B.Tech.

FIRST SEMESTER EXAMINATION, 2010-11

ENGG. MECHANICS

(FME-102)
Time : 3 Hours/ [Total Marks : 100

Note : (1) Attempt all questions. Marks are mdrmtcd uguinst each questions.
{2) Assunre missing data switably, if any,

SECTION—A _

Q. 1. Aitempt ail parts: ~ (lﬂx 2=20

Note: In parts (i) and (ii), choose the correct choice:

(i} A body of weight 100 N is resting on a rough horlzontal table. The friction
force acting on it is:

(a)20N (b) 10N (c) 0

(d) The question cannot be answered without knowing the co-efficient of the
friction,

Ans. (d) .

(ii) First moment of area about an axis is zero. The axis:

{a) Must be an axis of symmetry (b) Must pass through CG
(c} Both (a) and (b (d) None.

Ans, a)

Note : In parts (iii) and (iv}), choose whether the statement is true or false:

(iii) When nonconcurréent coplanar forces act on a body, it is possible that the
resultant force is zere even if the body is not in equilibrium,

Ans. F

{iv} A solid shaft is stronger compared to a hollow shaft if material, weight and
length of the shafis are same,

Ans. F

Note : In parts (v) and (vi), fil} in the blanks:

You will be awarded full marks, if all the entrics in pair are correct otkerwf,sf' wait be
awarded zero.

(v) A prefect truss has minimum joints and members.
Ans. two & one
(vi) The bending stress at neutral axis is and at the top layer is

Ans. zero & maximum.

Note: In parts (vii) and (viii), matching types:

You utll be awarded full marks, if all the matches are correct otherwise will be awarded
zero. _

(vii} Match the following columns:—
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(a)
(b
{c)

d)

(al
(b

i

d)

Column | Column 2

Moment of inertia of a circular plate of mas M and radius R about its axis is. (1) 2 \iR*/5
Moment of inertia of a circular ring of mass M and radius R about its axis iz (2) MR-“72

Moments of Inertia of a scolid sphere of mass M and radius R about its (37 2\ R s
diameter is

Moment of Inertia of a thin spherical shell of mass M and rodius R about its  (4) nig-
diameter is

MR?

Ans.1a) —(2) _2—

(b) —> t4) MR?

(clf-ﬂll-;-ﬂ'ﬂ?z

4 .
td) —— (3 ;MR*

(viii) Match the following columns : -—

Column 1 Column 2
{n pure rotetion of rigid bedy, _ il Ra
In pure rotation of rigid body, tangential comporent of acceleration is {2} (%5
dr?
In curvilinear motion of rigid body, the tangential component of (3) 1 [ s 12
acceleration is rUar)

In curvilinear motion of rigid body, normal component of aceeleration is (4 . R®

(viii) ‘a) —» {4} Ro®

b)) —— (1) Ra
2
(8) m3(2) d.g'
dt

o

o L ds Y

{d) ~— (3} —| —
. thr)

Note : In questions (ix) and (x), two statements are given followed by four

choices. Choice the correct choice.

X

Statement 1: A moment of 10 N-m is applied in the middle of the simply supported beam.
The magnitude of bending moment in the heam at the middie = 53 Nm.

Statement 2: A cantilever beam of length 2 m carries 10 kN foree at a d.stance of T m fram
' the support. The bending moment at a distance of 1.5 m from the support is
15 kNm.
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(a) Only statement 1 is true tb) Only statements 2 is truc
(¢1 Both statements are true {d) Neither statements 1s true
Ans, (d}

%) Statement 1: A wire of length L is bent, the CG will remain at the middle.

- Statement 2: From a solid circular plate of radius R o concentrie circular plate of radius
R/2 is removed. CG will remain unchanged.

ia) Only statement 1 is true {b) Only statement 2 is true
te) Both statement are true () Neither statement is true
Ans. (D).
SECTION—B
Q. 2. Answer any three parts of the following :— (10+< 3 =30)

(a} A smooth weightless cylinder of radius 600 mm rests on a horizontal plane
and is_kept frem rolling by an inclined string of length 1000 mm. A bar AB of length
1500 mm and weight 1200 N is hinged at A and placed against the cylinder of negligible
weight. Determine tension in the string.

