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01(a).
Sol: Discharge required for crops
Discharge for sugarcane = Q = A_80_ 1.466 cumec
D 580

Discharge for sugarcane additional in summer = % =0.207 cumec

Discharge for wheat = 600 _ 0.375 cumec
1600
Discharge for Bajra = i% = 0.25 cumec
360

Discharge for vegetables = 500 0.60 cumec

Discharge required in every season:
1. In Rabi season:

= Qsugar cane T Qwheat
=1.466 + 0.375

=1.841 cumec

2. QMonsoon = qugarcane + QBajra
=1.466 + 0.25

=1.716 cumec

3. QHot weather = qugarcane + Qvegetables
=1.466 + 0.207 + 0.60
= 2.273 cumec

= Qmax = QHot weather = 2.273 m3/SeC

.. Full supply discharge at the head of the canal = Qumax = 2273
t, 0.65
=3.497 m%s

Full sup ply disch arge
Capacity factor

:ifi=4W1m%
0.8

.. Design discharge =
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Civil Engineering

01(b).
Sol: Given data

h=0.05m,v=10cm® p =900 kg/m? L=0.1m, D=1 mm, T = 254s, g = 9.81 m/s*

Applying Bernoulli’s equation between free surface and exit

0 =0 0
2 2
D +V +lep +ﬁ+22+hf
P9 29 P9 29
2
oL Vi L
29 pgD
_ Volume
Time
10x10°°
254

=3.937 x 10 % m/s

(Assuming laminar flow) — (1)

3.937x10°°
T 0.0012
4

=0.05 m/s
Substituting in equation (1)

0.05° N 32xux0.05x0.1
2x9.81 900 x9.81x0.001%
=827 x 10°Pas

_pV,D

o

900x0.05x0.001

T 827x107
=5.44 < 2000

= Assumption of laminar flow was correct

(0.05+0.1)=

Re
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01(c).
Sol: h=ysin6
dF =pdA
=vyh dA
dF =vysin 0. y.dA

F=vysin©O jydA

A
[ydA =yA = F=ysin0 y.A
A

" ysin@=h= F=yAh — (1)
dM, = dFy = dM, =1y sin 6 y’dA
Mo =7 sinejysz

A

[y da=1, =1 +Ay?
= Mo =ysind (1 + Ay?) ; My, = F.y*
= ysin@ YAy* =ysin 0 (I + Ay?)

o h* h Isin®
:}y y+—_:> - = — + —
Ay sin® sin6 Ah

N S LGN
Ah
01(d).
Sol:  Synder’s approach is construction of UH with Catchment characteristics.
L =80 km
Lc =50 km
A = 2100 km?
Ci=185
Cp=0.45
—lagtime=t, =C,(LL.)"”
= 1.85 (80(50))"*
=22.27 hours
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Civil Engineering

. t
— Base period = 72 + 2

- 22.27
8
=72+ 2.78 =75 hours

2.778 C,A

t

_ 2.778(0.45)(2100)
- 22.27

=120 cumec

- Qmax =

— Duration of RF

t
D=~ :g:4 hours
55 55

01(e). (i)
Sol: True bearing = 348°38'12"
Magnetic bearing = 2°15'44"
Declination = 360° — 348°38'12" + 2°15'44"
= 11°21'48" + 2°15'44"
= 13°37'32"W
The declination is 13°37'32"

Y
MM
13%37'32"
\\/‘*
i 148°26/10"
)
AR

True bearing of the line AB = 148°26'10" —
= 134°48'38"

13°37'32"

4TM
B
225'44"
MM
348°38'12"
AN
\Jp/
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01(e). (ii)
V3
Sol: L=— R=200m
aR
2
I=15cme =G tand = Gv
gR
v = 14 m/sec
3 3
V@ e
aR 0.3x200
02(a).

Sol: LetQ="f(H, g, p, u, 0)
Six variables namely Q, H, g, p, o are given involving three fundamental units. Hence we can
frame 6 — 3 = 3 dimensionless constants. Let us select H, g and p as repeating variables. Let the
dimensionless constants be

m = H*g"pQ Q

M= HUg™p%in H
s = Hg”p%c g Repeating
variables
Performing a dimensional analysis for w; p
LOMO T = Lo (LT (ML LT H

Comparing the power of L, 0 =a; + b; —3c; + 3

Comparing the power of M, 0 = ¢;
Comparing the power of T,0 =-2b; — 1
Solving, we get o, = —g, b, = —% ,€1=0

Q

N, =——75
1
H5/291/2

Performing a dimensional analysis for =,
(L°MO T = L% (LT )* (ML) MLIT

Comparing the power of L,0=a, + b, - 3c, -1
Comparing the power of M, 0 = ¢, +1

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad




Civil Engineering

v Engineering Academy <7
Comparing the power of T, 0 =-2b, — 1
Solving, we get a, -3 , b, :—i, co=-1
2 2
il
My =—— 5
2 H3/291/2p

Performing a dimensional analysis for 3

LOMOTO) = L= (LT 2 (ML e MT 2
Comparing the powers of L, 0 = a3 + b3 — 3c3
Comparing the powers of M, 0 =c3 + 1
Comparing the powers of T, 0 =—2bz — 2
Solving, wegeta,=—2,bs=-1,c3=-1
Solvingwe geta, =—2. bz =-1,c3=-1

