KHOA HOC CONG NGHE 1255-.1 ommammsmmssssce

Panh gia tinh trang hu héng ctia dam T bé t6ng
théng qua thuat todn t6i tu ngau nhién
két hop vai dit liéu do dao dong
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TOM TAT: Hién nay, viéc xac dinh tinh trang hu
héng cla ddm chld yéu dua vao cédng tac quan
tric fruc tiép tai hién trudng. Qua trinh nay thuong
t6n nhiéu thoi gian va kinh phi, gép phan tao nén
kho khan trong viéc danh gia tinh trang két cau.
Két qua thu duoc thudng phu thudc vao tinh chd
quan, kinh nghiém cla nguoi danh gia. Do dé,
mot gidi phap danh gid co tinh khach quan, don
gian véi d6 chinh xac cao |a rat can thiét dé dua
ra quyét dinh vé céng tac duy tu, bdo duéng mét
cach chinh xac va kip thoi. Bai bdo gidi thiéu mot
phuong phap tan dung kha nidng fim kiém toan
cuc cla cac thuat toan 18i uu két hop véi két qua
do dao d6ng dé xac dinh tinh trang hu hdng
trong ddm T bé téng. Théng qua viéc thu thap
cac thay ddi trong tan sé dao déng, thuat toan
t6i uu sé& xac dinh hu héng trong ddm T. Tinh
hiéu qud cla giadi phap dé xuat duoc kiém ching
bang mé hinh sé cla ddm T véi cac kich ban hu
héng khac nhau théng qua gid thiét suy gidm
dé cing. Thuat toan t8i uu dugc st dung trong
nghién ctu nay 1a déng vat san moi bién va loai
linh trudng. Két qua thu duoc gép phan khing
dinh tinh kha thi cla viéc két hop thuat toan 18i
uu va dit liéu do dao déng trong viéc xac dinh hu
héng trong dam.

TU KHOA: Tan sé, thuat todn 16i uu, ngau nhién,
MPA, AGTO.

ABSTRACT: Currently, the identification of damage
conditions in beams relies mainly on visual monitoring
on-site. This process is often fime-consuming and
costly, contributing to challenges in assessing the
structural condition. Obtained results are susceptible
to subjectivity and depend heavily on observers'
experience. Consequently, there is a need for
an objective, straightforward and highly accurate
assessment method to facilitate precise and timely
decision-making for maintenance and repair activities.
This article infroduces a method that takes advantage
of the global search ability of optimization algorithms
combined with vibration dafa to determine failure
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conditions in a concrete T-beam. By collecting
changes in the frequency of the girder, the optimization
algorithm determines damages in the T-girder. The
efficiency of the proposed solution is verified through
numerical models of the girder with different damage
scenarios by means of stiffness reduction. The
optimiation algorithms used in this current study are
marine predators algorithm and artificial gorilla troops
optimizer. The findings contribute to affirming the
feasibility of infegrating optimization algorithms and
vibration measurement data in determining damages
in a girder.

KEYWORDS: Frequency, optimization algorithm,
stochastic, MPA, AGTO.

1.DAT VAN PE

Sau mot thai gian dua vao khai thac, dudi tdc dung ctia
ngoai luc va thai tiét, hu hong trong két cau cong trinh, bao
g6ém cdng trinh cau la khéng thé tradnh khoéi. Su hién dién
cla huhdng cé anh hudng tryc tiép dén kha nang lam viéc,
xuéng cap clia cong trinh.

Hién nay, viéc phat hién mét s6 khuyét tat, hu hong
trong két cau thudng dugc thuc hién thong qua cong téc
kiém tra bang mat thudng. Tuy nhién, sé rat khé phat hién
nhiting hu hdng nam bén trong két cau, khong nhin thay
dugc hodc khéng tiép can dugc [1]. Cong tac kiém tra nay
cling doi hoi nhiéu thdi gian, nd luc va kinh nghiém cda
ngudi khao sat. Do dé, can phai c6 mét giai phap don
gian, chinh xac va tin cay hon trong viéc canh bao hu héng
trong két cdu. Viéc sém phat hién hu héng sé duy tri dugc
khd nang lam viéc cta cong trinh thong qua viéc dua ra
nhiing quyét dinh dung dén, kip thai vé cong tac duy tu
bdo dudng coéng trinh.

