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DIPLOMA EXAMINATION IN ENGINEERING/TECHNOLOGY/

MANAGEMENT/COMMERCIAL PRACTICE — OCTOBER, 2018

THEORY OF STRUCTURES - 1

[ Time : 3 hours
(Maximum marks : 100)
[Note -—Sketches on 4™ page.]
PART — A
(Maximum marks : 10)
Marks
I Answer all questions in one or two sentences. Each question carries 2 marks.
1. Define a force.
2. What do you mean by factor of safety ?
3. Define the term neutral layer of a section.
4. Classify the types of loading on the beam.
5. Define moment of resistance of a section in a beam. (5x2=10)

PART — B
(Maximum marks : 30)

I Answer any five of the following questions. Each question carries 6 marks.

[414]

1.

2.

Twﬂﬁ}mesﬂﬂﬂami?ﬂNaﬂssimulmmmlyaﬂtatapoimUWiﬂlanglebctwﬂm
them is 90°. Find the magnitude and direction of resultant of force.

Asimplysupportedbwnhﬂnfspan4nmtm’mrﬁesthmepuhﬁlmdsnf4kﬂ,
10 kN and 8 kN at a distance 1m, 2m and 3m respectively from the left hand
support, Calculate the support reactions.
hmmnhurfnmedbymwcﬁngamlbﬂ:tﬂmalmuiniumhmofmmswcﬁmﬂ
area 2500 mm? is shown in the figure -1. Calculate the magnitude of the load P
which will causethemta]lemgﬂlafﬂmmmbﬁtudecrmmﬂlﬁmﬁkeEfm
steel = 2.1 * 10° N/mm? and E for aluminium =7 * 10* N/mmy.
Explainrem‘]im,prmfmsi]iﬁneandnmdu!mnfrﬁihm.
AcanﬁlwerheaminmlmgmﬁesUDLnfithnmmﬂmmﬁmapmand
a point load of 3kN at the free end. Draw the shear force and bending moment
diagram.
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Or

Marks
A shaft has to transmit power of 105 kW at 160 rpm. If the shear stress is not
to exceed 65N/mm’, and the twist in a length of 3.5 meter must not exceed 1°,
find a suitable diameter. Take C = 8 =<10* N/mm’.
Write the assumptions made in the theory of simple bending. (5x6 = 30)
PART — C
(Maximum marks : 60)
(Answer one full question from each unit. Each full question carries 15 marks.)
Unir — 1
A simply supported beam PQ of span 5 meter carries three point loads of 5 kN,
and 10 kN at a distance 2m and 4m respectively from the left hand support.
In addition to this a udl of 2kN/m over the entire span. Calculate the support
reactions 7
Find the position of center of gravity of L section shown in figure - 2. 8
Or
A'weightuflﬁNhangscmtwcchaimassimuninﬁgum-l Determine the
tension in each chain. 6
F"md&senmmtnfinerﬁaufTsecﬁmabnu:x‘xaxisisshaminﬁgm:—41 9
Unit — 11
A load of 300 kN is applied on a short column 250 mm * 250 mm. The column
is reinforced by steel bars of total area 5600 mm?. If modulus of elasticity for steel
i1s 15 times that of concrete, find the stresses in steel and concrete. 7
Explain mechanical properties of material, 8
Or
Draw and explain the salient features of stress strain curve of a mild steel bar 8
Amelbar4meter]mg,35nnnwidcanﬂ2ﬂmttﬂckissubjactedtunpu]]af
BDthﬂtdimctimﬂFitslam,Findthedmgemwlmneufbar,ifpuissm’s
ratio is 0.25. Take E = 200 GPa. 7
Unit — [11
Classify the types of beam depending on the type of supports. 5
hsin‘rpl}rsuppomdbmnnflﬂmlmgwﬁmaUDlememm&mlengm
mﬂpoimlna:hlkNandlkNatdim:amzmandﬁmﬁmnﬂmleﬁmm
Draw shear force and bending moment diagram. 10
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(a)

(b)

(a)
(b)

(a)

(b)

Find the maximum torque, that can be transmitted safely to a shaft of diameter
30 cnt diameter. The permissible angle of twist is 1.5 degree in a length of
8.0 meter length and the shear stress is not to exceed 40 N/mm?,

Take C = 8 = 104 N/mm?.

The vessel of 530 mm external diameter and 10 mm thick, the length being
1800 mm. Find the change in external diameter and the length when the internal
pressure of 10.5 N/mm®. Take E = 2.1 x 105 N/mm? and Poisson’s ratio of 0.3.

