ENGINEERING MECHANICS

Civil engineering (2" Sem.)

Class notes with assighments (Module 2 and
module 3)

Reference book:
Engineering Mechanics by S Timoshenko, D.H Young
and J.V.Rao, McGraw Hill.



STRUCTURE:
MODULE 2

Rectilinear Translation- Kinematics- Principles of Dynamics- Concept of Inertial and Non-
inertial frame of reference, D'Alemberts Principles.

MODULE 3

Momentum and impulse, Work and Energy- impact

Curvilingar translation- Kinematics- equation of motion- projectile- D'Alemberts Principle in
curvilinear motion, Moment of momentum, Work- Energy in curvilinear motion.

Kinetics of Rotation of rigid body
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Assignment problem: Module 2 and 3

Rectilinear Translation: assignment 1

.................

5. A particle starts from rest and moves along FIG. B
a straight line with constant acceleration a. If
it acquires a velocity v = 10 fps after having traveled a distance s = 25 ft,
find the magnitude of the acceleration. Ans. a = 2 ft/sec.?

6. A bullet leaves the muzzle of a gun with velocity » = 2,500 fps. Assum-
ing constant acceleration from breech to muzzle, find the time ¢ occupied by
the bullet in traveling through the gun barrel, which is 30 in. long. Ans.
t = 0.002 sec.

7. A ship while being launched slips down the skids with uniform acceler-
ation. If 10 sec is required to traverse the first 16 ft, what time will be
required to slide the total distance of 400 ft? With what velocity » will the
ship strike the water? Ams. ¢ = 50 sec;v = 16 fps.

8. Water drips from a faucet at the uniform rate of n drops per second.
Find the distance z between any two adjacent drops as a function of the time ¢
that the trailing drop hus been in motion. Neglect air resistance and assume
constant acceleration g = 32.2 ft/sec?. Ans. z = gt/n + g/2n2

9. A stone is dropped into a well and falls vertically with constant acceler-
ation g = 32.2 ft/sec.2. The sound of impact of the stone on the bottom of
the well is heard 6.5 sec after it is dropped. If the velocity of sound is 1,120
fps, how deep is the well? Ans. 577 ft.

10. The rectilinear motion of a particle is defined by the displacement-
time equation r = xo(2e™ — e~**), in which z is the initial displacement,
k is a constant, and e is the natural loga-

rithmie base. Sketch the displacement- i

time and velocity-time curves for this
motion and find the maximum velocity
of the particle. Ans. Zmax = —kz0/2, Urnax
when ¢ = In 2/%.

11. If the velocity-time diegram for O 7 t
the rectilinear motion of a particle is the B = >
half wave of a sine curve as shown in Fig. FIG. €

C, find the total distance z that the
particle travels during the half-period time interval 7/2. Ans. & = Tm/T.

12. If the velocity-time curve shown in Fig. C is a parabola with vertical
axis, find the distance traveled by the particle during the time interval /2.
Ans. T = TUnma:/3.

13. An automobile starting from rest increases its speed from 0 to » with
& constant acceleration gy, runs at this speed for a time, and finally comes to
rest with constant deceleration az. If the total distance traveled is s, find the
total time £ required. Ans. ¢ = s/v + (v/2) (1/a, -+ 1/as).

14, The greatest possible acceleration or deceleration that a train may
have is g, and its maximum speed is ». Find the minimum time in which the
train can get from one station to the next if the total distance is 5. Aus.

bun = 3/0 +- ”/a.



Assignment 2
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1. An elevator of gross weight W = 1,000 lb starts to move upward with
constant acceleration and acquires s velocity v = 6 fps, after traveling a
distance s = 6 ft. Find the tensile force S in the cable during this accelerated
motion. Neglect friction. Ans. § = 1,003 1b.

2. The elevator of Prob. 1, when stopping, moves with constant deceleration
and from the constant velocity ¥ = 6 fps comes to rest in 2 sec. Determine
the pressure P transmitted during stopping to the floor of the elevator by the
feet of & man weighing 170 1b. Ans. P = 154 lb.

