KHOA HOC & CONG NGHE

Hé con lac thang bang trong céng trinh nha cao tang,
nha siéu cao tang - mét trong nhiing giai phap hiéu qua
giam thiéu cac dao déng va dam bao an toan cho cong trinh

Balanced pendulum system in high-rise buildings and super-high-rise buildings -
One of the effective solutions to minimize oscillations and ensure construction safety

Tom tat

Bai bao nay gidi thiéu vé ing dung hé con lac
thang bang trong cac nha cao tang, siéu cao
tang trén Thé gidi dé giii on dinh cho cac toa nha.
Trong théi dai dd thi hoa phat trién cac d6 thi
cac thanh phé 16n thi nhu cau xay dung cac toa
nha cao tang va siéu cao tang ngay cang la mét
xu thé tat yéu dé dap ing nhu cau 6 va lam viéc.
Viéc giit cho cac toa nha dugc an toan, on dinh
ngay cang dugc quan tam, cac giai phap thi cong
trong d6 giai phap dung hé con lac thang bang
la mét trong nhiing giai phap dugc st dung va
chitng minh tinh hiéu qua trong thuc té sit dung
vé tang kha nang giit 6n dinh va an toan két cau
ciing nhu tang tudi tho ctia cdng trinh.

Tir khéa: Hé con ldc thang bang;nha cao tdng, nha siéu
cao tdng, én dinh, an toan két cdu

Abstract

: The paper presents the application of balancing
pendulum systems in high-rise and super-high-rise
buildings in the world to keep buildings stable. In the
era of urbanization and development of large cities, the
need to build high-rise and super-high-rise buildings

is increasingly an inevitable trend to meet living and
working needs. Keeping buildings safe and stable is
increasingly of concern, construction solutions in which
the solution of using a balanced pendulum system

is one of the solutions used and proven effective in
practice. Economical in terms of increasing structural
stability and safety as well as increasing the longevity
of the project.

Key words: Balanced pendulum system; High-rise
buildings, super high-rise buildings, stable, structural
stability and safety
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1. Gi&i thiéu

Trinh Xuén Vinh

Trong bdi canh db thi hda va phat trién kinh té toan ciu, cac cong trinh xay
dwng nha cao tang va siéu cao tang tré thanh biéu twong cia sw tién bd va
thinh vwong. Tuy nhién, cing véi sy phét trién nay |a nhirng thach thirc vé két
cAu va an toan, d&c biét khi d6i mat v&i cac lwe ddng nhw gié bao va dong dat.
Giai phap dung hé con l&c thdng bang (Tuned Mass Damper - TMD) da néi lén
nhw mét gidi phap hiéu qué dé giam thiéu cac rung déng nay, dam béo an toan
va 6n dinh cho cac cong trinh cao tang.

2. Nguyén ly hoat dong

Hé con lac thdng bang
(TMD) hoat déng dwa trén
nguyén ly hép thu va tiéu tan
nang lwong dao déng. Mot hé
théng TMD co ban bao gbm
moét khéi luong 16n (mass)
duwoc diéu chinh (tuned) gén
két v&i tda nha théong qua
cac hé théng 16 xo va giam
chan. Khi tda nha dao déng
do tac doéng cua cac luyc
ngoai vi nhw gié hodc dong
dét, khdi lwong nay sé dao
ddéng nguoc pha voi tda nha,
tao ra lwc nguworc lai dé giam
bién do dao dong. Hiéu qua
cta TMD phu thuéc vao kha
nang diéu chinh khéi lwvong,
dé clrng clia 16 xo va dd gidm
chan dé t6i wu hoa viéc hap
thu ndng lwong dao dong.

Hé théng TMD bao gdm
ba thanh phan chinh:

Khéi Lwong (Mass): Bay
thuwong la mot khéi thép hodc
bé tong nang, dwoc dat &
phan trén cda toa nha.

Hinh 1. Toa thap Taibeil01 Tower -Dai
Loan (https://vi.wikipedia.org)
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Hinh 2. M6t s toa nha cao nhat tai chau A (https:/ /vi.wikipedia.

org).

3 6 TAP CHi KHOA HOC KIEN TRUC & XAY DUNG



Ll

50

=

=

=

=

-|’ - H L)
(el 'Phu.,mp\. -_\r_ fug e Lo

I el

'--r ‘I‘h\r\-bq"?‘" ﬂ‘

il

s b (i b (el (Vi = i T e
[ [ Larghmi [:.,

-':

Hinh 3. Mot s6 toa nha cao nhat Thé gidi (https://vi.wikipedia.org)

Cables

Hinh 4. Taibeil01 Tower st dung mot damper khoi lugng diéu chinh (http://

vn.shtydamper.com)

Seismic control device

Long-period

-ong : Building swaying
seismic motion
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Hinh 5. So d6 Hé con lac thép khdng 16 toa nha
Shinjuku Mitsui - Nhat Ban

Hé Théng Lo Xo (Spring System): Hé théng nay két ndi
khéi lvong v&i két cu clia tda nha va cho phép khdi lwong
dao déng.

