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Tém tét: Bai bao trinh bay mé hinh nha nhiéu tang dugc rdi
rac héa bang hé nhiéu bac tu do, trong do6 hé gidng ngoai
(outrigger) dugc mé phdng bang 10 xo xoay tuong duong,
nham phan tich anh hudng clia hé théng nay dén tan s6,
dang dao ddng riéng va dap ting dong clia nha nhiéu tang
dudi tac dong clia tai trong gid. Bén canh do, bén kiéu dan
giang (kiéu X, kiéu K, kiéu N va kiéu KB) dugc phan tich va
so sénh thong qua chi s6 do cling xoay tuong duong K. Két
qué cho thdy hé dan kiéu X dat hiéu qua giam chuyén vi dinh
cao nhat (56,7%), k& dén 1a kiéu K (55,6%), trong khi hé dan
ki€u N va KB tuy don gian vé cdu tao nhung cho hiéu qua
thap hon déng ké. Dap ing doc gié (along-wind) dugc xac
dinh theo phd Kaimal va so sanh giia cac phuong an bg tri
outrigger. K&t qua khang dinh hé gidng ngoai lam tang déng
ké do6 clng tdng thé, gidm chu ky dao dong va gidm thiéu
chuyén vi dinh khi bé tri trong viing (0.7 - 0.8)H. Nhiing dnh
huang nay khong nén bo qua ké ca trong giai doan phan tich
so bo.

Tirkhéa: Dap ting dong, tai trong gi6, nha cao tang, hé giang
ngoai, cau hinh dan outrigger.

1.GIOI THIEV

Su phat trién manh mé ctia cong trinh nha cao
tang trong hai thap ky qua dat ra nhiing thach thtc
ngay cang lén doi véi ky thuat thiét ké két cau.
Cac d6i méi trong ky thuat két cau két hop véi xu
huéng giam nhe vat liéu xay dung da lam giam
dang ké khoi lugng, do cting va dac tinh can cta
cac cong trinh hién dai. Hé qua la nhiéu van dé vé
hiéu nang két cau xuat hién, dac biét dudi tac dong
cua tai trong ngang. Chuyén vi ngang va gia téc dao
dong ctia nha nhiéu ting cin dugc kiém soat hiéu
qua nham thdéa man cac yéu ciu vé sti dung binh
thuong va tiéu chi tién nghi ctia cu dan[1].

Mot trong nhiing giai phap phd bién nhét hién nay
la ting dung hé giang ngoai (outrigger system). Hiéu
qua cua hé gidng ngoai trong kiém soat dap ting két

Abstract: This paper presents a multi-degree-of-freedom
(MDOF) discretized model of multi-story buildings in which
outrigger systems are represented by equivalent rotational
springs, with the aim of investigating their influence on natural
frequencies, mode shapes, and dynamic responses under
wind loading. In addition, four outrigger truss configurations
- X-type, K-type, N-type, and KB-type - are analyzed and
compared through the equivalent rotational stiffness index K.
The results indicate that the X-type truss achieves the highest
peak displacement reduction (56.7%), closely followed by the
K-type (55.6%), whereas the N-type and KB-type, despite their
simpler configurations, yield considerably lower effectiveness.
The along-wind dynamic response is determined using the
Kaimal power spectral density and compared across different
outrigger arrangements. The results confirm that outrigger
systems significantly increase overall lateral stiffness, reduce
natural periods, and minimize peak displacement when
positioned within the range of (0.7 - 0.8)H. These effects
should not be neglected even at the preliminary design stage.
Keywords: Dynamic response, wind load, high-rise buildings,
outrigger system, outrigger truss configuration.

