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NGHIEN CUU ANH HUONG CUA GIO, PONG DAT
TOI DAO PONG CUA TOA NHA CAO TANG

Nguyén Hiru Dinh!, Vii Xuin Truong?
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Toém tat:

Bai bdo nay nghién cieu dnh hidong cia gié hodc déng dat t6i dao dong ciia toa nha cao tang. Bai bédo
xdy dung ba mé hinh dao déng ciia toa nha cao tang. Bdi todn thir nhdt nghién ciru mé hinh nha 3 tang la
hé dan héi dao dong tu do dudi tac dung cua trong luong ban than. Bai toan thir hai nghién cvu dao dong
ngang cia toa nha 3 tang khi cé lyc gio tac dung vao tang trén ciing dwdi dang diéu hoa F(1)=F SinQt. Bai
toan thir ba la nghién ciru dao dong bé cia toa nha 2 tang dwoc cau thanh 3 khoi dat trén nén dan hoi khi
chiu déng ddt lam moéng rung déng ngang u(t) =uSint. Két qua bai bdo cho ta biét dwoc dao dong ngang
ciia toa nha diedi tae dung ciia lice gié hodc déng ddt va ciing la hirdng dé chiing ta nghién ciru tiép theo.

Tir khéa: Dao dong ciia toa nha cao tang.

1. D3t van dé

Dao dong va nhitng anh huong cua no toi toa
nha cao ting da dugc quan tam tir lau. Nhiing anh
huong cta né toi cong trinh 1am hu hong dén két

Trong do:
m;: Khdi lugng tang 1
m,: Khéi luong tang 2
m,: Khdi lugng tang 3

cAu cta tdoa nha tham chi dao dong manh né co thé
lam sap toa nha. Nhu ching ta biét ring, trén thé
gidi ¢ rat nhiéu vy dong dat hodc bio gié trong
nam. C6 thé dong dat nhe lam toa nha rung lic ma
con nguoi ching ta cam nhan dugc. Pong dat manh
s& 1am sap toa nha. Gay ra nhiéu hau qua toi t& dén
con nguoi va cac van dung xung quanh. Do vay viéc
nghién ciru dao dong cua toa nha cao tang khi chiu
tac dong cuia gi6 hodc dong dat 1a mot van dé thoi sy
ma ching ta can nghién ctru né.

2. Xay dung mdt s6 mé hinh dao dong cia toa
nha cao ting

2.1. M hinh dao ddng ngang ciia toa nha 3 ting
nhu Hinh 1
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c,: DY cling u6n cac bure twong tang 1
c,: D9 cling uf?n cac btrc tuong tajmg 2
¢,: DY cling uon céc birc twong tang 3

2.2. M6 hinh dao ddng ngang ciia tda nha 3 ting
khi chiu tic dung cia lye gi6 F(t) = F sinQt dat
vao ting 3 ciia tda nha Hinh 2

F(t) = FysinQt
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Trong do:
Xem rang lyc cua gié dat vao khdi lugng m,
dudi dang diéu hoa
F(t)= F sinQt
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2.3. M6 hinh toa nha 2 ting dwoc cAu thanh 3
Kkhéi dit trén nén dan hdi khi chiu dong dit lam
mong rung dong ngang u(t) nhw Hinh 3

ol

Trong do:

m;: Kh(?i lugng @éng va nén tang 1

m: thl luong tgmg 1

m,: K}}01 luqng tang 2 ‘

h: Chiéu cao tang 1 va tang 2

c,: Do ciing ubn cac birc tuong tang 1

C,: DC)‘Cl'mg uon cac buc tu(‘n’lg tang 2

Coi nén méng nha dugc gan voi cac 1o xo
thing c6 do cung c, valo xo xo0én ¢6 do cimg k.

3. Thiét 1ap phwong trinh vi phin dao déng ciia
ciac m6 hinh

3.1. M6 hinh dao ddng ngang ciia tda nha 3 ting
(Hinh 1)

Chon toa do suy rong ctia co h¢ x, x,, X, 1a cac
d6 1éch ngang cua cac khéi lugng m , m,, m, so v6i
vi tri can bang thang ding.

Biéu thirc dong nang va thé ning ctia hé c6 dang

T= 1jmle + %mQxf + }ngxg

1= %‘719512 +%Cz(x2 —x)’ +%C3(x3 -x,)?

