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ZONING OF MASONRY

BY

* Sr1 R. RAMASAMY, B.E. (Hons.).
+ Sr1 K. RAMACHANDRAN, 5.5, (Hons,).,, A.M.LE. (Ind.).
1 Sr1 M. SADASIVAM, B.x.

1. Introduction.—Most of the low dams cons-
tructed in our State have been constructed by
using 1 : 5 mix. for the top 50" and below that
1 : 4 mix. has been adopted. But such a pro-
cedure cannot be followed in the case of high
dams without sacrificing economy. In case of
high dam, the most sceintific method ofapproach
has to be undertaken in this regard. This
article deals with such a method known as
s Zoning of masonry for dam construction .

2.0. The basic concept of the theory is
enunciated below 1—

The body of any dam’is subjected to stresses
of varied magnitude, depending upon the design
conditions and height of the dam structure.
This variance in stresses throughout the cross
section of the dam is analysed for all the design
conditions assumed, and zones of low and high
stresses are located in the section and for these
zones of specified stresses, masonry with specified
mortar strengths or mixes are recommended

based on the test results.

3.0. The main aim of the zoning of masonry
is the most economical allocation of masonry
of varied strength to different regions in the
section of a dam, demarcated on the basis of
maximum stress occuring, ensuring simulta-
neously the safety of the structure by adopting
suitable factors of safety.

4.0. Procedure.—The procedure consists of
the following steps :—

design conditions and maximum of these stresses
for each point noted.

(b) After noting the maximum stresses in
all the points, contours of stresses for 4 T/sq.
ft. 5T/sq. ft., etc., are drawn by method of inter-
polation in thesection of the dam, drawn toscale.

(c) Demarcation of zones on the basis of
stress, varying between a maximum and mini-
mum stress.

(d) Recommending for each zone, masonry
with specified mortar strength or specified mix,
based on test results, adopting suitable factors
of safety.

5.0. Model calculation.—Design zoning propo-
sal for a non-spill way section, the profile of
which is given in figure 1. Assume unit weight
of masonry as 145 Ib./cft. unit weight of water
as 62-51b./cft. and unit weight of siltas 56 Ib./
cft. Angle of internal friction for silt may be
assumed as 30°.

The other hydraulic data are as per Fig, 1.

5.1. Analysis of principal stresses.—The maxil
mum section of the dam is analysed for principal
stresses. The points at which the stresses have
been analysed, are the junctions of the hori-
zontal and vertical planes, chosen conveniently
to cover almost the entire section of the dam.

The horizontal planes chosen are roughly at
40’ intervals and are at the following elevations
+325, +285, +245, +-205, 4165, ---125, -85
=+60 (vide figure 1). The vertical planes are

(a) The analysis of the stress at salient 1, 2, 3, etc., upto 13 spaced at 20" interv.
points in the section of the dam, for all the from the axis of the dam. als
* Superintending Engineer (Designs),
t Deputy Chief Engineer (Irrigation and Degigns).
} Assistant Engineer, Designs, Central Designs Office.
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5.3. The principal stresses are calculated at
each point for all the three conditions and the
maximum stress, occurring under any of those
conditions, is chosen for each point and tabulated
(vide table attached). It can be seen from the
table, that the maximum stress near the he(;l
portion occurs under the reservoir empty condi-
tion, in the middle portion under the reservoir
full without uplift condition and in the toe
portion under the reservoir full with uplift
condition. So the maximum stress in the
section of the dam occurs in the pattern as
described above.

6.0. Stress contours.—The maximum stress,
so found for each selected point which is the
junction of the assumed vertical and horizontal
planes,isnoted forall the pointsin the maximum
section of the dam, drawn toscale. The assum-
ing linear variation, the points under which
a particular stress (say 4 T/sq. ft.) occurs are
located by interpolation and they are joined
and this line will be the stress contour for 4 T/
8q. ft. The procedure is repeated for 5 T/sq.
ft. 6 T/sq. ft. up to 25 T/sq.ft. and the corres-
ponding stress contours will indicate the pattern
of distribution of the worst stress occurring
under all the design conditions in the section
of the dam and figure 1 shows the stress
contours for the dam in question.

7.0. Zoning.—The zones are, then demarcated
on the basis of stress, with the help of the stress
contours. The range of stress, selected for
each zone depends upon the required mortar
strength and the factor of safety adopted. In
case of Nagarjunasagar Dam, there are two
zones namely A and B where the stresses in
zone A, range between 15 to 20 T/sq. ft. and
in zone B, the stresses are less than 15 T/
gq. ft. Adopting a factor of safety of 8 for both
the required average compressive strength of

112

zones, mortar at one year are given as 160 T/
8q. ft. for zone A and 120 T/sq, ft. for zone B, for
Nagarjunasagar Dam.

7.1. In the case of dam in question, the follow-
‘ng zones are demarcate d on the basis of given
range of stresses (Ref. Fig. 2) :—

Zone B==Stress below 13 T/sq. ft.
Zone A=Stress between 13 T/sq.ft. and
1775 T/sq. ft.

Zone A,—=Stresses between 17-75 T/sq. ft.
and 25-75 T/sq.ft.

7.2. Based on the test results, the following
three months strengths are specified for the
zone :—

Zone B—120 T/sq. ft.
Zone A—160 T/sq. ft.
Zone A;—206 T/sq. ft.

Relevant tests are to be carried out in order
to determine the exact proportions of sand
cement and additive, if any, like fly-ash and
surki, for the mortars and the mixes with the
corresponding compressive strengths are recom-
mended, based on the test results.

A 9’ thick layer of zone A, is provided in the
upstream side of the dam, from the hydraulic
considerations, in order to provide impervious
cover to the upstream face of the dam.

The coming proposal is shown in figure. 2.

Bibliography—
(1) Zoning of Masonry Dry form Nagar-
junasagar specification and Drawing.
(2) U.S.B.R. chapter 9—Gravity Dams.

(3) Design calculations for Lower Bhavani
Project.

(4) Design calculation for Sholiar Dam.
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STUDY OF JOINT MOVEMENTS IN A MASONRY DAM

BY
Sr1 W. S. WINNFREAD, B.E.

Introduction

As a corollary to the intensified efforts to
utilise the water resources in the country for
agricultural and industrial development a num-
ber of dams are being constructed. It is
necessary to ensure that the design of such costly
structures is based on consideration of structural
safety and economy in cost. For this purpose
itis essential that the performance and behaviour
of the structures are regularly observed by
embedding suitable instruments during their
construction. This necessity is now universally
accepted for the advancement of knowledge
and to assist in research and design criteria to be
assumed for future constructions.

This practice of installing instruments has
been adopted by the Madras State in the case of
a few masonry-cum-earth dams, for instance
Lower Bhavani Project, Manimuthar and Vaigai
Reservoir Projects. Instrumentsthat are usually
installed in irrigation structures comprise of
the following :—

(@) Strain Meters.

(b) Stress Meters.

(c) Joint Meters.

(d) Thermometers.

(e) Piezometers.

(f) Uplift Meters.

(9) Settlement Apparatus.

The first four are usually installed in concrete
or masonry dams while the remaining three are
fixed in earth dams. These instruments are
installed at suitable places during the construc-
tion of the structures.

The purpose of this paper is only to give a
brief account of the installation and analysis

of the Joint Meters data in the case of the
Masonry dam of the Vaigai Reservoir Project.

Description of Joint Meters

The joint meters usually employed are of the

Carlson’s type (Fig. 1).

Inside the brass case (Fig. 1) asteel frame work
supports Ceramic pulleys and Long single loops
of steel wire forming contraction and expansion
coils are wound round these and held in tension
by small springs. The greater part of the dis-
placement the motor undergoes in use is taken
up by the spring which provide for movements
in the standard meter of about 0-20.

A hub is provided on one end of the meter to
fit a tapped socket. In practice the socket is
embedded in the concrete of a high block to
form the anchorage on one side of the construc-
tion joint to be observed. The flange on the
meter engaged and held by the embedding
concrete in the following (low) block on the
opposite side of the joint.

Since there may be considerable shearing
movement in contraction joints, the joint meter
is designed to withstand a shearing movement
of 0-10 inch by reducing the frame section at
the ends to serve as elastic hinges. A fiexible
bellows forms the centre section of the joint
meter to take the longitudinal and shearing
motions of the case, without undue straining.

Field Measurements

Readings are taken on joint meters with a
Carlson testing set which is a special form of the
wheatstone bridge. The resistance ratio is
measured with  the  White-Green-Black
conductors in that order, for determining joint
opening or closing. The resistance is measured
with the White and Black conductors for

* Executive Engineer, Soil Mechanice and Research Division, Madras-5.
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.determining temperatures, where 4-conductor

cable is not used. Where 4—conductor cable is
available, directions are supplied with the
testing set for making the connections.

Joint Meters in the Vaiga: Masonry Dam

Six joint meters have been installed in the
masonry dam of the Vaigai Reservoir Project.
They are located between blocks 9 and 10, and
blocks 10 and 11 at elevation 862:00 and 882:00
respectively. For convenience and brevity,
these six meters are referred to as J1, J2, J3,
J4, J5 and J6. Of these, the meter J2 has
completely failed in its performance.

Observations have been made on these meters
periodically and the data processed. As a typi-
cal case, data sheet for the meter J1 alone for
the year 1962 is presented in this paper (Table
1 and Fig. 2).

Compultation of Joint Movement

The procedure for computing the joint move-
ment is shown in the table appended. A perusal
of this table will show that each meter has been
provided with a few calibration constants. The
meter resistance at O°F with the cables, change
in temperatures per ohm change in resistance
and the calibration constant for the joint move-
ment are furnished by the manufactures for
each meters. Only the resistance ratio and
meter resistance are measured in the field. The
value ‘Ratio closed’ refers to the time when the
joint is known to be closed. Normally it refers
to a time few hours after the meter has been

covered with concrete. In this example this
ratio is 97-10 per cent.

Analysis and Results.

As already stated, observations have been
made on all the joint meters installed in the
Vaigai Dam since their installation. These
data have been processed and the opening or
closing of the joints computed along with the
corresponding temperatures. The relationship
between joint movements and temperatures
have been plotted graphically along with the
time of observations. Only one table showing a
typical calculation and the corresponding gra-
phical representation of the relationship bet-
ween joint movements and temperature have
been included in this report.

It might be observed from Fig. 2 that tem-
perature and joint movements are not keeping
pace with each other. This apparent anomaly
may be attributed to the fact that the low diffu-
sivity of the masonry structure does not enable
it to respond quickly to the fluctuations of
ambient temperatures. This phenomenon should
present itself on a time lag existing between the
curves of temperatures ws. time and that of
joint movements vs. time respectively. The
plots do indicate some positive trend for certain
periods. Moreover, the absorved movements
barring stray cases, are within the permissible
range. Krom the results of the analysis, it may
generally be concluded that as might be antici-
pated for masonry dams the joint movements
are of low order and do not warrant any remedial
measures such as grouting.

