Tap chi Khoa hoc Cong nghé Xay dung, NUCE 2020. 14 (4V): 16-28

CHAN POAN HU HONG TRONG KET CAU TAM SU DUNG
PHUONG PHAP NANG LUONG BIEN DANG KET HOP VOI
THUAT TOAN DI TRUYEN

Lé Thanh Cao™*<, Bach Vin S§¢, Hd Ptic Duy®>*

“Khoa Ky thudt Xdy dung, Truong Pai hoc Bdch Khoa TP. Ho Chi Minh,
268 duong Ly Thuong Kiét, qudn 10, TP. Hé Chi Minh, Viét Nam
*Pai hoc Quéc gia TP. Ho Chi Minh, qudn Thii Puic, TP. H6 Chi Minh, Viét Nam
“Khoa Xdy dung, Truong Pai hoc Nha Trang, 2 duong Nguyén Pinh Chiéu,
qudn Vinh Tho, TP. Nha Trang, Khdnh Hoa, Viét Nam

Nhdn ngay 06/07/2020, Sita xong 01/09/2020, Chdp nhdn ddng 07/09/2020

Tém tit

Bai bdo nay dé xuit mot phuong phap chin doan hu hdng vé ca vi tri va miic do ctia hu hdng cho két cAu tim
thong qua quy trinh chin doan hai budc. Trong budc thi nhét, chi tiéu dua vao su thay d6i ctia ning lugng bién
dang “Modal Strain Energy Damage Index — MSEDI” dudc st dung d€ chan dodn vi tri cia hu héng. Gia tri
ning ludng bién dang dudc xic dinh tif két qua phan tich dao dong ctia két cAu tim & hai trang thdi truéc va
sau khi xuét hién hu héng. Trong budc thi hai, thuat todn di truyén dudc st dung dé cuc ti€u héa ham muc tiéu
v6i bién s6 12 véc-to mic do suy giam chiéu day ctia cdc phan tif c6 kha ning x4y ra hu hdng da dugc canh bio
tif budc thi nhit. Him muc tiéu dudc st dung ciing dua trén gid tri ning lugng bién dang. Tinh hiéu qua ctia
phuong phap dé xuit dudc khio sat va danh gid thong qua bai toan tim véi cdc kich ban hu hdng khic nhau.
Két qua phan tich cho thiy, phuong phap d& xuét c6 kha ning chdn doan chinh xac sy xuét hién, vi tri va d6 16n
ctia hu hdng trong két cAu tAm.

Tir khod: chan doan hu héng; dao dong; két cAu tim; ning ludng bién dang; thuit toan di truyén.

STRUCTURAL DAMAGE DETECTION IN PLATES USING MODAL STRAIN ENERGY METHOD AND
GENETIC ALGORITHM

Abstract

This study proposes a two-stage method using modal strain energy and genetic algorithm (GA) to identify the
location and the extent of damage in plate-like structures. In the first stage, a criteria based on the change in
modal strain energy namely Modal Strain Energy Damage Index (MSEDI) is utilized to determine the damage’s
location. The modal strain energy is determined by using the modal analysis of plate-like structures in both
states, before and after the occurrence of damages. In the second stage, the GA is employed to minimize the
objective function with the variables relating to the vector of thickness reduction of the potential damaged
elements, which are the result of the previous stage. The objective function is also based on modal strain
energy. The effectiveness of the proposed method is analyzed and evaluated by numerical simulations for a
plate with various damaged scenarios. The results show that the proposed method has the capability of exactly
identifying the occurrence, the location and the severity of damages in plate-like structure.

Keywords: damage detection; vibration; plate-like structure; modal strain energy; genetic algorithm.
https://doi.org/10.31814/stce.nuce2020-14(4V)-02 © 2020 Truong Pai hoc Xay dung (NUCE)

*Tac gia dai dién. Pia chi e-mail: hoducduy @hcmut.edu.vn (Duy, H. D.)

16


https://doi.org/10.31814/stce.nuce2020-14(4V)-02
mailto:hoducduy@hcmut.edu.vn

Cao, L. T., va cs. / Tap chi Khoa hoc Céng nghé Xay dung
1. Giéi thiéu

Trong nhiing nim gan day, linh vuc theo ddi va chdn dodn két cAu (Structural Health Monitoring:
SHM) da va dang déng mot vai tro rat quan trong d6i véi su an toan, tudi tho va su hoat dong bén
vitng ctia két cAu cong trinh x4y dung. Viéc phat trién cdc phuong phap chin dodn hu hdng két céu,
dic biét 1a cac phuong phap st dung cdc ddp ting dao dong tir két ciu, nhan dudc quan tim cta rit
nhiéu nha nghién ciu. Trong d6, phuong phap ning lugng bién dang (Modal Strain Energy: MSE) da
chiing t4 12 mdt trong nhiing phuong phap c6 tinh hiéu quéi cao cho viéc chan dodn hu hdng trong két
cau [1].

