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Abstract. Numerical methods have demonstrated significant advantages in simulating and
predicting early-age thermal cracking in concrete (commonly in mass concrete), as traditional
measurements are often time-consuming and costly. This study integrates numerical methods
(to determine input parameters) with machine learning techniques to predict the early-age
cracking potential of structural concrete blocks. A dataset of 759 samples on the early-age
thermal cracking of bridge piers was collected by varying the height and width of the piers.
Subsequently, this data with 10% noise was used to train the LR, SVR, RF, KNN, Adaboost,
XGBoost, and CatBoost models. After training, the resulting models were used to predict the
outcomes of the 759 samples with 0% noise. With a prediction accuracy of R* = 0,9618 for
the cracking index, the CatBoost model performs best, even maintaining high accuracy when
the training data contains up to 10% noise. This study contributes to demonstrating the
applicability of machine learning methods in reducing computational time and enhancing
prediction accuracy of early-age thermal cracking in concrete, even in cases where input data
quality is low (noisy).
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Cracking Risk Prediction.
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Tém tat. Phuong phap sd di chimg minh dugc tinh vu viét trong viéc mé phong nham du
béo kha ning niit nhiét cia bé tong & tudi sém (thudng 1a bé tdng khdi 16n) do cong tac do
dac thuong t6n kém va mét thoi gian. Bai bao nay két hop phuong phap s6 (dé xac dinh dir
ligu dau vao) va su dung phuong phap hoc may dé du bao kha nang nut cua khéi bé tong két
cau ¢ tudi som. Dit liéu 759 mau vé kha nang nut cua try cau dugc thu thap thong qua viée
thay ddi chiéu cao va chiéu rong cua tru cau. Sau do, dir liéu d6 dugc tao nhiéu 10% va duogc
su dung dé huén luyén cac mé hinh LR, SVR, RF, KNN, Adaboost, XGboost va Catboost.
Sau khi duoc huan luyén, mé hinh thu dugc sir dung dé du bao két qua caa 759 mau khi bi
nhidu 0%. V&i d6 chinh xac R2=0,9618 va MAE = 0,032 khi du bao hé sb nit, mé hinh
Catboost c6 do chinh xac 16n nhat, dong thoi thé hién kha nang tdi wu trong viée dy bao ké
ca khi két qua dau vao str dung dé huin luyén mang c6 nhiéu 1én dén 10%. Nghién ctru gop
phan chimg minh kha ning Gng dung phuong phap hoc may trong viéc giam thoi gian tinh
todn va nang cao do chinh xac trong du bao kha nang nit nhiét ciia bé tong & tudi sém trong
truong hop chat lugng dir liéu dau vao khong cao (bi nhidu).

Tir khéa: Hoc may, Nt nhiét & tudi sém, M6 phong s, Du bao kha nang ntt.
@2025 Truong Pai hoc Giao théng van tdi

1. PAT VAN DE

Trong linh vuc xdy dung ha tang, dac biét voi cac cong trinh quy mé 16n nhu dap thuy
dién, mong, tru cau hay cac bé két ciu bé tong cot theép khéi lon, hién tuong sinh nhiét do qua
trinh thity hoa xi ming trong giai doan du déng ran 1a mot van dé ki thuat then chét. Sy gia
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tang nhiét do tai 15i khdi bé tong, két hop voi qua trinh mat nhiét nhanh tai bé mat tiép xuc voi
moi trudng ngoai, tao ra sy chénh I¢ch nhi¢t do dang ké. Hé quala xuét hién ung suét nhiét noi
sinh, va néu khong duoc kiém soat hiéu qua, co thé dan dén nirt sém trong bé tong — gy suy
giam do bén lau, tinh toan ven két cdu va tudi tho cua cong trinh [1-3].

