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SILTING OF RESERVOIRS

By

Dr. R. SAKTHIVADIVEL*
S. SEETHARAMAN™*

INTRODUCTION

Reservoir silting results from the deposition of
stream borne soil or sediment when the transpor-
ting power of the stream is suddenly diminished
by flowing into the quiet or impounded waters of
a reservoir. It has been said that the history of a
lake or a reservoir is the history of its death.
Reservoir silting is to day a serious problem not
just because sediment is deposited, but because
it is deposited in such quantities as to cause
- serious economic and social losses. The primary
cause of this condition is accelerated soil erosion.
The rapid depletion of reservoir storage capacity
resulting from soil erosion causes unusual damage
to the tune of many crores of rupees, when
measured simply by depreciation in investment.

EFFECTS OF RESERVOIR SILTING

Silting decreases the storage capacity of a reser-
voir which prevents it from rendering the full
services for which it was designed, In reservoirs
used for regulatory storage to maintain a high
rate of primary power production, a decrease in
capacity is directly reflected in reduction of
primary power. In addition, complete silting of
the reservoir, will allow the course particles to
pass through turbines which may cause abrasion
thereby damaging the turbine. Sedimentation
damage to irrigation reservoirs is measured in
terms of the value of water wasted over the spill-
way that could have been retained and used for
crop production. Deposition of sediment in the
‘deeper parts of the reservoir results in a greater
surface area exposed for a given storage volume,
which may cause a critical loss of water through
Increased evapotranspiration. In flood control
reservoirs, reduction of capacity will be reflected
in the size of flood which the reservoir can fully
control and therefore, sedimentation will increase
the frequency and magpitude of flood damage
down-stream.

"% Asst. Professor of Hydraulics, College of Engineering, Guindy, Madras-25.

Damage to water supply reservoirs is repre-
sented by reduction of the storage capacity below
the minimum required to safeguard the continuity
of a supply fully adequate for the present or esti-
mated future needs. Any reduction by silting
represents a direct damage which involves both an
accumulating loss of service value and future re-
placement cost. In recreation reservoirs sediment
creates conditions unfavourable to fish life and
causes swamping in the upper end of the lake and
on the shores, thereby decreasing esthetic values
and often property values. Navigation reservoirs
are damaged both by shoaling of ship channel,
which necessitates frequent costly dredging opera-
tions, and by the loss of storage capacity required
for regulating low water flows.

RATE OF SILTING

The rate of silting of a storage reservoir may
be experessed by the relation.

E Q,
Where Ci = annual silting rate or capacity loss,
in percent per year.
E = trap efficiency, or incoming sediment
trapped in per cent.
Qs = annual net sediment production from
the drainage area in acre-feet per year:
C = original reservoir storage capacity.

The trap efficiency of a reservoir depends upon
a number of factors. Among these are the ratios
between storage capacity and inflow, age of the
reservoir, shape of the reservoir basin, the type of
outlets and methods of operation, the size charac-
teristics _ of the sediment and the bebaviour of
finer sediment fractions under various conditions.

** Lecturer in Hydraulics, College of Engineering, Guindy, Madras-25.
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One of the earlier studies of trap efficiency
was made by Brune and Allen (1) who developed
a curve (Vide Fig. 1) relating percentage of eroded
soil caught in the reservoir with capacity per
square mile of drainage area (C/W ratio). The trap
efficiency values given in this curve, however,
are necessarily low because they are based upon
rates of erosion rather than rates of sediment
praduction to the reservoir. Subsequently Brown
(4) developed a curve relating C/W ratio and true
trap efficiency. This curve shown in Fig. 2 is
represented by.

E=100 (1- 1':0—19) (2)
w

Where C/W = reservoir capacity in acre-feet per
squrae mile of drainage area, and
E = true trap efficiency.

From this curve it can be seen that the field
observation points scatter very much. The main
reason for the spread in the reservoirs having the
same C/W ratios may have different capacity inflow
ratios. It has long been recognised that capacity
inflow (C/I) ratio would be a more accurate index
of trap efficiency than the capacity watershed ratio
(C/W) which has beretofore been so widely used.
‘The main objection in the past to the use of C/I
ratio has been that records of inflow are lacking
for some existing reservoirs. A plot of trap effici-
ency in percent against capacity inflow ratio
prepared by Brune from study of 41 reservoirs is
shown in Fig. 3.

Reservoirs with a C/I ratio of 1 or less may
be classed as seasonal storage reservoirs, and those
with a ratio greater than 1 as hold over storage
reservoirs. The C/I ratio is a combination of the
C/W ratio and annual inflow. The C/I ratio in
acre-feet of capacity per acre-feet of annul inflow
may be obtained by dividing the C/W ratio, in
acre-fect per square mile of drainage area, by the
annual inflow, also in acre-feet per square mile of
drainage area. Reservoirs may have very different
CIW ratios and annual inflows, yet have the same
C/1 ratio, and the same trap efficiency, other
factors being equal.

For individual reservoirs, curves can be drawn
correlating trap efficiency with detention time. A
curve prepared for imperial Dam Reservoir
Arizona is shown in Fig. 4. Such curves are quite’
satisfactory for specific reservoirs, since other
factors such as sediment characteristics, shape of
the reservoir, and method of operation tend to
remain constant. Churchill (2) taking into account

both detention time and velocity of flow throqgha
a Reservoir, has developed a ‘‘Sedimentation
index” which represents the period of retention
divided by mean velocity. His curve, relating
trap efficiency to the sedimentation /index for
several TVA reservoirs, is .shown in Fig. 5.
Although this curve is very satisfactory, informa-
tion such as period of retention and mean velocity
are not readily available for most reservoirs.

Annual sediment discharge (Q.) is generally
estimated either from suspended load records or
from reservoir sedimentation surveys (7,8). In
converting suspended load records, in tons, to
volume of sediment, it is common practice to
assume a value for the average specific weight of
deposits at the end of the period for which the
capacity loss is to be estimated, such as 50 years
or the calculated useful life (i.e. 60 percent of the
original capacity).

DISTRIBUTION OF RESERVOIR DEPOSIT

Because of the continuous increase in flow
section and consequent decrease in velocity which
occurs when a stream cnters a resevoir, the corres”
ponding reduction in transport capacity of the flow
may be expected to result in a progressive deposi’
tion of its sediment load from the coarsest at the¢
head to the finest at the dam. In addition, how*
ever, a typical primary pattern of deposits wil
evolve with time, with secondary varia-

tions depending upon the conditions of reservoif

operation and on the nature of sediment load.

At the head of the reservoir, the coarsel

portion of the load will be deposited. As depensi-
tion continues, the resulting delta front will move
progressively down into the lake, whereas the top~

set beds will form progressively upstream as shown

in Fig. 6. The greater the percentage of coarse
sediment, the larger will be the volume and extent
of delta, and hence the larger the proportion of
material deposited in the upperlevels of the reser-
voir. However, the heavy seasonal drawdown whiclr
is common in most irrigation and many multi-
purpose reservoirs causes the formation of multt
ple delta fronts. Thus the greatest thickness occurs
not in the highest levels of the reservoir, but neaf
the point of lowest annual drawdowan.

The distribution of sediment below the deltd
area depends to a great extent upon the charactesr”
istics of the finer portion of the sedimeat load. AS
a general rule, progressively smaller sizes O
material will be deposited beyond the delta front
rcs_ulting in a gradual downward slope of the resef”
voir bed. If the stream carries an appreciable
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wash load, much of this material may not settle
even though the cross sectional area of the stream
increases. Furthermore, the suspension may not
mix completely with the clear water of the reser-
voir because of its difference in density. Instead a
gravity underflow commonly known as *‘ density
current” may result which will move through the
entire reservoir.