cau dudi tai trong gié da dugc chiing minh va ting xt
tinh ctia hé nay da dugc nghién ctiu rong rai. Smith
va Salim[2] da tong hop cong thiic t6i uu hoa d6 cling
chong chuyén vi cta két cu co hé giing ngoai, tiép
theo Lame[3] dé xuét phuong phap t6i uu héa thong
qua ap dung cic cong thiic nay. Hoenderkamp va
Bakker[4] da mo6 hinh hoa hé giing ngoai nhu 16 xo
xoay tuong duong trong phén tich dap ting gié dong
va xac lap quan hé¢ gitia d¢ cling xoay K_véi chuyén
vi dinh. Téng quan cta Alhaddad et al.[5] dé cap rang
kiéu dan giang c6 thé thay d6i tii vach dac dén cac
hinh hoc dan khac nhau va anh huéng truc tiép dén
do cting va do déo cung cap cho két cau, song chua c6
nghién ctiu nao thuc hién so sanh dinh lugng c6 hé
thong gitia cac kiu dan giang nay két hop véi phan
tich kha ning khang gio.
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Vé mit cdu tao, dan gidng c6 thé dugc thiét ké theo
nhiéu kiéu gidng khac nhau (Hinh 1), tiéu biéu 1a hé
dan ki€u X (hai thanh xién chéo trong mét panel), hé
dan ki€u K (thanh xién gdp nhau tai diém gitia thanh
diing) va hé dan kiéu N (thanh diing két hgp thanh
xién don theo tling panel), cung véi hé dan kiéu KB
(bién thé ctia kiéu K ¢6 bd sung thanh giang). Su khac
biét nay c6 y nghia thuc tién 16n trong giai doan lya
chon so by hé gidng, nhung cho dén nay van chua
dugc nghién ctu dinh lugng va so sanh truc tiép
trong ngti canh phan tich dap ting gi6 dong.

Bai bao nay x4y dung mo6 hinh thanh dam ba
chiéu, tich hgp 16 xo xoay mo6 phong hé giang ngoai,
nhdam dat dong thoi ba muc tiéu: (i) So sanh dinh
lugng bon kiéu dan outrigger - kiéu X, kiéu K, kiéu
N va ki€u KB - thong qua cdc chi s6 K_dé cung cap
o s lua chon kiéu dan ngay tu giai doan thiét ké
so bg; (il) Khao sat anh hudng cuia vi tri va s6 lugng
tang giang dén tan s6 va dang dao dong riéng; (iii)
Phén tich dép tng doc gié (along-wind) theo phé
Kaimal va so sanh hiéu qua giam chuyén vi dinh,
gia toc dinh gitia cac phuong an.

2. MO HINH NHA NHIEU TANG

2.1. M6 hinh dam console roi rac nhiéu bac tu do

Nha nhiéu tang chiu tai trong ngang dugc mo
hinh héa biang hé ddm console r6i rac nhiéu bac
tu do (MDOF), trong d6 mdi ting dugc dai dién
bdi mot phan tii dam khong gian véi 6 bac tu do
tai moi nut, bao gébm ba chuyén vi tinh tién va ba
chuyén vi quay. Khéi lugng ctia hé ddm - san tai
moi tdng dugc quy ddi vé khoi lugng tép trung va
chia déu cho hai nut ctia phén t thanh, khoi lugng
ctia hé cot va vach dugc gia thiét phan bé déu doc
theo chiéu dai phan ti tuong tng, khoi lugng tap

(©) (d)

Hinh 1 Cac dang kiéu dan duing cho hé gidng ngoai [4] : (a) Kiéu X, (b)
Kiéu K, (c) Kiéu N (d) Kiéu KB

trung m, gdn tai nit téng tuong ung (Hinh 1). Két
cdu dugc roi rac hoa thanh n phan ti ddm ba chiéu,
méi phan ti c6 chiéu dai L, médun dan hoi E,
modun xodn G, m6 men quédn tinh tiét dién L, Iy,i,

va hé s6 cat ¢_, ¢ . theo cac phuong y va z tuong
Vi Tzi
ung (Hinh 2).
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Hinh 2 M@ hinh thanh dam 3D

Ma tran d6 cting phan tt cho phan tu thid i c6
chiéu dai L dugc xac dinh theo cong thiic sau:

ksz{kn k12:| 1)
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Trong do:

Ed 0,0,0,0,0;
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k, =k, &
_EfA" ,0,0,0,0,0;
Li
o 2EL, (oo OEL,
L(1+g,) 7 L(1+g,,)
12E1 6E1,,
50 3 ’ 0
L(1+4.,) L(1+4,,)
. e ©)
0,0,0,—*~,0,0;
Ll
6E1 , (4 +9., )E,.IN.
’0, — ,0, >
L(i+g,) " L(1+4,)
= 26 Bl ,0,0,(),(4+¢">")E"1‘>
Lf(1+¢y,i) L’(]+¢y’i) -

Doi véi két cu co hé giang ngoai, anh hudng
cua tliing hé giang dén két ciu dugc quy déi thanh
16 xo0 x0ay tuong duong véi do cling K_ dit tai nit
tang tuong ting vi tri lap dat hé giang ngoai. b
cling xoay tuong duong K clia h¢ giang ngoai tai
mot nut dugc xac dinh theo nguyén ly cong goc
xoay thanh phan.