Thay vao phuong trinh Lagrang I nhu sau

d (9T \_oT _ oIl
dt\9q; | 9dq; 9q;
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Phuong trinh vi phan dao dong nho cua co hé
xung quanh vi tri can bang c6 dang Mi+ Cx =0
vO1 ma tran khéi luong va ma tran do cing cua h¢ 1a:

m 0 0 aqte —o 0
M=|10 m, O C=|—-¢ ctc —c
0 0 my 0 —cy Cy

Phuong trinh tan sb cua co hé co6 dang la.
|C—w’M|=0

2
cte,—wm —Cy 0
2 —
4 —Cy 62+C3—CO niy —C3 =0
2
0 _C3 C3_a) m3

V6i s6 lidu cho khdi lugng cac ting bang nhau
m, =m,=m,=m=262,69.10° kg, d6 cliing udn cta
céc buc tuong ¢ cac tang 1a ¢, =3c,¢c,=2c,c,=¢
= 88,56.10° N/m.

Pit A=w’" Phuong trinh tin sb la
A*—9A%*+ 184 — 6 = 0, giai ra nhan duoc két qua
nhu sau:

A, =0,4158 = w, = 11,84 rad/s

Ay =2,2943 = @, = 27,81 rad/s

Ay =6,2899 = ;= 46,05 rad/s

Phuong trinh xac dinh cac vecto riéng c6 dang:

5-A, -2 0 |la,| |[O
-2 3=, -1 |ay|=|0
0 -1 1= ay| |0

Tuong tng véi cac tan so riéng ta c6 cac dang

dao dong riéng nhu sau

1 1 1
v, =12,29] wv,=]| 1,35 vy =[—0,64
3,92 —1,04 0,12
Ma tran dang riéng la
1 1 1
v=2,29 1,35 —0,64
3,92 —1,04 0,12

Céc dang riéng dugc biéu dién nhu Hinh 4.
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Nhan xét:

- Dang riéng 1: Cac khéi luong dao dong ciing
pha, dich chuyén ting theo chiéu cao.

- Dang riéng 2: Khéi luong m,, m, dao dong
cling pha, khdi lugng m, dao dong ngugc pha. Xuat
hién “diém nat” & vi tri gitta m, va m,.

- Dang riéng 3: Khéi luong m,, m, dao dong
cung pha, khoi lugng m, dao dong nguoc pha. Xuat
hién 2 “diém nit” ¢ cac vi tri gita m, va m,.

Két luan: C6 thé suy ra ddi véi toa nha n ting:
O dang dao dong riéng thir k s& c6 (k-1) diém nut.

3.2. M hinh dao ddng ngang ciia toa nha 3 ting
khi chiu tac dung ciia lye gi6 F(t) = F sinQt dat
vao tang 3 cia toa nha (Hinh 2)

Biéu thirc dong ning va thé ning cua hé ¢
dang

_1 o 1 o1 9
T= X T 5 myXy + g myx;
II :LC x2+lc‘ (xy—x )2+Lc‘ (3 —x,)°
20X TG ™Y 7 G Xy

Thay vao phuong trinh Lagrang I nhu sau:
d(ar\_or __all
dt\ 9¢; 9g; 9g;
Phuong trinh dao dong ctia co hé cd dang
M5+ Cx = f(). Trong d6 Ma trén khdi luong va
ma tran do cung, Véc to cot luc cudng buc la:

m 0 0 ote, —o 0
M=|0 my, O C=| - ctc —c
0 0 my 0 —cy 3
0
/= 0
Fysin Q¢

3.3. M6 hinh toa nha 2 ting dwoc ciu thanh 3
khéi dit trén nén dan hoi khi chiu dong dat lam
moéng rung dong ngang u(t) (Hinh 3).

Chon toa do: x, x, 1a cac dich chuyén ngang
tuong ddi cua khéi tam trén cac khoi m,, m, so v&i
hé¢ dong 1a khdi luong m,; x la dich chuyén ngang
ctia khéi lwong m, 0 v&i dat; ¢ la dich chuyén goc
ctia khoi luong m,. Chon mée 14 vi tri can béng tinh.

