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TONG QUAN VE UNG DUNG MO HINH GAN DUNG
TRONG PHAN TICH PO TIN CAY VA RUI RO CUA
CONG TRINH CHJU TAC PONG BOI CAC YEU TO NGAU NHIEN

OVERVIEWING THE APPLICATION OF SURROGATE MODELS IN THE ANALYSIS
OF RELIABILITY AND RISK OF STRUCTURES AFFECTED BY RANDOM FACTORS
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Tém tat: Nghién clu nay néu téng
quan vai trdo cta mé hinh gan ding
(surrogate models) trong phan tich
do tin cay va rdi ro cong trinh chiu tac
déng dong dat, gié va da hiém hoa.
M6 hinh gan duang giup giam dang
ké chi phi tinh toan so v6i mé phéng
trung thuc cao, ma van duy tri dugc
d6 chinh xac can thiét. Cac phuaong
phép tiéu biéu nhu Kriging, Gaussian
Process, mang no-ron nhan tao (ANN)
va Polynomial Chaos Expansion (PCE)
dugc phan tich chi tiét. Ngoai ra, nhiing
thach thdc hién tai nhu do tin cdy cda
d@ liéu hudn luyén, tinh phi tuyén va
sy bat dinh da chiéu cling dugc néu
ré. Cudi cung, nghién clru dé xuat dinh
huéng tich hgp mé hinh gan ddng vai
tri tué nhan tao va tinh toan hiéu nang
cao, gop phan phat trién ha tang bén
viing trong tuong lai.

Tu khéa: M6 hinh gan dung, phan
tich do tin cay, danh gia rui ro, tai trong
déng dat, tai trong gi6, phan tich da hiém
hoa, mang ng-ron nhan tao (ANN).

Abstract: The study presents
an overview of the role of surrogate

models in reliability and risk analysis
of structures under seismic, wind,
and  multi-hazard  effects. The
surrogate models significantly reduce
computational costs compared to high-
fidelity simulations while maintaining
acceptable accuracy. Representative
approaches such as Kriging, Gaussian
Process, Artificial Neural Networks (ANN),
and Polynomial Chaos Expansion (PCE)
are analyzed in detail. Furthermore,
current challenges such as training
data reliability, nonlinear behavior,
and multidimensional uncertainties are
highlighted. Finally, the study suggests
an orientation of integrating surrogate
models with artificial intelligence and
high-performance computing to support
sustainable infrastructure development
in the future.
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I.M& PAU

Trong linh vuc tinh toan két cau, viéc
dam bao an toan cho cong trinh trudc
cac tac dong bat dinh ti méi trudng nhu
déng dat, gio, séng bién hay tai trong cuc
han khac luén la mét thach thuc dang
ké. Cac phuang phap phan tich truyén
théng dua trén mo hinh tinh toan trung
thuc cao (high-fidelity models) nhu phan
t&r htu han, mé phong dong luc hoc chat
luu (CFD) hodc mé phdng ngau nhién
thudng yéu cau lugng tai nguyén tinh
toan khéng 16. Khi két hgp véi phuong
phap Monte Carlo hay cac ky thuat lay
mau xac suat, chi phi tinh toan tang theo
cap s6 nhan, khién viéc Ung dung vao
thuc tién tré nén kho kha thi.

Trong b6i canh d6, mé hinh gan
dung (surrogate model hay metamodel)
da va dang tré thanh mot gidi phap hiéu
qua. Xay dung mo hinh gan duing, la mo
hinh toan hoc hodc hoc may thay thé
cho mé phéng trung thuc cao, ta c6 thé
uéc lugng phan tng két cdu vai chi phi
tinh toan thap hon hang chuc dén hang
tram lan. Cadc mé hinh nay gidp tiét kiém
thai gian, va mé ra co héi dp dung cac ky
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Trong linh vuc tinh todn két cdu, viéc dam bdo an toan cho céng trinh trudc cdc tdc déng
bt dinh tir méi trudng nhu déng ddt, gié, séng bién luén la mét thdch thic ddng ké

thuat trong phan tich d6 tin cay tién tién,
von doi hoi nhiéu lan 13p mé phong.