Ans.

. =,/ A
////////////////'///177///////777"‘7""

1200

Draw the free body diagram of cylinder and bar A,
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B W=1200m

-

Geometry :
In AABOC = AC = {A0)2 10C)? = /(1000)2 - (600)° =500 mm
. OC 600 '
sinfzs—=——-—=x
OA 1000
8 =36 87°

For Bar taking moment about A & equlibriuin condition
Sa-c

1200 x (750 eos 7374 - R, « 800 =0

R.=315N
Now for cylinder use lam’s theorem
Ry _ I _ R,
sin(5313x 2) 8,,(5313+7374) S, 12687
T=315N

~Tension in the string is 315 N Ry =3024 N

Q. 2. (b) For the simply supported beam as shown in figure, draw shear force and
bending moment diagrams after finding the equations for shear force and bending‘
moment.

SEN/m SkN'm
L r L r L 4 3
éé : p) e 3 .l
I,., m ,I-. Zm - rI
Ans. To find
Reactions Ry & R, by equilibrium condition ZV =0 ZMA =0
15 35

Ra+Ro=2,10-32
ArfeErEY

Download All Btech Stuff From StudentSuvidha.com


http://studentsuvidha.com/
http://studentsuvidha.com/

SEN/m SEN/m

[T\lj\r\‘\r | 2R y ;
A@‘ 3 y r v v r v (-.
2

< 2m & | 2m

— 23 Pe— I3 ——de— | —e— | —

8.75 .

S.F. Diagram

8.75

7

T
1
|
1
I I
]
]
1
1
1

5.83

%

MamentaboutAMAm;—x 5><3x§+19x 3-Rc-4=0

RC=-325-=8.75kN

2R, =875kN
For S.F. calculation
S.FatA=R, =875kN
S.F between Ap =+ 8.75kN
15

S.F between EB =+ 8.75 - 7" 1.25 kN
S.F between BD =1.25 kN
S.F between CD =1.25-10=~8.75 kN
SFatC=-875+875=0

For B.M calculation
BMatA=0

BMatE =875x 23=583kN

BM at B =8.75 23—;\- 4/3=75kN
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B.MatD=8.’75x3~l§A 1=875 kN
r
5

—

BMatC =875~ 4 - c2]-10%1-0KkN

9
Q. 2. (¢) Rod AB of weight 500 N is .

sugported by a cable wrapped around a / RN

semi-cylinder having coefficient of friction of 0.2, y ' \

A weight C weighing 100 N can slide without { y

friction on rod AB. What is the maximum range x ‘ |

from centerline the mass C can be placed without

.'
i
I
I
!

1
i
I
1
¥
I N
1
i
|

causing slippage ? l { ’
Ans. L _ el 27 : B e AT
T S —
Ty =1874T, A1) B PG '"‘“,1 B
Ty + T =600 2 ! ‘
By solving equation (1) and (2) th T
T, 39123 N |
T, =20877TN Al 3501 ) . PR B
- HE B X —————— 500 —bi
Taking moment about A ZM A =0 [~
: = Y ¥ Jr
100(250 - x) + 500 x 250 - 20877 500 =0 o, e

x =456.15 mm

Q. 2. (d) A homogeneous sphere weighing 10 kg is attached to a slender rod of
mass 2 kg. If the system is released from horizontal position in rest condition, find the
magnitude of angular acceleration. Also find angular velocity of system when it passes
through vertical position, 10 hy

|4————— HOU mm - 300 mm —»l

Ans. Let ¢ be the angular acceleratien
I be the mass of moment of inertia of other assembly about the axis of rotation A.
Using the transfer formula

/
1w
=

res

. _, 2
600 }+10x[§9(lJ ~006+09=096
1000 ) i\ 1000

Now moment of inertia of the cylinder about A

(150] - (10) ( “’0) -5625+0.1125=57375

:lk 10)(
2 \ 1000

-.mass momnent of inertia of the system I = 57375 + 0 96 =6 6975

I=I,+Md%= —é~<2000x{
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fiotation moment about A