(e}

" Higp
m1 = f(mp, m3)

T

Q :f( u GJ
H5/2g1/2 H3/Zgl/2p Hzgp

— 152 12 U )
:>Q_H g f(HS/Zg“Zp’Hzng

02(b). (i)
Sol: Given Data:

H=20m, S.P =16 MW, n, = 80, nn =90%, D;=42m, D, =2m, ns=3

S.P =1, pGgh
16 x 10° = 0.8 x 9810 x Q x 20
= Q=101.9 m%s

w,/P/p

ng=————

(gH)5/4
()

JP/Ip

B2

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad
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_ 3x(9.81x20)"*°
16 x10°
1000

D - D, +D, :[4.2+2j:3l1m
2 2

=17.415rad/s

—0=155m
2

U =uU, =Ry xw=26.99 m/s

Rm

V,, % 26.99
0.81x 20
Vw1 = 6.542 m/s

=9.511 m/s

Q 101.9x 4
Vi, =V, =

4(Dt2 —Di): 7'l?><(4.22 —22)

vf, 9511

tanP, = =
u, -V, 26.99-6.542

= By = 24.95°
Vf, 9511

U, 26.99

tanB, =

— B, = 19.41°

02(b). (ii) H s
Sol: Given data:
Dp =150 mm Hy
N =60 rpm Ham

L =250 mm ("." 1 rev = 2 strokes) . !
Hs=6m
He=15m xp:.o Xp =
_A,LN

60
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@By~ Engineering Academy :9: Civil Engineering
%xO.lSZ x 0.25 x 60 .
60 Fq
=4.418 x 10° m®/s )
P" = pgQ" [Hs +H]
= 0.81 x 10° x 4.418 x 10 x(6 + 15)
=0.91 Kw
The pressure difference across piston during delivery stroke pgHq Pam Pam + pgHa
- Fa = pgHa Ap
= 9810 x 21 x %x 0.152= 2.6 kN
02(c).
Sol:
Staff Readings (m)
Stations Chainage H.1 R.L Remarks
B.S 1.S F.S
A 0.964 361.614 | 360.650
1.632 0.948 362.298 | 360.666 - umf(_)rm
gradient 1 in 40.
1.105 1.153 362.250 | 361.145
0.850 1.984 361.116 | 360.266
0.396 1.125 360.387 | 359.991
0 0.387 360.000
10 0.637 359.750
20 0.887 359.500
30 1.137 359.250
40 1.387 359.000
50 1.637 358.750
60 1.881 358.500
>BS = >FS =
4,947 7.097
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>BS - ¥FS=-2.15
Last R.L. 1% R.L = 2.15, hence checked.

03(a).
Sol: C, :Mzo_oz
k —kx +0.5At
- kx +0.5At  _ 0.31
k —kx +0.5At

C,=1-C,-C,=0.67
Q2=Coly +Cy 11 + C04

Time Inflow (1) cumec Outflow On :o(.:ein|:_(ff rb-%;gj?ln_l =0.02 I, + o,
0 42 42
12 45 0.02(45) + 0.31(42) + 0.67 (42) 42.1
24 88 0.02 (88) + 0.31(45) + 0.67(42.1) 44
36 272 0.02 (272) + 0.31(88) + 0.67 (44) 62.2
48 342 0.02 (342) + 0.31 (272) + 0.67 (62.2) 132.8
60 288 0.02 (288) + 0.31(342) + 0.67 (132.8) 200.7
72 240 0.02 (240) + 0.31(288) + 0.67 (200.7) 233.00
84 198 0.02 (198) + 0.31 (240) + 0.67 (233.00) 234.00
96 162 0.02(162) + 0.31(198) + 0.67 (234.00) 221.6
108 133 0.02 (133) + 0.31(162) + 0.67 (221.6) 201.6
120 110 0.02 (110) + 0.31 (133) + 0.67 (201.0) 178.9
132 90 0.02 (90) + 0.31(110) + 0.67 (178.9) 155.7
144 79 0.02 (79) + 0.31 (90) + 0.67 (155.7) 1335
156 68 0.02(68) + 0.31(79) + 0.67 (433.5) 115.3
163 61 0.02 (61) + 0.31(68) + 0.67(115.3) 99.7
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48 84 L Timehr

Attenuation = Drop in peak flood

= (Qmax)iHe — (Qmax)oHs
=342 - 234
=108 Cumec
Basin lag = tmax g of oHG — tmax Q of IHG
=84 -48
= 36 hours

03.(b)
Sol: Given Data:
W =1000 N, V;=40m/s
Co=1.3, p=1.2kg/m*
Vo =4m/s
By Newton’s second law of motion,
SF=md
ie W-F, :md—v - (1)
dt
When parachute comes down with steady sinking speed acceleration is zero
S W-Fp=0

1000 = C—ZD X PAV?
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A= 2100 g5 3
12x13x4

From equation (1)

w-Se oavz @
2 dt
mdv

W—CZD PAV?2

Ldt=

2m,
dv
CopA
2W 2
CopA
bdv
a?—-V?
Where
2m 2x100 B
C,pA 1.3x1.2x80.13

i [ 2W _\/ 2x1000  _,
CopA  V1.3x1.2x80.13

Integrating on both sides

ie dt=

dt =

- (3)

1.6

bdv
Idt:IW'FC
tzﬂfnaﬂl +C
2a |a—-Vv

Att=0,V=40m/s
o= 4440 oy

2x4" " |4-40|
=2 VA g 0g

28 |1-v/a
Note: a =

C,pA

=4m/s = Equilibrium sinking speed at 99.9% equilibrium speed v/a = 0.999
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m=2B1_ 004
0.001

S T= 16
2x4

=1.48 sec
From equation (1)
dv dy

W-Fp=m
dy dt

CD

W =B pAV? = mvd—v
2 dy

L dy = Cm Vv — (4)
W — 70 pAV?

