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FOREWORD

The scope of the work carried out by the Research Station has
materially increased during the year and with additional equipment for
which orders have been placed, a further substantial increase is
anticipated. .

New area has been acquired for expanding the activities in respect of
River and Canal Hydraulics and Navigation. The work on leading and
return channels, supply chambers, etc., is 1 progress in this area. In the
new set up, it is proposed to circulate water up to a maximum of 100 cusecs
during dry months of March to June when the water level in the lake gets
low. For this purpose a high level tank, a low level tank and a pump
house have been constructed. Four umits of pumps out of five have been
received and are being fitted in the pump house between the low level tank
and the high level tank. The rating tank 500 ft. long, 12 ft. wide and 7 ft.
deep has been completed and an electrically operated carriage will be
obtained shortly. It will then be possible to calibrate current meters, pilot
tubes and also carry out tests with models of small ships.

It is proposed to set up a fully equipped concrete laboratory, also a
large Froude (Navigation) tank 850 ft. long, 30 ft. wide and 15 ft. deep.
These proposals have been framed and are being forwarded to Government
for approval. Modern improvements in the designs of ships have been made
possible through the experimental technique evolved in testing models of
ships in Froude tanks in various countries of the world. It is time that
India makes a determined start in this direction.

Two Experts from UNESCO have been associated with the work at
this Station, namely, Dr. R. V. Baud for Photoelasticity, and Mr. A. F.
Mogensen for Navigation, harbour problems, wave studies, break-
water designs, etc. These experts are also imparting training to members
of staff of the Research Station. Dr. Baud has assisted in the fitting up of
the photoelastic laboratory. A Case Polariscope has now been obtained.
This will enable us to carry out tests with large-scale models where body
load is the main consideration for earth dams. Also, Seismic Refraction
and Resistivity Equipments have been obtained during the year. Both these
instruments will be useful for carrying out foundation investigation by
geophysical methods. Similarly, Oscillographs have been obtained for
recording wave characteristics In harbour models. It is now proposed to
obtain a high-speed camera (giving pictures up to 14,000 frames per second}),
which will be very useful in high-speed variation phenomena such as
cavitation, air entrainment, etc. In certain problems like fluctuating pres-
sures in models of siphons and deep-seated sluices, it is very essential to
record instantaneous pressures. For this, electrical cells are very suitable.
Attempts are being made to obtain these from abroad and also getting them
made locally. -

As usual the River and Canal Hydraulics and Navigation Sections were
the most busy Sections. The problem of training the Narbada River at
Broach (to check the deep scour near the pier of the Railway Bridge) ‘was
successfully solved and the problem of the Watrak river at Kaira (to arrest
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: : d
erosion of the left bank upstream of Kaira town and %e {lgxzvliz)b?sllmir
right embankment of the road bridge downstream of the 10
mvestigation.

R i different
Experiments to determine the suitability or otherwise of the

sites foxl') ;road-cum-rai} bridge across Ganga at Mokameh and aé %’z’:ggﬁ;ﬁ;gg
completed. In this connection, it is recommended- that the model echniqae
follow\éd: by this, Research Station, namely, that tratmng mea,surpé sho g
tested not only under existing conditions but also under condi onsti :ﬁ e
worst possible attack expected from the river, should form an essential p
of any further experiments of this nature.

Impo‘rtagnt model experiments were condncted to test the designs of
retabning walls of Hirakud Dam Left Channel Spillway, and to study the
altérnative alignments of Kakrapar weir on River Tapi. A series of tesls
were also made for the discharge characteristics and dissipation of energy
of :—

Hirakud Dam conventional and upturned deep-seated sluices,

Subsidiary Dam épi]lway of Hirakud Dam Project, and

Proposed Kotah Barrage.

These tests were carried out by Dr. S. ‘K..*Roir,' Chief Research Officer,
as%istéed by Shri P. M. Damle, Research Assistant for which they deserve
credit.

Useful results were obtained for increasing the co-efficient of discharge
of Weir Regulators of Ghataprabha Left Bank Canal, by means of providing
bellmouth.entry and smooth expansion downstream. The co-efficient was
thus increased from 0 64 to 1°3.

i

An economic designfor Falls for Hirakud Project was ‘evolved for
different discharges and different drops both for Flumed and Influmed con-
ditions. Further basic research on the design of Falls is in hand.

On the‘ Navigéﬁof: side, experiments were continued to évolve training
measures for the improvement of navigability in some of the difficult reaches
of the Hooghly like Fulta, James and Mary, Sankrail and Howrah,

. The problem of Head Water Supply' of. the Hooghly and its .
Navigation are being studied closely and all relevant dgatayis.bein; :gzgsgé}
Final proposals were made to arrest-siting in the Harbour Channel a’E
Cochin by means of blocking the Mattancherry Channel. Experiments to
reduce the “ Range” in Madras Harbour were completed in a model with

vertical exaggeration of 2 0. Experiments in a geometricallv-simi
will now be taken in hand. y-similar model

‘~ Lo - I . B - PO Py, \ -
~'The Station gave e;ip."fl.'{ advice, for the improvement,of wat
Tata Iron and Steel Works, Jamshedpur and for Nagpur }town. er supply for
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Geophysical Investigations for Foundations were made at alternative
dam sites at Ukai on River Tapi—Kakrapar Project. Advantage was taken

during the working of Siphon No. 7 and the undersiuices at Hirebhasgar
during the last monsoon season to carry out vibration studies.

In the Physics Section, the study of stress analysis of Engineering Struc-
tures by means of photoelastic method was the main feature. The assist-
ance of Dr. Baud, the UNESCO Expert in this subject is acknowledged.

The most notable and interesting investigation carried out by the
Physics Section is in connection with vibration characteristics of the
Hirebhasgar Dam due to working of siphon No. # under cavitation
conditions and due to working of undersluices. This is probably. the first
kind of investigation of this type carried out in India. Special mention is
made of Dr. Gurdas Ram, Chief Research Officer and Shri S. K. Guha,
Assistant Research Officer (Physics) for this original work.

’

This Soi1l Section was busy with the study of Shear Characteristics of
Soils by triaxial compression tests, and with study of physical properties
of black cotton soil. Soil analyses were also continued for exploration of
suitable materials for the earth dam across the River Tapi.

Peak runoff in the Mahanadi Basin was analysed by the Unit-
Hydrograph method in the Statistical Section. Statistical analysis was also
made of the tidal data in connection with Head Water Supply of the river
Hooghly.