Stubbs, va cs. di 4p dung phuong phap ning luong bién dang d€ chan dodn hu hong cho két cau
dang dam [2]. Sau d6, Cornwell, va cs. [3] da nghién cttu md rong phuong phap ning luong bién
dang cho két cAu dang tAim. Hu va Wu [4] d kiém chiing phuong phdp niing luong bién dang véi viéc
stt dung két qua dao dong thuc nghiém d€ chan doan vét niit trén bé mit ciia tim nhom mong, dang
hudng, v6i diéu kién bién tu do. Lé va Ho [5] da phat trién phuong phdp ning lugng bién dang cho
bai todn tAm mong véi cdc diéu kién bién khac nhau. Fu, va cs. da thiét 1ap mot quy trinh hai budc st
dung két hop phuong phap niing lugng bién dang va phan tich do nhay dap ting d& chin doan cho két
cAu tAm st dung vt liéu dong nhit déng hudng [6].

Trong linh vuc két cAu, thuit todn ti uu dugc 4p dung cho viéc cAp nhat md hinh tinh todn dé gidi
quyét bai todn t6i uu héa thiét ké vé mit két ciu va chan dodn hu hong. Dinh, va cs. [7] di trinh bay
mot phuong phdp chin dodn hai bude dua vao thay di ning lugng bién dang va thuat toan Jaya dé
chin doan hu hong trong két ciu tAm. Samir, va cs. [8] da gidi thiéu mot phuong phap chin doan hai
bude cho két cdu dim dua vao ning lugng bién dang chuin héa va thuat toan ti uu dua vao day vao
hoc (Teaching-Learning-Based Optimization: TLBO). Hung, va cs. [9] da phat trién mot thuét toan
hoc sau hdn hdp cho viéc chdn doan hu hong trong két ciu.

Trong céc cong cu tdi uu thi thuat todn di truyén (Genetic Algorithm: GA) dudc tng dung rit phd
bién trong cac bai toan t6i wu. Thuit toan nay dudc xay dung dua trén cd s md phdng su chon loc
va su sinh ton clia cdc ca thé trong tu nhién dé tim ra ca thé c6 dic diém tdt nhat. Tir d6, thuét todn
dugc ting dung trong bai todn t6i uu dé tim bién sb cho két qua tdt nhat dbi v6i ham muc tiéu dé ra.
Friswell, va cs. [10] di 4p dung thuit toan di truyén dé chin dodn vi tri va mifc d6 hu hdng trén két
chu dam cong xon va két cAu tAm cong xon. Trong nghién ctiu ndy, ham muc tiéu dudc st dung 13 tan
s6 va dang dao dong. Chou va Ghaboussi [11] di st dung thuat toan di truyén dé gidi quyét bai todn
chin doan su ton tai, vi tri va mifc do ctia hu hong cho két ciu dan phang. Thong sb dugc sit dung
trong nghién ctfu nay bao gdm chuyén vi tinh tinh toan va do dac dudc trén két cau thuc té.

Déi v6i cac nghién ctiu di thuc hién, viéc chdn doan hu hdng trong két cAu tAm da dugdc 4p dung
thanh cong. Két qua chin doan da xdc dinh dudc ca thong tin vé vi tri, hinh dang va mic do ctia hu
héng. Tuy nhién, cdc nghién ctu hién tai dang st dung véc-to cac thanh phan chuyén vi niit dé xic
dinh gid tri ning luong bién dang ctia phan td. Tir d6, cac chi s6 hu hong dudc dan xudt tir gia tri ning
lugng bién dang nay. Diéu nay chi c6 y nghia vé miit ly thuyét chit khong kha thi cho viéc trién khai
ting dung trong thuc tién vi phai do dac qua nhiéu dit liéu vé chuyén vi nit. Dic biét 1a rat khé khiin
dé€ xac dinh céc thanh phan chuyén vi xoay ctia nit khi k&t ciu tAm dao dong.

Trong bai bdo nay, phuong phap ning lugng bién dang dudc cai tién nham gidm bét dit liéu phan
tich nhung vin didm bao do chinh xdc clia két qua chin doan. Phuong phdp cai tién nay chi st dung
duy nhét thanh phan chuyén vi diing ctia nit trong két cAu tAm. Trong thuc tién, khi két cAu dao dong,
thanh phan chuyén vi diing tai nit d& dang dugc xac dinh thong qua viéc do gia toc tai nit tuong ting
két hop v6i cic phuong phap phan tich dao dong. Mot quy trinh chin dodn bao gdom hai budc st dung
phuong phap ning luong bién dang két hop véi thuit toan di truyén dudc dé xuit dé chan doan su xuét
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hién, vi tri va miic d6 hu hdng trong két ciu tim.

2. Co s6 Iy thuyét
2.1. Phuong phdp phan tit hitu han dé phdn tich dao dong tu do cho tdm

Thong sb dang dao dong clia két cAu tAm cia trang thai trudc va trang thai sau khi xuit hién hu
héng 12 dit liéu dau vao ctia phuong phap ning lugng bién dang. Trong nghién cifu nay, phuong phap
phan tif hitu han dudc st dung dé phan tich dao dong tir do cho két ciu tAm. Phan i tif gidc dang tham
s6 bon nuit, ky hiéu 1a phan ti Q4, dudc st dung d€ mo phdng cho két cau tAm. Trong hé toa d6 vuong
gbc tdng thé xyz, phan tir Q4 c6 bén niit, v6i toa dd cc niit 1a (x;, y;) nhu trong Hinh 1.

