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Subject code: 17422 Subject : ( Theory of Structures )

Important Instructions to examiners:

1) The answer should be examined by keywords and not as word-to- word as given in the
model answer scheme.

2) The model answer and the answer written by candidate may vary but the examiner may
try to assess the understanding level of the candidate.

3) The language error such as grammatical, spelling errors should not be given more
importance. (Not applicable for subject English and communication skill).

4) While assessing figures, examiner may give credit for principal components indicated in
the figure. The figure drawn by candidate and model answ er may vary. The examiner may
give credit for any equivalent figure drawn.

5) Credits may be given step wise for numerical problems. In the some cases, the assumed
constants values may vary and there may be some difference in the candidates answer and
model answer.

6) In case of some questions credit may be given by judgment on part of examiner of
relevant answer based on candidates understanding

Question Model Answer/paper Solution with sketches Marks
and sub
Question - _ ]
Q. 1 A | Attempt any Six of the following 12 Marks
a) | State the condition of stability of Masonry dam |
Ans: M|
1. Stability against Overturning : (P.h/3) < W (b-x ) M|
2. Stability against no Tension: e < b M
6 | 2M
3. Stability against Sliding : P < F
4. Stability against crushing \
b) | Define the slope and deflection of beam M
Ans : Slope of a beam:-
Slope of a beam at a point is defined as rate of change of deflection with
respect to longitudinal distance i.e. .
slope dy/dx where, y = deflection The point of slope is * radian * IM ‘
where JI radian = 180 degrees
Deflection of a beam :- e
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d)

The vertical displacement of a point on a beam after loading with respect
to its original position before loading is called deflection It is denoted by
‘y’ unit is mm
What do you understand by boundry condition of a beam ?State the
boundry condition for two different nature of beam supports,
Ans : It is a general mathematical principle that the number of boundar y
condition necessary to determine a solution to a differential equation
matches the order of the differential equation .

e Cantilever beam X is consider from free end
Boundary condition At x=0,y=ymax .0 = 0,

At x=L,y=0,0=0

 Simply supported beam The condition to locate point of maximum
deflection is slope of tangent at that point is zero
Boundary condition At x=0. y=0.01= Oy
x=IL y=0.9x= Onax
\A lc e./
Yo :

o/ Oa

boundary ’

conditions dy e y
—_— (]
v={) dx

Y

State the values of maximum deflection for a cantilever beam of span
L carrying a point load ‘W’ at a distance ‘L’ from the fixed end.

Ans : The Values of maximum deflection for a cantilever beam of a span L
carrying a point load *“W* at a distance ‘L’ from the fixed end
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g)

e S—— .
Ymax = Y[; = - WL

3EI
Where . W = Point load in KN
L = Span inm
Y = Deflection

State the Principle of Superposition

Ans: Principle of Superposition:-I states that = If number of forces are
acting simultaneously on a body then their combined effect on the body is
equal to the algebraic sum of the effects of the individual forces or
moments considered separately
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Define i) Distribution Factor ii) Portal Frames :

1) Distribution Factor :

[t is the ratio of relative stiffness of a member to the total
stiffness of all the members meeting at a joint

ii) Portal Frames :

Portal frame is a structure of least two columns and a
connecting beam .It is a two dimensional structure assumed
separate from a structure for analysis

What is the carry over factor for a beam fixed at one end and simply
supported at the other?

Ans:

M|

M |

1M

| Paﬂp_—o3}33




F\[(\

h)

Q.1 B)

~ L . - - L ‘__—'_wi“—*f_i—;——_*—r—'_—_
onsider any section x-x of x distance from A !
RAl |
X |
7~ e oy 0 -~
"f': -;Lz—-,.! a Biiba. ™ TSN B |
R '1\ 7 [
y -l i - . L R ‘?"’J {
%

M
|
|

Ma =1
MB 2 |
Where. M4 = Moments at A in KNm
Mg = Moments at A in KNm M

Define perfect and imperfect frame
1) Perfect frame: A frame made up of just sufficient numbers so that it

can remain in stable equilibrium, when loaded at joints.
The condition of frame to be stable is : n = 2j-3
Where, n = numbers of members

J = number of joints

2) Imperfect frame : A frame made up of either more than or less than,

Just sufficient number of members to keep it in static equilibrium is
called Imperfect frame . Where . n < A TG EEE— Deficient
frame

N >2j— 3emmmmemeeee Redundant frame

Attempt any Two of the following

Explain the points to be considered to design 30 storey building with
respect to wind pressure.

JAns

2.

:While designing a 30 storey building the points to be considered are -
1.

As the building is greater than 10 m height . The wind pressure will
be considered

Location of building and topography of area which decide the
coefficient of wind pressure.

The wind pressure is assumed to vary uniformly with increase in
pressure with respect to height of building.

The wind pressure will cause large bendin ¢ stresses and the self
weight of the building will cause direct stresses and the material
should be capable of bearing the total maximum stresses at base.

IM
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b) | A short column of external 250 mm and internal diameter 200 mm i
carries an eccentric load .Find the eccentricity which the load can have ‘
without producing tension in the section of a column

Given :-
D =250 mm
d =200 mm , .

