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TRONG NHA NHIEU TANG

Nguy&n Hitu Anh Tu&n, Chu Quéc Thiing
Trudng Pai hoc Bach Khoa - PHQG-HCM
(Bai nhdn ngay 16 thdng 6 nam 2003)

TOM TAT: Bai bdo khdo sdt tdc dung chdng gié ciia hé cdn diéu chinh khoi
luong (Tuned mass damper, TMD) qua két qud 'pha'n tich ddng luc hoc mét céng trinh
20 tdng bing BTCT. Luc gié dugc mé td dudi dang xung voi nhiéu truong hop chu ky
xung khdc nhau. Phdn iing cuc dai ciia két cdu sé duoc xdc dinh cho truong hgp két cdu
¢6 ditng TMD va két cdu khong dung TMD nhung dugc tdang dd cung (ddy la gidi phdp
mang tinh truyén théng). Tit 0, hiéu qud vugt trgi ciia gidi phap TMD so vdi gidi phdp
truyén thong sé dugc thdy ro. Anh hudng ciia khoi lugng hé cdn déi voi higu qud gidm
phdn ting két cdu ciing dugc khdo sdt.

1. GIGI THIEU

Si dung cdc hé thong diéu khién k&t cdu trong cong trinh 1a mdt quan diém mdi va ti€n bd
dé chong lai céc tic dong cia gi6, dong dat, séng bién ... Trong cdc hé thong d6 thi TMD la
mot gidi phdp khd phd bign. TMD gdm c6 mot khoi lugng dugc gdn vao cong trinh tai ndi c6
chuyén dong 16n nhit, thudng 1a ting trén cung, thong qua lién k&t dan hdi va lién k&t cdn
(hinh 1). Tan s6 ciia TMD dugc diéu chinh d€n mot tAn s6 riéng ciia k&t cdu dé khi tdn s
nay dugc kich dong thi hé cdn s€ cOng hudng 1éch pha véi chuyén dong clia két cau. Ning
lwong s tiéu tan do lyc quan tinh cla hé cdn tdc dung vao k€&t cau . Bai bdo sé& khdo sat mdt
vi du biing s6 d€ lam 15 tdc dung chdng gi6 cia TMD trong nha nhiéu tang.
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2.CO SG LY THUYET .
Xét hé mot bac tu do c6 khdi lugng m, dd cing k va hé s6 cdn ¢ dudc lién k&t v6i TMD ¢6
khdi lugng mg, d6 ciing kg va hé s8 cdn ¢4 nhu hinh 2. Hé chiu tic dung cia luc p(t) va
chuyén dong nén uy(t) . Goi u la chuyén dong tudng ddi cla kh6i lwgng chii m so vdi chuyén
dong nén, ug 12 chuyén dong tuong ddi clia my (hé cdn) so v6i m. Céc phudng trinh chit dao
clia chuyén dong sé la

mi + ci + ku =-miig+p +calig+kaa (1)

mdﬁd+cdﬁd+kdud= —mdii—mdiig (2)
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Goi o, § 1a tdn s8 riéng, ty s8 cdn cha khéi lugng chi; g, &4 12 tin s6 riéng, ty s6 can cila
TMD

k
(l)2 = E c = 25_,0)1'1'1 ﬂ)i =t Cqg= Zf_'dﬂ)dmd (3)
m my
. ~ 92 Al S md ry R Y ~ (l}d
Binh nghia ty s6 khoi lugng m=—2,va tys6tdnsd f= —L 4
m ®

Ly thuy&t TMD xdc dinh cdc thong s6 my, kg V2 cq clia TMD sao cho phan ing cla két cau
(chuyén vi, gia t6c, ...) thda man yéu cdu thiét ké. Viéc xdc dinh my, kg va cq cling tuong
duong v6i viéc xdc dinh cdc dai lugng khong thit nguyén 1a m, f va &4 .
Trong trudng hgp p la tdi trong diéu hdoa va a,= ii, 1 gia t6c nén didu hoa c6 tins§ Q
ag= a,sin Q1 p =psin Qt (5)
thi cdc thong s6 t6i wu cia TMD d€ cuc ti€u héa chuyén vi clia két cdu c6 thé duge fim bing
phuong phdp m6 phdng s5 (Numerical simulations) [1], k&t qua cho & cdc db thi hinh 3 va 4
thé hién sy phu thudc cda cdc gia tri t6i vu cla f va & vio mva 2.
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Tsai & Lin (1993) da x4p xi cdc d6 thi trén thanh cdc cong thitc x4c dinh gid tri 15 wu cla f
va %d