Nut 4 Nut 3
(X4:¥4) -y (X33y3)

Niit 1 Niit 2
(X5y1) (X23¥2)

z
Hinh 1. Phan tit tif gidc dang tham sb 4 niit trong hé toa do tdng thé xyz

Khi thiét 14p ma trin dd cting va ma tran khoi luong ctia phan tif xuét hién céc tich phan hai
16p. D€ xap xi cac tich phan hai 16p nay, hé toa do tdng thé xyz dudc chuyén sang hé toa do tu
nhién &n. Phan tif chudn trong hé toa do tu nhién 13 mot hinh vuong c6 toa dd bon nit 1an lugt 12
(=1,-1),(1,=1),(1,1),(=1,1). Trong hé toa do tu nhién £z, thay vi tinh tich phan trén toan mién
phén td, tich phén sé dudc tinh dua vao cac diém Gauss.

MSi niit ¢6 5 thanh phan chuyén vi (1; v wi 6y 6y;). Trong d6: (u; v; w;) lin lugt 1a 3 thanh
phan chuyén vi thang theo phuong x,y va z ctia nit thi i; (Hxi Hyi) lan luot 1a thanh phan chuyén vi
xoay cua nut thd i quanh truc x va truc y.

Quan hé giita cdc toa do vudng géc va toa do tu nhién dudc cho bang td hdp tuyén tinh nhu sau:

4 4
x= ZNixi; y= ZNiyi (1)
i=1 =1

14
trong d6 (x;,y;) 12 toa do cdc niit clia phan tif trong hé toa do téng thé (i = 1,2,3,4).
Cac ham dang N; dung dé ndi suy chuyén vi bén trong phan tit dudc cho dudi dang tdng quét nhu
sau:

1
Ni= 7 (A +&6) (L+mmi) 2)
Trong mdi phan ti, trudng chuyén vi ¢ thé dudc xap xi thong qua ham dang:
u’ = N°d¢ (3)

T o . . A o 1a . N
trong do ( d¢ = [u,- Vi Wi Oy Gy,-] 1a véc-to chuyén vi nuit cua phan tu thd e v6i 20 bac tu

20x1) i=1,2,3.4
do. Ma tran ham dang dugc biéu dién nhu sau:

5Nzeo :[Nf NS Nj§ Nj} 4)
(5X20) | (5x5) (5%5) (5%5) (5%5)
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trong d6 cac thanh phan ham dang dudc x4c dinh theo cong thidc (2). Phuong trinh phan tich dao dong
tu do khong can clia tAm:

Md+ Kd =0 (5)
trong d6 d va d 1an luct 1 véc-to chuyén vi va véc-to gia toc cia tit ca cic niit trong mién bai toan;
K va M 1an lugt 12 ma tran do cing t6ng thé va ma trin khdi luong tdng thé ghép ndi tif cdc ma tran
phan tt, dugc xac dinh nhu sau:

Ncll

e _ 3 e e T 3
K= Zggzo_ f (B DB°dQ) = Z f f (B)" DB det|J|dndé

L |

Nell

- 20 20_Zf(Ne) mN“dQ = leff(Ne) mN°® det |J|dndé

-1 -1

(6)

Ne
trong do Z 12 ky hiéu ghép nbi ma trin phan t vao ma trin tdng thé; det|J| 1a dinh thifc ctia ma tran

0x ay
sy 6{;‘ 65 e _ | pe e pell 15 P A Lt o4 N AL
Jacobi J = | 5> o SBZO_ B, B, BS] 1a ma tran tinh bién dang véi céc thanh phan:
X
on 877
[ ON: 0 00 O— »O 0 0 on; 0 —
“ox “ox ON?¢
M N Y 00 —L 00
4 . 14 — . e __

B, =| O EOOO,Bb_OOO 0 c’)_y’BS_ 61\)7].‘3
(3x20) ON¢  ON¢ (3x20) INe  ON¢ 220 o o a_l 00
— — 0 0 0 000 — — _OX
L dy  Ox | L dy  Ox | i=12,34

i=1,2,3.4 i=1,2,3.4
) . (7)
m 12 ma trén khoi lugng cda phan ti:
Ly 0 0 L O
Iy 0 0 L /2
m= Iy 0 O |; (o,11,Dh) =f ,O(Z)(l,z,zz)dz (8)
12 0 —h/2
sym 15)

Phuong phap tich phan sé dudc st dung dé x4c dinh cdc ma trin do ciing va ma tran khéi luong
phan ti:

n n

:ﬁﬂf@,md&mzﬂzw,-f@,n)dnzz S it ()~ DS wanf (6m)

