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PART A

1

Within elastic limit, Stress is directly proportional strain

2

Ratio of Lateral strain to longitudinal strain under an axial load

3

Overhanging beams projects beyond one or both ends of the beam, also

it may carry loads outside the support

The rate of change of bending moment with respect to the length of the

beam is equal to the shear force

wh

Load W = w(IN/m) x L (length of the UDL)

[#,}

Neutral layer is one in which there is no strain or stress

Slenderness ratio classify the columns into short, medium and long
column

co

It is the load per unit deflection

Hoop stress is related to diameter and thickness of the thin cylinder,
large stress cause fracture of the cylinder into two halves

PART B

Area, A = 0.02 % 0.02 = 0.0004 m?
Length. I = 50 mmor0.05m
Load, P = 100 kN

E = 2.14 x 108 kN/m?
Shortening of the rod &6

Stress, G=

i

100

0.0004
Stress
Strain
Stress _ 250000
E  214x10°
81 250000
or, - = ]
! 214 % 1
250000 250000
gxI= 7
2. 14 x 1Y 2.14x10
= 0.0000584 m or 0.0584 mm
Hence, the shortening of the rod = 0.0584 mm (Ans.)

= 250000 kN/m?

Also, E =

or, Strain =

of = x 0.05

=
(iv) Percentage elongation :
Length of specimen at fracture — original Jength

Percentage elongation —
Original length

o -0 gous-245% (Ans)
200

*  Abeam is a structural element that primarily resists loads applied
laterally (perpendicular) to the beam's axis.

*  |ts mode of deflection is primarily by bending.

* Depending upon the end condition, Beams are classified as

1. Cantilever beam

2. Simply Supported beam




3. Overhanging beam
4, Continuous beam
5. Fixed beam

Types of Beams

Cantfever Beam
Canfilever Beam:

7
+ This beam is fixed rigidly at one end and free at the other end /
« There is a vertical reaction and moment at fixed end
Simply Supporfed Beam:
« This beam is supported at its two ends
+ Two Support can be both rolfer or one roller and one hinge type

» There is a vertical reactions on both ends (for hinge support — there will be
horizontal reaction)

Z Simpty Supported Beam o

_ 7

Z 7=
Support Support

Simply supported  Overhanglog
poon

=

Overha ugi ng beam QOverhanging Beam

Types of Beams

« In this beam the end portion of a beam is extended beyond the support
+ There are reactions at the support

Centinnous Beam L ]
* This beam is provided with more than 2 supports @ % %

: Support Support Support
« There are reactions at the support Continuaus beam

Fixed Beam (Built in beam)
* This beam fixed rigidly at both ends
« There are reactions and resisting moments at fixed ends

Fixed Beam  Sepet

SoLuTion. Given: Span (/) = 1.5 m; Point load at B (W,) = 1.5 kN and point Toad at C (W5)
=2kN.

Shear force diagram
The shear force diagram is shown in Fig. 13.3 (b) and the values are tubulated here:
Fyp = —W,=-15kN
—-(15+W)==(15+2)=-35kN
F, = -35kN
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4.2k (b) S.F. diagram
Max. Deflection Ymax = WL3 / 48 EI
W=2500 N

P=IPEI/L? =946x10'N

Helical Springs
+ The helical springs are made up of a wire coiled in the form of a

helix and is intended for comnpressive or fensile loads.

» The cross-section of the wire from which the spring is made
may be circular, square or rectangular.

Flelicwl Springs: () Compresvion Spring

The two forms of helical springs are {8 Extenslon Spring
s Open- Coil helical Spring %3’2 e Dia
o

« Helical spring is said to be apen coiled if the wire is coiled in such a way
that #here is @ gap between the fwo consecutive turns ; helix angle (o) is
large > 1P

* Closed- Coil helical Spring

+ helical springs are said to be closely coiled wlen the spring wire is coiled so
close that the plane containing each turn is nearly at right angles fo the axis
of the helix ; frelix angle (@) will be less than 16°

3 anaEE {weturs potes, by Seisop T 5, bacturas, GFC funnwmisism Coil angle — Helixvangle

Hoop Stress = p.d /2.t = 50 N/mm’
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Types of Loading point /{P

« The important types of load acting on a beam
1. Concentrated or point load UDL
2. Uniformly distributed load

