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TOM TAT

Viéc phét trién cac phuong phép khéng pha hay dé chdn dodn stic khoe két cdu cong trinh la can
thiét. Cac nghién cliu trong nhitng nam gan day doi hoi su két hop lién nganh, lién linh vuc nhu
ky thuat xay dung, ki thuat xtr ly tin hiéu s6 va tri tué nhan tao. Su két hgp nay nham nang cao tinh
hiéu qua va dé chinh xac ctia phuaong phép chan doan. Tu dong luc nghién ciu do, bai bao nay
kién nghi moét phuong phap xac dinh hu hdng cho két cau dam st dung phan tich Wavelet cho
dang dao dong két hgp véi mang no-ron nhan tao (Artificial Neural Networks: ANNs). Dau tién,
ca sa ly thuyét vé phuong phap phan tich Wavelet va mang no-ron nhan tao dugc trinh bay. Tiép
theo, mét md hinh phan t&hru han cho dam don gidn dugc mé phong theo phuong phap phan
trhiru han. Cac truong hop hu hong dugc khao sét lan luot [a dam hu hdng mét vi tri, hai vi tri va
ba vi trf v&i cdc muc do hu hdng khéac nhau. D6 tin cay cla két qua mo phong dugc kiém ching
bang viéc so sanh tan s6 dao dong vai két qua tinh toan theo gidi tich. Cudi cling, su xudt hién, vj
tri va muic do hu hong trong dam dugce chan doéan chinh xac khi st dung phuong phéap kién nghi.
Két qua ti nghién cdu nay cho thay viéc stt dung phuong phap phan tich Wavelet cho dang dao
dong két hop vdéi mang no-ron nhan tao c6 kha nang chdn doan chinh xac nhiéu vi trf hu hong
ddéng thai trong két cdu dang dam.

Tu khoa: chin doan két cau, két cdu dam, dang dao dong, mang no-ron nhan tao, phan tich

Wavelet

GIGI THIEU

Trong linh vuc x4y dung, ddm la mét cdu kién quan
trong trong hé két ciu cong trinh. Trong sudt qud
trinh st dung lau dai, viéc két cdu d4m bi xudng cép
va hu hong 1a mét diéu tat yéu khong thé tranh khoi.
Két cdu dam c6 thé xdy ra nhiéu dang hu hong khac
nhau nhu: két ciu chiu lyc vugt qua gisi han dan dén
bi hinh thanh vét niit va suy giam d¢ cting, vat liéu bi
tac dong ctia moi trudng xung quanh (an mon, dong
dat, sy c6 moi trudng, ...) lam gidm cudng do va dic
tinh ban ddu ctia vat liéu, két cdu bi khuyét tat trong
qua trinh thi cdng, ... Cac hu hong nay c¢6 kha ning
hinh thanh m¢t cdch 4am tham, gia ting theo thoi gian;
su xudng cdp ctia két cdu ddm do sy gia tang ctia tac
dong gay hu hong lam xdy ra cic sy c6 bit ngo, gy
thiét hai nghiém trong. Nhiéu nghién ctiu da dugc
thuc hién dé phat hién ra hu hong hodc su xudng cép
cta két cdu dam & giai doan sém nhit; tu do, két cdu
d4m dugc tién hanh bao tri, stia chita va gia cudng'~

4, Linh vuc theo déi va chdn dodn két cau(Structural
Health Monitoring: SHM) da va dang dong mot vai
tro rit quan trong d6i véi su an toan, tudi tho va su
hoat dong bén viing ctia két cdu cong trinh xay dung.

Tu nhiing tin hiéu ghi nhan dugc trén két ciu, cac
phuong phap SHM dugc 4p dung dé€ dua ra canh béo
vé sy xudt hién hu hong, xdc dinh vi tri va d6 16n cta
hu hong trong két cdu va danh giad dugc anh hudng
cta hu hong dén toan b két cdu. Hai phuong phap
phé bién dung d€ chin dodn hu hong trén két ciu
la: phuong phép thi nghiém pha hay va phuong phap
thi nghiém khong pha hay. Véi nhiing vu di€ém nhu
kha ning do luong linh hoat, chi phi tuong d6i thép,
phuong phép khong pha hity ngay cang trd nén phd
bién. Trong d6, phuong phép st dung cac dic trung
dao dong 1a mot trong nhiing phuong phap gidn tiép
va hiéu qua dé€ phat hién, chin doén hu hong két ciu.
Su xudt hién ctia khuyét tit trong két cdu sé dan dén su
thay d6i cac dac trung dao dong nhu tin s6 dao dong,
dang dao dong, ... Bang viéc st dung cic phuong
phép dua vao su thay d6i cac dic trung dao dong nay,
hu hong trong két cdu dugc chin dodn chinh xac ca
vé sy xudt hién, vi trf 1an muc d6 ctia hu hong>8,

Tt nhiing nhu ciu thuc tién va ké thiia cic nghién ciiu
trudc, muc tiéu ctia bai bao nay la phat trién phuong
phép chin dodn sy xuét hién, vi tri va mitc d§ ctia hu
hong trong két cdu dam st dung phén tich Wavelet
cho dang dao dong két hgp véi mang no-ron nhin
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Dir liéu dang dao dong
da chuan hoa

V& do thi hé s6 chi tiét D
twong ung chiéu dai dam
!

