

	






MODULE – 4
Design of Canal Regulator-cum –Road Bridge
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Design a regulator-cum-road bridge with the following data:
Hydraulic particulars of canal upstream:
Full supply discharge: 20 cubic meters/second
Bed width: 15 meters; Bed level: + 20.00
ES. depth: 2.00 meters; FSL.: +22.00
Top level of bank: 23.00

The right bank is 5 meters wide and left bank is 2
meters wide.

Hydraulic particulars of canal downstream:
Full supply discharge: 16 cubic meters/second
Bed width: 15 meters; Bed level: +20.00
ES. depth: 175 meters; FSL.: +21.75
Top level of bank: +22.75

Top widihs of banks are the same as those on the
upstream side. “The regulator carries a oad way single
lane designed for LR.C. loading class *A’. Provide clear
freeboard of one meter above F.S L. for the road bridge.
‘Good foundation soilis available at + 19.00

Assume the ground level site as + 22.00
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In this case, the bed level of the canal both upstream and
downstream is the same. The depth of flow upstream is 2
‘meters while on the downstream it s 1.75 meters. Thus, there
a drop of 0.25 meters in the F.S.L. at the site of structure.
“This difference in levels at the structure can conveniently be
‘made use of in the design of ventway for the regulator. The.
ventway of the regulator will be a rectangular opening with its
sill at the canal bed level. If A be the area of the opening and h
is the difference in water elevations on both sides; then the dis-
charge through the opening (submerged orifice) is given by the
equation:

Q= CaAV2gh, where
Qisthe discharge in cubic meters/second
Ca=Coefficient of discharge
4= Area o vent n square meters, and
= difference in water clevations in meters.
A value of 0.75 is usually taken for Ca
143 VENTWAY OF THE REGULATOR

Quantity of water to be passed through the regulator into the
downstream of canl is 16 cubic meters/second.

Depth of water in the canal below s 1.75 meters.

Depth of ventway is therefore 1.75 meters. Applying the
above formula, we have
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Q=16 cubic meters/second
h=025 meters

2 16=075A2x 980 %025

=964 5q. meters.

075V49
Height of vent = 1.75 m.

- Length of vent = >

Instead of having one span of 5.50 meters. it is better to
adopt smaller spans both for economy of the top roadway and
also for the convenience with which the smaller shutters can
easily be operated. So adopt two spans of 2.75 meters cach.
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From the above, it can be seen that the canal water way has
been considerably constricted. The ratio of constriction is
5.50
5. e nearly 37 per cent.

Any constriction of less than 60 to 50 per cent is considered
100 severe and not desirable as eddies are formed both upstream
and downstream during flow and may cause considerable
dynamic scours in rear.

‘Toavoid this trouble, the sill of regulator is raised and length
of vent correspondingly increased to restrict the percentage of
constriction to notless than 50 per cent.

Therefore, assuming a linear waterway of 50 percen.

750 m., the height of ventway required would be 224 7 50 130

meters (approximately), i.e., the sill has to be raised by 1.75 -
1.30 = 0.45 meters above bed level, .. the sill of regulator has
1 be fixed at +20.45. This will give 3 vents of 2.50 meters
long each, the height of vent being 1.30. The ise in sll isto be
limited to 0.4 of the upstream full supply depth.

Ventway arrived at by using the sluice discharge formula
above, is found to give excessive waterway. Based on model
studies, the Central Water and Power Commission recom-
‘mends the use of the following relationship,
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o=cBD"
where, C is a coefficient depending upon the drowning ratio

(upstream and downstrea of regulator)
By = Clear throat width between abutments

D =Depth of crest below upstrea total energy line.

Table 141 Value o C for various drowning ratios
Droveiegraio Valo o Cinformula 0= CB,D™
nEPS Sytem | o MerricSysem
100 ercent 1% 1050
ospercem 246 1358
S0percent a0 L0
85percen 286 1580
$0percent 2 Lots
sspercent ™ i
25percen 3 um





image8.png
144 FIXING THE VENTWAY BY THE DROWNING
RATIO METHOD

Upstream of regulator:
Discharge: 20 cubic meters/second
Bed width: 15 meters

FS. depth: 2 meters
-, Areaof waterway (15 + 1) X 2 = 32 5q. meters.

