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Indian Standard

CRITERIA FOR DESiIGN OF HYDRAULIC
JUMP TYPE STILLING BASINS WITH
HORIZONTAL AND SLOPING APRON

0. FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution
on 15 December 1968, after the draft finalized by the Overflow Sections
and Other Spillway Structures Sectional Committee had been approved by
the Civil Engineering Division Council.

0.2 The design of downstream protection works or energy dissipators below
hydraulic structures occupies a vital place in the design and construction
of dams weirs and barrages. The problem of designing energy dissipators
is one essentially of reducing the high velocity flow toa velocity low
enough to minimize erosion of natural river bed. This reduction in
velocity inay be accomplished by any or a combination of the following,
depending upon the head, discharge intensity, tail-water conditions and
the type of the bed rock or the bed material:

a) Hydraulic jump type stilling basins:
1) Horizontal apron type
2} Sloping apron type
b} Jet diffusion and free jet stilling basins:
1) Jet diffusion basins
2) Free jet stilling basins
3) Hump stilling basins
4) Impact stitling basins
c; Bucket type dissipators.

11 Solid and slotted roller huckets
2: Trajectory buckets ( ski-jump, flip, etc)

d) Intersecting jets and other special type of stilling basins

0.3 The devign criteria recommended in this standard is meant for stilling
basins of rectangular cross-section with horizental and sloping apron.
The criteria_given in this srandard would hold provided that the jer
entering the basin is reasonably uniform in regard to both velocity and
depth. Though the criteria ‘are applicable for all cases. yet for fails greater
than 15 m, discharge intensities greater than 30 m*s‘m and possible
asvmmetry of Row. the specific design should be tested nn model.
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0.4 In the formulation of this standard due weightage has been given to
international co-ordination among the standards and practices prevailing
in different countries in addition to relating it to the practices followed in
the field in this country. This has been 1a:t by de, ving assistance from
the following publications:

Annual research reports 1951 to 1961, published by Central Water
Power Research Station, Poona,

Annual research reporis 1937 to 1967, published by U.P. Irrigation
Research [nstitute. Ronrkee.

U~itep StaTes. DEpArRTMENT OF INTERIOR, BurREAU OF REGLAMATION.
Engineering Monograph No. 25 Hydraulic design ot stillirg basins
and bucket encrgy dissipaters. Ed. 2. 1963,

1. SCOPE

1.1 This standard lavs down the criteria for the design of hydranlic jump
tvpe stilling hasins of rectangular cross <ection with horizontal and sloping
apron utilizing various enrrgv dissipators, for example, chute blocks. basin
or floor blocks and end sill.

2. NOTATIONS

2.1 For the purpnse of this standard, the following notations shall have
the meaning indicated against each:

Iy = depth of flow at the heginning of the juinp, measured perpendi-
cular to the oor

D, - depth conjugate (sequent) to Dy for horizontal apron

D’, == depth conjugate ! sequent) to [ tor sloping apron  or partly
sloping and partly horizontal :

D), = depth of basin

D. = crincal water depth

F. = froude number of the flow a1 the beginning of the jump
g = acceleration due to gravity

fy -~ heght of basin blocks
#, = hewght of chute blocks
l{; = head loss 10 hvdraulic ,ump

h, haght of end wll



K = shape factor

! = length of the inclined portion in basin 1V
Ly = length of the hasin

length of hydraulic jump

discharge intensity

spacing of bhasin blacks

spacing of chute blocks

spacing of dents in dentated sill

I't = velocity of flow at the beginning of the jump
e = velocity of flow at the end of jump

£ =~
mu

|

£
I

wy, = width of basin blncks

w. = width of chute blocks

wq = width of dents in dentated sill

# — angle of the sloping apton with the horizontal

3. TERMINOLOGY

3.0 For the purpose of this standard, the following definitions shal] apply
tvee Fig. 1. 2A and 2B .,

‘:i.
\/, A ]
—
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N b END
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3.1 Hydraulic Jump — Hydraulic jump in an open channel is an abrupt
transition from the water depth Dy < D, to D, > D).,

3.2 Length of Hydraulic Jaump — The distance from the beginning of
the jump to a point downstream where either the hugh velucitv jet begins
to leave the floor or to a point on the surface immediately downstream

of the roller, whichever is the longer. This mav be derermined from
Fig. 3.