Fig. 7 shows diagramatically the formation of
a density current at the upstream end of a reser-
voir. The conditions at the so-called plunge point,
where the river inflow disappears, beneath the
surface of the reservoir, are especially difficult to
define. Intense local mixing at this point is due to
the losses involved in the change of momentum as
the velocities of rivers are reduced to much lower
velocities of the under flow. Usually the amount
of energy available is not sufficient to produce
complete mixing; however, the density current
becomes diluted and the volume of underflow per
unit time may be larger than river inflow, which
causes a reservoir circulation as shown in Fig. 7.

The quantity of sediment transported by

density currents is of great practical importance.

Partial control of sediment deposition can be
achieved by designing and operating gates and
outlets in the dam to withdraw water of higher
than average sediment content. Density currents
probably rarely attain an average velocity of more
than 1 mile per hour in passing through a reservoir.
The most reliable information now available (5)
indicates that density currents may develop and
persist with very low concentrations of fine sedi-
ment. The thickness of muddy density currents
may vary from a few inches upto, perhaps, 100 feet
or more. From the results of density current
observations in Lake Mead, Bell (3) estimated that
about 232,000,000 tons of solid matter was brought
into the lower part of the lake by these currents
between the date of closing of the tunnel outlets,
May 1, 1936 to May 20, 1941. This is close to one-
third of the total sediment load brought into the
lake during this period. Had suitable outlets been
installed in Boulder Dam and had it been possible
to operate them with a view to releasing this sedi-
ment, probably 75 to 90 percent of it could have
been passed through the dam and this would have

extended the useful life of the reservoir by 35 to
40 years.

From the laboratory study done by R. T.
Knapp and H. S, Bell at the California Institute of
Technology, it was postulated that

1. Density currents can be withdrawn through
openings in the dam.

2. For release of density currents, large
openings are probably not so desirable as against a
great number of small openings

3. The data now available are not sufficient
for fomulation of any general rules on the number,
spacing, and distribution of outlets and control
works required for most effective venting of density
currents, and

4. An alternate method of venting underflows,
althcugh only tried cn a model scale, consists of
placing a curtain or a screen in front of the dam.
Such a metal of thin concrete curtain in front of
the dam would force wastage of sediment laden
water at the bottom of the reservoir rather than
of the water at the surface (Fig. 8).

SILTING CONTROL

Ali the methods proooseg:l for the control of
reservoir silting may be classified into six groups :

Selection of reservoir site
Design of reservoirs

Control of sediment inflow

1.

2.

3.

4, Control of sediment deposition.
5. Removal of sediment deposits
6.

Watershed erosion control.

The first two methods disregard the possibility
of changing the rate of sediment output from the
drainage area, or the control of deposition in the
reservoir, but represents an attempt by controlling
the location and size of the reservoir to assure the
longest possible useful life. The feasibility of
reducing rates of sediment production from the
alternate drainage basins by erosion control
measures, including land purchase and reforesta-
tion should be investigated. Choice of alternate
sites is primarily confined to smaller reservoirs
used for water supply, recreation, etc. An adequate
C/W ratio based on reliable estimates of sediment
inflow and characteristics of deposition should be

provided to afford an economically sound period of
usefulness.

The third, fourth and fifth methods accept a
fixed rate of sediment production from the drainage
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area, as well as fixed size for the reservoir; but
attempts, by various means, to prevent all or part
of the sediment from being permanently deposited
in the reservoir. Three principal methods have

been used to control the inflow of sediment to a
reservoir.

1, Settling basins (debris basins, sedimen-
tation basins) on flowing streams reduce thc velo-
city and cause deposition of atleast the coarser
sediment. Two important points to be considered
in the case of a debris basin are that maintenance
must be provided inorder to keep outlet works
free from clogging and thatoverflow waters must be
returned to the original channel bed over non-
erodible slopes or structures; otherwise the amount
of materials eroded by desilted waters may almost
equal the amount of material caught by the debris
basin. Settling basins usually cost more per unit
of storage than the reservoirs they protect.

2. Vegetative screens consist of dense plant
growth through which sediment laden water must
diffuse and flow with reduced velocity that causes
deposition. Vegetative screen in certain cases, may
be objectionable because of the large quantities of
water consumed by evapo-transpiration.

3. Off channel reservoir, any by-pass canals
and conduits are advantageous where topographic
conditions are favourable and use of the eatire
stream flow is not required. If diversion into the

reservoir can be controlled, the heavily sediment-
laden flood flows can be by-passed.

The sixth method attempts through control
measures in the watershed, to reduce the quantity
of sediment that will reach the reservoir. The
most effective means of preventing surface erosion
is to protect the land with a permanent vegetal
cover to the greatest possible extent. Forest shrub
and grass cover decrease direct surface run-off and
increase infiltration. Furthermore, it inhibits the
formation of rills and guilies which not only con-
tribute large quantities of sediment but also serve
as natural flumes to carry the entrained particles of
soil off the land slopes. In places where permanent
vegetal cover cannot be provided, methods like
channel barriers, debris basins, water spreading
works, gully control structures, contour cultivation

and stream bank stabilization will substantially
reduce sediment production,

CONCLUSIONS

Six methods are enumerated for the control of
silting of reservoirs, These six methods represent

e

three philosophies of approach to the problem of
control, namely by controlling the location and
size of the reservoir to assure the longest possible
useful life, by attempting to prevent all or part of
sediment entering irto the reservoir and through
control measures in the watershed to reduce the
quantity of sediment that will reach the reservoir.
A sound policy of reservoir silting control requires
impartial consideration of all those three philoso-
phies, and selection from various methods available
of those that may physically be possible and eco-
nomically feasible under any particular set of
conditions. A careful weighing of the advantages
and disadvantages of the various methods before
the reservoir is definitely located and designed 18

most likely to lead to the best solution of the
problem.
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A PLEA FOR THE USE OF ‘ULTIMATE STRENGTH

DESIGN’

PROCEDURES.

By
P. PURUSHOTHAMAN, B.E., M.S., A.M., A.S.C.E.,*

SYNOPSIS.

Critical examination of the allowable stress
concepts is presented and load factors are advoca-
ted. The need for adoption of quality control on
concrete is emphasised.

It is shown that the yield stress for steel and
the cylinder strength for concrete arc inadequate
as data for the design of structures. Data on the
behaviour of structural components and structures
themselves are to be correlated with stresses.

Elasto-plastic methods of analysis are advoca-
ted and the need for research in this direction is
indicated. There is scope for improvement in the
L. 8; 456-64.

'Future trends are predicted and certain con-
clusions on the philosophical approach to the
problem of concrete construction are drawn.

1. INTRODUCTION.

The field of structural engineering can be divi-
ded into the following areas of specialisation : (1)

f.lanning (2) Analysis (3) Design and (4) Construc-
ion.

Any procedure which is rational, realistic and
€conomical in any or all of these arcas will be
accepted by the engineering community and the
rest will be rejected or superceded in course of
time. This search for acceptable procedures has
been the constant endeavour of structural engi-
neers all over the world for the past sixty years
and a better understanding, of the behaviour of
reinforced and prestressed concrete structures
under working and collapse loads has been obtai-
ned. Important conclusions that have been deri-
ved from these research activities will be presented
and the future trends will be predicted.

