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Tém tit

Vé6i két cau ciu nhip 16n, anh huéng cua tai trong gi6 1a dang ké. Trén thé giéi da ghi nhan nhiéu thiét hai
nghiém trong do nguyén nhén nay, de doa truc tiép dén tinh mang con ngudi. Mot trong cic bién phép giam
dao dong hiéu qua 1a sir dung thiét bi giam chén didu chinh khéi luong (Tuned Mass Damper — TMD). Dé t6i
uu hiéu qua giam chén, cac thong s6 TMD can duoc lwa chon phu hop véi tung loai két cu cu thé. Véi két cau
cau dam chiu tai trong gid, cac thong sb do phu thudc nhiéu vao khdi luong va tan s6 dao dong cua dam, luc
gi6 tac dong phu thudc vao dang hinh hoc mat cit ngang cua diAm. Bai bao nghién ctu dao dong ctia mot dbt
dam thu nho mat cit chit IT cia ciu ddy vang trong trudng hop c6 va khong gén thiét bi TMD sir dung phuong
phap mé phong twong tac gi6 va két ciu (Fluid Structure Interaction — FSI). Céc thong sé TMD khéc nhau ciing
dugc nghién ciru, phan tich va so sanh. Két qua cho thay hi¢u qua ciia TMD trong viéc giam dao dong ciia dam
cau day vang dang chir IT. DBé ti wu hiéu qua thiét bi giam chan, viéc nghién ctru lya chon cac thong sé TMD
14 can thiét.

Tir khod: cau day vang; dam cAu; khi dong hoc; dao dong; giam chén diéu khién khéi lugng - TMD; giam dao
dong.

ANALYSING THE EFFECTIVENESS OF TUNED MASS DAMPER (TMD) IN MITIGATING WIND-
INDUCED VIBRATIONS OF PI-SECTION GIRDER OF CABLE-STAYED BRIDGE

Abstract

For large-span bridge structures, the impact of wind loads is significant. Many severe damages caused by
this have been recorded worldwide, directly threatening human lives. One of the effective measures to reduce
oscillations is the use of Tuned Mass Damper (TMD). To optimize the damping effect, TMD parameters need
to be appropriately selected for each specific type of structure. For girder bridge structures supported wind load,
these parameters largely depend on the mass and vibration frequency of girder and wind load depend on the
cross-sectional shape of the girder. The paper studies the vibration of a scaled-down Pi-section girder of cable-
stayed bridge, both with and without a Tuned Mass Damper (TMD) using the Fluid-Structure Interaction (FSI)
simulation method. Various TMD parameters are simulated, analyzed, and compared. The results demonstrate
the effectiveness of TMD in reducing the oscillations of the Pi-section girder of cable-stayed bridge. To optimize
the damper’s performance, it is necessary to study and select the appropriate TMD parameters.

Keywords: cable-stayed bridge; bridge girder; aecrodynamic; vibration; tuned mass damper - TMD; vibration
reduction.
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1. Gioi thiéu

