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Introductory note by A. N. Khosla, I.S.E., Consulting Engineer to the 
Government of India for Waterways and Irrigation and Chairman, 
Central Waterpower, Irrigation and Navigation Commission. 

The expansion of the Research Station has progressed steadily 
during the yellr. The entire area of 109 acres of land required for this 
expansion has since been acquired. 

The main water supply arrangements for the new area at Khadak
wasla are almost complete. The construction of link lines and channels 
to the various experiments in the area will be taken in hand, the first 
being the supply channel to the Hooghly Model (Port of Calcutta). 
Arrangements for the supply of electric power to the field Station at 
Khadakwasla have also been receiving active attentJon and are likely to 

· be finalised in the near future. 
Work on levelling of the area for the rating tank, workshop and 

other buildings, field. hydraulic laboratory and equipments for the various 
laboratories of the station has been taken in hand. · 

The staff of the Soil Mech~tnics and Chemistry Section has beet: 
receiving productive training on the Hirakud and Kosi Projects. At 
Poona work on stress analysis by Photoelastic method has been initiated. 

. The station has been busy during the year with the solution of a 
large variety of problems pertaining to the utilisation of water resources 
in Innia which have been referred to it by the Central and State Govern
ments and Corporations. Problems connected with the Hooghly river 
and the Cochin and Madras Harbours are among the more important 
ones. Other problems under investigation are the training of the Ganga 
river near Mokameh, erosion around the pier of the Malaviya bridge at 
Benaras, Dimna Nala and other Spillways. 

A wave recording apparatus for the Madras Harbour Model and an 
automatic electronically controlled tide reproducing mechanism for the 
Hooghly model have been evolved at this Station and are giving excellent 
service. This is creditable work. 

During the year, the station has been visited by some distinguished 
foreign visitors, namely, Mr. Peter Koin.ange from East Africa, Dr. Shen 
Yi, Chairman, Bureau of Flood Control, ECAFE, Mr. J. B. Justin, 
Construction Civil Engineer, U. S. A., Mr. E. B. Burwell, Geologist, 
Washington, D. C. etc .. 

The Director of the Station attended the last meeting of the Inter
national Association of Hydraulic Structures Research held at Grenoble, 
and visited various laboratories and research institutions in Europe and 
'the United Kingdom. He has submitted a report on his visits. This 
visit of the Director will be of great value to the Station and will help 
in better exchange of research knowledge and facilities· between this and 
other hydraulic research stations of the world. 

The Director, officers and staff at Poona and Khadakwasla have 
continuf!d to do good work during the year. 

ix 
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INTRODUCTION 

As reported last year, staff for the various sections of the expanded 
Station was selected and majority of.them joined in the year under 
re'riew. Some posts of C.R.O.s, R.O.s, A.R.O.s are still lying vacant in 
the various sections of the Station. Due to financial stringency the 
Government of India have stopped any new recruitment, but in the 
interest of work steps are being taken to request the Government to lift 
the ban and permit the recruitment of at least some staff against the 
posts. still vacant. ... 

Estimates for equipment for the various sections were prepared and 
submitted to the Government for sanction. Steps have been taken to 
procure the same. 

The various sections of the Station have been busy in carrying out 
useful investigations on problems connected with liTigation ap.d N ayiga· 
tion Engineering. Advisory and suggestive reports were prepared and 
sent to the concerned institutions. The report of these investigations is 
given in the following pages. 

The River and Canal Hydraulics Section, the· oldest in the Station, 
has made some interesting investi~a9ons, on training of rivers. Work 
has been done in connection with spi1lways, canal falls and protective 
works for the safety of Railway Bridges and for arresting erosion of river 
banks. An advancement has also been made in the existing methods of 
dissipation of energy for spillways and a device named as Bucket-type
splitter was developed during the course of model experiments on 
Vaitarna Dam Spillway. 

Madras Harbour Authorities reported that the harbour presents a 
serious danger to ships stationed in it during a cyclonic storm and they 
have, therefore, to ask the shipmasters to remove their ships from the 
harbour to a relatively safer place in the sea. 'fhey accordingly approach 
ed the Station for suggesting me;:~.sures to reduce the 'range' in the 
harbour. The work in this connection has been in progress during the year. 

Calcutta Port Trust Authorities have to ~pend a considerable amount 
of money in keeping the Hooghly River Estuary in a navigable condition. 
The conditions which control navigation change from year to year. The 
discharges and water levels are changing conti~uotisly due to tides and 
"the estuary is subject to heavy siltation and a few lakhs of rupees are 
required for dredging it every year. Model experiments have been in 
progress during the year to suggest measures for its improvement. · 

Experiments were undertaken during the year to improve th.e Cochin 
Harbour. It is subject to heavy siltation and to keep it navigable, 
dredging has to be done at a cost of Rs. 10,00,000 every year. 

Experiments on the model of the Ganga river at Garhmukteswar on 
the Delhi-Muradabad railway section, where the river was on the point 
of outflanking the railway bridge,. were completed during the yea1. 
Protective measures were suggested which have since been carried out 
and the results so far reported are satisfactory. 

The Statistics Section has been busy in analysing the data in 
connection with the specifi.o problems tackled by the different sections of 
the Station. Some of the important investigations completed by th~ 
Sectio!l are resolution of tides in the Hooghly River Model, forecasting 
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'.of southern limit tides from Saugo1· data and distribution of the reciprocal 
of a normal variable. These have been given in the report. 

· The staff of the Soil Mechanics Section is being trained at Sambal· 
pur by Dr. Hoon, Deputy Director. The Chief Research Officer of 1he 
Section has been busy in procuring equipment for the Section and settin" 
up the laboratory. The staff of the sectiou will be called back to th: 
Station as soon as the laboratory of the section is fully equipped. 

Physics Section startE'd work on Stress Analysis of structures by 
photoelastio method. A study of gelatine mC~dels was undertaken with 
A view to investigating the extent to which the results thus obtained 
could be applied to stress problems in soil mec~anics and civil engineer· 
ing. A few stress patterns have bt>en photographed and nre being ana· 
lysed. Comparison is being made with l'cSults obtained on theoretical 
consideratio:cs. 

Work has also been undertaken on problems connE'cted with porosity 
and permeability of soils, sands, cement, concrete blocks and rocks and 
friction of wet sands. · · 

It has, however, to be mrntioned that the work of the Section was 
handicapped due to lack of equipment. Estimate of equipment of the 
Section has been submitted for sanction and attempts are being made to 
proc.ure the same. · 

It has as yet not been possible to recruit the stnff of the Navigation 
Section and Concrete and Material of Construction Section. 

The Director of the Station, D. V. Joglekar, had been on tour to 
Europe in connection with the Hydraulic Research Conference at 

. Grenoble (France). During his tour he visited SOJUP. or the dams in 
France and Research Institutions, Engineering Concerns and Factories 
connected with manufacture of apparatus (Scientific and Engineering) 
in France, Switzerland, Holland, Sweden, England and Scotland. He has 
brought out a good deal of useful information, embodied in a note on the 
subject for the use ()f Government Research InstitutionE~ in India. 

The Directot' visited a number of places in' India shown in fig. 1. 
The figure also shows places where advice was givtn without model 
experiments and also those for which suggestions were made after carry· 
ing out model experiments. 

C. V. Gole, Research Officer, Navigation Section, proceeded on study 
leave to Sweden, U.K. and U.S. A.. to receive training in research work 
on navigation, ship building and other allied subjects. 
· The Station took part in the Engineering Exhibition held at the 

time of the Centenary of the Thomason College of Engineering, Roorkee-. 
Five running hydraulic models and a number of other rigid models were 
exhibited. . .. 

· ·As usual the Station was visited by a number of visitors including 
Engineers and high officials of the Central and Provincial Governments. 

. . ' .. 

The Honourable Shd N. V. Gadgil, Minister for Works, Mines and 
Power, the Honourable l::)hri J. N. Mehta, Minister for P. W. D., Bombay. 
The Honourable Shri M. P. Patil, Minister for Agriculture, Bombay and 
Sir M. Visvesvaraya were the distinguisht:-d visitors to the Station during 
the year. Other prominent visitors were :-

. 1. Shri V. Srinivasan, Administrative Officer, Cochin Harbour 
2. " S. K. Banerji, Director General of Observatories 
3. '' M. L. Champhekar, S. E., D. I. C., Poona 
ol. " A. R. Venkatachari, Chief Engineer, Irrigation, Madras 
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5 .. Shri M.P. Mathrani, C. E. (Irrigation), Bihar 

6. '' R. C. Shenoy, S. E., Maar at 

i. " N. M. Thadani, Deputy Chief Engineer, G. I. P. R1y., 
Bombay . 

.. 8. '' B. N. Chopra, Deputy Chief Engineer, E. I. Rly. 
'9. " A. Saldhnna, C.,E., G. I . .P. Rly., Bombay 

10. pr. S. K. Mul'nnjan, Principal, Sydenham College, Boml1ny 
11, Shri A. NageHvara Aiyer, Planning Officer (Roads), Govern-

. . ment of lndia 
12. " S. Nanjundiab, Administrative Officer, Viza.gapatam, 

. ·Port . 

ia. Coll}.~ander Pawsey,,Deputy Conser;.ator, fort of Calcutta 
14. Shri J. N. Mitra, Director, U. P. h·.rigation Research 

• • 
15. Mr. G. McKelvie, C. E. (Roads), Govt. of India 
16: ShrJ. Pandit L. Maitra, Chairman, .l!,ood Grains Investigation 
· Committee 

l7. Dr. Shen Yi, Chairman, Bureau of Flood Control, Ecafe, U.N. 

18. Shri A. N. Choi'l'a, A~ditional Chief Engineer, Central P. W .D. 

. Students and Professors from the following~colleges and institutions 
also visited the Station during the year:-

1. School of Engineering, Bangalore 

~. St. Mary's School, Poona 

a. College of Engineering, Poona 

4. Coll~ge of Engineering, Bangalore 

5. College of Agriculture, Dharwar 

6. Benares Hindu· university, Benares 

7. Ahilyadevi High School for Girls,. Poona 
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SECTION A-THEORY AND PRACTICE OF 
MODEL EXPERIMENTS 

2. PRACTICE 

(lv) Limitations of model experiments and comparison or 
models and prototype results 

1. TRAINING THE KHARI RIVER AT RAIPUR 
(DISTRICT AHMED~BAD) 

1. Introa1ection 

The Khari river at Raipur was tending to outflank the pick7up weir 
near .. the village Raipur and this Station was approac4ed for advi\3~ 
regarding the alignment and length of groynes proposed to prevent this 
tendency. The advice given by the Station was acted on and thE> results 
to-date are very satisfactory as will be seen from the note written by 
Shri N.C. Balsara, Superintending Engineer,.Nortb Gujerat Circle, and 
reproduced below; 

2. Note by Shri N. C. BaZsara ' 

The pick-up WPir was constructed across the 'river Khari at Raipur in 
1884 to feed the Khari cut canals. At the time of construction the river 
was straight for about 100 ft. upstream of the weir and the weir was at 
right angle to the general direction of the river flo~. However, after the 
catastrophic floods of 1927 in Gujerat, the villagers of Raipur constructed Fig. 2. 
a groyne (groyne no. 3) for the purpose of affording protection to the 
village which is situated just on. the right bank of the river, and there-
after the current of the Khari showed a tendency to change its course. 
It gradually swung to the right bank with the bend upstream of the weir. 
The effect of this progressive scour nearly reached the ~eir site. It was 
feared that if the t~ndency of the river in shifting towarqs the :~;ig4t. 
bank was not checked t~e weir inight be outflanked. · · · · 

In 1933, the work of training the river was undertaken with the 
object of deflecting its course to its original position in 1884. Only one 
sand groyne 200 ft. long was constructed with ends pr~tected by wooden 
bullies (round teak.rafters) at~ cos~ of Rs. 2,qoo (groyne no. 1 in Fig. 2). 
It was only 200 feet long but was later extended to 300. fii. • ~s 
mentioned below. Babul plants were also raised in the river bed· ne8.,.2r 
the bank with a view to stabilising the bank. These measures were 
successful for some time but in 194:0 some protective works were con
sidered necessary and accordingly one more sand groyne (groyne no. 2 
m Fig. 2) was constructed and the first one was extended at a total cost of 
Rs. 3,300. However, all these protective works were washel} away in 
the floods of 1941. Even the approach channel to the Kh8'!i cut canal 
and the head regulator were in danger of being scoured. 

The protective works were started fresh in 1942, the sand groynes 
(groynes nos. 4 and 5 _in Fig. 2) at right angles to the original course were 
constructed with their nosps protected with wooden stakes. The original 
course of the river was also excavated to a width of 100 ft. to serve as 
a training channel. The cost of work was Rs. 4,000. The floods of the 
same year washed away the groynes partly. Before the next monsoon 
(1943) the five groynes (nos. 1, 2, 3, 4 and 5) were reconditioned and 
strengthened with a cover of sand bags. The river bed was also re-exca
vated along its original course. The cost of these works was Rs. lf),OOO .. 

7 
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It was observed during the monsoon of 1943 that the works were still 
susceptible to damage and could not be depended upon. It was then 
considered that a series of 5 groynes as shown at nos. 3, 3A, 4, 4A and 5 
in Fig. 2 should be constructed. Groynes nos. 3, 3A, 4 and 4A were to be 
timber groynes 6 ft. high above bed level and the groyne no. 5 was 
proposed to be pitched with bricks on the slopes and protectE-d by a rubble 
apron at the toe. An additional groyne no. 6 on the left bank was 
proposed above the old gy·oyne no. 1 (425 ft. u/s). 

These proposals were referred to the Director, Hvdrodynamio 
Resea1·ch Station, Poona. He suggested that the groyne rio. 5 should 
not be made Paoca and that the whole of the groyne should be built in 
timber as porous groynes. The com;truction of groyne no. 6 was not , 
approved by him. Laf;er on the Director suggested an additional timber 
groyne no. 5A. Ultimately the following proposals were adopted:-

Long porous groynes nos. 3, 3A, 4, 4A, 5 and 5A (6 nos.). Short 
porous groynes nos. 4B and 5B (2 nos.). Two short groynes nos. 3B 
and 3C constructed after monsoon of 1945. 
Accordingly six porous groynE'S along with 4 short groynes were 

constructed with a frame work of round wooden rafters as shown in Fig. 3. 
The panels of the wooden framework were closed with intertwined 
brushwood as shown in Fig. 4 keeping the whole groyne porous. The 
work was completed before the monsoon of 1944. 

The noses of three .of the lowest groynes were washed away during 
the first year of floods and· there was initial silting between most of the 
groynes. These noses were subsequently rebuilt giving them an up· 
stream slant as advised by the Director (vide fig. 2). The space between 
successive groynes is silted up progressively. The groynes are being 
carefullv attended tQ and any defects observed are being quickly 
remedied. 

The success of these groynes is due mainly to the porous nature 
of their construction and the natural process of slow deposition and con
solidation which it induces. The land reclaimed is being stabilised by 
Babul plantation. Thus the scouring action of the river is effectively 
checked. A strip, 200 ft. wide, in the portion, where the river has 
extended the most towards the right bank, bas now been well stabilised. 
New strips of land reclaimed are being similarly stabilised and protected. 

Photot· rsoa Some photographs of the site are appended which show clearly how 
to 5soa. the porous groynes helped to reclaim the lost land in stages and in train· 

ing the river. · 
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• 
Photo No. 5805-Taken from the opp9site' 

bank showing the -position of. 
Groyne No . . 3 after ·the flood 
had subsided. 

Pho1o No. 5806-Showing the growth of Babul 
plantation on the reclaimed 
land. 
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·2. TRAINING 0.1!' THE GANGA RIVER AT GARHMUKTESWAR: 

FIELD RESULTS OF MEASURES ADOPTED AFTER MODEL EXPERIMENTS 

The Ganga river had approached very dangerously the railway track 
near Garhmukteswar railway bridge (E.!. Railway) during the 1948 floods 
and there was every danger of bridge being outflanked. To prevent this 
catastrophe it was recommended by the Research Station and confirmed 
later by model experiments that the left guide bund should be extended. 
This advice was acted upon and the guide bund was extended before 
the 1949 floods. This training measure proved to be very effective as 
will be seen by the following description of the behaviour of the river 
during 1949 floods. The model experiments are fully described in 
chapter 6. · · · 

· The higli.est flood level during the monsoons of 1949 rose to 
R. L. 6.5.3·25 against the maximu:rn flood R. L. 658'0 at the Bridge and the 
discharge then was 1·43 lakh cusecs with a maximum .. velocity of 
7·41 ft./sec. · · . 

It was observed that there was no scour in the left bank channel, 
nearest the railway embankment. Heavy silting took place in this 
channel and in the area between this channel and the embankment. 
This channel became a mere rivulet after 1949 floods. 
. Channel •B' further to the west and away from the railway em
bankment which was discharging a negligible quantity of water in l 948, 
developed into a main stream aft£-r the floods of 1949. During the latter 
part of the floods. this channel bifurcated and gradually the right side 
bifurcation developed. During earlier .floods when channel nearest the 
railway embankment silted and channel 'B' developed, there was some . 
erosion on the left bank of the river opposite mile 40/12·but this almost 
stopped when the channel bifurcated, in the latter part of the floods. 

OppositP the curved head the right bank scoured by widening the 
constricted channel by as much as 400 feet. · 

The extended portion of the guide bund stood well and the apron on 
the downstream face between chains 38-39 and 34-35 launched. 

No erosion took place at the head of the right guide bund where a 
sufficient stock of boulders had been kept in reserve. 

It was indeed fortunate that the river did not rise to R. L. 658·0 in the 
1949 flood season and thus the training measures were not subject to a 
severe strain. With the conditions of the river as th~y are TJ.OW it seems 
that the training works will now be successful for even the maximum 
flood. 
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Photo No. 5802-Showing, the pickup weir 
looking d_ownstream and in 
partial floods. 

Photo No. 5803-Showing. Groynes Nos. 4-A 
and 5, during floods. 

Photo No. 5804_:.Showing silt deposit between 
Groynes Nos. 4-A and 5 in 
the foreground after flccds 
had subsided. 
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Photo No. 5800 -River GANGA at Garhmukteswar Bridge showing conditions 
before protective works were carried out- River approached 
dangerously the railway track; conrlitions before 1949 flood 
season. 

Photo No. 5801 -The River Ganga Garhmukteswar Bridge (E. I. Rly.) showing 
the extended left guide bank and conditions after 1949 flood 
season. 
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SECTION B-HYDRAULIC WORKS· 

. t. . RIVER CONT~OL 

· ( 1) Flood Protection Works bicludfug ~co_ur · a~d e~osioii ~ 
3. P;BEVENTION OJ!, DAMAGE TO SURAT: WATERW<?R~S 

ON TAP.TIAT NANA. VARACHHA·· 

1. Introduction 
Surat .Waterworks are situated o.n th.e left .. bank of :th~: Tapti iiver 

near Nana Varachha. village about 10l miles ur,stream of .Surat.' and 
consist of percolation wella in the river .b:ed: connected by .. an inter
connecting pipe system to a jack w~~ qn_ the ~ay]t_ from which water is 
pumped for further supply to .~h.e_. c~t:r.~.. C.onti_n~ous, tholigh gradual, 
erosion of the left bank n;t the VICimty of the pump house has been 
oc,.mrring for a considerable -period, but since 1944, owing to heavier 
floods, it is progressing at an- alarmiiig; rate. The winter channel has 
also recently been found to hug tbP pump house bank and the collecting 
pipe 8yst~m is thus endangered ~s at places it is pro.tected :by: sand not 
more than ~ couP.le of Jeet deep.. The ~ublic Health: ·En~n.eer to:~ the 
Government of Bombay ,. consulted the Station ·for •devising· suitable 
protective measures for the Waterworks :which, being of Vital importance, 
have to be immP,diately and adequately safeguarded. All available datrt 
were. thereupon studied and an,pfficer inspected the: site to get .additional 
first band information and to discuss witll the local officers se:v.eral points 
needing further elucidation and clarification.. ' 

.. .. l . : . 

2. Inspection of the Tapti river nkdr'Sufat WaterWorks . . · ·' ;; 
• ·• J t . -· . .1 ' ~ ~ . 

The river bas a gentle bend·at the Waterworks. ·From the available 
plans it is apparent that the river has not appreciably ·detiated from this 
general configq.ration since 1917 .. ·:JOn visual inspection it was :clear that 
the bend, though no~ so pronounced,js still sufficiently developPd to pin 
down in h~gh floods the d~ep.channel along the left, i.e.; Na:tur=Va.rachha. 
bank. · The plan of 1917. shows the · water channel along the right bank 
opposite the waterworks .. ; It is to. be remeinbered, however,-,that this: is 
·not an in~iicatiqn of the course of .the main' flood channel being also 
along the same.- alignment since the cm'vature'would no.t permit the main 
flow in flpods tc;) !_eave the outel! left bank in the bend. . Development of 
a different Winter ch~nfiel ;apparently ·:was due; to the sand bars and 
islands th1·own across the flood channel in the falling floods.. . . . . 

\, .. '-

. Observatiol!s on the ,site ~ug~e_sted. that .in designing a ~uitable train
ing measure the follo')Vi~g featur~s, wovld have tc;> be. borne in ~d =~ .. ; 

. (i) There does not exist any natural.~control·point· :upstream. ·or 
downstream of ·the pump house·in the neighbouring ;river re~ch, in 
the shape of rock or. kunkar. outer<>P;9r bard ·soil formation .whicl;t 
ca:Q. be us·e4 for anchoring the training'WOI:ks. ~ , , .·,. 

· (.ii) At the pump house; for arresting erosion, nothing can be 
done except providing pitching oyer· the bank. · Pitching has already 
been ·provid?d at the time of construction of the pump. house ·in 
1826 and a provision_ of. Rs. 8~00 is made. for new pitching •fo be 
provided to protect the: extension· pf the , waterworks. now. under 
construction. The pitching cannot 'obviously giiarantee. that r the 
river will not cut into the bank abpye or below . the pitching and 
if this happens the scour' at · the toe of · the ·pitching around th'e 
protrusion thus formed would be- aGcentuated.·#J,nd maintaining and 
reinforcing it each year, will becoJ.lle proQ.ibitive in-~c~et·: ·· · · 
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(iii) The b('d sand being fine, deep and extensive scour will b• 
caused by the protective measures. They \vould have, therefore· 
to be located sufficiently upstream or downstream, with at 
adequate, if not liberal, margin of safety, from the filtration wellt 
and the collecting pipe system i lest the latter be endangered. 

3. .Model Experiments 
Several alternative training measures were eontemplated. To m:1ke 

a choice from these and to test the efficiency and finalise the details of1 
the one ultimately selected, model experiments were resorted to. 

Experiments were accordingly conducted in a verticallr exaO'geratedl 
model of the Tapti 1iver originally constructed in connection ~th the, 
protection of Rander and Surat towns and the lands of Bhatpur village, 
lower down. The scales of the model were:-

Horizontal scale=l/330 
Vertical scale = 1/72 
Vertical exaggeration= 4 ·6 
Discharge scale= 1/20,200 
Slope scale =2·5. 

To start with, a submerged vane pointing downstream was tested 
on the right bank half a mile upstream of the waterworks. This was 
expected to guide and deflect the bed sand towards the left bank at the 
waterworks which would J)rotect the pipe system and at the same time 
prevent the left bank erosion. The vane did act as expected but owing 
t.o curvature effect, the accretion could not occur near the waterworks 
wher~ it was especially desired. 

A repelling spur was next tried on the left bank. Prima·facie posi
tion of the spur below the waterworks was unsuitable (which was later 
confirmed by the model) since to provide protection to the bank by 
virtue of the resulting affiux the spur would have to be too near the 
waterworks. This was not permissible as the scour at the nose would 
damage the wells and the pipe system. Further downstream position 
would. on the other hand, necessitate a very long spur to provide equal 
protection to the bank and to prevent the bed scour. This wouJd not 
only be prohibitive in cost but would also cause excessive constriction 
of the river. Different positions above the waterworks were, therefore, 
tried. Finally a 200 ft. long spur normal to the bank with top at half 
flood level and located half a mile upstream of the pump house ·was 
found to provide sufficient protection at 8 reasonably low cost. Results 
of the experiments with this spur are given below:-
Jfodel ObsenJations 

Fig. 6 (a & b) show the flow line with and without the spur. With 
the spur, the throw-off of the troding floo~ :flow was sufficiently away 
from the waterworks bank. 

Fig. 7 (a & b) show velocity distribution at the cross-sections of 
the river in the vicinity and upstream of the pump hous('. These indi
catE> that, above the spur, velocities near the left -bank will be slightly 
increased due to ath·action but at the pump house bPlow they will b~ 
considerably reduced, say by about 15 per cent. Opposite the pump 
house,. near the right bank, velocities were correspondingly hlgher and 
the river bed was also scoured to a depth of about 4 ft. Near the pump 
house the model showed 8 tendency for accretion, the actual rise of bed 
levels here being eqnivalent·to 6 ft. 

Damage to Surat Works in October 1949 

Proposals for protective works were already finalised by model 
experiments explained above; but before these could be forwarded to 

88Ul-i(a) 
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DAMAGE TO SUBAT WATERWORKS ON' TAPTI 

the Government of Bombay, heavy floods were reported to have caused 
some damage to the Waterworks necessitating drastic curtailment in the 
water supply to the Surat town. Accurate soundings were not available, 
but on inspection it was found that the river bed, nenr the left bank, in 
the vicinity of the wells and collecting pipes appeared to be getting 
scoured progressively year after year and it was felt that some emergent 
measures before the submerged groyne could be constructed were essential 
to check this tendency and restore the bed levels to provide adequate 
cover for the pipe system. Sixteen feet long steel sheet piles were avail
able at thesiteandit was suggested on the basis ofmodPlobservations that 
these could be use•l for this purpose. It must be mentioned that though 
the pile line can cheaply and immediately prevent scour at the pipe 
system, it cannot arrest bank erosion and additional measure in the shape 
of the submerged groyne will be necessary to achieve this end. 

The pile line .. 
The pile line should be aligned below the pipe system as shown in 

l!,ig. 8. Piles should be driven into the river bed at least two-thirds of Fig. a.. 
their length and should be protected by stone or concrete block pitching, 
not lighter than about 120 lbs. each, as shown in Fig. 9. · Fig. 9 • 

BY:. M.K.S. 

Recommendations 

FIG. 9 

., I 

SKETCH 

. . ·No.I84.0F AIIG.1950 
C·W.I·U A.S'!!'I'OCIIII· 

RIVER &ED 

SHOWING SECTION or THE PROPOSED PRQTiCnYE 

PITCHING FDR THE PILE LINE. 

]ig. 9 

1. For arresting further bank erosion and to prevent scour of the 
river bed in the vicinity of the waterworks, a submerged spur, 200ft. 
long, half a mile upstream of the pump-house and on the same bank 
will be suitable. Details of the spur are given in Appendix I. · Appx. 1. 

2. For immediate and local prevention of bed scour at the collecting 
pipe system, the pile line may be constructed as described above. 

3. No observations of bed levels in the flood have so far been made .. 
It is very desirable to make these observations at least for one year cf 
high flood. The observations should preferably be made at about two
thirds of the falling flood stage when the scour is generally the maximum. 

APPENDIX I 

Details of the proposed 200ft. long spur 

1. Length ·of the spur=200 ft. 
2. Top level at R. L. 92"()0 (H. F .L. = 116·35) 
3. Top width= 10 ft. 
4. Side slopes 2 to 1. 
5. Nose slope 3 to 1. 
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... 6. Position and Orienation-Half a mile above the pump house, on 
the _left bank as shown in Fig. 10. 
· 7. Material :-Shank may be built of saud in the core while the top 

and sides should be finished by 3 ft. thick layer of baud packed one man 
{about 1 eft.) or heavier stones. The nose should be wholly in heavy 
stones as it will be open to heavier stresses. . 

S. Apron:-Apron should be provided to prevt-nt the slipping of the 
stones of the groyne nose and the shank into the scour-hole caused by the 
nose. For this reason the apron stone should be sufficient after launching 
to shield the sloping faces of the sand bank from below the bottom ot 
the stone gJ.'Oyne down to the det-pest bed level after scour. The stones 
in the apron should be heavy, weighing not less than 120 lbs. each. 

In the model, the maximum scour obtained wae l/15 feet e 83 feet 
below H.F.L. 

. The analysis and study of the available data about scour dentbs at 
the noses of' full height' groynes show that the maximum depth below 
H.F.L. to be anticipated is from 2 to 2·75 R where R.= ·4 73 ( ~ )l, Q being 

- maximum discharge· in ousecs and 'f' the sand fcJoctor=1·76~m, where 
'm' is the mean diameter of the bed material in mm.m According to this, 
maximum scour depth with Q=750,000 cusecs and m=0·25 mm. works 
out to 90 feet to 123 feet below H.F.L. As the scour depth=2R is nearly 
equal to that observed in the model the apron design is made for 90 feet 
depth. (Fig. 13). · . . 

.... o• , ..... 11!&0 

H.F.L.ll6·35 
c. .............. ,_ 

------------------=:,;-=-== 

FIG. J3 

SKETCH. 
&Y, loUtS. 

I 
1<:!3 

• Allowing 33% extra thickness for apron for absence of soling and it 
being not hand pitched. · 

129 x 4=516 eft., . 
say =567 cft./ft., aJlowing for los(in dispersion. 

The maximum width may be 100 feet tapering down to 20 feet at the 
shank. · 

Therefore, the average thickness-:-U~ =5·67 say 5'-9" • 
The apron thickness at the toe of the slope should be 5 ft. and at 

the outer end 6' 6". The shape of the apron in plan should be as shown 
Flg.1L in Fig. 11 which generally confirms the probable scour-hole indicated by 

Photo 661&. the model, Hee photo No. 6514; 
(l) Aaaual Bepon (Teohnloal), 19441 CWNBS, p. '18 a ad 0. B. I. Publloatlou No. 12, P• 11511. 
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Proposed Groyne 

Photo No. 5514 

Sho~ing the bed scour caused· in the · 
model by the Groyne proposed for 
the protection of river bank atSurat 
Water Works near N~oa Varachha, 
looking downstream. 
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Photo No. 5597 

Showing the · deep channel . 
caused by the submerged 
van~s on _left bank near 
Umra village, looking up
stream. 

-Upper curved vane. 

-Deep channel below the first vane . 
-Lower vane. 

.. 
-Deep channel below the lower vane. 
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(ii) River Training Works 

4. PROTECTIVE WORKS FOR ARUESTING EROSION ON .THE 
RIGHT BANK NEAR BHATPUR ON THE TAPTI · 

1. Introduction 

Very valuable fertile land, about one square mile in area, and costiLg 
about Rs. 3.000 per acre, has · been eroded by the Tapti river in the 
embayment near Bhatpur as can be seen from .Fig. 14. Mai:p. c~u~e of rig. It
this erosion is strong prolonged action in floods, ~hough tidal action is 
partially responsible in accentuating the damage. With a view to stop 
further inroads into the bank different types of training works were 
tested in the model. 

2. .Model tests and tlteir results 

The river below Umra gradually widens to about three times the 
average width to reunite below Bhatpur. The main chn.nuel of the·river 
here bifc.rcates forming deep channels along tbe two banks with a low 
dividing jsland in the middle. With the present configuration of the rive:r, 
protective measures for Bhatpur should aim at either reducing the 
discharge and thus the intensity of attack o~ .the Bhatpur cha.n1,1el or 
else inducing the deep section and eroding current of the :Jlhatpur arm 
away from the Bhatpur bank. . . 

Reducing the disch~rge in the Bhatpur channel can be achieved in 
several ways. The left arm can be indu~ed to widen a11d deepen so as 
to increase its capacity; otherwise a new channel will have to be opened 
through the central sand island to relieve the Bhatpur channel. Both 
these 1·emedies indicate attracting type of training works which have 
a tendency to attract and pin down the current by virtue of the sco11r 
holes formed by them. · ' 

The second alternative, viz. the shifting of the main current i~idethe 
river thus making itleave the bank throughout the Bhatpur embayment 
was found to require ·a long and heavily armoured groyne which wou~d 
have been more expensive than the groynes suggested for protection of 
ba;.nks at Rander and Surat, or else a system of. comparatively shorter 
groynes, each properly designed and suitably positioned, aggregate cost 
<>f which would appreciably have been higher than _a single large groyne 
considered above and would have been more costly to maintain~- ·· · 

The other alternatives aimed at reducing the discharge o-J: the 
Bhatpur channel were, therefore, tested in the 8~0 : / 2 scale Tap~ model. 

Various types of attracting works were tried in the left bank 
-channel at various positions, but the natlU·al curvature of the river being 
unfavourable for development of the left channel, its d.ischarg.e co"Q.ld 
not appreciably be increased. · 

Attempts· were made to develop a new channel through the dividing 
sand 'Bela' by means of· an artificial attracting island. A single 
island was found to be totally inadequate while a series of such islands
each costing not less th!\n about 6 to 8 lakh rupees-were out of question 
on economic grounds. A pilot cut in conjunction with other training 
measures was also ruled out for the same reason. 

Submerged vanes, single and in pair were then tested on the left 
bank as shown in Fig. 14. Of all the different measures contemplated for 
reducing Bhatpur channel discharge, two curved submerged vanes one 
below the other gave most promising results. 

As will be seen from Photo No. 5597, a deep· channel was formed 
along the left bank below the first upstream T'ane which was maintained 
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and deveJoped by the next lower one. This deep channel was the 
result of the surface water being attracted and bed material bein~ 
deflected by the curved submerged vane. The model indication~ 

, were that the:, concentrate4 high velocity .flow . cal!sed by the. vanee: 
would help the gradual erosiOii of the Bela 1n the r1ver or else would 
develop a cut across the sand island thus short circuiting the loop. This 
behaviour could not, however, be reproduced in the model as the actual 
model velocities were too low to erode the island. 

increased action ·along the left bank below the first vane att.endantJ 
-with the high ·velocities and discharge concentration near this bank were 
how:ever1 definite. · With the vanes, some bank erosion here is expected! 
and suitable protection against this will have to be provided in the shape, 
of stone pitching, if there are any important structures. 

A.ppz.l· The 'details of the vanes are given in Appendix I. 

Fig.l5, 

Pir.lG. 

The proposed vanes though quite efficacious in considerably ameli· 
orating the present conditions at· Bhatpur may not provide complete 
relief and protection. The b~sic remedy for general bank erosion, lies 
in controlling floods by flood storage dams. · Multi-purpose dams propos· 

· ed in the Tapti Project when materialised would reduce the maximum 
·flood discharge of Tapti to about 5 lakh cusecs, that is about half the 
.present discharge in high floods and in the post-project period, erosion 
at Bhatpur is expected .~o be negligible. · . 

Final decision tts. to 'whether it is worth the cost to provide fo:r 
Bhatpur bank protection, for the present, can only be taken after care· 
fully considering the stakes involved ·and examining the detailed 
estimates. · · .. ' ' 

:3. Recommendations.. : , · . 
It it is decided to protect the · b~nk in the Bhatpur embayment, 

submerged vanes as detailed in Appendix !'should be conijtructed.' 'In 
· the first instance only one vane-the upstream one-may be built and 
its behaviour closely watched in the next flood season. · · 

· · :in View of the. large expenditure incomme·nsurste ·with the· protec· 
tion which will be afforded,_ it was declded not to proceed with the 
proposed work for the present: 

.! 
APPENDix· ·r · 

Details of the proposed ~tveiJ s~bmerged vanes near Umt·a on tlte l~ft bank in 
the Tapti ' ' . . · · . , 

· (1} Positions, 1~ngths and alignmerits · of the vanes should be as in 
. .Fig. 15. . . ' . . . . 

. (2) Height of vanes above river. bed should be one-third depth o.f 
flow at bankfq.l stage of the river. From the sections available, the top 
of the upstream groyne should be at about R. L. 68'00 while that of the 
lower one should be at R. L. 72·00. The nose ends of. the va~es for 

·length of 100 ft, should be made sloping as shown in l!.,ig. 16 in order to 
minimise the tendency for scour at the no.ses. · ·. . : 

H0-18 Of AUCi. 19!;0 
c ......... jl ..... ro-. 

SHOWlHG SLOP.JNG HOSE:. 

FIG.t6 · 
~ 
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PROTECTIVE WORKS ON TAPTI 

{3) Vanes· may be constructed of interlocking steel sheet piling in 
single row along the alignment shown (Fig . .15,). The piles for length 
AB, (Fig. 17) should be' 50 feet ~op.g while for length BD shorter piles say 
30 feet long will suffice. 

Fig. 15-

{4) Apron protection along the upstream side ·at river bed should 
be provided as shown in Fig. 17 for the prevention of damage and 
subsequent failure of the vane due to scour. · · Fig.l

7
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Fig. 18. 

5. MEASURES NECESSARY TO PROTECT THE RIGHT 
BANK OF THE RIVER PURNA NEAR THE VILLAGE 

DESAI FALlA SURAT DIST., BOMBAY STATE. 

1. Jntroduction. 

As permanent measures were found necessary for the adequate 
protection of the right bank of the river Purna, near the village Desai 
Falla, 1/150:1/25 vertically e:x:aggerated model was constructed. 

2. .Model 
Fig. 18 shows the reach incorporated in the model. Model was laid 

i.a 0·50 mm. Koregaon sand. As the slope of the river is very steep, 
viz. 1 ft. J.er 1,000 ft. the slope exaggern.tion given to the model was 2·0 
only, based on the past experience of the titation. After running the 
first rising and falling cycle from 26,000 cusecs to 1,20,000 cusecs 
excessive bed movement was noticed in the model. Also, the model did 
not faithfully reproduce the conditions in the river. The material was, 
therefore, replaced by coarse sand varying from 1"75 mm. to 2 mm. in 
diameter. The slope exaggeration given to the model was same as before, 
viz. 2·0. With this change, excessive bad mov~ment was immediately 
arrested and bed movemPnt as desired was obtained throughout the:! 
reach reproduced in the model. The surface slope observed in the model 
also closely followed the bed slope given to it thus indicating the consis
tent behaviour of the model. 

3. Experiments,~results and discussion 

Two rising and falling cycles were run in the model and lines 
. of flow and velocity distribution were observed at cross sections 0, 1 

Figs-
4 

1:
0 

<(l) and 2 upstream and downstream of ·the village Desai Falia. These 
an a· are shown in Figs. 19 !a) and 20 (a) respectively. It is evident from the 

figure 19 (a) that the progressive erosion on the right bank is mainly 
due to severe and persistent eddy and diving flow and sudden ('.ha.nge of 
curvature which is too sharp even for commonly occurring discharges 
such as 50,000 cusecs. Thus it was amply clear that a substantial relief 
along the right bank can be achieved either by deflecting the flow away 
from the right bank or by a partial reduction of the discharge in the 
river by way of diversion of some of the discharge through a cut-off 
channel at a suitable position if possible. 

The permeable tree groyne would have been a cheap remedy bad 
it not been for the deficiency of the sand and silt in suspension, which 
would have been trapped by it and thus increased its efficacy. Tests 
were, therefore, made with various lengtbe of impervious groynes. 
Groynes in length from 100 ft. to 250 ft., tested between C. S. 10 
upstream to C. S. 4 upstream, did not show any promising position 
as it was observed that the flow downstream, instead of being deflected 
away quickly, returned to the right bank and squarely attacked the 
very reach which needed protection; Even with the intermediate 
position at cross sections 3 to 1 upstream~ the groyne was ineffective. 
The position of the groyne was therefore shifted downstream between 
C. S. 0 to C. S. 1 downstream; the groyne faced upstream at an angle of 
70° to the right bank. With this position the-flow pattern near the right 
bank, just in the vicinity of the village, improved. 

F' 
1 19 (b) Figs. 19 (b) and 20 (b) show the lines of flow and velocity distribution 

.~~~(b) at C. B. 0, 1 and 2 upstream and C. s. 1 downstream of the river. 
Comparison between Figs. 19 (a) and 19 (b) will show that the extent of 
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PURNA RIVER NEAR DESAI FALlA 

eddy and diving flow near the village is reduced with the repelling 
groyne. The surface flow which used to strike against the right bank 
near the village was also deflected sufficiently away from the bank. 
This will also be evident from the velocity distribution and percentage 
of discharge with and without the groyne [figs. 20 <a) and 20 (b)]. 
The comparison with cross sections in 20 (a) and 20 (b) also shows that 
deep channel has shifted from the extreme right bank to the central 
portion of the river. Thus the groyne was found to ameliorate the 
trouble at the village. Though some action was noticed along the left 
bank opposite, it was no"t considered dangerous or to cause any serious 
harm to the village on that bank. 

The tinallength to the centre of the no~e o.f the groyne which gave 
optimum results was 200 ft. The details of the groyne such as the 
length, nose, launching apron etc., are Rhown in, Fig. 21. The nose of fig.lu. 

the spur. and first 10 ft. length of the shank should be entirely of stone, 
the latter with a yiew to provide a good junction of the nose with the 
shank. The shank Will have alSo to be protected with· apron on the 
downstream as well as on the upstream side. The nose of the spur 
should slope at 1 in 3 (i.e. 1 vertical to 3 horizontal). The launching 
apron is provided according to the depth and extent of scour obtained in 
the model with due allowance for vertical exagge~ation. It was how-
ever noted from the velocity distribution that the effect of the groyne 
would not reach sufficiently upstream (hardly up to C. S. 2) and this can 
be attributed to the very steep slope of the river. The velocities are 
also not reduced to the extent desired to completely neutralise the 
sharp curvature upstream. Owing to . deficiency of sand in the river 
there would also be very little material depositing upstream and down.: 
stream of the groyne. 

A cut-off channel was therefore next tested in the model. The ·Fig. 19 (c). 

alignment of the channel is shown in Fig. 19 (c). The length of the 
channel would be 2,700 ft. Two rising and falling cycles as run pre-
viously were run in the model. It was observed that with the channel the 
conditions substantially impr,oved near the village, in that the eddy flow 
completely disappeared .and water could smoothly negotiate the existing 
curve. 'rhis will be evident from th"e lines of flow shown in Fig. 19 (c). Fig.l9 {c) 

The velocity distribution was also markedly improved as can be seen 
from Fig. 20(c). The channel was.fonnd to carry about 9,000 cusecs when Fig. 2° (c), 

the river discharge was 50,000 · cusecs. The optimum position of the 
head of the channel was found out by trial and error such that it did not. 
draw sand load disproportionate to the discharge. . · 

Two sections of cut-off channel having bed widths of150 ft. and 75ft. 
and 1: 1 side slopes were tested in the model. The latter section was 
found just enough to relieve the conditions at the village. 