2. LOAD FACTORS VS STRESS FACTORS.

_Stress is not a directly measurable quantity
while loads and strains can be measured. In

structural engineering, we deal with large loads and
micro-strains. Unless sophisticated instruments
are available, micro-strains cannot be measured
accurately. This logically leaves at the disposal of
engineers Joads only as a measurable quantity.
Thus any concept of allowable stress in a structural
member at one or more critical cross-sections 1is
bound to be semi-empirical.

Dead loads can be estimated accurately; live,
wind, earthquake and impact loads cannot even be
predicted accurately because of their probailistic
nature. However suitable overload factors can be
assigned; low values for dead load aand high values
for others.

The need for accurate determination of loads
that may come on the structure is obvious. In the
working stress method of design, the total load
coming on the structure is considered important
and accurate estimates of the individual types of
loads is not considered to be essential.

Steel used as reinforcement is manufactured
under highly controlled coaditions. Hence the
properties of the steel can be predicted accurately
and can also be controlled at the source by suitable
specifications.  Concrete, one of the most versatile
of building materials and one which is infinitely
complicated in its behaviour is not given very
much attention, although constant endeavour is
made to improve the same. If the design of con-
crete structures is to be based on certain allowable
stresses, it is obvious that concrete should be
manufactured under more severe restrictions than
perhaps steel. Besides the specified cylinder
streggth that is to be obtained, it is necessary to
control the manufacture of concrete so that unifos-
mity is ensured. This can be done by "specifying
the mean strength and standard deviation or the
coefficient of variation. It is erroneous to specify
mix proportions such as 1:2:;4, 11} : 3 etc. and
then tabulate the allowable stresses for such mixes
The mix design for a stipulated mean strength anti-
standard deviafion must be left to the concrete
technology expert. This is possible only when the
manufacture of concrete is done by specialists

* 4ssistant Professor in Structural Engineering, College of Engineering, Guindy, Madras-25,
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attached to a few manufacturing units. Unless
very large quantities are involved, the manufacture
of concrete at site should be avoided. Even when
concrete is manufactured under severe control,
there is no guarantee that concrete will actually be
placed and compacted properly in the structure,
Hence a factor for understrength must be included.

In the past, structures have been build for
assumedly infinite, but in fact only unspecified
operational life. Recent concepts of the safety of
structures involve the thinking in terms of a limited
life-span of a structure and a definite probability
of failure. We cannot afford to treat an important
bridge and a' semi-permanent building as having
the same life-span.  Working stress concepts have
been more or less neglecting this aspect of the
problem. Ttis necessary to introduce a set of
numbers for the anticipated life-span and the
probability of failure for various types of struc-
tures. Adjusting the allowable stresses is not the
logical approach Statistical and probability
theories are highly developed and these should be
used in conjunction with load factors or incorpo-
rated with the load factors themselves.

The collapse of a column in a multi-storeyed
building is bound to be serious. The failure of a
beam or a slab may have only local adverse effects,
Thus the extent of damage to life and property

must also be considered as a factor in the concept
of safety.

The behaviour of a beam in flexure and that
of a column under eccentric loads is well-known,
whereas the shear strength and resistance to torsion
are as yet unsolved problems. The safety factor
should then include the nature of loading,.

Finally, there are structures where the effect of
shrinkage and creep are very important. Shrinkage
cracks are known to have considerably shortened
the life-span of concrete structures. Creep effects

are known to increase strains and deflections
three-fold in a matter of two or three years.

In the light of all the above, specifying cer-
tain allowable stresses for steel and concrete is
not a rational concept, more so when stresses
cannot be measured and the

I extent of errors invol-
ved cannot be ascertained. Further, the allowable
stress concept involving a high factor of safety

indirectly implies possibility of bad workmanship,
inaccuracies in analysis, and design and encourage-
ment to inexperienced field staff.

If the reinforced concrete constructiod
industry in India is to develop in the right direc
tion, the allowable stress concept should be r¢
placed by methods based on accurate desigdr
supplemented by experimental studies and suppor
ted by an efficient construction industry.

3. TESTS ON MATERIALS, STRUCTURAL COM-
PONENTS AND STRUCTURES :

The propertics of steel and concrete have bee?
measured in the past in terms of the yield stres;
for steel in tension (fy) and the cylinder strengt
(fc’) in compression.” Is it logical to specify c
single number (fy or fc’) as representative of ! 17
entire behaviour of a particular structural materia '
Particularly when load factor concepts are intro
uced the entire stress-strain curve of the materia

used in construction becomes necessary so that
collapse loads can be computed.

Structural members are rarely in uniaxia!
compression or tension. There is usually comph'
cated interaction between tensile, compresslV":g
shear and bond stress and the whole problem "
three dimensional in nature. However, codes 9n
Practice have been giving allowable stresses 1
terms of the cylinder strength for tension, shea’
and bond. There is some research evidence th!
these are functions of; fc’ but complete agreeme:
on this subject has not been reached. The strens
of concrete under combined stresses is not ¥
clearly defined. Under these circumstances,
must be realised that we are designing Strucmrf
using a set of arbitrarily chosen numbers such
the allowable stresses in concrete and steel.
is not a rational approach.

Laboratory tests on samples of concrete 3!
provide the necessary estimate of the inhere!
strength of these materials. In the structural €of
ponents which are made of these materials t‘
Same strength need not be expected. It is cle
that correlation studies must be undertaken '
compare the strength of tegt samples with il
strength of actual Structural components. In t
past this has been taken for granted. The seV!
rity of loading conditions and the complicate

stresses that come on the modern concrete Str¥
ture require the above said correlation.

steel

Load tests on fu] sca
such as beams, 1

are necessary, T
must be made a

le structural componen!
oor slabs, columns, frames €
¢sts on these elements upto failt
nd the behaviour of these memb®
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should be recorded as load-deflecton, load-Str%‘lll:é
moment-curvature and torque-twist curch-orded
development of crack patterns should be rec ¢ of
It is desirable and rational that the Performagcand
the structural elements should be evalualtte Till
future designs based on these test resu s[i these
recently we had only an * optimistic guess 0 1 tests
behaviours and only in the last decade, 30[? \ken

on structural componeats have been undertaken.

The study of stiuctural components suchthzi
beams columns etc., separately, is just ag? the
milestone in the quest for our knowle.dgcl truc.
overall behaviour of the three dimensional $ will
tures themselves. Tests on actual strucmretstem -
be the next step and this has already been a A gd
ted on bridges and dams and a few multi-stor yin-
buildings. Measuring instruments have beer:: .
corporated in these structures during const;u e
and they continue to give valuable data. nR C
extreme case of a test to destruction of and ;Naé
framed building, the measured collapse lcl)la corps
nine times the computed collapse load of the
Ponents, used in that structure.

4. ANALYSIS OF STRUCTURES.

Analysis means the evaluation of momf'm:;
shears and thrusts existing at critical cross-sec l((;us
of any structure, be it simple beams, continu
frames, plates, shells, etc.,

When stresses are small and when concrete l;g:
Dot cracked, the elastic methods of analysis PfolV Sis
reasonable answers. FElastic methods of ana yn 3
ave been in use for the past several centuries ha e
there are about thrity differeat methods suc -
slope - deflection, momentdistribution 1llml .
methods energy methods, etc In fact one | asarc
wide choice. Elastic methods of ‘ analysis are
Tegorous. While the present trends in design are
Dot favourable to allow able stress concepts, clit
author fully appreciates the rationality, versatilily
and efficiency of elastic methods of analysis.

