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Tém tit

Thép cdu cé két cau thanh manh nén rat nhay cam
voi tdac dung cua tai trong dong nhw gio bdo, dong
dat. Mot trong nhitng dang thiét bi duoc sir dung
dé giam dao déng ciia thdp cau dé la thiét bi giam
chdn chat long TLD (tuned liquid damper). Thiét
bi nay da dwoc sir dung d6i véi thdp cau Bai Chay
tai Viét Nam. Bai bao nay trinh bay viéc tinh toan
dao déng tw do ciia thdp cau khi ldp thiét bi giam
chdn chdt long TLD tai dinh thap. Cdc két qua tinh
todn vé tan sé dao dong tw do va ham ddng sé la
co s¢ dé tinh todn dao déng cudng birc ciia thdp
cau duéi tac dung cua tdi trong dong.

Tirrkh()a: Dao dong e do, thap cau, gidm‘chdrn
chat long TLD, ly thuyet Euler-Bernoulli, dam.
Abstract

The bridge pylon has a slender structure, so it is
very sensitive to the effects of dynamic loading,
such as wind or earthquakes. One of the types of
devices used to reduce vibrations of bridge pylons
is the tuned liquid damper (TLD). This device has
been used for Bai Chay bridge pylon in Vietnam.
This paper presents the calculation of free
vibration of a bridge pylon installed with TLDs at
the top of the pylon. The calculation results of free
vibration as natural frequencies and mode shapes
will be the fundamental for solution of forced
vibration of the bridge pylon under the effects of
dynamic loading.

Keywords: Free vibrations, bridge pylon, tuned
liquid damper, Euler-Bernoulli theory, beam.

1. Gioi thiéu

Thép cau c6 két cau thanh méanh nén rat nhay cam
v6i tac dung clia tai trong dong nhu gié bio, dong dét.
Chinh vi vay viéc nghién ctru gidm dao dong cho thap
clu nhan duoc sy quan tdm ctia nhiéu nha nghién cuu.
Mot trong nhimg dang thiét bi dugc nghién ciru sur

dung 1 thiét bj giam chan chat 1ong TLD (tuned liquid
damper). TLD c6 két cau 1a mot hop chira chét long,
duogc dat trong long dinh thap, c6 dang hinh try tron
hodc hop chir nhat [1, 10]. Dudi tic dung cua tai trong
dong, nang lugng dao dong cua thap cAu di duoc
chuyén héa thanh dao dong cua chét long, tir d6 lam
tat nhanh dao dong cua thap. Tai Viét Nam, thiét bi
giam chéan chat 1ong TLD da duoc ap dung cho thap
cau Bai Chay [1, 10].

Mot sb cac nghién ciru trong nuée vé TLD ap dung
cho thap ciu c6 thé ké dén nhu [1, 2]. Trong tai liéu
[1], tac gia Nguyén Dtrc Thi Thu Dinh d quy ddi cac
TLDs vé thiét bi giam chan khi luong - 16 xo (tuned
mass dampers - TMDs) twong duong, thap cau duoc
quy ddi vé& hé mot bac tu do, cac TLDs duge xem la
khac nhau vé tan sb (da tan sd). Trong tai lidu [2], tac
gia Vii Puc Phuc da tinh toan tdi wu cho dam cong
x6n chiu tai trong cudng birc phan bb déu c6 dang ham
sin va lép 3 TMDs tai 3 vj trf trén dam.
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Hinh 1. Mé hinh nghién ciru dao déng ciia thdp céu lip

cac TLDs [1]

Trong bai bao nay, cac tac gia mo hinh hda thap
cau vé mot dam cong xon, bé qua anh hudng cua day
cap cling nhu dam cau, cac TLDs dugc dat tai dinh
thap nhu tai liéu [1]. Mot s6 van dé mai da dugc trinh
bay trong bai bao. Dau tién, trong qua trinh tinh toan,
thap clu duoc xem nhu mot dam Euler - Bernoulli ma
khong quy ddi tiép vé hé 1 bac ty do nhu Hinh 1 trong
tai li€u [1]. Ngoai ra, do trén thuc té, cac khay chét
long TLDs dugc dat trong long thap nén trong bai bao
nay, mdi tuong quan giita kich thudc chidu rong va
chiéu dai ciia céc khay chét long TLDs véi kich thuée
trong 1ong thap ciing duoc dé cap. Mat khac, nhu
trong truong hop cdu Béi Chay (Hinh 2), cac TLDs
dugc st dung c6 chidu cao va chiéu dai gidng nhau,
tan s6 1a nhu nhau nén trong bai bao nay, cic TLDs
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cling dwoc xem 1a gidng nhau vé kich thude va co
cung tan sb (don tan s6), ddy ciing 1a cach tiép can
khac so véi tai liéu [1]. Cac vin dé vé& dao dong udn
tu do cua thap cdu nhu céc tan s6 dao dong riéng va
cac ham dang da dugc nghién ctru, tinh toan.