Comparing equation (2) (3) and (4)
bvdv
a’—V?

.'.y:bJ.

dy =
vdv
d? —v?

—b ¢ (—=2v)dv
it

+C

y:_?bﬂn‘ﬁ —v2‘+c

Aty=0,v=40m/s
2
-]
a

~ 1% 6 0.9997) + 5.89
2

16

=c= 7£n a’ +5.89

=8.648 m
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Sol: By continuity equation:
AVi=AV, (or) DfV1 = DgV2
D2
- V2 = VZ(D_E]

0.8m
1

V;=5.86 m/s — (1)

By Bernoulli equation

2 VZ
i+V—1+/[:= 2+ 247, +
Y 29 v 29

VZ -V}
1=Y( 2 - +22J
29

2 2
=08 m +0.8
2x9.81
P, =103.178 kPa

By Momentum Flux equation:
ZFX = r'n(V2 _Vl)x

[e]
= P1A; + PoA-e0SB0° -Re= pAIV; (Vax — Vi)

Rx = P1A1 — pA1V1 (Vox — Vix)

= (103.178)%(0.4)2 x10° —10° ><§(o.4)2 x5.86(—15C0s60 — 5.86)

= 125.66 (103.178 + 78.29)
Fy = 22.803 kN (<)

(o]

2F, = iV, -

W P, Arsif B0 +R, = pAVi(V2 Siné0)
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= Ry:W+ pA1V1 V5 sin 60°

Ry = 1000 + 10% x %(0.4)2 x 5.86 x 15sin 60°

Ry =9.565 kN (T)

R=\RZ+R}

—/22.8032 +9.5652

R =24.728 kN
Angle of action = tan —1( 9.565 j
22.803
=22.756° (1)
04(a).
Sol:

Tangent length = R tan % =7.074 chains =141.48 m

MRA _ 13291 chains = 264.42 m

Length of the curve =

Change of P.I =59 + 60 = 1192.00 m

Change of T; = 1192 — 141.48 =1050.52 m

Change of T, =1050.52 + 264.42 = 1314.94 m

Length of 1% sub chord = 1060 — 1050.52 = 9.48 m = C;
Length of last sub chord = 1314.94 — 1300 = 14.94 m
Ci3=20m, R=15x20=300m, Cy4=14.94m
S, = 1718.9% =0°5419"

5, = 5,, =1718.9x 20 —164'35.6"
300

14.94
5, =1718.9x———— =1°25'35" O 111
14 X 300 0°54'19

A; =8, =0°54"19"
Ay =01+ = 2° 48’ 54.6"
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A3 = Ay + 83 =4° 43 30.2"
Ay=A3+58,=16°38"5.8"
As=Ag+ 55 =8°32" 41.4"
Ag = As + g = 10° 27" 17"
A7 =As+ 87 =12°21"52.6"
Ag = A7 + 83 = 14° 16" 28.2"
Ag=Ag+ 89 = 16° 11’ 3.8"
A1o = Ag + 810 = 18°5' 39.4"
A1 = Agp + 813 =20°0" 15"
A1 = Agg + 81 = 21° 54" 50.6"
A1z = Agp + 813 = 23° 49" 26.2"
A

A1a =A13+01s = 25°15' 1" = E

04(b). (i)
Sol: Let Fy; — Froude no before hydraulic jump
Fr» — Froude no after hydraulic jump
o Fy :L; F,= v,
Joyi T oy,
Vi=Fuoy; : Va=Feyoy,

From Continuity equation
yiVi =Y.V,

=W Frl \ ay, =Yy I:r2 Y, ay,

3/2
("%
y2 I:rl

F 2/3
=N (iJ — (1)
y: \Fu

Also we know Y1 = 2 - (2)
Y2 1+8F; -1
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- From (1) & (2)
2/3
F J1+8F2 -1
3/2
F, 2
= L= V—m——
Fi | J1+8F% -1

F,=F

3/2
2
"l J1+8F% -1

04(b). (ii)

Sol: Ah=hy;-h;=0.4m
rn=03m
r, =0.6m

Ah :(;—;[rj —rf]

2
Q)

2x9.81
,  0.8x9.81
T 0.62-032
= o =5.39 rad/s
600 60x5.39
on  2x3.14
N =51.48 rpm

= 04= (0.6 -0.3?)

=0

N =

04(b). (iii)

Sol: When a constrained fluid is pressurized, then every point in the fluid experiences a rise in pressure

by same magnitude.
Proof:
Consider a small fluid element ABC as shown:
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3 v Engineering Academy
2F=0
= P« (BC) =P, ACsin a
+ ACsina=BC
Px = P2
similarly >F, =0
= Py (AB) =P, AC cos a
~ ACcosa=AB
= Py =P
= Px=Py=P,

Hence proved

04(c). (i)

Sol: Q=36m%s
For hydraulically efficiency channel
Wetted perimeter should be minimum

dpP
-0 \

E_

P =B+2y4/(2.5) + (1)?