Of late there has been a very great demand for carrying out moues
experiments at Central Water and Power Research Station. With the
reorganisation of the Station into various sections which have now come into
being, it has been possible to carry out intensive basic as well as applied
research with good results. The programme for the next year will be still
more intensive and of special importance.

A high standard of research has been maintained at the Research
Station. Shri D. V. Joglekar, Director, Dr. R. C. Hoon, Deputy Director
and other officers and members of the staff have contributed .to the successful
operation of the Section and deserve full credit for the efficient operation of
the Research Station for the year.

Sd. (A. N. KHOSLA)
Chairman, Central Waier & Power Commission,
: and
Additional Secretary to Gouvt. of India,
Ministry of Irrigation and Power,
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INTRODUCTION

1. With the amalgamation of Central Waterpower, Irrigation and Navigation
Commission and the Central Electricity Commission, the name of this station was
also changed from Central Waterpower, Irngation and Navigation Research Station
to Central Water and Power Research Station. During the year under report
turther expansion of the Station under the Reorganization Scheme was rather slow,
both due to non-availability of suitable personnel and financial stringency.

Among the gazetted staff no more recruitment could be made except that of
Shn S. S. Awatramani and Shn S. L. Ranganathan who joined as A. R. O. (Admims-
tration). The former however resigned on 10th September 1851. Shri B. Pant,
Assistant Research Officer (Physics) was awarded scholarship under the Technical
Co-operation Scheme for South East Asia, for higher study particularly in photo-
elasticity 1n Canada and he left the Station on 4th August 1951.

Eleven new Research Assistants were recruited for various sections since
November 1950. However 4 of them (3 engineers and one scientist) resigned later.
It has been seen that the engineering graduates with first class degrees do not
stick as Research Assistants due to their lower initial pay. In order to make the
posts attractive, steps have been taken and Government has been moved to consider
the question of raising their initial pay. . '

2. At Khadakwasla Hydraulic Field Station, the workshop was fitted up and it
started functioning, During dry months of March to June when the water level
of the lake (from which supply-is obtained by gravity at present) falls down, and
gravity supply is not obtainable, the models in the new area have to be worked
with circulated supply. For this purpose High Level Tank,'Low Level Tank and
Pump House have been constructed ; and the Leading and Return channels are
under construction. Four umts of pumps have been received and are being fitied
up between the Low Level Tank and the High Level Tank.

The Rating Tank has also been constructed. Unfortunately the building
estimate have still not been sanctioned and the work of constructing the field office
at Khadakwasla has been postponed for another year. This work is to be done by
the Central P. W. D.

\Agreement has been made to get the electric energy for the Station through the
National Defence Academy, and this work will start next year.

It has been finally decided now, not to shift the Soil Section Laboratory from
the Station, which was originally proposed to be sent to Kakrapar. It is being
fitted up at present in the office.

3. Mr. A. F. Mogensen, UNESCO Adviser in Navigation, joined the Station on
2nd December 1951 for a period of 8 months ; and Dr. R. V. Baud, UNESCO Adviser
in Photo-elasticity, also joined at the close of January 1952

Their expert advice is being usefully utilised for study in their respective
subjects, and they are also training the members of the staff.

4. The following important equpments were received for the Station during
the year:—

(1) Case Polariscope.
(1i) Siesmic Refraction Equipment
(i11) Resistivity (Geophysical) Equipment.
(iv) Aneamograph. ‘ -
(v) Spekker Absorptionmeter.
(vi) Oscillograph.

( xiii )
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5. As usual the River and Canal Hydraulies and Navigation Sections were the
most busy Sections. The problem of trammng the Narmada river at Broach (to
check the deep scour near the pier of the Raillway Brnidge) was successfully solved
and the problem of the Watrak river at Kawra (to arrest erosion of the left bank
u/s of Kaira town and the right bank and right embankment of the road bridge

d/s of the town) is under investigation.

Experiments to determine the suitability or otherwise of the different sites for
road-cum-ra1l bridge across Ganga at Mokameh and at Patna were completed.

Important model experiments were conducted to test the designs of retaining
walls of Hirakud Dam Left Channel Spillway, and to test the alternative alignments
of Kakrapar Weir on river Tap1. A series of tests were also made for the discharge
charactenstics and dissipation of energy of—

(1) Hirakud Dam conventional and upturned deep-seated sluices,
(11) Subsidiary Dam Spillway of Hirakud Dam Project, and
(m1) Proposed Kotah Barrage. \

Further studies were made of the performance of Volute Siphon No. 7 at Hire-
bhasgar. Very useful results were obtained for increasing the coefficient of discharge
of Weir Regulators of Ghataprabha Left Bank Canal, by means of providing bell-
mouth entry and smooth expansion downstream. The coefficient was thus increased
from 064 to 1 3.

’
An economic design for Falls for Hirakud Project was evolved for different

discharges and different drops, both for Flumed and Unflumed conditions. Further
basic research on the design of Falls is in hand.

In the Navigation field, experiments were continued {o evolve training measures
for the improvement of navigahility 1n” some of the difficult reaches of the Hooghly
like Fulta, James and Mary, Sankrail and Howrah.

The problem of Head Water Supply of the Hooghly and 1its effect on navigation
are bemng studied closely and all relevant data is being analysed. Final proposals
were made to arrest silting in the Harbour Channel at Cochin by means of blocking
the Mattanchari Channel ; experiments to reduce the “ Range” in Madras Harbour
were completed in a model with vertical exaggeration of 20. Experiments in a
geometrically-similar model will now be taken in hand.

The Station gave suitable advice for the improvement of water supply for Tata
Iron and Steel Works, Jamshedpur and for Nagpur town.

Geophysical investigations for Foundations were made at altérnative dam sites
at Ukai on nver Tapi—Kakrapar Project. Advantage was taken during the
working of Siphon No. 7 and the undersluices at Hirebhasgar during the last monsoon
season for the vibration studies,

In the Physics Section of this Station, the study of stress analysis of the
Engineering Structures by means of photo-elastic method was the main feature.
These studies were very much helped by the presence of Dr. Baud, the UNESCO
Expert in this subject. The Soil Section was busy with the study of Shear
Characteristics of Soils by triaxial compression tests, and with study of physical
properties of black cotton soil. Soil analysis were also continued for exploration
of suitable matenals for the earth dam across the river Tapi.