2. Velocity developing in the canal = % =0.63 misec.

Bed level: +20.00
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ES. depth: 2.00
Elevation of total energy line:

063
2x980

. Depth of submergence over sill = 22.02 - 2045 =
1.57 meters.
145 DOWNSTREAM OF REGULATOR
Discharge: 16 cubic meter/second
Bed width: 15 meters
ES. depth: 1.75 meters.

=2000+200+ =+2202

Amlolw-laway=[ 15&%]|.75:27.79$q. meters.

. Velocity developing ,I‘—fn =0.57 metersfsecond.

L Vi _osT
25 72x980
Elevation of the total energy

=0.02 (nearly)

2000 +1.75+0.02
=21.77 meters.

. Depth of submergence above sill = 21.77 - 2045 = 1.32

2
157

Value of C from Table 14.1 is equal to 1.58 (nearly)

If By is clear width of ventway, the discharge is given by
0=15850"

. Drowning ratio = 2> x 100 = 84 per cent.
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where, Q = 16 cubic meters/second; D = 1.57 meters.
16

B=———

158 % 15732

Including end contractions, assume the lineal waterway as
6.00 meters.

Therefore, ventway arrived at by this method is by far less
than that obtained by the sluice discharge formula. In case of
big regulators, economy can be obtained by using this method.
In all such cases, model studies are suggested before actual
construction.

However, in this case, adopt a lineal water way of 6.00

‘meters making it as 3 vents of 2.00 meters each with the sill of
regulator kept at canal bed level only.

146 ROADWAY

The roadway consists of a clear width of 3.65 meters (12 feet
clear) between kerbs, each of which will be 23 cms (9 inches)
wide. It will be a through R.C. slab directly resting over the
piers and abutments. The slab will be continuous over piers
and adopting LR.C. A’ class loading, single lane of traffic, a
slab thickness of 20 ems will be more than enough. Detailed
design of road slabs is not attempted here.

“The bottom of the road slab is kepf one meter above the
upstream side F.S.L., i.e. at level +23.00.

=5.146 meters
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‘Top level of the road slab with a 7.5 cms, thick wearing coat
will be +23.275 0r 23.28.

On cither side of the roadway, steel hand-rails as shown in
the Plate 7 may be provided.

147 PIER

‘The pier has to be checked for stability. The forces acting on
the pier are as follows:
() Weight of pier itself
(b) Weight of roadway with the live load
(¢) Horizontal thrust transmitted by the shutters on
ither side of the pier.

Under these, the pier must be stable. Generally, the weight
of pier and roadway give the stability to the pier in overcoming
the horizontal thrust. So, the worst case is to check the stability
of the pier when there is no live load on the road with the
regulator shutters completely closed, water on the upstream
side at F.S.L. and no water downstream. The live load on the
roadway will increase the stability of the pier.

148 LENGTH OF PIER
Maximum length of pier will be to cover the roadway with its
Kerbs, with additional length for the shutter operating platform.
Assuming 1.50 meters as the width required for the shutter
operating platform, the length of pier required (omitting the cut
waters) is 3.65 +2 X 0.23 + 150 = 5.61 meters.

‘The top of pier under the road slab is at a level of +23.00.
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‘The top of pier under the shutter operating platform be
higher and this depends upon the height of shutter to be u

149 SHUTTERS

‘The dimensions of the ventway are 2.00 and 1.75 meters.
Downstream F.S. depth is 1.75 meters whereas the upstream
FS. depth is 2.00 meters. The shutter top is to be at least 30
cms above the upstream F.S.L.. Assuming that the shutter rests
ina7.5 cms deep groove in the sil, the total height of shutter is
10be 200 +0.30 +0.08, i.¢., 238 meters.