3. A train weighing 200 tons without the locomotive starts to move with
constant acceleration along a straight horizontal track and in the first 60 sec
acquires a velocity of 35 mph. Determine the tension S in the draw-bar
between the locomotive and train if the total resistance to motion due to

friction and air resistance is constant and equal to 0.005 times the weight of
the train. Ans. S = 12,620 Ib. ‘

4. The driver of an automobile, traveling along a straight level hlgh\vay,
suddenly applies the brakes so that the car slides for 2 sec, covering & distance
of 32.2 ft before coming to a stop. Assuming that during this time the car
moved with constant deceleration, find the coefficient of friction between the
tires and the pavement. Ans. p = 0.5.

5. A mine cage of weight W = 1 ton starts from rest and moves downward
with constant acceleration, traveling a distance s = 100 ft in 10 sec, Find
the tensile force in the cable during this time. Ans. S = 1,876 Ib.

6. A particle of weight W is dropped vertically into a medium that offers
a resistance proportional to the square of the velocity of the particle. The
buoyaney of the medium is negligible, and the resisting foree is f when f;he
velocity is 1 fps. What uniform velocity will the particle finally attain?

Ans. v = A/ W/f.
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7. If the system in Fig. B is releaser] from rest in the configuration shown,
find the velocity v of the block Q ufter it falls o distance 4 = 10 ft. Neglect
friction and inertia of the pulleys and assume that P = Q = 10 Ib. Ans.
v = 16.05 fpa.

8. A length ! of smooth straight pipe held with its axis inclined to the
horizontal by an angle of 30° contains a flexible chain also of length /. Neglect-
ing friction and assuming that, after release, the chain falls vertically as it
emerges from the apen end of the pipe, find the velocity » with which it
leaves the pipe. Ans. v = /3g0/2.

N T4l mecndmeas 2 T T 0 1 1. Ce -



Assignment 3

1. A body starts to move vertically upward under the influence of gravity
with an initial velocity re = 20 fps. Find (¢) the maximum height to which
it will rive and (4 the time required for it to return to its initiul position.
Take the starting point as the origin so that zo = 0 and neglect airresistance.
Ans. (@) roa. = B2 ft; (b) 1 = 1.24 sec.

2. A train is moving down a slope of 0.008 with a veloeity of 30 mph.
At o certain instant the engineer applies the brakes and produces a total
resistunce to motion equal to one-tenth of the weight of the train. What
distance z will the train travel before stopping? 4ns. z = 327 ft.

3. An elevator weighing 1,000 Ib is moving upward with a uniform velocity
of 12 fps. In what distance x will it stop after the power is shut off if the
friction force opposing motion is 20 Ib? Ans. 2 = 2,19 ft.

4. To determine experimentally the cocfficient of friction between two
materials, a small block of weight TV = 10 1b is projected with initial velocity
2o = 30 fps along a horizontal plane covered with the
same material. If the block travels a total distance
r = 45 ft before coming to rest, what is the coefficient
of friction? Adns. p = 0.3

5. Referring to Fig. A, find the acceleration a of
the falling weight P if the coefficient of friction
between the block @ and the horizontal plane on
which it slides is p. Negleet inertin of the pulley FIG. A
and friction on ifs axle. The following numerical
data are given: P = 101b, @ = 12 1b, p = T. dns. a = 3g/11.

6. A train moves with a uniform speed of 36 mph along a straight level
track. At a certain instant the engineer moves the thiottle so as to inerease
the traction by 20 per cent. What distance x will the train cover before
acquiting a speed of 45 mph if the resistance to motion is constant and equal
to ziy of the weight of the train?  Ans.  4.61 miles.

7. A police investigation of tire marks shows that a car traveling along a

straight level street had skidded for a total distance of 145 ft after the brakes
were applied. The coefficient of friction between
tires and pavement is estimated to be g = 0.6.
What was the probable speed of the car when the
brakes were applied? Ans. 51 mph.
i e Y S 8. A small block of weight 1V rests on an adjust-
able inclined plane as shown in Fig. B. Friction
is such that sliding of the block impends when
a = 30°. What acceleration will the block have when o = 45°? Neglect
any difference between static and kinetic friction. Ans, o = 0.3¢.
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Assignment 4

1. Two weights P and @ are connected by the arrangement shown in
Fig. A. Neglecting friction and the inertia of the pulleys and cord, find the
acceleration a of the weight . Assume that P = 40 Ib and @ = 30 Ib.

