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Section A : Flow of fluids, hydraulic machines and hydro power

Q.1 (a) Solution:

(i)

(i)

Boundary layer thickness: The velocity within the boundary layer increases from
zero at the boundary surface to the velocity of the main stream asymptotically.

Therefore, the boundary layer thickness represented by ‘d’ is arbitrarily defined as
that distance from the boundary surface in which the velocity reaches 99% of the
velocity of the main stream. In other words, the boundary layer thickness ‘6" may be
considered equal to distance ‘y’ from the boundary surface at which u = 0.99 U__
where U_ is main stream velocity.

Displacement thickness: It is defined as the perpendicular distance by which the
boundary surface should be shifted in order to compensate for the reduction in mass
tlow rate on account of boundary layer formation.

uOO
) @
b @ | |
Fig. (a) Fig. (b) Fig. (c) Fig. (d)
Ideal Fluid flow Real fluid flow Real fluid flow

If the flow is ideal and there is no formation of boundary layer, then the velocity
profile would be as shown in figure (a). But in case of real fluid flow, velocity profile
would be as shown in figure (b).
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Here, reduction in mass flow rate is equal to shaded area (3). Mass flow rate in (1)
will be equal to mass flow rate in (2) or in other words, mass flow rate in (3) is as that

in (4).
5
Hence, o(8" x1)xU, = f p(U.. —u)(dy x1) [Taking unit width of flow]
0
8 u
- 1-—|d
= § = '([( Um) Y

(iii) Momentum thickness (0): It is defined as the perpendicular distance from the
boundary surface by which boundary should be shifted in order to compensate for
the reduction in momentum of the flowing fluid due to the boundary layer formation.

Momentum of fluid = Mass X flow velocity

(p.ub.dy)u

3
Loss in momentum due to boundary layer = J. pbu (U.. —u)du
0

Also loss in momentum through distance, 6 = (pebuw).uw

Assuming unit widthie.b = 1
5
Thus, p(Ox UL = [P(dyx1)(U. -u)u
0
4}
- pU2o = pf (U ~u)ady
0

= 0
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(iv) Energy thickness (3;): It is defined as the perpendicular distance from the boundary
surface such that the energy flux corresponding to the main stream velocity U_
through the distance 8, is equal to the deficiency or loss of energy due to the boundary
layer formation.

1
Loss of energy as energy flux = Exmass flow rate x (flow velocity)?
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Thus, %.p(SE ><1)LI°<,.LI°2o = I—Xp(dyxl)u(u —uz)
0
N lpui.gE - l.pT(Ui—uz)u.dy
2 2y
3 2
= 8y = IUL[ —”—}dy
0 Yoo o

Q.1 (b) Solution:
Width of channel, B = 9m
Depth of channel, y = 2m

1
Bed slope, S = 1000
Manning’s, n = 0.01
area of channel, A = By =9 x 2 =18 m?
perimeter of channel, P = B + 2y
=9+2x2=13m

Now, using Manning’s equation,

n

%
Discharge, Q = Axlx(%j x/S

13

1000

= 18 x——x

1 (18)2/3 1
X
0.01

= 70.71 m3/sec.

Now, as the amount of lining is to be same, so perimeter will remain constant.

Now, A =By
and P =B+2y
= B =P-2y

Putting value of B in eq. (i), we get

...(ii)
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A= (P-2y)xy
2
1 (A3
= AX—X| = | X%X+/5
Now, 0 k (Pj 75
%3
P-2 3
- (P—Zy)xyx;x{( Py)y} x+/S
NG %
- ——|Py-2
n.PA[ = J
dQ
For maximum discharge, @ =

S

5 %
_ Exgx[Py—Zyz}:%x(P—ély) =0

[Py—Zyz]% = 0

= y = 0,P/2

or P-4y) = 0

= y = P/4

When, y = %=%=3.25m

Q= YL/1000  (135505-2x3.052)"

0.01x13%/3
= 92.33 m3/sec.
So, y =325m
and B=13-2%x325 =65m
Now, percent increase in discharge = %Xloo =30.58%
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Q.1 (c) Solution:

Dia. of jet, d = 137 mm = 0.137 m

Area of jet, a %X 0.137 = 0.01474 m?

Angle of deflection = 165°
Angle, ¢ = 180° - 165° = 15°
Head of water, H = 400 m
Co-efficient of velocity, C, = 0.97
Speed ratio = 0.46

Relative velocity at outlet = 0.85 X relative velocity at inlet

Vr 2

C,\2gH

0.9742%9.81x 400 = 85.93 m/s

u

_’| sz“;

Uq Up

. _ 46= —m
Speed ratio = " pop V2 x9.81 % 400

U = 046x2x981x400 =40.75m/s
Hence, Vi=V,-u,=8593-40.75=4518 m/s
V,=085V =0.85x4518 =38.40m/s
u, = u,=u=4075m/s
V ,cosb = 38.40 x cos15° = 37.092
Here V , cos0 is less than u,,.
Vo = Uy=V,,cosdp=40.75 - 37.092 = 3.658 m/s

©Copyright: MADE EASY www.madeeasy.in
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V., =085V, =085x4518 =3840 m/s

Force exerted by jet on buckets in tangential direction is given by,

F, = paVi[V = Vool
= 1000 x 0.01474 x (85.93- 3.658) N = 104206 N
Power developed is given by,
Power = leoz Sl KW = 1042(;% (>)<O4O.75 — 10464 KW
Q.1 (d) Solution:
1

Horizontal scale, L = 550
Vertical scale h = 1

' T 50
For prototype
Discharge, Qp = 150 m3/s
Width, B, = 100 m
Depth, Yyp =4m
* Discharge:

Qu

Ame
Qp ApVp
1%

Froude’s number = ——

Lg
= Y _ i
Jvmg V8
V,,  [Ym
- v, "\ T Jhy
and Aw = Bubh _ L.h,
A B,y
P p7p
So, % = Ly i
P

l
0
I

1 1 15
= 150 x — x| — = -3 .3
250 (50) 1.697 x 10° m°/s
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* Depth
= Im = h,
Yp
- 1 _
= Y, = 4x— =0.08 m
50
Width
B
= B_m =L
p
= B = 100><L=0.4m
" 250
* Manning'sn
1 2730172
v ;TR’”/ S
L
v, 1 R2/361/2
n, r °p
n j1/2
= Jhy = ExhP <
n, L,
11273
1, X hrz/3 0.030 x(%)
= n, = 2 - 172 =0.0349
T )
250

Q.1 (e) Solution:
Given data:Distance between plates = 8 cm
U,,=15m/s
Dynamic viscosity of oil,
u = 2 Ns/m?
For flow between two fixed parallel plates

umax

uavg

x1.5=1m/s

U
[
WIN N w

avg
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1. Discharge per unit width,

g = U, (0.08x1)
1 x0.08=0.08m3/s/m

2. The pressure gradient in terms of average velocity is given by

—dP _ 12WUapg  12x2X1_ ooy N2 /m
dx b (0.08)?

