SOLUTIONS D-02 APPLIED MECHANICS  (June 2003)

Ql. a. A The friction force is absent hence the total reaction is normal to the
surface at the point of contact.

b. C For equilibrium of a body subjected to two forces, the forces must
be equal in magnitude, opposite in direction and must have the

same line of action.

C. B For a plane area, with the x,y axes in the plane and z axis normal to
the plane, the polar moment of inertia I, = I, + 1.

d. B Let d be the depth of the well and ¢ the time splash is heard. Then
the relation ¢ :\/(Zd/9.81) + df350 = 4 is satisfied for d = 70.77 m.

e. A Thenormal acceleration = V*/R = (72x1000/3600)*/200 = 2 m/s’.
f. B The shear stress = Force/Area resisting shear = F/(zDt).

g. B The modulus of elasticity is defined as the ratio of direct stress and
direct strain within elastic limit.

h. B The B.M. at any section at a distance x from the load P at the free
end is Px. The maximum B.M. would be at the fixed end x,,,, = L.

Q.2. y/r
Consider the I-section to be divided in three parts | |
I, 2 and 3 as shown in Fig.2. Let x;, y; be the . <—0em> 3
coordinates of the centroids of the i™ area A;. The S5cm : |
centroid of the whole section is at C(xc, yc). ~/ s| i [<5cm
15cm i
As the section is symmetrical about the y axis its 2 C 1
centroid would lie on the y axis, i.e. xc = 0. —4 !
5cm In
ye = YAl YA | 30cm | X
= (150x2.5 + 75%12.5 + 100x22.5)/(150+75+100) ‘
=10.96 cm. Fig.2
Q.3.

Consider the F.B.Ds. of the joints E, D and C shown in Fig.3. The F.B.Ds are shown
assuming tensile forces in the various members.

y A
A S DE Fecr
FCD yA\ 0
Fce >X >X
o [FpE 45 Fcp
45 Fgp Fac
—- 1kN Fgc
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Considering the equilibrium of the joint E:
ZFX= - FCECOS45 =0— FCE=Q, ZF)’ =0— - FDE‘ E@Slﬂ‘ls =0— FDE=Q.
Considering the equilibrium of the joint D:

YF, = Fpg - Fppsind5 — 1 =0 — Fpp = V2 kN, i.e. Y2 kKN(C).
YFy=-Fcp—Fppcosd5 =0 — Fep=1kN, i.e. 1 kN(T).

Considering the equilibrium of the joint C:

SF, = Fcp + Fepcos45 — Fyccos45 = 0 — Fae = V2 kN, i.e. V2 kKN(T).

ZF)’ =-Fpc+ FCESiIl45 - FAcSiIl45 =0— Fpc=- 1 kN, ie. 1 kN(C)

Q.4.

A developed screw thread of pitch p, mean diameter d is shown in Fig. 4. The helix angle
with the horizontal 0 = tan™ p/zd = tan™" 1.25/107 = 2.28°.
The F.B.D. of the weight W while being lifted is also shown.
The friction angle ¢ = tan™x = tan'0.2 = 11.31°.

The force F at the end of the lever of length R is equivalent to
a horizontal force P at the screw thread,

P = FxR/(d/2) = 50F/(10/2) =10F.

Case(i)

Consider the equilibrium of the load at impending slip Fig.4

upward as shown. The friction force = uN.

> Fy=Ncosf — fsinf — W — N = W/(cos@ + usinb).

> Fyg =P — Nsinf — f cos, — P = N(sinf +ucosf) = W(sinf +ucosd)/(cosl + usinb).

— P = Wtan(8 + ¢) — F = Wtan(8 + ¢)/10 = 50tan(2.28 + 11.31)/10 = 1.209 kN.

Case(il)

For impending motion down, the direction of friction force is reversed and hence,

— P =Wtan(0 - ) — F = Wtan(0 - ¢)/10 = 50tan(2.28 - 11.31)/10 = - 0.795 kN.
Efficiency = effort without friction/effort with friction, i.e.

n = tanf/tan(0 + @) = tan2.28/tan(2.28+11.31) = 0.165 = 16.5%.

As a force in the reverse direction is required to lower the load, the jack would be self

locking.

Q.5.

The F.B.Ds. of the blocks are shown in Fig.5. The block on the lM1g
horizontal surface is subjected to its weight M;g, normal reaction —T

N, friction force uN and the tension 7. The other block is <2 — TT
subjected to its weight M»g and the tension 7. The magnitude of uN N
acceleration of both the blocks is the same, i.e. a. The equations |
of motion for the blocks of mass M; and M, are, v
N=M,g. (1) Mg
T—uN =Mia @ Fig.5

Mg — T =M>a 3)

From equations (1) to (3)
a=M;-uM;)gl(M; + M) =(5-0.25x10)x9.81/(10 + 5) = 1.635 m/s’.
T=Mg—-a)=50.81-1.635)=40.875 N.

www. StudentBounty.com
-Homework Help & Pastpapers


http://www.studentbounty.com/
http://www.studentbounty.com
http://www.studentbounty.com

Q.6.

Let a; be the uniform tangential acceleration of the car. If it starts from rest, the speed
after time t would be, V = a,r.

Then, a, = Veo/t = (18x1000/3600)/60 = 1/12 = 0.083 m/s>.

The speed after 30 s would be V3p = a; = (1/12)x30 = 2.5 m/s.

The normal acceleration a,, = V302/R =2.5%/250 = 0.025 m/s>.