Xéc dinh ving
hu hong chin doan

Chon ham Wavelet phu hop
(ham coifl, bac 1)

Thure hién khir nhiéu
db thi hé s6 chi tiét D

Pinh gi4 két qua chén doén
bang chiso A, B, C

Ph{m tach tin hif_“:u'thémh
h¢ so xap xi C va h¢ so chi tiét D

}

Tai tao hé sd chi tiét D

Chén doén mirc dd hur hong
tmg dung mang ANNs

Hinh 1: Quy trinh chan doan viing hu hdng kién nghi

tao (Artificial Neural Networks: ANNs) Hinh 1. Mot
ddm don gian dugc md hinh theo phuong phap phan
ttt hitu han st dung phan mém SAP2000. Trong mo
hinh, cdc hu hong dugc gid dinh qua ba trudng hgp
khéc nhau ca vé vi tri va muc d6 hu hong. D¢ tin cay
cta két qua mo hinh dugc so sanh véi két qua tinh
todn theo gidi tich. Tu d6, cc két qua chén dodn vi tri
va muc d6 cta hu hong trong két cdu ddm dugc phan
tich va danh gia.

PHUONG PHAP PHAN TiCH

WAVELET KET HOP MANG NO-RON
NHAN TAO

Phuong phdp phéan tich Wavelet

Phuong phép phan tich Wavelet khic phuc dugc sy
thi€u thong tin thoi gian khi bién déi tin hiéu sang
mién tin s6. Tu do, thoi gian dién ra cta sy kién
(diém bat dau va diém két thuc) cé thé dugc xac dinh
dé dang. Phén tich Wavelet bién d6i tin hiéu ti mién
thoi gian - tdn s6 thanh mién thai gian - ti 1¢ Hinh 2.

A

Thoi gian

Bién dbi Wavelet @
=

Bién do

Thoi gian

Hinh 2: Phan tich Wavelet

Tin hiéu ban ddu thong qua phan tich Wavelet dugc
bién d6i thanh céc tin hiéu dong dang c6 ty 1é va thoi
gian tré khac nhau. Céc song Wavelet gap ghénh va
bat d6i xliing phan anh t6t tinh chdt cuc b ctia déc
tinh dii liéu ky thuit ma cac phuong phéap phén tich
khéc khong c6 nhu diém bép bénh, cic diém gay, cic
diém gidn doan v6i d6 d6c16n, ... Hon nita, phan tich
Wavelet c6 thé nén hodc khti nhiéu tin hiéu Hinh 3.

Hién nay, phan tich Wavelet la cong cu hitu ich trong
nhiéu linh vuc khac nhau nhu xt ly tin hiéu, hinh dnh

mady tinh, nén di liéu, x ly anh, d6 hoa, ... Ngoai

ra, phén tich Wavelet ciing dugc ting dung trong chin

doan stic khoe két cau thuoc linh vic xay dung®1° .

A/ /| Biéds -
NN ‘\A\/,(ﬁ
/ \/ \/

— A N—

. Wavelet — \/1 -

Tin hiéu Thanh pllﬁn Wavelet véi cac vi tri va ti 1¢ khac nhau

Hinh 3: Tin hiéu sau khi phan tich Wavelet

Bién d6i Wavelet lién tuc (Continuous Wavelet Trans-
form - CWT) la tich phan ham f{t) trén suét khoang
thdi gian tin hiéu nhan véi ham Wavelet me y/(7) , né
dugc kéo dan hay nén boi ty 1é a > 0 va dich chuyén
trong khong gian bdi dich mtic b. Két qua phép bién
d6i Wavelet 1a hinh thanh céc hé s6 Wavelet C(a,b) 12
. Ham Wavelet v, 1, (¢) c6 dang bét bién trong khong
gian L%(R) ctia cac ham tich phan binh phuong vi c6
hé s6 chuéin hoa \a\_% . Khi d¢,
C(a,b) = fwmf(t)llfa,h(f)df =
a7 foy (5 (1)
Nhiing hé s6 C(a, ) sé cho biét muc d9 tuong quan
gitia tin hiéu f(¢) va ham Wavelet v, (). Khi gid
tri C(a,b) cang cao thi sy tuong quan gitia tin hiéu
f (t) vaham Wavelet y, 5, (¢) cang cao. Do do, su thay
d6i dot ngdt cha tin hiéu f (¢) cling sé tao ra cdc hé s6
Wavelet C (a,b) c6 bién d6 16n, day chinh 13 co s& cta
phuong phap chdn dodn hu hong bang phép bién déi
Wavelet.
Tin hiéu c6 thé dugc khoi phuc nhd bién d6i Wavelet
ngugc d€ tdi tao tin hiéu ban ddu ti cic hé s
C(a,b)'?:

F0) = g 7. 7 C ab) v (1) 22 )
trong do6 Kw 1a hang s6 phu thudc vao dang Wavelet

va /(o) 1a bién déi Fourier ctia ham Wavelet v, 5 ().
Gia thiét rang hé s6 Wavelet C (a,b) chi c6 gié tri d6i
voi ty 1€ a < ap, v6i a > ag dugc xem nhu nhiéu. Khi
do, viéc tai tao tin hiéu f(r) ban dau tit C(a,b) cdn
thém phan bu cta tin hiéu tuong ting véi a >ag. DE
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thuc hién diéu nay, ngudi ta dua vao mot ham ¢(r)

khéc, goi la ham ty 1é (scaling function), thu dugc cac

hé s6 Wavelet: 1

Dlah) = ay' [Zfe(5t)d =

[ O 9upt)de ()

Ham ty 1é rit cdn thiét cho céc tinh todn béng sd

nhung khong phai moi Wavelet déu c¢6 ham ty 1é

tuong ting. Thay cho cong thiic f (), bién d6i Wavelet

ngugc gém hai thanh phan:

f)= KL‘V . ;iofl;i—ooc(a’b) Wa,b(z)%+
Kyag Joe—eo D(a0,0) a1 (1)l 4)

Mot chubi Wavelet 6 duge nho gidn doan hod CWT.

Su gidn doan hoa CWT dugc thuc hién nho 1y mau

trén mit phéng thoi gian-ty 1é.

Ham r6i rac f (n) va dinh nghia bién d6i Wavelet roi

rac (Discrete Wavelet Transform - DWT) nhu sau!2 :
C(j.k) = 2792 [= f(O)w (2 It—k)dt =

I fOwiand 6)

voi yx(t) =2712y(2 It —k) (6)

trong d6 j 1a s6 miic, 1/a = 27/ la do phan giai; k la

thoi gian roi rac.