JOINT METER DATA SHEET.
Tasre I

Joint meter No. 1
Project —Vaigai Dam,
Calibration.—(1) Meter Resistance with cables

.. e .o 5272 ohmas. at O°F.

(2) Change in temperature per ohm Change in resistance . 10-73°F
(3) Calibration constant . ‘e . 0-80044" per 0°01%, ratio change.
(4) Ratio closed .. . . .. . . . 97-1 per cent,
Meter Temperature Resistance Change Indicated
Date. resistance. F. ratio. in ralio. movement. Remarks.,
ohms.
M 2 (3 (4) (8) (6) (7
' PER OENT, PER CENT. INCHES.
3— 1—62 63-27 113-2 98-80 170 00748 Joint open.
10— 1—62 62'12 1009 99-32 2:22 00977 ”
117
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12
Meter Temperature Resistance Change Indicated
Date. resistance. F. ratio. in ratio. movement. Remarks.
ohms,
(1) (2) 3) 4) (8) (6) (M)
PER CENT. PER CENT. INCHES.
18— 1—62 61-28 919 99-44 234 0-1030 Joint open.
26— 1—62 60-90 878 10012 302 01329 »
3— 262 61-13 90-3 9926 2:16 00950 "
10— 262 61-29 920 98:36 2:26 0-0994 3
18— 2—-62 62-12 1009 97-00 0-10 (—) 00044 Joint closed.
26— 2—62 6191 98-8 97-84 074 0-0326 Joint open.
3— 3—62 62-02 998 97:50 0-40 00176 '
10— 3—62 62-22 101-9 97-14 0-04 0-0018 "
18— 3—62 62-47 1046 97-80 0-70 00308 »»
26— 3—62 62:99 110:2 98-94 1-84 00810 ”»
3— 4—62 6316 1120 97-82 072 0-0317 .
10— 4—62 63:62 1169 9740 0-30 00132 ’
18— 462 64-50 1264 97-08 (—) 002 (—) 00009 Joint closed.
26— 462 6518 1337 96-80 (—) 0-30 (—) 00132 »
3— 5—62 64-84 1299 9640 (—) 0-70 (—) 0-0308 .,
10— 5—62 6319 1123 9600 (—) 110 (—) 00482 »
18— 562 63-00 1114 9646 (—) 0-64 (—) 00282 .
26— 5—62 62:80 108-1 9660 (—) 0-50 (—) 00220 v
3— 6—62 £2-84 1086 96-24 (—) 0°86 {—) 00378 v
10— 662 63-08 111-2 9740 0:30 00132 Joint open.
18— 862 61°52 0943 97-90 0-80 00352 ’
26— 8—62 61-12 90-2 97-60 050 10220 "
3— 9—62 62-06 1003 97-20 010 0-9044 "
10— 9—62 6250 104-9 96:90 (—) 020 (—) 0-0088 Joint closed.
18— 9--62 62:20 1017 9660 (—) 050 (—) 0-0220 ,,
26— 9—62 62-90 109-2 96-36 (~—) 079 (~—) 0-0328 »
3—10—62 62:50 1049 95:82 (—) 1-28 (—) 0-0563 »
10—10—62 62-81 108-2 96-20 (—) 098 (—) 0:0431 .-
18—10—62 62-08 1101 06-49 (—) 061 (—) 0-0268 ’
26—10—62 6270 1071 96'80 (—) 0-30 (—) 00132 ”»
26— 9—62 6377 135'5 97-27 (—) 125 (—) 0:0662 »
31062 6330 1304 96:90 160 0-0720 Joint open.
10—10—62 6341 131-6 9710 1:40 0:0630 »
18—10—62 6340 1316 97-44 1-06 00477 ’»
26—10—62 63-36 1311 97:60 0-90 00405 s
3—11-—-62 63:30 130:4 9844 060 0-0027 »»
10—11—62 6341 1316 98-60 0-10 0-0045 »
26—11—62 63-52 132-7 99:20 070 00315 »
3—12—62 62:08 117-0 9870 020 00090 »
10—12—62 6220 1183 98:66 016 00072 ”»
18—12—62 62-71 123-8 9R:60 040 0-0180 .
26—12—62 63-25 129-8 9977 1-27 0:0572 »

118

CONVERSION TABLES

(Issued by the Central Water and Power Commission.)

ABSTRACT.
Sertal number and particulars. Table No. Serial number and particulars. Table No.

1 Values of prefixes of sub-multiples and 1 16 Strees and pressure .o 16
multiples of metric unit. 17 Power .. . . 17
2 Longth .. 2 18 Consumption (volume/length) 18
3 Area - 3 19 Consumption (length/volume) 19
4 Volume and capacity . 4 20 Quantity of heat . 20
5 Ready reckoner for capacity units 5 21 Density of heat flow rate . 91
6 Linear veloci?y . . N 6 22 Thermal conductivity 22
7 Mass and weight . 7 23 Thermal conductance . — 23
8 Density (mass/length) .. .. 8 24 Tllumination N . 24
9 Density (mass/volume) 9 95 Brightness . . .. . 25
10 Moment of {nert{a. (dyna,mlc.:) 10 26 Constants for R.C.C. design .. . 26
11 Monrfent of inertia (geometrical) 11 27 Design constants for various concrete 27

12 Section modulus - 12 mixes and the usual permissible stress

13 Foroe .. .. . 13 in reinforcement for a balanced design.
14 Bending moment 14 28 Principal conversion factors 28
15 Work and energy 15 29 Properties of round bars .. 29

-
APPENDIX II.
TaBLE 1.
Values of prefives of sub-multiples and multiples of metric unit.

Prefiz. Numerical value. Prefix. Numerical value.
Micromicro or Pico (my orp) 0°000000000001 10-3* Deca . . (da) 10 10
Millimicro or Nano (myorn) 0-000000001 10-* Hento .. .. (h) 100 108
Micro .. . (y) 0000001 10-°  Kilo .. .. (k) 1000 108
Milli e - (m) 0001 10-3 Mega .. .. (m) 1000000 10
Centi . .. (¢) 001 10-* Kilomega or Giga (KM or G) 1000000000 10°
Deci - - (d) 01 10-*  Megamega or Tera (MMor T) 1000000000000 102*
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TABLE 2.
Conversion factors.
Fongth British to melric Metric to British.
rite . .
1 inch = 254000 mm. 1 mm. = 00394 inch,
llf 6 03048 m 1 em. = (+3937 inch.
00 =5 C . ‘
= 0'9144 m.
i ya(;d 50292 m 1 metre = 3-2808 ft.
TO = L .
= 10936 yard.
1chain = 20-1168m, T o lens i’Od
. fu.rlong _ (1):(());21(2 = 00497 chain.
e : 08690 . Nautical mile 1 kilometre = 1093-6110 yards.
B International = 497095 chains,
(n mile). = 06214 mile.
1 Nautical mile = 1:1508 mile.
(International)= 09994 Nautical mile (U.K.):
TABLE 3.
Conversion factors.
Aren British to melric. Metric. to British.
1 square inch = 645-1630 square mm. 1 square c. m. == 0°1550 square inch.
== 64316 square c.m. 1 squarem. = 10.7639 square ft.
1 square ft. =  0-0929 square m. = 1-1960 square yard.s.
1 quare yard=0-8361 square m. 1 hectare = 24'7100 square chains.
o _ = 2.4710 acres.
1 square chain= 404-6860 square m. 247 ,,
: = 0°0405 hectare (ha.). 1 sq. km. = 247-104% acres. )
1 acre = 04047 hectare (ha.). = 03861 squarc mile.
1 squre mile = 2590000 hectare (ha.).
= 2'5900 square km.,
TaBLE 4.
Volume and capacity.
The conversion factors given in Table 4 are based on—
1 inch = 25'4 millimetres. .
1 gallon (UK. = 277-:420 cubic inches = 4-54596 litres.
1 gallon (U.8.) == 231-001 cubic inches = 3-78533 litres.
1 litre = 1000-028 cubic centimetres.
1 bushel (U.S.) = 2150-42 cubic inches (U.8.) for measurement of dry goods.
British to metric. Metric to British.
1 cu. cm: = 0:0610 cu. inch,
1 cu. in. == 16°3871 cu. cm. . .
1 cu. ft. = 22:3161 litres. = 0-0352 ﬂ\nfl oz (U.K.)).
. = 0°0283 cu. m. = 00338 fluid oz (U.8.).
120
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TABLE 4—cont.

Volume and capacity—cont.

British to metric. .

1 cu, yard = 7:6453 hl.
= 0'7645 cu, metres.
1 acre feet= 0-1233 ha. metres.
1 bushel (dry) (U.S.) = 0-3524 hl.
= 00352 cu. metres.
1 bushel (UK.) = 0-3637 hl.
= 00364 cu, metres.

Ready reckoner for capacity units.

1 cu. dm.

1 cu. metre

1 US. barrel = 0-1590 cu. metres.
(liquid).
= 1-5898 hl. 1 hectare metre
1 US. gallon = 37853 litres. 1 litre
= 3-7854 cu. dm,
1 UK. gallon = 4'5460 litres.
= 4'5461 cu. dm,
1 UK. quart = 1:1385 litres.
= 11365 cu. dm.
1 US. quart = 09463 litre,
= 0-9464 cu. dm.
1 U.X. pint = 0-5682 litres.
.1 U.S. pint (liquid) = 0-4732 litre. I kilo litre
= 04732 cu. dm.
1 UK. gil = 0-1421 litre.
= 0'1421 cu. dm.
1 U.8. gill = 01183 litre.
= 01183 cu. dm.
1 fluid oz. (U.S.) = 29:5737 cu. dm.
= 29'5729 ml.
1 fluid oz (U.X.).= 28-4130 cu. cm.
= 28'4123 ml,
TaBLE 5.

British to metric.

Millilitre (ml.)
Fluid ounce (U.K.).  (to nearest ml.)

(1) (2)
1 28
2 57
3 85
4 114
5 (=1 gill) UK. 142

Gills (U.K.).

(1)

QLR

I

(

Metric to Britisk.

= 0:0353 cu. feet.

= 02200 U.K. gallon.

= 0:2642 U.8. galion.

== 35314 cu. feet.

= 1-3080 cu. yard.

= 274962 U K. Bushel.

= 28-3774 U.S. Bushel (dry).
= 6-2808 U.S. Barrel (liquid).

= 81071 acres.

= 0-2200 U.K. Gallon.

= 02642 U.S. Gallon.

= 610250 U.S. cu. inch.

= 00353 cu, feet.

= 7-0392 U.X. Gill.

8-4537 U.S. Gill.

1:7598 U.K. Pint.

2:1134 U.S. Pint (liquid).
= 0-8700 U.K. Quart.

= 353157 Cu. feet.

= 1-3080 Cu. yard.

= 274969 U.K. Bushel.

= 28:3782 U.S. Bushel (dry),
= 6:2899 U.8. Barrel (liquid).