Q.7.
As the cylinder rolls without slip on the horizontal plane AB,

the instantaneous centre of rotation is at the point of contact O
of the cylinder with the horizontal plane (see Fig.7). The
velocity of any point on the cylinder is proportional to the
distance from O and normal to the line joining the point to O.
Let w be angular velocity of the cylinder. Then,

o = V/OC =20/1 = 20 rad/s.

The velocity of point E, Vg = ©«OE = 202 m/s and is normal to
the line OE as shown, i.e. Vg = 20i + 20j m/s.

The velocity of point F, Vy = wOF = 20x2 = 40 m/s and is
normal to the line OF as shown. i.e. Vg=40i m/s.

Q.8.
The F.B.D. of the beam is shown in Fig.8. Considering the equilibrium of the beam,

> My = Rpx12.5 — (10x5)x2.5 - 80x7.5 — (16x2.5)x13.75 =0 — Rp = 102 kN.
YFy=Ra+Rp-10x5-80—-16x2.5=0— R4=68 kN.
The expressions for the S.F. V(in kN) and B.M. M(in kNm) between various sections are,

0<x<5m V=-68+ 10x, M = 68x — 10x/2,
5<x<75m V=-68+ 10x5, M = 68x - 10x5(x-2.5),
7.5<x<12.5m V=-68+10x5+ 80, M = 68x - 10x5(x-2.5) - 80(x-7.5),
125<x<15m V=-16(15 - x), M=-16(15 - x)’/2,
The SF. and B.M.
y diagrams with values at
1\ 10 KN/m f()kN 16 kN/m  imhortant  sections are
also shown in Fig.8.
A S TB C £~  The maximum S.F. is
Vinax = - 68 kN,
R, 5Sm 172.5m! 5m R 2.5m at A (x = 0).
F.B.D. of Beam
62, The maximum B.M. is
M op Mpu=260 kNm,
V(kN) \//_1_317 atC (x=7.5m).
-40
08 . 7.5<x<12.5m,
S.F.Diagram M=-62x+725=0,
60 atx=725/62=11.7m
T W which is a point of
contraflexure.
M(kNm) [11.7m
| N ] =t
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Q.9.

The steel bar is loaded as shown in Fig.9.

< AR I S — - ——
40kN O B| 20kN 10kN

| 50cm | 40cm 1~20cm” |
Fig.9

The cross-sectional area of the bar A = wd*/4 = 7x25%/4 = 490.87 mm”.

The axial force F in various portions of the bar OD would be,

Portion OB (0 < x <50cm):

Pog =40 kN,

Hence, stress gog = Pos/A = 40x10°/(490.87x10°°) = 81.5%10° Pa = 81.5 MPa.
Portion BC (50 cm < x <90cm):

Ppc =40 —20 =20 kN,

Hence, stress apc = Pgc/A = 20x10°/(490.87x10°°%) = 40.7x10° Pa. = 40.7 MPa.
Portion CD (90 < x < 110cm):

Pcp =30 kN,

Hence stress cp = PeplA = 30x10%/(490.87x10°) = 61.1x10° Pa. = 61.1 MPa.
The total elongation 0= 503 + 53(‘ + 5CD = (O'OBOB + 0opBC + O'OBCD)/E

= (81.5%10°%0.5 + 40.7x10°%0.4 + 61.1x10°%0.2)/(210x10%) = 0.33%10” m.
=0.33 mm.

Q.10.

Let a circular shaft of radius r and length [ be subjected to a torque 7" as shown in Fig.10.
The following basic assumptions are made while deriving the torsion formula:

The material is linearly elastic following Hooke’s law.

A plane section normal to the axis of the shaft remains plane and normal during
deformation.

A radial line in the section remains radial during deformation.

Fig.10

Consider a radial plane OAA;O;. After deformation the plane occupies the position
OA'A 0y, where @ is the angle of twist over the length /.
Hence, the shear strain between circumferential and axial elements at radius p is y = p6/L.
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As the material follows Hooke’s law, the shear stress 7 = Gy = Gpb/1.
Both the shear strain y and shear stress 7 are proportional to the radial distance p.
The maximum shear stress 7,,,, = Gro/l is at the outer fibers. (D)
The shear stress distribution over the cross-section is equivalent to the applied torque T

T = Lp X A = jAp(Gpe/Z)dA = (G9/l)jAp2dA =(GO/1)J 2)

where, J = |4pdA = mr*/2 is the polar moment of inertia of the cross-sectional area A,
Combining the equations (1) and (2),

T _GO_ T
J l r
Q.1130).
Complementary shear stresses: Y A Tyx )
Consider an infinitesimal element of material at O, subjected to B
shear stresses 7, on the planes OB, AC and 7y, on the planes Toy
OA, BC. Considering the moment equilibrium of the element, l Txy
dMo=0— 1y =1y
X

The pair of shear stresses like 7, 7, are called complementary o) A>
shear stresses. They act at mutually perpendicular planes at a Tyx

point, both directed towards or away from the common edge Fig.11(i)

and are equal in magnitude.

Q.11(1).

Tensile stress strain curve for a ductile material:
The tensile engineering stress ¢ and the engineering strain ¢ curve for a ductile material
like mild steel is shown in Fig.11(ii).

The engineering stress = axial load/original area of cross-section, i.e. o = P/Ay.

The engineering strain = change in length/original length, i.e. € = (L — Ly)/Ly.

The important points on the curve are:

The proportional Limit P is the point upto ou
which the stress is directly proportional to
strain, i.e. follows Hooke’s law.

The elastic limit E is the point upto which OE
only elastic deformation takes place and the
material returns to its original undeformed
state on unloading. Generally, P and E are  Epgg. stress o
so close that they are indistinguishable.

