











































































































































































































































































































































































































































































































































































































DAMS AND WEIRS 197

photograph of a branch head, illustrating this. The work is of
reinforced concrete as can be told from the thinness of the piers.
In an Indian work of similar character the pier noses would project
" well beyond the face wall of the regulator and the gates would be
raised in front, not behind it. A

The use of double gates is universal in Eastern irrigation works;
they have the following unquestionable advantages over a single
gate: First, less power for each is required to lift two gates than
one; second, when hoisted they can be stacked side by side and so
the pier can be reduced in height; third, where sand or silt is in
suspension, surface water can be tapped by leaving the lower leaf
down while the upper is raised; and fourth, regulation is made easier.

Fig. 117. Typical Ameggggr:{;g%:%:ng Sluices in Reinforced-
In the Khanki weir sluices, Fig. 112, 3 gates running in 3 grooves
are employed.

147. Length of Spans. In designing open dams the spans
should be made as large as convenient, the tendency in modern
design is to increase the spans to 30 feet or more; the Laguna weir
sluices are 333 feet wide and the Merala 31 feet. The thickness of
the piers is a matter of judgment and is best expressed as some
function of the span, the depth of water by which the height of the
piers is regulated, forms another factor.

The depth of water upheld regulates the thickness more than
the length. The length should be so adjusted that the resultant
line of pressure combircd of the weight of one pier and arch, or
superstructure and of the water pressure acting on one span falls
within the middle third of the base.
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For example take the Assiut regulator, Fig. 115. The con-
tents of one pier and span allowing for uplift is roughly 390 cubic
meters of masonry, an equivalent to 1000 tons. The incidence of
W is about 2 meters from the middle third downstream boundary.

The moment of the weight about this point is therefore 1000 X
2=2000 meter tons. Let H be depth of water upstream, and &
(H*—h)wl

6
Here II=5, h=2 meters, w=1.1 tons per cubic meter, the length !

(12:)—8)6X1.1><7=1'50
meter tons. The moment of resistance is therefore immensely in excess
of the moment of water pressure. The height of the pier is however
governed by the high flood level, the width by the necessity of a
highway bridge. At full flood nearly the whole of the pier will be
immersed in water and so lose weight. There is probably some
intermediate stage when the water pressure will be greater than
that estimated, as would be the case if the gates were left closed
while the water topped them by several feet, the water downstream
not having had time to rise to correspond.

148. Moments for Hindia Barrage. In the case of the Hindia
barrage, Fig. 116, II =5 meters, h=1.5, then

_(125—34)X 1.I1X6.50 _
- -

downstream, then the overturning moment is expressed by

of one span is 7 meters; then the moment =

M 145 meter tons

The weight of one span is estimated at 180 tons. Its moment
about the toe of the base is about 180X6.5=1170 meter tons.
The factor of safety against overturning is therefore 111—47é)=8.
The long base of these piers is required for the purpose of
distributing the load over as wide an area as possible in order to
reduce the unit pressure to about one long ton per square foot.
This is also partly the object of the deep mass foundation. The
same result could doubtless be attained with much less material by
adopting a thin floor say two or three feet thick, reinforced by steel
rods so as to ensure the distribution of the weight of the super-
structure evenly over the whole base. It seems to the writer that

the Assiut barrage with its mass foundation having been a success
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TABLE I1

Pier Thickness—Suitable for Open Partial Regulators and Weir Sluices

DEPTHS OF WATER
SPAN 15 FEeT - 20 Feer 25 FEET 30 FEeT
M. T. M. T. M. T. M. T.
10 feet .25 2.5 27 2.7 .29 2.9 .31 3.1
15 feet .24 (- 3.6 .26 3.9 .28 4.2 .30 4.5
20 feet .23 4.6 .25 5.0 .27 5.4 .29 5.8
25 feet .21 5.3 .24 6.0 .26 6.5 .28 7.0

M is multiplier of span for thickness T'.

as regards stability, is no reason why a heavy style of construction
such as this should be perpetuated.

149. North Mon Canal. In Fig. 118 is shown the head works
of the Mon right canal in Burma.. The weir is of type A, with crest
shutters and sluices of large span controlled by draw gates. In the
canal head, the gates are recessed behind the face wall as in American
practice.

150. Thickness of Piers. Table II, though purely empirical
will form a useful guide of thickness of piers in open dams or partial
regulators.

If reinforced, very considerable reduction can be made in the
thickness of piers, say %, but for this class of river work a heavy
structure is obligatory.

151. Advantages of Open Dams. Open dams have the follow-
ing advantages over solid weirs, or combinations of solid and over-
fall dams: First, the river bed is not interfered with and conse-
quently the heading up and scour is only that due to the obstruction
of the piers, which is inconsiderable. This points to the value of
wide spans. Second, the “river low” supply is under complete
control. Third, a highway bridge across the river always forms
part of the structure which in most countries is a valuable asset.