[

l

Il

Millilstre (ml.)
(to nearest ml.),
(2)

142
284

426
1 pint) U.K, 568
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TABLE 5—conf,
Ready reckoner for capacity units—cont.
Metric to British.

il ! Y illilitres. Fluid ounce (U.K.)
Billires. (It”oh::gafe?;?c; }onI':)) Milllite (to nearest } fl. oz.).

(1) (2) (D ;2)

60

;8 % 70 2%

30 v 80 23

40 1} 90 84

50 13 100 3%

British to metric, .
(1) Mllilitres Quarts. Litres M illilzttr,:; )(ta
nearest ml.).
Pints (U.K.). Litres. (to nearest ml.). . " !
(1) (2) (3 o X e
568 2 273
1 . 5 9 2 20
3 -

2= 1 Quat) U.E 138 4 (=1 gallon) UK. 4 546

TasLE 6.
Linear—Velocity.
Metric to British.
1 metre per second = 3.2808 ft/s.
= 03048 m/s. = 2.2369 mph.
= 1:0973 km/s. 1 Lilometre per hour = 0.9113 ft/s.
= 04470 m/s. = 6214 mph. )
= 16093 km/br. = 5396 Nautical mile (U.K.?
= 0.8690 Nautical mile per hour or kn. (U.K.). j
(International)  per

British to metric.

1 feet per second
1 Mile per hour

=1 Nautical mile

. International oL
bour or km E)er hi)ur ) = 0.9994 Nautical % mile
1 Nautical mile = 1.0006 Nautical mile (({JJII%; per hour or kn
ernational) per hour XK.
(UXK.) per hour. (g:lfifgl.ﬂ ional) p — 11508 mph.

Nores.—(1) Nautical mile (International) per hour is also called as International knot and is abbreviated as *¢ XKn .
(2) Neautical mile (U.K.) per hour is also called U.K. knot is:abbreviated as ¢ kn (U.K.) *.

British to metric,
P,

Metric to British.

—A— b — . Jyry e | T
© Millilires.  Pints Gills Fluid ounce Gallons Litres. Millilitres, (to
(UK.) (U.K.) (U.K.tonearest (U.K.) nearest 10 ml.),
g fluid oz.). 4 550
1 2 1

200 . 5 : 2 9 90
300 . 2 Y 3 13 640

400 . 3 2 4 18 180

500 X 0 1 5 22 730

600 1 0 I 6 27 280

700 1 1 3 7 31 820

800 1 p I 8 36 370
a1 : % e

' 10 45
(—_—1 litre)
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TABLE 6—cont.
Metric to British.,

Litres. Gallons  Quarts Pints Qills (to Liters. Gallons  Quarts Pints Gills (to
[U.K}. [U.K.]. [{U.K]. nearest U.K, {U.K]). [UK] [U.K.]. nearest UK.

Gill). Gill).

1 1 3 6 1 1 . 2

2 1 1 2 7 1 2 . 1

3 21 1 1 8 1 3 .. ..

4 .. 3 1 .. 9 1 3 1 3

b 1 ‘e . 3 10 2 0 1 2

TABLE 7.

Weight or mass.

British to melric. Metric to British.

1 long ton

1-0161 metric tounse.

1 metric tonne

1-1023 short ton.

1 grain = 00648 ¢ 1 milligram = 00154 grains.
1 oz (tr) = 311035 g 1 metric carat=3-0865 grains.
1 oz (Av) = 283495 ¢ 1 gram = 154324 grains.
1 pound (tr) = 03732 kg = 00322 oz (tr)
1 pound (Av) = 04636 kg = 00333 oz (Av)
1 cwt. = §50-8020 kg 1 kg. = 26792 1b. (tr)

= 05080 quintal = 22046 lb. (Av)
1 short ton = 09072 metric tonne. 1 quintal = 19684

TABLE 8,

Density (mass length).

British to metric.

11b. perin = 17-8580 kg/m.
1ib. perft = 14882 kg/m.
11b. per yd. = 04961 kg/m.

TABLE U,

Density (massfvolume).

British to metric.

11b. per cu. in.
1 Ib. per cu. ft.
1 ton per cu. yd.

o

1-:3289 metric
cu. m.

11b. per gallon (U.K.) 0.0998 g/ml.

I

27-6799 gm/eu. cm,
16-0185 Kgjeu. m.

TasLe 10.

0-9842 long ton.

1 gram per cu, cm.

1 kilogram per cu. m.
tonne/ 1 metric tonne per

1 gram per ml.

Metric to British.

=~ 00550 Ib/in
= 0-6720 Ib/ft.
= 20159 Ibjyd.

1 kg. per m.

Metric to British.

00361 Ib/cu. in.
00624 Ib/cu. ft,
075625 ton/eu. yd.
10-0221 lb/gal (U.K.).

i

Moment of inertia (dynamic).

British to metyic,
1 pound foot squared = 00421 kg. m®

1 pound inch squared = 0000292 kg, m*

467-7—3

1 kilogram metre

metric to British.
= 237304 Ib. ft2

squared.

= 3417°1700 Ib. in?
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18
TaBLE 11. TaBLE 16.
Moment of inertia (geometrical). Stress and pressure.
British to meltric. Metric to British. British to metric. Metric to British.
1 inch¢ = 416231 Cm ¢ 1Cm* = 00240 in.* 11b. per sq.in. ~ 00703 kg/sq.cm. ’ 1 kg. per sq.om. = 142233 Ib.sq. in.
1 foots - 0°0086 m.4 1m.st = 1158629 ft.¢ = 0-7031 metric tonne/ = 0'9144 ton/sq. ft.
8q.m. ) ) = 0 .Jsq. ft.
1 1b. per sq.ft. = 4-8824 kg/sq. m. i kg per sq.m 02048 Ib./sq. £t
1 ton per sq.ft. = 10937 kgjsq. cm. metric tonne per sq.m.= 0-0914 ton/s.q. ft.
= 109366 metric tonne| 1 kg. per sq.mm. = 06350 ton/sq. in.
TaBLE 12, . . 8q. m.
1 ton per 8q. in. = 1-6749 kg.[sq. mm.
Sectron modulus . N (1) On atmosphere as the unit of pressure is th £ 760 f m te £ 00
British to metric. Meiric to British. OTE{— ) N mosphere 14«; 9;;:} urleb s the pressure o mm. o ercurzy atla.b mperature of 0°C.
. tmosphere = : i = 14 .[sq.in.
1 inch® = 163871 cm?. 1cm.3 = 0:0610ins3 FHROTPReE = 10332 kg/ﬁﬁ cl;. (2) ar = 1%0?3281;2?/53 f;,;,
1 foot? = 0:0283 m.3 1ms3 = 363147 ft.3 = 101325 bar. = (9869 atmosphere.
TasLE 13. TarLE 17.
Force. Power.
British to metric. Melric to British. British to metric. Metric to British.
1 poundal = 13826 dynes (dyn.) 1 dyne = 172330 x 10-5 pdl. 1 ft. Ib. per second = 01383 kg. m/s. 1 kg. m. per second = 72330 ft. Ib.s.
= 0014 kg.f. = 22481 x 10-8]b.f. 1 horse-power = 760400 kg. m/s. = 00132 hp.
1 pound force = 0444822 x 10° dynes 1 kilogram force = 220461b. f. - 1 . 1 kw. = 7375600 ft. Ib.[s.
(dyn.). — 709320 pdl. | = 1019 C.V. (metrio = 1'3410 hyp.
= 04536 kg, f. “power). 1C.V. (metric horse- = 5424800 . Ib./s.
= 07457 kw, power).
= 09863 hp.
Tasz 14, TaBLE 18,
) . Bending moment. . - Consumption (volume/length).
British to metric. Metric to British. British fo metric, Metric to British.
1 ft. 1b. = 01383 kg. m. 1 kg. m. = 172330 ft.1b. 1 U.K. gallon/ mile = 28247 litre/km. 1 litrefkm. = 0-3540 UK, gall il
= 138255 kg. Cm. 1 kg. cm. = 00723 ft. Ib. / gallon/mile.
1in. 1b. = 11521 kg. Cm. = 0-8680 in. lb.
TasrLE 19,
Consumption (length|volume).
Bratish to metric. Metric to British,
TaBLE 15, : . .
1 mile/U.K. gallon = 0-3540 km./litre. L km./litre = 2:8247 mile.JU.K. gallon,
Work and energy.
British to metric, Metric to British.
1£¢. 1b. = 01383 kg. m. 1 kg. m. = 72330ft. b, TaBLE 20,
= 1:3558 joule (J). 1 kwh. = 13410 hp-h. Quantity of heat
horse power hour : = O . . :
1 E)hp ?h) = 273745 kg. m. 1 joule 07376 ft. Ib. British to metric. Metric to British.
: 0-7457 kwh. 1 BThu = 252-0000 calories 1 calorie = 000397 BThu

1 ft. poundal (ft. pdl.) 0-0421 joule (J).

124 4671-7—3a 126
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Tasre 21.
Density of heat flow rate.
British to metric. Metric to British.
1 BThu/sq.ft.br. =0-000075 cal/sq,cms. 1 cal/sq.cms = 13272:0 BThu/eq.ft. hr.
=2-7125 k calfsqm.hr. 1 K cal/sqm. hr.= 0-3687 BThu/sq. ft. hr.
TaABLE 22.
Thermal conductivity.
British to metric. Metric to British.
1 BThus/sq. ft. hr. (deg. F/ft.) = 4'1338 x 10— 1 cal/sq. cm. s (deg C/em.) = 241-9090
e / calfsq. om. s (deg BThu/sq. ft. hr. (deg
C/em). F/ft).
= 1-4882 = 2002-9100
K cal/sqm. hr, (deg BThu/sq. ft. hr. (deg
C/m) F/in.)
1 BThu/sq. ft. hr. (deg F/in.) = 03445 x 10—° 1 K calfsqm. hr. (deg C/m.) = 0.6720
fsa / calfsq. cm. 8 (deg BThu/sq. ft. hr. (deg
Cfem.) F/ft.)
= 01240 = 80636
K calfsqm. hr. (deg BThu/sq. ft. hr. (deg
Cjem.) F/in.)
TaBLE 23,

Thermal conductance.

British to metric. Melric to British.

1 BThu/sq. ft. hr. deg F = 0000136 calfsq. 1 cal/sq. cm s deg C = 17373'4¢ BThu/sq. ft.
em. s deg C. hr. deg. F.

= 4-8824  k cal/Sq 1 cal/sq. m. br/deg C = 02048 BThu/sq. ft.
m, hr. deg C. hr, deg. Q.

