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Specific charts, graph paper, log book etc., required: Graph paper may be required
Special Instructions: Answer any 5 questions. All questions carry equal marks. Answers should be
accompanied by clear, proportionate sketches, wherever appropriate. Assume any data that you might
deem essential. Start each answer from a fresh page and mark the sub-sections clearly for each answer.
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1. Sketch a section through a 50m high zoned embankment dam within inclined core, whose bottom
elevation is at +1OOm (above MSL), marking the appropriate slopes on the upstream and downstream.
Indicate the components of the dam, especially those essential for reducing seepage through the dam.
Also, answer the following: (a) At which locations would transition filters be provided if the dam is
equipped with a chimney drain and a horizontal drainage filter? (b) What is the composition of
transition filter and what is its function? (c) Why would the inclined core be helpful, rather than a
vertical core of the dam? (d) Sketch the seepage line (phreatic surface) for this dam, if the reservoir
water level is at elevation 145m and no tail-water; (e) If the reservoir level is lowered quickly, what
might be the consequences regarding the safety or the dam? (f) What measures can be suggested to
reduce this ill effect? (g) What measures can be taken to reduce seepage through the riverbed below
the dam? (h) Draw a section through a rock-fill type of embankment dam (Marks distribution: 2 + 8 * 1)

2. The ogee type spillway is the most common type of water flow device in hydraulic structures. The
discharge through the spillway is expressed as Q=CdLH3/2

, where Cd is the coefficient of discharge, Lis
the length of the weir and H is the energy head above weir crest. Explain graphically, how C, varies
with different factors, like (a) Height of weir crest above upstream floor level; (b) Upstream water level;
(c) Upstream slope of weir; (d) Downstream water level. Mark the characteristic values on the graphs.
As explain the following: As the flow takes place over a spillway, it accelerates and increases in
velocity. Beyond a certain point, the flow transits from "subcritical" to "supercritical". How is this point
defined and why would any disturbance to the flow in the supercritical region not affect the flow
conditions on the upstream? (Marks distribution: 5 * 2).

3. Weirs and barrages are structures that are used for flow diversion into canals. Based upon these,
answer the following: (a) Draw the plan view (or layout) of a barrage project that is used to divert the
flow of the river through a canal on its left bank indicating the piers, divide wall, abutment, canal head
regulator, canal, and the location of the weir and undersluice bays; (b) Sketch longitudinal sections
through a typical weir bay and an undersluice bay, showing the sheet piles, upstream and downstream
block and boulder protections; (c) Explain the purpose of providing sheet piles from the perspective of
seepage flow and free surface (flood) flows; (d) Elucidate the reasons for providing two different types
of bays (weirs and undersluices) and the "divide wall" that separates the two; (e) With explanatory
sketches, discuss the differences between the following cross drainage structures: Aqueducts,
Syphon-aqueducts, and Superpassages. Indicate the use of each. (Marks distribution: 5 * 2).

4. For the gravity dam shown in the adjacent figure, stability analysis is required
to be carried out when the reservoir is empty, but considering the additional
forces due to earthquake. Note that the horizontal earthquake forces may be
directed both on the upstream and downstream while the vertical earthquake
forces may act upward or downward. The top width of dam is 10m and rests
on a firm rock. The maximum horizontal acceleration may be taken as 0.2g
at the location. For the worst possible condition, find: (a) The stabilizing and
destabilizing horizontal forces; (b) The stabilizing and destabilizing moments;
and (c) ~ stress variation at the base of the dam. The interface between the
base of the dam and the foundation rock may be considered to have a
coefficient of friction of 0.7. (d) If the foundation rock below the dam is
intercepted by an inclined layer of clay as shown, what may be the
consequences when the reservoir is filled? (Marks distribution: 3 * 3 + 1).
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5. (a) Sketch the streamlines and equipotential lines (which together constitute a flow net) for the simple
barrage floor as shown in the figure below and compute the uplift force per unit width on the floor under
the differential water pressure, considering a floor length of 20m. (b) If another sheet pile is also
present at the upstream end, having the same depth as the downstream sheet pile, sketch the new
streamlines and equipotential lines and compute the modified uplift force per unit width acting on the
floor. (c) Explain what is "Exit Gradient" and its significance in barrage design. Where would the value
of Exit Gradient be the maximum (or critical) and why? (d) Compute the critical Exit Gradient for the
simple weir floor as shown in the figure. (Marks distribution: 2 * 3 + 2 * 2).
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6. The section through a 200m wide barrage across a river is shown in the figure below. The downstream

water levels corresponding to two sets of discharges are indicated. (a) Calculate the water levels on
the upstream of the barrage corresponding to the two discharges. Graphs for coefficient of discharge
for weir flow and modifications to it for submergence are provided for the ease of computations. (b)
Check which of the conditions, if any, results in a free hydraulic jump (that is, the upstream water level
remains unaffected by the downstream level); (c) If a free hydraulic jump occurs, calculate the
elevation of the horizontal stilling basin apron (in m above datum) for the formation of a proper jump;
(d) Write down the pre- and post- depths of the jump. (Marks distribution: 1 * 4 + 3 * 2).

DOWNSTREAM RIVER WATER LEVEL:
107.50m CORRESPONDING TO 5000m3/s
104.50m CORRESPONDING TO 2000m3/s

UIS WATER LEVEL

T DIS WATER LEVEL
. -<;;7 -'

H1

_~_- -.J.

.•.....
C ·1:
.~ 1.8,. i
!E i:i
gs 1.7 i'
o I

1.6 t.
0.0 0.5 1.0 1.5 2.0 2.5 3.0
Ratio of Crest height to Upstream head

"00
(\)--
~ 0'" 0.8 f-----t-'-'-'-'-t-'-.J-L"-t-.J-L-'-'-+"\.-+++-I
(\)'-""E (\).g~
~ Jg 0.6 f-----t---+----t---++-HI.+-Io u2:6
a5 (\)
.- (\) 04~~ . ~-~--~--+--++++~
(\)0
0-
o(\)_Ol
o ro 0.2 I----t---~--+--++++-Hi
0":~o
co rJl0::'5

0.0 L,---,:'-::--7-:----'::--::--c:'-:!--'-'-......."
0.0 0.2 0.4 0.6 0.8 1.0

Drowning Ratio = H2JH1 !-'

T
H2


