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TIEP cg\N DAI SO GIA TU TRONG BIEU KHIEN DAO DONG
KET CAU CONG TRINH CHIU TAI DONG DAT

THE APPROACH OF HEDGE ALGEBRAS IN VIBRATION CONTROL
OF BUILDING STRUCTURES SUBJECTED TO SEISMIC EXCITATION

TOM TAT

Bai toan diéu khién dao dong két cu xay ding chiu tai dong dat duoc quan
tam nhiéu trong nhitng ndm gan day. Bai bao nay gidi thiéu vé tiép can bai s gia
tlr (Hedge-Algebras, HA) trong diéu khién dao dong két cdu. Trong do, céc budc
thiét Iap b diéu khién mo dua trén ai sb gia t (Hedge-Algebras-based Fuzzy
Controller, HAC) duoc trinh bay tom tat. Vi du ing dung clia HAC trong diéu
khién dao ddng két cu dwoc thuc hién trén m hinh két cdu nha cao tang chiu tai
dong dét dé chiing t0 khd nang clia HAC trong bai toan ké trén.

Tlr khda: Dai s gia tir, digu khién, dao dong két cau.

ABSTRACT

Vibration control problems of seismic-excited civil structures have attracted
considerable attention in recent years. This paper introduces the approach of
Hedge Algebras (HA) in vibration control of building structures subjected to
seismic excitation. In which, establish steps of Hedge-Algebras-based Fuzzy
Controller (HAC) are summarized. Application of HAC in vibration control is
performed using a building model subjected to seismic excitations to prove the
validity of the HAC in the aforementionedproblem.

Keywords: Hedge Algebras, control, structural vibration.

1Vién Co khi, Treong Dai hoc Bach khoa HaNGi
%Khoa Co khi, Trrdng Bai hoc Cang nghiép HaNoi
“Email; le.buihai@hust.edu.vn

Ngay nhan bai: 22/11/2019

Ngay nhan bai stta sau phan hién: 05/01/2020
Ngay chp nhén déng: 20/02/2020

1.GIOI THIEU

Céac dao dong c6 hai lam gidm d6 bén va do an toan clia
két clu, giam dd chinh xac va do tin cay cla cac thiét bi.
Chinh vi vay, bai toan gidm cac dao dong cé hai cla cac két
cdu, cac thiét bi,... ludén co6 tinh thoi sy [1-5]. Dao dong cé
hai xudt hién trong kha nhiéu linh vuc: phwvong tién giao
thong chiju kich dong mat dudng; tau thdy va cac cong
trinh ngoai khoi chiu tac dong séng gio; cac thap vo tuyén,
cac cao 6c chiu tac dong gié va dong dat; cac cau giao
thong nhip Ién chiu tac dong cla phuong tién van tai; cac
cau treo chiu tai trong gi6é bao; cac thiét bi, tudc bin hoat
dong véi téc do cao... Trong linh virc xay dung, cac céng
trinh hién dai dang ngay cang cao va dai nén kha nang dao
dong ngay cang lén. Nhitng cbng trinh cao, dai, nhe va

54 | Tap chi KHOAHOC & CONG NGHE @ Tap 56 - S6 1 (02/2020)