Shear stress at the plates is

dP\b 3750x0.08

3. For laminar flow between two parallel plates

=150 N/m?

12ull el 12%x2x1x25

2
P.-P. = = =93750N/m
172 b (0.08)?
4. The velocity distribution across the passage between two stationary plane
surface is
1 (-dpP 2
= — | —— b -
u ZM( I j( y-y )
At y=2cm=0.02mand b=8 cm=0.08 m
1 2
= ——(3750)(0.08x0.02-0.02%)
4= 270
= u=1125m/s

Q.2 (a) Solution:

As per Von-karman integral equation,

ao To . .
- ol where 0 is momentum thickness
S u u
= |—=|1-—|d
Now, 0 -!U( U) Y
8 1/7 1/7
y y
- 1-| = d
{(5) ( (5) J !

71/8/7 71/9/7 o
= 861/7_862/7

0
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78 78 78

8§ 9 7

According to Von-karman equation,

W _
pU? ~ dx
1/4
Y 00
0.0228 — = —
{Uﬁ} ox

1)
3 % 72
0

5/4 1/4
47" _ o.ozzsx(%j /2%

5 7
v 174 »
§5/4 = 0293x| —| xx
X
(§)5/4 029
X (Rex)l/4
5 0375
x (Rex)l/5

1/4
Ty v><(Rex)1/5
C. = =0.0456| ———
fe 1 oo Ux x0.375
pU
2
0.0456 1

X
(0.375)"* " (Re,)"/?

0058
CGhx = (Re )1/5

X

(ii) Drag coefficient,

L
0.058
,"71 75 dx
0 (Re )

X

L
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'TO.058V1/5 N
2 (ux)1/5
B L
_ 50058 [v]/° [4/5}L
47 L u 0
0.0725
Re%/5

Q.2 (b) Solution:

(i)

Following are the assumptions of hydraulic jump in horizontal rectangular channel:

1.

5.

The velocity is nearly constant across the channel and therefore the momentum-
flux correction factor is unity across the channel.

The pressure in the liquid varies hydrostatically, and we consider gauge
pressure only since atmospheric pressure acts on all surfaces and its effect cancels
out.

The wall shear stress, F_ and the associated losses are negligible relative to the
losses that occur during the hydraulic jump due to the intense agitation.

The channel is wide and horizontal. The bed slope is so gentle that the weight
component of the water comprising the jump is negligibly small.

There are no external or body forces other than gravity.

e Applications of hydraulic jump: Hydraulic jump primarily serves as an energy

dissipator to dissipate the excess energy of flowing water downstream of hydraulic

structures such as spillway and sluice gates. Hydraulic jump may also be used in

the following situation:

1.

ARl

(i)

To mix chemical used for water purification or wastewater treatment.
To aerate the polluted stream.

To desalinate sea water.

To aid intense mixing and gas transfer in chemical processes.

To maintain subcritical flow downstream of hydraulic structures.

Discharge per unit width, g = 11 m?®/sec./m

At upstream section,

©Copyright: NADE EASY www.madeeasy.in
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11

: g -2
Velocity, V, = y, 07 = 15.714 m/ sec.

v, 15714
Froude number, F, = Jgvs  Jo81x07 =60 51

Let vy, = Equivalent sequent depth of the hydraulic jump.

Sequent depth, y, = %[—1 +4/1+8F, 12}
= %[—1+\/1+8x(6)z} =56m

Now, sequent depth ratio corresponding to a value of tan 6 = 0.15 is,

% = 1.0071 exp [3.2386 tan 0]

For hydraulic jump inclined floor

= 2 1.6369 ~ 1.64
Y2
= y, = Sequent depth in the inclined floor jump.
= 1.64x56=9.18m
Length of Jump : Li=m W -v)
L, =38x[918-0.7]=32224m
Also, L; = y,[6.1+4.0 x tan6]
= 5.6x[6.1+4x0.15]=37.52m
32.224 +37.52
Average value of L= 5
= 34.87 m can be taken as the jump length.
14
Energy loss :Initial specific energy, E = y,, cos0 + 5
Here, cosO = 0.98894
15.714)’
E, = 0.7 x 0.98894 x (A5714) 13.278 m
2x9.81
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Now, H, = Total energy at section 1 with bed level at section

2 as datum.

E1 + L]. tan6

13.278 + 34.87 x 0.15=18.5m

v

H, = E, =1y, cosb + 2¢

(11.0/9.18)’

18 x 0. 4 +
9.18 x 0.9889 73981

=915m

Energy loss , E;, = H, - H,

= E, =185-915=9.35
Also, II::I—Ll = % =0.505=50.5%
Q.2 (c) Solution:
Given, Inlet radius, R; = 80 mm = 0.08 m
Outlet radius, R, = 160 mm = 0.16 m
Width at inlet, B; = 50 mm = 0.05 m
Width at outlet, B, = 50 mm = 0.05 m
Angles, 3, = 0.45 radians
and B, = 0.25 radians

©Copyright: NADE EASY www.madeeasy.in
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Hence f, is the vane angle at inlet and B, is the vane angle at outlet.

Vane angle at inlet, 6 = B1 = 0.45 radians
Vane angle at outlet, ¢ = ,= 0.25 radians
Angular velocity, ® = 90 rad/s
Find:
1. discharge, and 2. head developed

Now tangential velocity of impeller at inlet and outlet are,
nD; XN 27N D,

= X — = = =
iy = 5 X5 =R =90x0.08=72m/s

U, = ®R, =90 x 0.16 = 14.4 m/s
Vi

From inlet velocity triangle, tan0 = — —
1

Vi

u, x tan0 = 7.2 x tan(0.45 rad)
7.2%x0.483=3478 m/s

1. Discharge (Q)
Discharge is given by, Q =mnD, x B, x Vf1 =7 % (2R;) X By % Vf1
(m x 2% 0.08 x 0.05 x 3.478) m3/s

0.0874 m3/s

2. Head developed (H,)

For the shockless entry, the losses of the pump will be zero. Hence, the head
developed (H, ) will be given by equation,

Vo Xy
H = 2
where outlet velocity triangle,
Vo = (uy- sz) x cot¢

The value of sz is obtained from,

Q=TED2><BZXVf2

o 0.0874 e
= 2= mx2x016x005 _ L1/387m/s

= sz = U, - sz X cotd

©Copyright: MADE EASY www.madeeasy.in
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14.4 - 1.7387 % cot(0.25 radians)
14.4 - 1.7387 x 3.9163 = 14.4 - 6.809
7591 m/s

Substituting this value in equation (i) above, we get

Vo Xty 7.591x14.4

H,= " o1 = 11142m

Q.3 (a) Solution:
Considering 1 m length of gate

Liquid P
(RD=0.8)

Force due to oil in the horizontal direction on gate

FHl = 'YAPE

0.9x1000x 9.81x(3x 1) x %N =39.73kN(—)

1 m above level of A.