However, when concrete has cracked, lthsetslz
methods cannot be depended upon. Elasto-p alts
methods of analysis will provide reasonable rcsuanci
The methods proposed by Guyon and Ernst tary
those proposed on the basis of c°lm"’-lerm;3nlasto
energy methods are the only usable theories. be
Plastic methods have be advantage that they call-llow
extended to the elastic and collapse stages. they
ever, they are quite cumbersome to use a; d to
exist today. Further research work is neede

sim isti te structures,

i ify the existing methods. Concre .
SIgligll)l?rack even underservice l_oads, can be anal{c
:ved rationally only on the basis of elasto-plast
methods.

When the structure is gt }tlhe I'I;?ctlaﬁ; cott‘hgg:]yapfs:;
plastic-hinge theories and t ersgach . oneoTy o
slabs provide a realistic dapplo ed.for wever, the
plastic-hinge theories as deve fp (Sleel struc

eem to be satisfactory . A
;ltlrr:f:t‘til?e:.m (Sloncrete, when cracked, prolvxdec:lso gxost-
tinuity in performance anc_l test results ot
22:,3 to agree with the thc?rcgcal gnredbl:u:sl:isﬁmated
i se loads ¢ »
e e::lu lgthcﬁlecc(;c"af?)r satisfactory performance
accduraset{l’ice loads becomes necessary. This again
o el;. sizes the need for elasto-plastic theories. The
bror oasal made by Valerie petchu, the opt.lmu[g
gégipstribution priaciple, seems to be complicate
even for continuous beams.

i cories have been valuable for the
anal;ssffassgt? ptrgstresscd concrete structures. Irlx t:(;:
acking has been prevented under service loa
cas; gznce the usefulness of the concept. For rein-
?n d concrete structures even under small loads,
oo, te cracks and unless arbitrary a;ljustmeqts
oo ma c?e for the evaluation of El, elastic theonqs
e mat applicable. Thus the problem we face is
the cr: kliDng of concrete. If only the tensile strength
tl}e cra:rete can be increased to double its present
v lcon the cracking under service loa.ds can be
Xil:;;d and the highly developed elastic methods
of analysis can be used.

- ic theories can-
er, the use of elasto-plastic the
ot g"&’fﬁyed for long. Improvements in the use
nf this methods are urgently required. An extensive
?esearch programme should be initiated in this
direction all over India.

5. DESIGN OF STRUCTURES :

ign is the art of providing suitable resis-
tanc? ::153 ;)soints of a structure so that the effects
of loads are resisted at the service load conditions
without showing signs of distress (excessive deflec-
tions andjor cracking) and to have sufficient capa-
city to take overload and to counteract un.fores'een
effects. In the entire field of structural engineering,
the desiga of structures still remains an art; and it
is in this area the ultimate strength concepts have
the maximum impact.

(1) It provides an accurate estimate of the
ultimate flexural capacity of a cross-section. In
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simple determinate structur
proper load factors, the ex
flexural resistance can be
major unknowns in the wo
thus removed.

achieved. One of the
rking stress method is

] (2) Overload factors for dead, live and
impact loads can be varied suitably.
3) Conventional workin
) g stress concept
fqrhcolumps IS based on ultimate strength and
with the ltroduction of the ultimate strength

design conce is i i i
] pt, this inconsistency in concept can
be rationalised. d P

bined bending and ax;
mate strength design procedure.

£5) Tt can be shown by ultimate str
tests the spi_rals do not contr};bute to additcigﬁgi
load carrying capacity of columns, but they
S€Ive to increase the toughness of the columns,
Both spirally reinforced and tied columns have the
same ultimate load capacity,

(6) Ultimate strength concepts show that
compression reinforcements are not needed where

they are demanded by the working stress concept.
Often they serve no purpose and |t is the tensile
steel that should have been increased.

(7) Yield-line theories for slabs of compli-
cated shapes and bouadary conditions are easier
for computations than the corresponding elastic
theories, even if they are available,

(8) Ultimate strength concepts have satis-
factorily explained the effects of settlement, shrin-
kage and creep on continuous structures,

(9) Ultimate strength tests on continuous,
structares have shown the way to take advantage
of redistribution of moments and shears.

(10) Ultimate strength theory is founded
upon proven behaviour of reinforced concrete
members in numerous laboratory investigations.

However, if ultimate strength theories are used,
attention must be paid to deflections and cracking
under sevice loads. Further, ultimate strengthl 13
shear, bond and torsion are as yet unsolve

yroblems.

It is the ultimate strength concepts Wh‘cl:
elevate the existing design methods from an 8f
into a science. It can be even said that it is the
ultimate strength concepts which enable us to haV;
some insight into the fundamental behaviour ©
concrete structures. Previously we have beeB
having a few ‘optimistic guesses’ regarding the
behaviour of structures,

6. CODES OF PRACTICE :

Since the design of structures is still an art,
for the same structure several alternative deS_‘gns
can be proposed. Codes of practice of various
countries attempt to narrow down the differences
at least in a few important ¢spects. The code ©
practice is not a legal document and it is expected
at its best form, to reflact the current thinking 18
the art of design. Many of the provisions in the
codes are restrictive in nature so as to prevent
custly errors being commited by the average engl”
neer.  Sophistication in analysis and construction
of_ten result in unrealistic proposals, since minimum
thickness, minimum temperature and shrinkag®
reinforcement and minimum deflections as speci”
fied in codes control the problem.

A critical examination of a few provisions 18
the existing code IS : 456—64, will be made so 85
to indicate their arbitrary nature and show that
the expert and the research worker need not always
be restricted by these provisions.

(1) Concrete has been arbitarily graded
into mixes such as M 100, M 150, ........M 400 and
allowable stresses are based on these proportions
only. The need for specifying grades of concrete i$
not clear. As in the ACI code, the allowable
stresses, if they are still required, can be given as 8
ratio of the cylinder strength. The grading of con-
crete into one of the seven mixes allowed in the
code is unnecessary.

(2) Axially loaded elastic column design is
based on ultimate strength concepts while the beam
dcsign is based on elastic theory-there is an incon-
sistency in the approach.

(3) The spiral is supposed to contribute to
the load carrying capacity of the columns. The
spirals, according to experiments conducted thirty
years back, contribute to the toughness of the
column only and hence this provision is misleading.

(4) Column designs under combined bend-
ing and axial loads, as done by the elastic theory,

A PLEA FOR THE USE OF
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i er
must be checked for ultimate load ca}lacz;cl;;);;lsbgen
the present code. This provision cou
extended to beams also.

(5) Arbitrary reduction Of) IQC'easfn‘i‘:tggTo
puted moments at supports by 15% 1s per occuring
take advantage of moment redlstnbutxonl on por-
at high overloads. In the ACIcode on ythat re-
cent is allowed. While it is well know% erfor-
distribution is of considerable help, lt ii IZ:ondi-
mance of such beams under working loa iments.
tions should have been checked by exrgzrtice are
Such arbitrary provisions in codes or ];1 designer
superfluous. The expert analyst and t essibilities
will automatically take note of such pOr provi-
and in inexperienced hands §uch arbitrary
sions may lead to unsafe designs.

(6) Ultimate strength methods Ofddie;lz%ﬁ
for beams and columns have been mtrod&c& in an
incomplete form as compared with thfi CL code.

he code must give facilities for the gsn% er 10
use ultimate strength methods of esal 1gld for
columns, beams in flexure and shear nd for
torsion. The introduction of ultlmate.ls I aﬁty
design could have been delayed until qu
control in concrete had been assured.