Ifa single shutter is provided, when a ventway is to be clear-
ly opened, the bottom of shutter will have to be lifted clear over
the upstream F.S.L. Assuming that the bottom of shuter is
lifted say 25 cms, above the upstream F.S.L. the top of shutter
Ibe ata level of 22.00 +2.38 + 0.25, .., 24.63.
Assuming a clearance of 30 cms above the shutter to the
bottom of the hoisting platform, the pier has to be raised to
level of 24.63 +0.30 = +24.93, i.e., this portion of the pier will
be 1.65 meters above road level. This will look awkward. This
difficulty can be obviated to some extent by adopting a two tier
shutter, bottom shutter being 138 meters high and the t0p shut-
ter being 1.25 meters with 25 cms as the overlap between the
shutters. They will be aranged in two grooves operating side
by side.

‘The arrangement of shutters is shown in Figure 14.1. Each
shutter is operated separately by a hollow screw non
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TOP SHUTTER

Figure 14.1

stem type in an independent groove. When the ventway is o be
operated fully, both the shutters will be lifted clear above

upstream F.S.L.

In that contingency, the bottom tier requires more clearance
than the top shutter and bottom of the operating platform will
have to be at +22.00 +0.25 + 138 = 23.63 or say the top of
pier for the portion need be at a level of +24.00. This is very
reasonable and can be adopted.

‘The stability of pier is now checked for these levels (Figure
142).
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Figure 142

Hard ground is available at + 19.00

Assuming a thickness of 60 cms for the apron, the top of
foundations for piers and abutments can be fixed at 19.40.

‘The bottom of foundations will be at 18.80.
‘Thickness of pier is 1.00 meter.

The load taken by the pier will be for a length of
200+ 1.00 = 3 meters of lineal roadway.

1410 LOADS
(1) Weight of road slab:
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=300 X411 X2 X 2400 = 5918 kg.

Kerbs: ZxJOOxEx mxuoo-nokg

Wearing coat: 3.00 x 3.65 x% X2400 = 1643 kg. Total
8555 kg.
(2) Weight of pier under the road portion
=4.11%1.00%3.60 x 2100 = 31,072 kg.
(3) Weight of pier under the operating platform
= 1,50  1.00 x 4.60 x 2100 = 14,490 kg.

(@) Water thrust on the pier (horizontal thust)
2
mox%xa.oo:moox..

Taking moments of all forces about toe

Description Force inKg. | Lever arm | Momentin
Vertcal [Horizontal | (Meter) [Kg. (meters)

1. Weightof road lab,etc. | 8,555 | .. 208 | nsw

2. Weightof pier under road | 31,072 205 | 6369

3. Weightof pierunder | 14490 | .. 4% | 7040

operating platform
4 Horlzontal thrust: . | 600 | 081 | emo
[Total vertical force 4117 Net 147,637
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147,637

Amm of resultant =

=2.73 meters.

Eccentricity = "zﬁ ~2.732007 meters.

Allowable eccentricity = %l =0.94 meters.

Hence, the resultant alls within middle third and no tension
develops in masonry of pier and length of pier is quie enough.

Maximum compressive stress at the toe

54117 6x
100 1000561 '+

)

561
=964 1.075=1036 tonnes/sq. meter.

This is within safe
safe and the length of

1411 ABUTMENTS
The top level of abutment is + 23.00, .., the bottom level of
the R.C. slab of the roadway. The bottom of foundation con-
crete is + 18.80. Adopting 60 cms thick foundation concrete
the top of foundation concrete is + 19.40.

The height of abutment is thus + 23.00 - 19.40 = 3.60 meters.

“The abutment will have its front face vertical to facilitate the
working of the regulator shutters in the vertical grooves,
serted in the front face of the abutment. The abutment carries

of masonry. Hence the design is
as proposed can be adopted.
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(in addition to the sideward thrust due to earth and also sur-
charge due to live load, etc.) a vertical load, being that due to
dead and live loads transmitted by the road slab.

Keep the top width of abutment as 1.00 meter out of which
50 cms will be bearing for the R.C. slab. The bottom width of
abutment may be kept at 2.00 meters. In accurate design, the
section will have to be checked for stability and the most
economical section adopted vide Figure 14.3.