A=By+25V ¥

= A 2.5y
y

p=2_25y: 24725y
y

P=B+2y 2.5 +1°

_A o885y
y

P # +2.885 =0
dy 'y

A =2.885y*

P =2 (2.885y)
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Ay
R=2"2Y
P 2
Q= §R2/381/2 - 2.885y° y 2/381/2
N N 2

For lined canal

2 2/3 1/2
36 = 2.885y° [y 1
0.015 (2 2500

= y¥¥ = 14.844

=y=275m
B=106m

For unlined canal

2 2/3 1/2
36 = 2.885y° [y 1
0.028 2 2500

=y=348m B=134m

04(c). (ii)
Sol: Giventhat V = 1/%fR
Af? =140 \V°

, 5\
= Af° =140 ng

» o ¥
Af~'° =140 ER

5
A Vv
— =140 —
i)
Multiplying with V on both sides,
AV Ve

V6
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(Af)

But we know Af® = 140 V°

_ 140V°
f

b_ 2 14OV5_28OV_3
5v?  f 5 f

o_280(Qf?)"
5f | 140

Af

280 \/6

" 5(140)°'°
= 4.73286,/Q
= P=475/Q

Hence proved

05(a).
Sol: B=5m
y=25m

1

Side slope 1.5 H : 1V S=———,N=0.016
1000

For a lined canal
A =By +Yy* (0 + cot 0)
P=B+ 2y (0 +cot 6)

coto :ﬂ =15
V

6 = cot™ (1.5) = 0.5880
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0 + cot 6 = 0.5880 + 1.5 = 2.088
A =By +y? (6 + cot 0)
=12.5 + 6.25 (2.088) = 25.55 m?
P=B+ 2y (0 + cot 6)
=5+5(2.088) =15.44 m

P 1544
Q=AV
1

— A_R2/381/2
N

0.016 1000
=70.65 m*/s
(i) In a time of 10 days, volume of water which can be supplied by the channel
=70.65 x 10 x 24 x 60 x 60
= 61.04 x 10° m’.
v =A(yr)
_ vV _ 61.04x10°
y, 150x10°°x10*
= 40,693 ha

1/2
= 25.55 L(1.655)2’3(Lj

05(b). (i)
Sol:

Effects of tunneling on the ground:

1. The tunneling process deteriorates the physical conditions of the ground. This happens because
due to heavy and repeated blasting during excavation, the rocks get shattered to a great extent and
develop numerous cracks and fractures. This reduces the cohesiveness and compactness of rocks.
In other words, rocks become loose and more fractured and porous. This naturally adversely affects
the competence of the rocks concerned.

2. Further, as a consequence of underground tunneling, the overlying rocks are deprived of support
from the bottom, which means they are rendered unstable.
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3. Such unstable conditions become still more precarious if the tunneled beds are incompetent or
loose or unconsolidated or saturated with ground water.

4. Unstable conditions may also result when the beds involved are many, heterogeneous, and
inclined along the tunnel. It is more so if the beds are alternatingly hard and soft.

5. Fault zones and shear zones are naturally potentially weak, and tunneling through them further
deteriorates them and causes stability problems.

6. Stability of the ground may be jeopardized when the tunneled ground has unfavourable ground
water conditions.

05(b). (ii)

Sol:

Geological considerations in the selection of a Dam Site:

In a way, the success of a dam is not only related to its own safety and stability but also to the
success of associated reservoirs. In other words, on construction, if a dam stands firmly but if its
reservoir leaks profusely (as in the case of the Cedar Lake dam or Malpasset dam) then such a dam
is to be treated only as a failure because the purpose for which it was constructed has not been
served. In such a case, the dam may be successful structurally but virtually (i.e, indirectly) it is a
failure. Therefore, utmost care is needed in palling for the success of both the dam and the
reservoir. First, it shall be proper to consider the various factors responsible for the success of a
dam alone and later the factors for the success of a reservoir.

1. Narrow river valley

2. Occurrence of the bedrock at a shallow depth

3. Competent rocks to offer a stable foundation

4. Proper geological structure.
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(30.0150 —30.00)
30.00

(1) Correction for absolute length = + x114.095

=+0.0570 m
(if) Temperature correction = Lo(T — T1)
=114.095 x 1.15 x 10°° x (12° — 20°)
=-0.01049674 m

(iii) Pull correction :m

_ (100 -70)(114.095) _
~(0.028)(2.1x107)

2

24p?