Bién d6i DWT c6 thé bién d6i ngugc néu nhu tip hop

tuong tng ctia cdc mau xdc dinh moét khung Wavelet.

Thay vao cong thiic bién d6i Wavelet ngugc, tin hiéu

tai tao tl cac hé s6 C (j,k) thong qua bién déi rdi rac

ngugc c6 dang:

O =X5 o X o CULK27y(2 i —k) (7)
Xét & cip phén tich 1a ], tit cong thic C(j,k) ta c6 tap
hop:

Téap hop hé s6 chi tiét D (Detail):

eDy(k) = [Z f (1) Wik (t)dt
Tap hop hé s6 xdp xi A (Approximation):

Ay (k) = [ £ (1) @ra ()i ©)
Thay vao f(r) clia cdng thic - bién d6i ngugc Wavelet
lién tuc, phién ban rdi rac cia dang téi tao trg thanh:

(8)

[0 = X (X ecDi(yi()  +
i cAs(k) ;i (x) = YioDilx)  +
Aj(x) (10)

trong d6 D; (r) va A (r) la ham chi tiét va xdp xi mtic
J:

Ham chiti€t D: D;(t) = X cDy(k)y;(t)
Ham Xé’p xi A: Aj (Z) = Z;-o:iw cAy (k) Djk (Z)

Nhu véy két qué phan tich DWT tao ra cac ham x4p
xiAj (¢) 6 miicj tuong ting véi tin hiéu c6 tan s6 thap
va cac ham chi ti€t D; (¢) tuong ting véi tin hiéu cé tin
s6 cao. Trong nghién ctiu nay, tin hiéu dau vao cta
phép phén tich Wavelet la cac dang dao dong cuia két
két ciu ddm & cdc trang thai khac nhau. D& chin doan
vi tri hu hong clia két cdu, cac ham chi tiét D; (¢)cta
tin hiéu can dugc quan tdm; dong thoi, mic phan tach
j dugc lya chon thich hgp.

Mang no-ron nhdn tao

Trong nhiing ndm gan day, tri tué nhin tao c6 mot su
phét trién vugt bic va dugc ting dung vao hau hét cac
linh vuyc, nganh nghé. Xay dungla motlinh vuc cucky
quan trong va c6 qua trinh phat trién lau dai. Vi vay,
viéc ting dung tri tué nhén tao vao linh vuc xay dung
néi chung va viéc chin doan stic khoe két cdu (SHM)
néi riéng déng mot vai trod thiét yéu 121, Mang no-
ron nhén tao (Artificial Neural Networks: ANNs) la
mod hinh toan hoc dugc xay dung théng qua cac no-
ron sinh hoc. N6 bao gébm cac nhém ro-ron nhén tao
két ndi véi nhau va xt ly cdc thong tin bang bién phap
truyén theo cac két n6i r6i tinh todn gia tri méi tai cac
nut. Mot no-ron cé thé nhan dugc nhiéu dau vao va
cho ra m¢t két qua duy nhét Hinh 4.

Déau vao
Paura
0 y

Ham kich hoat

B6 t6 hop
tuyén tinh

Hinh 4: So d6 lam viéc cla mot no-ron nhan tao

Mot perceptron sé nhin mét hodc nhiéu dau vao x
dang nhi phéan va cho ramét két qua y dang nhi phin
duy nhat. Céc d4u vao dugc diéu phéi tdm anh hudng
bdi cac trong s tuong ting w clia no, con két qua dau
ra dugc quyét dinh dua vao mét ngudng quyét dinh
b nao d6. Mang no-ron nhén tao la sy két hgp cua
cdc 16p perceptron hay con goi la perceptron da 16p
(Multi-layer perceptron) hodc mang no-ron da 16p
(Multi-layer neural networks) nhu Hinh 5.

L6p an L6p dau ra

Lép dau vao

Hinh 5: S d6 mang no-ron nhan tao

Trong nghién ctiu nay, mang no-ron nhén tao dugc
x4y dung thong qua ngon ngii lap trinh Python. bau
vao clia mang la di liéu dang dao dong ctia két ciu

2438



Tap chi Phdt trién Khoa hoc va Céng nghé - Ky thuat va Cong nghé 2025, 8(1):2436-2448

dam; ddu ra cila mang la mtic d6 hu héng trong dam.
Hiéu sudt ctia md hinh dugc danh gid thong qua gid
tri sai s6 trung binh binh phuong (mse) . D6i v6i mo
hinh ANNSs dugc thiét ké véi M nit tai moéi l6p ddu ra,
két qua dy dodn 14 véc-to véi kich thude(1 x M).Véi
N1as6 mau ctia tip dii liéu, sau mdilan ldp lai (epoch),
két qua dau ra dugc luu tri trong ma tran kich thuéc
(N x M). Biéu thiic todn hoc ctia (mse) dugc thé hién
nhu sau:

2
d
mse =y Lo Yo (yffre *yn> (11)
pred

VGiy,  vayylanlugtla gia tri ddu ra du dodn va gid
tri ddu ra thuc té.

ELU (Exponential Linear Units) dugc chon 1a ham
truyén cho ciu hinh mang no-ron nhan tao. Hé s6
cta ham truyén nhu sau:

z>0

<,
o(x.2) = {x(ez—1)7z§0

€ (X:) (12)

Trong nghién cGu nay, cdc thong sb lua chon cho
md hinh mang no-ron nhén tao dugc trinh bay trong
Bang 1.