The head of the 'ehannel had also to be designed carefully ·such that 
it drew water as smoothly as possible without a-ny disturbance so as to 
minimise the entry of heavy sand entering the channel. Accordingly, 
different radii of curvature were tested in the model and the one which 
gave the best l'f'Su]t is shown in Fig. 19 (c). The downstream end of the Fig.l9 (o): 

channel was also smoothly joined with the parent river to maintain the 
proper hydraulic conditions at the exit. A masonry datum wall 3 ft. 
wide with top at R. L. 68·0 should be constructed at the head of the 
channel; the river bank about 150 ft. upstream of it sht>nld be pitched 
with one man stone pitching, if th~ bank is erodible, so as•j;o pre.clude 
the possibility of the channel drawing an excessive discharge. · The 
design of the channel is shown in Appendix I. APpendix t • 
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4. Conclusion 

A out-off channel is an ideal solution for eliminating the trouble at 
the village; whether it will be practical or not will much depend on the 
cost of land acquisition and the characteristics of the bed along its 
alignment. 

As the consideration of cost will prevail over those of an all time 
efficiency, the groyne 200 ft. long may be constructed immediately. 

' ~ ._,_ . 
APPENDIX I 

Design 'of a cut-off c1LanneJ 

H. F. L. at C. s. 21 upstream··· 

H. F. L. at \C. S. 6 downstream. 
I . 

·: Therefore Difference in levels 

=R. L. 95·0. 

= R. L~ 87·27. 

=7·73 feet. 
' 

: Length of the cut-off channel =2700 feet. 

Therefot·e Slope of the channel per 1000' =2'85 feet. · . . 
. . 110 · 60 .... AUG. ''"'· c. ................ . 

FIG.2Z . 
H.~.L.• II. L. SS•O . " · W. L. at C. S. 21 upstream 

for Q=50,000 ousecs will be 
R. L. '80·0. . 

Discharge passing through the cut-off channel at this stage can 
be worked out according to the Manning's formula 

v =1·4i6 Rf si 
N 

Area of cross .section= ~9 ! 75 x 12 

=87 x 12 = 1044 sq. ft. 

A 1044 
:::~ · · R=-p= lOa =~0·1 ft .. 

J: 

Assuming N .:...~035 

V =~is~6 X (10•1 )*X <:~~50)i 
=1·486 X 4.6! X 1•69 

"0;:15 . 31·6 

= 118 = 10·5 ft./sec. 11•] 

••• Q=10·5 x 1044=109(,>2 cusecs.: 
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6. TRAINING THE GANGA RIVER NEAR TH~ . 
GARHMUKTESWAR RAILWAY BRIDGE, (E. I. HLY.), U. P. 

Introduction 
In continuation of the preliminary note given in the Annual Report 

(T~chnical), 1948, the present note briefly explains the :t:esults of model 
tests. 

On 13th September 1948, Member Engineering and Director, Civil 
Engineering, Railway Board,- inspected the . ·flooq affected area at 
Garhmukteswar bridge by air. The flood had then ~ubsided somewhat, 
and the deep channel w~s clearly visi\lJe. , . 

- ' 
~t was considered that the rive1· had, come daJ:\gerously close to the 

track (Fig. 23) and imniedia te remedial measures were necessary to maintain 
lines of communication. It was also proposed by the Railway Board 
that the Left Guide Bund should be extended upstream by'about 2,000 ft. 
and a curved mole head provided, the extension covering the deep water 
channel. . · 

With the extension of the Left Guide Bund the threat to the 
.Railway Line would have pee:q 9onsiderably lessened, qut ~s the river 
had advanced quite close to the line, the possipility of a further advance 
and cutting of the line, during the following flood l)eason Gould not be 
altogether discounted. Jt was also suggested for consideration if it 
might be necessary to divert the line to a safe distance from its present 
location. Later it:"would also be necessary to e~tend· the ~ight Guide 
Bund in conformity with the Left Guide Bund and provide a mole head. 

The Dir3ctor, OWINR Station,. who happ~!!eCJ t.o be fp Pelhi at that 
-time was also consulted in this matter.· Subjfct 'tP the final recommen4a:
tions, based on the results of model e~periment~, 4~ agr~ed :yyith ~h~ · 
~~ti~ . 

When on inspection tom· to Calcutta, the Director was al~o contacted 
by the Chief Engineer, Shri Gupta, who discussed the Garhmukteswar 
bridges case along with other cases and suggested a series of · four 
'r headed ~purs at miles 39/53 39/11, .~9/lQ and 39/~1 t.o immediately 
.arrest the tendency of th~ riv~r to erode the left bap.k al;)ove t~e bridge, 
(Fig. 24). Th~ Djrector did not agree with the proposa~ becauEJe these spurs 
when in action might neutrali~e the beneficial ~ffect of the ·e~tended Le~ 
Guide Bund tQ a certain e~tent by q.ttrao~ing t,I;te flow tqward.s thes~ 
heads and might perpetuate the river course aloi\~ t]le railway track. 

· In November 1949, the Director ,:j.nspected the site of ~he dan;tag~ 
.with Mr. B. N. Chopra, Dy. Chief Engineer, ~·I. Rly, f;rom the bridge 
to the Village Lather!~' on left bank about 3 miles upstr~a~ of ~P,.e J>Iid.g~. 
The proposal of opemng channel 'A' below Lathera, (Fig. 23), by puttmg 
a bund across the channel B and providing a leading cut in ' A ' was dis
cussed. This proposal though it might have worked with very low floods 
was considered to be unsatisfactory with higher floods. The channel ' A' 
being on the inside of a curve, it was .expected to dr~w sand, thus obli
terating any channel which might have been developed by low floods. 

As l'egaJ:"dS extending the Left Guide Bund, from practical consiM 
derations and constructional difficulties it w~s not' possible to ·extend it 
up to Ch. 34 and then give it a curved head. It would not have been 
possible to complete the whole work and if the extension work were left 
to the next year it would have been almost impossible to carry out the 
work due to deep channel which would form after the 1949 floods and 
hence, the Director agreed :t.l;tat. tp.e. •bp.nd may be extended as far up to 
Ch. 30 or beyond if possibJe and' giVe it a curved bead .of 120°. 
·. The Pire~toi:_'alsp ,~gr.e~d to sen~ :a· d~si~ Qr protecti9p to ,tl;t~ 
extended guide bund based on expected scour factors. · 
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Considering the gravity of the situation and the very short time 
available for construction, pending model verification it was suggested 
to divert the track line l mile away from and downstream of the existing 

Fig. 115 one (Fig. 25). It was also decided to take up model experiments under 
top priority. 

T/16 Model 
The model extended 8·5 miles upstream of the bridge· to 2 miles 

downst1·ea.m of it. The scale ratios adopted were:-
Length scale ratio =1/200. 
Depth " n = 1/60. 
V. E. " " =3'33. 
Bed slope exaggeration =-:1'56. 

Q=AV 
=1•10 X 46000 X 6·12 
=3·10 lakhs cusecs 

It will be noticed that the discharge of the river could not be 
accurately assessed, but it was apparent that the maximum flood 
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TRAINING GANGA RIVER AT GARBYUKTESW AR 

discharge with water level 658 at the bridge was certainly more than 
a lakh of cusecs, and later, model"results also gave a maximum dis
charge equivalent to 2·llakh cusecs. 

Design of Apron round the extended Left Guide Bund 

Maximum depth of scour:-In his paper "River training and Control'', 
Spring suggested that the maximum depth of scour of the Ganga at 
Garhmukteswar might be taken as 40ft. below low water. With a flood 
rise of 15ft. this means a maximum depth of scour d.=40+15=55 ft. 
below H. F. L. The scour round the head of the Guide Bank will, of 
course, be deeper as shown below:-

According to the analysis of scour round Guide Banks, bridge 
pi-ers, etc., the scour for large radius curves of guide banks may be 
taken as 2·75 DLaoey and 1·75 DL'1oey in straight shanks. . 

DLaoey = 0•4 7 (Q/f) l ' ' 
where Q=Discharge in cusecs 

f=Lacey's silt factor 
~1·76y'Di 

m being the mean diameter of sand=0·186 in the present case. 
& f=~W . 

and DLaoey = 33·6 feet if Q =2·8 lakh cusecs. 
=28 " if Q=1·5~ " " 
=35·2 , if Q=3'09 " , 

Table 1 gives the computations for working out the size of the apron Taltlel. 
having a 2: 1 slope of the scour. · . 

Though the actual m·aximum flood discharge has not so far been 
observed, it is considered that approximately, 2·8 lakh cusecs may be 
considered as a possible value and the apron designed on this discharge 
may, therefore, bP. adopted. 

Figs. 26 and 27 show the d~sign as initially. suggested by this Station Figs. 26&27. 
subject to final modification after model tests. 

Experiments 

Expet·iment 1.-With exi.:~ting conditions. 
Experiment 2.-With extended guide bank; the extended shank end

ing at Ch. 30 with a 600ft. radius, 120° curved head 
beyond. · 

Experiment 3.-. With extended left guide bund and four T spurs at 
· miles :39/5,.39/11, 39/15, n9/21 as proposed by the 

Rail way Officers. 
Experiment 4.-With a cut 100' X 10' through the island, about 2 miles 

upstream of Lather~, to divert main flow away from 
the Lathera channel. 

Experiment 5.-With a repelling spur above Lathera to see if the 
-village can be protected. . 

Experiment 6.-With Lathera bank cut back and a hypothetic 
meander laid to see the effect on the flow at mile 
No. 39. 

Procedure 

ln each experiment the model was laid to the 1948 survey and a cycle 
of rising and falling floods repeated with bed sand charge till model had 
stabilised. The discharges run were according to the 19!7 flood level 
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TRAINING GANGA RIVEB AT GARHl\IUKTESWAR . 

chart (Fig. 28) with the hypothetic peak level of R. L. 658 added. This Fig. 2s. 
had to be done because during the years 194:3-48 for which· the data was 
supplie~d, the river had never attained the maximum R. L. 658 at the 
bridge, the observed maximum water level being R. L. 654·5 in 1947 i.e. 
3·5 feet short of the maximum-ever :tiood level . 

.Results 
As usual with models of wide rivers with interlacing chann~ls, con

Bide1·able difficulty was encountered in proving the model; because with 
high floods when water flpiiJed over the shoals and island, due to 
Hxaggerated slope and absence of brash wood and vegetation, relatively 
1n-eat~r percentage of discharge flowed over the islands thus reducing 
l~ed movement in the main channeL · . · .. . ~ 

With the help of the aerial photograph, after floods· of 1947, these 
reachPS of the islands which were seen to be above water level were 
raised so that water did not spill over them when the water .level at 
the bridge was R. L. 654·5-the maximum level in the. prototype during 
floods of the year w}len the aerial. photo was taken. .. · 

Considerable modifications had to be done at the entry to simulate 
correct curvature of flow as indicated by the survey. The entry condi-
tions as adopted are shown in Fig. 29. Fig. 99. 

With correct entry conditions and correctei shoals, optimum flow 
conditions were obtained. Mr. Chopra; Deputy Chief Engineer; confirmed 
this during his visit to the Station. 

In experiment 1 with existing conditions it was noticed that the 
erosion at the bank was severe from the bankful stage down to a flood of 
150,000 cusecs. 

Wl.th optimum flow conditions reproduced in the model, the relation 
loetween the discharge and the w. L. at bridge in the model was worked 
out. It was seen that with B. S. E. (Fig. 30) S. E. =4·65, the maximum Fig. 30 • 

. flood discharge obse:rrved was equivalent to 2·12 lakhs cusecs. 
Figs. 31 and 32 show lines of flow with a discharge of 70,000 cusecs Fig. 31 & 32. 

:in experiment 1, with existing conditions. and in experiment 2 with 
extended left guide bund, the length of shank excluding curved' head 
being = 3,000 feet. 

It will be seen that at the embayment near mile No: 39, in both the 
experiments, the· top silt free water follo'i\"ed the le~t batik· whereas the 
bed flow was de:ffected away from it. This was as' expected,. because; the 
intrinsic effect of curvature would never vanish unless, the curvature of 
flow itself vanished and the extended guide· bund wo;1ld not materially 
change the curvature at mile No. 39,. unless reversal of curvature-_ takes 
place further upstream. 

Fig. aa shows the final scoured bank line in the model :ln; expei.1.,. Fig. 33. 

meuts 1 and 2 from which it will be seen that with tile extended guide 
bund, bank erosion was less than under existing conditions. It was 
thus, however, clear that in spite of the lengthening of the guide bund, the 
bank erosion might continue and that the railway should be prepared for. 
this. This also showed the necessity of diverti:ng railway line tQ 
a convenient distance away from the existing one, the existing bank 
carrying the ~rack being. used as a fir3t line ot defence. . . . . 

Having completed observations of Experiment 2,. a leading. cut was 
made in the shoal opposite the eml:layment (Fig. 34) to see if it develops Fig. 34. 
and thus reduces attack on the left bank. AsantiCipated.,.however, it 
did not develop because it was on the silting side of curved flow. This 
was just in conformity with the discussions which the' Director had: with 
the Deputy Chief Engineer as stated_ earlier. 

B 9411-t. 
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Fig. 85. 

Fig 86, 

Fig. 31. 

"!'able 2. 

ANNUAL REPORT (TECHNICAL) 1949 

In experiment 3, the Railway proposal to constl·uct fo'!lr T beaded 
spurs was tested. It was observed that of the four T spurs, the lower 
two came into action during the first floods. Erosion of the bank 
continued and embayments formed just upstream of these spurs. With 
higher floods, when water spilled over the bank, eddies formed at the 
·upstream nose of the T of these spurs which tended to deepen the scour
hole. The maximum depth of scour at the nose of the third spur was 
s 52·2 ft. as against the normal depth of about 25ft. without the spur. 

Fig. 35 shows the linPs of flow observed with a discharge of 70,000 
cusecs in Experiment 3. It will be noticed that the curvature effect 
began. to show at a point midway between spurs 2 and 3 which also added 
to the deepening tendency at the nose of spurs 2 and 3. 

After running a couple of cycles this experiment was abandoned as 
·results were not satisfactory. 

In all the proposals so far tested it was evident that the bank erosion 
near mile 39 would continue unless the curvature itself reduced. 
With this object in view a test was carried out with a cut above the 
Lathera village to divert a substantial portion of the discharge into the 
far right bank channe]. If successful the same cut would also be useful 
in red'!lcing the bank erosion at the Lathera village. 

At this juncture Shri Chopra, Dy. Chief Engineer, E. I~ Rai1way 
:paid a visit to the Station and to demonstrate to him the effect of a fully 
developed cut, before actually going into the details of an initially small 
cut to be later developed into a full one, a trial run was made with a cut 
equivalent to 600ft. wide and 15' deep, shown in Fig. 36 (vide No. lline). 
The results of this run were satisfactory in· that, there was no bank 
erosion near mile No. 39. 

· Having ascertained the effect of a developed cut, a number of 
alignments were tested with an initially small cut to see if it develops. 
On detailed analysis of the data, however, it was seen that there was no 
chance of a small cut developing as sufficient fall was not available. 

Basing calculations on 70% of the .flood flowing through the Lathera 
channel as· observed in the model, with a discharge of 1·1 lakhs cusecs, 
the value of Manning's N worked out to 0·026 and with this value the 
cut required a slope of 1·71 ft. per mile to pass ·a discharge of 
5,000 cusecs initially, as againsf1·5 ft. per mile which was the slope of 
the main river as noted by Sir F. Spring . 

.An initially large cut may have worked but was proh1bitive in cost 
as even a 100 ft. wide cut was estimated to cost Rs. 15 lakhs. 

At the time of visit Mr. Chopra handed over the plans of the extend
ed guide bund from·which it was seen that the Jength of the shank of the 
extended guide bund as actually constructed was 2, 700 ft. as against 
3,000 ft. tested in the model. 

Experiment 2 was, therefore, repeated with the guide bund as 
extended on site. .l!,ig. 37 shows the scour round the nose of the extended 
guide bund. As model results were now available, the quantity of stone 
in apron was reduced-see table 2. 

TABLE 2 

Apron along the Shank. Apron along the noaa •. 

River etde. I n/• etde. Biver aide. I u/s side. 

Statton proposal withon~ espertmenta tao 480 795 795 ------------------- -----------------}d fidOpted by the Railway ... 356·25 !l37·11 473 4711 
from Ch. 14 rrom Ch.l4 from Ch. 27 from Ch. 27 

to 27. to 27. to end. to end. -------·---}d based on modelaoour ... 31·11 81·5 684 91 

so 
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In view of the data of table 2 it was considered that the pitching in 
the apron as provided on the upstream side of the shank up to Ch. 32., 
was not necessary and the safety of the same will be ensured if the 
pitching on the slopes only and on the apron round the curved head. 
beyond Ch. 32 is completed. It was also suggested that the thickness on 
the apron round the curved head starting from Ch. 32 on the upstreallll 
side, round the curved head and down to Ch. 27 on the river side shoulill 

. be strengthened by 9" in depth. It was also recommended that the
protection of the shank on river side should not be reduced in view ofJ 
the river changing its course in future . 

. In Experiment No. 5, a test was carried out with existing configura-· 
tion of banks and bed at Lathera and a spur to divert the high velocity· 
flow away from Lathera village bank. A repelling spur upstream of' 
Lathera wns visually observed to give local protection but had an. 
adverse effect on the scour near mile no. 39. As the conditions did not, 
appear satisfactory this experiment was abandoned. 

Having collected information on the various points required, an 
experiment was carried out with the constriction at Lathera village· 
1·emoved (Fig. 38) as it was considered r.hat the stiff clay bank at this placP 
constrained free river movement and thus tended to aggravate conditions. 
at mile 30. 

It was observed that during the first stages of the experiment the 
bank near mile No. 39 scoured but the rate of erosion was less. As 
experiment progressed, the bank erosion stopped and a channel tPnded 
to scour on the shoal opposite the point at mile No. 39. This channel 

Photo 6639. formation is clearly seen in photo 5639. The deep water channel 
Fig. es obtained in this experiment is shown in (Fig. 38) from which it will be 

noticed that the scoured bank at mile 39 was still nearly 400ft. away 
from the railway line as against 250 feet in experiment 2. 

Considering also that in the river, scouring continues till the river 
falls very low· whereas in the model the scour ceased at a relatively 
high discharge equivalent to 30,000 cusecs and failed to reproduce 
accretion of suspended silt in slack water areas-one of the model 
limitations-it was felt that had the stiff clay bank at Lathera not 
resisted the river attack, conditions would have been less severe at the 
bridge. 

Conclusion 

Fig. B9. Fig. 39 shows the probable final channels, with and without extended 
guide bund. This was worked out on the worst observed 2° curve. It 
~11 be seen·that if rivPr conditions furt~er .upstream do not change 
mth the extended bund, the tendency of tne r1ver would be to assume a 
limiting course (see broken line in fig. 39). The nearest bank point 
being 2,000 ft. away from the retired line; and that without th~ 
extension of the left guide bund, outflanking of the bridge was 
obvious. 

In other words, retiring the line and extending the left guide bund 
appear essential and either of these cannot be avoitled as no feasible 
economic methods could be worked out for stopping the bank erosion. 

Yet another ])Oint worth noting was that the ba.nk at mile 39 
consists of clay and stands vertical. 

lt is thus clear that in spite of the extended guide bund, erosion of 
the bank is likely to continue and that the Railway should be prep!U·ed 
to hold the existmg Railway line, as this will serve as the first line of 
defence. 
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Railway Bridge 

I 
I 

Photo No. 5639-Photo looking downstream shows tendency of cutting a 
channel through the shoal in experiment 6 ; with Lathera 
bank cut back. It may be noted that in experiment 2, an 
artificial cut on the same . shoal did not develop but was 
obilterated. 

1. Railway Bridge: 

2. Extended Left Guide Bank 

3. Railway Track. 

101 



Tll4CED II· ·-

.. 
~ I 

' .' • I 
( ,· >------------ \ ' . ~- •· ..... : ..... J ~. 

, .. - . ----·--~----- _,.. .. ~,. ... ..... ~ 

---·--

;, ,.-------- .. ..... .. ' ' 
,!. .. .. : .. --;.! ,,• ' " ·' 

"' .,,-• .,.- 'I I ' I ,.,r:•• •:-... ," ____ , ,'. I , I ' ,, ' 

~,--,., ., .. ----- ' , t"' \ ........ ~ ... ~· .. ,.· 

'\ ," : ! ·-, 
IJ) l! ... ----1 ... ·•--••t•--'.• I I ,,, .......... 

.... ,_ ' ' ,";'" 
~ ........ '',/. ,..,.._._ 

NAif' 't S'. tl· 2 .so 

110•7705 • FE6· ISISO 
C· W I· 0" /1. /1. 5'•· ~Pt.l4• 

F/6."38 

GANGA RIVEli NEAR 6ARHMUKTESHWAR 

LOW WAf£R. CHANNEl IN £XPT.6 AFTER 

CONJTRICTION AT lATHEHA VILLAGE REMOVED 

.SCAL.E." ,. , { 
/; 3ooo·P~orn .. 

--- I .: IS MODEL. 

K£F£1f£NCES :-

CHA/IHEl AFTER EXFT~ 

CHANNEl. AS LAI.JJ NEARLATHEAA· -·-•.-~!-



~----------~------------ .. ,--•w== 
c. w. /. ~ IV, /l S!.N ~W"A 

FIG. 39. 
I 

GANGA RIVER NEAR GARHMUKTESHWAR. 
SHOWING MAXI/tf/1/tl SWING OF THE RIV£R 

WlrN wo/lsr RAOillS = 27oo: ,, , . , 
§CALE 1 a2~oa =to. 

(a.) W/71/0UT £XTEIIIJ£D l£FT Gl/IDE BANK SHQWN IN F'UlL LINE. 
(b) WITH ' 11 ,, " 11 ., IN DROKE/I LINE. 
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TRAilHNG GANGA RIVER AT GARHMUKTESHWA.R 

The erosion at mile 39 is mainly due to the resistant clay bank at 
Lathera village. The river has an unnatural constricted section at this
place and even without the extension of the left guidP. bnnd the .Lathera 
village is in danger. Extending the guide bank has no tendency to 
increase attack on Lathera village as. indicated by the model. . . 

Due to the extended guide. bund, the flow swings round more . 
further upstream than at present with the result that the right guide 
bund will have to be extended by-175 ft. The mole head can, be added 
later on as found necessary. · · · 

The. ,extended guide· ·bund will' cause afflux upstr~am ;till· the · 
-chann~l in front of the curved head develops sufficiently. This would · 
have been dangerous if the river had been flashy so that • due to 
insufficient-time for scour to occur, the afflux would have been' serious. 
As, however, it rises gradually it is anticipated that the cbaml:el will 
scour out and that the fr.ee bol!>rd provided will be suff;icient. . . .: 

. .. . 
• _ • _ • ~ : . ' i 1 ,.i j •. '. .' • • • ' > .' , < , • i 

Anything ·done to protect the Lathera village. , unde;r . existing 
.conditions! will be harmful from the point of view ·of t4e · Railway . 
unless, further . upstream, the meanders ·change ,causing .re.versal of · 
.curvattJ,re near mile. 39,. . · . · . -": .. , .: . 
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7. ROAD BRIDGE ACROSS THE GAUTAlli-GODAVARl RIVER 
AT ALAMURU BELOW RAJAHMUNDRY-MADRAS STATE 

1. General 
National High way No.5:-Madras-Calcutta Road runs along the East 

Coast of India and crosses the river Godavari at Rajahmundry, 360 miles 
to the north of Madras, where there is only a raHway bridge. Under the 
Post-War Road Planning recommended by the N agpur Report the 
Government of India have assumed responsibility for the maintenance 
and development of this important National Highway. Construction of 
a bridge across the river Gautami has been provided for in the first 
five-year plan o·f the Post-War Road Develop~ent Scheme. . 

2: River Godavari 

2·1. The Godavali River rises in the Western Ghats and after drain
ing an area of 1,15,570 sq. miles in its course of about 900 miles falls into 
the Bay of Bengal, south of Kakinada; During the greater portion of 
its cour&e it runs tru:ough the high table lands of the Deccan and Hydera
bad and thence finds its way through the Eastern Ghats where it narrows 
in places to about 600ft. wide and 150 to 200ft. deep during tloods. 

2·2. After leaving the hills the river enters an alluvial plain which 
Pis. 'o· widens out over 60 miles over the coast forming a large delta. From 

the hills to Dowleshwaram it is contained in a single channel called 
Pho'o 

1158~ Akhanda Godavari which has a width varying from a mile to two. 
2·3. At Dowleshwaram, a weir extending over 19,000 feet was con

structed in the year 1852. From the hills where the river emerges into 
a plain, there are marginal embankments to protect the low lying 
country on either side. b"Tom this anicut the river splits into two main 
channels called the Gautami-Godavari and Vasista-Godavari. A large 
and very fertile delta is sitnated between the two arms of the river and 
the sea. There are marginal embankments running from the anicut to 
the sea to protect the low lying country on either side of the Gautami 
and Vasista from :floods. Wherever the embankment is under attack 
from the tlood it is protected by stone pitching and/or 'Nanal' growth. 
Close to these :Hood-banks and running parallel to them are irrigation 
and navigation canals which have limit~d the possibility of retiring the 
marginal embankments under attack. Under such conditions very costly 

Pho&oe 66&9 protective works involving dumping of large quantities of boulders ate 
and 

6673
• do;ne to protect the embankments from the attack of the :floods. 

3. Existing Means of Communications across tl1e River Godavari 

3·1. Across the river Godavari in its course of 200 miles in Madras 
State there is no road bridge. The river is perennial and does not 
admit of any traffic wading through the river during any part of the 
year. The Northern Trunk Road crosses the river at Kovvur on the 
southern ri~ht bank and Rajahmundry on northern bank, a ferry service 
bridging the gap. 

3·2. Railway Briilge :-There is a Railway Bridge at Rajahmundry 
(M. S . .M. Rly.) built in the year 1900, catTying a single line of broad 
gauge traffic. It consists of 56 spans of 150 ft. and one span of 40 ft. 
the total length being 9,000 ft. It was designed to pass a maximun: 
:flood of 15,00,000 cusecs. 

3·3. During the dry months of April and May limited traffic is 
Ph•'o GIIBi. allowed over the Anicut. But in any case this is no public thoroughfare. 

There are also ferry services running at many places but are very in· 
convenient and troublesome causing inordinate delays. There is thus an 
nrgent necessity for a Road Bridge on this important National Highway. 
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ROAD BRIDGE ACROSS GAUTArua-uODAVARI 

4. Dowleshwaram Anicut 

4·1. The anicut, built in the year 1852, consists of 4 sections with 
islandsJn between. Th9 total Length of anicut including the islands is 
19,214 feet. . . . 

The length of Dowleshwaram Anicut 4,839 ft.} ·M.aking up· the 
" " ?' Ralli . " .. · 2 859 " Garitami River. . , , 

" 
, 
" 

. '' Maddur 
"Vizzeshwaram 

5. Bridge across Gautami at Alamuru .. 

, 
" 

1,550 " } Making up. the 
2,601 " Vasista River. 

. 5·1 .. Two ~lternativ~ sites have been very critically considered by 
the Project Authorities; they are the· one at Alamuru and the other at 
Rajahmunqry. On considering all the pros and cons. of the two alter• 
natives. they have finally accepted to locate the bridge across the 
Gautami',, at Alamuru. · The Research Station, under the terms of 
1·eference, is given freedom to finalise this site within a furlong upstream 
or downstream of the prQposed site and as such had no scope to offer· its 
comments on the relative merits of the two sites. . 

-5·2: Under the terms· of reference 'the following points indicate the 
scope of t4e Research Station in solving the· problem with the aid of 
~oael experiments:- . ' .· . , · · · 

(a) to.. finalise tlie ·site 'wi.thiil a furlong upstream ~r down~tre~m 
of the proposed site 12 iniles 6 furlongs and 295 ft. on the left bank 
of the Gautami (12/6 + 295-G LB) anil 15 m.iles 4 furlongs 495 feet ou 
the right bank of Gautami {15!4+495 GRB) atAlamurU:;· 1 • 

(b) to determine the exact orientation 'of the brid·ge; , ·. · · 
(c) to determine the waterway through th(il bridge;- anci' , 
(d) to design suitable protection workS for'the brldg~. : ·· 

5·3. Detailed investigations and surveys ·have been made for the 
bridge at Alamuru. The river has a width of 8,600 feet between t}l~· 
marginal bunds; the width during a norinal flood, however, is 6, 700 feet. 
A study of the river at this site indicates that the deep CQurse has been 
shifting from bank to bank. The river caaies a maximum flood· dis
charge of 10,55,600 cusecs as observed at the Dowles:P,wa}.'am -Anicut 
during the floods of 1942. With the experience gained at. the . bridging 
of the rivers in N orthPrn India one school of thought considers it econo
mical and desirable to constrict the river and provide for the bridging 
of the minimum section of. the river capable _of pnssing; safely a 
maximum flood discharge with . adequate protective . works, thus 
ensuring complete control. Another school of ·thought however is of 
opinion that any. constriction practised in the North Indian Rivers 
which have their own peculiar fPatures of terrain and flow may not be 
practicable and desirable in the case of South Indian Rivers. Further, 
there is a feeling that such a constriction-though may Ol' inay not be 
safe for the bridge-may have disastrous effects from ~he poi:Q.t of ·view 
of the safety of the river, existing river protectiou works, irrigation 
works of the delta and the delta. itself. . · 

5·4. As there · can be no _unanimity of opinion the issues involved 
being of a very complex and important nature, model experiments alone 
would have thrown some light on the solution of the problem and as 
such the matter was rE'ferred to the Research .Station for advice: 

6. Hydraulic Data 
6·1. It must be recognised that the Madras Project Authorities 

have collected large data of the hydraulic particulars of the problem. 
However there is .rather a paucity in ·the precise data necessary for
model experiments as will be explained below .. · · · _ . . .. 
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llg.41. 

Fig. 41, 

.U"NUA.L BEPOBT (TECHNICAL) 1949 

6·2. Estimates of maximum floorJ discharg4 
6·2·1. From the anicut to the sea there are marginal bunds along 

the Gautami and Vasista and as such they do not receive additional 
drainage in this region to what passes down in the two b1·anehes from 
over the anicut at Dowleshwaram. It is, therefore, quite permissible to 
measure the discharge over the anicut itself and for that purpose gauges 
have been installed upstream and downstream of each of the. four 
sections of the anicut. The discharges are then computed from these 
gauge readings and such record exists for well over a hundred years. 

6·2·2. It must be noted that neither the formula used nor the 
ttibles employed to compute the discharge, were supplied to the Station. 
It was stated that the flood discharge computations from the gauge data 
were fairly reliable and might be adopted for design purposes. However 
the correctness or otherwise of this data depends exclusively on the 
location of the downstream gauges which ought to record the height after 
the jump. The position of this jump or of the undulation at high sub· 
mergence ratio is changing and as such the downstream gauge records a. 
doubtful reading. For these reasons the basis on which these computa
tions have been made would have been very valuable for verification. 

6·2·3.. In 1942, the river received the highest flood viz. 10,55,600 
cusecs which has a frequency of 1 in 108 years. This frequency is 
suitable for adoption in designing a high level bridge. The following 
computation shows the estimate of this very :flood as 6,87,437 cusecs as 
obtained from a formula. usually employed:-

Q=Ql+Q:a 
Qt=fC1l./2g[(h+ha)i-hai]; 01=0•571 

Qa=Cald .J2g (h+ha); C3=0·BO. 

Q=l{ 3•1[(h+ha)~-hai] +6·4d (h+ha)t} 

where d =depth of tail water above crest 
h ~actual head 
ha=velocity head 

For Dowlesh waram Ani cut:-
d=16·75 feet, h=0·35 feet, ha=0·38 feet, 1=4847·25 feet. 

For Ralli Anicut :-
d=16·75 f~::et, h=0·2.5 feet, ha=O·a4 feet, l=~859'() feet 
Q=4,49,767+2,37,670 cusecs 

=6,87,437 cusecs against the.figure of 10,55,600 cusecs'stated 
above-which is a very large discrepancy. 

6·2·4. Distribution of Flooil Di1charge in the Gautami anil Vaszsta 
6·2·4·1. From the gauge datn. it was seen that the distribution of 

floods between the two arms of the River, viz. Gautami and Vasistu. is 
changing from year to year. The ratio Qmu: Gautami/Qmu: Vasi~ta 
is a~ove unity for low maximum floods and tends to unity with high 
ma:nmum floods. It may be remembered that the ratio of lengths of 
anicuts of Vasista and Gautami is 1:2 (approximate). If the gauge data 
and subsequent computatio.ns of maximum floods are presumed correct 
the ~roba.bl~ rea~o~s for the change in the ratio of distribution appear t~ 
be. d~fferent1al stltmg. up of the be~ upstream and · the presence of 
shiftmg shoals. The amcut has been m existence for the last 100 years 
a?d the bed upstream m';lst have silted up to its. full capacity. If the 
nver up~tream of the amcut has, therefore, attamed a certain amount 
of stability the variation in the ratio of distribution will depend entirely 
on the correctness of the gauge data and the discharge computations. 
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ROAD BBIDGE ACROSS GAUTAMI-GODAVARl 

o·2·4·2. There is again a proposal to construct a reservoir-Rama· 
padasagar-across the ·river Godavari at Polavaram about 25 miles up-
stream of the anicuts. It is considered that this reservoir when con
structed will have a certain moderating effect on the floods. The 
Ramapadasagar Project provides for a maximum flood of 3'5 million 
cusecs. The Bridge Officers, on the basis of various aspects ·of the 
probability of such a flood discharge ever occurring •. considered that there 
was no case for providing for 3'5 :ririllion cusecs discharge in the design 
of the bridges across Gautami and Vasista and, therefore, the Gautami 
Bridge )las been designed for a maximum flood discharge of 10,55,600 
cusecs and the Vasista Bridge for 10,33,000 cusecs .. 

6·3. Rivtr ·slope Data 

Fig. 41. 

6·3·1: Along the Gautami banks there are no gauges installed for Fig.4I. 
observing flood levels. From mile 0/0 tc;» 10/0 on the right and left banks, 
pegs were driven at the highest watf't' edge reached during the year and 
after a considerable lapse of time flying levels were take:n fot• the pegs Fig. 4~. 
by the survey parties. A graph of average slope (average of r.ight bank 
and left bank surface slopes) to max. discharge (Q) shows a very 
large scatter. Further, the data is confined to the region upstream of 
the bridge site and is not liable to extrapolation to the bridge site~ 
. 6·3·2: In the absence of any correct . slope data the surface- slope 

1·1 ft. per mile observed for the 1942 floods was taken as the basis and 
slopes for other discharges were allowed to be developed in the model. · 

6·4. Bed Material and Boring Samples 

6.4·1. A good number of samples from the exposed bed material 
and the boring taken in March 1949 in the alignment 12/6+460 GLB .to 
15/4+330 GRB at 6,826 ft. from G LB were analysed by the Puri Silto
meter and indicated the presence of soils as follows-(All River Levels 
refer to the mean sea level datum) •· 

R. L.+ 3·0 t:)-31·0 coarse to medium sand, 
:..:...31·0 to-61·Q black moist clay, 
-61·0 to-67·0 coarse sand with small pebbles, 
-67·0 to-70·0 stiff-moist clay mixed with coarse sand, 

· -70·0 to-97·0 coarse sand mixed with small pebbles: 
6·4·2. The·following is~ statement of 'm' in mm .. and the Lacey 

fd values (fd=1·76,Vm) of the sampl.:s from the boring in the Gautami 
at a distance of 6,826 ft. from the left bank along the alie:nment:-

R.L. m fd 
(I) Depth 10' below bed levef 7•0 0"570. 1"33 
(~) " 20' " " " 17•0 1•920 2"43 
(3) " 30' " " " 270 .0·582 1"34 
(4) " 40' " " " 37•0 0·0092 0"169 
(5) " 50' " " " 470 0·286 0·94 
(6) " 60' " " " 57•0 0·329 1·01 
(7) " 641 " " " 61•0 1•66 2·26 
(8) " 70' ,; " " 67·0. 0"654 1'43 
(9) ,, 

73' " " " 70•0 4"160 3·59 
(10) " 80' " " " 77•0 3•875 3•5(j 
(11) " 90' " " " 87•0 3•766 3·41 
(12) " 100' " 

,., 
" 97•0 6•441 4•46 

(13) Pit No.1 l 000' f1·om G LB 0·~667 ·91 
(14) , , 2 2000' , " 0·258 ·895 
(15) 

, , 3 3000' , 
" 0·407 1'12 

(16) CJ 4 4000' II " 0•492 1·23 
(17) I> II c 5000' II " 
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7. Experimental Proced"re 
7•1. Model scales are shown in Appendix 1. 
Experiments we1·e made for the following conditions of the river. 

Existing conditions of the river were compared with result 
obtained with 

(1) a bridge of total length 7,070 ft. (This is in accordance 
with the proposal of having a bridge from the right marginal 
bank to the left flood margin.) 

(i1) a bridge of total length 5,050 ft. (This is the proposal 
made by the Government of India Roads Organisation and on 
the basis of this proposal tentative designs and estimates have 
been made). 

(iit) a bridge of total length 4,040 feet. (This is a proposal 
which admits of the idea of maximum permissible constriction 
of the waterway). 

7·2. In all these experiments several rising and falling discharge 
Fig. 43 (O). cycles were run in the model until the model was stabilised. The 

hydrograph data consieted of gauge readings over the anicut during the 
flood season (June to October) for ten years. Tht maximum discharge 
for eaoh year is also available. From the data of maximum discharge 
and peak gauge readings, the relation between the two has been inves· 
1iigated. Assuming the estimated relation to be true for the intermediate 

Fig 43 43cA> gauge readings the discharge figures were obtained, and a study of 
4SCB):4s(ol, frequenc} of discharges fol" all these different years gave the discharge 
and Table ·distribution and its characteristics. The discharge hydrograph based 

on these averaged frequencies as shown in Fig. 43 (C) was used for 
model experiments. It was found that the worst conditions in respect 
of bank attack and high velocities occurred in'the model at the bankful 
stage of discharge which worked out as 7•00 cusecs in the model 

Figa:44(A) '- ( = 7, 70,000 cusecs). Consequently the hydraulic particulars of the lines 
44(D). of flow, velocities and contours were taken for the dominant discharge 

only. The range for observing the lines of flow was from cross section 
M. 9/0 GLB-11/0 GRB to cross section M. 17/0 GLB-22/0 GRB. The 
velocities were observed at the following cross sections:-

Figs, 45 (A to 
D.) Figs. 49 
(A to D). 
Figs. 4'1 (A 
to D.) 

Fig. 48. 

J!'lg, 4t tB). 

(t) 9/0 GLB-11/4 GRB. 
(ii) 660 feet upstream of the bridge site. (Figs. 45A to 45D). 
(iii) 660 feet downstream of the bridge site. (Figs. 46A to 46D). 
(iv) 15/0 GLB to 17/4 GRB. 
(v) 16/0 GLB to20/0 GRB (K.Puramsection)(Figs.47Ato47D). 

Gauges to observe water levels were installed at places marked X in 
the index plan. In all experiments with the bridge the right abutment 
was located at 1,440 ft. along the bridge alignment from the right 
marginal bund. 

8. Experiments 

S·I. Orientation ofthe bridge.-The new orientation is 12/6+295 G LB 
to 15/4+495 GRB as against the proposed 12/6+4GO GLB to 15/4+330 
GRB. This orientation gives normal flow conditions through the 
bridge and obviates skew condition for piers. 

8·2. Location of the Right Abutment 

It was recommended that the right marginal bank should be heavily 
l>rotP.cted with pitching and a falling apron; the right abutment should 
be located 100ft. inside the present cutting edge of the abnk on the 
coss-section mentioned in para. 8.1, as a margin of safety. 
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8.3. Linear .Waterway through the Bridge 

8·3·1. With a 5,050 feet long bridge the left guide burid did not come Fig ~4 (C) 
into action at the do'minant stage of the discharge. It had some effect · , · 
in higher than dominant floods but as the duration of these floods is 
very small and frequenJy of occurrence also very low it would take a 
very long time for this bund to come into action. The flow conditions 
near the right bank became worse on account of the concentration of the .. 
whole river now through the restricted waterway. The afflux recorded Fig. 46 (c). 
was= 2! inches and surface slope= 1·28 f~et/mile for dominant discharge. : 

8·3·2 .. With a 4,040 ft. long bridge the guide bund was effective in F' 4~ drawing the flow away from the right bank and the velocitydistribution was Jg. (B). 

more even through the bridge and the river was canalised. However due 
to the more restricted waterway as compared to that of 5,050 feet long Fig. '6 (C). 
bridge the conditions of attack on the left bank from mile 14/4 right · 
down to Kapileshwarapuram mile 17/0 bacame slightly worse as the ' 
velocity near the bank increased by 8 per oent. The levels at the bridge 
site evened out and the depth of .scour at the pier No. 2 from right
equivalent to pier 12 in the p1iototype-reached .a maximum value of 
= R.L. 14·0 feet. The afflux recorded was = 6 'inch and surface slope 
= 1.3J feet per mile for dominant discharge. .. 

8·3.3. With a 7,070 ft.loug bridge the guide bund was automatically 
dispensed with but the heavy attack on the right bank still persisted. 
All conditions were the same as exist in the river at present except that 
the waterway was restricted to the extent of the width of the piers. 
There was no afflux and surface slope was = 1·26 feet- per mile for 
dominant discharge. 

8·3·4. Lacey Co-efficient of Waterway 
For various bridge lengths and the river width the co-efficient' 0' in 

the L~cey formula P=O.V Q works out to:-
(i) 4,040 feet Bridge, 0 = 3·86 

(ii) 5,050 feet Bridge, 0 = 4·81 
(ii~) 7,070 feet Bridge, 0 = 6·73 
(iv) 8,603 feet Bridge, 0 = 8·18 

The length of waterway as pe1· I1acey's formula works out.to 2,700 ft. 
with 0=2·67. The value of 0=3·86 is quite adequate and is corroborated 
by the experience in Orissa where for the bridges on Katjuri and Kuakhai 
rivers the value of '0' is 3·1 and 4·12 respectively. 

R·4. Depth of Scour · 1 
According to Lacey- D=0·4'i3 (~-) . 

where D=depth of scour below H.],. L. 

. .. D=0.473 [u,og,ooo]l 
=38·8 feet below H. F. L. 

Maximum scour at nose of pier= 2D 
=2 x38·8 
=77'6 feet. 

· According to the practice followed by the R.ailway Board as enun
ciated in Railway Board Tech. Bulletin No. 78, "Well Foundations for 
Bridges" J it has been recommended that the foundn.tion~ should be 
taken to a depth l greater tha.l! the caLmhted depth of scour below 
H. ~'.L., to allow for a suffici1nt grip. 

·. Depth of foundatio~s=i x 77·6 
=116 feet. 
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It is proposed to take the foundations 110ft. below H. ]!,, L .• i.e. up 
to R. L.-67·00. 

To avoid the danger of settlement of pier columns founded on clay, 
as bas occurred at the Railway Bridge at Rajahmun.dry, the 
foundations must be taken below R.L. -fiO·O and bene~ the uniform depth 
of foundations up to R. L.-67·0 is considered adequate and safe. 