+.0058211m

(iv) Sag correction = (negative)

o 30 (9x24.095j (24.09)
_(;j(gh 30

~| 24x100° 24x100°
= 0.030375 + 0.005245 = 0.356208 (negative)

2

(v) Correction for slope = —S—L

__25%25_ 2158 m/100m

~ 2x100
For 114.095 m, slope correction

_ 0312 1140050356546 m
100

Hence total correction

=+ 0.0570 — 0.01049 + 0.0058 — 0.0356 — 0.03565

=-0.01894
Corrected length = 114.076 m
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05(d). (i)
Sol:

Free Vortex Motion Forced Vortex Motion

External torque is zero | Constant external torque acts on the fluid body

Flow is irrotational Flow is rotational

Vr=C:>Voc% OJ.C:¥=C:>VOCI’

E+V_2+z:(: E—V—2+Z:C

Y 29 v 29

05(d). (ii)
Sol:

= Manometer

Stagnation Point¥

V, =./2gAh*

Vac=Cy Vin

e
SW
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05(d). (iii)
Sol: W=50x10°N
P=75x10°N
X=5m
-3
tang = 22x10°
M — Px
Wtano0
3
— GM = 75><I(L30 x5x2 :
50x10° x25%x10~
GM=0.6m
05. (e)

Sol: Given data:
R, =5x10°,U,=45m/s v=15x10°m’/s

x=01m,y=2x10*m
V, X,
B A%
45x X,
1.5x10°°
Xer = 0.167 m
As per Blasius solution,

U U
0. (m) where n=vy,| o

Re

cr

5x%10°

S m=2x10"x \/4—54 =0.346
1.5%x10*x0.1
U

Atn=03, — =0.0996

U,

u
Atn =04, — =0.13276

U,
- atn=0.346
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u% = 0.0996 + 0'13(2).75_%950996 x(0.346 - 0.3)
=0.11465
- u=0.11485 x 45
=5.168 m/s

06(a).
Sol: (i) The checking for inconsistency of a record is done by the double-mass curve technique. This

technique is based on the principle that when each recorded data comes from the same parent
population, they are consistent.

The accumulated precipitation of the station X (i.e Py) and the accumulated values of the average
of the group of base stations (XP,,) are calculated starting from the latest record.

The double mass curve technique is used to test the consistency of rainfall record at any raingauge
station which is suspended to contain certain discrepancies.

The data found to be inconsistent can also be adjusted by multiplying it with a correction factor
which is nothing but the ratio of the slope of the adjusted mass curve to the slope of the unadjusted
mass curve. Again referring to figure the data of station X is inconsistent during the period 1941 to
1953. The adjusted rainfall of station X in any year during this period, P' can be obtained as

_ tano’
tana

P P

Where P is the observed rainfall at station X in the same year, tana' is the slope of the adjusted

mass curve (slope of CB') and tan a is the slope of the unadjusted mass curve (slope of CB).

A
— B
< —
>
[ -
S e
® B.-
D X X~
I - a
S [ ’al
[ (@1 s _____.
= =]
3+ < C
o &
>
i= =
< —
2SE
O g &

AT T T 1 T 1 1 11 i

Cumulative average annual rainfall at base station
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DAD Analysis

A storm of given duration over a particular area rarely produces uniform rainfall depth over the
entire area. The storm usually has a centre where the rainfall P,, is maximum and this is always
larger than the average depth of rainfall P, applicable for the area as a whole. Generally the
difference between these two values, that is (P, — P), increases with increase in area and decreases
with increase in the duration.

The results are then plotted on semilogarithmic paper. That is, for each duration the maximum
average depth of rainfall on an ordinary scale is plotted against the area on logarithmic scale. If a
storm contains more than one storm centres, the above analysis is carried out for each storm centre.
An enveloping curve is drawn for each duration. Alternatively for each duration a depth-area

relation of the form P = Pyg*~"

o]

it T

zsﬂ
€

L 24

< 12 Hour
©

(5]

& 16

>

3+

c 12 6 Hour
>

£

x

©

]

I

0
It may be seen that the maximun®depth forl® given stdfrh decreases with the area; for a given area
the maximum depth increases with the duratiofrea (km?)

Intensity — frequency — duration curves

If the rainfall data from a recording rainguage is available for a longer period such as 40 or 50
years, the frequency of occurrence of a given maximum intensity can also be determined. Then we
obtain the intensity-frequency-duration relationships.

Every storm in a year is analysed to find the maximum intensities for various durations as
decreased in the previous section. Thus each storm gives one value of maximum intensity for a
given duration. The largest of all such values is taken to be the maximum intensity in that year for
the duration. Likewise the annual maximum intensity is obtained for all the duration.
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It will then be observed that the annual maximum intensity for any given duration is not the same
every year but it varies from year to year.

From the curve intensity-frequency duration graph is plotted with duration on x-axis and intensity
on y-axis for different return periods.

40

Retfurn period (years)

30

20

Maximum intensity (cm/h)

TTTT I T T TT T TTTTTITTTT

0 L I rrrrrrrrr T T T 1T T 1T 1T 1T°1 I |
1 2 3 4 5 6
Duration (h)

(=]

Maximum Intensity - Duration - Frequency Curves

Raingauge Network
Since the catching area of a raingauge is very small compared to the areal extent of a storm, it is
obvious that to get a representative picture of a storm over a catchment the number of raingauges
should be as large as possible, i.e. the catchment area per gauge should be small. On the other
hand, economic considerations to a large extent and other considerations, such as topography,
accessiblilty, etc. to some extent restrict the number of gauges to be maintained. Hence one aims at
an optimum density of gauges from which reasonably accurate information about the storms can be
obtained from which reasonably accurate information about the storms can be obtained. Towards
this the World Meteorological Organisation (WMQO) recommends the following densities.
1. In flat regions of temperate, Mediterranean and tropical zones:

Ideal - 1 station for 600 — 900 km?

