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ABSTRACT



This thesis deals with the design and sonstruction of rolled=fill earth
dams with the standerd methods of practice, taking the Hirakud Dam as the
basiss The field operations of the investigation to obbain observational
information and to segure samples for the laboratory testing include
observation of rain gauge and river gauge readings, taking river water
samples, digging test pits, drilling grout holes, opening drifts, digging
borrow pits and oonduoting detailed topogrephieal surveys. Laboratory tests
are oonduoted on the samples and the results are plotted in grsphs. Rainfall
and run-off statistios are plotted in graphs. Obeervational information
of geology is plotted in log sheets and the field data of survey works is
made use of for the preparation of the topographiocal maps,.

From the results of the investigation 4¢ is found that the Hirakud
Dam has @ firm foundation and there is sufficient quantity of material for
the embankment at site, The annusl rainfall 1s 47.49 inches yielding a
run-off of 50 million mere fest over a catohment area of 32,200 square
miless The stadbility of the embankment is computed by the slip circle method
end the seepsge water from the flow net method,

The dam is designed for 100 years with a reservoir eapacity of 5,98
million aore feet at the maximum water level elevation 625 feet, the bed
level being elevation 500 feet. The dead storage is 2.24 million acre feet
corresponding to elevation 590 feet, and the maximum sudmerged ares corres-
ponding elevation €25 feet is 150,380 scress The minimum factor of safety
for the upstream slope is 1.68 and that for the downstream slope is 1,19,
The seepage water is 0.264 cubio feet per lineal foot per year,

The dem is to be constructed as per the design and the specifiocations.



The compaction is attained Dy the meohanical effort at the optimum moisture
content, The mechanioal effort is influenced by the type of roller, its
weight and the number of pesses. Field control is afrccth by vigilant
supervision, needle penetration, ring test and sand test. The construction
is to be carried out acoording to a plan of seven stages.

A comparison and contrast is drawn between the U,3,A, and India to
bring out the inherent diffieculties of construetion operations of larpe
dans in Indiaes Importance is given to the sequence of the subject matter
since no text book gives all the relevant portions as used in practioce.
Reference is given to the text books from which the formulas are taken
80 that a student who is interested in theory, derivetion and explanation
of the formulas mey study the availadble literature.

The prooedures employed and the conclusions drewn are based on the
experience, observation and the research study of the author both in India

and the United States of Americe.



INTRODUCTIONR



The subjeest "Design and Construotion of Earth Dams” is a vast one
and demands s knowledge 1n,othni branches of science such as Hyﬂrology;
Surveying, Soil Meehanies, Geology and Concretes As the enginesr is called
upon to make decisions upon the various solutions of different problems
connested with the projeot, his knowledge about the above branches of
science must be sound and praoticable. It is proposed to present the three
pheses: Investigation, Design, and Construotion of a rollod-fill earth dam,

The purpose of the thesia is twofold:s (1) Yo give a oomplete
explanation of the procedure involved in the astual design end construotion
of dams, and (28) To indicate the practisal diffisulties ensountered at the
various stages of conatruction with reference to the oconditions in India
so that a student of Civil Engineering who wants to pursue his earser in
Engineering of Dams, as well as a responsidle engineer of the Central Water
Power, Irrigation and Ravigation Commission (C.W.I.N.C.), Government of
India, may find this s useful reference work.

India's progreas depends only upon the realisation of the various
schemes of construction of the multipurpose dams. The vital statistios of

India in 1946 sre: (1)

]

Total area 1,581,410 square miles

Area under oultivation

L

406,260 square miles

§

Total population 388,997,956

Net yearly inorease in population 742 for every thousand

(Birth rate - Death rate)
4.,15%

Population attending sshools every yesr
Illiterets population ~ 86%
India has long besn an agricultural country, and in recent years the

Government budgets show an increasing deficit of food production for its




people. Its population is growing and illiterasy and poverty sre rampant,
S0 India has to strain every nirvn to inoresse her produotion and to b;cono
industrialised to raise the stendard of the living of her people. To
achieve this, India has the potentialities. It has more than two-thirde of
the srea uncultivated, normal annusl reinfall 44.78 inches and & total
snnuel run-off of 1,307 million aere feet with a eatolment area of 1,268,598
square miles, By hernessing the water resources of 1,307 million acre feet,
that is 1.8 million oubie feet per second (cusecs) throughout the year, the
uncultivated land oan be irrigated and sufficient hydroelectric power can
be generated for industrialigsstion. The only methed of harnessing the water
resources is by construoting high dams seross the many rivers of India, To
ocongtruoct these dams, each Province has its program and the Centre has
oieutod two organizations, the C.WeI.N.C. and the Demoder Valley Authority
(DaVeds)

Some portion of earth embankment is included in every project, either
for the dikes or for a part of main dem across the river for the reasons
that the soils are available at the site and the cost is reduced approxie-
mately one-half as compared to a conerete dam, There is s great future for
the earth dam eonstruotion in Indias The construetion of high dsme is a
novel experiment in India, and it is quite imperative that those concerned
with oconstruetion should possess good engineering Imowledge and considerabdble
experience,

In this thesis no sttempt has been made to write every detail of any
topic which a text book gives. But the relevant points concerning the

particular problems ere specified, The actusl case of the Hirakud Dam has



been ocomputed throughouts The data used is taken from the Project Report
of the gams, and where the data iz not available, reasonable wvalues are
agsumed, |

Mueh of the matiter is based on the experience of the author on the
Hirakud Dam in C.W,I,N.Cs (India), on the MoNary Dam, United States
Corps of Engineers (U.8,A,), and on the South Holston Dam, Tennessee Valley
Authority (U.S.A.) in addition to the knowledge gained by the advanced
courses in Conorets, Soil Mechanics and Mathematios taken in Speed Scientifie
School, University of Louisville, as well as by the study of the literature
in the Transsetions of the Aweriean Soéioty of Civil Engineers and many
other references which the Teehnical Seetions im T V.A., Buresu of
Reclamation and the Speed Library (University of Louisville) placed at his

disposal.



HISTORICAL



Orissa ie a small Province in Indis with an srea of 50,349 square
miles and population of 11,752,276 so that the average density of the -
population is 233 per square mile. Its rivers are the Mahanadi, the Bralmani,
the Baitharini, the Burehalong, and the Subernsreka. The latbter two are
relatively smally The three prineipal rivers, the Mahanadi, the Brahmani
and the Baitharini, have their origin in the hilly regions of Orissa and
Central Provinces and extend parallel to the sea shore line. Thaese rivers
carry 107 million acre feet of water every year, & volume three times greator
than thet of lake Mead (oapmoity 32 million mcre feet), the greatest men
made lske formed by the Hoover Dam in U.S.A.

The problem of Orissa is that these waters which constitute the potential
woealth of the Province are running to waste, ecausing destruotion end disesse
in their psssage to sea. There is too much water during the reiny sesson and
too little of 4t during the rest of the ysar, with result that "Orissa is
haunted by spectre of flood and drought and of theae the latter is more
terrible.” (2)

Torrible famines ocourred in l4th, 15th and 16th centuries, In the famine
of 1770, people ware reported to be dying in thougands. In the year 1865,
rains failed and nearly one million people died of famine in Cattack Diatrioet
alones Then followed the flood of 1866+ Crops and property were destroyed
and what the drought had spared was engulfed in the flood waters. Hundreds
of square miles wers submerged from five to forty five days, water standing
to & depth of ten feet.

The Orisss Government was very concerned end in 1855 Bihar and Orissa
appointed a Flood Enquiry Committee. In 1937, Sir M. Viswesarays visited

the Province and sulmitted his report, snd on the basis of hs recommendations



the Orissa Government appointed another Flood Enquiry Committee in 1938.
8ir M, Viswesaraya egain visitid Orisss in 1939 and the Flood Enquiry;
Committee submitted its report in 1940.

Finally in 1948 the problem was referred to the Govermment of India
who passed it to the C.N.I.N.Cs The Chairmen of the Commission, Shri A. N,
Khosle, visited Orissa in 1945 and his recommendations that three dams
be sonstructed on the Mahanadi river were approved both by the Central
and Provineial Governments at the instsnee of Dr. B, R, Ambedkar, who was
then the Member of the labour Department, Govermment of India,

The proposed thres multipurpose dams are the Hirakud Dam, the
Thiekerapara Dam and the Naraj Dam, and these constitute the Mahanadi
Valley Development Scheme. The first one to be eoonstructed is the Hrakud
Dam and then the other two in the order nsmed. The Hirskud Dam is the

project whioch forms the busis of the design and construotion of this thesis.



THEORETICAL



A dem may be oonstructed for prewenting flood, for power generation,
for water supply, for irri;ltién, or for navigation, Though the construction
of the dam is eontrolled by one of these factors, it is often possible to
derive cther benefits to some extent, In such a cese the dam is ocalled a
multipurpose dam. The Hirakud Dam is a multipurpose deam, the oontrolling
faotor being the flood, Before reconnaissance, the engineer should have a
goneral idea of the following:

(1) The memimum run-off of the river for the year, which is obtained

from & study of the rainfall statistios and catolment ares,

(2) The maximm flood level, whioh is obtained by local inquiry about

the o0ld flood marks,

(3) The extent of the water to be stored and the extent of the land to

be submergeds This can be arrived at from item (1) and a study of
- the contour mmpss

The reconnaissarice party consists of the engineer, two or three
supervigors snd ten or fifteen loesl coolies. DBefore starting the
reconnsissance survey, the party spends one or two weeks in the offioce in
arriving at a rough idea of the above items (1) to (3) end marking the
different sites on the topographiocal maps of the Survey of the India Departe
ment,

The party takes to site the maps, a compass, & chain (100'), arrows,
ranging rods, binoculars, sxes, picks, drinking water, umbrellas, a hand
camers and an anerocid barometer.

While traversing the different sites, the engineer bears in mind the
following points:

(1) The moccessibility of the site.

(2) The suitability of the diversion works.
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(3) The suitability of abutments and dikes.

(4) The suitability of the foundation.

(5) The availability of the construction materials.

