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Tém tit

Bai bao nay dé xuét phuong phap xac dinh vi tri viing hu hong trong két cau dang ban sir dung cac phuong phap
xéc dinh hu hong dya vao dao dong két hop v6i mang no ron tich chap. Trong bai bao nay, do cong dang dao
ddng theo hai phuong nhip ban s& duoc tinh toan dwa vao dang dao dong riéng. Dang dao dong riéng ciia két
céu dang ban dugc tim thdy dwa vao cac dau do dao dong gén theo hai phuong chiéu rong va chidu dai ban. Mot
mo hinh cau ban bang vat lidu bé tong chit lugng cao (UHPC) duoc xay dyng trong phong thi nghiém. Dang
dao dong ciia mé hinh dugc tim ra bang cach sir dung 15 du do gia toc va 5 so dd do. Sau d6, mé hinh cau ban
sau dugc md hinh s6 hoa va hu hong dugc gia thiét tai 15 ving. Cac kich ban hu hong dugc tao ra bang cach
giam do cung cua Vung hu hong gla thiét tir 1% dén 60%. Cac s6 liéu thu duge tir cc kich ban hu hong duge
st dung lam dir liéu dau Vao dé huin luyen va kiém tra mang no ron tich chap (CNN) véi ty 18 1an luot 1 70%
va 30%. Két qua cho thiy rang sau khi huén luyén, mang CNN c6 thé ty dong x4c dinh ving hu hong trén két
cAu dua vao hinh anh do cong ciia dang dao dong. Phuwong phéap dé xuét c6 d chinh x4c cao va c6 kha nang ap
dung trong thuc té d6i v6i cac két cau dang ban.

Tir khoa: vi tri hu hong; do cong dang dao dong; két cau ban; mang no ron tich chép.

Abstract

This paper proposes a method for identifying damage localization in a slab structure using vibration-based
damage detection methods associated with a convolutional neural network (CNN). The slab structure works in
two directions, so the modal curvature must be estimated in two directions. The mode shape of the slab structure
is found based on sensors mounted on the slab in two directions. An Ultra-High Performance Concrete (UHPC)
slab model was built in the laboratory. The mode shape of the prototype was found using 15 accelerometers and
4 measuring setups. The finite element model of the prototype is created, and damage is assumed in 15 regions.
Damage scenarios are created by reducing the modulus of elasticity of the UHPC at the damaged area from 1% to
60%. The data obtained from the damage scenarios were used as input data for training and testing CNN at rates
of 70% and 30%, respectively. The results showed that after training, the CNN could automatically determine
the damaged area on the slab based on the image extracted from the two-dimensional modal curvature. The
proposed method is highly accurate and has the potential to apply to service structures.

Keywords: damage detection; modal curvature; slab structures; convolutional neural network.
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1. Pit van dé

DPanh gia strc khde cong trinh (SHM) 1a qua trinh khao sat, danh gia mirc 6 hu hong cua cong
trinh tai thoi di€ém hién tai hodc dugc 1dp lai trong tiing khodng thoi gian nhat dinh. SHM gitip cho
viéc giam bt so lugng cac cong trinh bi sup do, du bao sém d€ co kha nang stra chita nang cao tudi
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tho cong trinh, do d6 tranh dugc viéc cong trinh c6 thé bi pha hoai hoan toan va dan dén phai thay thé
stra chita méi. C6 bdn mure do danh gia hu hong cua cong trinh nhu sau: phat hién, tim dugc vi tri cia
hu hong, xac dinh dugc muic d¢ hu hong va du doan duge sy hu hong trong tuong lai. Mirc 46 SHM
cang cao, cang kho danh gia va yéu cau vé cong nghé cang 16n.

Cac nghién ctru tong quan vé SHM c6 thé tim thdy & trong cac tai liéu [1-6]. Cac phuong phap
SHM hién dai st dung dit li€éu do dao dong, thuat toan hoc may, va cac thuat toan khac dya trén
phuong phap thdng ké, cac lap luan logic dugc phén tich trong cic nghién ctru trén.

SHM sir dung cac phuong phap khong phé hoai bao gdm phuong phap do khao sat lién tuc, lip
dit cac hé thong do dao dong trén cong trinh [7] hodc chi 1a phuong phap do khao sat hién truong. Dbi
v6i cac cong trinh xay dung, s liéu do dao dong 1a ngudn dit liéu quan trong trong cong tac phan tich
két cAu. Phuong phép khao sat dua vao sb lidu do dao dong 1a mot nhanh cua cong tic SHM, trong
do6 tap trung vao phan ting dong cua két cAu. Viéc khao sat dao dong duogc thuc hién & mot sb cong
trinh cau nhu Stonecutters Bridge [8], Rion Antirion Bridge [9], London Millennium Bridge [10], va
nhiéu cong trinh cau khac [11-15]. Viéc khao sat nay gitip cho viéc danh gia diéu kién stc khoe cong
trinh tai thoi diém hién tai cling nhu dy doan duoc sy lam viéc ciu trong twong lai, gitip ich cho viéc
khao sat va thiét ké sau nay. Trong nhitng nim gan day, viéc ap dung thuat toan hoc may vao linh vuc
SHM ngay cang tang [16]. Nhidu nghién ctru di thyc hién dé két hop hoc may va cac thuat toan phat
hién hu hong duya vao s liéu do dao déng nhu cac nghién ciru phat hién hu hong trong dam [17-19],
trong cac két ciu ban [20, 21], trong cau [22-24].