Loading beyond the elastic limit also O Engg. strain ¢ G
causes permanent deformation and the
deformation continues with very little Fig.11(i1)

increment in the load. The upper yield

point Yy and the lower yield point Yy, correspond to upper and lower points on the kink
(if present) in the stress strain curve beyond the elastic limit. Generally the lower yield
point is more reliable and is taken as the yield strength oy of the material. In the absence
of a well defined yield point, the yield strength is taken as the stress which causes 0.2%
permanent strain.

www. StudentBounty.com
-Homework Help & Pastpapers


http://www.studentbounty.com/
http://www.studentbounty.com
http://www.studentbounty.com

The ultimate point U corresponds to the maximum load the material can withstand.
stress oy is called the ultimate strength of the material. The necking in the specimen
initiates at the ultimate point.

The fracture point F corresponds to the fracture of the material. The stress or is called the
fracture stress. As the original area of cross-section is used in stress calculation, the
fracture stress is less than the ultimate stress.

Q.11(iii).

Law of polygon of forces:

The resultant of a number of coplaner forces can be found graphically using the law of
polygon of forces. The law can be stated as follows:
If several coplaner forces are acting at a point
such that they are represented in magnitude and
direction by the sides of a polygon taken in the F
same order, their resultant is represented in
magnitude and direction by the closing side of
the polygon in the reverse Qirection. . o Fi a Fi b

If the polygon is closed, i.e. no closing side is ]

required, the forces would be in equilibrium. Fig. 11(iii)

For example, consider coplaner forces Fj, F», F3 and F,4 acting at a point O as shown in
Fig.11(iii). The forces are represented in magnitude and direction by the sides ab, bc, cd
and de, respectively. The closing side ae of the polygon abcde represents the resultant R
of the forces. If the points a, e are coincident, the resultant R = 0, and the forces would be
equilibrium.

s

Fy

Q.11(v).

General plane motion of a rigid body can be considered as the sum of a plane translation
and a rotation about an axis perpendicular to the plane
motion:

Consider a body undergoing plane motion in the xy
plane from position 1 at time ¢ to position 2 at time ¢ +
At as shown in Fig.11(iv). This general plane motion
can be thought of as translation and rotation as follows:
(a) Select a point A; in the body and translate the whole
body in the xy plane with displacement 4R, such that /
the point A; occupies its final destination A,. The body

is in position 1*.

(b) Rotate the body about the z axis through the point A, by an amount 46 to obtain the
final position 2.

If instead of A, some other point B, is chosen for translation, the translation ARz # ARy,
but the rotation 46 would remain the same with the z axis passing through the final
position B, of the point B;.

Fig. 11(iv)
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SOLUTIONS D-02 APPLIED MECHANICS (December 2003)

Ql. a. A If the forces are concurrent, the moment about any point would
also be zero which may not be so in other cases.

b. D At impending slip the frictional force is equal to limiting friction.
c. A The efficiency n = M.A./V.R. = (1000/90)/15 = 0.74 > 0.5.

d. C The altitude of the equilateral triangle which is also a median is
(V3/2)a. One third of it is a/(2V3).

e. C In a compound lever, the simple leverages are all multiplied.

f. C The horizontal range of a projectile with projection angle 6 is
(u2/g)sin20 which is maximum for 6 = 45°.

g. D The work done = torquexangle of rotation = 50x47 = 628 Nm.
h. C The point of contraflexure occurs in beams with two or more
spans.

Q.2.

Let M, be the mass of the shot and V its absolute velocity at an angle 6 to the horizontal.
The relative velocity of the shot V, with respect to the gun would be along the gun barrel
at an angle a to the horizontal. Let V, be the recoil velocity of the gun in the opposite
direction.

The equations relating the absolute and relative velocities of the shot and the recoil
velocity of the gun are

V,sina = Vsind. (1)
V.cosa = Vcosl + V,. 2)
The conservation of momentum in the horizontal direction yields,
M,VcosO - mMV, = 0. 3)

From equations (1) to (3)
tano = mtan6/(m+1).

Q.3.

Assume that the block of weight W is given a virtual displacement dy down along the
plane. The corresponding upward virtual displacement Jp of the effort P would be,

Op = owl2. (1)

As the system is in equilibrium, according to the principle of virtual work, the virtual
work done by all the forces must be zero. The forces which contribute to the virtual work
are the effort P and the component of the weight of the block along the plane Wsin20.

Px 6p — Wsin20xow = 0. 2)

From equations (1) and (2),

P = 2Wsin20.
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Q4.
Let V be the velocity of the stone required to hit the bird and ¢ the time at which it woul

be hit. Then,

25 = Vcos30xt — t = 25/Vcos30 (D)

10 = Vsin30xt — (V2)gt* )
Substituting for time ¢ from equation (1) in equation (2),
10 = 25tan30 — 4.905(25/Vcos30)*

— V= (25/c0s30)/\((25tan30 -10)/4.905) = 30.4 m/s.

Q.5.
The F.B.D. of the safe for possible slide down the plank of its own is shown in Fig.5. The

safe is subjected to its 4000 N weight, the normal reaction NN of the inclined plane and the
limiting friction force uN. The inclination of the plank to TN

the horizontal is o = tan™'1.2/2.4 = 26.565". >
The forces normal to the plank must be in equilibrium,
N =4000c0s26.565 = 3577.7 N.

The limiting friction uN = 0.3x3577.7 =1073.3 N.

The component of the weight of the safe parallel to the
plank is 4000sin3577.7 = 1788.9 N Fig.5
As the weight component parallel to the plank is more

than the limiting friction force, the safe can slide down the plank of its own.