Ans. a = 8.05 ft/sec?.
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2. A block of weight 1, height 2h, and width 2¢ rests on a flat car which
moves horizontully with constant acceleration ¢ (Fig. B). Determine (a)
the value of the acceleration a at which slipping of the block on the car will
impend if the coefficient of friction is u and (4) the value of the acceleration
at which tipping of the block about the edge A will impend, assuming sufficient
friction to prevent slipping. Ans. a1 = ug; a2 = cg/h.

IFICUIONL TO DPTEVENT SUPpIng. Ans. di = uf; Gs = ¢g/ N

3. Assuming the car in Fig. B to have a velocity of 20 fps, find the shortest
distance s in which it can be stopped with constant deceleration without
disturbing the block. The following data are given:
c=21f,h=31ft g =05 Ans. s= 124 ft.

4. Neglecting friction and the inertia of the two-step
pulley shown in Fig. C, find the acceleration a of the falling
weight P, Assume P =8 1b, ¢ = 12 1b, and r; = 2.
Ans. a = 2g/11.

5. A mathematical pendulum hanging from the ceiling
of a railway car inclines to the vertical by an angle o during
starting of the train. What is the corresponding acceler- i)
ation of the train? Ans. a = gtan o FIG. C

6. A spring-suspended mass hangs from the ceiling of an
elevator cage. How will its natural period of free vertical vibration be
affected by acceleration of the cage?

e AR A SN O N R R T 1 < 1. Yrr et N o ~
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9. Two blocks of weights P and @ are connected by a flexible but inex-
tensible cord and supported as shown in Fig. F. If the coefficient of friction
between the block P and the horizontal surface is p and all other friction is
negligible, find (a) the acceleration of the system and (b) the tensile force § in
the cord. The following numerical data are given: P = 12 lb, @ = 6 b,
p=1g. Ans. a= 3.58 ft/sec; S = 5.33 Ib.

FIG. F AG. G

10. Two blocks 4 and B under the action of gravity slide dlown the inelined
plane C'D that makes with the horizontal the angle & = 30° (Fig. G). If the
weights of the blocks are W, = 10 Ib and W, = 20 1b and the coeflicients
of friction between them and the inclined plane are u, = 0.15 and u, = 0.30,
find the pressure P existing between the blocks during the motion. Ans.
CPPLPIIPI PP I P = 0‘87 lb‘

12. Find the tension S in the string during motion of the system shown in
Fig. I if TV, = 200 1b, W: = 100 Ib. The system is in a vertical plane, and
the coefficient of friction between the inclined plane and the block W, is
g = 0.2. Assume the pulleys to be without mass. Ans. S = 57 Ib.

13. A rectangular block of weight @ = 200 1b rests on a flatcar of weight
P = 100 Ib which may roll along the horizontal plane AB without friction
(Fig. J). The cur and block together are to be accelerated |
by the weight 1V arranged as shown in the figure. Assuming
thut there is sufficient friction between the block and the car
to prevent sliding, find the maximum value of the weight IV
by which the ear ean be accelerated. What will this
acceleration be? Ans. Wi, = 1001b; a = 8.05 ft/sec?.
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*14, A system of weights and pulleys is arranged in a vertical plane as
shown in Fig. K. Neglecting friction and the inertia of the pulleys, find the
acceleration of each weight if their magnitudes are in the ratio W,: Wi: W, =
3:2:1. dns. & = g/17; % = 5g/17;%. = —7¢/17.



Assignment 5

1. For the ideal system shown in Fig. A, the weight W, hangs at the height
£y = h above the floor in the equilibrium configuration. Calculate the
potential energy of the system with reference to this configuration if W, is
pulled down te the floor (z: = 0). Neglect the mass of
the spring and cord and rotational inertin of the pulleys.
The following numerical data aregiven: W, = W,y = 101D,
k=2Ilb/in, h = 2in. Ans. V = 4 in.-lb.

