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TOM TAT

Bai bdo nay dé xudt méi quy trinh mot budc dé xdac dinh vi tri va mire dg suy giam do cing trong két
cdu tam bang sw két hop giita phirong phdp ndng lwong bién dang va mang no-ron tich chdp. Quy
trinh chan dodn dwgc kiém chimg cho bdi todn tam bé tong, hir hong dwoc tao ra bang cach giam
do cung phan tir. Két qua phan tich dao dong cua tim, thong qua viéc lap trinh theo phwong phap
phan tir hitu han s dung phan tir ¢6 9 nit, diege ding dé tinh gid tri nang heong bién dang ciia tam.
Tinh hiéu qua ciia quy trinh chan dodn dwoc danh gia thong qua chi s6 hi hong va sai sé giita cdc
két qua chan dodn so véi mire d¢ hw hong gia dinh trong nhiéu kich ban hie hong khdc nhau. Mang
no-ron tich chap duwoc thiét lap voi dir liéu dau vao la gia tri nang luong bién dang ti déi cia cac
phan tir tam dé chan dodan hie hong cua cdc phan tir nay. Két qua phan tich cho thdy rcing quy trinh
kién nghi cho két qua chdn dodn vi tri va mirc dé hw hong trong két cdu tam cé do chinh xdc cao.

Tir khéa: Chan dodn sirc khde két cau, dao dong, két cau tam, mang no-ron tich chdp, ning hrong
bien dang

ABSTRACT

This paper proposes a new one-step approach for damage detection in plate-type structures using
the integration of modal strain energy technique with convolutional neural network. The approach
is applied to the problem of a concrete plate with damage created by reducing element stiffness.
The modal strain energy data of the plate is obtained from the vibration analysis results through
programming according to the finite element method using 9-node elements. The effectiveness
of the approach is verified through the evaluation index of the damage detection results and the
accuracy of these diagnosis results compared to the assumed damage severity in various damage
scenarios. The convolutional neural network is built with the input data being the relative modal
strain energies of plate elements to identify the damages location and severity in these elements.
The results demonstrate that the proposed approach gives highly accurate results in detecting the
location and severity of damage in plate-type structures.

Keywords: Convolutional neural network, modal strain energy, plate, structural health monitoring,
vibration.

1. GIOI THIEU trién khoa hoc, cong nghé, ddi méi sang tao
Nghi quyét sé 57-NQ/TW ngay va chuyén d6i s6 qudc gia co tac dong manh
22/12/2024 ciia B§ Chinh trj vé dot pha phat ™C dén moi linh vuc; va trong do c6 linh v
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k¥ thuét xay dung. Viéc phat trién cac phuong
phap truyén thong két hop véi cong nghé tri
tué nhan tao dé giai quyét cac van dé ky thuét
1a diéu tat yéu. Két cau dang tim duoc st dung
phd bién trong nhiéu cong trinh xay dung dé
lam san, tudng, maéi che, ... Trong sudt qua
trinh khai thac va van hanh, két ciu tim trong
cong trinh xdy dung c6 thé chiu anh huong
boi nhiéu dang hu hong khac nhau. Cac dang
hu hong nay bao gdm: sy xuat hién vét nirt do
vuot qua kha ning chiu luc cta phan tir giy
suy giam d¢ cung; sy suy giam cuong do va
dic tinh ban dau cua vat liéu do tac dong moi
truong (chang han nhu dn mon tu nhién hosc
su ¢b do con ngudi gy ra); va cac khuyét tat
hinh thanh trong qua trinh thi cong.