Peak runoff in the Mahanadi Basin was analysed by the Unit Hydrograph
method in the Statistical Section. Statistical analyses were also made of the tidal
data in connection with Head Water Supply of the river Hooghly.

6. During the year the Director and the Staff visited a large number of places
in connection with experiments 1n progress in the Station. (See Figure 1.) In many
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cases advice was given after inspection of sites only, without carrymng out actual
model experiments. The inspection of Volute Siphons at Hirebhasgar (Mysore)
and the Hooghly river at Calcutta lasted for a number of days at a stretch.

7. The Station contributed the following papers to different Journals during
the year—

(A) C.B.1 & P. Journal

1. Some Aspects of break up of liquid jets as applicable to the behaviour of
bucket-type-splitters used as energy dissipators.

2. Earthquake forces on earth dam,

3. Distribution of horizontal acceleration along the height of a dam during
earthquake.

The use of a transformation of the Laplace equation in the relaxational
approach to potential flow 1n curved conduits.

. The development of three-dimensional relaxation processes.

. Parabolic liquid jets.

Unit hydrograph method applied to Mahanad: catchment above Sambalpur.
. Is rainfall increasing in Tapti Basin?

. Preliminary wibration experiment on the Khadakwasla Dam (Poona).

10. Use of frequency method for estimating rainfall intensities of rare
occurrence.

11. The standardisation of relaxation treatment of systematic pressure compo-
sitions for overflow spillway discharge.

12, Design of Canal Falls.
by Shri B. S. Talwani, D. D. S. T. Gholankar, R. O.

L

© =D e

(B) C. W. & P. Commission Journal

1. Dams and earthquakes.

2. Model studies for sand exclusion from the Ye-U Canal (Burma).

3. Traiming of Narmada river at Broach.

4. A refraction seismic equipment used in C. W. and P. R. Station, Poona.

(C) Indian Journal of Power and River Valley Development
During the year 24 specific notes and 2 basic notes were published.”

8. As usual Khadakwasla Field Hydraulic Station was visited by a number of
eminent and distingmished engineers, scientists, educationalists, public men, members
of parhament, and the honourable ministers.

The notable among them are—
(i) Hon’ble \*hri Prakasa, Minister of Natural Resources and Scientific
Research} Govt. of India, '
(i1) Hon’ble Jivraj Mehta, Minister for P. W. D., Govt. of Bombay.
(iii} Mr. G. P. Alexander, Chairmary, Madras Port Trust.
(1rv) Shri M. R. Venkataraman, Chief Engineer, Western Railways.
(v) Shri H. P. Mathrani, Consulting Engineer, Govt. of India.
(vi) Shn1 B. L. Gulati, Director, Geodetic Branch, Survey of India.
(vii) Mr. J. R, D. Tata, Chairman, Tata Industries.
(wiii) Shri A. K. Chanda, Finance Commissioner of Railways.
(1x) Shr1 P. C. Battacharya. Joint Secretary, Finance Ministry, Govt. of India.
(x) Shii M L. Behi, Chief Engineer, P. W, D., Bihar.
(x1) Shri C. V. Venkateswaran, Chief Engineer, Cochin Harbour.,

Members of the British Commonwealth University’s Delegates also visited the

Station and were much 1mpressed by the work done here.
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SECTION A—THEORY AND PRACTICE OF MODEL EXPERIMENTS
2. PRACYICE

(i) COLLECTION OF DATA FOR MODELS

1. ANaLysIS oF Mabras Harsour Data 76 DETERMINE THE PRESENCE OR OTHERWISE OF
SEICHES (7.€., LONG PERIOD SURGES})

1. Introduction AR, 1951,

THE disturbance experienced in the Madras Harbour during cyelonic storms is
deseribed as ‘range’. Such range in the harbour causes ships to move in longi-
tudinal and tfransverse directions which makes loading and unloading operations
pretty difficult and sometimes 1mpossible. ,A closer examination of the trouble and
the operating forces 1s essential for the proper appreciation of the problem.

2. Prototype Data

2.1. Knowledge of conditions in the harbour and outside, during a cyclonic
storm, was essential when model experunents were undertaken. Some data was
collected in the 1948 and 1949 storms by float type gauges; but, unfortunately, this
was of hittle use due to location of gauges in shallow depths. In 1950, eight gauges
were fixed at carefully selected points in deep water. Their locations are shown in
Figure 1 The gauges consist of 9 inches diameter pipes immersed 6 0 feet below Fg. L.
I S. I. W. A float works in the pipe and the wave heights are observed on a
graduated scale.

2.2. A cyclonic storm occurred in the Bay of Bengal on 3rd December 1950 and
affected the Madras Harbour. The following 1s the record of the conditions at
Madras:—

(i) Wind blowing from N.N.E. direction.

(1i) Waves.

(a) North of Aga Light—Length 200 feet; Height 2°-8” ; Period 8} seconds;
Direction ES.E.

(b} West of Aga Light—Length 100-150 feet; Height 1 to 3-6”; Period
12 seconds ; Direction N.E.

(¢) Outside Harbour (2,000 feet east of Aga Light}~—Length 125 feet ; Height
8-10 feet ; Period 86 seconds ; Direction ES.E.

Waves were wheeling round the Aga Light in a radius of 400 feet and
making towards the harbour entrance.

{d) Inside Harbour—Waves generally fanned out towards the East, South
and West Quays. Approximate values of waves at South Quay were—
length 20 feet, height 2-4 feet, period 7 seconds. Waves were not
well defined.
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3 i§
e) Ranging of Ships—Movement of ship at S%outh Quay S. S. Rajula, o
© 1({20% tgns had berthed. Draft Stern 19'0 feet, Bow 17 0 feet.

Vertical 1°-6”.
Ranging < Longitudinal 12
[ Transverse 2-6”.

The period of ranging of the ship was not observed. i

Simultaneous observations of wave heights were made at eight gauge points
for a period of 15 minufes.

3. Analysis of Results

3.1. Frequency distribution of wave heights and periods was done to get the
significant wave height, average period, etc. The results are presented 1n tables 1
and 2. Wave heights at gauge No. 7 on East Quay are exaggerated on account of
shallow depth and are, therefore, not comparable The maximum wave height in
the harbour at South Quay II was 3 75 feet, the sigmficant wave height being
28 feet. The significant wave height lies between 70 to 80 per cent of the maximum
wave height observed at all gauge points. The wave periods lie in a wide band
from 4 5 seconds to 20 0 seconds though 80 0 per cent of the wave periods are below
10 5 seconds. Waves of period longer than 20 seconds were too infrequent for a
satisfactory analysis.

