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Twobearrs, one having circutar section and ather

having square cross-section is subjecled ta the

same amount of bending moment. If the cross-

sectional area and material are Ihe same, then

{a) Maximum bending siress developedin both
Ihe beam s the same

{b) The circular beam experiences more bending
stress lhan the square beam

(c} The square beam experiences more bending
slress than circular beam

{d) Both he beams will experience same
delormation

For the component loaded with a force Fas shown

in (he figure, Ihe axial siress al corner point Pis
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Assertion (A): In pure bending theory, section
15 considered prismatic and symmetrical in the
loadling plate,

Reason (R): Teusting will also occur atong wilh
bending it hending takes place in nonsymmelrical
sections,

Q6

Bending Stresses in‘Beams

{a) both A and R are Lws and R is tha correct
oxplanalion of A

{b} both A and R are lrue but A is not a correct
explanalion of A

{¢) Astrue but Ris false

{d) Aislalse but Ris true

Assertion (A}: For structures subjected 1o

bending steel 1-beams are preferred 1o ather

shapes.

Reason (R): I-beams have large area of cross-

seclion compared to other shapes.

(@) both A and R are lrue and R is (he correct
explanationof A

(b} both A and R are wue but R is nol a correct
explanation of A

{c) Aislrue but Ris false

(d) Ais lalse bul R is true

Caonsider lhe canlilever beam loaded as shown
below:
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The ralio of maximum tensile stress 10 maximum
Compressive slress is
(a) 1.0
(c) 20

b) 05
(d)y 0.33

A cantilever beamn of reclangular cross-section
is 0.6 mdeep and 1 mthick, If the heam were (o
be 1 mdeep and 0.6 m thick, then it would

{a) beweakened 0.6 limes

{b) besirengthened 0.6 limes

(¢} beslrengthenad 1.67 times

(d} Have the same slrength

Q.7 Ifthe bending siress in top fitre, of the F-beam
shown infigure, is 30 MPa, then the svessinthe
boltom liber would be
(Glis the centroid of the beam)
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{a) 30MPa {b) ~80MPa
{c} S50MPa {0} Noneolthese

Q.B Assarlion {A): A square seclion is more
economical in bending than the circular section
of same area cf cross-seclion.

Asason (R): The modulus of the square section

is less than that of circular seclion of same area

of cross-seclion.

{3} both A and R are rue and R is the correct
explanation ol A

{b} both A and R are true but R is nol a corcect
explanalicn of A

{cy Aistrue bul R is false

{d\ Ais false but R is true

Q.8 A reclangular timber beam is cut out of &
cyiindrical {og of diameler ‘0. The depth of the
stronges! limber beam wifl be

. 1 2
5 3
{c} D\g {9 D.J;

Q.10 Assertion (A): The Poisson effect of adjacent
layers de not affect the previous fayer in pure
bending theory.

Reason (R}: In pute bending theory each layer
of, material is Irec to contract and expand
lengitudinally and laterally.

{2) both A and R are true and R is the correct
explanationol A

{b) both A and R are rue bul A |snoiac0rreci
explanationof A k

{c} Alistrue bul Ris lalse

(d) Aislalse bulRisrue

Q.11 Consider ihe following statements:

1. In pure bending, the Young's modulus in
tension and compression is assumed lo be
equal.

2. Bending strain distribution is finear in pure
bending.

3. Hooke's law is nol valid in pwe bending
iheory even through material is assumed (o

be elastic.
Which of the following statement({s) isfare comreci?
{a) Cnly1 {b) Oniy2 %
{c) tand2 {d) 1and3

Q.12 Asserlion {A): For a non-symmelncal sectién,
elaslic and plastic neulral axis will be dilferent.
Reason {R}: Elastic neutral axis, transverse
cenlroidal axis, and plastic neutral axis are equal
area axis,

(@) both Aand R are true and R is the comrect
explanationol A

(b} both Aand R are rue but R is not a carrect
explanationof A

{c} Aistrue bul Ris lalse

(d) Aislalse but Ris wrue

Q.13 A section of a flitched beamn 15 shown in figure

balow:
Timber ]
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The main rele of the steel plate placed beh\‘eaﬂ
the two timber sections 15 10 :
(2) increase the axial resistanca of the secx;on
(b} increase the density




{c) increase shear and bending resislanceof the
{d} avoid development of shear siressinthe two
timbaer sections

Q.14 Match List-t with List-ll and select the correct

answer using the codes given below Ihe lists:
List-l

A. Momentofinettia

B. Elongation

C. Neutral axis

-D. Toplibre
List-ll

1. Tensile siress

2. Modulus of rupture

3. Zetoshearsiress

4. Zetrclongitudinal siress

Codes:

A8 CoOD
@2 1 3 4
1t 2 4 3
‘3 4 1 2
@2 1 4 3

Q.15 The strengih of a beam depends on
bl % centre of gravity of the section
2. ils weight

3. sectionmodulus

Which of these siatemenls is/are correct?
{a) onlyt () only3

(¢} bolh1and?2 {¢) both2and3

Q.16 The bending skess on abeam seclionis zero al

{a) centroid ol the section
{o} top fibre
{c} bottomfibre
. (0} depends on the moment of inertia

Q.17 The ratip of the maximum bending stress in the

liange to thal in the web of an I-section at any
section on the beam is always
;. {2) lessthanone

{b) equalloona

{c) morethanone

{d) no exac! relation as above

Q.18 The normal strass al a poinl in the beam

subjected to bending and shear

{a) isindependent of the shear siress
{b} is relaled ta the shear siross

{c) is zero in mosl cases”

{d) dependsonlhe shear lorce

Q.19 Areclangular cross-sectioned bearn is made of

ono stes! plale sandwiched between two
aluminium plates of do:rnble the thickness of the
siee! plate. The ralio of the normal stress in the
{ibres of the steel 1o Ihat in tha aluminium plates
althe same distance from the CGis (E.>Ey)
(a) equaltoone
{b) morethanone
{c} lessthanone
{d} uncertalniodefine wilh the data given

i

Q.20 For a square seclional beam benl as shown in
_ thefigure, the exaggeraled view of the ddlormed

cross Section ia

{c } \ (d}

Q.21 The statement that plane sections that are plane

before the application of twistitig moment remain

plane altar the application of lwisling moment is

valid for

{a} alllypes of cross seclion

{b) all types of cross section with curvad
boundary do

{c} only solid circular cross section

{d) only circular crass sections, hollow or solid

Q.22 The cross sections of Ihe beams of equal length

are a circle and a square whose permissible
bending stress are same under same maximum

. bending. Tha ratio of their weights is

{a) 1.118 {b) 1.338
{c) 1228 {d) 1.108

Q.23 The width of a beam ol uniform strengih having &

conslant depth dlength L, simply supported al
the ends wilh a central loag Wis

AL

(a) 3, e ®)
21 342
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(2,24 The modular ralio of the malerials used in the

flitched beamis 10 and the ratio of the allowable
siresses is also 10. Four different sections of the
beam are shown in the given figures, The maternial
shown halched has larger modulus of elasticity
and allowable stress than the rest ol the material
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Which one af the following statement is true for

the beam under consideralion?

{a) Allihe given sections would support the same
magnitude of load.

{b) Seciions 1Y, Il and iV would support equal
|pads whichis more than what section- would
support. :

{c) Sections1and if would support equal loads
which is more [han whal seclion-lll and 1V
would support.

{d) Seclion |l would support the greatest load.

(.25 A beam with Ihe cross-seclion given below is

subjecied to a posilive bending moment {causing
compression at tap) of 16 kNm acling around
the haorizonial axis. The lensile torce acung on
the hatched area of cross-sectionis
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() Zero {b) 59kN
{c) 8.9kN {cdy 17.8kN
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Cross-seciicns of tvo bearms A (600 mm x 200 mm)
and B (800 mm x 60 mm) are shown in the figure
given above. Both the baams have the same
material. By how many limes is the beam A
sironger than the beam B in resisling bending?
{a) &0 (b) €0

(c) 50 (@) 25

Q.27 A MSbeam is subjecled 1o a bending moment,

such that a slress of 100 MPa 15 developed n a
layer al a distance of 100 mm Irom the neutrat
layer. I £=200GPa, whal is lhe radius of
curvature of the beam?

{a) 400m {(b) 200m

(c) 100m (d) S0m

Q.28 A beam is of J-seclion with flanges

200 mm x 10 mm and web 180 mm x 10 mm.
Due 1o the bending moment applied on the beam
seclion, maximurn stress developed in the beam
seclionis 100 MPa. Whal s Ihe siress developed
atinner edge of the llange?

(a) 110MPa (b) 1COMPa

{c) SOMPa {d) 1207Pa



Q.29 A cantilever of unilorm strenglh o, having
rectangular seclion of constant breadth & but
variable depth dis subjected ta 2 UDL throughout
its length. If the depth of Ihe seclion is 150 mm

m Bending Stress In Beams

.(b) 2. {(d) 3.(a) 4.(s) 5. (b)
11. {c) 12. (a) 13. (c) 14.(d) 15. (b)
21.(d) 22 (a) 23.(b) 24.(d) 25. (c)

Eplanations Bendlng Stress in Beams

1 {b)
ST Y= z
For same cross-seclional area;
z:q.wn > Zc.«cul:l
i o::cul.v > G!qu.ilc
2. (@)
Total siress = Dircct stress + Stress due 1o
momenl.
- ELM
FFlL-b)o
= oyt
av® " 2b(2b)
12
FF(t-b)
= gat T
00 16b
12
Fo  3F(L-B)
= —
T
F(3L~2b)
oW
4. {c}

[-beams are prelercd over olher shapes because
of e factihal large portion of their arcais located
away {rom noutral axis.