9. D·iscussion of Experiments and Experimental Resnlts. 
A study of the Gautami River course and history of the 'Sets' 

indicate that the river has been moving about, considerably within its 
marginal banks and there are a series of sets, dead or active, on either 
of its banks. At the bridge site the deep channel of the river was 
entirely along the left bank but within a pez·iod of 12 years has shifted 
completely to the right bank and has eroded the high marginal right 
bank to the extent of 1,000 ft. towards the outer flood ban~s. In its 
present conditions the river seems to be dPveloping a new set or rather 
the Ubalanka set ha!:i travelled down to mileage 13/0-15/6 of the right 
bank. The model reproduced these conditions and the l'ive1' bore 
heavily on its right bank within this reach. The most active set at 
Kapileshwarapuram was also reproduced in the model. Banks of alter
nate layers of clay and sand have always proved difficult of protection 
though there is no alternative but to protect them from slipping unless 
of course, the site is changed w:hich under the terms of reference was 
not permissible. · · 

[The protection of the right marginal bank is going to be rather ex pen
sive and troublesome. It ie our considered opinion t~at there exists 
better sites such as the one upstream, 10/5 GLB to 13/0 GRB where 
there can be two well defined guide bnnds of Bells' type and the entry 
conditions are more normal as against curved entry at the proposed site]. 

However to make the best unde1• given conditions it is absolutely 
essential to protect the right mar¢nal bank by stone pitching and an 
apron. The attack on the 1ight bank will be decreased if the flow is 
pulled away from it and this can be achieved by means of a Bell bund 
on the left bank. Thus the right marginal bank, the left guide bund 
and the constricted waterway thus formed are all complementary units. 

The main problem, therefore, is to determine to what extent the 
waterway can be safely constricted. This idea of constricting the 
waterway has arisen from . the experience gained in bridging the North 
Indian Hivers. The model has ·shown that it is possible to constrict the 
Gautami Bridge on the same lines. In all tests with the constricted 
waterway the conditions of attack· on the left bank downstre~tm of the 
bridge worsened a little. · The maximum worsening occurred at 
Kapileshwarapuram Section downstream when the constl'icted waterway 
was 4,040 feet. On the other hand during the test of full span bridge 
(7,070 feet) the severe conditions of attack on the right bank upstream of 
the bridge persisted. · 

Therefore, to conclude, the bridge with maximum permissible 
constriction (4,040 feet) as seen in the model requires protection measures 
for the left bank downstream, in particular for the Kapileshwarapuram 
set, which can be effectively done by projecting a repelling spur from 
the left bank upstream of Kapileshwarapuram eet. On the other band 
the bridge with full span-length (7,070 feet) requires heavy protection to 
the right bank. up~tream which again may be achieved by constructing 
a repelling spur upstream of the bridge o~ the right bank, but it should 
be noted that the design has no intrinsi~ merit of river control, which 
the 4,040 feet long bridge has. \ · 
• Experiments for the design, position, length etc. of these spurs are 
1n progress. 

Appendix II gives the details of the design of the left b'llide bund 
and the revetment of the right marginal bank. 
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APPENDIX 1 

::1. The Model a11d .Model scales. . . 
The Gautami model extended from the Dowleshwaram Anicut. 

lltpstream to the section 19/0 GLB ·to 22/Q G:RB dow.nstream. The 
-model reach is shown in fig. 48. _ . . · 

1·1. L-scale :-The length scale was chosen as 1: :]30 from considera-
-tions of space. · 

1·2. Q-scale Q =L2 

Or Say 

=330 X 330 
=1,08~900 

=1,10,000 

1·a. D-soale mp=1·3 mm., ·.·. fd=2·o· 
mm=0·4 mm., .·. fd=1·12 

Bridge alignment ........ R 15/4.,. 4H5 
L 12/6-295 

W (Width from R to L) = 8,600 feet. 
8,600 

. . Wm= 330 =26 feet. 

QP=ll,OO,OOO cusecs; 

Qm :...._.11 ,00,000 
. . 1,10,000 

= 10-Q cusecs. 
. 10•0 ' 

· · qro= ~6·0 
= 0·:186 cusecs/ft.~ 

(
q213\ 

dm = •67 .f:l/2 J. 

- . ( •386213 .. ) 
- 67 1'12lr.! '• 

" " ,· \ ! . - .• .' ; ~ 

.= 0·366 feet. 

•I 

. A) 
. dp·== 18·?5 fel!t .. (~ ve1~:tge depth :-:w 

d . 18·55 . 
D-scale=d: =o·366=50~ 

330 
.. V. E.= 50 =6·6 

"1'4 Time-scale , 
Force= w :d.s.· ·. 

· Workdone=L. wds. 
• "' t • 

. · Work done. 
Ttme-scale = . 1 . t . w.xve oc1 y 

I . 

· L. wds 
w. v._ 

=Ld112 S if v~d112 

T . =330 X 50112 X 6~6 
=350 approx. 

=350 days in proto= 1 day in model. 
..Or 1 dayin proto=4'1 min. in model. 
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7·5. · Bridgt Dimmsiom in tho ModeZ 

=no. of piers • •• n + 1 =no. of spans 

• •• ~- tom for each span 
dp dm 

. . . fOp _ .• tom 

dp (np + 1) - d~ (nm + 1) 

.•. nm=~.wm .(np+l)-1=nyp+E1-l, 
Gm top • • 

For a bridge of total length 5,050 feet, the spans proposed are 
32 of 150'-0" clear each . 

. ·. 31+1=6·6 (nm+l) 

• • . nm=4 (piers) 

=5 spans. 

Diameter of foundation well=20 feet 
, '' pier column = 7 feet. 

Olear span in modeZ 
(in prototype) 

· 32 X 150 , d 1 32 x 150 = ~30 x 5 (1n mo e ) 

= 2'-11" 

31 x7 . 31 x 7 s 
4 

x 
330 

=2" diameter of column. 

31 x 20 = 3f; i~o =5·64" diameter of foundation well. 

Clear width between wells=7' 

7 
!!50. 

=1·68" (in model). 

For simplicity these dimensions were adopted for all the threetbridge 
lengths viz. 4,040, 5,050, 7,070 feet tested in the model. 

Height of pier column=43/00=10'32" (in model). 

Height of well =67/50= l.'-4" ( " ). 
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.APPENDIX II 

1. River Protection W'ot·ks 

1.1. The river protection works as reproduced in the model con
sisted of the following:-

W Marginal revetment on the right marginal bank; 
(i~) Cross bund at 1,000 ft. upstream of the right approach to 

pfevent parallel currents along the right approMh; and 
(iii) Bell's type guide bund on the left flank. 

1.2. Marginal Revetment on the right m~rgin :-
.A typical section of the revetment is· shown in fig. 49. The margin 

is made up of alternate layPrs of sand and clay and is .standing more or 
less vertical or to a slope of ! ~ 1 at the bridge site. It is known that 
such banks are difficult of protection. However a design was worked 
out based on the experience of protecting the existing river 'Sets' • The 
existing revetment on the right margin ends at chainage 4700' upstream 
of the right abutment. It is therefore necessary to join up the new 
revetment with the existing one along the margin curve, and should 
extend 500 ft. downstream of the right abutment. 

1.3. Cross Bund :-The depth of water over the marginal spill lands 
is 6 to 8 fePt in the highest floods. It is necessary to protect the right 
approach from the parallel currents which may erode the approach 
embankment. For this purpose a small cross bund of length 800 feet and 
10 feet high and situated at chainage 1,000 feet from the right abutment 
was tested in the model and gave better results than the proposed long 
guide bund situated just above the marginal revetment and running 
parallel to it, shown dotted in fig. 50. 

1.4. Left GuuJe Bund:-The plan of the left guide bund and its 
typical cross-section are shown in figs. 51 and 52. .The design was found 
suitable for a' 4,040 feet long bridge and is based on the principles 
enunciated by Sir Francis Spring.nJ 

(1) Technical Paper 15:1 of the Railway Board ''Rivu Training and control, the guide bank sy~t~m•• 
by Sir Francis Sprina. 
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Fig. 50. 
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TABLE I 

Fregz,encies of occurrence in flood season (Junt~·October) 

Cuaeos. \ .... I"" I·~ I ,,, .... l.::j .... , .... , .... I "" Jm• ·-
0 to 5 ... 10 IS t3· 11 6 11 ~· 13 ' 12 102 

6 to 10 ... 0 1 0 I 8 0 8 I 8 • 28 

10 to 15 ... a 2T 3 0 11 8 8 ' • 8 n 
llitoSO ... 18 14 36 91 115 80 33 18 34 22 260 

10 to 25 ... 11 6 13 19 5 11 11' • ' 10 94 

25 to so ... li 9 8 12 8 5 18 u 10 8 92 
' 

30 to 35 ... 7 1 . 6 5 6 6 s Ill 2 4 Iii 

85 to 40 ... 5 ' 0 • 1 ' 4 3 5 5 95 

t0to45 ... 1 0 3 1 ., 2 '1 '3 .8 ' 25 

-l5to 50 ... 0 ·1 3 1 0 2 1 2 0 10 

50 to 55 ... 1 1 1 1 0 1 0 1 8 
I 

55 to60 ... 1 3 1 0 I 0 'I 

60 to 6S ... 0 1 1 0 II ' 
65 to 70 ... 1 1 2 

70 to 'i5 ... 1 1 2 

75 to 80 ... 0 0 

80 to 85 ... 0 1 1 

85 to 90 ... . 1" . 1 1 8 

90 to 95 ... 1 1 

I - ' 
95 to 100 ... - --,--------78\-.780 Total ••• '18 78 - ,~ 78 78 '18 1 78 78 78 

Godallari Biller :-Table showing the frequency discharge dietrlbntion over diJferent years. 

Nou :-Diaohargea on every alternate day were eonsidered In working od tbe number o! oeoorreneer 

. 
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11330, 1/ 5 0 Sca le Mode l of Gaut&mi at Ala mu ru. 

Photo No. 5659-Showing a general view of the 
model looking upstream. The 
girder indicates the bridge site 
and the discharge stage is slight
ly higher than the dominant. 

Photo No. 5676- ( Lookin g upstream) Showing 
full flood s pass in g thro ugh a 
bridge 33 s pans a nd length 
5.050 ft. N ote the guide bund 
on th e ri ght. 

Photo No. 5677-The same as Photo No. 5676 
looking dow nstream. 
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ROAD BRIDGE ACROSS GAUTAMI-GODAV ARI RIVER 
( MADRAS STATE ) 

Photo No 5582-Anicut across Godavari at Dowleshwaram from left bank 
looking towards scouring sluices. 

Phoro No. 5581-Dowleshwaram Anicut from left bartk showing bed scour 
downstream of scouring sluices. 
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Photo No. 5577-Gautami river 200 ' Ft. above right abutment showing steep 
scoured bank looking downstream. 

Photo No.5580-Proposed site of Gautami Bridge (right abutment) flagged 
pole on centre line on Bridge. 
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Photo No. 5578-Gautami River 200 feet above right abutment showing 
steep scoured bank looking upstream. 

Photo No. 5574-Gautami River right bank at Ubalanka mile 14/5 looking 
downstream. 
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5526-Showing Bennihalla left bank upstream of 
the bridge. Bank erosion and embayment 
can be clearly seen. 

5527-Abutment apron under repairs. 

5531-A distant view of apron round left abutment 
with steel sheet piling in foreground. Apron is 
under repairs. 
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8. BRIDGE No. 10 ACROSS RADIHALLA, BENNIHAL'LA 
RIVERS ON HUBLI-GAD~G LINE, M.S. M. RAILWAY 

1. Introduction 

The Chief Engineer, M .. -& 8. M. Railway r~ferred this. problem to 
this Research Station in October, 1945. · 'The bridge, 9 spans of 60 feet Photo 5534. 

each, carrying single line of inetre-gauge, traffic· is situated exactly over 
the confluence of the two rivers Radihalla~ and Bennihalla at mile 87/22 
on· Huoli-Gadag Line. ~s can be seen (from Fig. 53)- the bridge is located Fig, 53 a~d 
on a curve where the left bank. has eroded very badly and has formed a Photo 55 6' 

large emb~yment just upstream of the left abutment. The bank-erosion 
has resulted in developing an attack on the left abutment itself which 
rests on rather shallow Joundations. The problem was, therefore, to 
prevent_erosion of· the left 'bank· and outflanking of the bridge behind 
the left abutment. · 

2. ThB Bridge · . . __ 
The bridge consists of 9 spans of 60. feet plate girders resting .on Photo 5528· 

solid masonry piers. The masonry piers rest on deep foundations; the . 
exact levels of which are not known. :The nature of pier foundations is Fig. 54• 

not known although it is conjectured that the piers may bP. rest~ng on Photo 5531. 

well foundations. To as~ertain the dept];t, the. founds were probed along 
the face sufficiently deep Without .touching the. footings. The bridge i~ ~ ·.' ·. · 
situated exactly over ·the confluence of the two rivers, Radihalla and · 
Bennihalla, on a sharp bend-:- a bad location. 

3. . West Abutment (Left bank, H1tbli end) ' · . . 
The abutment has been badly damaged by the attack of the two 

rivers. It caiTies a land arch· through it and is protected upstream and Photo 5581• 

downstream by au apron of boulder pitching. After. the l948 floods the Fig. 55. 

pitching had slipped and the sheet piles driven at its base had bent out.' Ph t -526 
The river Benniballa has formed a big embayment upstream of this 0 0

;) • 

abutment by eroding severely. ) . . . · 

4. River conditions and Hydraulic Data . 
4·1. • The embayed. portion of 'the bank consists of layerf! of sand 

lying underneath 4 to 5 feet of black cotton soil, which is a feature causing 
caving action. The bed of Bennihalla. consists of black cott.on soil which 
fornis a treacherous mass when wet. The bed· .qf:-nadihalla consist~ ot 
nodules of kunker mixed with fine sand. . · ' . . . : 

4"2. About 1,500 ft. upstream of the Bridge a small cut-off channel Photo 5530 •. 

has naturally formed leading from Bennihalla to Radihalla. It has an 
average width of 80. ft. and earried about 4 p.3r ct:,nt pf B~nnihalla dis.:. 
charge into Radihalla. In fact this natural phenomenon has sh·own a 
partial solution of the problem of reducing the discharge intensity'of 
Bennihalla. Figure 60 also shows a cut made previously·further -down-
stream but this has now silted up. as it was .located on the wrong side--
silting aide-of. a curve. . . 

4·3. River Discharge :-As in the majority of cases the hydraulic data 
available "'as very meagre. In the absence of any hydrogra.ph data the 
maximum river discharge was worked out by the following methods:-. .a 

4·3·1. Ryves'.formula~ Q=C M4
• . · 

.ll • . 
.... Q=560 X 1304 (C=560). . .. 

M=130 sq. rmles. 
=22.200 eusecs for Bennihalla. · 

. I . . 
Q=560xl244 · M=l24 sq. miles. 

=21,000 cusecs for Radihalla. 
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4·3.2. Meander formula-
M1 =30~ M1=Meander length. 
M1 =3,600 feet Bennihalla. 
M1 =3,060 feet Radihalla . 

.-.· Q=14,400 cusecs, Bennihalla. 
Q = 10,400 cusecs, Radihalla. 

In the absence of any maximum flood observations, it was considered 
safer to adopt the higher discharges worked o~t ~y Ryves' formula. 
Thus the total discharge to be passed.through the br1dge worked out to 
43,200 cusecs and the Lacey width for this discharge worked out to 

W=2·67~Q . 
........ -;:::-;:;~ 

=2·67 ~ 43,200. 
=560 feet as against the actual width of 

540 feet through the bridge. 
4·4. River Slope :-The river surface slope of 1·2 feet per mile as 

ascertained during the maximum floods of 1938 which attained the H. F. 
L., so far recorded, of R. L. 1919-20 was used for the maximum dischaO'e 
and slopes for various discharges were allowed to develop in the modef. 

4·5. River Bed Material :-Sand samples from the two ~ivers, on 
r~.ge. 5&(A) analysis, gave the following 'm' in mm. and Lacey fd (fd=l'76vm) 

and (B). values. Size distribution curves are given in figs. 56 (A) and 56(B). 

fhoto 11850. 

l'hoto 5a.L 

Appz.J.. 

0 
I_ in:m. 

Speollle I Solable 
~ Particalartl of location. fd. graTiiy. aalta 
Ill percentage. 

1 Bed aample ol Bennihalla n/a of the conlluenoe. 0·021111 0·!165 11·565 1Q·6S 

2 Bed sample of Radihalla u/s of the oonlluenoe ... 0·037 0·888 2·59 10·876 

I Bed sample of common stream at bridge site ... '·058 0·428 ll·72l ,.ou 

' Bed sample 2. n. below bed nrfaoe at pier No. !I. 0·195 0·704. !1·62 6·87 

li Sample 6• below aample ' .. 1·98 2·112 l·oll 8·'6 

6 Sa111ple 11• below sample li ... 1·86 2·0' 11-'1!1 1·62 

These samples contained very high percentage: of soluble salts. In 
the model the •m' values for bed material used in Beunihalla and Radi· 
halla were 0·18 mm. and 0·34 mm. respectively. 

5. Experimental Procedure 

5·1. Originally it was proposed to protect the bridge by constructing 
a left guide bank; but this was found to be totally unsuitable on inspec
tion of the site, as the clay banks and the sticky material on the bed 
would never have allowed t.he apron to function satisfactorily. Three 
other solutions were tried in the model and the results obta1ned were 
compared with those of the existing conditions of the rivers. 

(i) with a 300 ft. wide cut along the alignntent of the existing 
natural cut 1,500 ft. upstream of ~he bridge. · 

(it1 with an attracting spur 200 ft. long pointing downstl'eam at 
an angle of 30° with the projecting bank and located 400 ft. down-
stream of the brid~e, on the right bank. · 

(iit) with a combination of the above-mentioned 300 ft. wide cut 
and the attracting spur. . 
Model scales are shown in Appendix I. 
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Photo No. 5573-Gautami right bank showing steep clay bank (pitched with 
stone.) mile l5J2. 

Photo No. 5569-Gautami at Kapileshwarapuram showing river attack on 
the left bank. 
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BRIDGE NO, 10 AOROSS RAI>IHALLA.-BENNIHA.LLA. 

5·2.. In all these experii;n.ents no definite discharge cycle could -be run 
as no hydraulic data was available. The dominant discharges for the 
two rivers which worked out to 16,000 cusecs in Bennihalla and 12,000 
cusecs in Radih11lla were run in the model until it attained stability. It 
was found that the bank erosion and the attack on the left abutment 
were worst at 2/3 the maximum flood discharges on falling ;floods. There· 
fore, the experiments were conducted for these dominant discharges only. 
Observations included lines of flow, velocities at cross-sections 200' up· 
stream and 200ft. downstream of the Bridge and bed contours after each 
experiment. 

6. .Experiments 

6·1. With existing conditions of -the river :-The· lines of :H.~~· indi· F' 
57 

(A) 
cated heavy attack on the Benniha.lla left bank upstream of the Bridge Jg. • 

and the left abutment. A whirlpool was formed on the spill margins just 
upstream of the left approach embankment. There was very negligiblP 
flow through the 3 spans on. the right and almost all the ·discharge was 
concentrated in the remaining 6 spans, the heaviest concentration being Figs. 58 (A) 
through the :first two spans near the left abutment as shown by the velo· and 59 {A). 

city distribution diagrams. The ·existing natural cut carried 640 cusecs, 
i. e. only 4 per cent of the Bennihalla dominant discharge. . 

6·2. With a 300 ft. wide cut alon; the alignment of the existing 
natnral cut:--The lines of f;iow indicated the opening of the 3 right·spanSFig. 57' (B. 
and reducing the flow concentration on the left side at the bridge site. · 
The flow was centralised through the bridge and the velocity distribution • · · 
curve showed moderation of peak velocities by 18 per cent. The cut 
carried 15 per cent of Bennihalla dominant discharg-e and the intensity of 
the whirlpool upstream of the left approach was· not to be seen at alJ. Figd. 5~s<Jr> ·Nose of the existing island between the two was pro~ectr.d with stone an • 

pitching. · ' 
6·3. With an attracting spur pointing downstream, 200' long at an 

angle of 30° with the projected bank situated 400' downstream of the 
bridge . on th~ right bank:.-In this case the spur ca.me into action by 
pulling the flow towards the right bank and easing· the concentration on Fig. 57 (C)· 

the left side. There was sc.our around the nose of the spur, the. toe of 
which will have to be provided -with a falling apron. The plan and 
typical section are shown in fig. 61. 'rhe velocity distribution curve at 
the cross-section. 200 ft. upstream of. the. bridge however showed 'that the F' 

5 0 flow was not centralised through the bridge, th~ co~c.entratiQn remaining ~~~59 ~(k) 
equal_ on the left and right of the central spans. . The mod~ratio~ of pea~ 
velocity was 10 per cent. . · · .. 

6"4. With a 300' wide cut and the attracting spur downstream as . 
stated in paras. 6·2 and 6·3:-The solution gave the best results and had Flg· 57 (D). 

essentially acted as a combination of th:e mer,its of the two devices. 
The lines of flow indicated the elimination of whirlpool action upstream Figs 58 (D) 
of the left abutment and the flow was evenly distributed in all spans as and. 59 (D). 

seen from the velocity distribution curves. 

7. Discussion of Experiments . a.nd Experimental· '.Results 
7·1. .ll'requently nature shows the way: of· solving a problem 

created by itself. In this case it idid .so during·. the floods of 19i7 by 
making a breach leading from Benni~alla to R~dihalla and that too at a 
location slightly downstr~am on the outsi.de of~ ·concave bend, a ~it~a-
tion very favourable for Its prolonged e:nstence. Actually an artificial 
cut was made some time back but it silted· up ori < .. account of its faulty 
location. It was seen from the results of experiments that this cut if 
widened to about 300 feet would h'!'ve a carr~ing ca.'pac~ty of 15 per cent Fig. 60• 
<>f the dominant discharge of Benmhalla. The by::-passmg of floods from 
.Bennihalla, whi~~.f~.at pr~se.~~ ;pres.sing he~vilf .oJ?,_the left bank, would 
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result itrpulling the flow away from the left bank and thus reducing the 
intensity of attack on th~ left abutment. Nearly the same results were 
obtained by constructing an attracting spur downstream of the bridge on 
the right bank. Therefore .to accelerate the favourable results of the 
300ft. wide cut it-is considered that the same can be done by combining 
the cut and the spur . , · 

'•. 

· 7·2 •. ; It i:nay be mentioned that the solution of a guide bank of Bell's 
type located on the left bank was ruled out from the beginning. It was 
noticPd during inspection of the site in February 1949 that the banks 
consist of alternate layers of sand, clay and such materials are known 
to be very difficult of protection, much more so along a bend. The slip
ping of the pitching .at the . .site indicated that the guide bund would not 
{imction .well and t!J.e falling apron ~ould not launch. · 

Therefore •. to. conclude, a cut 300 feet wide along the alignment of 
the ·existing natural cut and an attracting spur on the right bank 
downstream of the Bridge are recommended. 

APPENDIX I' 

1. · The model and model scales . . 
1·1. The model was reproduced from C. B. 3 of Bennihalla upstream 

andiC.S. 2 of Radihalla upstream to c.s. 2 of Benniballa downstream of 
the bridge. The model reach is shown. in fig. 53. 

1·2. Length scale:-On considerations of suitable span and availa-
}?ility of space the length scale was fixed as 1:100. . · 

1·3. Discharge scale 
_·Q=L2 

=100xl00 
=10,000. 

1·4. Depth sca?..:.-Based on the experience. with models of incised 
rivers such as the Kshipra River at Ujjain which bad similar characteri
stics of the two Rivers Radihalla .and Bennihalla, the vertical exaggera
tion was fixed as-1 :4. _Therefore, the depth scale worked out 1:25. 

· 1·5~ Slope scale ratio :-Slope exaggeration and slope' scale ratio were 
fixed as I?·E·= V.E. = 4.0. 
1.6. Bridge Dimensions in model 

For dynamio similarity-

. . . 

Wp Wm · · -a;-= dm for each span. 

If np =No. of piers in prototype=B 
np+l= No. of spans in prototype. 

W - Wp W - Wm 
p- 1 m-np+ Dm+l 

Wp • Wm 
dp(np + 1) dm(nm + 1) 
Wm~ · •·. Um=-.d (np+l)-1 Wp m 

== np+1 _
1 

· · 
V.E. 
8+1 1 . 

4 -
== 1•25 01' say I 2 nos. of piers in the modeL ' 
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Bridge No. 10 Badihalla Rennihalla Rivers 
M. S. M. Railway. 

Photo No. 5525-Showing the Radihalla approach 
to the Railway Bridge. 

Photo No. 5532-Showing more details of abutment 
apron and damaged sheet piles. 

Photo No. 5530- Showing the developed cut from 
Bennihalla to Radihalla. 
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Photo No. 5534-Showing deep channel near left 
abutment 

Photo No. 5533 - View looking upstream c,£ the 
bridge, showing the two rivers . 

Photo No 5529-A close-up of the standing sheet 
piling; some piles were pushed out of 

vertical position by the slipping of apron 
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1/100, 1/25 Scale Model of Radihalla-Bennihalla Rivers. 
Photo No. 5758 Photo No. 5850 

Showing the 300 ft. wide cut 
from Bennihalla to Radihalla 
with the Bridge in back
ground. 

Photo No. 5851 

Showing the turbulence 
around left abutment with 
dominant discharge in the 
two rivers. 

Photo No. 5849 

The attracting 
action at the 
discharge, 

spur in 
dominant 
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Close up of the 300 ft. wide 
cut from Bennihalla to Radi
halla. 

Photo No. 584 7 

The Bridge in model with the 
·attracting spur pointing down
stream on the right bank in 
background. 

Photo No. 5857 

~hows contours of scour hole 
"round the attracting spur. 



BRIDGE NO. 10 ACROSS RA.DIHALLA.-DENNmALLA. 
' i . 

The Bridge in model consisted of '3 spans· equivalent to 9 spans in 
tbt> prototype and 2 piers and 2 abutment piers equivalent to 8 piers and 
2 abutment piers in the prototype. The land arch through the left abut
ment on account!>~ i~s negligible dimensions :~as 11;0t reproduced in the 
model. _ · · · · · · · 

\ .. ! -

'l'hickness of each. pier m. prototype=2'-:-6'' and to.tal ,thi.cknese of 
8 piers=20 feet. . · ' : - . · · . · 

• • c· · ' ' 20·' ' 
Tota.l thickness of . 2 piers in model -:-lffif ::;:0:2 feet. · 

I , I 1 ° , • ~ • • I 

. .. . . ·pi€r'length in prototype ....:17'-611 • 
• t"• 

,· 
~ .. ~ . . pier le_ngth in model . .· = 8·4 .inch~s: . ' 

• • L : l • 

• I 

. AP-PENDIX .TI. 

2. :'Design. of Attracting Spur 

. . 

.: ,, t 

H 
HI. 

. I< 

~ J ...... ,: 

~ t ~ .. t ' • 

.. , ... 

.. ; f 

. 2·1. Location of the Spur:""7'The attracting spur 200 fee·t long point• 
ing downstre~m w~s located on the right~ bank 400'• downstream of the. 
bridge at an angle of 30° With the projecting bank as· shown in fig. 58 .. 

2·2. DeJ!th of Scour. 
i··! 

Dr.acey== 0•47 (Q/frJ112 .'• . 
- 0•47 (43,200/1·76)1'3 

· = 15·2 feet. 

},or scour around nose of the spur, with a -fa.cto:r o{safety. of 2~' 
· depth or scour=2 DLaeey · ·· · 

· =30·4 feet (below Il.F.L'.). 

Therefore the apron was designed so as to launch up .to R.L. l889'00. The 
top level of the spur was maintained at R.L. 1925·0 which allowed for a 
free board of 5·3 feet above H.F.L. · : · ' · · · 

• I ! r • 

2·3. Design of the Spur :-A typical sectidn of the :spur is shown: 
in fig. 61. The. spur should consist of sand core .with . side slopes 
2 Horz.=1 Vert. which should be Pitched by boulder pitching 1'-6" 
thick over a layer of 0'-6" thick shingle backing: The 15'-0" road .wid~h 
on the top should have shingle pavement 0'-9" thick over 1'-3" clay base. 

. The apron should consisii of ·15'-0" width of boulders 4'.{)'' thick at toe 
reduced to 2'-0" thick at heel. The apron width should be full around the 
nose and u-pstream; on the downstream side however, it may be reduced 
grndually to nothing at the starting point of the spur on the.right·bank. 
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Fig. 58. 

Photo 5857' 

Fig. 61. 
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3. DAMS AND WEIRS 

(il) Design 

9. APPLICATION OF PHOTOELASTICITY 
TO SOIL MECHANICS. 

1. Introduction:-The utility of the photoelastic studies in Engineer
ing Design problems is now too well established to need· any introduc
tion. Although a vAst amount of literature has accumulated on the 
applications of photoelastio methods to mechanical engineering design, 
the literature on the applications of this method to Civil .Engineering 
problems, in general, and Soil Mechanics in particular, is still com· 
pa1·atively meagJ'e. Not only is it due to the intrinsic complexity of the 
problems met With in Civil Engineering and Soil Mechanics but also 
due to the non-availability of a photoelastio material suitable for the 
purpose. However, gelatine, though by no means an ideal photoelastic 
material, has been successfully used in photoelastio studies of the stress 
distribution in Dams, <U <2>· <a1. foundations <a>.<" and ground tunnels<51, 
The Research Station is naturally interested in problems of Civil 
Engineering and Soil Mechanics. It was, therefore, proposed to make, 
with whatever meagre equipment and material that could be collected, 
a systematic study of gelatine as a·photoelastio material and to deter·· 
mine the validity and limitations of results obtained by using it. 

2. Scope and. limitations of the .Method:-The applications of the. 
photoela.stic method implicitly assumes that Hooke's law holds for the 
material of the structure and, therefore, the results cannot be directly 
applied to any soil problem. 

This above fact, however, does not detract from the utility of this 
method of stress analysis in soil problems. None of the various methods 
of calculating stresses in soils can give the correct.results, as they are 
based OD theories for idealised materials. In fact,·for computing shear· 
ing stress elastic formulas alone are available. The best practice, 
advocated in actual design is to compute the stresses by the various 
methods, including the one based on the assumption of perfect elasticity 
so as~ obtain the limiting values.<&> Photoelastic method, therefore, 
retains its importance in the solution of stress problems in Soil Mecha
nics and affords a rapid and convenient method for the solution of 
mathematically tedious, and sometimes insoluble, problems with com· 
plicated boundary conditions. 

The choice of gelatine for the preparation of photoelastio models 
of struotu,res dealt with in Soil Mechanics, is based mainly on the 
following considerations:-

(a) •It has the advantage of being optically highly sensitive 
thus permitting the · loadings to the same scale as the dimensional 
scale of the model (ref. 2). 

(b). It can be easily cast in various forms. 

(c) Its sensitivity is sufficient to show appreciable relative 
retardation due to its own weight and can thus be used for the 
study of problems involving body forces, · 

As ~gainst these desirable properties (fr?m the point of view of Soil 
Mecbamcs problems) there are the followmg, more or less serious 
draw-bacia in the use of gelatine. ' 

<a) A high degree of de formability (small rigidity or a low value 
of Young's Modulus.) . 
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PHOTOELASTIOITY~ AND BOIL 'MECHANICS 

~(b) A large variation of fringe constant with c·oncentration. 
: . (c) Appreciable variations in: f~inge constant with temperature 

added salts etc. · · 

(d) Appreciable creep and a tendency to form "frozen stresses" 
if load exceeds a certain limit. 

{e) Marked ''Time Edge'' effect. 

In fact, the photoelaRtic behaviour of gelatine is still far from being 
well investigated and it offers a fruitful field for further research. [For 
earlier work see ref. 1, 5, 7]. It will be obvious· from above, that, to 
obtain reliable results with gelatine, a high degrse of skill .in the 
preparation of the models and caution in the interpretation o.f data is 
essential. · 

In the present ~eries of investigations, which are still in progress, 
it will be convenient to discuss the work, so far conducted, under the 
following heads:-

(a) Preparation of gelatine models; 
· (b) Study of stress strain and stress-fringe order, relations •. 

·(c) Determination of the fringe cou~tants. 
· (d) Study of. stre~s patterns. 

3. Preparation of Gelatine Model 

3·1. Ttchnique-Fine shavings of gelatine were mixed thoroughly 
with glycerine and the requisite amount of hot water was gradually 
added. In order to avoid lumps. the mix was well stirred. The mix 
was heated till all the gelatine was 'dissolved, care being taken tha.t the 
temperature did not go· ·beyond· .about 70oc. It was then cooled to 
about 40°0 and passed through a copper mesh into a specially construct
ed glass cell with detachable glass sides. The mix was allowed to set 
for about 48 hours and the cast block was removed by gently warming 
the sides of the cell. . ' 

3·2. Results-After studying the blocks prepared with varying 
concentration of the three constituents it was found that blocks with 
near about the following composition are the most E'atisfactory as regards 
both rigidity and transparency. 

Gelatine· 
Glycerine 
Water 

15~ . ' 
30~ 1 (by weight) 
55~J 

Addition of glycerine appears to contribute to the transparency and 
rigidity of the .block within. certain limits.. It also reduces the loss of 
water from the block on evaporation. 

4. Study of Stress-Strain and -Btress~Fringe Order Relation 
The purpose of these investigations was to determine the limit 

within which Hooke's law and the photoe]astic law hold for gelatine 
mix. The composition of the mix used was. 

Gelatine . 16~ 
Glycerine 26~ 
Water · 58~ 

4·1. Apparatus :-A diagrammatic. sketch ~f. ~he experimental set Pig. 62. 
up is.given in fig. 62 which includes a br1ef description-of the parts used. 
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An'UAL REPORT (TECHNICAL) 1949 

The loait on the block :was . gradually increased and both the load and 
the strain were noted. .as a dark ·broad fringe covering prnctically whole 
of the block appeared: · · · · · · · 

FIG: 62 
N.4t 771t-5' OI'·FU. I~P 

'C·W.I\IIR,ITif ftHO"A' 
, (' .. 