Céu nhip 16n dic biét 1a cau hé day co do clig két ciu nho, nhay cam véi cac loai tai trong dong
nhu tai trong gi6. Su ¢ pha huy cau treo day vdng Tacoma Narrow (M¥) nim 1940 1a budc ngoat
cho viéc thiét ké khi dong clia cac két cau cau h¢ dy [1]. Mot s6 cong trinh cau timg xuat hién dao
dong qua muc do anh hudng cua gié ciing da dugc ghi nhan. Vao chidu ngay 5 thang 5 nam 2020, cau
treo day vong Humen (Trung Qudc) bit ngd rung lic manh lién tuc trong hon 2 gio. Dao dong chu
yéu theo phuong thang dimg cua mit cau do gid xody (Vortex-Induced Vibration - VIV) véi tan sb
khoang 20 1an/phut, bién d6 16n nhat khoang 0,3 m va khong phat hién dao déng xodn rd rang. Mic
du dao dong nay khong gy nguy hiém cho su an toan cuia két cdu cau nhung anh hudng dén tam ly
lai xe va an toan giao thong [2]. Ciu Volgograd (Nga) c6 két cdu dam thép ban tryc hudng chiéu dai
nhip 155 m duoc dua vao sir dung tir thang 10 ndm 2009, va vao thang 5 nam 2010 cau dao dong
manh do tac dong cta gié voi bién do 1én toi 0,4 m [3]. Cac phan tich sau d6 cho thiy ba dang dao
dong udn theo phuong dimg dau tién c6 tan s6 1an luot 1 0,45 Hz, 0,57 Hz va 0,68 Hz chiém vai tro
chu dao. Thiét bi giam chan diéu chinh khéi lugng ban cha dong (Semi Active Tuned Mass Damper
— STMD) dugc lip dit sau d6 dé giam dao dong cho ciu [3]. Cau Rio-Niteréi qua vinh Guanabara c6
két cAu phan trén 1a dam hop thép ban truc huéng chiéu dai nhip chinh 1én t6i 300 m ciing xut hién
dao dong 16n do gi6 thoi khién nhidu ngudi phai bo lai phuong tién giao thong trén cau [4]. Ciing véi
két cau dam hop thép ban tryc hudng nhung chiéu dai nhip 1a 185m, cau Chongqi (Trung Qudc) trong
qué trinh thi cong dwoc phat hién dao dong do hién twong gi6 xody. Thiét bi giam chan didu chinh
khéi luong (Tuned Mass Damper — TMD) duoc lap dit dé giam dao dong cho cau. Cac sb liéu quan
tric cho thdy TMD lam viéc hiéu qua khi con bdo Chan-hom di qua gin khu virc cau vao thang 7 nim
2015 [5]. Cau day ving Komarom Danube c6 chiéu dai nhip chinh 252 m, dim bang thép duoc lap
dit 6 bo TMD dé giam dao dong gid xody. Mdi bo thiét bi co khdi luong my = 5000 kg, do cing 10
x0 k = 36,5 kN/m, hé s6 can ¢ = 3,4 kNs/m [6].

C6 thé thay rang, viéc giam dao dong ctia cau nhip 16n c6 két cau thanh manh 14 rat quan trong va
mot trong nhimg bién phap hiéu qua 14 sir dung bd giam chin TMD. Tiéu chuan thiét ké cau dudng
bd cua Viét Nam TCVN 11823:2017 quy dinh “Khi dap dung thuc 1é, viéc sir dung cac bg giam chan
phai dwoc xét dé kiém sodt dwoc nhitng tac déng dong hoc qud mirc” [7].

Dbi v6i cac cau hé ddy nhip 16n nhay cam véi anh hudng cua tai trong gid, thi nghiém ham gio
nham xéc dinh cac dic trung khi dong va kiém tra kha niang 6n dinh cua cong trinh 14 hét sirc quan
trong va can thiét. Tuy nhién, do yéu cau ky thuat phtic tap nén chi phi thi nghiém ham gi6 cao, thoi
gian dé ché tao mé hinh kéo dai, ddc biét 1a trong truong hop thay ddi cac thong sb két cau ciing nhu
thiét bi giam chan. Hién nay, voi su phat trién manh mé cua cc phﬁn mém tinh toan phén tr hitu han,
viéc mo phong két cau, phan tich cac dic trung khi dong hoc va thong sé cua thiét bi giam chan trude
khi tién hanh thi nghiém ham gi6 1a hiéu qua boi tiét kiém duoc thoi gian va chi phi. Trén thé gidi da
c¢6 nhiéu nghién ctru sir dung phuong phap mé phong sé dé t6i wu hoa thong s6 TMD véi cac mé hinh
tai trong gio khac nhau tac dung 1én cong trinh cau [8-14].

