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1-“Dynamics of Structures”, R.W. Clough and J.Penzien, Computers and Structures Inc.,
3" edition, 2003.

2- “Dynamics of Structures, theory and application to earthquake engineering”, A.K. Chopra,
Prentice-Hall, 1995.
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In the Name of God

Dynamics of Structures

Problems of ch. 4 Response to Harmonic Loading

1. Consider the basic structure of Fig. P1 with zero damping and subjected to
harmonic excitation at the frequency ratio § = 0.8 . Including both steady-state and

transient effects, plot the response ratio R(t).

I—"U{I}

m — p(1)

k (@] Q

Fig. P1

2. Consider the basic system of Fig. P1 with the following properties: m =350 ton
and k = 4000 Kn/m. If this system is subjected to resonant harmonic loading
(o =m) starting from “at rest” conditions, determine the value of the response
ratio R(t) after four cycles ( ®t=8x), assuming:

@c=0

(b) ¢ =90 Kn-Sec/m

(c) c =350 Kn-Sec/m

3. Consider the same vehicle and bridge structure of Fig. P2. Assuming that the
mass of the vehicle is 1800 kg, the equivalent stiffness of the spring system is 225
Kn/m and the damping is 40 percent of critical.

Determine:

(a) the vehicle speed required to induce resonance in the vehicle spring system.

(b) the total amplitude of vertical motion V:nax at resonance.

(c) the total amplitude of vertical motion V:nax at the speed of 72 km/hr.
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W= 20 KN J V(1)
—— Speed
k k
7 1 & = Bridge surface
30 mm &
A i —
- L=1lm -

Fig. P2

4. A control console containing delicate instrumentation is to be located on the floor
of a test laboratory where it has been determined that the floor slab is vibrating
vertically with an amplitude of 0.76 mm at 20 Hz. If the weight of the console is 360
kg, determine the stiffness of the vibration isolation system required to reduce the

vertical-motion amplitude of the console to 0.127 mm.

5. A sieving machine weighs 30 Kn, and when operating at full capacity, it exerts a
harmonic force on its supports of 320 Kn amplitude at 12 Hz. After mounting the
machine on spring-type vibration isolators, it was found that the harmonic force
exerted on the supports had been reduced to 225 Kn amplitude. Determine the

spring stiffness k of the isolation system.
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In the Name of God

Dynamics of Structures

Problems of Ch. 5 Periodic Loading

1-Express the periodic loading shown in Fig. P1 as a Fourier series. Thus, determine

the coefficients a, and b,, for the periodic loading given by

P(t)=P, sin(i—n t) (0<t<2m)

p

P(t)=0 2r<t<3m)

Then write the loading in the series form.

p(1)
p(t) = p,sin 3 t
/ ’ ]P

: /\
l \/ |
3 3

T

i

3

Fig. P1

2- Repeat Prob. 1 for the periodic loading shown in Fig. P2.

y p(1)
» [
iﬁ
2
e
T, 7, T,
2 2 2
Fig. P2
1
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3- Consider the system and loading shown in Fig. P3. The loading consists of the
positive portion of a simple sine function. (a) Express the loading as Fourier
coefficients. (b) Determine the response of the system to the loading.

Assume 10% damping.

p(t) ,

/ Py sin —T.r

I A VA,

=

m — p(1) ‘
il A'I

-~
BN
-
'
-

t~J|H“"J
t~..')| -~

t~..')| -3

]

(a) (b)
Fig. P3

4- The periodic loading of Fig. P4 can be expressed by the sine series

P(t) = 3b_sin(®, 1)
n=l
where

-2 1y

Plot the steady-state response of a SDOF structure to this loading for one full

period, considering only the first four terms of the series and evaluating at time

increments given by @, At =30". Assume 0% damping.

plr)

Yr, o T, T,
2 2 2 2
Fig. P4
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In the Name of God

Dynamics of Structures

Problems Set Impulsive Loading

1.

max

Maximum response ratio R

Consider a basic SDOF dynamic system with the following properties: W = 2700

N and k = 200 KN/m. Assume that it is subjected to a half sine-wave impulse of
amplitude P, =2250 N and duration t;, =0.15 sec. Determine:

(a) The time at which the maximum response will occur.

(b) The maximum spring force produced by this loading. Check this result with

that obtained by use of response spectrum curve(Fig. P1).

