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Question 1. The discharge and working hours of a tube well is 150m3/hr and 4000hrs. intensity 

Of irrigation is 45% and average depth of rabi and kharif crop is 38cm. estimate the culturable area 

that this tube well can command. 

 

 Solution:-  

1. Total volume of water :- 150*4000 = 600000m3 

2. Intensity of irrigation  :-  45*600000/100 = 270000m3  

3. Culturable area     :-   A*L = 270000M3 

   A*0.38 = 270000 

   A = 710526.31M2 

AREA = 71.1 ha   

Question 2. Discuss modes of failure and criteria for structural stability of gravity dam ? 

Solution :  

Causes of failure of a Gravity Dam: 

A gravity dam may fail in following modes: 
I. Overturning of dam about the toe 

II. Sliding – shear failure of gravity dam 

III. Compression – by crushing of the gravity dam 

IV. Tension – by development of tensile forces which results in the crack in gravity dam. 

 

 

1. Overturning Failure of Gravity Dam: 

 The horizontal forces such as water pressure, wave pressure, silt pressure which act against 

the gravity dam causes overturning moments. To resist this, resisting moments are generated by 

the self-weight of the dam. 

 

 If the resultant of all the forces acting on a dam at any of its sections, passes through toe, 

the dam will rotate and overturn about the toe. This is called overturning failure of gravity dam. 

But, practically, such a condition does not arise and dam will fail much earlier by compression. 

The ratio of the resisting moments about toe to the overturning moments about toe is called the 

factor of safety against overturning. Its value generally varies between 2 and 3. 

 

 Factor of safety against overturning is given by 



 FOS = sum of overturning moments/ sum of resisting moments 

 

2. Sliding Failure of Gravity Dam: 

 When the net horizontal forces acting on gravity dam at the base exceeds the frictional 

resistance (produced between body of the dam and foundation), The failure occurs is known as 

sliding failure of gravity dam. 

 In low dams, the safety against sliding should be checked only for friction, but in high 

dams, for economical precise design, the shear strength of the joint is also considered. 

Factor of safety against sliding can be given based on 

o Frictional resistance 

o Frictional resistance and shear strength of the dam 

Factor of safety based on frictional resistance: 

 

 

 
 

3. Gravity Dam Failure due to Tension Cracks 

 Masonry and concrete are weak in tension. Thus masonry and concrete gravity dams are 

usually designed in such a way that no tension is developed anywhere. If these dams are subjected 

to tensile stresses, materials may develop tension cracks. 



 Thus the dam loses contact with the bottom foundation due to this crack and becomes 

ineffective and fails. Hence, the effective width B of the dam base will be reduced. This will 

increase pmax at the toe. 

 Hence, a tension crack by itself does not fail the structure, but it leads to the failure of the 

structure by producing excessive compressive stresses. 

 For high gravity dams, certain amount of tension is permitted under severest loading 

conditions in order to achieve economy in design. This is permitted because the worst condition 

of loads may occur only momentarily and may not occur frequently. 

4. Gravity Dam Failure due to Compression 

 A gravity dam may fail by the failure of its material, i.e. the compressive stresses produced 

may exceed the allowable stresses, and the dam material may get crushed. 

Structural stability of gravity dams 

 Rock-fill buttressing is often considered to strengthen existing gravity dams that have 

inadequate stability to resist the estimated hydrostatic and seismic loads. Various simplified 

methods for static stability analyses of composite concrete–rock-fill dams, which represent the 

rock-fill as equivalent forces, are discussed. Numerical analyses of composite dams using 

nonlinear rock-fill and interface constitutive models are then considered. Hydrostatic stability 

analyses of a 35m35m composite dam are carried out to compare the results obtained from 

simplified methods and numerical analyses. Parametric analyses are performed to investigate the 

effects of various modelling parameters such as the friction angle of the concrete–fill interface, the 

friction angle of the concrete–foundation interface, and the reservoir elevation during the fill 

placement. Numerical analyses results show that lowering the reservoir prior to construction of the 

rock-fill does not have a significant effect on the stress response of the strengthened dam in the 

case analysed. For design purpose, it is shown that the simplified minimum/maximum earth 

pressure method is always on the safe side irrespective of the concrete–rock-fill friction angle. 

Question 3. What is runoff and method of computing runofffrom catchment area ? 

Solution:  

 Runoff can be described as the part of the water cycle that flows over land as surface water 

instead of being absorbed into groundwater or evaporating. According to the U.S. Geological 

Survey (USGS), runoff is that part of the precipitation, snow melt, or irrigation water that appears 

in uncontrolled surface streams, rivers, drains, or sewers. 

Runoff(R)  =  Precipitation(P)- Losses(L) 

Runoff(R)  =  Surface runoff +  Subsurface runoff 

RunOff  Measurement  Methods  

  It  can be  measured  by the following  methods 

1. From  rainfall  records 

Runoff  over  the  catchment  =  rainfall  x  coefficient  

2. Empirical  formulae  
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a) Khosla’s   formula  

 R  =  P -4.811  T  

R-Annual run-off in mm. 

P-Annual rainfall in mm. 

T-mean temperature in ˚C. 

b) Inglis formula for areas of Maharashtra= 

For ghat region, R = 0.88 P – 304.8 

For plain region, R = (P-177.8) x P / 2540 

3. Run-off curves 

a. Hydrograph 

(Discharge v/s Time(months) Graph) 

It indicates the power available from the stream at different times of day, week, 

month or year 

b. Flow duration curve 

(Discharge v/s Time(%) Graph) 

Flow duration curves are most useful for preliminary studies and  for comparison 

between streams. 

4. Discharge observation method 

 To find out the sub-surface run-off it is essential to separate the subsurface flow 

from the total flow. The separation can be on an approximate basis but with 

correct analysis 

 

 

 

Question 4. A peak of a flood hydrograph due to 6Hr storm in 

470 m3/sec . Average depth of rainfall is 8cms . Assume in 

infiltration loss of 0.25 cm/hr and a constant base flow of 

15m3/sec . Find the peak discharge of 6Hr unit hydrograph ? 

Solution:  

 Peak discharge of 6 hr hydrograph = 470m3/sec 

Peak discharge of D.R.H = 470 – base flow  

470 – 15 = 455m3/sec 

Now, Rainfall excess depth = Total rainfall – infiltration 

loss 

= 8cm – 0.25* 6 

= 8-1.5 = 6.5cm 

Peak discharge of UH =455/6.5 

                                          70m3/sec 