After traversing the different sites, a careful offios study enables
the engineer to eliminate all but one or two sites, Preliminary investige-
tion of those chosen sites is to be made, The party now includes an
experienced geologist (oan be requisitioned for a certein period from the
Geologiocs)l Survey of India Department) and a soil technieian., Necessary
work is as follows:

(1) Aligning the axes of the dam by ranging rods and oompass so

that the party ocan walk from one end to the other,

(2) Digging test pite along the axes at ressonable intervals.

(8) Digging borrow pits in borrow sreas.

(4) Ssmpling the test pits and borrow pits.

By esareful observation at site end snalysing the samples in the
laboratory, the geologist and the soil teehnieian assist the engineer in
final seleotion of the axis of the dam es well as the borrow sreas for
the detailed investigstion, The positions of the three dams of the Mahanadi
Valley Development Scheme merked for final investigation are ghown in
Figure 1. All the proposed dama in India are shown in the same figurs,

The detailed investigation gomprises: (1) Establishing the hydrsulis
dats, (2) Determiming the suitability of the foundation, (3) Ascertaining
the quality and quantity of the material at site for embankment,

(4) Determining end furnishing data for the design, and (5) Completion of

all detsiled surveys.
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The baeic hydraulio data to be determined will be: (1) Meximum reservoir
level, (2) desd storage leve},(3) gross storage, (4) dead storage, (5) live
storage, and (6) submerged ares.

Before arriving at delinite conelusions, vereful meteorologiosl and
hydrologioal studies have to be mades, Since rainfall iz the basis of all
flow of water, rain gsuge readings sre osrefully recorded for s number of
years at sultable plases to be representative of the whole ostolment area.
To ocompute the run-off of the catohment sres, the net rainfall has to be
known. The difference between the precipitation snd losses is the net raine
falls The losses are mainly due to temperature end percolation and sinoce
these do not permit an aceurate measurement, thers are many formulse
employed at different places, each formula involving one or more conatants
to be detsrmined from the local eonditions, The formula R P« T/2 ¢ C
is used in oase of the Eirakud Dem; where R is run-off in inches, P is
precipitation in inches, T is in degrees Fahrenheit snd C is a constant
(1% 18 12,6 in oase of the Hirakud Dam)s This is derived from Khosla's
general formula Ry ¢ Py -« KTp; where Rjp is annual run-off, Pp is snnual
precipitation, K is a constant depending on the catolment area and T, is
annual temperature in Fehrenheit,

The more reliable method of computing run-off is by the river gauge
readings, The gauge resdings are recorded three times daily and the mean
is taken as the reading for the day. The mean velocity of the stream is
determined in a similar menner. The Price current-meter is used during
normel flow but when the current is strong during flood, the boat camot
be kept under control, and in such & osse the veloolty rods at 0.6d are

advantageously used, The sum of the produots obteined dy multiplying the



13

area of each oross section of the total section and the mean velocity of
flow gives the total diseharge for the duy. |

Even though river gauge readings are available for a nmmber of years,
the rainfall statistiocs are important to draw the graphs to show the
relation between the inocidence of rainfall and the run-off of catolment
ares, The graphs serve as a guide to see through the implications in the
svent of storm or failure of rains.

In sotusl progset the first thing to do is to establish a relation
between the river gauge and discharge -as shown in Figure 2. A graph of this
type eatablished in s good flood yesr san be used in subsequent yssrs for
discharge computations corresponding to any gauge readings The discharge
eorresponding to the safe gauge reading and the height to whioch the river
water can rise for a maximum probable flood can be read from this graph.

From the meteorological records, mean monthly rainfall is computed for
& number of years and a graph showing the relstion between the months of
the yesr and reinfall is drawn as shown in Pigure 8, This graph shows
the smount of run-off that oan be expected in any month,

A graph showing the ‘rohtion between the yearly rainfall and the
corresponding run-off is drawn as shown in Figure 4, EKnowing the total raine
fall for the year, the corresponding run-off csn be read for the partioular
ortolment area to which the graph is referred.

The ourve $o fit a set of points is satisfactorily drewn by the methed
of least squares (3)s Referring to Figure 4, the squation of the ecurve ecsn
be written as y' ®* & « m (x = X) Eqe 1
where a and m are parameters, y' is the ordinate of the graph corresponding
to the value of the variable y to be estimated, x is the coordinate
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sorresponding to y ooerdinate of the point and (X, ¥) is the mean point,
From the Prineiple of Least Squares |

g (y - 91)' mist be a minimum

10, 2: [y-t-n(x-ﬂjz must be s minimum

Since this is a function of (a, m), 1¢ ocan be represented as
F (a,m) = ZEy-l-‘(x‘-x)Jz
 8inoe the walue of the funotion is & minimum, its partial derivetives with

respect to & and m are sgual to gero.

£ S p-eone-tplroEe Jipyo s aen)fedlro
Thoroforo,m+n§(x*i) £ %y
uZ(x—X)-rmi(x-X)z " i(x-i)y

{x - %) y
Uz - X)?

How the equation of the lemst square line c¢an be written as

(x - % |
At s%';"i)? (x - %) Eqy 2

This line is often called the ﬁmuion line of y on x end 1% passes through

end sinee S(x~X) 20,a%9% andm®

the mean point (i, 7). For eomputational purposes m ean be written as



Gauge (feet)

Fi1G.

rh

F1G.

Rainfall in Inches

L0
30
20

10

o 2 4 6 8 10
Discharge ‘in Thousand Cusecs

Zero of Geuge: Fl. 500.00

2 - PRELATION BETWEEN GAUGE AND DISCHARGE

Dec.

Lor

Jen, Mar. Mgy July Sep. UNov.

Months of the Year

3 - RELATION BETWEEN RAINFALL AND MONTHS

15



60

50

40

Mean Annual Feinfall in Ins.

30 . e
10 20 30 40 50 60

* Mean Annual Run~Off in Cusec Days

F1G. 4 - FIEILATION BETWEEN RAINFALL AND RUN-OFF

Reservoir Storage

600
Capacity
2 580
(] : .
G 4 .
— ,Reservoir Aresa
@ 560 ‘
=4
[1))]
>
o
H 540
B
o
2 520
(]
o
500/
0] 10,010 20,000 30,000

Reservoir Area in Acres

S 1 2 3 4 5 6
Storage Capacity in Million Acre Feet

F1G. 5 - RELATION BETWEEN ELEVATION, RESERVOIP APﬁA



The areas under different contours can be measured with a planimeter
from the topographieal maps of the Survey of India Depertment and the’
storage corresponding to the contour levels can be computed, Then Figure §
is plotted as shown. This graph is used to read the reservoir levels and
the areas submerged for different storages. During flood time, gauge read-
ings are cerefully recorded as long as the flood lasts. The cerresponding
discharges are read from Pigure 2. A graph oconnecting the diseharges and
the number of days of flood is drawn es shown in Figure €+ This graph is
used to construct .‘oorroaponding graph for a probable peak discharge.
Suppose the peak discharge of the flood from Figure 6 is Q) and a thousend
year flood gives s peak diqchargi Q2, then the ordinates of the graph of
the 1000 year flood are obtained by multiplying every ordinate of the graph
by the retio Q)/Qs. A probable 1000 year flood greph is shown in Figure 7.
The maximum ordinate of the graph is the maximum probable flocod disecharge,

Safe gauge reading is that reading whieh, when exceeded, causes damage
to villages and crops. The discharge of the river eorresponding to this

level can be read from Figure 2 and this is ths optimum disoharge that can

be allowed Ly construeting a dems Since the flood discharge is very much in

oxcess of this optimum discharge, the excess inflow has to be acoommodated
by the r;uorvoir. A greph showing the mass curves for inflow and outflow
during probable flood is shown in Figure 8 so that the socumulsted discharge
of inflow is computed by the messure of the maximum ordinate distance
between the two ourves.

The pesk discharge of the probable flood is arrived et by the typs of
greph shown in Figure 9 end 44 is drawn from the tadble of eomputations

as shown below. (4)
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Table I

GALCULATIONS FOR PROBABILITY PLOTTING OF FLUOD DISCH.RG:S OF
HOGKING RIVFR AT ATHENS, OQHIO, 1916-1937

cv

= [4.405 - 0,457
, 21 |

1 2 3 4 5 6 T 9
Moximum | Same &s Number of Fature Col, 3
{4-hr Col.2,but Times,n, Per- Flood in

iaverage | Arranged Peak Was centege Fre- Terms Variation
Year . Yearly in order [Equaled of quency, of from .

Peuk,d, of or Years 1 Mean Mpan V<

= i ears) Flood v
19186 10,000 6,200 Qe 100.0 1.00 0.436 -0.564 0,318
1917 9,960 6,700 21 95.3 1.05 0.471 -0.529 0,280
191e 12,800 6,800 20 90.8 1.10 0.479° =D.,6k1 0.271
1¢19 16,100 9,960 19 86,3 1.16 0.701 ~0.,259 0.08¢ .
190 16,500 10,000 18 8l.7 1.22 0.704 ~0,496 0,038
1921 <£4,000 10,100 17 77.2 1.29 0.710 -0.290 0,084
1922 28,700 | 10,300 16 J2.7 1,37 0,724  -0.276 0.078
1923 10,300 11,200 15 68,1 1,47 0.787 -0.R13 0,045
19x4 14,600 11,300 14 63.6 1.57 0.794 ~0.,k06 0,04
1925 6,700- { 11,700 13 59.0 1.69 ;o 0.822 -0,176 0,032
1926 11,20 11,950 12 54.5 1.83 0.837 -0.163 0.,0:7
1327 14,000 12,800 € 50,0 «,00 0.200 -0,100 . 0,010
19:8 13,700 | 13,700 10 45.4 2.20 0,963  -0.037 0,001
1929 11,300 14,500 9 40.9 244 0.984 -0.016 0,000
1930 11,700 14,600 8 36,3 2.75 1.0:6 -0.026 0.001
1931 10,100 16,100 7 31.8 3.14 1.131 -0.131 0.017
1932 6,200 16,500 6 £7.3 3.87 1.160 ~0.180 0,026
1933 18,200 17,000 S 22,7 4.40 1.195 -0.185 0,038
1934 6,320 18,200 4 18.7 - 5.50 1.279 -0.279 0,078
1935 17,000 2&,000 3 13.6 7.33 1.687 ~0.687 0.472
1956 11,900 28,720 2 9.1 11,00 L.017 -1.017 1,034
19387 30,900 50,900 1 4,5 22.00 Rel72 -1.172 1,574
51,660 44403