1 Foot candle

1 candle/sq.in
1 foot lambert

TABLE 24.
Illumination.
British to meirsc. Metric to British.
10-7639 lux (lx) 1lux = 00929 foot candle,
0-001076 phot 1 phot = 929-0300 foot candle.
TaBLE 25.
Brightness.
British to metric. Metric to British.
= 04870 lambert = 0-1350 1 lambert = 2:0536 candle /sq. in.
= stilb (sb). = 929-0340 foot lambert
= 0001076 lambert 1 stilb (sb) = 2918:6500. foot lambert
= 0:000343 stilb (sb). = 64516 Cd./ aq. in.
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TABLE 20.
Constants for R.C.C. Design—Properties of reinforcing round bars.
Diameter. Sectional Perimeter.  Weight per Diameter. Sectional Perirmeter. Weight per
area. metre length. area. metre length.
n ) 3) (4) (1) 2) 3) 4
mm. 8q. cm. cm. kg. mm. 8q. cm. cm. kg.
50 020 1-57 0-15 25-0 491 7-85 3-86
60 0-28 1-88 0-22 280 616 880 483
80 0-50 2:51 0.39 320 804 10-05 6-31
10-0 079 314 0-62 36:0 10-18 11-31 7-99
12:0 1'13 377 0-89 400 12-57 12:57 989
16:0 2:01 503 1-58 450 15-90 14-14 12-49
200 314 6-28 2:47 50-0 19-64 1571 1541
TaBLE 27.

Design constants for various concrete mizes and the usual permissible stress in reinforcement for balanced design.

el o

Mix. f,
KG.[ 8Q. CM.
1 :2 80
:13:3 65
2 :4 50
f,

t
KG.[ 5Q. oM.
1400

1400
1400

m

11-7
14-4
187

o = Permissible compressive stress in concrete in bending.

= Permissihle tensile stress in reinforcement.

m = Modular ratio =

2800
3 f,

<

n = Neutral axis ratio.

j = Lever

M
1= %

arm ratio.

n

0:400
0-400
0-400

j

0.867
0.867
0.867

q
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TaBLE 28,
Principal conversion factors.
Conversion factor.
Serial Quantsty. British unit, E;uivalcm British to Metric to Y
number. melric unit. metric. British.
143 (2) (3) 4) 5) (8)
1 Length Inch (in) Millimetre (mm) 25:400 0-0393701
Inch (in) Centimetre (cm) 2-540 0-393701
, Foot (ft) Metre (m) 0°3048 3-28084
Yard (yd) Metre (m) 09144 1-:09361
Furlong Kilometre (Km) 0-201168 4:97097
Mile Kilometre (Km) 1-609344 0621371
Nautical mile International
(UK. Nutical mile 1-00064 0999363
(n mile).
2 Area Square inch Square centimetre 6-4516 0155
(in’) (cm?)
Square foot Square metre 0°092993 10°7639
(£%) (m?)
Squar yard Square metre 0-836127 1:19569
(yd®) (m?)
Acre Hectare (ha) 0-404686 2:47106
Square mile Square kilo- 2:58999 0-316102
(8q. mile) metre (Km?)
3 Yolume Cubic inch Cubic centimetre 16-3871 00610237
(in®) (cm?)
Cubic foot Cubic metre 0°764555 1-30795
(£t%) (m?)
Acre foot. Hectare metre 0123348 81071
(acre ft) (ham)
4 Capacity Imperial gallon  Litre (1) 454596 0°219976
(gal)
b Mass Pound (1b) Kilogram (kg) 04536924 2:20462
Hundred-weight  Quintal (q) 0:50802 1-96841
(owt)
Ton Metric tonne 1-01605 0-98421
(t)
3] Linear density 1b/ft Kg/m 1-48816 0:67197
., (Mass) 1b/ft® Kg/m? 16-0185 0-062428
128
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.Diameter of bar.
(Inch.)
(1)
3/16
7/32
1/ 4
19/64
5/16
23/64
3/ 8
/16
1/ 2
35/64
5/ 8
45/16
3/ 4
7/ 8
1
1-1/8
1- 1/ 4
1-27/64
1- 1/ 2
1-49/64
1-31/32
2-13/64
2-51/84
2-31/64
3-5/32
3-35/64
3-15/16
4-21/64
4-59/64
5-33/64
6-19/64
7- 3/32
7- 1] 8

Diameter of bar,

(mm.)
2)
50
55
60
70
80
9:0
100
110
12-0
140
16-0
180
200
220
250
R 280
32:0
360
400
450
500
560
63-0
710
800
900
100-0
110-0
1250
1400
180-0
1800
2000

Properties of round bars.

Sectional area.
(Sg. em.)
3)
0-20
0-24
028
0-38
0-50
0-64
079
0-95
1-13
1-54
2-01
2-54
314
3-80
4:91
616
8:04
10°18
12-57
15°90
19-64
2463
39-59
31-18
50-27
63-62
78:54
9503
122-72
153-94
201-06
254-47
314-16

Perimeter.
{em.)
4)
1-587
1-73
1.88
2:20
2-51
2-83
314
3-46
377
4-40
503
5:65
6-28
6-91
7-85
880
10-05
11-31
12-57
14-14
1571
17-59
22-31
1979
2513
28-27
31-42
34-56
39-27
43:98
50-27
56565
62:83

Weight per
meire length.
{kg.)

(5)
015
0-19
0-22
030
0-39
050
0-62
075
089
1-21
1-58
2:00
2:47
2-98
3-85
4'83
631
7-99
9-86
1249
15-41
19-34
31-08
24-47
39-46
49'94
61-76
74-60
9634
120-84
157-84
199-76
246-62
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24
CONVERSION FACTORS-BRITISH TO METRIC UNITS OF MEASUREMENT.
Multiply. By. To oblain.
LexetH
Mil 254 (exactly) Micron.
Inches 254 (exactly) Millimetres.
2:54 (exactly) Centimetres.
Feet 30-48 (exactly) Centimetres.
0-3048 (exactly) Metres.
0:0003048 (exactly) Kilometres.
Yards 09144 (exactly) Metres.
Miles (Status) 1609:344 (exactly) Metres.
1-609344  (exactly) Kilometres.
AREa,
Square inches 6:4516 (exactly) Square centimetres.
Square feet 929-03 (exactly) Square centimetres.
0092903  (exactly) Square metres.
Square yards 0-836127 Square metres.
Acres 0-40469 Hectares.
4046-9 Square metres.
0-0040469 Square kilometres.
Square miles 2:58999 Square kilometres.
VOLUME.
Cubic inches 16-3871 Cubic centimetres.
Cubic feet 0:0283168 Cubic metres.
Cubic yards 0764555 Cubic mstres.
CAPACITY.
Fluid ounces (U.S.) 29-5737 Cubic centimetres.
Liquid pints 295729 Mill% litres..
Liquid pints (U.S.) 0473179 Cubic decimetres.
0473166 Litres. -
Quarts (U.S.) 9,463:58 Cubic centimetres.
0-946358 Litres.
Gallons (U.8.) 3,785°43 Cubic cent{metres.
3:78543 Cubic decimetres.
3-78533 Litres,
0-00378543 Cubic metres.
Gallons (U.K\) 4'54609 Cubic decimetres.
4:54596 Litres.
Cubic feet 283160 Litres.
Cubic yards 76455 Litres.
Acre feet © 1,233'500 Cubic metres litres.
130

Multiply.

Pounds per square inch

Pounds per square foot

Qunces per cubic inch
Pounds per cubic foot

Tons (lons) per cubic
yards.

Ounces per gallon (U.S.)
Ounces per gallon (U.K.)
Pounds per gallon (U.S.)
Pounds per gallon (U.K.)

3

Inches pounds
Foot pounds

Foot pounds perinch

Ounces inches

Feet per second

Feet per year
Miles per hour

Feet per second®

Cubio feet per second feet:
Cubic feet per minute
Gallons (U.S.) per minute

467-7—4¢

By.
ForcE[AREA.
0-070307
0-689476
4-88243
47°8803

Mass/VOLUME DENSITY.

172999
16-0185

00160185

1-32894

Mass/CaPacITY.

7-4893
6-2362

99:779

BENDING MOMENT OR TORQUE.

0:011521
1°12985 X 108
0-138255
1:355282 X 107
54431

72:008

VEerLociTy.
30-48 (exactly)
0:3048 (exactly)
00065873 X 10°]

1°609344 (exactly)
0°47704 (exactly)

ACOELERATION,
0-3048

Fiow.
0028317
04719
0-06309

To obtain.

Kilograms per square centimetre.
Newtons per square centimetre,
Kilograms per square metre.
Newtons per square metre.

Grams per cubic centimetre.
Kilograms per cubic metre.
Grams per cubic centimetre.
Grams per cubic centimetre.

Grams per litre.
Grams per litre,
Grams per litre.
Grams per litre.

Metrie kilograms.
Centimetre dynes.
Metre kilograms.
Centimetre dymes.

Centimetre kilograms per
centimetre,

Gram centimetres.

Centimetres per second.
Metres per second,
Centimetres per second.
Kilometres per hour.
Metres per second.

Metres per second*

Cubic metres per second.
Litres per second,

131



26

THE NEW IRRIGATION ERA

132

Mulliply.

Pounds

Horse power
B. Th. U per Hour
Foot Pounds per second

Ounces (A.V.D.P.)
Pounds (A.V.D.P.)

Short tons (2,000 1b.)

Long tons (2,240 1b.)

By.
Force.
0453592
4:4482
4-4482X10°

PowEr.

745700
0293071
1-35582

Masgs.

28°3495

4:45359237
(Exactly)

907-185
0-907185
1016-05

To obtain.

Kilograms.
Newtons.
Dynes.

Watts.
Watts.
Watts.

Grams,
Kilograms.

Kilograms.
Metric tons.
Kilograms,

LABOUR LAW REPORTS

[Reported in the Labour Law Journal.]

(Letters Patent Appeal No. 141 of 1858, dated 26th May 1960).
Pages 494 t0 498 of Labour Law Journal, April 1961—Punjab
High Court Judgment.

Workmen’s Compensation Act Section 30—
Letters Patent (Punjab), Clause 10—Appeal—A
party lesser of the factory against whom the relief
under the Act was claimed, not appearing before
the Commissioner for Workmen’s Compensation,
nor producing the lease deed in the proceedings—
The lessees also not producing the lessee
deed in such proceedings—Such party also
not explaining the non-production of the lease
deed—Without considering this aspect of the
question and without considering the other
material oral evidence on record, the claim
for compensation against the lessor negatived
on ground of probability only—Appeal against
such Judgment under Clause 10 of the Letters
Patent—Interference with such Judgment, if
could be refused on ground that in a Letters
Patent appeal finding of fact though erro-
neous could not be reversed—Appeal under
Section 30 of the Att against such decision of
the Commissioner, if competent :

A workman claimed compensation under the
provisions of Workmen’s Compensation Act
impleading in the action the lessor of the factory
on ground that under the terms of the lease
deed the lessor was also liable as the employer
along with the lessees. The lessor did not
examine himself in the proceedings nor did he
produce the lease deed. The lessees also did
not produce the lease deed. There was oral
evidence let in on the side of the workman
regarding the existence of such term in the
lease deed (the evidence of the scribe of the
lease deed). The non-production of the lease
deed was not explained by the lessor or the
lessees. Without considering all these facts
the claim against the lessor was negatived on
ground of non-probability of such term in the
lease deed. The appeal under section 30 of
the Act against the decision of the
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Commissioner for Workmen’s Compensation
was dismissed.