(7) There are three methods of c}emgrgctt;g;
two-way reinforced slabs. The code of tphese -
should be able to specify as to whick o e Is
the best, The other methods could have
Oomitted.

7. CONCLUSION:;

In conclusion the following philOSOPblcalt‘f‘l’gé
Cepts can be considered to be representative (:l d
Present day approach in the field of reinforced an
Prestressed concrete construction.

ich i ional, reali-

1) Any procedure which is rational, 1-

stic anc(i 2:conomical will be acceptable to the engi
neers and the rest should be eventually rejected.

(2) We must learn to think in terms of
loads and not in terms of stresses.

(3) Specifying certain allowable st;ess;:.s.
for steel and concrete is an attempt atl over surrl]gaxd
fication. Concrete design should invo vg l:)"l,’i ad
factors, understrength factors, probability
failure and quality control on concrete.

. es of
4) Tests upto destruction on samples o
material(s )used, components of structures allcllldfof;x;)l
scale tests on structures themselves shou ! form
the basis for design. Measuring lnstrumlen st
be incorporated in the structures themse vef_ atls
the practice in dams and actual behaviour of struc-

tures must be recorded.

i lysis
Jastic methods of structural analys
an be u(sse)d]ix?til such time when elasto-plastic-
(;Jethods appear in a simplified form.

i f structures from Zero

(6) The behaviour o ; fo

i st be known to engineers accura

load togg;ggg?n[gr:ustructures under working loads
tely. for ultimate load conditions, or mixing the
o orts where convenient, is not tl?e rational
o h. Formulae for the computation of the
I nce of the structure at working load
pelfor?ﬁlzto-plastics range and at collapse loads
;?Ssgtee’lll be available. It should be left to the

designer to choose what is needed.

i be more
odes of practicc must .
rational”fkr(l:)itrary provisions 1n codes should be

avoided.
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SYNOPSI5

Two dimensional electrical analogy experi-
ments have been conducted, to examige the safety
of the Ca_uvery regulator, against uplift, in the
proposed improvements to the structure.

Oie «f the proposed improvements suggested, is
for providing an extended apron €0.00ft or 100.00f;,
long, beypnd the existing apron, on the upstream
side. Trials have been carried out, for different

sections under varying depths of permeable sub-
soil and the values of

end of the.extended apton, there is a considerable
reduction in the uphif

luct] _ t pressure values, and the
o_bjecuye of the improvemeats s thereby achieved
viz-design of the Cauvery Regulator for a higher

differential head of 15.00 ft. “This study and the
data collected, are reported in this paper,

1.00 INTRODUCTION

1.01 The grand Anicut ip the
is a hydraulic structure dating back
turies. The anicut was conceived an
by an early Chola King, and is locat
end of the Srirangam Island in Tiruchirapalli
district. The actual anicut is across Ullar to keep
back the waters of the Cauvery from draining iato

the Coleroon and to secure the depth required in
the Cauvery.

Cauvery system
t0 many cen-
d constructed
ed at the ecast

1.02 The Grand Anicut originally consisted of
a solid mass of rough stone in clay 329.00m (1080-00
feet) in length, 12.2x18.30m (40,00 feet to 60.00
feet) in breadth, and 2.57x5.50m {15.00 to 18.00
feet) in height, across the Ullar Channel. Subse-
quently, a bridge to carry a roadway over the
anicut was provided, in addition to scouring
sluices. The structure has been found to have a
central core of roughly hewn granite. This has
been set in mud and then covered by an outer
facing of concrete all in lime mortar. The anjcut
was not of uniform shape or section. Later, im-

CAUVERY REGULATOR

By

2. Thiru W. §, WINNFREAD, b.r1.

4. Thira T. 8. KRISHNAMURTHI, Bsc.,

provements were effected to the anicut for stabili-
sing the water supply to the Thanjavur delta
reggon, further dewn the anicut. The Grand
Anicut was subsequently remodelled as a bridge
cum regulator with lift shutters and has been func-
lioning ever since as an anicut and a surplus work,
immediately below which the main river cauvery
branches off into Cauvery and Vennar.

1.03 The problem of the Cauvery bed getting

silted up, gradually, arose in the wake of the con-
struction of the Grand Anicut. This was tackled
by Sir Arthur Cotton and the “Upper Anicut’ was
constructed at the head of Coleroon in 1836-38.
This structure was designed to pass adequate dis-
charge into the Cauvery. The works at the upperf
anicut are (i) a barrage across the Coleroon With
lift gates (ii) a bed-dam across Tauvery river tO
prevent scouring of the bed and (iii) a surplus to
serve as a spill channel to take off a part of the

surplus water into the Coleroon below the Upper
Anicut.

1.04 New sluices were then added at the down
stream end of the Grand Anicut as later improve-

ments. A road-dam about 1237.50m (4060 feet) ip
length constructed on the lefy bank of the Cauvery
about 1} miles upstream of the Grand Anicut was

intended as a surplus work in times of unpreceden-
ted floods.

sluice was built on the ri
Vennar regulators.

The details o

o fthe Grand Anicut are indicated
in Figure 1.

2.00 NEED FOR IMPROVEMENTS:

2.01 On a recent examination of the Cauvery
and Vennar regulators, it was found necessary to

strengthen both so that during high floods the
regulators could be completely closed down. The
site engineers reported that experimental studies
were necessary for this strengthening work, where-
in the regulators would have to withstand uplift

Superintending Engineer, Desi
Executive Engineer, Soil Mechani
Research Officer, Soil Mechanics
Junior Research Assistant, Soi

AL~

e

—

gns and Marine Works Circle, Chepauk, Madras-5.
ics and Research Division, P. W D. Madras-5.

and Research Division, P. W, D. Madras-§,

1 Mechanics and Research Division, Mudras-5,

MODEL STUDIES FOR CAUVERY REGULATOR

Pressures for a higher differential head of 15.0 feet:
Overcoming the limitations of the restricted %pgra‘
lions in vogue under present rules viz., the di er-
€nce between the upstream and downstream water
levels should not exceed 9.00 feet.

The problem was accordingly referred to dtb§
Soil mechanics and Research Division, for con uct
ting electrical analogy experiments for finding Ollll
the distribution of uplift pressures below t e
fegulator floor under various conditions, incorpo
Tating the proposed improvements.

3.00 MODEL TESTS:

3.01 A section of the Cauvery Reg?lat?grv:l::
furnished by the site Engineer for ado%tlon against
model studies, for considering its sa etyoldg one,
tplift pressures. The structure belng-anb Jow the
the depth of the permeable sub-soil 'ed termi-
Tegulator floor was taken as infinite or inde rtain
nate. Trials were also conducted for ce

i sub
assumed finite depth values for the pervious
stratum,

i for a
3.02 The first trial in the study was

section with aecut-oﬂ” at 40,00 feet do wn;;lreat;loﬁcl)g
the shutters a5 per design requirenents. ; ie% .
of the bottom of the regulator was repro ;1 S eotris
Scale, | cm =5 feet in the two dimensiona S eaow
cal apalogy tray. The pressure d‘sml‘mlulqhes
the floor was traced by 5% equipotential lines.

3.03 The experimental results mdlcatc}gltth:;
the entire effect of the uplift pressgre was otential
the upstream apron, upto the 5.0 /° eqmpon up-
line. The thickness of the existing apfj t’o be
8tream of the main regulator was °bseﬂies 00 feet.
not sufficient for a differential head of 15.