1 1 1 i=1 j=1
7 N z N 3 (9)
Poi v6i phan ti 4 nit, d6 cling mang va dd ciing uon cia phan t& dudc xac dinh bang viéc st
dung tich phan s 2 x 2 diém Gauss. Trong khi d6, do ciing cit clia phan tif dudc xac dinh bang viéc
st dung tich phan sb 1 diém Gauss. Toa d 4 diém Gauss va trong sb tuong ting dudc thé hién trén
Hinh 2. Truong hop 1 diém Gauss, toa d it (0, 0) va trong s6 bang 2.
Phuong trinh (5) dudc gidi theo phuong phép tri riéng; nghiém clia phuong trinh 1a cac tan s6 dao
dong (tri riéng) va cac dang dao dong (véc-td riéng) tuong ung.
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n
Ny(-1;1) N;(1:1)
| ®

W4(-0,577;0,577) W;(0,577;0,577)

—x X1

G

W,(-0,577;-0,577) W,(0,577;-0,577)

—X Xew——

L, 4
Ni(-1;-1) Ny(1;-1)

Hinh 2. Phan tif chuin trong hé toa do tu nhién

2.2. Phuwong phdp ndng luong bién dang

Xét mot tim mong dao dong tu do khong can, dudc chia thanh cic ving con nhu Hinh 3. Tuong
ing véi mot dang dao dong thi k, ¢y (x, y), ning lugng bién dang dao dong clia viing con (i, j) dudc
xac dinh nhu sau [3]:

Dij (Y ([ 02y 2 0% di \ 0o i ’
MSEy;; = —2 —| +2v| 5= ||—=—|+2(0 =v)| ]| |dxd 10
w2 [ NG AN o5 e o

trong do: D;; 1a do cting chdng ubn clia ving con (i, j); v 1a hé s6 Poat xong.

| x Phan t& (i,)) Phan ttr (N,N))
2y — Ly E%g
- [ | [ R |
= -t — -+ - R
~<(0 | | | I | | | | | 1
< -t ===t LR B E R R R X
[ [ T B
[=8
> R R R B A A
Z [ | [ T B R
NS y1+1 -t =t =t = = LR e A S
[ | [ T B R
0>‘ yl R e A B e e e et
J [ [ N R R
ER R R Rt B
Q I T T T N N Y
k) R e R R R R R e e e
= T T O e T |
= R e S e e
[ N e L e R R
% B e e e A
E T e L e e e | y
*— —
o X; Xii Lx

) Kich thuéc L, ¢6 N, phan tep I

A d

Hinh 3. So d6 két cAu tAm tdng thé

Ning lugng bién dang tong cong clia toan bd tim:

AG A&

MSEc = " " MSEyj (11)

i=1 j=1
Ning lugng bién dang phan doan ctia viing con thif (i, j) dudc xac dinh nhu sau:
A& A&

MSEyi; .
Fk,ij = MSE; VO1 ; ]Z:; Fk,ij =1 (12)
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Xét m dang dao dong, trong tinh todn, chi s hu hdng trong viing con (i, j) dudc dinh nghia la:
(13)

trong do: ky hiéu “*” dai dién cho két ciu & trang thai sau khi xuat hién hu hdng. Chi s6 hu héng sau
khi chudn héa dudc xdc dinh nhu sau:
wmsepr,; = i —Pu (14)
O_ij
trong d6 f3;;, @;; 1an lugt 1a gid tri trung binh va do 1&ch chudn ctia céc chi sd hu hong.

Gid tri MSEDI;; dugc st dung d€ chin doan vi tri phan tii (7, j) xuAt hién hu hong trong két ciu
tAm. Trong cong thic tinh ning lugng bién dang, cong thiic (10), xuét hién gid tri dao ham bac hai
ctia dang dao dong theo hai bién x va y. Phuong phap sai phan trung tim dugc st dung dé xac dinh
cac gia tri nay [5].

2.3. Thudt todn di truyén

Trong viéc md phong két cAu tim, su hu héng dudc dinh nghia 1a sy gidm do ciing cta két cau
thong qua viéc giam chiéu day clia cac phan tii tuong ing. P9 giam chiéu day tuong ng véi miic do
hu héng trén phan ti thii j dude md ta qua cong thifc sau:

S (1-ay) (15)

trong dé t?, 5 1an lugt 1a chiéu day cla phan tif thit j & trang thdi khong hu hong va trang thdi ¢6 hu
héng, @ 1a do suy gidm (%) cla chiéu day d6i v6i phan td thy j.
Tur d6, do giam chiéu day tuong dng vé6i cdc phan ti ¢6 kha niing xay ra hu hdng dudc biéu dién
thong qua véc-td nhu sau:
a={a ay ... ay} (16)

Véc-td a trong cong thiic (16) thé hién miic d6 hu hdng clia cdc phan tif can chin dodn. Trong
nghién ctiu niy, hAm muc tiéu, dua vao gid tri ning luong bién dang ctia két ciu, dudc thé hién nhu

sau:
] (17)

trong d6 o 1a bién sb tuong ting v6i do suy gidm chiéu day clia phan ti; MSE? 1a ning lugng bién
dang toan tAm ctia dang dao dong thi i Ging véi trang thdi hu hong can chdn dodn va MSE; (o) la
ning lugng bién dang toan tAim ctia dang dao dong thi i ting v6i miic do hu héng gia dinh o',