Déi v6i hé giang dang dan, tong géc xoay 0 clia
canh tay gidng tai vi tri két n6i voi 16i két cdu gobm
hai thanh phan: (i) 0, do bién dang doc truc ctia cot
ngoai vi; (ii) 0, do bién dang cit trong dan giang. Tl
K, =1/0, do cling xoay tong hop dugc xac dinh theo
cong thtic [4]:

-1
KS:[3L+d+1] 6)
d’EA. 12EI, GAh
Trong d6: L(m) la cao d6 vi tri hé giang ngoai
tinh ti mat dat; d(m) la khoang cach gitia hai cot
ngoai vi; EA (N) 1a d¢ cling doc truc cot ngoai vi;
EI (Nm?®) la d6 cting chong uén hiéu dung ctia dan
gidng; GA (N) la do cling chong cat ctia dan giang;
h(m) la chiéu cao ctia dan giang. Trén thuc té, EI va

d’EA

GA, thuongritlén nén K ~ <, ttic bién dang

doc truc ctia cdt bién la thanh phan cung cap do
cting xoay chu yéu.

2.2. Ma trén d6 ciing tong thé

Ma tran d¢ cting tong thé K dugc x4y dung theo
quy trinh ba budc.

- Budc 1: Hgp nhét ma tran do cting phan tti cia
n phén tit ddm Timoshenko dé thu dugc K°.

- Budc 2: Cong truic tiép do cling xoay K (j) ctia
h¢ gidng ngoai thit j vao phan tit dudng chéo tuong
ung bac tu do goc xoay tai nat dat outrigger, thu
dugc K.

- Budc 3: Loai bo cac hang va cot ting véi bac tu

do ¢6 dinh tai nat day, thu dugc ma trdn do cling
K kich thudc (2n - 6)x (2n - 6) dung cho phan tich
tri riéng.

2.3. Ma trén khéi lugng va phuong trinh chuyén dong

Nha nhiéu tang véi san cting tuyét doi cho phép
tap trung khai lugng tai cac nut tang. Ma tran khoi
lugng M 1a ma tran duong chéo véi cac phan tu
khoi lugng tap trung m, tai moi nut. Phuong trinh
chuyén dong ctia hé nhigu bac tu do dugc viét:

Mx(7)+Cx(1)+Kx(¢)=F(r) (7)

Trong d6: x(t) la véc-to chuyén vi téng quét
(chuyén vi ngang va géc xoay tai cac nut tu do); Cla
ma tran can, véi C = aM + BK, trong d6 a. va f 1a cac
hé s6 can Rayleigh, dugc xac dinh tii cac ty s6 can
g, ung véi tan s6 dao dong riéng thi j, o, [5]; F(t) la
véc-to tai trong gid ngoai phan bd theo chiéu cao
cong trinh.

2.4. Phan tich tri riéng — Chu ky va dang dao dong

Chu ky dao dong riéng T, va dang dao déng 0,
dugc xac dinh tli bai toan tri riéng ctia h¢ dao dong
tu do khong can:

KO, =o!M®,, T, =27/w, (8)

Trong d6: @7 1a tri riéng thi j ctia bai toan tri
riéng tong quat M-1K.

M6 hinh dugc lap trinh toan bo trong moi
trudng MATLAB, sau dé dugc kiém chiing bang
cach so sanh chu ky dao dong riéng va dang dao
dong v6i mo hinh phan t hitu han xay dung trong
phan mém ETABS. Két qua cho thdy sai s6 chu ky
gitia hai m6 hinh déu nho hon 9%, xac nhan d¢ tin
cdy va tinh chinh xdc ctia phuong phap roi rac hda
két ciu nha nhiéu tang két hgp véi hé giing ngoai.