4.00 FURTHER STUDIES.

(<]

4,01 Further studies were taken up f: l‘ins o:]l:e

"more sections for observing the Chagg condi-

Pattern of uplift distribution under vary d% by a

tions. The upstream apron was ex-tet?n apron.
length of 60.00 feet in front of the exis i i

his was tried as a means of increasing educe the

Percolation for the sub soil water t0 I

; those
uplift pressures that would bct ?ic}g)rs daétpths of
Points. Two trials were conduucte 1 to the

Infinite substratum and for a de;’)It‘ll c)qua
basewidth of the regulator floor (T =

i cut-

402 Studies were also conducted with &_cut

off at the upstream end of the ext%ﬂ t pile cut

This was in addition to the existing é‘} ee different

off. Trials were conducted for ohuer upstream

depths of permeable sub soil below t ectively)-
bed (T =Infinity, 1.0b, 0.5b and 0.2 resp

he path of

21

403 i s given by
The seetion of the regulator a /
the s?t.g ?;Enginecrs and as adopted for the mode

studies is given as fig- 2.

4.04 The two dimensional el_ectrical' alniail;)egsgf
tray was used for tracing }‘hPO/e%:l;;r):tti:&ad. s
ioprams in steps of 3, werc L
Fa:::)ttlf:::ltKl)l%rlift pressure values at significant poin
were calculated.

i t various

uplift pressure values at )

i 4.05forTl:§e I:liﬁ'erem trails are furmsh:sclu::

pomt53 In figure 4 the fall of uplift g}'ﬁ sure

Dgure tl;e bottom face of thefloor, for the lfeience
2{)(:11:1gitions has been plotted for ready re

and comparative study.

4.06 The actual values at the cmcllcailio%om;i
i ﬁ tin front of the regulator foun .at_ ’pilc
Card D he pressure drop across the exis mig L
]C_ ang Igc, l; anrc)i other points have beed calculated.
ine

5,00 DISCUSSION OF RESULTS -
The pressure values at C aad a

f nissi(x)czld below for the three different conditions.
ur '
E I A
TARL Pressure % at
> D
Condition. C o
45,
1. Existing Section. 50.0
isting section with ex- )
& l::::ndedgGO feet apron with s 42
out cutoff.
. . th ex-
. Existing section with ex.
’ tended 60 feet apron with 0y 410

cut-off.

i iderable reduc-

t C and D there 1s a consi o

l}ot: ?ift pressure by providing thedreoxte:mss

D pd the cut off. The pressureh l p ross

B e li (C & D) seems to be much less, th
the pile o f the ©ut-off at the end of the e

- " :
the BT o oThe drop in percentage pressure
t%x;gzg g%ni): from 10% to 7.2% vide Table 2.

a

increase with

ressure values tend to incr )

5.02 E’;;t%s of permeable sub-stl;;uums:i n‘l:i(;:!‘

decr‘easm%l eneral observations under P

firming tTﬁhe,gmagnitudc of variation, as sez;n fror

smdw?ﬁes at A and B (Table No. 2) £ T =100 for

;l:lfivlals% respectiv:l;& fo;na Z&l}ui :sc of the ex-

um.

the perm:zgl; if}‘:i cut off at the upstr%axgtegn&;

tended ap of pressure at C is not muchba eil ey

“‘Envi?é‘&"epm (T=1.0b) of permeable s5 S6 oot

ats influence of the n ‘R* .

‘;a‘},‘;z‘iﬂe tg‘;tlt.;rn of distribution. At ‘B (down
c
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stream side of the existing pile line) the pressure is
66.4%, for the original section and 52.8%, for the
new section with extended apron and cut off. The
effect of the extended apron and the cut off are
amply brought out by the results.

5.03 In this connection it is pointed out that
the field engineers have clearly stated tbat the
structure is an old one with infinite depth of per-
meable substratum below and that solutions for
such a condition only are to be preferred.

6.00 CONCLUSION

6.01 The necessity for an extended apron and
the cut off at the front end have been confirmed by
the test results, as discussed in the preceding
paragraphs. For the safety of the upstream apron,
the minimum practicable and economical thickness
and the exact length of extension on the upstream
side have to be worked out on the basis of design

assumptions, as there is always standing water
over the upstream apron.

6.02 The electricalanalogy studies have given
fairly accurate and quick results, incorporating the
different variable parameters in the model.

TABLE 2.

feet
Pressure values %, for floor with extended 60
apron but without cut off.

T=depth of Pressure 9 at

stratum. *A. B. C. D. E.

Infinity  65.0 550 458 425 325

1.0b 729 67.5 53.7 485 3638
TABLE 3

et
Pressure values %, for Noor with extend 6%“
apron with cut off upto depth+ 163.2>-

T =depth of Pressure values % at

stratum E
‘A" A B € D 0

Infinity 100 70.0 600 52.8 422 410303

1.0b 100 70.0 61.5 53.0 43.6 41.3 31-3

0.5b 100 72.1 62.0 53.1 43.6 414 31'5

0.25b 100 75.0 65.0 57.0 45.0 43.2 3/

e ] "/’cf to
(*For location of points A’, B’, A B, C E, D L, please ref
Figure 4.)

—

To T/RUVAD! 2

CALVERY RIVER

~—— VENNAR RIVER
Figure 1.

e

for

—,. CAUVERY

Q/VE'K
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27th Zonal Meeting on Research Scheme to River Valley

Projects Held in Madras

from 28th September to

30th September.

T i i . .
a(?fa Soil Mechanics & Research  Diviston,
Poond? a;:d the Irrigation Research Station,
ave been for  long  associated

wi
ﬂlt?artrh? 'Ccntral Board of Irrigation and power
melltalyaniogt Research Investigations on funda-
gfants-in% . asic problems of engineering under
tion ang gl given by the Ccntral Board of lrriga-
the resea %wer. To review the work done on
“Stilutio;c schemes by these and several other
ower hels the Central Board of lrrigation and
th Sep: its South Zone Meeting in Madras from
eeﬁngp ember, to 30th September 1970. The
numberWde. hosted by the State of Tamil Nadu.
the meet; of delegates from all over India attended
ing and the Seminars that followed.

the Rajaji
4 Minister for
{‘)’ka, Tamil Nadu and presided over by
. P. Raman, the Hoa. Minister for Flectri-

Th . .
Hall € meeting was inaugurated at

b i :
Publicyghlm S. J« Sadiq Pasha, Hon’.

hiru Q
City,

advoilal\tlélds m%ug“m‘ address the works Minister
2 master la water policy at the all India level and
It is onl P %n for proper use of the water resources.
anga \)‘Sithy bOIQ schemes like linking up the
mic prop) the rivers of South, food and econo-
¢ also eeI;lnsh could be solved in the long run.
wards ec phasized the need for taking steps to-
onomic use of water, conservation of

eXistin ¢ ¢
rationfl ';_Sou.rces. initiating measures for propef
Pl istribution and evolving 2 National

an
80es,f:l:e {&e use of water. As far as Tamil Nadu
had beep £ ﬂ“sle‘ observed that the surface water
directed ¢ ully used and hence attention should be
0 taping of ground water resources.

Th ..
Presideztia{iog‘ Minister for Electricity in his
Ments mage address dealt with in detail the develop-
tbe last two dm regard (o power generation during
Ual ig the ¢ ccades. He felt that the Hydropoteo
n 3 big wa ate being small it was necessary to g0
Power stat Y to set up large thermal or atomic
ions to meet the power demands.