Bang 1: Bdng tém tét cac théng s6 cho mé hinh ANNs

béi tugng Thudc tinh Thong s6
Ham kich ELU x=0.5
hoat (AF) (Exponential
Linear Units)
Trinh t6i uu ~ Adamax Learning rate : 0.001

Bi=0.9; B> = 0.999 va
e=1x10"7

(Optimizer)

Batch size 1

Ham ELU la mot lya chon tuyét voi cho cdc mo hinh
ANNGs vi ELU tinh todn dugc ca phan tuyén tinh va
phi tuyén v6i cac vu diém tranh cdc bt thudng khi
di liéu dau vao gan 0. ELU xt 1y 1am min d4u ra va
gitip mo hinh hoc nhanh va hiéu qua hon, dic biét
trong cac bai toan phtc tap. Khi chon gia tri x ctia
ham ELU I6n, cac gia tri am sé anh hudng 16n hon va
ELU sé tao ra cac gid tri ddu ra 4&m 16n hon (vé d¢ 16n
tuyét d6i). Trong khi d4u ra & cc vong lap phén tich
mang ca cac gia tri &m duong. Véi x= 0.5, ELU duy
tri dugc kha nang hoc tii ca hai phin duong va 4m cuia
ham kich hoat mot cach can béng, diéu nay gitip mo
hinh hoc t6t hon ma khong bi anh hudng qua miic béi
cdc gid tri &m, gitp mo hinh 6n dinh hon trong qua
trinh huédn luyén.

Trinh t6i uu Adamax 13 mét lua chon t6t trong céc bai
todn huén luyén mang no-ron véi cic vu diém nhu
sau: Adamax thich hgp cho nhiéu dang dii liéu phtic

tap, thuong hiéu qua hon trong viéc xti Iy cic mo hinh
c6 nhiéu tham s6 va kha nang hoi tu tét.

So v6ihé s6 Learning rate (t6¢ d hoc) méc dinh 0.002
thi tac gid chon hé s6 0.001 dé thuit todn hoc chim
hon, cho phép mo6 hinh cap nhéit tham s6 mot cich
cén than va c6 kiém soat hon. Diéu nay giup dan dén
hoi tu 6n dinh hon va giup gidm thiéu nguy co dao
dong manh méc du thoi gian phén tich ¢é phan lau
hon.

B1=0.9; B = 0.999 1a hé s6 tinh todn gradient mic
dinh.

€132 mot hé s6 gia tri rit nho dugc thém vao d€ tranh
chia cho 0 khi tinh todn ty 1¢ diéu chinh learning rate.
Gid tri £ khong anh hudéng I6n dén qua trinh t6i uu
héa nhung giup duy tri tinh 6n dinh ctia cdc budc tinh
todn. Hés6 € = 1 x 1078 1a mic dinh, tuy nhién thong
qua thuc nghiém va vi mé hinh khong qua phtic tap
va dii liéu khong c6 qué nhiéu nhiéu phuic tap nén tac
gid chon e =1 x 10~7 vin dam béo hiéu suit t8i vu.

Phuong phdp ddnh gid két qua chdn dodn
Trong nghién ctiu nay, bd ba chi s6 danh gid (A, B,
C) dugc dé xuit nham danh gia mot cach téng quat
va toan dién d6i véi viéc chdn dodn hu hong trong
két cdu dang dim?2. Trong d6, d6 chinh xdc viing hu
hong, do chinh xac viing khong hu hong va d§ chinh
xdc tong thé dugc ky hiéu 1an lugt la A, Bva C. Bo
chinh xdc viing hu hong, chi s6 A, 1a ty s6 gitia chiéu
dai vung hu hong chdn dodn ndm trong viing hu hong
thuc té v6i chiéu dai viing hu hong thuc té. Chis6 nay
nhim danh gid d¢ chinh xdc cta phuong phép trong
viéc xac dinh pham vi xudt hién ving hu hong trong
dam.

predict
‘dam,in

A= Honin 1009 (13)

Lrea[

Do trongdagéc truong hgp hu hong khac nhau, pham
vi viing hu hong ciing khac nhau nén viéc st dung
mot chi s6 chdn doan cho riéng ving hu hong khong
phan anh dugc tinh chinh xdc ctia phuong phap cho
toan b chiéu dai ddm. Cho nén, ca ving khéng hu
hong va toan bo chiéu dai ddm ciing can dugc dinh
gid. Do chinh xdc cho viing khong hu hong, chi s6 B,
la ty s6 gitia chiéu dai ving khong hu hong chén doan
v6i chiéu dai viing khong hu hong thuc té.

i _ predict predict
B— Lf,’,:%',ff - L (Ldum.in +Ldum.0ur>
oL L—Lred (14)
‘undam dam

Do chinh xdc tdng thé, chi s6 C, dugc dé xuit véi
y nghia bing tdng d6 chinh xac chin doan viing hu
hoéng va vung khong hu hong véi trong s6 ciia méi
vung. Trong s6 ciia moéi ving 13 ty s6 gitia chiéu dai
viung do6 véi tdng chiéu dai cta toan ddm. Hinh 6
minh hoa céc chiéu dai tuong ung trong viéc chin
dodn vi tri hu hong trong ddm st dung phan tich
Wavelet.
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Hé s D Wavelet| |

Vi tri hur ho

Bién d§ D Wavelet

4 5 6 7 8 9 10
Chidu dai dhm (m)

Hinh 6: Minh hoa cach xac dinh ving hu héng chan
doan va vung hu héng thuc té

Lr‘eal Lu‘ul
C= A% +B l4n£un1 (15)
L’e?! . Chiéu dai ving hu hong thuc té.

‘dam *
Lg;filif;: Chiéu dai viing hu hong chidn dodn nam
trong vung hu hong thuc té.

predic - Chiéu dai vimg hu hong chén dodn nim

ngoai viing hu hong thuc té; dugc tinh bang cach dung
chiéu dai viing hu hong chin dodn trii di cho ving hu
hong thuc té.