3.2. The ranging of ships in a cyclonic storm may be due to either of two
different conditions in the harbour—-
{a) Reflection of waves from vertical surfaces.

(b) Generation of long period surges known as ‘seiches’ due to resonant’
motion of mside mass of water.

TasBLE 1

Analysis of observed wave heights wn the Madras Harbour during
the storm on 3rd December 1950,

Seral Gange No,

eral A

No. r 1 2 3 : " " . ——‘8 REMABRS,
1 2 3 4 5 6 7 8 9 10 1i

1 Maximum wave berght observed at 375 30 20 20 60 40 55 435
the pownt, {ft ) -

b

Sgnificant wave height at the pont 28 219 16 162 468 2095 45 318
{ft=)

Sigmficant ht

Max. ht. X100 . . . 745 730 800 80 777 TI'5 816 750

4 80 percent of waves observed helow 212 162 162 087 437 232 30 23
height  (ft.)

5 80 per cent of waves observed below 105 85 103 105 125 105 1253 83
period (seconds).

Definitian,

Signaficant wave height —It hlS ?]he average of all wave heights greater than 2/3 of the mazxmmum observed
[27e4 1L
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ANALYSIS OF MADRAS HARBOUR DATA

TABLE 2

Percentage frequency distribution of wave perods at three typical
gauge points.

Serial Wave peiiod ~ Gaﬁe No
No. {Seconds) 1 5 8 REMARKS,
; (%2 {%) (%)
1 2 3 4 5 - 8
1 < 25 089 40 184
2 25 < 45 269 120 3169
3 45 £ 63 2345 120 30-05
4 65 « 85 18 62 22 67 1475
5 85 < 105 5 562 1733 1093
8 105 < 125 7 59 10 67 546
7 125 X 145 483 533 1'6¢
8 145 < 165 414 267 164
g 185 = 185 276 40 164
10 185 « 205 2-07 133 —
11 205 < 225 069 40 -
12 25 < 245 138 - 055
13 245 < 265 _" 133
14 265 £ 285 —_ —
13 285 <« 305 069 -—
16 305 « 325 —_ 133
17 326 £ 345 . 0 69

3.3. Surges of periods between 20 seconds and 60 seconds particularly affect
ships of 6,000 to 30,000 tons displacement. In this connection interesting observa-
tions were made and important conclusions drawn by Wilson 1n his paper “ Ship
Response to Range Action in Harbour Basins "—Proceedings of American Society
of Civil Engineers, Volume 76, Separate No. 41 of November 1950. The following
is the extract from this paper.

" These sewches which have a periodicity of about 2 munutes and less are capable of causing
serious resonant motion mm ships as normally moored In particular, for most ships of
commercial sizes (from 5,000 to 30,000 tons displacement) the dangerous periodicities would
seem to be n the range from 1 minute to 20 seconds.”

It is, therefore, vital to know if such seiches are generated in the harbour. A
fuller knowledge of the characteristics of waves, such as period, amphtude, etc.,
is necessary for evolving proper remedial measures in order to combat the menace
of ship ranging. The gauges with submerged ends open are not well swted for
detection of surges as the observations mn these are obscured by waves of compara-
tively larger amplitude—see Figure 2 An attempt was, however, made to detect
their presence by periodogram analysis. ‘

ARTISSIITEM NG T , Ve L4880 FEB 1957

]

SKHORT PERIOD WAVES EWERRS POONA

EOMPJW-M_,_ F/G. Z'

TRACLD BY- # C.PESHPANDE £-&-52

3.4. The wave data for gauge No. 6 was selected for analysis as the presence
of long period surges was apparent The short term periods range from 5 to

20 seconds. To examine the presence of any superimposed long term perodicity,

the short term periodicities were ironed out, 1n the first instance, by a high low
34 cw & rc 8
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Fig. 3.

mid-points average line drawn through. The very small periods having been
evengd out by thus:g method, larger periods in the nerghbourhood of abqut _20 seconds
appeared more conspicuous in the new picture. Considerable variations were,
nevertheless, present and the rigid mathematical search for a periodicity failed to
yield one in the neighbourhood of 20 seconds.

! 4

The new waves were all, therefore, again evened out by yet apother high low
mid-points average line passed through, The new line l.)rought out into prominence
waves of larger period duration. Mathematical analysis was once more employed
when periods ranging over 58 seconds, 65 seconds, 70 seconds, 75 seconds, etc., stood
out.

Eighty per cent of the waves, as observed, were of periods less than 10 5 seconds,
The statistical analysis, however, shows that surges of longer period do exist and
their periods are of the order of 60 seconds

\

4, Gauges for Observation of Long Period Surges

41. The present{ gauges installed in the harbour, with submerged ends open,
respond to all frequencies and are, therefore, unsuitable for observation of seiches.
For this a simple device was evolved. To record long period surges, faithfully, the
gauge should not respond to short period waves. It was found that this could,
effectively, be done by closing the bottom end of the gauge pipe leaving only a
small opening.

In the Madras Harbour, 80 per cent of the waves, as observed in the recent
storm, were of periods less than 105 seconds. Maximum amplhtude was 50 feet.
The pertod of seiche (1f at all present in the harbour) seems to be of the order
of 60 seconds as shown above. The maximum amplitude can be roughly estimated
as 135 feet from the vertical movement of the ship S. S. Rajula at the South Quay.-

4.2. The gauge for observation of seiches should have, therefore, the following
characteristics : —

Diameter of gauge pipe and of aperture should be so proportioned that
50 feet waves of 100 seconds period and below should cause very
Little variation 1n the gauge reading while seiches of 40 seconds period
and above and 15 feet amplitude should be recorded farthfully

Experiments were made in a wave flume, where gauge tubes with different
apertures were tested. ) These showed that the sbove conditions would approxi-
mately be met by making the aperture diameter 20 pet cent of that of the gauge
pipe. :

4.3. In the Madras Harbour, additional gauges with pipe diameter 9 inches and
aperture diameter 175 inches have been set up, now, at all gauge points. These
are expected to yield useful information about the presence or otherwise of long
period surges,

5. Conclusions .

5.1. (1) The data of maximum and significant wave heights is very useful
for verification of model,

~

(ir) The analysis of wave data at gauge No. 6 indicated that the probable
period of surge, if present, would be in the neighbourhood of
‘60 seconds.