/I R-lecting uldr

Half sine wave
]

2.0 7 o
1.6 / f’fém ‘“‘“:_.;——-—-é%:i& -
/ P B
i

] ——
. /

S
N4

0

o 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0
_. Iy Impulse duration
Ratio = Period

Fig. P1 Displacement-response spectra (shock spectra) for three types of impulse
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2. A triangular impulse that increases linearly from zero to the peak value is
expressed as P(t) =P, (t/t,) (0<t<t,).

(a) Derive an expression for the response of a SDOF structure to this loading,
starting from “at rest” conditions.

(b) Determine the maximum response ratio

u
R — - max
max PO /K

3
resulting from this loading if t, = on

3. A quarter cosine-wave impulse is expressed as :
_ 2
P(t)=P, cos(ot) O<t<—
)

(a) Derive an expression for the response to this impulse, starting from rest.

(b) Determine the maximum response ratio
u ) _
R, =7 if o=o
P, / K

4. A basic SDOF system, having the following properties, k=4000 KN/m and

m=700 Ton, is subjected to a triangular impulse of the form of Fig. P4 with
P, =68 KN and ty =0.15T.

(a) Using the shock spectra of Fig. P1, determine the maximum spring force

fs,max-
(b) Using approximate method, compute approximately the maximum displacement

and spring force; and compare with the result of part a.
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ty ~t=t-1t,

e Phase | +—— Phase II

Fig. P4

5. The water tank of Fig. P5(a) can be treated as a SDOF structure with the
following properties: m = 700 Ton, and k = 8000 KN/m. As a result of an
explosion, the tank is subjected to the dynamic-load history shown in Fig. P5(b).
Compute approximately the maximum overturning moment My at the base
of the tower using approximate method and evaluating the impulse integral by
means of Simpson’'s rule:

jP(t)dt = %(P0 +4P, +2P, +4P, +P,)

pir)
pir} 230 KN
45 m 160 K
68 KN
s Ll L F
0 1 2 3 4
Miw - 0.05 ok 0.05 § 0,05 - 0.05 |
() (f)
Fig. P5
3
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following properties: m = 700 Ton, and k = 8000 KN/m. As a result of an
explosion, the tank is subjected to the dynamic-load history shown in Fig. P5(b).
Compute approximately the maximum overturning moment My at the base
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In The Name Of God

Dynamics of Structures

Problem set #1 Free Vibration

1- For the system of Fig. P1, determine:
(a)the equivalent stiffness

(b)the natural frequency and period.

‘ 3m

I ¢50 , E =200 GPa

k=3600 N/m

m:60kg

Fig. P1

2- The mass m of the building of Fig. P2 is 90 ton and the building is set into free
vibration by releasing it (at time t = 0) from a displacement of 30 mm. If the
maximum displacement on the return swing is 22 mm at time t = 0.64 sec,
determine:

(a) the lateral spring stiffness k

(b) the damping ratio &

(c) the damping coefficient ¢

Y
Weight W=mg

k/2 k/2

Fig. P2




3- Assume that the mass and stiffness of the structure of Fig. P2 are as follows: m =
350 ton, k = 8000 kKN/m. If the system is set into free vibration with the initial

conditions v(0) = 1.8 cm and Vv, =142mm/sec, determine the displacement and

velocity at t = 1.0 sec, assuming:
(a) ¢ =0 (undamped system)
(b) ¢ =490 kN.sec/m

4- Assume that the mass and stiffness of the system of Fig. P2 are m = 875 ton and k
= 4000 kN/m, and that it is undamped. If the initial displacement is v(0) = 46 mm,
and the displacement at t = 1.2 sec is also 46 mm, determine:

(a) the displacement at t = 2.4 sec

(b) the amplitude of free vibration p

5- Assume that the beam is rigid.
(a) Calculate the natural frequency and period.
(b) Compare the results with the SAP2000 program.

3000 kg/m
3000 kg/m _—

- - |

o o €
E % o
0 m il
< e a
T avaves

(@) (b)

Fig. P5




6- The one story frame shown in Fig. P6 is subjected to the initial conditions
V, =12.7mm and V, = 25.4 mm/sec. Determine:

(a) The lateral displacement equation of the rigid beam.

(b) The equation of base shear and overturning moment.

(c) The equation of bending moment and shear force in columns.

(c) The maximum displacement of the beam, shear force and bending moment of the
column.

h=3m L=6m 1=101x10° m* E=204 GPa

w=300 KN/m
|