3. Uniformly varying load AN S

« Concentrated or Point Load is one which is considered to act at a point
« Uniformly Distributed Load (UDL) is one in which load is spread over a beam
+ The rate of loading w is uniform along the length

SkN/m
+ The rate of loading is expressed as w N/m run.
« For solving the numerical problemms, A 8
Sm m%;m
« the total UDL is converted into a point load, 7714;\717'
« acting at the centre of UDL [F=SkNfm "8 m =25 kN|

25kN

nALZEN Lty nstas, by Calaop T 3 Lachurer, TP kunnasiudam T;;15m—34—“15m——*1\ﬁb
« Uniformly Varying Load (TVL)
« Load is zero at one end and increases uniformly to the other end
« Rate of loading varies uniformly from point to point
» For solving numerical problems
« the total load is equal to the area of the triangle

+ this fotal load is assumed to be acting at the C.G. of the triangle i.e., al ¢
distance of 2/3 rd of total length of beam from left end.

6§ KNim

4m
P=12bh=1/2°45=10kN

| l10 kN

—— P 4—— 14—

PARTC




Solution. Given: [ =2m,d =3 mm, 8 =075 mm, E,=2.0x |(° Nfmm?; [, =2.5 m, d,, =2 mm,
81, =4.64 mm.

Modulus of elasticity of brass, E, :

From Hooke's law, we know that

Pl
W T
where, &1 = Extension, [ = Length, A = Cross-sectional area, and

F = Modulus of elasticity.
Case I: For steel wive :
Pl

£3

of = WA! £
Px(2xl
i 5 ol AEK IO
(Ex fJ x 2.0 10°
4
pis 2 35 1
or, P=075x%-%3[x20x10"X— L0}
4 2000
L U ’ -

Case H ; For brass wire:

Pl

%= 4k
P x (2.5 x 1000y
S T T
{— X ZEJ X E,
4
T 2 I
s - 464 x[z x 2’)x E, % o LAif)
Equating eqgns. (i) and (if), we get
= T 3 5 1 n 2 1
I3 x| =% 3 [x 24 — =4, -%x2 E
0, 1x{4x3 ]x )% 10 xzem} 464x(4x ]x PR %00
or, E, = 0.909 x 167 N/mm? (Ans.)
A B C D
00kN «—fF———F—»80kN = |—»50kN-————J«&— 30kN

——] 500 mm }—— 1000 mm ——>f+—— 1200 mm——
A B
80 kN «—F ———]—> 80kN

4 i
W0WNs-—fF———-————— > 20kN
c D
OKN—Pf-—=—=— - — ¢— 30kN

We know that elongation of the bar,

&1

ﬁ[ﬂtt +P2""2+P][3:|

1
= 5300 (80%500) +(20x1500) - (30x1200] mm

0.85 mm Ans,

...(Taking plus sign for tension and minus for compression)




Cross-sectional area of the column
=04%04=016m"
Area of steel bars,

A =4x f‘i % (0.05)

5
=0.00785 m?
= Area of concrete,
A, =0.16-0.00785=0.1521 m?
Since the steel bars and concrete shorten by the
same amount under the compressive load,

Solution. Refer to Fig. [.33, ] 400

Concrete

Steel bar
50 mm dia.

. Strain in steel bars = Strain in concrete B
or, e, =e,
:.—‘ = % or, 0,= ,.-%=15 9 (v E=I5E)
Also, load shared by steel bars + load shared by concrete = 300000 N
or, P +P  =300000 N
or, G, x A + 0, x A= 300000

150, x 000785 + 5. % 0.1521 = 300000
g (15 % 0.00785 + 0.1521) = 300000
or, compressive SIress in concrete,
g = Llix 100 N/m? = L.11 MN/m?® (Ans.)