Mean Flood = _élggﬁég.z 14,200 , 3 V= 4,403
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Sedimentary roocks such as sendstones, clays and shales give grester
silt than $gneous ones. This is dus to disintegration. Forest and vﬁ;ctnblo
cover cannot hold gilt from being eroded in times of intense rainfall,
Regions of igneous and precarboniferrous rooks are regions of clear water
streams, end reziona of recent sedimentary and slluvial deposits give rise
to stresms heavily laden with silt,

Difference in texture, cementation walue, eand ohemiocal composition of
rocks, vegetation and ineidence of olimate are important fastors in
weathering of rosks. Erratic rainfall accelerates erosion and transporting
of the silt, If rein is gentle and evenly spread over a large satclment
area, stream supplies are less heavily silt~laden on acoount of sustained
vegetable cover, An arid olimate combined with torrential rainfall results
in héa;y flows of silt. Snow-fed supplies do mot appresiably add to silt
load of stresm but supplies derived from reinfall are in proportion to
the smount of rain. Gleeial supplies are silt-laden, The topogrephical
Teatures also add to the amount of silt in a stream. Steep hills contribute
debris more quickly than flat sloping ones.

Rate of Siltinge To determine the rate of silting of any particular

reservoir there are other feastors to be econsidered. These are the areas
of the cetolment basin, annusl kun—mtt. storayze ospacity, period of
storege, location of the asluioces and outlet works and the method of release
of supplies through the dem. Of these the most important faotor is the
area of eatghment. The Columbie River above the Grend Coules Dam with a
catolment ares of 74,000 square miles snd a mesn annual run-off of 80
million acre feet carries practioally no silt. The Nile River above the

Aowar Dam with a catohment ares of 620,000 square miles and s mesn annual
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« 100n
P* ¥y Eqe (1)

P ¥ the probable poréonhgc of future years in which a floo«i
equal or greater than a discharge Q ocours.

ny* the number of years during the periocd of record that a flood
Q is equalled or exaceeded as shown by Col, 2.

y & the total number of yesrs of record (22 yesrs in this cease).

1 g.’;,g.q Eq. (2)

where I is future frequency in years.

The Problem of Silt

The study of the problem of silting of reservoirs is of vital importance
for any undertaking om stored supplies. Esoh reservoir should have a oertain
minimum storage oapscity whish must remain undiminished for s minimum speci-
fied perind, usually .50 years. Hence the full ospacity must not be less than
this minimum plus the probable volume of the silt deposit during that period,
The correct determination of this probable gilt reserve is, therefore, of
the utmost importance for any storage seheme. The rate of annual storage
depends on the annual silt load brought down by the stresm and to the extent
to whioh the latter is retained in the reservolir,

Origin of Silt. 8ilt is the material derived by the disintegration of
rocks carried down by the flowing water of the streams The factors that
constitube the disintegration are the sessonal variations in temperature,
wind, reinfall and the chemiocal sgencies in the alr and water., Disintegra-
tion, erosion, transportation and sedimentation are the different stages

leeding to silting.



run-off of 66 million aore feet cerries approximately 100 million tons of
8ilt per year., Wide divo:goncﬁ in rates of silting secount for the wide
variations of the rock formations of the catolment area, and artificial
interference with ths normsl ohsracteristics of the cstohment area such
as oconstruotion of cheok dams in tributaries snd growing large soale
forests and denudation.

Silt lLoads. The silt carried by the stream is of two rinde:

(1) Suspended solids and (2) bed loads. In most oases the bed load is
oonsidered proportionately very smsll.. The magnitude of the suspended

811t is espable of being measured aoccurately by the standard methods of
sampling and analysis, The samples are taken st 0.6d, where 4 is the depth
of the seotion where the sample is teken,

The bed load is the material whioh rolls slong the bottom of the river
by the sotion of the flowing water, DMNo prectical way has been devised to
measure this smount, The smount is usually assumed to vary from 1% to 25%
by weight of the guspended silt. The unit weight of silt varies from 20 lbs.
to 110 lbse. per cubic foots In estimating the rate of silting, =« value of
8549 1bs,e per ocubio foot was adopted at the Boulder Dam and that at the
Bhakrs Dam wag 50 1lbs, per eubie foot,

The rate of silting deoreases in reservoir with age due to shrinkage on
exposure of the deposits and to the gradusl formation of the deltas at the
mouth of the tributaries which help to hold the silt above reservoir level.

To fix the basic hydrauliec data, the maximum water level must correspond
to the maximum quantity of water to be storeds The maximum water to be
stored is the dead storage plus the live storage. Dead storage Qy (milliom

sore feet) s NSy, where 5S¢ (million sore feet) is the mnnual silt deposit
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and N is the number of years for which silt reserve is providede Corres-
ponding to quentity Jg, the reduced level (F.L.) can be resd from
Figure S5e¢ This fixes the desad storagze level of the reservoir.

The quantity required to be stored during probable flood period is read
from Figure 8, let this quantity be Qg (million sore feet)s This quautity
15 called the live storage. Gross storage (the maximum storage of the
reservoir) ia Qg Qq ¢ Qp (million aere feet)e Corresponding to Q, the RelL.
cen be read from Figure 6« This fixes the meximum water level of the
reservoire The srea that csn be read from the seme figure corresponding to the
maximum storage is the submerged area of the ressrvoir, '

In oase of the Firakud Dam, the mean monthly run-off is worked out from

the gauge readings for 81 years as follows:

Months Run-off
Janvary 226,500
Fébruery 194,296
¥erch 161,709
April 107,547
May 80,248
June 726,067
July 8,908,210
August 8,439,880
September 5,840,918
Ogtober 2,337,988
November 692,008
Decenber 208,143
Total - 25,011,186 ocusee days

§0 million sore feest,



The total silt carried down by an annual run-off of 39,18 million
scre feet for the year 1947 1l‘oonputod to be 33,235 acre feet, Therdroro.
for the aversge of 50 million acre feet of run-off, the silt yleld is
(33,235/39.18)(60) ® 42,500 more feet. Allowing 50% through deep-set
sluices, the amount retained in the reservolr is 21,250 acre feet per year.
Therefore, for a hundred years the silt deposit is 2,125,000 acre feet £
24125 million acre feet and this is the silt reserve,

The dead pond level corresponding to 2.24 million aore feet is elevea-
tion 590 feet. Corresponding to safe gauge reading elevation 90.2
feet at Narsj, the regulated flood discharge at Hirakud is 78,000 cuseos.

The probable pesk &inohnrg. of a hundred year flood gives 1,110,000 cusecs.
So, from the mass disgrams, the quantity to be stored during flood peried

is found to be 3.74 million sore feets This is the live storage, Therefore,
the total quantity to be stored by the BHirakud Reservoir & 35.74 + 2,24 % 5,94
million sore feet and this corresponds to elevation 625 feet, Therefore,

the maximum water level of the reservoir is elevation 628 feet, Corres-
ponding to this level, the area that is submerged is 150,380 aeres.

A working table has to be prepared for the whole year, The mean values
of the months for the period for which gsuge reesdings are available are
taken to represent e mean year, snd computations are based on this yesr.

The working table for 1938-39 for the Hirakud Dem is shown im Table II,

Column (7) is worked out on the basis of precedsnce under similsr conditions
in other parts of India, Columns (8) and (9) have been arrived at on a detail-
ed study of the existing eonditions in Irdia. Column (18) is computed by

converting the million scre feet of eolumn (8) in ocubic feet per seoond.



TABLE 1I
WORKING DATA FOR HIRAKUD RESERVOIR

(Average Inflow 1938-39)
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1 2 S 4 ) 6 7 8 -] 10 11 12 13 14 16
1938 Kov. €628 5.98 1.01 €99 0.04 0,37 0.74 ‘115 5484 624 12,400 112 184
Dece 624 5.84 Q.57 6.41 0408 0415 0.68 0.86 B85 622 10,900 111 180
1939 Jan, 622 5.56 0.45 6,00 0.0 0.18 0.68 0.87 518 619 11,080 108 157
Fede. 619 513 D436 5.48 0«08 0.18 0463 0479 4 .69 615 11,350 104 156
Mar, 615 4.69 033 5.02 0068 0015 0.7% 078 4.09 810 11,850 99 154
Apre. €10 4,09 0,23 4.32 0«08 0.10 0.74 0.89 343 604 12,260 23 150
¥ey 604 3443 0.10 3.53 0.07 0.10 080 0.97 2.56 594 13,000 85 146
June 594 2..58 0.738 3.29 0.05 0.15 Q.84 1.04 2426 580 14,000 79 146
July 590 2425 10,53 13.17 0.08 0444 1.02 1.82 $.08 600 18,400 83 180
Auge 800 3.08 18,08 21.10 Oe06 0438 097 1.36 3.08 600 15,600 88 181
Sept 800 3.08 20.66 23.74 D07 04,43 0.97 1.47 3.24 602 15,700 88 182
Cets 802 324 4.09 733 0.06 Q.44 0.86 1.85 5.98 625 13,900 101 184

R,L. = Reduced Level

Mehs fte = Hillion Acre Feet
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Column (14) is the difference of level between the head-race and tail-rece.
Column (15) ie eomputed as below. The efficiency of the turbine and the
generator veries with the loed feotor. A graph connesting the loed factor
and the efficiencies of the turbine and the alternator is drewn end from
such a graph, for example, the effieienoy of the turbine = 917 at 100% load
factor, the efficiency of the generator is 97% at 100% losd faotor. Then

taking the first row, the power generated at 56% loed fastor is:
WH 91 97 100
(m) (0.746) (To—o-) (To-a-) (ﬁ—’) Kilowatte

. (62.4) (12400) (112) (0.748) (91) (97) (100)
= ——%ﬁﬂj s 184,000 Kilowatts,

where W is weight of the water falling per second in 1lbs, and E is

the difference of the head between ths head-race and the tail-raoce

in feet,



FOUNDATION EXPLORATIONR

Foundation exploration is a part of the comprehensive soil oxploin-
tion which 1s necessary in case of large projects. The cost involved for
extensive soil exploration is comparatively small with respect to
overall cost of a large projeot, but the gains derived by the results
of the exploration may result in large savings since the design can be
made egconomically and the eonstruction program adopted aceordinglys, In
case the magnitude of the work is so small that it is not worthwhile
to spend much money in soil exploretion, a liberal fastor of safety
hes to be adopted in the design,

In order to adopt s suitable exploratory program to get the required
dats at the minimum expense of time and cost, the engineer in charge must
have a good knowledge of the tools and the methods of soil exploration,
of the methods of analyszing and digesting of the results of the laboratory
and field tests and of the unocertaintiee involved in the results obtained
by the different methods,

Sinoce the geology of the site exercises decisive influence, the first
step in s soil explorstion program is to have thorough inspestion of the
site to investigate the geologiocal character of the site and the second
step is to make exploratory driil holes that furnigh more speeifie
information regarding the genersl character and the thieckness of the
individual strata. These two steps are obligatory while all others depend on
the magnitude of work and the coharacter of the soil profile.

