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Answer ALL Questions-1(Q&A)
The figures in the right hand margin indicate marks.
PART – A: (Multiple Choice Questions)                                                               (1 x 10 = 10 Marks)
Q.1. Answer ALL questions
a.	In cantilever beam, slope and deflection at free end is _____
	(ii)  Maximum.
b.	Which of the following statements is/are true for a simply supported beam?
	 (i) Deflection is maximum at a point where slope is zero.	 
c.	The vertical distance between the axis of the beam before and after loading at a point is called as _______
	(iii) Deflection.	
d.	The load at which a vertical compression member just buckles is known as
	(iv)  Any one of these.
e.	A column that fails due to direct stress is called
	  (i) Short column.	 
f.	Riveted joint is ...... joints  
	 (ii) Permanent.
g.	A masonry dam may fail due to
	(iv) Any one of the above
h.	Portion of dam in contact with ground at downstream side is __________
	 (ii)  Heel.
i.	In cantilever beams, the extra support is known as ____________
	  (i)  Prop.		
j.	Fixed beam is also known as _______
	(iii)  Encaster beam.	
PART – B: (Short Answer Questions)                                                                             (2 x 10 = 20 Marks)
Q.2. Answer ALL questions
a.	What is slope of beam?
The deviation of point B to B' is shown as deflection δB and the change in slope of tangent at B is shown as slope θB
[image: D:\Admin\Desktop\slopedeflection.gif]
b.	What are the methods for finding out the slope and deflection at a section?
	Double integration method, Moment–area method, Mecaulay’s method, Conjugate beam method.
c.	Why moment area method is more useful, when compared with double integration?
Moment area method is more useful, as compared with double integration method because many problems which do not have a simple mathematical solution can be simplified by the ending moment area method.
d.	Define the strut.
	A structural member, subjected to an axial compressive force, is called as strut.
e.	What are the types of end conditions of column?
	Both ends are hinged or pinned, One end is free and the other is fixed,Both ends are fixed.
One end is fixed and the other end is pinned.
f.	List types of welded joints.
	Butt joint, Tee joint, Corner joint, Lap joint, Edge joint.
g.	What is masonry dam?
[bookmark: _GoBack]Masonry dams are dams made out of masonry – mainly stone and brick, sometimes joined with mortar. They are either the gravity or the arch-gravity type
h.	Write the stability of dam.
Stability and stress analyses are the most important elements that require rigorous consideration in design of a dam structure. Stability of dams against sliding is crucial due to the substantial horizontal load that requires sufficient and safe resistance to develop by mobilization of adequate shearing forces along the base of the dam foundation.
I          What do you understand by the term ‘prop’?
A beam having one built-in support and one simple support. For ex consider one end of the beam supported by fixed support and the other end by roller support such beams can be called as propped cantilever beam.
j.	What is meant by on encastre beam?
A beam is a structural element that primarily resists loads applied laterally to the beam's axis. ...     Fixed or Encastre – a beam supported on both ends and restrained from rotation.
PART – C: (Long Answer Questions)                                                                             (10 x 4 = 40 Marks)
Answer ALL questions
3. a.	Derive the relation between slope, deflection and radius of curvature of a simply supported beam.

[image: Bending stresses in beams]

	[image: Let, R = Radius of curvature of neutral layer N’-N’.
• θ = Angle subjected at O by A’B’ and C’D’ produced.
• y = Distance ...]\
[image: Derivation of Relationship Between Bending Stress and Radius
of Curvature (Moment of Resistance of a Section)
Euler – Bern...]
A small portion PQ of the beam, bent into an arc is considered .

 Let ds be the elemental length PQ of the beam

  R be the radius of the arc

  C be the centre of the arc (into which the beam has been bent)

 ψ be the angle which the tangent at P makes with x − x axis and

(ψ + dψ) be the angle which the tangent at Q makes with x − x axis

  From the geometry of Figure 8.3,

∠PCQ = dψ and
 
ds = R. dψ
[image: https://hi-static.z-dn.net/files/da0/180a8e9f8ff6d09a0453a01f7c46b86c.bmp]
	R =  =  
   	 =  
	We know that if x and y be the co- ordinates of point P, then
	 =  
Differentiating the above equation with respect to x
	 =  
	We know 
	 =   OR      M = 
	M = EI
	b.	A timber beam of rectangular section has a span of 4.8 m and is simply supported at its ends. it is required to carry a total load of4500 kg uniformly distributed load over the whole span.Find the maximum value for (a) the breadth and  depth of the beam, if the maximum bending stress is not exceed 70 kg /cm2 and the maximum deflection is limited to 9.5 mm. take E  for timber as 105 x 103 kg/cm2
	Given data
	Span (l) = 4.8 m
	Uniformly distributed load (W) = wl = 4500 kg
	Bending stress (f) =70 kg/cm2
	Maximum deflection (yc) = 9.5 mm = 0.95 cm
Young’s modulus (E) = 105 x 103 kg/cm2
Solution 
	We know 
	M = =  = 2700 kg – m
We know 