Solution. S.F. calculafions:
S.F.between A and €

ie Sy o=~ LKN

SFEaD ie Sﬂ=—1—2x2=-5kﬂ

S$.F, will change uniformy frome— E kN1o-5kN L kN 2ENm 1kN

SFmE ie Sp=-5-1=-6kN ﬁ L nnm:ﬁm l
S.F between £ and B 22 E D L C -JA
|
i

ie. L

S.F diagram is showa in Fig. 3.1248)

\

B.AL ealculations:

] s

v
A :
BM.atd  ie  M,=0 f P o i |
H i
BMat€C ie M =-txl=-1KkNm % ! i | |
: ! :

BM.atD Qe  My=-ix{1+2)-2x2 ¢ 4 kN i H
XMoo 3ng LN | t i
=-T7kNm {5)S.F. diagram | |

. ; jl_

The B.Af. diagram is a parabolie eurve for the s R SR R

postion € on which there is UD.L. Since itisnet pos- [ 1iNm

<ible B draw 2 smoeth curve with osly two points, so it r
is nevessary t find aut the bending moment at Eeast al
one more poist between C and D, Let us consider point

i

i

i

I

i

i

!

Fin the midite of Cand D. %
i

BM.atF e M’F:-[an.]]_g”

LI e

12 kNm

1
xEAfZ—I——BkNm

{c) B diagram

BMaE e Mp=—lx4-2x1 t8kNm
5 Fig. 312
(%Jr i ] =-4-§=~12kNm

2
“

BM B ie MR=—tx5-zx2[-2-+;+;)—uta-s—;zqwlsmm




Solution. To find reactions R, and R, taking moments above A, we get
Ry x2=lx0.5x05!2+2x()5+5><15+lxlx[-;-+0.5+0.5)
=0.1254+1+735+1.5=10.123 kN SKN

or, R,=506say 5.1 kN 1 kNm 1 KN/
But, ¥
Ry+Ry=1%05+2+3+1x1 A CEEEED B

C D E
=05+2+5+1=85kN L'O‘Sm*O.SIn*O.Sm-ﬂ{-Djmq

e Ry=34kN Ry=5.1kN
S.F. calculations: () Beam
5,=5.1kN A6KN 5.0 kN

§p=5.1-1 x0.5-5=—04 kN
Sp =04 ~1x05=~09kN
Se=-09-2=-29kN i

S-29- g T 04 kN
§,=-29-1x05=-34kN E )i Sness
E..

i

PR

§.F. diagram is shown in Fig. 3.25 (b).

B.M. caleulations: 34EkN 29kN
MB =0 (D) S.F. diagram
My =5.1%05-1%05x0.5/2 ki (Dl 2ARS kNm
=2.425 kNm
1 7

Mp=51x1-5x05-1x1x3 / +
=51-25-05=2.1kNm : -

Mg =51%15-5x1-1x1(05+0.5) (¢) B.M. dingram
=7.65-5-1=1.65kNm Fig.3.25

2ZkN 4kN 2kN

A B
" - : C D E
Solution. To determine the suppoit reuc- L_ 3 _’T
: | —bl{-l —b-!{—
tions taking moments about /A, we got P !_“ . it .
R =4 kN {a) Beam Ry =4 kN
Rnx4=2xl+4(l+n+?_1l+i+l) pa
=2+8+6=10 Paaaans i
16 X EL ;2 kN
Ry=== 4 kN E A +j
But, B, + Ry =2+4+2=8KkN 4 1
P o= PRI b, T
R, =8~ Ry =8-4=4kN H
S.F. calealations: 4&;{;““«‘ e
Sy.p=+4kN {b) S.F. diagrom
8y.p=4-2=2kN 6 kNm

Spc=2-4=-2kN

P
4kNm// o, 4 KNm
Se.p=-2-2=—4kN Y, b
: B 5)\«
S

|
H i 1 in Fig, 3.2 |
S.F diagram is shown in Fig. 3.23 (h) // 3
B.ML calculations: -
My =40 {c) B.M. diagrom
Mg =4x1=4kNm fig.3.23

Mp=40+1)-2x1=8~2=6kNm

M,_v=4(l+l+n-—2(1+i)-4xi
=§2~4-4=4kNm

MA=4n+|+§+I)-2(1+i+E)—-e{»u+n-1xi
=16-6-8-2=0




Solution. Refer to Fig, 4.7,

Width of the beam, b= 150 mm=0.15m
Depth of the beam, d=250 mm=023m
Muaximum bending momeat, M =750 kNm
Young's modulus of elasticity, £ =200 GNfm’,