Hinh 2. Bé tri cdc khay TLDs tai thdp cau Bdi Chdy [1]
Céc két qua tinh toan trong bai bao nay sé& 1a co
s& dé tinh toan dao dong cudng birc ciia thap cau dudi
tac dung cia tai trong dong nhu gio, bio, dong dat.
2. Phuong phap nghién ciru
2.1. M6 hinh tinh todn

Nhu da gidi thi¢u trong muc 1, xét mo hinh thap
céu lap cac b TLDs nhu trén Hinh 3. Thap duoc xem
nhu mot dam cong xon dong chat, tiét dién khong doi,
¢6 khdi lugng riéng p, khdi luong trén mot don vi dai
u, modul dan hoi E, momen quan tinh 7, chiéu dai la
L. Trén dinh thap bd tri N bo giam chén chat long
TLDs. Trong bai béo nay xét cac khdi chét long TLDs
¢6 kich thude 1a nhu nhau.
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Hinh 3. M6 hinh nghién civu (thdp céu lip cdc TLDs)
Theo cac tai liéu [6, 8], thiét bi TLD c6 thé quy d6i
vé TMD tuong duong. Tan sb dao dong ctua TLD
duoc xac dinh:

(1)

v6i 2a va h 1an luot 1a chidu dai va chiéu cao caa TLD,
g 1a gia tdc trong truong.

Nhu vay, TLD dugc quy d6i vé TMD c6 khdi
Iuong va do cting 10 xo tuong ng:
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m=Vp, .= 20,000 k= 4*mf* (2)

VO Priguia 12 khdi lugng riéng ciia chét long.

M5 hinh thap cau lip cac by giam chan chat long
TLDs tai dinh thap da duoc xay dung dua vé mo hinh
dam céng xon lap cac TMDs nhu Hinh 4.
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N

Hinh 4. Mé hinh tinh todn quy déi TLDs vé TMDs
2.2. Tinh todn cdc tin sé dao dpng tw do

Dao dong tu do cua dam cong xon gén mot bd 10
xo0 - khéi luong tai dau tu do da dé cap trong cac tai
liéu [5, 7]. Trong tai liéu [5], cac tac gia su dung
phuong phap giai tich, con trong tai li¢u [7], tac gia su
dung phuong phép ma tran d6 cimg dong luc dé tim
céc tan sb dao dong riéng va cac ham dang tuwong ing.

Trong bai bao nay, cac tac gia st dung cac bién dbi
trong tai liéu [5] dé giai quyét bai toan dao dong tu do
ctia thap cau lip cac TLDs.

Phuong trinh dao dong ctia thap cau theo 1y thuyét
dam Euler-Bernoulli [2, 3, 4]:

0w +i62w B
or'  EI ot

A3)
Tim nghiém phuong trinh dao dong ctia thap cu

duéi dang:
w(x,t) = W(x)e""t @)

véi x 1 vi tri doc theo truc cta thap, £ 14 bién thoi gian.
Gbe toa do dugc chon tai vi tri ngam & chan thap.

DPua vao dai lvgng khong thir nguyén:

2
20 = HY (5)
Bl

Phuong trinh (3) khi d6 c6 dang:

aw (1)
|Z|w=0 (6)

dz’ L
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Nghiém phuong trinh (6) dugc tim dudi dang:
W(x) =C, cos p +C, sin 2%
L L

@)
+ C3 cosh (/1 Ej + C’4 sinh (/1 E]
L L

O dau ngam, diéu kién bién la d6 vong va goc xoay
bang khong:

aw
—(0)=0 (8)
O dau ty do, momen udn bang khong nén ta co:

CS;/ (L) =0 )

Pé tim diéu kién bién tht tu, ta c¢6 luc cit tai dau
dim:

Q(L,t) - NF, (10)

vi N 1a sd luong TMDs, Fy, 1a lyc dan hdi cta 10 xo.

