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ERROR FREE DETAILED SOLUTION 

 

RPSC AE MAINS 2018 CE P2 (TECH) FULL SYLLABUS 

ENGINEERS PRIDE TEST DATE 24TH OCT 2019 (SET A) 

 

 

PART-A 

Marks: 40 

Note- Attempt all the twenty questions. Each 

question carries 2 marks. Answer should not 

exceed 15 words 

Q.1 What is kinematic viscosity? What are its units?  

Solution:  

It is a measure of fluids inherent resistance to flow under gravitational forces. It 

is the ratio of dynamic viscosity and mass density. 

Unit- m2/sec. 

Q.2  If a floating ship in a sea displaces the 120 m3 of water and specific gravity of 

sea water is 1.03, what is the weight of ship?  

Solution 

As per the Archimedes principle 

Weight of ship = weight of water displaced by ship 

                           = 1.03 × 1000× 120 = 123600 kg 
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Q.3  What are the limitations of the Bernoulli's equation?  

Solution: 

Following are the limitations of Bernoulli's equation. 

(1) Fluid must be incompressible. 

(2) Not applicable for non-steady flow. e.g Bernoulli's equation cannot be 

applied in case of turbulent flow. 

(3) Applicable for ideally, non-viscous fluid. 

 

Q.4  Write down the expression for correction for temperature for a tape with usual 

notations? 

Solution:  

( )0 .t mC T T L= −  

L →  Measured length 

tC →Correction for temperature 

 →Coefficient of thermal expansion 

mT →  Mean temperature during measurement. 

oT →Temperature of standardisation  

Q.5   Convert the following quadrantal bearing into whole circle bearings  

(a) N 100 00 ‘E 

(b) N 180 20’ W  

Solution: 

Quadrantal bearing whole circle bearings 

(a) N 100 E 

 

100 
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(b) N 180 20’ W 

 

3410 40’ 

 

 

Q.6  What is Mid-ordinate in Simple Circular Curve? Write formula also? 

Solution: 

It is the vertical distance b/w mid-point of long chord to the mid-point of the 

curve. 

( )1 cos / 2M R= −   

Q.7 Write down four principal mineral compounds in Portland cement. 

Solution: 

• Tri-calcium silicate,C3S- 2(3CaO, SiO )  

• Di-calcium silicate,C2S- 2(2CaO, SiO )  

• Tri-calcium aluminate,C3A- 2 3(3CaO, A1 O )  

• Tetra-calcium alumino-ferrite,C4AF- 2 3 2 3(4CaO, Al O , Fe  O )  

Q.8 How many types of rocks are there according to engineering classification? 

 Solution: 

• Siliceous rocks 

• Argillaceous rocks 

• Calcareous rocks 

Q.9  What is seasoning of timber?  

N 

E 
W 

S 

E W 

S 

100 

N 
180 20’ 
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Solution: 

The process of removing surplus moisture and sap from freshly converted 

timber is known as  seasoning of timber. 

Q.10  What is unit hydrograph?  

Unit hydrograph is the direct runoff hydrograph resulting from an isolated 

storm of any D duration occurring uniformly over entire catchment area which 

produces direct runoff of 1cm. 

Q.11 What are different types of raingauge? 

Solution: 

Types of recording rain gauges: 

• Weighing bucket rain gauge 

• Tipping bucket rain gauge 

• Float type rain gauge 

Types of Non-Recording rain gauge: 

• Symons gauge 

Q.12 What is Isochrones? 

Solution: 

Isochrones: Isochrones is a line or contour of joining equal time of travel of 

surface runoff. 

 

Q.13 what do you mean by Tortuosity or Sinuosity? 

Solution: 

Tortuosity or Sinuosity is defined in meandering river as the ratio of actual 

length (length along the channel) to the direct axial length. 

 

Q.14  Describe the equation for exit-gradient? 
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Solution: 
21 1 1

                   
2

E

H
G

d




 

+ +
= =  

/ ,b d =   b= total floor length; 

H →   Head of water; 

d →  Depth of Pile; 

Q.15 What is the length of valley (in meter) curve if design speed is 90 kmph and 

absolute gradient is 9% based on comfort condition? 