Figure 143

1412 WING WALLS

‘The wing walls both on the upstream and downstream side of
the regulator will be of the sloping type, sloping from + 23.28,
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i.e, junction with abutment to +23.00 (i.e.) top of bank level on
the upstream side and 22.75 on the downstream side.

‘Top of wall: +23.28

‘Top width: 50 cms.

‘Top of foundation concrete: + 19.40
- Height of wall: 3.88 meters.

Adopt a section as shown in Figure 14.4.

+1880
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14.13 SECTION OF LEVEL WING AND RETURN

‘The top level of level wings and returns on both sides will be at
the respective T.B.Ls on either side. Since the difference in
Tevels of T.B.Ls on cither side is only 25 cms, the same section
will be adopted on either side except that the top level of level
wing and return on the downstrear side will be kept at 22.75,
and top level 23,00, top width 50 cms, top of foundation con-
crete + 19.40 for the upstream side.

Height of wall = 3.60 meters.

Adopt the section shown in Figure 14.5.

w00 She
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14.14 SPLAY OF WINGS ON BOTH SIDES
“This depends on the length of solid aprons provided on both
es of the regulator.

‘The canal bed widih is 15 meters. Atthe end of solid aprons,
the distance between masonry returns will be keptat 15 meters
as shown in Plate 7.

14.15 SOLID APRONS FOR THE REGULATOR

Solid aprons are required to prevent seepage when the regulator
is closed with canal at F.5.L. on the upstream side and no water
on the downstream. This solid apron will be laid with is top
Tevel at the canal bed level.

Assuming the bed material of the canal as sandy and also the
hydraulic gradient in that soil as 1/10, we require 10 X 2 = 20
‘meters length of apron, as the head of flow is 2 meters.

“This 20 meters of floor is provided as 6.00 meters on the
upstream side, 5.6 meters under the regulator and the balance
downstream.  The maximum uplift is experienced just
downstream of shutter.

Assuming that the shutters are located in the centre of the
operating platform, the head lost in creep by the time the
scepage reaches the shutter

- =6+ 13

.75 meters.
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Head lost in creep -%5- = 0675 meters.

Residual uplift =2 - 0.675 meters = 1325 meters.
Assuming that the tail water s at the downstream bed level,
the thickness of apron required
_135
125
‘This can be gradually reduced to 60 cms thick at the end of
the apron.
‘The upstream apron never experiences any uplift.
So, the thickness of apron can be nominal and can be limited
1030 cms.

Aprons can be in mass concrete.

1416 REVETMENTS

Both upstream and downstream provide in continuation of
solid apron some 5 meters in length of rough stone bed pitching
45 cms thick as shown in the drawing.

Provide for the same length of rough stone revetments on the
canal slopes to a thickness of 45 cms.

Detailed bank connections are shown in the Plate 7.

In case of canal regulators, there is no necessity of checking
the stability of pier for cross thrust. When one vent is flowing
and the other veat is closed, the rear water backs up, and the
water level will practically be same on both sides of the pier.
Hence, there is no cross thrust.

=106 meters or say 1.00 meter.
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In case of river and spillway regulators when all vents are
closed and one vent open, there will be water standing against
the pier on one side only. It is then necessary to check the pier
for stability against cross thrust, and to provide enough thick-
ness of pier to see that no tension is developed across the thick-
ness of pier.

1417 ARRANGEMENTS OF ENERGY DISSIPATION

In the initial stages of opening of the regulator shutters, when
there is no water in rear, the water will shoot out downstream
till the tail water builds up. So it s possible in the initial stages
for the bed to get scoured out. In order to dissipate this excess
velocity, two or three rows of friction blocks may be provided
on the solid apron. These will arrest the excess velocity and
make the flow streamlined beyond the apron. This will even-
twally reduce scours downstream of the solid apron.

‘The actual position and type of friction blocks can best be
decided by hydraulic model experiments only.

