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Abstract:

This paper studies two oscilation moduls. The first problem studies the oscillation of a foundation of a

building. The foundation of the building is considered to be a flat block resting on the springs in two vertical

and horizontal directions subjected to vertical coercive forces F(t). The second problem investigates the

oscillation of a two-story building subjected to the force F(t) acting on the top floor of the building.

Keywords: Oscilation of high — rise buildings.

1. Introdution

Oscilation of high — rise buildings and The
effects of oscillation on high-rise buildings are
a matter of much research. We know that under
the influence of wind force or earthquake. High-
rise buildings may fluctuate. The vibrations of a
building damage the structure of the building or
move objects in the building. The strong vibration
of a building can cause it to collapse. Therefore
the oscillation of high-rise buildings the author is
interested in researching in this paper.

2. Build some oscillating mo dels
2.1. First oscillator model
a. The first problem

Figure la

The model is the foundation of the building
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that is considered to be flat. It has m weight on the
springs. The springs are vertical and horizontal.
It is subjected to vertical F(t) forces (Figure
la). Establish a small oscillation equation of the
foundation around the static equilibrium position.
Assume that the foundations only fluctuate in the
drawing plane. Figure 1a the unformed springs.

b. Set up the oscillation equation of the
first model

ly]"'Aly 1

1x1+Alx!
Figure 1b

Kinetic energy expression
T=gm(x+3")+ 5op”

When the building’s foundation hovers in the plane.

The long deformation of the springs is Al , Al,,

Al

system is

Alyz (Figure 1b). Potential energy of the
I =mgy+ %(cl.1 A% 4+ ¢ A%+ cylAli1 + cyzAlfﬂ)
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We denote the displacement components of point
A (from A to A’) are u, and v, The displacement
components of point B (from B to B’) are u,and v,.
According to Figure 1b. we have
w,=x+a,(1—cos@)+bsing;

Uy =X~y (1 - cosq0)+ bsing;

v, =y—asing+ b(l - cos(p);

vy, =y+asing +b(1— cosqo)

Apply the cosin theorem. we calculate

A2, = [T+ @l v 2L 1]
APy = [T+ Gl v =20, il — 1]
APy = B[ U+ @ik + e =2 yuy /15— 1]
APy =Py yT+ @ 93 + 20y, — 1]

The quantities 1,1 1

x1° "x2°

o> 1, 18 the length of the

spring when the spring has not been deformed.
because we consider the small vibration

around the equilibrium position. The following

approximations should be used.

Alil = uf 5

2 2 A2 2 A2 2
Al = uy; Alyl = Vi, AlyQ =V

Due to the small ¢ angle, we have an
approximation sin@ = @, cos@ = 1.1 can calculate
AL = (x+bo ) AL = (y—a )

AL, = (x + b(0)2; Al§2 = (y + a2(0)2

Thus the approximate expression of the

potential energy has a form

2 2
I :17 e (x+bp) +cpy(x+bp) + + mgy
2 2
Cp (y —a Q) tep, (y + az(P) +
To determine the extrapolation force

corresponding to the force F(t).

84 =—F(t)8y—F(t)edp

The extrapolation of forces has no potential
energy

0,=0;0,==F(1),0, == F(t)e

Plug the above expressions in Equation
Lagrange II as follows

d(oT\ oT _
dr\dq;) 9q; 9g;

We get the equation of the foundation

8H+Q;

oscillation of the form

Mg+ Cq=£(1)
With the following components
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m 0 0 X 0
M=|0 m O\|g=|y|f=—|mg+F
0 0 J, ® eF
I 0
C= 0 ity
(Cu + sz)b AyCyp — A1 Cyy
(Czl +012)b

a20y2 - alcyl
2 2 2
[(Czl + sz)b tajc, T a; Cyz]