{#) Maximum stress in the beam:

bd® _0.15%025°

Moment of inertia, e 0.0001953 m’*
Distance of neutral axis (N.A.) from the top surface of the beam,

g i B2 o 108

2 2

Using the relation, M E, we gef

i ¥

oo Moy _T50x 107 % 0.125

! 00001953

= 4.8 x 10° N/m? or 480 MN/m?
Hence, the maxinum stress in the beam =480 MN/m? (Ans.)
(i) Radius of curvature, K

.t sidniion M E
Using the relation, 5 =2 e get

g =Bl 200 10°x 0.0001953 _ ., o (A
=— = =034 MW ns.,
M 750 % 10°

(ii) Longitudinal stress at a distanee of 65 mm from top surface of the beam, o
Using the relation, M _ S _ 0t ue
I y » i
M.y
g = ——
T
. 3 3
_ T30 X0 X @OXT07) 4656 iy (-, = 125 - 65 = 60 mm)
0.0001953
=230,4 MN/m® (Ans.)

The following assumptions are made while deriving the Euler’s formula:

1. The column is initially straight and of uniform lateral dimension.

2. The compressive load is exactly axial and it passes through the centroid of
the column section.

3. The material of the column is perfectly homogeneous and isotropic.

4. Pin joints are frictionless and fixed ends are perfectly rigid.

5. The weight of the column itself is neglected.

6. The column fails by buckling alone.

7. Limit of proportionality is not exceeded.

Sol. External diameter, D = 150 mm = 0,15 m
Internal diameter, d=100 mn=01m
Length of the column, [/=10m
Factor of safety, FO.S.=3
E =95 GN/m?
End conditions: One end rigidly fixed and the other hinged

i 10
[, = ====707Tm
2oz
Safe compressive load:
2

Using the relation, By, = i‘}g we get

€

2 9 150 — 0.1

Emr:n x95x% 10 xrclﬁa}(Ol Ol)xl.()""kN:}mkN
(7.07y

PEuh:r 374

Safe load = =298 = —— = 74§ KD G
afe loa 5085 748 kN {Ans.)




10 Determination of load
Force on the spring, W = %x (120)*x 1=11310 N
Wire diameter
WD m_an}lﬂxzoo
t'=-;-d—; or a1 d=43.5 mm
Number of coils
- SWDn
T Gd
003
or 60 = %; n=124.9 = 25 tums
84 000 x 43.5¢
11 | Hoop stress = p.d/2.t = 40 N/mm?
t=25mm
Longitudinal stress = p.d/4.t = 30 N/mm?
t=16.67 mm
considering the greater value of the two thickness, t = 25 mm
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Let, T = Maximum twisting torque,

D = Diameter of the shaft,

i, =Polar moment of inertia,

T = Shear stress,

€ = Maodulus of rigidity

0 = The angle of twist (radians), and

I = Length of the shaft.

In Fig. 11-1 is shown a shaft fixed at one end and torgue being applied at the other end. [f aline LM

is drawn on the shaft, it will be distorted to LM 'on the -
application of the torque ; thus cross-section will be e T
. “ ’6\.1
twisted through angle 0 and surface by angle ¢. . ﬂ"‘ -y
* { D
Here, shear strain, ¢ = E}i{—
T
50, =
Also. C
MM' T )
: c Fig. 11.1
RO T MM = Rx0,
Ml T K being radius of the shaft
5 Rl (11-1)
Refer to Fig. 11:2. Consider an elementary ring of
thickness dx at a radins x and fet the shear stress at this radius
bert.

The turning force on the elementary ring
=T, .2mx. dx
Turning moment due to this turning force,
dF=7 . 2nx.dvxx

To get total turning moment integrating both sides, we
cet Fig. 112

IJT = ']‘1:,_ 27y de X x
0

[..11L
3 T.X 3 "R x
of, dlr =2 ‘}1: .r.ett:'.'m?-—..t*.dx
j i i R I_ur g
R
=?.I:1 5.\"(&
£ ¢
AR 4
GE T=2~xi" minl.h‘—
g R 4" R 4
ER}
T=t —;=T~%D‘l L AStrength of solid shaft)
T ak 1 i F o T
ar, T'—"E-_;_’_:-E!P [- lp—:;l[)—zk]
T _=z
1, R w(11-2)
From eqgns. (11-1) and (11-2). we have
r _t_ €8
T"E“T 113

This is calied torsion equation.




