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Mechanical Parameters and Components

Displacement Velocity Acceleration




Basic structural dynamics |
Single degree of freedom system . e
Example : mass-spring-damper system :

_ c(dx/dt)
m —

= A

- kx %

OOOIOAIAAANAN

Equation of free vibration :

mass x acceleration = spring force + damper force

mX =  -kX —CX

mX+cX+kx =0

equation of motion



Basic structural dynamics |
Single degree of freedom system . e

Example : mass-spring-damper system :

C

AWM —

Kk

OOOIOAIAAANAN

Equation of free vibration: mX+cX+kx =0

Ratio of damping to critical c/c,. ¢ =

often expressed as a percentage



Basic structural dynamics |

Single degree of freedom system . e

Damper removed :

7

Z

Z

m

X(t) %

7

7

7

Z

Equation of motion : mX+kx =0

Undamped natural frequency : n, = 1 / K _ %
2r\m 2«

Period of vibration, T : T zz_ﬂzi

@ N

kX = —m¥X

—mX IS an equivalent static force (“inertial’ force)



Basic structural dynamics |
Single degree of freedom system . e

Free vibration following an initial displacement :

C

AWM —

Kk

OOOIOAIAAANAN

Initial displacement = X,

X(t) = C.e™ cos(wty1-¢° —a)

k X, ?
o =— C= % tang = |-
m 1-¢ 1-g




amplitude

Free vibration following an initial displacement :
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Basic structural dynamics |

Single degree of freedom system :
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Basic structural dynamics |

Single degree of freedom system . e

Free vibration following an initial displacement :
Ce ™
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Basic structural dynamics |
Single degree of freedom system . e

avriiE

Equation of motion :

Response to sinusoidal excitation :

C

Frequency of
excitation

AWM —

Kk

OOOIOAIAAANAN

mX +cX + kx = F(t) = F,sinwt

Steady state solution:  X(t) = (FO /k) H(n) Sin(a)t + ¢)

1 ™ = 271th




Basic structural dynamics |
Single degree of freedom system . e

Dynamic amplification factor, H(n) . | |
Critical damping ratio —

damping controls amplitude at

C:O 01 resonance
100.0 “
/\/ £=0.05
10.0
£=0.2 c=0.1

H(n)

=
o
S |
i
O
[
/
w A
P

0.1
n/ni

~ Fo

Atn/n; =1.0, H(n)) =1/2¢ Then, X max =2k
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Basic structural dynamics Il

Response to random excitation . e

//va(_t)m

Consider an applied force with spectral density Sg(n) :

AWM —

Kk

OOMIIIIIIIIN

Spectral density of displacement :
S, (N)=(UK)2|HM)|*.Se(n)  see Lecture 5
IH(n)|? is the square of the dynamic amplification factor (mechanical admittance)

Variance of displacement :

o, 2= j Sx(n)dn:(llk)Z.J‘ H(M)|* .S (n) dn
0 0



Basic structural dynamics Il

Response to random excitation : e

Special case - constant force spectral density Sg(n) =S, for all n (“white
noise’):

1 2 I 2 1 2 I 1
2
o =(ﬂ S, [ [Hm)|* an :(Ej S| dn
0 0 n n
, (1)2 (nnlsoj
o, =|—| .
K 4

The above ‘white noise’ approximation is used widely in wind
engineering to calculate resonantresponse - with S_taken as Sg(n,)




Earthquake Protective Systems

Passive Protective Systems Hybrid Protective Systems

Active Protective Systems

Tuned Mass Damper

Active Isolation

Energy Dissipation

Active Mass Damping

Semi-Active Isolation

Base Isolation

Active Bracing

Semi-Active Mass Damping

Adaptive Control




Response

Control

Passive ]
I_C: onitrol

. —Ball Bearing
Sliding or Rolling - -
—}-Slid late
i s ide Plate Bearing

Seismic ~Sliding LLayer

Isolation —Multi-rubber Bearing;

~Double Column
—Flexible Pile

—IHysteretic Type _—EIS_;BT;
a

Flexible Element

Energy

 Absorption [~ Friction Type

rI—Iydralﬂic Type
L Viscous Type Viscous Type
LViSGG—elastic Type

Ma d Spring Type
Mass Effect P i
Pendulun Type

Active

L (FIybrid)-]
Control

Mechanism _
Sloshing of Liguid

Mass Effect {Ac}tive Mass Damper

[ Mechanism | Hybrid Mass Damper

Stiffness

Control —Variable Stiffness System

Force

- ——— Active Tendon

Control
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