 = ,		 =  	
 =  =23 143 cm2
yc =  =  = 
  =  = 779 500 cm2
d =  = 33.68 cm,	b x  = 23 143, b =  = 20.4 cm

4. a.	An I section joist 40 cm x 20 cm x 2 cm and 6 m long is used as a strut with both end fixed. What is Euler’s crippling load for the column take Young’s modulus for the joist as 2.0 x 106 kg/ cm2
Given data
	(b) = 20 cm
	Outer depth (d) = 40 cm
	Inner width (b1) = 20 – 2 = 18 cm
	Inner depth (d1) = 40 – 2 x 2 36 cm
Length (l) = 6 m = 600 cm
Young’s modulus (E) = 2.0 x 106 kg/cm2
Solution 

[image: ]
	We know that moment of inertia about X –X  axis
	Ixx =  =   = 36 680 cm4
	Iyy  = 2 x  +  = 1357.3 cm4
	Equivalent length (L) = =  = 300 cm
	P =  =  = 297700 kg


	(OR)

b.	A single riveted lap joint is made is 15 mm thick plates with 20 mm diameter rivets. Determine the strength of the joint, if the pitch of the rivet is 6 cm. Take fs = 900 kg/cm2, fb = 1600 kg/cm2, and ft = 1200 kg/cm2
Given data
	Plate thickness (t) = 15 mm = 1.5 cm
	Diameter of rivets (d) = 20 mm = 2 cm
	Pitch (p) = 6 cm
	Shearing stress (fs) = 900 kg/ cm2
	Bearing stress (fb) = 1600 kg/ cm2
Tearing stress (ft) = 1200 kg/ cm2
	
Solution
We know, shearing of rivets
Ps =  x  x = 900 x  x  = 2827 kg
Bearing of rivets
Pb =  x t x d =1600 x 1.5 x 2 = 4800 kg
Tearing of plate 
Pt =  = 1200 (6 – 2) x1.5 = 7200 kg
5. a.	A tank is filled with a liquid of sp.gr. 1 up to a depth of 0.5 m over another liquid of sp.gr. 2. Find total pressure per metres length and its line of action, on the I m deep size of the tank
Given data
	Specific gr. Of upper liqiud = 1
	Specific weight (w1) = 1000 kg/m3
	Depth of upper liquid (h1) = 0.5 m
	Specific gr. Of lower liqiud = 2
	Specific weight (w2) = 2000 kg/m3
	Depth of upper liquid (h2) = 0.5 m
	
Solution
We know, 
P1 = Total pressure of upper liquid per metre length ,
P2 = Total pressure of lower liquid per metre length 
[image: ]
We know that the pressure BD =  1000 x 0.5 = 500 kg m2
Pressure EF =  = 2000 x 0.5 = 1000 kg/m2 
Total pressure of upper liquid per metre length
P1 = Area of triangle ABD x length of wall = ( X 500 X 0.5 ) x 1 = 125 kg
Total pressure of lower liquid per metre length
P2  = Area of figure BDFC x length of wall = (A rea of rectangle BCDE + Area of triangle DEF) x length of wall
= (500 x  0.5 ) x  + ( x 1000 x 0.5) x1 = 500 kg
Total pressure = 125 + 500 = 625 kg
H = depth of the  line of action of the total pressure from A
Taking moments all pressure about A
P x h =  +  x 
625h =  +  +  
h =  = 0.7 m


	(OR)
b.	A masonry trapezoidal dam 4 m high 1 m wide at its top and 3 m wide its bottom retains water on its vertical face. Determine the maximum and minimum stresses, at the base,(i) when the reservoir  is full and (ii) when the reservoir is empty. Take weight of the masonry as 2000 kg/m3
Given data
	Height of dam (H) = 4 m
	Top width (a) = 1 m
	Bottom width (b) = 3 m
	Weight of masonry (ρ) = 2000 kg/ cm3
		
Solution
Let
Pmax = maximum stress at the base B
Pmin = minimum stress at the base A
Stress at the base when the reservoir is full.