Bui Hai L&"", Bui Thanh Lam?*

manh tré nén rat phé bién nhu cac thap vo tuyén, cac cao
o0c, cac cau nhip dai, cau day vang, cau treo, dng khdi, cac
thap cau trong qua trinh xay dung... i v6i loai cdng trinh
nay, cac tai déng nhu tai do gi6é, dong chay, séng, déng dét,
phuong tién giao théng, va dap... sé gay ra cac dao dong
nguy hiém cho cong trinh [2]. Mot chi tiéu quan trong khi
thiét ké cac két cau cong trinh la giam cac dap (rng ddong do
tac dong tr modi trvong (tai dong dat, tai trong gio, tai
trong song,...) va day ciling la hwéng nghién clru dang
dwoc quan tdm hién nay [6-9]. Ly thuyét mo duoc Zadeh
phét trién vao nam 1965 da gidi thiéu mot cong cu toan
hoc hitu dung dé mo hinh héa cac dit liéu dinh tinh, khéng
chéc chén va da duvoc ding trong nhiéu tng dung thuc té
naéi chung va trong diéu khién (BK) dao dong két cau noi
rieng [6, 10-17]. Mac du mot bo diéu khien mo truyén
thong (Classical Fuzzy Controller, FC) linh hoat va don gian
khi thiét ké nhung thiv tv ngit nghta clia cac gia tri ngén
nglr khéng duoc ddm bao chat ché va cac buwéc mo hoéa,
hop thanh va gidi mo cta bo diéu khién kha phtc tap vé
mat thao tac. Ly thuyét Dai s6 gia t&r (HA) dwoc gidi thiéu tlr
nam 1990 [18-24] da phat trién dwgc nhitng két qua quan
trong: cac gia tri ngén ngi c6 thé duoc thiét 1ap dudi dang
mot cau trac dai s6 va dé la mot ciu tric dai s6 gia tir day
da voi moét thudc tinh chinh la thi tw nglr nghta clia cac gia
tri ngdn ngl luén dugc ddm bao. Cau tric nay co thé mo ta
day da qua trinh suy luan dinh tinh. Ung dung ctia HAC
trong diéu khién dao dong két cau [25-28] da thu duoc
nhitng két qua tich cwc. Trong bai bao nay, cac budc thiét
lap va tng dung clia HAC trong diéu khién dao dong két
cau cdng trinh chiu tai dong dat duoc trinh bay tom tit dua
trén [28].
2. ANH XA NGU NGHIA BINH LUONG TRONG HAC

Y twdng va cac cong thirc co ban ctia HA da dugc trinh
bay trong [24, 28]. Theo nghia clia cAc nhan ngdn ngii c6
thé théy rang V6 cung nhd < Rt nhd < nhd < Hoi nhod < Hon
I6n < 1én <Ratlén < Vo cung Ién... Nhu vay, ching ta cé mot
guan diém moi: tdp hop ngdn nglr c6 thé md hinh hoéa
bang mot poset (partially ordered set - tdp hop cé thi tu),
mot cdu trdc thi tv dua trén cac nglk nghia. Cach thiét lap:
Coi BIEN DO DAO DONG la mdt bién ngdn ngi va X la tap
hop cac gia tri ngon ngir. Gia thiét rang céc gia t&r ngdn ngir
duoc st dung dé biéu dién BIEN DO DAO BPONG gbm Vo
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cung, Rat va Hoi, va cac phan t sinh la nhé va lén. Nhw vay,
X ={V6 cung nho, Rat nhd, nho, Hoi nho, Hon Ién, I6n, Rat I6n,
Vo cung I6n...} U {0, W, 1} la mét tap hop gia tri ngdn ng®
clia BIEN DO DAO BONG, trong d6 0, W va 1 tuong (ng la
nhi*ng phan t& d&c treng can trai (Tuyét d6i nho), trung hoa
va can phai (Tuyét déi I6n). Tap hop ngdn ngit X c6 thé sap
x€p thi tv dwa trén nhitng quan sat sau;

- Mbi phan t& sinh c6 mot dau thé hién xu huéng ngir
nghia. Vi duy, l6n cé xu huwong “di Ién”, goi la xu hudng
dwong, va ky hiéu la c*, trong khi nhé cé xu huéng “di
xuéng”, goi la xu hwéng am, ky hiéu la c¢”. Nhin chung, vé
mat ngr nghia ching talubncéc* >c".