Acceptable — 1 station for 900-3000 km?;
2. In mountainous regions of temperate, Mediterranean and topical zones:

Ideal — 1 station for 100 — 250 km?

Acceptable — 1 station for 250-1000 km? and
3.In arid and polar zones: 1 station for 1500-10,000 km? depending on the feasibility.
Ten percent of raingauge stations should be equipped with self-recording gauges to know the
intensities of raingall.

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad




iy Engineering Academy 129 Civil Engineering

From practical considerations of Indian conditions, the Indian Standard (IS: 4987-1968)
recommends the following densities as sufficient.

1.n plains : 1 stations per 520 km?

2. In regions of average elevation 1000 m : 1 station per 260-390 km?; and

3. In predominantly hilly areas with heavy rainfall: 1 station per 130 km?.

06(b).

(i)

(i)

(iii)

Radar measurement of rainfall

The meteorological radar is a powerful instrument for measuring the areal extent, location and
movement of rain storms. Further, the amounts of rainfall over large areas can be determined
through the radar with a good degree of accuracy.

The radar emits a regular succession of pluses of electromagnetic radiation in a narrow beam.
Meteorological radar operate with wavelengths ranging from 3 to 10 cm, the common values being
5 and 10 cm. For observing details of heavy flood producing rains, a 10-cm radar is used while for
light rain and snow a 5-cm radar is used. The hydrological range of the radar is about 200 km. Thus
a radar can be considered to a remote-sensing super gauge covering an areal extent of as much as
100,000 kms.

Location of raingauge

e The ground must be level and in the open and the instrument msut present a horizontal catch
surface.

e The gauge must be set as near the ground as possible to reduce wind effects but it must be
sufficiently high to prevent splashing, flooding etc.

e The instrument must be surrounded by an open fenced area of at least 5.5 m x 5.5 m. No object
should be nearer to the instrument than 30 m or twice the height of the obstruction.

Water budget and energy balance method

(a) Water Budget Method:

o It is the simplest of the three analytical methods and is also the least reliable.

o It involves writing the hydrological continuity equation for the lake and determining the
evaporation from a knowledge or estimation of other variables.
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P+Vi+V, =V, +V, +E +AS+T,
Where,

P = Precipitation

Vis = surface inflow into the lake

Viq = groundwater inflow

Vs = surface outflow from the lake
Vg = seepage outflow

E. = Lake evaporation

AS = Increase in lake storage

T = Transpiration loss

(b) Energy Budget Method:

e Application of the law of conservation of energy

. R
Evaporation rate, E, = Lp

Where,

R = radiation, Watts/m?.

L = Latent heat of vaporization (J/kg)
p = mass density of water (kg/m?)

Bowen ratio B= a

e

Where,
H, = Sensible heat transfer from water surface to air

He.= Heat energy used up in evaporation — used in the energy balance method.

Radiation is measured by an instrument called, Radiometer.

Advantages & Disadvantages of weighing bucket type and tipping bucket type recording

raingauges

The biggest advantage of the tipping bucket gauge is that it is the only recording raingauge which
cssan be used in remote places by installing the recorder at a convenient and easily accessible

location.
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The main usefulness of this type of gauge is that it can record snow, hail and mixture of rain and
snow. All forms of precipitation are wighed and recorded in equivalent depth automatically. The
disadvantages quoted against this gauge include : (i) the effects of temperature and friction on
weighing mechanism may introduce errors in the record, (ii) shrinkage and expansion of the chart
paper caused by changes in humidity may distort the time and the scale of rainfall, and (iii) failure
of reverse mechanism results in the loss of record.

The disadvantages of this type of gauge are as follows. If the buckets are designed to tip at a
convenient frequency for a particular intensity of rainfall, they will tip either too soon or too late
for other intensities. As a result both the intensity and amount of rainfall recorded will be in error
except during a storm which has the same intensity for which the buckets are designed. The record
obtained from this gauge is not in a convenient form. For higher intensites the bucket tips so
rapidly that the jogs in the record tend to overlap and blend into one broad solid line making it jogs
in the record during that period

06(c).

Sol: Three-point Problem
Fixing the plotted position of the station occupied by the plane table by means of observations to
three well-defined points whose plotted positions are known, is called three - point problem.
Say A, B and C are three well-defined points and their plotted positions are a, b and c, respectively.
The plane table is at station P and its plotted position 'P" is to be found. Any one of the following
three methods can be used to solve this problem:
1. Mechanical Method (Tracing Paper Method)
2. Graphical Method, or
3. Trial and Error Method (Lehman's Method).

Trial and Error Method
This method is also known as Lehman's method and Triangle of Errors method. The method is as
given below:

1. Set the table above point P and orient approximately by looking at station A, B, Cand  their
plotted positions a, b, and c¢. Clamp the table.
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C

1
1
1
1
1
1
1
1
1
1
1
!
1
1
1
1
1
1

2. Draw the rays aA, bB and cC. If orientation is not correct a triangle is formed (Fig. below).

This is called triangle of error.

A
C

Triangle of error -)

Figure
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3. To eliminate the triangle of error and get a point 'P' an approximate position of p say P is
selected near the triangle of error. Keeping alidade along p' a orientation of table is slightly
changed to sight A. Table is clamped and resectors Bb and Cc are drawn. The size of triangle of
error reduces.