Q.6.

The F.B.Ds. of the joints F, D and E are shown in Fig.6. The forces are assumed tensile in
the members and are assigned positive sign. All the inclined members are at 45° to the
horizontal.

F
FDF AP FBE FEF
_45Y _ 45% -
‘ v 45 45° 459 0
e Fer 45 E
15kN F FDF FCE

DB

. . Joint E
Joint F Joint D

Fig.6

Considering the equilibrium of joint F:

Y F.=- Fppcos45 — FgrcosdS =0, Y Fy= Fppsin45 — Fgpsind5 -15=0

— Fpr =152 kN, i.e_10.6 kN(T) and Fgr=- 15/N2 kN, i.e. 10.6 kN(C).
Considering the equilibrium of joint D:

ZFX= FDFCOS45— FADCOS45 — FDECOS45 = 0, ZFy: FADSiIl45— FDESiIl45 — FDFSiIl45 =0.
— Fup=15N2kN, i.e. 10.6 KN(T) and Fpg = 0.

Considering the equilibrium of joint E:

Y F.= Fgrcos45 — Fppcosd5 - Fepcosd5 = 0, Y Fy= Fgpsind5 + FpgsindS — Fegsind5 = 0.
— Fep=- 15N2 kN, i.e. 10.6 KN(C) and Fpg = 0.
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Q.7.

A vehicle of mass m is negotiating a level curve of radius R with uniform speed V as

shown in Fig.7. The C.G. of the vehicle C is at a D

height & above the ground and the distance '

between the inner and outer wheels is b. |

The normal acceleration of C, a, = V2IR. |

At impending overturning, the normal reaction N* OI
|
|

R g

and friction force f* on the inner wheels are zero.
Hence for vertical equilibrium,
YFy=N-mg=0— N=mg. () .
The equations of motion in the radial direction is, N= DTN
S F, =ma, — f=m V*/R. ) Fig.7
The moment equilibrium about C yields,

YMc=0— Nxb/2 - fxh>0. 3)

Substituting for N and f from equations (1) and (2) into inequality (3),

V <~(bgR/2h). Hence, Vya = N(bgR/2h).

Q.8.

The F.B.D. of the structure is shown in Fig.8. The vertical reactions R4 and R act at the
roller supports A and C, respectively. 120kN KN/m
Considering the equilibrium of the beam, A l ‘%

> My = 120%20 - Rex60 + (4x30)x75 = 0. A IB e, ID>X
— Rc =190 kN. 5o <70 30 |

> Fy=Ry-120 + Rc - 4x30 = 0. o S T

— R4y =50 kN F.B.D. of structure

The expressions for S.F. V in kN and /]\ 70
B.M. M in kNm at various sections are KN

0<x<20m: V), >x
V=-50, M = 50x.
20 m < x < 60m: -120
V =-50+120= 70, M = 50x — 120(x — 20). S.ED.
60 m <x<90m: /]\ 000
V=-4(90 - x), M = - 4090 — x)*/2. M(kNm) |

The S.F. and B.M. diagrams are also 34, >¥
shown in Fig.8.
1800

The maximum S.F. V,,. = -120 kN BMD

occurs at the right support, x = 60m. Fig.8

The maximum B.M. M, = -1800 kNm

also occurs at the right support x = 60 m.

For 20 m < x < 60m, M = 50x — 120(x — 20) = 0 at x = 34.3 m which is a point of
contraflexure.

Q.9.

As the material is the same, the allowable shear stress 7, is the same for the shafts.
From the torsion formula for shafts, the torque 7yjig = T0J/¥max-
For a solid shaft of diameter d: The polar moment of inertia Js,;;s = xd'/32.
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Tyotia = T0J/rmax = To(nd 132)/(dI2) = 1omd’/16.

For a hollow shaft of internal diameter d; and external diameter d,,:
The polar moment of inertia, Joow = 7(d,” - di*)/32.

Thotiow = T0J/max = To(a(d," - di*)/32)/(dol2) = 1624(n(d," - d;*)do)
For the shafts of the same length and weight, the cross-sectional area must be equal, i.e.
dl-df=d* - dJd =1 +d’/d*) (3)
From equations (1) to (3),

Thollow/ Tsolid
=(d," - dHI(d,d) = (d,* + dP)(d,d) = d,Jd + di*1(d,d) > 1. (proved).

Q.10.

Consider a uniform bar of original cross-sectional area A and length Ly subjected to equal
and opposite axial forces P at each end. The final deformed length of the bar is Ly. Then,
Stress o is defined as the force per unit area, i.e. ¢ = P/A. This stress is known as the
normal stress and may be tensile or compressive.

Strain ¢ is defined as the change in length per unit length, i.e. ¢ = (Ly— Lo)/Lo. This strain
is known as the normal strain and may be tensile or compressive.

Young’s modulus of elasticity E is defined as the ratio of stress to strain within elastic
limit, i.e. E = o/¢, 0 < Oajastic-

TF A F57 The F.B.D. of the rigid horizontal bar is shown in Fig.10.
Al From the equilibrium equations of the bar,
l SFy = F4 + Fg - 50000 = 0.
| S0000N | S0 = Fux60 - 5000040 = 0.
1720 cmi |~ 40cm | = F, =100000/3 N, Fj = 50000/3 N.
Fig.10 Let Ap be the cross-sectional area and op the stresss in the

rod B. Then, Ag = Fg/ o = (50000/3)/50 = 333.3 mm’.
As the rods are of the same length and their lengths remain equal after deformation, the
strains in the rods must be equal, ¢4 = &g = o5/Ep = 50/90000 = 1/1800.
Hence, the stress in rod A, o4 = Exe4 = 200000/1800 = 1000/9 N/mm?>.
The cross-sectional are of the rod A, Ay = Fa/ox = (100000/3)/(1000/9) = 300 mm>.

