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The author was calculating the afflux due to a proposed weir at Abazai
on river Swat when it was suggested to him by Mr. Hervey that the
weir would cause probably no afflux in high floods. Mr. Harvery's
opinion was later confirmed by the autor by observations during the
construction of this weir. River Swat being very narrow at Abazai was
further constricted by a ring bund round half the wir already
constructed. The bund had to be made smooth and strong enough to
withstand the high afflux expected during a freshet passing through
the constriction. Considerable afflux was noted at the bund during low
winter discharges but a large freshet twice as big as the maximum
recorded winter flood passed the site without causing any significant
afflux. The estimated afflux had indicated, however, that water would
overtop the ring bund. Also on many susequent occasions the author
observed that a smooth obstruction in the bed or on sides of a stream
causes a smooth depression in water surface downstream of the
obstruction and since the loss of head is negligible in such cases, the
water levels upstream and downstream are the same.

The proposal in 1917 of raising the crest level of Kalabagh weir to feed
the new left bank Indus canal led to a difference of opinion over the
possibility of increased afflux, The author’a view that broad crested
weir would probably cause no afflux (except for a small loss of head due
to friction) in a big flood was not accepted. This prompted the author to
conduct some experiments to establish the truth of his opinion. A
minor near Mardan with a well fall of about 26 fi was selected for the
experimental study. The earthen channel from head to wellfall was
converted into a 2.5 feet wide flume. A six inches high' weir having
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upstream and downstream glacis slope of 1 : 5 and 1: 15 and crest
width of one foot was made to fit the full width of the flume. One side
of the flume was finished with cement plaster to make a sharp edge
which could be used for recording water levels with the help of a scale
graduated to decimals. On the downstream end of the flume a
provision was made to facilitate the regulation of water level for
changing the depth of flow downstream of the weir. The channel below
the wellfall in a length of 120 feet was properly shaped and closed at
the end to serve as a measuring tank. The gate of the head regulator
was suddenly opened and the depth of water at downstream edge of
weir observed at regular intervals. The time taken to fill the tank for
various depths was noted to compute the discharge. The analysis
showed that the discharge could be represented by the relation;
' 2/3 1/2
| o a=y. g

where g is the discharge per foot run and y is the depth at downstream
edge of the crest. The observed discharges and those calculated from
the equation were in close agreement. For a fixed discharge passing
over the weir the downstream water level was raised gradually by
means of karries at the lower end of the flume to form a standing wave
which shifted up the glacis and then to crest as the downstreain water
was further raised till undulations replaced the standing wave, and the
corresponding upstream and downstream water levels were observed to
be the same. The observations revealed that a weir caused no afflux
when flow attained a certain depth. A smooth depression in water
surface replaced undulations with further raising of downstream water
level. '

These experiments mainly aimed at studying the effect of variation in
water levels downstream of the weir, on water levels at the crest and
upstream of the weir. The tail water levels were maintained so as to
cover the range of flow conditions characterized by the following.

(i) free overfall

(ii)  formation of standing wave

(ili)  undulations appearing in place of standing wave

(iv)  undulation replaced by a depression in water surface at

the crest. '

It was invariably observed in all the experiments that if standing wave
was below the downstream edge of te crest, depth of flow at this edge
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was 2/3 (H + u? 2g) where H is the head at crest and u is velocity of
approach, and the velocity at the edge is g'* y'2. The energy generated
with increase in velocity over the weir was not entirely lost if water
rose in smooth curve downstream of the weir to the water level
upstream. Loss of energy however, was considerable with formation of
a standing wave. Gradual expansion below the exit ends of siphons,
culverts and bridges can be very helpful in recovery of head.

The experiments on broad crested weir led to folloing conclusions :

(i) when the standing wave forms clear of downsteam edge
of crest the depth of flow at the edge is given by relation
2/3(H + U2/2g) and the discharge over the crest is
maximum for a given upstream water level.

(1i)  with depth of flow equal to 2/3 (H + U2/2g) at the
downstream edge of crest, the .water surface after
depression over the crest rises in smooth curve to the
upstream water level. -

(iii) - there will be no afflux if the depth at the downstream
edge of the crest is slightly more than 2/3 (H + U*/2g).

t
When conditions of no afflux begin the critical depth at downstream
edge of crest is given by equation : ,
y = cx2/3(H + Uz/29) (1)

the value of ¢ is 1.06 and remains constant except for very low velocity
at crest such as 1.5 ft./sec for which value of x approaches 1.20. The
maximum height x of weir which causes no afflux for given depth and
velocity in a stream can be determined from the equation:

x =D/ 2g) = k. ¢+ (2)

where D is natural depth for given discharge in a stream perior to
construction of weir, x is the maximum height of weir over the bed, u is
velocity of approach and k is a coefficient. For ¢ equal to 1.06, 1.10. 1.20
the corresponding values of k are 0.473, 0.476, and 0.495.

If height of a weir is more than that given by eq. 2, height of afflux
above the weir crest is obtained by equation :

H* + H? (2x-3/2.q12 /g'7 } + Hx(x-3q12/g'"* }-2/3.x2.q1%/g'" + q*/2g=0
(3)
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where x is the height of weir, qi and q are the discharge intensities
over the weir and in river upstream. In case of a weir with
undersluices, discharge through normal bays is calculated to find q1
over the weir. If height of the weir x is greater than the value obtained
from eq. (2) it will cause afflux. Both the undersluice and normal bays
will dicharge as broad-crested weir with free overfal] nad depth of flow
at the downstream edge of openings equal to their respective ‘‘two
thirds”, the afflux will be given by the following equation :

L1 (H- Uz/2g0 + L2 (H + x + U/2g)" = 1.8370/9 (4)

where Q is river discharge, L1 and L2 are widths of weir and
undersluices openings respectively, x is height of weir, H is height of
afflux level above weir crest and u is velocity of approach.

Velocity being super-critical at glacis and sub-critical in the stream
lower down, the étanding wave forms at some point on the glacis or
below it. Unwin’s formula can be applied to find position of standing
wave on horizontal bed but the author had to modify the relation for
using it to determine the position of standing wave on the glacis. The
depth of flow Ho just upstream of standing wave can be determined
from following equation :

Ho'- Ho { (H1-a) + 2q?/gH } + 2¢*/g = O (5)

where H1 is the depth downstream of standing wave,q is the discharge
intensity and ‘a’ is the height form floor (where H1 is measured) to
point on glacis where Ho is measured. Taking a few values of ‘a’ a graph
for Ho can be developed. The standing wave forms where this graph
intersects the water surface curve. It was found in the course of these
experiments ihat water surface plotted by using Manning’s formula is
very close to the observed one. sometimes instead of a standing wave of
alone there appears in water surface g smooth wave of height (u:
v?)/2g followed by a standing wave. The author obseved this
phenomeneon in his experiments but it is difficult to define conditions
necessary to produce it.
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