Let 	x = horizontal distance between c.g of the dam section and K
	P = Total pressure of water per metre length 
[image: ]
Using the relation
P =  =  = 8000 kg
The weight of the dam per metre length, W = ρ x  x H = 2000 x  x 4  = 16000 kg
Find the position, taking moments of area about A
 AJ =  + 
8AJ =2 + 6.67 = 8.67, AJ = 1.08 m
Using the relation
 x =  =  = 0.67 m
If horizontal AK, d = AJ + x = 1.08 + 0.67 = 1.75 m
Eccentricity, e = d -  = 1.75 - = 0.25 m
Using the relation
Pmax =    =   = 8000 kg/m2
Pmin =    =   = 2667 kg/m2

Stress at the base when the reservoir is empty.
Using the relation
We know that the distance AJ, d = 1.08 m, and eccentricity, e = d-  = 1.08 -1.5 = -0.42 m
Using the relation
Pmax =   =   = 9813 kg/m2
Using the relation
Pmin =  W/b (1- 6e/b) = 16000/3  (1- (6 x 0.42)/3)  = 853 kg/m2

6. a.	A propped cantilever 10 m long has 15 cm wide and 40 cm deep cross section. If the allowable bending stress and the deflection at the centre is 100 kg/cm2 and 1.5 cm respectively, determine the safe uniformly distributed load, which cantilever can carry, take  E = 1.2 X 106 kg/cm2.
Given data
	Span (l) = 10 m = 1000 cm
	Width (b) = 15 cm
	Depth (d) = 40 cm
	
Solution
Moment of inertia, I =  = =80000 cm4
Allowable bending stress at the centre (f) =100 kg/cm2
Allowable deflection at the centre (yc) 1.5 cm
Young’s modulus (E) =1.2 X 106  kg/cm2	
Maximum bending moment (M) =   = =125000 w kg-cm
Using the relation, 	 =  ,		 = 	, 	w = 3.2 kg/cm
Using another the relation
yc =  , 	1.5 =  = 0.542 w
w = 2.765 kg/cm
	
(OR)

b.	A fixed beam AB of 5 m span carries a point load of 20 kN  at a distance of  2 m from A. Determine the values of fixing moments and deflection under the load, if flexural rigidity of the beam is 10 x 103 kN – m2
Given data
	Span (l) = 5 m 
	Load (W) = 20 kN
		
Solution
	Distance of load from A, a = 2 m
	Distance of load from B, b = 5 - 2 m = 3 m
	Flexural rigidity, (EI) = 10 x 103 kN – m2
	Fixing moments
	Let 	MA = Fixing moment at A and 
		MB = Fixing moment at B 
	Using the relation
	MA = - = -  =- 14.4 kN –m
	Now using the relation
	MB =  =  = - 9.6 kN –m2
Let y = deflection under the load
Using the relation
Y =  =  = 0.0015 m
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Derivation of Relationship Between Bending
Stress and Radius of Curvature

* Consider a small
length 6x of a beam
subjected to a simple
bending as shown in
the figure (a).

¢ Due to action of
bending, the length
6x will be deformed
as shown in the figure
(b).
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Derivation of Relationship Between Bending
Stress and Radius of Curvature

Let, R = Radius of curvature of neutral layer N'-N".
+ 8=Angle subjected at O by A'B’ and C'D’ produced.

+ y = Distance from the neutral layer.

« Original length of the layer = EF = 5x= NN = N'N’

« From figure (b), N'N' =R ©

+ Change (Increase) in length of the EF = E'F' ~EF = (R+y) 8~R 8

=ye
+ Strain in the layer EF = Increase in length / original length
=y6/RB=y/R
* According to linear elasticity, o a €,.Thatis, e =0 / E.
y_o
. R E
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Derivation of Relationship Between Bending Stress and Radius
of Curvature (Moment of Resistance of a Section)

E
Force on layer =g xyxdd

Moment of this force about N.A.
= Force on layer x y

LI

%U’f!di

‘Total moment of the forces on the section of the beam (or moment of resistance)

M :jg xyixdA= ij" x dA

! Euler - Bernoulli Bending Equation
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