Du bao nguy co nurt do nhiét trong giai doan dau dong ran gitp cac ky su dua ra cac giai
phap hop 1y nhu kiém soat toc do thuy hoa, bo sung vat liéu khoang, tdi uu phwong phap db va
dudng ho bé téng. Tuy nhién, dit liéu thyc té thu thap tir cong trudng thuong chiu anh hudng
manh béi cac yéu t6 nhidu nhu sai sé do dac, diéu kién moi truong bién dong va tinh khong
ddng nhat cta vt liéu xdy dung. Dleu nay lam cho cic mé hinh truyén thong duya trén phan tich
co hoc thuan tay hodc hoi quy tuyén tinh don gian kho dap tng yéu cau vé do tin cdy va tinh
on dinh du béo.

Trong nhitng ndm gan day, cac thuat toan Machine Learning (ML) dé mo ra nhitng huong
tiép can mdi trong viée xir Iy cac bai toan du bao phirc tap va phi tuyén trong ki thuat xay dung.
Nhiéu nghlen ctru da su dung ML de du doan cudng dg cua vat liéu bé tong [4, 5], nhiét thuy
héa cua xi mang [6], @ md rong vét nat trong bé tong [7], hodc hu hong trong két cau [8, 9.
Céc mo6 hinh nhu Linear Regression, Random Forest, AdaBoost, XGBoost va CatBoost da dugc
chtng minh hiéu qua trong viéc du doan céc chi s6 k¥ thuat cia vat lidu va két cau [10-12].
Linear Regression, v6i uu diém don gian va d& giai thich, phu hop voi cac quan hé tuyén tinh;
trong khi d6, Random Forest va AdaBoost c¢6 kha nang khai thac t6t cac moi quan hé phi tuyén,
ddng thoi han ché hién tuong qua khop (overfitting). Bac biét, XGBoost va CatBoost — nhiing
thudt toan boosting tién tién — da cho thdy wu thé vuot trdi vé do chinh xac va téc do huan luyén
trong nhiéu bai toan k¥ thuat [12].

Trong nghién ctru nay, chiing t6i trién khai va so sanh hiéu qua ciia mot s6 mo hinh hoc
may tiéu biéu — bao gdm Linear Regression Random Forest, AdaBoost, XGBoost va CatBoost
— trong du bao gia tri cuc dai cua hé s6 nut (n max) cta bé tong trong giai doan dau dong ran.
B6 dir li¢u sur dung gdém 759 mau dir liéu mo phong s6, thu dugc tir méd phong s, phan anh su
phat trién nhiét do va (mg suét theo thoi gian dudi nhiéu diéu kién bién hinh hoc va méi truong
khac nhau.

Viéc sir dung mo hinh hoc may nham muc tiéu khong chi ting cuong d¢ chinh xac trong
du bao ma con dam bao tinh on dinh cta mo hinh trude cac bién dong va nhiéu loan dir lidu, tir
do gop phan ho trg k¥ su trong viéc ra quyét dinh som tai cong truong — noi dir lidu do dac thuc
té ludn tiém 4n nhiéu bat dinh kho ludng.

2. MO HINH SO KET HQP PHUONG PHAP HQC MAY

2.1. Ung dung mé hinh sb

Céc phuong phéap sd bao gdm phuong phép phan tir hitu han (Finite Element Method -
FEM), sai phan hitu han (Finite Difference Method - FDM) hay thuy dong luc hoc hat min
(Smoothed Particle Hydrodynamics - SPH) 1a cac cong cy manh mé trong phan tich nhi¢t—co
hoc (thermo-mechanical analysis), cho phép mé phong qua trinh phat trién nhiét do, ung suat
va bién dang trong qua trinh thanh hinh két cdu tir vat liéu [13, 14]. Trong nghién clru nay,
phuong phap s6 dugc su dung dé xay dung bo dir liéu m6 phong, tir d6 xac dinh cac chi s6 nguy
co nit do nhiét tai cac thdi diém cu thé trong qua trinh dong ran cta bé tong.

e Phan tich nhiét (Thermal analysis):

Muc tiéu ctia phén tich nay 1a xac dinh phan bd nhiét do theo thoi gian va khong gian trong
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khéi bé tong. Phuong trinh din nhiét duoc biét dén rong rai thé hién trong cong thic sau:
aT
pc—=V. (kVT) + Q, (1)

Trong do: T 1a nhiét d6 (°C); p la kh\(‘)i lugng riéng (kg/m?); ¢ 1a nhiét dung riéng (J/kg-K);
k 12 hé s6 dan nhiét (W/m-K); Qn la nguon nhiét do phan tng thiy hoa (W/m?).