3.TACDONG CUA GIO — PHAN UNG KET CAU

3.1.Van toc gio

Do tinh chat ngau nhién, diing (stationary) ctia
gid, van tdc gio tai do cao z va thdi diém t dugc
phan tich thanh hai thanh phan [6]:

V(z,t)zV(z)+v(z,t) (9)

Trong d6 7(z) la van toc gié trung binh theo
chiéu cao (thanh phén tinh); v(z,t) 1a thanh phan
van t6c gié nhiéu loan ngau nhién. Van téc gio
trung binh theo chiéu cao dugc xac dinh theo quy
luat lay thLIa [5]:

V(Z) ref (Z/an ) (10)

Trong dé: 7, 1a van t6c gi6 trung binh tai do
cao tham chié'u, Zref; o 14 s6 ma ctia biéu d6 phéan bo
toc do gio.

Cuong do nhiéu loan, I (z) va thang chiéu dai
tich phan ctia xody, L (z) dic trung cho mtic d¢ réi
va quy mo6 khong gian ctia xody nhiéu loan tai do
cao tiong duong, z,
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1,(z)=0,/V. (11)

L,(z)=1(z,/10) (12)

Véi o, d6 léch chuan thanh phan nhiéu loan doc
gio; ¢ va € la cic hing s6 dia hinh (l4y theo bang
10 cta tai liéu [7]). Gid tri I (z) gidm, gid tri ctia
L (z) tang theo d§ cao phan dnh mtic d¢ réi gidm,
kich thudc xody 16n hon & cac d6 cao 16n hon.

3.2. Mat d6 phd van téc gio

Su phén bd nang lugng ctia thanh phan van toc
gi6 nhiéu loan ngau nhién, v(z,t) dugc mo ta qua
ham mat d6 phé van téc, S (f). Cac mo6 hinh mét
d¢ phd van téc gié khac nhau thudng dugc st dung
trong tiéu chudn thiét ké trén thé gisi [9], [10].
Theo tai liéu [8], m6 hinh phé Kaimal c6 thé biéu
dién dudi dang nhu sau:

S.(f) n6.868

o> (1+n10302)" (13)

Trong do: tan s6 thu gon (khong thi nguyén)
n=fL, (x)/l7 , {13 tin s6 ctia dao dong réi van tdc
gi6 (don vi: Hz).

3.3. Phan tng ctia két cau theo phuong doc gio

Phan ting ctia két cau nha nhiéu tang do thanh
phén nhiéu loan, v(z,t) gay ra dugc phan tich trong
mién tan s6 theo phuong phap phé phan tng. D6i
v6i dang dao dong thit j, phuong trinh chuyén dong
tuong ting nhu sau:

Miﬁi(t)-‘réiﬁi(t)-i_kini(t):Qi(t) (14)

Trong d6: M,,C,K,, va O,(¢) 1dn lugt 1a khéi
lugng, d6 can, do cling, va ngoai luc do thanh phin
nhiéu loan cua gié gay ra tuong ting véi dang dao
dong thi j.

3.4. Mt d6 pho cla tai trong

Mit d6 pho tai trong theo phuong doc gio,

2 np2

p B,

v6i, p = 1.25kg/m’ 1a khoi lugng riéng khong
khi, va ]y((») la ham chap nhan lién hgp, phan anh
muc do tuong quan tai trong gié theo chiéu cao do
thanh phan nhiéu loan cta gié gy ra.

T3 (@)= [ [@r (A, +A, )dxdy, (16)
Véi:

=g, (x)4,(x,) (17)
L=V (x)V(x,) (18)

(19)

Ay(xl.):2%(_?DIu(xi); i=1,2 (20)
B()=(5a-c @i e
BY(xi):(%Cb_Clev(xi); i=12 (22)

Trong do, B, D va H 14n lugt la chiéu dai, chiéu
rong (vudng goc véi hudng gio), va chiéu cao clia
toa nha. Ngoai ra, cic ham mat do phé chéo,
S, (A,e) va'S (A,0) mo td mat do dao dong theo
phuong ngang gié va phuong doc gié & mot tan s6
nhét dinh gitia hai diém cach nhau mét khoang:
Ax = |)c2 - x1|

Snn (Ax’ (0) — S" (C()) éonn (AX, a)) (23)

2 2
O O

n n

Trong d6, n = u,v va phé déng pha chuén hoa,

Co,, (Ax,®)dugc tinh nhu sau:
A _Cmn VfA(’;) a)

Co,, (Ax,w)=e f py. (24)

Vi, C_=9l1ahé s6 suy gidm theo phiong diing
mo ta pham vi khong gian cuia tuong quan réi [6].