Allowing the Letters Patent Appeal, held :
The negation of the relief against the lessor was
not justified. As the lessor failed to examine
himself and also to produce the lease deed
and to explain the non-production of the
lease deed, inference adverse to this defence
ought to have beten raised. Failure to draw
such adverse inference and to consider the other
material oral evidence on this point must be
held to have vitiated the conclusion in this
respect. It could not be contended that in
an appeal under Clause 10 of the Letters Patent
a finding of fact could not be interfered with.
Clause 10 of the Letters Patent is wieldly worded
and it provides an appeal from a judgment of
a Single Judge of this Court to a Bench of
two Judges without any limitation or restric-
tions as is found in Section 100, Code of Civil
Procedure, It is sure that as a matter of
practice the finding on a question of fact
given by a learned Single Judge of this court
1s usually treated with respect and is not likely
interfered with but there is no legal impedi-
ment in the way of Letters Patent Bench
reversing the find on a question of fact by the
learned Single Judge if the same is considered
to be erroneous. Any limitation, on the right
of appeal which is not included in it by the
Legislature, could not be read in Clause 10
of the Letters Patent. Further, in the circum-
stance of the case, it could not be contended
that the appeal by the workman under Section
30 of the Act was not competent on it did not
involve any substantial question of law. The
expression * substantial question of law” as
contemplated by Section 30 of the Act must be
given a wide construction so as to cover even
a case in which the Commissioner has clearly
misdirected himself on a question of law.
Failure to consider the material evidence ‘on
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record and to draw adverse inference from the
unexplained non-production of the lease deed
would make the appeal competent under Section
30 of the Act :

Pages 565 to 569 of Labour Law Journal, May 1961—
Andhra Pradesh High Court Judgment.

Workmen’s Compensation Act, Sections 17 and
28—compromise by the concerned workman to
relinquish a portion of his claim for the personal
injuries sustained by him as a result of accident
arising out of and in the course of his employ-
ment, if could be pleased as a bar of his claim-
ing the compensation due to him under the
Act—Question based on acts, if could be
raised for the first time in an appeal under
Section 30 of the Act:

The plain wording of the Section 27 of the
Workmen’s Compensation Act leaves no room
for doubt that any arrangement reached between
the workmen and the employer would have
no legal effect. The reason is obvious.
The employee, who had been involved in
an accident, would, during the period of his
recovery from the accident, be out of
- employment and consequently deprived of his
daily wages. The position of the workman
and the employer is such that the employer
is invariably in a position of authority and
controls the situation and could dictate terms,
the employee being the person looking to yield
to the influence of the employer. It is for this
reason that any agreement has the effect on
the workmen of relinquishing hislegitimate rights,
is viewed with disfavour by the legislature and
consequently, any such contract or agreement
is regarded as null and void.

It is common knowledge that wunless an
objection is taken before the Commissioner
and he has an opportunity of considering the
same, the parties would not be allowed to
raise the same at the later stages of the litigation,
particularly, objections which are dependent
on findings :

Pages 85 to 692—Labour Law Journal—Gujarat High Court
Judgment.

Workmen’s Compensation Act, A.3—Accident
arising out of and in the course of employment—
meaning of —Workmen suffering from a heart
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disease—Such workmen getting a heart attack
before the start of his shift and removed to the
hospital for treatment—After discharge from
the hospital, the workman proceeding to a
place for rest—Such workman subsequently
succumbing—to the heart disease—No evidence
to show that the employment of the workman
accelerated his death-claim for compensation
by the heirs of the deceased workman, in the
circumstances, negatived :

Though the word ¢ accident” occurring in
Section 3 of the Workmen’s Compensation
Act is not defined in the Act, the word has been
a subject-matter of a number of decisions as a
result of which it has come to acquire a settled
meaning. The word ¢ Accident” generally
means some unexpected event happening with-
out design even though there may be negli-
gence on the part of the workman. It is used
in the popular and ordinary sense and means a
mishap or an untoward event not expected or
designed. What the Act really intends to
convey is what might-be expressed as an acci-
dental injury. It includes not only much occur-
rences, such as collisions tripping over poor
obstacles falls of roof, but also less obvious
ones causing injury, e.g., strain which causes
rupture, exposure to a draught causing chill,
exertion in a stockhold causing apoplexy, and
shock causing neurasthenias. But the common
factorin all these cases is some concrete happen-
ing at a definite point of time and incapacity
resulting from the happening. Since Section 3
provides that the accident must arise out of
and in the course of the workman’s employ-
ment, the accident in order to give rise to a claim
for compensation must have some casual
relation to the workman’s employment and
must be due to a risk incidentfal to that employ-
ment. But though an accident must be a
particular occurrence which happens at a parti-
cular time, in order that it may constitute an
accident within the meaning of Section 3, it is
not necessary that the workman should be able
to locate it in order to succeed in his claim.
There would be cases where a series of tiny acci-
dents, each producing some unidentifiable result
and operating cumula.tlvely to produce the
final condition of injury, would constitute
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together an accident within the meaning of
this section. Thus where the duties of a work-
man’s employment were such that his eyes were
-exposed to the glare of a furnace and the succes-
sive assaults on his eyes by the highlights of the
furnace and the absorption on each occasion

.of ultra-violet rays slowly impaired his eyesight

till a crisis came with the effect of completely
blinding him. The workman was held to have
suffered personal injury, namely, the affliction
of his eyes caused to him by an accident. Thus,
the case of man who with a history of previous
heart attack, knowing that he has a bad heart,
continued to work in an employment, which by

‘the very nature of work he had to perform

might cause further strain on his heart and
might thereby suffer a further heart attack,
would be included within the ambit of section 3.

'The fact that the workman continued in his
.employment knowing that he had a bad heart
.against the advice of a doctor and also knowing

‘that his work would cause strain on his heart

:and precipitate another attack is irrelevant.

‘Once it is found that the work which he has
been doing is to be within his employment,
the question of negligence, great or small on
his part, is irrelevant, Once it is established
that workman is doing an act which is within
the scope of his employment though in a way
which is negligent in any degree and is injured
by risk incurred only by that way of doing it, he
is entitled to compensation per Lord Atkin in
Haris »s. Associated Portland Cement Manufac-
turers, Ltd. (1989 A C. 71). The determinate
factor is whether the personal injury suffered
by the workman arose out of and in the course
of employment.

A case where a workman is suffering from
disease and succumbed to the disease, the
Commissioner has to consider as to whether the
workman died from the disease alone or from
the disease and employment taken together
looking at it broadly. If it was the latter, then
the workman would be entitled to compensa-
tion. The relevant factor to be ascertained in
each case therefore would be ; did the workman
suffer from injury or did he die because the
work that he was doing contributed to the
injury or accelerated his death ? The fact that

the workman was not actually working at the
time of the personal injury would also not be
relevant. In some cases it may be that by
reason of his working in the employment his
condition might due to continuous work, be
worsening until the crisis comes, though when
it does occur, he may not actually be working.
That would not mean that the injury was not
caused by an accident arising out of and in the
course of his employment.

The principles which emerge from decided
cases in this point are—

(1) There must be a casual connexion
between the injury and the accident at the work
done in the course of employment.

(2) The onus is upon the applicant to
show that it was the work and the resulting
strain which contributed to or aggravated the
injury.

(3) It is not necessary that the workman
must be actually working at the time of his
death or that death must occur while he is
working or had just ceased work.

(4) Where the evidence is balanced if the
evidence shows a greater probability which
satisfies a reasonable man that the work contri-
buted to the causing of the personal injury it
would be enough for the workman to succeed.

(English and Indian case—Ilaw considered.)

In the instant case the workman who had a
previous heart attack and who was suffering
from a heart disease went to the mills to attend
to his work. Hjs shift was to commence at
3-30 p.m. At 3-20 when he was sitting in
another department where he had gone to see
his friend he got a heart attack and was removed
to the hospital for treatment. He was discharged
from the hospital after about a month
and a half. He went to the village of relative
for rest where he died after about six months.
His death was due to heart attack which he must
have got after he was discharged from the
hospital. There was no evidence whatsoever
to show that the work he had been doing until
he suffered the attack in the mill premises had
contributed to the causing of his death. There
was no evidence also to show as to what wag
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the condition of the deceased during the period
while he was taking rest at his relative’s house.
Something might have happened during his
stay there to cause strain to his heart and that
must have contributed to the collapsing of
his heart. The burden was upon the heirs of
the deceased workman who claimed compensa-
tion to establish that the heart of the workman
which was already in a diseased condition after
the first attack had, by the strain of the work
he was doing, become weaker and which ulti-
‘mately collapsed causing his death.

_In the circumstances, the claim for compensa.-
tion must be held to have been rightly rejected
by the Commissioner.

Pages 260 to 265—Labour Law Ji ournal, September 1961,
Andhra Pradesh High Court Judgment.

Workmen’s Compensation Act, sections 2 (r), 3,
12 and 30—Workman—A workman employed
in a rice and flour mill for carrying paddy bags,
weighing them at the weighing balance and
stacking the rice bags—Such person engaged
by and working under a maistry—Water requir-
ed for washing purposes and for drinking by
the labourers working in the factory, taking
from a bore-well situated in the factory premises.
The engine-driver of the factory calling the
workman to help him in cleaning the borewell
pipe by removing it—The workman dying as
a result of electrocution while engaged in the
work of cleaning bore-well pipe—No evidence
to show that the engine-driver was not
authorized or instructed to carry out the reparis
in the bore-well pipe—Such a person, if work-
man within the meaning of section 2 (n) of
the Act—The workman, if could be said to
have died as a result of accident arising out
of and in the course of employment within
the meaning of section 3 of Act.

A person was employed in a rice and flour
mill for carrying paddy bags, weighing them
at the weighing balance and stacking rice
bags. He was engaged and was working under a
maistry. Water required for washing purposes
and for drinking by the labourers working
in the factory was taken from a bore-well
situated in the factory premises. The engine-
driver of the factory called the workman to
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help him in cleaning the bore-well pipe to-
ensure the supply of water. ~While engaged

in such work, the worker died as a result of

electrocution. His widow filed an appli-
scation for compensation against the manage-
ment of the factory under the provisions of the
Workman’s Compensation Act, which was
allowed. There was no evidence on record to.
show that the engine-driver was not authorized
to carry out repairs in the bore-well pipe.

In the appeal under section 30 of the Act
it was contended on behalf of the appellant,.
the factory management, that the deceased
was not a ‘“ Workman’ qua the factory—
owner within the meaning of section 2 (n)
of the Act and that the accident could not be
considered to have arisen out of and in the course
of his employment as cleaning of the bore-well
pipe was not part of the duties of the deceased
person.

Negativing the said contention, held, that
the mere fact that the deceased was one of the
four or five coolies constituting a Muttah in
charge of the maistry by itself could not have
the effect of the deceased not being a workman
within the meaning of the Act. Following the
decision in A.L.R. 1949 Mad. 46 and 1954-11
L.L.J. 426 the deceased was a ‘‘ workman ”
qua the factory management within the meaning
of section 2 (n) of the Act.