4. Step 3 is repeated till triangle of error is eliminated and all the three resectors Aa, Bb, Cc pass
through a point. That point is the position of station P and that orientation is the required
orientation.

The following rules presented by Lehman assist in getting correct orientation quickly.

Rule 1: The distance of point sought (p) is in the same proportion from the corresponding rays as
the distance of those from the plane table station.

Rule 2: The point sought 'p' is on the same side of all the three resectors (Aa, Bb and Cc).
Defining the triangle ABC on the field as great triangle and the circle passing through
ABC on the field as great circle [Ref. Fig. below], from the above two rules, the,
following sub-rules can be derived which help in selecting trial point p' so that final
position of 'p" is quickly obtained.

(@) If the plane table station P lies inside the great triangle ABC, 'p' lies inside the triangle of
error (Ref. py)

(b) If the plane table station P lies outside the great triangle the point sought 'p* will be outside
the triangle of errors (Ref. p,)
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(c) If the plane table station lies on the great circle, correct solution is indeterminate since all the
rays intersect at a single point irrespective of the three positions. [Ref. Points ps and p4].

(d) If the station P is outside the great circle point sought is nearer to the intersection of rays to
the nearest two stations [Ref. ps].

(e) If point P is outside the great circle and the two rays drawn are parallel to each other the
point sought is outside the parallel lies and on the same side of all the three rays [Ref. pg]

07(a).
Sol: ’3‘
N E\

107%20

[}

|

I 74%20 'f\l
|

! 1

J

224550

306%40

From above figure
Interior angle at A = bearing of AD - bearing of AB
=126° 00' - 74°20" = 51%40'

Interior angle at B = bearing of BA - bearing of BC
= 256°00' - 107°20' = 148%40'
Interior angle at C = bearing of CB - bearing of CD
= 286°20' - 224%50' = 61°30'
Exterior angle at D = bearing of DA - bearing of DC
= 306%40' - 44°50" = 261°50'
Interior angle at D = 360° - 261°50" = 98°10'
Sum of interior angles = 51%40" + 148°40' + 61°30" +98° 10'
= 360%00'
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Theoretical sum = (2n-4) x 90° = ( 2 x 4-4) x 90"
= 360°
Where n is number of lines in a traverse
Therefore, no correction is required for the included angles. If the computed sum minus the

theoretical sum is dA, which is the error, the correction to each included angle will be _dA . After
n

applying the correction, calculate the corrected bearings as below.
As the fore bearing and back bearing of CD differ exactly by 180°, stations C and D are free from
local attractions. Hence the observed fore bearing of CD, back bearing of BC, back bearing of CD
and fore bearing of DA are the correct bearings.
Correct fore bearing of DA = 306°40' (given)
Correct back bearing of DA = 306°40' - 180° = 126°40'
Correct fore bearing of AB = Correct back bearing of DA - Included angle at A
= 126°40' - 51°40' = 75°%00'
Correct back bearing of AB = 75°00" + 180° = 255°00'
Correct fore bearing of BC = Correct back bearing of AB - included angle at B
= 255°00' - 148°40' = 106°20'
Correct back bearing of BC = 106°20" + 180° = 286°20'
Check: The computed back bearing of BC is same as the observed back bearing at C which is free
from local attraction.

Line Correct fore bearing | Correct back bearing
AB 75°00' 255°00'
BC 106°20' 286°20'
CD 224°50' 44%5(y
DE 306°40' 126°40'
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07(b). (i)
Sol: Co-ordinate method
Station L P Station Co-ordinate
X Y
A1) 0 0
AB -155.5 152.5
B (2) ~155.5 152.5
BC 208.5 50.5
C (3) 53 203
CD 173.5 (-) 96.5
D (4) 226.5 106.5
DA (1) 2265 | (-)1075 0 (-1)
(1) (2) (3) (4) )
0><155.5 53 226.5 0
y 0 152.5><203><06.5>< (-1)
A =%(O+(—155.5><203)—(152.5><53)+(53><106.5)—(226.5><203)—226.5)
A = 40054.5 m?
07(b) (ii)
Sol:
Given data,

Measured area in plane = 125.50 cm?
Scalelcm=40m
Measured are in ground = 125.50 x 40°
=200.800 x 10° m?
Since chain was 5 cm too long and | =20 cm
I"'=20+0.05=20.05m

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad




: 37 :

Civil Engineering

.. Correct area after correction of chain

/ 2
= (?j x measured area

2
= (%j x 200800
20

=201805.255 m?
and plane was shrink by 19.5 cm

2
Correct area after shrinkage correction of plan = (%j x 201805.255

= 212286.92 m® = 21.2286 hectares (1 hect = 10,000 m?)

07(c). (i)
Sol: dyw=0.5y =0.5 (Sd (FC — pwp)
(22-12)

100
=6.75cm =67.5mm
d, 675

w

C 22

u

= 0.5 1.5(90)

=3.07 =3 days

depth of irrigation water

y =d—W:E: 112.5 mm
0.6

c

n.