f,

opt =

(—-h”l_o‘_ﬁ +1-28 —1}—(2.375— 1034/ - 0426/ R - 3730-16903/7 + 2049672 F  (6)
+m

1 3m 5 2 2
&y, = \/8(1+fn“)(1—0.5ﬁ) +(0.1518-0.17082 )+ (0.1632 + 4.980¢* )i
(M

Tuong ty, d€ circ ti€u hod gia t5c cda k&t ciu chiu cdc tic dong didu hoa thi Ioi & Ikeda

(1978) [2} dad dua ra cong thitc xdc dinh thdng s6 t8i vu cia TMD nhu sau
L+ (0,096 +0.887 ~ 1.872 k. + (1.34 - 2.9 + 3 k2 ®)

opt = =
1+m

0.13+0.72m+ 02m2f + (0.19+ 1.6m ~4m? k> (9)

2 \/3“rﬁ(1+0.4gm -02m’)
Ao

8(1+m)

N&u k&t cdu cin diéu khién 1a hé nhiéu bic ty do thi ta vin c6 thé dp dung cdch xdc dinh
cdc thong s6 TMD nhu trén. Ta chi cdn thay m, © va £ bdi khdi luong M;, tin s6 ; va ty s6
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cin & Wng vi mode dao dong riéng thit i cla k&t cdu, 1a mode cdn diéu khién (thudng 12
mode thi nhat).

3. Vi DU TINH TOAN BANG SO

3.1. M6 ta bai todan

Xét mot nha 20 tng , k&t cdu khung k&t hgp vdi vdch (16i ) citng BTCT nhu hinh 5. Chiéu
day vach cing la 300 mm. Khdi lugng m&i ting 1a 720 kNs*/m, cia toan cong trinh 1a 14400
kNs%m. Khi chua ¢6 TMD thi #ng vdi dang dao dong riéng dau tién két cdu c6 chu ky T=
2.095 s, tn sO vong o = 3 rad/s, khoi lugng (modal mass) 1a M; = 9360 kNs*/m ( bing 65%

t6ng khoi lugng toan cong trinh).
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Hinh 5. So d6 k&t cdu cong trinh

Lurc gi6é dong Q; tai cao trinh z dude md td dudi dang xung 5
Qi (zt) = P(2) gV (10)
trong d6 Pj(z) 1a lyc gi6 tinh, dugc xdc dinh theo tiéu chudn TCVN 2737-1995 vé tdi trong va
tic dong. Ham s& g(t) phu thudc thdi gian, dugc gid thi€t 1a ¢ dang 4 nita hinh sin gidn doan
va 4 nita hinh chi¥ nhat gidn doan, nhu hinh 6.
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Hinh 6. Cdc ham th&i gian d€ mo t4 tdi xung

Dé& xét t6i tinh ngiu nhién clia gié, ¥ng v6i mdi dang xung ta kh3o sdt nhiéu trudng hop chu
ky gi6 T, biing cdch thay ddi ty s6 T,/ T nhu bdng 1.

Bdng 1. Cdc truting hgp chu ky gié dugc khdo sit

TIT, 02 | 04 | 06.1 08 | 09 1 i3 198 0 #3115 2 2.5
T, (s) | 0419 | 0.838 | 1.257 | 1.676 | 1.886 | 2.095 | 2.305 | 2.514 | 2.724 | 3.143 | 4.190 | 5.238
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3.2. Noi dung khao sat

So sdnh phédn ing clia k&t cdu ¥ng véi cdc trudng hop :

(1) Khong c¢6 hé cdn TMD. Ty s6 cdn clia két cau 1a £ =2% .

(2) C6 hé cdn TMD wén méi véi ty s6 khoi Iugng = my/M, thay ddi tit 1% dén 5%. Khoi
lugng my c6 thé duge ciu tao biing khéi bétdng c6 kich thude mit bing 13 8x8 m, chiéu
cao 0.56m + 2.87m khi m=1% + 5%. Khdi lugng my dudc d3 bdi 4 gdi v6i thong s6 duge
xdc dinh theo biéu thic (8) va (9).