W[ W
I

This force acts at a height of

Vertical force on gate due to oil,

FV1 = YV
where V = Volume of portion ABC of cylinder
Fy, = 0.9x 1000x9.81x[%x%x32 x 1} N = 31.188kN
. . 4(D/2)
This force acts at a distance of o from O at E,
OE = M=E=O.636m
31 T

©Copyright: NADE EASY www.madeeasy.in
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Force due to liquid P in horizontal direction on gate

FHZ = ’YAPE

0.8x1000x9.81%(1.5x 1)(%) N

8.829 kN (<)

1.5
This force acts at a distance of ? = (0.5 m above level of A.

Vertical force due to liquid, P

F, =yv
where V = Volume of portion AOD

F, = 0.8><1000x9.81><(%x%x32 ><1j N

= 13.862 kN
4(D/2

This force acts at a distance of ( 7{ )from O atF

OF = 4x(3/2) =0.636m

3n

.. Resultant force in the horizontal direction,

F, = \FHl - FH2|
| 39.73 - 8.829|
30.901 kN
Resultant force in he vertical direction,

Fv = ‘Pvl _Fv2|
| 31.188 + 13.862 |
45.05 kN

Net resultant force, Fr FI%I + F‘%

30,9012 +(45.05)> = 54.629 kN

Let o be the inclination of the resultant to the horizontal then

K 45.05
tand = .~ 30.901
o = 55.55°

©Copyright: MADE EASY www.madeeasy.in
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Fy,

55.55°

Fy

Q.3 (b) Solution:
Let the suffixes 1 and 2 refer to the upstream and downstream sections respectively.

16
4x2

Vi ~ 2
Jevi T J9.81x2

At the upstream section, V, =2 m/sec.

Froude Number, F, = =0452<1

The upstream flow is subcritical and the transition will cause a drop in the water
surface elevation.

N Vi 2° 0.204
w, = — =(. m
© 2¢ ~ 2x981

i : Vi
Specific energy at section 1, E;= Y1 +E =2+0.204=2204 m

Let, g, = Discharge intensity at the downstream section
Q 16
= T =—0= 3
B, 35 4.571 m’>/sec/m.

Y., = Critical depth corresponding to g,

_ |12
= yC2 - g
r 1/3
(457172 1"
= Yo = | ogr | =1287m

2 e = %x1.287 ~1.93m

Specific energy corresponding to y_,, E_, = >

©Copyright: NADE EASY www.madeeasy.in
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(@) When Az = 02m

E

, = Available specific energy at section 2.
= E -Az=2204-02=2004m>E_,

Hence, the depth y, > y_, and the upstream depth will remain unchanged at y,.

B

+Az =

Now, Y, t 2012 E,
2
R L) Y
2x9.81xy;
1.065

= Y2t—5— = 2004

Y2
= Y, = 1.574m

Hence, when Az =0.2m, y, =2.00 mand y, =1.574 m

(b) When Az = 0.35m

E

, = Available specific energy at section (2)
=2204-035=1834m<E,

Hence this contraction will be working under choked conditions. The upstream depth
must rise to create a higher total head. The depth of flow at section 2 will be critical
withy, =y, =1287m

Let the new upstream depth is y,’

2

, Q
+— = =
n 2g312.y{2 Ec2 +Az=1.93+0.35
- 16>
= T 08Ixaixy? T 228
, 08155

= Y1 + .2 = 2.28

Al
y, = 2.0%m

©Copyright: MADE EASY www.madeeasy.in
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The upstream depth will, therefore, rise by 0.094 m due to the choked condition at

the contraction. Hence when Az =0.35 m. y; =2.094 mand y, =y, = 1.287 m.
Q.3 (c) Solution:
)

* Viscosity is the property of fluids by virtue of which they offer resistance to shear or
angular deformation. It is primarily due to cohesion and molecular momentum
exchange between fluid layers and as flow occurs, these effects appear as shearing
stresses between the moving layers.

*  Viscosity of fluid is of two types :
(i) Dynamic viscosity
(ii) Kinematic viscosity [Ratio of dynamic viscosity to mass density of fluid]

* Asper Newton's law of viscosity, shear stress, tis directly proportional to the rate of
deformation or viscosity gradient across the flow.

du
T o< dy

du

= T = M.@

Where p = Coefficient of dynamic viscosity

p

Variation of viscosity with temperature :

Kinematic Viscosity (v) =

1. Dynamic viscosity: Increase in temperature causes a decrease in dynamic viscosity
of a fluid whereas viscosity of gases increase with increase in temperature.

The reason for above phenomenon is that, in liquids, viscosity is primarily due to
molecular cohesion which decreases due to increase in volume due to temperature
increment. While in gases, viscosity is due to molecular momentum transfer which
increases due to increase in number of collision between gas molecules as temperature
increases.

2. Kinematic viscosity: Kinematic viscosity is the ratio of dynamic viscosity to the mass
density of fluid. In case of liquids, with increase in temperature, the dynamic viscosity
as well as density both decrease but decrease in dynamic viscosity is very high as
compared to density. So overall kinematic viscosity will decrease for liquids. On the
other hand, in case of gases, with increase in temperature, dynamic Viscosity increases
and density decreases. So, kinematic viscosity increases for gases.

©Copyright: NADE EASY www.madeeasy.in
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Variation of viscosity with pressure:

1. Dynamic viscosity: In fluids, dynamic viscosity is practically independent of pressure
except at extremely high pressure.

2. Kinematic viscosity : In liquids, kinematic viscosity is independent of pressure at
low to moderate pressure.

In case of gases, density increases with increase in pressure, therefore kinematic
viscosity decreases.