Mét trong nhiing phucng phap chan doan hu héng
khéng pha hay d6 1a phuong phéap chan doan dua trén dac
trung déng nhu tan s6 dao déng, hinh thai dao déng clia
két cdu. Nhiing dac trung nay sé thay doi khi cé su hién dién
clia hu héng trong két cdu. Nho d6, ¢ thé dua ra duoc két
luén vé tinh trang clia két c4u dua vao su thay déi dic trung
déng nay. Uu diém clia phuong phép nay la don gian trién
khai, kinh phi hop ly va khéng can tré giao thong trong qua



trinh thu thap dir liéu. Do d6, phuang phéap nay da va dang
trd thanh mot gidi phap tiém nang, nhan dugc su quan tam
ctia cdc nha nghién ctiu, quén ly trong viéc chan doan stic
khoe két cdu.

Dé phat huy tinh vugot trdi ciia phuong phép nay, cac
nha nghién ctu da két hop di liéu do dao déng véi cac
thuat toan t6i uu, khong chi phat hién cé hay khong cé
hu hdng, ma con cé thé xac dinh vi tri va mic d6 hu héng
tuong Ung [2-3]. Trong d6, nhom thuat toan téi uu ngau
nhién thé hién kha nang cao trong viéc xac dinh gia tri
t6i Uu toan cuc thay vi mac ket tai diém t6i uu cuc bo.
Vi vay, hai thuat toan t6i uu ngau nhién dugc khao sat
trong nghién cu nay bao gém thuat toan dong vat san
moi bién (MPA) [4], thuat todn lodi linh trudng (AGTO) [5].
Pay déu la nhiing thuat todn méi, dugc chiing minh tinh
hiéu qua trong viéc Ung dung vao cac bai todn ky thuat
so VGi cac thuat toan ndi tiéng nhu thuat toan bay dan,
di truyén hay luyén kim. Tinh kha thi ctia cac thuat toan
tiép tuc dugc danh gia trong bai toan chan doan stc khde
cong trinh.

2. PHUONG PHAP LUAN

2.1. Thuét toan téi uu

- Thuat toan déng vat sdn méi bién (MPA): Dua trén
su chuyén déi linh hoat gitta hai chién lugc di chuyén
Brownian and Lévy. Su chuyén d&i nay nham t6i uu
chién lugc tim kiém thic an t8i uu cho dong vat san moi.
Qué trinh t6i wu nay gébm 3 pha (Hinh 2.1). Pha 1: Chiém
1/3 téng s6 vong lap, toan bo ca thé trong tap téng thé
tham gia vao qua trinh tim kiém giai phap tiém nang.
Pha 2: Chiém 1/3 t6ng s6 vong l3p, mot nla s6 ca thé sé
tham gia tim ki€m giai phap tiém nang, moét nlra sé ca
thé con lai tham gia xac dinh giai phap t6i uu. Trong pha
cudi, 1/3 t6ng s6 vong ldp sé dugc st dung dé xac dinh
giai phap téi uu.
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Hinh 2.1: Qué trinh t6i uu trong MPA

- Thuat todn loai linh trudng (AGTO) dugc truyén cam
hing tir cudc séng cua loai linh trudng. Mot ca thé linh
trudng duc trudng thanh (SB) chiu trdch nhiém dan dat
dan cla no tim kiém thic an, ra quyét dinh cho dan di
chuyén va dam bao tinh an toan ctia bay. Thuat todn AGTO
96m 2 pha, tim kiém giai phap tiém nang va xac dinh giai
phap t6i uu, dugc dién gidi thong qua mot co ché toan
hoc (Hinh 2.2). Ca thé linh trudng duc nay dai dién cho
gidi phap t6i uu. Trong thuat todn AGTO, 5 toan ti gilp
van hanh qua trinh t6i uu. 3 toan t& phuc vu cho qua trinh
tim ki€ém phép tiém nang va 2 toédn t st dung trong viéc
xé&c dinh giai phéap t6i uu, nham muc dich dam bao sy can
bang gitta qua trinh tim kiém gii phap tiém nang va xac
dinh gii phap t6i uu.
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Hinh 2.2: Qua trinh téi uu trong AGTO
2.2. Phuong phap xac dinh tinh trang hu héng dua
trén dao dong va thuat toan téi uu
Y tudng chinh clia cach ti€p can nay la giai bai toan cap
nhat mé hinh, tan dung kha nang téi uu toan cuc clia cac
thuat toan MPA, AGTO. Ham muc tiéu £, dya trén tan s6
dao déng, dugc xac dinh theo céng thic sau:
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Hinh 2.3: Chdn dodn hu héng bing phuong phap dé xuét