In hi
Engineel}‘s(‘}”e‘come speech, Thiru J. E. Vaz, Chief
Sed the ip eneral & Irrigation, Tamil Nadu stres-
Will have tp"“ant “role that research Engineers
Water mag play in future in the development of
Tamiiclgement practices. He also said
Nadu had made considerable

progtCSS .
in ; 1ade
ground wt:ferf“‘ezratcd utilization of surface

Thiru S. K. Jain, President of the Central
Board of Irrigation and Power who also partici-
pated said that the valuable work done by the
research personnel engaged in the Central Board
of Irrigation and Power Schemes was of consider-
able assistance to the Engireers execating the
engineering projects.

Thiru J. Walter, Superinteading Engineer,
Designs and Marine Works Circle proposed a vote

of thanks.

Afier the inaugural function, the Technical
Sessions on soils and concrete were held on 28th
September 1970. These were followed by a Semi-
nar on Hydraulics on 29th and 30th Seotember
1970. The research aspects under the scheme
which were not covered by the Seminar were dis-
cussed iz the Hydraulics Session after the Seminar.
The Session on the 10th was held at the Irrigation
Research Station, Poondi.

In the Techuical Ses:ion on soils, problems
relating to Eagineering properties of sdils vibra-
tions in soils and cencrete and compaction of soils
in standing water with particular reference t0
construction of earth dams were discussed. A
number of cases of failure of the instrumentation
installed for measurement of pore pressures and
settlement in dams were reported by the various
research stations. The possible causes of such
failure were reviewed and it was the consensus of
opinion that there was need for going into the
question in greater detail in the light of experience:
of the various laboratories in this regard.

in the Tecimnical Session on  Concrete,
problems : « Use of Surkhi and other pozzolanic
materials in mortar and concrete, ** ** Principles of
mortar and concrete mix design ’, ¢ Precast
techniques in Hydraulic structures » <t Selection,
processing and specifications of aggregates for use
in concrete 1o hydraulic structures » were discus-
sed. The question of using flyash in reinforced
concrete evoked considerable discussion. Opiniods
were expressed on the basis of the researches
carried out that there was no increased hazard of
corrosion of the reinforcement in concrete as a
result of use of flyash ia concrete, as long as flyash
conforming the standards is used and it is possible
to make a dense and impermeable ccncrete.

Six working papers prepard by Central Watef
and Power Research Statiom, Poondi ; Andbra
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Pradesh Engineering Research Laborato

bad, Soil Mgcbanics & Research Divisiorg,’ E&Z\g‘::\i
Mysore Engmqering Research Station, Krishnaraje:
sagar and Indian fostitute of Science, Bangalore
covering the aspects, *' Factors affecting the design
of alluvial channels, sedimentation of reservoirs
design of hydraulic structures on permeable foun-
dauon,_ canal linings, effect of air entrainment on
the optimum sizes of stilling pools and other erergy
dissipation arrangements and cavitation in hydragu-
lic structures and methods of prevention were
presented. Lively discussion took place on all

these aspects.

During discussion on the f i

D ; actors affect

gtal?)llty of alluvial channels and methods for le:‘gr
esign under controlled discharge, sediment grade

THE NEW IRRIGATION ERA

e

the empirical regime theory. It was felt that consj'

derable alteration had taken place in Lacey

regime theory and so a reappraisal of this tbeory
was required to be made to include the latest Pro”
ceduresto be used in the design of alluvial channels.
The importance of collecting extensive data on

stable prototype channels was emphasised 10
achieve this end.

_The discussion on the important problems of
sedimentation of reservoirs centred on the difficul-
ties encountered in the conduct of sedimentatiof
surveys.  Particular mention was made of the
difficultiecs faced in fixing the range monuments
after the reservoir came into operation. It W8S
suggested that the work of fixing the range monu
ments should be carried out before the first

Thiru J. E. Vaz, Chief Engineer, General & Irrigation, delivering the welcome address

and charge etc., it was felt that only the more
significant factors responsible for channel stability
need be considered and a study made to evaluate
their effect on the design of stable alluvial channel.
The Lacey’s regime concept and the tractive force
approach to the design of alluvial channels were
reviewed in the light of Lacey’s own modifications
to his earlier suggested equations and the recent
researches carried out by various investigators in
this regard. The consensus of opinion Wwas that
the tractive force approach was not yet fully perfec-
ted and as such resort will continue to be made to

impounding of the reservoir. The use of electro
and sonic instruments for measurement, along
ranges and for triangulation survey was suggest
The need for conducting repeat sedimentat

surveys in  Tungabhatra and Lower Bhavam
reservoirs was stressed with a view to ascertain
whether sedimentation continued in these reservoirs
at the rates indicated by the earlier surveys of
decreased with the age of reservoir. It was report-
ed that soil conservation studies had been initiated
in a few reservoir catchments in Tamil Nadu and
Maharashtra. Similar work is required to be

TO
27th ZONAL MEETING RESEARCH SCHEME

— -

taken up in catchments of reservoirs in other states
which have shown a high rate of silting and the
effect of these measures in reducing sedimentation
in erservoirs should be reported.

i 1

The working paper proposed by Thiruvalarga

I. Walter, L. Vgcr})kftangrasimhan. M. N.“Raghu—
faman, and T. S. Krishnamurthy on the Design
of Hydraulic structures on permeable foundauopt
was discussed in detail. It was brought out that 1-
was only in India and the USSR that such exten

sive studies have been carried out on this important
Subject,

. . Y d
The working paper on ¢ Canal Linings evoke
Considerable dis%\?ss?on in regard to the hydraulic
and structural efficacy and economics of Ya_ruouls
ypes of canmal linings. A pumber of addmoni
actors such as small cost of cross masonry wor S‘
Which had an influence on the economics of canal
linings were stressed. The need for treating distr1
butaries and minors on a different footing was
also mentioned. With reference tO the US% (c)l
asphaltic linings a note of a caution Was soun te:f-’
a3 it was found that though the lining Vs sa ‘a-
Sactory in the jnitial stages, the lining deteriof
¢d very rapidly after a few years.

The Indian Institute of Science, Bangalore 10
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i the
air entrainment on t
n e o Ofolsa dealt with the desigd

hydraulic jump stilling basip-

aerated flow, energy
characteristics, ViZ.s

content at spillway to¢ jump tion ia the

i nd length and encrgy dissipa

IT%3 f

height wa:are discussed. 1t was ‘Eltng;?lt iufugtyf:w
a

crli]:gria suggested would De S 0 ™ 1t was also

ed. 1t was
the criterria be

Suggested dies on high hea

evaluated after carrying out stu
prototype structures. e

Another working pape! pr:sizx:;c:lvasgé e
Indian Institute of Smgncc}a}, g:::lgﬁc e s the
g0 of e enti ’ The situations where

: n A

f its preveniio » 4 were discussed.
methods O% e occured W |
cavitation 18 known to haVen air hydraulic model

renrl 1 f an Op £
The hm“agog:vi(t’ation tank in the measurement O

jction O

iye pressures and_consequenit»t gvr:sd o sted
negative n were also discussed. S -
cavitatiy ] cases of cavitation occurrenc Dt o
s in the coumry shou dhbi craousges u
e of the researchers SO t a:‘ o
the noties ace could be evall:\atqd a ot
r: occurrence of cavxtatlgnhphcn
i« gtructures could be enriched.

yis-a-vis



NEWS FROM ABROAD

(1) RIVER BANK PROTECTION

The problem of protecting the surfaces of
water retaining embankments, channels, canals,
river and coast protection works against erosion
both above and below the water line is a constant
concern of river authorities. The costs involved
have long made apparent the need for a cheap,
simple and flexible system for solving the problem.