STRESS-STRAIN Be STR.ESS- ~RINGE ORDER RELATION:S · 
~PERIMENTAL SET UP • 

. , • . : l 

~~~t-~·i-~-~- c -----~l·-· -----~~~-ilf}ffl I f s .. .. "' ·. . . . . 
G ~ . ~. 

' ·: s ~ MERCURY VAPOUR LAMP. G- GROUND 6LAS5 PLATE. 
, 'I\ • Pa. -.POLAROIDS. t • • 

B- SAMPlE PAN 0~ THE PARALLEL ARM BALANtE 

M -RECTANGULAR GELATINE BLOCK. C -RIGIDLY S:\XED PLATE 

K - ~THETOMETER. 

4·2. Results:-Observations and the calculations have been tabulated 
Pig. 69 & e' in Table I, and the relations have been plotted ill. Figs. 63 and 64. 

E'1inge 
order 

n 

I 

0 

1 

2 

8 

l 

6 

TABLE I 

.·Are~ of the block, A=l·3~2·3 sq .. cm.=0·4635 sq .. in . 
. (1,000 ims.::::2llbs.; 1 sq. cm.=O·I55015 sq. in.). 

; I 

Height Cathetometer 
Wtoin Wt. in. Reading (omB) of Strain 
gma. lbs. blook Contraotion . c 

(b- a) (C) =--1··· (a) (b) 

~ !I ' 3· 4 ·6 6 
,. 

7 I! ' ... 
r . . 

' 
: . . . 

0 0 11·656 7·098 1·44il .... I ... 
110 • ·11 5·696 6·850 1·154. 

\ 
•2$8 .. I. . I ·200 

120 ·26 5·866' 6·86i ·119(1 .. ·440 ' ·309 

200 ·44 6·008 6·880 ·1!7!1 ·570 i .895 

J BOO ·6d 6·150 6·1100 ·750 ·69ll 
! 
' . ·480 

·UO ·97 6·362 6·976 ·6i4 . . ·828 . I ·574 

J 

Stress 'p' 
Win lb. 

=A in sq, in· 

9 

... 
·257 

·570 

·949 

1·42' 

2·089 

Both the'relations are parabolic. It is interesting to note that after 
removal ·of the load the block regained practically its initial size within a 
short time. These 1esults, however, are not of much significance in 
photoelastic work as too high stress~s and strains are involved in the 
observations. The limitation arose out of the fact that with the present 
anangement it was not possible to obtain a sufficiently uniform streiS 
distribution within a larger block. With the small block, used, the stress 
involved, even for the fu·st order fringe, was too high for practical 
Pll!'POses. It is now proposed to develop a stressing arrangement which 
will enable· the use of larger blocks and to use a Babinet Compensator for 
a close study· of the interesting region near the origin. . 

190 



FIG. -53 
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It must be noted that the values of stresses given in Table I and Fig. as &M. 
plotted in figs. 63 and 64 are not the actual stress values but the nominal 
ones, calculated on the initial area. The changes in the horizontal 
sections with increase in load, however, are considerable and in future 
work, it is proposed to measure these changes and to compute the actual 

. stresses, as well. Incidentally, this procedure will give us the data 
for calculation of the Poisson's Ratio also. 

From the graph the approximate value of Youngs Modulun for low 
stresses is equal to 3 lbs/dq. inch. ; which is less than that found by 
]'. B. Farquharson and R. G. Hennes for a mix of roughly the same 
compositiQP.· · · · 

5. Determination of Fringe Gonstant:-As already stated, our arrange~ 
ment for direct compression test was not satisfactory and it was there~ 
fore proposed to determine the material fringe value by the method 
of F. B. Farquharson and R. G. Hennes. However, in our case, as no 
confininJZ glass cell was used, a state of plain stress rather than plane 
strain exists. The complete theory of the method has been discussed 
by M. M. Frocht in his " Photoeiasticity Vol. II'~ (Ref. 8) and it is 
directly applicable to the case of plane stress. Composition of gelatine 
mix used in the case was 

Gelatine 17% 
Glycerine 35% 
Water.48% 

5·1. Apparatus and technique-A small demonstration polariscope 
was adopted for the work by suitably changing the optics and tbe final 
arrangement giving details of the vario"Q.S parts is given in :fig. 65. Fig. 65. 

The useful field was about 1 . inch in diameter and no quarter wave 

I="IG: 65 

PHOTO ELASTIC APPARATUS. 
I 
I 
I 

M La 

ft!!7746 OF FES.19ll0 
C.W.\~M·R·!i.ll1 ~liA 

S,- MERCUR.Y LAMP C - I=OCUSSING LENS 

f -riLTER. rDit ISOLATING >-546Jl,.N,,Na -NICOL PRISMS 

L1 , Lc -CONDENSOR. LENSES • M-MODEL. K CAMEI\A. 

plates were used as the small. :plate~ available would. have fur:her 
reduced the field. The plane of VIbratiOns was set at15 to the aXIs of 
the load so as to have the least interference in the isochromatic pattern 
due to the superimposition of the isoclinics. Mercury line 5461 A was 
used for photographing the isochromatics. The load was applied by 
means of a small rectangular steel block pressed by the weight of a rod 
passing through a ho.le. 

52. Results.-Photograph No. Pl shows the stress (pattern thus 
obtained which shows four isochromatics Details of observations and 
calculation of the fringe constant are given in table 2. 

s 8411-7 
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TABLE 2 
" . 

Calculations made on an enlarged copy of Photo P-1 
width of the block, d=1·6 ems. 

(Refer to Fig. 66) _±I ac Y~.ul Fringe Yaa oc d I . ainu Average lu J!'x u 
~ order Jlleasured ku£=~ I .amoc inohea. (11) in photo 

2 8 • • 
7 8 9 10 11 1 

1 

II 

3 

1 

a 
8 

' 

9·9 ·081 'oss• 9°16' ·161 ·161 

}·U• 11·'1 .uo '1°58' 16°115' ·275 ·188 

8·11 ·250 1&0 2' 28° " ·''11 ·157 

1·7 ·471 25°18' 50" 26' ·'111 ·1113 

Totalload=146•8+2·8=149·6 gms. 
' ' 149•6 .. = 453 lbs. =0·33 lbs. 

Area of Block=·13 x 1·06=·1378 sq. inches. 
·33 . . 

P= .1378=2·395 lb.fsq. tnch. 

'~"max 

7'Jil8l[ = 
.... F 

P sin oc 

71: 

Fn 
P sinoc 

n:n 
P· 

-=0·762. 
71: 

·758 

.,s, 

I 
·260 

·1'18 

Model fringe value F=.R{sin oc }. = ·762 x •J62=1·23 lbs./sq. in. n: n av . 
t=t·06 (thickness of plate). 
f (Material fringe value)=Ft.=·123 x 1·06=0·130 lbs./sq. in. 
The value for the material fringe constant, 

f=·J3 psi 

·lit! 

•litO 

·969 

·4Dll 

which is close to that obtained by b'arquharson and Hennes<51 for a block 
of roughly the same composition. 

In their case the model fringe value has been stated as 
· ·F = 0·071 psi 

· Now f=Ft.=o·071 x 1·5 
=0·107 psi 

wher.e f is the thickness of the block. 

It must be pointed out that the material fringe value found above 
for the particular sample is tentative, showing only the order of magni-
tude. The deviation from mean ei~ "') iE- table I is rather large for any 
exMt determination of the constant. This is partly due to large distor
tion below the load and the limited size of the gelatine '.>locks and partly 
due to other spurious effects so that mathematical theory cannot be 
applied exactly. It is intended to use larger and thicker blocks in future 
so as to attain a clo1:1er approach to the ideal conditions assumed in the 
theory. 

8 8Ul-7 (a) 
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A qualitative idea of the shear .stress distribution is given by plot-
ting the fringe order against depth. This has been done in fig. 67. Fig. 67 

A theoretical curve obtained by. the application of the Boussinesq 
formula has also been plotted for comparison. The general form of the 
curve agrees very well. 

5·3. A notable feature of Photograph P-1, is the appearance of the 
dark neutral line which indicates that the region below it is in com
pression while that above it is in tension. This, of course, is due to the 
high degree of deformation just bdow the load and has not been taken 
account of in the theory. Although it is still premature for us to attempt 
a definite application of this observation to Soil Mechanics,. it will be of 
interest to note that a r ··gion under tension has been assumed in 'founda
tion of Piers (see E. S. Barbar's discussion on stresses under piers).<7r 

6. Study of Stress. Pattems:-This detailed study was undertaken 
with a view to determine how far the patterns obtained with gelatine 
models. were a faithful reproductions of those obtained from elastic 
theory. It was, therefore, necessary tt> select a load distribution which 
would give a pattern sufficiently complex but at the same time mathe
matically soluble in a straightforward manner without requiring a pro· 
longed period for computation. It was fu:lally decided to take up the
study of the case of two distributed loads separated by a certain distance. 
It may have a practical significance as well, for the model stimulates the 
action of two piers on an elastic· foundation such as rock. The work, 
has not yet been completed and only a brief outline of what has· been 
done so far is given below. The gelatine mix used for; this experiment 
had the following composition:-

Gelatine 16% 
Glycerine 26% 
Water GS% 

61. Apparatus :-In order to elimin~ie- the iso~linics a circular 
polariscope was used. The apparatus wtts the same as indicated in 
fig. 65 except for the inclusion of two mica quarter wave plates Q1 and Q2 Fig, e5 

in the positions indicated by the dotted Jines. ·These were _set in the 
usual crossed posjtion with their axes at 4!i0 to the incident vibratio.n. 

6-2. Technique :-'rhe general procedure used for photographing-the 
patterns was the S9.me as described by Frocht in· his '"Photoelasticity 
Vol 1". A calibration photograph with single load was taken in the 
beginning. 

(a). Isochromatics were phot0graphed by using the mercury green 
line 54611. Loading of the· gelatine model was accomplished by. two 
similar rectangular steel blocks pressed by means of a glass plate which 
in turn was loaded by a heavy rod passing through a hole. To obtain 
equal loads in both the blocks the loads were adjusted till a symmetrical 
pattern was obtained. · · 

(b) Isoclinics :-T!J.e quarter wave plates Q2 and Q1 were removed-and 
a pointolite lamp was used as the light source. It was not found possible 
to obtain clear isoclinics with a gelatine model and a glass model bad to 
be used for the purpose .. For the convenience in drawing isoclinicl::! 
a special reflecting table constructed in station workshop was used. 

6·3. Results:-Photo P-'1, gives the isochromatic pattern which 
corresponds to curves having same value of maximum shear stress, 
r max· The general agreement of these curves with those obtained 
mathematically (see para. 6.4 below) appears to be fairly good, though 
the detailed comparison and quantitative evaluation stiU remains to be 
done. The main interesting features of the pattern are the central 
isotropic point with zero shear stress and the pockets of maximu.m shear 
stress near the edges of the block further away from the centre. 
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Fir. 68. The isoclinics obtained with glass model are given in fig. G8mainly for 
checking the existence of the isotropic point. ~fforts are now being made 
to obtain reliable sets of isoclinics from gelatine models them~elves. 

6·4. .Mathematical Computations:-The Boussinesq formula for a single 
distributed load has been used and at each point the effect of both the 
loads has been superimposed. A brief outline of the theo1·y and details 

Fir. 6s. of computation are included, J\8 Appendix I. ll'igure 68 of Appendix I 
shows "mu curves thus obtained. 

7. Discltssion of Results:-Consistent results were obtained with 
gelatine as regards the photoelastic constant .. ·However, care is necf'Esary 
in handling, calibrations, photographing of isochromatics and drawing of 
isoclinics. Fairly clear isochromatics were obtained but it was not 
possible to draw reliable isoclinics. As the models were only one inch 
thick, the straias corresponding to even a few fringes were very high. 
It is proposed to increase the thickness of models in the further work 
from 2" to 3" so as to reduce the strain without affecting the sensiti'\"'lty. 
In the investigations, so far made, body forces are negligible Bild for 
such purposes, it is realised, that gelatine is not a suitable material and 
plastics would give more accurate results. Though ultimately, it is 
intended tl:l study cases involving body forces, it is not possible at present 
because of the small field of the polariscope. The purpose of the present 
investigations, however, was not so much to analyse a pai·ticular stress 
,problem, as to study the pehaviour o~ ge~atine in photoelastic work and 
to develop suitable techn1que of handling 1t. 

8. Summary :-A study of gelatine models for photoelastic analysis 
of stress problem in !Soil Mechanics was undertaken to determine th~ 
extent of application of this matedal. The advantages and drawbacks 
in the use of this material in the above field have been cited. Gelatine 
blocks of various eomposition wc.re prepared and the elastic and photo
elastic constant, obtained for some samples, were compared with those 
of the previous workers. Stress pattern for the parti~ular case of two 
loads at certain distance apart resting on a larg£· block is photographed 
and comparison of the results with those obtained mathematically is 
being made. The work is still in progress. 
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sors in charge of the Mechanical Engineering and Physics Departments, 
Engineering College, Poona, for giving on loan the polariscope mentioned 
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PHOTOELASTIClTY AND SOIL MECHANICS 

. AP'PENDIX I 

lJeterm.ination of Stress Distributions i · 

This note mainly deals with the evaluation of stress distribution 
curves inside a semi-infinite plate subjected to two normal rectangular 
. loads, separated by a known distance, and acting on its straight edge . 

. In the case of a single normal load P acting on a semi-infinite plate 
the stress distribution is found to be purely radial. Let the origin of 
the co-Qrdinate system be taken at the points of application of the load 
(point load being considered) and the positive direction of the x-axis 
parallel to ~he load going into the body of the plate. The angle o is 
measured positively in the counterclockwise direction from the'positive 
branch of the x-axis to the radius vector connecting the point inside the 
plate. Then the expression for the Fttresses which may be a compression 
or tension for any point (r, 0) in the plate is given in polat' co-ordinates as 

-2 p cos 0 0" . ,.,_.. t , 8= 0 and rr8= o 
1C r 

where u, and ,.8 are the radial and tangential. stresses and is t4e r. shear Fig. 69. 

and tis the thickness of the platP. ' 

F/G.-69 
< ICO·I77 OF AUG·I'50·, 

c ..... & .. ,R.,\I'nl.-

.'1 

'' 

I, . 

Convention of Signs :-The sign of the concentrated load is taken 
positive if it acts in the same direction as the positive branch of the 
;x-axis, so that a normal force which produces compression will be called 
positive. As usual, compressive stresses are taken. as negative and 
tensions as positive. · 

Then the rectangular stress ·components dil.~ ·to the load P can be 
derived as 

-2 P cos3 0 
,.a:=,., cos26 t 

1C r 
. • 

26 
-2 P sin2 0 coso 

,.y= ,., Sin = 1C t r 

. · -2 P sin 0 cos2 0 
.-rey=,.r sm 0 cos 6....,. 1C t r · · 

If dp denotes a load on an infinitesimal 'length d, on the edge of the 
plate, then we have · · . · 

rdO rd6 
dp=q0d1 ; dy= cosO and dp=qo coso' Fig: 7o. 
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The rectangular stress components due to elementary load are obtained 
from Fig. 70 as 

F/6.-70 

p 

d 0 

d rru = -qosin1 0 d 0 
-., 'II: t 

whence cr.=2:t { 2(01-01)+(sin 20j-sin 201)} 

cr,=2 !i { 2 (0.-0J- (sin 20a-sin 20J} 

T'q = 2 !i {cos 201-eos 208 } • 

And the maximum shear is given by 
"ma~:=h/(cr.- cr,)2 + 4 "t:J 

In the case of a single load, the above simplifies to 

.!1!!_ sin oc 
'Kt 

where ,oc, is the angle which the two extremities of the load subtends at 
the stressed point. 

The same formula can . be extended for two or more rectangular 
normal loads and the stress components are written ~s Fig. 71 

cr•= 
2 
!t { 2 (01 - OJ+ (sin 20a-sin201) +2(01-0J +(sin 201- sin 201)} 

and similarly for crx and "~:~ 

Then rma~: can be easily calc alated from· .these stress components. 

In the case of a single normal load, whether the final formula f.>r 
rmu simplifies to a great extent and reduces to a single parametric 
relation and the equi '"mu curves are clearly the different circles having 
the line of contact of the plate with the load as commbn chord. But 
when we consider the case of two normal loads, the evaluation of equi
curves is not so simple. Firstly, the distribution will be dependent on 
the distance between the loads. Even for a known distance the value of 
rmu depends upon two parameters and the r£"lat.ion is too much complex. 

~Q.l 
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That is to say rmax =F (91 , 92) for n known distance between the 
~~ . 

The direct solutions for 9H 92 in the above case for constant values 
of rmax seems to be impossible. So alternatively for a fixed •distance 
betweeD the loads, we propose to divide the interested region to a lattice 
design. The· network should be sufficiently close to get a fair represen~ 
tation of the entire field under consideration. The stresses: at all the 
different intersections of the network can then he calculated from the· 
formulae. given above. These stresses will then enable the evaluation 
of rmax at the corresponding points. . · . 

For a particular case where the distance between the normal loads . 
is 1·3 times the base width of either load in contact, the various stresses· 
and shears along with their equi-stress lines. have be.en. obtain~d. · · · 

' 

F/G.11·' 

. t lz 1·3 
y, .. 

--
6·J 5·3 4·3 J·J .2·J 1·3 

01. 
e 

Ill 
~~ 

8t 

I 

' 

, The Fig. 71 showfl that the whole region has · been divid~d into Fig. '11. 

73 x 25 sqr. by means of73 vertical and 25 horizontal equall)i' spaced lines. ; 
It. iR evident from the formulae that the stresses at the corners of· the · 
square are symmetrical with respect to the mean vertical lines (except 
for signs in some cases), and the calculations are done ~Ol' only one-half 
of the plate, the remaining being a simple replica. 

O·J 

lJistribution CUl'VeB attached are SUfficient to indicate the characteri- Fig.'1l(a). 
sties of stress distributions inside the semi~infinite plate. 
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10. A NOTE ON CERTAIN PRECAUTIONS TO .BE OBSERVED 
IN PHOTOELASTIQ WORK 

The use of Photoelastio method for stress analysis and engine.el'ing 
design problems has been made very widely in countries other than India. 
For some time hack a few. institutions in this country also have been 
trying to use this method. 

Work on the:: subject was reported by the Punjab Irrigation 
Research Institute, Lahore, in their Annual Report for the year 1945. 
A close study of the work brought out the following points:-

1. BtreBr Optia Law 

The stress optic law has been stated as :-
"The photo-elastic methoJ of stress analysis is based on the 

fact that in a model of uniform thickne&s the fringe order is pro
portional to the stre&s, i.e. p=nf, where n is the fringe number, f is 
the fringe constant of the material and the light source and p is the 
principle stress.'' · 
In general, at any point in a two-dimensional stress system, there 

will be two principle stresses, namely, thn major (generally denoted by p) 
and minor (generally denoted by q). In stating the law as above it was 
not stated which of the etresses was meant. The more exact statement 
would be 

n"-=ct (p- q) ••• (1) 
where n is the fringe order (dark friugee), "'is ~the interfering wave 
length and'c is the stress optic co-efficient of the material The relation 
will holJ on either plain or circular crossed polariscope, t=thickness of 
the model. · 

Since P 
2 

q rmn the maximum shear, we can put equation 

(1) in the form '~'max= ~f ... (2) 

where f="N2c a constant only if light of a certain wave-length is used 
every time, f being a constant for the material is called material fringe 
value. In the same model, as thickness, t is also constant, 

'~'max=nF .•• (3) 
where F is called the model fringe value. 

· ·Assuming q'=o if we compare equations (2) and (3) with that given 
in the report under consideration it appears that f corresponds to the 
model fringe value and not to the material fringe value as the value so 
found will vary with the width of the model used. 

2. Calibration 

For the calibration procedure it is etated that:-
" In order to determine the fringe constant of the mixturP, a 

portion of the model is loaded with a brass rod; 5·5 mm. in diameter 
=width of the model. This showed tri-coloured bands, green, red 
and yellow, of which green was the most pronounced and was, 
therefore, selected for observation. The pressure on the brass rod 
was increased by equal increments and the number of greP.n fringes 
which appeared on the screen was counted in each case." 

In a_ny .calibrati~n.the mathematically determined rmu at any parti· 
cular pomtls to be divided by the observed fringe order at the point to 
get the value of mod~l fringe cons~ant a.ud multiply it by the thickness 
of t~e model. to .obtam the matenal fringe value. It appears that no 
particular pomt IS chosen for the purpose of calibration and the fringes 
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are counted over the entire surface. Roughly the procedure may corres
pond to calibration at a point immediately below the load and this also 
will perhaps give only an approximate value. This is because it is diffi
cult to detect the fringe immediately below the load and from the very 
nature of the experiment, errors of the orde1• of one fringe are likely to 
oecur. 

The appearance of the green band. has been attributed to the mono-
o 

chromatic radiation ~=4200 A. However, the gr~en thus obberved is 
far from being monochromatic as jt is }Jroduced by the destructive inter
ference of the far red. (~ 7000 A).in white light leaving a visual impres
sion of green. An account should also have been·taken of ilie fact that 
the green uf different orders do not correspond to the same wave•iength 
a.nd use of formulae like p=nf is not valid [Equation (1) would have given 
l1etter results]. . . ' 

-~.. Resztlts obtained 
' . ' 

In Fig. 8tof the work under consideration, the gi·aph on the tight ht..nd 
side indicates that the stress p within a very small distance, immediately 
below the load, is zero. If pis to be taken as a principal stress as stated 
in the work, Such a graph will mean that there is no reaction at th& pOint. 
·rhe tlse of a rod of round section for simulating a study, of plain. 'Straih 
is in itself perhaps not a sound procedure. . · · ·· · 

',. 
The statement "Study of stress distribution in an earth mass due to 

a concentrate4load (heading of fig. 86)" appears to be rather misleading. 
Krynine<1> has pointed out that materials like gelatine are far £rom being 
soil and they always do not duplicate the str~ss conditions in an earth mass 
und he has further a·uggested a ·large ·number of limitations if gelatine 
models are to be used for investigation on problems of earth ~o;rks., 

in simulating str~ss~s in an earth mass gelatine ~odels are in no way 
better than those of any other photo-elastic· :material. The· only advan
tage of using gelatine comes from the fact that because of its high 
sensitivity it can be used to study the effectsof body forceH .in models 
o · practicable sizes. . This could also be studied in plastic models ; but, 
the size of the model would be much bigger and so the· use · bf plastic 
II10dels for the study of effects produced by -b.ody force.s is not practicable. 
In the work undei· consideration the body forces could not be taken in.t~ 
account. l!,.rom the data given for the densities it can be pr~sum~d that 
the density of the mixture would be of the order of 1·1 gms. per. cubic em. 
and :tnax.imum pressure at a depth of 3·5 em. will be 3·5 x 1·1=3·85. gme. 
weight per sq. em. and using calibration data it .corresponds. to a fringe 
order of s·::r]. == ].!61 ·which cannot make any' p~rceptible difference in 
stress distribution .. ~either body forces nor other ch~racteristic proper
ties of soils appear to have been taken into account and, therefore,. wllat 
has been represented is the stress distribution in an'EHastio medium below 
a load distributed over a small area. 

(1} "Boil Meohanioi" b:f Krynine~ page 216. 
BB&ll-8 
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4. HYDRAULIC STRUCTURES ON PERMEABLE FOUNDATIONS 

tt. COMPARISON OF SHRt. KHOSLA'S AND DR. RAO'S METHOD 
FOR THE DETERMINATION OF THE DISTRIBUTION OF 

UPLIFT PRESSURES UNDER STRUCTURES ON 
. PERMEABLE FOUNDATIONS 

Though there is a scope for logical criticism and alterations 
·Dr. Rao's paper contains a new application of basic pt·inciples to the 
solution of uplift pressure distribution. However, it has itself created a 
new approach which given more 'attention to, may be important to solve 
the problem .. 

(1) It is noted from the paper that Dr. Rao is not satisfied with the 
results obtained by the Electrical Analogy method at critical points. 
It may, however, be said that Electrical Analogy gives very accurate 
values even at these points as can be seen from the work of Vaidhinathan 
and Gurdas Ram. Reference can be made to their original papet·s on 
the subject and to that of Salem in Journal Am. Soc. of Civil Engineers, 

.Vol. 71, No. 10. It will be seen that Electrical Analogy can be applied 
to determine the distribution at any and every point of the dam or weir 
including the critical points referred to in the paper. It can also be 
used to detet·mine the effect to stratification on the distribution of uplift 
pressures. · 

(2) About Khosla's method of inde{lendent variables, the paper 
mentions:-

(a) that it becomes empirical when analysing the actual struc-
tures: · 

(b) that it does not give pressure~:J at all points of. the floor; but 
at a few selected points, 

(c) that it requires the availability of charts; 
(d) that the method is applicable only for homogeneous soil 

conditions, and cannot take note of stratified layers. 

Regarding (a) : It is to be noted that the method has been based on 
vigorous mathematical theory and accurate electrical analogy and 
hydraulic model experiments. Though the correction was suggested as 
such from purely empirical ideas, they have since been gi-ven theoretical 
ba.sis by Malhotra and Taylor and the method is still subject. to moditi-
c:ation and verification by a more rigid theoretical proof. . 

. Regarding (b): Though Khosla mentions about pressures at few 
selected points ·only, pressures at other points can he obtained by 
reference to the theoretical and electrical analogy work referred to 
above on which the method has been based. According to his method a 
t~omplex weir is to be broken up into several simple ca!;eS ancl distribution 
of uplift pressures in these simple cases can be obtained from the charts 
So, the method gives pressure '\'"alues at all points. 

Regarding (c) : It may be uoted that design of important structures 
like weirs and dams are generally made in the office where charts will 
be available. Of course, if charts are not available, Dr. Rao's method 
will bf! very useful. 

Ir• connection with (d): Shri Khosla has not taken into account the 
effect of stratified layers in his method lind Dr. Rao's method is better in 
this respect. It may, however, be noted that the pressures in the 
case of stratified foundations cn.n be found by aetermining the relative 
permeability of the different layers of the foundations. 
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UPLIFT PRESSURES ON PERMEABLE FOUNDATIONS 

(3) Figure (6) in Dr. Rao's paper gives a new graphic representation 
of variation of pressure with distance, and is easily readable. 

(4) It has been stated in Dr. Rao's paper that his method starts with 
1m approximate method and then making use of the values obtained by. 
this method, an accurate method is applied to determine the pressures 
without the help of any charts. It has been stated on page 7 of the 
paper that- · 

. " ... the distance along the horizontal floor to which the decreased 
ra.te is felt can be. appro~imately taken. as=! the pile depth and 
the rat~. is also assumed as l of the rate obtained at the point when 
the whole floor is considered as horizontal." · .. · 

It is not clear 0::1 what data this assumption is based. However, 'the 
validity of the assumption can only be judged from the usefulness and 
its application and results. · · 

(5) Dr. Rao's exposition in explaining the Southwell's relaxation. has 
been most explanatory and useful fer grasping the whole situation ...... Jt 
will, however, be seen th~t to get useful ~oor data from the . residual 
equation. · 

R = P 1 + P 2 + P s + P 4-4P 0 will involve laborious calculations.· 

· (6} It is re~lised that"in case <?f she~t piles this new meth9d with an 
nrbitrary assumption merges to convergent chain of approximations in 
the method of relaxation suggested by Dr. Rao unlike Shri ·Khosla's 
method of independent variables, which starts with a strict and funda
mental idea and merges into an approximation but later on substantiated 
hoth by experiment and theory. It would be' better if pressures are 
ealculated under all the actually e Kisting weirs and ·the amount of 
~1tatistical mean deviation from actual case is deter;rninedr 

(i) Dr. Rao's extension in case of stratified nun-homogeneous strata 
is an advance over Shri Khosla's method but, 'it may be noted that Shri 
l).hosla's method can be extended to the case of stratified layers by use· 
o.f electrical analogy method as is already done by Salem; . · 

' ' . 

· .(8) In his Fig. (9), the data obtained by Rao's method, for exit 
gradients differs much from that obtained. by Shri Khosla, ·and, an· 
experimental verification is· suggested to decide ~he correctness of one. 
method or othet•. · 
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12. MEASUREMENT OF FRICTIONAL FORCES 
IN WET SAND · 

Many Engineering structures are embeded in sand or built on sand 
foundations. Uplift, slipping Ol' any other kind of motion relative tQ 
sand foundation will give rise to frictional forces in wet sands. Such a 
force will also be encountered in sinking of wells. Such frictional 
forces in' wet sands are of great importance to the design engineer. 

Flictional forces in dry sands have been more or less standardized 
but this is not so with those in wet sands. It is, therefore, considered 
desirable to examine on the one hand the physical fan tors contributing those 
forces and, on the other hand, its variation, specially with respect to the 
particle size. In order to avoid the effect of the crystalline structure C~.nd 
angular qh,aracteristics it is intended to experiment at first, as fc.r as 
possible, with sands free from foreign matter. Hooghly river sand, 
which was readily available was used in the e'lpP.riment. 

Friotional forces of a sand depend on its composition and geology 
~nd age of the rocks from which the sand was formed. However, before, 
embarking on such a detailed analysis of this important physical property, 
it is desirable to have an overall idea of the magnitude and characteristics 
of this property in a general way. 

1t is important to note that the present analysis deals with the nu.ture 
of the frictional forces of completely saturated sands. 

In order to give practical shape to the problem it is intended, ulti· 
mately, to investigate :frictional forces between wet sand and masonry 
surfaces; but, in the present invee~gation a glase" sutface bas been used. 

The method of experimenting was to utilise the hydrostatic uplift on 
a body embeded in ~and due to t~ head of water. The motion of the body 
in contact with sand was theD subject to a frictional resistance propor· 
tiona] to its area of contact with the wet sand. Knowledge of all the 
forces involved makes it possible to determine tbP. frictional force per 
unit area. 

The apparatus used is shown in fig. 72. It consists of a glass jar 'J' 
of relatively bigger diameter compared with that of the glass beaker 'B' 
against the surface of which the frictio1;1al force of the sand is required 
to be determined. The jar was packed with sand in water upto a height 
of 5. em. a'Q.d water stored to a height of 5 em. aQov~ the surface of sand. 
The total height of the beaker under experiment was divided into four 
parts by marks, each 3 em. apart. 

Microscope 'M' of long focal length was used to detect the tendency 
of the beaker to move. 

The beaker was filled with water and was at first placed on the 
surface of sand in the jar embeded in wat.er only. The water in the 
beaker was siphoned out till it showed a tendency to move. The weight 
of water 'W1' in the beaker at this moment was determined. 

The beaker was then again filled with water and placed in the jar 
but this time it was embeded u tsand upto a height 'h'. It was agai~ 
subjected to the same hydrostatic pressure as in the previous experiment 
aud the water si~honed out again till it tended to be uplifted. The 
weight of water 'W1' in the beaker at this moment was also determined.-

In the second case the motion of the beaker was subjected to a 
frictional force F per unit area due to wet sand. 

U "a" is the outer radius of the beaker, it can be easily shown that 
F-w~-w, 

""'7 2n ah • 
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FRICTIONAL FORCES IN WET SAND 

ln order to avoid uncertainty of accurately determining area of the 
beaker near its bottom, weight of water in the beaker at the time of 
uplift when it was embeded upto a. height of 3 ems. -was determined. 
This was treated as correction in all the subsequent observations. 

The beaker was einbeded in: sand upto various heights as shown in Fig. 78 
fig. 73; but subjected to so~e hydrostatic uplift measured from water 
surface in the jar to the bottom of the beaker. The observations have 
been gi¥en in TalJle 1. Here W2 is the weight of water in the beaker 
j'll_st at the t~me of uplift when it is embeded upto a height (h1) 3 ems. 
W3 when it is embeded upto (h2) 6 ems. and w. when embeded upto (ha) 
9 ems. in the sand. · .. 

I I Sand particles between wa. · meshes 

ll0-40, I 38'l 

--........- - -

4076() 387 

- ---
60-80 39.s 

The relation 

TABLE 1 

wIN GRAMS 

wil I w4 

341J 284 

351 ' 293 

I 

-------
357 306 

I 
. r wll-wf Wll-WS w'J-w• 

46. 
' 

57 108 

____,__ 

36 58 94 

-----------
41: 51 9!1 

' 

F= ";1 - i:"2 can be put as F=A(W1 - W2), -when A=(2n- ah)-1• 
7t~ . 

It shows that. Foc (W1-W2). 

lt was chosen that h2-h1 =h3-h2 =3cms. but though h2-h1 =li.3 -hs.\ 
it ia seen from the table that frictional resistance in these two belts is not 
equal. The present data is not sufficient to conclusively explain thirt: 
variation. It is hoped that future work on an extensive scal'e will perhapff 
make it susceptible to explanation. · . . . 

On examination of column W2 - W4 it will be seen that the frictional 
force shows a tendency to decrease with size. This also requires. exten· 
sive work for arriving at conclusive results~ 

Though it is possible to calculate absolute valuP of frictional resis· ' 
tance per unit area from the formula F=(W1 - W2) A, it has not been 
done as it is intended first to substantiate by n large number of observa
tions that no extraneous forces exert any influence. Effect of s~zes of the 
inner beaker has also to be investigated. · 

Summar.y 

. A simple method, depending on hydrostatic uplift,, is adopted to 
measure the frictional resistance in wet sand .. 

The formula 
Wl-Wa · F= 2 h = gms. wt. per s.q. em~ 

. 7ta 

was used to calculate this frictional force. This investigation shows · · 
some interesting results regarding variation of this force with respect tCJ 
sizes of particles. 
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6. SPILLWAYS 

13. EXPERIMENTS Jl'OR DISSIPATION OF ENERGY BELOW 
THE PROPOSED V AITARNA DAM SPILLWAY (BOMBAY) 

Introduction 
1•1. In connection with the Vaitarna Dam proposed to be eonst.ructed 

by the Bombay Corpo~ation for the m~gmentat~on of water supply to the 
city of Bombay, ~xperiments wer~ carried out Wlt~ a 1/50 scale G. S. Mo~el 
of the cenb·al spillway for studymg the hydraulic features of the design 
with various discharges in cJntinuation of the tests performedtu on the 
1/30 G. S. part-width model. 

1·2. The following experiments were carried out:-
(a) To investigate the pressures on the weu profile for all condi

tions of flow with discharges varying from 20,000 to 2,00,000 cusecs. 
(h) To determine the co-efficient of discharge for various dischar· 

ges t•anging from 20,000 to 2,00,000 ousecs. 
(c) To find out. the depth, extent and position of scour with 5·0 ft. 

bucket for different discharges and corresponding tail water levels. 
(d) To locate the positio11 where the upper face of the jet issuing 

from the bucket impinges on downstream water leveL 
l•a. A part-width geometrically-similar model of the central spillway 

to the scale of 1/50 and representing 140 feet length of the weir with two 
pi~rs of 14·0 feet each was constructed in a 3·5 feet wide flume. A bucket 
of 5·0 feet was provided at the toe and one side of the flume was made of 

Ph0$o 561!1 glass to study the action of the bucket. Photo 5612 shows the model, look
. ing upstream, with the bucket at the toe in the foreground. A Rehbock 
Weir was fixed at the tail for the exact measurement of discharge and the 
downstream water levels were regulated by means of an adjustable gate. 

Fig.'Ji. 

(a) Pressure ob&er1Jations:-Experiments for pressure observations 
were c.u-ried out by fixing 20 piezometric tubes on the entire profile of 
spillway with due consideration to evrey change of curvature or slope 
Figure 74 shows the location of piezometric points on the profile. The 
following tests were made:-
Test I with Q=27,380 cusecs. Test V with Q= 95,380 cusecs. 
Test II with Q=47,960 ·cusecs. Test VI with Q=115,300 cusl.es. 
Teat ll[ with Q=65,960 cusecs. 'fest VII with Q=l35,260 cusecs. 
Test IV with Q=86,540 cusecs. Test VIII with Q=169,450 cusecs. 

Fig. 15, The pressures in the above eight tests are plotted in Fig. 75 and their 
Shee,I. values nre given in Sheet I in tabular form. · · 

Results of Pre1caure Obsert:ations:-From tables in Sheet I it will be 
that the pressures are positive upto a discharge of 1,00,000 cusecs and 
only slight negative pressures develop near the crest with discharges 
higher than 1,10,000 eusecs; thus the weir is quite safe from the danger 
of cavitation as the maximum expected discharge is 92,000 cusecs. 

(b) Co-effietent of Discharge:-Fifteen tests for the determination of 
the co-efficient of discharge were carried out by running various die barge 
from 20,000 to 200,000 cusecs measured accurately by means of a Rehbock 
Weir fixed at the tail end of the model and observing the actual dE>pth 
over the crest for colTesponding values of discharges. Curves between 
''Discharge'' and "Measured head over crest" and "Discharge" and 

Figa. 711, 71• ~'Co-efficient of discharge'' are plotted in Figs. 76 and 77. The value of 'C' 
1n the formula Q = CLH 112 for a maximum flood discharge of 92,000 cusecs 
was found out to be 3·99. 

(1) ADuual Bepon(Teob.) lif8. 
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Photo No . 5612- showing th e r c' l ' piezometric points 
and the s·o feet l et at the tc•e, looking 
upstream . 
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DISSIPATION OF ENERGY BELOW VAITARNA DAM SPILLWAY 

. . (c) Results of Scour Observations:-With a 5·0 feet high bucket at the 
toe five tests with discharge 95,380, 86,540, 76,980, 65,960 and 38,580 cu'3ecs 
with'downstream water-levels corresponding to the value .. of the respec
tive discharges were carried out t0 make a qualitative study of the extent 
of scour downstream. Pebbles of!" to A" diameter we1·e used in the bed 
whicli was originally moulded at R.L. 310.00 ·and scour obE~ervations were 
recorded for each test when.the scour stabilised. Observations of water 
profile and scour profile downstream are plotted in fig. 78 and the results Fig. 1s. 
are tabulated below:- · 

TABLE 1 

Distance in feet from toe of Maximum depth of scour 
Test No. . . Disoharge in eusees. buoket where maximum soour in feet belo~ river bed 

oocurred. B. L. 8l01 

-
1 0 . !15,880 320•0 40·0 

n. .. 86,540 310·0 88 0 
m· 76,980 270·0 35·5 ' 

IV 65,960 240·0 27·5 
. v· 38,580. 150·0 . ·14·0 

' . 
. _ ·. The downstream water level in each test was kept corresponding to .· 
the respective value of discharge run. The table shows the effectiveness 

. of the bucket under various dicharges and the :position of scour-hole of 
maximum depth. 

(d) Position where the Upper Face of the Jet impinges on Water:-As 
automatic gates ma.y be installed at a later stage, varying dischargas 
will flow over the weir till that time, so the position where the shooting 
jet first come:~ into contact with the tail-water level was noted for 
discharges varying from 20,000 to 1,00,000 cusecs and its distance from • 
the toe of the bucket was recorded .. A curve was drawn between Q and 
the horizontal distance from the toe where the jet impinged (Fig. 79). Fig. 79-

From this figure it will be seen that for a discharge of 92,000 cusecs the 
upper surface of the jet impinges on the tail water at a distance o~ 225ft. 
from the toe of the bucket. · 

;e. "73,4 ~N<n. 
~· ,.,.t;I.Jt.SIM-. . 

FIG-79 YA/TARNA SPILLWAY MOOGl EXPER/1:/fEHT$ • 

6RAPH ~HOWIN6 'THE IJI~TANC£ WHERE TN£ 

IIO.Ooo 
c/£T FHIJN T/IE J1UCKFT l.fiPFHti£S IVITH D/.S ,TAILWATEJII• 

~ 
~ SD,~~----~~~~~~~~++44~~~----~----~--~ 
-~ ++++++=14~-1--1-1-1-1--1-+~ ' . ' . :. ') • . . ' 
~ !. : .. 

~ J~~~----~~~~~~-1-+~~--------~----~-----+--~ 

t lqooo~----~~~~------~--_.------~----~--_.--~ 50 .fOO /50 , i!OO c5/) 

~ 1JI.51ANCE /N FEET. F,Rt7,ff THE· Tt7[0F Tl!_r:i{'tLL.WAY'.IJj.s • . ' 
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t·4. From the results of (o) and (d) it was noticed that the bucket 
seemed to be an effective and enconomical measure for securing bed 
protection downstream of the weir. But as the river turns sharply to 
the left side downstream of the proposed bridge which is at a (\istanee 
of 600ft. from the vertical axis of the dam, it was considered essential 
to test the dffectiveness of the bucket on a full width model with 
particular reference to the downstream flow· conditions; these tests are 
described in Part IL ' 

2. PART.II 

2·1. In Part II a study was made on icJ scale model of tha enti!e 
spillway for testing the efficiency of the 5'() feet bu~ket. A method of 
effective. dissipation of energy by means of splitters was also developed. 

2'2 bitroduction.-It was considered essential to test the effective· 
ness of the bucket in a full-width model representing the river bed 
contours both upstream and downstream. G. S. Model of the entire 
trpillway section having a length of 322 feet including three piers of 
14·0feet each was, thet·efore; constructed in8·0feet wide channel to a scale 
of icJ representing bed contours of the river to the extent of 600 feet and 
1.600 feet towards upstream. and downstream respectively. Figure 80 gives 

'F/G .. BO. 

VAITARHA · OYER FALl. MOO£!. • · , , . 
• SCAlE. I c= GO ' 
~JifODE~ 6CAL£ • ¥5o. • ' 

I• 

the section of the spillway and Photo No. 5606 shows the model with a 
five feet bu~ket at the toe. For aocom.modating the flow into the narrow 
bed of the nver the downstream guide walls which were considered 
essen~ial for the purp~se wer~ moulded according to the original design 
supplied by the Special Engmeer, Bombay Corporation and are shown 
in Fig. 81 in dotted line. A maximum discharge of 3"3 cusecs a 92 000 
cusecs was run and downstream flow conditions were observed. The 
water profile over the spillway and bucket was taken and the plotting 
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DISSIPATION OF ENERGY BELOW VAITARNA DAM SPILLWAY 
•·'' ' : r.:·1 ' , - ! •, .,.+1 r·'-

iB shown in fig. 82.· . Due to the curved course' of th~ river downetr~a~ Fig, s~. 
the central: shooting flow from the< bucket attacked the right bank and 
~reat turbulence was observed as is shown in Photo;q61U.:. The bucket Ph~to No: 
was considered to be unsuitable·du.'e to the turbulent flow Iiear.the site.of 1!619• 

the proposed bridge d~wnstreaii:l', possibility of erosion. on the right .bank; 
dee~ scour on sides resu~t~ng from the'ba~ rollers ca.us.ed.by guidewalls 
and othet• geologic conditiOns of the dam Site.· ·The, bucket was.. removed 
and the following alternative device was adopted~ ·.i •. ·~ : ,. ,_ -: .; ·:, :'· ,,£;, 
.·: ' 2:3 ... 'Use' of Spt'itted cinrJ their:AcUon:.:.:.:.Experiments W'ere :carried oU:t 
with horizontal blocks known·· ns ·'~Splitters'' fiXed on the· downstream 
face . of the.· spillway. with' equal 'spaces hetweeif' them 1and ha:v'ing ia 
continuous ledge below them. . These splitters break tha flowing· sheet 
of water into a· number of small streams and the section·:of .. the ledge 
below them is to create two ''boil streams·~ from. such '~space :stream·~ 
and bring about their mutual interference resulting in an air-entrained 
ptass which ·sprays d~wn as:rain drops.·· This. reduced 1the sconr:to a 
great extent in the vicinity of the da~ but to secure- maxinium. pi·otection 
for the bed and also to shift the· scour · further away from the· toe of the 
dam a new design of splitters· henceforth called "Bucket-type-splitters" 
was. evolved by ·experimentation. . They: serve-a a two:fold purpose i..""• 
breaking the flowing sheet of water intO' a. number of~small streams of 
!.'educed intensity and also as buckets tQ throw· thes·e. strenms sufficiently 
away from the toe of the spillway.· : , -i 'r·· ; : ·.- · -,,~- : . · .. ,·.:rr -~ • 

2·4. Experiments for Dissipation of' Ehergy:-Va.rious 'designs of 
splitters were tested at different levels ·on ~.he -face o1 the spillway. The 
space between the splitters was :val'ied and t~e~pos~tioD,-of.the)edge was 
also tested at different distances· below. th~In to get at the optimum 
distances for ensuring maximuni aeratio~.' .~ : . ·; - ; 
r: . IJ:orizontal splitters were first' tested. at R. L.-.450 (top) (Crest R. L. 
515) ·when the sheet of' water entrained: by air fell at-the toe of the dam 
a1, R_. L. 310. This naturally caused maximum scour near the toe .. The 
(>osition was later shifted downwards . to~ H. L. I ~80 arid ,th~ ma:rinium 
scour took place at 60'0 feet downstream of the toe. If the''splitters wer~ 
still .moved })elow R. L. 380 there would not have been sufficient space 
b'elow the nappe to aerate the' mass' o(water falling ~n the 'form 'of spray·~ 
So, ~ucket-type-splitters were trie'd: · · W·he:h they· were· tested- at 'the 
·forni.et;Jevel i.e. R.~ L:450'it was found that the maximum sco'U.r waa still 
near~· the t_oe; ·the splitters ~were shifted to R:Y L .. 380-.~and the; :rrfUiinum 
scour observed'was a bon t .200 · ft; away . from the toe; and, waa- consideted 
safe enough having regard to' th'e geologic:i.l condition~ .at the- site~·n· q !'1 
' . 'It waB;found that b.ilcket:type-splittn·s· 'oflength;10·0 ft; and:radhis 

~o-o· fe~~ fi:s.ed' 'at R.: L. 38Q 'with the ledg~. :0f ~~Ill.e design: at•R:. L. 3'10 as :~~·t!s.No. 
shown m fig! 8;J .and Photo. No. '5547 · gave:sa~Isfactory r~s-.:tlts In respect 5647• 

~~:~~d~:e;a~e.~ ~hr~~: off.' })~~t~.r~6~~. s~ow~ ~h~l'U~-n~1~g c~~di~i~ns of P~~t;, No. 
· : :With .a vi~w to localise ·the ftow·within·the·:narrow g<mge·.;of.the:riv~r 
downstream, tests 'were performed. with sidewarping. ;_ The positionJand 
extent of the·sid~w~.trps on the profile of the spill'wa.y·are shoWn. inJfig., 81; 
after paying due consideration to•their effect on aeration of splitters. and Fig. 

111
' 

the increase of flow per foot run in the side spa.ns which w'ould~create 
grent scour below, near the-sides of the· river ,bed;r Twenty bucket-type
splitters were fixed at R: L. 380, the cwidth of ; each splitter being 6·0 ft. 
and the free spree between two was -kept equal to. e·o feet Photo No. 5647 Photo No. 
shows the position of thEf splitters witl;t continuQus ledge below them and :.647. 

thesiq.ewarping ... · . : . ·. 7 >· ,,'.. . _· 1 . .· ~: , '.' 

2 ·5.· Tests with Side Warping:--- By warping the; sides it was observed 
t.hat due to the decrease in width·oLthe two side-spans the .flow, concen
tration w·as increased therein which would ·result .in more s~ottring action 
near the guide walls downstream than in the centre and in order to over
come this two side-buckets, the.desigiX and dimensions of which ar·e given 

88411-9 
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'·' •'; . 
Fig. as. in fig. sa, were fixed on each side on the warped walls at the position 
Phc.~ N011, shown in Photo 5669: 'Photo· 5642 shows the· action of the side·bucketa 
6069 and fixP-d on left side warped wall. 'fhe technique adopted in designing 
6649

' r them and locating them at effective positions is such that the lower side· 
· bunket comes into action at low discharges . and converges the side flow 

of increased depth inwardly as well as throws it clear of the spillway in 
the form of r. parabolic thin sheet of water falling over the spraying 
mass while the upper side bucket· comes into a similar action at high 
discharges and also brings . about more a{'ration around the splitters. 
The function of these four side·buckets is to bring about a uniform 
dU!tribution of :flow by converging towat·ds the centre the :flow from the 
two side spans •. The scour pattern obtained downstream was nearly 
uniform.· . 

2·6. ' Downstream Guidewalls:-~,or stabilising the :flow from spillway 
length of 322·0 feet to the narrow width of 100·150 feet of the river down
stream four different designs of guidewalls we1~e tested in addition to the 
original design supplied by the Bombay Corporation which. was found 

Fig. s1. unsuitable. Jfigure · 81, shows the. different designs of curves adopted 
for experimentation. From a (study of the flow conditions and S(!our 
pattern downstream obtained in the ·bed of r the . river which was 
originally moulded at R. L. 310. with pebbles. of diameter i" to}", the 
fourth. design ·of guide walls .. which are straight up to 125 feet-which 
length was necessary to· ensure' proper aeration' from below-'followed 
by hyperbolic contraction curve determined by the relation · 
·· B ~. . ·. Bo Ba L · 

a-L Ba-(Ba-Bo)x · 1 · 

where L= Length of contraction,· 
· · -' · B.;=Ove1·all-throat width, · ' "· 

. ,. . Bs=Bed width of cha.ruiel, · • · · 
•' .. '. ' B.= Width of c~ntraction at any distance X from the end 

. \ : ' ' · of contraction .. · · · · · · · 
, '. • ] • t ' 1 ·. l' ' r • • I 

gave better results comparatively because. the side rollers were comple
tely eliminated arid the flow conditions'downstream were normal. As 
the bed of. the river is composed . of natural rock the area. within the 

Fig, at A, ra?-ge of these straight and J;lyperbolio guide -walls as indicated in fig. StA 
-- "' - · ·· · Will have to be excavated to R. L. 310. · . . · · 
"-fig. slA 1 ~ 2-7 •: ·Pressures around a Bil,cket Type . Splitier :_;_It ~as o~nsidered 
~~~-25--l·) essential to· study the distribution. of .pressure around a Bucket· type-

--- iplitter a.nd also to observe scour and downstream :flow conditions with 
the maximum expected discharge of 140,000 cusecs. This maximum 
discharge has been. r.ecalculated after making allowance for unexpected 
high floods which may occur due_to abnormal rainfall in a cyclonic storm 
as recently, in the caee of adjoining Tansa Catchment, unexpected high 
:flood occurred due to.a cyclonic storm on 22p.d November 1948. . . 

2·8 Pressu1·es: -For finding out the pressures around a bucket-type 
splitter experiments were carried out in 1/50 G. 8.; .Model on whic-h the 
splitters were fixed at R. L. 380·0 with the ledge at R. L. 370·0, the crest 
of spillway being at R L. · 615. Piezometric observationl:i of: pressures 
were recorded by means of a U·tube manometer in each of the fout• tests 
run with the following discharges-

Test 1 Q = 50,000 cusecs. 
·Test 2 Q= 92,000 " 
Test 3 Q = 120,000 " 

and Test 4 Q=140,000 " 
Table 2 shows the results of pressure observations. In Test 4 with 

Tables. Q=140,000 cusecs it was found that negative pressures of the order of 
7·20 ft. occurred on the right and left sides of the splitter and these could 
be- recorded by the U-tube method. 
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Photo No. 5606 - Shows the model with a 5 fe et Bucket at the toe . 
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Photo No. 5619-Showing the action of 5·0 feet 
hucket and th e attack of the shooting 
flow on th e right hank downstream. 
Q ...: 92.000cusecs, looking upstream. 
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Photo No. 5640-Showing the downstream conditions, 
looking upstream with Q:: 92,000 cusecs. 
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Photo No. 5647-Shows the position of splitters 
with cotinuous ledge below and 
side warping. 