(3) Khodng ¢6 hé cdn TMD, nhung tang dd cing cong trinh bdng cdch ting chiéu day vich
cing thanh 35cm, 40cm. Pay 12 gidi phdp mang tinh truyén théng .

Phén tich-dong luc hoc theo lich sif thoi gian véi 8 so dd k&t cau, bao gém 3 so db khdng c6

TMD va 5 s0 dd c6 TMD. Mdi sd dd s& chiu 24 trudng hop xung gié vdi chu ky T, thay doi

nhu bang 1. Ding phin mém Sap2000 Non Linear .

3.3. Phéin tich két qua

3.3.1. Phé phan ing ciia két cdu

U'ng v6i mbi chu ky gi6 T, mdi dang xung (hinh sin, hinh chi¥ nhédt), ta xdc dinh dudc cdc

gid tri dinh (peak value) clia chuyén vi u va gia tdc a ciia ting 20 cho mdi so dd két cau.

Céc dd thi trén hinh 7 va 8 thé hién hé s6 dong i theo T,/Ty, véi uy la chuyén vi tinh cia

st

tang 20 (do lyc gi6 tinh P(z) ) . Cdc dd thi trén hinh 9 va 10 thé hién gia t6¢ dinh a theo

T/T, .

Hinh 7. H¢ s& dgng, xung hinh sin

0 02 04 06 08 1 12 14 16 18 2 22 14 25

T,

o 02 04 06 0B i 12 14 16 18 2 22 24 26 ¢

T,

= vich 300 =& vich 350 =@ vich 400 —¥—TMD 1%
TMD 2% —t+—TMD 3% —@8—TMD 4% —a—TMD 5%

vich 300 =& viich 350 ~8—vich 400 —%—TMD |%
— TMD 2% —+—TMD 3% —e—TMD4% —*—TMD 5%

Hinh 9. Gia l&l dinh , xung hinh sin

Hinh 10. Gia tdc dinh , xung hinh chi@ nhéit

0 |- LS e e [T e ot ey ey e e e e 0+

0 02 04 06 08 1 12 14 16 148 2 21 24 26 0 02 04 06 OB 1 12 14 16 18 2 22 24 26
T/,
o/ T
=——vich 300 —&— viich 350 "—".'—vhhd()é ——TMD 1% ——viich 300 = vich 350 —8&— vich 400 —¥—TMD 1%
TMD2%  —+—TMD3%  —8—TMD4% —=—TMDS5% ——TMD2% —+—TMD3% —8—TMD4%  —=—TMD5%
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Nhin x€t :

Khi T,/T; < 1, ting chiéu day vdch s& lam ting hé 56 dong ciia chuyén vi va gia toc clia ket

c&u vi chu chu k¥ clia né da gidm (va ti€n d€n gan chu ky ciia ngoai luc).

Vi xung hinh sin, khi T,/T; = 2 thi pho phén ing c6 diém cuc dai 1an thi hai v6i cdc trudng

hgp khong ¢c6 TMD; con néu duang TMD thi chuyén vi gidm 53% + 62%, gia toc gidm 67% +

81%.

Vi xung hinh chif nhét, khi Ty/T; = 2.5 thi hé s6 dong cia chuyén vi lai ting tif 1.97 1€n

3.04 khi ta ting chiéu day véch ciing, nhung s& gidm tir 1.84 xudng 1.70 khi diang TMD véi

m= 1% + 5%.

Xung quanh diém cong hudng (Ty/T1 =09 +1.1), k&t ciu ¢ chuyén vi va gia tdc rdt 16n néu

khong ding hé cén. Lic nay, cdc dudng cong phin ¥ng cda cdc trudng hgp khong dung hé

can thi nim vé phia trén va cdch khé xa so vdi cdc dudng cong ¥ng vdi trudng hgp c6 dung

TMD, chitng t& TMD rit ¢6 hiéu qué trong viéc gidm cd chuyén vi 14n gia t8c clia két cau.

Chi cin TMD c6 fii= 1% thi phan ting da gidm khodng 45%, va s€ cang gidm khi ta cang

ting  , nhung mifc do gidm s€ chdm dan .

3.3.2. Phan itng cuc dai trong mién chu ky gié da khdo sdt

Tir muc 3.3.1, ta tim dugc hé s6 dong cyc dai cia chuyén vi cing nhu gia t8¢ cyc dai trong
mién chu ky gié da khao sat ( Ty/Ti= 0.2+2.5). K€t qud dudc trinh bay trong cdc biéu do hinh
11 va 12.