Unir — IV
Derive the equation of simple bending.
An 1 section has the following dimensions : Flanges 150 mm x 20 mm,

web 300 mm * 10 mm. Find the maximum shear stress developed in the beam
for a shear force of 50 kN.

Or

A rolled steel joist of 1 section has the following dimensions : Flange width
250 mm wide and 24 mm thick, Web 12 mm thick, Overall depth 600 mm.
If this beam carries a UDL of 50 kN per meter run on a span of 8 meters,
calculate the maximum stress produced due to bending.

A beam of 100 mm % 150 mm in size is simply supported at its ends carries
UDL over the span of 2 meter. If the safe stress are 28 N/mm? in bending and
2 N/mm’ in shear. Calculate the safe load which can be supported by the beam.

Marks

=]
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Scheme of valuation

(scoring indicator)

Revision Course code TED (15) - 3013

Course title THEORY OF STRUCTURES — |

Q.
No

(1)
(2)

(3)
(4)
(5)

Scoring indicator

Pant A

An effort which produces or tends to produce, destroys or tends to destroy motion
The ratio between ultimate stress and working stress

OR

factor of safety = ultimate stress / working stress

a layer in which neither tension nor compression

Point load, UDL., Gradually varying load

When beam subjected to BM, internal forces or stresses are developed in the
section above and below NA, which are in opposite in nature. This form a couple
and the moment couple is known as MOMENT OF RESISTANCE

b

Split up

(]

Siib teeal

Part B

(Maximum marks : 30)

Q=70N
a

P-gen
R =\P*+ Q%+ 2PQcos@

R=70°+80° + 2x70 xB0 xcos%0 = 1063N

(]

Total

10




—_ Qsin® I
e T @ cos®
| 6
= M‘—U‘ETE = 41.18°
T 80+70cos90
4 kN 10 kN B kN
A 1 l v . B
T[M |.IM M LM I‘ s
R+ Rp= 22 kN |
4R; =4X1+10X2+8X3 2
Rs= 12kN |
HA = Iﬂ kN I 5]
A=2500mm"
E, =21X10° N/ mm’
E =7X10'N/mm’
dl = 0.25mm
dl = ds +da I
AE AE
__ Px300 b Px400 2
2500x2.1x10°  2500% 7% 10"
P =87500M L 16
RESILIENCE:- The total energy stored in a body OR 2
The capacity of a strained body for doing work on the removal of the straining
force. |
PROOF RESILIENCE:- The maximum strain energy stored in a body 2

MODULUS OF RESILIENCE:- Proof resilience per unit volume




SF at A =3kN

SF at B = 3+2*3=9kN

BM at ﬁ =(

BM at g= 3*3+2%3*3/2=18 kNm

2 kN/m
JEkN
-
Y YY YY YY VYY VY
A E
ERY :
JEN
- /
SFD
18 KNM
BMD
2nNT
PI‘JH’ER.P_F
2mlslT
105 x 10° = &0
T =6266.73Nm
nf.D3

From shear stress considerationT = 16




T65D?

6266.73 x 1000 = 16

D =78.89mm

E
L

From stiffness consideration,

—1=

6266.73 x 1000 Bx10% xm

nD* T35 x 1000 x 180
32

D=1125mm

I. Material is homogeneous and isotropic.
2. Material is within elastic limit, Obeys Hooke’s law.
3. The wansverse section plane before bending remain plane after bending.

4. Each layer of the beam is free to expand or contract independently of the

laver above or below it.

5. E is same in tension and compression.

30

(a)

PART-C
(Maximum marks : 60)
(Answer one full guestion from each unit. Each full question carries 15 marks)

UNIT-1

2 kN/m 10en

H SikN

YT Y Y YYY Y ¥ Y v ¥
A 2M B
-+ M

Error! Reference sourcenotfoumd, Rp +Rg= 5 +10+4 2¥5= 25 kN

5Ry =5*2+10+4+2%5%25=75
Ry =15 kN

R, =10 kN
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A =8x2 = l6em’
A,=10x2=20em’

X, =dem
X,=lcm

¥ =lem
»=53+2=Tcm

CG about y-axis
f_.ﬁh.?i': +A;X;
T A+ A
16x4+20x7
16+20

X =233

CG about x-axis

F=J11Y1+A}Yz
Ay + A
Bx2x1+10x2x7

T 8x2+10x1 e

P . Q2 . "
sing  sinf  siny

15 L 0T
sin90  sin150 sin120
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(b)

Ti = ?.EN

T, = 12.99W
OR
;1——12 om———>{
:*r B_:
@ : acm
D H[TJE ¢
i
E 10 cm
B
i
3 : -
St
v CG ABOUT X AXIS