Gidm Chén (Dampers): Gilp tiéu tan ndng lvong dao
doéng ctia khéi lwong, tir d6 gidm thiéu bién dé dao dong cua
tda nha.

3. Thiét ké va tinh toan hé
TMD
Viéc thiét ké hé thc“')ng TMD
doi héi cac ky sw phai thuc
hién cac buwéc sau:
- X&c DPinh Tan S6 Dao
/ Doéng Ty Nhién Cla Toa Nha:
Tan s6 nay dwoc xac dinh
thong qua cac mé hinh phan
tich déng lwc hoc.

- Lwa Chon Khéi Lwong
TMD: Khéi lwong ctia TMD
thwong chiém khoang 1-5%
khéi lwong cla tda nha.

- Didu Chinh B6 Clrng Lo
Xo va Gidm Chén: Cac théng
sb nay phai dwoc diéu chinh
sao cho tan sb dao déng cla
TMD khép véi tAn sé dao déng
cula toa nha.

4. Giai phap thi cong hé TMD
4.1. Khdo Sat va Phén Tich dao déng cua toa nha dwdi tac
dung cta gié, déng dat:

Trudc khi 13p dat hé TMD, céc ky su can thuc hién khéo
sat va phén ‘tich két cau cua tdoa nha dqc'yi tac dung cla gié,
dong dat. Diéu néy‘giﬂp xac dinh vi tri ti wu dé d&t hé thong
TMD va dam béo rang toa nha co thé chiu dwoc tai trong bd
sung va cac tai trong bat lgi khac.

4.2. Lwa Chon Vat Liéu:

Vat liéu ché tao hé thér}g TMD phai ddm bao tinh bén
virng va kha nér!g chiu lyc tot. Thép va bé téng thubjng dwoc
st dung cho khdi lwgng, trong khi 16 xo va giém‘chén c6 thé
dwoc lam tir cac hgp kim dac biét c6 tinh dan hoi cao.

4.3. Lap D&t Hé Théng TMD:

- L&p Dat Khéi Lwong: Khéi lwong dwoc dat & tAng cao
nhét hodc gan dinh cla tda nha. Viéc 1&p dat yéu cau cac
thiét bi nang ha chuyén dung va doi ngi ky sw giau kinh
nghiém.

- Lép Bat Hé Thong Lo Xo va Gidm Chén: Lo xo va gidm
chan dwoc lap dat va két noi chinh xac voi khoi lwong va két
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Hinh 6. Vi tri V! tri thiét bi giam chan khoi lugng diéu chinh Toa nha Taipei 101, Pai Loan (https://

vi.wikipedia.org)

cAu tda nha, ddm bao hé thdng hoat dong dung theo thiét ké.
4.4. Higu Chinh va Kiém Tra Hé Théng:

Sau khi lap dat, hé théng TMD can dwoc higu chinh dé
dat dwoc tan sO dao dong toi wu. Cac ky sw sq’ dung cac
cépg cu phan tich dong Iujc hoc dé kiérr] tra va diéu chinh hé
thong cho phu hop véi dieu kién thyc té.

4.5. Bdo Tri va Giam Sat:

Hé thédng TMD can dwoc kiém tra va bao tri dinh ky dé
dam bao hoat déng hiéu qua. Cac cam bién giam sat dwoc
I&p d&t dé& theo déi tinh trang ctia hé théng va canh bao sém
cac van dé tiém an.

5. ’'ng dung thwc té

‘C()ng nghé TMD Qé duwoc tr'ién khai thanh céng trong
nhiéu cong trinh ndi tiéng trén thé gisi:

3.1. Taipei 101, Dai Loan: Toa nha cao 509 mét nay st
dung mét hé thong TMD v&i mét qua cau thép nang 660 tan

TORRE CITICORP, NY, NY

treo tir tAng 92 dén tAng 87, C.Y. Lee & Partners va RWDI d&
thiét k& mot con lac bang thép déng vai trd nhu mét van diéu
tiét khéi lwong dwoc diéu chinh. Qua béng gidm chén khéi
lwong I&n nhét thé gidi, bao gdm 41 tdm thép hinh tron co
dwong kinh khac nhau, mdi tAm day 125 mm, dwoc han lai
v&i nhau dé tao thanh mét qua béng dwéng kinh 5,5 m,gidp
gidm dao déng do gié va dong dat 1én dén 40%. Hé théng
nay gilp giam rung déng do gié bdo va déng dat, ddm bao
an toan cho tdéa nha va cw dan bén trong.