Phuong phap danh gia strc khoe cong trinh dya vao d6 cong ctia dang dao dong 1a mot trong nhiing
phuong phap st dung cac déc tinh dong cia hé va 1a nhém phuong phap khéng pha hoai. Phuong phéap
nay lan dau dugc d& xuit bai Ratcliffe [25] danh cho cac két cau dang dam. Sau d6 phuong phap dugc
Yoon va cs. [26] phat trién cho cac két ciu lam viéc theo 2 phuong. Mot s6 nghién ciru trong linh virc
SHM d3 4p dung phuong phap tinh d6 cong theo 2 phuong [21, 27, 28]. Cac nghién ciru nay van chu
yéu dua vao hé s6 hu hong di duoc dinh nghia dé xac dinh vi tri ciia hu hong. Trong bai bao nay, hinh
anh xudt phat tir 46 cong cua dang dao dong theo 2 phuong cua két ciu tim ban duoc sir dung lam di
lidu dau vao dé huin luyén mang CNN. Mang CNN sau khi dugc hoc ¢6 kha ning ty dong xac dinh
ving hu hong trén ban ma khong can sy can thiép ciia con ngudi cling nhu su hiéu biét rong vé két
cAu. Phuong phap nay c6 kha ning ap dung vao thuc té khi ma dang dao dong, d6 cong cua dang dao
dong co thé duge tim théy dya vao viéc bd tri cac dau do dao dong trén tAm ban.

2. Co s6 Iy thuyét
2.1. Do cong cua dang dao dong theo 2 phuwong

i voi két cau dang dam, dang dao dong chi theo mot phuong ¢., do d6 d6 cong cia dang dao
dong tai mét vi tri x bat ki dugc xac dinh nhu sau:

d’¢(x) M
dx> EIl(x)

¢"(x) = (D
trong d6 ¢(x) 1a dang dao dong chuyén vi; El(x) 1a d6 cing cua tiét dién dam tai vi tri tinh toan, trong
d6 E 12 md dun dan hoi cua vat liéu va [ (x) 1a mdé men quan tinh cta tiét dién; M 12 md men udn tai
tiét dién tinh toan.

Ddi véi cac bai toan thuc nghiém, d§ cong cta dang dao dong co thé duge xac dinh b::ing cach su
dung sai phan trung tim cta dang dao dong. Khi hu hong xdy ra tai mot vi tri nao dé trén dam s& lam
giam cuc bd gia tri d6 ctiing E1(x), va lam tang d6 cong. Chinh vi viy ma d6 cong ctuia dang dao dong
1a mot thong s rat nhay cam véi cac vi tri hu hong cuc bd va it chiu anh hudng cua cac yéu té moi
truong.
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Dbi véi két ciu dang ban, dang dao dong co hai phuwong ¢(x, y). Tir d6 d6 cong cua dang dao dong
khi 14y sai phan trung tam tir dang dao dong s& c6 3 phuwong: phuong ngang (¢7,), phuong doc (¢})
va phuong xoin (¢;’y). Do cong cua dang dao dong theo phuong ngang va phuong doc xac dinh theo
phuong phap sai phén trung tim nhu sau:

_ ¢()Ci+1,y_j) B 2¢(X1,yj) + ¢(x1-|,Y_j)

144 - 2
xx(xi Y j) 1)26 ( )
p Pwnn) )t ) 3
y(xi.y)) I

trong do6 ¢y, ;) 1 dang dao dong tai vi tri toa dd (x;, y;); Ix va I, 1a khoang cach déu gilta cac diém toa
d6 theo phuong x va y.

Do cong cia dang dao dong theo phuong xoan ¢y dugc xac dinh theo 2 bude sau day:

Budc 1: Xac dinh toan bo gia tri Ty ¢6 vi tri diém (x;, y ;) tai cac goc (cong thure tir (4) t61 (7)).

Budc 2: P9 cong dang dao dong theo phuong xoin dugc ldy bang gia trj trung binh ciia T (cong
thire (8))

Pean) ~ o) Hoir) ~ V)

o Iy ; Iy @
Peare) ~ o) _ Povan) ~ Pova)

T, = Ly - L 5)
(re19) ~ Posans) _ Aon) ~ i)

Ty = Ly - ly ©)
Poir) = Pwo) _ Arn) ~ o)

I o Iy ; Iy o

;,y(wj) _Ti+T 1 Ts+ T, ®)

Do cong cua dang dao dong tai mot diém s& duoc x4c dinh bf?lng cach xét téng anh hudng cua ca
ba thanh phan nhu sau:

’” 172 72 172
= + + 9
¢(xi,yj) \/ ¢xx(xl-,y j) ¢Xy(xf,y ) ¢yy(x,-,yj) ©)
Khi hu hong xut hién s& 1am thay doi gia tri ciia d6 cong. Do d6 hé s6 hu hong dugc dinh nghia la
su sai khac ctiia d cong cuia dang dao dong & trang thai nguyén ban va trang thai hu hong. Néu nhicu
dang dao dong dugc dua vao tinh toan thi hé s hu hong duoc lay bang gia tri trung binh cua tat ca

cac dang.
N

1 1’ 1’
DI'= N Z |¢0i - ¢hi| (10)

i=1
trong d6 ¢, la do cong ctia dang dao dong 6 trang thai nguyén ban tai dang dao dong thir I; ¢ 1a do
cong cua dang dao dong ¢ trang thai hu hong tai dang dao dong thir I; NV 1a s6 dang dao dong xem xét.
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2.2. Mang no ron tich chap (CNN)

Kich thudc ciia mdt hinh anh dugc may tinh biéu thi b::ing do pixels. Mdi pixel chinh 1a mot diém
anh hay 1a mét khéi mau rat nho va 1a don vi co ban nhat trong mét biic anh s6. Mdi mot diém anh
duoc biéu thi b::flng 3 mau sic co ban 1a do, xanh luc va xanh lam. C4c mau sic khac nhau s& duoc tao
thanh tir 3 mau séc co ban nay. Vi vy mdi mot birc anh s s& dwoc biéu thi bing 3 ma trin tuong Gng
v061 3 mau do, xanh lam, xanh luc va c¢6 kich thudc bﬁng s6 diém anh. Mang no ron tich chép st dung
cac hinh anh lam di liéu dau vao, néu str dung cac phuong phap tinh ma trén thong thudng sé phat
sinh khéi lugng tinh toan va sé bién cuc 16n. Vi vay trong mang no ron tich chép, cac phép tinh tich
chap s& duoc sir dung & cac 16p an thay cho phép nhan ma tran [29].

CNN duoc huin luyén dyga vao phép tinh tich chap sir dung bo loc W, con dugce goi la cac kernel.
Cac ma tran nay dugc dao tao dua trén thuat toan hoi quy. Gia tri cua mdi no ron dau ra trong 16p tich
chap thtr [ dugc tinh todn nhu sau:

n—1 n-1

/ -1
Yij= 8 Z Z WabY(i+a),(j+b) + ba,b (11)
a=0 b=0

trong d6 y'~! 1a gi4 tri dAu ra cua 16p phia trudc lién k&, n kich thude cua ma tran kernel,g 1a ham kich
hoat, b 1a ma tran cong thém.
Fully-

Input layer Convolution layer Pooling layer connected Output layer
layer

O
©)

D 1 Dense | ° O
—lo
II - ‘-L‘ Sl ' O

(Input layer: 16p dau vao; Convolution layer: 16p tich chap; Pooling layer: 16p gop;
Fully-connected layer: L6p két ndi day dii; Output layer: 16p dau ra; Dense: lam phang)

Hinh 1. Céu tao mang CNN

[eXe

Céu tric mang CNN don gian va dién hinh nhat gdm 5 16p nhu trén Hinh 1. Lép dau vao CNN la
mot ma tran s6 3 chiéu tuong rng voi hé mau va do phan giai cia anh. Vi dy, néu dau vao ciia CNN la
anh mau c6 d6 phan giai 64 x 64 pixels, c6 thé biéu dién dudi dang s6 bao gdm 3 ma tran kich thudc
64 x 64 x 3 (trong hé mau RGB). Nhu vay khi mudn hoc mét hinh anh & 16p déu vao can téi 12.288
no ron. Twong tmg s6 lugng no ron & cac 16p 4n ciing phai da 16n dé co6 thé truyén tai dugc dy du dir
lidu lay dugc tir cac no ron dau vao. Rét nhiéu kernel can dugce sir dung trong trudng hop nay. Dé giai
quyét bai toan giit dwoc cac dic tinh quan trong nhat ctia hinh anh dau vao nhung lai giam bét duoc
sO lugng cac bién sb sir dung trong hé, phép tinh tich chap duoc ap dung trong mdi 16p an. Phép tinh
tich chap duoc ki hidu1a ®, Y = X ® W. V4i mdi phén tir x;; trong ma tran X 1§y ra mot ma tran co
kich thudc bang kich thudc ciia ma trén kernel W ¢ phén tir x; ; 1am trung tdm (day la 1i do vi sao kich
thudce clia cic ma tran kenel thuong 18) goi 1a ma tran A. Sau d6 tinh tong ctia cac phan tir cia ma tran
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A va ma tran kernel W r6i viét vao ma tran két quay. Déi véi cac phﬁn tir vién ngoai nhu x;; thuong
s& dugc bo qua vi khong tim dugc ma tran A trong X. Mdi kernel khac nhau s& hoc duoc nhiing dic
trung khac nhau ciia anh nén trong mdi 16p tich chap ta ding nhiéu kernel dé hoc dugc nhiéu thude
tinh anh. Vi mdi kernel cho ra két qua 1 mot ma tran nén k kernel s€ cho ra k ma tran két qua. Ta Kkét
hop k ma tran két qua & 16p tich chap nay 1am ma tran dau vao cho 16p tich chap ké tiép.