Hinh 2.3 gidi thiéu trinh tu cla viéc chdn doan hu hong
clia phuong phép dé xuat. Theo d6, ham muc tiéu f, gitia
trang thai hu hdng thuc té va trang du bao dugc thiét 1ap theo
c6ng thtic (1). Trong nghién ctiu nay, hu hong ctia dam dugc
gia thiét théng qua viéc suy gidm do ciing (El). Thuat toan toi
uu c6 nhiém vu xac dinh gia tri nho nhat ctia ham muc tiéu
bang viéc thay déi gia tri bién khao sat (& day la do cting E)
trong mét pham vi dinh s&n. Théng thudng, muc dé giam
do cuing khdo sét trong pham vi tU 0 - 100%. V&i 0% tucng
duong két cdu khong bi hu héng va 100% tuong ting vdi két
cau bi hu héng hoan toan. Khi chua thoa méan diéu kién duing
13p, cac gia tri méi clia bién khao sat sé tiép tuc dugc dua vao
mé hinh s dé tinh toén lai gid tri clia cac dac trung dong.

Khi f,_ — 0, nghia la i — f1_ huhéng dy bio sé tién
dan hu héng thuc té€. Noi cach khac, véi déc trung dong do
dac dugc & mét trang thai bat ky (da hu hong nhung chua
biét vi tri hu hdng, muic d6 hu héng), thuat toan t6i uu sé xac
dinh 1 t6 hop cac gia tri d6 cling £, nhdm thu dugc moét mo
hinh s6 cé d3c trung dong gan nhat vai dac trung dong da
do dac. Tu d6, dua ra chdn doan vé hu héng trong két cau.

3. CHAN DOAN TINH TRANG HU HONG
3.1.Mé ta kétcaudamT
Dam T stirdung trong nghién ctiu nay dugc dua trén ho
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so tang cudng slfa chifa cdu Poan Hung [6]. Kich thudc clia
dam dugc gidi thiéu trong Hinh 3.1 va Hinh 3.2 (don vi m).
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Hinh 3.2: M3t c3t ngang cu va ddm T
Dam dugc moé hinh bang phan t khéi, solid185, trong
phan mém ANSYS 17 [7]. D4c trung vat liéu st dung trong
mo hinh: Mé-dun dan héi E_= 3.6054x10* MPa, khéi luong
riéng y, = 2.600 kg/m?, hé sé poat xéng v, = 0,2.

MGt uén 3, f, = 26,217 Hz
Hinh 3.3: B6n mét uén thang ding cda ddm nguyén

M6t ubn 4, f, = 37.066 Hz

SU dung phuadng phép Block Lanczos phan tich tng
xr déng clia ddm T. Mudi mét dao dong udn theo phuong
thang dung dugc dung dé chin doan hu hong clia dam.
Hinh 3.3 thé hién mét s6 mét dao déng clia dam.

3.2. Kich ban hu héng trong dam T

Dam T dugc gid thiét chia thanh 22 doan khac nhau
(Hinh 3.4). Nhu da dé cap, hu héng trong dam dugc mé
phoéng théng qua viéc suy gidam dé cling. Ngoai ra, gia thiét
cac doan dam hu héng ndm trong khodng tir 1 dén 11 dé
gidm thdi gian tinh toan véi hai kich ban hu héng duoc gidi
thiéu trong Bdng 3.1.
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Hinh 3.4: Phén chia doan dam trong dém T
Vé6i méi kich ban hu héng xac dinh dugc mot tap cac
gia tri tan s6 dao dong goi la f'_, day dugc coi la gia tri tham
chiéu, tird6, qué trinh t6i uu tim ra 1 tap cac gié tri tan s6 £,
c6 sai s6 it nhét so véi ' dé tra 161 cau hdi vé vi tri va muc do
hu hong trong dam.
Bang 3.1. Kjch ban hw héng trong dém T

Kichban | Vitri | Méicdo huhéng | Vitri | Micdd huhéng
(&) 3 15%
cSs2 6 10% 9 20%

3.3. banh gia tinh trang hu héng
Céac tham s6 clia bai toan sif dung trong nghién ctu
dugc gidi thiéu trong Bdng 3.2. Kich ban hu héng CS1 gém
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1 hu hong tai doan dam 3 vai do cling gidm 15%. Dé so
sanh tinh hiéu qu3, ca thuat toan MPA va AGTO déu dung
s6 ca thé 50 va s6 vong 13p 50.

