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Viscous dampers: impression

Viscous damper in a building
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Viscous dampers: impression

Video: Dampers for
earthquake protection

Viscous damper in a frame structure
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https://youtu.be/xp2pGxFzrzI

Viscous dampers: impression

Seismic fluid viscous dampers for large highway bridge, 1.5
million pounds output force (how large they can be!)
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Viscous dampers: impression

Viscous dampers at a cable anchorage for a cable-stayed bridge
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Viscous dampers: impression

Viscous dampers for the Millennium bdge in London
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SDOF with viscous damping
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Derivation of the equation of motion

u u

u, U ground ? ground
4 9 % Y
% m Fwind (t) % % % > k uground
1 % - :
% C m > % . 7 % % W>Cugr°”“d
|—>
First admissible motion and| Second admissible motion
uground (t) H H
L corresponding forces and corresponding forces
Resulting equation of motion:
MU = -KU + KU — mi+cu+ku=F(t),
-cu+cC L'Igroun + F wind ( ) F (t) =k uground + Cuground + |:Wlnd ( )

mass x acceleration =force
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Damped SDOF: Generalized equation of motion and
the set of governing equations

The governing equations 5 _ _
for damped SDOF systems: M U+ CU + ku=F (t) <= Equation of motion

u(0)=u,
{——= Initial conditions
u(0)=v,
. Schematization of a generalized
%. g Im—>F(t) <= SDOF with viscous damping
. S
_ c D (the damped SDOF)
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Free vibration of the damped SDOF: equation of motion

Equation of motion:
muiu+cu+ku=0

Canonical form of equation of motion:

U+ 2¢ ol + @i u=0,

w, = +/k/m is the natural frequency
¢ =C/C. 1S the damping ratio

C = 2/km is the critical damping

critical
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The characteristic equation and possible motion types

Equation of motion: The general solution:
2
U+2 aopi+wsu=0, u(t)=> U, exp(s.t)

Characteristic equation and its roots:

S§+2§’a)08n—l—a)§=0, 12_0)0( §+\/§ )

Possible types of motion:

1 (super-critically damped system, |

aperiodic motion: ¢ >1( u_p_ ey Pedsy )
¢ =1 (critically damped system, II)

damped vibration: ¢ <1 (sub-critically damped system, Ill)
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I. The super-critically damped system (aperiodic motion)

The roots of the characteristic equation:

S = a)o( g +«/C — ) are real and negative

The general solution to the equation of motion:

u(t)= exp(—gcoot)(Aexp(a)ot«/g”2 —1)+ Bexp(—a)ot«/g2 —1))

The solution to the governing equations (with the initial conditions):

u(t)= E):i/ﬂ){( (\/ﬁ+§)+v )exp(a)ot\/i)
+(uoa)0 (m—g)—vo)exp(—wotm)}
L ecwes .
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I. The super-critically damped system (aperiodic motion)

1.2

" u,=1 v,=1 =1 £=12

.4+

0.2+

o 2 4 6 8 10 12

To understand the effect of the parémeters on the motion, please use
the MAPLE file to this lecture
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I1. The critically damped system (aperiodic motion)

The roots of the characteristic equation:

s, , = —a, are the same (multiple); real and negative
The general solution to the equation of motion:
u(t)=exp(—awst)( A+ Bt)

The solution to the governing equations (with the initial conditions):

U(t) =exp(—apt){u, +(V, + oy, )t}
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I1. The critically damped system (aperiodic motion)

} U, =1 v, =1 @, =1

0.2+

0 2 4 6 8 10 12
[

To understand the effect of the parameters on the motion, please use
the MAPLE file to this lecture
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II1. The sub-critically damped system (damped vibration)

The roots of the characteristic equation:
S, = a)o( - +|«/1 - ) are complex-conjugate (real part is negative)

The general solution to the equation of motion:

u(t) =exp(—¢mpt)( Acos(amt)+Bsin(at)), @ =ap1-¢?

The solution to the governing equations (with the initial conditions):

e e )

2
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II1. The sub-critically damped system (damped vibration)

'{\ [\ U, =1 v, =1 ¢ =1 £=0.05

VRAVATAYA A

To understand the effect of the parameters on the motion, please use
the MAPLE file to this lecture
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II1. Damped vibration: a compact form of the solution

The solution:

o(t)=exp(-con) vy cos(an) " i)

2

Alternative form of the solution:

u(t) =U,exp(—dapt)cos(at+ @, )

2
V, +wU
U0: Ug-l— Oé/OO
0)1

V, + Cw,u
goO:—arctan[ o ¥ 6y Oj

Uy,
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III. Damped vibration: the amplitude, damped frequency,
period and phase angle

u(t)=U,exp(—Cm,t)cos(mt+g,)
Amplitude: U, exp(—dayt)

Period: 27

T, =270, =
0)0\11—4’2

Phase angle: ¢,
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II1. Damped vibration: how can we measure the damping
ratio?

Measurement of dampingq.

u(t)=U,exp(—dawpt)cos(mt+a,)
Let u, be a displacement at t

and u, a displacement after (s—1) cycles.

Then The frequency of damped vibrations
Y _ s 1) ) Is normally approximated by
s the natural frequency of
or log [ U ) s—1)¢o,T, the undamped system
The reason:
Co,T, = \/17 —logarithmic decrement o, = w()\h_? ~ @, (1_%§2j ~
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Exercise: compute the damping ratio from observation

We consider the free vibration of a sub-
critically damped SDOF system, as shown in
the figure.

Suppose that the amplitude decay over 1
natural period is equal to «.

Q1: derive the damping ratio ¢ in terms of
a.

Q2: is the result influenced by the specific
initial conditions that excited the motion?

u (t) =U, exp(—é’a)ot)COS(a)lt + %)
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