Twong tu nhu 16p tich chap (Convolutional Layer), 16p gop (Pooling) chiu trach nhiém dé 14 giam
chiéu két qua tich chap (Convolved Feature). Piéu nay nham muyc dich dé giam chi phi tinh toan can
phai c6 dé xir 1y dir liéu thong qua viéc giam kich thudc tinh nang dau vao. Hon nita, n6 rat hitu ich
dé trich xuét cac dic trung cdt 161 (thudng bat bién trude cac phép xoay va phép truot), do d6 1am cho
qua trinh huan luyén mé hinh hiéu qua hon.

Co hai loai phép gop: Gop cuc dai (Max Pooling) va Gop trung binh (Average Pooling). Phép gop
cuc dai tra vé gia tri 16n nhat tir phan hinh anh dugc bao phi bai bo loc. Trong khi d6, phép gop trung
binh tra vé gid tri trung binh cua tit ca cac gia trj tir phan hinh anh duoc bao phu bai bo loc.

Phép gdp cuc dai ciing hoat dong nhu mot cong cu khir nhiu. N6 loai bo cac ngudn nhiéu va thyc
hién khir nhiéu song song véi glam kich thudc. Mat khac, phép gdp trung bmh chi don gian thyc hién
giam kich thudc nhu mét co ché khir nhidu. Do d6, chiing ta c6 thé néi ring phép gdp cuc dai hoat
d6ng tot hon rat nhiéu so v6i phép gop trung Lép tich chap (Convolutional Layer) va 16p gop (Pooling
layer), két hgp v6i nhau tao thanh 16p thi i ctia mang noron tich chap. Tuy thudc vao do phirc tap ciia
anh, sb lugng cac 16p nhu vay céd thé dugc tang lén dé c6 thé bat dugce cac dic trung & mirc do chi tiét
hon nita, nhung chi phi cho sttc manh tinh toan ciing s& nhiéu hon.

Sau khi di qua qué trinh trén, chiing ta d thiét 1ap thanh cong mo hinh no ron tich chap dé hoc
céc dic trung. Tiép theo, chung ta s& 1am phang (flattening) déu ra cudi va dwa no vao mang no ron
thong thuong cho muc dich phan loai.

Str dung 16p két ndi day du (Fully connected layer) 1 cach 1am phd bién nhit dé hoc cac t6 hop
phi tuyén tir cac dic trung trich xuét tir két qua ma tran tich chap dau ra. Mang noron két n6i day da
¢6 thé hoc duoc cac dic trung trong khong gian phi tuyén nay. Tiy vao nhiém vu dit ra ma cdu tric
mang CNN cé thé duoc toi wu hoa béng cach str dung cac thuat toan tdi uu. Mang CNN sau khi dugc
huén luyén c6 thé dugc luu trir va dem st dung dé du doan cho cac truong hop méi.

3. M hinh thi nghiém
3.1. chp dat thi nghiém

M0 hinh thi nghiém ban gian don ¢ kich thude rong 0,4895 m, day 0,0433 m va dai 3,5 m dugc
ché tao tir vat liéu bé tong cudng d6 cao UHPC. Vit liéu ché tao dam c6 mo dun dan hoi E = 49 GPa
va c6 khéi lwong riéng p = 2410,7 kg/m>. Didu kién bién cua dim thi nghiém 1a dAm gian don, trong
d6 co bd tri 1 gbi cb dinh va 1 gbi di dong. 15 dau do dugce lap dit trén cau dé do lai dao dong cua 55
diém do. Bé do duoc hét 55 diém do, 5 so dd dugce thiét lap. Vi tri cac diém do trén cau va cach phan
chia cac so dd do dugc thé hién trén Bang 1. So dd cac dau do dugc thé hién trén Hinh 2. M6 hinh
cau ban trong phong thi nghiém dugc thé hién trén Hinh 3.
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Bang 1. Céc so do do

Pau do gia toc

S04 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 SI11 S12 SI13 S14 SIS
1 1 2 3 4 5 6 7 8 9 10 11 41 28 14 49
2 12 13 15 4 16 17 18 19 20 21 22 41 28 14 49
3 23 24 25 4 26 27 29 30 31 32 33 41 28 14 49
4 34 35 36 4 37 38 39 40 42 43 44 41 28 14 49
5 45 46 47 4 48 50 51 52 53 54 55 41 28 14 49

Hinh 3. M6 hinh cau ban UHPC trong phong thi nghiém

3.2. Két qua do gia toc

Phan nay s& trinh bay két qua thi nghiém do dac mé hinh cau ban trong thi nghiém. Trong d6 cac
thong sb dic trung dao dong cua ciu s& duoc tim théy dua vao s6 lidu do gia tdc tai cac diém do. Thiét
bi do gia toc 12 bd gdm 15 diu do gia tdc mot phuong ciia National Instruments (NI). Bua dugc ding
dé kich thich ban dao dong bang cach gd vao vi tri bat ky trén ban. Dao dong cua ban duoc do lai
trong khoang thoi gian 13 300 s va tan sb 1ay mau 1a 2560 Hz. Dao dong tir luc bi kich thich va gan
nhu tit hian trong thoi gian do. Nhu vy toan bd dao dong tu do cua dam sau khi bj kich thich dugc do
lai hoan toan.