Muc tiéu cla bai bdo la: (i) Tom tit
mot cach c¢d hé théng co s& ly thuyét
vé md hinh gan duing, (ii) Phan tich cac
phuang phap phé bién, (iii) Minh hoa céc
tng dung thuc tién trong ky thuat két
cdu, va (iv) Chi ra nhiing thach thuc cling
nhu xu huéng phat trién mé hinh thay
thé trong tuong lai.

Il. PHUONG PHAP NGHIEN CUU

1.Thu thap dit liéu

Nghién ciu dugc tién hanh théng qua
viéc téng hgp va phan tich hé théng cac
tai liéu khoa hoc trong va ngoai nuéc lién
quan dén mé hinh gan dung va ting dung
trong ky thudt két cau. Cac nguén tai liéu
bao gém bai bao khoa hoc, sach chuyén
khao, bao cao ky thuat, cling nhu di liéu
tU moé phdng trung thuc cao (FEA, CFD) va
mot s6 vi du thuc nghiém. Nhing théng
tin nay dugc st dung dé lam ré ca s& ly
thuyét, phan loai mé hinh, quy trinh xay
dung, cac phuong phap tiéu biéu va ing
dung thuc tién.

2, Xt ly va phan tich dit liéu

CAc tai liéu thu thap dugc phan loai
theo ba tiéu chi chinh: Theo bdn chdt todn
hoc: héi quy (Kriging, Gaussian Process,
Polynomial Regression), xap xi toan cuc
(PCE), hoc may (ANN, SVM, Random
Forest). Theo pham vi ting dung: M6 hinh
toan cuc va mé hinh cuc bd. Theo cdu triic
da liéu hudn luyén: Duya trén thiét ké thi
nghiém (DoE) va dua trén d{r liéu thuc
do. Ngoai ra, nghién ctu con phan tich
quy trinh xay dung mé hinh gan ding
thong qua céac budc: xac dinh bién dau
vao, thiét ké thi nghiém, mé phéong mo

hinh géc, huan luyén moé hinh, danh gia
d6 chinh xac (cross-validation, RMSE, R?)
va Ung dung trong phan tich do tin cay,
t6i uu hoa va giam sat céng trinh. Cac
c6ng cu phan mém dugc tham khdo gém
Matlab, Python (scikit-learn, UQLab) va
cac ky thuat phan tich théng ké hién dai.

ll. CO S& LY LUAN VA UNG DUNG
MO HINH GAN BUNG

1.Co'sé ly thuyét vé mé hinh gan ding

M6 hinh gan dung la mét dang mo
hinh toan hoc gan ding dugc xay dung dé
thay thé cho mé hinh géc ¢6 chi phi tinh
toan cao. Nguyén tac chung la st dung
mot tap hgp di liéu hudn luyén (training
data) thu dugc ti moé phdng trung thuc
cao dé "hoc" méi quan hé giia théng sé
dau vao va dau ra cia hé théng. Sau dé,
md hinh gan dung c6 thé du doan phan
ing cla hé théng trong cac diéu kién
chua tiing dugc mé phong truc tiép.

Mot mé hinh gan ding dugc coi la tét
khi vira dam béo d6 chinh xac, via tiét
kiém chi phi tinh toén, c6 kha nang tng

Trong diéu kién thuc té cong trinh c6 thé chiu déng thoi déng dét, gié b
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dung trong nhiéu truding hop khac nhau
va hé trg phan tich d6 tin cay trong diéu
kién c6 yéu t6 bat dinh.