Trong nghién ctiu nay, thuat todn di truyén dudc st dung nhu mdt cong cu t6i uu. Muc tiéu ctia
thuat todn 12 tim ra bién s6 o* cho gid tri cuc ti€u ctia hAm muc tiéu, tuong ting véi cong thic (17).
Véc-t6 * nao cho gia tri ham muc tiéu nhd hon dudc xem 1a chan dodn chinh xdc hon.

m

OF (a’) = n(lllsn (Z

i=1

MSEY — MSE? (*)
MSE!?

2.4. Luwu do thudt todn

Dua trén co sd 1y thuyét clia phuong phép ning luong bién dang va thuit toan di truyén, mot quy
trinh chan doan hu hong gdm hai budc duge dé xuét trong nghién ciiu nay. Budc mot st dung phuong
phép ning lugng bién dang d€ chan dodn vi tri ctia hu hdng. Budc hai st dung thuat todn di truyén dé
chin doan dd 16n ctia hu hong. Luu dd ctia quy trinh chidn doan dé xuit dugc thé hién trén Hinh 4.
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Két ciu khong hur Két ciu cin chin
héng doan
v v
Dang dao dong @ Dang dao dong &'
- (mo phong) (do dac)
Xéc dinh céc thong s0 cho| | Tinh toan MSE" Tinh todn MSE*
thuat toan di tru;{én: ] | |
- Kich thudc quan thé: 20- v
50% s6 lugng phan t; Xac dinh vi tri hw héng sir dung chi tiéu
- Cér} ctia bién so: [051]; MSEDIj;, ngudng hw héng 50% va 3-5
- Dicu kién ding: s6 vong dang dao ddng diu tién.
lap toi da bang 100 hodc
gia tri ham muyc tiéu i=1; Thanh 1ap bién o
<1,0E-4. "l Xay dung ham muc tiéu OF(a;)

+—I

Cép nhat gia tri o; cua Cap nhat ma trdn do Dang dao dong @(0;)
L1 A ek > i « > T
the h¢ tiep theo cung K; dua trén o; cua két cau

) v

Thuét toan di truyén
(vong lap thu i)

A

Gia tri ham muc tiéu

Két luan tinh trang hw
héng ciia két cau dwa
trén a;

biéu kién
dung

Hinh 4. Luu db clia quy trinh chin dodn hu héng dé xuét

3. Bai toan phan tich
3.1. Thiét ldp bai todn

TAm nhdm c6 kich thude canh dai 1a 300 mm, canh ngan 1a 200 mm, chiéu day 12 4 mm, c6 bdn
bién lién két ngam, dudc chia thanh 30 phan tif theo phuong ngang va 20 phan ti theo phuong diing
nhu Hinh 5. Vit liéu tim c6 cdc thong sb: khdi luong riéng p = 2710 kg/m>, mo dun dan hdi E = 68,9
GPa, hé s6 Poat xong v = 0,33. Cac thong sb ctia bai todn dudc liy theo nghién ctiu ctia Kumar va
Reddy (2016) [12]. Trong nghién ctiu nay, phan ti hu hdng dugc xem xét 1a phan td s6 410 v6i miic
dd hu hong 1a 10% ctia su suy giam chiéu day ctia phan td.

3.2. Két qud phan tich dao déng tuw do

Phan mém MATLAB dudc st dung d€ mo phong va phan tich dao dong tu do cho két cAu tAm
dudc khio sit & ca hai trang thdi trudc va sau khi xuét hién phan ti hu hong. Phan ti¥ ti gidc dang
tham s6 bdn nit dugc st dung d€ mo phong tAm theo ly thuyét tim Mindlin. Bang 1 va Bing 2 thé
hién nim tan s6 va dang dao dong ubn dau tién cho trang thai trudc khi két cAu tim xuat hién phan ti
hu héng. Céc gid tri tan sd dao dong nay dudgc so sanh véi két qua clia nghién ciu [12] va phan mém
SAP2000. Két qua phan tich tif nghién ctiu nay rit phu hop véi két qua phan tich tit nghién citu [12]
va phan mém SAP2000. Do chénh 1éch ciia cdc gid tri tn s6 dao dong 1a rat nhd, khoang 0,1 ~ 0,8%.
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571| 572| 573] 574) 575 576] 577 578| 579| 580] 581| 582| 583 584) 585| 586 587| 588| 589| 590] 591| 592f 5931 594| 595 596| 597| 598 599 600}

541| 542| 543] 544) 545 546 547| 548| 549| 550] 551| 552| 553 554) 555| 556| 557| 558| 559| 560] 561| 562| 563| 564| 565| 566| 567| 568 569 570}

511| 512] 513] 514] 515 516 517 518] 519| 520f 521| 522| 523| 524 525| 526{ 527| 528] 529 530| 531| 532| 533] 534| 535| 536| 537| 538 539 540}