(i)

As the pipe is rigid
9\ 1/2
o= [K_[22X0000 48304 mys
P 1000
2L 2x3500
iti i = —=——"—"=472
Critical time, T, c 148304 S
T = closure time < critical time

. The pipe closure is rapid.
Hence the water hammer pressure
P, = pV,c=1000 x 1483.24 x 0.8 x 10-°* MPa
1.187 MPa
Length of the pipe, from the valve end, affected by this peak pressure, during the

closure time is,

cT
X, = L—7
1483.24 x4
_ 3500—T>< - 53352 m
Q4 (a) Solution:
(i)
Given,
= X212 +x
V= -Qxy+y)
ou 9V or » o 0
Check : ng@ = g[x -y +x}+@[‘(2x3/+3/)}
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=2x+1-2x-1
=0
.. Flow is possible
1|0V JU 1] 0 0(2 o
= —|=—-——=—| = =| =—(2xy-y)——(x" -y  +x
AISO, (DZ = 2|:ax ay:| = 2|:ax( y y) ay( y )

1
E[—2y+2y] =0

.. Flow is irrotational

As the flow is irrotational, velocity potential function exists.

_ 9%

Now, = o where ¢ is velocity potential function.
= 00 = -U.dx
= ddp = —(x? - y? + x)0x
= jaq) = —I(xz—y2+x)8x
—x° x? _
= ¢ = T+xy2—7+f(y)+c (1)
Al %
SO, V= dy
= 0 = - Vdy =+Q2xy + y)dy
= ja¢ = '[(ny+y)8y
2
= o= xy2+y7+f(x)+c ... (ii)
From equation (i) & (ii)
.3 2 2
0= —+uxy +y7——+c
Now, oy = -U.dy whery v is stream function.
oy = ~(x* - y* + x)dy
jaw = —j(xz—y2+x)8y
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=

Also,
=

From (iii) and (iv),

(ii)

In inlet : Pressure, P,
Diameter, D,

At throat: Pressure, P,
Diameter, D,

Head loss, hf

Applying equation of continuity,
AV,

= T x40?xV,

4

= vV,
Coefficient of discharge, C,

v
3
V.odx =- (2xy + y)ox
-y - xy + fly) + ¢

—x2y+ xy+ f(x)+cq

3

-x%y + y?—xy+c1

1.4 kg/cm?
40 cm

... (iii)

40 cm of mercury (Vacuum)

—-400

——x1.0336 = - 2
760 0.544 kg/cm

15 cm

5% of differential head = 0.05 h

AV,

T %152 xV,
1

h—0.05h
Y c 0.9747

Applying Bernoulli’s equation at the inlet (1) and throat (2) sections,

pV
pg 28

Here,

Z

+7Z

1

2
b +V—2+Z2
pg 28
Z2
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14x10* (0.14V,)"  -0544x10* V2
+

+ =
10°x9.81  2x9.81 10°x9.81  2x9.81
= V, = 6.3 m/sec
Theoretical discharge, Qu = AV,
T 2 -4
= ZX15 x107 x 6.3

0.111 m3/sec.

CoQp,
0.9747 x 0.111 = 0.108 m3/sec. =108 /s

Actual discharge, Qe

Q.4 (b) Solution:
()
Classification of turbines on the basis of energy at inlet:
(@) Impulse Turbines

* Inimpulse turbine, the energy available at inlet is only kinetic energy.

* All the available energy of water is converted into kinetic energy or velocity
head by passing it through a contracting nozzle provided at the end of the
penstock.

*  The water coming out of nozzle in the form of free jet strikes on buckets mounted
on the runner.

* The runner revolves in open air i.e. pressure is atmospheric both at inlet and
outlet.

For impulse turbine, P, = P, and V,>>V,

* Some examples of impulse turbine are Pelton wheel, Girard turbine, Banki

turbine, Jonval turbine, Turgo impulse wheel etc.
(b) Reaction Turbines

* Reaction turbine operates with its wheel submerged in water.

* At the inlet, water is having both kinetic energy and pressures energy. Water
leaving the turbine still have the pressure as well as kinetic energy.

* All pressure energy is not converted into kinetic energy.

* A casing is absolutely essential due to difference of pressures in reaction
turbine.

For reaction turbines, P>> P, and V,>V,
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*  Some examples of reaction turbine are Francis turbine, Propeller turbine, Kaplan
turbine, Thomson turbine, Fourneyron turbine etc.

(i)
1. Mild to Milder 2. Steep to Steeper
NDL M
o NDL
: y01~- ______________ cpL T Yoo
Milgq
Milder

3. Mild to Steep

Steeé
Mild S ) ] Mild
teep Either S; or M; jump
depending upon sequent depth requirement
5. Mild to Adverse 6. Horizontal to Steep

Milq g lope Adverse SO Horizontal \ _ NDL

Sfee P
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7. Critical to Steep 8. Mild, Steeper and Steep

CDL, NDL

Steepy Mild sope
Q4 (c) Solution:

(@) When, Speed, N = 180 rpm

2nx 180

Angular speed, o = 0 = 18.85 rad/sec.
At the wall of the cylinder,
r=15cm=0.15m

272

Now, Z =
28
_ (18.85)° x(0.15)*
2x9.81

0.4075 m = 40.75 cm
The position of the water surface in the cylinder will be as shown in the figure. The water
surface will start from the rim of the cylinder and will extend downwards as a paraboloid
to its vertex at O.
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180 rpm
IV A
40.75 cm i
! 50 cm
X 0 1 .
g X
[e——30em —
OS = Distance of vertex O from bottom of cylinder
= h, = 50 - 40.75
= 9.25cm

Volume of the paraboloid AOB of height 40.75 cm

1
EX Volume of enclosing cylinder

Volume of cylinder of height 20.375 cm
Hence, total volume of water inside the cylinder

= Volume corresponding to a depth of
(9.25 + 20.375) cm = 29.625 cm

Volume remaining in cylinder,

2(0.3)2 x0.29625

remaining

209 %102 m3=2091

T
Original Volume of cylinder, V = ZXO-?’Z x0.5
= 0.0353 m>=35.31
Volume of water spilled = 35.3 - 20.9
= 1441
(b) When Speed, N = 240 rpm.
2mx240
Angular speed, = o 25.13 rad./sec.
At r=015m
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®?r? _ (25.13)* x0.15>
Zmax = “2g 2%9.81

0.724 m
724 cm

At this value is larger than 50 cm, it means that the theoretical paraboloid will extend
below the base thereby leaving a part of the bottom uncovered by water. The paraboloid

will start from the rim and extend upto its vertex O which is 72.4 cm below it.