3.3 Conjugate Depths -— Water depths at the heginning and the enui the
hydraulic jump related by the formula:

}'_D)_‘ = .IZ [1‘,' [-REE 1 ] for horizontal apron
1

" 3Cosw

D, I r 8F2 Cos? | )L _ lﬁ' tor Tuilv slopmig
Iy ( 1 2Krand J ~pron

’
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where approximate value of K may be determined from Fig. 4. However,
D’y may also be determined from Fig. 5 and 6.

3.4 Sdlling Basin — A structure in which all or part of the energy dissipat-
ing action is confined. In a stilling basin the kinetic energy first causes
turbulence and is ultimately lost as heat energy.

3.5 Hydraulic Jump Type Stilling Basin — A basin in which dissipation
of energy is accomplished basically by hydraulic jump which may be stabi-
lized using chute blocks, basin blocks, end sill, etc.

3.6 Length of Stilling Basin — Dimension of the basin in the direction
of flow.

3.7 Width of Stilling Basin — Dimension of the basin perpendicular to
the direction of main flow.

3.8 Chute Blocks — Triangular blocks installed at the upstream end of
the stilling basin.

3.9 Basin Blocks Baffle Blocks,Baflle Piers - Blocks installed on the
Lasin floor between chute blocks and end sill.

3.10 End Sill - Solid or dentated wall constructed at the downstrean: e1.d
uf the stilling hasin.
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3.11 Fronde Number —A dimen.sionless number characterizing the
inertial and gravitational forces in an open channel flow and is defined
as follows:

where
F = Froude number,
V = velocity of flow, and

D = depth of flow.

3.12 Shape Factor (X)— A dimensionless parameter which varies with
the Froude number and the slope of the apron. This has been plotted
against slope in Fig. 4 on the assumption that it is independent of Froude
number.

4. HYDRAULIC JUMP TYPE STILLING BASIN WITH
HORIZONTAL APRON

4.1 General — When the tail-water rating curve approximately follows
the hyraulic jump curve or is only slightly above or below it, then hydraulic
jump type stilling basin with horizontal apron provides the best solution
for energy dissipation. In this case the requisite depth may be obtained
on a proper apron near or at the ground level so that it is quite economical.
For spillways on weak bed rock conditions and weirs and barrages on sand
or loos~ gravel, hydraulic jump 1y pe stilling basins are recommended.

4.2 Classification — Hydraulic jump type stilling basin with horizontal
apron may be classified into the following two categories:

a) Stilling basins in which the Froude number of the incoming flow is
less than 4-6. This case is generally encountered on weirs and
barrages. This basin will be hereafter called as Basin L.

NuTe — Data on horizontal stilling basin for some of the existing and prupose-!
weirs and barrages is given in Table 1.

b) Stilling basins in which the Froude number of the incominy flow
is greater than 4'3.  This case is a general feature for dams. This
basin will be hereafter called as Basin 11.

No1E — Data un horizunial stilling Lasins fur some of the exisung and proposed
dan. sprilways s ginven i Table 2,

I
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4.3 Design Criteria

4.3.1 Factors involved in the desigr. of stilling basins include the deter-
mination of the elevation of the basin floor, the basin length and basin
appurtenances, if any.

4.3.2 Determining Elevation of the Basin Floor — Knowing H; and q; D,, D,
and Dy can be determined either Irom the following formule or from
Fig. 7:

Hy = (D,—D)*!4 D, D, D, = ( q )"’3
24
=D 2q* |, Di

Having obtained D, and D,, the clevation of the basin floor may be
calculated by either deducting the specific energy at section 1-1 from the
total energy line at that section or that at section 2-2 from the downstream
total energy line.