Biéu thirc dong nang va thé ning co dang
T= %mg(x+d)2+%ml(x+d+x1+h([))2+
Jr%mQ(eraerz+2h(;‘>)2+%(JO+Jl +J4,)@°

M= 1700962 + 171@2 + ljcle + 1702 (n—x)*
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Str dung phuong trinh Lagrange 11

d(oT\ dT :_aH
dt\ 9q; 9g; 9q;

Ta thu dugc phuong trinh vi phan dao dong
cua hé la:
(mg + my +my) X+ (my + 2my ) hQ + my X + my %, + cox
== (my+ my+my)ii(1)
(my + 2my) b+ (Jy + J, + Jy + m B+ 4myh*) @ +
+m h¥%, + 2myhi, + k@ =— (m, + 2my, ) hii (1)
m X+ mh@ +mx + (e, +¢)x + coxy, =— myii(7)

m2.).é + 2m2h¢ + m2.552 - C2x1 + CQXQ = mZil.(t)

4. Két qua chwong trinh
4.1. M6 hinh dao ddng ngang ciia toa nha 3 ting
(Hinh 1)

Bang 1. s6 liéu khoi lwong va dé cimg

m, 262,69x10° kg
m, 262,69x10° kg
m, 262,69x10° kg
c, 3x88,56x10° N/m
c, 2x88,56x10° N/m
C, 88,56x10° N/m
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Hinh 5. Dao dong ciia mé hinh 1

4.2. M hinh dao ddng ngang ciia toa nha 3 ting
khi chiu tic dung cia lyc gié F(t) = F sinQt dit
vao ting 3 ciia tda nha (Hinh 2)

Béng 2. S6 liéu cdc thanh phan hinh 2

m 262,69x10° kg
m, 262,69x10° kg
m, 262,69x10° kg
[ 3x88,56x10° N/m
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¢, 2x88,56x10° N/m
03 88,56x10° N/m
F, 50x10° N

Q 1007

Véi luc gié F(t)=F sin€Qt.
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Hinh 6. Dao déng ciia mé hinh 2

4.3. Mé hinh toa nha 2 ting dwoc ciu thanh 3
khéi dit trén nén dan hoi khi chiu dgng dit 1am
moéng rung dong ngang u(t) (Hinh 3)
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Hinh 7. Dao déng ciia mé hinh 3

Tai liéu tham khao
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Bang 3. S6 liéu cdc thanh phan hinh 3

m, 800,69x10° kg
m, 262,69x10° kg
m, 262,69x10° kg
¢, 5x88,56x10° N/m
c, 2x88,56x10° N/m
c, 88,56x10° N/m
k 10x88.56x10°
h 32m

I 4000 kgm?

I, 2500 kgm?

1, 2500 kgm?

u, 5x10° m

Q) o =100

V6i mong rung dong theo ludt u = usinmt.

5. Két luan

Bai bao nay da nghién ctru ba bai toan dao
dong cua toa nha cao ting do6 14, dao dong tu do
clia toa nha ba ting chung ta di tim duogc tan s6
dao dong riéng cia timg ting tuong Umg véi tin
s6 dao dong riéng chung ta c6 cac dang dao dong
riéng. Cudi cing c¢6 mot s nhan xét vé dang riéng
(g v&i toa nha n tang. Bai toan thir hai nghién ctru
dao dong cudng birc ciia toa nha ba ting chung ta
cling xac dinh duogc tan sb dao dong riéng cua hé.
Bai toan thir ba nghién ctu dao dong nho cua toa
nha hai tang khi c6 dong dat lam mong rung dong
ngang.
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RESEARCH ON THE VIBRATION OF HIGH-RISE BUILDING
UNDER WIND, EARTHQUAKES EXCITATION

Abstract:

This paper studies the effects of wind or earthquakes on the fluctuations of a high-rise building.
The paper builds three oscillating models of high-rise buildings. The first problem is to study the model
of a 3-storey building which is a elastic system that fluctuates freely under the effect of self weight. The
second problem studies the horizontal oscillation of a 3-storey building when the wind force is a function
of harmonic F(t)=F sinQt effect on the top floor. The third problem is studying the small fluctuation of
a 2-storey building composed of 3 blocks placed on elastic ground subjected to earthquakes, causing
horizontal vibration foundation u(t)=usin@¢t. The results of the article tell us the horizontal oscillation
of the building under the effect of wind forces, earthquakes and also the direction for our further research.

Keywords: Vibration of high-rise buildings, wind forces, earthquakes excitation.
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