There was evidence to show that the engine-

driver was not entrusted with the work of

repairing the pipe or was not instructed or
ordered to take the services of other coolies.
In the circumstances of the case it could be
reasonably presumed that the engine-driver must
have been detailed to attend to the stoppage
of water, and it was obvious that he would not
be in a position to attend to the same without
any assistance.  Hence there was a casual
connexion between the new work entrusted to
the deceased and his normal employment. The
accident occurred in the premises. It occurred
during the working hours at a time when the
deceased was at work and from the mere fact
that it occurred at a time when he was doing
some other work at the instance of the engine-
driver, who has obviously working for and on
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behalf of the management, it could not be
.said that the deceased ceased to be in employ-
ment at the time of the accident. The ex-
pression ‘‘employment” in section 3 of the
Workmen’s Compensation Act is wider than the
actual work or duty which the workman had
to do. It is enough if at the time of the
accident the workman was in actual employ-
ment although he might not be actually turning
out the work which it was his duty to carry
out. It is for this reason that even when a
workman is resting, or having his food, or
taking his tea, or coffee (in the factory premises)
or proceeding from the place of employment to
his residence and an accident occurs, the
accident is regarded as arising out of and in
‘the course of the employment.

(Case-law referred.)

Pages 467 to 478—Labour Law Journal, October 1961,
Calcutta High Court Judgment,

Workmen’s Compensation Act, section 3(1)
and proviso (b) (ii) thereto accident arising
out of and in the course of employment—A
railway employee working in the workshop
meeting with an accident while crossing the
railway lines for reporting to work after finish-
ing his tiffin. The railway employee not using
the level-crossing situated at a distance of
40 feet on one side and at a distance of 400 feet
on the other side. No evidence to prove the
-existence of a footpath or track at the point
where he crossed the railway lines. No evidence
to prove that the use of such route was usual
or recognised or impliedly permitted by the
railway authorities—Claim for compensation
by the railway employee, in the circumstances,
rejected.

A railway employee working in the railway
workshop met with an accident while crossing
the railway lines when he was going back to
the workshop after finishing his tiffin. He

did not make use of a level crossing situated

at a distance of 400 feet on the other side. He
preferred a claim for compensation under the
Workmen’s Compensation Act. It was not
proved at the enquiry that the route used by
the workman was the usual or recognised one
or the use of which was impliedly permitted

by the railway authorities for going to and
coming out of the workshop.

In the circumstances of the case and in view
of the existence of two level-crossings and the
absence of any evidence to prove that the
route used by the workmen was the usual or
recognised route used by the workmen in the
workshop for going to or coming out of the
workshop, the accident resulting in injuries
to the workman could not be considered as
one arising out of and in the course of employ-
ment.

The absence of any order or prohibitory
notification by the Railway Administration
under proviso (b) (ii) of section 3 (1) of the
Act warning the workmen from against crossing
the railway lines for the purpose of coming to
the factory does not absolve the claimant
from providing that the accident arose out of
and in the course of employment.

(A.LR. 1954, All 132. ... Distinguished on facts.)

(Pages 542 to 546 —~Labour Law Jouraal, November 1961,
Andhra Pradesh High Court Judgment.)

Employees’ State Insurance Act, sections
2 (8) and 66 (1) —Workmen’s Compensation
Act, section 3 (1)—Factories Act, section
24 (1) (a)—Employment injury—Accident
arising out of and in the course of employment—
An unskilled worker employed in oil mills
to feed the crushing machine worked by a
belt mounted on a pulley fixed to a power-
driven shaft—Stock of groundnut supplied
to the concerned works exhausted—In order
to avoid the machine getting damaged, the
worker trying to shift the belt off the moving
pulley by giving a kick to the belt—while
doing so the workman getting caught between
the pulley and the belt— The accident resulting
in the death of the concerned workman—
The duty of fixing and removing the belt,
done by the mechanic and fitter—Mechanic
and fitter not available at the relevant time
to stop the machine—No arrangement as con-
templated by section 24 of the Factories Act,
made in the factory for such purposes—The
claim for contribution under section 66 of
the Employees’ State Insurance Act, if could be
negatived in the circumstances on ground
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that the workmen did something voluntarily
without being asked to do so and which was
not part of his duty.

The facts of the instant case are as
follows : —

An unskilled workman was employed in
an oil mill to feed the crushing machine which
was worked by a belt mounted on a pulley
fixed in a power-driven shaft. A mechanic
and fitter was employed in the factory inder
alia to fix and shift off the belt. No safety
arrangement as contemplated by section 24 (1) (a)
of the Factories Act was made in the factor
for such purposes, viz., for moving belts to and
from fast and loose pulleys.

On the day in question the supply of ground-
nut given to the worker got exhausted. The
mechanic and fitter was not available at that
time. In order to prevent the machine from
getting damaged (by running empty with
any  groundnut) the workman  tried
to shift the belt off the moving pulley
by giving a kick to the belt. While
doing so hisleg got caught between the
pulley and the belt and he was pulled up to a
height of six feet from where he fell down
and died instantaneously.

It was contended on behalf of the employer-
appellant that the claim of the Corporation for
contribution under section 66 of the Employees’
State Insurance Act was not sustainable as the
workman exposed himself to a peril which
was on account of his own action un-connected
with his employment, as it was not part
of his duty to attend to the shifting of the
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belt from the moving pulley and that he acted on
his own responsibility and without any direction
or order from the employer.

Negativing the said contention on the facts.

of the case, held that there was intimate and
casual connexion between the accident, the
act which resulted in the death of the
concerned workman and his employment.
At the time the accident occurred the deceased
was in fact employed on the duty of his employ-
ment which was at and in connexion with the
crushing machine.  The accident occurred
in the premises of the mill and close to the place
where he was normally employed. Although
the immediate act which led to the accident
was no doubt foolish and a risky one, it cannot
be said that, that act was so remote from the
sphere of his duties as to be regarded something
entirely unconnected with his employment.
It might be true that it was not part of the duties
of the deceased to kick the belt from the
moving pulley which normally forms part of
the duties of the mechanic and fitter.
But obviously, the deceased was interested
in the course of his employment to see that the
crushing machine did not keep in working
when there was no groundnut to feed it. Apart
from the fact that it involved waste of power,.
there was apparently the added risk of the
machine getting damaged. So, whatever the
deceased did, must be regarded as having been
done by him in the best interest of his employer,
and in order to prevent the machine from
getting damaged, thereby resulting in loss.
to the employment.

(1960—I.L.L.J. 434—Applied.)
[A.LR. (1933) Cal. 220—Distinguished on faste.]

SIXTH CONGRESS ON IRRIGATION AND DRAINAGE

BY
Srr 8. SHANMUGAM, B.E., M.sC.*

The sixth conference of the International
Commission on Irrigation and Drainage was
held in New Declhi between 4th and 15th
January 1966. Inaugurating the conference
Dr. Radhakrishnan, President of india, expres-
sed that the conference would help the country
to find out what to do and how to develop its
agriculture. He stressed that the knowledge
with regard to the new technique should reach
the farmer. Welcoming the delegates Dr. K. L.
Rao ureed further international co-operation in
the fields of irrigation, flood control and drainage.
Ot the 59 countries in the Commission, 18
countries have an irrigated area of more than a
million hectares, accounting for more than 90
per cent of irrigated area in the world. Regard-
ing Irrigation in India he said that inspite of
the phenominal rate of development of irriga-
tion in India, the area irrigated is only 1/5th of
the cultivated area. Dr. Rao added that
irrigation and drainage are complementary in
assuring the basic requirements for plant
growth. An efficient drainge system helps
to counteract the effect of salinity or alkalinity.
The control of floods will also lead to increased
food production. As examples he quoted Japan
and Assam where flood control measures have
yielded increased crop. He concluded that
irrigation, drainage and flood control were
therefore vital in stabilising the agricultural
cconomy of several countries.

Dr. T. Ippan, who presided, expressed that
irrigation is a complex science. Much remains
to be done to improve irrigation and drainage
practices. He pointed out that about 2/3rd of
irrigated arca of the world was located in arid
or semi-arid regions of Asia. Although Asia
had about one halt of the population of the
world, yet it produced only 1/6th of world’s
food. If good irrigated agriculture is practiced,

the food supply could be increased two to five
times without any increase in acreage, he
added.

The discussions were started on 7th Januar
on the following four questions out of which
the papers on questions 20 and 22 will be more
useful for the officers of this department :—

Question No. 19.—Reclamation of saline
lands under irrigation.

Question No. 20.—Sediment in irrigation
and drainage channels.

Question No. 21.—Development of deltaic
areas.

Question No. 22.—Integrated operation of
reservoirs for irrigation. flood control and
other purposes.

In this paper some of the interesting points
discussed in the conference under each question
will be touched upon.

Q. 19. Reclamation of saline lands wunder
irrigation.—Twenty-five reports from eleven
countries were submitted on the different
aspects of reclamation of saline land. A few
reports deal with the investigation regarding
reclamation approach and soil salinity appraisal.
Dr. Hoon has stressed the need for much investi-
gations and has brought out the role of Governs
ment organisation in such regional investiga-
tion. To determine soil salinity, Myers has
evolved a novel technique based on photo-
grammetry and  temperature sensing.
Mr. Yasuji Matsumura, described electrical
conductivity determinations for quick estima-
tion of soil salinity. Mr. Shigoo Youeda has
established a method by the use of hydrogen
peroxide. Different methods of controlling
soill salination and reclamation measures for

* Executive Engineer, lrrigation Research Station, Poondi.
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saline, saline-alkali, alkali and acid sulphate soils
were discussed. Mr. Talsma has assigned that
for control of soil salinisation, the critical water
table depth must be that at which evaporation
rate is 0’1 cu. metre/day. Leaching is a common
method of reclaiming saline lands. Based on
field results, Mr. Talsma has indicated that an
equation can be derived for the quantity of
leaching water in terms of salt concentration.
But the utility of leaching curves is restricted to
specific conditions since it depends to a large
extent on the water application. Leaching can
be better achieved under unsaturated soil condi-
tions. For reclamation of alkali soils, Messrs.
R. C. Reeve and E. J. Doering have advocated
the use of high salt water distribution method.
This method can be adopted if suitable water is
available for successive dilusions. FKor recla-
mation of acid sulphate soils sea  water
with saline mud has been successfully used in
British Guiana.

Drainage planning has been reported by
many authors. Mr. R. A, Milne and Mr. N.
Rapp have indicated the effects of ground
water pumping and the utility of pumped
water for irrigation and leaching. Horizontal
drainage, open and tile drains have been men-
tioned for ecffective leaching operation. Kor
alkali soils chemical amendments such as
lignite, gypsum, industrial wastes, kankarlime,
etc., are recommended. During the discussions,
the delegates from Russia outlined the drainage
practices obtaining in their country and expres-
sed that vertical drainage with improved
irrigation methods reduces secondary salinisa-
tion. Chemical amendments are to be resorted
to if the salts present in the soil are not
easily soluble. It was desired that standards
regarding the point at which reclamation works
should start and the safe limit of salt content
and ground water depth should be fixed for
uniform practices. Summing up the discussion
Dr. Hoon said that using saline water for recla-
mation should be tried on a large scale.