The foundation of a dam, that &s the vallgy flror and the abutments,
may fail through ocrushing, sliding, piping or ssouring. Therefore, thorough

investigation has to be done on the foundation before a deam is designed
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and built. The investigation oconsists of digging test pits, drilling holes
and opening drifts.

Toat Pits:t From a study of the topographiocsal map, the geologist in his
office marks the position where he wants a teat pit whioh the supsrvisor
looateas at site with a pege Then the geologist visits the site and changes
the position either to the right or left mceording to the geologiosl
features at site and once the loeation of the pit is fixed to the satisfection
of the geologist, the digging of the pit is startsd. The ususl sigze of the
pit 1s 8" x 8' or 6' x 6'. There must be ecareful supervision as the work
progresses. The different strata of the earth are heaped separately ss
excavated and a sign board stating the position of the strata is placed on
each heap. The geologist visite the test pit from time to time to log the
worke The digging is continued until hard rock is resched, when the geologist
requires no further digging. When the pit is ocompleted the supervisor takes
soil semples from the pit and sends them to Soils Testing laboratorys The
samples are taken outting along the four sides of the pit from top to bottom,
one foot wide, 3/4 ineh to one inoh thick, Usually four ssmples of the sige
of a cement bag emch are taken from the four sides of the pit and these four
bags are thoroughly mixed in the laboratory end out of it only one bsg is
tuitn by oone and querter-out method or by a sample splitter, This one bag
1s the most representative of the whole soil of the test pit for mechaniocal
analysise

When the samples ere taken, the location of the pit is transferred to
topographical map end its elevation and coordinstes are fixed. During the
digging, if there is any water percolating, the direction of the percolating

water is noteds At the start of the work, the weter is bailed out daily



after noting the level of the water. Even after the eamples of the pit are
taken, the recording of the daily water levels continues for a long time.
Fenoing is erected around fhn pit so that cattle and wild animals may not
fell into the pit and the pit end heaps are osrefully meintained until
the final inspeotion is completeds The following record is earefully maintained
about each pits

(1) Test pit number

(2) Loocstion (ecoordinates with reference to origin at one end

of the axis of the dam)

(3) Elevation |

(¢) Depth

(5) Date of commencement of the work

(6) Date of samples taken

(7) Date of completion of work

(8) Record of water levels

It i3 advantegeous if all the test pits can be sompleted before monsoon.

These test pits are usually dug slong the axis, the toe-line and the oute
off 1ine. When all the test pits are completed, the geologist prepares the
log sheets for all the test pits in his office and furnishes them to the
engineer. The soils samples sent to the laboratory are subjected to the
teats, ohemieal analysis, mechanioal anslysis, Atterberg limits, shear,
permeability and eompsstione The results of the tests in the ahape of graphs
and cherts are conveysd to the engineer who studies them in conjumotion
with the log sheets 80 aes to come to certain conoclusions as regards the
suitability of the foundation,

Drill Holes: The purpose of drilling is (1) to meke sure that the ledge



rook is sound for 30 feet to 50 feet below the foundation, (2) to supple-
ment the geologieal data secured by the test pits and (3) to provide
imperviousness to the foundation by grouting.

Two types of drilling operations are known respectively as Calyx
drilling and Diemond drilling. A hole with e diameter of about three feet
can be made by the Calyx drill whereas that by the Diamond drill varies
frém one to three inches. The engineer can go down the Calyx drill hole
and study the geological formstion underlying the foundation by visual
inspeetion. But the Calyx drilling 18.1initod to ons or two holes because
of 4ts cost and the time taken for each hole. Since the Diamond drilling
is oheap end quick, it is one of the most important operations in dam
construction.

Before sterting a drill hole, it is located just as a test pit and
the drill is shifted to the point and oonneoted with a pipe line to the
pump plsced at a water source. A tractor or bulldozer ie found to be very
useful to clear the way and oconvey the drill to the point, After washing
the overburden, the operstor drives the Nx casing, the largest sised steel
tube, and as the work proceeds the core is removed and placed in a core
boxs The chenge of strata, the ochange of colour of the wash-water, the loss
of water and any operatiomal peoculisrities are carefully recorded as the
work progresses. The geologist visits the drill hole from time to time
to log the worke The work is stopped when the geologist finds that there
is no change in the uniformity of the rock snd that there is no change
in fissures, faults, strike and dip of the underlying strata, as the
drilling proceeds deeper and deeper. The seepsge test is performed and
the casing removed before the drill is shifted to the other points The

dimensions of the drill rods are as shown in Tadle IXI,
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TABLE IIX

Iype Insid§ dieme ter Outside diameter
Nx 2-1/8" 2-15/16"
Bx 1-5/8" 2-5/16"
Ax 1-1/8"% 1-13/16"
Ex 7/8" 1-7/16"

The following record is maintained for each drill hole:

(1) Drill hole number

(2) Loostion

(3) Elevetion

(4) Date of commencement

(8) Depth of overburden

(6) Depth where hard roeck is encountered

(7) Total depth of the hole

(8) Date on whi oh seepage test is conducted

(9) Date of completion of the work

(10) Record of daily water levels

(11) Record of core boxes

The drill holes are usually located at 50 faet to 100 feet intervals
along the sxis, the toe-line and the cut-off line. The grout holes aleong the
out=off line may be even 15 feet to 25 feet apart. The geologist prepares the
log sheets of all the holes snd furnishes them to the engineer who sorrelates
the results to study and arrive at certain oconolusions as regards the suita-
bility of the foundation, based on his experienee and knowledge of the site,

The core and log sheets are pleseced befors the bidders for satisfying
them sbout the subgrade and foundation conditions. Even after the inspection

of the bidders and construction of the dam, the core and log sheets are



earefully preserved for a long time.

Driftss Drifts are tunnels of about 8' x 7' opened in hille %o investi-
gate the suitability of t& foundation for sbutments of the dam, The
location, the execution of work and the purpcse are the same ss those of

the test pits exeept that the tunnel work proceeds horizontally.
QUANTITY SURVEY OF THE MATERIAL

Before surveying the quantities of materiel for the construstion of
the dam and before designing the dam, the engineer draws a tentative oross
seotion of the embankment with due oom'idorution to the basic hydraulie
data, the availability of the material at dam site and the practical require-
montse Afterwards he ohecks the sufficienoy of the quantity of the material
by the borrow ares investigeation and the suitability during designe The
oross seotion contains different sones such as roeck-fill, riprsp, semi-
pervious gones and impervious centre cores Knowing the length of the dam
and the areas of the different :omu'. the quantity of the different classes
of the soil oan be eomputed. Then the borrow ares at the dam site is
traversed and the soils explored. The exploration comsists of digging
borrow pits (usually of the sise 5' x 5' and to a depth below which 1t is
not possible to excavate with ordinary piok axes) st different plsces so that
the soil sanples taken from these pits are to be representative of the
whole area. The average depth of all pits multiplied by the area gives the
total quantity of the material, The percentages of the different classes of
the material for the different sones of the embankment are ocomputed by the
meoheniocal snalysis of the samples. The soil swmples taken from the borrow
pits are tested in the Soils laboratory for chemical snalysis, mschaniocal

snalysis, Atterberg limits, shear, permeability and compaotions
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F1G. " 10 - SOILS CLASSIFICATION BY TRIANGLE

Soils containing more than 25% gravel and more thean 15%
silt and cley are described as gravelly.

Soils containing gravels and less then 15% 81lt end clay
are sands and gravels. ‘

Gravel: 85% or more gravel.
Gravel and Sand: 50% or more gravel.

Send end Gravel: 25% or more gravel.
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Dry Density of Molded Specimen (Lb.per Cu.Ft.)

Noté: The line of equai air voids shown below
intersects the peak ot the standard
proctor curve and is obteained as follows

160 ' Actuel Dengity
% Air-Voids = 109(1-Zero Air Voids Den.)
. " 120.1
% Air Voids I 100(1-I28.2) = 6.3
150 % Zero Air Voids Den.Z 100-6.3293.7
For eny other moisture plot G3. 7%0f
zero air voids density.
140 . |
Zero Air Voids Curve (For opeci-
. Cfic Gravity of 2.65)
N\ '
1301
120
110
} ~
Llne of equal ™
TAfr voids (6.3%)%
100 l=93.7 % of zero ~
tAir Voids Denéity
' . .
!
90 !
9] A 8 12 16 20 24
Molding Moisture (% Dry Wt,)
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Figures 10 and 11 show the soil classification tests and Figure 12
shows the eompaotion test as used by the U. 8. Corps of Engimeers. The
quarry area for riprsp and rock-fill is blasted in drifts or in pits %o
find out whether the rock is suitadble and suffiocient.