Diéu kién bién nhiét gém: Tai mit ngoai: trao d6i nhiét dbi luu voi hé 6 h (W/m2.K) va
nhiét do0 moi truong Tam; Tai day/mat tiép xuc cop-pha: co6 thé coi la cach nhié¢t hoac dan nhiét
thap tuy vat li¢u lam van khuon.

e Phan tich tng suit:
Sau khi xac dinh trudong nhiét do, ing suat nhiét dugc tinh tir truong bién dang nhiét dugc
xac dinh theo cong thirc (2):

o =E. (Stotal - gth) €th = Q. (T - Tref) ()

Trong d6: o 14 ing suit nhiét (MPa), E 1a mé dun dan hoi ciia bé tong (MPa); a: hé s6 gidn
n6 nhiét (1/°C) ; Trer: nhiét do tham chiéu (thudng ldy bang 23°C); &m : bién dang nhiét.

Phuong phap s6 gdbm FEM va FDM néi trén da dugc tich hop vao chuong trinh tinh
"EACTSA" [14] phuc vu tinh toan nhi¢t do va ung suat nhiét ctia bé tong ¢ tudi sdém s€ dugc
st dung & muc ti€p theo.

2.2. Thu thap dir liéu

Dé thiét 1ap bo dir liéu dau vao phuc vu cho qué trinh huan luyén mé hinh hoc may, nghién
clru nay su dung chuong trinh tinh toan “EACTSA” — mot cong cu phan tich ng suat nhiét
trong bé tong ¢ tudi som [14]. Chuong trinh tinh EACTSA cho phép m6 phong qua trinh phat
trién nhiét do va ing suat nhiét trong két cau tru cau bé tong véi nhiéu to hgp tham sd dau vao
khac nhau. D¢ tin c@y cua chuong trinh da dugc kiém chtng thong qua cac nghién clru trude
day [14]. Quy trinh phan tich gobm hai bu6c chinh: dau tién 13 md phong qua trinh truyén nhiét
trong khi bé tong dé xac dinh phan b nhiét d6 theo thoi gian; tiép theo, dit liéu nhiét d theo
lich str thot gian tai tung nlt trong mo hinh dugc sir dung 1am tai trong nhiét cho giai doan phan
tich Gmg suat nhiét. Mot dic diém ndi bat ciia chuong trinh EACTSA 1a kha nang xét dén sy
bién ddi theo thoi gian ctia cac thong s6 co hoc ctia bé tong, ciing nhu tinh dén hiéu ung dan
nhét trong giai doan déng ran va phat trién cuong do som cuia vat lidu.

b
4+—

Hinh 1. Minh hoa mit cét ngang tru cau kich thudc b x h.

Tham s6 dau vao gom: mat cat ngang tru cau b€ tong vdi be rong va chiéu cao thay doi tir
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1 — 5 m (minh hoa trén Hinh 1). Nhiét d6 méi truong xung quanh dugc gia dinh ndm trong dai
nhié¢t 6 moi truong dac trung & Viét Nam (tir 14°C dén 36°C). Vat li¢u bé tong tru 1a bé tong
thong thudng cap 35 MPa duoc sit dung ¢ Viét Nam, véi cac didc trung nhiét va co hoc (cudng
dd) duogc thi nghiém tai Truong Pai hoc Giao thong van tai dugc trinh bay trong Bang 1 va 2.
Céc tham sb vé nhiét duoc 14y theo md hinh 3 tham s6 dd dwogc trinh bay k¥ trong cac nghién
ctru trudce day [14, 15].