Thuat toan SSI dugc sir dung dé phan tich sé liéu do gia tdc tai 55 diém trén dam véi 5 so d6 do
khac nhau. Cac thong sé dugc sir dung dé tinh ma trén Hankel 14 i = 100 va s6 lugng hang 100. Biéu
d6 6n dinh duoc xac dmh véi gidi han 1% cho tan s6, 5% cho chi s6 can Va 1% cho dang dao dong
Str dung céc théng s6 nay cac dinh tan s6 6n dinh twong tmg véi cac tan sé dao dong riéng clia ciu
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thi nghiém duogc tim thiy va thé hién trong Hinh 4 va Bang 2. Céc dang dao dong cua mé hinh cau
ban duoc tim ra va thé hién lan lugt trén Hinh 5. Vi phép do nhu trén 4 dang dao dong cua ban tim
ra bang phuong phap do dao dong 14 hoan toan tuong dong véi Iy thuyét. Cac tan s, dang dao dong
tim duoc s& 14 co so dé phat trién cac thuat toan danh gia hu hong ciia cong trinh. Boi vi khi hu hong
xudt hién tai mot vi tri nao d6 s& 1am thay ddi tin s dao dong riéng, dang dao dong cua hé.
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Hinh 5. Cac dang dao dong tir s6 liéu thi nghiém

4. Mb hinh s6
Céu ban UHPC dwoc mé hinh phan tir hiru han bang phan mém SAP2000. Vit liéu bé tong UHPC
duoc mo hinh ¢6 mé dun dan hdi E = 49 GPa va khéi lugng riéng bang 2410.7 kg/m® theo nhur thi
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nghiém nén mau bé tong sau khi ché tao. Ban dugc mé hinh bang cac phan tir dang tim. Kich thudc
cua ban trong mo hinh sb rong 0,4896 m va day 0,0433 m theo nhu s6 liéu do va sb licu cap nhat mo
hinh sé. Diéu kién bién cia ban: 1 vi tri gbi c¢b dinh va 1 vi tri gbi di dong cach mép ban 0,25 m. Tong
chiéu dai nhip ban 14 3,5 m va khoang cach gitra hai gbi 1a 3 m. Hinh 6 biéu dién mé hinh ban va Hinh
7 biéu dién 4 dang dao dong udn dau tién phan tich trong phan mém phan tir hitu han. Khi so sanh véi
4 dang dao dong tim dugc tir mo6 hinh sb duoc thé hién & Hinh 5 14 hoan toan tuong déng. Nhu vay la
vo6i thi nghiém duoc b tri c6 thé tim ra dugc chinh xac 4 dang dao dong udn dau tién cua dam. Tan
s6 dao dong riéng cua 4 dang dao dong nay dugc thé hién trong Bang 2. Quan sat Bang 2 thiy rang su
sai khac giira tan sb tim duoc tir thi nghiém va mo6 hinh la rat nho. Su sai khac 16n nhét tim théy duoc
& dang dao dong s 2 chi 1a 6%. Nhu vy 1a mo hinh sé va mo hinh thi nghiém 13 hoan toan twong
dong.

Hinh 6. M6 hinh ban UHPC trong phin mém phan tir hitu han

(a) Dang 1, f = 9,82 Hz

(b) Dang 2, f = 38,92 Hz

(c) Dang 3, f = 85,90 Hz

(d) Dang 4, f = 147,44 Hz

Hinh 7. Cac dang dao dong tir mé hinh s6
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Béng 2. Tén sé dao dong riéng cua ban thi nghiém (Hz)

Dang dao dong 1 2 3 4
Thi nghiém 9,49 41,46 86,83 141,41
M0 hinh s6 9,82 38,92 85,90 147,44
Sai khac (%) 3,360 -6,526 ~1,083 4,090

5. Xac dinh viing hu héng trong ban
5.1. Phuong phdp dé xudt

Phuong phap xéac dinh dwoc vi tri ving hu hong trong két ciu ban sir dung s6 liéu do dao dong va
mang no ron tich chap dugc dé xuit gdm cac budc nhu sau:

- Budc 1: Tao hinh anh 1am di liéu dau vao huin luyén mang tich chép

Phuong phap nay dé xuat st dung cac hinh anh duoc vé& lai tir hé s6 hu hong trong ban xac dinh
theo phwong phap do cong cia dang dao dong theo 2 phuong. Theo d6, dau tién dang dao dong cia
ban s& duoc tim thiy. Phuong phap sai phan trung tim s& duoc sir dung dé tinh do cong ciia dang dao
dong theo cac cong thire tir (2) dén (9). Hé s hu hong trén tAm dugc tinh toan theo cong thic (10).
bé chuyén hé s6 hu héng vé dang anh, biéu dd hu hoéng cia tam s& duoc v& lai dudi dang duong bao,
trong d6 mau sdc cta anh thé hién d6 16n cua hé sd.

Baén sé€ dugc chia lam 15 vung khac nhu nhu thé hién trén Hinh 8. Dé lfiy dit liéu huén luyén mang
no ron tich chap, 15 ving nay duoc gia thiét véi cac mirc do hu hong khac nhau bang cach thay d6i
mo dun dan hoi E. Mdi ving hu hong gia thiét, mo dun dan hoi E giam tir 1% dén 60% tuong tmg
v6i mirc d6 hu hong ting dan. Nhu vay mdi vi tri ¢6 60 kich ban hu hong dugc tao ra dé huan luyén
mang.