A, =3x10=30cm’,¥, = Scm
A, =3%12=36em’, ¥, =10+1.5=11.5cm

= Aht4h
A + 4,
?330x5+36311.5:8.55&m
30436
hd’
Jul= Ilzl +A1hlﬂ
3
1= 10x3x3.55" = 628.07cm*
3
Iulzﬁfﬁ_.FA:h;
12
_12x3

L= = +12%3%2.95" =340.29¢cm"
1, =1,+1,,=628.07+340,29=968.36cm"




(a)

(b)

UNIT-II

P =300kN, A, = 5600mm’, 2—-‘ =15

[

A=250%250=62500mm’
A = 625005600 = 56900mm’

£ L
E E,
P,==tE,=15P

P=PA+PA

300000 = 5600 1 5P + 56900,
P =214N/mm’

P =15x2,14=31.94N | mm*

Strength :-capacity of materials to withstanding the breaking, bowing or

deforming under the action of load.

Elasticity :-property of a material to come back to its original size and

shape after removal of load.

Plasticity:-property of a material that makes it to be in the deformed size

and shape even after the withdrawal of load.

Ductility:-property of a material that allows it to deform or make into thin

wires under the action of tensile load.

Malleability:-property in which a thin sheet can be easily formed without
breaking by hammering or rolling or pressing.
Stiffness:-it is the resistance of an elastic body to deflection or

deformation by the applied load

Toughness:-ability of a material to absorb energy and plastic deformation
without fracture, Or energy per unit volume that a material can be absorb

before rupture.

Brittleness:-material subjected to stress, it breaks without significant

i i
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(a)

plastic deformation. It is the property of a material that fractures when

subjected to stress but has a litile tendency to deform before rupture.

9. Hardness:-the property of a material to resist pressing or scratch of a sharp

object.
{any eight)
OR
T &
;b PARTIALLY PLASTIC ;
”Emm LAST, im g = " True stress-
= sirain diggram
¥iedd et
slress Bl C )
A lons! Sress-sirein
i D diggram or nominal stress-
ﬁ T : stramn diagrsm
= i
bl H rupture strength
‘I {it i= the siress at
1 fadure)
o c
-—-;: sirgin —*
Linaar renge

SALIENT POINTS OF THE GRAPH:

(A) So it is evident form the graph that the strain is proportional to strain or
elongation is proportional to the load giving a stline relationship. This law of
proportionality is valid upto a point A. Or we can say that point A is some
ultimate point when the linear nature of the graph ceases or there is a deviation
[rom the linear nature. This point is known as the limit of proportionality or the

proportionality limit.

(B) For a short period bevond the point A, the material may still be elastic in the
sense that the deformations are completely recovered when the load is removed.
The limiting point B is termed as Elastic Limit

(C) and (D) - Beyond the elastic limit plastic deformation occurs and strains are
not totally recoverable. There will be thus permanent deformation or permanent

set when load is removed. These two paints are termed as upper and lower vield

2 P




(b)

Vil

(a)

points respectively. The stress at the vield point is called the yield strength.

(E) A further increase in the load will cause marked deformation in the whole
volume of the metal. The maximum load which the specimen can with stand
without failure is called the load at the ultimate strength.

The highest point *E" of the diagram corresponds to the ultimate strength of a

material.

(F) Beyond point E, the bar begins to forms neck. The load falling from the

maximum until fracture oceurs at F

[ =dm = 4000mm
b=35mm

o = 20mm

P =30kN =30000N
I— ={.25

m

E =200 Pa = 200000N / mm’

A=35%20=700mm’
,_ Pl _30000x4000

5 =—— =[085 Tmm
AE 700 = 200000

linearstrain = £= 9.857 =0.00021

I 4000

lateralstrain = 5] linearsirain = 0.25=0.00021 = 0.000054
m
volumeV = 4000x35= 20 = 2800000

& P 2 30000

—_——=— 1——: —_ _
v bdE m - 35x20x2000000 2*0%9)
=1.07x10"

dv = 2800000 1.07%10 * = 300mm’
I. Simply Supported Beam

when the ends ol a beam are formed to stand [reely on supports beam. it is known
as a simple (Ireely) supported beam. It contains pinned support at one end and

roller support at the other end.

/0




(b)

2. Fixed Beam

I a beam is inflexible at both ends in order that the slope at the ends become
zero, it is known as fixed beam, 1t is also called a built-in beam. The fixed ends

produce fixing moments there other than the reactions.