Solution:-Gmin = Gd - Ob

=P/A -Pey
I 2 M |
P - P & xDP2
(D’ -d% Tt (D*-d% |
4 64 e (1) |
For No Tension Omin = putineq (1) |
e= (D’ —d°)
8D \
= (250%-200%) |
8x25 2M
€ =51.25mm
¢) | State four assumption made in the analysis of simple frame |
Ans :Assumption made in analysis of frame frame are !
1. The members are pin jointed at ends dmark |
2. The frame is perfect .i.e. it satisfies n = 2J-3 condition (any 4
3. The load is acting at joints only. forleach
4. Self weight of the member is neglected r )
Q.2 | Attempt any Four of the following ’ 16M

a) A chimney having diameter 5m and 50 m high . It is subjected to a
horizontal wind pressure of 7KPa normal to the chimney ,Find the
maximum bending stress in a chimney (use C =0.70 ) !

Ans :Given
D=5m
H = 50m
p=7Kpa=7x 10° N/'m’ |
C=0.7
Solution
Maximum Bending stress , Gb = Mxy \

1 F

I)Moment of ‘P” about base = P (H/2)
IM |
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b)

3) Total wind force P= C x p x Projected area

4) I= 7t (DY
64
= 0.7 x 7000( 5 x 50) (50/2) x 5/2

T (5Y
64

Omax = 2.4950 N/m>

Calculate core of a section for following and draw neat sketches:

i. Circular section 300mm diameter
ii Rectangular section is a 250 x 600 mm in size
Ans 1)Core of section foe a Circular section is a circle of diameter

emax = D =300 =37.5 mm
8 8

11)Core of section for a rectangular section is a 250 x 600 mm

230 mm

- ——p

I.dé

600 mm
1| as

b6 56
1) ex=d/6 =600/6=100 mm

ii) ey =_b=250=41.6667 mm
6 6

1M

1M
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¢) | A square pillar 200 mm side is subjected to an eccentric load of 95 KN

d)

at an eccentricity of 50 mm in the plane bisecting thickness. Find the
maximum and minimum intensities of stress at base section

Ans : Given

b =200 mm

d =200 mm

P =95 KN

e=150

Ans : i
Solution : 1

o0 = direct stress
ob = Bending stress

' . I
1) Omax = direct stress + Bending stress i
= o0 + ob
= PA+ My

I

= 95x10° +95x10°x50 x200/7

200 x 200 200 x 200° M
12
= 2375+ 3.56
= 5.93 N/mm’
11 )Omin = direct stress + Bending stress IM
= o0 - ob
= P/A - My
I

= 95x10°- 95x10°x50 «x 20072
200x 200 200 x 200°
12
= 2.375-3.56 (Comp) IM

= -1.185 N/mm’ (Comp) |

A cantilever of length 2m carries a UDL of 10 kn/m over a entire span ‘
If the section is rectangle 100 mm wide and 300 mm deep . Find the
slope at the free end. And deflection at free end Take E =100
KN/mm?*

Given

E =100 KN/mm’
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=1x 10 * KN/m?
L =2m
w =10 kN/m
A %C)CDQ{L‘:(;\C}JIN;Y;M b \“
|q'_ e g 2m SO — .‘.,*’

1Oy

Solution : { S \

1) T=100x300°
12
=225 x 10% mm*
2) Slope at B, '
dy =- WL} =10x2?
dx  6EI 6 EI
= - 10x 23
6x 1x10%x2.25 x10*
=-594x10*

=- 0.0003592 radians
3) Deflection at B

=. W[! = 10x2*

8 EI 8x 1x10%x225 x 107
= . 8.88%10%
= - (.888 mm

A simply supported beam of 6m carries a UDL of 5 KN/m find the
breadth and depth of beam , if maximum bending stress is not to

exceed 8 N/mm? and maximum deflection 20 mm .Take E = ]34110'1

N/mm’
Given
ob = 8§ N/mm?>
= 8000 KN / m*
Ymax = 20 mim

E =1x10* N/mm?>
=1x 107 KN/m’
1) BMmax=WL? = 5x62 =225 KN/m

IM

1M
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From Bending equation
3) ob =My
[
bd* = 0.0168 =-caeeeeve i wau(1)

From deflection equation
4)Ymax = - 5wlL?

384 EI
0.020 = Sx5x8
384 x 1 x 10" x bd’
12
S E A | (2)

Put equation (1) in equation (2)

0.0168=5.06 x 10™

d=0.301m

d =301 mm
Put in equation (1)
b=0.185m

b=185mm

Write Clapeyron’s moment theorem for beam with different
M.L.giving meaning of each term along with the diagram of beam

Ans ;

Clapeyron’s moment theorem for beam with different M.1.

Let ABC be a continuous beam, selected for analysis and loaded as shown
below al and a2 are areas of sagging BMD

Here Ma and Mc =0

The support are simple supports

Unknowns are Ra R, Rc and Mb To obtain Ms Clapeyrons theorem used as below

Ma L1+2Ms (Li+L2) +Mc Lz
[ I Iz [2
= -6( ax, + ax)
Lali L:l2

Where, Ma - Support moment at A
Ma - Support moment at A

1M

1M

M

e
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M - Support moment at B

Me - Support moment at C

L1 = Length of the span AB

L2 = Length of the span BC

[1 = Moment if Inertia for the span AB

[2= Moment if Inertia for the span BC

al = area of moment diagram for the span AB

x1= Centroidal distance of moment diagram for the span AB

a2= area of moment diagram for the span BC

x2= Centroidal distance of moment diagram for the span BC

The term above used above are as shown in Figure .

Maand Mc =0

Ms can be obtained from the above equation. I1 and 12 are the moment of
Inertia of beams respectively. If beams are of same size, then I1 =12=
hence the equation reduces to

MA L]""EMB (L]"’Lz) +MC L]

= -6 (aIXi + ax2)
I I
Thus for *n’ number of unknown moments .’n’ such equation are
required

m
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Q-z(b)
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