Q.11.

Let R4 and Rpbe the support reactions. As the loading is symmetrical about the centre,
R4y =Rgp = P/2.

The expression for the B.M. M between A and D is, M = R4x = Px/2, where x is measured
from A along the beam.

Using the moment curvature relation, the deflection v is obtained as follows.
Eld*vldx* = - M = - Px/2

Integrating, Eldv/dx = - Px*/2 + C

Due to symmetry, the slope dv/idx=0atx=1/2, C; = PI/8.

Integrating once more,

Elv =- Px’l6 + Cix + Cy = - Px’I6 + PI’x/8 + C,

As the deflection v = 0 at the support x =0, C, = 0.

Hence, the deflection at D (x = I/2), vp = PP [(24E]).
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SOLUTIONS D-02 APPLIED MECHANICS

(June 2004)

Q.1. a. D
b C
c A
d C
e B
f B
g C
h C

Q.2.

The F.B.D. of the wheel when it is just about to
roll over the block is shown in Fig.2. Just when
the wheel begins to roll over, there is no force
from the ground on the wheel at B. The wheel is
subjected to its own weight of 1000 N, the force P
and the reaction R of the block.

As the wheel is in equilibrium under three forces,
W, P and R only, the forces are concurrent and
pass through the point D.

From the geometry of the figure,

cosECA = CE/CA = 15/30 =1/2 — 260 = 60°.

If a two force body is in equilibrium, the forces must be equal,
opposite and collinear.

Rz R
(ZR>/2)y = j (rd6dr)rsin @ =j 2rdr =2R* /3.
00 0

The limiting force of friction F = uR.

The force required to move the load W down is Wtan(a - ¢).
For a < ¢, the load would not move down for zero force.

The moment of inertia of a semicircular section about its diameter
I=(172)zR*/4) = 32x cm*.

V=dS/dt =14t +10. Att=0, V=10 m/s.

The point of contra-flexure is a point where the beam curvature
changes sign and hence bending moment changes sign.

Torsional rigidity of a shaft is given by GJ.

angleCDA = (1/2)angleECA = 0 = 30°.
From Lame’s theorem,
P/sinf = W/sin(90-6) — P = W tand = 1000tan30 = 1000/N3 = 577.4 N.

Q.3.

Consider the T section to consist of two rectangular parts 1 and 2 as shown in Fig.3.
Let C(xc, yc) be the centroid of the T section. Let A; be the area and x;, y; the cooordiantes
of the centroid of the i™ part.
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The y coordinate of the centroid is obtained as e
ye= YAyl YAi A
= [(6x4)x3 + (2x8)XT]/( 6x4 + 2x8)

= 184/40 = 4.6 cm.

The moment of inertia I, of the T section about ~ 6cn
an axis parallel to the x axis through C would be y
I = TIBR D12 + i) (ve = y)’] \ N
= 4x6°/12 + 4x6(4.6 — 3)° i

|
|
i
i
@
c
|
i

+8x2%/12 + 8x2(4.6 — 7)° S2ent S2em S2ent 1S 2emi !
=231 cm*, Fig3
Q4.

The F.B.Ds. of the joints E, D and C are shown in Fig.4. The forces are assumed tensile
in the members and are assigned positive sign.

Y P Feg

X y
R DE T a0
Fep Cox —>X
450 D 2k b
Fce DE
Fzp Fac Fac
Joint E Joint D Joint C
Fig.4

Consider the equilibrium of joint E:

ZFx: - FCECOS45 =0— FCE:Q, ZF)’ :FDE' FCESiIl45 =0— FDE:Q'
Consider the equilibrium of joint D:

ZFy: - FBDSil'l45 + Fpg= 0— Fgp :Q, ZFx: —FCD—FBDCOS45 +2=0— Fep = 2 kN(T!
Consider the equilibrium of joint C:

S Fy= Fep + Fepcosd5 — Faccos45 = 0 — Fae = 2V2 KN(T).

ZF): FCESiIl45 - FAcSiIl45 - FBC =0— FBC= -2 kN, 1.e. 2 kN(C ).

Q.5.
The F.B.D. of the ladder is shown in Fig.5. The man is at D

(AD = d) for the ladder to start slipping. The ladder is
subjected to its own weight W at C, the weight of the man
W/2 at D, the normal reaction N4 and the limiting friction
force N4/2 from the floor at A and the normal reaction Np
and limiting friction force Np/3 from the wall at B.

From the force equlibrium equations,

ZFX = Np—N4/2 =0 and ZF)’= Ni+ Np/3-W-W/12=0.
Nx=9W/7 and Nz = 9W/14.

From moment equilibrium about A,

S My = — NgxTIN2—(N/3)xTN2+Wx3.5N2+(W/2)dIN2 = 0.
Substituting for Np in the moment equation, d = Sm.
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Q.6.

Let the effort P be given a virtual displacement Jp downward, then the virtua
displacement of the load W would be dy = dp/2 upward.

If the system is in equilibrium, the sum of the virtual work must be zero, i.e.

Pép— W5W=0. — P= W/2: SOON

Q.7.

Let a, be the uniform tangential acceleration of the car. If it starts from rest, the speed V
after time t would be,

V=a.

— a, = Vgo/60= (18x1000/3600)/60 = 1/12 = 0.083 m/s>.

The speed after 30 s would be V3p = a;x30 = (1/12)x30 = 2.5 m/s.