3. Cantilever Beam

If @ beam is fixed at one end whereas the other end is free. it is termed as
cantilever beam.

4, Continuously Supponed Beam

If @ beam supports more than two supports are arranged 1o the beam, it is

deseribed as continuously supported beam.

3. overhanging beam

If the ends of the beams are project beyond the ends of the support.
6. Propped cantilever

(One end of the beam is fixed and other end is simply supported.
OR

Types of Beams

I (ol Cantilever :hl Simply supported

—— & & & &

i<} verhanging (d comtimuous

— —=

o e opocn £ Cantilever, simplhy suppodicd
Any five
R, +R,=1+2+2x10=23kN
10R, =1x%2+2x5+2x10x5
R, =11.2kN
R, =118kN

Sxl
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(4)

Shear force

F,=112kN

/R

F.=112-2x5-2=0.8kN

F,=112-2x8-2-1=7.8kN

F, =11.8kN

Bending moment

M.-'I =M.ﬂ =ﬂ
M =112x5-2%x5%2.5=31.0kNm

My=112%8-2x8x4-2x3=19.6kNm

OR

d'=30cm,0=1.5" =],Sxﬁmd,£,:3m=3ﬂmmm

[, =40N ! mm® ,C =8x10"' N / mm’

;om0 _ =30t
32 32
T_co
I
T _;sxm*xﬁ'&ﬂ
a30° B 1000
-

T =20818.69Nmm

T o D - x40%30°
16 16
S Maximum -torgueT = 2081 8,69 Nimm

=212057.5Nmm
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(b)

IX

(a)

d=530-2x10=510mm

circumferential - stress = o, = — = = 267.75N/ mm’
Longitudinal -+ stress = o, = % =133.875N [ mm’

| o
circumferential -+« strain = £, = —(o, ——=)
B m

1
T 2.1x10°

Increaseinex.dia =g, x D=530x0.00108 = 0.5745mm

(267.75-133.875x0.3)=0.00108

&

longitudinal ---strain=g, = L[,-;,-2 = ﬂ}
E m

|
£, =
T 2.1x10°
Increaseindength =g, x L = 1800x0.000255 = 0.45%mm

(133.875-267.75x0.3) = 0.000255

UNIT-1V
M=bending moment at the beam

©= angle subtended at the centre of the arc

"
R= radius of curvature of the beam /ﬂ' ——— dx __I!\
A ¢
a=PQ-P'Q' "

a_po-r'g
ro

Strain=g =

From geomerny —— =

P R-y

- P il |
R'S R
R'S'-PQ _y
R'S' R
L. PQ Ei‘.nn'rn% ot beam
PO-PQ _y
PO R

1 &y
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(b)

g=%
R
o=gxk -
y TP;;;,{
"M ¢
e g, =S=m=h
R j-
Let da=area of layer PQ s bl
Yok Mamenk-ef
O==x
Stress in layer PQ R Reyisfante
: E..
Foree in layer PQ:y:Em
E

Moment of these force about NA= y’ xiﬁa

Algebraic sum of all such moments about NA M = E %y’.:ﬁ = %Z _]Fﬁa

Z " Barepresents the MI of whole section about NA

M=L;
R
M_E pf-E£
I R ¥y R
M_o £
I y R
SF = S0kN = 50000N
33 N 3
f=3’u hd ___15ﬁx34ﬂ’ 140300 — 176300000mm* 150
12 12 _|.
Ay =150x20x160+150x10x 75 = 592500 o 300 3
_ FAy _50000x592500 _ o/ | —

2o

I 176300000%10

| <

)




(a)

(b)

OR
; - BD—bd’
v 12
3. 3
e 250x= 600 l2233:'-:552 — 1164100mm"
M= wgf' N 50:3‘ = 400kNm = 400x 10°
M_f
i
4mxll}": Ed
1164100 300

f=103.08N /mm’

L.28N [ mm’ v =2N | mni®

bd'  100x150°

= = = 28125000mm"

: 12 12 9
X &

M:%:“’"m Nimm

M _ 1

I ¥

wx 10°

2 2

28125000 75

w=21kNim

Sr=l‘i=f‘l=w,w

ﬁ}=1mx?ﬁxlj=13125ﬂ

FAy
ot
I

anxln’xismﬂ}

28125000100
w=20kN/m

Sw=20&N/m

,]'—-?fﬂa-s—“{_ﬂ_
[ {24
Lt
#ﬂm — 12mn |552
a
L | | 24 m
E,,gamkn

logmm

g /m
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