50 cm

Water+>

C NS D 1224cm

Let x = radius of the exposed portion of the bottom of the cylinder.

x = SR, = SR,
2
Zmax _ 1’_
Now, —OS ”
. OS
= X = .

max

/22.4
= 15x,[—/— =
74 8.34 cm

Volume of the paraboloid AOB
- Volume of the paraboloid R,0OR,

Volume of water spilled

m m
- E><r2><Zmax —Exxzx(OS)
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- gx(0.15)2><0.724—g><(0.0834)2><0.224

- %[0.05118—0.001895] =0.0231 m3 =23.11

Section B : Design of concrete and Masonry Structures - 1 + Strength of Materials - 2

Q.5 (a) Solution:
(i)

Limit state method as the term suggests design the members for limit state condition
which is hypothetical and not going to occur in real circumstances. So to incorporate
loading at the state, load factor is taken in this method which is absent in working
stress method.

Working stress method emphasises on design of structures on loading upto elastic

limit.

1. Limit state method consider limit state of collapse as well as limit service
ofserviceability whreas WSM does not consider limit state of collapse.

2. Depth of members designed under LSM is lesser than that of by WSM. Thus, it
significantly reduces self weight of members and bring economy in design.

3. Amount of reinforcement required in LSM design is more than that deduced
by WSM.

4. Materials in LSM are used upto the values beyond elastic limit. Thus, materials
are used more meticulously and economically in LSM.

5. In LSM, capacity of structure can be calculated in different load combinations
by changing load factor of safety. In WSM, no load factor of safety is used.

(i)

For beams having relatively high depth and thin webs, subjected to high shear stresses

and low bending stresses, the maximum principle tensile stress is located at the

neutral axis level at an inclination of 45° to the longitudinal axis of the beam. The

resulting cracks are termed as web shear crack or diagonal tension cracks.

|

1
I
1
I
I
I
|
T
r

.
.
Web-shear crack
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In beams subjected to both flexural and shear stresses, a biaxial state of combined
tension and compression exists. In such a case, the flexure crack forms first and due
to the increased shear stresses at the tip of the cracks, this flexural crack extends into

a diagonal tension crack.

Q.5 (b) Solution:
Consider an element of length dx at x distance from left end.

8 mm

dp =120 mm

d, =60 mm

For element of length dx,

T.dx

Angle of twist, d¢ =

Polar moment of hollow circular element,

[ = nd>t
Px 4

The diameter of the section at x distance from A,

dp—d

= d,+-2—4x
dx A L X

= 60+Mxx = (60 + 0.05

= 1200 =( .05 x) mm

T.dx
G[n(60+0.05x) xs}
' 4
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[0} T 1200 dx
. — |ldo=
So, Angle of twist, ¢ ,([(I’ Cn _([ (6O+O.05x)3
0

T 1

- ® = 2Gm| (60+005x7 x0.1 |
_ 180x10° x[ 11 }
2x80x10°x7m | 60%>%x0.1 120%x0.1

7.46 x10~* radian
0.0427°

Q.5 (c) Solution:

* Characteristic strength of a material is the probabilistic approach of defining the
strength of a material. It is defined as that strength below which not more than a
certain percentage of test results conducted on the material are expected to fall. This
limiting percentage is generally taken as 5%.

Example:

*  For M20 concrete, it implies its characteristic strength is 20 MPa, then which means,
if 100 samples of this concrete are tested for compressive strength, then not more
than 5 samples [5% of 100] should have a compressive strength less than 20 MPa.

* Acceptance criteria for concrete:

1. For all concrete of M15 grade and above, the average strength of four (4) non-
overlapping consecutive test results shall be not less than,

For M15 or higher

f 3 [ £ +0.8256 N / mm? (Rounded off to 0.5 N/mmz)
average <
(fck + ?))N/mm2

2. Individual test results of any sample, ITR 2 (f,, - 3) N/mm?.

The test result of the sample shall be average of the strength of three specimens and
the individual variation shall not be more than +15% of average strength. If deviation
more then test results of the sample are considered to be invalid.
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Q.5 (d) Solution:

We know,

E 200000
2(1+pn) 2x1.25

Uniformly distributed load =60 Nm/m = 60 Nmm/mm

Modulus of rigidity, G = = 80000 MPa

Let the fixed end reactions are T, and Tj as shown below,

7;1«_1 I Ts

A C B
So that, T, + T4 = 60 x 2000 = 120000 Nmm

Angle of twist at end B due to T,
~T,xL —3000T, _
=G = 1G ..(i)
Angle of twist at end B due to uniformly distributed load in form of torque
tI? 60 x2000> _ 120000000
~2G]  2G] G
Since the twist at the fixed end B is zero
-3000T, = 120000000
= g T g 7V
s T, = 40000 Nmm =40 Nm
Substituting value in equation (i)
T = 80000 Nmm = 80 Nm

80 Nm
A c D
| B
e
40Nm 0.67m
Variation of torsion

The maximum ang]le of twist occurs where the torsion is zero.
Polar second moment of area,

4 4
= ™" _ 720 4570796 mm?
32 32
80 x10° x (2 - 0.67)x 10°
Maximum angle of twist= 1 X ( ) = 0.04234 radian
2 80000 x 15707.96

Q.5 (e) Solution:
Given, allowable shear force for one screw,
F =12kN
Shear force, V = 6 kN
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Let, S

longitudinal spacing of screws

VQ 2F
Now, Shear flow, f = T = <
2FI

15x21°  9x15°
12 12

Moment of inertia, |

9045 cm?*
Q= Quunge = Ay

= (15 x 3) x {§+%}

405 cm?

o 2x12x9045
T ex405 @ o0em

Q.6 (a) Solution:
(i)
* Effective length of column, L  is given as
L = 0.65 (L) [Both ends are fixed]
where L is unsupported length of column
0.65 (3.5)
2.275m = 2275 mm
* Checking the column as short or long;:
L, =1,=2275mm
D = 500 mm, B = 450 mm

2ok i *: “““““ ~1 D =500 mm

B =450 mm
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Slend o along r-direction. . = ‘e = 2272

enderness ratio along x-direction, A = D 500
= 455<12

l, 2275
. . . _ ﬂ:

Slenderness ratio along y-direction, ky B —450
= 5.06<12

Thus, slenderness ratio in both the directions is less than 12 and so the column is short
for both the directions.