Fuarther Studies

Behaviour of gauges with apertures at bottom for recording seiches is belng
studied in greater detail. )
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EFFECT OF INTERFERENCE ON DISCHARGE IN VQLUTE SIPHONS b

(iv) LIMITATION OF MODEL EXPERIMENTS AND COMPARISON OF MODELS
AND PROTOTYPE RESULTS

2. EFFECT OF INTERFERENCE ON DISCHARGE IN VOLUTE SIPHONS, ART. 1952,

Introductory

INTERFERENCE is unavoidable when siphons are arranged side by side 1n a battery.
Economics and hydraulic efficiency of a project demand that they should be arranged
as close to one another as possible, as also as close to the dam. Otherwise, the dis-
charge per foot run of the dam decreases; 1t also means grealer area of platform
upstream of the dam on which the siphons are constructed, thus making the project
costly. Too close a spacing, on the other hand, may cause considerable reduction
in the discharge which is also an undesirable feature,

Results of interference experiments with regard to the Marconahalli siphons
are indicative of/ the magmtude of the possible interference for the spacing there
(5’ clear spacing between dome and dome). About one per cent interference was
indicated when the rim depth of the dome was one foot, and negligible when it was
65 feet'. Thus, the increase in the drum height would decrease the interference
effect. This is obviously due to prevention of air entry from outside by a deeper
drum,

One interference aspect which cannot be explained by the mere theory of
interference is the development of vortices. It is observed that when siphons are
very close, the vortices are to some extent suppressed and when they are far apart,
they are aggravated. These conflicting factors can be solved by expernimental
investigation alone

Accordingly experiments were initiated to determine exactly how the vanous
factors contributed to the loss of discharge by interference. The factors considered
werg——

(1) distance from siphon to dam, x,,

(2} distance between twao siphons, X, ;
(3) the height (rather, the depth) of the drum x, ; and

(4) the opening below the drum, x,,

Experimental Set-up

The experimental unit set-up was as shown mn Figure 1 and photographs 6674. p,; ) and
323 and 6313 and the explanations of x,, x,, etc., are given in Figure 1. Photos Nos.

6674, 323

. 6313,
It can be seen that the tunit contains three siphons, 6” diameter each, with side

plates at 6” distances from the end siphons. This is equal to the diameter of the
siphon and it was presumed that this space was sufficiently great as compared to
values of x,, x,, etc,, and thus would not cause any side effect.

The individual siphons had their bends with rectangular bases, so that all the
three siphons could be supported on a machined girder supported on either side by
wooden blocks and adjustable up or down by means of jacks. The platform for
the siphons was made of properly arranged plain iron sheets reinforced at the bottom
by wooden battens. A number of intermediate sheet pieces of various dimensions
were got ready so that the cistance between siphons could be easily changed at
will by replacing some of the sheets and pushing the siphons on the girder towards
or away from one another, thus varying the value of x,. A movable plank was

used to represent the dam and the adjustment of the value of x, was thus quite
easy. ’

The domes were made of 16-gauge galvamized iron sheeting and collars of
any depth could be added by a simple expedient (see photograph 324). This enabled
the varation of the drum height x,. The piers in prototype were represented by Photo 324.

! Annual Report Techmical 1945, page 76
5a
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p depth of the cage, w.e, the length of the rods, could be
2a(':s?lg; :éjiéfedr?irs ;r\;(sihfig t;—;zt cage up of dowx’x on the drum a_ccordmg to the
opening provided. The opening, X,, could be manipulated by raising or lowering
the siphons by the method mentioned above.

For all experiments, the annular width and the shortest distance between the
siphon lip and the dome were kept the same.

Thus the set-up permitted the varation of all the four factors at will and the
following was the order of experiments conducted.

Eaéperimen'ts——mrst, the effect of the values of x, and x, on Cd was determined
for the following combination—

x, (ins) 775, 875, 975, 1075, 1175 and 1275, -
x, (ins) 145, 155, 165, 179, 185 and 19 5.

Now, the values ot x, and x, were changed as follows—

For any particular platform level with respect to the lip, x,+x,=constant.
When, say, one-inch collar was added to the drum x, would be increased by 1”7 and.
x, reduced by the same amount. When the opening was reduced to a minimum,
the platform level was changed and other combinations were obtained as follows,
the value of x, in all the cases being kept at 16 5 mnches.

Opening (1ns ) 1, 2, 3, 4, 5 and 6.
Height of Drum (ins.) 3%, 42, 53, 64, 7 and 83.
Siphon height (ft) 160, 2 10 and 260

In the above experments a liberal use of plasticine had to be adopted to
prevent any leakage of water. A combination of a standard hump and a calibrated
V-notch was used for measuring discharge, the variation due to interference being
genf-:ra]ly measured on the notch only and a constant discharge being maintained on
the 'S. W. Flume.

All the experiments were repeated for three different heights of siphons, viz.
1604, 2104’ and 2 604. € IPHORS, Vi

Each observation of discharge made was repeated twenty times, so that in all,
1,800 observations were made for the above experiments.

Results of Experiments
Table 1. (1) x, and x,—The data obtained are tabulated in Table 1.

TasLE 1

Distance between Dome to Dome Centres, by divided diameter — =2

242 238 275 2 92 308 325 Average

129 668 696 687 669 -699 666 -881

g g% 146 674 697 *686 672 “704 605 688
D
§E% 183 682 \ 701 636 679 701 690 590
A g ' .
2 179 884 107 690
3 ,g g 690 704 693 604
2p b 196 684 700 877 686 702 692 690
g - ) .
I8% 213 676 700
283 875 874 “703 .
£ 606 687
Averago 678 700 684 -678 702 689
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Photo 6674 : Experimental unit—Domes removed.

Photo 6313 : Interference Unit—working.



Photo 323 : Arrangement for interference
experiments.

Photo 324 : The Siphon Dome, Cage and additional
collars used in the interlerence experiments.