In case of the Hirakud Dam it is found by investigation that sufficient
quantities of materials for earth dam as well ss for spillwey are available
at dam sites Figure 13A shows the gquarry areas and the borrow areas for

oonorete aggregate and earth dam materisls.

SURVEYS

All surveys are classified into three categories as follows:
(1) reconnaissance surveys, (2) preliminary surveys, and (3) final surveys.
These surveys belong either to horizontal control or vertical control, The
surveys that ocome under horizontal control are the transit stadia traverse
methods, the triangulation methods, and the coordinate or grid system
mothods, The surveys that come under vertioal eontrol are those of
establishing the stendard bench marks at oconvenient points for reference.

The error in elevation is not to excesd 1/5 of the econtour intervals

DESIGN OF FOUNDATION

After the foundation investigetion is completed the desigr of the
foundation is affected by a consideration of the control of the seepage
and the control of the stability. The seopage ia eontrolled by out-off
walls, sheet piling cuteoffs, sbutment econtacts, grouting and upatresm
impervious blankets. The out-off trenches, one or two, are provided on



upstream side end ere to be dug to hard impervious bed rooks The grouting
material is a mixture of ocunnt.nnd water in a suitable proportion, usﬁally
11 3, or a mixture of clay, oement and water in a suitable proportion,

The slops of the upstream impervious blanket veries from 1l : 6 to 1 ¢ 8, or
oven flatters The required thiclkmess veries with the permsability of the
metorial snd the head of water to whioh it is subjected., The usual thicke
ness is about 1 to 4 feet. The purpose of the upstream blanket is to
decrease the slope of the line of percolation whereas the one in downstream
is to protect the materisl from being scoured away. The control of the
stability is affected by the removal of the unstable material, by unwatering
the foundetion, by providing the downstream inverted filter, by providing

drains and by employing stabiliging fills,
DESIGN OF EMBANEMENT

Tho essentials of an embankment ares
(1) Adoption of a oross seetion and soheme of meterial distribu-
tion so that the stability of the structure is insured under
all conditions of saturation and loading.
(2) Keoessary water tightness and resistance to pereclationm.
(3) Protection of embankment slopes ageinst sloughing and erosion.
(¢) Adequate insurance againet overtopping.

The oross seotion adopted for the Hirakud Dam is shown in Figure 14 to
meet the requirements (1), (2) and (3). The different sones fulfill
condition (1), the impervious centre core fulfills condition (2), end the
rock-fill and riprap together with the flat slopes fulfill ocondition (3).

The fourth condition is met by the provision of adequate length of the
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spillway end free board with considerstion of the basic hydraulic date,

Though there are many theorsetiesl methods to determine the stability
of an embankment, only tho'“-lip oircle method" adopted by the T.V.A. and
the Bureau of Reolamation, is desoribed here.

The strength of an earth dam is deseribed by the term "factor of safety”
(Fu8.) and is equal to the ratio of the resisting moment to the overturning
moments It 4s generally assumed that the shape of an embankmint failure
is that of & eiroulsr arce The rupture plene follows the oircle of the
loast fector of safety under all adverse conditions of failure of the
embankment end the design is, thorororc; & prooess of trial and error to
determine the circle of the least faetor of safety.

Referring to Figure 16:
F.3. = Resisting moment (Mp)
Overturning moment (Mrt)

s Wglg « Py
111

G w Centre of gravity of the slip

Gy = Centre of gravity of the portion right of the vertieal through O,
the centre of the cirele

Gz w Centre of gravity of the portion left of the vertioal through O,
the eentre of the cirele

I1 = Distance of G3 from the vertioal

1l » Distance of Gz from the vertieal

%] » Welght of the portion right of the vertical acting through Gy

W2 » Weight of the portion asting left of the vertioal through Gy

r = Redius of the slip cirele

F = Resisting force acting aiong the line of rupture



The resisting foroe P 1s the sum of the shearing resistance of the
ecohesionless particles and the apparent oohesion of the cohesive particless
Figure 15 to 25 show the explanation for the different steps for the

design computations of the Hirekud Dsm.
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Consudzvmg & stice of the slip a8 showm {n kgwe, W, is the

weight of slice No.2 .

N = Component weight of the slice normal tothe sliding plane.
D = Angle of the internol #viction of the soiv
NTan ¢ - Resistance of cohesionless soil .

c = Resistance of cohesive soils.

These vesisting fovces ave applied to the slip civele as  shawn

i figuve g

FORCES ACTING ON A SLIDING SURFACE
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The proeedure of the slip oirele methed is formulated below, (See

Figure 19)

le 7The oross section of the earth dam is drawn to the largest
convenient sosle.

2. A triel point representing the centre of the slip ecircle is
assumed.,

3¢ A trial circle is assumed Yo out through the dem seetion.

4+ The cut section is divided into eight to twelve convenient slioces.

6o The centre line of eaeh -liu'i-‘drm and numbered,

6. The radii to intersections of ecentre lines and oircle are drawn,

7+ The tangent and normal lines at each slice are drawn,

8. Ths tangents and normels are soaled and recorded in a table,

9¢ The summations of the tabulated values are used in the formula

for determining the fastor of safety.



Slice A n
e + o -
i I -t\ 74{ 1‘_‘*{,
. T
z —{'.Lvt ",
> Tty na
5 + t5 e
A : 5 7 t &y My
; by < + 'tg ’hg
) 1 g : ¢
' | Lo , 9 T‘{_ x =9 Mg X 'g&
| ‘ ' ° T 17T
| 3 : < : |
,' ! ) _
A ! 3 2. 2 L Fn |
e Ly f,ra-'\.‘{;—»(—-{ —>}4‘€ {5 -1¢ }(*

L—_ll‘. (3-_ 24‘_25-:(6: 27: E-g/

s kel = w0 Lttt - w{tﬂ S SHE R S t Tqlq)
5";vmlfav(y ivx w /€+an¢ = Wbl +OV\\,P k\/\‘_L + V\Lw—"\af - -+ /\3—%
s
F.o. = Z‘V\w( tam 0 + 2. C
s twd
w L to‘/ﬂ‘?(“\,’%—'fhb*“'b“ RN ._+“g1_é_)+ct
- WL H ~ €, vt v -~ - - T A L)

FIG.I19 METHQOD OF COMPUTING FACTQOR OF SAFETY



SLIC €
1< t "
i - QTS5 315
2 ~ {-00 '(OO
3 + 50 41:50
4 4+ 5-50 25.00
5 +10-50 2750
6 + 1500 2500
7 + 1750 2000
8 + 1500 Iy-00
9 + 166 i-00
z €491 b4\ 1S
ST
w = (20 £bs Cu £+ .
< ="Oo”:a ﬁ.
t = l5|' S“u
tan p =02
‘e( d . —~
F-5 = wLdan @ (o Tt Mt e T Cmg ) T ek
we (t, 2/ + 4, + tat LT ‘;‘r._gj—** —
- (120)s) Loy (gt 15 ) 1-(700)@51 ’
(120) U584 9) 1-98
FIG.20 NUMERICAL EXANMPLE  scave: i'=30

0s



3]

51

Angle of slope with the
horizontal.

Ingle of redius with the
horjzontel.

Angle between slope and
radius AC

BC = Fedius = R

Centre of slip circle.

F1G., 21 =~ APPPOX]MATE‘POSITICN OF THE CENTFE CF SLI?
' CIFCLE FOE MINIMUM FACTOR OF SAFETY

) TABLE {5)

Slope e a b
1:9.58  60° 20° 40V
1:1 45° | 28°  37°
1:1.5 330470 26° 350
1:2 26234 25° - 35°
1:3 18%261 259 350

" 1:5 11919 250 379
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EQUIVALENT WEIGHTS

Equivalent weights for m section of more than one type of mt&hl
are found in the following manner: (See Figure 26)
W = weight of dry fill
Wy & weight of water
™, = buoyant weight
Wy s saturated weight
Iet the subscripts 1 and 2 indicate the pervious and imperviocus material
respectively.
Submerged Caset Tho £111 is completsly saturated,
Forces acting down Wyh) « Wgahot Wyghy
Wkl + Wpghg ¢ Wyhg 4 Wpghy « Wehg
Wy(hye ha+ hy) + Wpohy « Foghs
Contact forece or friction creating forece s (Forces aeting down) - (Uplift)
o Walbyr bye hy) & Wyphp 4 Wyghy = Wy (hye e by)
& Tyghy + Wyohy

Note: Sinoe the resultant uplift acts through the centre of the eirele
there is no moment due to uplift,

The overturning moment is based on the overturaning foroe
Wy(by+ hge hy) « (Wyghgs Wychy)
Since the uplift is not effective, the overturning is based om Wy, hp « Wy by,
The resisting moment 1s based on the friotion ereating foroe Wypohp « Wyghy.
Therefore both the overturning and frietion are computed for buoyant weights,
Sudden Drawdown Case: The water can esoaps through h} and hp but it

oannot escape through the impervious material,

§7



Forees asting down ¢ (Wyhy + Wyohp @ Wyghg) = (Wyhy o Wyhp)
» (Weg ~ Wy) hy ¢ Wyghy = Myohg + Weghy

Uplifs - s W (hi-r hge hg) - Wy(hye hg)
z Tuhs
Contact foroe ™ "bzhz * "8"5 = Wyhg

s Tpghz + Wyghy
Since there is no overturning moment due %o uplif¢, the overturning is
based on the force Wpghz + Wpghy
The resisting moment 1s based on the contact foroe Wy,hp + Wyyhse
Therefore, overturning is computed on saturated weight whereas the
frietion is somputed on buoyant weight,

In practice, the faotor of safety is computed on the basis of the
drewdown osse which is found in many oases to be the most critieal for the
rolled={ill earth dams. The design computations for the faotor of safety
and the seepage ocalculations of the hirsakud dam are shown in Figures 27 and
28+ The oonstruetion drawing of the cross seetion of the Hireakud Dam is

ahown in Figure 29,
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INTERPRETATIOR OF DATA

The oriticsl oase for the dam failure for the design is assumed o
be the sudden drawdown case. Though the sudden drewdown takes place at
the upstream side, it is essumed from the point of worst situation and
practice that the downstream slope also experiences the same condition end
the whole section is saturated,

From the csomputed date of the fagtor of safety and seepage gquantity
it is known that the faotor of safety for the upstream slops is 1468 and
the sume for the downstream slepe is 1.19. The seepage water is 0.264
cubic feet per lineal foot per years 7The minimum faotor of safety usually
allowed 1s 1,30 Sinos the downstream slope has a fastor of safety of 1,19,
1t is desirable to change the slope from 1 : 2 to 1 ¢+ 3. But in computing
the factor of safety it 1s assumed that the downstreem slope is elso
subjeocted to sudden drewdown just as the upstream slopes In reality it is
not and if the f:ctor’ot safety 1s eomputed from its sctual state of
econdition when the upstream is subjested to sudden drawdown, the faetor of
safoty naturally rises toc a higher valus., It is desirable to compute the
factor of safety for the actusl situation so that 4t is sssured that the
seotion passes the allowable limits of the design.