Solution: 

( )
1/ 21/ 2 33 0.09 0.278 90

2 2
0.6

v

NV
L

C

   
= =   

    

 

= 96.94 m 

Q.16 What is the criteria to provide rotary intersection? 

 Solution: 

When vehicle flow rate > 500 vehicle/hr but < 3000 vehicle/hr and at least 30 % 

traffic turning right. 

Q.17 What do you mean by weep hole? 

Solution: 

These are the sort of escape holes usually provided in the retaining walls in 

order to dissipate the build up of excess pore water pressure behind the 

retaining wall 

Q.18 Write down the Name of Layouts of Distribution System 

 Solution: 

Layouts of Distribution System 

• Dead end or tree system 

• Grid system or reticular system 
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• Ring or circular system 

• Radial system 

Q.19 Write down the acceptable standards of total dissolved solids, chlorides, 

fluorides and nitrates in potable water as per Indian standards in mg/I?  

Solution:    

As per the IS 10500:2012, Following are the limits of concerning substances. 

Total dissolved solids  500 mg/L 

Chlorides   250 mg/L 

Fluorides   1 mg/L 

Nitrates   45 mg/L 

 

Q.20 What are aerated lagoons? 

Solution: 

Aerated lagoon fall in between the algal ponds and activated sludge system 

oxygen is supplied through aeration. This unit is deeper (3 to 5 m) and hence 

require much less land than algal ponds. 

PART-B  

Marks: 60 

Note- Attempt all the twelve questions. Each 

question carries 5 marks. Answer should not 

exceed 50 words 

Q.21 Define and explain briefly: 

(i) Velocity Potential and 

(ii) Stream Function  
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Solution:  

Velocity Potential: - It is defined as a scalar function of space and time in such a 

way that the negative derivative of this function with respect to any direction 

gives velocity in that direction. It exists only for irrotational flow. 

( ), ,f x y z =  For steady flow 

, ,u v w
x y z

  − − −
= = =

    

Stream Function: - it is defined as a scalar function of space and time is such a 

way that its partial derivative with respect to any direction gives the velocity 

component as below. It is denoted by ( ),f x y =  and exists for both 

rotational and irrotational flow. 

    v u
x y

  
= = −

   

 

Q.22 An automobile with projected area 2.6 m2 is running on a road with a speed of 

120 km per hour. The mass density and the kinematic viscosity of air are 1.2 

kg/m3 and 5 21.5 10  m / sec−  respectively. The drag coefficient is 0.30. Find the 

drag force on the automobile. 

Solution: 

The drag force on the automobile may be given as  

2

2
D D

V
F C A


=   

2 3Here,  0.30,  2.6 ,  1.2 kg/m ,  120 kmphDC A m V= = = =  

( )

( )

2

2

1.2 120 1000
      0.30 2.6

2 60 60
DF N

 
 =  

 
 

     520 NDF =  
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Q.23  Describe the Bowditch's method of balancing the traverse? 

Solution: 

Bowditch Method: The Bowditch's method is used when both the linear and 

angular measurements are measured with same precision. It may be applied 

either analytically or may be carried out graphically. This method of balancing 

of traverse is widely prevalent and most commonly used. The corrections to the 

coordinates can be calculated by using the following formula. 

Error in latitude of any line = total error in latitude (ey) x 
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑛𝑒

𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡𝑟𝑎𝑣𝑒𝑟𝑠𝑒
 

Error in departure of any line = total error in departure(ex) x 
𝑙𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑡ℎ𝑒 𝑙𝑖𝑛𝑒

𝑝𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑡𝑟𝑎𝑣𝑒𝑟𝑠𝑒
 

 

Q.24 A steel tape 20 m long standardised at 55oF with a pull of 10 kg was used for 

measuring a base line. Find the correction per tape length, if the temperature 

at the time of measurement was 80°F and pull exerted was 16 kg. Weight of 1 

cubic cm of steel =7.86 g, Wt. of tape = 0.8 kg and E = 2.109×106 kg/cm2. 

