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Example 1:

A two-story building is modeled as 2-DOF system and rigid floors as shown in the
Figure below. Take the inter-story stiffness, k = 200 X 103 N /m and the floor mass,
m = 2500 kg and damping ratio as 5%.

1.Write the general matrix equation of lateral free vibration of the frame.

2.Find the natural frequencies of the frame.

3.Find the vibration modes, then draw a small sketch for every mode. _

—3X7

2m

— K;

2k




Solution:
The mass matrix of the structure, — m = [?™ 0] — 2500 lz 0]
L0 m 0 1.

The stiffness matrix, Kk = [3k —k] — 200 x 103 3 —1]
-k k !

Substituting in the equation of the eigenvalue (frequency equation):

det[k — w?m] = 0

2 _ 3 —2A —1 Cm 2 2__ Ck
k—wim=k[> 1_/1] A=Zoi > wi= Lk
det[k — w?m] =0

3-21 -117_ , _
det|*_ 4 T l=0 - 20 —51+2=0

, k 200 x 103
Al - 05 - W1= Ell -

X 0.5 =40 - w; = 6.324rad/sec

2500
, k 200 x 103
Ay =2.0- wi;= Eﬂ.z = "%c00 X 2.0 =160 - w, = 12.65rad/sec




Solution:

The natural modes are determined from the matrix eigenvalue problem:
[k — w2m]@,, = 0

[3 —-21 -1 {@m} _ {0} . (3= 2)Bsy — By = 0

—1 1—21(9,, 0
i 2
Forn = 1: '
A=4=05 - (B3-21)0;; — 0, =0 k /
Assume: ¢,, =1 By1q 1 : 1
S R
Da1 = (3 - 2/11)¢11 =2 ®21 2
Forn = 2: o -
. —1
A= Az = 2.0 - (3 — 2/12)@12 — ®22 =0 :—n_'—
Assume: @, =1 . {(2312} _ { 1 } \\
Dao —1 - 1

> P =(0B3-21)0, =1 /’




Example 2:

A three-story building is modeled as 3-DOF system and rigid floors as shown in the
figure below. Take

the inter-story lateral stiffness of floors k, = k, = k; =15 X 10 N/m

and the floor mass m; = m, = 10000 kg and m; = 5000 kg.

1.Write the general matrix equation of lateral free vibration of the frame.

2.Find the natural frequencies of the frame.

3.Find the vibration modes,

then draw a small sketch for every mode.




Solution:

The mass matrix of the structure,

m 0 0 2 0 0
[m]= 0 m, 0 |=5000 [0 2 0
0 0 ms 0 0 1

The stiffness matrix,

k+k, -k, 0




Solution:

Substituting in the equation of the eigenvalue (frequency equation):

det[k — w?m] = 0

2—-21 -1 0
k—wm=15x10° -1 2-21 —1|: A
0 -1 1-2

det[k — w?m] =0
2 — 21 —1 0
det

1 2-22 —1l=0 5 (a2 1) 1T T ] =
0 1 1—/1] (2-21)[(2-20)(1=2)-1]+[-1+2]=0

437 #1207 -9 +1=0

A =0.134, h,=1. A,=1.866




Solution:

Substituting in the equation of the eigenvalue (frequency equation):

, k 15 x 10°
A1 =0.134 - wi= Elll ="T000 X 0.134 = 402 - w, = 20.05rad/sec
, k 15 x 10°
Ay =1.0 > w;= EAZ = "T000 X 1.0 = 3000 » w, = 54.77rad/sec
, k 15 x 10°
A3 = 1.866 » ws= E/13 = "T000 X 1.866 = 5598 - w, = 74.82rad/sec

The natural modes are determined from the matrix eigenvalue problem:
[k — wrzlm]q)n =0

2-21 -1 0 1(%1n 0
[—1 2 — 22 —1]®2n ={0} > (2=20)01p =02, =0

0 -1 1-4 ®3n 0 _1®1n + (2 - 2/1)(2)211 — ¢3n =0
—0n+ (1 —1)03, =0




Solution:

For Mode 1 (forn = 1):

2-2x0.134 -1 0 by
-1 2-2x0.134 -1 by [=0
0 -1 1-0.134 || ¢, |

Assuming ©4; = 1.

2-2%0.134=0,,

#,, =1.732 and ¢;, =2.0

-

1
{6,} =11.732
2.0

S

L




Solution:

For Mode 2 (forn = 2):

0 -1 1-1{| ¢,
1

{¢2}: 0
1;-




Solution:

For Mode 3

' 2-2x1.866

(forn = 3):

-1

-1 2-21x1.866

=+—1.733
2.0

e

-1

0
-1

1-1.866 |

13
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B33




Solution:

ms

ms
ks L
3
ms m
2
k, ‘
2
my m
1
ky K
1
(. " T iz
; . 7
1 1

e

R

[

o,
I
A,

&1y

1.732} ()=40F {4} =1-1.733