¢ (Calculations of minimum eccentricities:

. +
xmin 500 30
3500 N 500
500 30
= 23.67 mm < (0.05 (500) = 25 mm)

e . +
y min 500 30
3500 , 450
500 30
22 mm < (0.05 (450) = 22.5 mm)

Since, the minimum eccentricities are less than 0.05 times the lateral dimension in

both the directions, the following formula given by IS 456 : 2000 can be used for the
design of axially loaded short columns:

Ultimate load capacity, P, is given by -
P, =04f,.A +(067f -04f)A,

Now axial service load, P = 1600 kN
1.5 x 1600 = 2400 kN

Factored axial load, P,

Now, P, = 04f. A+ (067f,-04f) A,
2400 x 103 = 0.4 x 20 x 450 x 500 + (0.67 x 415 - 0.4 x 20) Asc
= A = 2221.81 mm?

sc
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Check:
Minimum reinforcement, A_. . = 0.8% of Ag
= % x450x 500
= 1800 mm?
Hence, AL > A in (OK)

s.Provide 4 - 25 mm + 4 - 12 mm diameter bars.

Hence, area of steel reinforcement provided,

= 4xEx 05?4+ 4x T x12?
sc provided 4 4

2415 mm?2 > 2221.8 mm?

. Percentage of reinforcement provided,

b= 1 100=1.073%
t 450x500
p, = 1.073% > minimum reinforcement (0.8%) (OK)
< maximum reinforcement (6%) (OK)
Lateral ties:
e Diameter of tie bar:
Dmax 25 _ 6.25mm
¢, = max. 4
=6mm
= 8§ mm (say)
* Spacing of ties,
b=450mm
g = min.116¢ ;. =16x12=192mm

300mm = 300 mm
192 mm

Hence provide 8 mm ¢ @ 190 mm c/c spacing
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(i)

4-12mm ¢
—4-25mm ¢

8 ¢ ties @ 190 mm ¢/ ¢
450 mm

B =500 mm

Reinforcement detailing

The term ‘limit state of collapse’ is used to describe the ultimate limit state of
compression members (whether axially loaded or eccentrically loaded). But the actual
failure may or may not occur in compression since an eccentrically loaded column is
subjected to axial load along with moment and the failure mode depends upon the
eccentricity. For small eccentricity, axial compression behavior dominates thereby
making the subsequent failure as compression failure whereas for large eccentricity,
flexural behavior predominates, there by making the failure as tension failure. Thus
depending upon the eccentricity, we can predict in advance that a compression failure
or tension failure will take place.

Types of failure:

Balanced failure: In between the two extreme failure conditions, i.e. compression
failure & tension failure, there exists a critical failure condition which is called as
balanced failure.

This failure condition is characterized by the yielding of outermost row of reinforcing
steel (tension side) and attainment of maximum compressive strain in concrete in
flexure which is 0.0035 at the highly compressed edge of the column simultaneously.
Thus, both crushing of concrete and yielding of steel occurs simultaneously.

Compression failure: When the loading eccentricity is less than the eccentricity
corresponding to balanced failure condition, then yielding of reinforcing steel does
not takes place and failure occurs at ultimate state by crushing of concrete at the
highly compressed edge.

Tension failure: When the eccentricity of loading is more than that corresponding to
balanced failure condition, then yielding of tension steel at the outermost row of
reinforcing steel takes place. The outermost row of reinforcing bars yield first followed
by yielding of inner row of bars with increasing strain.
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Q.6 (b) Solution:

(@)

Tube
A B
d,|d d Bar ——
’ ! T=500N -m
L =540 mm \End plate

Polar moments of inertia of bar,

T 4
Ipy = 3_2d1

n 4
= —Xx24% = 4 4
3 3.257 x 10* mm

Polar moment of inertia of tube,

Ip, = %(dg —d;‘)

= 55(37*-30%) =10.45 x 10*

Since the bar and tube are joined to the end plate.

q)bur = q)’cube

where ¢, and ¢, . are angle of twist of bar and tube respectively due to applied
torque.

T.L T,L

Glp ~ GIp

L _ T

- 3257x10* ~ 1045x10°
= T,=320T, (1)
Also, T, + T, = 500 ..(2)
From (1) and (2)

T, = 119.05 N-m and T, =380.96 N-m

Now, maximum shear stress in bar,
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119.05x10° 24
= mx? =4386 MPa

T, (d;
Maximum shear stress in tube, 1, = K b3
2

380.96x10° 37

= —————X— = 6744 MPa
10.45x10 2
(ii) Angle of rotation of end plate ,
oo BL_TL
Glp  Glp,
119.05x10° x 540
- N X~ 0.0247 rad = 1.42°
80x10° x3.257 x10
(iii) Torsional stiffness of composite bar,
T
K. = o
500x10~°

= OOT =20.24 kN/m

Q.6 (c) Solution:
Effective depth, d

D - E.C. =700 - 50 = 650 mm

l;+d=10+0.65=10.65m
l;+w=10+03=10.3m

Effective length, |

Minimum
eff

l 10.3 m

eff
e Load calculations:

Dead load, w,

BxD x1Xvypco
05x0.7x1x25=875kN/m
Live load, w, = 60 kN/m

Total Load, w, = 8.75 + 60 = 68.75 kN/m

Maximum bending moment for simply supported beam is given as:
_ (wr)-(Leg)” _ (68.75)(103)°

max 3 8
911.71 kNm

(BM)
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* Elastic modules of elasticity of concrete, E .

E

C

5000./f

5000+/30
27386.13 MPa

* Actual depth of neutral axis, x_ is given by:

B
—x2tmA,x,-mA,d = 0

- E _ 2x10° _7
where = E. 5000830
200 2 730x 3% 302y —730x X302 %650 = 0
= x, = 267.92 mm

* Moment of inertia of cracked section, I, is given by

B.x® T T 2
I = 3“ +m[n><6—4¢4+n><zq)2.(d—xa) }

3
_ 500 (2367.92) . 7.30{8 54 Rt 8>an 322 (650 267,92)2}

= 1.006 x 10" mm*
* Cracking moment, M_ is given by-
Mcr = fch

- (07 fck).(Bgzj

- (0.74/30 ).[M] Nmm

= 156.56 kNm

* Lever arm, (L.A) is given by
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d—x—“}

M

267.92
3

L.A.

= [ 650 - } =560.69 mm

Now, effective moment of inertia, I is given by:

I

)
BM d d b
Now b, = b
o L. 1.006x 10"
’ eff 12_(156.56) '(560.69)(1_ 267.92)(1)
911.71 650 650 1
= I, = 0.9039 x 10 mm?*
But, I, <1
Hence, take L =1,
= Is = 1.18 x 10" mm*.