Trong linh vyc giam sat sirc khoe két cau
(Structural Health Monitoring: SHM), nhiéu
nghién ctru da dugc thuc hién nham phat trién
cac phuong phap phat hién hu hong hi¢u qua.
Trong s6 d0, cac ki thuat chan doan dya trén
su thay ddi cua dic trung dao dong ngay cang
duoc quan tam do tinh linh hoat trong do dac,
chi phi hop 1y va kha nang 4p dung phuong
phap khong pha hily. Sy xut hién cta hu
hong dan dén thay d6i trong cac dic tinh co
hoc cta két cAu, tir d6 anh hudng truc tiép dén
cac dic trung dao dong nhu tan sb riéng va
dang dao dong [1-5].

Phuong phap chan doan hu hong st dung
ning luong bién dang da xuét hién tir rat sém
[6]. Tir nhitng nén tang d6, phuong phap niang
luong bién dang da dugc mo rong dé ap dung
cho két cau tdm c6 mit cong hai chiéu [7]. Hu
va Wu [8] d thyc hién cac thi nghiém nham
kiém chung hiéu qua cua phuong phap nay
trong viéc phat hién vét nurt trén cac tim nhém
v6i diéu kién bién tu do. Seyedpoor [9] da dé
xudt mot quy trinh chan doan da hu hong cho hé
dan phing dua trén hai giai doan xur 1y. Trong
khi d6, Fu et al. [10] va Dinh et al. [11] da phat
trién quy trinh chan doan hai budc ap dung cho
két cdu tam. Gan day, Vo et al. [12] da két hop
phuong phap ning luong bién dang véi thuat
toan tién héa cai tién nham xac dinh hu hong
trong tAm nhiéu 16p lam tir vat liéu composite.
Bach va cong su [13] da trinh bay phuong phap
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chan doan hur hong trong két cau khung thép str
dung phuong phap ning lugng bién dang két
hop véi thudt toan di truyén. Phuong phap chan
doan hu hong dua trén su tich hop gilta nang
luong bién dang va thuat todn mang no-ron tich
chap (Convolutional Neural Network: CNN)
da dugc trién khai thanh cong dé phat hién hu
hong trong cac hé két cau dan thép khong gian
[14] va khung khong gian [15].

Trude ddy, quy trinh chan doan hu hong
thuong duogc thuc hién qua hai budc chinh.
Budc déu tién 1a xac dinh vi tri hu hong bang
cach st dung chi s6 hu hong, duoc xdy dung
dua trén sy thay d6i ning luong bién dang cta
két cau gitra trang thai nguyén ven va sau khi
bi hu hong. Budc thu hai 1a udc lugng muc
d6 hu hong thong qua cac thuat toan tbi wu
héa. Tuy nhién, quy trinh hai budc nay lam
gia tdng mirc d phtrc tap, kéo theo chi phi
va thoi gian xtr 1y cao trong thyc tién. Do do,
viéc phat trién mot ky thuat chan doan moi,
cho phép xac dinh dong thoi ca vi tri va murc
d6 hu hong chi thong qua mot budce duy nhit,
1a diéu can thiét. Sy phat trién nhanh chong
cua cac thuat toan tri tué nhan tao, dac biét
la CNN, dd mé ra huéng tiép can hiéu qua
hon cho viéc chan doan hu hong két cau, gitip
rit ngan thoi gian xtr 1y, ting do chinh xéac
va giam chi phi theo ddi, bao tri két cdu. Tuy
nhién, cac phuong phap chan doan hu hong
tmg dyng tri tué¢ nhan tao hién nay van con
nhiéu han ché, dic biét khi ap dung cho két
ciu dang tam, mot loai két cAu phé bién trong
nhiéu cong trinh k¥ thuat. Vi vay, viéc dé xuat
mot ki thuat chan doan méi két hop giita nang
luong bién dang va CNN 1a can thiét, nham
nang cao hi¢u qua SHM néi riéng va dong gop
cho nganh xay dung néi chung.