Photo No. 5642-(Side view) Showing action of 
a side bucket and the Bucket
type-splitters. 
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2 9. Scour Downstream of Spillway:-Six. tests with depths equal to 
8, 10, 12, 16, 20 and 21 ft. over the spillway crest were conducted and 
the model was run till scour stabilised. Photo 5671 shows the model in Photo 5671. 

operation and the downstream flow conditions when a. ·maximum 
discharge of 1-10,000 cusecs was run. The flow downt:~tream was quite 
normal after the energy had been dissipated. Table 3 gives the maximum Tables. 
depth of scour which occurred in the centre and the holizontal distance 
in feet from the toe of the spill way to the spot where the maximum 
scour occurred, while ~~ig. 84 shows the plotting of central scour profile Fig. 84. 

for each of the six tests. The river bed in the model was represented 
by sand to .study the relative scour for various tests though there is rock 
on the bed on the prototype. 'fhe model showed the maximum 'depth of 
central scour = 23 feet at a distance of 200 feet away from the toe of the 
dam which is well away. A detailed scour pattern downstream in case 
of test 6, i.e. with Q = 140,000 cusecs is shown in Fig. 85. Fig. s5 • 

.Maximum Throw-off by the Bucket-Type-Splitters 
In order to see the efficiency of the bucket-type-splitters tinder 

various upstream flow conditions the model was run with D=8, 10, 12, 16, 
20 and 24 feet over the crest and the position where the ·upper profile 

of the jet comes into contact with downstream water was recorded for 
each test. The horizontal distance in feet showing the throw-off by the 
splitters against values of Dis plotted in fig. R6. , l'ig. 86 • 

. Th~ design of bucket-type-splitter will now' be tested against the 
danger of cavitation in a vacuum tank by investigating the pressure 
distribution under varied conditions of flow.: · 
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Photo No. 5669-Sho·wing the posi-
. tion of the two side

buckets on the right 
1 o o king sideways 
a long the glacis. 

\ 

Photo No. 5671-Showing flow condition downstream 
of spillway, Q = 140,000 cusecs, looking 
upstream. 
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14. INTERIM REPORT ON MODEL EXPERIMENTS WITH 
KOSI DAM CENTRAL SPILLWAY 

(KOSI PROJECT, NEPAL) 

lutroduct'ton · · -. : 1 
• 

'"e • ' • ~ • 

. 
' -

',The design adopted for study by means of bydraulic mod~ls was as 
outlined ·in "Study No. 15". The details and drawings of it were 
supplied by the Project Officer. Kosi Project, CWINC, New Delhi. 
· , It was tentatively decided to test the · follvwing features_ of the 

desi : :_ · · · · ' gn ·- . . . 
(1) Co-efficient of- discharge 'of. the crest :profile and p~essures 

... develop.ed on the face .of the spillw~y_with various dep~hs of ,flow 
... ·over the crest upto a maximum ~eptli pf40 ftl_ (M: ]~. L.): _ ·· 
. . . . ... .. (2) Action of the ski -jump, with'va~i.ous MsC.harges over 'th~'~plll~' 
· - way, also in .combination with dischat:ges from the sluice outlet~ · . 

. i: "'(3) 'l'he scour pattern andtne maximum depth\or sco~r d~ve]oped' 
"in the; l'iver bed downstream as a result of impingemen-t of·the jet· 
from the Ski-jUmp On· the liVer' bed.! . 7: -'' • -,-' i,. _' i 'l ,: ,_I ;;, , jl 

; ; : ~ (4) Similar action of slP,-jump in altetriative position:, - .~: ·; · · , 1 

: .The present report.~mb~qies results obtainetl·soJar rwith a. g~oni.etrV 
call:t 'similar, ·1/125 sca.le model of tht> cen~ral spigwll.y. . -

- . l ; .... i . • ' • . . ~ ~. : ; .· ' t.f ; ~ .::. ~ .. . ~ : ' . . 
2.' :Model and sc-ales of model - ·~ j t r. , : ,. :i 

< . Fig. 87 showsthe L~section and'.lipstreati{ elevation of the dam., Fig.S7~ 
The height of the spillway crest above the normal river bed.(R. L. 350·0), 
is 610 ft. and the maximum w. L. in the reservoiris 40 feet above the 

. crest level. With this water level the discharge passing over the 
: centrar spillway only, is expected to be 4;07;780 cusecs. The dis-
' charge--intensity per foot run is 926"8 cusecs. '.:The scale of the model 
. chosen was naturally limited by tht: availability of head and corresponding 
! discharge required for the model. Taking these illto consideration and 
1 the information . that was sollght from the model; the first model was 
·constructed ·to ~a. G. S. scale of.-1.:125. Photo No. 5812 shows that Photo5sta. 
; experimental flume and the spillway.· 'fhe channel_70 feet long, 6·5 feet 
·deep and 3·52 feet wide was prepared for -these---expel'iments. · 1-'he 
. discharge passing over the spiUway was~ measured over_ a . Rehbo.ck weir 
·having L=2·255 feet· and crest 2·0 feet abovethe upstream channel bed 
level. The length of the flume upstream of the· Rehbock was 25 feet and 
the gauge chamber was 10 ft. upstream of the Rehbock weir~ . ~h'e 
upstream and downstream gauges for measuring bead over the spillway 

. and W. L. in the l'iver-- downstream were located 6 feet upstream and 
20 feet downstream of the spillway crest respectively. l .. . . . I 

3. Weir shape tes~ed · -~~-:-~ ~. 

The model spillway was constructed in cement by preparing-·accUr·ate r · 
template of the profile, the details of which ·are shown in Fig. 88. Fig. ss. 
The weir surface was then polished to make it as smooth as possible. , 
The ski-jump tested in this series was at R. L. 420·0. Details of sluices · 
and sluice outlets were not available initially and later, their dimensions 
were considerably modifi.ecl. It was, therefore, decided to complete 
experiments with~ the overflow spillway only in the first instance, the 
experiments with sluice outlets being deferred to a later series. _ · - ' 

A second model ·of the spillway to"l/72 scale was also construct~d. 
Due to its larger size this model allowed detailed observations. on flow 

· through the sluices and also evaluation of scale effect on co-efficien,t of 
diecharge. These experiments are in progress. 

'. ;;;, 
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4. Test procedure ( -. 

In the first series of experiments various depths of flow were main· 
tained over .the ct'eSt ranging from 10 feet to 45 feet and the discharge· 

Phr:~.:~· passing over the spillway was measured over the Rehbock .weir. From 
li656. • results ~f thes~ ob_servations, adt'pth ~ischarge relation for the crest profile : 

• 

was established. These experiments were again repeated in the second · 
se1·ies when. the 'two piers on the central spillway were constructed in the 
model. This gave pasis for finding the contraction co-efficient of the piers. 

' - • ' • • .. .J ' 

-. · In th~ t~ird .seiies ~h~ actioi?- ~f the ~hl-jump and the ma~imuiri s·cour 
developed in the 1·iver be4 with _various depths of- flow over spillway 
and ·wth_waterleve_ljn the river portion _corresponding to the discharge 
(as obt~i~~d from the stage : discharge curve obtained in the river) was 
s.tudied. .It is an established fact that the results obtained for scoured 
depth under laboratory conditions where the. river bed downstreaw, is 
generally simulate~ by . incohesive sand are at best of qualitative 
-yalue. No attempt was, therefore, made to reproduce tbe contours of the 
river bed in the channel downstream of the spill,wa.y.· i The flume bed 
which had the same" width as the central spillway was laid in sand of. 
4'24 mm. mean diameter to a depth 2 feet below. the R.- L. of 350 which'~ 

Fig.SII is the no:rp1al bed le:vel ill. the riyer, ~1g.-89 giv~s distribution curve of 
the bed material. . . . , . . . . · -

I ..... 

-,30 

zo 

• 

• 

• 

... 
i ! ' 

lt0·77~ OFF£41950 
'J . '' • C-W·I·o"/t./t-S~'!--· 

j 
J J:' , I 

- F"/G,89 t 
. ~IZE· /JISTR/ BUT! ON CURVE.' ·o/:-

THE' MEAN OF' TI!REE SAND SAMPLE:S 

,o;:- .SANO BETWEEN ~./&-'A; USED · 
r 

:oR SIMU/..ATING RIVER BED of~ 
OF" CENTRAL. SPILL WAY IN lL_125 .. 
! ~ 

. SCAi.£' KOSI MOlJCL • 
... 

m=~4.u ·m·.m. . 

, 

' I • 

,, 

•• • • . .. ' .. l.tl a • • • • 1 • • ID-II 
GII.IIN SIZE IN NILL/Iri£T£11S. 

258 

I 

s 



Photo No. 5812-Showing 
Experiment Flume. 
Looking upstream. 

Photo No. 5828-Shows con
dition at surface at . impact 
point. 

Photo No. 5813~Shmving 
spillway from above. 

Looking downstream. 

Photo No. 5821-Showing re
turn eddy near bed. 

Photo No. 5662- Showing action of 
the bucket and downstream flow 
conditions. 
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Photo No.5655-A close-up v1ew of model m 
operation. 

Photo No. 5656-Side view showing the design of 
piers and position of Piezometric tubes. 
lCentre bottom), 
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KOSI DAM CENTRAL SPlLLW AY: 
f -

5. River TVater Level Simulated 'in tlle Model 
~ · The scour -pattern and the maximum ·depth of: scour.· in the: river 
would very mnch depend on the depth of flow and ,V. L. in the river~ Due 
to the natureofoutflowcontrolarrangements, the stage in theriverhasnot 
enough-time to ~mild up and keep pace with the rising discharge which 
:would flow over the spillway and is imposed on the river during the flood. 
Hence it will not be incorrect to assume that the W ~ L. in the river would 
be slightly less than the normal stage: discharge curve which is obtained in 
pre-reservoir period. This occurs only for a short period, the extent of 
which _eannot be exactly determined. ·_ . 

- But what is more important is the retrogression in the bed _levels, 
-~mdjor water levels which are very likely to _develop in the.1i~er reach 
downstream in the course of time. -~ ln u~ s. A~ in almost all such_ cases, 
xetrogression has been .observed, the _extent depending on variou~ factors 
in individual cases such as discha-rge intensity, slope, deficiency of sand 
load in the outflow due to heavier _mat_e1i_al_de~ositing in the lake etc. 
In Kosi spillway the provision of deep seated slmces to allo·-w-part-ofli~.e 
density currents carrying greater percentage of sand Joad and construc
tion of barrage about 4 to 5 miles downstream. with p~nd level at 
R. L. 375 would counteract retrograding forces to a certain extent.- Even 
then as these effects cannot be evaluated _ co1Tectly, it is desira~le to 
provide for this eventuality both in the design o! ski-ju~p and probably 
alsointhe Chattra Weir de~gn-.- ---~- · :__ ~-- -- · --- --~:-: ----- : . i 

1 

: From the above considera.tio~ it was 4ecided'to)~st the spillw~y 
ski-j~mp with 20 to 25%' retrogression in the river w., L. downstream of 
the spillway instead of according-to tlie-·stage-·:aischarge--·cmve-obtainEMI · 

56 in the river. In each experiment with~a given depth of flow over spillway Photo 
56 

-

the experiment was continued till it was obse1-ved that no further change 
took place in the scour pattern and maximum depth of· scour;- ·Pressures 
were obtained by locating piezometers on the crest and on the spillway 
face. Water surface profiles were also observed simultaneously. : :· • 

. -- -- --- ~- .-,"_ ·~ .-;· - - - ~ ~ -~ -- - - - - --. --. - - -- - - --~~ - - .. 
6. Results (S~ries I and II):-Results obtained in series I and II are . -

· plotted iri Fig-·90 which shows depth : discharg~ and depth :eo-efficient of 1!'ig. 90• 

discharge.xelationships_for the spillwa}" !':rest_ profile,_ b9th_ without piers 
and with: piers.; The co-efficient of discharge rises from 3·74 at depth of 
flow= 10 feet to 3·96 at depth of flow= 40 feet for spillway without piers 
while. with the two piers,the.~o~~fficients of disc ]la-rge :!=o_r_ th,ese_ depths . 
ar~ 3·69 and 3·93 respectively. · . . · · -
1 

• The apparent reduction in discharge co-efficient is due mainly to· two 
factors: , ··· · -- ~ - -· 

(ll reduction of effective· width of spillway due to bo~da:ry 
layer development at the pier face. • · 

(2) energy losses due to impact and subsequent- eddy· losses at 
the p!er. _ _ _ ... 
The first can be observed in the model provided the modef ia liuffi

ciently , large, but the recluction due to the _second cause increases :with 
the size of the model and is not appreciable in t~~ smaller modeL -

The co-efficient of contraction as evaluated in MU. S. A. varies from 
K=012 to ·02 and higher co-efficient up to ·04 has been observed. Even 
with the higher v:alue of the co-efficient in the formula: 
in which Q=C (L-NKH) H 312 • . 

Q6:discharge in cusecs~ · . . 
C=co-efficient of spillway without piers, 
L=clear length of spillway (feet), . 

· N =number of contractions, 2 for each pier, 
.K=contraction co-efficient, - .- · -
H=depth of __ ov,-erflow over spillway(ft.)._· 
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ANNUAL .BEFORT, (TECHNICAL) Ul4:9 , 

., . - : The reduction in co-effiCient in: the .. Kosi Spillway with A depth of 
overflow· of 40 feet due to -contraction would be less than 1'6%. · In the 
1/125 scale model the contraction co·e~cie~t w01·ked out to ~o2. and the 
t·eduction in co-efficient about 1%. CollSldenng that the systematic errors 
in the model due to various reasons are nearly of the same order or' even 
highe~, it is a moofpoint whethe~ the contraction co-efficient,th;us evalu· 
ated would be reliable and of any 1:eal value. . ·- · · · ' · 

f •' .I 

Series III .J ... , . 

. · ,. lit 'se:ries:m _ w1th various depths I of flow ove1• the spillway corres
ponding·w •. L; in • the pver downstream (with 25%· 1·etrogression for 
reasons as _explained. earlier) were· maintained. The gauge: discharge 
,curve unde1~ existing 'cond:itions 'is show:n in Fig. 91. ·The ~erio~ of 

'· ,.(' ' 

' ' 

.... 
",.. .. ' .. 

., 
'' 1 ~ 

•.• f 

.. , i , I·. I f . · rui,.,~ae. ov.~. ••so 
. I c.w.&.& .tMl.foTN·POOIIA 

. FIG.91 _ . · · . I 
--+-~4------~---+-----~--------· 

~ KOSI PROJECT 

GAUGE:-~ DIStHARG£ 

. ( ' 

I ~ ' 

I ) 

-.-/ 

l:. ,-

. l ~· 

.. t 

~;~--~----~a~--~---~.--~s~---~~---,~--~e~--~--~.o~K.~~ 
DISCHARGE I" ICO&I IN CUSI!C5 • 

the test in eaeh case was 6 hours. · The scoured depth remained constant 
Fig•. 1u 095 beyond this period. Figures 92 to 95 show the L.:..:.profile of spillway and 

.wa.te:r profile .. They also show the profile of scoured river bed. Though 
t~e experiments . to fi11d out the maximum depths of scour in the 
r1ver bed downstream were qualitative, they indicated that for depths of 
overflow greater than 20 feet, accretion would occur near the toe of the 

Fir• K dam as shown in figures 94 and 95; this material was from the scour hole 
and vo. and swept upstream by the return: roller and deposited where the force 

of the return eddy had diminished in strength. \Vith lower depths of 
overflow, however, the return roller was not so strong and hence no 
material coald ·~eposit. It was also noted that just below the ski-jump, 
there was.an.rur pocket and below this, a region of still water near the 
toe, t~us mdtcating that the designed ski-jump would throw the jet 
sufficiently far away from the toe._ 
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KOSI DAM CENTRAL SPILLWAY 

The sand particles on the downstream slope of the scour-hole rolled Photo 5821. 

down due to gravity and were swept upstream by the return eddy. With 
D 5 10 feet, scour developed nearer the toe, but still away from the toe. 

Table in Fig. 96 shows the maximum depth observed with depths of 
overflow 5 10, 20, 30 and 40 feet and their distances from the toe. The 
contours of the scoured bed are shown in Figs. 97 to 100. The increased 
scour developed at the channel sides due to vertical eddies was dis
regarded. Table below shows the depth of water cushion in each case. 

TABLE No.1 .. ' 

Depth of bow Depth of water · Ma;x:imum depth of 
over crest. maiutain.:d above river scour below river Depth of water cushion. 

bed R· L. 350. bed R. L •. 850. 

. . 
10 22·5' 21·01 43.·5' 

20' il5·0' 52·0' 81·0' 

30' 44·5' 61·01 105·5' 

40' 55·61 78·81 18!&.4' 

These are plotted in Fig. 101 and show a good correlation. Other factors 
such as spiJlway height above ski-jump, the ski-jump radius and angle 
of projection will have to be taken into consideration when comparing 
scour depths with other position of ski-jump. The effect of actual rock 
level on the scour pattern will also be observed in later series. 

Pressu1·es on the Spillway 
The pressures observed on the crest of the profile with various depths 

of overflow are shown in Table No. 2 and are plotted in Fig. 102. It will 
be seen that the maximum negative pressure 5 2·9 feet of water only . is 
obtained with depth of flow 5 40 feet at P. This may be considered· as 
satisfactory. 

Analysis of Res~tlts 
Results from 1/125 scale model for the central spillway indicate that 

the maximum depth of scour under 30 feet and 40 feet of overflow is. likely 
to be 700 feet to 830 feet a way from the toe c,f the dam. The modifying 
effects of a. pal't of the flood being allowed through the deep seated 
sluices and over the side spillways will have to be observed in the 
composite model. The only effect which cannot be observed in the 
model is that of air entrainment in the jet which will occur in the proto
type as jet flows with a high velocity down the !ace of the: spillway. 
This point could be estimated roughly from actual· observation on steep 
chutes. The exact effect of this air entrainment on the jet and icour 
development is uncertain though it is expected that with 40 per cent t\) 
50 per cent entrainment the effective density of water will be reduced 
and help in reducing the depth of scour. 

The co-efficient of discharge of the spillway as obtained in the model 
for D 5 40 feet is ·3·96. The prototype value will be judged from resulta 
of 1/72 scale model which are in progress. 
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TABLE No.2 

Showing pressures on crest with different depth of overflow (1/125 
scale model of central spillway) 
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15. REMODELLING OF THE DIMNA NALA OVERFLOW 
. WEIR, MAIN SPILLWAY . 

Synopsis 
The Dimna Nala Reservoir, constructed for supplying water to 

Jamshedpur, has two spillways but their surplusing capacity is insuffi
cient to pa~::~s the maximum possible flood discharge. Model experiments 
were, therefore, undertaken to modify the weirs and thus increase the 
discharging capat'ity .to mee~ a catastrophic flo?d· '£his note ~escribes 
alteration necessary In the Sill of the waste weir to pass that discharge. 

Problem 
The Dimna Nala Reservoir, formed by an .earthen dam, supplies 

water to Jamshedpur. The reservoir has a catchment area of 36 sq. 
miles and lies iu a belt where severe storms accompanied by heavy rain
fall e>f short duration, are not uncommon: In the scheme, as completed, 

Fig.tos two spillways are provided. The main spillway leads waste water to 
a nala whose bed level is SO ft. below the high flood level533· 0. The 
fall is construt'ted in two steps. The weir has a 15 feet level crest at 
R.L. 5:H·OO and is 167 feet wide. The emergency spillway consists of an 
open cut, in a saddle, having a· width of 600 feet and 350 feet length ln 
the direction of flow. The average crest level is R. L. 530·00. 

The combined capacity01 of the twa spillways is inadequate to meet· 
a catastrophic flood which according to the Station fan catchment 
formula is estimated at 40,000 cs. The following proposals were, there
fore, made tp meet this emergeLcy :-

(t"} to remodel the main spillway so as to pass 21,500 cs. with 
M. F. I... 533·00. 

(ii) to lower the emergency spillway level to R. L. 529'()0 so as 
to pass 10,000 cs. with M. F. L. 533·0. 
The town authorities also desired to raise the retention level to 

R. L. 529·00 by installing gates to provide for the increase in demand 
in future. The above modifications adequately provide for a 40,000 cs. 
flood of four hours duration with initial reservoir level at R. L. 529·00 
taking into consideration flood absorption up to R. L. 533·0u. 

Fig. tos Model experiments were, therefore, carried out, 
(a) to modify the main spillway to pass a discharge of 21,500 

cs. with M. F. L. at R. L. 533·00 ; 
(b) to improve hydraulic conditions below the spillway for efficient 

dissipation of energy. 
Model Experiments for main Spillway 

A model of the main spillway including the swimming pool and 
tail channel was constructed to 1/40 G. 8. scale. This was satisfactory 
as the depth over sill in the model was533'04~524"0 =0·22.5 feet. The effect 
of surface tension on discharge co-efficient is negli!rible for this depth. 
The results of calibrated S.W. F. confirm this as th~ formula Q=CBD1·5 
is applicable down to 0·1 feet depth with only + 1·3% correction. 

FinaJ proposals for modification of the spillway will be checked 
for discharge co-efficient with a 1/]5 scale model. 

EXPERIMENTS 
Beries 1 

. The model.was constru.cted according to completion plan of the 
s~11lway. Durmg construction, rock near the left <:>nd of the spillway 

(1) Annual Repon (Teob.) 1948. '~Be modelling of the Dimna NaJa over-flow Spillway Jamahe4 ur water 
1Upplyaoheme". • P 
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Dlli.NA. NA~A. SPILJ,.WA.Y 

was not removed: it blocked 49 feet of waterway out of the totall67 feet. 
As detailed spot levels of this rock .Projection were not available, its 
~op was kept at R. L._ 5~0·00. . 

Discharge over the spillway ·tor re~:~ervoir levels varying from 
R.L. ·530·00 to R.L. 533·00 were measured in a two feet S. W.F. Reservoir 
level was observed in the model with a point· gauge at 4 feet=160 feet 
upstream of centre. line of spillway. Pressures were observed with piezo-

. metric tubes ·provided along the centre line of spillway. . 
· ReSttlts · 

The weir with a horizontaT sill15 ft: long in the line of flow and 
· 9 ft. depth of water is expeoted to act as a broad crested weir approxi
·mately and, therefore·, should have .a co-efficient near about 3·09. 
· Discharges and corresponding co-efficients Q for ~ifferent 1,1pstrearp. 
water leve-ls are given in Table L The co-efficient is assesseQ. fr9m the 
formula Q-=CBD1•5 for B=118 feet. For reservoir levels above R. L. 
530·0 water over-ftowed the. roc:is.. projection and consequently flo ~lightly 
higher co-efficient was ~·egiste;~.·ed_. '.fhe di~charge for M. F. L. [)33·00 
was only 10,291 cs. 

. 
TABLE 1 

~· NQ.I 

I 

I Reservoil; Q=Dioharge 
~oditication. Fig. No. Co-!lffioieqt R~~a,r~s. · level, . in OS• c. 

2 8 4 . 5 6 7 

Main Bpillwa.y as completed 588·00 10,291 2·26 Effective 
1 with aill a.t RL. 524·00 Rook 104 (A.) ~=1:1..8 fee~. 

vrojaotion top at R. L. 530·0. 581-0!1 6,250 2-ma 

Main apillwa.y as ccmpleted. 588-00 1o,210 ~-94 Elfeotive 
2 8ook projection removed. 104 {B) 

581·00 9,07~ ~-94 . 
1) ... 1~7 .G fet~t. 

.· . 

Pressures 
Negative·pressures oqcurred only on the cttrvt!9, portion dow;n,stream 

of the ho1-'izontal sill, the lJlinimum being 2 ft. Pressl~refl were positive 
on the rest of the glacis. (l,here was a definite impact on the baffie, 
the pressure at the centre being+ 18·6 ft. with no pressure to counteract 
on; the other side. · 

Action of baffle . . . 
. The action of baffle was f!l>r from desirfl,Ql~ for dischal'ge~ wi~h . Photo• 

reservoir le:vels above R. L. 528·00. No stilling action too~ ·place il.nd 5E72 aud 

a sheet of water was shot up into the air as high as R. L. 517·00 and 5673 

dropped on the level floor with considerable impact. This, if -allowed, 
in the prototype would destroy the concrete slab. · 

Ins.ufficient height of baffle (Appendix 1) · is ;mainly responsible for 
this undesirable behaviour. · · .·· · 

In further series of experiments modifications were made to get 
a higher discharge co-efficient only. After this is finalised in 1/15 scale 
model, ~xperiments will be done in 1/40 G. S. model to improve flow 
conditions downstreamof glacis. No further reference to the downstream 
flow conditions will, therefore, be made. · · 

Series 2 . 
. ;Modifications 

Rock projection on the sill of the weir was removed and the width 
was made equivalent to 167·00 feet. The discharge with reservoir level 
at R. L. 533·uo was 13,22G cusecs and the .co-efficient was 2·94. . 

291 



Fig. 104 
(e, d, I)• 

Fig.JOi 
(tand g) 

J'ig.l04 
(hand i) 

Fig. 104 
(j and k) 
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. Conclus-iof&S 
The spillway ·Cil:pacity is muo~ below the desi~ed value of 21,500 

cusecs. This ca.n be mcreased by e1ther of the followmg two methods:-
(z) Adopting a high co-efficient weir profile, 
(ii) Lowering the sill level sufficiently. 

In the first alternative,· the coefficient will have to be increased 
to 4·76. This will require considerable alterations in the present weir. 
In the second alternative the sill will have to be lowered to R. L. 520·5 
assuming a reasonable co-efficient of 3·0, 

To raise the retention level either radial or hinged leaf gates will 
have to be used which will form an important item in the modification. 
of spillway and it will, therefore, be essential to keep the height of gates 
small to make the scheme as economical as possible. 

Series 3, 4 ~nd 5 (length of sill= 15 feet). 
In these experiments the sill was lowered to R. L. 522·f:C. Hump and 

upstream slope. were tested. Modifications are shown in Fig. 104 (c, d, e) 
and the results are given in Table 2. 

Discharge co-efficient, C, is assessed from Q = CBD 1' 11 where 
B=167·0 feet. Velocity of approach peing negligible was no1 taken into 
account. Discharge observations were made with two reservoir levels 
533·0 and 531·0 as a cheo~. . 

RESULTS 

Series 3, 4 and 5 (Sill length 15·0 feet) 
With a vertical upstream face, the discharge coefficient C was 

reduced to 2·58. This was due to return roller formed on the upstream 
bed with consequent loss of head. With a hump, C increased to 2·8. 
One in four slope which probably acted as a hump with a large radiue 
gave a still higher co-effident, equal to 2·88. Discharge with upstnam 
slope was 17,050 cusecs with reservoir level 533·00 in series 6. 
Series 6 and 'l. (Sill length= 10 feet) 

With reduction in the length of sill to 10· feet, the discharge with 
upstream hump was 17,600 cusecs and 17,86.:) cusecs with 1 in 4 slope. 
Seriea 8 and 9. (Silllength = 5 feet). 

With sill length cut to 5·0 feet and an upstream hump, the discharge 
was 18,775 cueecs and C was equal to 3·07. A sloping upstream glacis, 
however, gave a lower co-efficient, as apparently this prevented full 
.development of curved flow; thus it appeared that upstream cbaracteri· 
sties of the weir were closely linked with the length of the sill. 
Series 10 and 11 

With the crest at R. L. 522·0 and a hump upstrPam, the co-efficient 
of discharge increased to. 3·34 with M. F. L. 53:3·00 and the discharge 
was 20,391 cusecs. A sloping upstream glacis reduced the discharge 
to 19,400 cusecs. 
Conclusions . 

Reduction ic. the holizontallengt.h of sill caused a gradual inc1ease 
in C. This is as one would expect, due to development of curved flow. 
Increase in discharge was marked for 5 feet long sill. AH the length ot sill 
is made shorter a draw-down effect is_produced due to curvature of flow. 

In these experiments a sloping upstream glacis was found to be 
beneficial as .compared to hump for longer lengths of horizontal sill i.e. 
when the we1r was a broad creRted one. For short length i.e. when 
weir became narrow-crested; it was contrary to this, as tbi; prevented 
the development of curvature. 
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Photo No. 5672-Looking upstream. 
Showing general flow conditions; 
Series 2. Experiment 1. Reservoir 
Level 533·0. 

Photo No. 5673-Showing sheet of water thrown 
up by baffle dropping on level floor down
stream, Series 2, Experiment 1. 
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-11 

Dll\l.NA NALA SPILLWAY 

TABLE 2 

Modifioations. F' No I Reservoir I Disohargel Co-
lg• · level. Q in os effiolent c. Remarks. 

Sill lowered to R. L. 522·0!', length 104- (c) 533·000 15,750 9-58 
15', verlioal faoe upstream down to ----------
R. L. 514-·00. . 531-00 11,604 2·58 ------------- ---·-

Sill at R. L. 52:.1-00 Length 15ft., 1 in 104 (d) 538-00 17,800 2·85 
4- slope upstream ------------

531·00 12,200 2·71 ------------------------ -
Sill at R. L. 522·00, Len~th 15 ft., 104- (e) 53i.QO 17,060 2·8 

Hump with radius 8 ft. u s. \ ----------
581·00 ... . .. Not observed • --------~ ---·-------------

SU(B. L. 522·00, length 10ft., Hump 104-(fl 588-00 1'1,600 2·88 
with radins 8 ft. upstream. ---------

531·00 12,811 . 2·'18 . . . ----------·--------------~_...,_ ___ 
Sill R. L. 522·00 length 10 ft., l in 104- (g} 583·00 17,866 2·98 

4 slope upstream 
531-00 ... ... Not observed • .. ------------ -.----------Sill R. L. 522·001 Iength 5 ft., Hump 104 (h) 593.00 18,775 3·0'1 

with 8 ft. radius upstream. -----------
581·00 13,523 3·00 ! 

~-----------------------------
Bill R. L. 522·001 length 5 ft., 1 in 104- (i) 533·00 17,1119 2·82 

4- slope upstream. . . ---------
531·00 13,119 2.90 -------------------------

o;}opin~ sill with orest at R.L. ~04- (1} -538·00 20,391 3·114. 
622· o. ---------

531~00 ,14,684 . 8·2' ---------------- -------~-...:.......-··-
oloping sill with orest at R, L. 522·00, 1M (k) 583·00 19,4.00 • 3·18 I ·· . . 

1 in 4. slope upstream. ----------
b81-00 14.881 . 3·17 . . •. . -. ' 

.. 

APPENDIX 1 
Height of ~~:fft~ and length of cistern. 

I="IG~ 105 

H=533·0-484·5=48·5 feet. 
Va=C./2iH-

where V8 =velocity on level floor in ft./sec. 

N9.1'79 Of AUG, 1950-
c.w.a. 11 N.ll..sn._. 

C=Co-efficient depending on Manning's N, found to be 0·96 
from model experiments. 

H=Head a.vailable, in feet. 

. . V2 =0·96V'2 x 32·2 x 48·5=53·4 ft./sec. 

2~7--
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Now, Q, Total discharge=21,500 es. 

Width of spillway allowing for pier thickness, after gates are 
. inst~lled = 150 feet. 

21,500 . 
• ·. q = 150=143 es./feet . 

• • d,=!t!=2'68 feet. 

Now do=~(_f . "'.g 

=8·6 feet. 

Height of baftle should be =da-ds 
< • • • 

=8·6-2•68. 

=5·92 feet. 

The present height of baffie is only~ 3·0 feet. 

· J)istanee of baftle from toe of gla.cis . . . 
should be 5 x height of baftle =5 ~ 5·92. 

=29•60 feet. 

Length provided =25 feet. · · 

208· 
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10. CANAL FALLS 

16. BASIC STUDY ON A. FLUMED VERTICAL ],ALL 

1. Introduction . 
In continuation of the experiments reported in Annual Report (Tech.) 

1947, further experiments were conducted with a 1/6 scale G, S. model 
of a :flumed vertical fall with the object of improving its performance. 
The data of the design was: 

Q=lOOcs, H=Sfeet, d1 =d3 =3·58fee~, . 
B1 =B3 =16·2 feet, upstream bed R. L.=lOO, 
downstream bed R.L.=92, Crest R.L.=lOl, · 
Cistern R.L.=89·12, Fluming ratio=50% 
m=0·34 m.m. for local Koregaon sand. 

In the experiments reported in Annual Report (Tech.) 1947, with a· 
2:1 side expansion below parallel throat and a cistern of length 25 ,feet 
and width 21'34 ft., there was no bed scour; but, there W(I.S side erosion 
to a certain extent below the cistern.. The performance of· the · :fl.umed 
vertical fall was, therefore, observed under 25% retrogression· with, a 
view to.improve upon this aspect. · · 

2. ·Experiments 
The experiments were carried out as under:-.. ' i ' 

(1) W1th a centl'al pier in the parallel throat. 1 ,. 

(2) After raising, lowering or bowing the sill J>elow. · p~railel 
throat. , 

(3) With (a) 2: 1 strai~ht side expansion, (b~ hyperboJip 'side 
expansion, in .a 2.: 1 divergence and (c) parabolic sides with a 2 : 1 
divergence below parallel throat. 

{4) With a standing wave formed under full supply conditions 
at the downstream edge of the :sill. 

(5) With the portion downstream o£ the ·pal'allel thro.at removed 
so that the jet fell directly into.the cistern from the end ;of parallel 
throat. 

, (6) With (a) .lo~gitudinal vanes (b) staggered hJocks, fixed. in-
side the cistern. · 

The modifications introduced 'in the design under the present series 
of experiments are shown in Table 1. ·. · 
3. Procedure 

The bed and hanks of the downstream channel io. the model were 
moulded with sand of 0·34 mm. diameter. The mod.el was run for a 
period of _48 hours and in every experimeut observations wc.re made to 
~~ ' . . . . 

m the distlibution of discharge intensity over the sill below 
parallel throat, · · · 

.(iz) flow conditions, velocities, et.c., in. the cistern and in the 
downstream channel,. and 

(iii) bed and bank ero8ion. 
4. Results 

Results of these experiments are exhaustively .given in Table 1. 
5. Comparison of Results 

(a) Velocity distribution at a cross-section 30 feet downstream of the 
downstream end of the cistern. 

With a raised sill below IJara.lle I throat and 2;1 side expansion in experi
ment No.1 (vide Table 1) the -velocity distribution was unsatisfactory 

299 
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because of high velocity near sides and non-uniform distribution of 
fir· lOG (a). velocity contours as shown in Fig. 106(a). The intensity of the two side 

jets in the downstream channel was, however. found to be reduced 
when compared with that in the experiment with flat crest and the velocity 

Fig 106 (ll). distribution under which is shown in fig. 106(b). A central pier in 
· the parallel throat also failed to bring about satisfactory tlow conditions 

in the downstream channel because distinct side jets persisted near the 
'Fig. lOG (c). banks as shown by velocity distribution in Fig. l06(c). ThG' velocity 

distribution was found to be normal and satisfactory with submet·ged 

Fig. loT. longitudinal vanes of height d;in the Gistern as shown in Figs. 107(a), 

I07(b) and 107(c), whe1·e· d. is depth of water in the cistern. There 
were no side jets and thP. distribution of isotachs was uniform. 
The best velocity distribut10n, was, however, found to be in Experi
ment No.5 (a) vide Table 1, with 2:1 hyperbolic side expansion below 

parallel throat and three submerged longitudinal vanes of height~· and 
Figs. lOT (b) spacing B

4 
inside the cistern as can be seen from Figs. 107(b) and 108,.. 

and 108. 

where B =bed width of the channel. 
(b) Side eroston :-Cross sections at 0·6 and 12 feet downstream of th& 

cistern (fig. 110) showed a decrease of side erosion with a central pier in. 
Figa.lo9aod the parallel throat as compared with that in experiments with flat or 

uo. raised sill below the parallel throat. The extent of bed and side erosjon. 
.Figs.m,u2 with antl without a central pier is shown in fig.U1. With three submelg

aod ua. ed longitudinal vanes inside the cistern, a minimum bed and bank scom• 
g.114 was obtained with 2:1 hyperbolic side expansion as shown in Fi~. 114. 

6. Conclusions. 
The investigation so far conducted has helped to arrive at the 

following conclusions :- • 
(1} Expansion of the hypercritical jet above a flumed vertical 

fall by 2:1 side expansion below parallel throat; resulted in negligi
ble bed erosion but a considerable side erosion. 

(2) Raising, lowering or bowing of the sill below parallel tbrot~ot 
was not of much help in controlling the performance of the flumed 
vertical fall. 

(3) The side erosion was minimised with the introduction of a 
CPntral pier in the parallel throat but the central pier also failed to 
bring about by itself quite satisfactory conditions of flow in the 
downstream channel below the fall, besides affecting the co-efficient 
of discharge. 

(4) The side erosion and bed erosion were completely eliminat. 
ed by forming a standing wave at the downstream edge of the sill 
under full supply conditio~s but the flumed fall could not work as. 
)Ilet£'r under low supply conditions as it caused affiux. 

(5) Submerged longitudinal vanes, suitably spaced inside the . 
cistern, were found to be quite effective in minimising the side 
erosion as well as enforcing a satisfactory velocity distribution 
downstream of the cistern by preventing cross-flow in it. 

(6) With submerged longitudinal vanes fixed inside the cistern, 
a 2:1 hyperbolic side expansion below parallel throat produced 
better results as compared with a straight or parabolic side expan· 
sion of splay 2:1. This was the final design. 

~. Further experiments. 
In order to standardize the design of flumed vertical fall, H will be 

:first varied and the discharge kept at 100 cusecs. The designs for H=2', 
4' and 6' will be tested. After these experim ~nts, the discharge will be 
-varied and experiments will be carried out to evolve a standard design. 
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FULMED VERTICAL FALL 

Photo No. 5287-Looking 
downstream, shows the 
flow conditions after intro
ducing a 0·15 feet central 
pier in the parallel throat. 
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Photo No. 5241-Looking 
upstream, shows flow con
ditions with a raised sill 
below parallel throat and 
2 : l side expansion. 

Photo No. 5259-Looking 
upstream, shows the scour 
pattern after a run of 28 
hours with a 0"6 feet wide 
central pier in the parallel 
throat. 



Photo No. 5330-Looking 
downstream, shows the 
two side jets of forward 
flow with a return flow in 
the centre and near banks 
after bowing the hori
zontal sill below parallel 
throat . 

I • 

Photo No. 5512- Looking 
upstream , shows the scour 
pattern under conditions 
of flow of Photo No. 5513 
above. 

FLUMED VERTICAL FALL 

3 2.2 

Photo No 5513- Looking 
downstream , shows the 
flow pattern with hyper
bolic side expansion below 
parallel throat and three 
longitudinal .vanes inside 
the cistern. 



Photo No. 5544-Looking 
downstream , shows the 
flow pattern with a para-

FLUME VERT ICAL FALL 

bolic transition below para- ~ 
llel thrqat after removing 
the three longitudinal va-
nes from inside the cistern 
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Photo No. 5539-Looking 
downstream, shows central 
jet of very high velocity 
accompanied with two, low 
velocity, side jets in the 
cistern fitted with three 
longitudinal vanes after 
introducing a parabolic 
side expansion below para
llel throat. 

Photo No 5543-Looking 
upstream, shows the scour 
pattern after a run of seven 
hours under conditions of 
flow depicted in Photo 
No 5544 Noticetheheavy 
deposit of eroded material 
formed hy the movement 
of sand from the eroded 
sides towards the central 
portion. 



Photo No. 5632 -Looking 
upstream, shows negligi
ble scour of bed and sides 

. with a standing wave for
med at the downstream 
edge of sill 

Photo No. 5746-L,oking 
downstream, shows a 
concentrated f or ward 
flow in the centre with 
back rollers near the 

. sides with the jet falling 
into the cistern at the 
downstream end of para
llel throat. 

FLUME VERTICAL FALL 
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Photo No. 5658-Looking 
downstream, shows the 
flow pattern with a stand
ing wave formed at the 
downstream edge of sill 
under full supply con
ditions 



6. SPILLWAYS 

17 WASTE-WEIR AT BHANDARDARA (BOMBAY) 
SYPHON SPILLWAY 

Problem 
The maximum-runoff in the Bhandardara Catchment according to the 

fan catchment formula (Q=7000A/v'A'+4> is 54,000 cusecs. A syphon 
spillway is to be provided to pass this discharge without exceeding 
M . .I!'.L. 269·5; the dam top being at R.L. 270·0. The spillway is, there
fore, to be designed to pass about 85·0 cs./.feet with 269·5 as reservoir 
level. It is also necessary to have as small priming depth as possible so 
that the retention level can be raised to the limit ·consistent with present 
top level·of the dam. R.L. 270·00. · . ' 
Previous Experiments 

A syphon design with 4·0 ft. barrel depth was tested .. Undercutting 
on the downstream side of syphon was taken to R.L. 248·00, present 
waste-weir level being about 260·00. Maximum dischargC; passed with 
this design was 72·0 cs./ft. It would be uneconomical to get the desired 
discharge by lowering the downstream leg by further cutting of rock. 
The design was, therefore, modified, the following being the pertinent 
dimensions:- · 

Depth of barrel 
Crest level of weir 
Lip level of outlet 

4·5 feet .... 
269·00 feet. 
252·50 feet. 

Series 1 , 
Two syphons were. constructed each 1·0 ft. wide with r a partition 

wall of 0·1 ft. thick to a scale of l· A priming weir was provided down
stream of the syphon with 1:3 and 1:1 upstream and downstream slopes 
respectively. Bed, upstream of the syphon to ·a length of 40'=320' was 
made rough, which represented a typical section in the prototype weir. 

·Priming depth and discharge per ft. were observed ·with modifi
cations as given in Table 1. Priming depth was always observed at 
40 ft.::320 ft. upstream of the syphon crest i.e. in the reservoir itself. 
Similarly gauge at 40 ft.=320 ft. upstream of syphon line was main-
tained at R.L: 269·5 for all discharge observations. • .. l 

For. assessing co-efficient of discharge of syphon, upstream water 
level in the lake is assumed as R. L. ~69·5. This introduces a slight 
error as loss of head in 320. feet length is not deducted from .available 
head. As the variation in wat~r l~vel near .th~ syphon, while I'unning 
full, was 0·08 ft.=0·64 ft., estimatiOn of frictwnal losses became un
reliable and hence 1\'ere not considered. 

Results 
The design wa~ satisfactory as regards discharge, being 91·6 cs. /ft. 

agains~ 72 cs.,/ft, in the pr.evious design. ~rimi!lg depth, howaver, ~as 
much m excess of the maximum allowable v1z. 0·15 feet. · 

Series 2 
To improve priming characteri~tics of the syphon, the downstream 

leg was gradually contracted from 4·5 feet at the crest to 4·0 feet at the 
outlet. Results with ~ifferent sill 1evels of priming weir and bed levels 
are given in Table 2. 

Resltlts 
Contractivn of th~ · downstre·a~ leg caused a reduction· of priming 

deJ'th to 0·99 ft. as well as that of discharge to 86·2 cs.,/ft. Priming depth 
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s.ttained with this design was still above the desired value. Further 
contraction of downstream leg was not adopted as it would have reducetl 
discharge below the permissible value. 