Hinh 9(a) thé hién hé sé hu hong tinh toan duoc theo cac cong thirc tir (2) dén (9) va biéu dién
dudi dang khong gian. Hu hong xdy ra tai vi tri A5 trén dam va mic d6 hu hong 1a 20%, twong tng
v6i md dun dan hoi E tai vi tri A5 giam 20% so véi cac vi tri khac trén dam. Hinh 9(b) v& lai hinh
anh hé s6 hu hong dudi dang dudng bao dung dé huin luyén mang, trong d6 mau sic trén hinh anh
thé hién do 16n cta hé s6 hu hong.

A3 AB A9 Al2 Al5
£
o
Q A2 A5 A8 A1l Al4
S
o

Al A4 A7 Al0 A13

v

L -

Hinh 8. C4c vung hu hong trén ban

DI

0.5

0

0.4
0.2 1 1.5 2

0
0 0.5

Chiéu réng (m)

Chiéu dai nhip ban (m)

(a) Hé sb hu hong tai vi tri A5 trén ban
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B (D

2 2.5 3

eu ron g

Chi

Chleu dal (m)

(b) Hé s6 hu hong tai vi tri A5 trén ban
Hinh 9. Hé s6 hu hong tai vi tri AS trén ban

- Budc 2: Xay dung mo hinh mang no ron tich chap gdm céc 16p 4n va sir dung cac dit liéu hinh
anh da thu thap ¢ budc 2 dé huin luyén. Pau ra cia mang 13 cac vi tri cac ving hu hong da dugc gin
nhan trén ban.

- Budc 3: DBanh gia hi€u qua cia mé hinh mang no ron tich chap da xay dung. Mang sau khi da
huén luyén thanh c6ng s& dwoc luu trit va sir dung dé du doan vi tri ving hu hong cho cac truong hop
moi.

- Budc 4: Str dung mang no ron tich chap cho bd dir liéu mai. Cac dau do s& duoc ga'in trén hé két
cAu that va thu thap lai dit liéu do gia toc trén hé. Tur cac ddu do gia toc nay dang dao dong ciia hé
s€ duoc tim ra, tr d6 d6 cong cua dang dao dong s€ tinh toan dugc. Hinh anh d6 cong cua dang dao
dong tinh toan duoc s& dua vao 1am dir liéu dau vao dé mang no ron tich chap di dugc hoc tir trude
du doan ving hu hong da duoc hudn luyén.

5.2. Két qua

Cac kich ban hu h(’)l}g dugc taoratrén 15 V1‘1n~g P4 chiuh xéc cia Mét mat cia
hu hong dugc danh dau trén md hinh ban. Moi b6 huan luyén va kicm tra b0 huan luyén va kiém tra
vung ¢6 60 kich ban véi do cimg giam tir 1% dél} 10 — —Kiem oy
60%. D¢ tang thém dir li¢u huan luyén mang va dé
mo phéng cac dir li¢u thuc té, 3% muc do nhidu h l\
dugc thém vao s liéu dang dao dong. Tong cong o
¢6 1800 dir liéu hinh anh dugc st dung dé huin
luyén. Cac dir lidu nay duoc chia lam 2 phan, 70% o7
dung dé huin luyén mang vao 30% ding dé kiém
tra mang.

Mang CNN lya chon dé huin luyén mang gom os
¢6 3 16p tich chap 1an luot ¢6 16, 32 va 64 no ron. \
Lép gbp cuc dai dugc lya chon va cac 16p bd chon o — Kiém tra L
(Dropout) dugc thém vao gitta cac 16p tich chap e e
nham han ché viéc mang hoc qué. Hinh 10 thé hién ) )
két qua vé do chinh x4c va gia trj ham mét mat cta Hinh 103 Ket qua do Chh}h XéCA va ham mat mat
mang no ron tich chap sau khi hoc. Ta thiy rang cta mang no ron tich chap sau hoc
d6 chinh x4c cta ca b di liéu hoc va bd dir liéu kiém tra déu rat cao, xép xi nhau va gﬁn dat 100%.
Gi4 tri ham mAat mat rat thép cho ca hai bd dit liéu hoc va kiém tra. Nhu vay mang no ron tich chép
sau khi dugc hoc hoan toan cé kha nang nhﬁn biét vi tri meg hu hong trén tAm ban dwa vao hinh anh
dd cong cua dang dao dong dugc cung cap Phuorng phap d& xuat dat do chinh x4c cao va c6 thé hoat
dong tu dong, khong can tac dong cua yéu td con ngudi.

06 4

6. Két luan

Bai bao nay dé xuit mot phuong phap moi tu dong xac dinh ving hu hong trén két ciu dang tim
dua vao so liéu do dao dong ctia hé va mang no ron tich chdp. Dang dao dong ctia mo hinh thi nghiém
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cau ban UHPC nhip gian don xdy dung trong phong thi nghiém dugc tim thay tir cac dir liéu do gia

tdc tai 55 vi tri do bd tri trén dim. 15 ving hu hong duoc gia thiét trén mé hinh cau ban s6 va mang

no ron tich chdp sau khi dugc huén luyén c6 thé xac dinh duoc cac ving hu hong nay véi do chinh
xac cao. Pd chinh xac cia ca bd dir liéu dung dé hun luyén mang va bo dir li€u kiém tra déu gén dat

toi gia tri 100%.