BAI TOAN KHAO SAT

Xét mot dam don gian, nhip 10 m, c6 tiét dién chi
nhat véi chiéu rong 300 mm va chiéu cao 500 mm
(Hinh 7). D4m c6 céc thong s6 vé déc trung vat liéu
nhu sau: mé dun dan héi 3x107 kN/m?, trong lugng
riéng 24.517 kN/m?3 23 . Trong m6 hinh phan ti hitu
han, ddm dugc chia thanh n, = 200 phan tu; kich
thudc ctia mdi phén ti la 50 mm, chiém 0.5% chiéu
dai cta ddm, du d€ khao sat két qud do nhay cua
phuong phap Wavelet. Trong d6, d¢ cting chéng uén
cta phén tt tha m la (EI),,, véim =1, ..., n,.

A-A
. . —
200 phin tir, d cimg uén EI |a V -
= : a
@ E = 3.0410 [\, p=24.517 (Nin'] | o <5 A
| 300,
J Laoo |

| L=10 [m]

Hinh 7: Bai toan khao sat

Céc trudong hgp hu hong duge khio sit bing cich
gidm do cting chdng uén ctia dam tai cac vi tri khac
nhau. Gia st phén tu thi m bi giam do ctling chéng
udn 5%, nghia 1a (EI),,* = 0.95(EI),,. Dam déng
chat dugc moé phong bang phan mém SAP2000. Céc
truong hop hu hong, véi vi tri va mic do khac nhau,
dugc khao sit trén ddm nhu Bang 2. Trong d6, phan
tl 50 cach g6i tya bién bén trai mot doan 2.45 m dén
2.50 m; phén tt 100 cach goi tya bién bén trai mot
doan 4.95 m dén 5.00 m; phén tt 150 cach goi tua bién
bén trdi mot doan 7.45 m dén 7.50 m. Kich thudc hu
hong méi phan tii 13 0.05 m.

Bang 2: Cac truong hop hu héng khao sat

Trudng hop hu Phén ti hu Miic d6 hu hong
hong hong (%)
THI1: 1 vi tri 100 5
TH2: 2 vi tri 50 20
100 30
TH3: 3 vi tri 50 30
100 50
150 20

KET QUA VA THAO LUAN

Tdn sé dao déng va dang dao déng

DéE kiém tra do chinh xac va do hoi tu caa két qué

md phong, gid tri tdn s6 dao dong cta ddm dugc so
sanh véi két qua giai tich?%. Két qua kiém chiing

ti Bang 3 cho thdy tin s6 dao dong cta ddm tit md
phong c¢é do chénh léch so v6i cong thiic giai tich nho
hon 5%. Nhu vay, két qud mo6 phong cé do tin cay
cao. Hinh 8 thé hién bon dang dao dong uén cua
dam dugc st dung trong nghién ctiu nay. Viéc quan
sét trén cing mot biéu d6 cho théy ring bién d6 dao
dong cua 4 trudng hgp gin nhu trung nhau, khong
phén biét dugc sy thay déi hay diém bat thudng khi
hu hong xdy ra trén dam. Tu d6, phuong phép phin
tich Wavelet cho dang dao dong can dugc phit trién
dé chén doén vi tri hu hong xay ra trén dam.

Bang 3: So sanh tan sé dao déng clia trudng hop dam
khéng huhéng

Mode Mophongsé Cong thic Do chénh
(Hz) giai  tich®*  léch (%)
(Hz)
1 7.8308 7.855 0.312
2 31.0501 31.421 1.181
3 68.8735 70.697 2.580
4 120.1001 125.684 4.443

Két qud chdn dodn cho truong hop dam hu
héng mét vi tri

Tu di liéu dang dao dong ctia ddm, phuong phéap
phén tich Wavelet dugc trién khai d€ xdc dinh ving
hu hongtrong ddm. Hinh 9 thé hién két qué phan
tich Wavelet sau khi khti nhiéu. Pap ting Wavelet
rdt nhay khi hu hoéng xay ra trong dép tng dim;
Wavelet c6 sy dot bién xung quanh ving c6 hu
hong. Tt két qua phan tich Wavelet, ving hu hong
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Hinh 8: B6n dang dao dong uén dugc khao sat

chén doan dugc xdc dinh. D¢ chinh xdc cta két qua
chén dodn vi tri hu hong trong ddm cta trudng hgp
c6 mot vi tri hu hong dugc téng hgp trong Bang 4. Do
chinh xac 14 khéc nhau khi st dung dii liéu dang dao
dong khac nhau; va tit cd do chinh xdc déu dat trén
92%. Dic biét, d6 chinh xdc chidn dodn viung hu hong
14 100%; diéu nay c6 nghia la phuong phép chén dodn
khoanh viing chinh x4c hu hong xudt hién trong dam.
Xét vé két qua trung binh, phuong phap kién nghi xac
dinh vi tri hu hong véi d6 chinh xdac dat trén 95%.

%10

05t 0
|

Bién d D Wavelet

0 1 2 3 4 5 6 7 8 9 10
Chiéu dai dam (m)

Hinh 9: Biéu d6 Wavelet clia trudng hgp 1

Sau khi chdn dodn thanh cong vi tri hu hong, dang
dao dong dugc st dung lam dii liéu cho mang no-ron

Bang 4: D chinh xac (%) cta két qua chan doan vi tri
hu héng cua truong hop 1

Mode Do chinh Do chinh Do chinh
xdc vung xdc vung xdc  tdng
hu hong khong hu  thé(C)

(A) hong (B)

Mode 1 100 92.46 92.50

Mode 2 100 96.98 97.00

Mode 3 100 96.98 97.00

Mode 4 100 95.98 96.00

Mode téng 100 95.98 96.00

hop

Trung 100 95.68 95.70

binh

nhén tao d€ chin doan muc do hu hong trong dam.
Trong nghién ctiu nay, viéc lua chon dii liéu dang dao
dong cho mang no-ron nhan tao dugc cai tién nhim
ning cao tinh hiéu qué va d¢ chinh xac cta két qua
chén dodn. Dii liéu dang dao dong dugc khao sat véi

2 nhom nhu sau:
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- Nhém 1: st dung tit ca di liéu dang dao dong ctia
201 nat trén dam.