Trong bai béo ndy, cac tic gia nghién ctru hiéu qua giam dao dong do gid cua thiét bj giam chin
TMD cho dam cau ddy ving c6 mat cit hinh chit IT. Mot d6t dam thu nho ciia cau ddy ving mat cat
hinh chit IT trong truong hop ¢6 gin TMD va khong gan TMD chiu tai trong gié thdi dugc nghién ciru.
Phuong phap mé phong tuwong téc giira gio thoi va dao dong ctia két cau Fluid Structure Interaction
(FSI) dugc sir dung. Cac thong s cia TMD ciing duoc thay d6i dé phan tich, so sanh chi sé giam dao
dong cua cac truong hgp nghién ciu.

151



Ngoc, N. T. va cs. / Tap chi Khoa hoc Cong ngh¢ Xay dung
2. Co s6 Iy thuyét
2.1. Ly thuyét vé TMD
Gio su nguoi Puc, Hermann Frahm dugc cap

; < P +
biing sang ché TMD vio ndm 1909 [15]. TMD thuc Coslarag)
chat 1a mot hé tich hop giita khdi luong, 10 xo véi k,

thiét bi tiéu tan nang lugng nhur dan nhét hodc chat
long nhét. Do yéu cau ky thuat khéi luong cua
TMD khong duoc anh huéng nhiéu dén hé chinh.
TMD noi chung hiéu qua gidm dao dong ro rét khi
hé chinh c6 d6 giam chan ban than nho [16].
Hinh 1 mb ta két cAu chinh c6 khéi luong m,
d6 cung k, chiu tai trong diéu hoa P cos (a)t + f)

m VWW

=iy

cAn)

Hinh 1. M6 hinh tinh toan co ban cia h¢ TMD

&\\\\\g\\\\\\\\\\w
=

ny

gén TMD bao gém khéi luong my, d6 cung kg, hé s6 can ¢y Pat x 1a chuyén vi tuyét dbi cua hé chinh
m, x4 12 chuyén vi twong dbi gitra khdi lwong my so véi két ciu chinh m. Phuong trinh dao dong cia
hé duoc viét nhu sau:

(m+my) X +mgiy+kx = Pcos(wt+gof) @)

mgx + mgxy + cqxg + kgxg =0 2)
trong do ¥, ¥; la dao ham bac hai cua x, x; twong ing véi gia toc; x4 1a dao ham bac nhat tuong tng
vO1 van toc.

St dung cac tham s6 chuan hoa sau:

u=mg/m;  ws= \kim; a= \kq/mg/wy 3)
{=cal (2Vkama): T=wits B =wow, )

trong d6 wy 1a tan sé dao dong tw nhién két cau; 7 13 thong s6 thoi gian khong thir nguyén véi ti 18
w1 1 1a ty s6 khéi lugng TMD; £ 1a ty s6 giam chén; 8 1a ty sb tan s Iuc.
Coi m = 1, phuong trinh (1) dugc viét lai dudi dang chuan héa nhu sau:

(1 + ) &+ pitq + x = Pcos (Bt + ¢y [k (5)

)'c'+)'c'd+2&§5cd+azxd:0 (6)

Den Hartog [17] dua ra cac théng s6 t6i wu cho TMD nhu sau:

a,=1/0+w; &= +3u/8/(1+p) (7N

2.2. Ly thuyét mé phong

Nhiéu tac gia st dung phuong phéap phan tir hitu han (Finite Element Method - FEM) dé phén tich
tinh toan tic dong gi6 1én mat cit ngang trong d6 c6 Kawahara va Hirano [18]. Kuroda [19] sir dung
phuong phap sai phan hiru han (Fi 1n1te Difference Method - FDM) mé hinh dong chat lvu quanh dam
hop cuia cau treo nhip 16n. M6 hinh sé sir dung céc 1y thuyét FEM ciing dugc nhiéu tac gia quan tdm
[12, 20, 21].