- Mdi gia ti cling c6 mot d4u, 1a dvong néu lam ting va
am néu lam gidm xu huéng nglr nghia clia cac phan ti
sinh. Vidu, V6 cuing la dwong véi tat ca cac phan t& sinh, Hoi
gay ra hiéu (’ng nguoc lai nén la am. Tap hop cac gia t&r am
va duong dugce ky hiéu laH va H*,

Tap hop ngbn ngir X cé thé duoc coi la mot dai s6
triru twgng (abstract algebra) AX = (X, G, C, H, <), trong do
G={c,c'},C={0,W, 1}, H=H" U H va <la mdt quan hé thi
ty trén X. Gid thiét H™ = {h,, .., hg}, trong d6 h,; < h,<..<h,,
H* = {h,,.., hy}, v&i h;<h, < ..<h,. Sau khi &p dung céc cong
thirc tinh d6 do tinh m& clia cac phan tl sinh va cac gia ti
trong tap hop ngdn ngt, co thé xac dinh duwgc anh xa ngt
nghia dinh lvgng (Semantically quantifying mapping, SQM)
@ cla toan b0 cac gia tri ngdn ngit ctia bién ngdn ngt
(hinh 1) chi théng qua 2 tham s6 dau vao la téng dé do tinh
mo clia cac phan tlr sinh Am fm(c”) va téng do do tinh mo clia
cac giatlr am g(h").
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Hinh L. Cac &nh xa nglr nghia dinh lvgng ¢
3.BOBIEU KHIEN HAC

Trong phan nay, bd diéu khién HAC duwgc thiét 1ap dua
trén [28]. So d6 nguyén ly hoat dong ctia HAC ti 1é - vi phan
(chuyén vi - van téc) cho luc diéu khién u; tai bac tv do (DOF)
thivi duoc trinh bay trén hinh 2. Day la bé DK gom 2 dau vao
X, va X; (chuyén vivavan toc) va 1 dau ra u; (luc BK).

.............

Y - 1| T l """ uj
X Chuan hoa | > Giai chuan

« KET CAU

Hinh 2. So d0 nguyén Iy hoat ddng ctia HAC ti I - vi phan
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Khoang xac dinh clia c&c bién trang thai Xi,)'(i va bién
diéu khién u;

X; e[—ai ,a };)‘(i e[—bi ,b, };ui € [—ci ,C, }
3.1. Chuan hoéa va giai chudn trong HAC

So d6 chudn hoa va giai chuén tuyén tinh trong HAC
duoc thé hién trén hinh 3. Trong do, M,,, va M, phu thudc
vao khodng xac dinh va su Iya chon cac gia tri ngon ngi véi
SMQ (hinh 1) clia cac bién ngon ngi.

SQM, SQM,
A A
My ===~ R : My === e :
] 1 | 1
] 1 I 1
1 1 | 1
_ | 1 _ 1 1
FONF==== oot PN Fosomes
o L
I iy
Mig | 1 5 Mg, | | =
- a; 0 a; X; -¢ 0 ¢ u;
-b; 0 b; %
3) b)

Hinh 3. Sod chuén héa (a) va giai chuan (b) tuyén tinh trong HAC

So sanh v&i budc mo hda clia mot bo diéu khién mo
truyén théng (fuzzy controller - FC), thay vi xac dinh dang,
phan bd, cac diéu kién bién va cac thudc tinh khac cuia cac
ham thuéc (core, support, normal hodc subnormal,
convex hodc non-convex,...), bwéc chuan héa ctia HAC st
dung cé&c phép ndi suy don gian va twdng minh, khéng
can bét ki diéu kién bién nao cla cac SQM vi tht ty ngl
nghia vén c6 clia cac gia tri ngoén ngii clia bi€én ngdn ngl
lubn dugc dam bao.

Trong FC, sau khi t6 hop céc suy luan, tdp mo dau ra
thuong rat phire tap. Budc giai mo, chuyén doi tap mo dau
ra thanh gia tri thic cla bién diéu khién, doi hoi nhiéu
phuong phap kha ric réi nhu trong tam, cuc dai, cuc tiéu,
trung binh,... Trong HAC, dé chuyén déi tir cac gia tri SQM
thanh céc gié tri thwc clia bién diéu khién, budc giai chuan
c6 thé st dung lai so do clia budc chuan hoa, nghia la day
cling la mot buwéc st dung cac phép ndi suy don gian va
twdng minh (hinh 3).