2. If the system in Fip. A is released from rest in the
configuration defined by =; = 0, what maximum height
above the floor will the block W; attain after release?
Amns. (xl)mn = 8 in.

*3. Calculate the period of free vibration of the system
in Fig. A if the weight W, performs small oscillationy
xy = a cos pt about its position of equilibrium. Use
the same numerical data as in Probs. 1 and 2. Ans,
T = 1.60 sec.
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7. If the system in Fig. B is releaserl from rest in the configuration shown,
find the velocity r of the bloek Q ufter it falls o distance & = 10 ft. N eglect
friction and inertia of the pulleys and assume that P = @ = 10 Ib. Ans.
¢ = 16,05 fpx.

B. A length ! of smooth straight pipe held with its axis inclined to the
horizontal by an angle of 30° contains a flexible chain also of length I, Neglect-
ing friction and assuming that, after release, the chain falls vertically as it
emerges from the apen end of the pipe, find the velocity » with which it
leaves the pipe. Ans. v = 4/390/8.

N T&4ha meendmans 2o T T oL 1 1 RS ~



Assignment 6

3. Several identical blocks, each of mass m, rest in o row on a perfectly
smooth horizontal planc so that their centers of gravity lie on a straight line,
Another block, also of mass m, is moving along this line with velocity » and
squarely strikes one end of the row. Diseuss what will happen if the blocks
are all perfectly elastie.

4. A wood block weighing 9.95 1b rests on a rough horizontal plane, the
coefficient of friction between the two being u = 0.4, If a bullet weighing
0.05 1b is fired horizontally into the block with muzzle velocity » = 2,000 fps,
how fur will the block be displaced from its initial position? Assume that the
bullet remains inside the block. Ans. 3.88 ft.

5. A golf ball dropped from rest onto a cement sidewalk rebounds eight-
tenths of the height through which it fell. Neglecting air resistance, deter-
mine the coefficient of restitution. Ans. ¢ = 0.9.

6. For the two balls in Fig. A find the velocities vy and vy after an elastic
impact if, before impact, v, = v, 02 = 0, and Wo = 2W,. dns. 2y = —2/3;
vy = +2u/3.

7. For the two balls in Fig. A, find the velocities »; and vy after impact if
Moo= 0, vy =0, Wa= 3W, and the coefficient of restitution ¢ = 5. Ans.
vy = —v/8; vy = +3u/8.

% Uy ”2
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Assignment 7
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1. A mortar fires a projectile across a level field so that the range » is a
maximum and equal to 1,000 yd. Find the time of flight. Ans. {=13.7 sec.
2, In Fig. A, a projectile is fired horizontally from point 4 with initial
velocity vo = 360 fps. Find the range r to the target B.  Ans. r = 2,840 ft.
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3. In Fig. B the pilot of an airplane flying horizontally with constant speed
v = 300 mph at an elevation 2 = 2,000 it ahove a level plain wishes to homb
a target B on the ground. At what angle 8 below the horizontal should he
see the target at the instant of releasing the bomb in order to score a hit?
Neglect air resistance. Ans. 6 = 22°12’,

4. A mortar having muzzle velocity vy = 707 fps fires for maximum range
across a level plain. Neglecting air resistance, calculate the time of flight
of the shell. Ans. ¢ = 31.1 sec.

Assignment 8

1. A circular ring has a2 mean radius r = 20 in. and is made of steel for
which w = 0.284 1b/in.? and for which the ultimate strength in tension is
60,000 psi. Find the uniform speed of rotation about its geometric axis
perpendicular to the plane of the ring at which it will burst. Ans. 4,300 rpm.

2. Find the proper superelevation ¢ for a 24-ft highway curve of radius
r = 2,000 ft in order that a car traveling with a speed of 50 mph will have no
tendency to skid sidewise. A4dns. e = 2.00 ft.