Céc nghién ctru chi ra rang st dung mo phong xody 16n Large Eddy Simulation (LES) chinh xac
hon so v6i md hinh Unsteady Reynolds-Averaged Navier-Stokes (URANS) va ton it tai nguyén hon
mo hinh Direct Numerical Simulation (DNS), do d6 phii hgp dé mé phéng cac dam cau c6 dang hinh
hoc tuong ddi phirc tap.
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Phuong trinh Navier—Stokes cho dong chay cta chét luu:

aul‘ 6uiuj 1 5p 82ul~
i X 2B, 2t 8
9~ ox; T pax Ve ®)

trong d6 truong van toc u; thoa man phuong trinh lién tuc:

Bui
— =0 9
ox; )

trong cac phuong trinh (8) va (9) u; 1a van toc dong chay theo ba hudng trong khong gian; i = 1 va
= 2 cho cac hudéng ngang va i = 3 cho hudng thang dimg; X; 1a thanh phan thi i cia luc khéi; p 1a
mat d§ khong khi; p 1a sy dao dong ap sudt; v 1a do nhét dong hoc cua chét long; ¢ 1a thoi gian; va x;
1a toa d khong gian. Viéc tich phan s6 cua cac phwong trinh (8) va (9) théng qua mo hinh DNS. i
v6i LES, céc phuong trinh (8) va (9) can dugc loc theo khong gian, va khi d6 phuong trinh (8) duoc

viét lai nhu sau:
o, Ouiij  9ty; 19p . &%ii;

Hi__ _ Y _9 @&
ot ox; 0x; feiji = 00 Ox; U@x?

(10)

trong d6 i; va ii; 1a van tc trung binh tai thang loc, T; jlatmg sudt Sub-Grid Scale (SGS stress) duoc
xac dinh bang 7;; = wu; — i;ii; v6i wu; 1a van toc tai thang nho hon mire loc, g; 1a gia toc trong
truong khac 0 (chi theo hudéng x3), Ty 1 nhiét do,  1a nhiét do tiém nang, f 1a tham s6 Coriolis.
3. Phén tich dao ddng do gié ciia dAm ciu diy ving mit cit chir IT gin TMD sir dung phwong
phép phén tir hitu han (FEM) va dong lwc hoc chét luu (CFD)
3.1. Péi twong nghién ciru
Mot dét dam véi mat cat ngang c6 dang chir IT ciia mot cong trinh cau diy vang thyc té tai Viét
Nam dugc lya chon d€ nghién ctru hiéu qua ciia TMD trong viéc giam dao dong cua ket cAu do tac
dong cua gio (Hinh 2).

Hinh 2. Mit cit ngang d6t dam nghién ctru

3.2. Mo phong

DPé mo phong tac dong cua gio ddi véi mot cong trinh cu diy ving bang phuong phap dong luc
hoc chat lvu (Computational Fluid Dynamics - CFD), ba mé hinh thudng duge st dung: (i) M6 hinh
toan bo két cau cau voi dam cau, thap cau, day vang; (ii) M6 phong mot d6t dam véi cac kich thude
hinh hoc co ban, diéu kién bién 1a cac 16 xo (spring) dic trung cho do cimg két cau dam cau va dﬁy
Vang, (iii)) Mo phong trong mit phang 2D vi kich thudc h1nh hoc clia mit cit. M6 hinh toan bo két
cAu cau sé tiéu ton lwong 16n tai nguyén cua may tinh, yéu cau ciu hinh may tinh rat cao. Trong khi
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d6, mo6 phong dt ddm va mé hinh tinh toan phing 2D c6 sb lwong chia lu6i phan tir it hon. Vi vy,
céu hinh may tinh sir dung dé mé phong thip hon va thoi gian tinh toan nhanh hon.