3.2. Co so luat HA v6i SQM

Co s luat dac trung trong diéu khién md voi cac gia tri
SQM clia céc gia tri ngdn ngl trong bd digu khién HAC duoc
thé hién trén bang 1, trong d6, fm(c’) =0,5 va u(h") =0,5.

Bang 1. Co's6 luét véi SQM clia HAC

Xi
¥ Hoinhd:0375 | W:05 Hoi Ién: 0,625
nh6:025 | Rétlon:0875 | 16n:075 Hoi I6n: 0,625
Hoinh6:0375 |  Im:075 | Hoilon:0,625 W05
W:05 Hoilon:0,625 |  W:05 Hoi nhé: 0,375
Hoi I6n: 0,625 W:05 | Hoinhg:0375 | nhd0.25
n:075 | Hoinhé:0375 | nhg:025 | Ratnhd:0,1%5
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3.3. Suy luan HA

Cac gia tri SQM trong hé luat ctia HAC cho phép biéu
dién hé luat nay dudi dang hinh hoc dé thé hién méi quan
hé gilra cac bién trang thai dau vao va bién diéu khién dau
ra. Cac cach biéu dién nay co thé coi la phuong phap suy
luan clia HAC thay vi phai st dung ba buwéc dé suy luan nhw
trong FC gom: danh gia anh hwéng cla tirng luat, xac dinh
két luan clia tirng luat, t6 hop céc két luan dé thu duoc tap
mo dau ra. Suy luan HA sir dung dwong cong ngl* nghia
dinh lvong st dung phép cong (a) v6i cac trong s6 w;, w,
va mét cong ngi nghia dinh lvgng (b) déi voi HAC duwgc thé
hién trén hinh 4.

P(u;)
0,9

(@)
0,7t

0,5¢
@& -

0,31

0,1 °
0,3 04 _ 05 _ 06 0,7
wo(x;)+ w0 (%)

Hinh 4. Suy ludn trong HAC

3.4. So sanh cac bo diéu khién FC vaHAC

Qua cac budc thiét ké clia HAC, c6 thé so sanh cac budc
thiét Iap va hoat dong gitra FC va HAC nhu trén bang 2.

Bang 2. So sAnh HACva FC

Coséluat| Hoatdong Giong nhau
M@ hinh toan Bieu (,jlenAhmAh Céc ham thugc/Céc tap mo
hoc clia hé luat
. . 1
suyhan | 0 rf; o\ it hoie Nhidu (3 i)
duong)
Hoat dong Pon gian Réc i
1
chféfwlvé S0 tham sb (phuong phéap '
NV hudn L 40 gidi md
Gidi md g chuyén d6i) (phuong phép gidi mo)
Hoat dong Pon gian Réc i

Qua cac phan tich trén, c6 thé thdy rang HAC don gian
va thuan tién hon khi thiét 1ap, tinh céu tric cao hon va
twong minh hon trong thyc hién khi so sanh véi FC.
4.Vipy s®

Xét mo hinh nha 15 tang gan thiét bi diéu khién chi
dong khdi lwvgng (ATMD) chiu tai dong dat tai lién két véi 2
may kich dong nhu trén hinh 5 [28] (hé 16 béc ty do - DOF).
Trong dé, cac thdong s6 cla két cdu gom: m, = 450;
m, = 3456 (10%g), i = 2 + 15; m,, = 104,918 (10%kg); ¢, = 261,7;
¢, = 2937 (10°Ns/m), i = 2 + 15; ¢, = 5970 (10?Ns/m); k, = 180,5;
k, = 3404 (10°N/m), i = 2 + 15; kys = 280 (10°N/m); Luc didu
khi€n cyc dai Uypa, = 600KN va Uys,. = 2000kN; Tai X, dugc
lay tir gia téc nén cua tran dong dat El Centro nam 1940 v6i
gia toc cuc dai la 0,35g va tran dong dat Northridge nam
1994 véi gia téc cuc daila0,57g.