T
M, = 2x98x 300 =109 8Bx 750 /
51000 1000 Fmy ;
=588 73.5=7938 N-m l 1
Equating to Ju we get 6.6975 > ke !\ J
»y = TO 38 _ J )
«=1185 radfsec is the angular I'—— 600 mm M Stmm

accoleration.
. . 10 kg
Angular velocity of system is no

. 300 = 1185 =3.56 m/sce
1000

Q. 2 (e) (i) What do you understand by “Pure Bending” ? (2)

Ans. Pure Bending : When a beam is acted upon by end couples, then whole of the beam
bends in a circular shape. There is then no shear in the beam. Such a case is then called as pure
bending.

Q. 2 (e) (ii) Determine the suitable values for insider and outside diameters of
hollow steel shaft whose internal diameter of 0.6 times its external diamoter. The shaft
transmits 220 kW at 200 rpm. The allowable shear stress is limited to 76 MPa, and
angle of twist is limited to 1° per meter. The modulus of rigidity for shaft material is 80
kN/mm2, (8)

Ans. Given internal diamoter di =06 of external diameter do

L di=08do

-.Power transmitted = 220 KW

Speed N =200 r.p.m

The allowable shear stres: is limited to 75 mF, =ty

The angie of twist is limited to 1% per meter . 6 = 19meter

Meodules of rigidity G =80 KN/

2NT

Power transmitted =

2naNT
60
220« 107% 60 _ 220 x 10 x 60
B 2N T 2% 1x 200
T Twax
o o
10504.23 75 10°
b 1 . s/
3—2% -digy 2 |
(d -did)=71330 + 10" % do
(dd - (0 6dor?)
do
do =936 mm di=56.16 mmn

=220 x 10°

T =10504 .23 N.m

~71330 % 10"
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-i—:%‘i 0 =1°=00174 rad
ﬁjﬁ'——i") =80 < 10° < 00174
32
df - it - 10504 23+ 32

nx 80> 10% x 0 0174
di (0 6do)! =76 864
dg =8831
do =306 mm
d; =183 mm
So internal diameter of shaft is 56.16 mm & outer diameter of shaft is 93.6 mm.

SECTION—C
Q. 3. Attempt any one parts of the following : . 10
(a) (i) State and prove Lami’s theorem.
Ans. Lamis theorem : Lamis theorem states that of a body is in equilibrium under the

action forees, then each force is proportional to the size of the angle between the other two forces,
symbolically.
R _B _FR

sina  sinf siny
Let Fj, Fo, F4 be three forces in equilibrium acting on a body along the directions as shown

in above figure. Since the forces are in equilibrium they can be represented by the three sides of
the triangle.

Now applying the sine rule for tangie, ABC

AB - BC - AC
sin(180 ~c) S, (180 - sint180 -
Fy
7
|
1
’ F1

AB BC AC
sin o _sinﬂ_siny
R P _5H
sinu  sin  siny

—

- by —* - bd
where o,pand v are the angles between F, , Fa, F1,F3. & F) , Fo
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Q. 3. (a) (ii) A system of forces acting on a cantilever beam is shown in figure.
Reduce this system to a single force system and find the point of application of this
force on the beam. l v

1, GOON 500N 500N

ENINEE

Ans. Y F,=Vy - 1000 sin 45° + 500 - 500 =0
V4 =1000 sin 45° =707 11 N
Moment about A ) M 4 =M ~100 in 45°x 3.+ 500 x 57500 x6.5=0

M =21213 - 2500 + 3250 =962 3 N-m
=H 4 + 1000 cos 45° =0

H, =707 11N
' 1, 000N 500 N 500N

e ||
4'——°|‘——+——+—‘I

1000 cos 45°

m\ S,

———

sy

45°

1000 sin 45°

2 3 ———p—— 2 ”
I5m

H,

¥
h
A

X

VA

Q. 3. (b) Blocks A and B, of weight 150 N and 200 N,
respectively rest on an inclined plane as shown in the figure.
The coefficient of friction between the two blocks is 0.3 and
between block A and inclined plane is 0.4. Find the value of 0 for
which either one or both the blocks start slipping. At that
ingtant, what is the friction force between B and A ? Between A
and inclined plane.