2. PHUONG PHAP NGHIEN CcUU

2.1. Phwong phdp nang lwong bién dang
cho két cdu tam

Nghién ctu nay su dung phuong phap
phan tir hitu han dé phan tich dao dong ty do
cho két céu tdm. Phan tir dang tham s chin
nut, ky hi¢u 1a Q9 (Nine-node quadrilateral
element) duoc sir dung trong mo hinh phan
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ttr hitu han. Xét tAm dao dong tu do, co6 so dd
phan chia lu6i nhu Hinh 1. Ning luong bién
dang cua vung con (i, ;) ung v6i dang dao
dong thur &, ¢, , duoc tinh toan nhu sau:
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Tir d6, gi4 tri nang luong bién dang ti ddi
cua vung con (i, ;) va chi s6 hu hong twong
ung duoc tinh todn. Mot ngudng Z, xéac dinh
hu hong dugc dé xuat dudi dang phan tram
ctia chi s6 hu hong 16n nhat di dwgc chuan
hoa trén toan bo tim. Cac phan tir ¢6 chi s6
hu hong 16n hon hodc bang ngudng nay duogc
xem la da bi hu hong va nguoc lai.

2.2. Mang no-ron tich chdp

Nghién ctru niy dé xuit mot cdu tric
CNN sir dung cho viéc chan doan hu hong
trong két ciu dang tdm (Hinh 2). M6 hinh sir
dung ba 16p tich chap (Conv2D) véi sd luong
b6 loc 1an luot 13 64, 128 va 256. Sau mdi 16p
tich chap, ham kich hoat PReLU (Parametric
Rectified Linear Unit) duoc ap dung dé ting
cudng tinh phi tuyén trude khi truyén dir lidu
sang 10p ké tiép. Trudc khi chuyén dén cac 16p
FC (Fully Connected), ddu ra s& duoc chuyén
d6i thanh véc-to mot chiéu thong qua 16p
Flatten. O 16p du ra cubi cung, ham kich hoat
khong dugc st dung, do bai toan chin doéan
hu hong 13 bai toan hdi quy.
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Hinh 2. M6 hinh d& xuét cho CNN
2.3. Chi sé danh gid d¢ chinh xdc

Chi s6 DI duoc dinh nghia 1a ty 18 giita
dién tich cua vung hu hong dugc phuong phap
dé xuat phat hién dung so véi tong dién tich
vung hu hong thuc té. Muc tiéu coa chi sb
nay la danh gid muc d6 chinh xéac cua phuong
phap trong viéc xac dinh dung cac phan tir bi
hu hong trong két cau tim. Cong thirc tinh chi
s6 DI dugc biéu dién nhu sau:

DI = A [ 47 3)
trong d6 A" 1a dién tich cia ving hu hong
chan doan niam trong ving hu hong thuc té;
A 1a dién tich cua ving hu hong thyc té.

2.4. Quy trinh chan dodn dé xudt

Nhin chung, quy trinh chan doan hu hong
ctia két cau dang tim dua trén phuong phap
ning lugng bién dang két hop voi CNN bao
gém ba giai doan chinh, dugc trinh bay chi tiét
trong Hinh 3.

Giai doan 1: Chudn bi dir liéu.

Dir liéu hudn luyén duoc xdy dung bang
cach gia 1ap cac trudng hop phan tir bi hu hong
ngau nhién xuat hién trén tm, v6i s6 lugng tir
1, 5, 10, 20 cho dén N phan tir (trong d6 N
1a tong s6 phan tir dugc chia trong timg bai
toan cu thé). Mirc d6 hu hong cua timg phan
tir duoc chon ngau nhién trong khoang tir 0
dén 50%, voi bude tang 14 0.1%. Mdi cau hinh
nhu vdy bao gém 10,000 kich ban hu hong
duoc tao ngiu nhién. Gia tri niang luong bién
dang cua tam duge tinh toan ung véi cac kich
ban nay dé sir dung lam dir liéu huan luyén.
Tuong ty, dit liéu kiém tra ciing 14 gia tri ning
luong bién dang duoc tinh toan dua trén cac
kich ban hu hong khao sat trong muc 3.
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Giai doan 2: Phan tich dao dong cho két
cau tam.