T Hinh 11. Hé so dong max ciia chuyén vj dinh apes (M/57) Hinh 12. Gia tdc max
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3.3.3. Ddnh gig hi¢u qud gidm phén vng két cdu

T 3.3.2, ta xdc dinh dugc hiéu qua [
gidm phdn ng cuc dai cia két ciu do ¥
ting gidi phdp mang lai, so v&i k&t ciu
duge 18y 1am chudn 1a két cdu khong ¢6
TMD véi véch citng day 300 mm. K&t qua
dugc thé hién & cdc biu dd hinh 13 va 14.
Dong thdi, bi€u d6 trén hinh 15 thé hién
thé tich bétong cin thi€t dé ting chidu
day vdch hodc d€ cau tao khéi lugng ciia
hé cdn TMD.
V6inhém gidi phdp truyén théng (ting do ciing nha, khoéng diing hé cdn phu trg ) :

- Chuyén vi gidm trung binh tit 9.9% dé&n 18.6% .

- Gia 8¢ ¢6 xu hudng tang hoic gidm rat it (7% =+ 0%) tuy dang xung. Pay 1a diéu bat
1di vi trong nha cao ting thi gia t5¢ ¢6 dnh hudng r4t 16n d&n cam gidc binh thudng
clia con ngudi.

V&inhom gidi phdp ding hé cdn TMD, khong téing dd cing nha :

- Heé cdn chi can ¢6 khdi lugng nhé (= 1% + 2%) 1a d3 ¢6 hiéu qud ddng ké

- Hi€u qud ting nhanh khi ting  tir 1% 1én 2%, nhung s€ ting chim hon néu ta tiép
tuc ting dan m 1én 5%.

- Thé tich bétong ding dé ting chiéu day vich thém 5 cm thi tuong dudng véi thé tich
bétong cau tao h¢ cdn v6i m = 3%, nhung hiéu qua gidm phdn @ng k€t cdu khi ding
TMD thi vugt khodng 5 1an so v6i khi tang chiéu day véch cing .

Vi 350 Vich 400 TMD 1% TMD 2% T™MD 3% TMD 4% T™MD 5%

4.KET LUAN

St dung TMD 1a mét gidi phdp don gidn, kinh t& vi c6 hi€u qud vugt rdi so v6i gidi phap
ting do cing két cau trong viéc chdng gi6é dong cho nha nhidu ting. TMD c6 tic dung gidm
ddng k€ cd chuyén vj 1an gia t5¢ vdi mitc d6 gin nhy nhau (bdng 2). Chi cin ding hé cén vdi
ty s6 kh6i lugng nhd ( #=1%-2%) thi hiéu qua gidm phén itng da rat ddng k€. Néu tiép tuc¢
ting ty s khdi lugng (di kém véi ting chi phi cdu tao hé cin TMD) thi hiéu qué ciing ting
nhung v6i xu hudng cham din.

Nhu vay, d€ chdng gi6 thi TMD khong cin phai c¢6 khdi lugng qud 16n, ma nén dugc ding
v8i ty s6 khGi lugng 1% + 2% 1a Igi nhat (chi phi cdu tao thap, hidu qui cao). Cdc s8 lidu
trén c6 thé diing 1am tai liéu tham khio hitu ich cho céc thi&t k& thuc (€.

Béng 2. Téc dung ch6ng gi6 dong clia TMD
Ty s6 khéi lugng 1% 2% 3% - 4% 5%
Hiéu qui gidm chuyénvi | 46% 52% 52% | 55% 57%
Hiéu qud gidm gia toc 45% 50% 52% 54% 55%

THE EFFECTIVENESS OF TUNED MASS DAMPER (TMD) FOR

CONTROL OF STRUCTURES UNDER WIND EXCITATION

Nguyen Huu Anh Tuan, Chu Quoc Thang
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ABSTRACT: Numerical simulations of a 20-storey reinforced concrete building are
considered to investigate the effectiveness of tuned mass damper (TMD) for control of
structures under wind excitation. Many impulsive load cases with different period are used to
model wind excitation. The response of the structure with TMD is compared to the response of
the structure with increased stiffness and without TMD (this is a traditional design approach).
It is demonstrated that the TMD approach is far better than the traditional approach for
response reduction of the structure. The effect of TMD’s mass on its efficiency is also
discussed.
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