Now short term deflection, § is given by:

5%(68.75).(10.3)* (1000)*

6 =
short 384><(27386.13)(1.006 ><1010)
= 36.57 mm
Now total deflection, 8, ,is given by -
) =9 + 0.8

short short

= 6short (1 + e)
= 36.57 (1 + 1.6) = 95.08 mm

total

Q.7 (a) Solution:
()
Principle of superposition:
Principle of superposition states that for a linearly elastic structure, deflection at a
given point in a structure produced by several loads acting simultaneously on the

structure can be found by superposing deflection at same point produced by loads
acting individually.
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For example,

Consider a cantilever beam subjected to loads as shown below.

P
w kN

A

I L B [L EI]

.. Deflection at free end can be written as

pI3 s wl?
3EI 8EI

—— ——
due to pointload  due to udl

Ag =

Mohr’s circle of stress:

It is a graphical representation which is useful in visualizing the relationships

between normal and shear stresses acting on various planes at a point in a stressed
body.

Some important features of Moht’s circle are:

(1) Itis locus of normal and shear stresses at a point in a strained body with the
changing value of angle 6 at that point.

(2) Radius of Mohr’s circle represent maximum value of shear stress.

(3) Centre of Moht’s circle always lies on x-axis.

B
N

Points of circle lying on x-axis represent principal stresses.
(i)
Given B =500 mm, D = 700 mm
Effective depth, d = D -50
700 - 50 = 650 mm

1 is given as

Equivalent bending moment, M,

Mel = Mu +Mt
7 (1:P) s0(147%
_"U B)_ 500 ) _ 5
Now, M, = — 7= "7~ =70588 KN-m
So, M. = 160 + 70.6 = 230.6 KN-m

el
Limiting moment of resistance, M, is given by
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M, = R.f,B.d?
= 0.138 x 20 x 500 x 650% x 107 kN-m
= 583.05 kN-m
M, < M, ;. - Thus section is under reinforced.
Now, M, is given by
M, = 0.87fy.Ast (d-0.42.x) (i)
0.87 f,.Ag
But *u = 7036 f,.B

Put this x, in Equation (i), we get

Alternatively,

Q.7 (b) Solution:

M

el

230.6x10°

230.6x10°

A

st

100

st

Volume of water

Depth of water, H

Now,

T D*H
1

087 f,A,

0.87 x 415 x A, [650—

361.05 A, {650 -

1054.69 mm?

M,; 230.6x10°

d—-042x

(0.87.,.A4)
0.36f,.B

|

151.641.A,,

3600

bd?

20
2(415)

Pt
100

500 x 6502

R
{1 -1 —4.598f—} = 0.003242
ck

= (—) bd = (.003242 x 500 x 650

1053.53 mm?

6 x 10° [ = 600 m>

4-02=38m

600

|

=1.091598 MPa

0.42(0.87 x415x A,; )
0.36 %20 x 500

where D is diameter of tank
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T
N Z.DZ.(3.8) = 600

= D =1418m ~14.2 m. (Say)

(i) Design of steel reinforcement:

PD vy, HD 10x3.8x14.2

1. Hoop tension, T}, = 5 5 ) =269.8 kN
2. Area of steel required to resist hoop tension,
Ty  269.8x10° _ 2
Ay = G_s T 1798.67 mm* ~ 1800 mm?2 (say)
If steel is provided in two layers then,
1800
A, ;yin each layer = — - 900 mm?
Using 10 b ing = 00 10
sing 10 mm ¢ bars, spacing = 900 "4
= 8727 mm ~ 85mm (say)
1000 m . »
Ast. H provided = 85 XZX1O

923.998 mm? > 900 mm? (OK)
(ii) Design of concrete:
1. Thickness as per approximate formula,
T (inmm) = 30 H+50 =30 x 3.8 +50 =164 mm

2. If T =164 mm, then stress in concrete

Ty
fct direct 1000T+(m_1)Ast
280 280
where M= 3¢ 3x85 ~ 1098

cbe

B 269.8x10°
Jetdirect = (1000 x 164) +(10.98 —1)(923.998 x 2)

1.479 MPa > 1.3 MPa [Failed]

3. Required thickness
Ty
1000T +(m—1).A,

1.3

\
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T
(11)-n-1.a,
T > ~—
- 1000
3
(M} ~(10.98-1).(923.998x2)
= T >
1000
= T = 189.095 mm
Provide thickness, T = 200 mm
269.8x10°
Now Jet = (1000x 200)+ (10.98—1)(923.998x 2)
= 1.235 MPa <13 MPa Hence safe
(iii) Vertical reinforcement:
0.35
= ——x1000xT,
Ast, min 100 51
Now, T,=T,= Zéﬂ =100 mm
[Should not be greater than 250 mm]
0.35
= ——x1000x100 = 2
Now, Ay in 100 350 mm
_ _ 1000 = g2
Spacing of 8 mm diameter bars = 350 ZX =143.61 mm ~ 140 mm (say)
(iv) Minimum Reinforcement at Top:
. 1000 = 102
For 10 mm ¢ bar, spacing = 350 XZX =2244mm =~ 220 mm (say)
b .A: —~ 10 mm ¢ @ 220 mm ¢/ c
® smmo@ |®
o| 140mmc/c |g
° 04:7 10 mm ¢ @ 85 mm c/c

/

ocopyright: [MADE EASY

www.madeeasy.in



52 | ESE2024: MAINS TEST SERIES MADE ERSYH

Q.7 (c) Solution:
Apply a imaginary moment M, at end B,

w kN/m

A El 2EI

3 :

| L/3 | 2L/3

Using equilibrium equations,

ZFy =0
wL
- Ry+ Ry = 5
M, = 0
wL(L/3
7(—2 )_MO_RB(L) =0
_ wL M,
= S R TI
wL M, SwL
= S AT

Now, Bending moment for segment AC,

L
At a distance x from A = (0 <x< 5]

2 M, 5wL wx?
wx 0
= —_— = + X —
M, = Rax== ( L 18 ) 2
oM ¢ X
Now, M, = E

Bending moment for segment BC,

2L
At a distance x from B, (0 <x< ?j
Mg = Rpx + M,

(L My
18 L
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a]VIBC X

NOW, aMO = 1_2

Using modified castigilano’s theorem,

Substituting

=
1l

L/3 2 3
0 = l _[ 5wLx _wx” |\ x dx><2+lf
B FI ! L EI 3

2L
3 =
1 5wx3_wx4 -/ 2+i wLx®  wx® |3
" EIl 54 8L S EI| 36 54

n,wﬁ+ 5 wI®
5832 EI 1458 EI

17 wl’
= @ul)f_l (Counter clockwise)

Q.8 (a) Solution:
()
On the basis of geometrical configuration, following types of staircase are classified:

1. Straight stairs: This consists of steps leading in the same direction. It is usually
provided in a long narrow staircase. It usually consists of one flight but in some
circumstances two flights with an intermediate landing can be provided.
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2. Quarter-turn stairs: It consists of two straight rows of stairs and one quarter turn of
90°. With this type of staircase from the base to the top, the steps and the person on
them turn through 90°.