Ans. Consider the block B

E Force normal to plane =0
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.. Ny - 50088 =0 ‘
Ny =50 cos 9 )
From low of friction F} =03 N{ =03 x 50 cos6 =15co0s 8
Consider the block A '
Z Force normal to plan =0
Ny ~ Ny -100 cos8 =0
Na=Nj; +100 cus9
Ny =(50 + 100) cos 8 =150 cos®

L 4

From low of friction 5058 | S0cosB
Fy, =04 Ng=0.4x150¢c0os6 =60 cosd
Now sum of all the forces parallel to the plane =0 _ SUN

B +F;-1005in6 =0

15¢0s8 + 60 cost -1008ind =0 /
75 cosb =100 sind : 100 sin © il 100 cos O
tan9=-?-5—=-3- 100N
100 4
8 =36 87"

Frictional force between B and A is Fj = 15 cos8 =15 ¢c0s36 87°=12N
Frictional force between A and inclined plane is
Fy =60 cos0=060c0536 87 =48N

Q. 4. Attempt any four parts of the following : Bx4=20
Q. 4.(a) For the beam shown in figure, draw the shear force and bending moment
diagrams. L 10D0N 50 Nm 50 N/m

"y
&
"
i
"
=

a4
‘s - ,

f—"10 m —dfe—— 15 M ——Dle—— 15 m —]
Ans. ) V=V, +Vp-1000-750=0 .V, +V=1750 N

D M, =1000<10 + 50 + 750 x 325 - Vg« 40 =0 -Vp =859 38N

V, =89062 N
S.F. Calculation :
SFatA=0
S.F between CA =V =890 52N
S.F between CD =88062-1000=-109 38N
8.F between DE =109 38N
S.F between EB =-109 383 -750 =-859 38N
SFatB=-85938+85938=0
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1000N

A Jl 50 N/m
. D [sYaTsYoTsXeToTeXoNaToYeN
Hs £ | 50 Nemiwt” B
4~ |O0m :l: 15m o I5m —————w|
Va 1000N 7510 N Ve
A, + " PRAY
H, . r Y ' 50N—m¢r} E i B
Al 10m ——*4—--—:———-— I3m » Lo 7.5 ar—Me— 75— Vg
RI0.62 7 ///
|7 0
' 10938 N /]
H $906.2 N-ny 7
/77 85938 N
495.1% Nm
A 4 —
”A///// m/ o ey
[A-)
60438 Nem
BM Calculation :

BMatA=0

BMatC =83062x 10 =8206 .2Nm )
B.Mat D =890 62x 25 - 1900 x 15 + 50 = -6043.8 N-m
B.M at E =890 62 x 32.5 - 1000 x 22.5 + 50 =6495 15 N-m
B.Mat B=89082x 40 - 1000 x 30 + 50 - 750 x 7.5 =0 N-m.
Q. 4. (b) For the simply supported truss shown in figure, find the forces in the
members BD, DE, FG, and CE.

k
IDkN
10 kN D
2.25m
B /
_ | | iy
C E G.

]4-*1m—>|4—lm—~b{d-!m—>]<—lm—ri
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_ oo 16N ¢
Ans. First Calculate the reaction R4 and Rp |
Taking moment about A, we get 10 kN (g <D '
RBx4=]x10+2x20 7] C a3k
Rp=125 N DesB
R,+Rg=20 /
R‘4‘=20—12.5=7.5kN /4. 1
From figure, we know that Aé_ [ F H B
CH 2325 KS ‘
tanf=~—="=0.75 b —ef— i m —pl— | m e | m -
Al 4m » B
cos § = %g =§3_;—5- =08as AC =32 + 2.25% =375

hlﬂd—:{a-ﬁ-o.ﬁ ) /[)
Consider the equilibrium of joint A
Resolving the forces vertically Fqp sinf = Ry
F4D=—?-'5—:Z-"E=]2.5 kN tcomp) /(

‘ sin® 08 A >

> E

Resoiving the force horizontally

Fap =Fapc0s8=125%08=10 kN (Tensile)

Joint E

Fip.Frgp. & Fgp are acting at joint E Two of the forces i.e Fgp and Fgp are in the same
straight line, Hence the third force i.e Frp should be zero.