Series3 
A triangular ledge, its upstream face making an angle of 150• with leg 

of syphon was tested. Advantage of this shape lies in the fact that an 
an.gle iron embedded in concrete can easily be provided in the prototype. 

Two sizee were tested, one with 0·48 feet projection and the other 
0·4 feet projection. The outer shell was removed. The throw-off with 
these, fixed at R.Ls. 262·0 and 260·0 was observed in l G.S. m0del for 0·56, 
0·96 and 1·36 feet upstream depths of water above syphon crest. 

Results 
Ledge with 0-4 feet projection at R.L. 260·00 was satisfactot·y. The 

water jet met the outer leg just above ouUet level. The projected area 
was alSo less. 
Series 4 

Ledge with 0·4 ft. projecti9n was fitted at R.L. 260 in l G. S. model. 
In second experiment the syphon outlet was given an expansion to Tecover 
head and thus reduce: losses. Results are given in Table 3. 

Result.s · 
The performance of th~ syphon improved considerably by addition of 

a ledge. Priming depth reduced to 0·3 ft. as against 0·75 ft. required. 
A discharge of 89·2 es./ft. compares quite favourably with 91·8 cs./ft. in 
Series 1 (Table 1, Bxperiment 1). 

Expansion of the outlet gave a slightly higher dischargP, 90·0 cs./ft. 
while increased the priming depth to 0·38 feet. This was due to ineffec
tive sealing of the outlet due to expansion. 

Pressures were observed with piezometric tubes fitted in the model 
at points shown in Fig. 115. These are given in Table 4. 

Maximum negative pressure of the order of 19·52 ft. occurred ~~.t the 
urown in Experiment 2 with expanded outlet. Pressures in the vicinity · 
of ledge are of particular interest. These being positive on the upstream 
face ; below the ledge, though the pressure was negative, it was safely 
below cavitation limit. 
Further te.sts 

The syphon design with 4·5 feet barrel depth and a ledge is satis
factory as it complies with the discharge and priming depth requirements. 
It can be improved still further in the following respects. 

Comparison of cO:afficients of discharge of syphon 'With and. without 
expansion will show that the latter is much higher, though apparently the 
performance is nearly the same. This is due to the presence of priming 
weir which causes submergence of outlet. If priming weir is removed, 
syphon can pass a much higher discharge with expanded outlet. · · 

In the case of Bhandardara waste-weir it is of no use to design a 
syphon for discharge higher than 85 cs./ft. this being limited by approach 
length of the Waste-Weir. 

If it is possible to attain a small priming depth without piiming 
weir, the outlet of syphon can be placed at higher level (present level 
of centre of outlet being :l52·25). This will reduce cost of syphon as well 
as that of rock cutting. . 

The following experiments will be conducted:-
(') To see priming depth and discharge of present syphon with 

expanded outlet and ledge fixed with priming weir removed. 
(~a) To test a syphon design with expanded outlet, centre of out-

let bemg at R.L. 255·0. . 
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WASTE-WEIR A'X BH.A.NDARD4,RA 

TABLE 1 (Series 1) 

• 
I Priming Priming W.L.at Disoharge D/SW.L. !Level of Effective Co-eftl.oient of 

0 Modifioa tion•. W,L.at depth. 320 n/s per ft. when centre head disoharge 
Remarks. z of IIIJ, ou~let !JOb • of · .. Q 

a;i 1120' U/s. ft, syphon. Q merged- outlet. H c-.y - 2gBX4·1l 

1 Priming weir am at R-L. 270 .. 96 I 1·96 269-5 91-8 Free flow 250·25 19·25 0·58 
252·00. 

~ Prlmlug weir sill raised to ~70·23 1·23 269·5 91·5 , 250·25 le·25 ... 
R. L. 1152·88. 

3 Priming weir sill ra'sed •o 270·22 1-~2 ... ... ... ... . .. ... 
R. L. 253·17 • . 

' Priming weir sill raised to !170·22 1·22 ... ... Not ... . .. ... 
R. L. 259·86. obae"ed· 

. . ... 

' 

TABLE 2 (Series 2) 

. 
0 Priming Priming w.L.at Disoharge DfSW.L. Level of Elfeotive Co·effioient of 

z Modifioations. W.L.at depth. 320' n/s per ft. when· oentre head diaoharge 
Remarks. 

a;i 320' n/a. of CB• outlet sob· of C= g 
ft. syphon. _Q ~erge~. outlet· H V 2gHX4·5 .. . 

1 Sill of priming weir 252·17 
bed level252·00. 

269·99 0-99 269·5 85·2 ... 250·0 19·5 0·535 

2 Sill of priming weir 252·17 2611·99 0-99 269·6 86·2 ... 250·0 19-5 O·M . 
bed level251·00. 

3 Sill of priming weir 251·67 276·01 1-01 269·5 84·2 ... 2LIO·O 19-5 0·53 
bed level 251· 00. 

4 Sill of ·priming Wf:ir 251·67 270·01 1·01 269-5 85·5 ... 250·0 19·5 0·535 I lied level251•5. 

TABLE 3 (Series 4) 

p. • Priming W.L at Disoharge D/B W .L.i"""'l ofl E•oou,. Co-effioient of 
0 Modifioa tiona: 

rimmg depth S2fll n/s per ft, when centre head disoharge z W.L.at of es. outlet sub of c-.y Q 
Remarks. 

a;i 820' n/s. ft .. syphon· Q merged. outlet. H 2gHX4·5 

1 Ledge 0·4 f'- projection at 269-8 O·S 269·5 1!8·8 ... 250-25 19 0·56 • 
R. L. 260·00 priming weir 
sill R. L. 252·0 D/S bed 
level251·5. 

: 2 Defleotor 0·4 ft. projection 269·38 0·98 l!69·5 90·0 257·00 ... 1!1·5 0-707 . 
R· L. 260·00; Priming weir (sub-
sill 26 ft. D/8 of syphon; merged) 
Outlet expanded to 5·8 ft., 
Upper leg given an expan· 
sion of 1 : 10, 

• Co-efficient not comparable with above co-effioients, as the outlet was submerged. 
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. TABLE 4 

Pressure Observations 

Presaure iD ft. of water above or below 

Position. 
atmosphere. 

i Series ' I Ezpt.l Series ' I Ezpt. I 
2 8 ' li 6 

15° upstream of ores' • ... -17·116 -19·1ii -18·49 - Ul·83 

0°·on oreal ... : ... 16·06 -19·66 -18·'111 -1··55 

15° downstream ol oreat ... ······ - l8·S6 •li·77 -14·01 

80° " " .... ~ 14·06 -11·26 -11·67 -14·!18 .. - ---
45° " " ... -12·86 -16·8· - g.,g -18·17 

60° .. " ... - 8·116 -12·00 -14·17 -111·61 

75° " .. ... -12·26 -18··6 -15·81 -16·51 

90° " .. ... -11·16 -11·96 -l0·61 -11·65 
I 

Just above ledge ... - 4·86 + 11·88 + 1·81 + !1·111 

Upstream sloping aide of ledge·.;: . + o;u· .. + 1;44 - - ... ~-... ... 
' . 

Do~atream al~plng aid~ of ledge ... -14·72 -10·0 -11·0 
.. •I .I r 

.Note.-Tubea provided along the centre of syphon weir. 
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12. BRIDGES AND CULVERTS 

18. W ATERW A.'Y THROUGH BRIDGES 
An inquiry was made by the Executive Engineer, Survey, B. B. and 

·C. I. Railway Ajmer, regarding suitable size o:f! bridge openings on the 
Khandwa-Hingoli Section and the information supplied to him being of 

--a general nature regarding which frequent references are made to the 
.station, is reproduced below :-

A narrow river flowing in a deep channel, with defined banks either 
·in rock or in alluvium may be crossed over from high bank to high bank. 
The narrowiug of the river is, however, economically feasible an:d 

..advisable in the case of an alluvial riv~r having a wide Khadir~ only 

.a part of which is occupied by a cold weath;er live channel but which in 
monsoon comes into spate filling the full section though fairly shallow 

·in most of the part excepting the main chann~l~ ' -
The limit of the narrowing, on economic considerations is guided by 

.the comparative costs of bridging the whole of ~he river ·and the· com
bined cost of a shorter brid~e and its protective works. 

Spring's method of determining the proper waterway for a bridge is 
;:based on arbitrary scour depths advocated. by him111 as appropriate for 
bed sands of different sizes; while Gale's method primarily .consists in 
making use of the rive1· section at a bend, in flood, to assess the extent 
iio which the section of a bridge can advantageously be allowed to 
develop. 121 N atural.width of waterway has been however correlatP.d by 
.Mr. Lacey with the discharge and the size of the bed sand and a general 
equation according to him is P=2·667 Q112 where P=surface width and 
·Q=discharge. Lacey formula though supported by numerous data, is 
:frequently found to be not in concurrence with the actual flood widths of 
rivers, the divergence being due to several factors unaccounted for in 
-the P: Q relation. Nevertheless it is a good guide for determining the 
·optimum~waterway and though not directly applicable, is useful in asses~:~
·ing the divergence to be allowed for in fixing the bridge water height. 
Experience alone will enable us to make the necessary allowance for 
-divergence from Lacey width. 

Lacey formula requires reasonably correct estimate of the maximum 
·discharge of the river to be passed through a bridge. The experience of 
this Station is that the data of actual discharge observations are rarely 
.available and hence maximum discharges have to be roughly estimated 
by various empirical and theoretical formulae such as Dicken's, Cousin's, 
Ryve's, Inglis', Mis!::lissippi, Station meander formula, L~cey V . and R 
:formulae and the like. , . . . · 

· In the Annual Report (Technical) of this Station for 1943, a Teview Appendix 1. 

-of the limitations of the Dicken's empirical formulae and their, general 
applicability has been made. · · 

The catastl·ophic or maximum-ever discharge computed and corrobo
-rated by judicial application of different formulae does not, however, 
·solely determine the necessary openings for the bridge. Excepting in 
the case of major, non-submersible, high-level bridges, the extent to which 
the river should be narrowed down depends on various hydrological as 
well as ext,raneous considerations such as constructional difficulties, 
nature of bed strata, depth of foundations iu the case of existing bridges, 
·flashy or non-flashy nature of the river, rising tendency of the river bed, 
·importance of the uninterrupted continuous communication etc. 

Thus design of waterway through a bridge cannot, for practical 
·reasons, be generalised and each case has, therefore, to be decided in 
the light of the eonditions applicable. 

(1) Paga 161 Chapter VI of River '!'raining and Control on the Guide Bank System by Sir F. Spring. 

S
. R(2)bP,!gGe 2

1
6, The Principles of River Training fo_r_ Rail~ay _J:Iridges! eto., I. C. E. !'aper No. 5167 bl _ 

.. II' 0 en Be&. 
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APPENDIX 1 

Three empirical "maximum run-off" formulae and Whiting's curve 
(Bombar) have been used to a large extent in India see fig. 64: of 19-13 
Annual Report. 

Col. Dickens' formula (Bengal) Qmu=825 A3'• · 

Ryve's formula (Madras) Qma:a:= C A213 

. . . 7000A 
Inglis' fan-catchment formula Qmax= ./A + 4 

where Qmu=maximum flood discharge, 
A=area of catchment in square miles, 

... 

... 

(1) 
(2) 

{3) 

C=a co-efficient which Ryves put at 450 within 15 miles of the 
sea; 562•5 from 15 to 100 miles and 675 for limited 
areas near hills; 

Note.-Dicken 'a formula was based on only 4 points. He assumed: 
(1) A maximum rainfall on 8 acres of 4" an hour 

. (2) Sir P •. Cantley's rule of half inch an hour for small rivers 
(50 sq. miles) · . 

(3) .lflood discharge equal to 1/8 inch per hour from th~ 7,000 sq. 
miles of the Damodar catchment and . 

(4) A flood-discharge observed on the Son equal to 1/10 inch per 
hour over the whole area of 27,000 square miles. 
Two points in these formulre are worth noting : W the exponent 

has progressively decreased from 3/4 in the earliest formula to 1/2 in the 
latest; and (i~) the estimated run-off h!LS progressively increased
except that Ryves' figures were lower than Dickens; but Ryves' figures 
were meant to apply to designing rathet· than predicting of maximum 
·possible floods and consequently were lower. 

Subsequently, various Engineers have adopted higher co-efficients 
both for Ryves' and Dickens' formulas up to 1600 being used. · 

When writing " A critical study of run-offs and floods of catchments 
of the Bombay Presidency,"<ll the Director·found·that nearly all the data. 
for small catchments in Bombay Presidency were for floods measured at 
masonry works- canal culverts, super-passages, weirs, etc.,- and as a 
eonsequence, flood absorption and deflection of flow into adjoining Nalas, 
greatly reduced the discharges. This explains the marked curvature of 
Whiting's curve. There is, however, also a natural hump in maximum 
run-off curves. This is connected with the area that is effectively cover
ed by a maximum storm. Another important factor is ' time of concen
tration' and hence, the shape of the catchment. Hence, any general 
formula must be modified where the catchment is not of the standard 
shape. Such formula should, therefore, be applied with one considera-
tion and ('aution. · 

0) Technloal Papn f\o, 30, Bombay, P. W, v., 1920 b7 0. C. lug:la aud A. J, !Jes.:;.tza, 
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Photo No. 5668-Model sluice from 
upstream. 

Photo No. 5666- Showing end of the 
approach channel with grids for 
equalisation of velocities and en
suring smooth flow, 

Photo No. 5687- Showing downstream 
view of the sluice model-Radhanagari 
Dam Works. 
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14. QUT~ETS OR ~I.UICE;S 

19. )~ADHAN-'\GARI DAM-DET~RMINATIQ~ OF SLU~C~ · 
· . DISCHA~G~ CA~AQ!T¥. . · . 

. . . ' . 

1. In~rod1'ctiortt · . . 
. Exc~ss monsoqn flow ~n t4e river ~hogavati at. the Radha,n~gari. 

Da.m is proposed to be escaped mainly thr<;mgh a battery of fi.v~ sluices· 
shown i,n Fig. us. E~ch of tht:se ~Juices is 8 fpet wide and 18' 9" d~ep Fig. 118. 
and are provided with a convergj.ng, e:n,trance. ~P,es~ have· to pass a~ 
aggregate discharge of 28,000 cusecs at H. F. L. and the balance of 
12,01]0 cusecs of the estimated maximum flood diacharge is to be passed 
over an-emergency spillway (fig. 119). Experiments were undertaken to Fig. 1111. 
determine the discharging capacity of sluice and the results thereof are 
given below.-
2. Motlel set up 

A geometlically similar, 1/20 scale, sluice model was separately Photo 

moulded in cement and then fixed in a deep masonry tank. Water was ~~~. ~~~;: 
fed to this tank through a flume in which a sharp crested weir was 
installed for measurement of discharge. Proper approach and complete 
aeration for the "sharp-crested weir, satisfactory stilling in the tank 
representing the lake, accurate water level recording and other similar 
details were attended to before starting the experiments. 
3. Experiments 

Water supply to the tank was controiled to obtain a predetermined 
water level with the sluice discharging freely without gate obstruction. 
Model was run for a sufficiently long time to make sure that head over 
the sluice was constant and then the discharge was measured over the 
sharp-crested weir. Discharge through the sluices with smooth sides 
for different lake water levels were determined after averaging the 
reading of three repetitions. Experiments were also done to find the 
reduction in discharging capaQitY Q:Wi!lg to side roughness equivalent 
to that of rough dressed stone masonry. 
4. Results of experiments 

They are tabulated below· and their graphic record is shown in 
Fig.120. 

TABLE 1 

Single sluica 
W.L. discharge in cusecs %reduction in 

in the lake· with smooth.sides discharge with 
ot the sluice rough sides. 

entrance. 

29'3-00 2860 8·84 

80:~.oo 8810 8·82 

308·00 ,095 8·87 

818-00 476!1 8·00 

818-0f> 6dSL 8-60 

828·00 679t 2·70 

828·00 6368 3·00 

888·00 694!1 11-so 

888-00 7268 2·00 

848·00 7656 2-111 

84'l 00 I 818!1 11-84 

i 

339, 
'< ·• 

s 8411-12 

l!'ig. 120. 
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. li. Conclusion 
(1) The model results indicate that the sluice capacity at lake water 

level of ::148"()0 will be about 7,940 eusecs. Thus the aggregate capacity 
of all the sluices with the tail race discharge of 600 will not be less than 
the estimated probable maximum discharge of 40,000 eusecs. 

(2) Some reduction in discharge may result due to interference as 
the sluices are placed side by side. This is not, however, expected to be 
appreciable as the separating walls are as thick as 11 feet. Experiments 
will, however, be done to determine the e:ffect of interference when the-
metal sluices since ordered are received. 
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SECTION D-HYDROLOGY 

. t~ RAINFALL AND RUNOFF 
- ~ · (f) Measurement of Rainfall 

20. ESTIMATION- OF HIGH RAIN~'ALL INTENSITIES IN 
KHARI RIVER CATCHMENT: (189] -1945) 

An examination of the average in:tensity of ·rainfall recorded in 
the Khari Catch:r;nent for 55 years (1891-1945) for which data are available 
with the India ·Mateorological Department, was luridertaken to investi
gate if the intensity recorded during 1943 could furnish any clue to the 
unprecedented flood which caused several breaches in the lakes lying 
along the .course of the Khari river_in Ajmer·Merwara. ·· · 
• ! • The ten. raingaugin·g stations in the catchment. (Fig. 121) Include Fig, m. 
Mt. Abu, Ajmer, Dawar, Deoli, Desuri Geola, .Jawala Kakri, Shahpura 
and Todgarh, the pooled 'average daily intensity at which has been 
regarded as the mean intensity of the ramfall over the catchment. The 
variation of the ·average intensity during the 4329 wet days .-Juring June 
to September months of_ the years 1891-1945 covers the range up to 
5·71 inches. A frequency table was constructed for the data and the 
appropriate type of distribution obtained as 

- · . y=300·16[1 +....!_]-·654 e~"126x 
· 2•74 . Fig. 122, 

from which the auxiliary _curve (Fig. 123) has been derived for the perce.n- Fig. 128. 
tage probability of different specified intensities being _exceeded on any 
one day. A few percentage probability measures for expected high 
rainfall intensities read from the curve are ·listed below to present the 
e~treme l9wprobttbility measures of the high intensities being attained on 
any one day~ Thus recurrences of high rainfall intensities like ~~71:inches .. 

\ · I Daily rainfall intensity. % probability. -~ . 
- J . • · ex~eeding (inohes) -• (less ,than) 

1--------
4·0 
4·5 
5·0 
5·5 
6·0 

0·0~ 
0·04 
O·Oil 
o;ol 
0·0044 ~ 

"' ·-J·. 

.. 
-recorded on the night of 2!:J-30 July 1943, which caused the unprecedent: 
ed flood, may be expected to be as rare as only 9 in 100,000 or Jess. · . 

The intensity of the rainfall recorded on _the preceeding nigh(te:. 
28-2:} July;l943 w:as 3·27 inches the· probability of which occurring ori 
a singleday is read from' the curve as 0·26% ·and cannot, therefore/be 
termed a yery ~a:-r.e phenomenon._ But considering th~ aggregate intensity 
on two consecutive days the record me~sures 8·98 mehes, or an average 
of 4'49 inches per day. It was, therefo£e, thought interesting to esti· 
mate the probability of the record being- exceeded for two consecutive 
days.-. The original data for 4329, rainy days was, therefoi·e, recast for 
the intensities re·Qorded on two_ consecutive days and a similar frequency 
study undertaken. The . derived percentage probability · c\]rve for the 
distribution is shown in Fig. 123, from which the percentage probability 
of the observed intensity 8·98" occurring on anytwo consecutive days is 
read as 5 in 1,00,000. 'rhus e~en this occurrence ~annot be regarded to Fig.llils~ 
be a common phenomenon. · , · 

It is concluded, therefore, that the breaches on the lakes along the 
course of the Khari River _are directly attributable to the abnormal 
precipitation that fell in the catchment during tw? suc.cessive nights of 
~8-29 and 29-30 July 1943. As a matter of theoretical mterest, and also 
as an aid to the Irrigation Engineer, ~::~imilar probability curves for rain-· 
fall intensities recorded on 3 and 4 consecutive days respectivdy are· 
hppended (Fig. 123). Fi~.12s. 
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SECTION E-SOIL SCIENCE AND SOIL MECHANICS 

4. LAND RECLAMATION 

(1) Saline land 

21. RECLAMATION OF RANN OF CUTCH 

1. Introduction 
The Railway Board asked for advice in connection with the nropo

sals for reclaiming the Rann of Catch by way of constructing Rail 
embankments with one-way sluices and to ascertain whether the construc
tion of such works would, in any wny, adversely affect the silting of the 
deep water approaches to the existing Kandla port which has now been 
selected as the site of the future major port. If silting was Jikely to 
take place the opinion of the Station was required to suggest an alter-

Fig. m. native form of construction, \lr »lignment to avoid silting. 

The Railway Board also wanted to know the effect of such construc
tion on the Brine Springs of the Kharaghoda Salt Works and the 
measures to be adopted to secure continuation of the salt pans. The 
proposed Railway alignment crosses the Little Rann of Cutch over a 
strip of about 6! miles. The possibility of reclaiming the Rann of Cutch 
for agricultural purposes has been put up by the Indian Agricultural 
Reserach Institute, New Delhi. One of the proposals for accomplishing 
this is to provide one-way sluices or a weir-cum-bridge at the crossing of 
the Railway over the Little Rann. The effect of this will be, 

(i) To shut off the entry of the sea water on to the Little Ra.nn 
situated to the east of tht> Ra.ilway crossing; and 

(ii) to permit the fio'ld waters from the various rivulets which 
first drain into the Little Rann of Cutch and finally into the sea to 
gradually wash off the salt contents from the soil of the Rann. 

These two operations are expected, in due course, to render the Little 
Rann fit for agriculture. 

The Government of India has recently decided to develop the K~t.ndla 
Port as the major. deep sea-port and it is therefore desirable that the 
channel leading to the Kandla Port should rE'main free from silting. It 
was, therefore, reqmred to be investigated as to how far the construction 
of a Railway embankment together with one-way sluices or weir-cum· 
bridge crossing the Little Rann was likely to cause silting of the deep 
water ap·proaches to the Kandla Port. 

The Salt Works at Kharaghoda are situated at the eastern extremity 
of the Little Rann. The question of the effect of the proposed railway 
line on the Brine Wells of Kharaghoda was referred to the Geological 
Department, Government of India, and in the opinion of Dr. B. C. Roy 
ot that Department, the origin of the Brine in the Brine Wells at Khara· 
ghoda is connected with the sea water and with the constant replenish
ment during the annual inundation of the Rann by sea water. In Dr. Roy's 
opinion blocking of the sea water at the Railway crossing would adversely 
affect the Brine Wells and the salt production. 

The following detailed Note was sent to the Deputy Chief Engineer, 
~urvey. B. B. and C. I. Railway, from whom this inquiry was received. 

2·0. Terms of Reference 
As stated in the Deputy Chief Engineer's letter No. E/9/645/19-613 

of 6th December 194:8 in amplification of No. E-9-645/19-C13 of 20th 
October 194:8 and as a result of subsequent personal discussion with the 

!::~ 
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RECLAMATION OF RANN OF CUTCR 

Deputy Chief .'Engineer which helped to visualise the local conditions of 
the problem more clearly, the following are as~IUmed to be the tina\ terms 
of reference:- · 

I (a) What in your opinion should be the· proportion of the maxi
mum aggregate dischar~e for which the Railway bridge across the Little 
Rann between Malia and Surajbari should be designed ? 

(b) Verification of the total of the individual maximum discharges 
from the various rivers, drainage areas etc. which drain into the Little 
Rann (above the point of the railway crossing) before finally discharging 
into the sea. 

II (a) The Railway Board do not consider a girder bridge neces
sary and have suggested the flood openings with automatic one-way 
flap valves at their sea faces so as to shut off the entry of sea water 
from West to East with a view to reclaim the vast· areas of the Rann 
for agriculttiral purposes. ln view of the above do you ·consiaer the 
proposal of providing 6ft. diameter ·Bume Pipes with flap valves at 
their ends, distributed over the entire length of the Rann crossing, a 
feasible engineering undertaking? What will be the number of Hume 
pipes that will be required to be provided to take the maximum dis
charge and maximum velocity of flow through the openings? . . , 

(b) If in your view the proposal of providing Hume pipes is unsound 
what ~an be the tentative design of the ,one-way bridge such that the 
sea water is shut off? 

III. Having regard to paucity of data available to substantiate the 
likelihood of silting or otherwise of the deep approaches to the Kandla 
Port as a result of the construction of orie-way. bridge with a view to 
reclaim the vast areas 0f Rann as envisaged b"y the Director, Indian 
Agricultural Research Institute, do you justiff the construction of one· 
way bridge at this stage ' 

IV. If your reply· to question III above is that' the justification of 
the construction of <one-way bridge is ruled out at this stage, what in 
your view should be the design of the bridge? 

V. Have you any other general criticism or suggestions to offer m 
respect of the design of the bridge etc? · 

VI. In view of the construction of one-way .. bridge, what measures 
should be adopted to maintain the salt pans at Kharaghoda? 

'Query I 

3.1. Before arriving at the maximum discharge for. which, the 
bridge should be designed que'ry I (b) should be answered. 

Dr. U.vpal has worked out (vide page 499 of the Railway ·ReportCI>) . 
the discharges of the various rivers by applying certain surface flow 
formulae and other empirical formulae correlating discharge with 
catchment areas. However, the post-flood hydraulic data cannot be 
applied with exactitude to the various surface flow formulae owing to 
the appreciable divergent hydraulic conditions during the floods nor is 
it possible to estimate the discharge ~n a rational basis by the catch
ment formula of the form Q=CAn which are limited in their accuracy and 
application by the variations in the constants assumed, which in turn 
depend on the nature and quality of, and the fit to, the data from which 
the formulae are derived. The Deputy Chief Engineer's method of 
estimating the maximum discharges in this case on the basis of the 
maxi:m~m discharges accepted at the railway crossing in view of the 
observed discharges at some of the existing crossings of the metre and 
narrow gauge lines appears sound and rational (vide page 2?9 of. the 
Railway Report). The method, however., needs further elaboration. Since 

(1) B. B. and C. I. R!lilW-'Y Engineering RJport, Par~ I-A on "Final Location Survey of Bombay-Sind 
oennection Railway (Cutcb Route)''. 
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there is sufficient bulk of data to substantiate that runoff is proportional to 
~A and not A,213, A31' or Ajt is pertineq.t to point out. that the addition 
to the ·discharge accepted at the railway crossing (pt·esuming this to be 
correct for the reasons explained above) should be proportional to the 
square-root of th~ respectiv~ areas. 'fhe discharges worked out accoTd• 
ingly are 'Shown 111 Appendix I. ! 

. · 3·2 . On the same page (229) the discharge from the Little Rann area 
of 1,414 sq. miles is stated to be 2.29,000 cusecs as against 2,62,000 cusecs 
worke<l out according to fan-catchment formula of the station. 

7000A 
Q='= .YA+4 •. 

This formula was used to check up the run-off of various catchment 
areas and in no case the··run-offs exceeded the values worked out from 
this formula. As the storm core is not expected to cover the whole of 
the extensive and arid area of 1,414 sq. miles of the Little Rann the 
allowance of only 1,51,000 cuseos, made according to the normal flood 

4,000 A 
fo~mula·of the Station Q= ~A+f appears reasonable. 

3·3. The Station has also found that the shape of the catchment 
is a very important factor in the correct estimation of discharge .. The 
formula as developed is A · 

. Q=K113 7 000 . 
·' .Y A+4 

wh~:>re .1i. is· the area of catchment in sq. miles . 
. . 2 -IX 

K is a shape factor~ n L 
where Q=discharge in cusecs,·and where L is the storm length of the 
catchment in miles. · : 

·Though the formula is applicable to Deccan catchment areas; it will 
serve as: a check against the discharges worked·· out for areas greater 
than 100 square miles and can be a rough guide to see that no undue 
excessive .allowance is made i~ the estimation of discharges given .in the 
railway report. · . . · · 

3·4. Regar~ing ·query . I (a) .viz: the percentage of discharge for 
which the bridge should be disigned 33 per cent of the total of the 
individual maximum discharges given in the Railway Report (Appendix V) 
appears to be on the safe side for, the following reasons:-

(a) Owing to the appreciable percolation losses in the arid 
tracts· through which 'these rivers pass, the peak discharges as 
assumed in the design are likely to be lower. 

(b) The Su.kkur Barrage was originally designed for 15,00,000 
cusecs which is only 43 per cent of the maximum total aggregate 
discharge (34,75,000 cusecs} and not 19,00,000 cusecs as stated by 
Dr. Uppal. The maximum observed discharge at ·Sukkur to date· 
has not exceeded 9,00,000 cusecs which is only 26 . per cent of the 
maximum total aggreg~te. The total of all the catchment areas of 
the Rann is 8,957 square miles. As the rain storms will rar~ly cover 
the whole of this area and that there will be substantial reduction 
due to flood absorption in catchments allowance more than 26 per 
cent is not justified ; 33 per cent however may be taken as a r~ason
able figure in view of the paucity of data to:tsubstantiate the ·maxi
mum estimated discharges. · 
3'5. It is, therefore, recommended that the btidge!may be designed 

for passing the discharge 3,23,000 cusecs. . ~ 

J- 8H page 89 of Annual Report (Tech,) for 19i2-4S. 
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. . 
' · · .4. QtteriJ Ii (a) Rega.rding the proposal, of'. pro-rldin~( hume>pipe_s 
inthe embankment. - ' - ' - ' ' ' ·. '' 

' l . . . , • . . . ' 

· 4·1. According to-Deputy Chief Engineer's. Letter No.E/9/645/19-613 
the following assumpti~ns were made:-:-. · ,. . - ·~ ~- .- . : ; · ·- · 

.. -· :· , W. The maximum safe height to which;. the flQod water may ··be 
. · taken to head up on the eas~ face- upstream of the · embankmenii to . 

be R. L. 17·0. . -.-
(it) The invert level of the hume pipes to be taken as R. L. 7·0. 
(ii1-) The sea water may be taken to head up to R~ ~. · 11·0 

against the flap valves on the downstream side. - . . . 
• 4·2. ·The number of openings requh;ed in: the embankment were 

first worked on the basis of 6 ft. of head (i.e. difference between. upstream 
water level'~.I,~. 17·0 and,downstream water level R. L.11~0) .. ·, . - . 
. There_ was,· however,·-some incipient misunderstanding about- the 
downstream water lave! R. L. n·o whi'ch waH later cleared in discussion. 
It was made clear that as the opetilngs a.re to be designed for passing:the 
anticipated maximum discharge of 3,79,000 cusecs<ll the downstream 
water level will be the same as the maximum water level observed so 
far,, which is R. L.,17·0. The 'number of openings are accordingly worked 
out after assuming 1ft. of afflux, i.e. water leveleastof embankment·~t 
R. L.lS·O. . .... 
~ The disch~rge through one .6 ft. diameter h11me pipe opening, aesum:.. 

. ing co-efficient-:0·6, will be. . · · · · · : · 
. Q=CA\12gh . 

. nz ' . . 
=0·6 x ~4_x 8 x 1.=0·6 x's x 9 x 1C_=l36 cusecs. 

. . The number of ppenings reqUired tQ .pass the anticip~ted ma:ti~um 
discharge of 3,79,000 cusecs would be · · · · 

= 3'i~~O() 2~790 openings or s~y 2,Soo· o}>enihgs. 

As each op~ming wiil require the length of the pipe of not · ies~ than 
100 ft. _across the ~mbankment,: the total length of . the pipe. will be 

· · =2,800 x 100=2,RO,OOO feet. · · 

·~ 'fhe'cost of laying t¥-s: lengt_h- _of pipe at: ,~st so· perf()ot vvhich 
mcludes the cost of supplymg, laymg and other mc1dental charges will 
be roughly=2,80,000 x 80=Rs .. 2:2 . ..J:crores. · , · · . · ' ·· . 
:· .. .' This cost· is, however., exclusive, of the cost of pitching upstream 
and downstream faces and.flap valves.proposed to be fitted at the down-
~tream end of th~ pipe ope_p.ing. . . :. . ' ' 

.. . On the grounds of cost alone, apart from the odds_ ag~inst the 
possibility of .synchronous breaches at -the several openings owing to 
improper jointing between the hume pipes · anu 'the earth above, the 
suggestion of hume pipes should be rejected and completely ruled out of 
any serious considerations. 
: 4·3 Even if the water level to the east of the bridge is allOwed .to 
rise. above R. L. 18·0, which _will present further complications such as 
raising the formation level ·of embankment etc. the proposa.l will not 
outweigh any likely gains by furtb er increase in head and subsequent 
disc~arge through pipes. _ . .. . . . 

· ·5. Queri,es ii' (b) and III regarding the t~;ntative desi~ ?f · ~ne-~ay 
bridge and the justification of the. construction of such a badge at this 
stage will have to be answered simultaneously: 

. ~ . "' 
· {1)' This figure may be changed to 3,23,000 ouaecs, if Para. 3'5 ia aocepted. 
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5·1. With a view to. reclaim, th~ vast area.9 of the waste saline 
tracts of the Raim the Railway Board intend to cons~ruct one·w~y~br\~g~ 
by flap valves to shut-off the entry of sea water 1n the I .. ittle Rann. 
Director, however, feels that before arriving at a conclusion of open 
bridge (i, e. a girder bridge) or one-way~bridge, it is vital to analyse 
the possibilities of reclaiming vast areas of 9,000 sq. miles, having 
regard to the paucity of data to substal).tiate the .likelihood of silting or 
otherwise of deep approaches to Kandla Port. A continuQus leeQhing 
of salts year after year may in years to come reclaim the vast areas of 
the Rann as envisaged by the Director, Indian Agricultural Research 
Institute. In the opinion of the Station, however, this scheme appears to 
be too ambitious for reasons furnished below:-

5·2 (a) First of all, it is very difficult to predict how far the leeche<l 
areas would remain in that condition as it is likely that part of the salt 

. below the unharmful layers of leeched soil, may ·rise by capillary 
action and impregnate the soil each year and thus this vicious circle 
once started will never end till inexhaustible quantity of salt is removed 
and that the non-existence. of subsoil connection betwe~n th~ sea and 
Rann is substantiated by positive Jil'Oof. 

· (b} lt has been pointed out by Dr. Roy on page 357 of the railway 
:report that ''in spite of clos~ng the entrance of the sea, the subsoil water 
will always remain partly saline, not suitable for irrigation, necess\tating 
canal irrigation over the whole of the area of the Rann". If this is so, 
th~ problem of bringing.wato: to the Rann thus 1·eclaimed, by construct
ing suitablE> dams at various sites as proposed and contemplated by t4Et 
Director, Indian Agricultural Research Institute, will be a major problem 
to the authorities concerned to deal with the subsequent problem of 
irrigation economically~ as_ worked. out below:--

(i) Forirrigating 9,000 sq. miles of area i.e. 9,000x640=5·76x 106 acres. 
· Assuming a duty of100acres, the approxmiate que.ntity of wate1 

would b~;~5'7~~~06 . 57,600 c~seos. Even if the irrigation be extended 
. . . 

during _either Khar~f or Rabi season only the storage required 
. 57 600 X 1::!0 X 24 X :i 60Q 
would roughly be ' 43 560 

1 13·7 x 10° acre feet. 
' . 

This figure is ~xclusi ve of either the evaporation losses in the lake or 
the seepag~ losses through the canals and storag~ reservoirs. 

(it1 The cost of the scheme for providing such a huge storage 
would roughly b~ Rs. 137 crores (the rate conservatively assumed on 
the basis of storage figures of some of the recent major irrigation 

· projects). The above estimate is reasonably opthnistic as it neithe~ 
takes into account the dead storage due to silting which is expected 
to be very rapid; as the rivers are flashy in nature and carry a very 
heavy charge of bed materlal nor does it include the cost of reclaim· 
ing the lands by leeching. 

The financial aspects on this basis appear to be very gloomy. 

Area 1io be irrigated in acreS! 5·76 x 106 acres 
Area th~t can be irrigated allowing 25% remissioJ:l.S ..• 4·a2 x 10° " 
.Maximum assessment at Rs. 8 per acre • • . Rs. 33·56 x JOG 

Less working expenses at Rs. 2 per acre " 864: x JOG 

• ·• Maximum annual revenue " 2·492 x 108 

(i.e. Rs. 24·92 crores or say Jl,s. 2·5 crore) 
Revenue expected at3% interest chargesl.JH.l=Rs. 4·11 crores. , . 
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Hence, even on full developm()nt al.ld on the most favourable hypothesis 
the scheme will be financially impracticable, the ultimate revenue under 
the most optimistic forecast would sub~tantially fall short of the interest 
charges on the capitallockE'd in the scheme. Under any ''Pro forma' or 
'ways and means' of system of accounting such a project would be 
completely barred from the serious 90nsideration. 

(c) It is immensely doubtful whether such a huge quantity of 
storage water require.! for irrigation can be economically and depend
ably tapped from the flashy rivers like the Luni, the Banas etc. It is 
stated in the Railway Report (page o55) that water caiA. also be brought 
from the Indus. This would have been an impracticable proposition, as 
already~pointed by this Station in connection with another enquirytu 
besides no riparian rights can be established on the waters of the river 
Indus which_ unhapplily now falls in another dominion. 

(dl The construction of high banked canals in this marshy ax:ea, for 
commanding all the contemplated area would be difficult and costly as 
they will have to be lined to save seepage and prevent consequent water· 
logging of the ana recovered by leeching at prohibitive cost. 

5·3. All this analysis drives home the point that the reclamation 
scheme will be prohibitive in cost and very serious consideration should 
be. given before the Pro;ect is taken in hand. 

5·4. l!;ven though the prohibitive cost involved in such a hazardous 
scheme is not considered to be the overwhelming objectioill !)y Govern
ment in view of the possibility of reclaiming areas for irrigation purposes 
serious and harmful possibility of deterioration of the deep approaches 
to the Kandla creek; as a result of shutting of penetration of sea water 
by one-way-bridge will have to be seriously considered before embarking 
on its construction as contemplated by the Railway Board in .view of the 
decision of the Government of India. to develop the Por.t as one of the 
major western ports of India .. 

5·5. ·1t LGay be reiterated andre-emphasised here that the paucity of 
ininimum essential data such as . 

m distribution of sand on a vertical at high and low flood tides 
in the Hansthal and Kandla Creeks: · 

(it) a few tidal curves at the bridge site ; 
(ii~) sand charge at the various stages of the flood tide ; 

· (iv) diameter of bed and suspended sand and silt in Hansthal 
and Kandla Creeks ; 

(v) plans showing courses of the Hansthal Cr~ek and the Kandla 
Creek for a few years ; · 

(v~) details regarding any significant rise of. bed levels of the 
Little Rann and Hansthal Creek; and 

(vW salinity of water in the creeks mak£:s one diffident to 
definitely say at this stage what exactly the repercussions of 
shutting of the entry of sea wu.ter would be. 

The Director• therefore, feels that in view of the possible deterio
ration of the Creek the decision of one-way-bridge should be postponed 
till the data asked for is available for maturer examination and scrutiny. 

5·6. The tentative design of one-way-bridge is, however, given 
below for information. 

(1) See 1947 Annual Report (Teobnieal), page 219. , · 
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!'ig. 1111. Fig. 125 ·shows section of the weir with automatic shutters on its 
top. As the existing bed at the proposed bridge site is R. L. 7·0 the sill 
of the weir may be at the same R. L. The top of the gate may be kept 
at R. L. 11·25. The gate111 will be designed in such a way that it falls <Jn 
the downstream glacis of the weir as soon as the water level east of the 
bridge starts going above R. L. 11·25,, during the floods. When the floods 
recede and the water levels starts gomg below R. L. 11·25 the gate will 
automatically come up and thus prevent the entry of sea water to the 
east of the bridge (the sea water being assumed to head up to a maximum 
of R. L. 11·0 against the gate). The moment of the water pressure on 
the shutter about the pivot can be counter-balanced either by over
counterweight or by floats which can be suitably housed in the piers of 
the bridge. 

Similar counter-weight types of gates were only 1·ecently inRtalled, 
after carrying out ~xtensi.ve and intensive model experiments at the 
Station, on the Tansa Dam (Bombay Province) with a view to increase 
the present storage capacity. The cost of the gates (28 gates each 50 feet 
long) was roughly Rs.ll·50 lakhs. On the same basis the cost of the 
gates would roughly be Rs. 35·4 lakhs as the length of the weir will be 
5,900 ft .. (vide para 5.8 below). 

It may, however, be mentioned here that the gates and their acce
ssories will have to be made in cast iron or other metal immune to the 
action of brackish water as the span of life of steel in brackish water 
would be very short. It may be mentioned that the flap gates of steel 
used by the Bombay Corporation were eaten away by salt water within 
two to three years. 

5·7. The question therefore is of balancing the advantages of open 
bridge against the additional cost and advantages obtainable with one
way bridge. 

If the weir, as shown in Fig. 124, is now constructed, the valuable 
waterway which is otherwise availn.ble in an open bridge by virtue of 
scour below R. L. 7·0 up to R. L.-8·0 as assumed in the project design, 
will not be available and substantial increaee in the waterway of one
way-bridge will have to be made commensurate with the discharge to be 
passed through the bridge with the maximum upstream water level at 
R. L. 17·50 a1~ shown below:-

The waterway proposed for the open bridge by the Deputy Chief 
Engineer 54 spans of 60' each=3,240 feet. 

The waterway required· with the proposed weir will be 
3, 79,000 3, 79,000 = 5 900 feet 
1·9 X D1•6 1·9 X 1·051•6 I 

i.e. about twice as much as the waterway required for the opeL 
bridge. 

[Note :-The waterway was worked out by the formula 
Q=CxBxD1•6 

where B is the length of the weir in ft 
C is the co-efficient of discharge. 
D is the depth of wat"!r in ft. over sill of the weir. 
Q it5 the discharge in cusecs. 

The drowning ratio being 1~?5 =96%, the co-efficient of 1·90 i& 

only expected on the basis of experiments carried out at the Btation and 
the waterway~is estimated accordingly.] 
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It is, however, possible to increase the velocity through the bridge 
and waterway reduced by inordinately increasing the water level up· 
stream up to R. L. 20·5 and possibly kept the same as proposed for the 
open bridge but this would necessitate raising of the formation level nnd 
require strong and heavy downstream protection to dissipate excess 
energy by holding the standing wave on the glacis so as to prevent under
mining of the structure :-

The approximate ·cost of such one-way-bridge would roughly be 
Rs. 118·6 lakhs as shown below :-

(a} The cost of the bridge over the weir 
5, 900' long (on the basis of the cost of 
open bridge of Rs. 36 lakhs for a length 

~ of 3,240', verbally stated by Deputy 
Chief ~ngineer during discussion at 
Khadakwasla}. ' 

(b) Cost of the automatic shutters 
(c) Cost of the weir @ Rs. '300 per foot ... 