2. Phan loai mé hinh gan ding

Theo ban chdt todn hoc: M6 hinh héi
quy (Regression-based): Kriging, Gaussian
Process, Polynomial Regression; M6 hinh
xap xi toan cuc (Global approximation):
Polynomial Chaos Expansion (PCE); Mé hinh
hoc mdy (Machine learning): ANN, Support
Vector Machine (SVM), Random Forest.

Theo pham vi ting dung: M6 hinh toan
cuc (Global surrogate): Ap dung cho toan
mién xac suat; Mé hinh cuc bd (Local
surrogate): xdy dung tai cdc vung quan
trong nhu diém gidi han héng héc.

Theo cdu trac dir liéu hudn luyén: M6
hinh dua trén thiét ké& thi nghiém (Design
of Experiments — DoE); M6 hinh dua trén
dir liéu thuc do hodc gidm sat cong trinh.

3.Quy trinh xay dung mé hinh gan diing

Quy trinh téng quat bao gém cac budc:

1. Xac dinh bai toan va bién dau vao:
Lua chon cac tham s6 ngau nhién (vi du:
cudng do vat liéu, tai trong gid, gia toc nén).

2. Thiét ké thi nghiém (DoE): St dung
cac phuong phap nhu Latin Hypercube
Sampling hodc Sobol sequence dé chon
tap d liéu huan luyén.

3. M6 phéng mo hinh géc: Thuc hién
phan tich phan ti hiru han hodc CFD dé
thu thap dir liéu dau ra.

4, Huan luyén mé hinh gan dung: Ap
dung cac phuong phap Kriging, ANN, PCE,...

5.Danh gid d6 chinh xac: S&r dung ky
thuat cross-validation hodc cac chi s6 16i
(RMSE, R).

6. Ung dung mé hinh: Tich hgp véi
phan tich do tin cay, t6i uu hoa hodc giam
sat cong trinh.

o, Ii
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4. Cac phuong phap tiéu biéu

4.1. Kriging va Gaussian Process

Kriging ¢ ngudn goc tu dia thong
ké, sau d6 dugc Ung dung rong rai trong
bai toan t6i uu hoéa va phan tich d6 tin
cay. Phuong phap nay khéng chi du doéan
gia tri trung binh ma con cung cap udc
lugng vé do bat dinh. Gaussian Process la
moét mé& rdng tu nhién, cho phép mo hinh
héa quan hé phi tuyén phtic tap.

4.2, Polynomial Chaos Expansion (PCE)

PCE la phuong phap xdp xi phan
b6 xac sudt clia dau ra dua trén t6 hgp
cac da thuc truc giao. PCE ddc biét hiéu
qua trong bai todn co s6 chiéu thap dén
trung binh, nhung chi phi tdng nhanh khi
s6 bién dau vao In.

4.3. Artificial Neural Networks (ANN)

ANN tan dung kha nang hoc phi tuyén
manh mé clia mang no-ron, phu hgp cho
cac bai todn phuc tap va dit liéu I16n. Nhugc
diém chinh Ia can nhiéu dir liéu huan luyén
va kho gidi thich.

5. Ung dung trong ky thuat két cau

5.1. Phan tich rdi ro déng dét: M6 hinh
gan dung gilp udc lugng xac suat vuot
nguéng dich chuyén, dy doan thiét hai
cdng trinh nhanh hon so véi mé phdng phi
tuyén toan phan.

5.2. Tai trong gio va séng: CFD thudng
tén kém, nhung surrogate models c6 thé
thay thé d€ mé phdng ap luc gid lén nha cao
tang hodc tai trong séng lén cong trinh bién.

5.3. Ba hiém hoa (Multi-hazard): Trong
diéu kién thuc t€ cong trinh c6 thé chiu
déng thai dong dat, gio bao, 1. M6 hinh gan
dung hé trg phan tich t6 hop tai trong ngau
nhién hiéu qua hon.