Bang 1. Cac chi s6 thong ké cua tap dit liéu

Ki hi¢u S0 llg(.mg Tl:ung Do I%Ch min max
mau binh chuan

b (m) X1 759 2,46 0,766 1 32

h (m) X2 759 2,8458 1,2076 1 5
Tun (°C) X3 759 24,49 5,13 14 36
Tii (°C) X4 759 24,51 3,225 20 30

1 max Y1 759 0,77 0,21 0,26 1,11

t(’C) Y2 759 56,65 19,32 19,81 103,83

Bai bio nay nham nghién ctru mo hinh du doan dé dy bao chi s6 nirt téi han 7 g, va bang
céc thuat toan hoc may. Thong thudng qua trinh mé phong bang phuong phap phan tir hitu han
va chay md hinh mét nhiéu thoi gian, do d6 viéc du doan viéc ap dung cac thuat toan hoc may,
lua chon cac thudt todn c6 kha nang du doadn chinh xéc luc 1 e, 12 ddi tuong rat dang dugc
quan tam. Co so dit liéu gdm c6 759 mau, véi dau vao (input) 1a 4 thong sé khac nhau gom kich
thudc mat cit ngang than tru: bé rong (b =X1), chiéu cao (h=X2), nhiét do trung binh ctia moi
truong (Tam= X3) va nhiét dd bé tong tuoi ban dau (Tini= X4). Phan tich thong ké co so dit liéu
duoc thé hién trong Bang 1 va Hinh 2. Dau ra (output) bao gom gia tri 10n nhét ctia hé s6 nit 1
va thoi gian (t) tuong Gmg. Hé s6 niit n dugc dinh nghia nhu sau [13]:

_| o)
ol

trong d6: t 1a thoi gian (h); o(t) 1a ing suét nhiét chinh kéo (I6n nhit) theo thdi gian, minh hoa
trén Hinh 2; fu(t) 1a cuong do chiu kéo cta bé tong tai diém dang xét theo thoi gian.
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Hinh 2. Minh hoa két qua phan tich tir chwong trinh “EACTSA™: tig suat nhiét va cuong do chiu kéo

clia bé tong (a); hé s6 nit (b).
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Hé sé niit  cang 16n thi kha ning nirt ciia bé téng cang cao. Theo mot sé nghién ctru nhu
cua Riding va cong su [16], khi 1 < 0,7 thi kha nang nit thap, 0,7 <n < 1 thi kha nang nut cao,
n = 1 thi kha nang nut rat cao.

Phan bé cla B Phan bé cia H Phan bé cua T moi truong
300 - — -
80 100 -
o 200 o 60 o 80
g g € o
5 5 E
Q *Q 40 ’ Q ’_‘
Y 100 \ & 40 H
pamagndl | H H sl il
Omwu [T oLl | | | ‘ 0I| [
1,0 1.5 2 0 2,5 3.0 1 2 3 4 5 15 20 25 30 35
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Phan bé cla Tini Phan bé clia eta Phan bé clia t nut
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gy
- 20 5
b sl | f
. ] Ll oL b
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Tini ! eta
Hinh 3. Biéu db phan phbi cua cac thudc tinh dya trén sb liéu moé phong
Trong nghién ciru ndy ngoai 759 mau dugc xac dinh tir chuong trinh tinh todn “EACTSA”,
bai bao gia dinh truong hop do dac, tinh toan gia tri bi 1éch 10%. Nghién ctru tim ra m6 hinh
hoc may (ML) ¢6 hiéu suét cao nhit trong viée dy bao két qua. Do d6, 759 mau khac duoc khoi
tao co gia tri n 1éch ngau nhién tdi da dén 10%, nhu mo ta trong Hinh 4.