Trong bai béo ndy, cac tic gia sir dung hai mé dun phén tich két cdu Transient Structural va phan
tich dong luc hoc chét lvu CFX cua phﬁn mém ANSYS dé mo phéng ddt ddm. Hai mé dun nay duoc
két ndi v6i nhau thong qua mé dun System Coupling. Tiép xtic trén bé mit két cAu dim ciu va phan
chét luu duge mo ta boi loai diéu kién bién Fluid Solid Interface trong mé dun Transient Structural.
Trong md dun chat luu CFX, bé mit dim ciu dugc mo ta 1a loai didu kién bién kiéu tudng (wall) véi
tty chon Két d6i hé théng — System Coupling. Tai mdi thoi diém, chat luu (gi6 thoi) duge mo phong
bang mé dun CFX, tir d6 x4c dinh dugc van tde gio tai cac diém va ap suét gio tic dung 1én dot dim
khién d6t ddm chuyén dong thay doi vi tri thong qua mé phong trong mé dun Transient Structural. Vi
tri ¢ot dam khi d6 tr& thanh diéu kién bién kiéu tudong cho bude tinh tiép theo ciia CFX. So db khdi
qué trinh phan tich dwoc thé hién trén Hinh 3, mé hinh d6t ddm duoc thé hién trén Hinh 4.

l

Nhan chuyén vi
tir Mechanical

CFD

Budc thoi gian

Gri chuyén vi
dén CFD

Chuong trinh phén tich két ciu

Hinh 3. So db khéi qué trinh phan tich

Hinh 4. M6 hinh d6t ddm cau gan thiét bi giam chdn TMD
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Kich thuéc ving khong gian mo phong chat luu 1a (2800 x 1600 x 100) mm nhu thé hién trén
Hinh 5. Mat gi6 vao (Inlet) ¢ bén trai, mat gio ra (Outlet) & bén phai, mat hé (Opening) 6 trén va dudi,
mit dbi xtimg (Symmetry) 14 hai mit phing vudng goc véi dét dam.

Hinh 5. Ving khong gian mo6 phong chat luu

Pét dAm duoe mod phong véiti 1€ 1/37,5 chiéu dai 100 mm, khoi luong dbt dAm m = 0,766 kg, van
toc gio 4 m/s, 6t dam dugc dd bai 4 16 xo ¢o d6 clng k = 50 N/m, tong do cimg 200 N/m. Nghién
ctru nay khong xét dén chuyén dong cia dam ciu theo hudng gio thoi. Vi vay, mot diéu kién bién gisi
han chuyén vi theo phuong gid thdi bang khong duogc st dung. Po cimg 16 xo theo phuong dimg va
xodn duge xac dinh dya trén tin sb dao dong dtrng va dao dong xo4n cua két cdu thuc quy ddi vé mo
hinh theo ti 16 v/ v6i n 14 ty 1& hinh hoc mo hinh. Tuy nhién, muc tiéu ctia nghién ctru nay 1a so sanh
hiéu qua giam dao dong giita truong hop c6 gan TMD va khong gin TMD. Béi vdy, d6 cimg 10 xo
ctia d6t dam cau duoc Iya chon va giit khong ddi giita cac truong hop.

Thoi gian mo phong 10 s, bude thoi gian 0,001 s. M6 hinh gi6 r6i WALE (Wall Adapting Local
Eddy Viscosit) thudc nhoém LES dugc sir dung [22]. Tai mdi budce thoi gian, phwong trinh Navier—Stokes
dugc tinh toan trong mién khong gian xung quanh dét dam, tir d6 xac dinh dwoc van tdc gio tai cac
diém, 4p suét gio tac dung 1én ddt dam. Cac thanh phan lyc nang, mo men xon khién dét dam chuyén
vi theo phuong thang dimg va xoay. Thanh phan luc can gay chuyén vi ctia d6t dam theo hudng gid
thdi khong ndm trong nghién ciru ndy. Do hién twong gié xody, luc dimg va md men xodn c6 do 16n
thay d6i theo thoi gian, véi tan s6 f tily theo kich thudc dam H, van tdc gié U va hé sb Strouhal S,
15l S U