" at the lixed end, then what is the depth of the
middle of Ihe lenglh of cantilever?
(a} 150mm (b} 100mm
©) 75mm (d) 126mm

| .

_ 6. (e} 7.(6) B.(c) -9. {b) 10.(a)

16. (a) 17.(c) 18.(b) 19.(b) 20.(a)
26. (d) 27.(b) 26.(c) 29. (c)
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{-- Maximum coumpressive slress occurs at

bottom of beam for a canlilever)
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It lop tibre is in tension, boltom libre will be in
compression and vice-versa.
Hence g, = B0 MPa
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b
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Let b is widlh d is depth of stronges! section cut
from a log of wood having diameter D.
L PP d?=D7
o d= (PP
Sirenglh of seclion is 2
1
where # = E’b {D?- b%

fFor maximum z. |

gz be D
_db = - _—-\@
2
d=22p
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10.

11.

185,

16.

18.

19.

(a) :

The assumption involved in pure bending theory
that each layer is {ree 10 expand and coniract
longiludinally and laterally also implies that
pressure of adjacen! layersis ignored.

@

Hooke's law is valid in pure bending theory.
{v)

Strengih means moment carrying capacily.
v M=

N M Z

{a)

The bending siress on a beam sectionis zero at
neulral axis and in elaslic analysis neulral axis
lies at cenlroidal axis

(c) ' :
Bending stress is linear from neutral axis and
Nangs is at greater distance than web rom neulral
axis.

®
Due to bending normat siresses are set up while
due to shear lorce, shear siresses are induced.
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Under nosmal and shear strasses at any plane,
normal stress is a funglion of shear siress.
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At any distance y from NA, the strains in stee!
and Af are equal.
BULE,> E,



. Therefore within the efastic fimit,

: &s--E‘E
and o,=E,e

" Since £, > Ey

=  Op> Sy

_ {a)

M

(1)
N

' Due to sagging bending moment, lop fibres

above the neutral axis ars in comprassion while
bottom fibres below neulral axis are in lension.
24,

N

_.Above the NA due lo compressian in axial

direchion, slongation lakes place in lateral
direction while below he nevlral 2xis, conlraction
inlateral direclion ocours.
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(a)
If ais same then
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In the flitched beams Were are two principles o
be followed In analysis vi2.

(i) sirain diagram is linear .

{il) the radlus of curvalure of both materials is
same al all tha polnls.

Allowabla stress in weak material = {
Allowable strass in strong material = 10/
Modulus of elasticily of weak material = £
Modulus of elasticity of sirong material = 10E
Maximum steain in weak material = #E
Maximum strain in slrong malesial = 10106 = £

The hatched material can be replaced by
equivalent weak malarial when its widlh is
multiplied by madular ralio. So the equivalent
seclions are:

U P S bemapanmncfes
ot {0 e = 10—
23 10 gd——i
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o) 14 » ot

o 10 ¢ ————=1

ILis very clear thal seclion modulus of seclion-{l
is mora than thal of sectlon-lll as more area is:
away from lne neulral axisIn section-I1, Seclion-IV
is unequal and its section modulus in tension and
compression will be dillsrent. Since tha strain ig
{f/€) 21 lop most and al botlom mosl librg il is
tess than f/E. [
Soils capacity willbe @ss than that of section-Il.
Comparing seclion-| and seclion-ll, more area is
away from Lhe neutral axis in section-ll, sa the
moment capacity of section-ll is more (han thal
of section-|. Thus seclion-{ has higher capaciu&.

(¢) |
The siress at Ihe extrema fibres can be cale ulale<:1
as '

42.67 Ntmm’
T

75 mm

X x +

!

32,67 Nt

S0mm  25mm

27,

29.

M BM  6x16x10°
<= TY " b 100x(150)"
= 42.67 Nfmm?
To calculate lensile force acling on hatched area,
lat us calculate slress on seclion x - X
4267 _f,

75 25
= [, = 14.22 Nfmm?

. Tensile lorce on haiched area

i}

[%x50x25x14.22]N =89 kN

200x1d’x100=2mm

100

Lal the depth vary along the length such thal
depth at distance x from RH supportis dr.

2 1,2
M‘=021=de’ ,bulMI=L£—
2
- ﬁ‘ﬂi - A’ —g?
2 8 ba "
=Qr dex
4 _uz_1
d L 2
150
= d‘=7=75mm
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