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Tom it

Bdo cdo nay nghién ciru kha ning g dung thudt todn Hybrid vao thiét ké TMD cho nha
cao tang chong tdc nhdn dong dat. Dua vao dic diém phé ning lwong déng dat thwong cé dang
dai hep, bai bao da deé xudt cach tinh todn dé lua chon céc thong s6 co hoc ban dau TMD hop
Iy gan véi nghiém toi wu cia bai toan. Céc vi du sé trong béo céo duwoc tinh toan, phan tich
bang ngén ngé ldp trinh Matlab va két qud tinh todn cho thdy tham sé TMD thiét ké theo thudt
toan nay cho kha ndang giam chdn cho nha lén (>30%).
Tir khéa: TMD, dong dat, thudt toan Hybrid
Abstract

APPLICATION OF HYDRID ALGORITHM TO DESIGN OF TMD UNDER
SIESMIC EXCITATIONS

This work aims to study the application of Hydrid algorithm to the design of Tuned Mass
Damper (TMD) for highrise buildings subjected to seismic excitations. Base on seismic
spectrum which is generally narrow, the author proposes an algorithm to choose reasonable
first parameters of TMD, which are close to the optimal solution. Numerical examples
presented in this work are calculated using Matlab programming language. The results show
that TMD parameters calculated with the proposed method effectively give rise to high
damping capacity of buildings, which is greater than 30%.

1. Gioi thiéu

Thiét ké khang chan di va dang rat duoc nhiéu nguoi quan tam ddi voi cac cong trinh cao
tang. Trong suét thé ky qua, nhiéu thiét bi khang chan dugc nghién ctiu va sir dung nhu hé diéu
chinh khéi luong (TMD), hé dan nhét, hé chat long, hé ma sat, hé con lic [1]. Hé diéu chinh khéi
lwong (TMD) véi nhiéu uu diém nhu gia thanh re, it ton chi phi bao tri, d& lap dat, ing dung duoc
cho hau hét céc loai cong trinh va c6 thé bao vé cong trinh tot khi ¢ dong dat xay ra.

Trong nhiing nam gan day, trén thé giéi da c6 nhiéu nghién ctu téi wru nhitng tham s thiét
ké t6i wu TMD va dat duoc két qua dang ké trong linh vuc nay nhu Sadek [2], Joshi va Jangid [3],
hadi va Ariadi [4], Chen va Wu [5]. Nhiing nghién cau nay thuc hién trén két ciu hé mot bac ty
do va nhiéu bac ty do dudi tac nhan dong dat, véi nhiéu thuat toan khéc nhau. O day tac gia mudn
sir dung thuat toan Hybrid giai quyét bai toan trén va so sanh két qua vai cac nghién cau trude, va
xem kha ning wng dung cua thuat toan. Muc dich ctia bao céo la sir dung thuat toan Hybrid dé
giai lap tim thong s TMD sao cho phan ting két cau trugc tac nhan dong dat la nho nhat.
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2. M6 hinh bai toan

M® hinh bai toan 12 mot khung ngang bé téng cét thép ¢ n ting, ¢ m nhip, lién két véi
TMD khéi luong md, d cing Kd. Khung chiu tac dong bai mét tran dong dat co gia toc nén
t, (hinh 1). Theo Felix Weber, Glauco Feltrin, anq Olraf Hu:[h [6], dang tong quét’cﬁa hé
phuong trinh vi phan can bang dong luc hoc cua hé két cau nhiéu bac tu do cé TMD noi véi &
bac tu do thwr k:

{[M Ja(0)}+[Cha()}+[K g} = (ca. + ko, ) (B} =~ [M{E}Hii, | +{P(©)}

myil,; +cg, +ku, =-myii,

(1)

V6i [M{d(t)), [Cla(t)), [K]{a®} va {p(t)} twong ing 1a cAc vécto luc quan tinh, luc
can, luc dan hoi va vécto tai trong tac dung 18n hé két cu tai thoi diém t.