t
f== an

Khi tan sb gi6 xo0dy gén voi tan sb dao dong riéng cua két cAu, hién tuong cong hudng xuét hién.
Pé giam dao dong dam ciu, hai bo thiét bi giam chan TMD duogc gin tai hai bén ctia ¢t dAm. Thiét bi
giam chdn TMD bao gom khdi lugng tap trung, 16 xo c¢6 d6 cting, va thanh phan can. Dya theo cong
thirc (7), cac trudng hop nghién ctru duge tién hanh véi sy thay déi cac hé s6 cia TMD (Bang 1).
Trudng hop khong gén thiét bi TMD duoc ki hiéu 1a THO. Vi gia tri ctia ty sb khdi lugng u = 7%, ky
= 6,1141 N/m duoc ky hiéu 1a TH1 va khi thay d6i hé sb can cd s& c6 cac truong hgp TH1a, TH1b,
THlc. Tuong ty nhu viy véi u = 5% va u = 3% cé cac truong hgp TH2a, TH2b, TH2c va TH3a,
TH3b, TH3c.
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Béng 1. Tham s6 ciia TMD trong céc trudng hop nghién ctru

Truong hop u kg (N/m) ¢q (Ns/m)

THO - - -

THla 7% 6,1141 0,1268
THI1b 7% 6,1141 0,0634
THlc 7% 6,1141 0,2536
TH2a 5% 4,5351 0,0788
TH2b 5% 4,5351 0,0394
TH2c 5% 4,5351 0,1575
TH3a 3% 2,8278 0,0377
TH3b 3% 2,8278 0,0188
TH3c 3% 2,8278 0,0753

Hinh 6. Phan bd van tdc gié quanh d6t dam cau

Hinh 6 thé hién su phan b van toc gié xung quanh dét dam. C6 thé thy rang, khi gié di qua vt
can, xuat hién cac ving van toc gi6 thay do6i khong déu, dan dén ap suit khi dong thay doi tic dung
1én ddm hinh thanh céc luc can, luc nang, md men x0&n. Tan sb luc tac dung va tan sd gid xoay phu
thudc vao dang hinh hoc, kich thude vat can, van toc gio.

o 2 4 s
thoi gian (s)
Hinh 7. Két qua dao dong ciia THO

o -
-
o
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thoi gian (s)

Hinh 8. Két qua dao dong ciia TH1a, TH1b va THlc

14
-1 4
O —TH2a

-2 - - -TH2b
o TH 26

bién @6 (mm)
o

o
N
IN
o
®
-
o

thoi gian (s)

Hinh 9. Két qua dao dong ctia TH2a, TH2b va TH2c

i

-2

-
1

bién d6 (mm)
o

1
-
1

o
N
N
(2]
©
-
o

thoi gian (s)
Hinh 10. Két qua dao dong ciia TH 3a, TH 3b va TH 3¢
Dé xét dén chuyén vi tinh tién két hop xoay ciia dam, cac két qua dao dong dugc xét tai vi tri mép
trén ngoai cung bén trai cua mat cat. Bieu do dao dong cua ket cau dam truong hop THO (u = 0%)
duogc the hién trén Hinh 7, Cac két qua dao dong truong hop voi u = 7% dugc to hop trén Hinh 8, u =
5% trén Hinh 9 va v6i u = 3% trén Hinh 10.
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Hiéu qua giam dao dong ciia TMD y duogc danh gia thong qua ty s gitra gia tri d 1éch chuan cua
dich chuyén trong trudng hop cé st dung TMD (o7pp) so véi khi khong st dung TMD (o).
OTMD
X=——" 12)
o
voi x; Tmp 14 chuyén vi a6t dim c6 gdn TMD & thoi diém mod phong thir i; xg, Tap 12 gid tri trung
binh ctia cac gia tri x; 7yp. Tuwong tu, x; 1a chuyén vi d6t dam khong gan TMD ¢ thoi diém m6 phong
thi i; x,, 12 gia tri trung binh cua cac gia tri x;; n 14 s6 lugt thoi diém mo phong, bang 10000 twong
ung thoi gian mo phong 10 s va budc thoi gian 0,001 s. Cong thire xac dinh do 1éch chuan va gia tri
trung binh [23]:

2
" (Xi_TMD - xtb_TMD)
OTMD = Z ., 0= (13)
1 n
N Xi TMD 5 X
Xtb TMD = Z _n s Xp = n (14)

C6 thé thay rang tit ca cac truong hop gan TMD déu c6 hiéu qua giam dao dong ctia dam cau trén
50% so v6i truong hop khong gin TMD. Ty s6 khéi luong cang 16n, hiéu qua TMD cang cao. Ty s6
khdi luwong dugc xét 1a 7%, 5% va 3%, hi¢u qua giam chin trung binh tuong tng 57,80%, 54,93%,
54,46%. Tuy nhién, ty s6 khdi lugng 16n ddng nghia véi khdi lugng TMD ting, gay tang khdi lugng
trén cong trinh, kho khin trong viéc lap dat lién két TMD véi cong trinh. Viée thay ddi hé sb can ¢y
lam thay d6i hiéu qua giam dao dong cia TMD va khong phai hé sb can tinh theo cong thirc ctia Den
Hartog 13 t6i uru trong moi trudng hop. Tuy nhién, cong thirc nay van co thé dugc sir dung dé Iya chon
céc thong s6 ban déu cia TMD. Trong céc truong hop mo phong, truong hop THIc ¢6 hiéu qua giam
dao dong t6t nhat dat 59,55% va truong hop TH3c kém hiéu qua nhat khi chi dat 52,46%.

4. Kétluan

Bai bao nghién CL'ru dao dong cﬁa dam cau day ving mit cat chir IT dudi tic dong cua tai trong
glo trong truong hop gan va khong gin TMD, st dung phuong phap mé phong twong tac gio va két
cau. Két qua nghlen cu’u cho thdy, viéc sir dung TMD 1a mot giai phéap k¥ thuat phu hop dé glam dao
dong do gio cho dam ciu day viang. Thong qua cc phén tich va so sanh, c6 thé rat ra mot s két luan
nhu sau:

- TMD hiéu qua trong viéc giam dao dong gié xody. Cac thong sb thiét bi TMD can duoc lya
chon phu thudc vao thong sé két ciu dam cau. Ty s6 khoi luong cang cao, hiéu qua giam dao dong
ctia TMD cang cao. Tuy nhién, viéc ting khdi luong ctia TMD ciing anh huéng dén ndi luc trong két
céu. Do d6 khi phan tich két cu can ké dén khdi lugng ctia thiét bi giam chan.

- Hé s can ti wu cia TMD theo cong thirc cua Den Hartog c6 thé lira chon dé tang hiéu qua giam
dao dong.

- Gi6i han nghién ctru ciia bai bao 1a chi mé phong mot dét dim cau dy vang mit cit chit IT thu
nho c6 chiéu cao khong thay ddi, bé qua anh hudng ciia ddy vang va thong s thiét bi TMD dugc lya
chon twong tng v&i dang dao dong dung dau tién. Dao dong gio xody co thé xdy ra & cac van tde gid
khac nhau, twong tmg vai cac tin sb riéng khac nhau, nén viéc mé phong gié thdi 1én toan bo két cau
cau can duoc xem xét nghién ctru. Dé giai duoc bai toan nay doi hoi tiéu ton luong 16n tai nguyén cua
may tinh, yéu cdu cdu hinh may tinh rat cao, thoi gian phén tich dai.
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