More works have yet to be done to evolve
laws governing the spread of salinised soils in
irrigated areas.

Q. 20. Sediment in rrigution and drainuge
channels.—Twenty-two reports from ten coun-
tries were discussed on this subject, from which
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only the important points will be brought out in
this paper. More details on this subject will be
dealt with in the next issue.

It is well known that large number of rivers
‘carry heavy sediment load during floods and
their regime changes at narrow and wide scction
where degradation, aggradation and meandering
continue to occur. It is necessary to know the
total sediment transport and the silt distribu-
tion of the suspended and bed loads at specifie
locations in a river to plan Irrigation Projects.

Silting in irrigation and drainage channels
necessitates precise measurements of sediment
carried by streams and channels with a view -to
ensure judicious distribution of silt at control
structures. Instrumentation in use for measure-
ment of silt load is as yet in evolution stage and
needs considerable research to perfect it. Based
on the experience in gauging the Ganga and
Yamuna rivers, Handa has cexpressed that
Bottle sampler is the morve versatile suspended
sediment sampler, easy to operate with little
cost requiring no elabbrate mechanism. [t was
stressed that the fertilising value of the silt
transported in irrigation channels should be
correctly assessed. Bradford and Tarecki have
described the effectiveness of water borne sedi-
ments in sealing the canals and reducing see-
page losses. On the basis of prototype data of
table channels, Lacey has presented definite
relationships between various parametres tor
design of regime channel. Chitale, Lippi and
Shegal have studied the behaviour of a number
of regime channels in Punjab, U.P., ctc., and
have critically examined the applicability of
Lacey’s regime equation.

Simmons and Millers have presented a graphi-
cal relation to predict the form of bed roughness
which relates to stream power, median tall
diameter of bed material and forms of bed
roughness. More papers were presented on the
diversion structures for excluding sediment at
off-takes. Walter, Shunmugam and  Raj
(Madras) have presented a new type of device
called flume type excluders which is claimed to
effect 80 per cent reduction in silt entry canals.
Various other types of devices such as under-
sluices, guide vanes, vortex tubes, drop inlets,
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settling basins and tunnel type excluders were
also discussed. Settling basins are in use in
Japan and Russia. But its use is restricted
because of enormous space and machinery, ete.,
required Tunnel type extractors were used*
successfully in Sarda canal with about 63 per
cent sediment ejection efficiency and  the
prototype performance observed was in close
conformity with the model results. During
discussion Dr.  Joglekar stressed  that
proper rigime sites should be  chosen,
channel silting and  scouring should be
studied and the upper limit of silt charge in
channels should be fixed. Mr. Framji expressed
that where a Lacey’s f is a dependent variable
XVS consists of Independent variables and
thus all analysis should be based on XVS.
Mr. Gole said that design of channel should
be related to silt distribution at head works.
Summing up Mr. Gupta said that accurate
collection of field data is necessary for study of
(1) Movement of bed, suspended materials,
(2) Sediment concentration, (3) bed form and
rugosity co-efficient and {4) aggredation and
degradation.

He also said that improved instrumenta-
tion is necessary for measurement of velocities
and sediment load and the economics of the
various devices for sediment exclusion should
be studied in the field.

Q. 21. Development of deltaic areas.—In the
development of deltaic areas different aspects of
tidal, coastal reclamation and agricultural
Engineering aspects have to be considered
together. There is an abundance of water in
the areas. But Irrigation and drainage heads
are so small that there is danger of flood from
the river and the sea. The land thus 1equires
protection from inundation. Salt water intru-
sion is ancther obstacle to be overcome. Due
to complete utilisation of river water upstream,
and consequent low periodical flows and also
due to deepening of the navigation channels,
there is pronounced salt water intrusion in this
area. If it is possible to regulate a sustained
flow in the river, a hydraulic barrier could be
built to check salt water intrusion. Tidal
regulators near the mouth of river form physical
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barriers against salt water intrusion. Where
salt water intrusion cannot be prevented, irri-
gation water has to be supplied from other
sources.

In California, construction of Levees and
channels led to the reclamation of 100 islands
at the confluence of major rivers. There is a high
rate of erosion and subsidence of islands. The
problems facing the arca are water quality
control, maintenance of Levees on suitable
foundations, etc. A new problem is the transfer
of a flow of water of more than 50 cubic meters/
sec. through the delta from North to South
without contamination with the brackish water
in the western port. A peripheral canal was-
found to be the best taking into consideration
water quality and transfer, local water supply,
flood control, seecpage and drainage control,
drainage, etc. In Korea, reclamation of tidal
lands were effected by the closure of three
estuaries and irrigation of the area by pumping
and drainage by gravity. Salt water intrusion
has been stopped and salt intrusion from internal
sources controlled by flushing. In the reclama-
tion of the deltaic arca of river Po, the principle
of separate drainage for the high and low lands
has been adopted. After reclamation, land
subsidence between 1'5 to 2 metres in 100 years
is predicted. The important object of the
scheme is the colonisation of the delta. Model
studies conducted for locating a salt water
barrier at Thannermukkam in Kerala indicated a
regulator with suitable sill designed such that
the navigation interest of Cochin Harbour is
kept unaffected while helping to raise 2 crops
in the Kuttanad area. In Japan, a tidal weir is
under construction at the estuary of river tone
to control the influence of sea water in the
backwaters, stabilise and increase the agricul-
tural production in the area. The paper gives
aregulation chart for the weir gates in order that
the control of down flow is restricted to the
minimum ranges required for purposes of water
use.

During discussion it was stressed that due
consideration should be given to reuse of return
flow in deltaic area. It was also stressed thet
there should be sustained release from th.
upstream reservoirs to develop hydraulic bariies
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with deltaic areas. Mr. Volker said that Deltas
should be included in the planning of over all
river basins and there should be proper collabo-
ration with the meterological agents for storm
and surge signals. More prototype data on
the hydraulic structures in deltaic areas
and mechanics of salt water intrusion are
needed. Studies should be encouraged on the
effective methods of drainage and irrigation,
economic utilisation of return flow and land
subsidence problems in the delta.

Q. 22. Integrated operation of reservoirs for
srrigation, flood control and other purpises.—
The topics discussed under this head includes
the operation of the following four types of
reservoirs :—

(1) Siugle purpose reservoirs, (including
those only for irrigation or flood control usc.)

(2) Multipurpose  Reservoirs  (having,
among others, either irrigation or flood control

or both as their function).

(3) Reservoirs forming an intsgrated system
in a river basin.

(4) Reservoirs for inter basin develop-
ments.

The various aspects of reservoir operation
discussed during the conference are detailed
below :—

(@) Method of operation which is adaptable
to specific conditions where  operational
demands include different purposes.

(b) Design considerations-——Synchronisation
of water releases for hydropower generation
to meet demands for power at different times of

the year.
(c) Administration and corordinated ope-

ration of reservoir to mect the needs of all
agencies connected with the use of water.

(d) Effect of requiring long sustained flows
from the reservoirs in a high valley on the
agricultural development and or floods in the
lower valley including the effects of heavy
rainfall in the upper and lower valley.

(¢) Cost benefit considerations of storage
capacity reserved for different uses.
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Mr. Berg of U.S.A. while describing the
integrated operation of 14 multipurpose reser-
voirs constructed in the Kansas River Basin

presents an excellent description of operating

procedure covering the agreements with the
irrigation districts and the corps of KEngineers
the allowances for irrigation releasex to reach
the area of use, standing instructions to
reservoir Superintendents, etc. In  this, the
system developed to meet flood emergencies
cansed Dby non-forecastable rainfall involves
a wide spread net work of local residents
reporting on stream flow and  rainfall, radar
stations for tracking storms, telemetering
systems, racdio communication to all key points,
telephone facilities, ete. Mr. Berg mentioned
the electric analogy model for routing flood
flows. Once the hydrological data are pro-
grammed into the model, the rainfall excess
from each sub-watershed is converted to dis-
charge and routed down the river accumulating
with initial hydrographs and reservoir out flows
in proper sequences. The model is expected to
be very cffective in optimising reservoir releases
divectly affecting urban areas which suffered
severe damage during the 1951 floods. The
reservoir system in the Missouri River is an
excellent example of a highly integrated
multiple purpose operation, with six large
storage reservoirs having principal functions in
flood control, power generation, navigation,
irrigation, recreation, ete. A co-ordinating
committee represented by each connected
district forms a unified plan  of operation
each year with a sincere desire to obtain
the maximum in overall benefit from integrated
operation of the main system. The paper
*“The reservoir operations in the Cauvery”
presented by K.V. Ekambaram details the
regulation practices adopted for the two large
reservoirs of Cauvery under flood and non-flood
conditions, and the procedures formulated for
an integrated operation of the system for
equitable distribution of water between the
two states as per the agrecement. This
system is a fine example of a project serving
more than one political sub-division and provides
further evidence that a most essential element
in a successful integrated river operation is a
comprehensive agreement between affected
interests to resolve their differences.
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David, M. Rockwood and Mark L. Nelson
(U.S.A.) have described the extremely complex
.and highly important problem of stream flow
forecasting and reservoir regulation, not only
in water resources planning and design studies
but also in both routine and flood season ope-
ration of Columbia River Basin of Canada and
the U.S. in North America. They have deve-
loped an electronic automatic data processing

vapproach for the complex reservoir and river

system operations and illustarted the method
as they have used it in the Columbia River
basin. Optimum vegulation of  the multi-
purpose reservoir system depends on the aceu-
racy of the stream flow forccasting. This
involves not only the forecasting of precipita-
tion but also of temperature sequences, since
much ol the flow in Columbia river is derived
from snow melt. The proper scheduling of
releases and retentions of stream fHow of
maximum benefits require several types of
stream flow forecasts such as long range volu-
metric forecasts for periods ot mouths tor flood
seasons, medinum range forecasts for periods of
5 to 30 days and short range {forecasts for
periods ofone or up to perhaps 10 days.
H. Oliver from England has discussed in his
papera technique of flood  control for concrete
structures whereby the requirements for flood
retention storage and downstream discharge
requirements are co-ordinated  for optimum
results. In the method discussed for operating
the spillway gates for attennuating lavrge floods
where an over flow and a gated spillway are
used together, the operator will compute the
rate of inflow into the reservoir by observing
the rate of increase in storage and combining
this with the discharge thro’ spillway gates.
By making vepeated observations at uniform
time intervals during the carly stages of the
flood and knowing betforchand the accepted
time interval between the start of floods and
peak of floods, he will be able to predict the
peak flow of the flood and lapse of time until
the peak shall occur. With these data he will
select an outflow for gates and over flow spillway
so that a constant flow will be maintained
through the river channel downstream and the
alteration of the flood will be accomplished.
And, should the inflow design flood occur the

resulting maximum reservoir water surface
will not encroach upon the design free board
of the dam. The regulation of the present Aswan
Dam to supply the downstream requirements
of discharges varying from 300 cumecs to 4,000
cumecs through 136 sluices located at different
elevations at various upstream heads was
discussed by M.A. El. Madany (U.A.R.). The
calculations of required sluice openings to
compensate for variable pool elevations were
summarised graphically in the form of a nomo-
graph. From an analysis of the nomograph,
the author suggested connecting the control
sluices to an electric motor which would be
activated by a float thus permitting the control
sluices to be opened or closed automatically
throughout the day to maintain a uniform rate

b
of release as the pool elevation varies.