Fpg = Fyp =10 kN (Tensile) :

Joint D

Let F| = Force in member DG

I RA=T75kN
10 KN

Fpg = Force in member DF

Resolving the forces vertically
12.55i0 8 - 10 + Fp; sin0 + Fpp sin0 =0
12.5x06 - 10 + Fpg <06 + Fpp < 06=0
Fpg + Fpp =417 kN

Resolving the forces horizontally

10 KN [

12.5 cos + Fpg cos® = Fpp cosd
125-08+ FDGXOJS:FDF »0 8
12.5 = Fpp - Fpg
2FDF' =14 67
Fpr =8335 kN (compressive)
Fpi =-4.165kN
Fpg =4 165 N (compressive)
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. Joint F HOkN

The forces in the member DF and and EF are already
known. _ v

Fpr =833 N (comp) 15@\
Fgg'=10 kN(T) / 8335 kN

'the forces are acting at the joint F as shown in figure |

Let Fy = Force in member FG - G F

F3 =Force in member FH : D

Resolving forces vertically we get
833sin0=F, O N 10
Fp=833x06=5kN

Resgolving forces horizontally we get i m
F3 +833c0s0=10 T el il . >
F3 =334 kN Q@

Q. 5. Attempt any two parts of the following : ' (5x2=10)

Q. 5. (a) A wire in bent into closed loop A-B-C-D-E-A as shown in figure in which

portion AB is circular arc. Determine the centroid of the wire.

L4165 kN

I im |
y .

B c__

t

E 5m
Ap ..... .: ______

t¢m
: |
j¢e— 10m ——| D

Ans, A, =10x 10 =100 m?

5m
Ag=5x §=25m? y -

2 4 . K3
L'l _1'1')(5 2 J
Az-T-T—IQ.GSm @ : @ Sm
Calculation of Centroidal distances: = [~~~ - dormee
n=2_5
1_—=
2 0 10m
10
=—=5
n=< l
xp=b-2Lo5- 25 _ogyp x
3n . 3n [¢—— 10 m —p|
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4x5
3n

ye=10+2 .10+ 22 %1912 m
3n
5
~5+2-75
x3 =5+ m
5
y3=10+-2—=12.5m

Calculation for ¥ & ¥
Ay + Aoxg+ Agxg 100x5+198x 288+ 25475

A T Ayt A 100+ 1963+ 25
5= Ay + Apyg + Agyy 100 x5+1963x12.12 + 25 x 125_7 26
Ay + Ag+ Ay 100 +19 83 + 25 |

-.Coordinates of centroid (5.14, 7.26)

Q. 5. (b) Find the principal moment of inertia about the origin of the area shown
in figure,

All dimensions are in mm.

—_—] 2 [——
¥ S
10
+
. 48 |_2_x
f— 6 ——f *

Ans. The given section divided into two rectangles (1) & (2)
Areaof (1) —» A =2x10=20

Area of (2) > Ag =2x 4 =8 '

Total Area A; + A5 =20 +8=28

Two reference axis y - ¥ and x — x are chooses.

The distance of centroid from the axis y ~ y

_ Sum of moment area A, & A, abouty -y
- Totai area
Ay x 1+ Ay x(2+6/2)
28
_20x1+8x5 _20+40
i 28 28

=

=214
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Similarly, the distance of the centreid from the axis 5 |
X -x I )

5o 20x5r8x1 oo T
28 ; M
with respect to centroidal axis x -x and y-y the ' g !
centroid A; is g; and that of A= is g5 . T
I, = Moment of inertia of A; about X - X axis and 10 (b |
moment of inertia of Ay about X - X axis , { G N7 §;2
3 3 1 ¥ =3
Ixx=EXT}2'9'“+20x(1.]4}2+2<-—2—+8x(2‘86) X~ |7 = —{( 2y
! | ' Ea
= 19266 + 68.103 = 260.76 | o 7 i--{.‘*;'
03 3 LA ; T _+"' X
= _1.9_‘).(_2_ + 20 =« (1‘14]2 + ._2_:(..‘.4_.. + 8x(0 36) ]‘1‘_‘-— 6 '——FI
y¥ 12 . 12 v {[’

=3266 + 16 58=49 24
Q. 5. (¢) Derive an expression for moment of inertia of a solid sphere about its
diameter,
Ams. Consider an clemental plate of thickness dy at distance dy from the diamentral axis.