- Nhom 2: st dung di liéu dang dao dong ctia cac nut
dugc khoanh viung trong pham vi hu hong, xac dinh
bdi phuong phép phan tich Wavelet.

Déi véi truong hop 1, ddm hu hong mot vi tri tai phan
tt tht 100 v6i miic do hu hong 5%, cac truong hop
huén luyén va chdn dodn cho mang no-ron nhan tao
dugc liét ké trong Bang 5. Két qua chdn doan muc

d6 hu hong dugc téng hop trong Bang 6 khi sti dung
dii liéu nhém 1 va trong Bang 7 khi st dung di liéu
nhém 2. Mic du, ddm c¢6 mic do hu hong nho (5%),
phuong phap kién nghi vin cho két qua chidn dodn
v6i d6 chinh xéc cao (Hinh 10). Khi st dung tat ca

dit liéu dang dao dong ctia 201 nut (nhém 1), két qua
chén dodn c6 d6 chinh xac trung binh trén 84%. Tuy
nhién, khi di liéu dang dao dong ctia cic nit duge
khoanh ving trong pham vi hu héng, 6 chinh xac
trung binh cta két qua chin dodn ting 1én dang ké
(trén 96%).

Bang 5: Cac trudng hop huan luyén va chan doan cho
truong hop 1

S6 tha  Trudng hop Miic do hu hong
tu (%)
1 Huén luyén 0
2 Huén luyén 2
3 Huén luyén 4
4 Huén luyén 6
5 Hudn luyén 8
6 Huén luyén 10
Chén doan 5

Bang 6: K&t qua chan doan miic 46 hu héng cho
truong hop 1 khi st dung nhém 1

Phan ttt 100

Mode Hu hong Hu  hong Do chinh
thyc t€ chdn dodn  xdc (%)
(%) (%)

1 5 4.19 83.74

2 5 4.20 84.06

3 5 422 84.36

4 5 4.23 84.60

Ténghop 5 418 83.58

Trung 5 4.20 84.07

binh

Bang 7: Két qua chan doan miic d6 hu héng cho
truong haop 1 khi st dung nhém 2

Phan ttt 100

Mode Hu hong Hu héng Do chinh
thuc t€ chindodn  xé4c (%)
(%) (%)
1 5 5.15 96.94
2 5 5.24 95.27
3 5 5.22 95.68
4 5 5.17 96.56
Téng hop 5 5.21 95.81
Trung binh 5 5.20 96.05
10 -
@Thue
< 8- 0Chan doan (nhom 1)
< B Chin dodn (nhém 2)
E 2
0
1 50 100 150 200
Phan tir

Hinh 10: K&t qua chdn doan muc d6 hu héng cta
trudng hop 1

Két qua chdn dodn cho truong hop dam hu
héng haivi tri

boi véi trudng hop 2, ddm hu hong hai vi tri dong
thoi, tai phén td thd 50 véi miic do hu hong 20% va tai
phén tt tha 100 véi mic d hu hong 30%. Hinh 11 thé
hién két qua phén tich Wavelet trong ddm. D¢ chinh
xdc ctia két qua chén dodn vi tri hu hong dat trén 92%
Bang 8 . V€ viéc xac dinh muc d hu hong, cic trudng
hgp huén luyén va chin dodn cho mang ndé-ron nhan
tao dugc liét ké trong Bang 9. Két qua xac dinh mtc

dd hu hong khi st dung téit ca 201 di liéu (nhom 1)
cho két qua chua t6t. D6i v6i phan tt 50, gid tri chin
dodn ctia mode 3 va mode t6ng hgp 1a t6t (mode 3 c6
d6 chinh xdc 1 91.91% va mode t6ng hop c6 do chinh
xac1a 93.63%). Tuy nhién, caic mode con lai c6 két qua
chua t6t véi do chinh xdc trung binh la 86.31%. Doi
v6i phan tt 100, gid tri chdn dodn ctia mode tdng hgp
1a t6t v6i dd chinh x4c 14 93.04%; cdc mode con lai
c6 két qua chua tot v6i do chinh xdc dudi 85%; va do
chinh x4c trung binh dat 85.51% (Bang 10). P chinh

xac ctia két qua xdc dinh miic d6 hu hong dugc cai
thién khi sti dung di liéu tii viéc khoanh viing Wavelet
(nhom 2). Phén ti 50 c6 gia tri chdn dodn mic do hu
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héng cho cac mode déu dat do chinh xac trén 92%.
Phén tt 100 ¢ gid tri chin dodan muc do hu hong cho
cac mode déu dat do chinh xac trén 96% (Bang 11).
Hinh 12 thé€ hién két qud trung binh ctia viéc chdn

dodn muc do hu hong cua trudng hop 2.

% 10°

H¢ 56 D Wavelet
——Vij tri hwhong
- Ving chin dodn

Bién dd D Wavelet

0 1 2 3 4 5 6 7 8 9 10
Chi¢u dai dam (m)

Hinh 11: Biéu d6 Wavelet cGia trudng hgp 2

Bang 8: Pd chinh xac (%) cia két qua chan doan vi tri
hu héng cta truong hop 2

Trudng Do chinh Do chinh Do chinh
hop xdc ving xdc  vung  xdc téng thé
hu hong khéng hu (C)
(A) héng (B)
Mode 1 100 93.94 94.00
Mode 2 100 92.93 93.00
Mode 3 100 93.94 94.00
Mode 4 100 91.92 92.00
Mode 100 91.92 92.00
téng hop
Trung 100 92.93 93.00
binh
50 -
@ Thuc te

0O Chandoan (nhom 1)
® Chan doan (nhom 2)