3.5. Ham phan tng két cu

Bo qua anh hudng ctia d¢ cting khi dong, ham
phan ting két ciu phu thudc vao tan s6, o xét dén do
can khi dong nhu sau:

ﬂxm{l—(gj +2i(¢,.—;m)§} (25)

i i

Trong do,

sz(zc DJMjV(x)dx

Bw "l
v [ fax
0

gaei = (26)

4m,

véi: m

3.6.D0 Iyéch chudn ctia dap ing két cau

St dung dang dao dong véi cac thanh phan
dich chuyén theo phuong doc gio, y d6 léch chuédn
chuyén vi ctia két ciu do thanh phéan nhiéu loan gi6
gay ra tai do cao x:

O'fy (x)= ISry (x,0)dw (27)
hay

pB [ 1 ’
o, (x)=[,(x) 2, (B_wa x

(28)
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Do léch chuin gia t6c ctia két cau do thanh
phén nhiéu loan gi6 gay ra tai d6 cao x dugc xac
dinh nhu sau:

o, ()=, -ISG (x,0)dw (29)
0
hay ,
S (a)):a)4 B Hy(a) jz(a)) (30)
@ r 2rhya)y2 7

Trong do, J? (a)) la ham chdp nhan lién hop
chuin héa, dugc x4c dinh nhu sau:

2
Jl =7 (o) [W;dxj (31)
L

4.NiDU SO

4.1.Thdng so cong trinh va hé giang

Cong trinh nghién ctiu la nha chung cu cao tang
H = 244 m, gém 68 tang, h¢ két cdu chinh la 16i
cting BTCT két hgp cot bién, lién két qua hé giang
ngoai dan thép. Tai trong gi6 xac dinh theo TCVN
2737:2023, dia hinh loai B, vin t6c gi6 co ban V,
= 30 m/s. Thong s6 déu vao chinh tong hop trong
Bang 1.

Bang 1. Thong s6 dau vao md hinh so

Chiéu cao cong trinh, H 244 m
Sotang,n 68 tang
D0 cting udn (phuong X), EI_ (x10°) 8,533 kNem?
B9 ciing udn (phuongY), El, (x1 0°) 14,506 kNem?
D0 cing doc truc cot bién, EA(ol(x 107) 8,53 kN
(énh tay don outrigger, L 18

Chiéu cao dan Outrigger, h 4

S0 panel dan, n el 2 -

Van toc gio coban, Vg 30 m/s

4.2. S0 sanh bon kiéu dan outrigger

Bon kiéu dan dugc so sanh gom: (1) Hé X; (2)
Hé K; (3) Hé N; (4) Hé KB. Vi tri dit hé gidng ngoai
dang dan lay tai xo = 0,73H (tdng 50). D€ bao dam
tinh tuong duong khi so sanh, bon céu hinh dan
dugc mo6 hinh véi cung tiét dién thanh canh va
thanh xién (A, = A, = 1584cm?). Do s6 lugng va
chiéu dai thanh xién khac nhau gitta cac kiéu, tong
khdi lugng thép st dung cho dan ciing khac nhau:
ki€éu X c6 cdu tao hai thanh chéo trén mdi panel
nén nang nhét (90.640 kg) nhung ciing dat d¢ cling
xoay K 16n nhét; ki€u KB nhe nhat (59.740 kg) song
dg cling thap nhat. Nhu vay, chénh léch K_gitia cic

kiéu phan dnh hiéu qua ctia hinh hoc b6 tri thanh
xién, khong phai do khac biét tiét dién ciu kién

Bang 2. Thdng s6 tiét dién cau kién ctia bén kiéu dan outrigger

X 1584 1584 90.640 46710
K 1584 1584 69.260 4,39x10'
N 1584 1584 72670 136x107
KB 1584 1584 59.740 034710’

Hé dan X ¢6 chis6 K _cao nhit (4,67x10” kNem/
rad) va hiéu qua gidm chuyén vi dinh t6t nhat
(56,7%); hé dan K bam sat ngay sau (55,6%). Hé
dan N tuy don gian vé cdu tao nhung hiéu qua thap
hon nhiéu (22,0%), con hé KB cho hi¢u qua thap
nhat (8,3%). Thong so tiét dién cdu kién ctia boén
cdu hinh dugc trinh bay trong Bang 3. Nhu vy,
khi so sénh & ciing diéu kién tiét dién thanh (A, =
A)), hé dan X va K vuot tréi vé do cling xoay tuong
duong va kha nang giam chuyén vi dinh. Két qua
so sanh vé do ciing, va hiéu qua giam chuyén vi ctia
bon kiéu dan dugc thé hién & Bang 3.