07(c). (ii)
Sol: Hg =180 — 178.00 = 2.00 m
Le=L— 2 Hg [ko+ (n— 1) ko]
=160 — 2(2) [0.1 + 3(0.1)]
= 160 — 4(0.4)
=158.4m

VZ
He = Hy + Ha= 24+ ~2
29
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2
_2+- 98 50306 m
2(9.81)
Q =C LeHe™
=2.5158.4 (2.0326)* = 1148 cumec
2
Q-Zc iz 30
S o . 3C _ 3x25
Q=CL.H; ‘229 220081
07(c). (iii)

Sol: f=1.76,/D,, =1
. 1
Side slope :EH 1V

Q =50 cumec

£2 1/6
V:(i‘o) =0.84 m/s

P=475/Q=33.6m
Q 50

=<=_""_ -5952m?

V 084

P=B+2.236D=33.6
2
A:BD+D7=59.52
solving
B=29m
D=2m
f5/3 1

S = =
3340QY¢ 6400
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08(a). (i)
Sol: Given bearing of AB = 60°
Bearing of BC = BB of AB — /B
=60° + 180° — 90°8’
=149°52'0"

Bearing of CD =BB of BC - ZC
= 149°52" + 180°- 60°22
= 269°30'0"

Bearing of OA =BB of CD - ZD
=269°30" — 180° - 69°20"
=20°10'0"

08(a). (ii)
Sol:  Bubble tube A

20°10" 69°20
89°30’
[

The distance of the bubble from the centre of its run

(i) n, :%x(13—5): 4 division

(i) n, :%x(12 —8) =2 division

The total number of divisions n through which bubble has moved =n; + n, =6
The staff intercept s=1.767-1.618=0.149m

The sensitivity of the bubble tube

o', = 206265 x 3 _seconds

nD
0.149

X

= 206265 x

Bubble tube B

seconds =1'4"

The distance of the bubble from the centre of its run

(i) n, :%><(15—3)= 6 division
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(ii) n, :%x(14—6):4 division

The total number of divisions n through which bubble has moved =n; + n, = 10
The staff intercept s=1.788-1.635=0.153m
The sensitivity of the bubble tube

0.153

0x80

seconds = 40"

o, = 206265 x

Since o', > o'y, the bubble A is more sensitive than B.

08(b). (i) beam
Sol:
3.458
—
1.152
RL=100.000 floor

HI =RL +1.152 =101.152 m
RL of the beam = 100.000 + 1.152 + 3.458 = 104.610 m
..Height of the beam = 104.610 — 100 = 4.610 m

08(b). (ii)
Sol:
(a) Longitude of the place = 38° 45' W
3g° = 3B _ o gompe
15

45' = fm =0"3™Q°
15

38° 45' = 2" 35" ¢°
Since longitude Greenwich is zero, difference in longitudes = longitude of the place.
From the relation,

LMT = GMT = Difference M longitudes % We get,
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8" 12™ 16°= GMT - 2" 35™ (°
GMT = 10" 47™ 16° (AM).
(b) Longitude of the place 58° 20' E
58° = 28 hours = 3" 52 0°
15

20 = 2 min =0 1 20°
15
58°20'E =3"5320°E
Since longitude of Greenwich is zero, this is same as difference in longitude Since the place is to
the east of Greenwich,
LMT =GMT + Longitude
6" 8™ 24° = GMT + 3" 53" 20°
GMT =2"15™4° (AM)

08(c).

Sol: Given data:
D; =400 mm, L; =200 m, f =0.02
D, =200 mm, L, =100 m, C. = 0.6
D3 =300 mm, L3 =150 m
Case —I: All minor losses neglected

By Bernoulli’s equation

0 ~0 0 ~0
/IZ+%/Z+21 =/z+%+zz +hf, + hf, + hf,
P9 /<9 pPg /<9

s Z1—2Zy=hf + hf, + hf3
2 2 fL 2
oo Q' fLQ" fLQ?
12.1D° 121D}  12.1D°

16 = QZ{2><2oo , 100 150 }X 0.02
04° 02° 03] 121

Q=0.157 m%s
Case I1: Considering minor as well as major losses if we consider minor losses then application of

Bernoulli’s equation beln reservoirs gives
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0 ~0 0 ~0
/PZ‘F%/Z"' 21 :/Z +¥+ ZZ + hL,ent + hfl + hL.const + hfZ + hf2 exp + hf3 + h'—vex“
by /29 Py /29 |

S0 Zy —Zy = ent + Nt N const + Mo + hL,exp + hfs + hp exit

2

ho VY _ 05 Q
"2 2x98L m g0
4
=1.614 Q°

¢ _ fLQ® _0.02x200
' 121D°  12.1x0.45

2 2 2
thonst= i_l V_2= i_l X L X Q
’ C, 29 \0.6 2x981 | m

Q? =32.28 Q?

Zx0.22
4
= 22.95Q?
2 2
hf, = fLZQS _ 0.02x100 ><5Q 516507
12.1D5  12.1x0.2
ho Vv ) 9 ( 4 4 j
Lo 29 2x9.81\ nx0.2? 7x0.3?
=15.94 Q°
fL,Q*> o. 2
f - 3Q5 :oozx150x5Q 1020°
12.1D3  12.1x0.3
2
VZ
Mo == o — 2| =102Q°
29 2x9.81 %xosz

16 = (1.614 + 32.28 + 22.95 + 516.5 + 15.94 + 102 + 10.2)Q?

Q=0.151 m%s

| ACE Engineering Academy Hyderabad | Delhi | Bhopal | Pune | Bhubaneswar | Lucknow | Pama | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata | Ahmedabad