1418 GENERAL

Incase of river regulators where the head is high, it is necessary
10 guard the structure against piping action of the flow beneath
the aprons. So, the exit gradients at the end of the D/S apron
‘will have to be kept as low as possible. To achieve this we may
have to provide a D/S cut-off either by sheet piles or by mass
conerete. To reduce uplift on the floor, an upstream cut-off
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also may be required. In all such cases, the pressure developing
under the floor may be calculated by Khosla's method and
thicknesses computed.

14.19 SPECIFICATIONS

1. Foundations: As the stresses on foundation concrete are
‘generally higher compared to other structures like drops etc.,
especially under the abutments and piers due to the road slab
over them, the concrete has o be richer in proportion. General-
1y.C.C.1:3:6 will do

For regulators of smaller height and those that do not carry
r0ad slabs, a leaner proportion of conerete, say 1:4: 8 will suf-
fice.

2. Upstream and downstream aprons: Depending upon the
bearing capacity of the soil, sometimes the foundations of abut-
ments, wings and returns and piers may be below the canal bed
level and may not form a monolith with apron concrete (as
shown in the present exercise). Imperviousness and weight are
the prime considerations in solid aprons. These can be in the
proportion of mud mat, i.c. 1 :4: 8. Use of fly-ash will effect
economy in the apron concrete.

Abutments, piers, wings and returns: Piers could be in course
stone masonry in cement mortar | : 4 and joints pointed with
cement mortar 1 : 3. Altematively, they could also be in mass
concrete poured into form-work with cement conerete 1 :4: 8.

Abutments, wings and returns can be in coursed rubble
masonry and joints pointed with cement mortar 1 : 3.
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For piers and abutments, the top 30 cms height is made up
with 122 : 4 cement concrete with the top surface rendered
smooth, for the road slab to rest uniformly. Before laying the
road slab the top surface of the piers and abutments is painted
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‘with one or two coats of hot bitumen. Instead of this craft paper
may be laid just before laying the road slab concrete. This ar-
rangement will facilitate free movement of the slab over the
supports while expanding or contracting during variation of
temperature.  This will prevent developments of unsightly
cracks in masonry just below the road slab, due to pulling effect
of the road slab.

4. Road slaby In the present case, there is a continuous road slab
over allthe three spans. With the calculated reinforcement, the
road slab and kerbs are laid in cement concrete 1:2: 4 (M
150).

‘The wearing coat is laid as a separate entity a long time after
the road slab is laid. The wearing coat is laid in cement con-
crete 1 : 1'/2:3 (M 200), with a maximum thickness of 7.5 cms
at centre of road slab, sloping down to a thickness of 5 cms
towards the kerbs. This is o facilitate easy draining of rain
water towards the kerbs where drainage sprouts are inserted.
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Before laying this wearing coat, tell-tale steel sheet strips or
5 mm tell-tale rods are spread at intervals over the road slab.
Sometimes hot bitumen is also applied on strips. The idea be-
ind this arrangement is that due o vehicular raffic, the wear-
¢ coat will slowly wear down resulting in reduction of
thickness. Sometimes, the wear may be so much that the tell-
tale strips or rods may get exposed. This is an indication that
the wearing coat s almost gone and has to be relaid. If this i
not done, damage will encroach into the main road slab and this
is not desirable.
5. Weep holes: These are left in the wing walls and abutments
above canal F.S.L. with inverted filters, so as to drain off any
saturation from the carthen embankment under the road.
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Regulators across canals are necessary to maintain water levels
in the canal along a particular reach. Generally they are con-
structed below a major off-take, or at a place where the canal
hydraulic particulars change. Below a major take-off, the dis-
charge in the canal gets reduced and so the canal section is
reduced by cither reducing the depth of flow or by reducing the
bed width or both. This change-over is negotiated through a
regulator. These are also constructed at places in a canal while
negotiating drops. In such cases, they are called drop-cum-
regulators. In order to regulate the flow from one reach to
another, the regulators with shuttering arrangements to control
the flow, play most important part.

Generally, they are also coupled with road crossings. In this
example, the design of a bridge-cum-regulator is given.

A bridge-cum-regulator i essentially a road bridge on piers
and abutments with enough clear ventway to pass the necessary.
discharge into the canal from its upstream side to. the
downstream side.





image1.png