Coefficient of expansion of tape per 1°F = 6.2 ×10-6 

Solution:- 

Correction for temperature = -620  6.2  10  (80 -55) = 0.0031 m   (additive) 

Correction for pull
( )0P-P

=
L

AE
 

Now, weight of tape = A (20× 100) (7.86 × 10-3) kg = 0.8 kg (given) 

0.8
0.051

7.86 2
A = =


sq.cm 

Hence, 
( )

6

16 10 20
0.00112

0.051 2.109 10
pC

−
= =

 
 (Additive) 

Correction for sag
( ) ( )

( )

2 2

1

22

20 0.8
0.00208 m

24P 24 16

l w
= = = (Subtractive) 
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 Total correction 0.0031 0.00112 0.00208 0.00214 m= + + − = +  

Q.25 What is segregation bleeding of concrete? What is its effect? 

Solution: 

Segregation is said to occur when the constituent materials of concrete try to 

separate out from each other producing concentration of coarser material at 

one place and finer material at other place in the concrete. Such concrete 

contains large voids and is less durable. 

Bleeding of concrete is said to occur when unreacted water in the mix tends to 

rise to the surface of freshly placed concrete due to sedimentation of 

constituents of concrete. This produces continuous capillary pores which 

provide a clear straight access to chemicals and deleterious materials in 

concreteand lowers the strength and workability of concrete. 

Q.26 Write difference between English and Double Flemish bond. 

Solution: 

English bond: This type of bond is generally used in practice. It is considered as 

the strongest bond in brickwork. 

Following are the features of an English bond: 

• The alternate courses consist of stretchers and headers. 

• The queen closer is put next to the quoin header to develop the face 

lap. 

• Each alternate header is centrally supported over a stretcher. 

• If the wall thickness is an even multiple of half-brick, the same course 

shows headers or stretchersin both the front and the back elevations. 

But if the wall thickness is an uneven multiple of half-brick, a course 

showing stretcher on the face shows header on the back and vice versa. 

• The tricks in the same course do not break joints with each other. The 

joints are straight. 

• In this bond, the continuous vertical joints are not formed except at 

certain stopped ends. 
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• The number of mortar joints in the header course is nearly double than 

that in the stretchercourse. Hence care should be taken to make the 

header joints thinner; otherwise the face lapdisappears quickly. 

• A header course should never start with a queen closer as it is liable to 

get displaced in thisposition. 

Flemish bond: In this type of bond, each course is made up of alternate header 

and stretchers and hence it creates a better appearance than the English bond. 

The Flemish bond may be divided into two groups: 

• Double Flemish bond 

• Single Flemish bond. 

In Double Flemish bond, back and front face are same in appearance. This bond 

is only possible with even number of half bricks. 

Q.27  Name different types of precipitations. Discuss the orographic type of 

precipitation? 

Solution: 

Followingare different types of precipitations: - 

→Convective Precipitation 

→Cyclonic Precipitation 

→Orographic Precipitation 

→Frontal Precipitation 

Orographic Precipitation: -Orographic precipitation, Produced when moist air is 

lifted as it moves over a mountain range. As the air rises and cools, orographic 

clouds. Form and serve as the source of the precipitation most of which falls 

upwind of the mountain ridge 
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Q.28 What return period you would adopt in the design of a culvert if you are 

allowed to except 8% riskof flooding in 40 years of expected life of culvert. 

Solution: 

Risk = 1 nq=  

Where nq = Reliability 

408
1

100
q= −  

( )
1/ 40

1 .08 0.9979q = − =  

1 1 .9979 .002P q= − = − =  

we know that
1 1

500
.002

T
P

= = =  

Q.29  Compare Lacey's and Kennedy's theories? 

 Following are the comparison of Lacey's and Kennedy's theories 

Kennedy's theory Lacey’s theory 

1.Trapezoidal shape 1.Semielliptical shape 

2. Eddies generated from bottom only 

to keep silt in suspension. 

2.Eddies generated from whole 

perimeter to keep silt in suspension. 

 
 

Clouds 

Clouds 

Clouds 

Hill 
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3.Use Kutters eq to find velocity 3.Gave own eq 

4.No eq for bed slope 4.Gave eq for bed slope 

5.Trial and error procedure 5.Direct procedure 

Q.30 Calculate the stopping sight distance for design speed of 80 km/h. Take the 

total reaction time 2.5 seconds and coefficient of friction 0.35? 