The normal acceleration a, = V3o*/R = 2.5%/250 = 0.025 m/s”.

Q.8.
The stress o = P/A = Pl(zd*/4) = 100x10%/(zd*/4) = 100x10°.

Hence, d = \(4/10007) = 0.03568 m = 3.568 cm.

The total elongation 0 = (P/E)[Li/A| + Ly/A; + Li/A3]

= 100x10*/(290x10°)[0.1/(1x0.03568%/4) + 0.15/(wx0.1%/4) + 0.15/(1x0.08%/4)]
=0.0514%x10" m = 0.0514 mm.

Q.9.
The F.B.D. of the girder is reproduced in Fig.9. The support reactions are determined by

considering its equilibrium,
30kN  AOkN S M4=9Rz—180x4.5-30x6-40x7.5= 0.

y
A

M Y gm* Y C >X ZFx: R4 + Rg - 20x9 — 30 40 = 0.
" 75m P — R4 =106.67 kN.
Om The S.F. V and the B.M. M are,
RA RB

0<x<6m:
14333 v _ _106.67 + 20x.
M = 106.67x — 20x°/2.

F.B.D. of girder

T . 6m<x<7.5m:
43.33 V=-106.67 + 20x + 30.
VIN) [e—5-33m sy M=106.67x—20x%2 +30(x - 6).
7.5m<x<9m:
SFED. V=143.33-20(9 - x).
M =143.33(9 — x) — 20(9 - x)*/2.
The S.F. and B.M. diagrams are also
280 shown in Fig.9.
The maximum S.F. V,,.. = 143.33 kN
at the right support, i.e. x =9 m.
>x The S.F. changes sign at x = 5.33 m.
B.M.D. The maximum B.M. is at x = 5.33 m
M,0,=284.4 KNm.

-106.67
284.4

M(KNm)
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Q.10.
The F.B.D. of the girder is shown in Fig.10. R4 and Rp

are the support reactions. From the equilibrium /r

lp =120kN

equations, A

SMy = RgxL —Pxa = 0. — Rp = PalL. ' |
YFy,=Rs+Rg-P=0.— Ry=P(L—a)L. < =i5m

The expression for the B.M. at any section x using L=t
singularity functions is: R4
M=-Rxx+P<x-a>=-P(L-a)x/IL+P<x-a>. Fig.10

If v is the deflection of the elastic line of the beam,
Eldvidx*=M=-P(L—-a)x/L + P < x - a>.

Integrating twice,

El dvidx = - P(L— a)x*2L + P < x - a>*12 + C;

Elv=- P(L—a)x3/6L +P<x-a>16+ Cix+C,
Atx=0,v=0— C,=0.

Atx=L,v=0— Cy=Pa(L -a)2L - a)/6L.

Hence, v = - P(L — a)x’/6L + P < x - a>>/6 + Pa(L - a)(2L - a)x/6L.
The deflection vp under the load P at x = a,

vp= Pd*(L — a)*/(3EIL)

= 120%x10’%4.5% (14 — 4.5)*/(3x210x10°x16x10*x14) = 1.55%10> m = 1.55 cm.

Q.11.

A shaft of diameter d is subjected to a torque 7. The shear modulus of the material is G.
The shear stress 7 at any radius r and the angle of twist 8 over a length L is given by the
torsion formula for circular shafts as

o/r=T/J = GO/IL,

where the polar moment of inertia of the cross-section J = zd/32.

(1) The maximum shear stress 7,,, would be in the outer fibers at 7., = d/2.

Tnan= T(dI2)1] = 16T/(nd’) = 16x560/(1x0.03%) = 105.63x10° N/m* =105.63 MPa.

(i1) The angle of twist 8 over a length L = Im would be

0 = TLIGJ = 32TL/(Grd") = 32x560x1/(82x10°x1x0.03%) = 0.0859 rad. = 4.92°.

(ii1) The shear stress 7 at » = 0.01m would be

v =TrlJ = 32Tr/( nd")= 32x560x0.01/(7x0.03*) = 70.42x10° N/m* = 70.42 MPa.
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SOLUTIONS D-02 APPLIED MECHANICS (December 2004)

Ql. a. C Displacement magnitude = [(12x1/2)2+(8x1)2]1/ 2 =10 km.

b. A As the body moves in the horizontal plane, the work done by
weight is zero.

C. D The distance of the centroid from each leg is 4/4 and hence from
the corner is b/\8.

d. B The mechanical efficiency = output/input = 120x10/(20x 80) =
: 0.75. or 75%.

e. D Simple harmonic motion is always in a straight line.
f. C The kinetic energy = Iw*/2 = (mL*/3)»*/2 = mL*w*/6.
g. A The maximum shear strain at the outermost fibers ym.x = 0r/L.

h. B In pure bending, the bending moment is constant and so the
curvature is constant.

Q.2a.
Resultant force in the x direction, F, = 8 — 16cos120 =8 — 16/2 = 0.

Resultant force in the y direction F, = 16sin120 = 16Y3/2 = 8\3 N
Acceleration the x direction a,= F/m = 0.
Acceleration the y direction a,= Fy/m = 8V3/2 = 43 = 6.93 m/s”.

Q.2b.
z 6kN Let the resultant R act downward at a point (xg, yr).
QN [3kN| T 7KN , YF:=0—>R=3+6+4+7=20N.
4 (l,ll)m (1.3)m Y Moy =0— xgR = 1x3 + 1x6 + 4x4 + 2x7 = 39

— xz =39/20 = 1.95 m.
2m S0, =0 — yrR= 1x3 +3%6 + 0.25x4 + 4x7 = 50
A x(4,0.25)m — yg=50/20=2.5 m.