Bang 3. Do ciing va chuyén vi ctia cac kiéu dan (tai tang 50, x/H =0,73)

K (kN-m/rad) x107 4,67 439 1,36 0,347
Chuyén vi dinh (mm) 31266 32086 563,60 662,48
Hiéu qué giam chuyén vi 56,7%  556% 22,0% 83%

4.3. Vi tri t0i uu cia mot hé outrigger
Chuong trinh MATLAB khao sat toan bo vi tri ti
tang 20 dén tang 65. Tai moéi tAng, ma tran do cling

Bang 4. Chuyén vi dinh, gia tdc dinh va tan s6 dao ddng riéng sit dung
mot outrigger loai X

Khong 0
oT

20 029 62502 135% 0112 008 0,198
30 044 43961  391% 0118 00% 0,160
40 058 33719  533% 0122 0100 0132

712225 - 0,106 0,082 0,193

45 065 31866  559% 0123 0,101 0128

50 073 31266  56,7% 0123 0,101 0,126

55 080 311,71  56,8% 0123 0,101 0,123

60 087 351,09  51,4% 0122 0,099 0,134

65 094 45363  372% 0,121 0,098 0,170
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dugc cap nhat va bai toan tri riéng dugc giai lai, sau
dé tinh chuyén vi va gia t6c RMS dinh. Bang 3 trinh
bay két qua tai cac vi tri dai dién & Vo = 30 m/s.

Két qua cho thdy rd ba viing dac trung: (i) Tang
20 - 40 - hiéu qua thép do canh tay don ngan; (ii)
Vung t6i uu chuyén vi dinh tip trung quanh tang
50-55 (x/H = 0,73-0,80), dat mtic giam cao nhat
khoang 56,8%; (iii) Khi ti€p tuc nang outrigger lén
cao hon (tang 60-65), hiéu qua lai suy giam (chi
con 51,4% roi 37,2%) do canh tay don khang lat
rat ngan. Vung tang 45-55 cho hiéu qua gin nhu
tiong diong (chénh léch A_chi vai phan trdm), tao
su linh hoat kién truc trong bé tri tang ky thuat.

5. KETLUAN

Baibao da trinh bay m6 hinh thanh Timoshenko
3D nhiéu bac tu do tich hgp 10 xo xoay m6 phong hé
gidng ngoai, dugc lap trinh toan bo trong MATLAB
va kiém chiing v6i ETABS (sai s6 chu ky dao dong
< 9%). Déy 1a co s& d€ so sanh dinh lugng bon kiéu
dan outrigger (ki€u X, kiéu K, ki€u N va kiéu KB)
thong qua chi s6 thong nhat K, dong thoi phan tich
dap ting doc gi6 theo phd Kaimal két hgp ham chép
nhan lién hgp va phuong phap chong chat dang
dao dong trong mién tan s6. Két qua cho thdy trong
bdn ciu hinh khao sat, hé dan kiéu X cho hiéu qua
giam chuyén vi dinh cao nhat (56,7%), ké dén la
kiéu K (55,6%); hé N va KB kém hon dang ké. Déi
v6i cong trinh khao sat, vi tri dat outrigger hiéu qua
nhét ndm trong ving x = 0,73H-0,80H (quanh tang
50-55), tai d6 chuyén vi dinh va gia t6c dinh déu
dat gia tri nhd nhat; bo tri outrigger cao hon hodc
thap hon viing nay déu lam giam hiéu qua.

Anh huéng ctia hé gising ngoai dén dic tinh
dong (chu ky dao dong riéng va dang dao dong) la
dang ké va khong nén bo qua trong phén tich két
cdu, ké ca trong giai doan phan tich so b¢. Su hién
dién cuia hé gidng ngoai lam ting do cling tong thé
ctia két cdu, dan dén giam chu ky dao dong riéng
va han ché géc xoay tai cac vi tri 1ip dit giding. Anh
huodng ctia hé giang ngoai dén chu ky va dang dao
dong 1a 16n nhat khi giang dugc lap dit tai vi tri co
do6 cong 16n nhat trong dang dao dong tuong tGing
ctia két cdu chua co gidng.d
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