To this end, Cementation Ground Engineering
Ltd some 18 months Ago, introduced to the U, K.
a patented process, based on the injection of a
colloidal grout into a flexible form work of two
layers of synthetic febric, known as ULC Mats.
After various trials, tresearch and development,
Cementation has now used it on a number of sites
and work is currently being carried out on the
River Arun for Sussex River authority.

For many years protection of the river face of
the embankments of the River Arun kas been
affected by the use of chalk revetment and, in
particular, the placing of hand pitched blocks.
However, a rapid deterioration of the original
blockwork over the 7 miles of river between
Arundel and the sea was apparent by 1967 and
there seems little doubt that erosion is accelerated
by wave action from powerboats which use this
section of the river in ever increasing numbers.
In 1968 the Sussex River, Authority decided to
embark on the first stage of a scheme to protect the
channel banks between Little hampton and
Arundel at a then estimated cost of £3,00,000

The ULO Mat consists of two layers of pre-
fabricated, high strength nylon incorporzting nylon
thread spacers which are stitched into the upper
and lower layers of the fabric.

At Arun, the River Authority’s own labour
force, working ahead of cementation, are grading
the river banks. The 100mm thick mats used are
manufactured in 12m square panels, vertical joints
are sewn together as work proceeds.

Each panel is laid cut on the ground in the site
sterage arca and checked for faults. Plastic injec-
tion pipes, 40m long and 38mm dia are then care-
fully inserted in the mats at appropriate spacing.
The mat is then rolled up and carried to the river
bank where it is laid at low tide next to the mat
already in position.  Special seams which are
provided in the mats are then brought together and
stitched by an electrically operated sewing machine.
This procedure is repeated for two or three panels
according to the expected output for the day and
there is always one more mat laid down than can

be filled to enable the subsequent joining with the
next mat before filling commences. The mats are
pulled out to their full length and width, the edge
beam shutter fixed at the top of the bank and the
upper layer of fabric hooked on to the shutter. The
lower layer of fabric is pegged to the ground.

_ A grout, consisting of a 3: 1 sand/cement
ratio is prepared in a colloidal grout mixer and
pumped along the river bank and then into the
mats. Weep holes are formed after the grout has
set t~ relieve any water pressure behind the ULO
Mat. Output has reached 350m2/day.

Judging by the reception that the River
Authority has given the 1400m of river bank con-
tracted to Cementation they are well placed for a
further section.

(The Censulting Engineer January 197 )

:2) NEW SLUDGE SYSTEM CUTS
DISPOSAL COSTS

_ Most effluent treatment plants produce sludge
which must be either disposed of by tanker or
dewatered and dumped as a cakc. Neither of these
operations is cheap. Serck Eftrol, of Gloucester
Trading Estate, Hucclecote, Gloucester, GL3 FAA,
claim that their automatic de-sludging system will
cut sludge removal costs by half, and repay 200
per cent per annum on its capital cost.

The system gives effective automatic control of
the sludge level within certain types of sedimenta-
tion vessel, thereby yielding several benefits, First,
by increasing the solids concentration, it drastically
cuts the volume of sludge which must be removed
or dried.  Second, it significantly reduces the man-
power otherwise needed to effect periodic sludge
bleed-off  Third, it percludes risks of solids escape
due to the presence of excess siudge. Moreover. it
reports and alarms, where necessary, any undesir-
ahle conditions }vithin the settling tank, giving the
operator a precise control over this part of the
plant.

The method of operation involves detection of
the sludge level by means of a robust device which
is sensitive to buoyancy differentials and can be
preset to fit the individual case. This device cont-
rols valves or pumps to implement the precise
amount of bleed-off needed to maintain the
optimum range of sludge level. Thus, unlike
techniques which depend on timing mecilanisms,

the Serck Eftrol system adjusts to diff
: er
flow rates and solids concentrations. ent efluent
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Automatic de-sludging can be installed as part
of an overall Serck Eftrol effluent plant, or can be
supplied for incorporation into existing plants of
other manufacture. The system is also applicable
to other industrial process involving sedimentation.
(The Architect and Building News : Sept. 3, 1970)

(3) RETAINING WALL FOR BASEMENT
CAR PARK

The Construction of a cast in situ 500 ft. long
retaining wall for a basement car park, forming
part of extensions to the existing four-storey Post
Office Telephone Exchange at Uxbridge.

The retaining wal), designed as a diaphragm
wall and coonstructed using the bentonite displace-
ment technique, was 20 in thick. The depth of
diaphragm walling varied from 15ft. in the ramp
area to 28ft. in the main basement area, the maxi-
mum exposed height of wall being 21ft. Starter

bars were incorporated in the steel cages behind
polystyrene formers, the bars being subsequently
bent out to form a key to a nib in the floor slab.

'To reduce the excavation period to a minimum,
a triple type support system for the diaphragm wall
was installed. This involved normal tie-back anch-
orages installed by a BBE 57 rockdrill and consis-
ting of 2umm Macalloy bars up to 62 ft. long,
grouted into the soil; foundation bolts of the
duplex type to tie the diaphragm wall to the base
slab foundation of the existingTelephone Exchange
where it was not possible to use tieback anchors
due to the proximity of existing services and adjaf
cent properties, horizontal and raking shores were
used. The vertical component of the load wa:
remsteq by means of plates secured to the wail bl
1} in dia bolts, thermic lancing being used for theij\
installation, '

(Civil Engineering and Public Works Review
November, 1970
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INVITATION TO READERS

Kind attention of the Engineers of the Madras Public Works Department and
readers of the journal elsewhere is drawn to the meagre response to repeated
requests for contribution of articles to the journal.

May we once again emphasise the two-fold objective of the journal, viz., to
promote the interest of engineers and aiding their specialised work by placing before
them the many problems of technical importance and ways and means of solving
them, and secondly, opportunities being scarce for engineers to express their own
experience in solving practical problems of design and execution. We wish to add
that this journal has been the only medium of expression for those in the field. It
is earnestly desired that the Engineering fraternity will come forward in large
numbers to utilise this medium to its best advantage by offering their valuable
contribution.

The scope of the articles to the journal need not be rigorously confined to the
subjects on irrigation alone. Articles which have a direct bearing on subjects given
below are also welcome : —

(1) Technical aspects of foundation soils and foundation Engineering.

(2) Auxiliary works in the field of irrigation and other water retaining
structures and works.

(3) Practical solution to hydraulic problems in canals and distribution
systems with reference to their maintenance.

(4) Problems of soil erosion and conservation and reclamation of land.
(5) Practical silt problems in rivers and reservoirs.

(6) Problems of sanitation and public health and possibilities of utilisation
of sewage.

(7) Inland waterways and navigation, fishing schemes and protection of land
against sea erosion, etc. ’

(8) Problems of drainage in deltaic tracts and entrance of rivers into
the sea.

(9) Run-off studies in catchments and evaporation studies In reservoirs.

(10) Al allied subjects.

The Executive Engineers of the Madras Public Works Department are specially
requested to encourage their Subordinate Officers to come forward with articles and
enable the journal to flourish and serve the common cause of the Engineers of the
State.

(2)

(1)

(2)

SoLpeN & Co., (PRINTERS) MADRAS-S.
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