4.3.3 To calculate H from the known upstream and downstream total
energy lines, the following procedure may be adopted:

a) Where the basin is directly downstream from the crest or where,
the chute is not longer than the hydraulic head, //; may be assu-
med equal to the difference in the upstream and downstream total
energy lines.

b) Where the chute length exceeds the hydraulic head, D, should be
first determined by taking Hy equal to the difference between the
upstream and downstream total energy lines. Next calculate
friction losses in the chute by Manning’s formula and determine
the more accurate value of H; and consequently that of D,.. The
process may be repeated tilithe desired accuracy is achieved.,

4.3.4 Basin /— Requirements for basin length, depth and appurtenances
for Basin I are given in 4.3.4.1 and 4.3.4.2.

4.3.4.1 Basin .ength and depth — Length of the basin may be determined
from the curve given in Fig. 8 A. The basin will be provided with an
end sill preferably dentated one. In the boulder reach the sloping face of
the end sill will be kept on the upstream side. Generally, the basin tloor
should not be raised above the level required trom sequent depth considera-
tion. If the raising of the floor becomes obligatory due to site conditions,
the same should not exceed 135 percent of D, and the basin in that case
should be further supplemented by chute blocks and basin blocks.
The basin blocks should not be used if the velocity of flow at the location
of basin blocks exceeds 15m/s and in that case the floor of the basin should
be kept at a depth equal to D, helow the tail-water level. The tail-water
depth should not generally exceed 10 percent of D,.

13
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4.3.4.2 Basin appurtenances — Requirements for basin appurtenances,
such as chute biocks, basin blocks, end sill are given below { s Fig. 8B):

a) Chute blocks — The chute blocks should be kept at a height equal to
2D, on the glasis slope. Their top length should also be equal
to 2D;. The width of the chute blocks should be kept equal to
D, and their spacing as2'3 D;. A space equal to ;2 should be
left along each wall.

5 T P
“
o
3 /’.
. |
ip —_—
02 :
1
0
] 1 4 3 4 ]
FROUDE NUMBER (Fy )
BA RECOMMENDED LENGTH FOR BASINI
CHUTE BLOCH
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b g e e
8B APPURTENANCES FOR BASIN L

16, 8 DiMiNs1iON SKETCH ror Basin |

rr;

{5



18:4997-1968

b) Basin blocks — The height of basin blocks in terms of D, may be
obtained from Fig. 9B. The width and spacing of the basin
blocks should be cqual to their height. The upstream face of all
the basin blocks shall be vertical and in one plane. A half space
is recommended adjacent to the walls. The upstream face of the
basin blocks should be set at a distance of 0'8 D, from the down-
stream face of the chute blocks.

¢) End sill — The height of the dentated end sill is recommended as
02 D,. The maximum width and spacing of dents shall be
according to Fig. BB. A dent is recommended adjacent to each
side wall. In the case of narrow basin, it is advisable to reduce
the width and spacing but in the same proportion. It is not

necessary to stagger the end sill dents with reference to chute
blocks.

4.3.5 Basin Il — Requirements for basin length depth and appurtenances
for Basin II are given in 4.3.5.1 and 4.3.5.2.

4.3.5.1 Basin length and depth — Length of the basin will be determined
from the curve given in Fig. 9A. The basin should be provided with
chute blocks and end sill. The maximum raising of the basin flcor shall
not exceed 13 percent of D, and the basin in that case will be further
supplemented by basin biocks. However, when the flow velocity at the
location of basin blocks exceeds 15 m/s, no basin blocks are recommended
and in that case the floor of the basin should be kept at a depth equal to
D, below the tail-water level. The tail-water depth should not generally
exceed 10 percent of J),.

4.3.5.2 Basin appurienances — Requirements for basin appurtenances,
;?.uch as chute blocks, basin blocks and end sill are given below (see
ig- 9B ):

aj Chute blocks — The height, width and spacing of the chute blocks
shouid be kept equal to D). The width and spacing may be
varied to eliminate fractional blocks. A space equal to D,/2 is
preferable along each wall,

b} Basin blocks — The height of basin blocks in terms of 1), can be
obtained from Fig. 9B. The width and spacing should be kept
three-fourth of the height. These should be placed at distance of
-8 D, downsiream from the chute blocks.