3. Racing cars travel around a circular track of 1,000-ft radius with a
speed of 240 mph. What angle a should the floor of the track make with the
horizontal in order to safeguard against skidding? Ans. a« = 75°27%

4. A particle 4 of weight W is suspended in a vertical plane by two strings
as shown in Fig. A. Determine the tension S in the inclined string O4
(a) an instant before the horizontal string AB is cut
and (b) an instant after this string is cut. Assume
L2l the string OA inextemsible. 4dns. S, = W sec «;
S = W cos a.

5. Two balls of weights W, = 10 lband W, = 15 1b

l c
10" 157

= Wk a]
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FIG. A FIG. B



Assignment 9

1. A small ball of weight TV, attached to the end of a string, is supported
by a smooth horizontal planc and travels with uniform speed v, in a eircular
path of radius » (Fig. A). By pulling the string at the lower end, the radius
of the path is reduced to r/2. Determine the new velocity of the ball and
the tension § in the string. Ans. v = 2u; o
S = SWudigr.

2. A conical pendulum of length I = 20 in.
rotates with constant speed » in a horizontal
eircular path of radius r = 10 in. as shown in

<=y

FIG. A
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3. If the ball shown in Tig. A is given an initial velocity s in the circular
path of radius r and the coefficient of friction between it and the horizontal
plane is y, determine, by using Eqg. (60), the time interval ¢ required for the
ball to come to rest. Ans. &= vo/ug.

4. A heavy particle suspended vertically by a long string so that it can
swing freely under the influence of gravity is sllowed to describe a small
horizontal elliptical path centered about the position of equilibrium 0. Tf
the major and minor semiaxes of the ellipse are ¢ and b, respectively, find
the ratio of the velocity v. with which the particle crosses the y oxis to the
veloeity vy with which it crosses the z axis. Ans. v./v, = a/b.

5. The motion of a particle of mass m in the zy plane is defined by the
equations

z = a cos pt y = b sin pt

where a, b, and p, are constants. Caloulate the moment of momentum of
the particle with respect to the origin 0. 4dns. H, = abpm.

A MTha vantione AF 4 ookl e



Assignment 10

1. A simple pendulum of weight W and length I as shown in Fig. A Is
released from rest at 4 (@ = 60°), swings downward under the influence of

Visit : www.Civildatas.com
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354 CURVILINEAR TRANSLATION [Art, 7.4

gravity, and strikes a spring of stiffness ¥ at B. Neglecting the mass of the
spring, determine the compression that it will suffer. A4ns. & = /Wi/k.

FIG. A FIG. B

2. The simple pendulum in Fig. B is released from rest at A with the string
horizontal and swings downward under the influence of gravity. HRxpress
the velocity v of the bob as a function of the angle 8. Ans. v = /2yl sin 8.

3. If the simple pendulum of weight W in Fig. B is released from rest in the
position 4, find the tension 7 in the string OB as a function of the angle 4.
Ans. T = 3W sin 6.

4. If the pendulum in Fig. C is released from rest in its position of unstable
equilibrium as shown, find the value of the angle ¢ defining the position in
its downward fall at which the axial force in the rod changes from compression
to tension. Ams. « = arccos & = 48°11’,
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7. Referring to Fig. F, assume thut the ball I of weight W is released from
rest i the position 8; = 60° and swings downward to where it strikes the ball
11 of weight 3W. Assuming an elastic impact, calculate the angle 8, through
which the larger pendulum will swing after the impact. Ans. 6, = 28°57'.

8. In the system shown in Fig. F, the ball I is allowed to swing downward
from rest in the position defined by the angle 8, = 45° and 1o strike the ball
I1, which, after impact, swings upward {o the position defined by the angle
8, = 30°. If the weights of the balls are equal, find the coefficient of resti-
tution e for the materials. Ans. & = 0.35.

9. In Fig. G & small ball of weight W = 5 lb starts from rest at O and rolls
down the smooth track OCD under the influence of gravity. Find the
reaction R exerted on the ball at ' if the curve OCD is defined by the equation
y = hsin (zz/l) and h = 1/3 = 3 {t. Ans. R = 15.95 lb.