Fig.2b

Q.3a.
The F.B.Ds. of ball A and ball B are

shown in Fig.3a.
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Q.3b.
The F.B.Ds. of the joints C, B, D and E assuming tensile forces in the members, are
shown in Fig.3b.
Fpa Considering the equilibrium of joint C:
ZFV =- FBCsin45 —-2000=0
— Fgc =2000V2 N = 2828.4 N(T).
50 ZFH:‘FDC+FBCSin45:0
2000N Fp Fge — Fpc=-2000 N = 2000 N(C).
Considering the equilibrium of joint B:
Joint C Joint B > Fu = - Fpa+ Fpcsind5 =0
— Fpa =2000 N = 2000 N(T).
Fpa BD ZFV=—FBD—FBcCOS45=0
459 Foc AE — FB.D =- 2000 N = 2090 N(C [.. .
Considering the equilibrium of joint D:
Fpg IpE S Fy = Fpasind5 + Fgp -2000 = 0
Re E — Fpa =4000V2 N = 5656.9 N(T).
2000N ZFH = ‘FDE + FDC_ FDACOS45 =0
) ] — Fpg=-6000 N = 6000 N(C).
Joint D Jomnt E At support E, only normal reaction R is possible.
Fig.3b Therefore Fag = 0.

Q.4.

The I section is divided in parts 1, 2, 3 as shown in Fig.4. Let xc, yc be the coordinates of
its centroid. Let A; be the area and x;, y; the

@:‘:> 1?Cm | coordinates of the centroid of the i part.
i 2cm By symmetry — xc = 0.
i ye =Y AxYA;
@>=.' = (20x13 + 20x7 + 40x1)/(20 + 20 + 40) =.5.5 cm.
! 10cm| Let I,, and I, be the second moments of area about
Zem—> : < the coordinate axes.Then,
v | L, = lexi = ZAiyiz + Z(b,h,3/12)
) Sem YAy =20x137 +20x7* + 40x1%= 4400 cm*
S bihi112=(10x2°+ 2x10°+ 20x2*)/12= 186.67 cm*
20em | 1(’6 — I, = 4400 + 740/3 = 4586.67 cm*
- Ly = YAx" + Y(hib[12)
Fig.4 =0+ (2x10° + 10x2° + 2x20%)/12 = 1506.67 cm”.

Let I¢y, and I¢y, be second moments of area about the centroidal axes parallel to Ox, Oy.
Icw = Ly — (FA) yo* = 4586.67 - 80x5.5% = 2166.67 cm*

Iy = Iy — (FA) xc* = 1506.67 — 80x0° = 1506.67 cm*

The polar moment about the axis through centroid Ic;; = Icxe + Icyy =3673.3 cm”,

The F.B.D. of the wedge being driven in the wood is shown
in Fig.5. Considering the equilibrium at impending motion,
Y Fy = uN;sin(0/2)—N cos(0/2)+N,cos(0/2) -uN, sin(6/2)= 0.
— (N2 —Ny)[cos(6/2)-u sin(0/2)]= 0.— N1=N, =N.

www. StudentBounty.com
-Homework Help & Pastpapers


http://www.studentbounty.com/
http://www.studentbounty.com
http://www.studentbounty.com

X F,=P-N;sin(6/2) - uN;cos(6/2) - Nsin(6/2) - uN, cos(6/2) = 0.
—P = 2N[sin(6/2) + ucos(6/2)].

For the wedge, depending on the coefficient of friction u, a force P; may be required to
keep the wedge in place without being squeezed out. The friction forces are reversed and
the force P; is obtained from the expression for P by changing the sign of u.

P =2N[sin(6/2) - ucos(6/2)].

The wedge is self locking if P1< 0, — x> tan(6/2).

Q.6a.
Horizontal velocity of the plane = 200 km/h = 200x1000/3600 = 55.56 m/s

At the time of firing, the plane is vertically above the gun. Therefore, for the shell to hit
the plane, the horizontal velocity of the shell must be the same as that of the plane.

Let 6 be the inclination of the gun to the horizontal. Then,

300c0sf) = 55.56 — 0 = cos™ = 55.56/300 = 79.3°.

The shell hits the plane at time ¢ and travels a vertical distance of 1000 m as a projectile.
300sin79.3 £ — 9.81 /2 = 1000 — * — 60.1 7 + 203.9 = 0 — t = 3.6s, 56.5s

The shell hits the plane at ¢ = 3.6s.

The horizontal distance of the plane from the gun = 55.56x3.61 = 200.6 m.

Q.6b.

The centripetal acceleration a, = VYR = »°R = 2°x0.5 = 2 m/s>.
The tangential acceleration a, = (dV/dt) = aR = 3x0.5 = 1.5 m/s>.
The total acceleration =a = \/(a,2 + atz) = \/(22 + 1.52) =2.5 m/s>.

Q.7a.

The F.B.D. of the 10 kg mass and 50 kg drum are shown in Fig.7a. 4

The equation of motion for downward acceleration a,, of the mass is Ocm

10g - T=10a,, (1) /

The equation of motion for the clockwise angular acceleration o of BN

the drum is

0.4T = Io. = 50x(0.3)°ax 2) Vo vT

The relation between angular acceleration of the drum and linear >0g TT

acceleration of the mass is

an,=0.4a 3) |

From equations (1) to (3) — a =6.43 rad/s” and T = 72.3 N. 10g l
Fig.7a

Q.7b.