1,4 r . T T

1,2

-

Gia trl 1 max
o
oo

0 100 200 300 400 500 600 700 800
S6 hiéu mau

Hinh 4: Biéu dién gia tri 1 gy VA i4 tri 7 ey ¢ d0 1éch téi da 10% (nét lién mau do).
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2.3. Ciac m6 hinh du bao

Trong nhitng nim gan dy, bén canh cich m6 hinh truyén thdng: M6 hinh rimg cay ngﬁu
nhién RF (Random forest), mo hinh tang cuong thich img (Adaboost), mé hinh may véc-to hd
trg (SVM), mo6 hinh tang cuong trong may hoc (XGBoost), mo hinh nguoi lang giéng gan nhit
(KNN), m6 hinh Catboost,...Mdi mot thuat toan cé uu va nhugc diém riéng cin ctr vao bo dir
liéu sir dung dé huan luyén dic tinh, dic diém cac tham s trong thuit toan [13]. Trong nghién
clru nay, viéc du bao 1a tri 1,4, dat duoc gilta cac thudt toan dugc so sanh véi nhau lya chon
va dé xuét ra cac thuit toan toi wu. Phan tiép theo s& gidi thiéu so luge vé co s 1y thuyét cua
cac thuat todn dugc sir dung trong nghién clru nay.

2.3.1. Thuat toan Ramdom Forest

Random Forest 1a mét thudt toan hoc may thugc nhom ensemble learning, hoat dong béng
cach xay dung nhiéu cay quyét dinh trén céc tap dit liéu con ngiu nhién va tong hop két qua du
doan tur cac cay. Phuong phap nay giup giam thiéu overfitting, ning cao do chinh xac va 6n
dinh trong cac bai toan phan loai va hdi quy. Nho kha nang xir 1y dir liéu phirc tap va do luong
tAm quan trong cila dic trung, Random Forest dugc (mg dung rong rii trong nhiéu linh vuc k¥
thuat va khoa hoc dir liéu.

2.3.2. Thudt todn véc-to hé tro (SVM)

Thuét toan Véc-to HS tro (SVM) 1a mot phuong phap hoc may manh mé dung dé phan loai
va hoi quy. Muc tiéu ciia SVM 1a tim siéu phang phan chia dir li¢u sao cho khoang cach gitra
céc 16p 13 16n nhat. SVM sir dung cac vector hd tro (support vectors) dé xac dinh vi tri ctia siéu
phang nay. Di vai bai toan phi tuyén, SVM sir dung ham nhan (kernel) dé chuyén doi khong
gian ddc trung. Thuat todn nay hi¢u qua trong khong gian dac trung 16n va gilp tranh qua khép
thong qua diéu chinh tham s6 C va kernel. SVM duoc tng dung rdng rii trong nhan dang mau,
phan loai van ban, va nhiéu linh vuc khéc.

2.3.3. Thudt toan Adaboost

AdaBoost (Adaptive Boosting) 1a mot thuat toan boosting manh mg, két hgp nhidu mo hinh
hoc may yéu (weak learners), thuong 1a cay quyét dinh nho, dé tao thanh mét moé hinh manh
mé&. Mdi md hinh trong AdaBoost duge huin luyén dé cai thién cac dy doan sai cua cac mo
hinh trude d6. Thuat toan nay diéu chinh trong sd cua cac diém di liu, ting trong sd cho cac
mau bi phén loai sai va giam trong s6 cho cic mau dung. AdaBoost c6 kha nang giam overfitting
va lam viéc hi€u qua vdi cdc mo hinh don gian. Thuat toan nay ddc bi¢t hitu ich trong céc bai
toan phan loai va c6 thé sir dung v&i nhidu loai mé hinh hoc may yéu.