5.4. Ndng cdp mé hinh phan ta hiu han
(FE Model Updating): Surrogate models
giup hiéu chinh théng s6 vat liéu va diéu
kién bién dya trén di liéu thuc nghiém
ma khéng can mo phéng lai toan bé mé
hinh g6c.

5.5. Theo d6i stic khde cbng trinh
(Structural Health Monitoring — SHM): Khi két
hap véi dit liéu cdm bién, surrogate models
6 thé nhanh chéng phat hién su suy gidm
d6 cliing, nut gay hodc hu hdéng.

IV. KET QUA VA THAO LUAN

Phan tich cho thdy mé hinh gan dang
dem lai nhiéu lgi ich quan trong. Trudc hét,
chuiing giup tiét kiém dang ké chi phi tinh
todn so véi cac mé phéng toan phan, dong
thai cho phép dy dodn nhanh va linh hoat

T il

Trong tuong lai, cdc nghién cdu c6 thé tap trung vao cdi thién kha ndng ngoai suy
va tich hop da nguén da liéu @ phuc vu phdt trién ha tdng bén ving

trong nhiéu diéu kién khac nhau. Bén canh
d6, mé hinh con hé trg tét cho phan tich do
tin cay trong nhiing truong hop cé yéu t6
bat dinh.

Tuy nhién, nghién ctu cling chi ra mot
s6 han ché. D6 chinh xac clia mé hinh giam
dang ké néu dt liéu hudn luyén khéng day
da hodc co sai léch. VGi cac bai toan nhiéu
chiéu, dac biét la khi ép dung Polynomial
Chaos Expansion, viéc trién khai tr& nén
khé khan va tén kém. Ngoai ra, khd nang
ngoai suy clia moé hinh thudng bi gidi han,
chi d@m bao trong pham vi dit liéu huan
luyén. Viéc lua chon sé lugng diém dit liéu,
phuang phap huan luyén va chién lugc xac
nhan cling la nhiing yéu t6 can dugc t6i uu
dé dam bao hiéu qua.

Nhimng két qua nay phu hop véi cac
nghién ctu truéc do, von da nhan manh
rang chat lugng di liéu va “I6i nguyén
chiéu” la nhing thach thuc co ban ctia mo
hinh gan duing. Trén ca s& d6, cac xu hudng
nghién cu tuong lai tdp trung vao viéc tich
hop tri tué nhan tao va hoc sau dé xtr ly dir
liéu phuc tap, tan dung tinh todn hiéu nang
cao nham giai quyét cac bai toan quy mo
I6n, phat trién mé hinh da trung thuc dé can
bang gitra chi phi va dé chinh xac, cling nhu
hudng t6i tu dong héa toan bd quy trinh xay
dung mo hinh.

Nhiing dinh huéng nay khéng chi gép
phan khac phuc han ché hién tai ma con mé
réng kha nang tng dung ctia mé hinh gan
dung trong t6i uu héa thiét k&, phan tich da
hiém hoa va gidm sat cong trinh, dic biét
trong bdi canh dirliéu 16n va cdng nghiép 4.0.

V. KET LUAN

Bai béo da néu téng quan vai trd va ing
dung ctia m6 hinh gan dung trong phan

tich d6 tin cdy va rdi ro cong trinh chiu
tac déng da hiém hoa. Cac phuang phap
tiéu bi€u nhu Kriging, Gaussian Process,
ANN, PCE da dugc phan tich, minh hoa qua
nhimng tng dung thuc tién. DU con tén tai
thach thuc, Gng dung cdla mé hinh gan
dung c6 tiém nang rat Ion, dac biét khi két
hop véi tri tué nhan tao va tinh toan hiéu
ndng cao. Trong tuong lai, cac nghién clu
c6 thé tap trung vao cai thién kha ning
ngoai suy, giam anh hudng clia chiéu cao,
va tich hgp da nguén dir liéu dé phuc vu
phét trién ha tdng bén viing.
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