Rs. 65·50 lakhs 
Rs. 35·40 lakhs 
Rs. 17 ·70 lakhs 

Rs. 118·60 lakhs 
It is, ·therefore, for the Railway Board to consider whether the 

additional burden of expenditure involved in the construction of one-way 
bridgP is justified at this stage in view of the huge expenditure entailed 
in reclaiming the saline tracts of the Rann. 

5·8. It is suggested that research, in the first instance may be 
carried out in areas of great Rann on a miniature scale if the area is other
wise suitable to justify the scheme of reclamation in a reasonable period 
with atti·active returns on the capital and thus bring the area under 
cultivation.· 

Besides, the area of little Rann forms only 16 per cent of the whole 
area contemplated to be reclaimed. The research can first be carried out 
in the areas of great.Rann, which are not at present penet.?ated by the 
sea water. The scheme can then be expanded, if found to be suitable to 
embrace the areas of the great Rann which, prior to the construction of 
railway embankment, were penetrated but would in years to come leech 
the salts gradually after the construction of railway embankments. 

The efficient working of this scheme alone, which forms a substan
tial percentage of the scheme as a whole as now contemplated, would 
require sufficiently long period before one may look to the Little Rann 
for reclamation. 

Even in the Little Rann area, which is not now penetrated, it is 
possible to hp the mineral resources. In the balance, it may be said 
that the programme of reclamation of the great Rann may precede that 
of Little Rann. 

Another marked advantage of the open bridge at this stage, which 
should n.ot be lost sight of, would be to dispense with the necessity of 
shifting Khargryda and Khuda Salt Works which otherwise would seri
ously deplete according to the report of Dr. Roy or else have to be 
supplied with a channel taking off from extreme end spans of one way 
bridge at prohibitive cost as made amply clear in para. 8 l:elow. 

6·1. Query IV Regarding the Design of the Open Bridge 

While arriving at a waterway of the girder bridge, the average velo~ 
city assumed is 5·5'/sec. vide page 222 of Railway Report. With this 
velocity it is assumed the scour will develop down to R. L. -8·0 i.e. the 
level at which red murum is likely to be met. It is, however, doubtful 
whether the scour would reach the expected R. L.-8·0 owing to the 
presence of sticky blue clay in the fh-st few feet below the existing bed 
in the Little Ra.nn. 
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6·2. The limiting transporting force for moving the clayey soil is 
0·25 lb./sq. ft. according to the actual experiments carriE-d out by Uovern· 
ment engineers in Nurenberg!U. 

Transporting force=P R. 8.=0·25 
where pis the density of water 

R is the hydraulic mean depth 
S is thE' slope. 

By substituting for R. S. from V = CVRS. 
assuming C =too· · 
Transporting force= P x ~ 

0·25 .. va = 100 x 100 x 62•4 
• ·. V =6·5 ft./sec., 

Velocity assumed in the design is 5·5 ft./sec., which in other words means 
that it is possible to reduce the waterway of the bridge by 14 per cent or 

. . d ld b 3' 79'000 5 300 the total waterway requue wou e 6•5 = 8, sq. ft. 

6·3. Assuming ll spans are taken by pitched slopes and that maxi
mum scour reaches down to R. L.-3·0 and-8·0 l'espectively in half the 
number of spans, 4 7 spa~s of 60' will be sufficient. 

In fact, the waterway can still be further reduced as the velocity 
required for transporting the sticky clay will be fstill higher than that 
worked out above. It, however, appears unsafe to construct the water
way in absence of data for correctly estimating the maximum discharge 
for which the bridge is to be designed. 

7•1. Query V Regarding any Suggestion 

If after scrutiny of data when made available it is revealed that 
shutting of entry of sea water will not adversely affect the creek it is 
possibl~ to close this gap altogether by diverting the water of the Little 
Rann into the great Rann. On page 224 of the railway report it is stated. 

"The volume of flood waters of great Rann (from the various 
catchment areas during the monsoon months) that will be required 
to be impounded by the bank, will be considerably less than the 
holding capacity of the great Rann. It can safely be assumed that 
the highest water level to which this flood water may sta.nd against 
the railway embankment will be about R. L. 5·0 and will in no case 
exceed R. L. 6·0". 

If this is so and if the highest level in the Little Rann area is R. L.l7•0 
there should not be any insurmountable difficulty in establishing flow 
from the Little to Great Rann. 

8. Query VI in view of Construction of one-way Bridge wltat Measures 
should be adopted to maintain the salt Pans at Kllaraghoda 

8·1. Reply-The problems of reclamations of the Little Rann 
and at the same time maintaining Kharaghoda pans are diametrically 
opposite. This has been also substantiated by Dr. B. C. Roy in his note 
on the possible effects of the proposed bridge on the brine wells at 
Khuda and Kharagoda, (Appendix XII of the Report) in which he says 
"It is thus clear that the origin of brine in wells at Khuda and Khara
ghoda is linked to the sea water and that the brine is being repeatedly 
replenished during the annual high sea inundation in the monsoon". 

(1) Bydraullo Snuo&uree, Vol. I b7 A Sohokliiob. 
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· · 01'. Roy ~11 his r~pdrt·- furthet stated ''A large Scale underground 
percolation of the brine in the heart of the Rai:J.n up t6' Kharagoda. is not 
possible h'' 

Under these circumstances the only possible way of maintaining 
Khara~hoda pans alive is to provide a feeder channel, off-taking through 
one or two extreme end openings of the bridge dep~nding on the require
ments of Kharaghoda pans. This feeder channel will be 1"un up to Khara
ghoda works a:Q.d designed for the discharge which will meet the require
ments of brine at· Kharaghoda. The feasibility and salient features of 

width . 
such a channel such as it&.alignment, full supply leve~, depth ratio, etc. 
will depend on a number of factors, such as natural configuration of the 
country, "Sand charge of brine water, nature and range of tidal curve at 
the proposed bridge site etc. 

As the minimum distance of Kharaghoda from the proposed bridge 
site i~·40 miles, the feeder will have necessarily to be 40 miles in length 
and will have to be isolated from the Little nanti. by- high banks (top· of 
banks will have to be kept higher than the H. F. L. of R. L. 17·0 east of 
the bridge) all alonq its length to prevent the free entry of fresh water 
in this ch.annel at high flood stages. 

Thus such a feeder channel in very heavy banks (in reaches 15' to 20' 
above ground) would be expe·nsive to construct, liable to breB.ch and thus 
difficult and costly to maintl\in. The transit losses will also be heavier 
than expected. Probably sufficient provision of cross drainage works 
will also be necessary in the Little Rann area. 

This proposal will, however, be prohibitive in cost and it is for the 
Railway authorities to decide whether the stakes are so important as to 
maintain the Kharagoda pans at such a prohibitive cost. 

8·2. The proposal of feedPr . channel becomes, howevers. more 
feasible on the whole if the Kharaghoda pans are shifted just near about 
the proposed alignment of the bridge where, now that the new railway. 
line will be run up to Kandla Port, it is possible to provid~ along the 
railway line an area equivalent to 50 square miles which is the existing 
area of Kharaghoda Pans. And now that the brine sources at Kharaghoda 
are fast depleting and will seriously deplete after the construction of the 
bridge as explained in Dr. Roy's report makes this proposal all the more 
worthy of consideration. Such a feeder channel will be· shorter in 
length and thus be economical, cheaper and quicker in construction, will 
have very few cross-drainage works, and less tr•s.nsit losses. ·Moreover, 
such a channel will have potentialities substantially higher than thoSe 
with brine wells at Kharagoda as stated below:-

(a) Such a gravity channel can preclude the necessity of lifti~g 
water otherwise necessary in brine wells ~:~.t" Kharagoda wher~ w'at.er 
has to be lifted from a depth of 20' to 40". 

(b) 'l'he factors such as inconsistency of the brine in the wells, 
dependability of sources on the depth of the brine table and the 
subsequent quality and quantity- are 1.1.U avoided by ptov'idlng 
from such a channel brine water of uniform density and ample 
quantity. 

(c) It will also leave sufficient scope. for the future extension 
and development of the workS if and when necessary as it is 
independent of the underground resources. 

According to Dr. Roy's report the maximum output of salt at Khara
goda during the years 1941 to 1946 was 1,39,951 tons. In order to obtain 

365 



ANNUAL REPORT (TECHNICAL) 1949 

this quantity of salt the discharge of such a feeder channel works out to 
127 cusecs as shown below:-

Table below gives the annual yield of salt between 1941 to 1946. 

Year. 
To\alyleld 

(\ons) 

1941-42 1,24,871 

1942-43 1,39,951 

1943-44 1,20,544 

1944-45 ••• 96,506 

1945-46 1,17,896 

Assuming the salinity of 1 per cent, quantity of brine required per 
day for the maximum yield of 1,39,951 tons per year . 

},39,951 X 2,240 X 100 (S "t f b . d 02) = 63·5 x 360 P· graVI y o nne assume = 1· 

=13, 70,000 c. feet. 

As this quantity of brine water is to be obtained from the flood tide, 
the effective duration of which in one day is assumed to be 6 hrs. then 
the discharge 

13,70,000 6 
= 6 x 3,600 = 3•5 cusec~. 

Assuming even 100 per cent seepage losses, the maximum discharge 
of the channel will be 127 cusecs. 

9. Recommendations 

Regarding Query L-The bridge may be designed passing the 
discharge of 3,23,000 cusecs as shown in Appendix I. 

· RegardittJg Query II and III.-The open bridge should be constructed 
. now, having regard to the paucity of data to prove the likelihood of 
silting vr otherwise of Kandla Creek and unce!tainty about the reclama
tion of the areas of Rann. If the reclamation of Rann is, however, 
desired and pressed for, the reclamation of Great Rann which forms 
about 85 per cent of the area contemplated to be reclaimed, should 
precede that of Little Rann till sufficient data is available to substantiate 
that shutting off sea water will not have any adverse effect on the deep 
approaches to the Kandla Port. 

Regarding Query IV.-As the velocity to scour the sticky clay met 
below the existing bed R.L. 7·0 will be higher than 5·5 ft./sec. assumed in 
the project design the number of spans of open bridge, i.e. Girder bridge 
can be reduced from 64 to 47 of 60' each. 

Regarding Query V.-lf the data substantiates that the shottin~ of 
entry of sea wate1• will not have adverse effect on the creek, the bridge 
can be dispensed with by diverting the waters of the Little Rann to the 
Great Rann as thel'e is enough difference between the maximum water 
levels in the two Ranns with an adequate holding capacity of the Great 
.Rann to absorb the discharges from the Little Rann. 

366 



RECLAMATION OF RANN OF OU'l'CH 

.APPENDIX I 

. 
!Accepted Maxi· '. 

Catchment Catchment mum discharge Total Maximum Total Maximum 
Item Names of Rivers,· area above area np to at the discharge as discharge, Remarks. No· the align- point of cross· worked out by accepted by Nalas, etc. ment. Rann. ing with Rly. the Station. the Railway. 

Alignment. 

1 2 8 ' 5 6 'I s 

Cuseos. Sq. Miles. Cusecs. I CusbCBo Cuseos. 

1 Godadhroi ... 155 208 25,000 28,000 34,820 

2 Gangasar ... 14 '18 :6,000 14.150 20,700 
. . .. 

II Bhabhan ... 840 4119 1,00,000 1,111,000 1,22,600 

' Dokamarda ... 10. 89 10,000 28,600 30,000 

5 Khari or Kanka· 80 126 45,000 56,500 58,500 
vati. 

6 Goadh ... 7 83 7,650 26,400 ~8,250 
r 

'I Nala between ... 58 ... 20,900 20,900 Not crossed by the 
Goadh & Phalku. alignment. 

8 Phalku ... 110 170 M,OOO 42,000 51,250 

9 Chandrabhaga ... 50 137 12,000 20,000 26,950 

10 Umal ... 70 77 16,000 16,800 18,~ ~~ 

11 NaiBs near Bajana. ... 197 ... 20,300 26,300 " 
12 Nalas near Khara· ... 58 ... 10,600 10,600 " ghoda. 

19 Rupan ... 1,020 1,11, 30,000 81,3ll0 . ·42,100* •Crossed by the 
Northem Ron'e 

14 Baraswati· ... '1180 1,088 40,000 44,500 .. , 61,ooo• alignment. 

15 Ban&B ... 2,620 2,991 2,40,000 .2.57,000 2,7s_a~·· r 

16 Nalas west of ... 112 ... 13,700,:: . '. 13,700 Not crossed by the 
Banas.· 

1,f ' '· alignmen~ 
Jt •• .. ' 

17 Nalss from Cutoh ... 540 ... 67,220" .. 67,220 " main-land. -- i, 
18 Discharge from ... 1,4U .. 1,51,000 

·• 2,1l9,000i ,. The dillchare:e 
Rann at rate of worked out ac 
:run-off of 1• per ' '• cording to norma' 
hour over the •, . .r.r' 1lood· formuls o 
drainage area of the Station 
the Rann viz., ' ' . ' .... ,OOOA 
1,414 .sq. miles- • Q~· I 

. - VA+4 
-----: ---;,g;r-1-=-1 -Total ... 9,66,970 111361090 r • · 0 ' . t.'·f 1 

' ... 
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SECTION H-NA VIGATION PRACTICE 

3. TRAINING AND CONTROL OF TIDAL RIVERS 

22, TIDAL MODEL OF THE HOOGHLY ESTUARY 

1. Resume of Trork Done in 194~ :-The nature of the problem., the 
in1luence of the tidal behaviour of the Hooghly river on its regime and 
the terms of reference with regard to the investigation in this Research 
Station were mentioned in the Annual Repo1·t for 1948. 

The investigation w aa proposed to be conducted with the help of 
three models :-

(1) a 1/2000: 1/160 model representing the area from 25 miles 
south of Saugor Island up to Bansbaria, a reach of about 150 miles 
which would indicate the nature of changes occurring in the reaches 
below Diamond Hat·bour. 

(2) a 1/800:1/80 model covering the reach between Balari and 
Bausbaria for the behaviour of the most important reach in the 
Hooghly, viz., between Diamond Harbour and Calcutta. 

(3) a 1/300:1/-15 scal_e mode~ of the ~each between Buj Buj and 
Konnagar to help study m detatl the vartous problems confronting 
the Port of Calcutta in jts vicinity. · 
The first model ha.s been laid, the promineat features being (see 

Fig. 126). 
(a) it can be run either by gravity :flow or by recirculation 

according to req,ui.rements ; • 
· (b) a constant discharge corresponding to a little higher than 

tha highest o.f springs will be allowed into the model through 
five-feet :flumes ; 

(c) a pair of sliding weirs on either section of the tide chamber 
will be operated to reproduce the tide cycles in the model ; 

(d) the river discharges required for the Hooghly, Rupnarain 
etc., will be supplied through underground pipes drawing their 
supply from a supply chamber ; and 

(e) a surveying girder moving on trolley tracks erected for use 
in laying the model and making current and tidal observations in 
the sea portion, the span being 132 feet. 
The following analysis of the various factors of the problem will 

·give an insight into the complexities involved. 

2. Bed Materials and Bamples:-Bed samples ol various bars in the 
Hooghly have been analysed. It ca11 be seen from Table 1 that the sand 
everywhere is very fine, varying from 0·078 mm. at Ninan to 0.151 mm. 
at Moyapur. For the model under investigation, sand of 0·09 mm. (from 
Ninan reach) is chosen. 

The quantity of silt carried down each year by the Hooghly is 
enormous<11 and even if a small part of it were to deposit regularly ench 
year, it would be aided by the silt brought up by the flood tides, have 
deteriorated the river long ago. Actually, howev~r, only local bars from 
and there is evidence to show that there is no significant deterioration of 
the whole river as such. 

The lighter sediment will have no opportunity of settling anywhere 
in the higher reaches and such deposition is only markedly noticeable 
in the far south, E:. g., in the Eastetn and the Western channels, about 
25 miles south of Saugor. It cau be generally stated that the deposition 
of river silt does not begin until after the Balari reach towards the sea. 

1. S.• "llooghlr ri'fer and ita head wa~re'' br Beeks, p. 185. 
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HOOGBLY RIV.E:S-'l!DAI. MODEL 

TABLE 1 

I Hooghly I Laboratory river 
Nos. sample No. 

Description. ·min 

L-5568 

L·5559 

L·5572. 

L•557S 

· L·5;i74 

L·5582 

. 
L·5584 

L•5585 

· L'6587 

. L•MSS 

L·5591 

L·559S 

L'5595 

L'5597 

L(i598 
' 

L"li599 

L-5600 

L·560I 

&5604 

L-5605 

8 2 Pipe Stn. Mllyapur, on II traok V outer 49° -15' Ball BN. 

S 3 • Pipe Stn. Moyapur, on w .. F. W. Vouter 62°-80' Ball BN. 

65 

86 

87 

Sll 
;· 

. , Sill 

... 813 

815 

. 816 

818 

819 

820 

S2l 

821 

822 

··' 

Pipe Stn. Royapur, ill track sank 59° -40' VII Back col. 

~ipe St;n. Royapur; VI track 110'' outer 99° -liO' VII Back Col .. 

Pipe Stn. Balari Bagnapara Mark, 39° -10' Beacord 86°- 00' sample 

Pipe Stn. Eastern Gut on dredghig transit Lower Nurpur, Mark F. W, 
. outer ·. . . , 

· Pipe Stn .. Ninan J.V· 4nchoring T111ek ship, c.ol. f Ceuriapal Mark 

:ll'ipe Stn. Fulta Bungalow ~o- Sli' Hyma .'!~1· li0° :_ 85' Dhaja tower 

. Pipe Sm. Ninan IV ;Anchoring tllfCk and ~o.l westem gut 

Pipe Btn. :Ninan IV ~chorlng tuck and In Ninan 

...... 

Pipe Stu. Eastern Gut m Western Gn' track ltll4 No. 1 Predging 'fran,sjt. 

Pipe Stu. Eastem Gut II Eastem Gut track and No. 1 Dredging Transit .. : 

Pipe Stu. Poojali GilgaJbai Cby 96° - 40' Otient ChY . ·-

Pipe Stn .. Poojali on "0" Tr110k La~nce Chy 5911 - 40' Qrient Chy , .. 
Nozzl~ s~. Poojaii on "0" Track Lawrence Ch,y 5911 - 40' Orient Chy ••• 

Pipe Stu. Pir Sarang, IV Traok, Outer Funnel, 110°-00' F. W. INNER 
. . 9ol. 

mm. 

·141 

·151 

·070 

• 12 

·129 

·081 

·090 . 

•lOl 

·085 

·087. 

·07~ 

• 09 
; 

·113 ,. 
·110 

•OS 

·145 

. Sll9 Pipe Stn. Pir Sarang, "0" Traok, Bata EiJunel, 68°- 00' Tide Gange , ... ·123 

824 Pipe Stu .Sankral, Hangman's point7ll0 
- Sli'Pa inted Tree 38°-50' Sem 1ph. ·113 

Pipe Btu. Panchpara, Union South Funnel, 52°- 35' Badhir BN 62° ~ 33' . , 196 
IV· outer. · ,. , 

827 

I 
Pipe Stn· ·Panch para, 1!'. W. Inner sgo- 20', Boundary pUiar 41° r 4()1, Kiln ·107. 

funnel. · · · . 

The flood 'Waters of the Damodar 1iver contain l'ed silt and carry 
a proportion of extremely fine sediment which is difficult to remove even 
by filtration. It is interesting to note that though the Dam.odar silt 
is red, th~ Ninan bar, which is immediately below .the junction of 
the Damodar with the Hooghly, consists of grey sand. This :indicate~ 
that Damodar silt has no eff('ct on the Hooghly bars.· 

It may 9.lso be stated that the Hooghly silt hardly offers any im
pediment to navigation, but only the bed sand forming the various bars. 

3. Dredging in the Hooghly :......-In order to negotiate the various bars 
in the Hooghly, the Port Commissioners !:tave maintained a system of 
dredging costing about Rs. 13lakhs a year. The James and Mary Sands 
and those at Fulta, Royapur and Moyapur are alwp.ys ~ept dredged and 
occasionally dredging has been done near the Eden channel and the 
Balari bar also. . 

Though dredging is not a very successful remedy for keeping the 
river navigable, it has, it appears, helped a good deal in a temporary 
way. 

Though dredging is done to the extent of 60 to 70 million cubic yards 
of sand per year from the various bars, it is clear that an insignificant 
portion of it can reach the sea. It is redeposited in other parts and 
probably a fraction finds its way ba.ck to the same place owing to tidal 
action. 

Tidal Data.-The tidal pe1·iod in the Hooghly varies from about 
12 hours 1~ minutes to 13 hours 10 minutes, and the average period may 

83411-14 
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be taken as 12 hours 20 minutes. The ranges vary from place to place 
l'tr. m (see Fig.12TI as nlso the periods of the flood and the ebb tides as indicated 

in table 2. · 

TABLE 2 

Tide ranges and periods ofthB flood and tht ebb 

Plaae. Maximum I Alillimum Flood period Ebb period 
range. nllgeo average. avenge. -

n. ft, bra. mine. hl'llo 
. 

mlu• ' .. ; . 

Southam Uml$ . ... 12 2i 6 10 6 • 10 
. ' i 

Saugor ... 17 Bioi 5 40 8 40 

Hooghl7 pbin$ .. ; 18 .. .. 
6 ' 60 1 30 ... 

Mo,.apur ·· 
. . .. . 17~' ~ 8· 15 ~ . ... , .. .. 8 \ 5 

Ga\'den reach .. . ~ : ; i ..• 15i 4i·. s· 10 I 9 . 20 .• 
. • . ' 

• • f • '""1 r-· .· .•. , 

It is evident that the. ~ariation of the range ·from the neaps to the 
spring is considerable and the simulation of such variation· in a model is 
ver:Y"important, especially so during the freshets, because the changes 
in the bed are a function of the. relative strengths of the tides and the 
freshet discharge .. This fact necessitates the ~boice of representative 
semilunation instead of single averaged tides. · Iri consultation with the 
Liai~on Officer of. the Post Commissioners, the following deductions 
were made with regard to the· choice of representative semilunations. 

! . . . - . . . . . - . 
. . 

·All the bars and crossings are .at their besL:at the tail end of the~ 
fi'eshets, i. e. in October and November. Thereafter; with the cessation 
of head water supply and· gradual inr.rea~e in the strength of th~ flood 
cun·ent, a general deterioration takes place in all the bars from 
November-December to the end of January. lThe eastern Gut bar at 
Hooghly point which deepens out.to 24ft.: in September, 1·ea.ppears with 
a bar of less than 18 ft. by the middle· of· December. ThiS deteriorates 
further in January springs.) ,. · · · 

. 'With the increase iii. the strength of ·the flood currents, all bat·s 
-deteriorate considerably during the period. ~·ebruary-May the extent of 
.shoaling depending o~ Springs or neaps. ' ·. '· · 

The bars all appear to be steady. after this peliod till the udvl'nt of 
the freshets towards mid July after which there is general improvement 
and in October the river.is generally a.t its.best. · 

. . 
Thus the year can be divided into four seasons and in accordance 

-with the factors involved, the representative semilunations chosen in 
-each season. . ,, 

(t) The flood tide season:. from February' to middle <)I May:-Aa 
the greatest bed movement is during the equinorial perigee spring 
tides, the semilunation with the greater neap range should be chosen 
as _representative of the period. 

(iz) Tile prefresltet period: middle of May to middle of July:-Bars 
are g~nerally steady after the deterioration duxing season (i). A few 
cy'cles of lower springs need be chosen. 

(iit} The freshet period: middle of July to October end: -A semilu~ 
nation of the minimum neap range should be selected, so as to fully 
show the holding back the flood current by the freshet disc_harge. • 
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HOOGHLY RIVER--TIDAL MODEL 

(iv) · Post-h·esliet period: November ·to .Tanuary:--Here again a. 
slight deterioration of bars sets in. A few springs representing 
bigherranges sh<?uld be run. · . · 

· In accordance with .this analysis, the following representative Tables. 
semilunatiop.s _of,t,he Saugor 'rides were chosen .for the year 1939 for the 
flqqd and freshet seasons; the other two being not ·very important in . 

1 creating chang~s w~re JlOt conf!~dere~ to sta:rt with.·, [S~e t~ble 3, figs. 128 F!~'d 1~ c~)~ 
(a) and 128 (b)]. · · 

. . . . . 

_·, . T A.:PLE. 3. 

,,· Seasou. -. L Representative period. . I Maximum range., Minimum range • . . I 

.. 
' ... - .. ; . ,., Fe.et tnohes r~~ inohes 

) 
< .. ; .... ..\. ~ 

Flooil I . ... /ltb February:·to 20th_Febl'll~r:r.!939 '••• 15 'JO 4 8 . 

.. _.., ~3~~ s_ept~~b:r. to 27th September 19.i:9· 
: 

Freshet 17 3 4 2 

' I . ·• -. 
' . .. . ... - t ... ;, • ~-J •• • • • . • • •• .J 

4, . Vafiati'<>n ol.Mean tide lev~:z ~--: Th.e· ffooghly river .. is s~bjected, as 
many otherS are·, to the- variation of the· mean tide level from season t!:> 
season. The rise of mean tide level results in an increase-in velocity for 
the same range of.tif].e. It may be observed from fig. 129 _th.at ill.: _August Fig.l\1!). 

and September, 'thtnnean water level will be at its maximutti, the increase 
in level .l:>eing lt:ss t;tnd less as one Ip.o.ves down the river ....... . 

~ . ~- . •. .· :, . , . • • , . _ ~ •• · . . • . ' ' · , L·. • • 

. . . . . . -- . l . .. . ' .. . . . . . . . ' . . .... 

· ' :5. ·-Inft.u$ di$charge. of the .HooiJhliJ at 'the- ·sout'!J,~r,n ,limit ·ot.'the r,iodel 
reiwh-:_:_O:i::Le of.tl:ie essential requirerii:ents of aesigning a.-river model is:to 
know the maximum discharge. In the present case of the Hooghly~· With 

'tha help of the simultaneous half hour gauge . readings at vat;ious points 
··within t:h'e reacn,. Mr: Kilforddthe then River :surveyor,- 'Port . of.-,_. 
_Calcutta, worked· out the m~xiniuri\ . influ!t' discharge. o:f ~he Hooghly':at 
.the southern limit to··be 50 inillio:q cusecs for. ~the ·sp:.;iri.g tic;Ie of March 
1940: The method· of'his calculations, in b~ie_f;_ was·~s follow~:~ : ~-· ·, ;. 

(1) From the simultaneo'US. tidal curves-fig. 131-it was noted Fig. 131 and 
that when it was high water at Saugor, "ide index plan (fig. 130), it Fig. lao. 
was low water at. Akra. -· . Therefore, . .this section was used to 

. ~alculate wat~r passing Saugor. Similar other reaches are enuinera-

. ~ecLbelow :,-;---;. ... . _ _. . 

. -.• . 

... 

. , :High ~~ter at Lat. 27-15N (Southern limit) coiTesponded 
with low water at Moyapur. . -

. ·- .. 
High: water·~t. Saug~-~ corre~ponde~. with ~?W 'Yater at ~kr~. 

High water at Gangra corresponded with low. water at K. 
G.D. ... ... .. .. . . 

High- water at Balai corresponded -with lo.w water at Konna
ga~. 

. . · . High water at Hooghly Point corresponded with low 'water 
at _Chinsurah... · 

. High water at Garden Reach corresponded with low water 
at entrance to Churni:· . ' · ., . · · · · : 

(2) From thP data recorded at various points, half hourly rise in 
the river level was noted. . 
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(3) 'Vidth of the river at high and low waters at various stations 
was noted from the charts and with the rise of tide and the width of 
the river the sectional area was worked at each station for every 
half hour after th~ low water upto high water. 

From the sectional areas thus calculated and with the distance 
between one section and the next, the quantity of tidal waters in 
that portion of the river was obtained at half hourly intervals, the 
increase or decrease in successive values giving the infl.ux. 

(5) The influx into Rasulpur, Haldia and Damodar river was not 
worked out for want of data; but, t~eir tid~l capacities being very 
small it could not affect the calculations ser10usly . 

. (6) The tidal capacity of the Rupnarain for a tide similar to that 
of 25thMarchl940 was approximatelyl1,420,000,000 eft. This would 
increase the inflow at Saugor by 2 or 3 per cent. At Gangt·a. and 

, Bala.ri both the mean and maximum inflow may he inorea~ed but 
only slightly. 

In the third step of the calculations mentioned above; if more 
accuracy is desired, one may compute the area. in plan of the reach 
between the stations for various half . hourly levels which, with the 
corresponding half hourly rise will give the quantity of water that passed 
the lower station during the interval. 

This is what has been done in the method explained by :Pillsbury.m 

The inflow discharge figure for Lat. 21-15 N. as. worked out according 
to this method worked out to 49,772,558 cusecs as against 49,189,689 
cusecs by the former. Maximum influx at some other stations are 
given in table 4. 

Figures 132 and 133 ahow the i hourly in1lux discharge worked out 
Fif:;1B2 and by both methods for the southern limit and the Garden Reach from 

· which it will be noted that the difference in the computations is inappre· 
ciable in the case where the section is large but is considerable in the 
reach where the section is small. · 

TABLE 4. 

Maximum Maximum 
S.No. Plaoe. disoharge In nlooi'f 

mUL Olio ft../aso. 

1 Southern limi$ ... ... ... . .. 50 . .. 
!I Saugor ... ... ... .. . . .. 10 11·1 

8 Balarl ... ... ... . .. . .. ' 1·1 

' Booghly Point ... ... ... ... 1·11 118 

G Caloutta ... ... . .. . .. ... O·f 8·4 

6. Currents and their directions :-One peculiar behr.~oviour of the 
Hooghly estuary is the rotary currents. One would normally expect 
that the flood and the ebb south of Saugor Island would be northward 
and southward respectively, or at any rate the ebb would be in the 
opposite direction to that of the flood. 

(l) 'Tidal H,-draulloa' b7 Brig. Pillabul'J, 'P• 158. 
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HObGRLY RIVER-TIDAL MODEL 

A perusal of the diagram in fig. 134 shows that it is not so .. It is, of Fig.lsc. 
course, true that the flood and the ebb have a greater velocity in the 
northern and southern directions, but the actual direction of the current 
varies during the course of a cycle as shown in the diagram. No attempt 
is made het•e to discuss the possible causes of such 'rotary currents' but 
suffice it to say ~hat if the flow conditions in the Saugor an4 Haldia 
reaches are seriously affected by the existence of such currents· in the 
south, attempts will have to be made to simulate them in the model. 

NO. 7748 Dl' FE/11!150 
C•W./ •. 4• N • .lf.ST/11. Pot7111A. 

... F/6:_1~4 

CURRENT OBSERVATIONS ATBEAUMONTJ CUT li&HT VESJEL ... 
( ., ., •'" 
LAT. ZI:-Z3-/B N, LONG.87.5A-S3E) . 

F{)l? THE MONTH {)F APRIL& MAY IJ-1-8.~ 

TIM£' INTEIIVAL ArTEif HIQN AND Lt:1W WATEII. 
SNDWN AS H.W._./, H.W. .. Z ••••• AND 

L.W.+ 1, L.W.,2 ••••• 

OBSE!i'VATi()N.J" WITH CUH!i'£NT 
J.t:16 .JUST SU8MERGEO, ,. 

TI{A CEO BY•· NANCIII/K/IIA. , 
The maximum velocities obtaining in the river' at :Varl.ou~ . places .· 

hll,ve been also computed.. (See te.ble 4.) 
. Ther.e are data also :.about surface velocities below. old Rowrah 

Bridge for all the days in the year 1938 at intervals. of one· hour, and · 
some float observations conducted between Akra and Moyapur in 1922 
in connection with sewage disposal. 

7. Water characteristics:-As was mentioned before, for about 
8 months in a year theJ,"e ~11 be hardly any freshet discharge in the 
Hooghly river·and its tributaries (see fig. 135J and the whole reach under l!'ig.1ss. 
investigation will behave like a saline tidal. river. But, during the 
freshet period, the neap tides are ·overpowered by the fresh water 
flowing downstream and at Calcutta, the tides are !'l.lmost held. back from 
progressing upstream. The interaction .of the tidal influx and the freshet 
discharge may result in what js known as a 'salt-water wedge', the denser 
saline water moving upstteam on tb e bed and the lighter fresh water 

I , • • ' -.. I ' ' ' 
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moving downstream on the surface: This is obviously a disadvantageous 
factor but as its effect is not felt below Calcutta, it has not bet~n seriously 
coosider~d. . 

Sawpies of water from the various places in the Hooghly have been 
Flg.ls& analysed for salinity and the findings are in general given in Fig; 136 at 

Saugor the salinity factor affects the rate of sedimentation and above 
Calcutta salt water wedge affects the upstream bed movement a.lso. 

J!'or the simulation of sedimentation, addition of alum in fuitable 
proportion is most economical. · 

8. Head water supply:-While the importance of head water supply 
for the Hooghly river in keeping the river alive need not be stressed 
any atte~pt to augmen~ it at t~e he!ld reaches may increase a charge of 
coarser silt and result m· deter10rabon of the Hooghly. More offtakes 
from the Ganges at suitable places may be a good remedy, the importance 
being laid on getting more silt-free bead water supply. 

Accordingly, the proposed Damodar, Morand the Ganges barrage 
schemes have a direct bearing on the regime ·of the Hooghly and the 
model study will take these factors into consideration during investiga
tion. 

It has been pointed out by Sir Claude Inglis that the effect of the 
Ganges barrage may be to rai8e the bed at the offtakes of thE' Nadia and 
hence increase the silt charge there. Accordingly data of the various 
schemes will be collected in the lat.er stage of model investigation. 

. 9. J)uring the year 1949·;~som~ diffi{mlty was experienced to start 
with in an accurate laying ·'of t4e model{ owing to the large size of the 
model.. The Port Cominissiotiers ·.have ·helped a good deal in that direc
tion by sending their liaison officers' now and then and helping with their 
experience in the river. In order to l.Ilinimise all errors, ·a network of 
grid lines is made permanently and with. reference to this all the accu
rately surveyed triangulation stations and other objects are permanently 
marked and with reference to these, in turn, the bank lines and cross
section positions are carefully mar ked. In the sea portion, however, before 
the surveying girdl?r is erected, the model is moulded with rP.ference to 
level pads spread a.t intei·vals ;. but later, the girder will be used for the 
purpose. 

\ 

10. Scum-formatiOn on the Bed:-Th~ Hooghly sand used in the model, 
being very rich in food for the growth of micro-organisms of both plant 
and animal nature,· develops a thin crust of scum on the bed; this pre
vents free movement of bed· material. Under water this film appears 
spongy exposing millions of air bubbles, (see photograph), thus indicating 

PhokHi&4s the aerobic nature of the organisms involved. Microscopic examination 
indicated that slimy 4iatoms . together with the growing . algae formed 
a tenacious conglomeration of the sand particleR arid 1made the bed flow· 
~esistant. This condition was highly undesiraOle and expeliments were 
undert1Lken 'iii. the Public Health Laboratories, · Poona~ to evolve econo
mical measures for the suppression of their growth. The results were 
b1iefly as follows:......! ·} · . 

(a) Copper sulphate treatment:-The minimum' dose requirPd' to 
Jq.ll the ·algae was 1000 parts. per million ·ot sand. -This was not 
practicable. Hence, this treatment was given up although it was 
vet:y successful as no copper was left in solution Rnd there was no 
growth even after four weeks. · · 

(b) Beat treatment:-The sand was heated until the colour 
changed to brown. No growth appeared after standing in contact 
with water and light for more than a fortnight. 
· (c)· Potassium Pe1 manganate Treatment: -This treatment nppearrd 

to be economical but it gives a very dirty appearance due to the 
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MODEL OF THE HOOGHL Y ESTUARY 

Photo No. 5648-Development of scum on bed 
of model. 

Photo No. 5764-0peration of 
the sliding weirs for the 
reproduction of tides . 

Photo No. 5767-The sea end of the Hooghly model 
showing the positions of water level recorders and 
the sliding weirs. 
(1) and (2) Sliding Weirs. 
(3) Recorder 
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colour of the :precipitates of the manganese oxides and·1hydroxides. 
The ·dose required was 10 grains per. pound of sand.! : · : - · · . . · · · i 

. . (d): (JMorine t~eat1ne~t:~Chlorine dose up. to, 50 :(>.- p·/ ztl.. was tried:: 
and it was found ·that the treatment wa:s to be. given almost e~ery 
week to check the growth of scum~ . . . . . . ,,\ . . . . . 

:Sodiu~ Chlorate and Borax are bein~ tried.·.·. ; : : _ :1 : :_ ; • 

. On:e a.spe.ct in the tr~atment of the sand ·i~ ·-to loos~rl.· 'the 'surlace 
before treatment in' order to make it effective. · · · · · ' · · .· · 

!:;orne preliminaTy runs were conducted after treating the bed with 
20 p;p. m. of~ chlorine and subsequently the .'process has,·been."repeated 
and it may be stated that chlorine gives .good relief to the bed~rtliotigh it· 
is necessary to treat it every now and then. 

. . . : ~ ~ ,, ~ : : . :'. . *'i . ·. ~ : ! • .~ • • • • ·- : I : J . t. L • • • : ~- ' 

11. Tide reproduction in the model:-Tb e model being laid as .per rplans, 
of December 1938, a number of preliminary runs were run with 'the 
representative semilunation for the flood period of 1939. The procure
ment of the several automatic recorders delayed the progress in the early 
part of the year and attention was paid to the accurate laying of the Fig. IS~e 
model, prevention of scum-formation and the analysis of the various 
data. 

The semilunation simulated is given in Fig. 1~8. The bore tides were 
automatically reproduced in a remarkable manner. The surface currents 
at Balari and Rangafalla, the time lag between the tides in the channel 
creek and the Saugor Roads, the bed currents in the Ninan reach and the 
flood and the ebb periods at various places were observed in the model 
and good simulation was indicated. · 

Photos 5767 and 5764 indicate the position of the va1ious recorders Photos fl76't 

in the seaward part of the model and the method of manual operation of and 576' 

the sliding weirs for the reproduction of the tides. 

12. Proposals for the tide _qenerating apparatu,s :-The tide period in 
the model being approximately 4 min. 20 sec., manual operation of the 
weirs is rather diffhmlt. In the earlier :~tages of projecting the investi
gations, it was proposed to run the tides by an automatic cam-electric 
relay_mechanism as was used in the Lake of Maracaibo· experiments at 
the U.S. Waterways Experiment Station, U.S. A. 

To rlescribe very b1ie:Oy, the apparatus consisting of a cam, repre
senting the tide cycles to be reproduced, is kept run at constant speed 
by a synchronous motor; the water level and the cam are always kept· 
synchronised by means of a reversible motor operating the gates. 

An attempt was made to procure a similar apparatus from the U.S. A. 
through the India Supply Mission; it was however found that each tide 
control relay system would cost about Rs. · 45,000. For the Hooghly 
model requiring two such sets, it would ha-vp cost Rs. 90,000. This 
price was considered to be rather exorbitant. 

Besides, it was found very difficult to design a cam of the U. S. A. 
apparatus to reproduce one semilunation consisting of about 28 tides, as 
the size of the cam drum would have . been 8 to 9 feet in diameter; or 
a spiral cam drum should have been designed. There were in addition 
many other mechanical requirements, viz. synchronous motors for the 
cam drum and a good method of switching on from one drum to another 
smoothly. etc. 

· In the early stages, for lack of an alternative design·, it was proposed 
to split the tides into tw(l or more components for mechanical f:limplicity 
and easy design of the cams. The actual process of resolution has been 
explained in note No. 23 ibid. 

r, , • 

397' 



ANNUAL BEPOBT (TECHNICAL) 1949 

In order to make the operation of the weirs easy, it was necessary 
that there be little distance between the weirs and the gauge station 
whose tides '!'ere to be ~epresented on the ca~.. It was thus necessary 
to. study the tidal behanour at th~ southern ltm1t rather than going on 
Wlth a knowledge of the Saugor t1des alone. 

With the limited data that were made available for two days at a 
great expense, a tentative estimation formula for the southern limit 
gauge in terms of the observed saugar gauge was derived eee note No. 2-1 
ibid. 

It is now ·proposed to adopt a design of a new mechanism which 
would eliminate cams altogether. · 

The complete arrangement as envisaged is given in the 
Ftg.131 diagramatic sketch (fig. 137). 
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23. RESOLUTION OF BOOQ-HLY _TIDES 4T SAUGOR. 
INTO TWO PERIODIC COMPONENTS 

Introduction 
· It was originally intended to design ·a cam representing the tidal 

cycles to be reproduced based on the tidal data at the southern ·Jimit~ 
where the automatic tide generating mechanism of the model is proposed. 
to be installed . 

.As mentioned earlier in the Report, for better reproduction, it- was 
considered de.sirable to choose a complete · semilunation consisting 
of 28 tid-es, varying from neap to the spring and to the neap, instead ot· 
assuming a single tide to represent various· seasons. .If the periphery· 
of the cam was shaped according to these tides, it is evident that the 
cam would J>e unmanageably large. So it was decided that a numb~r of 
smaller size cams should be designed in such a way that when they .are 
run together, the resultant ti~es a!e reproduced. · 

Obviously, the larger the nnmbel.' of cams, the better J.s the 'accuracy 
of the result; on 'the o_tP,er hand the mechanical equipment necessary 
for the synchronised operation of a large number of cams ·with different 
periods of rotation w~uld have berome ·extremely complex aud difficult 
and hence it was decided' to resolve the tides only inte . two components· 
which would enable the design of twp cams of m.anageable sizes. 

· · · At the time of this investigation rio ticlal data at the ·southern ·limit 
w:ere available. ~o, to start with, a sem,ilunation was selected from the 
Saugor data records foi the· resolution of th.e tides'; using the same 
method, the southern limit data, when available,may be similarly treated. 

2. The theory for the resolution of tide. gaug~ variations· observed' 
at Saugor into two _Per~odic compoJ?.ents i~ briefly outlined bela'~. The 
data has been con.s1dered for gauges~I"ecorded ·at half-hourly mt~.rvals 
for an entire .semilunation com.Inencing from 00·30 hours on 1st May: 
1938 to 14.00 hours on• 15th May 193~ (i. e. for 700 observations). . . , 

3. Let the periodic serje's ·sP contain p equally spaced readh:i.~s ·. 
. Z1, Z2 .. ~ ... zP, · ' -. · ~ : . . Cl) 

To find if Sp can be generat~d '!rlthi~' the de~i:red degree of accuracy 
by means of two component periodic series : · ·. · ·. · . · · 

Sr1 =· X11 X2· ..... : •• ,Xrt -! • . .. • . {2) 

~, and 81'2 = Y1' Y2·········,.Y.ra · · ' ~(3) 
where r1 and r2 are any two positive: integers (less than ·p), having pas 
their least common multiple; also let r1 > .r2~ . · · . · · . ; 

S~ppose, the two series, sll and Si-s actually posses~ the desired 
characteristics so that by compounding the tth member of Sll with the 
tth member of 81'2 an estimate of tth · m.etnber. of ; the .pa~ent s~ries Sp is 
obtained. Denote the estimated series :t>y . . · ·. · . 