1 50 100 150 200

Phan tit

Hinh 12: K&t qua chan dodn muc dé hu héng cla
truong hop 2

Bang 9: Cac truong hgp huan luyén va chan doan cho
truong hop 2

S6 Truong hop Phin td Phin tu

thu 50 100
Mic do6 Miucddhu
hu hong  hong (%)
(%)

1 Huén luyén 0 0

2 Huén luyén 10 20

3 Hudn luyén 10 30

4 Huén luyén 10 40

5 Hudn luyén 20 20

6 Huén luyén 20 40

7 Huén luyén 30 20

8 Huén luyén 30 30

9 Huén luyén 30 40

Chén doéan 20 30

Két qud chdn dodn cho truong hop dam hu
héng ba vi tri

boi véi trudng hop 3, ddm hu hong ba vi tri dong thdi,
tai phén tt tha 50 v6i miic d6 hu hong 30%, tai phin
tt thd 100 véi mic d6 hu hong 50% va tai phan tu
thd 150 v6i mitc d6 hu hong 20%. Hinh 13 thé hién
két qua phan tich Wavelet trong ddm. D¢ chinh xac
ctia két qua chén dodn vi tri hu hong dat trén 89%
(Bang 12). Vé viéc xac dinh mtic d6 hu hong, cac

trudng hgp huén luyén va chdn doan cho mang no-
ron nhan tao dugc liét ké trong Bang 13. Khi st dung

tdt ca 201 d@ liéu (nhém 1), két qua chin dodn caa
3 phan tt 50, 100 va 150 déu c6 do chinh xdc trung
binh trén 97% (Bang 14). Khi st dung dii liéu tli viéc

khoanh vung Wavelet (nhém 2), két qua chdn dodn
ctia 3 phan tti 50, 100 va 150 déu ¢ d6 chinh xdc trung
binh trén 98% (Bang 15). Nhu véy, khi ddm xuét hién

nhiéu vi tr{ hu hong theo chiéu dai ctia dam, viéc st
dung di liéu khoanh ving Wavelet cho két qua cai
thién khong déng ké so véi viée sti dung di liéu caa
toan bo ddm. Hinh 14 thé hién két qué trung binh cta
viéc chin dodn muc d6 hu hong cta trudng hgp 3.

KET LUAN

Trong bai bao nay, phuong phap xac dinh hu hong cho
két cdu dang dam st dung phén tich Wavelet cho dang
dao dong két hgp véi mang no-ron nhén tao da dugc
phat trién. Phuong phdp phén tich Wavelet chin doan
chinh xdc vi tri hu hong xuét hién trén ddm. Biéu do
Wavelet la truc quan va dé dang nhan biét vi tri xuét
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Bang 10: K&t qua chan doan miic 6 hu héng cho truéng hop 2 khi sit dung nhém 1

Phan tt 50 Phan tt 100
Mode Hu hong  Hu hong Do chinhxdc Hu hong  Hu hong Do chinh xdc
thuc t€ (%) chin doidn (%) thuc t€ (%) chdn doidn (%)
(%) (%)
1 20 16.33 81.67 30 25.05 83.49
2 20 16.24 81.19 30 25.13 83.75
3 20 21.62 91.91 30 34.73 84.23
4 20 16.63 83.14 30 24.91 83.03
T6ng hop 20 21.27 93.63 30 32.09 93.04
Trung binh 20 18.42 86.31 30 28.38 85.51
Bang 11: K&t qua chan doan miic 6 hu héng cho truéng hop 2 khi sit dung nhém 2
Phan tt 50 Phan tt 100
Mode Hu hong  Hu hong D¢ chinhxdic Hu hong  Hu hong Do chinh xdc
thuc t€ (%) chin doan (%) thuic t€ (%) chin doidn (%)
(%) (%)
1 20 18.77 93.85 30 30.46 98.47
2 20 18.52 92.60 30 29.55 98.50
3 20 18.76 93.79 30 28.97 96.57
4 20 18.60 93.00 30 29.14 97.13
Toéng hop 20 20.23 98.85 30 29.82 99.38
Trung binh 20 18.98 94.42 30 29.59 98.01
e Bang 12: D chinh xac (%) cta két qua chan doan vi tri
He 55D Wavelel hu héng ciia trudng hgp 3

==V tri hu h
+ Ving chin doin

Biénd) D Wavelet

rb

0 1 2 3 4 . 5 . 6 7 8 9 10
Chieu dai dam (m)

Hinh 13: Biéu d6 Wavelet cda trudng hop 3

hién hu hong. Phuong phép phén tich Wavelet cho két
qua chin doan t6t cho trudng hgp c6 mot hodc nhiéu
vi tri hu hong dong thai véi cac miic do hu hong lan
lugt khéc nhau. Két qua chidn doan ca hai trudng hgp
dam c6 mot vi tri hu hong va ddm c6 hai vi tri hu hong
déu dat d¢ chinh xdc trén 92%; trudng hgp dam cd ba
vi tri hu hong ¢ d¢ chinh xac dat trén 88%. Khi ddm
¢6 nhiéu vi tri hu héng dong thoi thi dé chinh xac

ctia phan tich Wavelet bj gidm di do sai s6 vé pham

Trudng hop Do chinh Do chinh DO chinh
xdc ving xdc vung X4c tdng
hu héng khong hu  thé(C)

@A) hong (B)

Mode 1 100 90.86 91.00

Mode 2 100 89.85 90.00

Mode 3 100 90.86 91.00

Mode 4 100 87.82 88.00

Mode téng 100 88.83 89.00

hgp

Trung binh 100 89.64 89.80

vi hu hong ting 1én. Mang nd-ron nhan tao dugc xay
dung dé€ xac dinh mic d6 hu hong trén ddm. Bai bdo
nay da thuc hién so sanh hai nhém dii liéu huén luyén.
Phuong phap mot la stt dung dii liéu trén toan b dam
va phuong phép hai la sti dung dii liéu trong pham vi
khoanh vung ctia budc phén tich Wavelet truée do.
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D3i v6i nhom 1, két qua chdn dodn cé do chinh xdc

@ Thye té N 2 soaxe . ,

< 6] 2 Chén dofn ahom 1) trung binh khoang 84%. Trong khi d6i v6i nhom 2,
< B Chin dodn (nhém 2) két qua chdn dodn c6 d6 chinh x4c trung binh 16n hon
S 45
E 94%.
g 30 R
. E] LO1 CAM ON

0 Nghién ctiu nay dugc tai trg boi Truong Pai hoc Bach

1 50 100 150 200

khoa, PHQG-HCM trong khuodn khé dé tai ma s6
SVKSTN-2024-KTXD-35.