[M], [C] va [K] lan lugt Ia ma tran khdi lugng cta hé két cAu,ma tran can phi tuyén
ctia hé két cau va ma tran do ciing téng thé cua két cau.

{a(t)}, {a(t)} va {G(t)} lan luot 1a vécto chuyén vi twong déi, vécto van téc, va vécto
gia toc cua hé két ciu tai thoi diém t.

{E}: vécto cot co gid tri mdi hang bang 1.

{E}: vécto cot co gid tri & hang thir k bang 1, con & nhing hang khac bang 0.

u, =q(t)—uy, U, =q(t)—U, lan luot la chuyén vi tuong déi va van téc twong déi cua
TMD so véi nat k cua khung.

Hé phuong trinh (1) duoc viét lai nhu sau:

[Ml]{ql(t)}+[Cl]{c'I(t)}+[Kl]{q(t)}:—[Ml]{El}{iig}+{Pl(t)} )
V6i {E, } 1a vécto cot kich thuée (N+1) X 1, c6 gia tri mdi hang bang 1, [M,]1a ma tran
khdi lugng tong thé he khung c6 TMD, [C,] 1a ma tran can tong thé h¢ khung c6 TMD va

[Kl] la ma tran d6 cing tong thé hé khung co TMD; dugc xac dinh bang cac phwong trinh sau:

my, m, my 0
my, m, m, O
[M,] (3)
My, My, my O
i 0 0 0 my |
(N+1)x(N+1)
¢, Cp ¢, 0] [0 0 0O 0
) 2N 0 0 0 0
[C.]= d=cyl o L o (4)
Cni o Cnz Cns
0 0 0 - _0 _1(N+1,k) 1(N+1,N+1)_
(N+1)x(N+1) (N+L(N+1)
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k, k, .. k, O
21 22 kZN O
[R]=] v o e
Ky Ky, - Ky O
0 0 .. 0 0

(N+1)x(N+1)
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] 0 0 0
0 0 0
—k, |- l(k,k) _l(k,N+l) (5)
L 0 _1(N+1,k) 1(N+1,N +1) |
(N+1)x(N+1)

Giai hé phuong trinh (2) s& thu dugc ham dang, tan s6 chuyén dong cua khung.
Thuat toan Hybrid dung dé téi vu tham sé6 TMD, Theo [7] dugc viét nhu sau:

X=[ky ¢4]
Find
Minimize G1=k" <k <k{™
Subjectto G2=c¢y" < ¢y <cg™
G3=m,
3. Vidu
Pé danh gia hiéu qua thuat toan
Hybrid trong thiét k¢ TMD, tac gia
thuc hién mot sé vi du ma cac nha
nghién ctru trudc da thuc hién [4, 8, 9].
Khung nha 10 ting véi tai trong phan
bé déu 360 tan, do cing 650MN/m va
d6 can 6.2MNs/m cho mdi tang. Tan
s6 dao dong tu nhién thu duogc 13 1.01,
3.01, 6.76, 8.43, 9.91, 11.7, 12.19,

12.92 va 13.37Hz. Ti sé can mode dao
dong dau tién 13 3.03%.

J (X) - rms(xtop floor(t))

(6)

DO THI GIATOC NEN CUA DONG DWAT ELCE NTRO 1940

Gia toc nen{m .I's?)