-
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vaovadaura)
8
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Hinh 5. M@ hinh nha 15 tang chiu tai dong dat [28]

Phuong trinh trang thai clia hé chiu tai gia t6c tai lién
két X, voi véc to luc digu khién {F}, nhw sau:

M} +[C]{K} +[K]{x} = - [M]{riX,

Trong do, {X} = [X; X, Xz ... X14 %15 X6, {F}=[-U,u,000
000000000 uys-u]", {r}=[m; m, m, ... my, my; my]"
Céc luc diéu khién u, va u,s dua trén cac bo diéu khién duoc
thiét ké va duoc sinh ra tir cac may kich dong.
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Cac ma tran khdi lwvgng [M], can [C] va d6 cing [K] co
kich thuéc n x n (n = 16) nhw sau:

m O .. 0 O
0m .. 0 O
[M]=
0 O m,., O
0 O 0 m,
ki+k, i=j=n
K, i=j=n
Ki=1 -k i-j=1
_ki+1 J_|:1
0 Khéac
C,+C,, I=j=n
C, i=j=n
Ci=y —¢ i-j=1
—Cin J_|:1
0 Khéac

Muc dich clia bai toan la tim céc luc diéu khién u,(t) va
U,5(t) dé giam chuyén vi clia két cu bang bd diéu khién clia
céc bo diéu khién HAC va FC. Trong do, u,(t) va u,s(t) déu st
dung bd diéu khién da dwoc thiét 1ap & muc 3 véi cac
khoang xac dinh clia cac bién khac nhau.

Chuyén vi tvong déi (storey drift) clia tAng 1 va gia t6c
tuyét d6i (absolute acceleration) clia tang 15 theo thoi gian
lan lvot dwoc thé hién trén hinh 6 va 7.

0,2

(m) e ke T
Tran dong dat El Centro
0,15
0,1f
0,05
o
0 f: \/
-0,05
-0,11
............ Khong diéu khién FC
-0,151
— — - HAC
L (s)
025 2 4 6 8 10 12 14 16 18 0
0,2 o T T T T T T
m Tran dong dat Northridge
0,15
0,1
0,05 £y
« Y A
o= VY
AN K
1) k
0,05 Vi
Wi
0,1
015f : Khéng diéu khién FC
o . mmme L ®
0 2 4 6 8 10 12 14 16 18 20

Hinh 6. Chuyén vi tuong d6i (storey drift) ctia tang 1 theo thoi gian
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Hinh 7. Gia tdc tuyét dai (absolute acceleration) clia tang 15 theo thoi gian

Qua céc két qua trén hinh 6 va 7 c6 thé thay rang, HAC
dap tng muc tiéu diéu khién két cau cong trinh chiu tai
déng dat ca vé chi tiéu chuyén vi twvong doi (lién quan dén
dd an toan cla cong trinh) va chi tiéu gia toc tuyét déi (lien
quan dén kha nang chju dyng clia con nguoi). Hiéu qua
diéu khién ctia HAC twong déng vai FC.

5. KET LUAN

Qua cac budc thiét 1ap HAC, co thé thay rang:

- HAC c6 tinh cadu trac va ludn dam bao tht ty ngl
nghia cla cac gia tri ngén ngi (hinh 1).

- Céc budc chudn héa, suy luan HA va giai chuén cla
HAC rat don gian vi chi 1a nhitng buéc dnh xa hodc ndi suy
tuyén tinh; budc giai chuan (hinh 3b) trung véi bwéc chuan
héa (hinh 3a); chi c6 mot luat hoat ddng trén mot vong lap
diéu khién

- Chi can hai tham s6 déc lap (fm(c™) va u(h7)) dé mo ta
toan bo céc gia tri ngdn ngir clia bién ngdn ngit; dé dang
khi t6i wu vi chi can hai tham s6 doc lap tvong ¢ng véi hai
bién thiét ké va khéng can rang budc vé thi ty ngir nghia
gitra cac gia tri ngdon ngir dé thiét ké bo diéu khién HAC
toi vu.

- Cac nhan xét trén cho thay cac vu diém clia HAC so voi
b6 diéu khién mo truyén théng trong diéu khién néi chung
va diéu khién dao dong két cau néi riéng.
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