Ung v&i mdi kich ban hu hong, dang dao
dong duoc thiét 1ap tur viéc phan tich dao dong
tu do theo phuong phap phan tir hitu han. Sau
do, nang luong bién dang duogc tinh todn theo
cac cong thirc (1) va (2). Sau do, két qua ning
luong bién dang dugc luu thanh cac bo dir liéu
huén luyén va bo dir licu kiém tra.

Giai doan 3: Hudn luyén moé hinh va danh
gid két qua.

Trén co s6 bo dir liéu huan luyén da chuan
bi, md hinh CNN dugc tién hanh huin luyén
va sau d6 duoc ap dung cho tap kiém tra. Kha
nang chan doan vi tri hu hong ciia mé hinh
dugc danh gia thong qua chi s DI; két qua
chan doan mtc d6 hu hong dugc danh gia
thong qua gia tri sai s6 so voi mirc 6 hu hong
thuc té.

Giai doan 2: Phén tich dao dong te do khong cin

Dang Do cong Nang lwong ~ Nang luong
dao dong ‘ dang dao déng bien dang bién dang ty doi
Giai doan I
Chudn bj cic bé dit lién Dit liéw hufin luyén.
Kich ban Inr hong e B
ngau nhién . Dir liéu kiém tra

M0 hinh

Khéng 1t

Kich ban lnr hong
xc dinh trude

BAT BPAU

Két qua chin doén

Giai dogn 3: Hudn luvén mé hinhva danh gia kér quéa
Hinh 3. Quy trinh d& xuat chian doan hu hong
3. KET QUA VA THAO LUAN
3.1. Bai toan phan tich

Mot tim bé tong co kich thudc 2x2 m,
chiéu day 150 mm va céc thong s6 vat liéu nhu
sau: khéi lugng riéng 2400 kg/m?, mé dun dan
hdi 20 GPa, hé sb Poisson 0.2. TAm c6 bdn
bién 14 lién két ngam, theo mdi phuong duoc
chia ra thanh 10 phan tir nhu Hinh 4. Két qua
phan tich dao dong tmg voi trudng hop tim
khong c¢6 hu hong duoc thé hién trén Hinh 5.

Dé minh chimg tinh kha thi ctia quy trinh
chan doan duoc dé xuit & muc 2, cac truong
hop hu hong nhu sau dugc khao sat (Bang 1).
Hu hong trong tdm duoc gia 1ap thong qua
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viéc giam do cimg phan tir. Cac kich ban KB1
va KB2 khao st tinh hudng hu hong nho xay
ra riéng 16 tai bién va tai giita tAm, trong khi
KB3 xét dén trudong hop cac hu hong nho xuét
hién dong thoi & ca hai vi tri. Dé danh gia
thém hiéu qua cua k¥ thuat dé xuat, cac kich
ban KB4 va KB5 duoc thiét 1ap voi nhiu vi
tri hu hong dong thoi trén két ciu tam.

N
91 |92 |93 (94 |95 |96 |97 | 98 | 99 |100
81 |82 |83 |84 |85 |86 |87 |88 |89 |90
7172 |73 |74 |75 | 76 | 77 | 78 | 79 | 80
6l |62 |63 |64 |65 |66 |67 |68 |69 |70
(=3
o @
g T 51 |52 |53 |54 |55 |56 |57 |58 |59 |60
Ei‘ 41 |42 |43 |44 |45 46 |47 |48 |49 |50
31 |32 |33 |34 |35 |36 |37 |38 |39 |40
21 |22 |23 |24 |25 |26 |27 |28 |29 |30
11|12 |13 |14 |15 |16 |17 |18 |19 |20
X
1 2 3 4 5 6 7 8 9 |10
S >
o Le= 2000
N.= 10
Hinh 4. So d6 phan tir tam khao sat
H - o
1z b >