Radtius of this elernental circular plate x is given by the relation.
£ = B -y
~.Mass of elemental plate dm =pnx 2dy =priR? - % dy
Moment of inertia of circular plate-element about y axis is given by

=% ¥ Masix square ofradiou:s:%x prx dy « x2 =p §x4(?y=p -'-;R?‘ - y2) dy

=p —;-(R4 - 2R*y% 5 yhy dy

" .
I, =2 j PERY -2R%% s ydy
i}

R R
But mass of sphere M =2 I dm = ZJ prrx2dy
: b b .

R 3 R
=2 J pr(R? ~y21dy=29“[32y -ge."]
0 : 0
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_ 4z R?

M
2 2
Iy = -5-MR
Q. 6. Attempt any two parts of the following : 5 x2-=10)

Q. 6. (a) The motion of a particle is defined by the relation
x =64 -2¢% 12¢ - 3¢ + 3, Determine the time, position, velocity and distance traveled
when acceleration is zero.

Ans. x=6t4—2t3-1%2—3t +3
X _ou® 612 - 24t -3
dt
d 2
— =TH* 12 -24
dt

. d%

when acceleration is zero — =0

dt
- 7242 _12% - 24 20

6t2-+-2-0
6t -4t + X ~2=0
2(H-2+1&F-D=0
Bt-2{2+1)=0
.. 3 =2ast cannot be — ve so wecan’'t take 2 + 1=0
2
Sob==
3
. 2
o time ==
3
Velocity =%"? =24t2 _6¢% - 24 -3

3 2
att =2/3, Velocity=24><(§] -6 x (%J -24 X(-g-)—3=7.11— 267 -16 -3=14 56 m/sec

Displacement or position at¢ = 2/3

4 3 2
x=6x(§) -2X[§2-) —12[%) *3x[§)+3=1.21—0.59—5.33—2+3=3.71m

Q. 6. (b) A straight liak AB of length 50 c¢m is
shown in the figure. The end B of the link moves along
x-axis with a velocity of 4 m/s and accelerates with an
acceleration of 10 ns’. The end A is constrained to move
along y-axis. Find the velocity and acceleration of the
end A at the given instani.

Y
A

3
0 —>—X

Download All Btech Stuff From StudentSuvidha.com


http://studentsuvidha.com/
http://studentsuvidha.com/

Ans. Given:

Vetocity of end of B link AB 4 m/sec

' vp =4 m/sec

acceleration ag =10 m/sec2

From figure we can write xZ+ y2 =12

Differential w.r.t to time ¢

dx dy
2x — + 2y — =0
ar
i"l__'i]fd_x}
ot ¥ Ldt

We know that % =Velocity of end point 4 = 04

-:% = Velocity of end point B = vg
tan@=x/y
ug =—ilx/yvivg=-tan 0 (vp) = tan30°(4)
= - 2.31 m/secis the velocity of end A.
.acceleration of end point A

deg _ _[dvg, o, - ditan 0) ]
dt dt dr |

acceleration of end point A [%] =-lagtant - vp sec? 6
= -110tan 30° - 4 sec” 30°) = 1577 - 120 = 6. 23 m'see”
Q. 6. (¢) Two weighis P and Q are connected by
the arrangement shown in figure. Neglecting friction L /////(// L
and the inertia of the pulleys and cord, find the
acceleration a of the weight Q. Assume that P=178 N i

and @+ 133.5 N, o
Ans. The tension in the string is sume as the pulley is

smooth. Let T = Tension of the spring, o = acceleration of d

bluck €. -/
Acceleration of block P is half of the the acceleration of

block @ so that u/2 considering the motion of block @
Net force of block @ =(T - 133.5) in upwards direction Q