From the Imowledge of tholnito, taking the reins into consideration,
1%t may be that the high level stats during sontinued rainstorm is more
oritical than the sudden drawdown. So the minimum feotor of safety for this
eondition may be computed and verified for surety.

The sespage quantity of water is to be sueh that the loss of water is

not excessive and the rate of flow does not csuse erosion of the soil.
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The quantity of water flowing through the dam per annum is 10700 x 0.264 =
2825 cuble feet, where 10700 feet is the length of the dam. This much
seepage 1z negligidble and fho energy of the seepage water osn be destroyed
and the soil protected from erosion by providing a downstream filter
blanket. M™Experiments have shown that e material satisfies the essential
requirements for a filler if its 16 per oent sise Djg is at least four
times as large as that of the coarsest layer of soil in contaet with the
filter, and not more than four times as large as 85 per cent size Dgg of
the finest adjoining layer of soil.” (Q) Assuming the fastor of safety
of the downstream slope satisfies the éonign requirements from the actual
situation of the drawdcwn case and the knéwlodgo of site, the cross seetion
for the construetion is drawn as shown in Figure 29,

In practice, s number of alternate cross sections are designed and
the gost is ocompared after estimating the quantities of the different
materials, The seotion whioh is most esonomiesl, eonsistent with the

preotioal uses and the stability requirements, is adopted for construetion,
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The stabilization of an esrth dam depends upon the inherent
resistance of the material to displacement, the cohesion of the binder,
the eompaotion of the fill and proper drainages The shearing resistanoce
depends upon the gradation and angularity of the particles. The oohesion
is due to the fine grained particles of soll binding the bigger sized
particles by filling the voidss A binder may be fine grained soils,

bituminous material, cement or a chemical, Froper compaetion is the action

over whieh the inspeotor in the field has the greatest oontrol. Good
drainage is an essentlal factor for stabilization, Ewvaporation is also
a type of dreinage whioh should not be av'rlookudo

From the gradstion curves of the soils of the borrow area, the
different quantities of the material to suit the different sones of the
£111 are detsrmined. Shear, cohwsion, unit weight, angle of internal
friction and permeability are determined from the laboratory tests.
With this data, the designer in the office proceeds with his design in
oheeling the stability of the cross section of the dams When the factor
of safety is within the allowable limits, the deaign is passed on to the
field to start construction. While construeting the dam, the proper
density obtmined at the optimum molisture at the field should oheek with

the designed weight in the office.
COMPACTION

Though oompaotion is the only factor of stabilization which ean be
obtained with minimum effort, the majority of feilures of embankments
by settlement oen be attributed directly to poor ecompaction., For any

soil, there exists a particular type of struoture in which the particles



are arranged with respect to each other so as to give maximum density,
Thies volume is, however, theoretiecal and can never be obtained., In spite
of 1¢t, the theoretical velue oen be spproached, and the term compaction
is used to designate any method of inoreasing the density of a soil by
mechanieslly reworking and oompressing the material, Increasing the density
of s0il mass increases its strength and decreases the detrimental effect
of excess molsture.

Compacation depends on two variables, the meschanieal reworking and
the optimum moisture oontent, Compsotion of coarse~grained non-cohesive
soils, such as send and gravels, can bo’neooaplinhud only by a combination
of tamping and vibratione For best caupaeﬁion. the ma terisl must be either
dry or saturated. Compaction of the saund can best be acoomplished if it is
saturated first and then vibrated. Small quantity of moisture ocontbent is
a detriment, Compection requirements for the ocohesive soils are just the
opposite so far as moisture content is oonecernod, The moisture ocontent acts
as a lubrieant allowing the particles to slide over esch other and thereby
readjust themselves intc & structure of high unit weighte But it must be
remembored that & deficiensy of moisture content results in poor lubrieation,
wheress an excess of it gets trapped into volds of the soil, theraby
minimizing the action of the compaoting load. In either ease, only a
particular percentsge of the compaction that eould have been obtained for
the mechanieal effort expended had the moisturs content been ideal is
obbteineds It, therefore, follows that for any material there is a moisture
content at which the maximum density ean be obtained for a specifie degree
of meolenicnl efforts This moisture eontent is inown as the optimum

moisture conbtent of that material.
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As stated previously, there are two variables, the moisture content
end the meechanieal effort, and if the mechanioal effort is held constant
and the moisture content 1" varied, a curve is obtained as showmm in Figure 30,
which elearly shows that the unit weight increases until the optimum moisture
is remched and then deoreases with incressed moisture. As the purpose of the
compaction is to obtain the maximum density of the soll particles, the dry
weight curve is used to determine the optimum moisture, Figure 31 illustrates
the effect of wvarying the mechsniocal effort. In thie case the number of blows
which oan be compared to number of passes of a roller is veried, The maximum
unit weight and the optimum moisture co:.zhnt vary with the mechanicel effort,
As the theoretieal maximum weight esnnot be obtained, some form of
standard test is necessary for the purpose of eomparing and contrelling
field compsotion. The mechanical effort employed in the test must duplioate
as nearly as possidle the meshanical effort of field eompactions This
standerd test oan be performed to sult the plase, elimate and the type of
available equipment to be used on the partieular jobe In Ameries, on most
of the Jjobs, the Prooter Standard test or the Amerisen Association of
Btate Highway Officials test is used. In doth these tests the prineiple
employed is that the moisture content is kept warying, the meohaniocal effort
being the same, When the dry usit weight is plotted against the moisture
eontent, the optimum moisture ocontent 1s found as that moisture gontent

whieh produces the maximum dry weight.
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FIELD OPERATIONS IN CONSTRUCTING AN EARTH DAM

Preparation of Foundatiom: The first thing to be done to start the
oonstruction is to demarcate the plan of the dem at site. This is done dy
e traneit with reference %o oontrol lines that are established before
starting the construction. The lines are marked by whitewashing or by
tying the ropes to pegs. After that, the excavation of the overburden and
the preparation of the foundation begins. The foundstion bed may be hard
roek or an overburden layer itself, If it is the former case, the roek
surface is properly oleaned and the fissures and eracks well grouted,

The surface is wetted by eprinkling with water before the first lsyer of
the earth material is spreed on it. Sinoe the embankment consists of
different gones such as the impervious, the semi-pervious and the riprap,
the different gonss are carefully demsroated sceording to the plans and
the work is cerried out aceording to specifications.

Sinoce the work involves dumping, grading and compacting of the material
in the fill, the whole job ia so arranged that it is ocontinuous, and one
operation does not interfere with another,

Roak-fi11s Rock-fill consists of big stones of size 6" or above.
The blasted stones at the quarry are loaded in truoks and these trucks
dump the material in the partiocular zone of the fill and in proper
ordere The dumped stones are graded by a tractore. A jet of water is
directed while the stones are dumped and graded for cleaning the dirt end
for better compaotions The number of the passes by the grader depends upen
the size and type of material, weight of the traestor and the impact of the
water jet.

Filter: The filter material oonsists of sand snd gravel, The material
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is spread in layers and the oompsotion is affected by mechanieal vibratien,
Senl-pervicus pone: The material is dumped end graded just as the

rook-fill with better oonpiction or by spreading 8" to 12" layers wd
passing the sheepsfoot roller.
Impervious core:s The foundation bed is thoroughly cleaned by en air

blast and is wetted with & sprinkling of water before the firgt layer of
the material is spread. The ecompaction of the first layer to a level surfaoce
is affected by meshanical hand tampinge The level surface is soarified
before an eight inch or ten inch layer of the material is spread and then
ocompaction 1s secured by means of the p;oper number of passes of the
sheepsfoot roller., Before the spreading of the esrth for the next layer
commenees, proper compaction of the preceding layer is verified, This is
done by penctration needle, or by ring test or by sand test at different
places to give s representative idea for the whole area, If it is found,
upon verification, that the compadtion is poor, moisture is added or the
materiel is allowed to dry as the case may be, The inspector on the job
is competent to tell by mere visual inspeetion or fesl of the hand, after
some experience, whether proper compaction is attained or not, whether the
moisture is too much or too little, or whether the number of passes of the
roller should be increeseds The bLest way of maintaining the required water
eontent is to pool the water on the surface of the borrow eres for some
time before the material is excavated to be conveyed and dumped in the fill,
The different meshanieal operations are:s removing the top layer on
the borrow erems by a sorsper, then exosveting the material and loading in
Buelid trueks or Festern trueks by the shovels. The trueks carry the
material to the fill and dump in the right plece in a direction parallel

%0 the axis of the dams The dumped material is levelled by a bulldoger



in 6" to 10" layers. When esch layer is ready, the sheepsfoot roller compscts
the material., The rolling ie always done parallel to, and along the axis,.
Before the next leyer i» sﬁrond. the compaetion is verified by the penetration
needle et different places. Also, samples are taken (by ssnd snd ring
tests), for the field control tests. Two undisturbed samples from each
sompacted layer are taken to the laboratory for shear snd permeability
tests, The main fectors thet influence the field compaction of the soils
are: the thiokness of the layers; the number of roller paases; the depth of
the penetration of the pongs of the roller; the pressure of the compacting
equipment; and, the spaeing of the tamping feet. The inspoetor is usually
familiar with all these faators to tahiovn‘tho best and moat economiocal
results.
The daily log that is prepared by the inspeotor contains the following

information:

(1) Date

(2) vWeather eonditions

(3) Equipment used

(4) Skilled labor

In man hours

(6) Unskilled labor

(6) Compastion obbained

(7) Optimum moisture

(8) Elevstions of the different sones of the compacted fille
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CONSTRUCTION PLAN OF THE HIRAKUD DAM PROJECT

The Hirakud Dam Projeet consists of: (1) Construotion of right and
left dikes of seven miles and six miles respectively; (2) Construotion of
% comprehensive osnal irrigation systems (3) Construotion of transmission

1ines; (4) Construetion of three miless of main dam across the rivere. The

purpose of the desoription of this plan of construction is to give the overall

ploture of the project and the plan of orgsnisation of work, and to bring
home to the resder the magnitude of the esrth dam oonstruetion involved

in the project. The schems of organizn%ion of the work is proposed without
going into teeshnical details or construotion techniques of any phase of

the jobs It is assumed that all phases of the job are being performed by
the Departmental work of the Central Water Power, Irrigation and Navigation
Commission except that of powsr house oconstruetion and instsllation of
eight units of power generation whioch is sssumed as being done by a
ocontractor.

The different divisions of the whole projeet are: the construetion
of the left dike, the right dike, the ceanals, the tranamission lines and the
dam, The construction of tﬁo left dike, the right dike, the eanals and
the treansmission 1lines do not present many varieties of construction
operations as in the ecase of main dam. 80 all the works oan be started
simultaneously, and the work is carried out eontinuously without stop to
oompletion, So far as the main dam is ooncerned, 1t is proposed to bde
constructed in different stezes as the mein dam consists of 10,700 feet
length of earth embankment from left abutment to the midway of the
Hirakud Island, and a conerete dam, spillway, power house, fishlsdder,

navigation look and s pump house ~ all comprising the length of dam from
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the midway of Hirakud Island to the right sbutment.

PLAN OF CONSTRUCTIONR OF THE HIRAKUD DAM
(See Fige 34)

Pirst Stage: (a) Construction of the coffer dam C) and éi upstream and
downstreeam of right channel and from the axis of dam to the
toe of Hirakud Islard for the diversion of all waters of
the Mahanadi to the left channel,

(b) Construetion of the embankment from left abutment to
the river,

(o) Commencement of sggregate produstion (this work is to de
continuous until the ecompletion of the whole dam).

Second Stege:(a) Construetion of the spillway,

(b) Construetion of the fishladder end the Navigation lock.
(e) Construction of Powsr House.
Third Stage: (a) Construction of the earth dam on Hirskud Islend,
(b) Conatruetion of conerete dam.
(o) Installation of two units of power generation.

Fourth Stage:(a) Demolition of the First Stage coffer dam Cj aoroes the
right channsl and construction of the Second Sta:e coffer
dem C2 in the lért ohannel.

(b) Installation of two units of power generation.
Fifth Stages (m) Construstion of the earth dam up to Second Stage coffer dam.
(b) Construction of a pump house coffer dam Cp and oommencement
of the pump house oconstruotion for the 1lift irrigation,
(o) Installation of two units of power generation.
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8ixth Stage: (=) Demolition of the Second Stage eoffer dam Cz and the one ci

on Hirekud Island, Construetion of the Third Stege coffer
dam Cg in the left ohannmel.
(b) Construotion of the earth dam to the finish,
(¢) Installation of the final two units of power generation.
Seventh Stage:(a) Completion of the construotion of the pump house, the
head-works, and the installation of the pumps for the
1ift irrigation at the upstream end of the right abutment,
The project includes the eonstruetion o; dikes with earth materisls insluding

that of the earth dam,
DEPARTERTAL PROCEDURES

Sinee all of the projects in India are being expedited by the
Government Agencies, it is proposed to give here the Departmental Procedures.
A project consists of four distinet stages: conception, investigation, design,
and constructions. The first three stagzes of the work are usually done by
Departezental work, although contract work is not unusual to some limited
items, The construction is mostly done by contract work, although Departe
mental work is used in o few instances. Investigation is a long, tedious
taske It may oxtend anywhere from two to twenty years. Temporary quarters
for the personnel, field laboratories, workshops and spprosch roads sre
built during this period. When the design is ocompleted, bid drawings,
detal led estimates and spescifications sre prepared, Then tenders sre ocalled
for from oompetitive bidders smong the contractorss The lowest bidder
is awarded the job by the contraeting offiger of the dopnrédonkp Then the

contracting officer and the contraoter enter a contract for the satisfasctory
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performance of the job according to certain established rules and regule-
tionss After the contract is entered, the contrasting officer issues a written
notice to the contractor for eommenoing the worke The work is then performed
eocording to detailed working plans and specifications under the direetion,
supervision, and inspeetion of the officers representing the contracting
officer,

Specifications for construotion consists of statement of work, general
conditions, special oconditions and teshnieal provisions, During eon-
struetion when a discrepansy arises between plans and speoifications,
generally the specifieations gevern, bu; the decision of the sontracting
officer is final, |

Many diffieoulties arise as ocnatruotion proceeds, and suecessful
operation of the job depends upon the mutusl understanding and sppre=
oiation of the difficulties for better cooperation between the sontracstor

and the contrecting officer.
UNITED STATES OF ANERICA AND INDIA

Since the United States of Amerioa 1s the leading country in the world
in dem oonstruotion, and the Govermment of India wants to benefit by having
Ameriean gonsultants, by sending her personnel to Ameriea for study and
training for specialization in this field, and by buying Ameriesn construstion
equipment, a comparison of the esontrolling factors im both countries is
important. For the successful performanece of the comstruetion of large
projects, the faotors that control are: (1) Organization, (2) Personnel,

(3) Material, (4) Equipment, (5) Cooperation and team work, and
(6) Philosophy of life of the people.

The leading organizations in the U,S.A, sre: U, S, Corps of Engineers,



the Bureau of Reclamation end the Tennessee Valley Authority (T.V.A.)
Almost all of the dams in the country are bullt by these three organizations.
The Corps of Engineers buiid- dens for flood control and navigation, whereas
the Bureau of Reeclamation does the same for power gensration and irrigetion.
The T.V.A. confines its activities to the full development of the Tennessee
Valleys The Corps of Engineers and the Bureau of Reclamation perform their
construction operations usually by contract work, whereas the T,V.A, does
the same mostly by deparimental work, It cannot be said whioh organization
iz better than the other, as the three prgnnlzatiomn are complementary to
one another for the nation's dov‘lopnnﬁt. Each organization has different
divisions, branches and sections to suit the different funotions of work

to be done on a project. The duties and responsibilities of every employee
are clearly specified in organization charts.

The personnsl of these organizations ere mostly experienced, specially
qualified, snd right people in the right places The clerieal work is mostly
done by womens The equipment is the most efficient and modern available,
designed with advanced geientific principless The country msnufactures
more than enough to satisfy its own needs. The T.V.A. owns its equipment
for its needs, whereas the Corps of Engineers and the Bureau of Reslamation
do not, for the reason that the eontrastor furnishes hs own equipment.

The spirit of cooperation and team work in these organiseations is marvelous.
Every person does his or her job with & willingness and for the joy of it.
?hiloaoghx of life of the People: The philosophy of 1ife of the

people is the most important of all factors, end it is this faotor that
is reflected in a nation's lifes, This influences all other factors, sueh

es organization, personnel, cooperation and team work, and invention
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and produection of modern equipment., What a philosophy of 1life is, does
not permit an exact definitions but it is manifested in the way of living
of the people, Today, as seen the way of living of the Ameriocan people,
it is full of 1life, more and riocher 1life, everywhere sooperation and
team work. The factors that contribute to philosephy of life are: tradition,
religion, law and education. The people of the United States are the white
people and the colored peoples The white people are immigrants, mostly
from Europe, with small pereentages of American Indians, Chinese, Japanese,
and other nationalities of the world. The colored people are exclusively
negroes, who form 9.8 per oent of the total population (9)e The tradition
of the people drawn from Europe is one of deunturo, religious freedom,
equality, cooperation snd team work; and, sinee these people form the
overwhelming majority, the country is reflected in their tradition. The
Amsrican people have as their religion Christisnity, whieh instils love
of meighbor, squality and freedom of worships Politios are not allowed to
mix with religions The Ameriean people have the Demooratic law, whioh
was defined by Abraham Lincoln as "Government of the pecple, by the people,
and for the people,® (10) The Ameriecan people are 98 per cent literate,
All these factors: tradition, religion, lew and education eontribute to
happiness, growth of personality, kmowledge, and olear and ealm thinking,
The result is excellent researeh for new inventions and eooperative action
fo;ﬂgq;o and better production,

The picture of India compared to the U, 8, A, is a gloomy ones The
Government of Indis hes recently oreated two organizations: The Central
Water Power, Irrigation and Navigation Commission (C.W.I.N.C.) and the

Damoder Valley Authority (D«V.A.)s The former has its set-up based partly



on the model of the T.V.,A. and partly on the model of the U. 8, Corps of
Engineers. The latter has its set-up based fully on the model of the
ToVeAse India has en abundance bf potential natural resources such na::
vast sreas of land, minerals, waters and large populatione But the
organigations do not have experienced men or specialized technical
knowledgze or the right men in the right place. They do not possess the
equipment, nor is there a ohsnce of manufsoturing the same in the near
future.