H H H H H
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89

Hinh 1. M6 hinh phan tich dao dong
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dong dat Elcentro 1940
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Theo [10, 11] m&i tran dong dat W(t) 1a mot tac nhan khong thay ddi, nd ¢ thé mé hinh
tin hiéu white noise c6 mat dé pho hang soé la S,. Ham mat d6 pho nhu sau:

_ ] ot + 4w Eiw? ] 0.03&,
s(e) = So | A LS P A s
(r-.ﬁ r-Jf) b dwiicwm? mar, ( oot

'Jl (7

trong do: §g va @, lan luot 14 d6 can va tan sb cua dat nén. Tran dong dét Elcentro 1940
c6 &,=0.6 va w, =12 rad/s (hinh 2), va day la dir li¢u d4u vao cua TMD. Trong vi du nay tac
gia str dung TMD c¢6 khdi luong 108 T, tuwong ng 3% khéi luong cong trinh. HE sO can, do
cing ban dau TMD tinh tir dir liéu ph6 nang luong dong dat, va d6 cing s€ thay doi, theo thuat
toan Hybrid s€ xac dinh nhirng thong s6 toi wu cia TMD.

Két qua tinh toan dugc trinh bay trong bang 1.

Bdng 1. Chuyén vi twong doi c&c tang cong trinh so vdi ddt nén (m)

Téng 1 2 3 4 5 6 7 8 9 10 TMD
NoTMD 00304 0.0595 00865 0.1111 01327 0.1509 01656 0.1766  0.184  0.1877

Den 0.0187 0.0366 0.0532 0.0682 00816 00938 01043 01129  0.1191 0.1224 0.3434
H[alf;(]’g 38.49% 38.49% 38.50% 38.61% 38.51% 37.84% 37.02% 36.07% 35.27% 34.79%

Warburton  0.0186  0.0364 0.0529  0.0678 0.0811  0.0932  0.1037 0.1123 0.1184  0.1215 0.3623

[13] 38.82% 38.82%  38.84% 38.97% 38.88% 38.24% 37.38% 36.41%  36.65% 35.27%

Téc gia 0.0187  0.0365 0.0531 0.0681 0.0816  0.0938 0.1041 0.1129 0.1191  0.1222  0.3427
38.49% 38.66% 38.61.% 38.70% 38.51% 37.84% 37.14% 36.07% 3527% 34.89%

< \ A « R A CUONG DO NANG LUONG PHO ELCENTRO 1540
Hinh 3. Cuong dé nang luong pho trgn 2 L ————

déng ddt Elcentro 1940 i} wo12, Xg-06 |

W orad's

Téc gia thuc hién véi cong trinh twong tw 12 ting va két qua tinh toan duoc trinh bay
trong bang 2.
Bdng 2. Chuyén vi twong doi cac tang cdng trinh so véi dat nén (m)

Tang 1 2 3 4 5 6 7 8 9 10 11 12 TMD

No TMD 0.0315 0.0607 0.0877 0.1124 0.1335 0.1521 0.1668 0.1779 0.1855 0.1889 0.1924 0.1862
Den Hartog 0.0194 0.0373 0.0539 0.0690 0.0821 0.0946 0.1050 0.1136 0.1200 0.1233 0.1255 0.1215 0.3556

(12] 38.50% 38.51% 38.49% 38.59% 38.47% 37.79% 37.05% 36.17% 35.29% 34.72% 34.77% 34.77%
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Warburton 0.0193 0.0372 0.0537 0.0686 0.0816 0.0939 0.1043 0.1130 0.1176 0.1222 0.1246 0.1206 0.3747
[13] 38.79% 38.79% 38.80% 38.95% 38.85% 38.29% 37.45% 36.47% 36.61% 35.32% 35.22%  35.23%
Téc gia 0.0194 0.0373 0.0540 0.0691 0.0821 0.0946 0.1048 0.1135 0.1199 0.1233 0.1254 0.1214 0.3568
38.51% 38.50% 38.42% 38.56% 38.49% 37.81% 37.15% 36.19% 35.35% 34.74% 34.80% 34.80%
Tir nhitng vi du sé bén trén ta c6 thé &p dung thuat toan Hybrid dé thiét ké nhitng tham sé
TMD cho ¢6ng trinh chdng dong dat va hiéu qua giam chan mang lai tét, trén 30%.
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