ITEM NO. 2.
A.R. T. 1951



AR TI951 ~TEM 2

MO 12 6 OF Nov. 1957

a7/ 1

S W AND PR S0, POOKY

a7

S
@
]

AMoTE
/Fé’éﬂ'fbﬂ of aisterbance is
2:75 Yo 292 ()

7515 tndrcales that i s

region more Mhoroudk in -
rvestigations ore desirable

Orberwise 1he resulls are
consistent and The coefr
oF discharge oftairs

Maximum of Iwe stqoes

S
$

e
4
A V&mae/f’f
213 *"/
g5’

COLFFICIENT OF DISCHARGE

corresgo. 7o -€-Z°58 AND FT-08

& Y !

ossl |
2-4 2-5

TRACED BY Parxk
Fa Y o1&

26 2-7 2-&
X, ————pw DISTANCE FROM DOME TO DOME/ —————

REFERENCES
" 729
£ e e — - —
AT DIfFFERENT STAGES OF /&3 dentameameteissasaemesemnenn v emas me A te.
LD/STANCE BETWEEN CENTRE OF DOME 78 DAM J 779 X o o e X et f e e S
SICHON DIAMETER /-96 : . - -
. 2/3 crmee Ppumdnadfanecife s mndfaanePeoarsoden
comp sv NMs AVERAGE x e X x X——

22

7.0 37 72 73

SIPHON LDIANMETER

Fra, 2
GRAPHS SHOWING

LOLEFFICIENT OF DISCHARGE FOR DIFFERENT VALUES OF
DISTANCE BETWELN CENTRE OF DIME 70 DOME

SIPHON DIAMETER ,

T




[A.R.T BSl-1lEMa
0 8595

0-696

AN

\0\

MEAN COFFEFICIENT OF ODISCHARGE —w=

i

0-7205

DISTANCE OF SIPHON AXIS FROM DAM (X ) + DIAME TER

0-685 - A —
JIPHON DIGMETER =8 INCH.
0-580 |
Ia r4 /& 18 a-a ea

o 700

A

0695

¢ 650

0 645

N

680

MEAN (OEFFICIENT OF DISCHARGE

N

®

SIPHON DIAMETER =8 INCHES

7 675
2t 2€

COMPARED 8. MS
TRALED BYr ALK . SAJNMT 20-11-57

2-8

30

NOIZ050F Nov. 1951
L HAND P R ST Paowa

32 34

DISTANCE BETHWELN AXES OF ADJACENT STPHONS (xz) FOIAMETER

Fis: 3

VOLUTE SIPHONS —INTERFERENCE EXPERIMENTS

EFFECT ON COEFFICIENT OF DISCHARGE OF
(1) DISTANCE OF SIPHON AX/S FROM DAM, X, AND

(S)DISTANCE BETWEEN AXES OF ADJALCENT SIPHONS, X 2




EFFECT OF INTERFERENCE ON DISCHARGE IN VOLUTE SIPHONS

Figure 2 gives a plot of the coefficient of discharge against % or, what may be Fuz. 2

termed the relative Dome to Dome distance, for various values of —:]{)‘_ or, the relative

Dome to Dam distance. Interaction seems to be prominent in the region 2 75 <-%’

<292, It 1s difficult to say whether the coefficient of discharge 1s increasing or
decreasing with an increase in x, in this region. Out of six distances from dome
to Dam, on three occasions 1t 1s decreasing, twice it 1s nearly constant and once 1t
is increasing. A superficial examination of the marked portion i1n Table 1 will
bring out the significance of the interaction. )

If the prominent region of disturbance is removed from the analysis and the
examination is restricted to the rest only, the results are very consistent,

The variation of the coefficient of discharge with x, is on the other hand
unimodal, attaining a consistently optimum value of 1 79, while that of x, bimodal,
reaching two peaks—see Figure 3. -

While the analysis indicates that a more thorough investigation is necessary in
the region of disturbance, the following pertinent points may be noted:—

(a) The interference studied 1s a combined effect of the interference of
streamlines and the formation of vortices.

3

(b) Interference in flow causes, in effect, a suppression of vortex formation ;
but as vortices contribute to admission of air and hence reduction in
discharge much more than the interference among the streamlines,
suppression of vortices will Relp considerably in maintaming 2 high
coeffictent of discharge.

(¢) Where the values of x, and x, are high, there is greater scope for vortex
formation and hence the reduction of discharge.

(d) The above points show why the optimum values of x, and x, are not
obtained when they are maximum, as would be normally expected.

(e) If the interference effect among streamlines alone 1s to be investigated,
it is necessary that vortex formation is artificially suppressed by cover-
ing the water surface—with grids or planks. This calls for the repeti-
tion of the whole experiment, but it will not be of much practical

value.

I
{f) It is also significant to note that the vanation of coefficient of discharge
ig from 0 666 to 0707, ie., a difference of only 0 041 which meant about
6 per cent of the optimum value.

Fig. 3.
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2. x, and x—The data obtained are tabulated after finding the statistical mean

Table 2. for each height of siphon—See Table 2,

TABLE 2
Drum height Openinslplameber .
Diameter  ©  .)g 33 50 - 67 w10
0703 0-612 0689 0717
616 604 -621 620
o8 615 702 588 832
645 606 631 -659
0 682 0-623 0-686 0713
-567 -625 597 -600
*75 522 -603 614 632
590 617 634 648
0579 0 602 661 6766
513 558 577 625
534 576 sor -651
522 643 0673
1-08 515 568 614
504 559 609
512 588 632
0511 0658
]‘25 .5]0 _593
496 586
492 612 .
0573
1'41 -525
488
-529

The three figures in each cell indicate the values obtained respecti

pectively for the
three different siphon heights 1-60, 2:10 and 2-60 ft respectively. The ﬁgli;'es ital~
cised at the bottom are pooled averages computed for the three heights of siphons.

For all drum heights, the coefficient of discharge generally i i

for ) y increases with
opening ; but the same does not appear to hold good when the variation ;s cgl:ﬁ
mdered_ for any particular opening. However, it is apparent that the optimum
result is obtamned when the relative opeming X,/D =05 and the relative drum

¥ig. 4. height X /D =1 08, both the factors being considered together. F
of the data obtamed. . gether. Tigure 4 1s a plot
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SECTION B—HYDRAULIC WORKS
1. RIVER CONTROL

(ii) RIVER TRAINING WORKS

3. TRAINING THE Narmapa River ar BroacH (WesTERN Ramway)

1. History

The first railway bridge on the Narmada River at Broach, consisting
-of 67 spans of 60 ft. each was constructed in 1860, At that tihe the nver was
flowing in two channels, the deeper and larger channel being along the northern
bank (i.e., Broach Side) and the smaller one along the southern bank with an
island between the two channels. However, between 1867 and 1888, due to some
major changes in the mver upstream, the main stream swung towards the south
bank and continues to do so even today. The bridge was considerably damaged
mn the floods of 1864 and 1868 while mn 1876, a still higher flood caused complete
.collapse of the bridge due to undermining of pier foundations by heavy scour.
A new bridge of 25 spans of 1875 feet located a little further upstream of the
original bridge was completed in 1881, ’ :

1.2, The southward trend of the deep water channel, which began in 1867,
<continued so much so that the channel enbayed upstream of the south abutment
and caused heavy erosion of the south “bank upstream and downstream of the
abutment. During the high floods of 25th August 1898 pier No. 23 (3rd from
south) canted 7 ft. downstream but when the flood subsided was pulled back by
the eccentrically loaded superstructure of the bridge. As a result of this calamity
the following protection works were carried out 1n successive stages:—

(1) A pile groyne was constructed on south bank 2} miles upstream.