In Soviet Union, etficient utilisation of the
water resources has necessitated an artificial
redistribution of river natural flow both in time
and area by construction of multipurpose
reservoirs.  Many branches of the national
ecconomy such as power generation, water
transportation, irrigation,  industrial  and
domestic water-supply, fishing and flood control
are affected and improved by regulation of
rivers. Designing and constructing reservoirs
for multiple purpose in Soviet Union have
reduced capital investment per unit of power
development, per unit of irrigated area and
other benefits. Bhatnagar has described the
present and  proposed  water icsources
development in the states of Punjab and
Rajasthan in  India. These developments
include  Bhakra Dam and other Dams
on the Sutlej River and the proposed Beas Dam
and related power plants, diversion Dams and
canals.  The reservoirs will be operated con-
junctively to provide irvigation, power, flood
control and other beneficial uses. For Bhakra
Dam, in order to obtain the most interim ope-
ration, a reservoir factor chart was derived.
Full irrigation demands would be met durine
the filling period after which this rule (:urvzé
would be utilised to determine what portion of
the demand should be met to the best utilisation
of the available supply for irrigation and power
purposes.
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In the general discussion the following points
were stressed :—

(1) All water resources should be developed
with a multipurpose view.

(2) Tt is better to design the systems to
maximise benefit aspects.

(3) River systems studies should be under-
taken to improve flood forceasting methods.

(4) Studies on improving the weather fore-
casting techniques, minimising evaporation
losses should be encouraged.

_ (8) Mathematical model studies and elec-
trical anologue computor studies for flood
routing should be widly practiced predicted.

(6) All problems on utilisation of water
resources should be resolved where necessary
on international basis.

(7) There should be more co-operative
efforts on the maximum utilisation of Inter-
national rivers.

Thus the operation of reservoirs has direct
bearing on the important multiple purpose
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functions of a water resources development.
The complexities of reservoir development and
operation will be compounded in the years
ahead as the demand increases for food and
fiber for the world’s rapidly expanding popu-
lation. This demand will require not only the
lands not now irrigated but susceptible of irri-

gation be developed but also that water-supplies.

be increased for lands wvow inadequately
supplied. From a planning stand point, it is
essential that we continue to improve our
technology. For this we should maintain a
high level of rescarch and make use of the new
tools that arc being made available to us
through developments in the other countries.

“Yo rigid ploughmen : Bear in mind
Your labour is for [uture hours.
Advance ! Spare not ! Nov Look behind !

Plough deep and straight with all your
powers.”

—Richard Henry Horne.

NEWS FROM ABROAD

‘River bridge trusses reset without dislocating

traffic
The supporting pier of the old river bridge

-at Charleston in U.S.A. was slightly tipping

over, threatening to drop both trusses into
the river. The kink was noticeable in the
road-way.

The trusses were each 270'6"” x20'0" x40'0" x 652
tons. They were about 100 feet above the river
bed level.  Their abutting ends have moved
19" northwards at road level for the original
position and 14" at their bearings.  The
repair work, without interruption to about
12,000 vehicles using the bridge everyday was
carricd ont with the help of false work tower
foundations line of bearing piles on each of the
four sides of the pier footing, cofferdam, ete.

A new type of plaster .

A new type of plaster which is claimed to be
aiseful in many ways has been developed by
“ The Rubber Producers Research Associa-
tion . This plaster will not cracl., can be bent
like a sheet of plastic and cannot be damaged
by nails.

The brittleness and inflexibility are removed
from gypsum which forms the plaster, by
replacing a natural rubber latex in the place of
water.  The plaster must be stabilised and
diluted before the latex is added. The know
how is in using the right amount of rubber and
suitable stabilisers.  Plasters, by changing
these components can be made to set quickly
or to take longer setting time.

All plastic house for sale in Belgium

A new Belgium Company, Messrs. S.A. Sedi-
bat is marketing a factory built house made
almost entirely of inexpensive plastic.
"The life of the house is expected to be 50 years.

Both the design and the erection of the
house are simple. Prefabricated wall panels
in standard storey heights of 8 feet and

lengths up to 6 feet are laminated at the
Ghent plant. Outside surface of the 2 inches
thick panels is polyvinyl chloride inside surface
is polyster, a layer of insulation foam is sand-
wiched between doors and windows are factory
installed in cut outs in the panels.

Belgian officials, have given the plastic houses
the same fire ratings as conventional houses.
Inside doors, door frames, kitchen cupboards
and even the kitchen sink are all made of
plastic.

Multi storied plastic buildings with built in
garages are expected to come in the near
future.

Malpasset acquittal

Court declares engineers mot guilty n dam
collapse.

For the second time, five French Engineers
have been declared not guilty of homicide
through  negligence in connection with the
collapse of Malpasset Dam in which 421 persons
died.

The Court of appeals at fix-en-Province, in
South East France, last week supported the
verdicts of two orginal Court trials that five
men involved in the design, construction and
inspection of the 197 foot high thin-arch dam
were innocent.

A year and a half after the collapse, the public
prosecutor of Draguignan, a town near Frejus,
the collapse site, charged Jacques Dargeou
with homicide through negligence.  Mr. Dar-
geou was Chief Engineer for the Ministry of
Agriculture, which built the dam jointly with
the department of Var. He was tried in
1964 and acquitted.

A year later, Mr. Frejus Victims Associa-

tion relatives of persons who died in the collapse,
brought original action on similar charges
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against four other engincers connected with the
dam.

The four men involved n a second trial of
Draguignan  were  Jean  Bellier, son-in-law
and partner of the late Andre Coyne, designer
of Malpasset, Raymond Martin, Manager of
Societe-de~Tope-Photographic Company, hired
to make periodic inspections of  the dam,
Jean Kauffrann, Mr. Martin’s successor and
Leon Nourrit, Mr. Darvgeot’s successor.

The second trial was briel  and resulted in
acquittal for the four Engineers, The Frejus
Victims  Association appealed both verdicts.
After a month of deliberation, the fix-en-
Province appeals couwrt decided that nonc of
the five engincers could be held responsible for
the collapse.

Among the Cowrt’s conclusions Jacaues
Dargeon’s capacity as divector of constraction
could not legally be established.  Jean Bellior
was “‘a cog in the machine” of the Coyne firm,
and had no roll in the construction of the dam.
No charge could be made azainst Leon Nourrit,
Jean Kauffuann and Rayvmond Martin were
completely out of the picture.

The Court ordered the IF'rejus Victims Associa-
tion to pay trial cost. Legal battles generated
by the failure of Malpasset are not over
yet Civil Court, at Nice, is dealing with damage
suits brought by the Irejus Victims Associa-
tion and is expected to reach a verdict later
this year.

Tokyo leaps over height limit

In Tokyo, a crowded, sprawling city of 11
million persons, where fear of earthquakes
has kept building heights inefficiently low,
a company that is breaking the height barrier
with a 36-storey office tower has found new
trouble radio waves.

Japan National Railways charges that the
100 million Kasumigascki Koso Building by
Mitsui Real Estate Company would block
JNR’s microwave communications line for the
train operations.  The solution is either to
build a microwave relay atop the building or to
raise the height of JNR’s antennas, but the
dispute is over who should foot the bill.
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While the lawyers feud Mitsui has already
begun toundation work for the 482 feet tower,
which will be one of Asia’s tallest when it is
completed in 1967. Until 1963, Japanese
law limited  maximum building heights to ouly
102 feet, becanse  of  carthquakes.  With
the  development  of  carthquakes  safeguards
however, the law has heen changed to permit
buildings  with a  total useable Hoor area
up to 10 times larger than the site, area, thus
removing  all legal heicht  limitations,

The Koso tower, one of the first high visers
to take advantage of the new law, is designed to
withstand ecarthquakes  three times  more
mtense than the great Kanto Earthquake of
1923, which destroyed most ot Tokyo and
Yokohama.  According to the builders, the
tower's streneth  will come from  extensive
use ot steel.

By using steel heams with a span of 52 feet
the encincers have eleminated all colimns in
the office space.  Yield strength of the  steel
is 34,000 psi. All 70° building (‘~0hnnns will be
27 x 40 inches in cross section.  lixterior
columns, in relief, emprasize the height of the
building.

The steel framed  structure will  have a
rectangular basc measuring 41 feet by 274 feet
and a  rectangular service core, 36
feet by 189 feet housing clevators, escalators,
alr  conditioning,  ventilation ducts. and
utilities.

Built on a nearly one-acre base, the Koso
building will have a total floor space of 1'8
million square feet.  The three level basements,
75 feet deep. will  chiefly serve as a parking
garage {or 500 cars. About 73 per cent of the
tower’s 175,700 square feet site will havo open
gardens considered to be a great extravagance in
crowded Tokyvo. '

The building was jointly designed by Mitsui
Real Estate and Juro Yamashita a Japanse
architect. Chicf  structural engineers is
Dr. Kiyoshi Muto of Tokyo University. Kajima
Construction Company, and Mitsui Construction
Company will be joint contractors.
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OUR OWN FORUM

It is proposed to open a special feature  Our Own Forum ’

?

from
the next issue of the journal in order to provide a forum to our departmental
engineers to express their opinions on the various technical problems and other
administrative and accounting problems allied to technical subjects which they

may come across in the course of their duties or elsewhere.

The contributions to the forum are to be in the form of short and crisp
letters addressed to the Editor, “The New Irrigation Era”, Madras and sent to
the Executive Engineer, Public Works Department, Gauging Division, Madras-5.

In this forum the readers of The New Irrigation Era also express (1) their
opinion on the usefulness of the articles published in the journal, (2) their
observations and comments in support of or contrary to the information or
opinions expressed in the various articles, (3) their suggestions to improve
the usefulness of the journal, or (4) any other topic which may be of general
interest to the Engineers of the Public Works Department.

The readers are requested to co-operate to make this feature
interesting and useful.

EDITOR,
The New Irrigation Era.
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INVITATION TO READERS

Kind attention of the Enginecrs of the Madras Public Works
Department and readers of the journal elsewhere is drawn to the

meagre response to repeated requests for contribution of articles to
the journal,

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

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

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

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

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

(4) Problems of soil erosion and conservation and reclama-
tion of land.

(5) Practical silt problems in rivers and reservoirs.
(6) Problems of sanitation and public health and possibilities
of utilisation of sewage.

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

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

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

(10) All allied subjects.

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