481| 482| 483| 484 485] 486| 487| 488 489 490| 491| 492) 493| 494 495| 496| 497| 498 499| 500f 501| 502 503f 504] 505| 506| 507| 508] 509 510

451| 452| 453| 454] 455 456| 457| 458] 459 460| 461| 462| 463| 464| 465| 466| 467| 468 469| 470 471| 472 473| 474] 475 476| 477| 478] 479] 480

421| 422] 423} 424) 425 426| 427| 428] 429| 430| 431| 432| 433| 434| 435| 436] 437| 438] 439| 440] 441| 442| 443] 444 445] 446 447| 448 449 450)

391| 392| 393] 394| 395 396] 397] 398| 399| 400] 401| 402| 403 404) 405| 406 407| 408| 409. 411) 412 413] 414) 415{ 416{ 417| 418] 419 420}

361| 362] 363 364| 365| 366| 367| 368| 369| 370| 371| 372| 373 374) 375| 376| 377| 378| 379| 380] 381| 382| 383 384| 385| 386| 387 388] 389 390}

331| 332] 333] 334) 335 336 337] 338| 339| 340| 341| 342| 343 344) 345| 346 347| 348| 349 350] 351) 352| 353| 354| 355| 356| 357 358 359 360}

301| 302] 303] 304f 305 306] 307| 308| 309| 310] 311| 312| 313 314) 315| 316| 317 318| 319| 320] 321| 322| 323 324| 325| 326| 327 328] 329 330}

271| 272 2731 274] 275 276 277| 278] 279 280| 281| 282| 283] 284] 285| 286| 287| 288 289 290] 291| 292 2931 294| 295] 296| 297] 298| 299 300}

241 242 243] 244) 245 246] 247| 248| 249| 250| 251| 252| 253 254) 255| 256| 257| 258| 259| 260] 261| 262| 263| 264| 265| 266| 267 268] 269 270}

211| 212] 213 214) 215 216] 217] 218| 219| 220| 221| 222| 223| 224] 225| 226 227| 228| 229| 230 231| 232| 233| 234] 235| 236| 237 238] 239 240}

181 182] 183f 184 185/ 186| 187| 188] 189 190f 191| 192] 193f 194 195 196| 197| 198 199| 200f 201| 202| 203{ 204} 205 206| 207| 2081 209 210|

151 152] 153| 154] 155| 156| 157| 158] 159 160| 161| 162| 163| 164| 165| 166| 167| 168| 169| 170 171| 172] 173| 174] 175] 176| 177| 178] 179] 180

121 122] 123f 1241 125| 126{ 127| 128] 129 130| 131| 132] 133| 134] 135 136| 137| 138 139| 140| 141| 142 143| 144] 145 146| 147| 148] 149] 150|

91192 |93 |94 |95 |96 | 97 | 98 | 99 | 100] 101| 102 103] 104] 105 106| 107 108{ 109] 110f 111| 112] 113] 114] 115} 116| 117] 118 119 120}

6162 |63 |64 |65 |66 |67 |68 |69 |70 |71 |72 |73 |74 |75 |76 |77 |78 |79 |80 |81 |82 |83 |84 |85 |86 87 |88 |89 |90

31|32 33|34 |35(36 |37 |38 |39 40 |41 |42 |43 |44 |45 |46 |47 |48 |49 |50 |51 |52 |53 |54 | 55 | 56 |57 | 58 | 59 |60

Hinh 5. Lu6i phan ti 30 X 20 ctia tim nhom va vi tri phan tif hu hdng 410

Bang 1. Két qué so sanh tan s6 dao dong (Hz)

Dang dao dong 1 2 3 4 5

Nghién ctiu nay 661,9 1020,7 1629,4 1632,8 1955.4
Nghién cuu [12] 660,3 1018,8 16159 1624,4 1947,2
SAP2000 661,4 1019,2 1619.,3 1624,6 1945,7

Bang 2. Dang dao dong cho trang thdi trude khi xuét hién hu héng

Dang dao dong Két qua phan tich MATLAB Két qua phan tich SAP2000
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3.3. Két qud chdn dodn vi tri hu héng

O budée mdt, chi tiéu canh bio MSEDI dudc st dung dé giai quyét bai toan chin dodn vi tri hu
héng. Ngudng hu hong duge chon 1a 50% nhim loai bd dnh hudng clia hién tugng nhiu [5]. Diém
khéc biét trong nghién cifu nay so véi cac nghién cifu trudc d6 1a trong thuit toan tinh ning lugng bién

Béng 3. Kha ning chin doén vi tri hu hdng khi st dung cac dang dao dong khac nhau

Dang dao dong  Bi€u db chi sé hu hong Phan td hu hong chan doan  Kha nang chan doan

i tit biéu do phan ti 410

1 | 3 410 6
2 - W 3 410 Cé
3 I W J - 301, 302, 329, 330, 410 C6

4 | ”I “ ”. 11, 20, 41, 50 Khong
5 m | 315, 410 C6
14243 . W S 410 C6
142+3+445 N S| 410 Co
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dang chi st dung duy nhét thanh phan chuyén vi diing ctia dang dao dong. Bai toan dugc khao st va
danh gia hiéu qué chin doén cta cic dang dao dong st dung. Chi tiéu MSEDI dudc tinh todn vdi céac
trudng hop st dung riéng tiing dang dao dong, tir dang dao dong 1 dén dang dao dong 5, sit dung két
hop ba dang dao dong dau tién va sit dung két hop nim dang dao dong dau tién. Két qua chin doan vi
tri hu hong dugc thé hién & Bang 3.