So far as the spirit of oooperation and team work are congerned, it
is very diseppointing., The system of an organisation is based on economiecal
gradation of pay from a peon to the Prime Minister, and the ssme is slso
true in the U, 8. A¢ The striking econtrast is in the conduect and discharge
of duties of the personnel, In the United States, the persomnel behsve
like humsn beings with a sense of respect, courtesy and duty, so that
there is a willing cooperation end joy in omeb job, But in India, the
sttitude of a high salaried officer to a low salaried officer is that of
& magter to his glaves This mental attitude of disorimination is manifested
from & peon to & high salaried offieer, esch in his own level, The result
is thet the officers are always haunted with a feeling of humiliation
and fear so that the chances of ealm thinking, originelity and initiative
which are so essential to the piogross of the sountry sre wanting, People
do not discharge their duties with a willingness and for the joy of it as
the relationship btetween officer and his subordinete is that of dictatorship
and servitude, The seme attitude preveils in laborers too. In 1947,
& supervisor was building the temporary rest house at the Hirakud, He
employed about one hundred coolies (laborers) oomprising both men and

women (untouchable women), In the midst of the work for the dey, the coolies
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stopped the worke The reason was that the masong refused to mix the lime
mortar sinoce the water was being brought from the Mahanadi by Harijan .
women (untouchable vumon).' The supervisor had to separste the work end

the laborers into two groups. In 1948, when a temporary bridge was being
constructed, the supervisor had to divide the hundreds of laborers into

two groups as before. All laborers look alike in all respects. It is a
Herculean task for all thoae responsidle officers in oharge of construction
operations to make the laborers werk together, whether they work willingly
or note Everybody feels the worat of this mental attitude, and nobody
knows the real root of this trouble or Luw to remedy it, Most learned
people say it is the legacy of the Britilhvrula. If that were the case,

all of the drawbacks would soon vanish if the people of India have a
philosophy of 1ife that is ereative or productive, Today, as seen in India,
the philosophy of 1ife of people is manifested by their way of living in
different eommunities, in a mental attitude of diserimination, in i1litersoy
and in superstition. As the building of a nation depends entirely upon

the philosophy of life of the pecple, it is necessary to investigate the
osugses of disruption and remedy them by taking proper precautions and
measures to elevate the ideals whiech lead to higher philosophy of life.

As hil already been said, the faetors that ocontribute to a philosophy
of life are tradition, law and sducation. Though all these factors are
distinet and different in the United States of Ameriea, they are all mixed
up in Indie, The Hindus have a tradition of Caste System, a religion whieh
has an ocean of literature and & variety of ways of worship of Cod, a law

left by the British rule and a population 85 per cent illiterate.
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Caste System is a social order of grsded fnequality based on the mental

attitude of disorimination between man and mane. This order is deriving
1te imspiration from the oosan of findu relizious 1iterature wherein it
is very difficult %o find the injunotions for unity, equality end brothere
hoods People are so esontented with their lot thet they do not heve any
sspirations for the betterment of the standard of livinge GZEvery Hindu
velieves in Xerma Theory and it is popularly understood that a man

is born in a partieular caste Ly virtus of hias deeds in his past bdirth
and everything happens te him in this world aseording to his Karma, the
record of his work in hias past birth, "Sim the lindus have been living
in castes for thoussnds of years, the psople have deweloped different
complexes and today s Brahmin is suffering from the superiority oomplex
as much as s Sarijan is suffering from the inferiority complex.

The lew of the British as left in Indis is meant for a slave nstion
snd 1t 1a akin to the rule of & kings It bLrings homs the memories of
dominetion, servitude and the frults of the freedom cennot be imagined
until it is chaunged,

Of all the resources of a country the man power ia considered
suprene by every nation at every tims. DBut in India the populstion is
becoming e burden rather than an esset t¢ the countrye The reason is
simple, The man power is measured by ite produstivity but not by numbers,.
The productive eapavity of the population inersases only by eduestion.

So the burden of the populeation can be removed by eliminating the 85 per
ocont illitersey in Indias From a study of history of India and the Hindu
religious literature it is Imown that lindulsm is not only a religion

but the way of living of the Iinduss BSo the inherent defects to improve
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the philosophy of life of the people is in Hinduism,.

Then to apply the remedies for the improvement of the philesophy of
life, the first thing to be dome is the abolition of Caste System. This
osn be done by destroying all the Hindu religious liberature after eompiling
the essence of ite. The people have to adopt & constitution of democrsoy
and the Govermment has to follow a program of compulsory education end

intensive industrialisstion,



SUMMARY AND CONCLUSIONS
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After a project has been conceived, then investigation, design and
congtruction are the different stages that followe During investigation
the hydrological and meteorological observations ere made; the foundation
exploration and the geological studies are conduoted; the material surveys
and the topogrsphical surveys are eompleted.

From the deta obtained by investigation, the dam is designed for the
factor of safety by the slip eircle method and the seepage somputed from
the flow net method. Alternate designs are made from the economiosl studies
and the design which costs the leest is sdopted for eonatruotion. Working
drawings, estimetes and syooifiontiona';ro then prepared for the adopted
design. |

The eonstruotion consists of construeting the dem at site eecording to
the working plans and specifiocstions, Compaction of the fill at the optimum
water gontent is the most important feature that requires vigilant
supervision.

When the Government agencles ocannot do the construetion by their own
equipment end personnel, the deparimental procedure oonsists of calling
for tenders from competitive bidders, swarding the job to the one who
bids the lowsst and entering a contrsct between the ocontractor and the
contracting officere The contracter then performs the construetion under
the direction, supervision and inspsetion of the contraeting offioer
scoording to the plans and specifioation.

The United States of Amerieca is the leading sountry of the world in
dam construotion. The Corps of Engineers, the Bureau of Reclamation and
the Tennessee Valley Authority ere the three organizations that build

dems in the United States of America. These organizations have experienced



personnel and the spirit of eooperation and team work are manifested in
their activitiess The achievements of these organizations are solely due
to the people. The people have a tradition of adventure and freedom, &
religion of Christianity, e government of democrsey sand a philosophy of
1ife for more and richer 1life. Religion, education and govermment are
three distinot matters whioh are not allowed to mix.

India has been very backward in dam construction and it has recently
instituted the two organizations the Central Water Power, Irrigation and
Navigation Commission and the Damoder Valley Authority fer this purpose.
The Centre and the Provinces have many schemes for the construction of
large dams and their success dependas upon the pecple of India end not upon
a few individuala. The people of India have a tradition of Caste System,

2 govermment of kingship and a philosophy of life whieh thrives on the
graded inequality of the society. The people do not have the spirit of
cooperation and team work, and the relation betwsen man and man is

one of domination and servitude, The greatest obstasle to the progress of
the nation is Hinduism which embedies the way of living of the Hindus
religiously, sooislly snd esonomieally., The Karma Theory and the Caste
System are the life blood of the Hindu Soeiety. The bulk of the population
do not have the aspirations of life for creative work and better produstion
on scoount of the Karma Theerye. Caste is s mental attitude of diserimination
between man and man resulting in complexes of the mental outlooks Therefore,
today a Harijen is suffering from an inferiority complex as much as a
Brehmin in suffering from a superiority cemplex.

A nation's asset is its philosophy of life end all nations are built
by ite India osnnot build itself %o a great nation unless the Karme Theory
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and the Caste System are annihilated. The only method to ersadicate these
ovils is to apply remedies to the ocsuses. The esuses are the Hindu religious
literature, rule of king-.'illitorney end poverty. So the remedies to be
applied are the destruction of all Hindu religious literature after
compiling & Bible out of it, the adoption of a oonstitution of democraoy

and the adoption of a poliey of the govermment for oompulsory education

and an intensive program of industrislization.

The suthor has taken the case of the Hirakud Dam as the basis for this
thesiss The salient festures of the project are that the sannual rainfall
Ls 47449 inohes over a catolment area of 32,200 squere miles yielding s
rul-off of 50 million sore feet just below dam site. The dam is designed
for 100 years with a reservoir capacity of 5.98 million acre feet. The
eolevation of the lowest bed above mean ses level is 500 feet and the
maximum water level of the reservoir is 626 feet, The elevation of
the top of the dam is 635 feet and the sudbmerged srsas is 150,380 sores.
The minimum factor of safety for the upstream is 1,68 and that for the
downstream is 1.19, The seepage is 0.264 ocuble feet per lineal foot per
yoar.

Importance is given to the sequence of the subjeet matter since no
text book gives all the relevent portions ss used in practices The
procedures and the methods desoribed are of established practioe,
the knowledge of which was gained by the author from his experience on
the investigation of the Hirekud Dsm end the practicel training on the
congtruction of the NoNary Dam and the South Holston Dam. The advanced
couraes taken in 5 oil Yechanica, Mathematics and Conerete in Speed

Seientific School and the research study of the various references



have helped the author to have a sound foundation on the theory of the
practice of the subjeeot.

As regards the Hindu way of living, the suthor himself is a Hindu,
and ever since he passed his High School in 1937, he has been studying
the Hindu religious literature in addition to the oritieal obaervation
of the religious ceremonies, cuatoms, habits and eonviotions of the
Hindus, The author had the opportunity of dealing with the people of
India from an ordinary ocoolie te a high salaried engineer both in Nadres
Publie Works Department end in the Central Water Power, Irrigation and
Navigation Commission, Government of Idﬁia. The author also had the
opportunity to deal with the students and to associate with the teaching
s4aff of the College of Engineering, Guindy, Madras. The author spared no
peins to study the Caste System in a eritieal way as this stands as an
obstacle in the way of India's progress in every direetion. After coming
to the United States of Amerioa, the author observed with oritieal eyes
the American ways of living both at school and on the major eonstruction
operations of the MoNary Dam and the South Holston Dem so that he has
hed 8 good opportunity to compare and contrast the Hindu way of living
with that of the Amerieans.

From the experlence of his life ss a Hindu, from the many Saffling
problems of the conatruction diffisculties encountered during his esreer
in the Xadras Publie Works Department and in the Central Water Power,
Irrigation and Navigation Commission, Govermment of India, from a oritiosl
observation of the traditions, oustoms, habits and conviotions of the
Hindu soolal order and from a research study ef the Eindu religious

literature, the suthor strongly feels that India's politioal independence
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is of little practical value to her until and unless she achieves the
social demooraoy without which the nation's progress ir any direotion

is only a dreams
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