Solution: 

SSD
2

2

v
vt

gf
= +  

U = 80 km/h = 22.22 m/sec, 

t = 2.5 Sec.      f =  0.35 

SSD 
( )

2
22.22

= (22.22 2.5)+
2 9.81 0.35


 

 

SSD = 127.54 m 

Q.31 Name different factors affecting the design of pavement. Discuss briefly one of 

them. 

Solution: 

Factors affecting the design of pavement: - 

A) Traffic and Loading:- 

• Contact Pressure 

• Wheel load 

• Axle configuration 

• Moving loads 

• Repetition of loads 

B) Structural models - Layered elastic model 

C) Material characterization 

D) Environmental factors 

• Temperature 



 

ENGINEERS PRIDE | Class Room/Office Address-C-225, Ganesh Marg, C-Block, 

Mahesh Nagar (200 Meter from Riddhi Siddhi Tiraha), Gopal Pura Mode(between 

Gandhi Nagar Railway Station and Durga Pura Railway Station), Jaipur, 

Rajasthan, 9660807149, 7014320833, 8448449932 

P a g e  13 | 25 

 

• Precipitation 

Material Characterization:- The Following material propertiesare important for 

both flexible and rigid pavement. 

→  When pavement are considered as linear elastic, the elastic module 

and Poisson ratio of sub grade and each component layer must be specified. 

→  If the elastic modulus of a material varies with the time of loading, 

then the resilient modulus, which is elastic modulus under repeated loads, 

must be selected in accordance with a load duration corresponding to the 

vehicle speed. 

Q.32  What is the significance of  5day BOD (Bio-chemical oxygen demand) 

determination. Write down the equation of B.O.D. satisfaction with usual 

notations? 

Solution: 

The dissolved oxygen (DO) in water samples is used for both organic and 

nitrogenousmatter degradation. This, the biochemical oxygen demand (BOD) 

curve has two oxygen demands:- 

1) Carbonaceous BOD  2) Nitrogenous BOD 

The first five days demand is more related to the carbonaceous BOD, which 

accounts for about 70% of the total BOD value. Therefore, the value of BOD5 

typically represents the oxygen demand for the decomposition of organic 

matter. 

( )0 1 10 DK t

tL L −= −
 

PART-C 

Marks: 100 
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Note- Attempt any 5 out of 7 questions. Each 

question carries 20 marks. Answer should not 

exceed 200 words 

Q.33  Estimate for 1:20 model of a spillway (i) prototype velocity corresponding to a 

model velocity of2 m/sec, (ii) prototype discharge per unit width corresponding 

to a model discharge per unit width of 0.3 m3/sec/m, (iii) pressure head in the 

prototype corresponding to a model head of 5 cm of mercury at a point and (iv) 

the energy dissipated per second in the model corresponding to a prototype 

value of 1.5 kW. 

Solution: 

Length ratio, 
1

20

m
r

p

L
L

L
= =  

(i)  Prototype velocity for model velocity of 2 m/sec. 

Velocity ratio, r rV L=  

1
                 

20

m

p

V

V
 =  

                 20 2 20P mV V = =  

8.944 m/spV =  

(ii) Prototype discharge per unit width for model discharge per unit width of 0.3 
3/s/m 

Discharge intensity ratio, 
2

3/ 2

rq r rr r
r

r r

L LV A
L

L L


= = =  

3/ 2
1

20

m

p

q

q

 
=  
 

 



 

ENGINEERS PRIDE | Class Room/Office Address-C-225, Ganesh Marg, C-Block, 

Mahesh Nagar (200 Meter from Riddhi Siddhi Tiraha), Gopal Pura Mode(between 

Gandhi Nagar Railway Station and Durga Pura Railway Station), Jaipur, 

Rajasthan, 9660807149, 7014320833, 8448449932 

P a g e  15 | 25 

 

( ) ( )
3/ 2 3/ 2

20 0.3 20p mq q= =   

326.83 m /s/mPq =  

(iii) Prototype pressure head for model pressure head of 5 cm of Hg. 

    
p

g
r

r

L


 
= 

 
 

    
( )

( )

p/ g 1

p/ g 20

m

p




=  

    ( ) ( )p/ g 20 p/ g
p m

 =   

20 5 100 cm of Hg=  =  

(iv) Energy dissipated per second in model for 1.5 kW. Energy dissipated in 

prototype. 