Nhu da trinh bay trong muc 2.1, xét cac TLDs la
gidng nhau va dugc quy ddi vé cac TMDs, mdi TMD
¢6 d6 ctng 16 xo0 k va khoi lwong m.

Luc dan hdi cta 10 xo dugce xéac dinh:
F, =k(u-w(L1)) (11)

Trong d6 u 1a chuyén vi ngang cia TMD.
Mit khéc, phuong trinh chuyén dong cia TMD
theo dinh luat II Newton:

mii = —F, (12)

Dit bién trung gian

vzw(L,t)—u (13)
Tir céc phuong trinh (11)-(13), ta suy ra:
mw(L,t) = kv + mi (14)
Lai c6:
i[;(L,t) ='W (L) (15)

Thay (15) vao (14), ta co:
mi + kv = —mw2W(L)em”" (16)

Nghiém cta phuong trinh (16) dugc tim dudi
dang:

LJOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

_mo'W(L) .,
0T ma’ —k ‘ 4

Tu (11) tasuy ra:

F, =—kv=—""—-¢" (18)

Thay (18) vao (10) taco:

9
—EI 831‘0 (L,t) = Nma)—VV(L)em (19)
oz’ 1- "

Nhu vy ta c6 diéu kién bién thir tu:

W (L) N Nma’

3
dx EIEl—:ZafJ

Tir cac phuong trinh diéu kién bién (8), (9), (20),
thay vao biéu thirc nghiém (7), ta thu dugc 4 phuong
trinh tuyén tinh thun nhat. Diéu kién dé cac hé sb
khong dong thoi triét tiéu 1a dinh thic cac hé sd phai
bang khong, tir d6 ta rit ra phuwong trinh dic trung:

1+COShﬂCOSﬁ+LX

[1—2?0@ 1)

x(sinh}tcos/l — cosh A sin /1) =0

W (L) =00

Véi:

Y
g=10 (22)
Y7
Giai phuong trinh (21) bang phuong phap s ta sé
tim dwoc cac tan sb dao dong riéng @ twong tng.

3. Vi du tinh toan

Trong bai béo nay, xét mod hinh thap ciu c6 tiét
dién dang chir nhat réng nhu trén Hinh 5. Xét dao
ddng cua thap cdu theo phuong ngang cau (c6 do cimg
chéng ubn nho hon). Céc thong sé cua thap cau duoc
trinh bay trong Bang 1.

Do trong thyc té, cac TLDs dugc bb tri phia trong
1ong thap, ngoai ra con can phai bd tri khoang tréng
dé thuc hién cac hoat dong kiém tra, duy tu, bao dudng
nén chon cac TLDs ¢6 kich thudc 2a=1,5m; b= 1,6m.
Nhu vdy khoang tréng con lai s& c6 kich thudc
1,5mx Im, duoc bd tri & giita va cac khay chit 16ng c6
thé dugc chia 1am hai, b tri vé hai bén.
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Hinh 5. Mt cit ngang ciia thép ciu

Bing 1. Cic théng sé ciia thdp ciu

Ky hi¢u Tri sb DPon vi
L 60 m
B 5 m
B> 3 m
bi 2,6 m
b> 1,5 m
E 31975,35¢e6 N/m?
Yol 2400 kg/m?

Ti sb tong khdi lwong cua cac TLDs va khdi lugng
cua thap chon 1a 1%.

4. Két qua va thao luin

Khéo sat sy anh huéng cua s6 lugng TLDs dén tan
s6 dao dong riéng thtr nhit (tdn sé quan trong nhat)
v6i s6 luong TLDs dugc xac dinh trong khoang:

Ne [1; 33] (23)

V61 Nyax = 33, twong tmg véi chidu cao ciia cac TLDs,
h=0,2018m.

Bing 2. Ba tin sé ddu tién ciia thdp cau khi lip va
khéng lip TLDs

Tinsé Khénglip Lip TLDs Lip
(rad/s) TLDs (N=18) TLDs
(N=25)
o)} 3,4705 3,9558 3,0176
2 21,7495 21,7621 21,7593
3 60,8992 60,9036 60,9026

Tién hanh tinh toan md phong sb véi cac s6 luong
N khac nhau, nhan thiy véi N= 18 (h=0,37m) va N =
25 (h=0,266m) sé& thay d6i tAn s6 co ban cua thap ciu
nhiéu nhét (1an lugt 1a 13,98% va 13,05%). Chi tiét nhu
trong Bang 2. Pay ciing 14 tan s6 quan trong nhat twong
{mg véi mode dao dong dau tién. Thong thuong khi tinh
dao dong cudng birc dudi tac dung cua tai trong dong
s& str dung mode dao dong diu tién ndy. Véi cac tin s6
tiép theo, anh hudng ciia TLDs 1a khong déng ké.