Sp' = Z1', Z2' ••••••••• ,Zp' ( 4) 
The p equations of expe~tation are written down as. 

: E (ZJ=x1+Y1. . 1 
. . . . . 
. . . . . 

E (ZrJ =xl'2 + y 1'2 
E (Zl'2-tl)=xl'2+1+y1 

. . . . . . 

. . ,• . . 
S SUl-15 
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The best estimates of the r1 + r1 values of the parameters 

Xlt••••••···Xq and Ylt······yra 

are then determined from the (r1 +ral nonnal equations obtained by 
minimising the sum of squares . . 

UE~ (Zt-x~-yJ1 . (6) 

in·· accordance with the principle of least squares, the appropriate periodic 
suffixes repeating for x~ and :r~ after:t=r1 and t=r1 respectively. 

If now k is the highest common facto-r of r1 and r1 so that 

(7) 

m and n being two integers prime to each other, the normal equ:Ltions (5) 
will group them.sel..-es into k independent sets containing m + n equations 
in each set. A peculiar feature of the (m + n) twrnaal equations in any 
set, however is that they do not all appear as (m + n) independent equa· 
tions but have one inte~connected relation between themselves as can 
be easily verified. Thus it will not be possible. to obtain unique solutions 
for the x's and y's while a combination like (Xi+ y~ of two elements 
building up an estimate of a Z remains uniquely soluble. In other words 
while an initial set of k values (corresponding to the k independent 
sets of normal equations) among the series (2) and (3) can be fixed in an 
infinite number of ways the generated series for (4) will rem !lin unique. 

- . 

4. The abstract discussion will be bette-r understood when the 
Mrmal equations are actually written down for the series S, of 700 half
hourly gauge readings mentioned in para 21 above. From various 
practical considerations the values of r1 and r1 have been fixed res
pectively at 175 and 140 so that 

m=5, n=4 snd k=35 (8) 
With these values of r1 and r3 a single run of the cams would cover 

rEspectively on~fonrth and on~ fifth o.( a semjlunation. The (m + n) 
normal equations for the s\h set are obtained by differentiating U with 
l'espect to the (m + n) unknown parameters. 

Xs, Xa+35, Xs+70t Xs+t05t Xs+uo} 
Ys, Y•+35t· Ya+7o, Y•+tos 

They are respectively 

4xs+Ys+Ys+35+Ya+70+Ya+105 
=Zs+ Zs+t75+ Zs+aoo+ Zs+w 

4xs+35+Ys+Ys+35+Ys+70+Ys+105 
= Z-+35 + Zs+no + Zs+ass + Zs+660 

4x.+70+Ya+Ys+35+Ya+70+Y•+t05 
=Zs+?O+Zt+w+Zs+~+Za+w 

4xa+105+Ys+Ys+35+Ya+70+Ys+105 
= Zs+lOii + Zs+2SO + Zs+w + Za+880 

. ' 

4Xs+uo+Ya+Ys+35+Yi+70+Ys+w · · · 
=Za+uo+Zs+m+Zs+uo+Zuw · 

5y. + Xs +Xa+35 + Xs+70+X.+w + X1+110 
= Zs+ Za+110 + Zu280 + Z,.C20 + ZliSO 

5Y•+•+x.+x ... +x•+70+Xa+tos +X.; 140 
= Za+u + Za+ui + Z,.m + Z .. 455 + z. + w 
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5Ya+7o +xs + Xe+ss + X~+7o + X.+.Ios'+Xe+u~ 
= Ze+70 + Za+uo+ Zu350 + Zs+490 + z.-~.~:. 

·- . : -.- .; . ; 
, (viii) 

5yi+IOS +xa +xa+ss +Xa+?o +Xi+ lOS+ Xs+uo 
= Za+Ioa + Za+w + Zs + 385 + Za+525 + Za+GG~ (ix) 

. '.. . . 

.. ~ . • •. (10) 

t. · • By _adding both the sides of equa~~ons (i) to (v) and again of equations 
, (n) to (u:) the same indentical relation holding between the five x's and 
four y's will be separately protluced twice from the two separate opera
tions, and thus provide evidence that the 9 no1-maZ equations .are n.ot all 
entirely independent as already mentioned in the previous paragraph as 
a peculiar featlire Qf the sets· of the noJ"mal equations. By simple 

. algebraic process the normal equations will yield the following neat 
solution : . ' . . 

. t.•' 

Z'a+l=(Me~ of the col~ containing Za+~l 
+(Mean o(the row containing Zs+r) . 

-(Mean of all ~a) 

In. the block below:-
.:. 

':! 
· Zs .... " 

Zs+175 z ... 
' . !!+~ :. ·' Zs+slli : 

- \ 

. Zs+us · · Zs+ios' · Zs+665o 

•.. (11) 

~ ~ . 
. . •• (12) 

:i. .AB an illus~rativ~' e~ample th~·~umerl~al ~oiriti~ns of tb..e s-::5t1;t set 
of ?Wrmal equation are obtained .a~ 11nder :""'71 · .. · • - · .. · . . . • •. • . , . . ~ •... 

Total 

Mean 

Za=51 136 141 71 

58 117 uo 65 

86 155 143 67 

74 108 104 46 

269 516 
528 ~ 

67·25 129·0 132·0 62·25 

Z'a=67•25+116·8-113·15=70•90 

Z' 40 = 129·0 + 108·8 -113·15 = 124·65 

185 

164 

176 

176 

701 

175·25 

Z' 286 = 65·90 Z' 495 = 187 ·5 
.:•·!>, 
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Total Mean 

584 116·8 
·-

544 108·8 

627 125·4 

508 101·6 

:l2()3 

113·1~ 
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Z'u0 =50·20 

Z'145=178•90. 

Z'180 =62·90 

Z' IIlii = 141·25 

Z' 250= 120·45 

Z'320=170·90 

Z'~= 79·50 

Z'390 =117·45 

Z'05 =135·65 

Z'coo=57•90 

Z' 630 =55· 70 

Z' 16i = 132·65 

Z'600 =127·65 

Z' 835 = 7 4·50 

Z'870 =163·70 

5. The numerical solutions were obtained by the above method in 
respect of all the 35 sets of normal equations by giving special weightagea 
to the high and low gauges in order to obtain better agreement between 
the observed and the estimated extreme values of tide · gauges. The 
choice of the weights which is subjective enhances the ac"uracy between 
the range values at the cost of intermediate ones and vice versa. The 
700 Z' values are plotted against the corresponding observed values in 

Fig. 1ss (a). Fig. 138(a). If time lag is discernible in certain reaches of the fit, and 
thehighandlow values are not always attained, it is only pointed out that 
in the process of the resolution of the data, the discrepancies may be 
attributable to the limitations imposed on 

(t) the number of cams, and 
(it) the period of rotation of the cams~ 

6. Thus after obtaining unique solutions for the Z's, the problem 
of the resolution into the respective X and y comronents WaS tackled. 
Availing the 35 degrees of freedom for the initia fixation of 35 values 
of x's or y's the first ::J5 values of the x's have been arbitrarily fixed in 
the present instance. 1~e :remaining values of x's and y's which follow 
therefrom, are all shown concisely in tables 1 and 2. 

~,or the construction of the two cams the series of values of x's and 
.fig. Iss (b). y's have been actually plotted in Fig. 138(b) and the two curves drawn. 

The ordinate for the curve for Z' at any point can now be easily verified 
to be equal to the sum of ordinates for the curves for x and y, which 
thus provide the desired resolved components of the parent series. 

7. It may be noted in conclusion that the process of resolution has 
at no time put any specifications on the nature or form of the component 
series, thus leaving a wide choice for the actual mode of graduation. 
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xo 

:1:1 

:1:2 

xs 
x, 

xo 

x6 

. %1 

x& 
X9 .. 

:1:10 

:r:n 
xu 
xlS 

X14 

:t15 

1'16 

:1:1'1 

I 
Yo 

YJ 

'ia· 

Ya· 
,6\ 

Ys 

ra 
: Y7 

Ys 
y9 

Yto 

Yu 

ru 
113 

:ru 

RESOLUTION OF HOOGHLY TIDES 

TABLE 1 
Values of the resolved component series with period 1i5 

(in i1whes measured above K. 0. D. 8.) . 
Read horizontally for xz and vertically for Xm for cell value XJm• 

i 

. Xo . 

2tf 

160 

48 

,8 

72 

9 

134 

41 

118 

107 

11 

120 

22 

8$ 

103 

41 

162 

I x1 .· t s:a·. .. 8 s, I xo 
t 

x6 '£r I xs 

87 69 Ill 88 16 .12 8 11 

811 40 58 61 liS 83 107 127 

1~8 143 130 110 88 82 72 fl2 
'·. 

84• 23 9 2 5 87 . 45 56 

93 114 133 146 155 1112 . 140 180 

. - 62 69 58 48 41 so 18 9 

27 "' 69 88 107 118 126 ·isl 

150 183 na 101 81 72 62 li4 

26 18 •1£ 10 4 18 4a 66 

118 127 132 186 129 138 180 i28 

87 69 49 33 2~ 31 l!f 10 
-

26 41 64 84 110' 121 lll4 ;134 

119 121 118 112 108 85 69 Ill 

23 u 33 87 40 54 62 69 

121 127 181 '80 12~ 123 . 118 115 

ll4 62 48 26 g 1 10 .· 21 

' 131J 56 65 76 ' 8!.1 94 114 ill !I. 
I 

153 132 113 
I 

95 77 ... ... .. . .. 

TABLE 2 

Values of the resolved component series with period 14d 
(in inches .measured above K. 0. D. 8. } . · · 

j:• 
9 . 

. ' 
~8 

144 

57 

wi 
96 

.. i 
· iss 

53 

88 

li~ 

' .9: : 

132 

37 

79 

101 

82 

158 

. .. 

Read horizontally for Yl and vertically for Ym for all value·y~~~ 
... 

1o t Y1 Y:a I Ys ,., . I y5 y6 I Y7 I , Ye 
,, 

Y9 

- ,. 

... 29 39 45 50' lib 49 36 26' 20 . 
10 2i 30 38 34 43 40 ! 80 28 i9 ... 

. 15 82 35 04, 41 50• 48 44 36 str. 

29 a:a 38 60 41 48 80 3'1 40 ' ' 41' 

" 41 '. 40 36 31l ' 2S 33 36 37 47' 

64 60 49 40 31 !11 2~' 23· ~ ~ 

83 28 9 1(}' 4 1 . 13 18 34 45 

53 l &li 42 48 51 6t. 60· 57 60 46 

. 85 . 85 
: 87 65 ~~~ 46' 84 2~ 86 i 55 i ; 

9 18 25 81 48 50 86 85 27 26 .. 
211 ... 85 89 40 " 45 18 

. 26 27 40 . 
40 81 ll5 28 23 lll . 19 25 '28 62 

j 

62 . 56 60 69 42 85 89 46 51 30 

66 441 41 !l'l 24 21 18 !UI 32 40 

4S ... ... ... ... ·- . .. ·- ... . .. 
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24. ESTIMATION· Ob., SOUTHERN LIMIT GAUGE 
FROM SAUGOR GAUGE RECORDS 

Tide gauges are regularly observed. at Sa.~gor in th~ ~ooghly 
Estuary. Consequent on the problem for 1mprovmg the navigability or 
the estuary being referred for model inveiitigation, the installation or 
a tide generating apparatus at a point in Latitude 21·11-00N, Longitude 
88·16-15.E (in this paper called the southern limit) 25 miles downstream 
of . Saugor was co~sider~d a necessity though unfortunately the 
gauge records for this pomt were not observed. 'l'he Port Commis· 
sioners of Calcutta accordingly made special arrangements on 3rd and 
4th March 1949 for the simultanE'ous observations of gauges at Bangor
and at southern limit with the object of investigating the possibility 
of a relation for estimating the southern limit gauge from the past records 
maintaine4 for the Saugor gauge. 

The continuous gauge data of two stations for 31 hours from 12·GO hrs. 
of 3rd March 1949 to 19·00 hrs. of 4th March 1949 obtained from the Port 

Fig. 139 (a) Commissioners bas been reproduced in Fig. 139(a). Scrutiny of the two 
• gauge curves reveals that the variation of the gauges follows the law of 

l'ig.UO 

Fig.lU 

J'lg.UL 

simple harmonio motion, with ~ · 
. (I) different ·amplitudes, 

: (i") a phase difference and -
(ii•) almost the same-period. 

· · Following the premises of the simple harmonic · law, the gang~ 
data for· southern limit were plotted against the corresponding gauge 
data for Saugor (in Fig. 140), when the points were found to . lie along 
the circumference of an ellipse. The major axis of this ellipse, as is 
only natural is inclined to the X-axis and the centre does not coincide 
with the origin as the gauges are measured frbm the Kidderpore Old 
Dock Sill as datum (and not from mean water level). 

Before attempting to for~ulate an expression for the ellipse, it 
may be useful. to remember that it will obviously depend on the 
amplitudes of the .two harmonic motions. The process of esti~ation 
however remains rather- laborious and as the amplitudes too do not. 
rem~ constant for any considerable length. of time, it ·was- preferred 
to have· recourse to an alternative method. · · 

AB th~ periods of the two gauges and the phase lag between them 
were observed to be nearly constant in the limited data, th(! best alternative 
method was to fit a straight line to the two simple harmonic "motions. 
A primary condition1 of course, 'remai9-s the elimination of time• lag, 
which has been graphically estimated at nearly one. hour. ··This has 
been further · confirmed by the highes~ value ('99); obtained for the 
coefficient of correlation for one hotir time lag, when separate correlation 
studies were carried <>ut ~etween the two. gauge~ separated by· intervals 
of 30, 45, 60,75 and 90 IIllllUtes. . ! , _ _.. ! ;·: ; . : 

The data of the .Saugor! gauge have therefore been plotted against\ 
the data of southern limit; observed an hour !e~rlier· in Fig. 141,· aLd 
the points conform tO a linear distribution. The_ .equation derived for 
t~s line by the method of least squares is ~ · · : · 1 

. • ; • j • "; , ' , " I " ,. 

. Ya~t=P•71xu+2·83· ''" I · · ...• '(1) ' 
~ - ' ' I! .. • 

:where_ x~ ~the beight of Saugor gau~re .i:n feet measured above 
· K. 0. ·D. s. at nth hour. i ·- · 1 • · · · - · . 

; · .Yn-~=beight of southern liJfgau.g{ in :f~et abov~! 
· · · K. o: D. S. measured at (Ii-1) tli hour. 

! ... 
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ESTIMATION OF SOUTHERN LIMIT GAUGE FROM SAUGOR GAUGE RECORDS 

The standard error of the fit equals 0·32 feet which expressed as a 
-eo-effici~nt of.variation -:-8~:-x 100=:=;3'64 per .cent .. The sm3.;11 va!~~ of the 
-co-efficient o.f variation shows the~ remarkable goodness ·of fit--accom-
plished by the simple' linear. relatia:n. · .. This . .is 'also cle~l' ·(Fig. 142) from !is· u• 
·the close agreement of the superimposed values of the estimated guages 
.at southern limit, with their observed values. • · ·. ·, · · · ~· . 

· · · · Considering· the physical concept.:· of tJie co:;eff:icient of. Xn in (1), it 
is easy to see that the slope (•71) measures· . the ratio of the amplitude~ , 
of the two simple harmonic ··motions. The validity of •·· the equatioJl, 
-thus remains subject to the constancy of the ratio of the two amplitudes 
:in. any: length of time. · · 

- ~ .. . ' 'J . i .. ' J' ., ••• 

. Equation (1). lias been utilised for . the plirpo_se of estimating. the 
:gauges at southerri. limit fro in the gauges observed at -Saugor ~ for . the 
.oSemilunatiom:! commencing from 5th February 19-!9 to 19th Fel;»ruary 
.1949. It will be most illuminating to verify the strength of the equation 
:with further· observed· data .. · · , ·· · , : . : · . · · · .. . . 

,. · ~ r • f 1 r ' 



25, MODEL EXPERIMENTS FOR REDUCTION OF· 
'RANGE ' IN THE MADRAS HARBOUR 

Prelimhwry !tote 

Sgn1psis:-Madras Harbour is an important port on the east coat:!t of 
India. and: the only one which can adrirlt vessels up to 26ft. draught. 
At the time· of cyclonic storms which originate in the Bay of Bengal 
generally in the months of October and November, disturbance i~ 
experienced in the harbour Rnd ships cannot berth along the quays 
comfortably. In storms of severe intensity there is a very great danger 
of ships breaking their shackles and g<iing a~:~tray. Model experiments 
are, therefore, undertaken on behalf of the Madras Port 'rrust to devise 
measures to minimise this trouble . 

. Old Harbour:-The harbour, according to original plan, was 
completed in the year 1895. It consisted of a pair of breakwsters, 
3,000 ft. apart streching out seaward parallel to one another and then 
coming round towards each other until they left an opening of 515ft. 
between their pier heads. They thus enclosPd an area of about 
2tOO acres,· of which three-fourths were available for vessels clearing 
between 13 and 15 feet. 

This entrance be~ame untenable in two ways:-
(t) Wave action:-. Waves entered freely into the harbour through 

the 515 feet entrance. There was neither lateral expansion of the 
waves nor was there any spending beach to dissipate this wave 
energy. The swell, entering the harbour with full force, nearly all 
the year round, made the handling of the vessels slow, difficult and 
dangerous. 

(i~) Sand accretion and silting of tl1e Ttarbour:-The after-effect of 
construction of the harbour i. e. an artificial projection into the sea 
was an accretion of sand tl' the south of the hat·bour and erosion on 
the north. · 
By 1911 the shore line had advanced by 2,500 ft. since 1877 and 

the base of this triangular patch reached as far as 5 miles south of the 
harbour. There was a corresponding erosion of the shore for a length 
of about 3 miles to the north of the harbour. This was however checked 
by revetting the shore with loose stone pitching for a. distance of about 
lfmile~. 

Two theories were advanced as the probable causes of the accretio"n :-

(i) Littfwal Drift:-It was believed that littoral drift along the 
coast was responsible for this accretion. Any artificial projection 
caused slackening of velocities in its neighbo-::.rhood with consequent 
piling of material on one side of the projection. Actual observation 
of velocities of littoral drift conclusively showed this had compara
tively little to do with the formntion of the Mcretion especially as 
the latter is composed of sand too coarse to be can-ied in suspension 
by velocities which are very slack close to the shore. 

(it) Wave .Action the Cause· of Trave Travel:-" There is, now, 
ample evidence to show that the accretion is due, chiefly, to the net 
effect in the year, of two kinds of obliqoe- wave action. On this 
coast there exist, two classes of waves, one during the prevalence of 
the south-west monsoon (March to August), rolling in, on the land 
with a somewhat northerly trPnd. at the most perhaps ao· out of 
parallelism with the general line of the shore and the other during 
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REDUCTION OF RANGE IN MADRAS HARBOUR 

the north-ea.st monsoon (middle ·of October to middle of January). 
rolling in, on the land with· somewhat a southerly trend and 
also, at the mo~t, 30° out of parallelism with the general line of 
shore". · 

The waves rolling in from the deeper sea begin to affect the bottom 
appreciably at about 4 fathom line and throw the bed material in 
suspension. Due to the oblique approach of waves to the shore, water 
acquires a long·shore component. This gains more and more momentum 
as depth of water decreases and finally when the wave dissipatE:'S on 
the shore, the net effect is transportation of bed material along the 
shore.- As the duration of south-west monsoon is longer, th~ resulting 
tendency is that of accretion to the. south and .. that of erosion ~o the· 
mouth of the harbour. · , ~ 

1
. . 

The whole phenomenon was a source of anxiety to the port authori
ties for the reason that the finer variety of sand was finding entrance 
into the harbour and was silting up at the rate of 1 foot per year. It was 
soon realised that extension of shore line up to the end of south break
water was a matter of ·time only and the sand would find an easy way 
into the harbour at an alarming rate, making it impossible to maintain 
proper depths without .. having recourse to heavy dredging. 

Both these points led th~ authorities to take up remodelling of the 
.harbour seriously. Tpe fol~owing alterations we:t:e made after 1905:-

(t) The old eastern entrance was closed and a new entrance 
400 feet wide was opened through the north break-water. · 

(i1) A shelter arm, 36 feet wide and projecting about 1,200 feet 
was provided. It was constructed on sloping ·slice principle and 
blocks weighing 25 to 30 tons were used. · . 

. (iii) A boat basin 1,050 feet long and 420 feet wide was construct·· 
ed for the port dredger. · Eventually it provides protection to small 
crafts and lighters which were previously exposed t(> severe swell 
resulting in many wrec;ks every year. 

These alterations immensly improved the operating co.Q.ditions in. 
the port. Disturbance in the harbour caused by the swell admitted 
through the eastern entrance was stopped and the north shelter arm 
afforded sufficient protection from the north-e:1st monsoon~ Ships ca.ii 
now~berth quickly alongside the quays for most part of the year; this 
was impossible before. 

Present trouble • 
Though the conditions in the harbour are satisfactol'y for the most 

part of the year, it becomes insecure for ships during cyclonic storms. 

It is these storms which generally occur in the months of October 
and November affect the· harbour at present. Direction of the swell 
caused by high velocity winds, is sometimes 30° out of parallelism with 
the base line-of the harbour. Even the 1,200 feet long shelt.er arm fails 
to offer protection from outside wave action. Thus the swell produces 
'range' in the Madras Harbour. 

It will not be out of place if the nature of this phenomenon termed 
' range ' is considered in detail. The tremendous en.ei.·gy .of the swell 
which gathers momentum as it approaches the shallow shore is tran
smitted to the enclosed mass of water in ·the harbour through the 
entrance which produces slow oscillati"Q.g movetn.e-nt in the: harbour. 
The period: of this surging in the harbour· is·. considerably ··targe and 

,. 
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depends upon the period and length of waves generated in the deep sea. 
The effect of such heaving, on ships, is to produce a similar petiodic, 
bow nnd sternwise movement which goes on increasiu~ to dangerous 
limits when moorings are stretched beyond their capacity. 

'Range' should not be confused with surface waves in the harbour 
created by local wind. These have little energy as compared to that of 
'range'. 

'Range' in the Madras B01 bour 
' Range' is the chief disability from which this port suffers. Some 

years ago, 'range ' readings were recorded and the. highest observations 
which did not take into account 'wind lop' (i. e. superimposed, short 
waves due to wind) were as follows:-

(t) Across the entrance 2' 9". 
{it) At south quay wall 3' 6". 

(iii) At north quay wall 2' 9". 

'Range ' of this magnitude is sufficient to render every berth in 
the harbour untenable. Usually at sea-ports exposed to wave action 
the highest readings occur &.t the entrance and gradually becvme less 
owing to:-

. · (i) expansion or lengthening of waves once they . pass the 
entrance, u.nd • 

(ii) reaction of the still water inside the harbour. 

At Madras, however, the highest readings occur at the South Quay 
the harbour entrance ·being at the North Quay. The reason for this is 
that the harbour is bounded by four vertical walls. which help to build 
up wave action. The South Quay berths are, therefore, the first to ~o 
out of acUon (even before th'3 East Quay which is· nearer the entrance) 
and if the storm is severe, the West Quay and Nbrth Quay follow owing 
to reflected wave action from the South Quay. 

Model experirn,ents 
The following are the terms of reference to be decided by mo•lel 

experiments:.-
{t) To find out the most effective measures to reduce ·the 

'range ' in the harbour without any detriment to the navigability of 
the port. 

(iz) •To test the effect of these measures on the proposed wet 
dock extension schemes. 

Model Scales 
It is a general practice to make the models, involving study of wave 

phenomenon, geometrically-similar. This is due to the fact that the 
important wave characteristics, such as, length, frequency, amplitude 
and energy are governed by Fronde's criterion. 

Models with vertical exaggeration have also been tri£·d previously. 
One such mode 1 was constructed in Germany<u for the study of 
lo.cation of breakwater for the Harbour of Heligo-land and was made to 
a scale 1/300:1/200. Another model was that of 1.'abla Bay Harbour,l21 

(1) Hydr•ullo Labora\ol')' Pr•otioe b1 Freeman, '.l'he Htdraullo E~perlmeat StaUon at the Nn1 
Yard at Wilhelmehaveu, page 887. . 

('l) • Range Action Ia Tabla Ba1 Harbour', .The Dook .ad Harbour Authori9 November 19UI. 
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REDUCTION OF RANGE IN MADRAS HARBOUR 

the problP.m being that of reduction of 'range'. This was to a scale 
of 1":=;100' longitudinal and 1":=;12' vertical, the vertical exaggeration 
being 8·33. 

It was not considerP.d practicable to construct a · geometrically 
similar model of Ma<tras Harbour. at this stage,, for the following 
reasons:-

(a) The mc.del would be too big if a large scale is adopted which 
WOUld be desirable tO haVe an appreciable Value Of I range' in the 
model. 

. (b) Adoption <:.f small scalE.' to limit the size of model would 
· · make range observation in the barbour not only difficult but also 

unre:Uable, 1his being more so, as the model was to be constructed . 
in the open ground. ' 

The following explanation will make the- above points more clear:-

The waves generated in the open sea, ·at the time of cyclonic 
storms attain some times a length of 300 feet. Waves in the open 
bea are purely oscillatory and are affected by the bottom when the 
depth becomes less than half the wave-length. In the case of 
Madras Barbour, this would be at about 150 ft. contom·-line. The 
model in the ideal case should include a contour lin~ of 150 ft. depth 
of sea. Purely oscillatory waves would be produced, by a triangular 
plunger from outside the 150ft. line. The distance from the shore 
to the 150 feet contour is about 30,000 feet. To include this portion 
would necessitate a -very small model scale. 

'The second . deciding factor is 1 range'. This is the phenomenon 
which is to be Iinally observed in the model. It is necessary to adopt 
such a scale that the height in model equivalent to 1-.5 ft. range in the 
t-rototype ·has a ffi.gnificant value and which can be easily aad accurately 
obsel'VPd. 

'fhe limiting factol' in this case is the effect of surface tension of 
water. Sea waves are gravity waves and in order to maintain similitude~ 
the force of surface tension in the modPl should not be appreciable as 
compared to that of gravity. .These considerations demand as large a 
model scale as possible. 

Model of Madras Harbour 

To achieve a compromise between these conflicting factors, a 'model 
with vertical exagge1·ation was adopted. 

The model is constructed to a scale of 1/250: 1/50. The eastern 
limit includes 60 feet bed contour. A shore line about 10,000 feet to the 
north of North Quay and 5,000 feet to the south of South Way is re
produced. All details of the harbour such as breakwat~rs, wharfs, boat 
basin are reproduced correctly to scale. 

Effect of vertical exaggeration. 

Similitude cannot be obtained in every respect. due to vertical 
distortion of the model; but it is expected that by kE-eping the rafio of 

EnE'rgy of waves at the entrance to the Harbour 
Mass of water inside the Harbour 

the same for model and prototype, a Sllotisfactory reproduction of 'range • 
in the model will be possible. 
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It is also expected that experiments in this model will result m 
useful indications on the following points:-

(i) The minimum reach of sea which must be included in the 
model for satisfactory simul'ltion of conditions in the harbour; 

(ii) t~ntative measures for reducing 'range • in the barbour. 

Vertical exaggeration is then proposed to be reduced by stages, by 
reducing the depth scale and the results;oompared. 

This procedure, it is hoped, will provide very valuable information 
as regards the utility of vertically distorted mOdels for the study of 
wave p~oble~s. . :· , . · 

422 



Photo No. 5750-Showing disturbance of the 

entrance of the harbour due to 
waves generated in the sea 
portion. 

Photo No. 5328-Showing 
small boat basin near the 
North Quay. 

Photo No. 5322-Madras 
Harbour Entrance shel
tering Arm. 

Photo No. 5329-Showing 
accretion b e t w e e n east 
Quay and projecting arm 
of South Quay. Concrete 
blocks as wave breakers in 
the foreground. 
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4. DOCKS AND HARBOURS 

26. lt1000: 1/20 COCHIN HARBOUR MODEL. 

Preliminary Experiments 

The sea-bed and the bed of the backwater area were jnitially laid 
with sea sand sieved through 30 mesh. (m=0·19 mm.) and the tidal 
.curve observed in the prototype . on 3rd August . 194ti ·and 4th August 
1948 was reproduced and repeated several ·times .to enable the obser· 
vations of current at valious places., When the . bed was laid with. se.a 
sand it was observed that there was practically no bed mo~ement in the 
sea portion and very little movement in the North back-waters. The 
bed in the sea 'portion ~as then-laid as per observation in. the year 1938 
.with (a) clayt (ii) mixture -of clay .and sand and (i#) sand. :The Mattan
-cherry and Ernakula.m channels were laid as per sections observed in 
the year 1944. The tidal curve observe~ in the prototype on 3_rd August 
1948 and 4th August 1948 was then reproduced, mainly ~ study how the 
bed movement took place under these conditions as maximum silting 
occurred d'uring the monsoon period and at the same time it was possible 
to see how the tidal curve in the monsoons was reproduced. In the 
above experiments: the discharges of the Labyrinths, reproduced in the 
model were as follows:-

. , .. 
I 

Routh Laby~tli. Middle Labyrinth. North Labyrinath i.e. Periyar river 
~ · ' Labydntli. 

.. . ' . . . .. 

1,08,008 08·. J· 11!,003 OBo r 48,obDos. ' 

' -· 

The . recorders· were placed at Station Nos~ 8; 9' and 10 (i.eJ old 
Station No .. 9. iri. the prototype which is at the southern linl.it· of the Fig.I44:. 

,present model). As no water leve1 data at" Station No. 10 in the month 
of August was available, as the gauge iffop-~il·~o rough' sea action, the 
. approximate tidal curve was obtained by ·usi.Iig the kno~n: wat~r · level 
relation between Station Nos. 9 and 10 in the monm.:'~o-f!::&.p'ri!L it.tid 
May 194~. 

- , · The reproduction of this curve ·a.t Station N'(>, · 10 did not give. a 
. satisfactory reproduction at Station Na. 9 and it was thought· that the 
same was due to the approximate curve obtained for Station No. 10· by 
correlating the water levels at Station Nos. 9 and 10 in the month of 
-April and May, whereas other conditions·in· model were for the month 
·of August;· 

The probable tidal curve at Station No.-10 was • then obtained from 
the correlation of water levels actually observed at Station· Nos. 9 and 10 
in the model during the flood· and ebb tide. The reproduction of this 
curve at Station No. 10 by the usual operation of sliding weirs gave, to 
a more or less extent satisfactory reproduction of range at Station No. 9. 

Th~ recorders were then removed from Station Nos.· 8. and· 9 and 
were placed at Station Nos. 1 and 3. The tidal curve obtained from the 
model relation, as stated above; was reproduced at Station No. 10. 
!It was observed that water levels at Station·Nos.land p· were generally 
higher than in the prototype and the flood tide in the Mattancherry Fig.I45. 

channel would go only up to C. S. 3 . with no discharge in the southern 
·labyrinth. :In the.prototype under similar conditions the tlood tide' goes 
far heyond.the southern!limit•of the channel~ -·It' was thought, initially, 
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that this was due to the incorrect discharge admitted in the southern 
labyrinth and so the current observations in the. Ma.ttanchE'rry channel 
were done with different discharges. The various discharges tried were 
1,08,000 cs.; 54,000 cs., 27,000 cs:, and no discharge. With the discharge 
of 1,08,000 cs. it was found that the direction of surface and bed flo·~ 
during flood tide was northwards (which is in the direction of ebb 
(}Urrents usually). The strength of this northward current during. flood 
tide reduced as the discharge in the southern labyrinth was reduced and 
when the discharge was nil, tht>re was a feeble flood current which 
reached as f~r south as cs, 3 in the Mattancherry channel. It may be 
noted that exact discharges in the southern backwaters were not observed 
and hence various discharges had ~o be tried in the model to see which 
discharge gave approximately correct tidal conditions. 

The above experiments showed tha.t it was necessary to select a 
tidal curve in fair weather season only when the river backwater 
discharges are nil and thereby eliminate the unknown factor of 
discharge. A tidal curve observed in· the prototype on 9th Aprill948 
was, therefore, selected having the additional advantage that the 
simultaneous water level1eadings at Station No. 10 were available on 
this date. The tidal curve on 9th April 1948 was reproduced at 
Station No. 10 and the curves at Station Nos. 3 and 4 were observed. 
Curves· obtained at both the . Stations were higher than required. 
The recorders were then placed at Station Nos. 1 and 4 and tlie 
.curve at Statement No. 10 was leproduced again. It was found 
that the curves reproduced at these Stations (Nos. 1 and 4) were 
higher than the required curves. It was, therefore, decided to find out 
the curve at Station No. 10 to reproduce the curve at Sbtion No. 1 only; 
an<l then see what curve is obtained at Station No.4. After some trials 
it was possible to get the tidal curve for Station No. 10 which gave a . 
nearer reproduction of the curve at Station No. 1. These experiments 
showed that the model curve at the southern end (i.e. Station No. 10) 
was different from the prototype due to this reach being within the 
entry reach of the model and hence affected . by draw-down effect tt.nd 
varying head of pumping etc. ~'he curve obtained at Station No. 4 was, 
however, higher than actually required. This showed that the absorption 
capacity of the southern labyrinth in the model was not enough a.nd thus 
. needed extension. · · 

. The labyrinth was, therefore, increased in area by stages viz. from 
220 sq. ft. to 48-J: sq. ft., 792 sq. ft. and 1,04~ sq. ft. Satisfactory reproduc- · 
tion of tidal curve was obtained at Station· No. 4 when the labyrinth was 
1,042 sq. ft. 

In some 'expeliments injection of the dlied Cochin mud, wet Cochin 
mud and then the local red silt was done to see where the deposition of 
silt occurs. This injection was done. just north of the approach channel, 
within the mud bank fringe. Alum water was injected slightly north 
of the mud injection as circulation of alum water -was found inconvenient 
due to considerable leakage discharge. The effect of alum water was 
limited and the deposition of the injected material occurred mostly in the 
N ol'th backwaters. 

Expe1·iment No. 1:-After modifying the southern labyrinth to get 
the correct tidal curves at StationNos .. 1 and 4, lines of flow and velocity 
observations wei·e carried out in the Matt~tncherry and Ernakulum 
channels during flood tide and ebb tide. The tidal curve of 9th April 
1948 was reproduced. 

l'ig 1u Figure 145 shows the surface lines of flow during ebb in both the 
channels. The region north of .the Willingdon Island and north of 
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Photo No. 5757 - A general view of the Madras 
Harbour Model Scale I 250:1 150 . 
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Proposed e x
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Boat ha <in. 

Photo No. 5752- Showing details of the harbour and 
proposed wet dock extension. 

Photo No. 5751-Showing concrete foundation 
blocks for wave generating machine. 
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COCHIN HARBOUR MODEL 

C. S. 7 was eddy region. The average surface velocity in the Mattan
cherry channel during ebb tide was equivalent to 1·1 knots in prototype~ 
the floats being released just at the beginning of the ebb tide. 'lhe 
av~rage surface velocity in the Ernakulam channel was equivalent to 
1·2 knots. · 

The bed velocities were . observed with plastic balls (specific . 1 

gravity 1·05). In the Mattancherry channel the bed velocity was 
equivalent to 0·5 kuots and in the Ernakulam channel it was equivalent 
to 0•6 knots during ebb tide. 

Figure 146 shows lines of flow durin~ flood tide. Surface velocity 
in Mattancherry channel . was equivalent to 1•2 knots and in the 
Ernakulam channel it was equivalent to L·4 knots. The bed: 'Velocity, 
with the plastic balls, was found to be equivalent to 0·66 knots in the 
Mattancherry channel and 1·1 knots in the Ernakulam channel. 

Expe,·iment No. 2:-In this Experiment the monsoon ~onditions were 
reproduced. The tidal curve observed in the prototype on 3rd and 4th 
of August 1948 was reproduced. The discharge of the Periyar river·was 
equivalent to 40,000 cs., the middlt? la~yrinth disch~rge was equiyalent 
to 12;ooo· cs. and the southern labyrmth was equivalent to 70,000 cs. 
The tide was_ repe~ted 20 times; red-silt (m=0·088 mm.) was injected at 
1·75 cft./hr. The rate of injectio_n was based on the observations on 
19th August 1940 in the prototype during flood tide (see Appendix 1~ 
and the silt was injected during flood tide only. As no alum was used 
in this experiment, the size of particles of silt injected was so chosen as 
to be approximately 3·32 times111 the size of particle in prototype (0·025 mm. 
on the western edge of the Mat~_ancherry ch~nnel). 

T·he relation (3·32) of the size of particle injected and the size of 
particle in the prototype was obtained as follows:-

Let S and s be the velocities of fall of mud particles in nature and in 
the model respectively. Then, 

s=ll·l S12> 

Buts o( r2 as shown by L. Bonnet and J .. Lamoenn> 
••. r 2 =11•1 R2 

•·. r~3·32 R showing that the linear dimen
sion of ·model mud particles should 
be 3•32 times that of natural particles. 

After the completion of 20 tides the experiment was stopped and 
the silt deposited in the Mattancherry channel was collected, without 
allowing the bE-d to be disturbed, and the siU so collected was dried and 
weighed. The silt collected weighed 12 lbs. i.e. Heft. (weight of 1 eft. 
of dry red silt being 71lbs.). . 

Therefore, silting in model in 20 tides (=10 days) 

_12 1000 x 1000 x 20 cub yds 
-7Ix 27 · · 

=1,25,000 cub. yds • 
. ·. silting in 1 month=3,75,000 cub. yds. 

After some trials the rate of injection of 1·4 .cft./hr. was decided 
which gave l lbs. of silting (weight of dry silt) equivalent to 

(lJ Model experiment!! on the Belgian Ports of the North sea by L. Bonnet and J, La moen. 
(2) Annual Beport 19-l7 p- 109. 
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3,18,000 cub. yds. iQ. the ·Mattancherry channel. This .cdmpares· .very 
well with the silting in August 1935 and August 1936 of 3,10,100 cub. yds .. 
and 2,60,600 cub. yds. respectively. . . - . . . 

· The rate of 1·4 cft./hr. was, therefore, adopted in further experi .... 
ments under monsoon conditions. ;, 

Figure 147 shows the surface lines of flow in th~ Mattanbherry and~ 
Ernakulam channels during tbb. The average velocity of the surface 
current in the Mattancherry channel was equivalent to 1·36 knots and 
that in the Ernakulam channel was 2·62 knots . 

. · The bed velocity in the Mattaucherry channel was equivalent to. 
0·46 knots and in the Ernakulam channel it was equivalent to l•Oii knots 
«luring ebb tide .. 

Figure 148 shows the 'surface lines of flow on the flood tide. ·.rhe 
velocity of cur1;ent in the Mattauoherry channel was equivalent to. 
0·96 knots and i~ was equivalent to 1·41 knots in the Ernakulam 
channel. · · 

The velocity of the bed current was equivalent to 0·8 knots and 
0'44 knots in the Mattanchen·y and Erna]Q:llam channel respectively~ 

Table 1 attached shows at a glance the velocities in both the
channels under different conditions. The bed velocity in the Mattan
cherry channel during flood tide, under monsoon conditions, is more 
than that of the Ernakulam channel,. whereas the ebb velocity is . 
considerably less . in the Mattancherry channel than the Ernaktilam. 
channel· t. 

Experiments to test the various proposals are in progress. . ' . . 

Showing the equivalent Velocities 'in Mattancherry 
and E1-nakulam channels . 

.. 
Expt. ~o~ 1 (tidal ourve 9/4/48). Expt. No. 2 (tidal ourve Brd aud 4th 

A~'48-) 

ChiUUiel. Eurlaoe veleoit,. · Bed velooity. Surfaoe velooity. Bed yelooity. 

Flood I Ebb Flood I Ebb Flood · Ebb Flood~ (knots), (knots). (knots). (knots). (knots), (knots). (knots). (knots). 
( 

Mattauohel'J'f ohhiUUiel ... 1·ll 1·1 ~·66 0·4 0·86 1·85 0·8 0·'5 

Emakulam ohauuel ... 1·& 1·2 1·1 0·6 1·& 2·6i 0·" 1·06 
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' . , APPtlinn· r. . 
Actual tidal and silt observations at Cochin on 1974/48 shc)w: that 

dtiting flood tide 18,000 c.nb. yds. entered from the sea into the gut when 
the total discharge was 2,627 m. eft. . __ 

Therefore, the siltcharge was 

486000 X 75•5 X 1000 
2627 X 106 X 62•4 

-0·224 parts per 1000 
.•. 
t.... ' : 

Maximum discharge 'entering the model in the gut (i.e. East of 
Station No. 1) is 5·2 cs. and the average is 2•6 cs. · ~ 

Assu.ning the same silt charge in model as in the prototype th~ 
ra.te of silt injecti~n will be . :· , -

B 8411-1'1 

2·6 X 3600 X 62•4 X 0•224 
1000 X 75•5 

= 1· 73 cft/hr. 

= 1·1fl (say). 
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Al?PJU.NP.IA JI, 

(PBOTOTYPE DATA OF SILTING IN TiiE MATTA.NCHERRY iJHANNEL IN 

Auausr.r· 1935 AND 1936) 

Year. Berth. Average depth or 
silting (rt·)· Total quantity of silting. 

1935 4 0·7 
1100x1000x0·'1 

-118,600 oub. yde, .. 
i7 

5 0·6 
uoo xl.ooo x 0·6 

=U,IiOO ... 
!!I .. 

I 

llOOx 1000x 1·4 - . 
6 1·4 .... 

27 =57,000 II 

I 

J 

'i 1·2 
800x1000x 1·2 • 

-85,600 - ' -· ... !!7 II 

: 

8 1·!1· 
1000 x l200x 1·!1 

-53,400 . l . .. 
27 .. 

9 11·5 
1000 )( 1200 x!l. 5 

-l,ll,009 ... 
27 .. -Total ... 3;10,100 .. 

1936 4 0·9 1100 )( 1000 )( 0·9 
=86,800 ... 

!17 .. 

5· 0·9 
1100 X 1000 K 0•9 

=36,800 ... 
27 .. 

6 1·5 ... llOOx 1000 x 1·5 =61 OOO 
. !17 • .. 

7 1·7 800 x 1000 x lo'T 
=50,500 ... 

27· 
.. 

8 1·0 1000 )( 1200 )( 1·0 
=",500 ... 

117 .. 

9 0·7 ... 1000 xl!IOO x 0•7 =B1,000 
27 - •• 

Total ... 2,60,600 .. 
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rail-cum-road bridge across 203 
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submarine cables across 148 
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training of 46 29 17, 65 
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Gelatine models 188 
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