Energy dissipated/sec.= Work done/sec. = Power 

rP r rFV=  

3

r r r rL g L=    

7/ 2

rL=     r ( 1 and g 1)r = =  

   

7 / 2

m

p

P 1
 

P 20

 
=  
 

 

    
7 / 2

m

1
 P 1.5

20

 
=  

 
 

    5

m P 4.19 10 0.042 WkW−=  =  

Q.34  Explain the following terms in the context of surveying: 

(i) Least count    (ii) Closing error  (iii) Arithmetic check  
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(iv) Local attraction   (v) Whole to the part 

Solution: 

(i) Least Count: 

It is the smallest possible value of one division of any scale. For a Vernier scale, 

least count is thus equalto the value of the smallest division on the main scale 

divided by the total number of divisions on the Vernier. 

If S is smallest division of main scale and n is smallest division of Vernier scale 

Then, least count
S

n
=  

(ii) Closing error: 

In a complete circuit, the sum of north latitudes must be equal to that of south 

latitudes and the sum ofeastings must be equal to that of westings, if linear as 

well as angular measurements of the traversealong with their computation are 

correct. If not, the distance between the starting station and the 

positionobtained by calculation is known as closing error. 

The closing error is generally expressed as a ratio of the closing error(e) and the 

perimeter of the traverse(P). In that form it is called relative closing error. Thus, 

Relative closing error 
Error of closure

Perimeter of traverse
=

e

P
=  

It is conventional to express the relative closing error with the numerator as 

unity. thus 

Relative closing error =
1

/p e
 

(iii) Arithmetic check: 

These are simple arithmetic calculations which are made to check the 

correctness of entries in height of instrument method or rise and fall method. 

The arithmetic calculations can be checked by using  thefollowing equation: 

Back sight  Fore sight = Last RL first RL= Rise fall −  −  −  
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Thus, if the calculations on left hand side as well as on right hand side are 

equal, then the calculations 

made in filling the entries are correct 

(iv) Local attraction: 

Local attraction is the attraction of magnetic needle to a local magnetic field 

other than earth's magneticfield. The local magnetic field is caused by iron 

fences, iron pipes, steel bars, vehicles, steel doors andwindows, iron deposits, 

etc. Even small items made of iron or steel such as the wrist watch case, pen, 

belt buckle, tapping arrows and steel tapes cause local attraction. DC power 

lines also develop a localmagnetic field. A freely suspended magnetic needle 

takes the direction of the earth's magnetic fieldonly if these is no local 

attraction. The magnetic needle will deviate from the magnetic meridian under 

thelocal magnetic field (forces). 

(v) Whole to the part: 

It is the first principle of surveying. The surveyor should first establish 

accurately large main frameworkconsisting of widely spaced control points. 

Between the large main framework, subsidiary small frameworkscan be 

established by relatively less accurate surveys. The errors in small framework 

are thus localisedand are not magnified and the accumulation of errors is 

controlled. In the reverse process of workingfrom the part to whole, the small 

frameworks will be expanded to the large framework and the errors willget 

magnified. 

Q.35  Discuss briefly the qualities of good building stone? 

Solution: 

 Following are the qualities of a good building stone:- 

1. Strength: - Generally most of the building stones have high strength to resist 

the loadcoming on it. Therefore, it is not of prime concern when it comes to 

check the of stones. But when it comes to large structures, it becomes 

necessary to check thecompressive strength of stones. 
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Compressive strength of building stones generally fall within the range of 60 

to 200N/mm2 

2.Durability:- Building stones should be capable to resist the adverse effects of 

naturalforces like wind, rain and heat. It must be durable and should not 

deteriorate due toadverse defect of the natural forces 

3. Hardness:- When stones are used in floors, pavement., they become 

subjected towearing and abrasive forces caused by movement over them. 

4. Toughness: -Toughness of stones means it ability to resist impact forces. 

Buildingstones should be tough enough to sustain stresses developed by 

vibration. 

5. Specific gravity: - The more the specific gravity of stone, the more heavier 

andstronger stone is the specific gravity of good building stone is b/w 2.4 

and 2.8. 