(1) A small ‘Z’ groyne was later added between the pile groyne and the
bridge.

(iii) A sloping bund called ‘south abutment groyne’ pointing upstream
from the south abutment was constructed in 1898. This 1s above the
H. F. L. for a length of 550 ft. and is above H. W. O. S. T. for a further
distance of 850 ft. and then slopes down to the river bed having a
total length of 2,000 feef.

1.3. In 1934, a new, second railway bridge was constructed and the old brnidge
was converted into a road bridge for lighter traffic. However the danger of the
pot-hole, originally formed in 1898, continued to extend towards the bridges and
the south abutment and at present constitutes a major threat to the safety of
the bridges. Since 1940 onwards the pot-hole seems to have spht up into two
deep holes, one approaching the sloping head of the bund and the other moving
downstream towards the bridges.

14. As it is very urgent to protect the south bank and the south abutments
from heavy erosion and scour likely to occur in the near future, model experi-
ments were conducted to test suitable protection works at the request of the
Chief Engineer, Bombay, Baroda and Central India Railway (now Western

]

Railway),

2. Hydranlic Data

2.1. Rwer Discharge—It may be noted that Broach 1s only 20 miles from the sea
and the bridges are within tidal limits of the river. At the mouth of the river the
$1dal range is from 25 to 30 feet and it extends inland to 30 miles. The high tide
has, however, no influence on the gauge reading at the railway bridge during high
floods and hence the model was laid as flowing in one way only. The Station
estimate of highest flcod discharge is 12,50,000 cusecs corresponding to the gauge

)

Fig. 1 (a).

Fig. 1 (6.

Fig 1 {d).
Fig. 1 {v).

Photo 7486,
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Fig. 3.

Fig. 4.

Fug. 3.

Ty, 5.
Photoes
6998 &
6996.

reading 76 86 at the railway bridge The discharge hydrograph of 1950 1s shown
in Figure 3.

2 2. River Slope—The river slope 1n high floods is of the order of 18 ft, per mile.

23. Rwer Bed Material—The south bank near the bridges consists of alteynate
layers of sand (m=027 mm.) and clay (m=0042 mm.). Upstream of the bridges
around shoals there are kunker and pebble formations having an average size of

0 59 mm. diameter.
L]

3. Model Scales
Length Scale 1:330
Depth Scale 1:50

+V.E 6-6
Discharge Scale 1.1,10,000
Time Scale= 1 day in prototypez=4 1 minutes in model.

+

4, Experiments

The following experiments were conducted:—

(1) Experrment No. 1—With existing conditions of the river and the sloping
guide bund—see (a) in Figure 4.

(2) Experiment No, 2~WIth the present length of the sloping bund raised
above H F. L. (476 86) and having a curved head of radius 600 ft.
—(b) in Figure 4.

(3) Experiment No. 3—With the guide bund raised above H. F. L. and
extended upstream along the curved high bank—(c) m‘Flgure 4,

(4) Expervment No 4—With the guide bund raised above H. F. L. and
extended upstream by 500 feet along the existing alignment and having
a curved head of 800 ft. radius—(d) in Figure 4.

(5) Expervment No. 5—With the guide bund raised and extended by 1,000 feet
. along the existing alignment and having a curved head of radius
800 feet—(e) in Figure 4. -

(6) Experyment No 6—With the guide bund raised and extended upstream
along a curved alignment midway between alignment (c) and the
extended alignment (e) and with a curved head of radius 800 feet—in
Figure 4.

(7) Expervment No. 7—With the guide bund of length 1,800 feet along align-
ment (f) and having a curved head of radius 600 feet—(g) in Figure 4.

(8) Experiment No. 8—Same as experiment No. 2 with length of guide bund
shortened by 160 feet or total length=1,640 feet—(h) 1n Figure 4(a).

(9) Expervment No. 9—Same as experiment No. 7 with length of gude bund
shortened by 400 feet or total length=1,400 feet—(z) in Figure 4(a).

5. Experimental Resulis

5.1. The discharge eycle run in the model corresponded to the discharge hydro-
graph of 1950 which was the only one available. It was felt that the deep pot-
holes formed near the sloping guide bund were mamnly due to the severe eddy
with a vertical axis formed durnng high floods when the cross flow from over the
submerged part of the sloping bund met the main high velocity flow of the river.
At high discharge stages the model reproduced this eddy and the resulting deep
scour, thus confirming the above diagnosis.

52. In experiment No 1 with the existing conditions of the river and the
sloping guide bund the main river flow continued to hug the south bank upstream
of the bridges A severe eddy formed at the sloping head of the bund and the
subsidiary boils and eddies continued fo travel downstream creating dangerous
conditions for the bridges and the south bank downstream. The velocity distribu-
tion also confirmed that the high velocity, persisting along the bund and the south
bank is the main cause of the bank embayment and erosion.
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ITEM No. 8 *
A R. T. 1951

Narbada River at Broach, Western Railway.

’ ' 1/330 : 1/50 scale vertically-exaggerated model of Narbada
River at Broach.

Photo No. 64-Looking down-stream showing high
flood: discharge with the guide bund aligned as per.
drawing No. 11425

24.F.

Experiment 6.

Photo No. 6998~ Looking downstream showing
high flood discharge running with sloping guide bund
in position—Experiment 1.

Photo No. 7488 to 7486-Loo-
king upstream showing the sloping
head of the present bund and the
embayed high bank upstream.
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ITEM NO. 3.
A.R.T.195]

Photo No. 6997-showing the piers of road and
railway bridges in the model.

Photo No. 6996 Looking downstream showing
scour and its contour’s round the sloping guide bund-
Experiment 1.