3.2. Citigroup Center, New York, My: V&i chiéu cao 279
mét, tda nha nay st dung mét hé théng TMD néng 400 tan
d& giam thiéu dao dong do gié. Hé théng TMD nay da chirng
minh hiéu qua trong viéc duy tri sw on dinh cda toa nha ngay
ca trong diéu kién gié manh.

3.3. Shanghai Tower, Trung Quéc: La tda nha cao thi hai
thé gi¢i v&i chidu cao 632 mét, Shanghai Tower dwoc trang
bi mot hé thédng TMD khéng 16 n&ng 1.000 tan,gitp gidm bién
dd dao dong dén 50%. Hé théng nay gitp gidm thiéu tac

déng cla gié manh va déng dat, bdo vé tda nha va
tang cwong do an toan cho cw dan.

6. Phat trién cong nghé TMD

Céc nghién ctru va phat trién gan day da tap
trung vao viéc cai tien hiéu qua va &ng dung clia hé
thong TMD. Mot s6 hudng nghién ctru dang chu 'y
bao gom:

Ergingar Wiliam LaMassuriar designed the structure of the CHCor Towar 85 & Eraced parimater frams with long diagonals on the
fncacas in & chavion pamem (sight Noors high| collscting andl tansterring tha Noor loads 1o e canter of sach facs whers the maga-
colmns beiow are lacated. These tagade irusses collect about 1/2 o Se graviy Isads and resist the antire wind lsads on the
Buslding. At the base of the tower, whers the chewons end. a diagonally braced transter floor is requined 1o transfer the wind shear
{resiated by the chevron tusses) to the central concrete core.

Hinh 7. Toa nha C|t|group Center, New York, My (https //www bybuildingdesign.com)
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- TMD véi d6 cirng bién dbi:
Coéng nghé nay cho phép diéu
chinh dé cing cua 16 xo trong
hé théng TMD dé phu hop véi
cac diéu kién dao dong khac
nhau, tdng cwong hiéu qua
gidm chén.

- TMD st dung inerter:
Mot cai tién méi la thay thé
khéi lwgng trong TMD bang
mot inerter, gitp gidm dang ké
trong lwong hé théng va cai
thién hiéu qua hap thu nang
lwong dao dong.

»
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7. Lovi ich va thach thic

‘Céng nghé TMD mang lai
nhiéu lgi ich quan trong, bao
gobm:

- Tang cwdng an toan va
4n dinh: Giam dang ké bién do
dao ddng, giup tang cwong an
toan cho cw dan va nhan vién trong toa nha.

~-Baové két ciu: Gidam mét mai va hw héng clia
két cau do dao dong lau dai, kéo dai tudi tho cua
cong trinh.

Cac diéu nay da dwoc minh ching rat rd nét
nhuw:

Toa nhaTaipei 101- ) Pai  Loan van
dirng virng trong tran ddng dat manh 7,4 doé richter
xay ra ngay 3/4/2024.

Tuy nhién, viéc thi cong va I&p dat TMD ciing
dat ra mot sb thach thire:

- Chi phi cao: Viéc thiét k& va lap dat hé thdng
TMD doi héi chi phi dau tw Ién, ddi héi can nhac kj
lwdng vé tai chinh.

- Yéu cau ky thuat cao: Can cé doi ngii kj sw
va cong nhan ¢ trinh d chuyén mén cao dé thuc
hién lap dat va bao tri hé thong. Hinh 8. Hé thdng giam chan Toa nha Shanghai Tower, Trung
8. Két Luan Quoc (https://vi.wikipedia.org)

Co6ng nghé thi cong hé con lac thdng bang
(TMD) la mét giai phap tién tién va hiéu qua dé déi
pho véi cac thach thire vé két cu trong cac nha cao tang va
siéu cao tang. V&i kha ndng gidm thiéu rung déng va ting
cuwong dé an toan, TMD dong vai trd quan trong trong viéc

bado vé két cAu va cw dan trong cac tda nha cao tang. Céac
nghién ctru va cai tién lien tuc trong Iinh vyec nay hira hen sé
mang lai nhitng buwéc tién méi, giip TMD tiép tuc dwoc tng
dung réng rai va nang cao hiéu qua trong twong lai./.
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