Open dams, on the other hand, are not suitable for torrential
rivers as the Himalayan rivetd near their points of debouchure
from the mountains, or wherever such detritus as trees, logs, etc.,

are carried down in flood time.
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either a rolled reticulated curtain let down to cover them or else a -
steel sliding shutter mounted on rollers.

The St. Andrew’s Rapids dam, Fig. 120, a quite recent construc-
tion, may be cited as an example. The object of the dam is to raise
the water in the Red River, Manitoba, to enable steamboats to navi-

.gate the river from Winnipeg City to the lake of that name. To

effect this the water level at the rapids has to be raised 20 feet
above L. W. L. and at the same time, on account of the accumu-
lation of ice brought down by the river, a clear passage is a necessity.
The Red River rises in the South, in the State of North Dakota
where the thaw sets in much earlier than at Lake Winnipeg, con-
sequently freshets bring down masses of ice when the river and lake
are both frozen.

Caméré Type of Dam. The dam is of the type known as the

- Caméré curtain dam, the closure being effected by a reticulated
wooden curtain, which is rolled up and down the vertical frames:
thereby opening or closing the vents. It is a French invention,
having been first constructed on the Seine. The principle of this
movable dam consists in a large span girder bridge, from which
vertical hinged supports carrying the curtain frames are let drop
on to a low weir. When not required for use these vertical girders
are hauled up into a horizontal position below the girder bridge and
fastened there. In fact, the principle is very much like that of a
needle dam. The river is 800 feet wide, and the bridge is of six
spans of 138 feet.

The bridge is composed of three trusses, two of which are free
from internal cross-bracing, and carry tram lines with all the work-
ing apparatus of several sets of winches and hoists for manipulating
the vertical girders and the curtain; the third truss is mainly to
strengthen the bridge laterally, and to carry the hinged ends of the
vertical girders.

It will be understood that the surface exposed to wind pressure
is exceptionally great, so that the cross-bracing is absolutely essen-
tial, as is also the lateral support afforded by a heavy projection of
the pier itself above floor level.

In the cross-section it will be seen that there is a footbrid
opening in the pier. This footbridge will carry winches for wis
ing and unwinding the curtains, and is formed vy proredons Jwew
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out at the rear of each group of frames. It will afford through
communication by a tramway. The curtains can be detached
altogether from the frames and housed in a chamber in the pier
clear of the floodline.

The lower part of the work consists of a submerged weir of
solid construction which runs right across the river; its crest is 7
feet 6 inches above L. W. L. at El. 689.50. The top of the curtains
to which water is upheld is El. 703.6, or 14 feet higher. The dam

" actually holds up 31 feet of water above the bed of the river.

Side Elevalion- Section Half Front Flevation
Fig. 121. Lauchli Automatic Sluice Gate

This system is open to the following objections: First, the
immense expense involved in a triple row of steel girders of large
span carrying the curtains and their apparatus; and second, the
large surface exposure to wind which must always be a menace to
the safety of the curtains.

It is believed that the raising of the water level could be effected
for a quarter of the cost if not much less, by adopting a combination
of the system used in the Folsam weir, Fig. 50, with that in the
Dhukwa weir, Fig. 52, viz, hinged collapsible gates which could be

pushed up or lowered by hydraulic jacks as required. The existing
lower part of the dam could be vV ° vwey constracted
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trees, or ice cakes, etc., will pass over the dam without any difficulty, even
during excessive floods, as the compensating roller is located high above extreme
flood level.

The dam now in course of construction is located on the river Grafenauer
Ohe, in Bavaria, and will regulate the water level at the intake of a paper mill,
located at some distance from the power house. The dam has a panel 24.27
ft. long, 6.85 ft. high, and during normal water level will discharge 1400 cu. ft.
per sec., while at flood time it will pass 3,530 cu. ft. per sec. of water. Asshown
in Fig. 121, the main body of the dam is made of a wooden plank construction
laid on a steel frame. The panel is connected with the compensating roller
at each end by a flexible steel cable wound around the roller end, and then
fastened at the upper part of the roller track to an eyebolt. A gimple form of
roof construction protects the roller track from rain and snow. The panel
is made watertight at each extremity by means of galvanised sheet iron held
tight against the abutments by water pressure. This type of construction has
80 far proved to be very effective as to watertightness.

It may be needless to point out that this type of dam can also be fitted
to the crest of overflow dam of ordinary cross-section, and then fulfill the duty
of movable flashboards.

The probability is that this type will become largely used in
the future. A suggested improvement would be to abolish the cross
roller having instead separate rollers on each pier or abutment,

working independently. There will then be no practical limit to
the span adopted.
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