LA —

3. Dog-legged stairs: In this type of stairs, the succeeding flights rise in opposite
direction. A landing is provided corresponding to the level at which the direction of
flight changes.
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4. Open-well stairs: This type of stairs consist of two or more flights arranging in a well

or opening between the backward and forward flight.

5. Spiral/Circular stairs: In this type of stairs all the steps radiate from a newel or well
hole in the form of winders. It is usually adopted at the backside of building to
access its various floors.

Central Post
(i)
Beam design by WSM:
280 280
i = —=—-=13.33
Modular Ratio, m 3.0, %7
mo
poo —Oae  133IX7 ) ogg4
0 MGy +0s  13.33x7+230
j = _%0 _ 102886 _ 5 9038 ~ 0.904
Now, for a balanced section,
M = Q.b.d?
lZ
= % = (0.5 G kof) bl
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30x42x10° )
= g = (05x7x0.2886x0.904)bx 450

= b = 32448 mm =~ 330 mm (say)
Thus, effective size of beam section is 330 mm % 450 mm.
Beam design by LSM: Factored load = 1.5 x 30 = 45 kN/m

1> 45x4?
Factored, BM = qu = o X =90kNm
Now for balanced section ultimate moment of resistance,
M, = 0.138fck.b.d2
90 x 10 = 0.138 x 20 x b x 4502
= b = 161.03 mm ~ 165 mm (say)

Effective size of beam section is 165 mm X 450 mm

330%x 450 -165x 450

Percent saving in concrete = 330% 450 x 100 = 50%

Q.8 (b) Solution:
(i)

1
Kinetic Energy = Emvz
_ 1,150x10° (o 1000 _ 775457 N
27 981 3600 ) o
) 37754.37
Energy absorbed per spring = 2 - 9438.6 N-m
Now, Work done = Energy absorbed
)
= p XE = 9438.6
P = 2x9438.6 _ 13483714 N
= T 014 '
4PR?
Also, deflection of spring, & = 6 1 n
Gd
64PR%n
d= 4
= Go
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. \/64 % 13483714 % (0.1)® X9
80x10° x(0.14)

0.05132 m = 51.32 mm

(i)
Given, Axial pull, P = 11 kN
Shear force, V = 8 kN
fy = 275 N/mm?
FOS = 3and u=0.3
Let ‘d" be the diameter of bolt (in mm)

P _11x10°

N I stress, 0 = N/mm?
ormal stress, ¢ y n_dz /
4
3
Shear stress, T = Z= 8><1§) N/mm?
A
4

2
.. _ G_I_ 0 2
Now principal stresses, 6, = CRE) +7T

2 2
11x10° 11x10° +8><103

= +
2 = 2 2
pIVLLL Y || L nd”
4 4 4
3
- %x[5.5i\/552+8z}
TU
4
15.21x10° )
o T T
4
-4.21x10° )
o T
4
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1. Maximum principal stress theory

fy
< —_
%1 > Tos
15.21x10° . 275
nd? -3

4
= d

\%

14.53 mm

)abs = Jy
max/abs 2(1:05)

2.  Maximum shear stress theory, (t

0, —0O
(Tmax)abs 2 172

6176 ¥
= 2 = 2(FOS)
(15.21-(-4.21))x10° 275
= 2 <
™~ 3
4
= d > 16.42

(iii) Strain energy theory,

2
2, 2 < L
01 +03 —2U016,= | TOg

15915103V [ —4.21x10° )2 2><0.3><15.21><103x(—4.21><103) 752
+ —_ —_—
nd nd” (ndZ)z S( 3 j
4 4 4
ﬂ[w 212+ 4212 +38 42]
= nd? 2 ’ ’ ) < 8402.78
4
d > 15.35mm

Q.8 (c) Solution:
Effective depth, d = 600 - 35 = 565 mm

T
* Area of steel in compression, A_ = 2XZX 12%=226.19 mm?
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~ 227 mm? (say)
T
. Area of steel in tension, A = 3XZX162 = 603.18 mm?
~ 604 mm? (say)
* Limiting depth of neutral axis,
X, i = 0-48.d [For Fe415 steel]

0.48 x 565 = 271.2 mm
Actual depth of neutral axis, x, is given as

0.36 f;-B.x, + (f,, - 0.45f,) A, .= 0.87 f A,
= 0.36 x 20 x 300. x,, + (f,. - 0.45 x 20) 227 = 0.87 x 415 x 604

= 2160 x, + 227 f - 2043 = 218074.2
= 2160 x, +227. f = 220117.2
= x, = 101.906 - 0.1051 f_ ..(i)
First trial: Let f..= 315 MPa
x, = 101.906 - 0.1051 x 315
= 68.7995 mm
~ 68.8 mm (say)

Strain at the level of compression steel,

c = (ijo.m%

sc X,

[ 68.8-35
B 68.8

Now fs .can be calculated from the table of stress-strain for Fe415.

jx 0.0035 = (.00172

324.8-306.7 fie —306.7
0.00192-0.00163  0.00172-0.00163
= f.. = 312.32 MPa # 315 MPa (as assumed)
Second trial: Let f..= 313 MPa,
Now, x, from equation (i) can be computed as,
x, = 101.906 - 0.1051 x 313
= 69.0097 mm =~ 69.01 mm (say)
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Now strain at the level of compression steel,

c o[k jx0.0035

sc X

u

69.01-35

= | ——— [x0.0035 =
69.01 j 0.001725

Now f_ . can be calculated from the table of stres strain for Fe415,

324.8-306.7 f.. —306.7
0.00192-0.00163 ~ 0.001725-0.00163
= f,.= 312.63 MPa = 313 MPa (as assumed)

Solution is converging and thus x, = 69.01 mm.
Now, ultimate moment of resistance of given beam section is given as
MOR, =036f,.B.x, (d-042x, )+ (f,.-045f,) A (d-4d)

0.36 x20x 300 % 69.01(565 — 0.42 % 69.01)

- x107° KNm
+(313 - 0.45 x 20) x 227 x (565 — 35)

=116.47 kNm

Working moment of resistance, My, is given us

- MOR, 11647
R~ 15 15

77.65 kNm
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