2.2. Second oscillator model
a. The second problem

A two-story building is considered as a
two-weight object m; = 2m, = 2m. It oscillates
horizontally. Stiffness of the wall is ¢, = 2¢, = 2c.
Indicate the force of the wind against the top floor
of a building in the form F(t)=F sinQt. Study the
law of oscillation of the system.

b. Set up the oscillation equation of the second
model

F(t) = FosinQt

i i
Figure 2
Select the coordinates of the system (x,, x,),
With x, and x, the horizontal displacement of the
first and second floor. the corresponding mass is
m, and m, compared to the vertical equilibrium
position.
Kinetic energy and Potential energy of the system is
T= %2m)'cf + %mxg
= %26}6% -i-%c(x2 —x,)*
Instead of the Lagrange II equation, we derive the
oscillating equation of the system
2mx; +3¢ex;, —cxy, =0
1m)'c'2 —cx; + exy = Fysin Qf
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* Frequency and specific form
Frequency equation

|C—w*M|=0
3¢ —2m@? —c |_
—c c—ma)2

Put A = a)Q% We obtain the equation

/12—%/%1:0

The solution of the above equation is

A1,=0,5 A, =2
Correspondingly we calculated
=055, vi=[0,5 117,
=2 v,=[-1 11"

Distinct matrices are

0,5 —1
T ]
 Differential equations in the form of major
coordinates
Change x = Vp, We have
L5 0 0,75 0
T — > T ~77 — >
V- MV m[o 3’0]’VCV c[ 0 6]’
1 .
Vif= ) Fysin Q¢
Differential equations in the form of major
coordinates
1,5mp, + 0,75 .c.p, = Fysin Q¢
3mp,+6.c.p, = FysinQt
or
. 2F,
|mj§1 +w’p, = 3—ngsin Qt
F,
mp, + Wip, = ﬁsith
The solution of the above equation is
1.
() =ccoswt+c,sin@ t+5- 3m fQQ sin Q¢
(t) = €y COS Wy + Cyy SN W t+i Lsith
P2 21 2 22 20T, a>§§22

Returns to the original coordinates, Oscillation

of system is x = v p, + v,p,. We get the following

result.
Fy s1th
=0,5(c; cos@, 1+ ¢pysin@; z)+3m 0 o
_ . o stt
(cyy COS 41+ Cyp SIN Wy 1) — 3" W -
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2F i
= (ccos @1+ cpsinw, 1)+ 3+ 2y _sin€

2_Q2+
Fy sith
+(cﬂcosa)2t+c225ma)zt)+3m 0’ PeEY

3. Horizontal vibration results of a two-story
building
With force has a form F(t)=F sinQt

Table 1. Datasheets of the building

m, 262,69x10° kg
m, 262,69x10° kg
c, 2x88,56x10° N/m
c, 88,56x10° N/m
F, 50x10° N
Q 1007
04
03
02
0.1 ‘,
2 ol
é-(m
0.2
03
R 10 20 30 40 50 60

t[s]

Figure 3. Oscillating graph of a two-story building

4. Conclusion

The two oscillating models are. Oscillation
of foundation is considered as flat block and
Horizontal fluctuations of a two-story building are
exerted by the force F(t) acting on the top floor of
the building. For two-storey building, the author
has found analytic solution. The author then uses
Matlab software to simulate the number.
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NGHIEN CUU DAO PONG CUA TOA NHA CAO TANG CHIU TAC DUNG
CUALUC CUONG BUC

Tom tat:

Bai bdo nay nghién ciru hai mé hinh dao dong. Bai todn thir nhdt nghién ciru dao dong ciia mot méng
nha dwoc coi la mét khoi phang tiea trén cdc 16 xo theo hai phwong thang dieng va nam ngang diedi tac dung
ciia lre F(t) theo phwong thang ditng. Bai todn thit hai nghién citu dao déng theo phiong ngang ciia toa
nha hai tang dudi tée dung ciia liee F(1) tde dung vdo tang trén cimg ciia toa nha.

Tir khéa: Dao dong ciia toa nha cao tang.
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