2.3.2. Thudt toan KNN

KNN (K-Nearest Neighbors) 14 thuat toan hoc may don gian va dé hiéu dung cho phan loai va
hoi quy. Khi du doan cho mot diém dir liéu méi, KNN tim K diém dir liéu gan nhat trong tap huan
luyén va gan nhan hodc gié tri du doan dua trén da sO nhan (cho phan loai) hodc gia tri trung binh
(cho héi quy) cua cac diém gan nhat. Khoang cach gitra cac diém thuong duoc tinh bang Euclidean
hodc cac do luong khac. KNN khong yéu cau giai doan huén luyén, nhung c6 thé trd nén cham khi
xu ly dir liéu lon. Thuat toan d& trién khai va hiéu qua trong cac bai toan véi dit liéu khong co gia
thuyét phan phdi cu thé [17].

2.3.2. Thudt toan Catboost
CatBoost 1a mot thuat todn hoc may dua trén cdy quyét dinh, duogc phat trién boi nhom
Yandex [18]. Thuat toan nay noi bat véi kha nang xu 1y hi¢u qua dir liéu roi rac, dir li¢u thua
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va dir li€u co gia tri thiéu, gitp cai thién d¢ chinh xac trong céc bai toan phan loai va dy bao.
CatBoost két hop k¥ thuat tang toc gradient cung voi co ché danh gia mic dé quan trong ctia
cac dac trung, tir d6 xay dyng mo hinh dy dodn manh mé va on dinh.

2.3.2. Thudt toan XGBoost

So sanh cac mo hinh hoc may (R2) So sanh cac mo hinh hgoc may (RMSE)

Random Forest Random Forest

g Regression neaf Regression

AdaBoost
AdaBoost

So sanh cac moé hinh hoc may (MAE) So sanh cac mo hinh hoc may (MAPE)

Random Forest Random Forest

Regressicn Linear Regression

AdaBoost
AdaBoost

Hinh 5. Biéu d so sanh R2, RMSE, MAE va MAE ciia cac mé hinh trong viéc du bao gid tri 7 mqy -

XGBoost (Extreme Gradient Boosting) 1a thuat todn boosting manh mé cho phan loai va
hoi quy, két hop nhiéu cdy quyét dinh yéu dé tao thanh moé hinh manh [19]. Str dung phuong
phép gradient boosting, XGBoost giam thiéu sai sb qua timg budc hoc. Thuat toan nay ap dung
regularization va pruning dé giam overfitting, ddng thoi hd trg tinh toan song song va xir ly dir
liéu thiéu. XGBoost dugc biét dén nhd hiéu sudt cao va kha ning t6i wu hoa tham sb, thudng
dugc st dung trong cac cude thi hoc may va tmg dung thuc té.

Trong moi 14n tinh toan, cic ham s6 duoc tao ra mot cach ngau nhién, sau d6, ham s6 ¢o
dd chinh xé4c cao nhat dugc luu va danh gia véi tap dir lidu kieém chig. Bé danh gia dg chinh
xac cua mo hinh, bon h¢ s6 danh gid do chinh xac 1a R2, RMSE, MAE va MAE dugc str dung
nhu sau:

734



Tap chi Khoa hoc Giao thong van tai, Tap 76, S6 05 (06/2025), 727-738

Ro=1-FOSE @
RMSE = \/%Z?zl(yi —9)? ©)
MAPE =1 ;;1% (6)
MAE = -3, ly; - 9] )

3. KET QUA DU BAO VA THAO LUAN

Cac Mo hinh dugc sir dung dé du bao gia tri 1 ya, khi dit liéu bi 1éch 10%. Két qua so sanh
cac mo hinh dugce thé hién ¢ hinh 5 va bang 2.

Do chinh xac ciia m6 hinh dugc dénh gia thong qua bdn hé sé R2, RMSE, MAE va MAPE.
Co thé thay rang thuat toan Catboost c6 d6 chinh xac cao nhat vai R2=0,892, RMSE = 0,0731;
MAE = 0,0576; MAPE = 7,918 khi du bao gia tri
N maxr (xem Bang 2, Hinh 5). Gia tri R2 16n nhat sat gid tri 1 va gia tri RMSE, MAE, MAPE
cang nho chimg to kha niang du bao cia mé hinh cang chuin xéc.