Phuong phap dé xuit 1a phuong phap khong pha huy va c6 kha niang p dung cao vao thuc té va
st dung céac dit liéu do. BJ cong cua dang dao dong bén canh phuong phap xac dinh tu dang dao dong
thi con co thé xac dinh truc tiép tr cac phép do bién dang [30]. Viéc st dung thuat todn tri tu¢ nhan
tao gil’lp phuong phap c6 thé tw dong xac dinh dwoc ving hu hong ma khong can sy can thiép cling
nhu hiéu biét sau ctia con ngudi. Tuy nhién khi ap dung phu’orng phap vao thuc t& can cha ¥ t6i anh
hudng nhidu ciia phép do dao dong ciing nhu tac dong ciia cac yéu t6 moi trudng 1én hé.
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Tai li€éu tham khao

[1] Carden, E. P., Fanning, P. (2004). Vibration based condition monitoring: a review. Structural Health
Monitoring, 3(4):355-377.

[2] Doebling, S. W., Farrar, C. R., Prime, M. B., Shevitz, D. W. (1996). Damage identification and health
monitoring of structural and mechanical systems from changes in their vibration characteristics: A liter-
ature review.

[3] Kong, X., Cai, C.-S.,Hu, J. (2017). The state-of-the-art on framework of vibration-based structural damage
identification for decision making. Applied Sciences, 7(5):497.

[4] Sohn, H., Farrar, C. R., Hemez, F. M., Czarnecki, J. J. (2002). A review of structural health review of
structural health monitoring literature 1996-2001. Los Alamos National Laboratory, USA.

[5] Liu, Y., Nayak, S. (2012). Structural health monitoring: state of the art and perspectives. JOM, 64(7):
789-792.

[6] Chen, H.-P., Ni, Y.-Q. (2018). Structural health monitoring of large civil engineering structures. Wiley.

[7] Brownjohn, J. M. W., Pan, T. C. (2001). Response of tall buildings to weak long distance earthquakes.
Earthquake Engineering & Structural Dynamics, 30(5):709-729.

[8] Wong, K. (2010). Structural health monitoring and safety evaluation of Stonecutters Bridge under the
in-service condition. Bridge Maintenance, Safety, Management and Life-Cycle Optimization, CRC Press,
521-521.

[9] Le Diourion, T., Hovhanessian, G. (2005). The health monitoring of Rion Antirion Bridge. IMACXXIII,
Orlando.

[10] Dallard, P., Fitzpatrick, A. J., Flint, A., Le Bourva, S., Low, A., Ridsdill Smith, R. M., Willford, M. (2001).
The London millennium footbridge. Structural Engineer, 79(22):17-21.

[11] ICOLD CIGB (1988). Dam monitoring general considerations. International Commission on Large
Dams, Bulletin.

[12] Grimmelsman, K. A., Aktan, A. E. (2005). Impacts and mitigation of uncertainty for improving the
reliability of field measurements. Proceedings of the 2nd International Conference on Structural Health
Monitoring of Intelligent Infrastructure (SHMII-2).

[13] Grimmelsman, K. A., Pan, Q., Aktan, A. E. (2007). Analysis of data quality for ambient vibration testing
of the henry hudson bridge. Journal of Intelligent Material Systems and Structures, 18(8):765-775.

[14] Macdonald, J. H. G. (2008). Pedestrian-induced vibrations of the Clifton Suspension Bridge, UK. Pro-
ceedings of the Institution of Civil Engineers - Bridge Engineering, 161(2):69-77.

[15] Yang, Y., Kim, S., Hwang, Y., Kim, H.-K. (2021). Experimental study on suppression of vortex-induced
vibration of bridge deck using vertical stabilizer plates. Journal of Wind Engineering and Industrial
Aerodynamics, 210:104512.

76


https://doi.org/10.1177/1475921704047500
https://doi.org/10.2172/249299
https://doi.org/10.2172/249299
https://doi.org/10.2172/249299
https://doi.org/10.3390/app7050497
https://doi.org/10.3390/app7050497
https://doi.org/10.1007/s11837-012-0370-9
https://doi.org/10.1002/9781119166641
https://doi.org/10.1002/eqe.32
https://doi.org/10.1201/b10430-403
https://doi.org/10.1201/b10430-403
https://doi.org/10.1177/1045389x06074774
https://doi.org/10.1177/1045389x06074774
https://doi.org/10.1680/bren.2008.161.2.69
https://doi.org/10.1016/j.jweia.2020.104512
https://doi.org/10.1016/j.jweia.2020.104512

[16]

[17]

[18]
[19]

[20]

(21]
(22]
(23]

(24]

[25]
[26]
(27]
(28]
[29]

[30]

Duong, N. H., Béo, N. Q. / Tap chi Khoa hoc Cong ngh¢ Xay dung

Worden, K., Manson, G. (2006). The application of machine learning to structural health monitoring.
Philosophical Transactions of the Royal Society A: Mathematical, Physical and Engineering Sciences,
365(1851):515-537.

