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The “Gang” canal is being constructed from Ferozepure weir to
irrigate an area of 755,000 acres of Bikaner State land, and would be
concrete lined throughout its whole 84 miles length. It would be the
biggest lined irrigation canal and the first of its kind in India. Its
- authorized full supply discharge is 2,144 cs. It has been designed with
Kutters “N” of 0.013, and a bed slope of 0.13 ft per thousand feet
resulting in mean velocity of 4,51 ft/sec. The designed bed width and
depth are 32 ft. and 8.0 ft respectively with a side slope of 1:1. The
quantity of concrete lining along the whole length has been estimated
as 33.5 million square feet. Prevention of seepage and water logging
was the main reason to adopt concrete lining. An estimated saving of
about 400 cs has made the project economically feasible.

The possible ingredients of concrete included Darbari kankar, cement,
lime and surkhie. Keeping in view the haulage, manufacture cost and
quality of materials it was decided to use Darbari kankar or nodular
lime-stone as the chief source for fine and coarse materials for
concrete. Preliminary investigations were carried out on samples of
Darbari kankar to determine the percentage voids in the kankar ballast
and grit, the thickness of concrete for a watertight and cheaper lining,
the density of concerete and the proportions of different ingredients,
As a result of the investigations a 6-inch thick concrete lining
composed of 1:1:6 mixture of lime, “grit” and ballast was adoped. Lime
was prefered over cement because the latter was considered to be
expensive and also the capability of the factories in the sarea to produce
cement in the required quantity was doubtful.
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A plot of approximately one square mile was selected from the
extensive kankar fields at Darbari in Bikaner for procurement of

kanakar. A network of 2-feet gauge tramway track along with specially
designed binchutes was constructed for gravity filling of wagons with
kankar resulting in large savings in cost. Two trains. each containing
about 16,000 cft. Kankar were despatched daily. Mesh screeing of

kankar before loading to exclude dust resulted in 10% saving in
carriage.

Manufacture of concrete and its cariage at site was planned in such a
manner that machinery, lime kilns, godowns and stock of grit are
placed in a limited space to save excessive carriage or handling. The
whole length of the canal was divided into sections of about five miles
Jong. In the centre of each section a “lining dump” was erected for
concrete manufacture. The mixed concrete would then be railed out
along the canal bed to the ramming face. There would be four such
dumps in operation at one time. The kankar grit and ballast material
would pass through a system of mesh and hopper for required grading
and to mix in the correct quantity in the concrete mixers. The mixers
are steam driven, with the mixing drum size of about 21 cft. concrete.
This would be a convenient size considering the size of concrete
wagons of one cubic yard capacity. The kankar is burnt in the kilns
with railway refuse ashes. The lime Kkilns used are of the usual
cylindrical continuous burning type, coned at the base and with two
openings at the bottom from which the burned kankar can be
withdrawn. All the machinery at the dump site is operated by steam
4NHP, 5NHP and 6NHP type engines. The haulage of the wagons in
the dump area is done manually while the train loads of mixed
concrete are propelled by light modern locos.

The excavation of the canal and dressing of the sides is done manually
with care to attain a true level surface before concreting. Concrete is
placed in position, is roughly dressed to a thickness of about 6.75
inches, and compacted by means of pneumatic rammers operated hy
three portable air compressors at each ramming face. The pneumatic
type of rammers have been used for concrete compaction probably for
the first time in India. Hand ramming was ruled out because of rather
restricted area of consolidation and difficulty in ramming side slopes.
Pneumatice ramming has twned out to be more effective and
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economical, and the labour was suitably trained. A normal daily output
at the ramming face is about 130 rft. of channel. '

Shape and spacing of the expansion and contraction joints was given
due consideration. The most satisfactory and econgmical material for
sealing the joints was found to be bitumen. The width of cach joint and
the number of joints was kept as small as possible. At first, "v” éhapé(l
wood form joints appeared to be suitable but at the latter stage “Y"
form was found appropriate due to its ability to be withdrawn easily
from the consolidated concrete with the added advantage of less Spacé
left to be sealed compared with the “v” type of form. The type of work
was entirely new, with no past experience as a guide to decide on
appropriate spacing of contraction and expansion joints. The first
arrangement was to provide two longitudinal joints on the canal bed.
running parallel, and at a distance of 4 {t. from toe of the side slope.
Main cross joints were to be spaced 44 ft apart to run right across from
top of the one side slope to the top of the other. Length of the joint per
running foot of canal with this arrangement, was approximately 4.6
linear foot. Provision of midway joints in the side slope was
discontinued because appreciable cracks were not noticed after l-aying
of the concrete. During the winter of 1924-1925 hair cracks were
observed in the bed slab and mare serious cracks were noticed in the
lining laid at the commencement of operation. In the work done since
October or November 1924, practically no cracks have appeared either
in the bed or side slope. The cracks on the side slopes of the earlier
work were not found to be from contraction of concrete but due to
subsidence or other movement of the made up carth behind the
concrete lining.

Due to a high content of lime, concrete made form Darabri kankar has
different contraction and expansion characteristics from those of
cement concrete. It takes three months to attain the maximum
strength. Slow setting of lime concrete tends tu relieve internal
stresses and helps to adjust to the local severe weather conditions
during the hardening process. Observation of completed concrete work
has revealed no signs of expansion or contraction cracks. Friction
between earth and concrete is sufficient to overcome any stresses near
the bottom of concrete due to temperature variation. In view of
relatively low heat conducting properties of 6 inches thick concrete,
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expansion joints apppear to scrve no useful purpose in preventing
cricks in concrete.

ARer [requent observations and discussion it was decided to continug
to provide joints because they help in localizing any failure in concrete
that might occur from other causes. As a trial, it was decided to
construct two long reaches of lining without any joints at all. Two other
1000 ft. long reaches were proyided with the two longitudinal joints
without any cross joints. Another short reach of about 250 fi. length
was laid without any jonts to serve as a reservoir of water for one of the
dumps. Complete absence of cracks from the sides of reservoir even
with the change of temperature from 80 °F at water edge to 180 °F at
the exposed surface indicates that this type of concrete is not effected
by variations in temperature. It is still more satisfactory that no cracks
were observed on the weaker areas where natural carth joints should
be abolished and the cross joints should be made at the end of half or
full days work near a bridge or a hydralulic structure. The question of
sealing of joints if still under consideration and would be settled after
watching the behaviour of concrete during current winter. If no
harmful cracks are observed during the cold weather on the long
lengths of concrete, it would be safe to simply grout the joints,
Otherwise bitumen would have to be used fur sealing.
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