Két qua chin doan vi tri hu hdng ctia phan tif 410 trong két ciu tim cho thiy: Dang dao dong 1 va
dang dao dong 2 c6 khé niing chan doan vi tri hu hdng tot nhat; dang dao dong 3 va dang dao dong 5
chan doan dudc vi tri hu hdng nhung bi nhiéu; trong khi d6, dang dao dong 4 khong chin dodn dudc
vi tri hu hong. Nhu vay, kha ning chuin doan vi tri hu hdng ctia cic dang dao dong 1a khong gibng
nhau, c6 dang dao dong chin doan tét, c6 dang dao dong chan doan dudc vi tri hu hdng nhung c6 mot
s6 phan tit bi nhiéu; thim chi ¢6 dang dao dong chan dodn sai vi tri hu hdng. Tuy nhién, viéc sit dung
két hop ba hodic nim dang dao dong déu chin doan dugc tét vi tri hu hong. Pay 1a mot két qua rat
quan trong, gidp thut toan chdn dodn 6n dinh, déng tin cdy ma khong phu thudc vao ting dang dao
dong hodc tung vi tri hu hong.

3.4. Két qud chdn dodn miic do hw héng

O budc hai, thuat toan di truyén dudc st dung dé xdc dinh chinh xdc mic do ctia hu hong. Trong
thuat todn di truyén, cin ctia bién sé dugc 14y dua theo pham vi clia miic do hu hong c6 thé xay ra,
dudc lay nhu sau: o* € [0; 1]. S6 ca thé ctia quan thé dudc 14y bing 200 ca thé. S6 thé hé (vong lap)
tbi thiu dé xét diéu kién ding thuat todn sé bat budc chay tbi thiéu sé vong lip nay trudc khi kiém
tra diéu kién ding, 1iy gia tri bang 1. Thuat to4n sé diing khi dat mot trong hai diéu kién sau: (1) S&
vong lip tdi da thuat todn sé diing khi s6 vong lip dat gid tri ndy, thong thudng 14y bing 100; (2) Gidi
han ctia d6 thich nghi khi gia tri cia do thich nghi (ham muc tiéu) dat dén gia tri bé hon hoic bang
gi4 tri nay thi xem nhu chip nhan két qua thuit toan va thuit toan diing. Trong nghién ciu nay, diéu
kién ditng ctia thudt toan dudc chon la gidi han ctia do thich nghi, v6i gi tri bang 1,0E-4.

D€ xem xét tinh hidu qua clia ctia thuit toan chan dodn mic d6 hu hong, khi diéu kién diing thda
man, hai gid tri sau dudc dé nghi danh gia: (1) sd vong lip da thuc hién khi thuét toan két thic; (2) sai
s6 chan dodn miic dd hu hong ctia phan tif khi théa man diéu kién diing. Két qua chin doan mic do
hu héng va tinh hiéu qua ctia phuong phép dudgc liét ké trong cic Bang 4 dén Bang 9.

Bang 4. Két qua chin doan miic do hu hdéng khi st dung dang dao dong 1

S6 vong lip 1 2 3
b0 giam chiéu day (410) 0,084 0,084 0,100
Gia tri ham muc tiéu 8,3E-04 8,3E-04 2,5E-05
Sai s6 chin dodn (%) 16,35 16,35 0,49

Bang 5. Két qua chin doan miic do hu hong khi st dung dang dao dong 2

S6 vong lip 1
D9 gidm chiéu day (410) 0,099
Gia tri ham muc tiéu 1,4E-05
Sai s6 chdn dodn (%) 0,91
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Bang 6. Két qua chin doan miic do hu hong khi st dung dang dao dong 3

S6 vong lip 1 10 72

Do giam chiéu day (301) 0,286 0,073 0,073
Do giam chiéu day (302) 0,111 0,650 0,653
Do giam chiéu day (329) 0,220 0,167 0,171
D9 gidm chiéu day (330) 0,018 0,158 0,158
Do giam chiéu day (410) 0,187 0,424 0,425

Gid tri ham muc tiéu 8,3E-04 8,3E-04 2,5E-05

Sai s6 chin doan (%) 87,22 324,26 325,38

Bang 7. Két qua chin doan miic do hu hong khi st dung dang dao dong 5

S6 vong lap 1 2 3
Do gidm chiéu day (315) 0,181 0,213 0,211
Do giam chiéu day (410) 0,380 0,479 0,479
Gia tri ham muc tiéu 7,8E-05 1,6E-05 3,8E-07
Sai s6 chin doan (%) 279,90 378,72 378,70

