisfactory _ flattening
rejected. njp GGrouivra
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Shalandi dam Leakage in core:

Studies for foundation adequacy by field observations
brought out cause of seepage in dam.

{
!
En
f
|

E{‘g!':hl »

LLR-E

L IRDE ]
W MOSTME (om el

OESCAVED TR DEWSITY & MM, w DEFIH

SHALANDT DM DATA OF BORES THRG6H COMPLETED DAM

Field Control:

Poor quality control for
Departmental work is taken care by
factor of safety in Design.

Typicai Dam: Shalandi, Soil grain
size, plasticity range, procior
density 1.6 to 2.1 gfcc, OMC
19 + 1 % are shown in Fig.

Field check of constructed earth fill
shows pd 165 to 185 glhee,
moisture varied from 10 w0 22 %
{Depth 100 Fi) Drinking post
monsoon located — 200 to 220’ in a
Bore. It explained seepage and
dampness on D/S. Path variable as
rain cuts geomelry is zigzag.
Treated by self curing + heaving.
Filling of dam in steps 2 — 3° / year
& watching downstream.

A compilation of Prof. M.D. Desai’s works

59



Earthen dams

ELUMOAT 10k 5005 - SHALANDI DA

At RL 210’ drilling (dry) showed heavy loss (k > 10~ cm/sec). Rain cut
filled by clods and covered by earthwork d/s Relief wells. Internet piping in
rain cuts: Low head by filling 1 m/year, 40 % heave of CH clods sealed rain-
cuts. D/s patches dried.

Vertical Displacement in body of Dams:

Displacement: vertical, u/s — d/s, axial.

A quick assessment of magnitude was made by research based
on data published for some dams (well instramented &
observed. )
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Theoretical methods of predicting
displacements models based on
observed good «case studies
Author (1982) is adopted. The
tend is typical, Maximum vertical
displacement is observed at Mid-
height of Beas dam. The
observation of Beas dam
confirms trend and values. Such
empirical model can- provide
Vertical, Horizontal and Axial

BT TLEMENYT- g i

movements to plain
instrumentation and finite
elements grids.

Beas Dam, H=110m, _ +5vo(ms% —

A) Vertical St= , 1]0 ¢m (min), observed 120 cigl, '+~ "

B} Axialm=0.025h, max 1.25 m,

C) (U/S-D/S) Horizontal Core 1.5 % H to Casing 3 % H @ mid height, 7.& |~
St =1.5'Core & 3.0 casing.

Recent data of Beliche Dam (1997):

1 MAFLOR, MAKANHA, MARARYIS (A% NFVES AND VERKGA FRTD
Suleary

™ '?r; —

ek i diam e Auen opeameay B secibore AE flierfenh i Epfocmes, S
Chaesmtcy, @amuiire s, the maners Y 5 $5 L2 3 wm here bowls £5 b
crent devel?

Plan
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Fig. 2. Section P¥ sheuing strest tells snd pirrbmeteri

Typical Section

Fig. 3. Section P7T showing incHussmesery and surfnce setrhement markers

Typical Section Instrumented
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Vertical movement at Sec. 13

(Broken line - Predicted, Dark line — Actual at reservoir filling)
Note: Maximum displacement is at mid height, effect of storage on Stv

K AV RS OF BELECME, B

Pore water pressure in Core of Dam

{a)_ End of Construction, (b) Reservoir full

Note: P.P. values / filter action
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