Cac ham dang tuong (g véi 3 tan sd dau tién khi
khong 1ap TLDs va lap TLDs (véi N = 18 va 25) dugc
thé hién trén cdc Hinh 6, 7 va 8.
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Hinh 6. Cic ham ding twong teng véi 3 tin sé dau tién
khi khéng lip TLDs
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Hinh 7. Cic ham ding twong teng véi 3 tan sé dau tién
khi lip TLDs (N = 18)

-2 0 2
Normal Function W(x)

Hinh 8. Cac ham ddng twong vrng voi 3 tin sé diu tién
khi lip TLDs (N = 25)

Céc tan sé dao dong dau tién thay dbi theo s6 khay
N dugc thé hién trén Hinh 9. Mot diém rat dic biét,
v6i N nam trong khoang [1; 17] va [26; 33], ¢6 dén 2
tan sb gan voi tan s6 @y ciia thap khi khong lap TLDs.

Nhu vy, théng qua vi du tinh toan, nhan thiy TLD
mac du co nhiéu vu diém, nhung nhugc diém 1a do b
tri trong long thap cau nén kich thudc chiéu dai va
chiéu rong ctia TLD bi han ché, anh huong dén su diéu
chinh cac thong s khi tinh toan tdi wu. Tuy nhién, voi
viéc diéu chinh chiéu cao cua TLD, su thay déi vei
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tan s6 dao dong co ban cua thap cau 1a dang ké vai ti
s0 khéi lugng 1a 1%. Didu nay rat c6 y nghia dbi véi
dao dong cudng birc, dac biét vdi truong hop luc tac
dong co6 dang chu ky nhu dao dong do xoay khi
(vortex shedding).

5
fescoe,,

45 'o..

®
4r Sey °
w, =3.4705 rad/s
BB il e oo et e .

L

w (rad/s)

25

Hinh 9. Céc tin sé dao dong riéng ieng véi sé khay
TLDs

5. Két luan

Bai béo da trinh bay tinh toan dao dong udn tu do
ctia thap cau khi lap cac thiét bi giam chan chat long
TLDs tai dinh thap, cac TLDs dugc quy ddi vé cac
TMDs twong duong. Mot sé diém tiép can méi da
duogc trinh bay nhu sau:

e Théap cau dugc md hinh héa thanh dam céng xon,
mot dau ngam, mot dau tu do. Trong qua trinh tinh
toan dao dong, thap van duoc xem la 1 dam Euler -
Bernoulli va khong quy doi vé hé 1 bac tu do.

e Sy tuong quan vé kich thugc hinh hoc cua cac
TLDs va kich thudc trong 10ng thap da dwoc dé cap.

e Dé phu hop vai viée bd tri cac TLDs trong thuc
té, cac TLDs trong mo hinh nghién ctru ¢6 kich thudc
va tan s6 nhu nhau (don tan sd).

e Cac tan s dao dong riéng cua thap cau khi lap
TLDs va cac ham dang tuwong ung da xac dinh, day
cling 1a co s dé tinh dao dong cudng birc cua thap
cau khi ldp TLDs dudi tac dung cia tai trong dong.

e Viée bd tri cac TLDs ¢6 thé didu chinh tan s dao
dong co ban (tan s6 dao dong thir nhat), trong khi cac
tan sd tiép theo khong thay ddi nhidu. Tuy nhién,
mode dao dong tuong g vai tan s6 co ban 13 quan
trong nhat khi chuyén sang tinh dao dong cudng birc
cta thap cau.

Hudéng nghién ciru tiép theo cua bai bao 14 phan
tich dao dong cudng birc ctia thap cau khi lap TLDs
dudi tac dung cua gid, bao, dong dét,. .. Mt khac, do
trong thuc té, cac khay TLDs dugc bd tri doc theo thép,
do d6 c6 thé mod hinh héa mot cach chinh xac hon la
xét sy phan bd cua cac TLDs doc theo thap ciu tai
dinh thap.
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