DYNAMICS OF STRUCTURES

Energy in Viscous Damping

O The energy input per cycle to the system due to the applied force is given by:
27/Q 27/Q
E, = [ pleYtu="[(p,sinQu)idt)="[(p, sin Q) pQ2cos(©s — g)dr)
= mpp, sing 0 0
O The energy per cycle dissipated in the system is given by:
27/Q 27/Q
Ep = fodu=[(ci)id)=" [c(pcos(Cu-g)f dt
0 0
—en0pt ang =2
- 2Pk -5
o From the figure: $ing=——=—— =Tﬂ
O Therefore: £, = ngp, {ziﬂ p) = 27p* Pk = cnQp? 208
O Hence: | » -5
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Energy in Viscous Damping (Cont..)

Q

The Potential energy per cycle due to spring force is
given by:

Ey = fdu= z]f(zku)(u'dt): Lﬁ(psin(ﬂx —4))pQcos(Qt - ¢))dt =0

The Kinetic energy per cycle due to inertia force is given
by:

Eg=| fidu= zr]g(lmii)(z}dr): ﬁ(f P sin(Q1 - §)) p2cos(Q — gt = 0
Forf=1.0,( sing=1 )

E, =(m,)p E, = (222k)p?
For E;= E},

w,p= (ko = p= v

Which is the same relation which was already derived
using other method
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Energy in Viscous Damping (Cont..)

The spring, inertia and damping forces are given by:

o
fo=ku
f, =-mQu
fr=ci=cQp cos(ﬂt —¢)
o
o= cQ\/pz —p’sin® Qs = cﬂ«/p2 —u’
]
2(1]1-{&]1:10 _\ u
P Qp : \_/p

o Which is the equation of ellipse.
The area enclosed by the ellipse is equal to dissipated energy
The fj,-u curve is not a single value function but a loop called hysteresis loop
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Energy in Viscous Damping (Cont..)

The total resisting force (elastic + damping) is:

S+ fo =ku+cQyp* —u?

The plot of f; + fp, is given in the figure which is the
same but rotated ellipse
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