6. Porosity and Absorption:- Porosity of building stones depends upon the 

mineral constituent and structural formation of prevent rock. It stones are 

used in buildingconstruction are pours the rain water can easily enter into 

the pore spaces and causedamage to stones. 

7. Driving:- Giving required shape to the stone is called driving. It should be 

easy todress so that the cost of driving in reduced 

8. Appearance: - In case of the stones to be used for face works, where 

appearance is aprimary requirement, its colour, ability to receive polish is an 

important factor 

9. Seasoning: -Good stones should be free from the quarry sop. Lateritic stones 

shouldnot be used for 6 to 12 months after quarrying. 

10. Workability:- Stones should be workable. Stone is said to be workable when 

thework involved in stone working (Such as cutting, dressing & Shaping) is 

economicaland easy to conduct. 

Q.36 Following ordinates of flood hydrograph were recorded in a stream resulting 

from a storm of 6- hour duration in a catchment having an of 113.4sq. km 
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Time (hr) 0 6 12 18 24 30 36 42 48 

Discharge (cumecs) 5 10 20 35 30 20 15 10 5 

 

Base flow is 5 cumecs . 

(a) Find the ordinates of direct runoff hydrograph. 

(b) Find the direct runoff in cm and in cubic meter. 

(c) Find the ordinates of unit hydrograph. What is duration of this unit 

hydrograph 

Solution: 

1.Time 

(hr) 

2. discharge 

(Cumecs) 

3. Base flow 

(Cumecs)  

4. DRH=(2) – 

(3) 

5. UH 

=(4)/2 

0 5 5 0 0 

6 10 5 5 2.5 

12 20 5 15 7.5 

18 35 5 30 15 

24 30 5 25 12.5 

30 20 5 15 7.5 

36 15 5 10 5 

42 10 5 5 2.5 

48 5 5 0 0 

 

Direct runoff= 
0.36 105 6

0.36 2
113.4

o l
cm

A

   
= =  

Direct runoff= -2 6 =2 10 113.4 10    

6 32.268 10  m=   

Q.37 Write short notes on - 

(1) Silt extruders 

(2) Silt ejectors or extractors 

(3) Modes of failure in gravity dam  



 

ENGINEERS PRIDE | Class Room/Office Address-C-225, Ganesh Marg, C-Block, 

Mahesh Nagar (200 Meter from Riddhi Siddhi Tiraha), Gopal Pura Mode(between 

Gandhi Nagar Railway Station and Durga Pura Railway Station), Jaipur, 

Rajasthan, 9660807149, 7014320833, 8448449932 

P a g e  20 | 25 

 

Solution: 

(1) Silt extruders 

• Silt excluders are those works which are constructed on the bed of the 

river, upstream of the head regulator. The clearer water enters the 

head regulator and silted water enters the silt excluder. 

• In this type of works, silt excluder consists of a number of rectangular 

tunnels resting on the floor of under sluice pocket. 

(2) Silt ejectors or extractors: 

• Silt ejectors are those devices which extract the silt from the canal 

water after the silted water has travelled a certain distance in the off 

take canal. 

• These works are constructed on the bed of the canal and a little 

distance downstream from the head regulator. 

• Silt ejectors consists of horizontal diaphragm slab a little above the 

canal bed (which separates out the bottom layer) 

• Under the diaphragm slab, there are tunnels to eject the heavily laden 

silt bottom water into an escape channel. 

• The ejectors consists of a diaphragm, tunnels, control structure and an 

escape channel (or outfall channel) 

Efficiency of silt excluder and ejectors 

Efficiency,   

   100u d

u

I I

I


−
=   

where,  uI  = silt intensity in canal upstream of the ejector 

dI  = silt intensity in canal downstream of the ejector 

(3) Modes of failure in gravity dam  

A gravity dam may fail in the following ways: 

(i) Overturning    (ii) Sliding 

(iii) Compression or crushing  (iv) Tension 
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(i) Overturning 

• If resultant of all the force acting on a dam at any of its sections cuts 

the base of the dam downstream of the toe (i.e., outside the body of 

dam), the dam shall rotate and overturn @ the toe. 