Bédng 3.2. Théng s6 dau vao

Kich | S8 | Micdéhuhéng | S8cathé™™ L
ban | bién® khao sat ™ MPA } AGTO SR
cs1 11 0% - 40% 50 50
cs2 11 0% - 40% 30 L 100 75

Ghi chu:

- M S6 doan dam gia thiét bi hu hdng béng viéc gidm
do cung;

- ®Trong nghién cliu nay, gia thiét méi doan dam hu
héng trong khoang (0 - 40)%;

- " S giadi phap tiém nang trong méi vong l&p.

Trong vong lap dau tién, mbi thuat todn cé 50 ca thé
tuong Ung véi 50 giai phap tiém nang. Moi gidi phap tiém
nang chiia thong tin ngau nhién vé vi tri huhéng (tor 1-11)
va muc do hu hong (ti 0 - 40%). Tucng Ung véi moi gidi
phép nay sé xac dinh tap cac gia tri tan sé du béo f' . Tu
do, tinh dugc ham muc tiéu f,_theo cong thiic (1). Sau méi
vong ldp sé tim ra dugc £, nhd nhét, tuong Ung véi 1 ca
thé chua théng tin hu héng trong dam sat véi kich ban hu
hong nhat. Vong lap thi 2 sé st dung ca thé nay dé tao ra
ngau nhién 50 gidi phap tiém nang khac nhau. Qua trinh t6i
uu dugc 1dp lai va két thic sau 50 vong lap.
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Hinh 3.5: Su tién héa cda cac bién khdo sat theo vong Iap

b)-CS2-AGTO

Hinh 3.5a cho thdy qua trinh t8i uu dugc bat dau bang
céc gia tri ngau nhién vé vj tri dam va mdc dé hu hdng, sau
dé tién hoa dan vé vi tri va muc hu héng gia thiét trong
Bdng 3.1. Poan dam khéng hu héng c6 muc d6 hu héng
ti€n dan vé 0%. C6 thé thdy, chi cé 1 bién tiém can gia tri
15%, da phan cac bién con lai da hoi tu vé 0%. K&t qua nay
pht hop véi kich ban CS1.

V6i su thay d6i clia cac bién khéo sat, gia tri cGa £,
trong Hinh 3.6a ¢ xu hudng gidam dan, lan luot 13 1,55x 107
va 5,41x10*véi AGTO va MPA tai vong |3p cudi cung. Trong
nghién ctu nay, MPA thé hién kha nang t6i uu t6t hon so
v6i AGTO véi cung 1 diéu kién dau vao. Diéu nay ly giai vi
sao MPA c6 thé du b3o vi tri va muic d6 hu hdng sat véi kich
ban hu hdng CS1 hon so vGi AGTO (Hinh 3.7a). MPA du béo
vi tri s6 3 huhdng 14,87%, mét s8 vi tri khac cling dugc du
bdo hu héng nhung véi muc suy dé giam d6 cling dudi
0,09%. AGTO du bao doan dam sé 3 hu héng 14,72% va
doan ddm s6 6 hu hong 0,34%. Tuy nhién, thai gian phan
tich gid tri t6i uu ctia MPA lai gép déi so vai AGTO, 9,6h so
VGi 4,2h.
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Hinh 3.6: Budng cong héi tu cda ham muc tiéu

véi cac kich ban hu héng
Trong kich ban hu héng CS2, tinh hiéu qud ctia MPA
duac khao sat véi s6 lugng cé thé it han (30 ca thé) nham
giam thai gian phan tich, dong thai tra 16i cau héi lieu AGTO
c6 thé cai thién kha nang t6i uu khi s lugng ca thé tang
|&n (100 c& thé - Bdng 3.2). Su thay d6i clia cac bién khao sat
s dung AGTO dudc thé hién trong Hinh 3.5b. Tuong tu, cac
bién khdo sat cling dugc bat dau tir cac gid tri ngau nhién
va tién hoa dan dén gia tri gia dinh. Sau 75 vong 13p, 2 bién
tuong Ung vdi 2 vi tri hu hong da tién gan dén muc d6 hu
hong 10% va 20%, cac bién khac tiém can gia tri 0. VGi s6
lugng ca thé nhiéu hon, AGTO da cai thién dugc kha nang
tim kiém gia tri t6i uu cia minh. Ngugc lai, MPA ¢ su suy
gidm nhat dinh vé kha nang tim kiém gia tri t6i uu khi giam
s6 lugng cé thé. Theo Hinh 3.6b, & vong |3p cudi cung, gia tri
claf,, lan luot véi MPA va AGTO la 1,68x103 va 7,65x107°.
Do d6, trong kich ban huhdng nay, AGTO thé hién kha ning
du bao chinh xac han véi 2 hu héng tai vi tri 6 va 9 1a 9,98%
va 19,98% so vai 9,73% va 19,62% khi s&r dung MPA. Ngoai
ra, do han ché vé sé lugng ca thé, MPA ciing dua ra canh béo
tai mot s6 vi tri khac nhung véi muc hu hong khéng dang
ké, dudi 0,1%. Véi su thay d&i s6 lugng ca thé nay, thai gian