¢, kEnd sill-— Same as clause 4.3.42°¢c-.

1t
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5. HYDRAULIC JUMP TYPE STILLING BASINS WITH SLOPING
APRON

3.1 General — When the tail-water is ton deep as compared to the sequent
depth D,, the jet left at the natural ground level would continue to gn as a
strong current near the bed furmirg a drowned jump which is harmful to
the river bed. In such a case, a hyvdraulic jump type stilling basin with
sloping apron chould be preferred as it would allow an efficient jump to be
formed at suitable level on the sloping apron,

5.2 Classification —The hidraulic jump nn a sloping apron mav occur in
four different forms depending on the tail-water conditions { Fig. 10).
The action in cases (©and ) 15 same if it is assumed that horizontal floor
hegins at the end of the jump in case /). Case B is virtually case A ope-
rating with excessive tail-water depth. Case A4 has been dealt with
previously in 4. In the subsequent paras criteria will be given for the
design of stilling basins for cases D and B hereafter known as Basin II1 and
Basin 1V respectively.

5.2.1 Basin IIl is recommended for the case where tail-water curve is
higher than the D, curve at all discharges.

5.3.2 Basin IV is suitable for the case where the tail-water depth at
maximum dischaige exceeds [), considerably but is equal to m slightly
greater than D, at Jower discharges.

5.3 Design Criteria

5.3.1 It is not possible to standirdize design criteria for sloping aprons
to the same extent as in the case of horizontal apron. In this case, greater
individual judgment is required. The slope and overall shape of the
apron are determined from economic consideration, the length being jud-
ged by the tvpe and soundness of the river bed downstream. The follow-
ing design criteria should serve only as a guide in proportioning the sloping
apron designs.

5.3.2 Basin I1I— In the design of Basin II1, the following procedure may
be adopted:

a; Assume a certain level at which the front of jump will form for
the maximum tail-wate: depth and discharge.

b) Determine J); from the known upstream total eneigy line by
applying Bernoulli's theorem and calculate Fi. Then find out
conjugate depth I2) from equatton given in 3.3.

c; Assume a certain slope and determine the conjugate depth D', and
length of the jump for the above Froude number fiom Fig. 5 and
Fig. 3 respectively.  The length of the apron should be kept equal
tn 60 percent of the jumyp longth

18
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d) Test whether the available tail-water depth at the end of the apron
matches the conjugate depth D’;. If not, change the slope or the
level of the upstream end of the apron or buth.  Several trials may
be required before the slope and the lucation of the apron are com-
patible with the hydraulic requirement.

e) The apron designed for maximum discharge may then be tested at
lower discharges, say 3, } and {. If the tail-water depth is sufficient

1Y
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f)

or in excess of the conjugate depth for the intermediate discharges,
the design is acceptable. 1f not, a flatter slope at lower apron
level should be tried or Basin IV may be adopted.

The basin should be supplemented by a solid or dentated end sill
of height equal to 005 to 0-2 D, with an upstream slope of 2: |
to3:1.

5.3.3 Basin Ii" — In the design of Basin IV, the following procedure may
be adopted:

a)

b)

)

Determine the discharge at which the tail-water depth is most
deficient.

For the above discharge, determine the level and length of the
apron on the basis of criteria given in 4.

Assume a certain level at which the front of jump will form for the
maximuin tail-water depth and discharge.

d) Determine Dy from: the known upstream total energy line by

€)

f)

g

applying Bernoulli’s theorem and calculate F;. Then find out
conjugate depth D, from equation given in 3.3.

Determine a suitable slope (by trial and error) so that the available
tail-water depth matches the required conjugate depth I¥,; deter-
mined from Fig. 6.

Determine the length of the jump for the above slope from Fig. 3,
If the sum of the lengths of inclined portion and horizontal portion
is equal to about 60 percent of the jump length, the design is
acceptable, If not, fresh trials may be done by changing the level

of the upstream end of the jump formation,

The basin should be supplemented by 2 solid or dentated end sill
of height 0'05 to 0-2 D, and upstream slope of 2:1 to 3: 1.
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