• On the other hand, if the resultant cuts the base within the body of 

the dam, there will be no overturning 

• For stability requirements, dam should be safe against overturning. 

FOS (against overturning) =  

restoring moment@ toe (anticlockwise)

overturning moment @ toe (clockwise)

R

O

M

M


=


 

• FOS against overturning should not be less than 1.5 

(ii) Sliding 

• A dam will fail in sliding at its base or at any other level, if the 

horizontal forces causing sliding are more than the resistance 

developed at that level. 

• The resistance against sliding may be 

(a) due to friction alone 

(b) Friction and shear strength of the joint 

• FOS against sliding (shear strength not taken into account) 

FSS = 
V

H

 


 

where,    = coefficient of friction (varies from 0.65 to 0.75) 

V = net vertical forces 

H  = sum of horizontal forces causing sliding 

FOS against sliding (shear strength taken into account) 

SFF = 
V bq

H

  +


  (for unit length of dam) 

where,  q = average cohesion or shear strength of the joint 
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b = width of the joint 

SFF = shear friction factor 

NOTE: Shear strength comes into play if there is good bond between two 

interfaces or the joints in a structure. In case of masonry dams, it is due to 

interlocking of stones. 

(iii) Compression or crushing 

• A dam will fail in compression or crushing by the failure of its material 

i.e., maximum compressive stresses produced should exceed the 

permissible compressive stresses. 

• Vertical direct stress distribution at the base is given by following 

equation 

  
max/min.

6
P 1

V e

B B

  
=  

 
 

where,  e = eccentricity of the resultant force from the centre of the 

dam 

V  = total vertical force 

B = base width 

• P = direct stress + bending stress 

• Maximum stress i.e., maxp  will be provided at the end which is nearer 

to the resultant. 

(iv) Tension 

• Masonry and concrete gravity dam are not able to withstand tensile 

stresses. Hence, they are designed in a way to avoid tension anywhere 

in the structure. 

• In order to avoid tension anywhere in the structure, minp  should be 

zero. 

  
min

6
1

V e
p

B B

  
= − 
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Q.38  The design speed of a highway is 80 km/h. There is a horizontal curve of radius 

200 m. Calculate the super-elevation needed to maintain this speed. If the 

maximum super-elevation of 0.07 is not to be exceeded calculate the maximum 

allowable speed on this horizontal curve. Take safe limit of transverse 

coefficient of friction as 0.15? 

Solution: given, 

design speed of highway = V = 80 km/h 

Radius of curvature R= 200m 

Transverse coefficient of friction = 0.15 

( )
22 80

0.1422
225 225 200

V
e

R
= = =


 

0.1422 0.07e =  (max" super elevation) 

So Provide 0.07e =  

2

127

V
e f

R
+ =  

( )
2

80
        0.07+f=

127 200



 

0.1819 0.15f =  (Max" Value of coefficient of friction) 

So, speed restriction will apply 

2

127

Va
e f

R
+ =  

2

aV
          0.07+0.15= 74.75 kmph

127 200
aV  =


 

(Allowable speed) 

Q.39 Design a low trickling filter to treat 6.0 MLD of sewage of BOD 210 mg/I. The 

final effluent should be 30 mg/l and organic loading rate is 320 gm/m3 /day. 

Assume that 30 % of BOD load is removed in primary sedimentation. 
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Solution: 

Given,  Q = 6MLD 

BOD = 210mg/l 

Final effluent = 30mg/l 

Organic loading rate = 320mg/l 

30% BOD removed in primary sedimentation 

Total BOD in raw Sewage =6×106× 210×10-6 

= 1260 kg/day 

BOD entering into trickling fitter = 0.7×1260 

= 882 kg /day 

Total Bod in effluent = 6×106× 30 ×10-6 

=180 kg / day 

Bod removed in trickling fitter = 882− 180 = 702 kg/day 

Bod Removed
Volume of filter = 

organic loading
 

3
3702 10

V= 2193.75
320

m


=  

Assume effective depth of filter=1.5 m 

Surface area 22193.75
1462.5 m

1.5
= =  

Circular trickling filter unit of d 230 m A= 30
4


=    

no of units= 

( )
2

1462.5
 2units

30
4


= =
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2 units + 1stand by unit 

 