phan tich cla MPA la 8h va AGTO la 12h.
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Hinh 3.7: Két qua chan doén hu héng trong dém T
Nhin chung, c3 hai thuat toan t8i uu dé thé hién kha
nang xac dinh dugc chinh xac vi tri hu hong véi muc dé hu
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hong du béao xap xi véi cac kich ban hu héng gia dinh ban
dau. Diéu nay cho thdy tiém nang cla viéc Ging dung thuat
toan t6i uu két hgp véi dii liéu do dao ddng trong viéc danh
gid suc khoe két cau.

4, KET LUAN

Bai bao da gidi thiéu chi tiét trinh tu xac dinh hu héng
trong mét dam T vai cac kich ban khac nhau dua vao viéc
XU ly ddc trung déng tir cong tac do dao dong téng thé.
Mét s6 nét chinh trong nghién ctiu nhu sau:

-Trong nghién cdu nay, vdi cing tham s6 dau vao MPA
t& ra vuat tréi hon so vai AGTO vé du béo vj tri va muc do
hu hdng, tuy nhién lai doi héi thai gian phén tich gap 2 lan
so vGi AGTO.

- AGTO c6 thé cai thién kha nidng tim kiém t6i uu toan
cuc khi tang s6 luong cé thé va sé lugng vong lap. Tuy viéc
gidm s6 lugng ca thé c6 anh hudng dén kha nang t6i uu
clia MPA nhung két qua chan doan la chdp nhan dugc néu
can nhac vé khia canh thai gian.

Ngay nay, v&i su phat trién manh mé clia cac thuat toan
t6i uu, két qua nay gép phan ma ra hudng ting dung tiém
nang trong viéc danh gia hu héng trong két cau.

L&i cdm on: Nghién cliu nay dugc tai trg bai Trudng
Pai hoc GTVT trong Dé tai ma s6 T2023-PHII-007TD.

Tai liéu tham khao

[1]. H6 Xuan Ba, H6 Viét Long (12/2022), Bdnh gid
nhanh trang thdi ky thudt clia két cdu tru cdu dang khai thdc
turkét qua do dao déng, Tap chi GTVT, tr.39-43.

[2]. L. Ngoc-Nguyen et al, Damage assessment of
suspension footbridge using vibration measurement data
combined with a hybrid bee-genetic algorithm, Scientific
Reports.

[3]. L. Nguyen Ngoc et al. (May, 2023), Performance
evaluation of the artificial hummingbird algorithm in the
problem of structural damage identification, vol.74, no4,
pp.413-427.

[4]. A. Faramarzi, M. Heidarinejad, S. Mirjalili and A.
H. Gandomi (Aug., 2020), Marine Predators Algorithm:
A nature-inspired metaheuristic, Expert Systems with
Applications, vol.152, p.113377.

[5]. B. Abdollahzadeh, F. Soleimanian Gharehchopogh
and S. Mirjalili (Oct., 2021), Artificial gorilla troops optimizer:
A new nature-inspired metaheuristic algorithm for global
optimization problems, Int J Intell Syst, vol.36, no.10,
pp.5887-5958.

[6]. Bao cdo khdo sat cong trinh (2019), Sdra chda cdu
Doan Hung km111+812, QL2, tinh Phd Tho.

[7]. ANSYS, Inc. Southpointe, 275 Technology Drive,
Canonsburg, PA 15317, Release 17.2.

Ngay nhén bai: 12/3/2024
Ngay nhén bai stia: 27/3/2024
Ngay chap nhan déng: 16/4/2024

/3



	Blank Page