Phan tir

Hinh 14: K&t qua chan dodn muic dé hu héng cla

truong hop 3 XUNG DOT Ldl iCH

] X Nhom téc gid xin cam doan raing khong c6 bt ky xung
Bang 13: Cac truong hop huan luyén va chan doan dét 1o ich ndo trong cong bé bai bdo

cho truong hop 3

SIT Truonghop  Phin  Phin ta  Phina DONG GOP CUA CAC TACGIA
= 1o s Phan Hoang Ting, Vii Khanh Hoang, H6 Quang
(1;/{1’Ic ha iﬂ;’d(} 1(\1/{1’1c ha Thién, Tran Tudn Pat, Trdn Manh Hung, Luu Trin
thg %) on8 hzng Hiiu Tin, Nguyén Chi Khai da thuc hién mo hinh, lap
%) %) trinh tinh toan, phan tich két qua va viét ban thao bai

béo. Lé Thanh Cao, Bach Van Sy, H6 Dtic Duy da dua

1 Hudn luyén 0 0 0 ra y tudng nghién ctu, chinh stia va hoan thién ban

2 Hufinluygn 20 40 10 thdo bai bdo.

B Huén luyén 30 40 10

4 Hudn luyén 40 40 10

5 Huén luyén 20 50 10

6 Huén luyén 30 50 10

7 Huén luyén 40 50 10

8 Huén luyén 20 60 10

9 Hudn luyén 30 60 10

10 Huinluyén 40 60 10

11  Hudn luyén 20 40 20

12 Huén luyén 30 40 20

13 Hudn luyén 40 40 20

14  Hudn luyén 20 50 20

15  Huin luyén 40 50 20

16 Huinluyén 20 60 20

17 Huén luyén 30 60 20

18  Huén luyén 40 60 20

19  Hudn luyén 20 40 30

20  Huén luyén 30 40 30

21  Huén luyén 40 40 30

22 Huén luyén 20 50 30

23 Huén luyén 30 50 30

24  Huén luyén 40 50 30

25  Hudn luyén 20 60 30

26 Huinluyen 30 60 30

27  Huén luyén 40 60 30
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Bang 14: Két qua chan doan miic d6 hu héng cho trudng hop 3 khi sit dung nhém 1

Phan ti 50 Phan tt 100 Phan tu 150
Mode Huhong Hu Do Hu Hu Do Hu Hu Do
thuc té€ hong chinh hong hong chinh hong hong chinh
(%) chin xac (%) thyc t€ chéin xéac (%) thyc t€ chin xac (%)
dodn (%) doan (%) doan
(%) (%) (%)
1 30 29.86 99.53 50 48.99 97.99 20 19.66 98.32
2 30 29.06 96.86 50 49.53 99.06 20 20.04 99.81
3 30 29.65 98.82 50 50.72 98.57 20 19.60 97.98
4 30 29.62 98.73 50 49.33 98.66 20 19.23 96.17
Téng 30 29.52 98.41 50 49.09 98.18 20 19.29 96.45
hop
Trung 30 29.54 98.47 50 49.53 98.49 20 19.56 97.74
binh
Bang 15: K&t qua chan doan miic 6 hu héng cho truéng hop 3 khi sit dung nhém 2
Phan tu 50 Phan ti 100 Phan tt 150
Mode Huhoéng Hu bo Hu Hu Do Hu Hu bo
thuc t€ hong chinh hong hong chinh hong hong chinh
(%) chin xac (%) thuc t€ chin xac (%) thyc t€ chin xac (%)
doan (%) doan (%) doan
(%) (%) (%)
1 30 30.08 99.72 50 49.68 99.36 20 20.24 98.80
2 30 29.86 99.53 50 49.05 98.10 20 20.00 100.00
3 30 29.85 99.50 50 49.25 98.50 20 20.37 98.15
4 30 29.96 99.87 50 49.24 98.49 20 20.22 98.91
T6ng 30 29.88 99.61 50 48.90 97.79 20 20.14 99.30
hop
Trung 30 29.93 99.65 50 49.22 98.45 20 20.19 99.03
binh
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ABSTRACT

The development of non-destructive methods for structural health monitoring is essential. In re-
centyears, research has required interdisciplinary and cross-disciplinary integration such as civil en-
gineering, digital signal processing, and artificial intelligence. This integration aims to improve the
efficiency and accuracy of the structural health monitoring method. From the research motivation,
this paper proposes a nondestructive damage identification in beam-like structures using mode
shape-based Wavelet analysis method and artificial neural networks (ANNs). Firstly, the theory of
the Wavelet analysis method and the ANNs is described. Then, a finite element model of a simply
supported beam is simulated. The investigated damage scenarios include cases of one, two, and
three damage locations with different damage levels on the beam. The reliability of the simulation
results is validated by comparing the numerical natural frequencies with theoretical results. Finally,
the occurrence, location, and level of damage on the beam are accurately identified by using the
proposed method. The results of this study demonstrate that the mode shape-based Wavelet anal-
ysis method, when combined with ANNSs, achieves high effectiveness for damage identification in
beam-like structures.
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