TRAINING THE NARMADA RIVER AT BROACH (WESTERN RAILWAY) 11

ralse5d3:aI:I>n exI;?IenFmint No. 2 with the present length (2,000 feet) of the guide bund Fig 6 Yhoto
1 above I Y. L. and provided with a curved head of 600 feet radius abutting 7014
the mgh bank, the eddies which were caused by the overflow from over the bund 1n
experiment No. 1 were absent, The man river flow still remamed along the
south bank. As the major danger to the bridges and the south bank 1n 1ts vicity
1s due to the formation and persistence of pot-holes which deepen and consequently
approach the bridge piers and the abutments, raising of the guide bund above
H F. L. would certamly mmmuse that danger which exists at present. But a

proper design of the guide bund appeared necessary for effective control of the
river at the bridges.

54. Expeniment No. 3, with the guide bund aligned to follow the high bank for Fig. 7.
reasons of economy, showed no improvement over experiment No. 2 as the main
river flow continued fo attack the south bank upstream and downstream of the
bridges, though 1t was smoothly guided along the bund at the bridges. The inten-
tion in testing this alignment was to shift the guide bund towards the high bank
to avoid deep region around the sloping bund.

55. Expennment No. 4 was conducted with the guide bund extended upstream pyg, s,
by 500 feet along the existing alignment and provided with a curved head of radius
800 feet. This length was found insufficient for effecting a sufficient throw-off
towards the maddle of the bridge as the main flow still attacked the south bank
upstream and downstream of the bridges with quiescent conditions along the bund
only. :

5.6 In experiment No. 5 the gmide bund was further extended upstream by . ».
500 ft. along the present ahgnment total extension=1,000 feet and provided with a
curved head of radius 800 feet. This design gave very satisfactory results. The
main river flow was graduaily deflected away from the south bank far upstream of
the guide bund creating very quiescent region along the south bank. The flow
was further deflected to the centre of the bridges from the curved head of the guide
bund and continued to flow down centrally. The scour conditions at the bridges
had very much mmproved and the veloaity distmbution tended to be uniform at the
bridges. The niver was thus controlled effectively at the bridges.

57. The next expernnment No. 6 was with a guide bund aligned as per Drawing i, 10.
No. CEN 111425/24-F, communicated by the Chief Engineer, Western Railway. FPhoto64.
This alignment was a compromise between alignment in experiment Nos. 3 and 5.

In this case the main river flow hugged the south bank upstream of the guide bund
and was suddenly deflected to the middle of the mver by the curved head. It
continued to flow down centrally through and downstream of the bridges.

58. Experiment Nos. 7, 8 and 9 were made with the guide bund of length Fis. 13,12,
shorter than 2,000 feet, raised above H. F. L. and having suitable curved head, %13,
In all these experiments the only advantage was the disappearance of eddies and
partial filing up of pot-holes They, however, were not effective in controlling the
river. As the economic aspect overruled the long-term object of fully controlling
the nver by a guide bund as in experiment No. 5, the short-term objective of
checking the pot-holes by removing the eddies could very well be achieved by a
gurde bund design adopted in these tests.

6. Recommendations

The guide bund as in experiment No. 5, vz, extended by 1,000 feet upstream
along the present ahignment with a mole-head of radius 800 feet was very effective,
in the model, in controlling the river at the bridges. However, if consideration of
cost compels to adopt an econgmic design, then the guide bund as in experiment
No. 8, viz, the existing bund rdised above H. F L., having a curved head of radius
600 feet and length reduced by 160 feet, 1 e., to 1,640 feet, would serve the purpose.
By raising the guide bund above H. F. L. and giving it a suitable mole-head, the
cross-flow and subsequent eddy formation would be prevented and the pot-holes
would silt up.
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Fig. 1.
Photo, 421,

Photos 424
to 427,

Fig L
Photo, 6983.

4. TRAINING OF WATRAK AT KaIra (BoMBAY STATE)

1. History

The Watrak River flows in an alluvial bed of fine sand (m=015 mm.). The
river takes a very sharp—almost re-entrant—bend from about one mile to 3 furlongs
upstream of Kaira Town. For many years in the past the left bank along the
bend 1s under erosion. The earlier erosion appears to have been slower and
steadier on account of less sharp curvature than at present; and also because the
niver bank partially consisted of hard material of 2 mixture of sand and stiff clay.
During the past 20 years or so the rate of erosion has been alarming and the bank
has receded 300 to 400 feet at places.

Many attempts were made in the past to protect this bank. After the floods
of 1927, four groynes of teak piles filled with sand bags and brushwood were
constructed along the concave bank just above the town, Two of these were
washed away 1n the floods of 1930 ; and the remaining two along with a substantial
portion of brick pitching protecting the provincial road, together with a part of
the road itself were washed away piecemeal subsequently.

In early 1938, a groyne 138 feet long consisting of R. C. C. piles filled with sand
bags was constructed along the left bank just upstream of the bend. This ‘ Baxter’
groyne afforded very little protection and was subsequently dismantled as it induced
severe embayment downstream.

As the situation became serious and as there was a grave danger of the river
damaging the north-west corner of the old Fort Wall, which it did later in July 1950,
the case was referred to this Research Station for advice ; model experiments were
carried out' and three solutions were suggested—

(1) A bridge—submersible or high level,—projecting from the north-west
corner of the town wall pointing 30° upstream, the bndge portion
starting 500 feet from the town wall with a clear linear waterway of
300 feet; .

(2) a groyne or spur 180 feet long sloping down at 1 in 5 from the north-
west corner of the town wall pointing upstream at 35°, and

{3) to deepen and strengthen the north-west corner of the town wall by
pitching.

The third solution, being cheapest, was adopted.

From 1940 onwards further trouble cropped up. Though the pitching protected
the N W Corner of the Fort Wall, it pegged down the river permanently at this
point while the erosion of left bank upstream continued unabated In 1942 a major
change occurred 1n the river course downstream. After legving the N, W Corner
the river swung over to the nght bank downstream due to the development of a
very sharp curvature upstream At this time the construetion of a R. C. C. bow
string girder bridge was in progress and the newly formed right bank cold weather
channel had to be blocked by an embankment, with the i1dea of forcing the river
through the bridge. Actually, this resulted in a breach of the approach bank and
the bridge was almost outflanked The approach bank (in 1944) had then to be
very strongly armoured with pitching on the slopes and a heavy apron at the toe
had to be provided at a considerable cost. This approach bank dist<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>