wliwsgS olSuduils
University of Kurdistan
UlilugS $9ilj

Dynamic of Structures

Single Degree of Freedom Systems:
Free Vibration

By: Kaveh Karami
Associate Prof. of Structural Engineering

https://prof.uok.ac.ir/Ka.Karami




SDOF: Free Vibration

(SDOF) 3131 425 G (5o

51l (Selis syl 31 Com o Sl gl s o ool (S5 slaaains
(o b sdnm) ol ol -1
x(t) 2l b (5551 Bl 55185 -2

(=) o b oS50 -4

Sl ol St (S5 ol S
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Matlab Code (M0O1.m) 7-Jle sy

cle

clf

clear

format short g

m=10*1e3;
k=250*1e3;
x0=0.01;
v0=0.2;
T=5;

omega=sqrt(k/m);

t=0:0.01:T;

for i=l:length(t)
x(1)=(x0*cos(omega*t(i)))+(v0/omega)*sin(omega*t(i));

end

R=sqrt((x0"2)+((v0/omega)"2))
Teta=atan(v0/omega/x0)

plot(t,x,' LineWidth',2)

hold on

plot([0 5],[0.04123 0.04123],' --r', 'LineWidth',2)

hold on

plot([0-266 0.266],[-0.04123 0.04123],"' --r ', 'LineWidth',2)
hold of £

xlabel('t [sec]', ' FontSize',12)
ylabel('x [m]', ' FontSize',12)
grid
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration

Stress Level

Working stress, no
more than about
yield point

At or just below
yield point

SDOF e <SS (Free Vibration) :BTU.“«LQ LIV

E<l pom Sl mplme s b -0

Type and Condition of Structure

Vital piping

Welded steel, prestressed concrete, well reinforced concrete (only slight
cracking)

Reinforced concrete with considerable cracking

Bolted and / or riveted steel, wood structures with nailed or bolted joints
Vital piping

Welded steel, prestressed concrete (without complete loss in prestress)
Prestressed concrete with no prestress left

Reinforced concrete

Bolted and / or riveted steel, wood structures, with bolted joints

Wood structures with nailed joints

Critical
Damping (%)

1to 2

2t0 3

3to5
Sto7
2to3
5to7
7to 10
7 to 10
10 to 15
15 to 20

N. M. Newmark and W. J. Hall, Earthquake Spectra and Design, Earthquake Engineering Research

Institute, Berkeley, California, 1982
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
SDOF e <SS (Free Vibration) :BTJ«LQ LIV

Matlab Code (M09.m) :8-JLu fly

cle

clf

clear

format short g

m=10*1e3;

k=250*1e3;

x0=0.01;

v0=0.2;

xi=0.2;

omega=sqrt(k/m);

T=4;

t=0:0.01:T;

omegaD=omega*sqrt(1-xi’2);

TD=2*pi/omegaD

ro=sqrt(((x0)"2)+(((vO+xi*omega*x0)/omegaD)*2));

teta=atan((vO+xi*omega*x0)/(x0*omegaD));

for i=1:length(t)
x1(i)=(exp(-xi*omega*t(i)))*((x0*cos(omegaD*t(i) ) )+((vO+xi*omega*x0)/omegaD)*sin(omegaD*t(i) ) );
x2(i)=ro*exp(-xi*omega*t(i));
x3(i)=-ro*exp(-xi*omega*t(i));

end
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SDOF: Free Vibration

Matlab Code (M09.m)

t0=(teta/omega)-(1/omega)*atan(xi*omega/omegaD)
xtO=ro*exp(-t0)*cos(omegaD*t0-teta)
plot(t,x1,'b', 'LineWidth',3)

hold on
plot(t,x2,' --r', 'LineWidth',3)
hold on
plot(t,x3," --r', 'Linewidth',3)
hold on

plot([t0 t0],[0 xt0],' --r ', 'Linewidth',2)
hold on

plot([0 2*t0],[xt0 xt0],' --r ', 'LineWidth',2)
hold on

plot([0.5945 0.5945],[0 -0.04],' --r ', 'LineWidth' 2)

hold on

plot([1.8771 1.8771],[0 -0.04],' --r ', ' LineWidth' 2)

hold of £
grid
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration

Gl e Cond s g s, WV
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Peak  Time, £, (sec) Peak, i, (g)

1 1.110 0.915
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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SDOF: Free Vibration
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