Béang 2. So sanh thong s cua cac thuat toan du bao.

M&b hinh Tham sb du bao R2 RMSE MAE MAPE
LR 1 max 0,886 0,075 0,06 8,476
SVR 1 max 0,855 0,085 0,0681 9,964
RF 1 s 0,872 0,0799 0,0625 8,681
XGBoost N max 0,844 0,088 0,0694 9,353
KNN 1 max 0,8207 0,094 0,0759 11,052
AdaBoost 1 max 0,382 0,076 0,0599 8,366
Catboost 1 max 0,892 0,0731 0,0576 7,918

Sau khi tién hanh st dung cac mo hinh dé huén luyén, mang dugc huén luyén dugc sir dung
dé du bao hé so6 nut va doi chiéu h¢ s6 nut dy bao voi hé s6 nirt thu dugce tir chuong trinh tinh
“EACTSA” (Gng v6i truong hop khong cé nhicu). Két qua so sanh dugc thé hi¢n & Hinh 6.

Béang 3. So sanh cac md hinh khi d6i chiéu gia tri du bao va gié tri tinh toan bang "EACTSA"

Mo hinh R2 MAE
LR 0,9521 0,0374
SVR 0,949 0,0386
RF 0,943 0,0392
XGBoost 0,923 0,0458
KNN 0,921 0,0483
AdaBoost 0,9568 0,0353
Catboost 0,9618 0,032

Hinh 6 va Bang 3 thé hién so sanh giira két qua du bao va két qua tinh toan tir chuong trinh
"EACTSA". Pudng chéo 1a duong y = x danh gia do chum cua dit liéu. Két qua cho thiy hai
thuat toan Catboost va AdaBoost 1a hai thuat toan c6 kha nang dy bao tdt nhat v&i d6 chinh xéac
R2 lan luot 14 0,9618 va 0,9568 sat v&i gia tri 1 va gia tri MAE ctia hai mé hinh nay lan luot 12
0,0353 va 0,032 nho nhat.
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Linear Regression (D{r liéu khéng nhiéu)

SVR (DT liéu khéng nhiéu)
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Hinh 6. So sanh gia tri du bao bang hoc may va gia tri thuc té (tinh todn bang "EACTSA").
4. KET LUAN

Nghién ctru di dé xut va kiém chimg mot quy trinh tich hop giita phuong phap sb va cac
thudt toan hoc may nham tdi uu héa viéc du bao nguy co nut do nhiét ciia bé tong & tudi sém
trong diéu kién dir liéu c6 nhiéu. Thong qua viéc danh gia hiéu qua cta cac mé hinh LR, SVR,
RF, KNN, AdaBoost, XGBoost va CatBoost trén tip dit liéu c6 mirc nhicu 10%, két quéa cho
thiy CatBoost dat 4 chinh xac cao nhat véi hé sé twong quan R? = 0,9618 va gia tri MAE =
0,032. Piéu nay cho thiy CatBoost c¢6 kha ning du bao 6n dinh va tin ciy ngay ca khi dit liéu
dau vao khong hoan toan chinh xac.

Két qua nghién ctru cho thdy tiém ning ung dung cic thuét toan hoc may trong viéc rit
ngan thoi gian m6 phong, nang cao hiéu qua du bao nirt do nhiét va ho trg thiét ke két cau bé
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tong an toan, hgp 1y hon trong thuc tién.

Trong cac nghién ctru tiép theo, can mé rong danh gia mé hinh véi cac loai cap phdi bé
tong khac nhau nham ting tinh téng quat, 1am phong pht hon kha ning du doan cia phuong
phap dé xuat va ddng thoi xac dinh mé hinh dy bao phu hop hon cho timg diéu kién vt lidu va
moi trudng cu thé.
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