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16 MARKS

QUESTION BANK

EXAMPLE 22 A system vibrating with a natural frequency of 6 Hz starts with an initial
amplitode (o) of 2 cm and an initial velocity (o) of 25 cm/s. Determine the natural period,
amplitude, maximum velocity, maximum acceleration and phase angle. Also write the equation

of motion of a vibrating system.

Selution: Given details:
f=6Hz
X=2cm
%= 25 cm/s

The natural period is given by, T=5,-=%=0.l67s

The ampliade of motion A-"4+[£t-])

where, @, =2x f =2x(6) =377 rad/s

or  A=21lcm
The maximum velocity of a system is given by
Sy = AD, = 2.11x37.7
= 7944 cols
The maximum acceleration of a system is £ = A@? =2.11x37.7
= 2994.76 cm/s?

— gy

i

= 71°39°23"
= 1.25 rad.

Equation of motion is x = Asin(at + §) = 2.11 sin(37.7t + 1.25)

CE6701-STRUCTURAL DYNAMICS & EARTHQUAKE ENGINEEERING

PAGE 7 OF 15



SRI VIDYA COLLEGE OF ENGINEERING & TECHNOLOGY

QUESTION BANK

EXAMPLE 23 A vertical cuble 3 m long has a cross-sectional of 4 supports
1 area of 4 em?
awmghtufjum.Wbmndllbememwwiudmﬂnamzﬂﬁaqumyuﬁha:ym?

E =21 x 10° kg/cm?.

Solution: Given details:
A =4 cm?
w = 50 kN

w  50x10°
g 9.81 kg

E =21 x 10° kg/em?

) AE  4x2.1x10°
Stiffness knT=T=TM]kycm

= 7000 x 981 = 6.867 » 106 N/m

et Y
frequeacy, P Jn_: 5096.8

= 36.7 rad/s

Natural period, T=-%

=17 s
Frequency f ==-=5.84 Hz (o) cps

EXAMPLE 24 Aonakgmmiunﬁpcndedbynspdngimﬁngasﬁiﬁ:essnﬂm.

Dehnﬁmmmmﬁtqmmymwﬁcdeﬂuﬁmﬂmesm
Solution: Given deails: -
k=1 N/fmm = 1000 N/m

m=1kg
Nawmral frequency . m,rnJE=1HH =31.62 radis .
m 1
f=i;’;-=5.n3m
Static deflection &,
We know thar, w, =

£
” &“

8, :ﬁ%:aalxmﬂmﬂ.m mm

L

EXEAMPLE 25 A chﬂembmSm!nngmppom:m of 500 kg at its upper end. Find
4

hcmuu'alpﬂiuda.nduaturalfmqumq.}_‘.'zllx-lﬂ‘kg.fnmlnnd.':l}ilﬂcm.

ED
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Flomeal atifincss for 2 castilever beam, g,igi,k___:!xz.lxlo‘xlaoo

= 303 kg/ecm = 303 x 981 N/cm

- =29Tx 10° Nfcm
’wxlo’
Nataral frequency @, =J§= T
= 24.37 red/s
or f.=%"-=3.88cps
Natural period T=}-§)1-0.263

QUESTION BANK

EXAMPLE 26 A cantilever beam AB of length L is attached to a spring & and a mass M &
abowninﬂmlll(a)?wmmeeqmdmofmand(b)ﬁndmwﬁxm

frequency of motion.

>
V7777777778
3
@

Figure 2.12
Solntion:
(a) Equation of motion
Stiffness due to the applied mass M is k,-ﬁ=3g

This stiffness k) is acting parallel to &
.. Bquivalent spring stiffness k, = &, + k

The differential equation of motion is
mi=—~k,x
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= mi-l-k'x:ﬂ
3
= m?+[3—€'l-:;n =0
. 3El + il
r+ =
= [ T ].r 0
{b) The frequency of vibration is :

_'.JE -I_.I

27 2x

EXAMPLE 2.7 Mhmwﬂfﬂemu:hmuhmz
h:-‘gﬂmmhqm%w"=lﬂu 13. Take

m-r'l'u*g

ﬁgum 213

Solation: mmmmummﬁmzu
Mwhmdhzmmpuuﬂ
Equivalent stiffness k,; = k, + k; = 2000 + 2000
= 4000 N/m
“m“’m"ﬂmﬂpﬁuﬂmﬂm&,
Equivalent stiffness, ke = kyy + &y = 4000 + 3000
= 7000 N/m
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10kg 10kg

Figure 2.4

Natural frequency, n S 1’ 10

= 26.46 rad/s

wl
or f=;=4.21}lz

EXAMPLE 2.8 Consider the system shown in Figure 2.15.
If ky = 2000 N/m, k; = 1500 N/m, ky = 3000 N/m and ks = ,=SMNIm.ﬁndthemmif
the system has a natural frequency of 10 Hz.
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Solution: Given details:
ky = 2000 N/m, k&, = 1500 N/m
k,=3NONIm. k‘=k5=500NIm
J =10 Hz.