Bang 8. Két qui chan doan mifc d6 hu héng khi st dung dang dao dong 14+2+3

S6 vong lap 1 3 5 6 7
Do gidm chiéu day (410) 0,097 0,100 0,100 0,100 0,100
Gia tri ham muc ti€u 8,8E-02 3,0E-03 2,8E-03 1,3E-04 1,4E-05
Sai s6 chan dodn (%) 2,99 0,10 0,09 0,00 0,00

Bang 9. Két qua chidn doan muc d6 hu hong khi stt dung dang dao dong 142+3+4+5

S6 vong lip 1 3 5 7 8
Do gidm chiéu day (410) 0,105 0,101 0,100 0,100 0,100
Gia tri ham muc tiéu 7,0E-02 1,1E-02 2,7E-03 7,4E-04 2,0E-05
Sai s6 chan doan (%) 4,88 0,80 0,19 0,05 0,00

Két qua phan tich dudc thé hién trong Bang 4 dén Béng 9 cho thiy: Dang dao dong 1 chidn doan
chinh x4c mifc do hu hdng ctia phan ti 410 chi sau ba 1an lip; Dang dao dong 2 chin dodn chinh x4c
mifc do hu hdng phan td 410 chi sau mot 1an 1ip; Dang dao dong 3 va dang dao dong 5 khong chin
doan dugc miic d6 hu hong du gia tri ham muc tiéu da dat. Nhu vdy, khi stt dung cac dang dao dong
riéng 18, mot s6 dang dao dong c6 kha ning khong chin dodn dugec mic do hu hdng. Trong khi do,
khi st dung c4c dang dao dong két hop, thuat toan cho két qua chian doan chinh x4c sau siu vong lip
khi stt dung ba dang dao dong diu tién va sau tdm vong 1ip khi st dung nim dang dao dong dau tién.

Két qua khao sit su hoi tu cia thut toan theo miic do hu hdng clia phan ti dudc thé hién trong
Bang 10. Thuét toan st dung két hop ba dang dao dong dau tién va ngudng hu hong 1a 50%. Nhu vay,
thuat todn dé& xuit c6 thé chin doan dudc hu héng véi cidc mifc d6 khic nhau. Véi miic d6 hu hong
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nho dén 3%, thuat todn van cho két qua chin dodn rit chinh x4c sau 12 vong lip. Khi miic d6 hu hdng
nhd dén 1% thi thuat todn khong chin doan dudc chinh xdc sau 30 vong lip. Tuy nhién, trong thuc
té, cac hu hdng nhd hon 1% thi xem nhu khong c6 dnh hudng dén su 1am viéc dén két cAu nén c6 thé
bd qua.

Bang 10. Két qua chan dodn vé6i cac mic do hu hong khic nhau

Muc d6 hu hong khao sat 50% 10% 5% 3% 1%
Muc d6 hu hdng chin dodn 50,0% 10,0% 5,0% 3,0% 2,8%
Sai s6 chan doan (%) 0,00% 0,00% 0,03% 0,01% 182,00%
Giad tri ham muc tiéu 7,3E-05 1,9E-05 9,3E-05 1,2E-05 9,7E-02
S6 vong lip 25 13 13 12 30

4. Két luan

Trong bai b4o nay, mot quy trinh chin do4n hu héng trong két cu tim st dung phuong phép ning
lugng bién dang két hop véi thuat toan di truyén da dudc phat trién thanh cong. Quy trinh chin dodn
bao gdm hai budc ¢ kha ning chin dodn chinh x4c ci su xuét hién, vi tri vA mifc do ctia hu hong
trong két cAu tAm. Viéc chi st dung duy nhét thanh phan chuyén vi ding ctia dang dao dong van cho
két qua chan dodn mic do hu hong chinh xic. Diéu nay c6 y nghia rit quan trong trong viéc gidm
cdc dit liéu chuyén vi do dac tai niit trén két ciu can chin doan. Pong thdi, didu d6 ciing gitp phuong
phdp chin dodn dé xuét c6 tinh kha thi cao trong thuc tién 4p dung.

Moi dang dao dong c6 d6 nhay v6i mot vi tri hu hong nhét dinh. Tuy nhién, d6i v6i bai todn chan
doan ngudc, khong biét trude vi tri hu hdng, viéc xay dung mot thuat todn tdng quat, st dung két hop
cic dang dao dong, 1a rt can thiét. Viéc st dung két hop mot vai dang dao dong diu tién 1a di dé
chin dodn chinh x4c su xuit hién, vi tri ctia hu hdng & budc mot clia thut toan va mic do clia hu
héng & budc hai ciia thuit toan chi sau mot s6 it vong lip.

Ldi cam on

Tic gia chan thanh cam on su hd trd tai chinh cta Trudng Dai hoc Nha Trang cho dé tai “Chéin
dodn hu hong trong két cAu tAm sit dung phuong phdp ning lugng bién dang va thut toan di truyén”,
ma s6 TR2020-13-11.
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