Nguyen, H. D., Bui, T. T., Roeck, G. D., Wahab, M. A. (2018). Damage detection in simply supported
beam using transmissibility and auto-associative neural network. Proceedings of the Ist International
Conference on Numerical Modelling in Engineering, Springer Singapore, 177-186.

Chen, Q., Chan, Y. W., Worden, K. (2003). Structural fault diagnosis and isolation using neural networks
based on response-only data. Computers & Structures, 81(22-23):2165-2172.

Duong, N. H., Thanh, B. T. (2021). Xéc dinh vi tri hu hong trén dam bang phuong phéap sir dung do cong
cua dang dao dong. Tap chi Khoa hoc Cong nghé Xay dung (KHCNXD) - PHXDHN, 15(7V):49-56.
Cao, L. T., Sy, B. V., Duy, H. B. (2020). Chan doan hu hong trong két ciu tim st dung phuong phap ning
luong bién dang két hop voi thuat toan di truyén. Tap chi Khoa hoc Céng nghé Xay dung (KHCNXD) -
DHXDHN, 14(4V):16-28.

Nguyen, D. H., Wahab, M. A. (2023). Damage detection in slab structures based on two-dimensional
curvature mode shape method and Faster R-CNN. Advances in Engineering Sofiware, 176:103371.
Chang, K.-C., Kim, C.-W. (2016). Modal-parameter identification and vibration-based damage detection
of a damaged steel truss bridge. Engineering Structures, 122:156—173.

Nguyen, D. H., Bui, T. T., De Roeck, G., Wahab, M. A. (2019). Damage detection in Ca-Non Bridge using
transmissibility and artificial neural networks. Structural Engineering and Mechanics, 71(2):175-183.
Hakim, S. J. S., Razak, H. A. (2013). Adaptive neuro fuzzy inference system (ANFIS) and artificial
neural networks (ANNs) for structural damage identification. Structural Engineering and Mechanics, 45
(6):779-802.

Ratcliffe, C. P. (1997). Damage detection using a modified Laplacian operator on mode shape data.
Journal of Sound and Vibration, 204(3):505-517.

Yoon, M. K., Heider, D., Gillespie, J. W., Ratcliffe, C. P., Crane, R. M. (2005). Local damage detection
using the two-dimensional gapped smoothing method. Journal of Sound and Vibration,279(1-2):119-139.
Qiao, P., Lu, K., Lestari, W., Wang, J. (2007). Curvature mode shape-based damage detection in composite
laminated plates. Composite Structures, 80(3):409-428.

Wu, D., Law, S. S. (2004). Damage localization in plate structures from uniform load surface curvature.
Journal of Sound and Vibration, 276(1-2):227-244.

Gu, J., Wang, Z., Kuen, J., Ma, L., Shahroudy, A., Shuai, B., Liu, T., Wang, X., Wang, G., Cai, J., Chen,
T. (2018). Recent advances in convolutional neural networks. Pattern Recognition, 77:354-377.
Nguyen, D. H., Nguyen, N. M. T., Doan, X. H., Nguyen, Q. B., Nguyen, V. P., Pham, D. H. (2023).
Damage detection in structures using strain measurement. Lecture Notes in Civil Engineering, Springer
International Publishing, 24-34.

77


https://doi.org/10.1098/rsta.2006.1938
https://doi.org/10.1007/978-981-13-2405-5_15
https://doi.org/10.1007/978-981-13-2405-5_15
https://doi.org/10.1016/s0045-7949(03)00295-5
https://doi.org/10.1016/s0045-7949(03)00295-5
https://doi.org/10.31814/stce.huce(nuce)2021-15(7v)-05
https://doi.org/10.31814/stce.huce(nuce)2021-15(7v)-05
https://doi.org/10.31814/stce.nuce2020-14(4v)-02
https://doi.org/10.31814/stce.nuce2020-14(4v)-02
https://doi.org/10.1016/j.advengsoft.2022.103371
https://doi.org/10.1016/j.advengsoft.2022.103371
https://doi.org/10.1016/j.engstruct.2016.04.057
https://doi.org/10.1016/j.engstruct.2016.04.057
https://doi.org/10.12989/sem.2013.45.6.779
https://doi.org/10.12989/sem.2013.45.6.779
https://doi.org/10.1006/jsvi.1997.0961
https://doi.org/10.1016/j.jsv.2003.10.058
https://doi.org/10.1016/j.jsv.2003.10.058
https://doi.org/10.1016/j.compstruct.2006.05.026
https://doi.org/10.1016/j.compstruct.2006.05.026
https://doi.org/10.1016/j.jsv.2003.07.040
https://doi.org/10.1016/j.patcog.2017.10.013

	1 Đặt vấn đề
	2 Cơ sở lý thuyết
	2.1 Độ cong của dạng dao động theo 2 phương
	2.2 Mạng nơ ron tích chập (CNN)

	3 Mô hình thí nghiệm 
	3.1 Lắp đặt thí nghiệm
	3.2 Kết quả đo gia tốc

	4 Mô hình số
	5 Xác định vùng hư hỏng trong bản
	5.1 Phương pháp đề xuất
	5.2 Kết quả

	6 Kết luận