&

Mode 1 (172.6 Hz) Mode 2 (338.5 Hz) Mode 3 (340.4 Hz)

Mode 4 (484.7 Hz) Mode 5 (579.8 Hz) Mode 6 (585.8 Hz)

Hinh 5. Tan s6 va dang dao dong udn khi tim
khong c6 hu hong

Bang 1: Céc truong hop hu hong khao sat

Truong hgp|  Phan tir Mirc d6 (%)
KB1 8 5
KB2 55 5
KB3 8; 55 5;5
KB4 27;43; 67 25; 20; 25
KB5 6;51;55;60;96|10; 10; 10; 10; 10

3.2. Két qua chan dodn

Két qua chan doan vi tri va mic do6 hu
hong thu dugc tir qué trinh st dung tong hop
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sau dang dao dong udn, véi mot ngudng hu
hong xéc dinh Z, =15%Z™, cho thiy kha
nang phat hién hu hong chinh xac cua phuong
phap d& xuat (Bang 2 va Hinh 6).

Bang 2: Két qua chan doan hu hong trong
tAm

Truong| Phan tir | DI Mie do (%) Sai s6
hop |hu hong|(%)| Thuc té | Chan doan | (%)
KBI1 8 100 5.00 4.99 0.22
KB2 55 100 5.00 5.11 2.12
KB3 8 100| 5.00 5.01 0.10

55 100| 5.00 5.08 1.51
27 100| 25.00 24 .81 0.75
KB4 43 100| 20.00 20.24 1.22
67 100| 25.00 25.11 ] 0.43
6 100| 10.00 10.14 1.38
51 100| 10.00 10.18 1.76
KB5 55 100| 10.00 9.96 0.42
60 100| 10.00 10.03 0.26
96 100| 10.00 10.14 1.38

501 0

401 4
| -

30] 308

20"T <>O§>><> g
o oogg%@oo 2

(b) KB2
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Hinh 6. Biéu db két qua chan doan hu hong

Quy trinh chan do4n hu hong dé xuat cho
két qua chan doan chinh x4c vi tri xuét hién hu
hong trong tam. Chi s danh gia DI dat 100%.
Vé két qua chan doan muc d6 hu hong, quy
trinh cho két qua c6 do chinh xéc cao, sai )
trong khoang 0.10% - 2.12%. Nhu vay, quy
trinh kién nghi c6 kha ning chan doan chinh
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xac vi tri va mac do khi hu hong xuét hién &
bién, & gitra, mot va nhiéu vi tri ddng thoi.
4. KET LUAN

Dua trén két qua phan tich, c6 thé rut ra
cac két luan sau:

(1) Quy trinh chan doan hu hong két cau
tam dugc dé xuat cho thdy hiéu qua cao trong
viéc xac dinh ca vi tri va mue d§ hu hong, bao
gom cac truong hop hu hong don 1é cling nhu
da hu hong dong thoi. Phuong phéap nay hoat
dong t6t dbi voi cac vi tri hu hong xuat hién &
ca bién va trung tim tAm.

(2) Mbi dang dao dong c6 do nhay khac
nhau véi ting vi tri hu hong trong tim. Cho
nén, viéc st dung dong thoi nhiéu dang dao
dong co6 tac dong tich cuc 10 rét dén hiéu qua
chan doan ctia phuong phéap dé xuét.

(3) Khi sir dung tong hop sau dang dao
dong udn véi nguégg hu h()r}g Z,=15%2;"
, d0 chinh x4c cta két qua chan doan dat 100%
cho vi tri hu héng va dat trén 97% cho muc do
hu hong.

Tinh kha thi cia quy trinh dé xuét can
dugc kiém ching thém cho cac két cau tim c6
vat liéu, kich thude, diéu kién bién, ... khac
nhau. Ngoai ra, viéc xem xét anh hudng cua
cac yéu td gay nhiéu dén quy trinh chin doan
cling 1a diéu can thiét.
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