Acceleration of motion of black @ = &

LA
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Considering the motion of block P Ll //////.////////
Net force on block P =(178 - 2T} in down direction. '

Acceleration on of block A = %

T4
(178-27)= 208, 4
981 2 T
T
or =178 - 178 x[ﬁ] 1
981 12 -42)

Multiplying equation (1) by 2 both sides

2’1’:1335 X 2+Ma "'(3) Q

- 931 a
Substracted equ. (2) - (3) we get 133.5N
178-133.5 2 _}E[E]*Ma -
98112 981
39=907a+2722a

o « = 2.45 misec?
Q. 7. Attempt any two parts of the following: (5x2=10)

Q. 7. (a) Define Poisson’s ratio. Prove that its value lies between zero and half.
Ans. When a homogeneous material is loaded within its elastic iimit the ratio of the
fateral strain to the linear strain is constant and is known as Poission ratio. :
It is denoted by n or L
m
Lateral strain
Linear steain

Poisson's ratio =

1 er
por—=—-—<
L) e

. 1
~Lateral straln=-n~e=-—=xe
n

Q. 7. (b) Determine the dimensions of a simply supported recta.ngular steel beam
6 m long to carry a brick wall 250 mm thick and 3 m high, if the brick weighs 20 kN'm’
and maxmium permissible bending stress is 800 Ncm®. The depth of a beam is 1.50

times its width.

Ans. Volume of brick wall =6 x 250
1000

x3-—=4,5m3

Weight of brick 20 kN/m? .
Tota) weight of brick 20 x 4.5 =90 kN .0 = %9- =16 KN/m

N/m? =8 Mpa =8 « 10% N m*

Bending stress g, =800 Niem? = 8002
.01)

For simply supported beam carry U.D.L
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2 .2
wl wx 6
M e ="‘g"='—‘é—"‘ =45m=45+%15
bat® o
For rectangular steel beam I = --2_
.2
Y 3

d =1.5bis given in the problem.

By using bending equation %— = S—Q
y

45x16 8x10°

bd® d
12 2
bd® 2 45x15
12 d 8x10%

bd® =(50 63 » 107%) m’
bx(155H2% =(5063x10°%)
b2 =225%107°
b=2823

d=15b=4235
mm
are the dimension of beam.

Q. 7. (¢) For torsion of a ¢ircular shaft, derive
the torsion equation. State all the assumptions at
the beginning. '

Ans. Assumption for torsion equation,

1. A plane section material perpendicular to the axis of the circular member remains

plane after the torques are applied and wrapage or distortion occurs,

2. Circular sections remain circular.

3. In a circular member subjected to torque, shearing strains vary linearly from the
central axis,

4. Shaft is loaded by twisting couples in planes that are perpendicular to the axis of shaft,

VAR N :T

SONNNNNNNN
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5. Stresses don’t exceed the proportional limit. Thus it follows the shearing stress is

proportional to shearing strain.

Consider of a shaft of radius R and length L is subjected to a torque T on th(, free end and
other end i~ tixed. Initially the hn( of shaft is horizontal AB befere twisting and after twisting it
takes position A"

Angle of twist #BAB' =4 und shear strain
ZBOB’ =

o . BR
From longitudinal section tan ¢ = T
BB =Lpastanb=¢

For cross section length of are= Radius x Angle

tan 0 = 0 consider

BB' =106
Lt,\ =rg
re
o= L
Shear modulus G = M =1/
shear strain ‘
¢=1/G
1.8
G L
r.Go
r L
Maximum shear stress occur at radius B
/R = GB
r

Now consider an elemental ring of area dA at radius r from centre O.
Shear force on elemental ring = Stress = avea

-

dP=S0 a4
L

Torsionalmoment nring d T =dF x r - [ % rdA ] x 7

dT—@r“di
L

Now torsional moment on whole section

.[(ﬁ‘ = -G;’—O J. F'z({A

but we know I 12dA = polar moment of interia = J

T=GW/L~J
T o
J L
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