The hammer falls freely. Hence the velocity just before impact with the plate,

Vi = V(2gh) = V(2x9.81x2.5) = 7 m/s

As the impact is perfectly plastic, both the hammer and pile move together after impact.
Their common velocity V just after impact is obtained from momentum conservation.

(50 + 20)xv = 50x7 — V=5 m/s.

Let R be the average resistance of the ground. Then from the work-energy principle
Work done against the resistance = Loss of Kinetic Energy + Loss of Potential Energy

— 0.1xR = (50 + 20)x5%/2 + 0.1x (50 + 20) x9.81— R = 9436.7 N.
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Q.8a.

6 Fra Ztk{l‘ 3
45 \\y
/ /
152V /
/ /

24 36 48
AL (mm)

Fig.8a

48

The tensile load extension diagram is as shown
in Fig.8a. The elongation is 0.8 mm at the
elastic limit load of 30 kN. Young’s modulus

E = (P/A)/(AL/L) for P <30 kN.

— E = (30x10%/100x107°)/( 0.8/200)

=75x10° Pa = 75 GPa.

For 0.2% proof stress oy the permanent strain
must be .002, i.e. AL =200x0.2/100 = 0.4 mm.
This 0.4 mm permanent elongation is obtained
by unloading from the 45 kN load.

Hence, gp = 45x10°/100x10° Pa = 450 MPa.
Ultimate stress g, = Max. load /Area of section.
—0, =60x10°/100x10° Pa = 600 MPa.

The permanent elongation after fracture = 3.6 mm. The permanent strain =3.6/200.
Hence, the % elongation = (3.6/200)x100 = 1.8%.

Q.8b.
The area A resisting the shear is A = ndt.
The punch force P =7 x A = 7 zdt.

Q.9.

The relation between power P, torque T and rpm N is P = Tx2aN/60.
— T = 628x10°x60/(2x3.14x200) = 30000 Nm.

Let d, be the outer diameter and d; the inner diameter of the shaft.
The polar moment of area of the shaft section is J = 7r(al,,4 - di4)/32.

The torsion formula for a hollow shaft is
From 7y./(do/2) = GO/L,

Tmax/(do/2) = T/J = GO/L.

— dy = 2Tma /GO = 2x80x10°%4/[80x10°%x(3%x3.14/180)] = 0.153 m = 153 mm.

From 7/J = GO/L and J = n(d,* - d*)/32,

— J=n(d,* - dH32 = TLIGO — di* = d,* — (32/3.14)x TLIGO

— d; = [d," — (32/3.14)x30000x4/[80x10

Q.10.
The F.B.D. of the beam is shown in

Fig.10. From beam equilibrium,

dYMp =-4R4 + 6x1 + 1x(3%x2) =0.
—>RA=3 kN.

YFy, =Rs+Rp—-1-3x2=0
—>RB=4kN

The S.F. V (kN) and B.M. M (kNm) are:
0<x<2m

V=1, M=-x.

2m<x<4m
V=1-3=-2,M=-x+3(x-2).

’x(3%3.14/180)]1"* = 0..126 m = 126 mm.

1kN 3kN/m
\ 4 ; ; A\ 4
_.ﬁx._._.AT .................. B
O A A
< 2m R‘: 2m 0 2m ‘R
4 EB.D B
1 ! N
V(kN)T NS -'
2 —2.67
S.E.D. ; :
M(kNm)T X |
/3‘m 4.67m
“ BMD
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4m<x<6m

V=1-3+3(x=4), M =-x+3(x2)-3(x-4)*2.

The S.F. and B.M. diagrams are also shown in Fig.10.

The maximum shear V,,,,, = 4 kN at the right support, i.e. x = 6 m.
V=1-3+3(x-4)=0atx=4.67 m. Hence, M,x = 2.67 kNm at x =4.67 m.
The BM.M =1 -3+ 3(x—4) =0 at x =3 m which is a point of contraflexure.

Q.11a.
Let A and B be points on the elastic curve of a beam of flexural rigidity EI. The slopes of
the tangents to the elastic curve at A and B are 6, and g, respectively. The tangential
deviation g4 is the displacement of point A from the tangent at B in a direction normal to
the undeformed elastic curve. Let M be the bending moment at any section.

The first theorem: The rotation between the Y
tangents at points A and B is equal to the N
area of the (M/EI) diagram between these
points.

~6,-6,=[ (M/Edx

The second theorem: The tangential
deviation of point A from the tangent at B, e
tass 1s equal to the first moment of the area

of (M/EI) diagram about an axis normal to the undeformed elastic curve through A.

B
typ = [ (M EIxdx

undeformed elastic line
/ oL

Fig.11a

Q.11b.

The B.M. at any section x, M = - Px.

P nET The B.M. M and (M/EI) diagrams are as
YB shown in Fig.11b.

~ As the tangent to the elastic curve at D is
) LA horizontal 6 = 0, the slope at B,

M T Op= - area (M/EI) diagram B to D=-)A,.
N Ay = (PLI2EI(LI2)/2 = - PL*/8EI,

R
@)
v

A
v
4

\

o PL|  Ay=(PL/AEDLI2 = - PLYSEI,
t A As = (PLIAED(L/2) /2 = - PLY/16EI
M/EL A EREL A7l —0s=5PLYIGEL
Di ; of th ids of A f
PLNEI PLNEI istances x; of the centroids o rom

the vertical axis through B are
Fig.11b x1=L/3, x,=3L/4, x3=5LI6
The deflection dp = tgp = Y Aixi.
— 0 = - (PL*/8EDL/3 - (PL*/8EDX3L/4 - (PL*/16EI)( 5L/6) = - 3PL*/16EI.
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