The springs &, k; and k, are in series, Their equivalent stiffness
1 ; PR O 1 1 1

% B TETE 2000 1500 3000

or k,,=666.67NIm.

QUESTION BANK

The two lower springs kg and ks are connected in parallel, so their equivalent stiffness

ky = kg + ks = 500 + 500 = 1000 N/m

Again these two equivalent springs are in parallel,
k, = k,, + ky = 666.67 + 1000

Figure 26 Equivalent spring.

T @I Twew e vy g

= k, = 1666.67 N/m
a’.
T~
= o, = 271f = 2x(10)
= @, = 62:83 rad/s
But m.-_- i
m
= wf:f-
m
k, 1666.67
* =9 _J_.
o (6283
= 26.52 kg

CE6701-STRUCTURAL DYNAMICS & EARTHQUAKE ENGINEEERING

PAGE 12 OF 15



SRI VIDYA COLLEGE OF ENGINEERING & TECHNOLOGY QUESTION BANK

EXAMPLE 29 Determine the natural frequency of the system shown in Figure 2.17.
Selution:
381 _3%200x10° x1.6x10°

43

For a cantilever beam, the stiffness is &, =

al.leO’wm
Nwhobemamuspdngk.mﬁngmumsmbmadonhhmwhhh
This series combination is in parallel with k; and k,.

k, =k +k, =4x10° +6x10°
= 10 x 10° N/m

g Ky = 8x 10° Nim
E=200x10" Nm®

§ ‘ L=4m
J=16%x10"m"

g k=3 x 10° Nim

m= 500 kg

Ky = 4 10° Nim K, = 8% 10° Ném

IS NN NN
Figure 2.17

Bot T S ] : — +0X10%)

‘ 1 1
(k. +h, ]+Z (l.sx,m’ +8xlo’)+3xlo’
k, = 1228 x 10° N/m.

Natural frequency @, = F Jlmxw’

= 49.56 rad/s
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EXAMPLE 2,10 A simply supported rectangular beam has a span of 1 m. It is 100 mm wida
and 10 mm deep. It is connected at mid-span of a beam by imeans of a linear spring bhaving a
stiffness of 100 kg/cm and a mass of 300 kg is attached at the other end of spring. Determine
the natural frequency of the system. Take £ = 2.1 x 10° kg/em?.

Solution:
. < 48E7
maiffmofamplywppumdbumuk,--T
b»d® 1001)° 4
~,-l2' 7 =0.833 cm
i —_SOmm : Somm ___
?mw
m =300 kg
I
ks
k!
m
Figure 2.18
100 mm
10mm[ I
Figure 2.19
£ = 38%2.1%10° x0.833
b
100y’
= 84 kg/cm
) %mmk,m@mmsaiu.ﬂweqtmﬂemsﬁﬂmofmecowmmh
given
T e S
— T — — — —
k, & & 8 100
= k. = 45.65 kg/cm

CE6701-STRUCTURAL DYNAMICS & EARTHQUAKE ENGINEEERING
PAGE 14 OF 15



SRI VIDYA COLLEGE OF ENGINEERING & TECHNOLOGY QUESTION BANK

Logarithmic Decrement Method

mmhmdwmmmmmmdmmwmmmm
Mm\pﬁmdchiuoryofasymmismmwdndmorded.

shows the amplitode decay curve. Logarithmic decrement is defined as the
mwmammbdmmmmmammrm
Vﬂntiou.ltlsadlmensionlcspamm.ltisdcnowdbyasymbol&

S=hL
bt |
In case of underdamped system. the general solution is given by
x= Xe ™ (sinayt +¢)
Let the displacemenm within one cycle is X

Amplitude x, = xe ™™
Let x is the displacement after one cycle
Amplitede x, = 2" +7,)
= X ......“‘i’:_._.
N xePM(a+T,)
B
Taking logarithm on both sides
loc{“ = pw,T,
b |
8= poT, = 07, = ——aT,
e o= ;"';T,
b
where Tys ~~atu
@,y =p°
= 5= ‘: x - = . 9 rZR
m 0.\I| -p’ t Vl —P:
= 8: ZRP

CE6701-STRUCTURAL DYNAMICS& EARTHQUAKE ENGINEEERING
PAGE 15 OF 15



